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THINK OF A SHAPE 
· ~ 
~ 

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

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

The HIIH ·s· range is designed to handle heavy in~ustrial usage in the fields of vibrator 

driv ing, var~a b le frequency p ow er su-pplies and servo motor systems. 

s 5000 
Dual Channel 
19" rack mount 3Y2" high 
500w r.m.s. into 2.5 ohms per channel 
900w r .m.s. in bridge mode 
DC-20 KHZ at full power 
0.005% harmonic distortion (typical) at 
300w r.m.s. into 4 ohms at 1 KHZ 
3KW dissipation from in-built force cooled 
dissipators · 

. S 2500 
Single Channel 
·19" rack mount 3¥2" high 
500w r.m.s. into 2.5 ohms 
Retro-convertible to dual channel 
DC-20 KHZ at full power 
Full short and open circuit protection 
Drives totally reactive loads with no 
adverse effects 

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

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

·• \· " 
DIVISION OF K.R.S. LIMITED · 

TELEPHONE (037 976) 639 / 5.9~ -

fRANCHISED COMMERCIAL. AND . . INDUSTRIAL AGENTS Fo.R·HIIH ELEC-
ww-oai FOR FURTHER DETAILS 
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Tests bipolar transistors, diodes and zener diodes. Measures 
leakage down to 0.5 nA at 2V to 150V. Current ga·ins are 
checked from 1 tJA to 1 OOmA. Breakdown voltages up to 
1 OOV are measured at 1 OtJA, 1 OOJJA and 1 rnA. Collector to· 
emitter saturation voltage is measured at 1 rnA, 1 OmA, 30mA 
and 1 OOmA for I ell 8 ratios of 10, 20, 30. The instrument is 
powered by a 9V battery. 

TRANSISTOR RANGES (PNP OR NPN) 
I e 80 & I E 80 : 10nA, 100nA, 1 JJA 1 OtJA and 1 OOtJA f.s.d . 

ace. ±2% f.s.d. ± 1% at voltages of 2V, 5V, 
10V,20V,30V,40V,50V,60V,80V,100V, 
120V, and 150V ace. ±3% ± 1 OOmV up to 
1 OJJA with fall at 1 00tJA < 5%+250mV. 

BVeso = 

V eE(sat): 

1 OV or 1 OOV f.s.d. ace ±2% f.s.d. ± 1% at 
currents of 1 OJJA, 1 OOJJA and 1 rnA ±20%. 

1 OnA, 1 OOnA, 1 tJA ... 1 OmA f.s.d. ~c. ±2% 
f.s.d. ± 1% at fixed I E of 1 JJA 1 OtJA, 1 OOJJA 
1 rnA, 1 OmA, 30mA, and 1 OOmA ace. ± 1 %. 

3 inverse scales of 2000 to 100,400 to 30 and 
100 to 10 convert I 8 into h FE readings. 

1 Vf.s.d. ace. ±20mV measured at conditions 
on h FE test. · 

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

DIODE & ZENER DIODE RANGES 

type 
TM12 

As I E 8 0 transistor ranges . 

Breakdown ranges as BV c 8 0 for transistors. 

. 1 Vf.s.d. ace. ±20mVat I 0 F of 11lA 1 OtJA, 
. 1 OOjlA, 1 rnA, 1 OmA, 30mA and 1 OOmA. 

£145 

DON'T. GAMBLE 

WITH PERFORMANCE 

BUY 
LEVELL ·TESTERS 

~\·-:;;:-1' 
···o·-·. . .. 

' <.,.-.. 1-:x~ ......... 

@J I · ~· ':':xs-·"" 
.~ .. :o·~=.\ 
\ >.s... ··~-,;l~') 

<t~:~ ~:.// 

A logarithmic scale covering 6 decades is used to display 
either ·insu lation resistance or leakage current at a fixed 
stabilised test voltage. The current available is limited to a 
maximum value of 3mA for safety and capacitors are 
automatically discharged when the instrument is switched 
off or to the CAL cond ition. The instrument operates from a 
9V interna1 battery. 

RESISTANCE RANGES 
1OM 0 to 1 OT 0 (1 013 0) at 250V, 500V, 750V and 1 kV. 

1M 0 to ·1 T 0 at 25V, 50V and 1 OOV. 

1 OOk 0 to 1 OOG 0 at 2.5V, 5V and 1 OV. 

1 Ok 0 to 1 OG 0 at 1 V. 

Accuracy ± 15% +800 0 on 6 decade logarithmic scale. 

Accuracy of test voltages ±3% ± 50mV at scale centre. 

Fa ll of test voltages < 2% at 1 01-1A and < 20% at 1 00 tJA. 

Short circuit current between 500JJA and 3mA. 

CURRENT RANGE 
1 OOpA to 1 OOjJA on 6 decade logarithmic scale. 

Accuracy of current measurement± 15% of indicated value. 

Input voltage drop is approximately 20mV at 1 OOpA, 200mV 

at 1 OOnA and 400mV at 1 OOtJA. 
Maximum safe continuous overload is 50mA. 

MEASUREMENT TIME 
< 3s for resistance on all ranges relative to CAL position. 

< 1 Os for resistance of 1 OG n across 1 tJF on 50V to 500V. 

Discharge t ime to 1% is 0.1 s per JlF on CAL position. 

RECORDER OUTPUT 
1 V per decade ± 2% with zero output at scale centre . 

Maximum output ±3V. Output resistance 1 k n . 

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

LEVELL MOXON STREET, BARNET, HERTS. , EN5 550. 

TEL: 01 - 449 5028/ 440 8686 

WW - 052 FOR FURTHER DETAILS 
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,Telegraph testing simplified 

I 

Lightweight, portable, Telegdata TCT10 makes 
.light work of on-site circuits and machines. 

This new Plessey instrument combines signal gen~rator 

and analyser in a single briefcase-size unit enabling 

on-site testing of telegraph circuits and machines to be 

carried out speedily aQd with a high degree of 

accuracy. · 
Powered·from the a.c. mains supply, the TCT1 0 gives 

a choice of output levels and test signals in CCITT 

No 2 and No 5 alphabets including the full96 character 

'fox' message, Q9S and any single character on 

demand. · . • 

Accurate readout (to 1 %) is given unambiguously on 

an LED scale registering up to 40% distortion 

early/mark bias and late/space bias. 
' ' . 

Full specification is available in a colour;illustrated 

brochure. See how your telegraph test operations can 

be improved - telex or write to: Telegdata 

Department, Plessey Controls Limited, Sopers Lane, 

Pooie, Dorset, United Kingdom BH17 7ER. 

Telex: 41272. 

•
PLESSEY 
CONTROLS 

WW- 007 FOR FURTHER DETAILS ~6()()..2·224 

s· 
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probably the most 
~ersatile and rugged 

insulating mounting system 
, . ever developed . 

Transipillar insulating mounts hold heavy 
sub-assemblies totally secure. Because they're 
precision moulded from very tough Nylon. 

Metric or Imperial versions are available, 
with insulator lengths from% in to 2% in, and a 
choice of metal screw or threaded insert end 
fittings from 0 to 6BA. · 

If one of the preferred sizes won't suit your 
application, the chances are we can make one 
that will. 

Write today for samples, full technical 
details and prices ofTRANSIPILLARS. 

Iii, ~~R~adl{~!~2~!~5 LTD 'I' ~ Telephone: 01-460 9861 /5 Telex: 896071 

the patented insulating mount for '/,.In 
thick heatsinks. Eliminates the need for 
power transistor mica washers. 

WW- 086 FOR FURTHER DETAILS 

Admission is £2 if you re.qister on arrival, 

but FREE pre-registration tickets are 

yours if this coupon reaches us 

· by October 15. 

COMPUTERS .... 
SMALL COMPUTERS... . . 
SOFTWARE ... MINIS ... MICROS .. · 
TERMINALS . ·· . SOFTWARE 
· .,ERIPHERALS ... 
SMALL BUSINESS SYSTEMS . .. 

OVER .. ,,-
350 EXHIBITORS 
AT . 
OLYMPIA, ·: 
LONOON 

NOVEMBER 
' 6, 7 f:t 8 
from 10am · · · 

·each day 

r-------~---------- .~ -,.-F,. 
COMPEC '79 tickets USE BLOCK LETTERS. WRITE WITHIN SPACE ·, I 

1
1 

~~.~~\~~~~~t~~~~~: SE19LU I . . I Name I 
England. . · . . Street & No. I 

I ~~&~ 
Please send me ... FREE or zip code I· 

I pre-registration tickets 
for Compec '79 . . · country . · 

L--.----------------.. ---.I 
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But what does it 
Big is not always all add up 40"' company wholly . 

be~~t~~~n we boast . . ' . I! . :' ~~g~~~~~o the future 

more resources than all . development of two-
our competitors put together you might be inclined way radio or a remote parent company looking for 

to think: so what? maximum advantage in whichever markets suit it 
We agree. best at the time? (If the latter, ensure he'll be around 
When you are making substantial investments in next time you have a replacement or extension 

two-way radio we expect more than facts and problem). 
figures to be taken into account. . We are not suggesting that you look to Pye 

Like the people you are dealing with, starting . Telecom for perfection. In this business staying the 
with the salesman and right up to the top. How good course for 35 years and making all the running for 
is your relationship with the man up front. Is he the future will always have its problems. But if ever 
thinking long term or looking for a quick sale today? those problems happen to be yours, you can count 

And who is backing up his promises- a well on our full commitment now and our resources 
resourced U.K. based manufacturing and supplying whenever you need them. 

Pye Telecommunications Ltd., 
St. Andrews Road, Cambridge, CB41DW. 
Telephone: 0223 61222 

WW-028 FO~ FURTHER DETAILS 
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Cambridge Learning Enterprises 
SELF-INSTRUCTION COURSES 

UNDERSTANDING DIGITAL ELECTRONICS 
In the years ahead the products of digital electronics tech~ology 
will play an important part in your life. Calculators and digital wat­
ches are already commonplace. Tomorrow a digital display could 
show your vehicle speed and fuel consumption; you could be 
'phoning people by entering their name into a telephone which 
would automatically look up their number and dial it for you. 

These courses were written by experts in electronics and learn­
ing systems so that you could teach yourself the theory and ap­
plication of digital logic. Learning by self-instruction has the ad­
vantages of being faster and more thorough than classroom learn­
ing. You work at your own pace and must respond by answering 
questions on each new piece of information before proceeding. 

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

Digital Computer Logic and Electronics is designed for the beginner. No 

mathematical knowledge other Jhan simple arithmetic i~ assumed, though 

the student should have an aptitude for logicaL thought .. it consists of four 

volt;mes . each A4 size - and serves as an introduction to the subject of 

digital electronics. Everyone can learn from it · designer, executive, 

scientist, student, engineer. 
Contents include: Binary, octal and decimal number systems; conversion 

betweem number systems, AND, OR, NOR and NAND gates and inverters; 

Boolean algebra and truth tables; De Morgans Laws; design of logic circuits 

using NOR gates; R-S and J-K flip flops; binary counters, shift registers and 

half adders. 

FLOW CHARTS & ALGORITHMS help you present: 
safety procedures, government legislation, office 
procedures, teaching materials and computer programs 
by means of YES and NO anwsers to questions. · 

The Algorithm Writer··s Guide 
explains how to: define the questions, put them in the 
best order and draw the flow chart, with numerous 
examples shown. All that students require is an aptitude 
for logical thought. Size: A5, 130 pages. This book is a 
MUST for those with things to say. 

i rr'~ f ~ ~i ~i ~~' r f~! ~ '~ r ~ ''' rrr i! ii ff il' r 1r i! ''' i ''' l '' '' H f r n ~r '' f r rr r riff r rrr r rr fi rr r rrrrrrr r r 
4 • C 'd L . E . NEW from ambn ge earn1ng nterpnses 

~ . 
0- LEVEL ENGLISH LANGUAGE 

More and more jobs require a C-GRADE PASS, and over 
250,000 people fail to get this every year . Will one of them be in 
your family? This new course, written by experts in a style 
that's serious yet fun to read, shows you how to mark your own 
work and compare it with the work of other people in their 
exam year. Set your own pace and assess your results 
immediately with no postal delays: watch your speed and . 
standards improve. In Book I learn how you will be marked on 

COMPREHENSION, Book 2 covers SUMMARY, 
PUNCTUATlON & SPELLING, and Book 3 coaches you in 
the principles of COMPOSITION. Size: 3 A4 volumes totalling 

250 pages. 

CAMBRIDGE LEARNING ENTERPRISES, UNIT 32 

RIVERMILL SITE, FREEPOST, ST. IVES, HUNTINGDON , 
CAMBS. PE 17 4BR, ENGLAND 
TELEPHONE : ST. IVES (0480) 67446. 
PROPRIETORS: DAYRIDGE LTD . REG . OFFICE: RIVERMILL LODGE, ST . IVES 

REGD . IN ENGLAND No. 1328762 

Design of Digital Systems is written for the engineer seeking to learn more 

about digital electronics. Its six volumes- each A4 size are packed with infor­

mation, diagrams and questions designed to lead you step-by-step through · 

number systems and Boolean algebra to memories, counters and simple 

arithmetic circuits, and finally to a complete understanding of the design and 

operation of calculators and computers. Contents include: 

Book 1 Octal, hexadecimal and binary number systems; conversion bet­

ween number systems; representation of negative numbers; complementary 

systems; binary multiplication and division. 

Book 2 OR and AND functions; logic gates; NOT, exclusive-OR, NAND. 

NOR and exclusive-NOR functions; multiple input gates; truth tables; De 

Morgans Laws; canonical forms; logic conventions; Karnaugh mapping; 

three-state and wired logic. 
Book 3 Half adders and full adders; subtractors; serial and parallel adders; 

processors and arithmetic logic units (ALUsl; multiplication and division 

systems. 
Book 4 Flip flops; shift registers; asynchronous and synchronous counters; 

ring , Johnson and exclusive-OR feedback counters: random access 

memories (RAMs) and read only memories (ROMs) . 

Book 5 Structure of calculators; keyboard encoding; decoding display data; 

register systems; control unit; program ROM; address decoding; instruction · 

sets; instruction decoding; control programe structure. 

Book 6 Central processing unit (CPU); memory organization; character 

representation; program storage; address modes; input/ output systems; 

program interrupts; interrupt priorities; programming; assemblers; com­

puters; executive programs; operating systems and time sharing. 

Four volumes Digital Computer Logic & Electronics at £6.50 inc 

Six volumes Design of Digital Systems at £10.50 inc p & p 
Three volumes 0-Level English Language at £6.50 inc p & p 
The Algorithm Writer's Guide at £3.40 inc p & p 
If your order exceeds £14 deduct £2 from your payment 
Price includes surface mail anywhere in the world, airmail extra 

GUARANTEE If you are not entirely satisfied your money will 

refunded Please allow 21 days for delivery 

- c7mbridg;-L;r;n;-E~e';'Pri;e;- u;,i;-32.. Riv";r;ii/Sit7. - -

FREEPOST, St. lves, Huntingdon, Cambs. PE17 4BR, 
England. · 
Please send me the following books: 
..... sets Digital Computer Logic & Electronics at £6.50, p & p 
...... sets Design of Digital Systems at £10.50, p & p included 
. .... .. . ... 0-Level English Language at £6.50 p & p included 
... . .... The Algorithm Writer's guide at £3.40, p & p included 
Name ..... . ... . ..................................... . 
Address .. ................... . .. .. .. .. . . .. ....... . ... . 

0 0 oo o 0 o o o o I o 0 o 0 o o o o 0 0 O • t 0 o o o o o o 0 0 0 o 0 00 0 0 o I 0 o oo o 0 oOO 0 O 0 0 

I enclose a *cheque/ PO payable to Cambridge Learning Enter-
prises for £ ......... . 
Pi ease charge my • Access/ Barclaycard/Visa/ Eurocard/ 
Mastercharge/ Interbank account number ..... ... ......... . 
Signature ...... .. ... . ............ . . *delete as appropriate. 

· Telephone orders from credit card holders accepted on 
0480-67446 (Ansafone). Overseas customers should send a 
bank draft in sterling drawn on a London Bank, or quote credit 

card number. 
L-_______________ ........_ _____________________ _ 

WWOIO- FOR FURTHER DETAILS 
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The FM/ AM 1000s with 
Spectrum Analyser 
A portable communications service 
m·onitor from IFR, light enough to 
carry anywhere and good enough fo 
most two-way radio system tests. 
The FM/AM 1000s can do the work 
of a spectrum analyser, oscilloscope, 
tone generator, deviation meter, 
modulation meter, signal generator, 
wattmeter, voltmeter, frequency 
error meter-and up to five service 
engineers who could be doing 
something else! 
For further information contact 
Mike Taylor 

F·leldlech ~~~~~~~~~~~port-London Hounslow 
TW6 3AF 

· Tel: 01-759 2811 
Telex: 23734 IFR precision simulators FLorEc G 

WW-036 FOR FURTHER DETAILS 
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THE .JAMES 
SCOTT 

INDUSTRIAL 

RANGE OF 
EQUIPMENT 

. The James Scott range of Microwave equipment offers 
industrial users a greater choice of alternative systems in 
robust, industrial, cast aluminium housings, for a wide 
variety of applicati9ns. 
The range is made up of standard sub-assemblies which 
can'be permutated to suit individual application 
requirements. Here 
are some suggested 
applications for 
these units. 

WW-025 FOR FURTHER DETAILS 
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An impressive new development 
at Crellon. 

Litronix is our most recent newcomer. 
This is very much in line with the Crellon policy of acting 
as distributor for only the finest principals. 

The Litron ix range is as impressive as its famous 
name and covers the following products: · 

LED's-
red, yellow, orange, green and infra-red Photo-transistors. 

Opto isolators -
in a range that includes jedec types, high speed, duals 
and quads. 

Displays-
including 7 segment and 16 segment alphanumeric. 

Intelligent displays, too, alphanumeric with memory, 
decoder, driver and control circuitry, new smaller size 
package and much faster access time. 

Add to all this the prompt, helpful and reliable Crellon 
service and you'll soon see why, when it comes to distribution, 
we've got plenty of muscle. 

There's a very informative data pack available -
telephone or complete the reader reply card. 

.:·?~~·:.1 itronix 
··: ••• • :·· d · : ~ · I eas with logic. 

Crellon Electronics ltd., 380 Bath Road, Slough, Bucks 
Tel: Burnham (06286} 4434. Telex: 847571 

WW- OI3 FOR FURTHER DETAILS 
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Wtngrove 8t Rogers fuave now 
e*parnded their operations to 
h~clude four dt~[oct d~vi.sJOJns 
~i;tb:in ttte CcHupany. Write or 
p'titane for further detailed 
tof.Qrrna,ti:on and sampte,S:. 

W'ingr~ve & Ro~rs ltd. 
Domvi'lle Road 
Liverpool L13 4AT 
Tel: 05l· 220 464'1 
if etex: Cha:eom Uv;erpocd 
62711,0 for Winrog 

sales, 
1e 
. repair 

~ ANALYSERS 
AIRMEC 248 5-300MHz 

. AIRMEC 853 30KHz-30MHz 
MARCONI 2330 20Hz-78KHz 
TEKTRONIX 1L20 lOMHz-4.2GHz Spectrum Analyser 
ATIENUATORS 
ADVANCE A.64 0-70dB in ldB step 600 ohms 
MARCONI TF.l073A 0-lOOdB in ldB steps 50 ohms 
BRIDGES 
B.P.L. CZ.457 Mk. II Component Comparator 
GENERAL RADIO 1607 Transfer Function Immittance Bridge 
WAYNE KERR B.221 0.1% Universal Bridge 
WAYNE KERR 521 1.0% Universal Bridge 
COUNTERS 
MARCONI TF.l417 + 500MHz Divider 7 digit 
RACAL 835 DC-15MHz 6 digit . 
SYSTRON DONNER 6035 20Hz-3GHz 7 digit 
DIGITAL VOLTMETERS 

. DYNAMCO 2022S 0-2000V Scale 39999 lOuV 
ROBAND RDV.4. 0-lOOOV 4 digit · 

.C:<::J ·MARTIN ASSOCIATES 
:.X .X: 34 Crown Street 

Reading 
Berks. RG 1 2SE 

. Tel. Reading (0734) 51074 

. £125.00 
£85.00 

£500.00 
£1500.00 

£30.00 
£75.00 

£70.00 
From. £450.00 

£200.00 
£85.00 

£225.00 
£130.00 
£550.00 

£250.00 
£95.00 

WIRELESS WORLD, SEPTEMBER 1979 

You;// do better at Martin Associates· 
· we guarantee it! · 

METERS 
JAC.331 Freq. Meter & Generator DC-3GHz 
AVO Precision Meter . 
MARCONI TF.l245/46/47 Cct Magnification Meter + Oscillator 
MUIRHEAD D-729-BM Phase Meter 
RADIOMETER BFK.6 Distortion Meter 
OSCILLOSCOPES 
TEKTRONIX 535A DC-15MHz c/w H Plug In Unit 
TEKTRONIX 567 Sampling lGHz Digital Readout 
SCOPEX 4D-10B DC-lOMHz lOmV Sens. NEW 
SCOPEX 4D-25 DC-25MHz NEW 
SCOPEX 4S-6 DC-6MHz NEW 
HEWLETT-PACKARD 130C X-Y -T DC-500KHZ 200uV Sens 
TELFORD 'A' OSCILLOSCOPE CAMERA 
VARIOUS PLUG INS & PROBES Information on Application 
POWER SUPPLY UNITS 
ADVANCECV.500/A 240V r.m.s. 500 Watt 
ROBAND T.l72 0-30\/ lOA 
ROBAND T.ll3 0-30\/ 20A 
SIGNAL SOURCES 
ADVANCE JIB 15Hz-50KHz 600ohms/5ohms 
GENERAL RADIO 1362 UHF Oscillator 220-920MHz 
GENERAL RADIO 1209C UHF Oscillator 250-960MHz 
GENERAL RADIO 1215C Oscillator Unit 50-250MHz 
HEWLETT-PACKARD 608D 10-420MHz 
HEWLETT-PACKARD 608F 10-455MHz 50ohms 
MARCONI TF.995A/3/S 1.5MHz-220MHz FM/AM 
MARCONI TF.l066B/610MHz-470MHz 
MARCONI TF.l099 Sweep variable to 
20M Hz almost new £200.00 
MARCONI TF.l44H/4 lOKHz-72MHz 50 
ohms A.M. £470.00 
MARCONI TF.l370 lOHz-lOMHz £150.00 
R & S SWF 5MHz-225MHz Sweep Generator 

£185.00 
R & S SWH 50Hz-12MHz Sweep Generator 

£195.00 
RECORDERS 
LIGHT LAB 361D 0-lOO"C & -70° -0°C 9 
Probes £65.00 
SMITHS Miniscript 0-lOOuA - £40.00 
MISCELLANEOUS 
GALLENKAMP FR.554 Muffle Furnace 
l!OO"C £200.00 
GRIFFIN Oven Am b. -I iJO"C £60.00 
ADMIRAL CORP 198A/B IFF IATC Radar Test Set 
WESTON ROTEK 146AG5 A.C. Voltage Standard 
PERKIN ELMER F.ll Gas Chromatograph 

£200.00 
£160.00 

£1000.00 
£225.00 
£250.00 

£250.00 
£750.00 
£188.00 
£315.00 
£138.00 
£275.00 
£250.00 

£30.00 
£140.00 
£200.00 

WW-029 FOR FURTHER DETAILS 

IF IT'S TIME YOU 
HAD A EWTIMER 
COUNTER, DC. TO 
Js .MHZ Is . Gould Adya. nee have a wide 

· range of t1mer counters. 
And here are two which 

E UGH should meet most eng·. ineers' 
needs. 

Both the TC320 and the 
TC321 have made extensive 

e 

Lf 15.85 

WW- 073 FOR FURTHER DETAILS 

use of the latest low-power 
circuitry (CMOS, Schottky 
and thick film resistor 
networks, for example) and 
we have no hesitation in 
offering a (seldom-used) 
2-year guarantee. 

Check the functions­
whilst remembering that 
both instruments are truly 
portable when internal 
rechargeable batteries are 
fitted as an option. 
* Frequency (Manual and 
Autoranging) *Single 
Period * Multiple Period 
*Multiple Period Average 

. (Manual and Autoranging) 
*TimeA-8 *Automatic 
Pulse Width* Count 
* Totalise *Count A/8-8 
*Ratio . 
· Of the two instruments, 

the 321 has the more 
sophisticated 'spec. But 
both are interesting. 

Do ask for data. It'll be 
enough to impress you. 

-? GOULD 
. An Electrical/Electronics Company 

Gould Instruments Division, 
Roebuck Road, Hainault, Essex 1 G6 3U E 
Telex: 263785 

TELEPHONE: 01-5001000 
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Eddystone Ra~io Li~~tad 
Member of Marconi Communication Systems L1m1ted 

Alvechurch Road, Birmingham 831 3PP, England 
Telephone: 021-475 2231 Tele?<: 337081 
A GEC-Marconi Electronics Company 

WIRELESS WORLD, SEPTEMBER 1979 

• Covers most general­
purpose applications in 
professional and military 
communication including 
marine use (speech, 
telegraphy or f.s.k. 
teleprinter signals) 

• Manual tuning plus 
accurate digital frequency 
lock 

e High reliability and . 
environmental performance 

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

Please ask for details 

WW- 017 FOR FURTHER DETAILS 

TOTAL AMPLIFICATION FROM CRIMSON .ELEKTRIK 

WE NOW OFFER THE WIDEST RANGE OF SOUND PRODUCTS-

STEREO 
PRE-AMPLIFIER 

POWER 
AMPLIFIER 
MODULE 

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

CPR _1 .- . bl h d ' The overload marg.n is a superb 40dB, thrs 
superooroty of the CPR 1 rs proba . Y t e rsc stag~. top even with high output cartridges 

together with the hogh slewrng rate ensures c ean distortion is eliminated by an unusual 

~=~i~~gRh~~v~ i~~~~~~!~~ t~e~~~~~i~~~~0°~~~~~=tio is 70dB relative to 3 5mV; distortion 

< .005% at 30dB overload 20kHz 

Following this stage is the.flat gain/balance stage to bring Iap~, ~un;~·He:::~gkt~:~~~r8a;~; 
signal levels. Signal to norse ratro 86d8; slew-rate 3V/uS. T. · · 

any level . 

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

138x80x20mm. Supply to be:+- 15 volts . 

MC 1 _ PRE-PRE-AMPLIFIER. Suitable for nearly all moving-co~ cta~~ri~;;s ;e~~~:i~~~ 

~~:P~;~~i~~~~~~~b~~r~~dt;:/~~ ~~ ~h~:Vo~~~c~~·~ri;,J'1~~~~~~~o~~o~;~t p~e-~mp disc 

inputs) . Can be powered from a 9V battery or from our R g 

X02:X03 - ACTIVE CROSSOVERS. X02 - ~;-"o way. X03 - three way Slope 

24dB/ octave . Crossover _pornts set to order wrthrn 10 ; o 

REG 1 _POWER SUPPLY. The regulator module, REG 1 provides 15-0-1 5:11t~r~~;~~~e~ 
CPR 1 and MC 1 . It can be used with any of our power amp supplres or our sm 

TR 6 . The power amp kit will accommodate rt . 

POWER AMPLIFIERS. h would be pointless to list in so small a !~~c~a~: ~:;b~:ino~ 

recording studios, educatronal and . government ~a~lrs~~~~~s~t=:~n for the highest quality 

CRIMSON amps satrsfactorrly for qurte some trme . e_ a~. t es they all have the same 

at the lowest prices. The power amp rs avarlable rn r~e /~.I·D insignificant. slew rate 

specrfication . T.H .D. typrcally 0 :1% any power 1kHz 8 0 m 
1 

OH ~35kHz _ 3dB · stabi l ity 

limit 25V I uS: sognal to norse ratro 11 OdB; frequency respons; 7 5 ~ (250~V or 100mV on 

unconditional . protection drrves any load safely; sensrtovrty m 

request). size 120x80-25mm 

POWER SUPPLIES We produce suitable power supplies which use our superb TOR~I~Al 
transformers only 50mm high with a 1 20 -240 primary and songle bolt frxong (rnc u es 

capacitors / bridge_ rectifier) 

POWER AMPLIFIER KIT. The kit includes all metalwork, heatsinks and hardware to house 

an two of our power amp modules plus a power supply . It rs contemporarrly styled and ots 

qu~lity is consistent with that of our other products . Comprehenso.ve rnstructoons and full 

back-up services enable a novoce to buold rt wrth confidence rn a few hours. . 

PRE-AMP KIT · 
This includes all metalwork. pots, knobs, etc. , to make a complete pre-amp with ' the CPR 1 (S) 

module and the MC 1 (S) module if required . 

POWER AMPLIFIER MODULES 
CE 608 60W /8 ohms 3 5-0-3 5v 
CE 1004100W/4 ohms 35-0-35v 
CE 1008100W/8ohms45-0-45v 
CE 1704170W/4ohms45-0-45v 
CE 1708 170W/8 ohms 60-0-60v 

TOROIDAL POWER SUPPLIES 
CPS1 for 2xCE 608 or TxCE 1004 
CPS2 for 2xCE 1004 or 2/4xCE 608 
·CPS3 for 2xCE 1 008 or 1 xCE 1 704 
CPS4 for 1 xCE 1008 
CPS5 1 for 1xCE 170B . . 
CPS6 for 2xCE 1 704 or 2xCE 1 708 

HEATSINKS 
light duty, 50mm, 2 C/ W ... . . . 
Medium power, 1 OOmm, 1-4 C /W 
Disco/group. 150mm. 1-1 C/W 
Fan, 80mm, state 120 or 240v .. . . ... . .. . 
Fan mounted on two drilled 1 OOmm heatsinks--
2x4 C/W, 65 max. with two 1 70W 
modules 

THERMAL CUT-OFF, 70" C 

£19.52 
£23.02 
£25.96 

. £31.00 
£33.97 

£18.56 
£18.80 
£19.75 
£17.12 
£24.15 
£25.53 

£1.44 
£2.35 
£3.04 

£19.70 

£31.05 

£1.54 

POWER AMP KIT £35.03 

PRE-AMPS . 
These are available in two vers1ons -

one uses standard components: and 
the other (the S), uses MO res1stor.s 
where necessary and tantalum capaci-
tors. ' · 

~CR11 . gg: 
CPR 1 S £40.87 
MC 15 £33.17 

ACTIVE CROSSOVERS 
X02 £15.16 
X03 £23.58 

POWER SUPPLY 
REGI £8.90 TR6 £1.97 

PRE-AMP KIT £38.07 

BRIDGE DRIVER, BD1 
Obtain up to 340W using 2x 170W 
amps and this module 
601 . £5.75 

CRIMSON ELEKTRIK 
1A STAMFORfl STREET, LEICESTER LE1 6NL. TeL (0533) 553508 

U.K.- Please allow up to 21 days for delivery . 

All pnces shown are UK on ly and 1nc1Ude VAT and post Coo 90p extra t. 1 UU ltm l! Export 1S no probl em please w nte 

for spec1f1c quote Send la rge SAE or 3 International Reply Cou pons for detatled 1n fo rmat1on 

0 1stnbutors M 1n1c Teleprod ukter. Box 1203 5 $ .7 50 12 Uppsala 12 Sw eden . Badger Sound Serv1ces Ltd 46 

Wood Street. Lytham St Annes Lancash•re . FYB 1 QG 
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The best pick-up arm in the world 

Write to Dept 0656, 
SME Limited, Steyning, Sussex, 

BN4 3GY, England 

Series IllS precision pick-up arm 

We took a hard look at the Series Ill 

because we wanted more people to 

enjoy it. We were not prepared to give 

an inch on performance or 

manufacturing quality and the 

nitrogen hardened titanium tone arm 

had to remain. However we found a 

number of ways in which economies 

could be effected and they have been 

incorporated in this new model. 

Adjustments are made directly 

instead of through lead screws or rack 

and pinion, the absence of these 

,things being a matter of operating 

convenience only. Lateral balance 

was also dispensed with as it is 

unimportant in this type of arm 

WW- 050 FOR FURTHER DETAILS 

unless the deck is seriously out of 

level. The fluid damper is a refinement 

but not essential and so we made it an 

optional accessory. This simplified 

version of the Series II I offers an 

attractive saving in price and either is 

immediately available through your 

usual dealer. We shall be glad to send 

you details on request. 

*Another accolade for SME: the 
Series Ill precision pick-up arm was 

one of the Design and Engineering 

Awards at the 1979 U.S Summer 

Consumer Electronics Show, the only 

pick-up arm to be acknowledged in 
this way. 

13 
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This advertisement introduced 
the IVC 2001 • • • • • • • Europe's 

most popular TBC 

So what extra has the second 
·generation IVC 2002 got to offer? 

TBC .:. · 2002 Digital Time Base Corrector · • 

• 

The all-in-one Digital Time Base Corrector AND. Video Enhancer 
· that operates with-ANY J7 TR . 

. FEATURES OF THE ALL BRITISH IVC 2002 
• Fully "Floating Window" with Dynamic 

Steering · 
• Random Access Memory Store 
• Built-in Picture Enhancer . 

• Output Fully Locked and Phased to 
Studio Sync 

• Single Wire Locking or 3 Wire Drive 
• Self-contained SPG 

• Built-in Processing Amplifier 
• Built-in Noise Reducer 
• Chrominance/Luminance Delay Correction 
• Capstan or Non-Capstan Servo Operation 

• Full Colour Drop Out Compensator 
• Full Front Panel Controls 
• Colour Averaging Noise Reduction 
• New High Performance ADC Unit 
• Small Size, Cool and Silent 

• Fully Automatic Edit Framing with 
No Line Hop 

• Selectable Sync & Blanking Re-insertion 
• Selectable Process Modes 
• Direct or Heterodyned Colour Inputs 
• 4 or 16 Line Store Option 
• Quad-Dub Option for Remote Link or 

Non-Capstan Servo VTR 

Please telephone or write for full details of our TBC's. 

WIRELESS WORLD, SEPTEMBER 1979 

SR2 

SR3A 

ORYX SR-2 
High power de-solder tool with anti-recoil safety spring. 

ORYX SR3A/S 
Mini -silver de-solder tool. A more powerful version of 
the SR3A. 

ORYX SR3A 
Mini-orange. Our most popular model, the industry's 
standard toot. 

15 

The NEW ORYX SR3A/Micro 
Identical to the SR3A but has a finer nozzle -only 1.5mm 
internal diameter. 

The Micro-Mini SR6 
Only 1J2" diameter. Weighs only 1 oz - the smaltest, reaUy 
effective de-solder tool available. 

ORVX 881 
Bulb Solder Sucker. Handy, lightweight and easy to us,e. 

Greenwood Electronics 
Portman Road, Reading, Berks. RG31NE Tel: (0734) 595844 Telex: 848659 

WW- 009 FOR FURTHER DETAILS 

ELECTRONIC 
INDUSTRIAL THERMOMETER 

THE MODERN WAY TO MEASURE TEMPERATURE 
A Thermometer designed to operate as an Electronic Test Meter. Will . 
measure temperature of Air.' Metals. Liquids. Machinery, etc .. etc. 
Just plug-in the Probe. and read the temperature on the large oper 

scale meter. Supplied with--carrying case. Probe and internal 1 y; . 
v9lt standard size battery . . . 
Model "Mini-Z 1" measures from-40° C to + 70° c. Price £30.00 

· Model "Mini-Z 2" measures from-5° C to + 1 05° C Price £30.00 
Model "Mini-Z Hi" measures from + 1 DO" C to 500" C £33.00 

. . (VAT 15% EXTRA) 
Write for further details to 

HA_RRIS ELECTRQNI.CS (LONQ.ON). 
138 GRAY'S INN ROAD, LONDON, \Jyf;.1 X 8AX' 

(Phone 01-837 7937) 

WW-034 FOR FURTHF.R DETAILS 

Our new catalogue lists circuit boards for all 
, your projects, from good old Veroboard through 
to specialised boards for ICs. And we've got 
accessories, module systems, cases and boxes -
everything you need to give your equipment the 
quality you demand. Send 25p to cover post 
and packing, and the catalogue's yours. 

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

Telephone Chandlers Ford (04215) 2956 

WW- 008 FOR FURTHER DETAILS 
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The DMM you've wanted: 
Quality and performance at a low, low cost 
A surprisingly low£ 49.95. Surprising 
because you get the type of performance 
you've wanted but expected to pay much 
more for. 

·Quality, Performance and Accuracy 
The 2010A offers you long-term accuracy 
with a laser-trimmed resistor network, a 
stable bandgap reference element, and 
single-chip LSI circuitry. With 31 ranges and 
6 functions, you can measure AC or DC 
volts from 100 11 V to 1000 V; AC and DC 
current from 0.1 11A all the way to 10 A; 
resistance from 0.1 !1 to 20 Mfl. Typical DCV 
and Ohms accuracy is 0.1% ± 1 digit. Easy­
to-read 3112 digit LED's with 9 mm numerals 
and automatic decimal point. 

Extra features for greater convenience 
and flexibility 

wish so you can make measurements in hard­
to-reach places without taking your eyes off 
the probe tip. 

Whether you're a professional or a hobbyist 
(or both!): When quality, accuracy, and price 
count, you should check out the 2010A DMM 
for yourself. 

• Unique X10 multiplier switch gives you 
convenient selection of the next higher 
decade. Hi-Low Power Ohms capability 
gives you three high-ohm ranges that supply 
enough voltage to turn on a semiconductor 
junction. You use the three low-ohm ranges 
for in-circuit resistance measurements. 

• And More: automatic polarity and 
zeroing; overrange indication; overload 
protection on all rang_ys. 
This compact unit is aowered by 4 «C» cells 
(not included) so that you can take your lab­
quality benchtop unit anywhere with you. 

Kit or Factory-Assembled 

2010A Kit: £ 49.95 
2010A Assembled: £ 64.95 
(plus p.p. £3.50 and VAT at 8%) 
THP-20 Touch and Hold Probe: £ 9.95. 
Making Performance Affordable 

sabtronics Gil 
• Wide Frequency Response: 40 Hz to 

, 40 kHz bandwidth lets you measure audio 
through ultrasonic AC signals. 

Either is a tremendous value. Complete kit 
only £ 49.95; assemble it yourself with our 
easy-to-follow instructions. Or, for only 

INTERNATIONAL INC. ......, 
Send your orders with your payment to: 

• Touch-and-HoldCapability(withoptional 
probe) lets you hold readings as long as you 

£ 64.95. Sabtronics will ship your 20 lOA 
factory-assembled and calibrated. 

TIMWOOD INDUSTRIES LTD, 
Prospect Road, Cowes, Isle of Wight, 
England, Telex 86892 

WW- 022 FOR FURTHER DETAILS 

TRANSDUCER and RECORDER 

AMPLIFIERS and SYSTEMS 

49/51 Fylde Road Preston 
PR1 2XQ 
Telepho11e 0772 57560 

reliable high ; 
performance & 
practical controls. 
individually 
powered modules­
mains or de option 
single cases and up 
to 17 modules in 
standard 19" crates 
small size-low 
weight-realistic 
prices. 

Fylde 
Electronic 
Laboratories 
Limited. 

WW - 047 FOR FURTHER DETAILS 

FOR POWER 
SEMICONDUCTORS 

I:IC)RI 
INTE RNATION~L 

RECTIFIER 

Diodes Thyristors 
Fuses for protecting Semiconductors 
Power Transistors Potted Bridges 

Solid State Relays 
Silicon Stacks Surge Suppressors 

IN A HURRY! 
070-681 4931. 

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

Phone: 070 681 4931 
Telex 635 9 1 Albion G 
Attn: HA SWORTH 
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ldd saperio!'itrto·roar 
Philips superiority is the kind that 

comes with years of research and 
experience in virtually every aspect of 
electronic technology. 

A range of instruments is available 
to give comprehensive back-up to your 
audio and video service. Five examples 
are shown here: 

•The ne~ PM 55,19 TV colour pattern 
generator- the professionals' choice 
with no fewer than 20 different colour 
and black and white test pattern 
combinations . 

•The PM 5326 RF signal generator, 

Test & Measuring 
Instruments 

S8ftiC8 
ideal for fast and accurate receiver 
sensitivity and selectivity 
measurements. 

•The PM 6456 stereo generator 
transforms what used to be the complex 
procedure of checking and aligning FM 
tuners and receivers into a logical 
sequence of operations, using 
professional signals. 

• The PM 6307 wow and flutter meter 

makes possible very accuracte checks 
and alignments on audio and video tape 
recorders, record players and movie 
projectors . 

• The PM 5334 JV sweep generator, 
designed for the quick alignment and 
servicing of colour and black and white 
TV. Also suitable for checking wide­
band amplifiers. 

Full information about these and . 
all the rest of Philips audio and video 
service products is contained in a new 
16-page brochure, available now. Send 
foryourcopytoday. 

I ~ Pye Unicam Ltd 
• Phtltps Electrontc Instruments Dept 

York Street Cambrtdqe England CB1 2PX ~ ~ Tel Ca,;,b,dqe (02231 588.66 Telex 817331 

PHILIPS 
- AUDIO AND VIDEO SERVICE EQUIPME NT AU TOMATIC TES T MD MEASURING EQUI PME NT COUNTERS AND COUN TER/ TIM ERS DC PO WER SUPPLIES AND AC STABILIZERS 
~- ~ LOW FREQUENCY EQUIPMENT MICRO WAVE EQUIPMENT MULTI MfTE RS OSCIL LOSC OPES PROFESSIO NAL TV EQU IPMENT PULS E GENERATORS RECORDERS 

WW- 067 FOR FURTHER DETAILS 



18 WIRELESS WORLD, SEPTEMBER 1979 

MODEL 756 
FULL ASCII LOWCOSti 

Fully 

KEYBOARD Assembled 

756 K EYBOA RD NUMERIC KEYPAD 
* Alpha lock . Intended for professional micn;>­

processor applicat ions. 
* This one Keyboard will meet most 

present and future requirements. 
Full 128-character ASCII 8-bit code 

* Tri-mode MOS encoding. 
* Applications notes for auto repeat, 

numeri·c pad, ser ial output. 
* Upper and lower case characters 

generated by keyboard with latching 
shift-lock. 

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

(121/4 X 5'12 X 1'1• in) 
* MOS/DTL/TTL compatible outputs. 
* New guaranteed OEM grade com­

ponents. 
* Needs +5 and -12V supply 

* Board has space for smafl low 
cost DC / DC converter so 
that entire unit operates off 
single 5V rail. 

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

£49.50 +VAT 15°/o 
Also available · -- -· · ·· · 
Numeric keypad -interfaces with 7 56 
DC to DC converter to give - 1 2V 
(Mounts direct on 756 P.C.) 
Plastic enclosure type 701 
Gold plated e_dge connector type ~56/~-()~ _ 

Generous Quantity Discounts Available 
U.K. orders add B% VAT on order total. 

All U.K. enquiries to 
CITADEL PRODUCTS LTD. 

50 High St., Eclgware, Middx. HAS 7EP 
Tel.: 01-951 1848 

WW- 054 FOR FURTHER DETAILS · 

£7.50 
£5.00 

£10.75 
£1.95 

* Extra loose keys available. 
Supplied comple-te with full 
technical data. 

* ·Rugged mil. spec. ·G-1.0 PCB 
with plated through holes. 

" 2-key roll-over 
* DC level and pulse strobe signal 

for easy interface to any 8-bit 
input port microprocessor system, 
video display or terminal board. 
Strobe pulse width 1 ms. 

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

\ 

LOWE ELECTRONICS L TO. 119 CAVENDISH ROAD, MATLOCK, DERBYSi11.RE 

TEL. 0629 2430 OR 2817. TELEX 377482 LOWLEC G. 

CS1 577 
130mm DUAL TRACE 
TRIGGERED SWEEP 
OSCILLOSCOPE 

£480 +VAT 
PRICE INCLUDES TWO X1 0 
FULL BANDWIDTH PROBES 

* 1 30 mm mesh PDA 
* DC· 30 MHz * 2 mV sensitivity * Signal delay * Auto level triggering * Display modes CH1 , CH 2 , DUAL. 

ADD, X-Y * Single shot with variable hold off 

SPECIFICATION 
Bandwidth : 

Sensitivity : 
Input R.C .: 

Risetime · 
Overshoot: 
Sweep t ime: 

Linearity : 
Cal ibrator : 

Trigger 
bandwidth 

Trace rotation : 
Phosphor: 
Power: 

Dimensions : 

Weight: 

NEW 
MODEL 

CS1577 
30 MHz/2mV 

DC-30 MHz(3 
dB) 40 MHz (6 
dB) 
2 mV/cm-
10V/cm 
1 M ohm 22 pF 
11 .7 nS 
less than 3% 
100nS/cm -
0 .5S/cm 
better than 3% 
1KHz 100 mV 
square wave 

DC - 40 MHz 
Electrical 
P31 
AC 
100 / 120 / / 

220 1240V 
50 / 60Hz 40W 
260mm x 
190mm x 
375mm 
10 Kg 

CS1352 DUAL TRACE 15 
MHz/2mV PORTABLE 

/.f!B ti·:~ \£350 +VAT 

~~~; 1:) ] ~ ··: .u '~/ ............ 
The CS1352 oscilloscope offers you not only dual trace, 
15M Hz bandwidth operation at sensitivities down to 
2mV I em but also use from 1 00-240 Vac mains and 
portable operation using the optional rechargeable battery 
pack . Automatic charging is carried out when the CS 13 52 
is plugged into a mains supply . Now you can have top 
performance both on the bench and out in the field - and 
at an affordable price . 

CS1575 DUAL TRACE 4 FUNCTION 
The CS1575 is a unique tool for the 
audio engineer. It features the normal 
facility of dual trace display w ith 
sensitivity to 1 mV I em but not only can it 
display the input signals on two 
channels, it can simultaneously display 
the phase angle between them and 
measure the phase angle referenced to a 
zero phase calibration display . In addition 
to these unique features , you also have 
independent triggering from each 
channel to give stable displays even with 
widely differing input frequencies . 

Absolutely indispensable to the 
professional audio engineer, the CS1575 
is now in use al l over the world. See it in 
action or send for complete details . 

£278 +VAT 
-~~IC). The Trio range of oscil loscopes offer top quality at moderate cost . The brief specifications show the performance features which have made 
, .A. ~ 1 these oscilloscopes firm favourites in all parts of the world , with bandwidths to 30 MHz and sensitivities down to 1 mV /em on 130 mm 
OSCILLOSCOPES screens. Prices are very realistic and we try to ensure that delivery is ex-stock at all times- quite a change these days. 

_FOR FULL DETAILS ON THESE AND OT HER MODELS, CONTACTTHE.SOLE AGENTS, LOWE ELECTRONICS 
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POWER SttPPLIES 

A.C. in/d.c. stabilised out. Sub-units 
D.C. injd.c. stabilised out 
Series/linear regulator. Low cost O.E.M. 
Op. amp. powering. Encapsulated 
Miniature non-encapsulated 
High efficiency/small size switching 
Constant voltage. Constant current 
Outputs from 0 to 50V. 0 to BOA standards 

Sub-bench (variable unmetered) 
Low cost utility bench units 
High stability bench units 
Constant voltage/current with or without 
automatic crossover. H.T. 
Rack mounting 
S.C.R. chopped 
Fan cooled 
Outputs up to 1 OOA from standard 

Battery standby systems (to order) 

Specials and custom design work 

SIGNAL SOURCES , 

Sine-square oscillators 
Function generators 
Pulse generators 
Digital signal generators 
R.F. signal generators 
Synthesized signal generators 
Sweep generators 

ANALOGUE MEASURING 
INSTRUMENTS 

A.C./d.c. millivoltmeters 
R.F. millivoltmeter 
Phasemeter 
Automatic modulation meter 

Farnell 

DIGITAL MEASURING INSTRUMENTS 

Digital multi meters. Digital thermometers 
Digital tachometers. Digital panel meters 
Digital frequency meters. Digital timers 
Modular high speed digital event counters 

ThereSmore 
to Farnell 

than power 
supplies ... 

INDUSTRIAL CONTROL 

Alarm annunciator modules and systems 
Trip amplifiers. ~ontrol panels and systems 
Panel meters 

• 
0•~ ~.;.~ .. -· . .... -• 

OSCILLOSCOPES 

12M Hz bandwidth 
30MHz bandwidth 
Dual trace 
Long persistence tube versions 
Rack mounting versions 
Probes 
Carrying cases/protector muffs 

AGENCIES 
through Farnell lnterhationa/lnstruments Ltd. 

AVO 
Avometer instruments and accessories 

,_.---·· Avo component testers and accessories 

RECORDING INSTRUMENTS 

Potentiometric pen recorders 
Roll paper type 
Single or two pen models 
Input modules to suit measurement 
parameter- microvolts. millivolts, .volts, 
a.c. or d.c., current. frequency, temperature 
X-Y recorders. Printers. A3 and A4 sizes 
With or without timebase 
Consumables for above- paper. pens. etc . 
Instrumentation tape recorders 
Data recorders (cartridge tape) 
Digital reel to reel 

MEGGER 

'Megger' testers. Insulation testers 
Earth testers. etc. 

SULLIVAN 

Precision instruments 
Measurement standards 

TANDBERG -

Computer peripherals. Formatters. Systems 
Digita I tape transport. Video display term ina Is 
4Channel F.M. instrumentation tape recorder 
Cartridge data recorder 

DATA PRECISION 

3!. 4!. 5t digital multi meters 
Low cost models. Portables. Bench models 
Systems compatible models 
Counter/timers . Frequency meters 

FARNELL INSTRUMENTS LIMITED 

SANDBECK WAY· WETHERBY· WEST YORKSHIRE LS22 4DH 

TEL. 0937-63541 or 01-864 7433 ·TELEX 557294 FARIST G 

WW- 090 FOR FURTHER DETAILS 
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SPEAKER 
KITS 

FROM KEF. 
Now you can build a three-way 

loudspeaker system which incorporates all 
the features developed for the superb KEF 
Cantata, and hear its quality at your KEF 
dealer before you buy and build the kit. 

• 
KEF KIT CANTATA 

The kit contains two baft1es (only one 
illustrated) each with the three drive units 

preassembled, pretested and fully wired 
through ~m Acoustic Butterworth filter 

network. The middle ~mel high frequency 
tmits have acoustic baLmce controls <md are 

fuse protected. 
The Cantata was developed by KEF using 

their concept of "Total System Design" 
whereby drive tmits ,filters <md enclosure are 
· matched together to produce m1 acoustic 

response as near to the ideal as possible. 

To get the smne results. build the 
reconm1ended enclosures , connect a fe\v 

\\<lres,install the baft1 es :md S\,1tch on. 
Write now for more details . :md the name of 

your nearest KEF dealer. 
KEF Electronics Ltcl., 

Tovii. Maiclstone. Kent ME15 6QP. 
Telephom~ _: 0622-67226l. Telex: 96140. 

fKEFI4 
WW - 018 FOR FURTHER DETAILS 
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METER PROBLEMS? 

1 3 7 Standard Ranges in a ~a r iety of 
sizes and stylings available for 1 0- 14 
days del ive ry. Other Ranges and 
special scales can be rnad e to order . 

F'u II Information from: 

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

WW- 053 FOR FURTHER DETAILS 

for all demagnetising problems 
LEEVERS-RICH 
have the answer 
LR70 for tapes 
up to 81~ Dia and 1·· wide 

LR71 for tapes 
up to 11112 Dia and 1 .. wide 

~ LR72 Han-d-mag for 
~ demagnetising heads and 

tape path components 
LEf'VERS · RICH 319 TrinityRoad,Wandsworth,London 
EQUIPMENT LTD SW18 3SL Tel: 01·874 9054 Telex: 92355 

WW - 046 FOR FURTHER DETAILS 
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Artistic licence? 
We at QUAD go to a very great deal of 

trouble to ensure that with a QUAD 33 in the 
Cancel position, the voltage delivered to your . 
loudspeakers is a virtually exact RIAA transfer 
of the voltage the pickup will produce into a 
stated passive load. Nothing added- nothing 
taken away. . 

A visiting journalist recently suggested that 
we should not do this. Final adjustment should 
be done by ear,-he said. 
What a n opportunity! 

After all we know that if we add a little 
·warmth with a subtle boost in the lower middle 
and balance this with an ever so gentle hump 
in the quack region (2-3kHz), we can make 
most programmes sound superficially more 
impressive. Come to that, why not change the 
3180flS to 5000flS adding a little more 'heft' that 
most people will fall for . We could even make 
a special model, for the boom and tizz brigade. 

Been to any live concerts recently ? 

For further details on the full range of 
QUAD products write to : 
The Acoustical Manufacturing Co. Ltd ., 
Huntingdon, Carobs. PElS 7DB 
Telephone : (0480) 52561 

QUAD~ 
for the closest approach to the original sound 
QUAD is a Registered Trade Mark 

WW- 066 FOR FURTHER DETAILS 
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of research ... 
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DANAVOX (GT. BRITAIN) LTD. 
"BROADLANDS" BAGSHOT ROAD, 
SUNNINGHILL, ASCOT, BERKS. 
TEL: 0990 23732/6: TELEX : 84584 

"on ~ompon~nts and accessories for dictating 
machmes, _ tele-co!llmunications, hearing aids 
and electroacoust1c equipment etc." 

WW- 019 FOR FURTHER DETAILS 
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Acoustic 
BRUEL & KJAER 
2203 Prec1sion sound level meter 
2204 Prec1sion sound level meter 
1613 Octave filter set couples d~rectly 
to 2203 & 2204 
4216 Artificial Mouth 

*2624 Charge Amplifier 
CEL 
112 LEG meter-diQI!al readout 
Bridges etc. 
DAWE 
21 OB Decade Capacitance box 
0 .1j.iF-1 mF0.1j.ifstep 

MUIRHEAD 
D30A Wheatstone br~dge test set 

SULLIVAN 
T1 098 Decade res, stance br~dge 

WAYNE KERR 
8601Z RF br~dgeto 5 MHz l 
SR268 Source for 6601 Z J 
Cable Test Equipment 
MARCONI 
TF2091 A/ TF2092A White no1se 
generator / rece1ver 300 channel 
system complete 

*TF2333 Transmission Test Set 
STC 
742268 Telephone cable test set 

*74216A Noise Generator CCITT 
-¥-74261 A Psophome1er CCITT 

Circuit Magnification 
MARCONI 
TF1245 /46/47 ·a· Meter w1th 
Oscillators 

Counter Timers 
HEWLETT PACKARD 
5263A T1me mterval plug-1n 
MARCONI 
TF2414A DC -40 MHz 7 d1g1ts 
TF2422 Frequency d1v1der to 300M Hz 
RACAL 
9024 10 Hz-600 M Hz 7 + 1 d1g1ts 
9059 DC-560 M Hz w1th battery pack 
9835 DC-.15 M Hz 6 d1g1ts 
9837 DC-80 MHz 6 d1g1tS 
Function Generators 
HEWLETT PACKARD 
3300A 0.01 Hz-100 kHz sme. I 
square tnangular \. 
3301 AuKII1ary plug -1n J 
Logic Analysers 
HEWLETT PACKARD 
1601 L Logic state analyser 12 
channel display 
Mains Monitors 
AM PROBE 
LAV3X Ma1ns voltage recorder 
GEC 
FB31 A Surge mon1tor records ma1ns 
sp1kes +filter 
RUSTRAK · 
288 + CT Clamp-on AC record1ng 
ammeter 

Modulation Meters 
AIRMEC 

-¥-210 1-300 M Hz AM/FM 
-ll-409 3- 1500 MHzAM/FM 

MARCONI 
-l-'TF2300A 1-1000 MHzAM/FM 

Pnces 
from ( 

400 
475 

250 

25 
65 

450 

20 

75 

·90 

275 

350 
575 

120 
240 
475 

525 

60 

170 
30 

325 
300 
145 
190 

100 

600 

45 

85 

95 

195 
325 

520 

Oscilloscopes 
ADVANCE 
OS1 OOOA DC-20M Hz dual trace 
COSSOR 
11 0/111 DC:2Q M Hz dual trace 
110/112DC-1 MHzdifferential 
HEWLETT PACKARD 
184A +1801 A+ 1822A DC -50 MHz 
system. T.B. and ampflf1er mcluded. 
storage facility (storage de-rated 
please ask for details) 
1707620 DC- 75 MHz dual tracep .T.B 

171 OB DC-200 MHz dual trace 

TEKTRONIX 
5103N/D15 
Storage system 800 d1v / ms DC-2 MHz 
7A13 DC-100 MHz d1fferent1al 
comparator 
7B70Dualtlmebasewlth7B71 \. 
delayed sweep (for 7000 senes) r 
536 Mainframe ·11 M Hz X- Y 
5191 G Hz Real Time. Match1ng 
accessories included 
535A/CA DC-15 MHz dual trace DTB 
5458/CA DC-24 MHz dual trace DTB 
585A/81 DC-80 M Hz dual trace DTB 
454DC-150MHzdua l trace DTB 

TELEOUIPMENT 
054 DC ·10M Hz dual trace 
D75 DC -50 MHz dual trace D.T.B 
(Portable) 
D83 DC -50 MHz dual trace D.T.B 
(Bench) 
D53/CD/G DC-15M Hz Dual Trace 
with differential amplifier 
Oscilloscope Probes-
Current 
TEKTRONIX 
P6021 AC current probe to 20M Hz 
Oscilloscope Probes-
Voltage 
HEWLETT PACKARD 
11 21 A 500 M Hz 
TEKTRONIX 
P6046 D,fferent ,al probe DC-100M Hz 
Oscilloscope Cameras 
HEWLETT PACKARD 
1 95A Pack film polaroHi 
198A Pack f1lm polarOid 
TEKTRONIX 
C30AR Roll film polariod 
Power Meters 
HEWLETT PACKARD 
432A;478A 10 MHz -10 GHz 
w1deband w1th bolometer 
Power Supplies 
HEWLETT PACKARD 
62658 DC stab vanable 40 V/3 A 

ROBAND 
T1 01 50 V 1 A Variable 
SOLARTRON 
As 751 50 V 1 A Variable 

STARTRONIC 
11 7 20 V 0.5 A V.ariable 
SYSTRON DONNER 
LNG 16 -1016Vi 10Avanable 
Pressure & Displacement 
Transducers 
ELECTRO MECHANISMS 
LVDT DC I ~near vanable ±0.50 1nches 

Pnces 
from ( 

310 

325 
275 

650 
700 

1250 

350 

350 

275 

100 

860 
250 
350 
550 

1350 

240 

550 

575 

225 

200 

90 

215 

190 
120 

130 

350 

195 

30 

25 

25 

75 

25 

Pulse Generators 
E. H. RESEARCH 
G71 0 5 V !50 0 30Hz 50 M Hz AT 5 ns 
132AL 50 V/50 0 5 Hz -3 MHz AT 12 ns 
LYONS INSTRUMENTS 
PG2E 10V/500 1 Hz-16 MHz RT 10ns 
PG2310V/500 1 Hz-10 MHz RT5ns 
SYSTRON DONNER 
10110V/500 10 Hz.-10_M Hz RT 5 ns 
Recorders & Signal 
Conditioning Equipment 
BRUNO WOELKE 
ME1028 Wow and flutter meter 
M E1 02C Wow an·d flutter meter 
Recorders & Signal 
Cond itioning Equipment 
BRUEL & KJAER 
23056 Stylus Recorder 1n.clu dP.S 
50 db pot 

HEWLETT PACKARD 
17502A Plug-1n for 7100 senes 
recorder temperature module 

SE LABS 
3006DL T 12 channels UV 6 1n ch chart 
A 1000 Galvo 600Hz 0 34 mA /cm 
MICROMOVEMENTS 
M400 Galvo 300Hz 50 J.lA / cm 
M1000Galvo 600 HzO 34 mAt cm 
M 1600 Galvo 1000Hz 0 4 maA / cm 
M8000 Galva 5kHz 15.5 mA/ cm 

SIEMENS 
KOM P Ill 2 pen potent1ometnc roll 
chart 

Signal Sources & 
Generators 
ADVANCE 
H115Hz-50KHz 

DAWE 
410C0 .1 Hz-10KHz 

EH RESEARCH 
967 Attenuator 25W.0 -40 db 

HEWLETT PACKARD 
200CD 5Hz-600kHz 0/P 10 V RMS 
8693!1003.7 -8.3 GHz 5 mW 
sweeperplug -1n 

* 608E 10-480 MHzAM 
iC·618C3 ·8-76 GHz FM 
*62087-11 GHzFM 

MARCONI 

Prices 
from f 

100 
175 

130 
135 

95 

75 
90 

650 

25 

450 
30 

25 
25 
25 
25 

TEXSCAN 
V$40 1 -300 MHz sweeper 

WAYNE KERR 
S12110Hz-120KHz 
022B10Hz-10MHz 

Spectrum Analysers 
HEWLETT PACKARD 
141T Display unrt storage 
8552A I. F. P~ug-in 
8553L 1kHz-110kHz Plug-in 
8554L 500 kHz : 1250 MHz Plug -in 

T.V. Test Equipment 
MARCONI 
TF2909 Gray scale generator 
Temperature & Humidity 
CO MARK 
16048 LU Analogue thermometer 
0 -100"C 
LEE-DICKENS 
H P5 Hum1d1ty probe 
HUMIGUN Temp/hum1d1typrobe 
w1th meter 
RAYTEK 
T1000 Infra-red thermoprobe 

Vibration 
DAWE 
1461 CV(M) Portable Vibration 
Analyser Kit 

Voltmeters- Analogue 
AIRMEC 
264 Millivoltmete~ 3 mV -1 V ranges 

AV,O 
ta Mk V AC/DC/OHMS 

BOONTON 
93A 20 Hz-20 MHzTrue RMS 
BRADLEY 
CT471 C AC/DC/0/current 
multimeter and RF 

DAWE 
614C Mill lvoltmeter0.3 mV-300 V 
ranges 
HEWLETT PACKARD 
427A AC/DC/0 mult1meter 
3406A10kHz-12GHz 
KEITHLEY 
61 OB Electrometer recorder 0/P 
LIN STEAD 
M2B DC/AC 10Hz-500kHz 
MARCONI 
TF2603 AC voltmeter to 1.5 GHz 
NORMA 
U-Funct1on Dual channel 
peak/RMS meter 
PHILIPS 
PM2454B AC voltmeter to 12M Hz 

Voltmeters- Digital 
ADVANCE 
DMM31999 FSD AC/DC/0/current 
DANA 
5230 1 19999 FSD AC!DC 
FLUKE 
8300A 119999 FSD DC only 

425 HEWLETT PACKARD 
3474/2 9999 FSD AC/DC/0 
SOLARTRON 
A200 19999 FSD DC only 

40 A205 19999 FSD AC / DC/0 
*704519999 Auto AC/DC/OH MS 

40 ·N05099999AutoAC/DC/OHMS 
Wave Anal ysers 

30 GENERAL RADIO 

75 

525 
410 

1600 
1600 

1232A Tuned amplif1er and null 
detector 20Hz -20KHz 

HEWLETT PACKARD 
302A 20Hz- 50 kHz 75 db range 

WAYNE KERR 
A321 20Hz-20KHz. Sens.· 75 db 

*Eguipment added this month 

TF791 FM Deviat ion Meter4 -1 024 MHz 95 
TF801 0110 -470 M Hz AM PM 150 
TF885 0 -12 M Hz Sine/Square 75 Redundant 
TF995A/21.5-220 MHz AM.FM 350 
TF995B/5 0.2 -220 M Hz AM.FM 475 Test Equipment 

23 

Prices 
from ( 

450 

25 
75 

845 
1600 
1650 
2100 

250 

40 

130· 

215 

200 

450 

45 

60 

260 

165 

25 

275 
396 

330 

25 

300 

325 

225 

86 

175 

150 

185 

160 
300 
295 
395 

75 

375 

125 

TF10600-1.2GHzAM .PM 150 
TF2005A Two tone 20Hz -20KHz 200 

ROHDE & SCHWARZ 
SWOB I 0.5-400 MHz750 225 

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

SWOB II 0 .5-1200 MHz 500 w1th 
delay line and accessories 1260 VAT charged at Standard Rate 

Contact Dav1d Kennedy 

01--267 531 
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WHY BUY A MICRO-COMPUTER FROM Jlla.,.PA\&••• ~~~c;,1~::~~To. 
BECAUSE 

1) Established company trading since 1971 
2) Electronic servicing is our speciality 
3) We have in house programmers/systems analysts 

4) We have our own service engineers 
5) We will demonstrate the PET at your premises 

6) We can customise the PET to your requirements 

7) We can arrange 1inance 

8K £550.00 +VAT 
16K £675.00 +VAT 
32K £795.00 +VAT 

I 
L 

I 

8) We offer, after the three-month warranty, a service contract from 
£69 .50 

9) You benefit from our experience of having sol~ over 250 
micro-computers to industrial, educational and busmess, perso­
nal users. 

·1 O) We specialise in programs and interfaces for weighing applica­
tions for average weight control and counting, etc. 

New Large 
Keyboard 'PETS' 
Now in Stock I \ ;b---___________ r-~1 

All 'PETS' sold with a Basic Tutorial Tape 
In our showroom we sell 
Books, Programs, etc. 

Also 
available: 
24K Memory Expansion Boards (disk-compatible), only £320 + VAT 
PET-compatible : dual floppy disk unit with advanced operating system, only £840 + VAT 
Large Extension Keyboard for the PET £89.50 + VAT 
Telephone for complete system prices : Wide Range of Printers Available 

If you require any more information or demonstration regarding the PET 2001/8 or any associated equipment, programs, etc., please 
contact Mr. P. J. A. Watts or Mr. D. W. Randall at: 

PETALECT ELECTRONIC SERVICES. LTD 
33/35 Portugal Road, Waking , Surrey 
Tel. Waking 69032!68497 

WW- 061 FOR FURTHER DETAILS 

Shop at: 
PETALECT 
Chertsey Road, Woking, Surrey 
Tel. Waking 2072 7 I 2363 7 

MEMORIES *** 
4066 .33 CMOS 

*** WE HAVE 4068 .15 
14069 .15 4000 . 15 
4070 .15 4001 .15 
4071 .15 4002 :15 2104-2 4096 bit DRAM (200ns) 6.50 75110 Interface - .54 4072 .15 4007 .15 
4073 .15 4011 .15 

4116-3 16kX 1 DRAM (250ns) 9.00 5325 Memory Driver .97 4075 .15 4012 .15 
4076 .73 4013 .26 

4118 1 k X 8 SRAM 19.50 Z-80 CPU 4MHz ·11 ~so 4077 .15 4015 .76 
4078 .15 4016 .28 

74118AN 256 bit PROM 2.00 Z-80 PIO 9.50 4081 .15 4017 .57 
4082 .15 4018 .65 
4093 .39 4020 .67 2708 1 k X 8 EPROM (450ns) 9.50 

4021 .67 
4022 .65 LET US GIVE YOU A TIP OIL SOCKETS 4023 .15 

8 pin .12 4024 .48 
TIP 29A 0 31 TIP 34C .76 14 pin .13 4025 . 15 

16 pin .14 4027 .31 TIP 29C .36 TIP 35A 1 .25 
18 pin .20 4028 .54 TIP 30A .32 TIP 35C 1.50 
20 pi_n . 21 4029 .70 TIP 30C .36 TIP 36A 1.36 
22 pin .23 4040 .65 TIP 31A .33 TIP 36C 1.63 24 pin .24 4042 .53 TIP 31 C . 36 TIP 41 A . 47 28 pin .31 4043 .57 

TIP 32 . 33 TIP 41 C .53 40 pin .44 4044 .57 
TIP 32C .36 TIP 42A .49 4046 .82 
TIP 33A .57 .. TIP 42C .53 4047 .95 

4049 .28 TIP 33C .68 TIP 2955 . 57 
4050 .31 TIP 34A TIP 3055 .57 
4051 .51 

VAT Included 4052 .51 Resistors 1Aw 5% E12 4053 .51 P&P 30p 
4060 . 94 

Access Cards Welcome Same Value .80 per 100 

STRUTT ELECTRICAL & MECHANICAL 
ENGINEERING LTD. 

3C BARLEY MARKET ST. 
TAVISTOCK. DEVON PL 19 05F 
TEL. TAVISTOCK 0822 5439 

TELEX 45263 

WW-027 FO.R FURTHER DETAILS 

How ... Why ... When? 
Distress calls are made every 

day-hundreds each year, and in 
every case questions are asked. 
Questions which require 
accurate, up-to-the-minute 
answers. Answers that can only 
come from reliable and 
immediately accessible 
communications recordings . 

When police, ambulance, 
fire, local ATC and other services 
are called upon, either by radio 
or telephone, they often receive 
hasty, garbled messages­
sometimes several at a time . 
In such instances a positive 
need for communications 

recording arises-a need for a 
system with instant message 
trace and replay-at the touch of 
a button-and at any speed to · 
assist intelligibility. 

All these facilities, and more, 
are available in the Racal 
Recorders 'Callstore' cassette 
recorder I reproducer. Actuated 
either by incoming audio 
signals or by local or remote 
control, Callstore uses four 
cassette transports, each giving 
up to four separate channels, 
including a search control 
track which is cued at the 
beginning of each message. 

For details write to: 
Racal Recorders Limited 
Hardley Industrial Estate 
Hythe, Southampton, 
Hampshire, S04 6ZH 
England . 
Telephone: 0703 843265. 
Telex:47600 . 

Callstore, from Racal Recorders, answers all the questions. 
WW- 049 FOR FURTHER DETAILS 
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Quantum Electronics 
THE LATEST AND BEST SOURCE 
OF SUPERFI AUDIO EQUIPMENT 

Although we may be a new name to you, our products use refinements of circuitry which has been well proven over the past few years . By redesigning to what we consider the optimum cost/performance /appearance breakpoint we can now offer the best sound per pound that you will find anywhere . In addition to the items below we can supply ready built power amps, with active crossovers if required , in a variety of options including custom designed and finished metalwork in small (5+) or large quantities. If you do not see what you want please enquire. 

'STATE Of THE ART' PRE-AMP 

Cl (,.;,ag) : 
Clmc (m-coil): 

£67.85 
£73.10 

Pl . Mono 55WI8fl 
P2 . Stereo 2x45W I 80 
P3 Mono 130W/ 8D 
P4 Stereo 2x 1 OOW /80 
Also available ready bu ilt 

Undoubtedly the best pre-amp on the market, 
it is supplied ready built, not a kit, and caters 
for disc, aux and 2 or 3-head tape machine. 
The built-in supply regulators require only 
rough de, available from all our power amps or 
the matching mains supply kit , CSI. The 
performance is almost perfect, with virtually 
zero thd (< .002%, 1kHz), zero common 
mode distortion, fast slewing, high overload 
(40dB) and low noise (70dB mag) . It is 
attractively finished in black and is also 
availa-ble in a special version to cater for 
moving-coil cartridges. 

CSI (mains supply kit) : £10.13 
Module (trade and export only): £47.25, £51.60 (m-coil) 

£67.81 
£79.35 
£83 .32 
199.48 

£POA 

Styled and finished to match the Cl , they are 
supplied with ready built and tested pcbs and 
require only simple assembly and point-to­
point wiring of power transistors, supply, etc. 
In th is way the possibility of errors and 
subsequent damage is drastically reduced . The 
performance, again, is second to none in this 
magazine, with ultra low thd (< .004%, lk, 
lOW) and fast slewing contributing to their 
established exceptional subjective qualities. 

'SLAVE TRAY' & RACK MOUNTING KITS 

ASLAVE TRAY KITS: 
STl Mono 1x75W/4D. 55W/8[l 

£49.45 
ST2 . Stereo 2x60W/4D. 45W/80 

£65.55 
ST3: Mono 1 x 1 30W /80 £63.94 
ST4: ,Stereo 2 x 110W/ 8Q £93.61 
ST5: Mono 1 x220W/4Q 130W/ 
80 £79.74 
ST6 . Mono 1x250W/80 £96.25 
Plain lid : £4.23 
Black lid : ... . ..... . ... £7.68 

Rack mounting kit. Slave tray + 
£15.41 

These kits are designed to cope with sustained 
h1gh level use, for which the domestic kits are 
not suitable . The same high performance 
ctrcu itry is used with the power transistors 
mounted on substantial external heatsinks . 
The "slave tray" is the bare bones of a power 
amp and comprises a simple plain finished 
chassis . tested amp pcbs and transistors 
heatsinks and power supply. No specifi~ 
connectors are suppl ied to allow flexibility of 
application . A plain finish lid and black lid are 
available. The rack mounting kits use a heavy 
gauge black finish front and lid and are 
supplied without connectors, a range of which 
are stocked for your convenience. We can also 
supply ready-built amps wi t h your choice 
of connectors. There is spare room inside the 
case to accommodate pre-amp ci rcuitry if 
required. Low field toroidal transformers are 
used in all kits. 

MODULES: UP TO 250W r .m.s. 
These ~odules are available in a variety qf powers and 
forms (mcluding L bracket mounting) to trade and export 
customers only. They come ready built and tested and 
use the same proven circuitry as the other amps in our 
range and set an unsurpassed standard of performance 
and reliab1lity. We also have power suppl ies for use with 
these . Please contact us for prices with compet itive 
quantity discounts. The module illustrated is a medium 
duty 250W rms type using 4 of the latest Japanese 
"super" power transistors . 

EXP.ORT: \life can deal efficiently with orders to any country . Please write w ith your spec1f1c requtrements for a quote by return . All power amps can be wired for 11 Ov mains . INFORMATIO_N: Before ordenng any of these or competitors ' products, why not send , for o~r deta1led tnfor.mat1on? Large SAE or dollar bill please. 
Allpnces shown are 1nclus1ve and all power ratings are real RMS watts, unlike the phoney rattngs of man)/ modu.les . Although we try to deal with orders promptly, please allow 28 days to avo1d d1sappo1ntment. Large orders please phone for delivery date . DISTRIBUTORS: We are eager to establish distributors throughout the world and invite enqUtnes from mterested part1es . 
~i~:.VICING: We offer an after-sales service, with fixed maximum charges. for all our 

1A STAMFORD ST., LEICESTER LE1 &NL 
Tel. 546198 

WW- 078 FOR FURTHER DETAILS 
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KONTAKT&O 
EUROPE'S LEADING CONTACT CLEANING SPRAY 

Kontakt products 60-61 and Wl provid~ 
an unsurpassed cleaning capability for 
contacts and switchgear. · 

KONTAKT60 

Safely dissolves oxides and sulphides and 
disposes of resinated contact greases and 
dirt, but does not attack plastics or any 
standard production materials. 

Is silicone fr~ . 

Contains a light lubricant to avoid possible 
corrosion of contact paths- and obviates 
further oxydisation and "creep" currents. 

Quality Industrial Sprays from Kontakt 
Chemie · 

K70 Protective Plastic Spray K72 Insulating Spray K75 Cold Spray 

K80 Siliconised Polish K90 Video Spray KlOO Antistatic Spray 
1K1 Oi Dehydrating Spray and Pos. 20 POSITIVE PHOTO RESIST 
VARN ISH . 

Distributed by: 

SPECIAL PRODUCTS DISTRIBUTORS 
LTD. 

81 Piccadilly, London W1 V OHL 
Tel. 01-629 9556 . Cables : Speciprod, London W1 

Descriptive leaflets of the above products ar; freely available on 
request. 

WW- 072 FOR FURTHER DETAILS 

POWER UNITS 
Now available with 

3 OUTPUTS 

Type 250VRU/30/25 

OUTPUT 1: 0-30v, 25A DC 

OUTPUT 2 : 0-70v, 1 OA AC 

OUTPUT 3: 0~250v, 4A AC 

ALL 
Continuously 

Variable 

WW - 059 FOR FURTHER DETAILS 
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XVII INTERNATIONAL IMAGE- SOUND AND ELECTRONICS SHOW 

TO SEE. AND HEAR 

4 large exhibitions dealing with: 

® ~ In the Palace No. 1 (A) there will be 
the manufacturers of radio and TV 
who will , moreover. give a sample of 
their most up-to-date know-how in 

the production of Hi-Fi systems, comprising 
amplifiers ,modular sets , tuners and other 
accessories. The exhibition will be completed with 
the most modern Sound and Image recording and 
playback equipment . 

@ 0 The Palace of Congresses (B) will 
house the largest Photography show 
in our country . H_ere the visito r will 
f ind from the simplest to .the n)ost 

sophist icated equipment, compriSing complex 
professional deve loping and processing units . 
Moreover, supplementary to the Photographic 

. Show, the whole wide, fascinating range of 
Audiovisual equ ipment. 

© • 
The Fa1r Palace (C) , specially set aside 

f(Y for Sound, is where the professional 
~ and the amateur will f ind evtrything 

relating to Hi-Fi , Public Address, 
Sound and Vision Recording and P-layback, 
Musical Instruments and Show Illum ination . 

Electron ic components will be 
exhibited in the Fiftieth Anniversary 
Palace (D) , together with production 
systems and materials fer electronic 
design, measuring and control in ­

struments, communicat ions (both at the highest 
techn ical and professional level and for radio 
hams and Security Systems . 

65,000 SQ. M. OF SHOW -SPACE WITH 380 EXHIBITORS 
REPRESENTING 1200 FIRMS FROM 30 COUNTRIES. 

FAIR GROUND (20-28 OCTOBER, 1979) BARCELONA­
SPAIN. 
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The best connection 
for the tube you want. 

Whatever industrial tubes you need, 
you can be sure you'll find them in this extensive 
collection of information-packed literature. 
There's everything from camera tubes to display 
tubes. Lasers to photomultipliers. Transmitting valves 
to receiving tubes.I.R. emitters to CCD Image Sensors. 

Having this wealth of reference material on hand 
can save time, trouble and money. Apart from setting out. 
data in the most clear and convenient way, you'll find that 
our booklets group products into types and outline 
major parameters. 

These include selection, replacement, equivalents 
and characteristics tables that will help narrow 
your choice. 

just contact us for the best connection in tubes 
you'll ever make. 

Crellon Electronics Ltd., 
380 Bath Road, Slough, Berks. 
Tel: Burnham (06286) 4434. Telex: 847571. . . . . . . •••• ····c···· ncn ... . .. 

••• • • ••• •••• 
• : ~ • WW- 075 FOR FURTHER DETAILS 
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IQX0-100 SERIES LOW 
PROFILE CRYSTAL CLOCK 
OSCILLATORS 

• Hermetically 
sealed metal 
package 
e OIL 
compatible 
e 20.70L X 
13.08W X 5.08H 
·(mm) 

The frequency range 600 Hz to 30 MHz is 
covered by both CMOS ·(600 Hz- 8 MHz) 
and TTL ( 150 KHz - 30 MHz) types having 
an overall tolerance of ±0·01% from 0 to 
+ 70°C. For more stringent requirements, 
±0·01% from -55 to +125°C is available. 
Many frequencies can be supplied from 
stock. 

INTERFACE QUARTZ DEVICES LTD 
29 Market Street, Crewkerne, Somerset TA18 7JU 
Crewkerne (0460) 74433 Telex 46283 inface g 

WW- 063 FOR FURTHER DETAILS 

carbon film RESISTORS_·. 
PRICES REDUCED. SEND FOR DETAILS NOW 

..... .... ___ _ , ___ ~ .... 

.. - ----- ·- --~ --- · -- ·-----~ ·--~~-------- ----...... ......... .. 
. .. ._... ___ ,_., __ _ ....... .. - ~ 

. .... . 
··:··· ....... ····-- ······- ······---·· 

'AERO SERVICES L TO. 
'42-44-A~46 Westb--ourne Grove 
London W2 5SF 
Tel. 01-727 5641 Telex 261306 

WW -023 FOR FURTHER DETAILS 

Ceramic Capacitors £3.50 per .1 00 
Cable Sleeves and Markers from £1.00 per 1 ,000 
Compression Terminals from £7.29 per 1,000 
Pcb self-fixing Guides from £4.86 per 1 00 
Elma Knobs and Accessories 

Phone, write or call for catalogue 

Carbon Film Resistors from £4.00 per 1 ,000 
Polystyrene Capacitors from £1.50 per 1 00 

Send for lists of values available 

PBRA LTD. Hopfield 
(073274) 345 

Golden Green, Tonbridge, Kent, TN 11 OLH 

WW- 044 FOR FURTHER DETAILS 
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You carlt beat 
· The System. · 

The Experimenter System™ -a quicker transition from imagination 
through experimentation to realization. 

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

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

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

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

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

When you want to save time and energy, you can't 
beat The Ex peri mentor System. · 

1 EXP-300PC. wh1ch includes one 1tem: 2 EXP-302, wh1ch 1ncludes three 1tems: 3 EXP-303 . wh1ch mcludes th1·ee 1tems: 4 EXP-304, wh1ch mcludes four items: • A Matchboard pre-dnlled PCB. • Three 50-sheet Scratchboard work pads • Two Matchboards and an EXP-300 • Two Matchboards, an EXP-300 £1.32 £I. 68 solderless breadboard breadboard and a Scratch board workpad. 
£8.60 £9.30 r-----------------., CONTINENTAL SPECIALTIES CORPORATION CONTINENTAL SPECIALITIES CORPORATION. DEPT. 7W -I Unit 1, Shire Hill Industrial Estate, Saffron Walden, Essex. I 

=5=1Name . I 
I Address 

Inc P&P and 15% VAT I 
I 

FREE Catalogue tick boxO 
EUROPE, AFRICA, MIDEAST: esc UK I enclose cheque/ PO for I 
LTD., DEPT. 7W I I Shire Hill Industrial Estate Units 1 and 2 £ ________ _ Saffron W~lden, Essex CB 11 3AQ ·L Phone your order with Access, Barclaycard or American Express J Telephone. SAFFRON WALDEN (0799) card No. Expiry date ____ __ _ 

21682.TLX817477 -----------------WW-092 FOR FURTHER DETAiLS 
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MULTIMETERS 8t DMMs 
METRAVO 1H 500v ACI DC 5A AC/ DC 20Kii/V 34 ranges, 4 basic parts- no screws -owner replacement 

£27.60 PANTEC MINOR 2.5KV AC 12.5A AC 20Kii/V 30 ranges mirror scale . ·£31.05 CITO 38 peg board type select 1. 5KV AC I DC 1 A DC 1 OKill V 24 ranges .. £18.95 AVO MULTIMONIR Avo brand name 1 DOOv ACIDC 1A DC 20Kii/V 19 ranges . . . . . . . . . . . . . . . . . £34.84 AVO MOD 8 top of range 3KV AC/DC lOA AC/ DC 20Kii/V automatic cut out . . . . . . . . . .. . .. ~~~ DOLOMITE SP 1. 5KV AC/ DC 5A ACI DC 20KiiiV, 40 ranges, cut out protection . . . . . . . . . 
. £48.70 AVO DA116 13mm LCD 3V, digits .5% ACC 1 OOOv AC/DC lOA ACIDC batt opp 500 hrslife .. .. . .. . ......... .. .. . . . ... .. . . . . . .. . : . ... ..... £135.12 PAN 2000 15mm LCD 3V, digits .3% ACC 1 OOOv AC/DC 2AAC/DC +capacitance+ option temp +signal inject facility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . £110 B2K 2810 6mm LED 3V, digit .5% ACC 1000v AC/DC 1A ACIDC auto zero full overload protection . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . £83 UN IGOR D210 13mm LCD 3% digit .2% ACC 500v ACI DC 5 ml resistance temp+ DB· + HV optional . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . £145 

· OSCILLOSCOPES ETC. 

SCOPEX 456 single beam 6MHz 10mV/cm- 50viCM display Scm x 6cm £161.50 SCOPEX 4D10B new style dual trace 1OM Hz display 6cm x Scm .... . .' £220.50 SCOPEX 4025 dual trace 25 MHz with si!l_nal delay display Scm x 6cm . . £388.5tf METRIX OX712 dual beam 1 5MHz 1 OMV I em - 5V I CM display Scm x 1 Ocm true . . . . . .. . . . . . . . £345 g~ese~~;. tu.nction generator 1Hz - 1 OOK~!_ ~_ ~~nges _ ~rll.q: _ ~c_C to ± ~o~ ~~ 
esc 4001 pulse generator o .sfiz .:_5MH~ TTL ~~.:Op~tibl~ ..:.. sq~~;e .;..,~~e· .:r,;:e9~~~ etc. · · · · · · · · · · · · · · · · · · · · . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . £109.80 CSC LOGIC MONITOR LM1 input IMP100KfJ- input 2v± 0 .2v inputV range 4v DC mon 15v DC max on put freq 1OKHz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . £33 CSC LOGIC MONITOR LM2 as LM 1 but + power supply extending ranges + total ondependance . . . . . ... . . . . . .. ... . : . . . . . . . . . . . . . . . . . . . . . . . £81.59 CSC LOGIC PROBE LP1 memory probe min detect pulse 50nS max input freq 1OM Hz 

. £31.45 CSC LOGIC PROBE LP3 high speed memory probe as LP 1 + pulces as narrow as 1 OnS -pulse traons to 50MHz .. . .. . . . . . . .. .. . . .. .. .. . ... . . ...... . £48.55 CSC MAX 50 FREQUENCY COUNTER 6 digit 1OOHz -50MHz .. . . . . . £83.80 CSC MAX 100 FREQUENCY COUNTERS digit 20Hz -1 OOMHz gatetime 1 sec ACC ± 11 Gunt + TB error ........ . . .... . . .. . ... ... . . . ......... . £86.94 AVO TRANSISTOR TESTER Go/no go probe type tester NPN-PNP . . .. . · £42.55 PANTEC TRANSISTOR TESTER analogue type insitu testing 0·1 00 colour scale -2 leakage ranges - gain - to 1 00-1 000 . . . . . . . . . . . . . . . . . . . . . . . . . . £38.50 PANT'EC OHMETER compact clear scale 7 ranges 0-1 OOMO 3% ACC .. . . £2B:75 PANTEC SIGNAL INJECTOR pen type freq 1KHz -500KHz harmonic to 500MHz 500v DC at probe tip . . ..... . . .. .. . . .. . . . ..... . . .... . . ..... £10.35 

E!ELESTA 

..JYccEL Baumer BE[UWE 
WW- 062 FOR FURTHER DETAILS 
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BREADBOARDS 8t PROTOBOARDS 
OT SOCKETS 
CSC QTS5 1 6 terminal 
QT1 85 36 terminal 
QT35S 70 terminal . . ... . 
QT47S 94 terminal 
QT59S 11S terminal . . . . . . . . . 

PROTO-BOARDS CSC 
PB6 .. £11.15 PB102 
PB.100 £13.57 PB103 
PB101 £20.47 PB104 
P203A £85.90 

MISCELLANEOUS 

£2.58 
£3.75 
£6.21 
£7.18 
£8.85 

£26.39 
£39.61 
£52.84 

EXPERIMENTOR TM SOCKETS 
CSC EXP325 22 terminal . . . . £2.50 EXP650 46 terminal . . . £4.70 EXP4B Nl A . . . . . . . . . . . . . . . £3.79 EXP300 94 terminal £7.20 ~XP600 94 terminal . . . . . . . £7.82 

PROTOCLIPS IC TEST CLIPS 
PC14 . . £3.45 
PC16 . . £3.75 

PC24 . . £8.21 
PC40 .. £9.66 

All other ESC types in stock 

SCOPE LEADS/PROBE SET (specify type required) . . . . . . . . . . £17.25 4mm multi meter leads, small in length . . . . . . . . . . . . . , . . . . . . . £5.&0 Large in length 
. . . . . . . . . £7.50 IEC PROBES PER SET (2) safety type . . . . . . . . . . £1.00 Hirshman safety probes . . . . . . . . . .. .. . , . . . . .. . ... . . , . . . . . . . £5.75 Ring main tester . . . . . . . . . . . . . . . . , . . · .. £8.00 Hand oported 500v Megger . . . . . . . . . . . . . . . . . . . . . . . . . . . . . £54.05 · 

~------------------1 ' I Couoon information . 

I 
For purchase please give name /address in block ·capitals. Enclose. c~eque, postal order pr credit card no with ERP date, or telephone 1 g1vmg access or Barclaycard no for immediate despatch. 

I 
I 
I 
I 
I 
I 
I 

NAME ...... . .... . ... . . .. .. , , ... .. . .. . , ... . .. , . , . . , 
ADDRESS 

ACCESS or 
BARCLA YCARD 
NO. I I I . l :I I I I I I I I I I I 

Minimum £5 order. Full 50 page catalogue on app. 
PRECISION INSTRUMENT LABORATORIES. Show­•room & Export 727 Old Kent Road. London SE15. Tel 01-639-4461. 

REGULATED 
POWER SUPP IES 

Protection: 

All models internal 
foldback, overload, 
thermal and short 
circuit protected. 
Fully fused . 

Type AD12 - AD24 (Illustrated) 
TYPES AVAILABLE 
MODEL NO. AD12 

OUTPUT CURRENT 8 amp 

NOMINAL OUTPUT 12 VOLTS 

AD24 

8amp 

2-YEAR· 
GUARANTEE 

AD2412 . ADV030 

16amp 5amp 

12 

INPUT VOLTS 

TOLERATED 
MAINS 
VARIATION 

15-230-250 115-230-250 
50 cycles a I c 50 cycles a I c 

24 DC 

0 to 30 
Fully variable 
and metered 

115-230-250 
50 cycles a I c 

15% 15% 15% 

PRICES 
1 off -AD 1 2-AD24 
1 off - AD 241 2 . . .. . . . . . . . . 

All subject to VAT@ 8% 

SOUTHERN 

£62.50 
£52.00 

1 off - ADV030 
. £118 .00 

ELECTRONICS 
6 WESTCLIFF ARCADE, RAMSGATE, KENT 

TEL.THANET(0843}57888 

WW- 045 FOR FURTHER DETAILS 
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HIGH PERFORMANCE MODULAR UNITS 
BACKED BY NO-QUIBBLE 5 YEAR GUARANTEE 

PROFESSIONAL 
FINISH 

EXTRA RUGGED 
CONSTRUCTION 

ONLY 5 SIMPLE 
CONNECTIONS 

Of all the purpose-built power amplifier modules by I L. P., the HY50is understandably the most popular with those wantong to build or up-grade a ht-fo system, run a small high quality P.A. system, amplify a musical instrument (say for practise or small range use) or use it for lab work . Its useful 30 watts RMS output into 8 ohms, its rugged constructoon and freedom from heatstnkworrtes make HY50 the ideal all-purpose quality power amp - and tt os uncondotoonally guaranteed for five years! Tens of thousands are in regular use throughout the world . 

.••• and a spec· that just means what it says! 
Encapsulated power amp with integral full-rated heatsink . Input- 500mV . · 
Output 30watts RMS180. 
Load Impedance - 4 to 160 . 
Distortion - 0 . 04% from 1 OOmW to 2 5 watts at 1KHz 180 Supply Voltage::±- 25V. Size 105 x 50 x 25mm . 

Inc. VAT and postage in U .K . £8.33 
Nothing has been overlooked in the design and manufacture of I . L. P. Modular Units . Heavy duty heatsinks , encapsulated corcuotry , no-compromose productton standards and true professional finish ensure world leadershtp for I . L. P. Now we have up-graded output ratings and down-graded prices to bring I. L. P. within easier reach of all who want the best. 
New production techniques have enabled us to reduce prices by an average of 20%, making I.L.P. a better buy than ever. * Guaranteed 7 days despatch on all products 

USE OUR FREE POST SERVICE for sending your orders, requests for information sheets. etc . S imply address envelope. No stamps requtred. 

@ELECTRONICS LTD. 

ENCAPSULATED FOR 
OPTIMUM THERMAL 
STABIUTY 

All prices inc . VAT at 1596 and postage in the U.K. 
HY5 PRE-AMPLIFIER 
Compatible with all I.L.P . power amps and P.S.U.s. In a single pack, needs externa l pots and switches . Multi-functoon equalization. 5 inputs . High overl~ad margtn . Acttve tone controls , 500mV out. Distortion at 1 KHz-0 .01 % . Two connects easi ly for stereo. 

£5.34 
THE POWER AMPS 
With heatsinks , full load line and thermal protectton Distortion typically 0 .05% at I KHz. 

HY120 60Watts RMS/S, O 
HY200 120 Watts RMS/ S 0 
HY400 240 Watts RMS 14 0 

114x50 xS5mm £17.48 
114 x 50 x 85mm £21.21 
114 x 100 x S5mm £31.83 

THE POWER SUPPLY UNITS (Split line outputs to suit I.L.P. power units and HY5). 

PSU 50 for 1 or 2 x HY50 
PSU 70 for 1 or 2 x HY120 . . . PSU 90 for one HY200 ..... . .... . . . PSU180 for one HY400 or 2 x HY200 

£9.32 
£15.85 
£15.65 
£26.47 

Information sheets on appl1cat1on. Use our FREEPOST service 

*OUR VALUES REMAIN SUPREME! .-:--------------Please supply I I Tota l Purchase Price I 
I 

1 enclose Cheque f: Postal Orders 0 Money Order 0 
Please debit my Access / Barclaycard Account number . I I Name and address I 

1
1 

Sognature I FP58 
Ref . Bus. No . 1032630 Eng .... -------------­ww- 074 FOR FURTHER DETAILS 

FREEPOST 5. Graham Bell House, Roper Close. CANTERBURY • Kent CT2 7EP. Phone (0227) 54778. 
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~~~~~~ 
STRUMECH ENGINEERING ELECTRONICS DEVELOPMENTS 

*** BUSINESS *** EDUCATION *** 
·***RESEARCH *** . 

32K-56K RAM- DUAL MINI DISKS 56KRAM-DUALB"DISK$-10MgDIS 

----..:.____ 

seed system one 
prices from £1500-£2500 
NEW-FORTRAN £80 

seed system 1 2 
. prices from £4500-£12000 

Suppliers of equipment to: Leading Universities, H.M. Government, Hospitals, 
Schools, Colleges and Small' Business 

SEED- STRUMECH- PORTLAND HSE.- COPPICE SIDE- BROWNHIL.LS ~ 
WALSALL 

WW- 091 FOR FURTHER DETAILS 

If we told you the best way 
to talk to your staff ••• 

what would you say? 
We can tell you how to talk to your secretary, your 

accounts clerk, your foreman- or to all of them at once. We 
can now offer you the first really practical and economical 
duplex intercom -for all communication needs. 

• The first 100% British designed and manufactured duplex 
intercom system 
• Employs the smaUest known control unit 
. • · Offers paging facility as standard 
• Conference facility up to 8 stations- also standard 
• Uses less cable than competitive systems. 

Easier to install- More standard facilities- And less 

lfi•::::::h:l:::7~LW, Barkway, Roy~n, 
Herts SG8 SEE . . 
Telephone Barkway (0763 84) 666 
Telex 817651. Barcom G 

WW-038 FOR FURTHER DETAILS 

VCRTEXICN 
a happy 
.event ... 

... a new addition to our family of amplifiers. The VTN 30. 
The new baby weighs in at 30 watts, and has a maximum of 3 
inputs. 

The other members of the Vortexion family are the system 
2000, 50170 watt and CP50 mains/battery amplifiers. 
Contact Jennifer Hall - VORTEXION DIVISION. 
Clarke & Smith Manufacturing Co. Ltd., Melbourne Works, 
Melbourne Road, Wallington, Surrey. Tel. 01-669 4411 Ext. 
38. 

Telex Casint G 22574; Telegrams: Electronic Wallington. 

WW- 058 FOR FURTHER DETAILS . 
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NOT EVERY CABLE 
HAS A LABEL 
Everyone who works with electricity needs to know at 
some time or other what's going on inside the cable he's 
handling. What voltage. What current. What resistance. 
Not knowing the answers, or worse still having 
inaccurate answers, can make life dtfficult, even terminaL 

Eagle Test Equipment gives the right answers 

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

KEW 7 Multimeter 
1000 OPV. DC volts up to 1000, 
DC amps up to 100 mA. AC 

·volts up to 1000. Resistance up 
to 150 Kohms. Pocket size. 
"Off" damping. Complete with 
leads & battery. R.R.P. £6.95 
ex. VAT. 

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

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

EM10, 20 & 30 Multimeters 
10,20 & 30,000 OPV. All with antiparallax 
mirror scale. DC volts to 1000 (1200 for 
EM30). DC amps to 250 mA (600 for 
EM30). AC volts to 1000 (1200 for EM30). 
Resistance up to 6,5 and 60 megohms 
respectively. R.R.P.'s EM10 £13.50 
EM20£17 .25, EM30£20.7.5 ex. VAT. 

Test Equipment: EAGLE 

. ----

Pl. ease send me details of your complete range of Test Equipment. 

Name Company ____________ _ 

Address _________________________________________________ ~-----

E A.iGLE INTERNAJIQNAL Precision Ce~tre, Heather Park Drive, 
M Wembley, Middlesex HAO 1SU. 

WW9 --------­ww- 077 FOR FURTHER DETAILS - -- ---. 
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NEW! from , OLSON 

WALL MOUNTING CASES In tou·r sizes. 
M.§lcje from 18G MIS. In dark grey, hammer. 

Type 301 - 175mm x 250 x 110-£7.25 
302-250mm x 350 x 110-£9.50 
3~3-175mm x 500 x 110-£9.50 
304- 350mm x 500 x 110-£13.50 

+Post 
&VAT 

lo~ cost ultra violet eprom erasing lamp 
will erase up to 1 2 chips at one time. 

PRICE £95.00 + VAT 

INSTANT TRUNKING SYSTEM! 
4 FEET LONG FOR WALL OR BENCH MOUNTING 

·o~ N·-~ ..... ... ,:.• .!.. . . . . · ., . .. J -;; .·': \~ · .· 

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

PORTABLE POWER DISTRIBUTION 
FOR INSTANT MAINS! 

NEW! 1 0 sockets switched 
in sloping box 

Type 13Ail0SW £27.50. P&P £1.85 + VAT 

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

• ••IIIII!I!!!III!I .. IIJ!M•il•"•~4 sockets 13A £12.1 
6 sockets 1 3A . . . . . . . £14.3 
4 sockets 1 3A switched £13.75 
6 sockets 1 3A switched £ 1 5. 9 5 

+post 85p +VAT 
ALL DISTRIBUTION PANELS ARE FITTED WITH MK SOCKETS& PLUG 

, Send for details of complete range 

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

WW- 081 FOR FURTHER DETAILS 
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HeycoNylon 
Hole Plugs 
seal unwanted holes 
neatly, quickly and easily. 
Snap-lock into panels with 
fingertip pressure. Low 
cost. 20 sizes ·for holes 
from 3/16" to 2n, 
Vent plugs with perforated 
head also available. 

~Q[l] 20SIZES 
FREE SAMPLES 
and catalogue showing our full range of bushings on ;equest. 

Heyco have got it made for cables 
Heyco Manufacturing Co. Ltd., 
Uddens Trading Estate, 
Nr Wimborne, Dorset BH21 7NL. 
Tel: Ferndown (STD: 0202) 871411/2/3/4. 
Telegrams: · H EYCOMAN Wimborne. 
Telex: 41408. 

WW- 098 FOR FURTHER DETAILS 

•••••••••••••••••••••• •• 
: STEREO DISC AMPLIFIER 3 : 
e A reference amplifier for d1sc monltormg and e 
e transfer when replay signals of the highest e 
e quality are requ~red. e e Based on the Surrey Electronics Disc e 
e Amplif1er 2 and manufactured u·nder e 
·• licence. two unbalanced outputs are pro- e e vided enabling L1ne and DIN level inputs to e e be driven Simultaneously. To facilitate s1ngle pole -3dB at 100kHz plus 15kHz' e 
e cartridge matching . a wide range of switch- Sine wave, 4:1 amplitude radio. The signal e . 
e able load capacitance and resistance values before pre-emphasis is shown above. e e are prov1ded . together with left and right 20 D1stort1on m the equ1pment under test will e 
e turn gam presets. produce sum and difference products and e 
e DYNAMIC INTER MODULATION the RMS sum ofthose below 15kHz quoted • e DISTORTION relative to the amplitude of. the 15kHz sine • 
e It is now widely recognised that two pieces wave is the Dynamic lntermodulation e 
• of equipment may have the same Total Distortion. e 
• Harmonic and Static lntermodulation distor· High (Line) output: Loaded with 1 OkO. 1kHz e e tion performance yet sound quite dif- at -44dBV. 7 (5mV) set for OdBV. 7 output. e 
• ferent Remaining distortion is attributed to Pre-emphasised input 500mV pk-pk. e 
• 

transient distortion effects and these can be -70dB.0.03% measurement limit e 
quantified with a combined square wave and . . . e e sine wave test signal. The signal used Pn~e. cash_ Wlth_order, UK postage and • 

: consists of a 3.18kHz square wave through 15 Vo VAT ~nclu81ve £169. • : Domt·nus . P.o. a ox 1 cranleigh, surrey : 
- · . Tel. 04866 6477 · . . . • 

••••••••••••••••••••••••••••••••••••••••• 

QUALITY REEL TO 
REEL& CASSETTE TAPE HEADS 
B12 - 01 E12-09 
MONO PLAYBACK 
B12-02 

£1.89 MONO/STEREO ERASE . 
B22-02 

. £1.85 

MONO RECORD/PLAYBACK 
B24-01 
STEREO PLAYBACK . 
B24-02 
STEREO RECORD/PLAYBACK 
B24-RP 

£4.02 

£3.30 

TWIN HALF TRACK RECORD/PLBK 
C44RPS02 
OUAD QUARTER TRACK REC/PLBK 
C22ES02 

£6.66 TWIN HALF TRACK ERASE 

STEREO GLASS FERRITE REC/PLBK £11.60 

£5.97 

£9.37 

£4.72 

BIMENCLOSURES 
ALL METAL BIMCASES 

Red, Grey or Orange 14swg 
Aluminium rem011able top 
and bottom covers. 18 swg 

black 'mild steel chassis with 
fixing support brackets. 

BIM 3000 
(250x167 .5x68.5mm) 
£15.52 

ALL METAL B'MCONSOLES 

MINI DESK BIMCONSOLES 
Orange, Blue, Black or 

Grey ABS body in· 
corporates 1 .Bmm pcb 
guides, stand-off bosses 

in base with 4 BIMFEET 
supplied. 1mm Grey Aluminium 

panel sits recessed with fixing screws 
into integral brass bushes . 
BIM 1005 (161 x 96 x 5Bmm) £2.48 
BIM 1006 (215 x 130 x 75mm) £3.48 

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

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

15° Sloping Panel 30° Sloping Panel 
BIM7151 (102x140x51 [28] mm) BIM7301 (102x140x76[28] mm) 
BIM7152 ( 165x 140x51 [28] mm) BIM7302 (165x140x76[28] mm) 
BIM7153 (165x216x51 [28] mm) BIM7303 (165x1B3x102[2B] mm) 
BIM7154 ( 165x211x76[33] mm) B IM 7304 (254x 140x76[28] mm) 
Bl M7155 (254x211 x76[33] mm) BIM7305 (254x 183x 102 [28] mm) 
BIM7156 (254x287x76[33] mm) BIM7306 (254x259x102[28] mm) 
BIM7157 (356x211x76[33] mm) BIM7307 (356x183x102[28] mm) 
BIM7158 (356x287x76[33] mm) BIM7308 (356x259x102[28] mm) 

ABS & DIECAST BIMBOXES 

£11.36 
£12.28 
£13.43 
£14.83 
£16.36 
£17.71 
£18.83 
£19.92 

MULTI PURPOSE BIMBOXES 

Orange, Blue, Black or 
Gr~y ABS with lmm 

Grey Aluminium 
_ .' recessed front cover 

held by screws into 
1ntegral brass bushes. 

1.8mm pcb guides incorpora­
ted and 4 BIMFEET supplied. 

BIM 4003 (85x56x28.5mm) 
BIM 4004 (111x7h41.5mm) 
BIM 4005 (161x96x52.5mm) 

£1.34 
£1.84 
£2.4~ 

Orange, Blue. Black or 
Grey ABS body has 
ventilation slots as well 
as 1 .8mm pcb guides 
and stand-off bosses in 
base. Double angle 
recessed front panel 
with 4 fixing screws 
into integral brass 
bushes. 4 BIMFEET 
supplied. 

BIM 6005 ( 143 x 105 x 55.5 [31.5] mm) 
BIM 6006 (143 x 170 x 55.5 [31.5] mm) 
BIM 6007 (214 x 170 x 82.0 [31 .5] mm) 6 sizes in ABS or Diecast Aluminium. ABS moulded in Orange, Blue •. 

Black or Grey. biecast Aluminium in Grey Hammertone or Natural. All 
boxes incorporate 1.8mm pcb guides, stand-off supports in base and have 
close fitting flanged lids held by screws into integral brass bushes (ABS) 
or tapped holes (Diecast). 

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

Hammertone 
£1.54 
£1.66 
£2.24 
£2.81 
£3.19 
£4.94 

Natural 
£1.23 
£1.32 
£1.70 
£2.11 
£2.72 
£3.96 

. · =3"' EUROCARD BIMCONSOLES 
_ Orange, Blue .. Black. o. r Gre.y ABS 

~ 
body accepts full or% size 
E u rocards. with bosses 1n the 

"' base for d1rect f1xmg. 1.8mm 50x50x25mm) 
( 1 00x50x25mm) 
(112x62x31mm) 
(120x65x40mm) 
(150x80x50mm) 
( 190x 110x60mm) 

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

£1.09 
£1.27 
£1.51 
£1.72 
£2.69 

Also available in Grey Polystyrene with no slots and self-tapping screws 
BIM 2007/17 (112x61x31mm) £1.06 

BIMTOOLS +BIMACCESSORIES 
MAINS BIMDRILLS 
Small. powerful 240V hand drill complete with 2 metres of cable and 
2 pin D'l N plug. Accepts all tools with 1 mm, 2mm or .125" dia. shanks 
Drills brass, steel, aluminium and pcb's. Under 250g, off load speed 

• 7500 rom. Oranoe ABS. hiqh impact, fully insulated body with integral 

· wide pcb guides incorporated 
' and 4 BIMFEET supplied. 1mm 

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

BIM 8005 ( 169x127x70[45] mm) £4.71 
BIM 8007 (243x187x103[66] mm) £6.70 

OIL 

on/off switch £11.21 . 
COMPATIBLE 

BIMBOARDS Mains Accessory Kit 1 includes 1mm, 2mm, .125" twist drills, 5 burrs 
and 2.4mm collet £2.64 

Mains Kit 2 includes Mains BIMDRILL as above. 20 assorted drills, mops, burrs, grinding 
wheels and mounted points, 1 mm, 2mm, 2.4mm and .125" collets. Comrlete in trans~ 
parent case measuring 230x130x58mm £23.57 

BIMDAPTORS 
Allows pcb's to be flat mounted sandwich fashion in 
BIMBOXES, BIMCONSOLES. and all other enclosures 
having 1.5mm wide vertical guide slots. One plastic 
BIMDAPTOR on each corner of pcb(s) enables 
assembly to be simply slid into place. 54mm long, 10 
slots on 5mm spacing and can be simply snipped off 
to length. £1.15 per pack of 25. 

BIMFEET 
11 mm dia. 3mm high, grey rubber self-adhesive enclosure feet . 
£0.81 per pack of 24. 

12 VOLT BIMDRILLS 
2 small, powerful drills easily hand held or used with lathe/stand adaptor. 
Integral on/off switch and 1 metre cable . 

Mini BIMDRILL with 3 collets up to 2.4mm dia. £ 8.62 
Major BIMDRILL with 4 collets up to 3mm dia. £14.49 

Accessory Kits 1 have appropriate drills and collets as above plus 20 assorted 
tools. Mini Kit 1-£16.10. Major Kit 1 -£20.70. Accessory Kits 2 have appro­

priate drills, collets plus 40 tools and mains-12V de adaptor. Mini Kit 2-£36.22, 
Major Kit 2-£41.97. Accessory Kits3 as appropriate Kits2 plus stand/lathe unit. 
Mini Kit 3- £48.30, Major Kit 3- £54.05. 

BIMPUMPS BIMIRONS 

Accept all sizes 
(4-50 pin) of Dl L IC 
packages as well as 
resistors. diodes. 
capacitors and LE Ds. 
Integral Bus Strips 
up each side for 
power lines and 
Component Support 
Bracket for holding 
lamps, switches and 
fuses etc. Available 
as single or multiple 

units, the latter mounted on 1 .5mm thick 
black aluminium back plate which stand on 
non slip rubber feet and have 4 screw 
terminals for incoming power. 

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

BIMBOARD 1 £ 9.40 

BIMBOARD 2 £22.37 

BIMBOARD 3 £31.831 

BIMBOARD 4 £41.53 

DESIGNER PROTOTYPING SYSTEM 

1. 2. or 3 BIMBOARDS mounted on BIM 6007 
BIMCONSOLE with Integral Po......er Supply 
(±5 to± 15Vdc@ 100mA and fixed +5Vdc@ 1A) 
All 0/P's fully isolated. Short circuit and fast fold 
back protection. Power rails brought ·out to cable 
clamps that a~.:ept stripped wire or/4mm plug. 
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Ohio Scientifics 

~MJ>~~~~O~~~D Nowonlv '£188'+vAr 
Full 8K basic and 4K user RAM 
Power supply and R.F. Converter P.O.A. 

Built and tested (Delivery within 7 days) 

Features 
e Uses the ultra powerful 6502 microprocessor 
e 8K Microsoft BASIC-in-ROM 
e Full feature BASIC runs faster than currently available 

personal computers and all 8080-based business 
computers. 

e 4K static RAM on board expandable to 8K 
e Full 53-key keyboard with upper-lower case and user 

programmability 
e Kansas City standard audio cassette interface for high 

reliability 
e Full machine code monitor and 1/0 utilities in ROM 
e Direct access video display has 1 K of dedicated memory 

(besides 4K user merriory), features uppercase, lower 
case, graphics and gaming characters for an effective 
screen resolution of up to 256 by 256 points. Normal 
TV's with overscan display about 24 rows of 24 charac­
ters, without overscan up to 30 x 30 characters. 

Extras 
eAvailable expander board features 24K static RAM (ad­

ditional mini-floppy interface, port adapter for printer 
and modem and OSI 48 line expansion interface. 

eAssembler/editor and extended machine code monitor 
available. 

Commands 
CONT 
Statements 
CLEAR 
GOTO 
NEXT 
REM 

LISi NEW NULL 

DATA DEF DIM 
GOSUB IF ... GOTO IF ... THEN 
ON ... GOTO ON ... GOSUB POKE 
RESTORE RETURN STOP 

RUN 

END 
INPUT 
PRINT 

FOR 
LET 
READ 

/ 
Expressions 
Operators 
-, +, *, /, t, NOT, AND, OR,>.<<>.>=.<=.= -3 2 ~2 

RANGE 10 to 10 ·. 

Functions 
ABS(X) ATN(X) COS(X) EXP(X) FRE(X) INT(X) 
LOG(X) PEEK( I) POS(I) RND(X) SGN(X) SIN(>O 
SPC(I) SQR(X) TAB (I) TAN(X) USR(I) 

String Functions 
ASC(X$) CHR$(1) FRE(X$) LEFT$(X$,1) LEN(X$) MID$ 

(X$,1,J). 

RIGHT$(X$,1) STR$(X) 
VAL(X$) 

Plus variables, arrays and editing facilities. 

Fully built and tested. Requires only +5V at 3 amps and a videomonitor or TV and RF converter to be up and running. 

4 MORGAN STREET 
LONDON EJ 5AB 

TELEPHONE:01·9813993 
TELEX:261426 ATN. LOTUS SOUND 

WW- 104 FOR FURTHER DETAILS 

lHRULINE®WAlTMETER 
0.45-2300 MHz/0.1-10,000watts 

The Standard of the Industry 
What more need we say ... 

Exclusive UK representat ive 

A~TRA-PAKj 
All prices include VAT. Add 25p for 
P&P (Extra for overseas). Dlecounte 
over £10 less 5%, over £20 less 5%, 
over £20 less 10%. over £50 less 

92 GODSTONE ROAD 1 5%, over £100 less 20% . 

WHYTELEAFE SURREY CR3 OEB 
~fn~n~AE for complete list of com. 

7400 0.12 '7495 0.64 74190 1.05 74LS113 0.38 4007 0.1i 4085 0.72" 
7401 0.12 7496 0.80 74191 0.99 74LS114 0.38 4008 0.92 4086 0.78 
7402 0.12 7497 2.38 74192 0.91 74LS123 0.82 4009 0.411 4089 1.&5 
7403 0.12 74100 0.94 74193 1.05 74LS124 2.45 4010 0.48 4093 0.88 
7404 0.13 74104 0.40 74194 0.90 74LS125 0.44 4011 0.11 4094 1.80' 
7405 0.13 74105 0.40 74195 0.14 74LS126 0.44 4012 0.18 4095 1.10 
7406 0.28· 74107 0.28 74196 0.90 74LS132 0.89 4013 0.42 4096 1.10 
7407 0.28 74109 0.45 74197 0.90 74LS136 0.40 4014 0.80 4097 3.50 
7408 0.14 74110 0.48 74198 1.48 74LS138 0.53 4015 0.77 4098 1.12 
7409 0.14 74111 0.70 74199 1.48 74LS139 0.53 4016 0.42' 4099 1.90 
7410 0.13 74116 1.80 74221 1.50 74LS151 1.05 4017 0.77 4404 1.00 
7411 0.18' 74118 0.82 74273 2.15 74LS 153 0.50 4018 0.87 4412 0.30 
7412 0.21 74119 1.30 74279 1.25 74LS154 1.20 4019 0.42 4428 0.80 
7413 0.25 74120 0.82 74283 1.70 74LS155 0.88 4020 0.82 4445 1.50 
7414 0.54 74121 0.25 74284 8.85 74LS156 0.88 4021 0.82 4449 0.30 7416 0.27 74122 0.40 74293 1.35 74LS157 0.47 4022 0.82 ' 4501 0.17 7417 0.27 74123 0.53 74298 1.92 74LS158 0.53 4023 0.15 4502 0.88 7420 0.13 74125 0.44 74390 1.92 74LS160 1.22 4024 0.88 4507 0.50 7421 0.28 74126 0.45 74393 2.12 74LS161 0.89 4025 0.15 4508 2.26 7422 0.17 74128 0.82 '74LS6ci 0.11 74LS162 1.22 4026 1.28 4510 1.05 7423 0.25 74132 0.88 74LS01 0.19 74LS163 0.89 4027 0.&0 4511 0.18 7425 0.20 74135 0.88 74LS02 0.19 74LS164 1.20 4028 0.87 4512 0.82 7426 0.26 74136 0.75 74LS03 0.19 74LS168 2.00 4029 0.88 4514 2.85 7427 0.25 74137 0.94 74LS04 0.20 74LS169 Z.OO 4030 0.48 4515 2.80 7428 0.34 74141 0.51 74LS05 0.20 74LS170 1.78 4031 2.34 4516 1.02 7430 0.13 74142 2.00 74LS08 0.19 74LS173 1.05 4033 1.215 4518 0.99 7432 0.24 74143 2.00 74LS09 0.19 74LS174 1.12 4034 2.00 4519 0.60 7433 0.32 74144 2.00 74LS10 0.11 74LS175 1.06 4035 1.00 4520 1.01 7437 0.24 74145 0.84 74LS11 0.19 74LS189 2.85 4036 2.40 452r 2.00 7438 0.24 74147 1.30 74LS12 0.19 74LS190 0.81 4037 0.99 4522 1.315 7440 0.13 74148 1.18 74LS13 0.41 74LS191 0.81 4038 1.00 4527 1.80 7441 0.52 74150 0.99 74LS14 1.10 74LS192 1.80 4039 2.80 4528 0.82 7442 0.66 74151 0.80 74LS15 0.19 74LS193 1.80 4040 0.88 4529 1.10 7443 0.90 74153 0.80 74LS20 0.19 74LS195 1.12 4041 0.77 4536 3.68 7444 0.90 74154 1.05 74LS21 0.19 74LS196 1.20 4042 0.72 4553 4.20 7445 0.70 74155 0.83 . 74LS22 0.18 74LS197 1.20 4043 0.82 4555 0.815 7446 0.70 74156 0.83 74LS26 0.24 74LS221 1.12 4044 0.82 4556 0.85 7447A 0.84 74157 0.83 74LS27 0.40 74LS247 0.97 4045 1.40 4558 1.215 7448 0.80 74159 1.70 74LS30 0.19 74LS248 0.97 4046 1.32 4566 1.40 7450 0.13 74160 0.80 74LS32 0.26 74LS249 0.87 4047 0.98 4583 0.75 7451 0.13 74161 0.80 74LS37 0.27 74LS251 1.00 4048 0.80 4585 1.03 7453 0.13 74162 0.80 74LS38 0.27 74LS253 1.05 4049 0.42 7454 0.13 74163 0.80 74LS40 0.11 74LS257 1.05 4050 0.42 7460 0.13 74164 o:89 74LS42 0.53 74LS258 1.06 4051 0.84 7470 0.28 74165 0.89 74LS47 0.97 74LS266 0.31 4052 0.84 7472 0.22 75166 0.99 74LS48 0.97 74LS273 2.50 4053 0.84 7473 0.28 74167 2.70 74LS49 0.97 74LS279 0.50 4054 1.10 7474 0.28 74170 1.88 74LS51 0.11 74LS283 1.00 4055 1.00 7475 0.30 74172 4.00 74LS54 0.19 74LS289 2.95 4060 0.98 7476 0.28 74173 1.18 74LS55 0.20 74LS293 0.90 4066 0.48 7480 0.45 74174 0.89 74LS73 0.30 74LS298 1.80 4067 3.150 7481 0.90 74175 0.88 74LS74 0.34 74LS352 0.12 4068 0.24 7482 0.80 74176 0.88 74LS75 0.45 74LS353 1.05 4069 0.17 7483 0.72 74177 0.88 74LS76 0.32 74LS365 0.60 4070 0.17 7484 0.90 74178 1.20 

7485 0.88 74179 1.10 
74LS78 0.32 74LS366 0.50 4071 0.17 

7486 0.26 74180 0.90 
74LS83 0.78 74LS36 7 0.60 4072 0.17 aspen electronics limited 7489 2.00 74161 1.92 
74LSB5 0.90 74LS368 0.60 4073 0.17 

7490 0.35 74182 0.75 
74LS86 0.35 74LS386 0.37 4075 0.17 
74LS93 0.96 74LS670 2.00 407/6 1.05 

2 KILDARE CLOSE, EASTCOTE, MIDDX. HA4 9UR 
TELEPHONE: 01-8681188- TELEX 8812727 

7491 
7492 
7493 
7494 

0.85 
0.44· 
0.40 
0.80 

74184 1.20 74LS95 1.10 4000 0.14 4077 0.46 74185A 1.20 74LS 107 0.311 4001 0.16 4078 0.22 74186 7.20 
74188 2.70 

74LS 109 0.36 4002 0.18 4081 0.17 
74LS 112 0.38 4006 O.JI2 4082 0.20 

WW-040 FOR FURTHER DETAILS 
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Highvol capacitor boots give complete insulation of the 
terminal. Slip-on assembly -no mess, no heat. 30 sizesensure 
a snug fit, yet the terminal remains easily accessible. 3 types 

for Tantalum, Aluminium and Ceramic capacitors. all 
conforming to UL safety and flammability ratings. 

FREE samples &nd catalogue showing our full range of 
insulator covers on request. 

tv CONNECWRS. 

HIGHVOL CONNECTORS LTD. 
Uddens Trading Estate, 
Nr. Wimborne, Dorset BH21 7NL. 
Tel: Ferndown (STD 0202) 871411/2/3/4 
Telex: 41408 

• 

747 UNIVERSAL COUNTER TIMER 
' £175 + £3.50 p&p 

DC-150MHz 

8 DIGITS 

8 FUNCTIONS 

3 CHANNELS 

Measures - A KHz, C MHz, Period A. 
Pulse Width A'Z., Time A± to B:t, Count 
A, Count A (gated by B, reset by C) 
Max. resolution 0 .1 Hz, 1 OOpS. 
Averages 1 to 1000 events . 

Also available - Counter Timers, Frequency Meters, Filter 
Oscillators, Function Generators, Off-air Standards, Lab I 
Bench Power Supplies, Panel Meters & Bar Indicators. 

OMB ELECTRONICS 
Riverside, Eynsford, Kent DA4 OAE 

Tel : Farningharri (0322) 863567 
Prices, which are CWO & ex-VAT .' are correct at time of going to press and are 
subject to change without notice . 

WW- 070 FOR FURTHER DETAILS 

Measure Resistance to 0.01.0. ... 
At a Price that has no resistance at all 

•FULLY GUARANTEED 
FOR2 YEARS 

•METAL CASE 

THE ULTIMATE IN PERFORMANCE­
MEASURES RESISTANCE TO 0.01 OHMS, 

VOLTAGE TO 100 MICROVOLTS, CURRENT 
TO 1 MICROAMPS AT LOWEST EVER PRICE! 

FEATURES 

• 3/2 digits 0.56" high LED for easy reading 
• 100pV, 1pA, 0.01r2 resolution 
• High input impedance 10 Megohm. 
• High acsuracy achieved with precision resistors, 

not unstable trimpots 
• Input overload protected to 1000V (except 

200mV scale to 600V') 

• Auto zeroing, autopolarity 

• Mains (with adaptors not supplied) or battery 
operation-au i It-in charging circuitry for NiCads 

• Overrange indication 

• Hi Low power ohms, Lo for resistors in circuit, 
Hi for diodes 

SPECIFICATIONS: 

DC Volts Range 200mV, 2V, 20V , 200V, 1000V 
Accuracy 1% ± 1 digit, Resolution .1mV 
Overload protection 1,000 volts max 

AC Volts Range 200mV, 2V, 20V, 200V, 1000V 
Accuracy 1.5% ± 2 digits, Resol 'ution .1 mV 
Overload protection 1000V max, 200mV scale 600V 

DC Current Range 2mA, 20mA, 200mA, 2amp. 
Accuracy 1% ± 1 digit, Resolution 1 Microamp 
Overload prote~tion - 2 amp fuse and diodes 

AC Current Range 2mA, 20mA, 200m A, 2 amp 
Accuracy 1.5% ± 2 digits, Resolution 1 Microamp 
Overload protection - 2 amp fuse and diodes 

Resistance Range 20, 200, 2K, 200K, 2 Meg. 20 Meg. 
Accuracy 1% ± 1 digit, Resolution .01 ohms 

Environmental Temp coefficient 0°to 30° C ± .025% °C 
Operating Temp 0° to 50° C Storage - 20 u to 60° C 

General Mains adaptor: 6 - 9 Volts @ 200mA (not supplied) 
4C size batteries (not supplied) 
Size 8'1. x 5'% x 2% Weight 2% lbs. 
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1st Floor, Unit 10, East Block I I 38 Mount Pleasant, London we 1 X OAP I 

I ~e:~~~;~~:C~P&P . .f.·vAT·(~~~rs~~s£6o) . DMM M1200B I I I enclose cheque I PO I Bank Draft for £ I 
1 Name I 
1 Address L~~~~~~ 1 
L--·---- ;.,;,. · ;.,;,. · ~· ~ ·..;..;~ ·..;...;...;..; .;_P~S~I 

O!§llij.M}H'Hj,jl f So!e UK Distributor 

Maclin-Zand Electronics Ltd 
38 Mount Pleasant,londol',l WC1XOAP 

· Tel. 01-837 1165 
@ N Zand Telex. 8953084 MACLING 

WW- 076 FOR FURTHER DETAILS 
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we wondered why . • • • 
The 8.8. C., British Rail, B.A. C., Decca Acoustics, Institute of Sound and Vibratior. Research, J. C.L., Post Office 
TelecommuniCations, PJ1111ps Research, U.K. Atomic Energy Authority, and many Universities were among our 
customers. 

J.P.S. 60 60 Watt. 
J .P.S. 100 : 100Watt. 
J.P .S. 150 : 150 Watt. 

Mavbe they likP.d thP. compe t itive pr;ces of our modules, or the fact that all modules have a frequency 
response from 20Hz to 22kH7 - 0.2d8, a slewtng rate of 8 volts per microsecond, input sensitivity of OdB f0.775VJ. 
a damping factor greatP.r than 400 to 1kHz and a total harmon ic d is tortion less than 0.055% at 1kHz 

Power supplies available to suit all modu les. Send for 
further information on our range of pre-amplifier 
modules. JPS products are now stocked at the d ist ­
ributors shown below_ Further information on all 
products ava ilable d irect from JPS Associates or 

Or could it be that they went for the rel1abtlitv and the comorehensive protection circuitry. Then ther~: 'S 
rhe. full 2 yP.ar guarantm.• wh1ch accompaniP.s our range of modules. 

OR PERHAPS .......... THEY JUST LIKED THE SOUND Of USI 

J .P.S . ASSOCIATES 
(ASTONKILN LTD.) 
BELMONT HOUSE 
STEELE ROAD 
PARK ROYAL 
LONDON NW10 7AR 
Tel: 01-961 1274/ 5 

CAN YOUR BUSINESS 
REALLY OPERATE SUCCESSFULLY 

without a MICROPHOCISSOR I 

STRUTT 
Electrical and Mechanical 

Engineering Ltd. 

3c BARLEY MARKET STREET, TAVISTOCK, 
DEVON. PL1905F. 

via reader reply service. 

All modules are made in the United Kingdom 

~Ww-032 FOR FURTHER DETAILS 
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BUSINESS 
MICROPROCESSOR 

The SEr-lEL 1. Microprocessor can be used for VAT, \'/ages, Invoices, 
Stock-Control, School Computer Studies, \·iordprocessing, Sales, 
Purchasing, Addressing .tmvelopes, Auditing, Estate Agents: (For 
listing all Properties in groups ie. Size, Cost, Area) For doing 
all Bookings: Coach Tour Opera tors, Travel Agents, Hotels, . etc. 

_The SEN.BL 1. Can also be used for operating Nachines and 
Equipment. 

The SEMEL 1. can be (;oupled, via suitable interface circuits . 10 a wide 
vm·iNY of external devices, such as Computers , other Mic·roprocessors , 
Printers . Cash Rer;isters. Tape Readers & Pu nr· hes. Ca, sette Readers/ 
Reeorders, any input omput Typewriter, and manv more. 

SEMEL Business System - this system consists of the Microprocessor unit 
with keyboard and VDU and one Floppy Disc Unit. 
This system contains a software package of Editor 
assembler and debug , and full !'ile h:mdling capa­
bilities in Basic Language. Systems re~inn~ high 
level language ineluding an extPnded opPrating 
system and utilitles and 6~k or RAM c·an support 
Basic. Foru·an •tnd Coho!. 

SfMfl-1 
The MICROPROCESSOR is perhaps the most important development the 
electromcs mdustry has seen for at least the last decade. It was introduced 
wtth the ever increasing demand for speed and efficiency required in 
tndustry and commerce. anrl because of its ability to perform a wide variety 
or different functions, whethenn the office, stores, on the factory floor, in 
warehouses, schools, on ships, in vehicles and many more places of 
busmess. 

TELEPHONE: TAVISTOCK 5439 TELEX: 45263 

} ~ "<. >;Ci l>P•.; ¥- ·.r.i 
r.: ;.,.(('I(HtA r Q"' 1~~ 11.~• l l'lf 

'"(;)'''," 
~ 
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JES AUDIO INSTRUMENTATION 
Illustrated the Si453 Audio Oscillator 
SPECIAL FEATURES: 
*very low distortion content-less than 0.03% 
*an output conforming to RIAA recording characteristic * battery operation for no 'ripple or hum loop 
* square wave output of fa~t rise time 

£70.00 
also available 

Si451 -Milffvo1tmeter Si452 Distortio.n Measuring Unit * 20 ranges also with variable control permitting easy reading of * low cost d1stort1on measurement down to 0 01% w 1th comprehen-relative frequency response £ 70.00 s1ve factltttesmc~udtng L F cut sw1tch, etc £56.00 
· ALL PRICES PLUS VAT 

J. E. SUGDEN & CO. LTD., CARR STREET. CLECKHEATON. W. YORKS. 8019 SLA. . Tei.0274-872S01 
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Pil are pleased to announce the official 1 opening 
of their new 1500 sq. ft. showroom to the public. 

Offering a range of some 350 electrical 
measuring instruments manufactured by around 
60 manufacturers, both British and international. 

Pil can cater for practically every 
electrical: measurement problem for any 
user on an ex-stock/short delivery basis. 

houses and overseas users, buyers 
engineers, to do-it-yourself enthusiasts and 
hobbyists. 

Instruments Electrica l the service and 
calibration division can provide fu ll guarantee 

facilities as well as offering their 
normal repair and calibration service. 

For an immediate solution to 
your instrument problems, contact 
the Instrument Group at 
Instrument House. 

The showroom facilities and its 
technical back-up are available to· 
everyone from export 

Factory I Repairs 01-639 0155 
North London Showroom 01-965 2352 

ANIECGROUP 
COMPANY 

Showroom/Sales/Export 01-639 4461 
Open Mon. to Fr i. (ring for Sat. open ing t imes ) 

WW ~ 069 FOR FURTHER DETAILS 
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fact: 
viscous-damping 
straightens out 
all your records 

your favourite record may be a tangle of warps 

Your pickup cartridge "sees" such records as twisted, heaving sur'faces. jolting 
up and down 0.5 to 8 times a second. Even records that look flat have warps,· 
and a warped record can change the cartridge-to-record distance, the tracking 
force, and the vertical tracking angle. Warps produce frequency "wow" and 
distortion, and can dangerously overload speakers and amplifiers. 

What's more, somewhere between 5 and 15Hz, every pickup arm-cartridge 
system has a resonance frequency-a frequency at wh ich a warp will produce 
an exaggerated response that may result in mistracking and in extreme cases, · 
cause serious damage to both the record and stylus . 

OTHER CAATRIDGr::. 

TURNTABLE 
THE Vl5 TYPE IV 

The Shure V15 Type IV is the first cartridge in the world to 
incorporate effective ly the princ iples of viscous damping. The 
Dynamic Stabili zer acts something like a "shock absorber, " 
carrying the cartridge over surface irregularities without 
distortion . without bottoming out, and without risk of damage 
to records or stylus. It even protects the stylus should it be 
dropped acc identally onto the record. 

the role ·or the Dynamic 
Stabilizer: 
The V15 Type IV's Dynamic Stabilizer makes certai'n you hear 
the recorded information , not the warps. The viscous-damping 
system of the Dynamic Stabilizer resists rapid changes in the 
cartridge-to-record distance. This remarkable Shure 
innovation eases the stylus over warps without affecting the 
trackmg force on warped or unwarped portions of the record . 
And the pickup arm-cartridge resonance is attenuated to a 
subaudible level. As further bonuses , the Dynamic Stabilizer 
cushions the stylus from accidental impacts. and the carbon 
fibres in the "brush " conduct static electrici ty from the record 
surface to earth I 

For more information write for the V15 Type IV Product 
Brochure . 

V15l)rpe IV 
the viscous-damped cartridge by • .. ®D SHURE ® 

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

Good, clean fun 

The Home Office- or, at least, that part 
of it which is concerned with the 
regulation of radio transmissions - is 
evidently one of the more inductive 
arms of central government and, in its 
unexplained opposition to any change 
in the current of public opinion, begins 
to exhibit slight, but unmi~takable 
evidence of a belief in the philosophy of 
King Canute, though it is said that even 
he only sat there on the beach to show 
how ill-conceived an idea it was to try to 
curb the tide. 
If, by chance, the good king left any 

family over there in Denmark, let it be 
known that a further demonstration of 
the futility of that approach is overdue, 
the need for it being occasioned by the 
remarkable blandness of replies to rea­
soned requests for the right to operate 
personal radio transceivers on a 
citizens' band. 

It is possible that the unsympathetic 
response to such demands stems from 
the unnecessarily righteous arguments 
put to the government by the sup­
porters of the c.b. lobby. The suspicion 
lurks that, while the use of such equip­
ment in the USA may have been the 
means of saving innumerable, isolated 
old ladies from the attentions of escaped 
man-eating tigers and while, in the 
absence of c.b., the roads of the Mid­
West would be made all but impassable 
by the dried-up skeletons of long­
distance truck drivers, the real reason 
for wanting the c.b. facility is that it is 
quite good fun. 

If it is this aspect of the cult that 
bothers the Home Office, then there is 
nothing at all for them to worry about. 
There are several precedents which 
provide a stable platform for the asser­
tion that entertainment is respectable, 
even when it relies on the use of natural 
resources - renewable or not. 

Television has effectively command­
eered many hundreds of megahertz of 
the usable spectrum, with sound radio a 
more moderate but still fairly grasping 
tenant. Much of the spectrum occupied 
by broadcasting carries identical pro-

grammes being transmitted to different 
areas on different frequencies - hardly 
an economical use of the broadcast 
bands. But, allowing that this is 
necessary and pretending that cable · 
transmission has never been thought of, 
it all becomes well worth while, since 
every person in the land is provided 
with first-class entertainment and in­
struction: a highly respectable endeav­
our. 

Or is it? One evening's examination of 
the aforementioned entertainment and 
instruction will rapidly demolish any 
pretence of an effective use of band­
width. The content of broadcasts is not 
normally the province of Wireless 
World, but insofar as the imported trash 
(and some homegrown material of the 
same standard) is responsible for the 
annexation of so much of the available 
spectrum, and is considered worthwhile 
by the powers that be, it considerably 
reduces the impact of any argument 
based on the premise that c.b. operation 
is merely entertainment and conse­
quently not to be encouraged. 

The supporters of c.b. have their 
other argument to fall back on when 
faced with the Home Office's blank and 
uncomprehending disapproval; one 
which ought to appeal to bureaucratic 
self-interest, if nothing else. James 
Bryant of the CB Association has ex­
pressed the view that there will soon be 
so many illegal, and therefore un­
licensed operators working with 
27MHz, a.m. sets that a free choice of 
the specification to be officially adopted 
will not be possible. Mr Bryant's figures 
cannot be checked and may seem 
somewhat excessive, but his argument 
does possess a certain force, and de­
serves a more considered reply than has 
so far been made public. 

The official attitude that the need for 
c.b. has not been demonstrated is not 
even up to the standard of regulation 
Civil Service double-talk. Has anyone 
ever demonstrated the need for 'Sale of 
the century' or 'Wonderwoman'? 
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Logarithmic audio sweep 
generator 

Unit for use with an oscilloscope to display I. f. response curves 

The log sweep generator to be described 
was developed primarily for the display of 
overall !.f. response curves on a 

· conventional, d .c.-coupled oscilloscope . 
Sweeps are calibrated over a 1 0 :1, 
100:1 and 1 000: 1 range, with 
selectable start frequencies of 1OHz, 
20Hz, 1OOHz, 200Hz . This enables the 
"normal" audio band of interest of 
20Hz-20kHz to be presented in a single 
sweep. 

Linear sweep facilities enable the 
graticule divisions on the oscilloscope to 
indicate frequency directly without a law 
conversiun, while an accurate "log" 
facility produces sweeps wi!h a linear 
sweep on the c.r .t. for uniform -brightness 
but with logarithmic frequency 
conversion. 

Outputs ~p to 1 OV p-p are available 
into 6000 loads from either sine, square 
or triangle sources. RIAA equalisation 
has been provided at a nominal 5mV 
1kHz level for display of R IAA 
equalisation. 

THE SIMPLIFIED block diagram of the 
unit in Fig. 1 shows the connexions to · 
an oscilloscope and to the unit under 
test. Additionally, retrace blanking is 
provided to the c.r.o. 

The ramp generator drives the X 
amplifier of the c.r.o., while simul-i 
taneously varying the frequency of the 

Ramp 
generator Log unit 

00 0 Q <:)utput 

Unit under test 

by A. C. Ainslie 

voltage-controlled oscillator. Low 
frequencies are arranged to be on the 
left hand side of the display, providing 
the c.r.o. conforms to the convention of 
an increasing positive voltage moving 
to the spot to the right. 

An integrated logarithmic amplifier 
converts the linear sweep to a log. v.c.o. 
control voltage so that the rate of in­
crease of frequency increases with 
frequency, enabling responses to be 
displayed conforming to the more com­
man form of presentation. 

Amplification of the v.c.o. output is 
necessary to drive loads as low as 600-
with 10V p-p level. Clearly the output 

v.c.o. 

0 
0 

Output 
Amp 

Fig. I. Basic principle of swept-frequency investigation. 

amplifier must be flat. A consequence of 
the v.c.o. used is that square and 
triangle waves are available simul­
taneously with the sine wave which is 
used for resp6nse sweeping. Selection is 
provided to enable these outlmts to be 
used, giving a swept function-generator 
facility. 

Y deflection of the oscilloscope is 
from the output of the device under test. 
The result of a sweep will be to display 
an envelope on the screen, the top of 
which is representative of the response 
of the device under test. Normally the 
lower half of the display would be low­
ered below the lower datum of the 
graticule to give a less confusing dis­
play. Several refinements to the display 
of the envelope will be discussed later 
on as an aside. 

Sweep generator 
The v.c.o. used in this design has a linear 
relationship between control voltage 
and frequency. The requirement for the 
sweep generator is, therefore, a simple 
linear ramp with variable repetition rate 
and the possibility of manual setting to 
any point in the sweep to enable 
frequency to be manually set. In Fig. 2, 
an astable 555 timer is used with a 
constant current source, Tr1, to produce 
a linear sweep from the charging of C . · 
The 555 is used between + 15V and 
earth with the internal comparator 

. levels, resulting in a sweep from + 5V to 
+ 10V. The charging current for C

1 
and 

hence the sweep repetition frequency is 
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controlled by R2, a panel control label­
led 'SWEEP'. 

Switch S 1a selects either the 
automatic sweep or a manual tuning 
voltage from R9 , 'MANUAL,' to be 
passed to various level shifters by fol­
lower, IC2• The combination of R12 and 
C4 removes high frequency jitter on the 
ramp from the 555. Amplifier IC5 con­
verts the ramp from S1a to a 10V excur­
sion, centred around OV, to drive the 
oscilloscope at 1 V /division maximum. 
Level shifter IC3 drives the log. con­
version c-ircuit, which requires the 
ramp to be presented inverted, running 
from about 2.5V to just above earth. A 
linear, inverted ramp is also obtained 
from IC4 , sweeping from earth to -5V. 
The h.f. end of the ramp is set by R21 • 

Potentiometers R17 and R23 set the 
working levels of the two translators, 
establishing the h.f. end of the log. 
sweep and the I.f. point of the linear 
sweep. 

Oscilloscope trace bright-up must be 
provided under control of the sweeper. 
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Pin 3 of the 555 rises to + 15V during the supplies and driving the amplifier with 
sweep, falling to OV during retrace. This the bright-up output of the sweeper. 
signal is used to turn on Tr2 during To produce a logarithmic change in 
sweep; in the retrClce period Tr2 is off frequency when displayed on a linear 
and 'B.U. output' rises to +20V, cutting trace, an antilogarithmic distortion of 
off the oscilloscope. The R6 /C3 com- the linear ramp is needed, which is 
bination prevents ripples getting onto provided in thrs case by an Intersil8049, 
the 20V line, passing through the 15V the princ~ple being shown in Fig. 3. 
regulator and giving problems. The .. 8049 was used in this design 

The convention used above, in which be5ause various discrete "textbook" 
positive-going voltages reduce beam .designs proved too fussy in respect of 
intensity, seems to be a fairly common .... / temperature control or compensation 
requirement for most mod~di over the requisite lQl range. This pack-
oscilloscopes: it is an easy m~tter to age is surprisi~~ly inexp~n~ive for. its 
introduce an inverter should the need degree of precision and · It IS certamly 
arise. If a greater bright-up voltage than simple to use: Setting up, once com-
20V is needed, it wo..uld ·probably be plete, is very stable. 
better to build a high--voltage amplifier The input presented to ICs is a ramp 
into the mainframe, using its internal falling from __ ~.5V to at>out OV, which 

/ must be turned into a 1o3 sweep voltage 

Fig. 2. Ramp generator, logarithmic 
amplifier and sweep-width control. 
Letter code on connexions refers to 
author's p.c.b. layout. This may be 
made available if there is a demand. 

____ T ____ _ 

range. With a supply of 15Von the 8049, 
a maximum output of lOV seems rea­
sonable, making the I. f. end of the sweep 
output IOmV. The scale factor of the 
device is approximately 1 V per decade 
of output, actually trimmed during 

B.U. output 

I 
I 
I 

BOARD A 
Sweep unit 

I 
I 

-15V I 
I 
I 
I 
I 
I 
I 
I 
I 

H I 
I 
I 
I 

s1b Lin log 

I BNC 

>--1---+--+--+-<.. X sweep 
output 

10V1- A~ 

10rrW -b::::::::.!::: 
LF HF 

BOARD B 
Log unit 
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calibration to be less than this, and 
producing a 1(]3 output range from the 
2-5V input range. The lmA reference 
current for the device is produced by R37 
from the + 15V rail. 

The output from the package is 
obtained from one end of R38 - the 
external feedback resistor for the 
second internal op. amp. I~ is a level 
translator and inverter, putting the 
sweep into a 5V range, negative going, 
starting at OV as is the case with the 
output of IC4 , the LIN sweep. ~6 trims 
the l.f. end of the log. sweep with ~2 
setting the h.f. end to be in line with that 
set by R21 • 

Sweep width. Both lin. and log, sweeps 
as selected by S1b are negative-going 
from OV over a 5V range. The sweep 
width selector, ·~. is connected to atteri­
uators R48 /~9 , ~0 /~1 and ~2 to give 
control of the total sweep range, 
reducing the sweep to - 50m V in the 
first instance for a 10:1 sweep . and 
- 500m V in the second for a I 00: 1 
sweep. The variable sweep with control, 
~2 , gives continuous control up to a 
ratio of 1000:1; it i~ a log. component for 
maximum controllability. With ~2 at.its 
minimum setting, the v.c.o. should be 
running at its minimum sweep 
frequency. To trim this accurately, a 
pedestal voltage is applied to the bottom 
of ~2 across ~. 

Voltage controlled oscillator 
Rather than attempt to design a discrete 
v.c.o. (which would probably take the 
form of controlled astable with sine­
wave conversion) the popular Intersil 
8038 v.c.o. package was chosen for this 
unit. It is specified up to IMHz with 
1000.1 sweep and so appears to meet the 
requirements. However, even Intersil 
admit that operation with 1000:1 sweep 

·range is full of problems and an 
application note breadboard certainly 
will not meet the intended specification. 
It is worth taking a little time to con­
sider the operation of the device~ 

The 8038 contains two current 
sources, one producing a current I, the 
other, a current 2I. The timing capacitor 
on pin 10 is initially charged with I and 
then discharged at a threshold by the 2I 
generator being switched on, giving a 
net discharge current, I. At a lower 
threshold the process reverses and the 
capacitor once again charges at I. The 
resulting symmetrical triangle is sine 
converted to yield the output. 

The current I is set by the value of 
·external resistors ~onnected to pins 4 
(for the constant source) and 5 for the 
switched source. Figure 4(a) shows the 
current generators internal to the 8038 
which are also voltage controlled by pin 
8, common to both generators. If the 
control voltage is - V, the emitter of Q

1 
is -(V + V be), the emitter of Q2 and Q

3
, 

being a single Ybe higher, are therefore 
at -V. Unfortunately, there is no in­
herent feedback over this current­
control mechanism internal to the 8038, 
resulting in unpredictable compression 
at low frequencies when the control 

2·5Vrs;j]LF 

• .HF< Input 

ov. . ~ 

Offset 2 

)

1k ' 
total 

voltage is approaching the OV raiL . 
By adding an op.-amp. ·round the in­

ternal current source; as in Fig. 4(b), 
this non-linearity is easily removed. The 
op.-amp. drives pin 8, taking feedback 
from pin 4, and forcing the voltage on 
·pin 4, and current through R59 etc., to 
follow the control voltage precisely. 
Figure 5 shows D2 which, in practice, 
serves to stop the control pin 8 being 
forced out of the linear v.c.o. range 
should the device be overswept for any 
reason. 

Each of the four start frequencies are 
selected by S3, START FREQUENCY, 
with S3a selecting capacitors for each 
range. Switches S3b and S3c select 
appropriate calibration presets, enab­
ling the symmetry to be individually set 
on each range. Symmetry can be lost 
due to unbalance of the current sources _ 
at low frequencies as control voltage 
approaches OV, but this is corrected by 
drawing current on pin 5 with R67 , ad- . 
justable by R68. 

Internally, the 8038 buffers capacitor 
voltage to give the triangle output on 
pin 3, while an uncommitted transistor 
on pin 9 is switched by the charge/ 
discharge flip-flop to give the square 
wave output. The sine wave output is 
produced by feeding the buffered 
triangle through an active attenuator 
with increasing attenuation as the level 
departs from the mean, giving a sur­
prisingly pure output of less than 1% 
t.h.d. A preset, R72 , is used to make this 
non-linear attenuation symmetrical 
about the mean:, giving symmetrical 
positive and negative half cycles. 

Output 
A simple push-pull amplifier delivers 
1 OVp-p into loads of 600Q with minimal 
distortion and excellent flatness over 
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1 l3 {1mA~ 
.J 1pA~ 

14 J 

>--+1..-0---lt-----i~ Output 

8049 

15 } 
10Vf7'l __ F_.,. AF . 

10mV~ 

Fig. 3. Principle of Intersil antilog. 
amplifier. 

8038 

ov 
(b) 

Fig. 4. Use of op.-amp. to linearize . 
output _of 8038 v.c.o. 

the frequency range. The f~nction -·~ ' :to equalize the gain. Feedback from R
110 switch, S4 , selects the appropnate out- is also applied at the input of the 

put from the 8038, centred about a d.-o . ..- ~ """"'ttmplifier: R
82 

serves to correct any zero 
level of -7.5V, via appropriate resistors effect that may occur. · 
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Attenuator. A simple attenuator was 
judged to suffice for most requirements. 
The design shown gives up to 60dB, 
attenuation and provides a low source 
impedance. The network R

91
, R

92
, C

12
; 

C13 and Rg8 compose a RIAA weighting, 
network, which enables checks to be 
made on pickup equalizers,etc. 

Power supply 
The instrument requires ± 15V at 
around 125mA. Monolithic fixed volt­
age regulators are suitable, but the 
design shown uses two . 723 packaged 
regulators with external pass transis­
tors and with R101 and R107 setting the 
positive and negative rails respectively. 
A + 20V supply is also provided for the 
b.u. amplifier. Clearly, any regulated 
power supply can be used but, since the 
calibration is very dependent on the 
supply rails, good long term stability is 
important. Hindsight makes the author 
favour monolithic regulators. 

Construction 
The prototype was built in a We~t Hyde 
'Cantil' case, approximately 10.5in x 
4.5in · panel size. Doubtle-ss, the more 
patient could build the design on 
Veroboard - there is nothing especially 
critical - but p.c.bs are to be recom-

R66 
2k7 

5 

IC
9 

8038 

10 11 

6n8 c~ 680p 

c8~3n3 ~c10r30p 

X S3a 

12 

mended. Five small boards were used in 
the prototype, as follows: 

Board A sweep 4.5 X 3.5in 
Board B log. 5 x 2.5in , 
Board C v.c.o. 3.75 X 2.5in 
Board D output amp. 4 x 2in 

· Board E p.s.u. 3.5 x 3.25in 

Care should be taken to avoid earth 
loops, which would · give spurious out­
put and affect v.c.o. control. A layout 
problem can occur ~ith the edge of the 
squarewave breaking through to SINE. 
or TRIANGLE and producing a small 
pip at top and bottom. Should this occur 
in individual instruments the easiest 
cure is to use a spare pair of contacts on 
S4 to connect lOOnF between the square 
signal lead at this switch to ground on 
all but the SQUARE setting of the 
switch. 

It is recommended that all presets be 
cermet and resistors 5 per cent film . 
types, l/3W being adequate. However, 
in view of the extended l.f. range of a 
log. sweep, an error of perhaps only a 
fraction of a per cent of full sweep is 
shown as a considerable portion of the 

Fig. 5. Voltage-controlled oscillator and 
output circuitry. 

R69 8k2 

6 
9 

3 

2 

DC level 7.5v 

-15V 

BOARD D Voltage contr.ol osc 
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X axis. To avoid errors here, it is essen­
tial to ensure low drift in IC7 • Good 
quality resistors must be used, prefer­
ably the metal-film type for Rts and ~7· 
The preset Rt6 was a miniature 15-turn 
type in the prototype, stuck behind a 
small hole in the panel with Araldite. It 
is simple to set the low-frequency end of 
the sweep to the correct frequency with 
this preset, should the calibration drift. 

Setting up 
There are many preset adjustments in· 
the instrument and the ·use of a digital 
voltmeter is a good idea during the 
setting-up procedure. Providing good­
quality components are used, subse­
quent calibration should only rarely be 
needed, and any single adjustment can 
often be carried out on a working in­
strument without test equipment. 

l. Set R53 particularly and all other 
presets midway. Switch on and set R10_1 
to give + 15V on the positive rail. R107 
sets the -15V rail. 

2. Switch S1 to AUTO LIN sweep. 
Verify that IC2 gives the waveform 
shown in Fig. 2 at its output. Leaving 
the oscilloscope connected, switch to 
MANUAL LIN. Adjust the manual 
frequency control, R9 , anticlockwise 
and set R11 to give 5V at IC2 output. 
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D5 

240V 
50Hz 

o---o 
N 

c,7 

~ all diodes 
1N4002 

Fig. 6. Power supply. 

Tum R9 fully clockwise and check that 
IC2 output is lOV. 

3. Connect the oscilloscope's X input 
to the instrument X output socket, 
connect the bright-up, switch to AUTO 
LIN and adjust the oscilloscope for a 10 
division horizontal line. Switch to 
MANUAL and confirm that the spot can 
be placed within the 10 division line 
using the MANUAL control. Switch to 
AUTO LIN. Adjust R23 to give OV at the 
zero end of the sweep, measured at IC4 
output, and R17 to give zero at the h.f. 
end seen at IC3 output. 

4. Set S2, SWEEP WIDTH, to 1000:1. 
Adjust R21 to give -5V at h.f. end of 
sweep measured at ~ wiper. 

5. Connect the oscilloscope to the 
output, with sine output selected. Trim 
R82 for a symmetrical output about OV. 
Select the square-wave output and, 
with R52 set a maximum, and the 
oscilloscope connected to the X output, 
select MANUAL LIN. At the high­
frequency end of the ranges, set R21 to 
give 10kHz, 20kHz, 100kHz or 200kHz. 
At the low-frequency end, adjust R23 to 
obtain the correct 0utput, trimming R68 
to retain symmetry and to prevent the 
oscillator locking up. Approach this l.f. 
setting with care. Trim R52 to a mini­
mum now and adjust R53 so that the 

1 frequency is the same as with R52 at 
maximum. Set the frequency to h.f. 
again, selecting 100 l and 10.1 sweeps. 
Trim R51 and R49 for the correct 
frequencies. 

+15V I 

c,s 

2000/125 

R103 

R104 3k3 

12 

I 
'~og 
I 
I 
I Dg 

I 
I 
I 

ov I 

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

6~ Each range of the voltage­
controlled oscillator has presets for the 
charging current. 
start frequency 

l OHz R55 and R62 
20Hz R56 and R63 

100Hz R57 and R64 . 

200Hz R58 and R65 
Whichever range has been used for 
calibration this far is finally trimmed at 

The author 
Alan Ainslie studied electronic en­
gineering at Sheffield Polytechnic and 
Brunei University, before forming an 
electronic design consultancy in the fields 
of audio and instrumentation. He has 
published over thirty articles and is en­
gaged in writing two books on computer 
pro@ ramming. 
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Supply decoupling 

BOARD A 

2k2 

ON 

BOARD B 

BOARD C 

BOARD D 

c22T 33/40 

-1svl ' 
+1svT 

c24 J15/16V 

-15V l-

a mid frequency to be perfectly symme­
trical (view single cycle of square wave 
on oscilloscope). Then the h.f. end is 
finally trimmed with R21 . Each other 
range now has its h.f. frequency and 
symmetry set by adjusting the relevant 
presets together. Finally R68 (low 
frequency symmetry) is checked. R72 is 
trimmed for best wave shape ( + and -
symmetry) on pin 2 of the 8038. Repeat 
3, 4 and 5, paying particular attention to 
accuracy of low frequencies. 

7. The antilog. amplifier can now be 
trimmed. Disconnect pin 16 from IC3 
output. Connect pin 16 to + l5V. Adjust 
R36 for exactly OV out (use d~u.m.). 
Disconnect pin 16 from + l5V and con­
nect to earth. Trim .R30 for lOV output 
on pin 10. Connect the antilog. amp. pin 
16 back to IC3 output. With the unit set 
to MANUAL LOG, select l.f. end of 
range and trim R34 for lOmV output on 
pin 10. Trim R46 for OV on wiper of S1b. 

Then select h.f. end of range and trim 
R42 for -5V on S1b wiper. 

8. Recheck 7. On MANUAL LOG 
check frequency of output at l.f. and 
trim R46 again so that LOG. and LIN. 
operation coincides. Similarly trim R42 
so that h.f. end of range coincides. 

Operation 
Operation is quite self-explanatory. It is 
important to bear in mind, however, 
that high-Q circuits are not suitable for 
swift sweeps. It is always easy to switch 
to manual sweep to verify a display. 

It should be quite obvious that only 
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Sample/hold 
fYYY\ peak hold 

(c) Input 

the sine wave output is suitable for 
sweeping to display a frequency res­
ponse. It is important if sweeping a 
highly-sensitive filter, for example, to 
remember that the t.h.d. is worse than 
0.1% (60dB down). This can lead to false 
rejection figures if a wide dynamic 
range, in the order of 60dB, is used in the 
display. Normally, however, the output 
signal purity is more than adequate. 

Display 
The simplest display technique is to use 
the top of the enve~ope displayed on the 

Fig. 8. Swept display of a t.h.d. meter, 
set to 1kHz. In the final stages of 
calibration, an accurately-calibrated 
notch filter is useful for setting the 
scale factors. 

Fig. 9. Tone control and filter responses · 
of an audio amplifier. 

,___ ..... _L 

JL B.U. 

Mono 

oscilloscope as the frequency response 
plot. Photographic records can be par­
ticularly satisfactory if the exposure 
covers several sweeps, since the sweep 
and v."c.o. are not synchronous. How­
ever, there are several options open to 
improve the display which will be dis­
cussed below. 
Precision full wave rectifier. This effec­
tively doubles the number of points on 
the display, and improves resolution 
dramatically at the l.f. end of the display 
as seen in Fig. 7(a). However, the 
circui~ry used has to accommodate the 

Fig. 10. Impedance sweep of Bin bass 
driver in free space. Resonance is at 
50Hz. 

Fig. ll. Impedance sweep of small 
treble unit. 

' 47 

Fig. 7. Full-wave rectifier improves 
appearance and resolution at l.f. end of 
sweep, as at (a). Display at (b) shows 
trace obtained when bright-up is at 
peaks of response only, dots being 
extended to a continuous line by 
sample/hold arrangement of (c) . 

dynamic range of the output of the unit 
under test and have a flat frequency 
response over the bandwidth in ques­
'tion : simple op.-amp. full-wave rec­
tifiers run into the usual slew-rate prob­
lems at higher.frequencies. 
Bright up at signa• peaks. By generating 
the bright up from the output of the 
device under test, so that for each peak 
~the c.r.o. is under bright up for a small 
period of time, the display is comprised 
of a series of dots representing the 
response curve. As above, a full-wave 
rectifier doubles the resolution of the 
display. The result is as in Fig. 7(b). 

Unfortunately, due to unpredictable 
phase shifts through the unit under test, 
which will probably vary with 
frequency, it is not possible to generate 
bright up from the sweeper, only the 
output of the unit under test as in Fig. 
7(c). It is possible, using this technique, 
to display phase on the c.r.o. by using a 
constant-phase bright up. 
Sample hold. By using a sample-hold to 
retain peak value, modifying this level 
with each subsequent cycle, the c.r.o. 
can be made to display a continuous 
envelope of response. This is possibly 
the most attractive display method but 
has the dynamic range and speed prob­
lems mentioned earlier. 
Phase-locked loop. A phase-locked loop 
can be used to cause an oscillator to 
track the output of the unit under test 
and may be then used to bright up 
peaks. An 8038 is suitable for this task 
with a phase comparator, since the 
squarewave phase is suitable for 
generating the bright up without 
modification, or driving a sample/hold. 

An interesting aspect of this tech­
nique is that it is possible to record the 
sweep on tape for example and play 
back after a delay to drive the scope 
display. 
Log. amplitude display. Audio res­
ponses are usually displayed with a 
logarithmic vertical scale. This can be 
easily arranged with the Intersil 8048 
log. amplifier package. a 103 range is 
easily accommodated with no require­
ments for temperature compensation. 

It is obvious from the above discus­
sion that many possibilities exist for an 
additional unit to assist the display of 
the information. A possibility not men­
tioned above, but probably the most 
useful of all, would be a form of display 
storage for the slow sweeps. It is the 
author's intention to complete develop­
ment of a complementary display and 
storage unit which will possibly be de­
scribed at a later date. 0 
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Schmitt trigger equivalents 
by Peter Williams, Ph.D., Paisley College of Technology 

1: 

The operational amplifier is used in linear circuits because of the precision with which it 
allows functions to be provided. It has a limited speed of response when internally compensated 
to ensure stability under all negative feedback conditions up to and including 100% This 
constraint can be removed when using positive feedback to switch it through the linear region in 
the shortest possible time. Even simple amplifiers in their uncompensated state can have slow 
rates in excess of 1 OV I ~o~s. If series feedback is used, as is needed for maximum input 
resistance, then the input signal is taken to the inverting input i .e. the amplifier connections are 
the reverse of those for a series negative-fe~dback amplifier. With recent amplifiers having 
c.m.o.s. output stages the output can swing to within millivolts. Failing this the time switching 
levels become proportional to the output saturated levels [R 1 I (R 1 + R2)](:t V). With the output at 
+V0 the input has no effect if it is less than [R 1 /(R 1 + R2)] V0 . When it reaches this critical level 
the amplifier is brought into its linear range where the loop gain exceeds + 1 and the output 
swings negative (since the voltage at the inverting input becomes more positive than that at the 
non-inverting input). For large inputs the output is anti-phase to the input. 

The alternate configuration, in form similar to the see-saw amplifier, has the non-inverting 
input fed from both source and output. Assume the output is positive; unless the source swings 
sufficiently negative the output remains in this saturated state. When the threshold is reached 
the non-inverting input becomes more negative than the inverting input, the output swings 
negative and regenerative switching ensues, forcing the output to its most negative value. The 
source has no further influence until it becomes sufficiently positive to overcome the negative 
contribution of the output. The threshold levels are obtained by applying superposition to 
determine when the non-inverting input is driven through zero. This gives threshold levels 
(-R I R2 ) (:t V0). Again for stability of switching levels the output swing must be well-defined: if 
this is not inherent in the amplifier output stage as is the c.m.o .s. types then breakdown diode or 
other clamping methods can be applied . In this circuit the current drawn from the source is 
significant and in particular experiences a sharp step as the output switches. This makes the 
inverting form more widely useful. 

CoMPAI?ATO/i! /FuP-FLOP SCHMITT £all/VALENT 

The same function can be performed by the Schmitt trigger and an 'appropriate combination 
of comparators and a set-reset flip-flop . Other advantages need to be established in return for 
the apparent increase in complexity; the word apparent is included because the number of 

' elements in a complete i .e. using this method is surprisingly small . Each comparator contains 
far fewer components than an op . amp. as the output it has to provide is both smaller and better 
defined -just sufficient current to set or reset a simple flip-flop . The last-mentioned needs to be 
reasonably fast but has a defined input and is buffered by an output stage so that it has few 
components. Thus for comparable performance to the Schmitt trigger based on an op.amp., 
this form can be simpler . Compared with a single high-speed comparator used with positive 
feedback it is slower, but much more flexible in that the thresholds can be precisely set and 
controlled. When the input goes more positive than VREF 1 the output of the comparator 1 resets 
the Q output to logic 0 . It remains in this condition until the input swings more negative than 
VREF 2 when the second comparator sets the Q output to logic 1 . 
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The first commercial i.e. embodying these ideas has since become the industrial standard. 
Designed by Signetics for mass production it is arguably the first universal successor to the 
operational amplifier- a circuit of sufficient flexibility to permit a very wide· range of functions. 
In addition to the comparators and flip-flop it contains an inverting output stage which is t .t .l. 
compatible and an additional open-collector output . The inversion leads to the use of the Q 
connection of the flip-flop to retain the same overall phasing. By connecting the comparator 
inputs to tappings on a chain of equal resistors the reference levels are set at V5 I 3 and V5 I 3 
respectively. The top comparator input is brought out to a separate pin 5 for decoupling against 
transients on the supply for changing the threshold levels while retaining a 2 : 1 ratio, or for 
modulating the switching points . Another re-set terminal to the flip-flop 4 allows its timing cycle 
to be over-ridden , as for example when synchronizing to a higher-frequency source. The 
availability of these extra terminals has inspired a continuing stream of novel designs. It is a 
challenge to the ingenuity of designers, while because of its low cost it has to be considered for 
even the simplest of monostable and astable functions. 

The similarity between the operational amplifier and comparator /flip-flop forms is sometimes 
obscured by the di.fferent voltage levels. The op-amp. normally functions from dual polarity 
supplies, while the 555 and similar circuits are designed for single-supply operation (for 
compatibility with logic circuits and battery powered systems where two batteries are 
inconvenient). The difference is illustrated by considering the hysteresis of each circuit . The 
graph of output against input is traced out as the input first increases through the upper. 
threshold and then back through the lower threshold . The output takes up only one of two · 
values in each case. For the 555 the lower value is close to zero and the upper is around 1V 
below the supply. The transitions occur as the input passes through the positive voltages V5 /3 
and 2V

5 I 3 , independent of the precise output levels. If the op.amp. is adjusted for the same 
hysteresis the thresholds are spaced equally on either side of zero (assuming the output positive 
and negative saturation levels are equal) . 
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Schmitt trigger equivalents 

THEORY e Let the saturated output voltages be VA, V 8 where VA>V8 and 
where VA---">+V5 , V8 ---">-Vs for standard op-amps. The two values of 
voltage at the non-inverting inputs are thus 

These define the corresponding levels on the input wave at whidh 
the amplifier is driven into its linear reg ion, raising the loop gain and 
initiating the switching action . 
Typically 

R, 
V 1 ~--- . (+13) 

R1 +R 2 

R, 
v2~--- . (- 13) 

R1 +R 2 

for a typical op.amp . operating from :t 1 5V supplies . 
Certain comparators operating from a single-ended supply of say 

+ 1 OV and have outputs capable of swinging between 0 and + 1 OV, 
i .e. the thresholds are 

In all cases 

R1 
V 1=--- 10 

R, +R 2 
V2 =0 

R1 
V1-V2=---(VA-V 8 ) 

R1 +R 2 

where V 1-V 2 = !:N;n referred to as the hysteresis is a defined fraction of 
the change in output . 

. R1 
I.e. /1Vin =---/1Vout 

R1 +R 2 

e For the non-inverting Schmitt the thresholds again correspond to 
the points at which the amplifier is driven into its linear region i .e. 
when 

Note that the input thresholds are of opposite polarity to the output 
~~. . 
e The thresholds for the comparator /flip-flop combination are 
defined by a pair of independent threshold voltages · 

i .e. 11V=V1-V2=VRet 1-VRet2 
In certa in cases it is convenient to apply the signal to one or both of 

the inputs via potentiometers so that V 1 = k , v,.1 1, V 2 =k2 V,.1 2 of the 
signal transmitted by the potentiometers . This allows independent 
control of the hysteresis for fixed values of V Ret 1, V Ref 2 . e For this i .e. the reference levels are defined by a potential divider 
composed of three equal res istors, and the circuit normally operates 
from a single supply + V 5 . 

2V 5 
.· .vRet 1=3 

VRef2=Vs/3 

. The hysteresis /1V=V 5 /3 

Each of these terms isjndependent of any imperfections on the 
output stage that prevent the output swinging between 0 and + V 5 . 

EXAMPLES 
1 . A comparator has saturated output voltages VA and V 8 of + 1 2 and 
-11V. For R2 = 20R 1, in an inverting Schmitt determine the switch ing 
thresho19s V 1 and V 2 and the hysteresis V 1- V 2 . 

R1 
V ,=--- . 12 

R1 +R 2 

1 12 
12 = -=0.57V 

21 20+1 

R1 
V2=-- . (-11)=-0.52V 

R, +R 2 

12-(-11) 23 
V 1-V2 1.09V 

21 21 

2 . Find the 'corresponding figu res for the non-inverting Schmitt . 

-R1 
V 1=- . (-11) 

R2 

11 
=-=0.55V 

20 

R 12 
V 2 = - - . 12=--=- 0 .6V 

R 20 

V 1-V2 =1 . 11V 

3. With the component values of Ex. 1 determine the phase angles at 
which switching occurs for an input sinusoidal wave of 1 V r.m .s. 

V1= y2 sin6 
. ·. switching takes place at V 1 , V 2 where 

V1=0.57=y2 . sin6 

0 .57 
.·_sin61= y

2 

:.6, =23.8° 

-0.52 
similarly sin62=---

y2 

62=191 .6° 

4. A comparator /flip-flop combination has switching thresholds 
defined by a potential divider of three equal resistors placed across the 
supply lines of 0 and + 1 OV. The input waveform is sinusoidal and 
initiates the switching action at phase angles of 30° and 240° . Find 
the mean and peak-peak values of the waveform . 

Let the input be V m +V sine 

The switch thresholds are 
2 

V 1 ='3V 

because of the given resistor values . 

Similarly 

2V 
." .V.v +V sin 61 =J 

20 
V.v +Vsin 30=-

3 

10 
Vav+V sin 240=-

3 
Subtracting, V (sin 30-sin 240) = 10 I 3 

10 

=3 .85V 

. ·.Peak-to-peak value of sine wave= 7 . 7V 

v.v + 7. 7sin30=20 / 3 

Vav =6 .67-3.85= 2 .82V 

Mean value of input=2 .82V 
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Century of amateur 
radio? 
Few people think of 1979 as the cente­
nary of amateur radio, yet a good case 
could be advanced in support of the 
view (put forward in the late J oh!l 
Clarricoats, G6CL "World at thetr 
fingertips") that "Britain's first radio 
amateur" was London-born, American­
educated David E. Hughes, one-time 
professor of music but also a noted 
inventor of microphones and 
mechanical telegraphy systems. In 1879 

-Huges could have been found walking 
up and down Great Portland Street, 

. London listening on a telephone ear­
, piece and a detector consisting of a steel 
~needle in loose contact with a piece of 
coke to clockwork-interrupted signals 
:from a transmitter some 500 yards 
away. His experiments were virtually a 
discovery of Hertzian waves before 
. Hertz, of the coherer before Branley and 
of wireless telegraphy before Marconi, 
as the Globe newspaper was later to 
record. 

Hughes was convinced that his 
;signalling was due to "aerial electric 
waves" but he was profoundly discou­

·raged by an inability to convince well­
known scientists, claiming in February 
1890 that his experiments were "pooh­
poohed" in an "unpleasant discussion" 

:which ended with the scientists depar­
ting "very coldly." Even earlier than 
Hughes had been the efforts of an 
American dentist Dr Mahlon Loomis 
who in 1865 claimed to have spanned a 

·.distance of 18 miles using a kite "aerial" 
-(it was Loomis who first n·amed the 
aerial). It was left to Marconi to tum the 
whole host of early work by Hertz, 

·Lodge and many others, into a· practical 
·communications system during the de­
_cade 1894 to 1904. But David Hughes 
~came very close to this in his "pedest­
. rian mobile" operation in 1879-80. 

Polar-loop ssb 
transmitters 
At a 21st anniversary symposium or­
ganized by South Midlands Com­
munications Ltd, V. Petrovic of the· 
University of Bath suggested that radio 
amateurs could benefit from the recent 
development of the v.m.o.s. power f.e:t. 
form of polar-loop s.s.b. transmitters 
. (Electronics Letters, May 10, 1979). This 
1
interesting approach appears to over­
come many of the problems of de-. 
signing and building linear amplifiers of 
high performance as well as making 
possible the use of more efficient Class 
C and Class D amplifiers for all stages of 
power amplification. 

The polar-loop technique is based on 
a form of s.s.b. transmission by envelope 
elimination and restoration orginally 
proposed by Leonard Kahn in 1951 (Proc 
IRE, July 1952). However the team at 
Bath University has combined the Kahn 
approach of splitting the s.s.b. signal at 
low level into its phase-modulated 

component and then restoring the. 
amplitude envelope only in the final 
power amplifier stage with newly deve­
loped modulation techniques and the 
use of feedback to improve linearity. 
This has resulted in h.f. and v .h.f. 
(99.5MHz) s.s.b. transmitters with out­
puts of 20\V and 13\V respectively, with 
third-order intermodulation products 
typically over 50dB down on p.e.p. and 
power efficiency in excess of 55 per . 
cent. 

It is claimed that the r.f. circuits, 
using a combination of v.m.o.s. and 
bipolar devices are exceptionally 
simple, and can include Class C 
frequency multipliers. It is also sugg­
ested that the feedback arrangement 
makes the equipment unusually in­
sensitive to power-supply variations, 
tuning, change of components and does 
not require criticial setting up; all these 
are characteristics of particular interest 
to an amateur building his own equip­
ment. \Vhile the system is the subject of 
a patent application, V. Petrovic made it 
clear that there is no objection to the 
use of these techniques in home-built 
equipment. 

The use of v.m.o.s. r.f. devices is 
becoming much more attr.active to 
amateurs with the appearance of 
relatively low-cost devices such as the 
Siliconix VN88AF and VN67AJ. \Vork 
at Bath has shown that while v.m.o.s. 
successfully overcomes many of the 
destructive problems associated with 
bipolar transistor power amplifiers, care 
is still needed to avoid, for example, 
destruction of devices by the use of too 
high bias resistors. The v.m.o.s . 
amplifiers however are extremely easy 
to bias and can also be neutralised 
using traditional valve neutralising 
circuits in either single-ended or push­
pull form. 

Spanning the bands 
A.R.R.L., commenting recently on the 
continuing problem of the Russian 
'\Voodpecker' over-the-horizon radar 
interference to communications, stated: 
"despite numerous complaints to the 
FCC by the users of several radio ser­
vices in the United States, and despite 
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the fact that the US State Department 
has been involved in this m~tter for 
nearly three years, the interference 
persists." The League suggests that 
American amateurs suffering from the 
interference should write to the 
Monitoring Branch of FCC at 
\Vashington DC. 

During March a number of Australian 
amateurs worked N6CT and W6XJ in 
California on 52MHz, the· first 
Australian-USA 50MHz contacts to be 
recorded in Solar Cycle 21. During) 
January 7-11 many 144MHz and some 
432MHz contacts were made across the 
Tasman sea between Australia and New 
Zealand. Late in June it appeared that 
the second of the four predicted peaks of 
Cycle 21 had been passed with the ·last 
two peaks expected in late-Ati\umn and 
early 1980. 

The IARU Region 1 v.h.f. "records" 
suggest that it is becoming increasingly 
difficult to set up new "tropo" propaga­
tion records from the UK. Favoured 
stations would appear to be those along 
the Mediterranean where for example 
the 1977 144MHz contact between Israel 
and Malta spanned 1964km - and could 
conceivably be extended to the Tuni­
sian coast or even Spain, comparable to 
the sea-path ducts that have occasio­
nally occurred between Hawaii and 
California. 

In brief 
Listeners registered as members of the 
BBC \Vorld Radio Club have passed the 
38,000 mark ... . The next Radio Amat­
eurs' Examination wm be held on Mon­
day, December 3, 1979 .... FCC has 
confirmed its decision not to issue 
special-event amateur station licences . 
. . . Bill Leonard, \V2SKE, has been 
named president of CBS-TV news .... 
Amateurs in Spain, Balearic Islands, 
Canary Islands and Spanish Morocco 
have been granted permission to 
operate in the frequency band 1820-
1835kHz while the USSR is opening the 
band 1850-1950kHz to amateurs .... The 
Italian amateur, Fausto Minardi, I4EAT, 
has contacted 50 countries on 144MHz 
using tropo, moonbounce, meteor scat­
ter, Sporadic-E and auroral modes .... 
Angus McKenzie, the well-known blind 
amateur (G30SS) and audio consultant, 
received an M.B.E. in the Queen's 
Birthday Honours List for his services to 
audio research, the blind and disabled .. 
.. A Morse recording "ad astra per 
aspera" made by \V. R. Schoppe, 
\VB2F\VS, was included on space 
probes Voyager 1 and 2 .... There seems 
little likelihood of any further operation 
through the two Russian amateur 
satellites RS 1 and RS2 following 
telemetry indications of battery tro­
ubles .... Mobile rallies include: August 
26 Torbay Mobile Rally at Paignton; 
September 9 Telford Mobile Rally; Sep­
tember 16 Peterborough; September 30 
Harlow. 

PAT HAWKER, G3VA 
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Sidebands as phasors 
Depicting the mechanism of modulation: 1 -a.m., d.s.b. and s.s.b .. 

byJ. M. Osborne, M.A., F. lnst.P., South London Science Centre 

The phasor is a useful visual aid to 
understanding sidebands that bridges the 
gap between simple 
amplitude/frequency graphs, as seen on 
a spectrum analyser, and the rigorous 
mathematical expressions from which 
they come. This first article, dealing with 
amplitude modulation, outlines the 
principles of phasor representations of 

. carriers and sidebands, then illustrates 
points such as why carrier re-insertion in 
s.s. b. is not critical while in d .s.b. it is 
near impossible. A second article will 
deal with phasor representation of 
sidebands in frequency modulation. 

FOR MOST electronic engineers who 
have to deal with modulation, the 
structure of sidebands in a.m., s.s.b. and 
d.s.b. is well recognized. The direct 
mathematical approach is well within 
the (university or poly) student's grasp. 
The requisite manipulation of trig. func­
tions is relatively elementary. The same 
cannot be said of frequency modulation. 
The consequences of rather involved 
mathematics (see later for Bessel func­
tions) show that we have sidebands 
stretching to infinity. Text books tell us 
that in practice we need not have in­
finite bandwidth since the more remote 
sidebands are likely to be negligibly 
small. 

If we frequency modulate a carrier by 
50kHz above and below the unmodu­
lated carrier frequency, intuitively we 
might suppose. that 100kHz bandwidth 
would be required. The mathematicians 
tell :us that this naive thinking could be 
quite erroneous; it happens -to be the · 
right approximation for large modula­
tion indices but not true for narrow 
band f.m. They are right, since their 
approach is rigorous. Can we lesser 
mortals understand why? Let us start 
with a.m. Fig. 1 shows a typical a.m. 
signal of 1MHz carrier 100% amplitude 
modulated with a 1kHz audio note. 

Such an illustration as Fig. 1(b) is 
used to give an elementary explanation 
of diode demodulation. This is valuable 
in, say, the "Beginners book of radio" or 
"How does a crystal set work?" Fig. 1(a) 
is more difficult for thej>eginner but is 
really the next step in sideband concep­
tion. It presents the mathematician's 
work in a form suitable for considering 
bandwidth and selectivity in practice. It 
is easy to visualize the extended form of 

Fig. 1 when speech or music modulation 
is imposed on the carrier. I assume that 
the reader is familiar with the complex 
waveform seen on a c.r.o. when ~he y 
input is fed with an audio signal from a 
microphone or gramophone pickup; 
and that this complexity determines the 
required (audio) frequency response of 
associated amplifiers, loudspeakers etc. 
Tl:is ,is shown figuratively in Fig. 2(a) 
and (b). Here sidebands will be popping 
up and down like yo-yos. This may be 
used to discuss the hi-fi limitations of 
medium wave broadcasts. 

\Vhat these figures fail to do, and 
what the mathematicians frequently 
fail to point out in their res\,llts, is the 
significance of phase. A plausible, 
though inadequate explanation is that 
each side band (in Fig. 1) heterodynes 
(beats with) the carrier to produce the 
difference frequency (1kHz); the two 
contributions add to give the required 
audio output. In particular the real . 
problems of homodyne and synchro­
dyne reception are missing; the super­
ficial explanations of such techniques 
along these lines are of little value. 

It is at this stage that the phasor 
comes into its own. The phasor bridges 
the gap between the simple representa­
tion of Fig. 1 (a) and the pure rigorous 
maths from which it comes (see Appen­
dix). It gives the electronic engineer a 

Carrier 

l.s.b u.s .b. 

0·999 1 1·001 
(a) Frequency (MHz) 

(b) 

Fig. I. (a) One way of representing the 
sidebands of an a.m. signal consisting 
of a lMHz carrier modulated 100% by a 
1kHz tone (b). 

visual piCture which rationalizes the : 
significance of phase in the more .· 
sophisticated techniques of demodu­
lation; e.g. why carrier reinsertion in · 
s.s.b. reception is not critical while in 
d.s.b. it is near impossible. It also ex­
plains why a.m. works without such 
considerations, since everything starts 
right (in terms of phase) from the : 
transmitter. \Vhen we amplitude 
modulate the carrier nothing is changed 
(no synthesized carrier is generated and 
inserted at the reception end) through­
out the communication link. We gloss . 
over selective fading in short-wave 
reception and its consequent distortion. 
Not only do 'phasors' rationalize the · 
foregoing but-, and this is perhaps the 
main point of this article, 'phasors' 
explain in Part 2 'f.m. sidebands'. 

The explanation is best started by 
considering a.m. (see Fig. 3). This also 
has the spin-off in clarifying the 
relevance of phase in the examples 
mentioned above. "The IMHz sinu­
soidal (sine wave) carrier has its : 
amplitude varied sinusoidally at the ' 
very much lower modulating frequency 
of 1kHz." Here is the catch for the : 
unwary. The fallacy is in suggesting : 
that the amplitude of a sine wave is : 
changed. This is a nonsense statement. : 
Look at Fig. 4(a) and (b), two sine waves , 
of different amplitude (same : 

Carrier 

(a) 

(b) 

Fig. 2. (a) Typical pattern of sidebands 
when a carrier is amplitude modulated 
by an audio signal from a microphone 
or pickup (b). 
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R_eceiver 

llfD 
Fig. 3. Transmitter and receiver using 
amplitude modulation. 

frequency). Now consider changing 
from one to the other as in Fig. 4( c), or 

· for that matter in Fig. 1(b). (c) is neither 
(a) nor (b). At some stage, the shape or 
slope of (a) must change to get it to (b). 
\Vhile this change is taking place we 
have no simple sine wave, neither (a) 
nor (b). (c) is not part of an amplitude 
modulated "sine" wave. 

When is a sine wave not a sine wave? 
Answer in this case - while it is 
changing amplitude. 

Fig. 4. During the change from a sine 
wave of amplitude (a) to a sine wave of 
amplitude (b), the transitional 
·waveform (c) is not a pure sine wave. 

To remind you of tbe sine wave, 
consider a radius, a, in Fig. 5 rotating at 
no radians per second. (Qo = 2'11' fo is the 
revolutions per second or frequency in 
Hz). If the radius starts horizontally at 
time zero, rotating anticlockwise, then 
after t seconds, it makes an angle Ot. 
with the horiz;ontal. The projecHon onto 
the vertical axis is given by y = a sin n t. 
If the graph of y against t is plotted we 
get the familiar sine wave of alternating 
voltage to y input of c.r.o., with linear 
(x) timebase, of amplitude a and time 
for one cycle l/f0 • y may represent 

Fig. 5. Formation of a sine wave y =a sinOt from a radius, a, rotating at 0 radians per 
second. Capital omega is used to denote a reference wave. In the Appendix, lower-case 
omega refers to the modulating wave. 

l® 
Fig. 6. At (a) is a 

®1~ 
phasor representing 

® 
the sine wave shown in 

CD ® 
fcv 

Fig. 5 (it rotates about 
the lower extremity of 
the line). Such phasors 
can be added 

(o) 

0·®=0 CD·®=® CD·®=0 vectorially as shown in 
(b) (c) (d) (b), (c) and (d). 

1r 
Row1 Jl 

WIRELES~ WORLD. SEPTEMBER 1_979 

physical displacement, as in simple har~ 
monic motion, or the instantaeous 
value of an alternating voltage or cur­
rent. This ls determined by the scale and 
label of the y axis. t along the x axis is 
usually chosen to show a few cycles. 

The phasor representation of this is 
shown in Fig. 6(a). This shows a length a 
representing the generating radius 
which is supposed to be rotating anti­
clockwise at the frequency fo· The 
attractive feature of this notation is that 
it shows phase. For example, if two sine 
waves, equal in amplitude and 
frequency, of different phases are com­
bined, the resultant can be found by 
adding vectorially the . phasors. This is 
shown in the examples of Fig. 6(b), (c) 
and (d); in (b) the -signals cancel (180° 
phase difference) whereas in (d) the 
amplitude of the resultant is the sum of 
the two components (in phase), and (c) 
is an intermediate state of phase dif­
ference. 

If the two above phasors have dif­
fering frequencies f 1 and f 2, instead of f 0, 
their instantaneous resultant (that is 
amplitude) will change with their 
relative phase. Suppose we consider the 
two sine waves such that f 1 is greater 
than the reference f0, f2 less by the same 
amount. This shown in Fig. 7 in a series 
of diagrams showing the time for f 1 to 
gain one cycle and f 2 to lose one cycle on 
the reference. Note the suggested 
modification to the phasor notation to 
show which way f 1 and f 2 phasors rotate 
with regard to' the reference phasor, 
frequency f 0 • Row 1 shows the two 
components while row 2 shows suc­
cessively the instantaneous resultant. 
Note another suggested notation (do­
uble bar) to identify the resultant. 

If we now add these to the component 
of frequency fo and amplitude equal to 

Fig. 7. Effect of vectorially adding two 
phasors representing equal amplitudes 
but different frequencies. Row 1 shows 
the two phasors separately at 
successive instants of time (moving 
right on the page) while row 2 shows 
the resultants at those instants. (Small 
bars on moving ends of phasors in row 

- 1 are modified from Fig. 6 to show 
directions of rotation. The double bars 
in row 2 identify the phasors as 
resultants) T 
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Fig. 8. The phasors in Fig. 7, 
representing upper and lower 
sidebands, are added to a phasor 
representing a carrier of constant 
amplitude and phase. Row 1 shows the 
separate phasors and row 2 the 
resultants. This demonstrates the 
carrier being amplitude modulated as a 
result of adding the sidebands to it. 

the sum of the amplitudes of fl and fz, 
we obtain the resultant shown in Fig. 8. 
Note. that the instantaneous resultant 
remains precisely in phase with the 
reference. What this shows is that if two 
sine waves f 1 and f 2 are added to the 
reference sine wave the resultant is of 
frequency fo and amplitude varying at a 
frequency f 1-f0 (which is the same as 
f0-f2). Phasors show that an am'plitude 
·modulation of a carrier fo results from 
adding to it an upper sideband ft and 
lower sideband f2, all three being pure 
sine waves. ' · · 

_\Ve can now see Fig. l (a) and (b) in 
terms of sine waves. Also it is not diffi­
cult now to visualize that imposing 
amplitude modulation on a carrier as in 
Fig. 3 distorts the 'pure' sine wave of the 
(c.w.) carrier to produce, in addition, the 
two sidebands. 

The example chosen has been de-

Row1 

··,············-1········-········· ........ _ . . _ ...... -·<·-···-···1_ .. ·· 

T········ .............. : .......... ·············T 

liberately simplified to modulation by a 
single (audio) frequency. It is not diffi­
cult to visualize, say, speech or music 

· modulation producing a complex of 
sidebands as in Fig. 2. What should now 
be clear is that, however complex the 
signal, it consists only of sine waves; the 
. carrier fo remains unchanged; the side­
bands occur only in pairs, equally above 
and below the carrier frequency and 
that the final resultant remains exactly 
in phase with fo varying only in 
amplitude.1 

The example of Fig. 8 (and Fig. 1) 
shows 100% modulation, the amplitude 
of the sidebands being half each the 
amplitude of the carrier. It is important 
not to over-modulate, which can easily 
happen if the transmitter of Fig. 3 is 
ithprop~dy adjusted. Not only does it 
become impossible to recover the 
moc;lulation in the receiver, but the 
sudden discontinuities wheri. tHe result-· 
ant falls to zero produce very high 
frequency sidebands (splatter), resul­
ting in spurious signals, i.e. interference, 
over a very great bandwidth. In fact to 
accommodate speech and music 
modulation, the average amplitude of 
the sidebands must be kept very small 
to avoid over-modulation on peaks. 

In terms of power and efficiency 

Jl 

amplitude modulation is very poor. Bear 
in mind that doubling the amplitude 

· quadruples the power (doubling the 
voltage in a circuit doubles the current 
and hence quadruples the power). For 
100% modulation, each sideband is a 
quarter of the power of the carrier so 
that two-thirds of the total power goes 
in the 'reference frequency' carrier and 
only one third in the information 
bearing sidebands. This is the best case 
of 100% modulation; the general case of 
a typical broadcast station would prob­
ably show that over an extended period 
the average efficiency, that is the en­
ergy of the information bearing side­
bands to total energy radiated, is only a 
few percent. 

The radiation of vast amounts of 
carrier power, often 10 to 100k\V in the 
case of broadcasting stations, has led to 
suppressed carrier systems for other 

. Fig. 9. Phasot illustration of the effect 
of using a reinserted carrier in a 
receiver 90° out of phase with the 
suppressed carrier in Fig. 8. Row 1 
shows this reinserted carrier phasor 
together with the sidebands, while row 
2 shows the process of their vectorial 
addition (a) and the resultants (b) 
indicating changes in phase but little 
change in amplitude. 
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• Suppressed 
carrier 

(!) 
'0 

• Suppressed ~ ! upper sideband 0. 
E . (a) 

<i . . . 
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(b) ~· r 
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(c) 

l 
(d) 

\ \ 
····························· 

(e) ............ 

Fig. 10. Phasor illustration of s.s.b. 
communication. At (a) is the s.s.b. 
equivalent of the Fig. 1 (a) spectrum; 
(b) radiated (lower) sideband; (c) 
carrier re-inserted. at the receiver; (d) 
resultants from (c); and (e) resultants 
plotted as amplitude values to show 
waveform of amplitude modulated 
sigJlal. 

communication, only the sidebands 
being radiated. Double sideband sup­
pressed carrier (d.s.b.) is shown in Fig. 7. 
This is easily generated by a balanced 
modulator in which the carrier 
frequency is balanced out and only the 
sidebands produced. To receive the 
signal is, in theory, simplicity itself! One 
needs only a local oscillator of 
frequency fo and amplitude two (or 
more) times the peak sideband 
amplituae. This is added in the receiver 
(maybe a few milliwatts are involved) to 
the received sidebands and we proceed 
as in Fig. 8. The transmitted power is 
only sideband information so the trans­
mission efficiency (effective radiated 
power) is theoretically 100% and only at 
the cost of a few milliwatts in the ad­
ditional local oscillator in the receiver. 

Such a system would obviously have 
come into general use years ago but 
there is a snag. The snag is in achieving 
the required performance specification 
for the local oscillator . The phasor 

/ ___, 

/ 
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J 
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f 
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approach makes the problem clear. 
Consider a local oscillator of the right 
frequency fo added to the sidebands of 
Fig. 7 but goo out of phase with that 
shown in Fig. 8. If we redraw this new 
situation in Fig. g we see that the 
amplitude of the resultant hardly varies 
at all (and incidentally the phase no 
longer remains the same as the 
reinserted carrier). This shows the tight 
specification of the local oscillator; not 
only does fo have to be the same 
frequency as the original suppressed 
, carrier but if it differs by only goo in 
phase the amplitude modulation virtu-
ally disappears. No practical free run­
ning oscillator could meet this 
specification. If the frequency of the 
local oscillator differed by only 1Hz 
from fo the received signal would dis­
appear twice a second, as it passed the 
goo and 270° phase difference point with 
reference to the original f0 , making 
meaningful reception impossible. 

In a dispersive medium, different 
frequencies travel at different veloc­
ities. Only small effects are needed to 
alter the phase of received sidebands 
relative to each other and the ,carrier 
with consequent distortion. Likewise 
phasor additions of multipath propaga­
tions can give garbled results. A.m . 
propagation via ionspheric reflection 
(s.w. broadcasts) is liable to fall far 
below "entertainment" standards while 
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amateurs working long range v.h.f. by· 
reflection of signals from the Northern _ 
Lights (aurorae), during periods of suit­
able sun spot activity, cannot use a.m. 
and use c.w. (morse code) for such 
communication. Variations in propaga­
tion conditions and the stability of the 
original transmitter fo would not allow 
the requisite stability of the whole sys­
tem even if such a precise local oscilla­
tor was feasible. 

The phenomenon can be demon­
strated by listening to an a.m. broadcast 
station on a communications receiver 
with a b.f.o. The carrier is reinforced by 
zero beating the b.f.o. with the carrier. 
Intelligible speech might be obtained for 
even a few seconds before it begins to 
get 'rough' and finally unintelligible. 
Should results be better than predicted 
some form of pulling (i.e. tendency to 
lock) of the b.f.o. to the carrier 
frequency is almost certainly taking 
place. This would result in homodyne/ 
synchrodyne reception2 (by accident 
rather than design). The mode of 
operation of receivers intentionally 
using these techniques is easier to fol­
low if the 'phasor fundamentals' are 
first digested. 

One such system of a.m. demodula­
tion available as an i.e. package is the 
phase locked loop (p.l.l.). The local vol­
tage controlled oscillator (v.c.o.) locks 
onto the carrier frequency f0• The signal 
with its sidebands and local oscillator 
are mixed in a product detector to give 
the audio output. It so happens that the 
locked v.c.o. runs goo out of phase, i.e. in 
quadrature, with the carrier. An exter­
nal goo shift has to be incorporated in 
the system to achieve the Fig. 8 rather 
than the Fig. g situation. 

\Ve can now, using the phasor rea­
soning, continue the argument to show 
the viability of s.s.b. as an efficient 
means of communication. Fig. lO(a) 
shows the s.s.b. as an equivalent of the 
Fig. l(a) spectrum, taking the lower 
sideband. (Exactly the same argument 
would apply had we taken the upper 
sideband.) Fig. lO(b) shows the radiated 
sideband while Fig. lO(ci shows also the 
carrier fo (lMHz) as reinserted at the 
receiver. The resultant is again the 
amplitude modulated signal as shown in 
Fig. 10( d). Only half a cycle is shown, as 
by now the reader will be familiar with 
the process. The resultant shows a small 
(spurious) phase modulation (hence 
phase distortion at modulating 
frequency). This can be reduced to 
negligible proportions by increasing the 
amplitude of the reinserted carrier. Ih 
practice the local osciUator in the 
receiver is so much more powerful than 
the signal that the problem solves itself. 

As only one sideband is involved we 
can now see that the very stringent 
requirements for reinserting the d.s.b. 
carrier no longer apply. If the inserted 
carrier is, say, ±10Hz off the original f0 , 
the consequence is that the 1kHz audio 
tone is in error by the same amount. If 
the original modulation had been 

continued on page 60 
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Auditory cues in stereophony 
Importance of t ransients in nature and in stereophony 

by Philip Vanderlyn, Central Research Laboratories, EMI Limited 

Now that the spate ot" new multi-channel 
stereophonic reproducing systems has 
decreased to a trickle, it seems timely to 
look again at the physical and 
psychological bases that govern 
directional hearing to discover why 
nothing has so far emerged to displace 
the familiar two-channel arrangement 
hitherto widely accepted . 

Thisarticle emphasises the time 
difference cue to direction and the role of 
transients as "time tags" both in natural 
listening and in stereophony. Some 
experimental evidence is put forward in 
support of the conclusions which largely 
explains the failure of quadraphonic and 
other systems to make good their claims 
to "all-round" localization and total 
realism. 

OVER THE LAST TEN years or so mul­
tichannel stereophonic systems have 
proliferated. The proponents of most of 
these systems have so far largely failed 
to spell out the objectives that they are 
pursuing, still less the means by which 
they hope to succeed. Not all of the 
systems aim at increased naturalness of 
reproduction: the so-called "surround" 
category in particular were only de­
signed to produce a (hopefully) pleasing 
effect. Mostly, however, the implication 
is that they are trying to recreate the 
natural listening situation to a greater 
extent than is possible with the now 
conventional two-channel arrange­
ment. Efforts have met with varying 
degrees of success but none can claim to 
have said the last word on this compli­
cated subject. 

One cause of failure is surely the lack 
of awareness of the auditory cues that 
have to be provided if nature is to be 
effectively imitated. This article sum­
marizes the generally accepted facts 
concerning directional hearing of which 
architects of stereophonic systems must 
take note if they hope to achieve real­
ism. 

The Pioneers 
Tribute is due to the illustrious workers 
who have contributed so painstakingly 
and rigorously over a v~ry long period 
to piece together the now considerable 
body of knowledge that exists concer­
ning the ear and hearing. From the 

pinna which receives the pressure 
variations that constitute an acoustic 
stimulus, through the transducing 
members comprising the eardrum, 
stapes, cochlea, basilar membrane and 
hair cells, the action paten tials they 
generate, their coding and mode of 
transmission along the fibres of the 
eighth nerve and its pathways and in­
terconnections between the higher 
centres of the brain where the semantic 
and other significant information is 
extracted and utilized, would be long 
enough in itself to fill an article. A short 
list might include Helmholtz, Rayleigh, 
Stewart, Banister, Firestone, Stevens, 
Newman, von Bekesy, Fletcher, Snow, 
Wallach, Rosenzweig, de Boer, van Urk, 
Galambos, Davis, Jeffress, Wiener, 
Hirsch, Cherry, van Bergeij k and 
Deatherage, omitting many more, par­
ticularly of the most recent workers. 
Anyone who cares to follow the unfol­
ding story through the medium of their 
published papers will find it a fascin­
ating, if as yet incomplete one. 

Before examining hearing in detail it 
is interesting to compare the sense of 
hearing with that of sight. Hearing, like 
sight, must have evolved primarily as a 
survival mechanism; the reaction to a 
sudden stimulus automatically posing 
the questions: "What is it?" and "Where 
is it?" In daytime the eye has a great 
advantage in that the geometrical laws 
of optics do a great deal of the work of 
locating and recognizing remote 
objects, a process employing large 
numbers of parallel channels which 
respond relatively slowly (fortunately 
for the cinema and tv). In the dark the 
ears become the first line of defence and 
by contrast provide only two channels, 
albeit capable of much more rapid res­
ponse, and more processing is needed to 
extract meaningful information. From a 
complex sound stimulus the ears and 
brain together have to recognize which 
components cohere into groups identi­
fying specific sources (the "gestalten" 
of Cherry1), their pitch and timbre, in 
which directions these lie, a rough idea 
of their distance and perhaps, from their 
reflections, something of the· unseen 
environment. The process is essentially 
time-oriented, the response of the 
auditory complex being much more 
rapid than that of the visual. less than 
100 discrete samples per second give an 

impression of visual continuity; to do 
the same aurally requires upwards of 
20,000. At its most acute it can detect 
time differences of a few tehs of 
·microseconds. 

Physica l basis of localizat ion 
The simplest example of natural lis­
tening must be that of an observer 
exposed to sound from a single source a 
few metres distant, so that conditions in 
his vicinity approximate to plane wave 
propagation. If the direction of the 
source relative to the listener is arbi­
trary, i.e. it lies neither in the horizontal 
plane passing through his head nor in 
the median plane dividing his sphere of 
observation into left and right halves, 
the sounds reaching his eardrums will 
differ in time of arrival and will be 
modified spectrally by the effect of his 
own head as an obstacle in the sound 
field and by their passage through the-:f 
convolutions of his pinnae. The spectral · ... 
modifications depend on both .·. 
frequency and direction of arrival and-·_'-. 
become increasingly large and compli- .. _ 
cated at high frequencies. The time .. 
difference, however, is invariant with:· 
frequency and depends only ofl the , .. 
difference in length of the paths ' from ·. 
the source to the two ears. This lack of 
dependence on frequency gives the in- ·, 
teraural time difference an overriding ;r_i 
importance in sound localization. ~· ; 

If the sound source emits a pure: : 
constant-amplitude sine wave the time . 
difference manifests itself at low ·:: 
frequencies as a phase difference pro- ' " 
portional to frequency. As frequency _, 
increases the phase difference becomes .-: 
equal to 'IT radians at about 700Hz for ;~· 
maximally left or right sources, when :;, 
the path difference becomes half a :;, 
wavelength. Above this, the phase shift ~ :·; 
in excess of 'IT radians would lead to an :·§; 
ambiguous judgment were it not for the ~!~ . 
fact that at this frequency the head -,n 
begins to .be an obstacle in the sound ·:: 
field and introduces an amplitude dif- .; 
ference that allows the ambiguity to be <' 
resolved2 up to something like 1.2kHz.1:): 
Above this point the only meaningful 
cue resides in this amplitude difference, ·.:. 
which is by no means so precise an·:iJ 
indicator of direction as the time dif- ;!.:! 
ference, being subject to perturbations ::·l 
due to l?cal obstacles or wax in the ears 
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or, in closed spaces, reflections from the 
boundaries. It is considered to . be of 
secondary importance: the ear relies on 
it when it has to. 

When the sound is complex as, for 
example, in the case of human speech it 
will contain many transients, i.e. iden­
tifiable singularities in the waveform: 
these restore the possibility of using at 
high frequencies the time difference cue 
that already provides a firm indication 
at low frequencies~ Not only that, but 
the increased resolution possible at high 
frequencies permits increased accuracy 
of localization. Evidence from everyday 
life supports this argument: try, for 
example, to detect the position of a 
blackbird uttering its alarm call, con­
sistin~ of lorig pulses of . tone at about 
3kHz with long onset and decay times. 
The studied avoidance of sudden tran­
sients at the start and finish added to 
the choice of a frequency resulting in an 
ambiguous phase difference for large 
predators, leaves only the rather inac­
curate amplitude cue which is subject to 
the confusing effects of obstacles and 
reflections. By contrast, its territorial 
and other song is rich in transients and 
presents little difficulty in locating the 
source. 
It is difficult to overestimate the 

importance of transients in sound 
localization: a reliable mechanism 
clearly exists at low frequencies, but 
without transients it cannot be 
employed in that part of the frequency 
spectrum where the ear is at its most 
sensitive - from 1 to 6kHz. With their 
aid the interaural time difference, the 
rnost important single parameter in 
sound localization, can be evaluated . 
over the entire audible frequency range. 

The interaural time difference alone, 
however, will not determine direction: 
what it does is to define a surface on 
which the source must lie. This surface 
is, strictly, a hyperboloid of revolution 
about the axis through the listeners two 
ears, but negligible error results in 
practice from considering it as the 
asymptotic cone, and it is the apical 
angle of this cone that the time dif­
ference defines. 

At this stage what have so far been 
considered as secondary cues come into 
play. The amplitude difference 
reinforces the left/right impression 
given by the time difference, whilst at 
frequencies for which its dimensions 
constitute a half wavelength or more 
the characteristic shape of the pinna, 
with its narrow and highly individual 
polar characteristic introduces spectral 
changes that every proud owner of a 
pair of ears will have learnt sub­
consciously to interpret as an indication 
of direction of arrival. In this connec­
tion a recent paper by Butler and Be­
lenduik3 throws some light on the use of 
spectral variation for estimating eleva­
tion in the median plane. A characteris­
tic irregularity in the frequency res­
ponse around 6kHz is identified that 
varies systematically as the source 
elevation changes. 

These cues to localization are avail­
able to the observer without any 
conscious action on his part. If, additio­
nally, he is free to mo~e his head he can 
learn more about the position of the 
source. By observing the change in its 
apparent position as he turns his head 
from left to right he can immediately tell 
whether it is in front of or behind him. 
He can also use the first derivative -
the rate of change of interaural time 
difference as his head turns - to es­
timate its elevation (Wallach\ de Boer 
and van Urk5). 

By these means the listener has 
localized the source to a unique direc­
tion in space. It only remains to es-
timate its distance. · 

This parameter is the one that he has 
the least satisfactory means of deter­
mining. Loudness is a possible cue, but 
postulates prior knowledge of the 
strength of the source: in the case of 
something familiar like a human voice a 
rough guess at distance can result. It 
has been suggested that the particle 
velocity /pressure ratio that increases 
during the approach to a small source 
could be instrumental - the difficulty 
here is that the ear has no obvious 
means of perceiving velocity. It is true 
that it could be done by the two ears 
acting in concert sensing it as pressure 
gradient, but the means by which the 
gradient could be derived from the 
pressures at the ears has not been dis­
closed. Moreover the method would be 
insensitive, the rise in particle velocity 
amounting to only 3dB for an approach 
to within one radian of the source 
frequency. At 50Hz a radian corres­
ponds to about 1 metre, and at higher 
frequencies it is proportionately less. At 
one wavelength distant the rise is only 
0.1dB and quite undetectable. 

In a closed space such as a room, the 
ratio of direct to reverberant sound is a 
quantity that gives some idea of dis­
tance but it begs the question as to how 
the direct and reverberant components 
are differentiated. In view of the confu­
sion caused by refleCtions the initial 
judgment of direction must rely almost 
entirely on transients of medium and 
high frequency since these are the only 
cues available in advance of the reflec­
tions. Perhaps the relative magnitude of 
transients to the total sound gives some 
idea of distance. Certainly these con­
siderations give added emphasis to the 
importance of transients in localizing 
sound sources. 

Having pinpointed the position of the 
source using the means outlined, the 
natural reaction - no doubt a relic of 
the primitive survival situation - is for 
the listener to turn and face it. This 
immediately brings it into the region of 
greatest perceptual acuity; all the 
asymmetries disappear and the accu­
racy of location is determined by the 
limiting angular discrimination in 
azimuth. Numerous investigators had 
experimented LOn this topic: typical 
results are those of Moir and Leslie6 , 

who found that less than 2° was detect-
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able. This corresponds to an interaural 
time difference of a mere 22f1S or so. 

Psychophysiology of hearing 
Nature of the Transducer 

The foregoing describes the physical 
situation of a listener exposed to a 
sound source. If he is to be provided by 
artifical means with stimuli that affect 
him in the same way, it is necessary to 
discover something of the 
psychoacoustic processing that con­
stitutes his response, so that a realistic 
impression may be created. \Ve have to 
know what cues can be and must be . 
provided. 

It is not appropriate here to enter on a 
detailed discussion of the car complex: · 

. there is a very extensive literature on 
the subject should any reader wish to 
search more deeply than the present 
article allows. A good starting point is 
Fletcher7• 

In summary: the visible portion of the 
auditory mechanism, the pinna, plays a 
not very significant role in hearing. It 
probably performs an energy collecting 
function and from its convoluted shape 
introduces characteristic colorations 
that its owner has learned to interpret 
as front/back and/or up/down infor­
mation. Its small size restricts these 
functions to high frequencies, say 4kHz 
and above. 

\Vithin the ear the sound impinges on 
a membrane - the eardrum - whose 
motion is transmitted by way of a 
linkage of small bones to a further 
membrane - the oval window - that in 
tum transmits the sound energy to a 
liquid-filled tapered canal known as the 
cochlea from . its coiled configuration, 
similar to a snail shell. The small bones 
that form the linkage are so propor­
tioned that they provide an impedance 
match between the eardrum and the 
cochlea. 

Running centrally down the cochlea 
and dividing it into two parts lies the 
basilar membrane, narrow regions of 
which resonate in response to the dif~. 
ferent frequency components of the 
energy reaching the oval window, in a 
crude Fourier analysis. High frequency 
components cause resonance near the 
oval window at the basal end of the 
basilar membrane whilst progressively 
lower frequencies shift the activity 
down toward the apical end. There is 
thus a ready-made "place" mechanism 
of frequency discrimination, though the 
mechanical constants of the system are 
not in accord with the known dis­
criminatory capability of a listener. If 
place alone were involved a "Q" of 
several hundred would be necessary 
instead of the value that actually 
obtains - about three. This low value is 
necessary to ensure a rapid response. 
One must therefore assume that critical 
frequency resolution results from neu­
ral processing higher in the chain. 

Along the length of the basilar mem-
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brane and cooperating with it to pro­
duce the initial response to a sound 
stimulus is the organ of Corti, com­
prising the hair cells that are thought to 
play an important part in originating 
this response. 

Neural response 
The processing that takes place in the 

brain is electrochemical in nature and is 
thus not suitable to operate on an elec­
trical signal corresponding to the sound 
pressure waveform. That being so, there 
is no reason why an electrical analogue 
of the waveform should appear during 
stimulation. Such an analogue, how­
ever, can be detected by electrodes 
suitably placed on the head and neck. 
This response is called the "cochlear 

1 microphonic", but it is not believed to 
play any part in subsequent processing. 
Possibly it is instrumental in initiating 
those neural signals that the brain does 
process, and which carry in coded form 
all the information subsequently ex­
tracted and recognized. 

The eighth nerve, concerned with the 
sense of hearing, comprises at the 
peripheral (cochlear) level, a bundle of 
between 20,000 and 30,000 fibres, evenly 
distributed along the length of the basi­
lar membrane, where they originate in 
the region of the hair cells. When the 
excitation of the basilar membrane ad­
jacent to a nerve fibre ending reaches a 
certain threshold an "action potential" 
is generated, supposedly through the 
intermediary of the hair cells. This ac­
tion potential, which propagates elec­
trochemically along the fibre, bears 
little relationship to the stimulus 
waveform, consisting of a short pulse of 
the order of 1ms long, of standardized 
amplitude, repeated at intervals if the 
stimulus is maintained, at a rate depen­
ding on the stimulus intensity, but not 
exceeding 300 to 400 pulses per second 
in any single fibre. As the stimulus 
intensity is raised beyond the threshold, 
the fibre responds to an increasingly 
wide range of frequency, so that further 
processing must take place if the known 
fine limits of pitch perception are to be 
achieved. The behaviour of neural fibres 
was studied, notably by Galambos and 
Davis8, who worked with cats: their 
results are therefore conditioned by the 
differences between cat and human 
physiology. The neural mecharrtsms, 
however, operate on the same prin­
ciples. 

The question inevitably poses itself -
how can the brain, however cunningly 
organized, extract the detailed infor­
mation that it does from signals that 
apparently bear so little relation to the 
incoming stimulus? \Ve are here con­
cerned mainly with the localization 
problem, so that it is proposed to discuss 
only those cues relevant to that pur­
pose. For more general reading, an ex­
cellent review was written by \Vhitfield9 

in 1957, most of which appears still valid 
today. 

To return to the action potential; let 

us examine some of its known charac­
teristics in the light of the localization 
problem. It seems that although the rate 
of firing depends on stimulus intensity, 
successive firings of the same fibre are 
always separated by an integral mul­
tiple of the stimulus period. This 
strongly suggests synchronism, and in 
fact the firings relate to the zero­
crossing times of the stimulus (in one 
direction only). As is usual in nature, 
things are not perfectly tidy, and there 
is a delay, known as "latency" between 
the onset of a stimulus and the genera­
tion of a spike action potential. The 
latency is least for strong stimuli and for 
high rates of zero-crossing, which 
suggests that a threshold has to be 
overcome - however the disturbance 
to synchronism is not great. 
. Additionally, it has been remarked 

already that transmission of the action 
potential impulses along the ne,rve 
fibres is not purely electrical, conse­
quently we are not considering veloc­
ities of the same order as that of light. 
The process is more complex, involving 
ion exchange between the inside and 
outside of the fibre, and tJ:le speed is 
dependent on a number of factors, in­
cluding the fibre diameter and the in­
tensity of the original stimulus. It 
ranges from several hundred down to 
one or two metres per second in the fine 
fibres of the auditory cortex. This slow 
propagation is significant since it makes 
available the time delay parameter as 
one of the processing tools with which 
the brain can operate on the neural 
signalsfrom the two ears. Significantly, 
innervation from both ears takes place 
quite early in the neural pathways, at 
the superior olivary complex. It is diffi­
cult to imagine any other purpose of 
such an arrangement than a close com­
parison of the two sets of neural signals. 

Regrettably, at this point the trail 
peters out for the moment, and the 
processing that eventually results in 
localization itself is still a matter of 
conjecture. Models have been proposed 
by several workers, notably Jeffress10 

and van Bergeijk11 and although these 
are interesting as far as they go, they are 
incomplete. They do, however, rely on 
the interaural time difference cue which 
is coded into the total' neural response 
by the near synchronism of the spikes of 
action potential, with the vibrations of 
the sound stimulus as they appear at the 
basilar membrane. It seems that for all 
intensity levels well above threshold 
there will be at least one action poten­
tial pulse generated for every individual 
cycle of the incoming waveform by 
virtue of the large number of fibres 
involved. This holds good up to the 
limiting frequency at which one period 
of the stimulus is comparable with the 
duration of the spike: say 1kHz or so. 

Nature has taken too much care over 
the preservation of the interaural time 
difference in the transcoding of t~e 
linear input signal into the non-linear 
neural response for this to be the result 
of a happy accident. It must surely 
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indicate the importance of such a cue in 
the task of localization. 

The stereophonic image 
In the present context stereophony 

excludes systems that merely set out to 
make a pleasing effect, such as the 
quadraphonic class - some spatial cor­
respondence between the sound sources 
in the recording studio and the images 
created in the reproducing room is 
implied. We have to consider how, and 
to what extent, the natural cues in 
directional listening can be provided 
artificially by stereophonic reproducing 
systems. 

"Discrete" stereophony 
As is well known, a minimum of two . 

channels is needed to form any sort of 
sound image. The simplest arrangement 
envisages a pair of earphones driven 
through identical transmission chan­
nels from a pair of microphones 
mounted to simulate the ears on a 
dummy head. In this case the listener 
can be presented directly with the in­
teraural time difference cues appro­
priate to the positions of the various 
sound sources around the dummy head. 
The arrangement does provide a good 
spatial impression, to which there are 
two main drawbacks. 

First, because the headphones move 
with the head, those cues associated 
with head movement in a free field are 
absent, and although the time dif­
ference cue gives good directional in­
formation, listeners usually describe 
the sources as being "in the head" -
which is, to say the least, unnatural. 
Second, the wearing of headphones is in 
itself unaesthetic: it is far preferable to 
receive the sounds through one's own 
two ears from freely propagating 
acoustic waves. 

Free-field stereophony 
\Vh.en we consider reproduction from 

a pair. of symmetrically spaced loud­
_speakers we have to take account of the 
fact that each loudspeaker com­
municates with both of a listener's ears. 

-Thus, to produce an interaural phase 
difference it is not appropriate to drive 
the loudspeakers with signals differing 
in phase, as in the case of headphones. 
As Blumlein propounded in 1931 12 , to 
produce phase differences at the ears, 
the loudspeakers must be driven by 
signals in-phase but of different mag­
nitude. A recapitulation of his analysis 
can be found in a paper by Clark, Dut­
ton and Vanderlyn13 of 1957. 

As a phase difference proportional to 
frequency is equivalent to a constant 
delay, a realistic interaural time dif­
ference cue can be simulated. The ana­
lysis postulates that the wavelength is 
long compared with the ear spacing and 
thus that the attenuation at the further 
ear due to the shadowing effect of the 
head itself is negligible. This condition is 
met at low frequencies but starts to 
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·break down at about 700 Hz, when the 
interaural path becomes half a 
wavelength: above this frequency it is 
necessary to seek some other mechan­
ism of localization. 

High frequency cues 
Many workers in the field have, from 

the earliest days, looked to the interau­
ral amplitude difference, which is most 
pronounced at high frequencies, to 
explain the undoubted directional 
capability of the ear in this region. 
Whilst a good impression of leftness or 
rightness in the horizontal plane can be 
produced by a simple amplitude dif­
ference there are two main difficulties 
in ascribing to it the entire mechanism 
of high frequency localization. First, 
stereo reproducing systems work much 
too well in the presence of room reflec­
tions and additionally they are much 
too sensitive to small displacements of 
the liptener from the central position 
between the two loudspeakers. These 
considerations strongly suggest that 
transients play as important a role in 
stereo reproduction as they do in natu­
ral listening. Experiments carried out by 
PercivaF4 in 1957 confirm this, and 
suggest the following hypothesis. 

Localization using transients depends 
on the integrating capability of the ear. 
The situation is illustrated in Fig. 1(a). 
The left and right ear responses are 
juxtaposed to show the relative timings. 
At an arbitrary time the left ear, for 
example, receives an impulsive signal L1 

from the left loudspeaker and simult­
aneously the right ear receives a signal 
Rr from the right loudspeaker. This 
follows from the symmetry of the lis­
tening geometry. An image to the left of 
the sound stage is assumed; hence L1 is 
shown greater than Rr. After an interval 
equal to the extra time taken by these 
sounds to travel to the contralateral 
ears, which, for a ± 30 o loudspeaker 
spacing will be approximately 0.3ms, 
the left ear will receive R1 and the right 
ear Lr. This later pair of signals will be 
reduced in amplitude as a result of their 
diffraction round the head. It is now 
suggested that the integrating 
capability of the ear - that is, its failure 
to resolve two impulses monotonically · 
presented at an interval of less than 2 to 
3ms - will cause each ear to hear a 
single signal at a virtual time dependent 
on its component parts. The resultant 
summed signals S1 and Sr> shown in 
broken line in the diagram, will have 
virtual timings biased toward their 
larger components. The significant 
parameter is the equivalent interaural 
time difference M between S 1 and s 
which will determine the apparenrt 
direction when the ear-brain complex 
fuses them into a single stereophonic 
image at a direction determined by the 
loudspeaker amplitudes L and R. · · 

The theory clearly holds for the cen­
tral case when all is symmetrical, and 
for the limiting cases when one loud­
speaker is silent and the delay' corres-

ponds to the direction of the energized 
one. However, the signals shown in the 
diagram are over-simplistic, since they 
represent impossibly short impulses ' 
that would be severely mutilated in 
passing through filters and transducers, 
not to mention the peripheral mechan­
isms of the ear itself. The figure is really 
no more than a timing diagram, 
showing the fixed time relationship 
between the variable amplitude com­
ponent sounds at the two ears. \Vhat it 
implies is that at some time after the 
onset of the partial stimuli indicated by 
the thick arrows of Fig. 1, the integral of 
the energy received by one ear will 
reach a threshold value before the 
other, depending on the relative 
amplitudes of these partial stimuli, and 
an action potential will be generated at 
that ear earlier than at the other, as 
though it had resulted from a single 
virtual stimulus with a timing ind~cated 
by the thick broken arrow. 

In Fig. 1(c) the position of the virtual 
stimulus may seem strange, but 
remember. that if the second pair of 
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Fig. I. Timing diagram, shows 
generation of a virtual time difference 
M from components fixed in time but 
of variable relative amplitude. 
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partial stimuli are significantly delayed, 
the response tends to separate into two 
parts associated with the two com­
ponents; and the second partial 
stimulus . will have little effect on the 
first. This could indicate a time­
weighting in the integration, the run­
ning integral having an effective decay 
time of a few milliseconds: clearly the 
integral cannot be allowed to build up 
indefinitely. 

Experimental evidence 
Some light is thrown on this theory 

by an experiment in which an attempt is 
made to recentralize the perceived 
image by delaying the signals to one or 
the other ear. Two symmetrically 
placed loudspeakers, driven in-phase at 
different amplitudes, produce signals at 
a pair of non-directional pressure 
microphones spaced 20cm apart, 
representing the relative ear positions 
of a hypothetical listener. To eliminate 
any,effects due to head shadowing, no 
dummy head is used: the only variable is 
the relative amplitude of the fixed time 
components of Fig. 1(b) as determined 
by the loudspeaker signals. The 
amplified microphone outputs are fed to 
delay networks arranged to produce a 
differential delay in either sense up_ to a 
maximum of 0.35ms, and thence to the 
left and right receivers of a pair of stereo · 
headphones. Assuming that integration 
takes place independently in each ear it 
should be unaffected by the interposi­
tion of the delays in the microphone 
channels, and it should be possible to 
shift the signals of Fig. 1(b) relative to 
each other by an amount ·-At until the 
summed signals S1 and Sr synchronize 
to produce a central image. 

Denote (L-R)/(L + R) by x, and call 
this normalized amplitude difference 
the calculated position of the source. 
Against this is plotted the normalized 
angle of incidence of a sound wave at 
the microphone position which would 
give rise to the interaural time dif­
ference b.t determined experimentally.· 
The full-line curve of Fig. 2 shows there 
is good correspondence between the 
theoretical and experimental values, 
which represent the average of six 
observers' results. 

These results were not obtained 
without difficulty. It was pointed out 
previously that the signals of Fig. 1 are 
fictitious, and it was proposed initially 
to ensure that vestigial low frequency 
cues were absent by using a high 
frequency tone pulse with rapid onset 
and slower decay time. Difficulties were 
encountered with interference fringes 
due to the tone which, with the una­
voidable small asymmetries of the ex­
perimental set-up, produced spurious 
amplitude differences at the 
microphones. To overcome this, ran­
dom noise, band-limited by a 2kBz 
high-pass filter was substituted for the 
tone and modulated with the same pulse 
waveform. This improved matters con­
siderably but the final image produced 
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from equal increments of x, require equal increments of M to restore 

centrality. Assymetric listening (broken curve) results in stage geometry 

distorted as the same virtual images are drawn towards the nearer 
loudspeaker. Dummy head (dot-dash curve) enhances the cue without 

affecting linearity. 

in the headphones was still not so well 
defined as the actual image at the 
microphone position in the anechoic 
room. The results, nevertheless, are 
sufficiently clear• cut to show that an 
effective interaural time difference cue '· 
is produced when the, loudspeakers are 
driven with high frequency transient 
signals, in-phase but of different 
amplitude, without benefit of any head 
shadowing effects. 

The effect of the head 
Because diffraction round the head 

undoubtedly plays a significant part in 
live listening the experiment was made 
more realistic by introducing a dummy 
head between the microphones. This 
was made of plaster, but wrapped in 
polyurethane foam so as to simulate 
human flesh a little more closely. The 
result of this was to enhance the angu­
lar sensitivity of the arrangement, 
requiring more compensating delay for 
a given amplitude difference at the 
loudspeakers, as shown by the dot­
dash curve of Fig. 2. This additional 
delay must represent a trade-off of time 
differences against the intensity dif­
ferences introduced by head sha­
dowing. 

The enhanced angular sensitivity of 
the stereo listening arrangement at high 
frequencies was noted in ref. 13 as an 
empirical finding. In those early experi­
ments the angular displacement of the 
image at low frequencies as the speaker 
amplitudes were varied agreed closely 
with that found in the present case in 
the absence of the dummy head, 
although two quite different mechan­
isms are involved. At high frequencies 
the excess sensitivity is now shown to 
be due to the presence of the head with 
its attendant diffraction pattern. The 

magnitude of the increase is of the right 
order to account for the difference. 

Before concluding the tests one 
further experiment of significance was 
performed to demonstrate the effect of 
asymmetrical listening. Reverting to 
the set-up without the dummy head, the 
right loudspeaker only was brought one 
foot nearer the microphones and the 
first experiment repeated. This is 
approximately the same as displacing 
the listener the same amount to the 
right of ceptre, but more convenient 
experimentally. 

Fig. 1(c) shows how the timings are 
affected. The sound from the right 
loudspeaker clears both ears before that 
from the left reaches either, about 1ms 
later. By this time a fully right-handed 
cue is in course of establishment which 
the later sound from the left loud­
speaker has difficulty in modifying. One 
can thus expect a strong bias to the 
right and this is indeed what happens, as 
is evident from Fig. 2. The broken curve 
shows that values of x corresponding to 
apparent sources S 1 and S11 for the 
central listening position, five to the left 
and five to the .right of stage centre, now 
yield a distorted image with only two 
(Sl, S2_) to the left and eight (S4 to Su) on 
the nght, crowding up toward the 
loudspeaker position. 

Moreover, this effect is not one which 
scales up or down with the size of the 
reproducing set-up. The result of a foot 
of misalignment is the same whether we 
are operating in a domestic living room 
or the Albert Hall. It is one of the prin­
cipal hazards in the way of mounting a 
large scale demonstration of st'=reo­
phony, as anyone who has made the 
attempt will be only too aware. 

The implications for quadraphonic 
systems are obvious, but their pro-
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Philip Vanderlyn joined EMI in 1935, 
working under A. D. Blumlein and H. A. 

M. Clark from where he learned the facts 
of stereophonic life. Experience at EMI up 

to retirement in 1 9 7 9 included work on 
stereophony, sound loc~tors, radar, data 
transmission and the application of digital 

techniques to sound recording. Born in 
London in 1 91 3. he · was educated at 
Christ's Hospital and Northampton Poly­

technic. 

ponents seem never to have faced up to 
them. All two-channel systems have a 
locus on which it is possible for a lis­
tener to position himself equidistant 
from the loudspeakers. For three chan­
nels there will always be one point that 
meets this criterion, but four channels 

· do not provide even this vestigial 
possibility unless great care is taken in 
siting the loudspeakers - errors must be 
small compared with a foot. N everthe­
less this factor seems to be universally 
ignored: much effort is expended on 
analysing the energy distribution 
around a point-sized listener, tacitly 
assumed to be exactly equidistant from 
every reproducer. Yet a little matter of a 
foot of error in the placing of one of 
them can distort the image geometry 
out of all recognition. Consideration of 
the directional distribution of energy 
may perhaps be appropriate under 
steady-state conditions. Speech and 
music, however, together with most 
other everyday sounds conveying 
useful information to a listener do not 
fall in this category. In contrast they 
may be more realistically considered as 
a stream of connected transients. 

It is more than probable that, given 
additional channels, better stereophony 
can be achieved than with the basic two 
which economic stringency has 
hitherto allowed us. However, before 
we adopt any alternative multichannel 
system as an industry standard we 
ought to be clearer than we are now 
about its psychoacoustic basis, its aims 
arid objects and the means by which 
these are to be put into effect. 

Conclusion 
The practice of stereophony com­

prise;; two facets: the understanding of 
how a listener uses his ear/brain com­
plex to locate the sources of sounds 
under natural conditions, and the en­
gineering of means to reproduce en-
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ough spatial cues from a multiplicity of 
loudspeakers to recreate an effective 
image at another place or time. 

\Ve are still a long way from writing a 
full description of the total mechanism 
of localization. \Vhat is clear is that 
nature employs all the auditory clues 
available at all times, but they vary in 
effectiveness according to circum­
stances. The present article is intended 
to highlight the important role played 
by transients in nature and in 
stereophony - in the last instance it 
might well form an addendum to 
reference 13. · 

The experiments described are not 
proof that an actual interaural time 
difference is generated by the method 
described. Because the cue derived in 
Fig. 1(b) can be compensated by the 
introduction of a contrary time dif­
ferential it is not rigorous to assume it 
consisted of a time difference in the first 
place: many workers (e.g. ref. 15) have 
shown that time differences can be 
traded directly with, for example, in­
tensity differences. But the fact that the 
compensating delay in the experiment 
trades off linearly against the differen­
tial cue provided, arriving at the precise 
value of intermicrophone delay in the 
fully left or right condition when only 
one loudspeaker is operating, suggests 
s~rongly that an effective interaural 
time difference is indeed created. 

Obviously, the additional intensity 
difference cue resulting from the inser­
tion of the dummy head has to be traded 
off against an additional time delay (see 
the_dot-dash curve of Fig. 2). 

The experiment on asymmetric lis­
tening underlines an everyday ex­
perience in stereophonic listening. In 
this case it should be noted that only 
transients are involved; the low 
frequency cues to direction are not so 
fragile in the presence of small dis­
placements. This very fragility, how­
ever, ·merely serves to ·underline the 
powerful influence exerted by tran­
sients, particularly in the reflective sur­
roundings in which most stereophonic 
reproduction takes place. 

The experiments are neither exhaus­
tive nor conclusive and could probably 
be extended and elaborated, but I feel 
they go some way toward establishing 
the prime role of the interaural time 
difference cue in stereophonic listening 
and unravelling some of the mechan­
isms through which it works. Any 
stereophonic system designed to 
operate without regard to this cue does 
so at its peril. 
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speech or music, with a corresponding 
sideband structure as exemplified by 
the left-hand side of Fig. 2(a) the audio 
outp)lt from the receiver would be bod­
ily shifted ± 1OHz from the original. 
This would still give good "com­
munication" quality speech. \Vhen, in a 
live news broadcast, a reporter from 
some remote part of the world sounds a 
little "rough" or "artificial" the expla­
nation is probably due to a difference in 
frequency between the original and 
reinserted carriers, over an s.s.b. link. 

It is worth noting that in suppressing 
the carrier in transmission, a source of 
interference, heterodyning, by adjacent 
carriers, disappears. Further, in the case 
of s.s.b., only half the bandwidth is used, 
enabling greater receiver selectivity to 
be employed. The absence of hetero­
dyne interference from adjacent sta­
tions, twice the number of stations in 
the band, 100% efficiency in terms of the 
information content of the radiated 
energy, has made s.s.b. very popular for 
commercial and amateur usage. · 

Amplitude modulation is still the only 
system for broadcasting between 

I 
200kHz and 20MHz. The broadcasting 
of the very wasteful reference signal is 
necessary to enable the listener to use 
an elementary receiver requiring no 
sophisticated local oscillator and no 
skilled operating in the adjustment of a 
local oscillator. The increasing prob­
lems of heterodyne interference would 
be reduced if broadcast stations could 
use reduced (pilot) carrier working. The 
cost of the receiver and its operation 
will no longer be a factor with the 
potential use of specially designed inte­
grated circuits in the future. 
(To be continued) 
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a(l + sinwt)sinQ0t 
or in terms of frequency 

a(1 + sin2'TT{t)sin2'TT{0t 
Thi shows that the amplitude of the a sin 

2'ITf0t (carrier) term is rising and falling 
between 2a and zero at the modulating 
frequency f Rewriting, we have a sin Qt +a 
sin wtsin Qt. Expanding the left-hand term 
(using the trig relation sin x sin y = lfz cos 
(x-y)-lfz cos (x + y)), this becomes · 
a sin ~lot +a/2 cos (Q0-w)t-a/2 cos (Q0 +w)t 

We are left with the unmodulated carrier 
(sine) and two cos terms of frequencies f 
below and above the carrier frequency - the 
lower and upper sidebands. There is of course 
no difference (except phase) between cos and 
sine. Hence we have three sinusoidals- the 
carrier, amplitude a, and the lower and upper 
sidebands, amplitude Y2a- as depicted in Fig. 
l(a). 

We should still arrive at Fig. l(a) had we 
started with any other appropriate expres­
sion, e.g. a sin wt cos Q0t and the correspon­
ding trig formula for the expansion. It all 
depends on the time we start (i.e. when t = 0) 
and the relative phases of the sidebands with 
respect to the carrier at any instant. The 
phasor diagrams in the main text explain 
clearly the significance of the sideband phase 
as related to the carrier. D 
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A SCientific Computer - 6 
' ., ~·· . ' ' 

Final program examples, tv interface and radio teleprinter interface 

THE FINAL TWQ programs in Table 18 
were used to ease the design of active 
filters for the teleprinter interface. The 
filters are based around the LM3900 
quad Norton amplifier i.e. and a low­
pass version is shown in Fig. 24. The 
display in Fig. 25 shows a run of the first 
program which computes the resistor 
values required for a given gain, Q and 
fixed capacitor values. The program will 
intervene if the ratio of the capacitors is 
too low for correct operation, and when 
presenting the results · it uses two 
graphic characters to enhance the 
appearance. New values for C

1 
and C2 

may be entered repeatedly until the 
resistors are near enough to preferred 
values for the accuracy required . 

By J. H. Adams, M.Sc. 

c.0 2 PH I hT • LOW PASS 1\HAL YS IS" 
C!OJ PrWlT • II' PUT R1, 1<2, C1; C2 i•iOOJ 
-.:05 ltd"LiT · H ~ C D 
00(, AXIS 125 8 
Ulic LET F•1 
011 (iCSLJD 2J2 
u14 LET E=GO C, -
017 (iOSUI:l 232 -
020 LET lj=t.; E + 
023 IF C,(O THE/\ J2 
024 l:.ET z=F LOt:; 
026 PRilxT "F ="F 1, 0 HZ u 
027 c;RAPH (; Z 
028 LET F=F 10 RT • 
Ci)O c;c 17 
OJ2 HALT 
0)4 ERASE 
036 c;o 1 • 
232 LET x=1E12 2 I PI I F I c I 
235 LET y=1E 12 2 I pI I F I D I 
23 5 L ET A=X Y / R S • X I Y I - 1 - Sf,! 
2,;1 L ET B=X R S + - Y I SQ 
244 LET ~-A B + ROOT REC LO<,l 20 • 
24 7 RETLiFli' 

0000 

OO<i Pfl i i·;T • L CW PASS F I L TEH Pr<O"Rf;i·;" 
OCJ5 PRINT" INPUT (; AI J, + Q REUJJI\EC , COfd~a, Fi:E:;UEJ.1C Y, C1 + C2" 
020 LET waz Pl. · • f • 
02) LET cac 1E12 I 
02& LET D=D .1E12 I 
029 LET s•1 K ~ I - ROOT 1 + 2 I Q I K I W I C I 1UOO I 

. , 
·•. 

~J~ LE T H•S A I · 
0)5 LET T=W C • SO S • .1\ • HEC 1Eut> I .. . ·:r · 

Fig. 24. Low pass filter used for the 
teleprinter interface. 

O)t; PC<Ii",T "F<1 ="RZ, 'k4, R~ •''S, "k.n, 1\J ="T, "k.n." 
O):J I I.PUT C C 
040 G,O 11 • 
0~1 Ei·tD 
050 PRii,T ''REDUCE THia RATI\J JF C2 TO C1. li"·PUT J·;n: VAL UES ~:u,; 
05 1 c;o· J s · 
05) I NPU T 0 
056 l:.E T o=o 1E12 I 
059 c;o 29 

OucB 

. Table 18. Two programs for designing active filters based on the LM3900. 

Fig. 25. V.d.u. showing a computer run 
for the circuit in Fig. 24~ 

The second program can then be used 
to give a gain versus frequency plot of 
the filter's characteristics. In Fig. 24, R3 
is assumed to be equal to R1• The pro­
gram terminates when the gain falls 
below unity, but it may be re-run by 
pressing the space bar as described in 
part 4. 

A specific tv interface 
lt was mentioned in part 2 that if a live 
tv chassis is used for the v.d.u., a mains 
isolation transformer is necessary. This 
expense can be avoided by using a 
television set such as the Ferguson or 
Ultra model 3845 which has a fully 
isolated power supply. A simple inter­
face for this set is shown in Fig. 26. All of 
the connections are made to the tube 
base except for the sync. input. Resistor 
R72 on the tv's p.c.b. is lifted at the end 
nearest to the back of the set, and a wire 
from the empty pad is taken to a 
changeover switch which connects the 
original sync, or that from the computer 
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4~------------------------------------------------------------~~-------------------------

Video 
from __ ....,_.....,_'V\1\r--tt----t-t 
computer 

3~------------------------------------------------------------~~-----~---------------------.------
- Vesync YOU 
from--....,---------o.-._ 
computer ~o------•~To R72in TV 

From R72 pod ~v 

on TV PCB 

Fig. 26. Tv interface for the Ultra model 3845. The numbers in circles eire 
pin connections on the c. r. t. base. 

to the p.c.b. With negative g<:>ing ·sync. 
supplied from the computer, a display 
should be obtained which, with the 
switch in the v.d.u. position, syn­
cronises without any adjustment to 
either the horizontal or vertical holds. It 
is possible that the display will not · 
completely fit onto the screen, but this 
can be rectified by the following altera­
tions. 

Loosen the polythene clamp which 
holds the scanning coils onto the neck 
of the tube and slide the plastic end of 
the width adjusting collar (this fits 
between the coils and the tube neck) 
to reduce the width of the picture. If the 
display is still too wide, connect a volt­
meter between pins 3 and 4 on the tube 
base and adjust the preset resistor Rs9 
which is just in front of the line time- · 
base compartment. This sets the h.t., 

nornially 11.3V, and should produce the 
required change with ·less than a one 
volt alteration. If the display is not 
horizontally centred, adjust the position 
of the core in the line oscillator coil (this 
can be found behind the line compart­
ment nearer to the centre of the set than 
the "set h.t." preset). This must be done 
with a non-metallic tool. 

If the television is tuned to a station 
whilst in use as a v.d.u., the tv picture 
may faintly modulate the display. This 
can be avoided by tuning off the station, 
unplugging the aerial or turning down 
the contrast control. If a brighter dis­
play is required, a higher supply voltage. 
to the 2N2369A will be necessary. This· 
can be supplied by the computer or from 
the 90V supply on pin 6 of the c.r.t. base. 
If the 90V is used, a potential divider 
must be connected because the maxi-

WIRELESS WORLD. SEPTEMBER 1979 

mum collector voltage of a 2N2369A is 
well below 90V. Whichever supply is 
chosen, the collector load should be 
increased proportionately from the 
560Q shown in this design. 

Radio-teleprinter interface 
One task for which this computer is well. 
suited is the reception and transmission 
of radio teleprinter signals - RTTY. 
The system described here consists of 
hardware which converts f.s.k. 
(frequency shift keying) signals into 
digital levels, and software which is 
used to receive the serial stream of data, 
recognise the start of bytes and then 
frame, translate and display them. This 
software allows the Baud rate, the style 
of encoding and the code used to be 
controlled by the programmer. 

The receiver should use a product 
detector or a b.f.o. so that the f.s.k. 
signals are available as two audio tones. 
The difference in frequency between 
the tones will depend upon the shift 
being used by the sender of the RTTY, 
but will usually range from 170 to 850 
Hz. If the receiver's bandwidth can be 
reduced to this extent, the wanted/ 
unwanted signal ratio will be improved 
and this will produce more reliable. 
decoding. However, even with conven­
tional bandwidths, the first two 
amplifiers in Fig. 27., which are con­
nected as high and low-pass active 
filters with gains and Qs of one and a 
bandpass of approximately 1200 to 
2100 Hz, will filter out the required 
tones to some extent. The filtered signal 
is then fed into a 565 phase locked loop. 
This i.e. compares the input signal with 

-~-.--.--.---~vv---.--~----.---+12V _ 

Input 

o--f 

4701< 

+12V +12V 
) 

IC = LM3900 

Fig. 27. Radio-teleprinter interface. All 
capacitors below lOn are polystyrene 
and capacitors above lOn are polyester 
or electrolytic. 

15k 

82p 

50)J 

10)J 

150n 

------~--------------------~-----.~~----0¥ 

To 
computer 
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1C00 11 .4 !. ;.::; 21 
1r: l ;; r. :.: 0(; ES 0 4 
IC £: :· ~-j:. L~ : . J ~: :.::. .. ~ 
1c): . 1:. C:i 7 .· OF 
1ct:c cs F:·: c2 2u 
1C5 c~ 2 ." 84 F E: FF 
1cGo AS 7D E6 JF 
1C70 OJ 1f. 80 FF 
1ctJG E:: oa 11 15 
1C90 1ii GJ 10 09 
1CA0 EE: 2[ )1 J7 
1CoG )D )A JO JB 
% 

8 G 1C DB OG 
~C F C 0C ~ 3 
~L. ' ~ •. / ~i· 
OF OF 2F :: :~ 
C;t; . 2E ;,0 L . 
2C G5 Cc. C4 
FE J7 04 C4 
FF FF FF Ff 
EE: OA 17 01 
07 12 "Oc EE 
EE EE )2 20 
OG )4 29 EE 

E6 04 2C FA 
~~: ~\.; ~~ s-;~ 

1F F~ G::; 2 ~:. 

g~ ;~ ;~ ~~ 
OJ 7 A Fe~ 0o.: 
FF FF FF FF 
15 Ob 1::;· 1J 
uo OE 0<:: 2 0 
2F 25 ) t. 27 
2E 2C 6 L. 20 

that of a v.c.o. which has been set at a 
frequency between the two tones. The 
result of this comparison will contain a 
low frequency component which after 
filtering is used to pull the oscillator to 
the frequency of the incoming tone. 
This voltage therefore switches in sym­
pathy with the tones and is fed to a 
comparator which produces the digital 
output. 

If reception only of RTTY is required, 
the oscillator's free-running . freguency 
should be set at the midpoint of the 
active-filters pass band. Alternatively, 
when a complete terminal is used and 
standard frequencies are required, e.g. 
1275 and 1445 Hz for a narrow shift, the 
oscillator is set to the midpoint of these 
frequencies. Before this adjustment is 
made, R2 should be set so that with no 
input to the unit the output is on the 
point of changing state. With an input 
of 10mV at the required change-over 
frequency, R1 should be set in the same 
way. 

A 12V supply is available from the 
computer and the output of the unit 
should be fed, via the serial input buffer 
IC53, to the line which feeds data bus 
line D2• 

A RTTY byte consists of a start bit, 5 
data bits and 11h stop bits. The software 
makes two checks 1ms apart for a start 
bit, to improve the noise immunity, and 
when it is successful in finding a start 
bit the data byte is read in, translated 
into ASCII and displayed. As there are 
two sets of characters in the RTTY, 
Murray code numbers and letters, the 
computer is set initially ·to letters and 
section 1C39 to 1C48 of the program, 
see Table 19, recognises and acts upon 
the Murray bytes to draw the correct 
ASCII byte for display. Because most 
teleprinters have more than the v.d.u's 
64 characters per row, the section 1C5D 
to 1C72 ignores conventional carriage 
return and line feed bytes, but looks for 
spaces in the last eight character posi­
tions on a row. When one is found a new 
line is called which _ avoids the split 
words and short lines that occur with 
most v.d.u. systems. If this facility is not 

CD ) G ~) 10 
1 '~ F . . L·; '-' ·· 

C .. J~ L) . ,G 

i~ ~~ #~ ~~ 
1) FO: 20 2(, 
20 9c cu s;:; 
FF FF FF FF 
02 04 1.\ 05 
OF EE 1<: Ei:: 
)F EE 28 3J 
) ::,; EC: )) EE 

Table 19. RTTY software 
to be run at ICOO. 

tuning for the cleanest display, 
although after some practice the ear is 
quite adept at picking out the correct 
point. If after correct tuning the display 
is random, this may be due to the 
transmission rate being other than 50 or 
45.5 Baud. In this case the byte XX fol­
lowing the calling of the software time 
delay (CD 36 03 XX) must be altered to 
change the delay length, see part 4 for 
details of the sub-routine.· The time de­
lay has been set ai 2lms as a compro­
mise between 45.5 and 50 Baud by cal-

. ling two delays with an XX of AO be­
tween data bits, and three delays of 9B 
at the beginning to clear the start bit 
when recognised, and to return half way 
into the first data bit. Three times 9B 
plus the 10 time delay called between 
the two start bit checks equals 1 '!z times 
two AO. delays. If the .code makes no 
sense when receiving at the correct 
Baud rate, it is probable that the sense 
of shift is reversed which causes the 
computer to read Is as Os and vice­
versa. This can be corrected by 

. changing sidebands on a receiver using 
a product detector, or by tuning the 
b.f.o. to the tones on the other side of 
zero beat. This problem is most easily 
recognised by characters appearing 
regularly but without spaces which 
suggests that the timing is correct, or if 
the test signals often transmitted by 
such stations are received as 
SYSYSYSY instead of 
RYRYRYRY. Narrow shift RTTY 
transmissions can usually be found bet­
ween 14080 and 14100kHz during most 
oftheday. · D 

Points arising 
Unfortunately the following errors oc­
curred in part 1 of the series .. In the 
memory circuit of Fig.l. D0 -D8 should 
read D0 -D7 . The lki and 220Q resistors 
on the base of Tr1 in Fig. 2 should be 
transposed. For the kit, move R2 to R1 
and fit a 220Q in the R2 position. Pin 15 
of IC4 5 should be connected to OV and to 
maintain the correct order for D0 -D7 , 

the two outputs from IC4,5 to IC7 should 
be transposed. In the diagram on the left 
of Fig. 3, the NO arrow should be placed 
above the Read strobe box. 

Two points have arisen from 
comments by constructors of the com­
puter. Clock instability causing 
horizontal jitter on the picture can be 
eliminated by changing the 4 70Q resis­
tors at IC28 to lkQ. Due to manufac­
turing tolerances in some 4528 mono­
stables, the tape reader may not func­
tion. 

. required, e.g. when receiving lines of 
tabulated data, alter 1C5F to 18, 1C9D 
and 1CBD to FF to obtain a new line 
with every carriage return received. 
Section 1C80 to lCBF contains the 
look-up tables for converting letters 
(1C80 to 9F) and numbers (lCAO to BF) 
from Murray to ASCII. Note that with­
out the graphics option, the Murray £ 
appears as a $. Tuning the receiver is 
most easily done by observing the out­
put of the unit on an oscilloscope and . . . If this occurs replace the 27kQ resistor 
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connected to the 4528 with a 50k~~ pre­
set, feed a 1V r.m.s. sine wave at 1800Hz 
into the tape reader and adjust the 
preset until the 4013 output which con­
nects to the mpnostable is just changing 
state. The preset can then be replaced 
with the nearest preferred value resis­
tor. 

In conclusion 
This section completes the scientific 
computer series. Due to a lack of space 
the firmware d~tails have not been 
published but readers who wish to pro­
gram their own r.o.ms can obtain a 
firmware list by sending a s.a.e. to this 
office. 

\Ve hope to support this design in the 
future with a floppy-disk drive and 
further practical programs. However; 
readers are invited to .submit details of 
their own modifications or programs for ; 
publication. · 

We understand that John Adams is 
prepared to undertake the service or · 
repair of computers built from a kit. 
Constructors . experiencing difficulties 
should contact the author at 5 The 
Close, Radlett, Hertfordshire (Radlett 
5723). 

SIXTY YEARSfGO 
After World War -1, amateur radio en­
thusiasts were left wondering for a time what 
was to happen to them. Then, as reported in . 
the September 1919 issue, all pre-war licences 
were cancelled, preparatory to sweeping 
changes being introduced. In the present-day . 
uncertainty about citizen's band one hears -
remarks which could have appiied to the ; 
situation of sixty years ago. 

". . . said an official of the General Post 
Office to a Daily Express representative, we 
are very careful to see that applicants are not 
simply out for amusement. Before the war we 
had a good deal of trouble with silly fools 

- who apparently asked their best girls to tea 
and amused them by sending out 'S.O.S.' 
signals on their wireless sets. Now that there 
have been such improvements in the appa­
ratus inanities of this kind will be very 
obstructive to messages of commercial 
'importance." 

All we have to say with regard to that 
statement is that any practical wireless man 
knows how the "fools" could be soon dis­
covered and eliminated; no ban has been 
placed upon private motor cars simply be­
cause a "fool" occasionally runs over a 
pedestrian. As for &musement, we should like 
to know why people may not amuse them­
selves in any way they please, provided they 
do not infringe the liberties of other citizens 
or transgress against the law. The amateur is 
willing to be supervised and to conform to 
reasonable regulations; he is even willing to 
act as a policeman of the aether amongst his 
own class, but judging from the look of 
things there exists a desire to obliterate him 
altogether. America has bowed- stiffly, it is 
true - to Prohibition, but she did not agree 
to the proposal to stifle amateur wireless 
telegraphy. Why should you? What are the 
Wireless Clubs doing to defend their rights? 
It was the American amateurs themselves 
who won their day, though they interested 
their legislators in the matter. Have our 
Wireless Clubs knowledge of any Member of 
Parliament who will stand up for them in the 
House? 
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Selecting stabilizer thermistors 

for Wien bridge oscillators 
by M.G. Salem Ph.q 

Assessment of the output voltage of 
thermistor-stabilized Wien bridge 4 

so" q 

h"C! oscillators very often depends upon 
cut-and-try methods. Similarly, the 
temperature coefficient relative to output 
ampl itude is normally not effectively 
predicted . The general formula to 
determine these factors is provided here 
and is allied to a specific oscillator circuit . 
Selection details are also included, 
covering three "popular" thermistors . 

In the Wien bridge oscillator shown in 
Fig. 1 an amplifier with two feedback 
loops is used, the feedback to the non­
inverting input being in phase with the 
input only at the frequency (, = 1 I 
(2'TTR,C). Negative feedback is inde­
pendent of frequency but is arranged to 
increase as output increases, helping to 
maintain a constant output level. The 
final oscillator constitutes an amplifier 
with a -gain of 3 and a constant 
amplitude sinewave output at a 
frequency determined as in the calcula­
tion above. 

Amplitude stabilization is usually 
accomplished by making one of the 
negative feedback resistors sensitive to 
t emperature and ensuring that the 
power dissipated by it is sufficient to 
raise its temperature well above the 
ambient level. Under such circum­
stances the resistance of the 
temperature-sensit ive ·element will be 
determined by the oscillator output, 
with only slight dependence upon 
ambient temperature. The 
temperature-sensitive element may be a 
resistor or thermistor, in which case the 

Fig. 1: Wien bridge oscillator, used 
as a thermistor test circuit 
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Fig. 2: graph showing Vout relative to Rr and operating temperature for three basic 
thermistor types 

symbol R is used, indicating a negative 
temperature coefficient, or Rf indi-
cating a positive temperature coef­
ficient device or filament lamp. 

If the open loop gain of such an­
oscillator is much larger than 3 the 
voltage fed back to the inverting input 
will be close to lJJ of the output voltage, 
giving R + R. = R, It is convenient to set 
R at zero. The resistance of a thermis­
tC:r is given approximately by R =A 
exp (BIT) where A and Bare thermistor 
constants and Tis the thermistor tem­
perature in degrees Kelvin . Tempera­
ture rise above the ambient level is 
approximately proportional to the 
power dissipated and it is usual for 
manufacturers to quote the dissipation 
cofficient, which we will term D, in 
m\VI 0 C. 

For a given value of Rf (and R5 if used) 
the steady-state resistance of the ther­
mistor must be R =2R,- R . Tempera­
ture will be T=B i ln (RIA) degrees 
Kelv in and the temperature rise 
L).T=T-T -273, where T is the ambient 
temperature in degreeas C, typically 
20°C. Power dissipated by the thermis­
tor is P=D/).11000\V, current is I= (PIR) 
in amps and output voltage is 3IR, 
Combining these expressions gives V o 

Table 1: principal operating deta ils 
of each thermist o r. 

Thermistors w ith low d issipation factor 

Rat Rat I at 
Type 20"C 220° c 22o"c A 

R53 5k 63 4 -5mA Q.12 

R24 20k 150 7mA Q.17 

R54 50k 270 3 -3mA 0 -1S 

All types : Tmax= 22o"c Pmax = 3mW 

D = 0-016mWt•c 

(r.m.s.) = 3R1 

B 

3100 

3400 
3650 

y l10~0R ln~IA) Ta~273 )1 

- Ta -273 where R is usually equal to 2R. . 
The relative temperature coefficient 

is 11(2L).T) or 1001(2LlT)%1°C, indepen­
dent of thermistor or circuit. Such fo r­
mulae should not prove daunting in 

·these days of pocket calculators, but it 
may be worth remembering that In 
(RIA)=2.3log (RIA). 

As a comparative test of the formula , 

continued on page _95 
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When editing a message it helps to 
see what you're doing.... · 

. . .. and the Transtel VDU aHachment 
does iust that. 
The operator can prepare messages on the 
VDU w hich acts as 1 a window into the 
electronic memory 

1 

of the 8315 ASR teleprinter. 

Messages can be altered instantly by -deleting 
or inserting words or even whole paragraphs 
and the text re-justified to avoid broken words 
at the touch of a button. 

The VDU can be used to prepare messages 
w hilst previously recorded messages are sent 
to line, saving valuable time. The VDU can be 
used even when an incoming message is being 
received on the in-built printer. 

e Microprocessor control. 
e High quality dot matrix printout. 
e Multicopy on standard paper 
e Speeds up to 30 cps. 
e 8000 character memory. 
e Full word editing capability. 
e Telex or Private Circuit operation. 

Transtel Communications Limited 
Mill Street, Slough, Berkshire SL2 5DD, England 
Telephone: Slough (0753) 26955 Telex: 849384 

WW - 080 FOR FURTHER DETAILS 
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2 MICROPROCESSORS . . . . 

SK ON BOARD MEMORY! . 
5K RAM, 3K ROM or 4K RAM, 4K ROM (link select­
able) . Kit supplied with 3K RAM , 3K ROM . System 
expandable for up to 32K memory . 

ZSO the powerful CPU with 158 instruction, mclud1ng . 
all 78 of the 8080, controls the MM571 09 number 
cruncher. Functions include +, -, ·, I, squares, roots, 
logs exponentials, trig functions, _inverses, etc. 

2 KEYBOARDS! . . 56 Key alphanumeric keyboard for entermg h1gh level 
language plus 16 key Hex pad for easy entry of mach me 
code. 

GRAPHICS! . . 
64 character graphics option - mcludes 
transist~r symbols! Only £18 .20 extra! 

M EMORY MAPPED . . 
High resolution VDU circuitry usmg diS­
crete TTL for extra flexibility . Has its own 
2K memory to give 32 lines for 64 cha­
racters . 

KANSAS CITY 
low error rate tape interface. 

COMPLETE 
KIT 

Range 1o-99 to 9 x 19-99 to 8 figures plus 2 exponent 
digits. 

EFFICIENT OPERATION . 
Why waste valuable memory on sub routines for 
numeric processing? The number cruncher handles 
everything internally! 

RESIDENT BASIC . . 
With extended mathematical capability . 
Only 2K memory used but more powerful 
than most 8K Basics! 

1K MONITOR 
Resident in EPROM 

SINGLE BOARD DESIG_N . 
Even keyboards and power supply_ cir­
cuitry on the superb quahty double·Sided . 
p~ated through-hole PCB. 

Only 

£275.00 
+VAT 

CabinetSize19.0" X 15.7" X 3.3" 
Television by courtesy of Rumbelows Ltd., price £58.62 

PBWER1RAN PS1 Comp BO.ZBO Based powerful scientific computer 
Design being published in Wireless World- NOW! 

· . · · b · ublished in a series ot articles in Wireless World really is complete! . . The kit for this outstandmgly practacal design by Joh_n _Adams emg p . , , fibre- lass double sided, plated-through-hole pri~ted wcuat board, 2 Included in the PSI COM P 80 scientific coml>uter kit IS a pro~~s~aontll~)~m~=t~lc~~~:~~sistor~. power supply using custom designed toroidal transformer, 2K keyboards PCB mounted tor ease of constructaon , IC _sockets, ag re 13 1 1 Y Basic and 1 K monitor in EPROMS and, of course, ware, nuts, bolts, etc. . 

SYSTEM 
EXPANSION 

COMING 
SHORTLY! 

e.g. 
BK RAM Board 
BK ROM Board 

· Prom Programmer 
Printer Interlace 

etc. 
etc. 

Value Added Tax not included in prices 
PRICE STABILITY: Order with confidence ! Irrespective of any price 
changes we will honour all pnces in thiS advertisement unt1l October 31st. 
1979. if this month "s advertisement IS ment1oned w1th your order . Errors 
and VAT rate changes excluded 
EXPORT ORDERS: No VAT . Postag e charged at actual cost plus 50p 
handling and documentation 
U.K. ORDERS. Subject to 1 5% surch arge for VAT' . NO charge is made for 
carriage . "Or current rate if changed . 
SECURICOR OELIVERY: For this optional service IU K. main land onlyl 
add l2 .50 IV AT inclusive) per ki t. 

Kit also available as 
separate packs; e .g . 
PCB, Keyboards, 
Cabinet. etc . 

PCB size 16 .. 0" x 12.5" 

·u K Carriage FREE 

P'OWERTRAN COMPUTERS 
(a divis,on of POWERTRAN ELECTRONICS) 
PORTWAY INDUSTRIAL ESTATE ANDOVER 
ANDOVER HANTS SP1 0 3NN (0264) 64455 
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Microcomputer interfaces 
Connecting input and output equipment 

by lan H. Witten, M.A., C.Sc., Ph.D., M.I.E.E . 
~ Department of Electrical Engineering Science, University of Essex . 

THE SAME information can be 
represented in different ways, like 
marks on paper, or speech sounds. An 
interface is a connexion between one 
information representation and an­
other. Computer interfaces convert 
between the computer's representation, 
namely electrical signals on the bus, and 
another representation - like dots of 
light on a display screen, or a musical 
note. There is an obvious distinction 
between input and output interfaces. 
(\Vhat is not obvious is which is which: 
it is conventional to look at things from 
the computer's point of view, so that 
"input" means from the outside world 
to the computer.) 

Interfaces provide a means of com­
munication oetween the outside world 
and the computer. Contrast this with 
buses1 which provide communication 
within the computer system itself. 
Communication along a bus is entirely 
in the form of binary electrical signals. 
The information to be transmitted falls 
naturally into logically separate groups: 
address, data and control. The control 
part is the most interesting, and de­
pends on the protocol which is adopted 
for information transfer. Each control 
line has a different purpose, and each is 
necessary if the protocol is to be 
observed. All in all, the subject of buses 
is well-defined and satisfyingly logicaL 

Interfaces are a different matter. 
They are closer to the real world, with 
all its variety and hazards. For a start, 
there is a multitude of different 
representations of information. To in­
terface to a car engine, the throttle 
position, mixture control, engine speed 
and temperature, and ignition timing all 
need to be converted or controlled. 
\Vhere does interfacing end and 
mechanical engineering begin? To in -' 
terface to smells , we need to study 
chemistry. What about transmission of 
information between the computer and 
a remote device which converts it to 
another representation - is this part of 
the interface? There is no clean logical 
structure to the subject of interfacing; 
no neat division between the interface 
and the real world. Nevertheless, inter­
faces must be understood, designed, and 
built, and this is probably the most 
important single area in the application 
of microprocessors to man-machine 
·communication. For example, lack of a 
cheap car engine interface and smell 
interface is the chief reason why 
automatic anti-pollution controls for 

vehicle engines - which would benefit 
everyone by improving petrol con­
sumption and reducing pollution - are 
not commonly used. 

Simple i/ p and o/p peripherals 
The simplest output peripheral is a bank 
of on/off l.e.d.s (light-emitting diodes), 
which emit light when they conduct 
current. If eight l.e.d.s are provided, 
then one data word can be displayed. To 
keep the l.e.d.s alight, the data from the 
bus can either be latched into flip-flops, 
or periodically regenerated 
("refreshed") by the processor. If l.e.d.s 
are refreshed twenty or more times a 
second for a millisecond or more each, 
an ~llusion of continuous illumination is 
achieved. 

The input device corresponding to a 
bank of l.e .d.s is a row of switches, 
which are bi-stable devices, so latching 
is unnecessary. There is, however, a 
serious problem with contact bouncing. 
Figure 1 shows a typical waveform 
generated when a switch is changed 
from open to closed. The output does 
not change cleanly, as one might ex­
pect, but passes through a transition 
phase where it oscillates randqmly. 
Unless appropriate precautions are 
taken, this will cause chaos if interfaced 
directly to a microprocessor. As with 
display refresh, the precautions can be 
taken in either hardware or softw.are. 

A hardware debouncing Circuit is also 
shown in Fig. 1. It relies on a break­
before-make switch action, so that no 
matter how unclean the switch output 
is as one contact is broken and as the· 

Fig. 1 - Malformation of low-to-high 
edge produced by switch bounce, with 
anti-bounce circuit. 

-----111---Vcc 

high 

v 

_j_ low 
i~i 

ov ~-----------------Time-

other is made, the "breaking" is com­
pletely finished before the "making" 
begins. Then, the first "ma·ke" spike 
which exceeds the threshold for logic 1 
will activate the latch, and it will remain 
in the new state throughout the rest of 
the "making" disturbance. Software 
debouncing uses a different principle. 
The program waits for a specified time 
(usually around 20 ms) after a change in 
switch value is detected, before reading 
the switch and returning the new value. 

A 7-segment display contains seven 
l.e.d. segments arranged so that the 
numerals can be shown, the lights being 
connected to the appropriate bits in the 
data word. Again, the data may either 
be latched, or refreshed by the proces­
sor. The problems of latching are high­
lighted when several banks of 7-
segment displays are used. If there are 
six displays in a bank, 6 x 7 = 42 latches 
must be supplied for each. \Vith several 
banks,· a fair-sized store is needed to 
hold the latched bits. But the micro­
computer already has a store - acces­
sible to the processor - which can be 
used providing the processor is pre­
pared to undertake to refresh the seg­
ments regularly. The input device cor­
responding to a 7-segment display is a 
thumbwheel. 

Computer systems often need to 
communicate with devices with analo­
gue electrical inputs and outputs. Ad/a 
converter (digital-to-analogue) takes a 
binary signal and produces an output 
voltage whose size is determined by the 
input. Usually the relationship between 
output and input is linear, although 
non-linear (e.g. logarithmic) d/as do 
exist. Suppose the output range is 0-
10V, and the input is 8 bits. Then an 
input of <00000001 > will give 1 x 10/ 
.256=0.04V output, < ~0000000> will 
give 128 x 10/256 = 5V output, and so 
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on. The ·use of an 8-bit input implies a 
precision of 1/256 = 0.4%. If more accu­
racy is required by the analogue signal, 
then more input bits must be used- 10 
bits, 12 bits, or even 14 bits. An a/d 
converter (analogue-to-digital) per­
forms the opposite conversion, taking 
as input an analogue voltage (say bet­
ween 0 and 10V) and producing the 
. corresponding binary value as output. 

Figure 2 shows the circuit of a simple 
d/a. It works by converting each "1" bit 
in the input to a current with a weigh­
ting appropriate to the position of that 
bit in the word, summing the currents, 

E 
• R 

output 
voltage 

Fig. 2 - Principle of digital-to-analogue 
conversion, using weighted resistors. 

ready start 

HIGH input >feedback 
LOW input<feedback 

feedback 
/ voltage 

clear 

Counter 

data out 

Fig. 3-D-to-a converter in feedback 
loop makes a-to-d converter. 

D/A converter 

analogue output 

Fig. 4- Interfacing d-to-a converter to 
a bus. 

and converting the result back into a 
voltage. B0 to B7 are switches driven by 
the 8 bits of the input. When closed, 
they route the constant voltage E (say 
10V) through a weighting resistor into 
an amplifier. The resistors are chosen to 
give each bit an appropriately large or 
small influence on the overall output. 
The operational amplifier sums the cur­
rents produced in the resistors, with the 
R/2 feedback resistor ensuring that the 
most significant bit (B7 ) accounts for 
exactly half of the total analogue output 
range. 

There are problems with the d/a of 
Fig. 2. Resistors do not come in binary­
related values. Furthermore, if the 
overall accuracy is to be 0.4%, in 
accordance with the 8-bit input used, 
then the largest resistor must have 0.4% 
tolerance - a stringent requirement. 
There are better d/ a circuits which 
circumvent these difficulties, but Fig. 2 
shows the basic conversion principle. 

The most common types of a/d con­
verter are made from a d/a converter 
and a voltage comparator. Figure 3 
shows one possibility, in which an 8-bit 
counter counts up from zero, its output 
being d/a converted continubusly and 
compared with the input voltage. ·while 
it is smaller, the counter keeps coun­
ting. As soon as it . exceeds the input 

- voltage, counting is stopped and the 
"ready" line is activated to indicate that 

· the conversion is finished. 
Again, there are problems with the 

circuit. The inevitable transients during 
counting will produce terrible spikes on 

· the d/a output. The most fundamental 
problem, however, is that the conver­
sion takes a long time, especially if the 
input voltage is near the top of its range. 
Again, these difficulties can be over­
come, but Fig. 3 illustrates one principle 
of a/d conversion. 

Interface devices 
The d/a converter in Fig. 4 is connected 
to a bus via an interface device. Since 
the bus is parallel, and the d/a converter 
needs a parallel input, why not connect 
it directly to the bus and dispense with 
the interface device? Consider the 
operations that must be performed: 
-address decoding 
-handling of read-write/address valid/ 
, data accepted/reset lines 
-data latching -
-electrical buffering 
-interrupt logic. 
The first two operations were described 
in reference 1. (The "reset" control line 
is asserted at power-up, to initialise all 
devices attached to the bus.) Data 
latching is needed because the data is 
only present on the bus for a short time. 

· Electrical buffering is often necessary 
when reading from a bus because many 
devices may be attached to it and pre­
cautions must be taken not to overload 
the lines electrically. Interrupt logic, 
which is essentially a way of signalling 
to the processor that new data is ready 
(for input) or needed (for output), is not 
covered in this course. 
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~; , ress bus 

r---
~a bus_ i 

~---
address valid ---
read write ---
data accepted ---
reset ---
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I 
data latches j 

outputs 

Fig. 5 - Simple output port. 

An output interface that performs 
most of the tasks is shown in Fig. 5. The 
data latch assembly forms the basis of 
an interface device which goes under 
various names used by different 
manufacturers, such as "parallel output 
port", "PIA" (programmable interface 
adaptor), "VIA" (versatile interface 
adaptor), "PIO" (parallel input/output 
interface), "MILE" (microprocessor in­
terface latch element). The address de­
coding function is not normally a part of 
the interface device, because with a 
16-bit address bus, 32 extra pins would 
have to be provided on the integrated 
circuit - 16 for the addre~s bus and 16 
for the desired interface address - and 
circuits with lots of pins are difficult to 
manufacture and use. 

Example. To drive a bank of six 7-
segment displays, six separate parallel 
output ports could be used. A more 
elgant solution, which uses only two 
output ports, is shown in Fig. 6, where 
port 1 selects one of the six displays to, 
be refreshed, while port 2 gives the data 
for the segments of that display. One of 
the six binary patterns -

10000000 
01000000 
00100000 
00010000 
00001000 
00000100 

is written to port 1 to select just one of 
the displays, and the 7 -segment code for 
that display is written to port 2. Care is . 
taken to write zero to port 2 before 
changing the address, to prevent the 
transient appearance of the wrong 
pattern on the newly-selected display. 

The simple output port of Fig. 5 is 
sometimes combined, on the same chip, 
with an input port. A more versatile 
interface allows each of the lines from 
the port to be programmed as an input 
or an output. A data direction register 
within the interface is used to indicate 
which are inputs and which are outputs. 
Each of the data direction register bits is 
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set to 0 if the corresponding line is to be 
an input and 1 if it is to be an output. For 
example, if the data direction register 
held <Q1010011 > then lines L7, L5, L3, 
ahd L2 in Fig. 7 would be inputs while 
L6, L4, L1 and LO would be outputs. The 
data direction register can be written by 
the processor at any time. 

The interface device shown has three 
registers within it: each can be read or 
written by the processor. When the data 
register is written, the bits in it which 
correspond to outputs appear on their 
respective lines. ·when it is read, the 
states of those lines which are confi­
gured as inputs appear in their respec­
tive bits. The control and status register, 
when written, affects the functioning of 
the device and the state of the extra 
output bit shown in the figure. \Vhen 
read, it gives the status of the interface 
and of the extra input bit. These two 
extra bits can be used for a variety of 
purposes, including handshaking of 
data with the input/output device con­
nected to the interface. The functions of 
the control and status register can be 
summarised as: 

[write] set/reset extra output bit 
enable I disable handshaking 
select data direction register 

or data register 
· enable/disable interrupts 

(i.e. should the processor 
be informed automatically 
when new data is present?) 

[read] read extra input bit 
read interrupt status 

(i.e. is new data present?) 

Fig. 8 shows the block diagram of a 
commercially available interface de­
vice, the Motorola PIA, which contains 
two separate, 8-bit input/ output ports. 
This is a relatively simple device! The 
MOS Technology VIA has 16 registers 
and is more complex than many pro­
cessor chips. 

Serial transmission 

Serial transmission is used with remote 
devices, in which case the data rate will 
be relatively low, because cramming all 
the da'ta down "one wire is inherently 
slower than using a parallel connexion 
with many wires. Such devices are 
usually character-oriented input/ 

bus 

extra 
output line 

data direction register 

data register 

extra input 
line data can be input 

or output 

Fig. 7 - Input and output in same port. 
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enable 

-------seven -segment displays -----

Fig. 6 - Enable line allows sequencing of 7-segment displays, using only two port~. 
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output terminals, such as teletypes, 
v.d.u.s (visual display units), and 
printers. Serial transmission can either 
be synchronous or asynchronous, de­
pending on whether the receiving and 
transmitting devices are driven by a 
common clock. \Ve will examine the 
protocol for asynchronous transmission 
only. , 

According to a standard convention, 
transmission of a serial data word is 
preceded by a "start bit" and terminated 
by one or two "stop bits". Start bits are 
LO\V and stop bits HIGH, so a HIGH­
to-LO\V transition is guaranteed at the 
beginning of a start bit. This transition 
signals to the receiver that a data word 
is coming. The receiver and the trans­
mitter will have clocks running at 
approximately the same rates but, be­
cause no clock line is included in the 
cable joining the devices, they will not 
be synchronised together. The start bit 
allows the receiver to get its clock into 
synchronisation. Then, the line state is 
examined in the middle of each data bit. 

. The stop bits give time for the receiver 
to ready itself for the next word. Figure 
9 shows the bits transmitted for one 
data word. 

Of course, if the receiver gets out of · 
synchronisation, for example by being 
·SWitched on in the middle of a data 
word, it may mistake a HIGH-to-LO\V 
transition between data bits for the 
beginning of the start bit. Then the first 
word would be misread. The same mis­
take could also occur subsequently; 
however, there is a good chance that 
synchronisation will be regained withfn 
the first few words. 

The number of bits/second transmit­
ted down the line is called the "bit rate" 
or "data rate". ("Baud rate" is also met, 
and is a technical term used with 
telecommunications systems. For . the 
kind of transmission we are con­
sidering, the baud rate happens to be 
the same as the bit rate. However, the 
definition of a baud involves extra 
complications that are not relevant 
here.) If 2 stop bits and 8 data bits are 
!used, the bit rate is 11 times the rate of 
:characters per second. Typical bit rates 
are: 

teletype 
v.d.u. 
printer 

110 bits/sec 
9600 bits/sec 
1200 bits/sec 

10 chars/sec 
960 chars I sec 
120 chars/sec 

Note that the higher data-rate devices 
use only 1 stop bit. 

So far, the principle of serial data 
transmission has been described. In 
practice there are various differences, 
summarised in Table 1, which often 

Table 1 . Some of t he options f or seri al 
transmission_ 

stop bits data bits parity b1t rate 
110 
300 

odd 

electncal 

Line state 

High 

Low 

Line state 

High 

LOW 

(a) 

stop bits 

(b) 

01001000 

I 
end of 

this 
word 

Fig. 9 - Serial transmission of 8-bit 
word, showing one start and two-stop 
bits at (a). Typical 8-bit word at (b) 
combined with start and stop bits. 

confuse people trying to set up a serial 
link. \Ve have already seen the altern­
atives of 1 or 2 stop bits. Similarly, there 
are different standards for the number 
of data bits used, of which 7 and 8 bits 
are the commonest. 7 bits (128 symbols) 
are sufficient to encode the alphabet, 
while for transmission of data words, 8 
bits are more convenient. In either case 
an extra bit, called the "parity bit", can 
be added to make the parity (number of 
1's in the transmission) even or odd, as 
an error-detection feature, so 8 or 9 
information bits are actually transmit-

- ted. There are many standard data 
rates, of which some of the most com­
mon are shown in the Table. Finally, 
there are different electrical standards 
for driving the line. 
There are over 150 different possibil­
ities. 

A commonly-used standard for 
coding alphabetic and numeric cha­
racters and symbols into 7 -bit words is 
the ASCII (American Standard Code for 
Information Interchange) code. The 
ASCII characters include upper- and 
lower-case letters, numerals, special 
symbols, and a sprinkling of extra con­
trol codes with standard interpretations 
like "ht" (assists in formatting tables -
horizontally tabulating -by moving the 
printing position along), "bel" (rings the 
bell on the terminal), and "etx" (end of 
transmission). These make the number 
of codes up to 128. 

To be continued. 
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LITERI\fURE RECEMD 
Report of study on workplace exposure to 
man-made mineral fibres, contains recom­
mendations concerning inhalation of respir­
able fibres, etc. Report is available from 
HMSO, 49, High Holborn, London WC1V 

· under title "Man-made Mineral Fibres" price 
50p. 

Catalogue of books on microcomputer mat­
ters called "Microdigital" from the "Micro­
computer Bookshop", 25 Brunswick St., 
Liverpool12 OBJ. 

A general data booklet is available from IMF 
Electronics which is intended _to explain the 
URI surround-sound system, developed by 
the N.R.D.C. in collaboration with the BBC 
and IBA. Interested parties should write, 
requesting information on "Ambisonics" to 

. IMF Electronics, Westbourne St., High 
Wycombe, Bucks HP112 2PZ. 

A product summary of available "Glennite" 
piezoceramics can be obtained from Gulton 
Europe Ltd., The Hyde, Brighton, Sussex. 
This covers the company's range of lead 
zirconate titanate and lead metaniobate 
piezoceramics, which are available as thin 
sheets, bender elements, shaped elements 
and strain gauges. 

Catalogue from H. A. Wainwright and Co. 
gives details of the full range of Fenwal 
temperature controls. H. A. Wainwright and 
Co. Ltd., 95 Farncombe St., Farncombe, 
Godalming, Surrey, GU7 3BA. 

A brochure from Ferranti discusses the 
selection and use of the Uncommitted Logic 
Array (ULA). This is a family of bipolar l.s.i. 
chips, each containing an unconnected final 
stage. The brochure explains how the inter­
connexion pattern can be arranged to con­
vert the uncommitted chip into the required 
custom l.s.i. circul.t. Ferranti Electronics Ltd., 
Fields New Rd., Chadderton, Oldham, OL9 
8NP. 

Illustrated catalogue of professional audio 
equipment from F.W.O. Bauch Ltd. Covers 
complete range of products under Studer, 
Revox, Neumann banners as well as many 
others. F.W.O. Bauch Ltd., 49 Theobald St., 
Borehamwood, Herts WD6 4RZ. 

Latest technical information in the form of 
glossy brochures on the product range of 
Sony Broadcast, City Wall House, Basing 
View, Basingstoke, Hampshire RG212LA 

Catalogue containing details of a range of 
products from abrasive paper to Zener diodes 
from Maplin Electronic Supplies Ltd., P.O. 
Box 3, Rayleigh, Essex. No price list supplied. 

Shortform catalogue of microcomputer 
hardware plus list of books and software is 
available from New Bear Computing Store, 
40 Bartholomew St., Newbury, Berks. 

Information on transmitter "happenings" is 
contained in the IBA's "Engineering News" 
which covers activities in all UK regions. 
Engineering Information Service, Indepen­
dent Broadcasting Authority, Crawley Court, 
Winchester, Hampshire S021 2QA. 

The Philips/Signetics data handbook, about 
300 pages of technical information on bipolar 
and m.o.s. memories can be obtained from 
Mullard Ltd., Mullard House, Torrington 

. Place, London, WClE 7HD 
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NEWS OF THE MONTH 
Anti-dumping talks in EEC 

Mr John Nott, the Secretary of State for 
Industry, and Mr Cecil Parkinson, the Min­
ister for Trade, visited Brussels on July 10 for 
talks with the EEC Commission on Com­
munity anti-dumping activities . At t he 
meeting it was generally agreed that there 
was a need for streamlining the Community 
regulations and this would take place when 
they had implemented the changes recom­
mended by the results of the recent world 
trade talks ** which included a modification 
of the General Agreement on Tariffs and 
Trade (GATT) dumping and subsidies code. 
The GATT anti-dumping code says that 
dumping occurs when a manufacturer sells 
goods at a lower price in an export market 
than in his home market. 

Readers may remember that in the past the 
Japanese have been accused of dumping hi-fi 
and amateur radio equipment in UK markets 
(see p59, August 1977 issue - Amateur radio 
equipment survey) but this was apparently 
never proved - probably because of the 
problems encountered in obtaining the 
necessary facts and figures at the time (see 

p68, September 1977 issue). Today, however , 
the Department of Trade has its own expert 
anti-dumping unit which advises UK indust­
ries on the formulation of anti-dumping cases 
to present to the Commission. 

A spokesman for the D. of T., when asked 
about the Japanese export quest ion, said that 
the Japanese were generally not identified as 
a source of dumping. Because their products 
had been cheap compared with British pro­
ducts of the same kind . t hey had frequently 
been suspected of dumping, but investigators 
had to determine whether the reduced prices 
were due to dumping or manufacturing and 
other efficiencies. On the odd occasion when 
the Japanese had been found to be dumping, 
the price difference due to dumping was very 
,much less than that dtie to efficiency. The 
figures used t ..tssess whether dumping is 
occurring are obta ined by taking · into 
account all the normal price differences due 
to shipmen t, import duty, product style 
changes etc, but even then there are varia­
tions due to such things as exchange rates 
and material cost fluctuations. 

Electronics vital in 
transglobe expedition 
On September Z this year an expedition, 
headed by Sir Ranulph Fiennes, sets sail from 
London ·to start the fi r st longitudinal 
circumnavigation of the globe - via the 
North and South Poles. As is usual in 
·present-day . expeditions of this kind, elec­
tronics is to play a vital role in ensuring the 
safety and comfort of the expedition team. 
Some 330 companies have sponsored the 
expedition and about 80%of these are British. 
Burndept, Racal, Ferranti and Sinclair are 
just a few of the electronics firms who have 
provided equipment for the journey. 

which are specially programmed for astra-
navigation. · · 

One of the most important aids that an 
exploration team can have is good com­
munications and on this score the entire 
expedition will depend upon products pro­
duced by Racal. The group companies in­
volved are Racal Communications Ltd, Racal 
Group Services Ltd, Racal Systems Ltd, and 
Racal Tacticom Ltd. They will provide com­
·munications equipment for use on land, with 
Land and Range Rovers, at sea, on the Ben­
jamin Bowring, which is a polar research ship 
that will be used to transport the team, and in 
the air, from a De Havilland Twin Otter air­
craft. Communications will also be provided 
on ice, between ice group members, and from 
ice bases back to a Royal Aircraft Establish­
ment Cove. Most of this equipment will be 
expected to operate in temperatures as low 
as minus 80°F. 

Dumping which does occur involves only 
relatively small amounts of money and this 
can be and is normally controlled by a policy 
of import restraints. Government (counter­
veil) subsidies are allowed on regional policy 
and unemployment grounds, but if these are 
applied only to export and not generally . to 
the manufacturing industry, then these too 
can contribute to dumping. 
**The talks have been taking place over the 
last five years but general agreement was 
reached shortly before the general election 
this year. 

Ameri~a to get British 
viewdata 

An agreement between the US giant General 
Telephone and Electronics Corporation 
(GTE), and Insac Data Systems, the 
government-owned UK company, is ex­
pected to result in the US getting British 
viewdata later this summer. Under the terms 
of the agreement, GTE will initially be 

,offering a limited public service for business 
users only but this is to be extended to 
residential users later. 

Although Insac, which has a sole licence 
from the British Post Office to exploit 
Prestel-type systems in America, developed 
its viewdata service specifically to suit the 
US market, the end result is similar in opera­
tion to Prestel and therefore helps to encou­
rage world-wide acceptance of the BPO 
standards. Exclusive US and Canadian rights 
to the Insac system have been granted to 
GTE and the company has also been given a 
US sub-licence to Prestel under Insac's Post 
Office licence. Initially, the aim is to test the 
market in the US. Publishing, finance, news 
and entertainment companies have already 
expressed interest in the service. GTE will 
concentrate on business and domestic mar­
kets while Insac offers the service to corpo­
rate and closed-user organisations who may 
have special software needs. 

This news follows the successes earlier in 
the year when it was announced' that the 
Post Office had sold its viewdata expertise to 
Switzerland, West Germany, the Nether­
lands and Hong Kong. 

The expedition team will use the latest 
pioneering equipment, ranging from shoes 
for walking on water, cardboard huts and 
motorised sledges to high ly accurate 
watches, underwater cameras and diesel 
generators. Burndept Electronics (E.R.) have 
provided miniature ground-to-air emergency 
beacons which will be used for aircraft and 
supply drops and for pinpointing team posi­
tions in ice floes. Wherever possible they 
intend to•'use solar power equipment pro­
vided by Ferranti Ltd and in white-out con­
ditions (when vision is impaired by weather 
and surroundings) they will use solar sensors 
made by Hawker Siddeley Dynamics Ltd. 

More home video machines at Berlin 

Muirhead Data Communications Ltd have 
provided facsimile machines which will be 
operated both on the ship and at the ice bases 
and it is hoped that they will enable photo­
graphs to be sent back to the ship. R. H. 
Minns (Baluns) Ltd are supplying radio 
monitoring equipment fdr indicating imper­
fections in the antennae systems which the 
team will be relying upon. No man can go 
anywhere without a calculator these days so 
Sinclair Equipment International Ltd has 
supplied ·the team with pocket calculators 

Grundig will launch a new video cassette 
recording system at the Berlin Radio & 
Television Exhibition (24.8 to · 2.9). Called 
video 2000, it has been jointly conceived w ith ­
Philips as a European response to the ,recent 
Japanese video recorders, wh ich now in­
cidentally includes a new longitud inal 
machine from Toshiba. 

Grundig say the cass ettes , measuring 
18.3 x 2.6 x llcm , can be played both sides. 
They claim a substantial reduction in hourly 
tape cost and a total of eight hours playing 
time. Recording speed is 5.08 m/s with a tape 
speed of 2.44 cm/s . 

The Toshiba system is a relative of the 
BASF longitudinal approach but whereas the 
original BASF proposal was to switch tape 
direction at the end of a longitudinal scan, 
the Toshiba machine uses an endless loop 
cartridge, the head stepping tracks after I 00 
metres of tape, travelling at 5.9 m/s. Toshiba 
say 200 tracks 40flm wide are contained on 
1/2in wide tape, with a spacing of lOflm. The 
fixed-head approach of BASF, and now 
Toshiba, is expected to reduce mechanical 
complexity albeit with more complex though 
potentially cheaper signal processing circui-
try. -
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The British exporter and . the .J~panese yen 
As Britain joins the select group of petro­
economies, spare a though for the British 
exporter shouldering the burden of an in­
crease in sterling of 31 per cent against the 
Japanese yen and 10 per cent against the 
deutschmark since the beginning of the 
year, according to the trade weighted index. 
The trade figures for the first five months of 
the year are witness to these deadening 
export pressures, showing a £1 billion deficit 
on the current account. Following this trend 
of undiluted pessimism, a Department of 
Industry Survey of the top UK exporting 
companies predicts a slowdown in export 
growth for the whole of 1979. 

Imports· have been rising in inverse pro­
portion to exports as the strength of sterling 
continues to restrict volume growth. There are 
many advocates of the swings and round­
abouts theory, who emphasize the beneficial 
effects of a strongcurrency in curbing infla­
tion and lowering the prices of imported raw 
materials for end products. Thelarger com­
panies and multi-nationals always have the 
advantage in this and most other situations, 
keeping trading within the privileged · con­
fines of the group, not having to bear the fuU 
brunt of competitors with weaker currencies. 

Announcing Plessey's results for the year 
ended March 31, 1979, chairman Sir .fohn 
Clark reported that the fall in other curren­
cies relative to sterling had cost the Group 
more than £2 million in profits, and yet he still 
favours a strong currency. Over the same 

period .Racal reported that the upward 
movement in sterling had a £6 million impact 
on sales, but commenting on the military 
radio side of its operations a spokesman 
emphasized that though price was an 
important factor, it was by no means the only 
factor in determining sales: Asked about 
export expectations for the year, Pye of 
Cambridge stated that its first six months 
export turnover was up on the previous year 
but it was difficult to forecast the outcome of 
the second half with such variables as wages, 
fuel and currency fluctuations to consider. 
Centronics reported that exports were ex­
pected to stay at last year's level. Indications 
in the electronics · industry are that export 
growth will be maintained over the year, 
though a decline is expected in many other 
industries. 

Since 1977 Government has largely given 
up the attempt to give sterling some sem­
blance of stability. In line with its ideal of a 
free market economy, the Conservative 
Government has stood behind or rather left 
alone the strong pound, quoting the example 
of other successful economies which have 
turned a strong currency to advantage. 
Indications are that the Government intends 
to follow through the relaxations in ex­
change control made in the budget. The 
dollar premium could go, freeing overseas 
investment, which might, though not neces-

- sarily, result in sterling declining against 
other currencies. Mrs Thatcher had also 

Solar energy used in Nepal expedition 
A team of explorers who have just returned 
from a four-month hovercraft expedition to 
open up the Kali Gandaka River in the West 
Nepalese Himalayas used solar-energy, 
battery-charging units to charge their film 
cameras, communications radios, engine 
starting, lighting and other electronics 
equipment. The films recorded were shown 
on the BBC2's World About Us programme 
on July 1. 

Traditionally, the sun is the explorer's 
worst enemy but this time the solar cell units, 
supplied by Lucas Industries Ltd, enabled 
some ofit, at least, to be tamed. Using the sun 
to recharge their batteries helped the explo­
ration team to conserve valuable fuel. The 

three Lucas panels shown in the picture, for 
example, are standard and supply a total of 
13.6V at 650mA. Each panel contains 30 cells, 
each producing about 0.45V, and when con­
nected in parallel their total current is almost 
2 amps. In strong sunlight, such as exists in 
West Nepal, it takes about seven hours to 
completely recharge a typical car battery. 
Each papel weighs only about 2lf2kg and 
measures approximately 510 x 340 X 25mm. 

The expedition's aim was to demonstrate 
that, using modern technology, a river route 
could open up to link remote communities 
with the medical facilities of the outside 
world. 

indicated a willingness to consider member­
ship of the European Monetary System, 
though this would be particularly awkward 
at a time when sterling is at such an unnatu: 
rallevel. · 

Britain is not alone. in the currency battle. 
In June the New York Federal Reser:ve Bank 
and the West German Bundesbank spent $2.5 
billion to support the dollar against the 
deutschemark. Growth of the deutsche­
mark has already severely distorted the 
European Monetary System particularly at 
the expense of the Belgian franc. Japan has 
been attempting to strengthen the yen, as 
inflation continues to bite into its growth 
rate. More recently the economy has been 
seeing a boom in domestic demand with the 
export benefits of a weaker currency taking 
time to filter through. The current level of 
advance orders from abroad indicates that 
there will be a sharp rise in exports over .the 
remainder of the year, wiping out Japan's 
first· quarter's current account deficit. This 
year has seen considerable pressure brought 
to bear on the Japanese to open up their 
markets to exporters. At the Tokyo Summit 
the right of UK telecommunications 
manufacturers to tender for Japanese con­
tracts was due to be debated, since to date 
large contracts for corporations like the 
Nippon Telegraph and Telephone Corpora­
tion have only been open to Japanese 
manufacturers. The Inward Investment sub­
group of the recent Japanese Import Promo­
tion Mission are reported to have been 
impressed with the idea of manufacturing in 
the UK as a means of reducing exports 
without reducing the level of UK sales. The 
National Economic Development Council's 
report on the electronic consumer goods 
sector suggests that inward investment 
should be turned directly to the benefit of UK 
exporters by the formation of joint ventures, 
increasing the competiveness of UK goods. 

The response of British industry to low­
price competition from .abroad has been 
defensive so far, often withdrawing 
manufacture of those products threatened. 
The appreciation of sterling has made the 
problem more acute, but competition is not 
only fought on the price front, and the 
anti-inflationary force of a strong currency 
can be used to increase export volume. 
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Record firms not too 
worried about oil prices 
Despite the fact that co-polymer, the petro­
chemical material used in the manufacture of 
records, has increased in price by about 400% 
over the last ten years, with large increases 
recently, record manufacturers do not app­
ear to be too worried about the current 
increases in oil prices. 

According to a spokesman at EMI, co­
p6lymer cost £130 per ton in 1969, and at the 
end of June the same amount cost £500. Oil 
prices did have a direct effect on record 
production, he said, but manufacturers had 
to live with this. Mr Townsley, a director of 
Decca Records, held the same view but added 
that they had to be careful not to reduce the 
value of the product by making the record 
too thin. He did not know what the future 
held, as far as oil and record prices were 
concerned, but they were taking no special 
action at the present time. When asked 
whether record manufacturers would be 
looking for alternative materlais for the 
product in the future, he said that this was 
"always on the books". 

Houses discuss 
Post Qffice mooop~ly 
The Post office monopoly was the subject of 
discussion in both the House of Commons 
and the House of Lords recently. 

In the House of Commons on June 25, the 
Industry Secretary, Sir Keith Joseph, said 
that he would not rule out the possibility of 
taking action to abolish the British Post 
Office's statutory monopoly, and during 
question time he joined MPs from both the 
Labour and Conservative parties in critic­
ising PO efficiency. When Mr J . ·Bruce­
Gardyne, Conservative MP for Knutsford, 
asked whether he would give his support in 
introducing a one-cl~mse Bill to abolish the 
PO's statutory monopoly, Sir Keith said that 
he had "no plans for such initiative or res­
ponse at the moment but would not like to 
rule it out". 

At the House· of Lords on May 23, Lord 
Torpichen raised a question relating to the 
Carter Report on the Post Office (see p51, 
September 1977 issue). His question was: "To 
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US electronics sales ·up 15% in '78 

ask Her Majesty's Government whether any 
review of the Post Office telecommunica­
tions monopoly has taken place since the 
publication of the Carter Report in July 1977, 
and whether they plan to implement the 
recommendation in paragraph 63 of that 
report to relax the monopoly". The Minister 
o~ State for the Department of Industry, 
VIscount Trenchard, said in reply to this that 
the governmentwere studying th~ scope for 
increasing competition in some areas now 
served by monopoly-nationalised industries. 
He confirmed that this included the Post 
Office telecommunications monopoly and 
the matter contained in the Carter Report. 
Thanking the minister for his reply, Lord 
Torpichen asked him if he could give the 
House some indication of when this would 
happen. Viscount Trenchard was unable to 
answer this question but said that the 
government regarded some of the matters in 
the Carter Report as having been out­
standing for a long while. They were una­
ware of the need, both for morale and for 
other reasons, to clarify the atmosphere on 
theser matters. 

Lord Plant then asked the minister if he 
would bear in mind the urgent necessity to 
take into account the views of the workers in 
the telecommunications industry and the 
Post Office and to have consultations with 
them. Viscount Trenchard said that all con­
cerned would be consulted. 

American sales for electronic equipment, 
systems and components totalled $64.9 bil­
lion (about £32;5 thousand million) in 1978, 
representing an increase of nearly 15% over 
the previous year, according to the 1979 
Electronic Market Data Book***, which was 
published recently by the Electronic Indust­
ries Association. Over one third of the sales 
were for industrial electronic equipment, 
which had grown by 18% in the same period, 
and the consumer electronics, electronic 
components and communicating equipment 
sales had grown by about 15%, 14% and 12% 
respectively. 

About 20% of the total sales of electronic 
products were exported during 1978, accor­
ding to the E~A, which gave a trade surplus in 
these products of $2.6 billion (about £1.3 
thousand million) while the nation ex­
perienced an overall trade deficit of $34 
billion (about £17 thousand million). Ameri­
ca's largest customer was Canada, which 
imported $1.6 billion worth of electronic 
products, followed closely by the United 
Kingdom and West Germany who each 
imported $1.2 billion. These three countries 
accounted for more than 30% of the US's 
electronic exports. 

Forty-four percent of America's electronic · 

Earth terminal brings 
Congress to American 
States 
Earlier this year, the Cable Satellite Public 
Affairs Network (C-SPAN) in Georgia, inau­
gurated its first live television coverage of 
the US House of Representatives. A ten­
metre diameter antenna, made by Scientific­
Atlanta, at Fairfax, Virginia, has enabled 
television pictures and sound to be sent from · 
the House chambers to 370 communities in 50 
states. The signals are carried from the 
chambers to the earth terminal via a terrest­
rial microwave link and are then transmitted 
to the satellite for retransmission to the 
communities' cable tv systems. 

_ imports came from Japan who supplied the 
country with more than $4.6 billion worth of 
electronic products. The second and third 
largest exporters of electronics to the US 
were Taiwan, with $1.1 billion and Mexico, 
with almost $800 million worth of products. 
Together, these three countries accounted 
for more than 60% of the electronic products 
brought into America. 

Employment growth rate in the electronic 
industries was 99% in 1978, almost twice the 
growth-rate in overall US employment. This 
brought the total number of US workers in 
that field to more than 1.3 million. 

***The Electronic Market Data Book may be 
obtained from the EIA Marketing Services 
Department, 2001 Eye Street, NW, Washing­
ton, D.C. 20006. 

New s.s. radar for Irish airspace 
Eurocontrol, the European Organization for ' 
the Safety of Air Navigation, has placed an 
order with Thomson-CSF for a secondary 
surveillance radar (s.s.r.) system to be instal­
led at Woodcock Hill (Shannon), in Ireland. 
The contract, worth almost £640,000, covers 
the first phase of a programme to replace the 
dual-head 'SECAR' s.s.r. system installed by 
Eurocontrol in 1968, which supplies upper 
airspace radar data to Shannon Upper Area 
Control Centre (see p70, October 1978 issue). 

The new secondary surveillance radar, 
which is expected to be bought into service in 
early 1981, will be the first of its kind to be 
used in Europe. F<.>r reliability, it will have 
duplicated eledronics so that if one set 
should fail, tile other can take over. In addi­
tion, the system has been designed for future 
use in the monopulse mode. To minimise 
probl~ms arising from ground reflections, a 
new antenna with a sharp lower cut-off is to 
lY~ fitted. An option in the contract covers the 
installation of a second s.s.r. head in a new 
building near Woodcock Hill. 

Lord Wallace of Coslany, praising the Post 
Office's telecommunications system, sugg­
ested that it would be a most retrograde step 
to partially sell off such a prosperous organ­
isation leaving "the not so remunerative 
parts to the postal services to stand at a loss 
with public expense involved and possibly 
higher charges". Despite interruption from 
several Lords, he then added, "It would be a 
damnable result for our British telecom­
munications system to be completely cast­
rated, which is the policy of the Tory Party". 
To this Lord Trenchard said that the govern­
ment was well aware of the dangers of taking 
·parts away and leaving a part which was very 
difficult to run but he wished to assure Lord 
Wallace that because their object was 
efficiency this point would be taken into 
account. As the Carter Report had indicated, 
the Government believed that a little com­
petition was able to be introduced. 

When Lord Shinwell suggested that the 
transfer of Post Office liabilities should be 
considered as well as the transfer of assets, 
Lord Trenchard appeared to ignore the 
question at first and then added that he did 
not believe that efficiency was compatible 
with dogma. The Minister later agreed with 
Lord Orr-Ewing to bear in mind that a 
greater measure of competition amongst 
those who seek contracts from the Post 
Office would also be beneficial. 

Returning to his original question, Lord 
Torpichen reminde.d the minister that the 
"so-called telephone interconnection in­
dustry is virtually denied to British firms by 
nature of the restrictions placed upon it by 
the British Post Office, and that quite a small 
liberalisation of this monopoly could possibly 
pay dividends both to Post Office workers 
and to British firms who would be able to 
export the products relating to the telephone 
system". The minister said that he would 
bear this in mind too. 
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International trade exhibition in Paris 
A new international exhibition and forum, 
called Expansion Co-operation 1980-1990, is 
·to be held at the Centre National des Indust­
ries et des Techniques, Paris, from June 9 to 
15, 1980. Its purpose is to develop closer trade 
links between Western Europe, the Arab 
countries of the Middle East and member 
nations of the Organization of African Unity 
by helping in the search for outlets for 
agricultural and industrial products, con­
sumer goods, works and services and to 
provide the contacts necessary for arranging 
financial and technical agreements for the 
development of local industries. Developing 
nations will also have the opportunity to 

show off raw materials and other goods. 
The exhibition is specificially Western 

European, and no exhibitors will be allowed 
from Eastern Europe or from Japan or the 
USA, though European branches of multi­
national companies will be permitted to 
exhibit. It is under the patronage of the 
French ministers of Foreign Affairs, Co­
operation, Economy and External Commerce 
and of the presidents of the Federation of 
French Industries and the Paris Chamber of 
. Commerce and Industry. IPC Business Press, 
publishers of Wireless World, will be en-
suring a substantial British and German 
presence at the exhibition. 

Fibre optic prices cut by almost 50% 
Advances in cable manufacture and test 
techniques have resulted in Hewlett-Packard 
reducing the price of their 25 to lOOm fibre 
optic connector and cable assemblies by as 
much as 47% on quantity orders. Even on· 
small quantity orders, reductions range from 
17 to 47%. 

Hewlett Packard's components .group 
manager, Ian Graham, pointed out that their 
new prices continue to include installed and 
tested connectors guaranteed to meet the 

standard performance specifications. An­
other spokesman from the company told 
Wireless World that the price euts partly 
reflected increased usage but were mainly 
the result of the improved techniques. He 
believed that Hewlett-Packard was one of 
the first companies to introduce such a deal 
but he assumed that other companies would 
also be offering a similar package. Cuts of 
this magnitude are likely to increase the use 
of optical fibres still further in some fields. 

False alarms anger firemen because they tie up costly men and machines at times when lives 
could be endangered by a real blaze. Racal Recorders Ltd has introduced an advanced cassette 
:ecorder which will help to guard against this. Callstore cassettes, as they are called, have been 
~nstall~d at the Oxfordshire fire service headquarters, Kidlington, and can quickly replay an 
mcommg telephone call at the same speed, or faster or slower, to make identification of the 
caller's voice much easier. The divisional officer at the Kidlington HQ, which has three 
Call~tores, says that they will also help the monitoring of genuine calls because people in a 
pamc have a tendenc:y to speak too fast. Our picture shows the Callstore recorders installed in : 
one of the HQ's control consoles. A 19in rack houses the drive unit (below the desk) whi<;h can 
take up to four cassette drives. Although the digital remote-control units are shown at the 
conso~e they can b~ used up to lOOm away from the drive unit. Tape speed is nominally 1"Vs in/s 
but thts can be vaned -50% to + 20%. A message search facility is also included in the unit - at 
the beginning of each message an audio tone is recorded and these can be sensed on rewind and 
selected by reference to a seven-segment message counter. 
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Israel solar heating 
for France 
Miromit, an Israeli solar-heating equipment 
manufacturer, has been selected as 
"approved supplier" in France following a 
major international competition for the in­
stallation of sun-heating units in that coun­
try. The company was named as the only 
non-French firm among six, first prize win­
ners in competition with 78 European solar 
equipment firms to supply solar energy for 
3,000 residential units throughout France . 
Tests were conducted by the French Ministry 
of Environment with France's largest public 
building organization, L'Union Nationales 
des Federations De Organismes, H.L.M. 
Miromit will be awarded at least 500 of the 
solar installations. Users who purchase their 
collectors will receive subsidies from the 
French government, which is encouraging 
the use of solar energy for domestic hot 
water. 

Radios protect wildlife from 
poachers -
The Kenyan government's Ministry of Wild­
life and Tourism, which is taking measures to 
stamp out poaching that is threatening some 
wildlife species with extinction, has placed a 
large order for v.h.f. communications equip­
ment witl:l Marconi Communication Systems 
Ltd~ 

The order, received through the Crown 
Agents for Oversea Governments and Ad­
ministrations, is for sixteen base stations, 

'fitted with RC730 transceivers, more than 
350 outstations and mobiles, fitted with 
RC625 10-channel f.m. radiotelephones, and 
over 200 RC530 transportable lightweight 
radiotelephones. The portable transceivers 
will be used by foot patrols. ~ 

Marconi's contract is to completely re­
equip and expand the country's present v.h.f. 
network to cover all their national parks and 
sanctuaries for both wildlife and fisheries. 

NEWS IN BRIEF 

Dr Thom~s A. Mutch has been appointed 
(with effect from July 1. 1979) NASA associate 
administrator for space science. As professor 
of geological sciences at Brown University, 
Providence, R.I. he has been a major con­
tributor to NASA science programs since 
1969. Among other things he was a member 
of the Lunar Science Review Board from 1969 
to 1973, leader of the lander imaging science 
team for the Viking project from 1969 to 1977, 
and is chairman of several NASA committees 
planning the post - Viking exploration of 
Mars. 

Lionel Mudd, Head of the Engineering Sup­
port Department of the Research Division of 
Rediffusion Engineering · Ltd, has been 
elected President to the Society of Cable 
Television Engineers, succeeding Chris 
Swires. Stanley Bell of the Radio Rentals' 
Relay Division is now Vice President. The 
society's Secretary is T. Hall, 10 Avenue 
Road, Dorridge, Solihull B93 8LD. 

His Royal Higlihess, the Prince of Wales, has 
agreed to become Vice-Patron of the Royal 
Institution. There is a long tradition of Royal 
patronage going back to the foundation of 
the Institution in 1979, and past Princes of 
Wales have been Vice-Patrons since 1863. 
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CIRCUIT IDEAS 

Differential rumble filter 
A major problem with hi-fi reproduc­
tion from disc material is the large 
sub-audio signals known as rumble 

A common solution to this problem is 
a steep cut filter below 50Hz, but unfor­
tunately this also removes musical in­
formation. 

Examination of the unwanted signals 
show that they are generated mainly by 
stylus movement in the vertical plane 
whiCh produces stereo difference 
signals. Because purely vertical stylus 
signals will produce antiphase output 
voltages at the cartridge terminals, they 
can be removed by simply mixing the 
two channels. If the mixing is confined 
to frequencies below 100Hz, the mono 
bass output will have no effect on the 
ster~o image. 

The block diagram shows the basic 
system. The separate bass signals are 
simultaneously deducted from the 
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treble components, TL and TR, and the 
mono bass is also added to the . treble 
components in the unity gain mixers, 
the outputs of which provide a stereo 
signal with a mono bass. 

In the practical circuit the left chan­
nel, the filter and the inverter are in one 
stage around Tr1 • A Butterworth filter 
with a 12dB/octave roll off is used, and; 
the common bass mixer is formed by· 
Tr3: R1_3.; R1:~ _ and R15 • 

Transistor Tr2 forms the unity gain 
mixer and operates in the virtual earth 
mode . To minimise phase shift and . 
reduce the component count, direct 
coupling is used throughout. 

The circuit ,should be inserted be­
tween the pre-amp and power-amp, and 
should be driven from an impedance of 
not more than lOkQ. 

My prototype significantly reduces 
spurious low frequency signals, . and has 
no effect on the musical bass. No dif­
ference can be detected in the level of 
bass with or without the unit in circuit. 
and the measured frequency response 
of the prototype extends from 15Hz to 
30kHz at the -ldB points. Distortion 
measures less than 0.1% for outputs of .. 
less than 1 V r.m.s. 

. J . P. Macaulay 
Crawley 
W. Sussex 
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+9V 

11x100J1 1% 

D1 
1N4148 

(Select) 

Portable wet and dry thermometer 
By using two silicon diode sensors fed 
by a constant current source, this ther­
mometer can make rapid temperature 
measurements from 0 to 60 deg C to 
within± 0.1 deg C. \Vith the values 
shown the diode current is 1.2V I 
R

4 
= 250p.A. The output V is given by 

and after calibration this reduces to 

YouT= :;-2 [2.2T-V0 FFSET]mV 

where RF is the total feedback resist­
ance in kQ, T is the temperature in deg 
C, V 00 is the diode voltage at 0 deg C in 
m V and V oFFSET is the temperature 
range offset voltage in mV. 

Diode D1 is housed in a wet wick and 
aspirated by a small fan. To calibrate 
the circuit disconnect the meter and set 
RV 1 and RV2 about midway. Adjust RV3 
and RV 4 so that 11 mV is developed 
across each of the lOOQ 1% resistors. 
Then, with the temperature offset 
switch in the 0 to 15 deg C position, 

place both probes into an ice_ and water 
slurry. Connect a millivoltmeter to the 
output and adjust RV1 and RV2 for a 
null with the wet/ dry selector switch in 
the appropriate position. If there is 
insufficient adjustment range replace 
R6 with a slightly different value. Next, 
place both probes in an accurately 
known water temperature of about 4 
deg C. Reconnect the meter and adjust 
RV6 and RV7 until the correct tempera­
ture is indicated on the meter. Finally, 
put the probes into a beaker of water of 
known temperature around 25 deg C, 
place the temperature range switch in 
the appropriate position and adjust RV 4 
to obtain the correct reading. The last 
adjustment may be made in either the 
wet or dry position. Current drain is 
4mA from the positive and negative 
supplies. The circuit maintains its stated 
accuracy if the batteries discharge from 
9 to 6V, and if the ambient temperature 
rises to 45 deg C. High stability 1 or 2% 
metal oxide resistors should be used 
throughout and the circuit should be 
mounted in a case for protection against 
solar radiation. 
K. D. Achleitner 
Ronde bosch 
South Africa 
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+ve · 

180k 

L.e.d. flasher 
If a flashing l.e.d. is required this circuit 
is simple and effective. A Schmitt trig­
ger provides regenerative switching and 
R1 gives the necessary charge/ 
discharge bistable action as Tr 1 is 

Vee 
r-------------~~--- +5V 

Tr1 
BC182 

R1 
47 

10k 

Tr2 
BC182 

switched on and off. Resistors R3 and R4 
set the on and off times respectively and 
the best ratio seems to be 2: 1. The values 
shown achieve this at about 1.5 Hz. 
Brightnes~ of the l.e.d. is set by R1 and 
Rz. 
W. C. Peaston 
Gosta Green 
Birmingham 
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For total 
Industrial Reaction 

Visit the 12th 
... and expanded ... 
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~>s · . 
~-----

16-18 October 1979 
Metropole Convention Centre & the Brighton Centre 

Brighton , England 

For the first time .. ~ TWO NEW and separately situated display areas. 
TWIN VENUES 
Respected internationally for its professional service 
to the electronics industry, I nternepcon takes on a 
new look this year by introducing two separately 
situated exhibition areas to cover all aspects of 
electronics production technology. More than 400 
exhibits in the METROPOLE and BRIGHTON 
CENTRE will be displayed in three defined areas. 

PRODUCTION CENTRE 
Equipment for component insertion, milling, etching, 
drilling, soldering and cleaning will be displayed on 
large open stands in the BRIGHTON CENTRE. 

SEMICONDUCTOR AREA 
Devices, materials, test and production equipment, 
devoted to semiconductor development and 
production, occupying the ground floor of the 
METROPO LE HOTEL. 

INTERNEPCON AREA 
Six halls of components, materials, tools, hardware, 
PC's chemicals and production aids for the total 
electronics industry in the METROPOLE 
CONVENTION CENTRE. 

CONFERENCE PROGRAMME 
In addition to the I nternepcon programme a special 
Semiconductor Conference will feature subject areas 
for Semiconductor Memories. Modern Packaging 
Methods. V LSI. Designing Systems with 
Microprocessors. LSI Testing. Semiconductors for 
Telecommunications. Static Elimination in 
Semiconductor Assemblies. 

FOR ADVANCE INFORMATION COMPLETE AND 

~E;e~u~~t~=i~e~~o~m~~ic~ti~~:.A~------~ 
171/185 Ewell Road, Surbiton, Surrey, England I 
Telephone: 01-390-0281 Telex : 929837 1 
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Company ___________________________ __ 

Address - ----- -------------------
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I 
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I 

0 Please send FREE exhibition ticket I 
0 Please provide conference programme 1 
My prime interest will be Production Centre 0 I 

Semiconductor Area 0 L ___ _:_ _____ ~~nepcon~::_-~ _ _j 
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ENGINEERS ARE 
VICTIMS OF 
THE MARKET 
Mr C. E. H. Benson ("The Solicitor's Lot", 
May letters) contrasts the "bellyaching" 
engineer with the professional outlook of 
solicitors, yet is very reticent about their 
status. 

The Law Society, as the professional body 
for solicitors, provides its members with 
guidance on the fees to charge for professio­
nal work. It prohibits advertising for clien­
tele, thus limiting competition*. A law 
graduate who aspired to qualifying as a 
solicitor, but was in temporary employment, 
recently explained to me that practical 
training in law was difficult to obtain because 
the permitted number of training positions 
with firms of solicitors was limited. Thus 
competition was further limited. Overall, The 
Law Society has resort to the courts to 
protect its members from competition in 
legal work from outside the profession. 

On the other hand, engineering is not a 
regulated profession. A qualified engineer 
has to have an aggregate of engineering 
education, training and responsible ex­
perience of not less than seven years to attain 
corporate membership of the Institution of 
Electrical Engineers, which has learned 
society status, and has to compete on the 
open market not only with other engineers 
but with many unqualified persons who trade 
and advertise as engineers. Because there is 
so much competition, skill and expertise 
cannot command economic rewards. 
Qualified engineers have to resort to the 
trade unions to prevent a continuing fall in 
living standards. Neither the engineer nor his 
institution can take action to prevent com­
petition from unqualified persons. 

The professional exercise of Jaw · differs 
from that of engineering. For example, last 
year The Law Society succeeded in obtaining 
a conviction (The Guardian 28 Jan. 1978) 
against Mr Barry Powell who runs a non­
profit organisation called Assistance in 
Divorce. The complaint was that he had 
helped people prepare documents to get 
undefended divorces. The difference between 
the professional practice of engineering and 
law is that the former is subject to the 
c~prices of market economics while the latter 
is the exercise of real power in the com­
munity. 
R. E~ George 
Ilford 
Essex 

*But the Law Society itself advertises for the 
profession as a whole, pointing out, incidentally, 

. that individual solicitors can be found in Yellow 
Pages.- Ed. 

RELATIVITY AND 
TIME SIGNALS 
Initially failing to grasp Dr Essen's point 
(October 1978 issue), I did not at the time give\ 
his article the attention it deserved. How­
ever, the "answers" to his problem which you 
have published, together with some incon­
sistencies in the recent BBC television pro­
gramme "Einstein's Universe", have con­
vinced me that it is high time we physicists 
awoke from our relativistic dreaming. 

It is implied in the April issue that this 
correspondence is regarded as being closed 
by Professor Fremlin's Jetter in that issue, but 

l hope you will allow me space to pose the 
following extensiqn to Professor · Fremlin 's 
scenario: consider a third party, "Observer", 
positioned along a line at right angles to that 
joining Sirius and Earth, far enough away 
that "Traveller" moves virtually at right 
angles to his line of sight. What is "Observer" 
to make of the proposed relativistic, or ratl:J.er 
Lorentzian, caperings of "Traveller's" clock? 
Surely, he will see both "Traveller's" and 
"Stay at home's" clocks running always at 
the same rate. 

A little more open-minded.ness and a little 
less blind faith than has been revealed by this 
correspondence might requce the present 
resemblance of physics to a moribund branch 
of theology. 
·w. T. Morris 
Tedding'ton 
Middlesex 

AUDIO KITS 
AND MODULES 
I would most strongly like to endorse the 
comments of Ivor Abelson regarding reviews 
of kits and modules (May issue). Not one of 
the major. electronics magazines even 
attempts to review such items, unless one . 
absolutely pathetic attempt in April is to be 
counted (most of the samples never arrived 
so the magazine could not say very much). 

The market in modules seems to be so 
cut-throat at present that unless the buyer 
wants something rather special which he is 
prepared to spend many hours building, it is 
pointless to Quild completely from scratch­
designs and Veroboards etc. Hence anyone 
simply restoring disco units or building p.as 
(which I ·do for churches and halls etc.) 
naturally turns to the "module" or kit mar­
ket. But although there are some excellent 
units, I've discovered, there are some very 
dodgy specimens as well . . .. . and specifica­
tions are often misleading - especially when 
the figures only apply when the unit is 
chassis mounted with an elaborate p.s.u. (not 
supplied!). To take an example, the Klifco 
30 + 30 amplifier module, if ordered with a 
stabilised p.s.u. comes complete with both 
mounted on a solid chassis which acts as heat 
sink. The BiPak modules do not. This, in 
practice, is a major consideration and makes 
a great difference to installation. 

In more esoteric fields, kits are often the 
answer to component buying problems. I 
tried to build a magazine project recently 
just buying the partS' from their cheapest 
sources ...... and it took nearly 20 orders and 
cost a fortune in postage charges. I do, 
however, have the satisfaction of knowing 
that all the semiconductors are first grade, 
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that the capacitors in the power supply are 
computer grade and of recent manufacture, 
that the output and input socketry is both of 
the type I want (Standard jacks rather than 
DIN-plugs) and that the cabinet-work is very 
rugged. Some of the socketry supplied with 
kits that I have bought is better thrown 
away. \Vith these kits it is not the electronics 
that form the bulk of the expense but the 
hardware, the socketry and the transformers 
and smoothing capacitors .... and these can 
vary enormously in quality. In my opinion, 
there would be no greater service you could 
do for many of your non-professional 
readers, than reviewing and monitoring such 
items. 
Hugh Bridge 
Vauxhall 
London SEll 

OWNING CB SETS 
SHOULD BE AN 
OFFENCE 
The mere mention of citizens' band radio in . 
the technical press almost invariably pre­
cipitates heated correspondence. However, 
despite this, one fact seems to be generally 
overlooked - that certain people do use c.b. 
equipment within this country and as such 
are openly flouting the Jaw of the land. 
Furthermore c.b. sets are both widely adver­
tised and are readily available from several 
retailers, despite regulations which expressly 
forbid their importation. Unless action is 
taken soon it will be impossible to clear the 
27MHz band if and when such a service is 
legally introduced on more suitable frequen­
cies. 

The activities of these c. b. pirate operators 
cannot possibly assist the efforts of many 
hardworking and responsible people who are 
at present campaigning for a recognised c.b. 
radio service within the United Kingdom. 
The apprehension of the 27MHz and other 
pirate operators is, however, seriously 
hampered by the present regulations, and,I 
suggest that only by changing the law to 
make it an offence to possess radio transmit- · 
ting equipment without the appropriate 
operating licences will the situation be read­
ily brought under control. 

J. Berry of Bristol (June letters) is mistaken 
in his belief that the "high and mighty" radio 
amateur is opposed to c.b. as such. The two 
services are fundamentally different and 
each has its part to play in a responsible 
society. The majority of radio amateurs do, 
however, take exception to the beliefthat c. b. 
should be introduced as an amateur band for 
unqualified operators, especially so since a 
radio amateur licence is readily available to 
any person who has sufficient interest to pass 
a simple examination. 
W. B. Kendal G3GD U 
Crawley 
Sussex 

RSGB TO CONTROL 
CB USERS? 
I have no intention of entering into a discus­
sion about the benefits that would result if 
we had a citizens' band in the UK; obviously 
very powerful financial interests are at work 
behind the scenes. But, as a member of the 
RSGB, I doubt the wisdom of compelling c. b. 
users to join this body as suggested by Mr 
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Berry in June letters. Although I f~el that all 
radio amateurs should join the RSGB I would 
not dream of making it the law of the land 
that they should join. 

And I do not follow Mr Berry's comment 
that if all c.b. users were members of the 
RSGB that body could ensure that they 
behaved properly on the air. The RSG B is not 
in my opinion the body to police either c. b. or 
the amateur bands. We have a government 
department charged with this task. 

Of course the efficiency of the Home Office 
may fall soon as the Thatcher cuts take 
effect, but even then I would be loath to see 
the RSGB take over such jobs from the 
Government 
L. S. Chase 
LondonSW2 

ANOTHER CANADIAN 
ON C.B. 
I felt it necessary to write in an effort to 
assure Wireless World readers that not all 
Canadians are cast in the same mould as Mr I. 
Switzer whose letter appeared under the 
heading "Ridiculous UK" in your May issue. 
Considering the rudeness of the opening 
paragraph one tends to suspect that the 
writer is at least to some extent lacking in 
manners and thus is hardly qualified to 
comment on what is sociably desirable or 
acceptable. · 

Mr Switzer implies that as there are mil­
lions of citizens' band sets operating in North 
America it therefore must be a good thing 
and the rest of the world must follow. This 
theory that high numbers make anything 
desirable and good is a very interesting one. 
In North America we have millions of people 
with cancer, VD and all kinds of things that 
in my ignorance I thought were nasty. 

One problem of c.b. is the tendency ofsome · 
people to prattle away with no thought to 
logic or common courtesy; but then 
sometimes we get the same thing in a much 
older form of communication. 
C. Henry 
Pte Clare 
Quebec, Canada 

HAVERSINE FOR 
ANTENNA AIMING 
Mr A.M. Stephenson (June· letters) is in good 
company. It seems that few of my colleagues 
know what a haversine is. The haversine' 
formula. hav a = hav (b ~c) + hav A sin b 
sin c; together with its various rearrange­
ments, is very useful for solving spherical 
trangles. (b~c) means the difference bet­
weenbandc. 

The angles of such a triangle might be 
referred to as A. B. and C and the sides 
opposite them as a, b and c. The sides are arcs 
of great circles and are expressed as the 
angles subtended by each arc at the centre of 
the sphere. If the radius of the sphere be 
known the distances along the arcs may be 
calculated. Since the geographical mile cor­
responds to one minute of arc along the 
equator it is convenient to leave a, b and c in 
angular form. 

It might be thought that the haversine 
formula requires the use of a special calcula­
tor button but this is not so. Hav 9 = sin29/2 
and so any scientific calculator will do. The 
haversine is used to avoid ambiguity. Sin 93° 
entered on a calculator will offer 87° when arc 

sin is pressed but sin 93°12 squared and put 
through the reverse process returns one 
safely to 93°. The haversine is always positive 
because of this squaring process. 

While considering the matter of haversines 
recently I realised that manipulation of 
sin29/2 = %(1 - cos 9) leads to an algorithm 
for finding square roots; that is, that yin= sin 
arc cos (1 - 2n). This works well for values of 
n < 1. 2 yl375, say, is best considered as 
100yl0.0375. Can anyone suggest a use for 
this amusing ornament? 

Apropos of something quite different, I 
find that ·-

(n + 1). (n-1) 
yn =---sm arc cos---. 

2 (n + 1) 

Tbis, apart from being a good party trick, is 
equally useless. 

Perhaps it would be as well to state that the 
three points of the antenna aiming triangle 
are the points of transmission and reception 
and the north or south pole; whichever is 
convenient. 
P. Wadham 
Carshalton 
Surrey 

''SIMPLIFIED 
DISTORTION 
MEASUREMENTS" 
The late Mr Butler's article on distortion 
measurements (April issue) emphasizes the 
need for great care in the theory and practice, 
particularly when the distortion is small. As 
an oldie with experience in the design of 
wideband feedback amplifiers at r.f. and a.f., I 
learnt in the difficult days of valves and 
transformers the value of single-point earths 
to avoid spurious feedback due to mutual 
impedances and also to use local feedback 
loops sparingly. Thirty years ago such tech­
niques made possible stable wideband 
amplifiers with over 60dB loop feedback over 
portions of the passband, but in those days 
we had the advantage of using pin-boards 
and not printed circuits but lacked the sim­
plification due to transistors and 
transformer-less designs. Can anybody 
suggest a better method for seeking trouble 
due to improper earthing than to provide 
input and output sockets that are mounted 
close together on a sheet of metal? Mr Moir 
has drawn attention to similar bad practices. 
Mr Butler almost insists on the use of an 
isolating transformer as a cure but surely this 
only prevents troubles in one section of the 
system and problems due to poor earth 
techniques may well be causing troubles in 
other sections, necessitating the use of more 
transformers. No, the real answer is to 'clean 
up' the earth connections and only use 
transformers when such cleaning up is 
impractical or the other advantages of 
transformers are utilized. 

On our tv feedback amplifiers we used, and 
rejected, the self-oscillating method de­
scribed because the additional feedback loop 
could produce instability and changes in 
performance. Consider Mr Butler's typical 
amplifier shown in Fig. 5. The feedback 
network has a gain of about 1/40 at the 
fundamental frequency and an effective Q of 
about 6, but as the author says "worse is to 
come". Assuming that the gain of the original 
amplifier was 40 L 0° atthe second harmonic 
frequency, the addition of the network will 
change this gain to about 40 -j5. I think the 
amplifier designer would be justified in cal-

WIRELESS WORLD, SEPTEMBER 1979 

ling this a FB modification. 
The RC parallel-T network is not strictly a 

.three-terminal form of the Wien bridge since 
this bridge has two resistive arms. One can 
expect this T network to have a superior Q 
value - about twice - to the Wien bridge 
because in an equivalent bridge circuit all 
four arins contain RC combinations. 

In the table associated with the bridged-T 
networks some of the information is wrong, 
as can be seen by applying Bartlett's Bisec­
tion Theorem to convert these networks to 
the lattice form. The sole reason for the 
presence of the resistance R is to compensate 
for the inductor loss resistance so that a 
complete null can be obtained. This is very 
important for low Q coils but the inclusion of 
these resistances alters the frequency of the 
null. In the case of the network using coupled 
coils the coefficient of inductive coupling is 
not unity and comes into the equation for the 
null frequency. 

Thus from the foregoing and for other 
relevant reasons I think that it is more 
rewarding to spend effort on 'cleaning up' a 
driving oscillator than to use self-oscillating 
techniques. A useful network for nulling and 
the measurement of harmonics is as follows : 

The use of a transformer can give a voltage 
gain which at low levels is always useful. The 
two halves of the centre-tapped winding are 
wound on together and high-permeability 
cores can be used. When R = 5.6woL; the 
relative output voltages are optimum and for 
the 2nd, 3rd, and lOth harmonics are respec­
tively 0.5, 0.77, and 0.9. For spot frequency 
working this can easily be equalized. In 
practice the oscillator frequency and the 
variable resistor are trimmed to give the 
desired null. It is much easier to set this null 
than with a bridged-T network. 
F. G. Clifford 
Wynberg 
South Africa 

I fear that the article "Simplified distortion 
measurements" by the late Mr F. Butler 
(April issue) dismisses the Wien oscillator too 
hastily. It has many advantages - uncritical 
setting up, range changing etc. - so it 
deserves a second look. 

The author gives the correct transfer 
function (with K = !).for the network as 

e 1 

E 3 + j(n-(1/n)) 

but the oscillator takes the form of the Wien 
bridge, and the transfer function now be­
comes 

H(n) 
K K 

2+K+j(n(lln)) 2+K 

K 

- 2+K '! +j(2+K) n 

n 2-l 

which is a notch filter with infinite attenua­
tion at n = 1. Another form is 

S2 +(2 + K)wS + w2 

and the position of the poles depends on the 
value of K. By a judicious choice of K the 
circuit could be used at the designed gain of 
the amplifier, or to make life easier at a high 
gain (e.g. with K=O.Ol) which would result 
in amplified distortion and so easier meas­
urements. 
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On the subject of the low cost digital 
frequency meter by Messrs Tooley and 
Whitfield (January and February) there may 
be difficulties for some constructors in a well 
thought-out design. 

There is no specification of frequency 
response for most c.m.o.s. devices, only 
typical performances being given, and quite 
the slowest device I have met is the 4049 
inverter which could, in one case, just 
manage 180kHz. The binary dividers also are 
suspect here. NAND or NOR gates are much 
quicker. Perhaps the easiest solution would 
be to change over to a crystal at 250kHz. 
Another point.is the input capacitance of the 
device, which varies significantly with the 
rail voltage at 5V. Around this figure it is easy 
to trim the frequency by small variations to 
the rail voltage, whereas at about 12V the 
frequency becomes much less voltage de­
pendent. 

For a frequency meter I would recommend 
a separate voltage regulator for the oscillator 
circuit. 
Tim Hartigan 
Dublin 4 
Republic of Ireland 

SMALLER TELETEXT 
RECEIVERS NEEDED? 
I was interested to see the news item on the 
disappointing sales of teletext tv receivers in 
the July issue and the editorial comment on 
this subject in the August issue. 

I wonder if this is due to the fact that the 
manufacturers treat teletext facilities as an 
exotic gimmick available only at the very top 
end of the market. I have enquired in several 
places about renting a set with teletext but in 
order to have the decoder I would also have 
to lumber myself with an obscenely large 
26-inch colour tv receiver, ultrasoriic con­
trols and a king's ransom in rental fees. 

If teletext were available on a compact tv 
set I would get one tomorrow and I'm sure a 
l9t of other folk would too. 
Charles G. Brewster 
Brockley 
London SE4 

T,H.D. MEASUREMENT 
AND SOUND QUALITY 
I was somewhat dismayed to see in your July 
issue, yet another article describing methods 
of measureing harmonic distortion of the 
order of 0.00001%. Mr Linsley Hood and the 
late Mr F. Butler (April issue) have produced 
two well thought-out methods of measuring 
t.h.d. but without questioning the validity 
and usefulness of the technique in the first 
place. , \ 

In the audio field percentages of distortit;m 
have very little relation to the purity of the 
perceived sound. Unless the figures are 
weighted in relation to the harmonic struc-

ture of the distortion, the results are mis­
leading to say the least. An amplifier with a 
'spikey' 1% crossover distortion will sound 
quite different from one with 1% second 
harmonic distortion. It is true that t.h.d .. 
measurements at high frequencies can indi­
cate problems of slewing - induced distor­
tion but· the correlation is not straightfor­
ward. 

The present popularity of valve amplifiers, 
with their distortions in the 1% region, indi­
cate that harmonic distortion alone is hardly 
a reliable criterion on which to judge the 
sonic performance of an amplifi~r. There are 
many other parameters in my estimation 
worthy of such detailed attention as is cur­
rently given to t.h.d., among which in power 
amplifiers are: dynamic power supply rejec­
tion; intermodulation with power supply 
ripple; variation of output impedance with 
(a) frequency, (b) output voltage; and 
dynamic shifting of the working point 
(dynamic offset). 

I hope in future to see some designs that 
have a wider understanding of the mechan­
ism of hearing. 
Brian E. Powell 
Crimson Elektrik 
Leicester 

INTERFERENCE FROM · 
ELECTRONIC IGNITION 
Mr Whitehead does not describe the nature 
of the interference from which he suffers 
(May letters), but a note of my efforts may be 
of interest. My problem was both impulse 
noise from the discharging of the reservoir 
capacitor and whine from the inverter. My 
system is a home-built affair but is fairly 
representative in operation. 

It is important to understand that the 
primary and secondary current in the igni­
tion coil both pass through the wiring to the 
ignition switch and return to chassis through 
the battery (Fig. 1). Thus it is clear that a car, 
radio will inevitably be connected to a noisy 
supply line. The actual route taken by the 
noise, current may be quite complex and 

r------,---"="-Storage 
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involve stray capacitances and inductances 
in the vehicle's wiring loom. Clearly, then, 
the interference must be suppressed at 
source. 

The problem in my case was quite severe 
and the cure was complete. The lead to the 
coil primary was screened, this being earthed 
inside the box containing the electronics. All 
the other leads leaving the box were de­
coupled with O.l11F capacitors. The 12V sup­
ply to the coil and to the electronics was 
passed through a filter as shown in Fig. 2; this 
filter was housed· in a separate die-cast box 
and mounted close to the coil. 

The performance of this arrangement is 
excellent. Only a trace of impulse noise 
remains at the high frequency end of the 
medium-wave band, and this disappears 
when the aerial is retracted; Ajust audible 
trace of inverter noise (a rapidly modulated 
whistle) is apparent on weak long-wave 
signals. 

The car radio used here is of the "che~p 
and cheerful" kind and is plagued by images 
and other spurios responses. The cure for this 
has been a two-section L-R low-pass filter at 
the base of the aerial, with a cut-off 
frequency of 1.8MHz. This also gives some 
relief from noise from other vehicles and 
neon display lighting. 
T. H. Woolner 
Harpenden 
Herts 

Fig. I. 
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DISPLACEMENT 
CURRENT 
Messrs Catt, Davidson and Walton are per­
haps right to draw attention yet again to the 
importance the distributed nature of real 
capacitors can have in real circuits (De­
cember 1978 issue). Its significance in r.f. 
circuits is well-known and obviously it has 
some slightly unexpected subtleties in high­
speed pulse circuits. But I cannot see how 
they can claim to have excised displacement 
current from Electromagnetic Theory - or in 
their case circuit theory - in any useful way. 

To begin with, Kirchhoffs "Laws" apply to 
ideal circuits of zero physical extent de­
scribed by simple mathematical relationships 
between their terminal voltages and cur­
rents. No assumptions are made about their 
physical nature, nor is the concept of "dis­
placement current'~ necessary for the deve­
lopment of all the richness of modern circuit 
theory from these basic assumptions. Nor is 
there any doubt about the practical useful­
ness of the resulting theory, for example, in 
successfully designing high-performance 
filters. 

If one must, for the sake of peace of mind, 
equate the terminal current of a capacitor 
with " ... a mathematical manipulation of the 
electric field E between the capacitor plates" 
all well and good, and no harm will come 
provided .the limits of the approximations 
necessary are always borne in mind; for 
example, that the dimensions of the capaci­
tor must be small compared with the 
wavelength of the electrical disturbance 
being considered. But where is the concep­
tual improvement in equating the terminal 
current to what must in the end be a mathe­
matical manipulation of the electric and 
magnetic fields associated ,with a transmis­
sion line? Especially when the manipulations 
involved are a lot more difficult. , 

If, as they claim, the concept of displace­
ment current permits the retention of Kirch­
hoff's laws, does their "excision" of it throw 
out those too? And if so, what analytical tools 
are left to us for circuit analysis? If their 
transmission-line concept replaces displace­
ment current, then how so? For there is still 
no closed path in which current can flow. 

In short, are we to regard this article as a 
warning to beware of transmission-line 
effects in capacitors at frequencies (or pulse 
widths or risetimes) where they may be 
important, and can we therefore take the 
philosophical claims with a pinch of salt? Or 
are we asked to change the fundamental 
basis of circuit and electromagnetic theory as 
we know it? If the latter, I find the claims 
made to be very unconvincing. 
John L. Haine, 
Chelmsford, 
Essex. 

The authors reply: 
We find the second paragraph of Dr Haine's 
letter ambiguous, and so cannot reply to it 
except to say that "modem circuit theory" is 
rich, in the same way as other tall stories are 
rich. High-performance filters are not de­
signed using "modern circuit theory", be­
cause inductors and capacitors are not de­
signed using theory; they are cobbled in a 
haphazard, experimental way. Try talking to 
the "experts" in a company "designing" 
chokes or capacitors. 

As with para. 2, we find para. 3 is back to 
front, or at least ambiguous. 

Para 4. The answer is, yes. Traditional 
analytical tools have been useful in the 

setting and passing of examinations, but not 
in practical engineering problems; emphatic­
ally not in the interconnection of high speed 
(Ins) logic, where they have created havoc, 
leading to the abandonment of virtually all 
such projects. . 

Para. 5. You are asked to change the 
fundamental basis of circuit and electromag­
netic theory as we know it. The need to 
successfully assemble high speed logic sys­
tems forces us to abandon the slovenly mess 
which has masqueraded as electromagnetic 
theory for fifty years, and build a sound 
theory from the ground up. The first casualty 
is displacement current, the bastard iss.ue of a 
marriage between ignorance and nonsense. 
We must clear away the rubble before we 
begin to build. 
"Our electrical theory has grown like a 
ramshackle farmhouse which has been added 
to, and improved, by the additions of suc­
cessive tenants to satisfy their momentary 
needs, and with little regard for the future. 
We regard it with affection. We have grown 
used to the leaks in the roof. . . . But our 
haphazard house cannot survive for ever, 
and it must ultimately be replaced by a 
successor whose beauty is of structure rather 
than of sentiment." -Intermediate Electrical 
Theory, by H. W. Heckstall-Smith, Dent, 
1932, page 283. 

A lot more sludge has collected since 1935. 
We must dredge deep, through a century of 
sycophancy. 
I. Catt. M. F. Davison, D. S. Walton. 

DISAPPEARING MAGNET 
May I take Epsilon's problem of the magnetic 
sphere (December 1978, page 69) a little 
further and ask what is the external field if 
the last plug is later removed? The answer 
is that the field remains zero! To see why, one 
simply considers the energy required to push 
the last plug into place. Since, after you have 
done this, there is no magnetic field inside or 
outside the sphere, the energy involved must 
be that required completely to demagnetize 
the whole structure. Coq.sequently when it is 
disassembled, the pieces will no longer be 
magnets. 
J. Middlehurst 
Sydney 
Australia 

The author replie~: 
Mr Middlehurst poses a most interesting 
extension to the original problem, one which 
is difficult to discuss with any precision 
unless the coercivity of the magnetic 
material is known. (Coercivity is the H field 
in ampere turns per metre required to com­
pletely demagnetize a specimen.) To avoid 
this difficulty it is convenient to replace each 
magnet by an equivalent solenoid. If the 
original magnet were long and thin, this 
solenoid simply consists of a current sheet 
wrapped around the surface. The sphere can 
now be built up as in the original problem. 

Starting with the first solenoid, as soon as 
the second is brought up against it there will 
be a repulsive force. Furthermore, the cur­
rents in the two sides that buck one another 
flow in opposite directions and completely 
cancel one another. This is illustrated in Fig. 
l(a). As the sphere is assembled, it will be 
found that all the solenoids repel one another 
and all adjacent sides have opposite current 
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co 
(a) 

(b) 

(c) 

Fig. l Stages in the assembly of the sphere, 
showing current cancellation. 

flows. In fact, only the current at the extreme 
periphery causes an .external magnetic field, 
and this is the situation illustrated in Fig. 
l(b). 

The situation when the last solenoid is 
about to be fitted in is shown in Fig l(c); the 
currents cancel everywhere except round the 
small hole. The external field' at this time is 
quite small, and insertion of the last solenoid 
will completely cancel the remaining' cur­
rents shown in the diagram. The magnetic 
field is zero everywhere and the stored 
potential energy is distributed evenly over all 
the solenoids in the form of the strain in the 
clamps required to hold the whole structure 
together. Note that potential energy and 
magnetic energy are gradually interchanged 
as the sphere is built up. 

What happens when the solenoids are 
replaced by pernl.anent magnets is not quite 
the same. For all practical materials the 
coercivity is such that there would be a 
progressive demagnetization as the sphere is 
built up, the edges of the shell having the 
greatest magnetic intensity. Under such 
assumptions the completed sphere might 
have residual magnetism, and it is no longer 
possible to discuss Mr Middlehurst's interes­
ting supposition. 

TECHNICAL WORDS 
F. L. Devereux (December 1978 letters) has 
raised a point which has been aired in some 
technical publications in this country, 
namely the use, spelling and pronunciation of 
words used by technologists. While "exper­
tise" is not strictly a technological word (it 
does not describe an item or situation 
specifically related to a science or en­
gineering) it is typical of the changes emer-

continued on page 86 
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Passive notch filters - 2 
How to design high and low impedance null filters 

by G. Kalanit, B.Sc., M.I.E.E., Rediffusion Engineering Ltd. 

Selecting the right type of filter for the 
particular job at hand from the literature 
is laborious and time consuming. And 
little information is provided about design 
procedure and hardware . 

Three articles provide design 
procedure and simple formulae .by way of 
examples as well as hardware details. To 
simplify description of the examples 
formulae and statements are given 
without theoretical proof; normally 
theoretical and mathematical 
development is treated separately in 
appendices. 

THIS THREE-PART article concen­
trates mainly on null-type notch filters 
which are derived from a prototype 
lattice or \Vheatstone bridge. At the 

. notch frequency the arms of the bridge 
are made to resonate into four equal 
resistances which perform a null of the 
bridge and no output of the frequency 

appears at the filter output. At all other 
frequencies the filter acts as an all-pass 
network. 

The lattice which possesses four 
resonant arms is a balanced type of 
network. In most practical applications 
an unbalanced or grounded form that 
employs only two resonant arms is 
preferred, achieved with a hybrid 
transformer. 

There are number of unbalanced 
configurations, all of which use the 
same hybrid transformer and the choice 
depends on the particular application at 
hand. The notations of the formulae 
refer always to the prototype lattice; 
,thus the same set of formulae serve all 
the variations. A detailed description 
summarising all the configurations is 
given in a section about the hybrid 
transformer in part three. 
· Examples 3 and 4 are high and low 
impedance null-type fiiters. 

Example 3: High impedance null filt~r 
A high impedance null type of filter 

provides a narrow notch in amplifier 
interstages where the impedances of the 
source and the load are comparatively 
high. The basic circuit is derived from 
Fig. 1-5 by the removal of the reactive 
components of arm 'b'. As with Fig. 1-5 
it is possible to dispense with the hybrid 
transformer. The result is two possible 

Fig. 3-1 

Fig. 3-2 

configurations shown in Figs 3-1 and 
3-2, derived from Figs 1-9 and 1-10 res­
pectively. 
To minimize insertion loss in the pass 
band, the null resistance Rb/2 should be 
as high as possible, consequently 2Ra 
which is 4 X Rb /2 should also be 
maximal. Hence, no real 2Ra resistor is 
employed; resistance 2R3 _represents the 

Fig. 3-3 

capacitors 
100n unless 
shown 
otherwise 
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Fig. 3-4 

dynamic impedance D of coil induct­
ance 2La. Thus 

2Ra =D =:= Q3 • . w0 2L3 

from equation 2-2 where Q3 is the Q 
value of coil 2La. 
The equivalent circuit at resonance is 
shown in Fig. 3-3. To have a null: 
Ra = Rt,. Hence 

Rbi2=Rali=2Ra14=DI4 3-1 

i.e., ~/2 is adjusted to be a quarter the 
value of the dynamic impedance. 
From appendix C, equations C-10 to 
C-12, 

(n + 1)/n 
-----.M 
(C3 /2). 2R 

where n is the ratio of Ra to R, 

3-2 

n=Ra!R =D12R 3-3 

and M= 2(n+m) 3-4 
·n+m(n+2) 

where m is the ratio of ~ to R, 
m=R,IR 3-5 

When the source and load resistance are 
equal, R, =R, then m = 1 which results 
in M= 1. Hence 

(n + 1)/n 
~ (C3 12) .·2R' 

when m =R,IR = 1. 

Also '-"3 = - 1
- (___!_ + ___!_ ) • 

Ca/2 2R D 
\Vhen D»2R '-"3 approximates to 

,.. (C, /~) . 2R I 

3-6 

3-7 

3-8 

Notice that the larger the source, the 
load and dynamic impedances the nar­
rower the notc.h becomes. In the 
example shown in Fig. 3-4, a notch is 
required at fo =24M Hz with bandwidth 
of about 10kHz at notch depth of 
-40dB, i.e., f40 = O.OlMHz. Hence 

{3 = 0.01 X 100 = 1MHz. 

100 

R 

R 
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Rs =R=lOOO ohm and m=l, M= 1 (R is 
. 2200!:2 in parallel with 1800!:2 is 1000!:2) 
From equation 3-8 

1 
Ca /2 

2 
f 

2 
,_,79.5pF 

'lT. 3. R 

It is not possible to use equation 3-6 or 
3-7 to compute C3 /2 more accurately 
because the dynamic impedance D of 
2La is unknown. However if one 
assumes a Q value for the coil, it is 
possible to use the following equation 

(appendix C equation C-17) 

I C./2 ... ~(l-q) I 
where q =_2_= folf3 

Qa Qa ' 

and Qa is the Q value of the coil. 
Assuming Q3 = 100 then 

24/1 
q = 

100 
=0.24 and 

3-9 

3-10 

Example 4: Low impedance null filter 

The low impedance null filter suits net­
works where the source and load 
impedances are low. A common 
example of low impedance source is an 
emitter follower. The lower the imped­
ances the narrower is the notch. The 
circuit is in a sense the inverse network 
of the high-Z notch of example 3. 
· The circuit is derived from Fig. 1-5 by 
the removal of the reactive components 
of arm 'a'. Unlike example 3, the hybrid 
transformer stays. 

Fig. 4-l 

R=10 

To minimize insertion loss in the pass 
band Ra = Rb should be minimal, i.e. 

. high <1 value for inductance Lb /2. 

<2tJ = Wo(f.t,/2)/(Rb/2) 4-1 

From appendixD, equations D-4 to D-7, 

I ~R/2 k+ I . I 
_Wa Lt,/2" k .N_ 4-2 

where 

N 2(1 + mk) 4_3 
2+k(l+m) 

R/2 
k=--and 4-4 

Rb/2 

m=R5 /R. 

W'hen m= 1, N= 1 and 

R/2(~ + 1) (R/2) + (Rb /2) 
"-3 (Lt,/2). k 412 

When Rb /2«R/2, i.e. when the coil 
losses are much less than the load res­
istance, equation 4-6 approximates to 

R/2 
"-3=-412 4-7 

In an example where Rs =R = 10 ohms a 
notch is required at fo = 19MHz with 
bandwidth of 4kHz at notch depth of 
-40dB, i.e. f40 = 0.004MHz, thus 
{3 = 0.4MHz. From equation 4-7 

L 12 R/2 10/2 
. b "-3 2'!TX0.4 ~21-LH 

As the coil losses are not known it is not 
possible to use equation 4-6 for more 
accurate computation. However, one 
may assume a coil Q and compute (from 
appendix D, equation D-12) 

lr..n~~-~whenm~ll 4·8 

where q= Q =~ 1"-3 
<2h <2h 

Assume <2tJ = 90 for coil 4 /2. Then 

~/"-3 19/0.4 
q- <2h 90 0.53 

and from equation 4-8 

4-9 

412- 10/2 . 1 4 2 
2'TT X 0.4 (1-0.53) . 1-1H 

From equation 4-1 

Rb/2 ~ .412 (2'1TX19)X4.2 
<2h 90 

5.5ohm 

Hence 2Ra = 4 X 5.5 = 22 ohm. 

Coil used was made of N eosid core 
CHl/7/900 wound with 20 turns, close­
wound single layer, of 0.4mm copper 
wire, tinned nylon accetate. Measured 
Q of coil at 8MHz was 120. The hybrid 
coil was the same as that of example 1. 
Capacitor 2Cb was 18pF. 

The extra insertion loss due to the 
notch circuit is 

4-10 
R8 +R 

Rs +R+2Ra. 

In the example this gives 

10+10 
10+ 10+ 22 0.48

-4
6.4 dB 

To computef.t,/2 when Rs ~R; estimate 
q from equation 4-9 as above, and from 
m = Rs /R find k from appendix D, 
equation D-10. 
Then compute N from equation 4-3, and 
412 from ~quation 4-2. 
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1 
2'!T X 2000X (1-0.24) l04pF. 

Thus a lOOpF capacitor was used. The 
coil was made of 0.2mm-diameter bifilar 
copper wire, 3 + 3 turns wound on 
4 X 0.5 X lOmm core, Neosid, grade 900. 
Qa was measured to be 106 at 25MHz. 
The notch width at -40 dB was mea­
sured to be f40 =11kHz. Maximum atte­
nuation of the notch was -62 dB. Res­
istance Rb /2 was 1500 ohm, which 
means D=4X 1500=6000 ohm. The in­
troduction of Rb/2= 1500 ohm gives an 
extra loss of 0. 75 to the circuit. The 
general formula for extra insertion loss 
is 

1 1 
-+­
Rs R 

1 1 1 3-11 
-+-+--
Rs R D/4 

To compute Ca /2 when Rs ~ R; estimate 
Qa as above and hence q (equation 3-1 0); 
then calculate n (m=Rs!R) from 
appendix C, equation C-15. 
From n and m compute M of equation 
3-4. Tpen compute Ca /2 from equation 
3-2. 

CorreCtion. Equation 1.4 in example 1 
(August) should read as equation E-7, 
page 86. 

Appendix c. Lattice of high z notch 

Fig. C-1 

The lattice input impedance is not a constant 
at all frequencies, i.e. V 1 and I1 are not 
constant, therefore the source resistance Rs 
has to be included in the calculation. 
From the matrix equation B-5, 

1 
V1 =--. [(b+a). V 2 +2bai2] C-1 

b-a 

1 
I1 =--. [2V2 + (b + a)I2] C-2 

b-a 

From Fig. C-1 

I2 = V21R and C-3 
E=V1+R5 . I1 C-4 

Insert 12 from equation C-3 in C-1 and C-2, 
and then insert C-1 and C~2 in C-4 which 
gives 

v, 
E=V1 +Rs. I1 =--­

b-a 

[(b ) 2.ba Rs. (b+a)] 

l 
+a +-+2.Rs+ R . R 

=E= ~[<l+alb) (l+Rs )+ 
1-alb R 

+2aiR+2Rslbl · C-5 
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Fig. C-2 
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In the high Z notch, Fig. C-2, arm b is a 
resistor, and Ra is made equal to b fora null at 
Wo=l!LaCa. 

Make 'b' a multiple n of R, thus 

b=nR orR =bin. 

Also make R5 = mR, .hence . 

v2 
E= X 

(1-alb) 

. [(alb)(1+m+2n)+(I+m+2mln)] 

and the voltage transfer is 

~ = (1-alb) 

E (alb). (1 +m+2n)+(1 +m+2mln) 

The voltage transfer in the pass bands V201E 
occurs when the impedance of arm 'a' is zero, 
i.e. a= 0, thus 

V2o 
E (1+m+2mln) 

which is the insertion loss in the pass bands. 
The voltage transfer function V T is then the 
ratio of the transfer voltage to the insertion 

·Joss in the pass bands. 

(V2IE) (1-alb) 
VT C-6 

(V201E) (a/b). (1+m+2n) + 1 
· (1 +m+2mln) 

From Fig. C-2 

1 1 pL.Ib+ 1 +p2LaCa 
-=1/b+-+pCa 
a pL. pL. 

Hence alb 

Insert alb in equation C-6 

[ 
l+m+2n ] 

(pL.Ib). 
1 2 

+ 1 + 1 + p2LaCa 
+m+ min 

Multiply numerator and denominator by 
W 0

2= 1/LaCa and repface b by nR =b then 

Wo2+p2 
VT= C-7 

p [2(n+1)(n+m) 1 -- . +w2+ 2 c •. nR n+m(n+2) 0 P 

From comparison with equation A-4, the 
coefficient of p is 

(n+l) 2(n+m) 
w3=--. C-8 

CaRn n+m(n+2) 

where R is the load, m=R5 1R and n=biR. 
When the source and the load resistance are 
equal, m = 1 and equation C-8 reduces to 

"-3=-- --I 1 n+l I 
C,.R. n 

C-9 

Unbalanced high-Z notch 

The unbalanced form of Fig. C-2 is shown in 
Fig.C-3 

Fig. C-3 

Re-write equation C-8 

I w, (C,;2). 2R . ~1M I C·IO 

where 

M 
2(n+m) 

n+m(n+2) 

When Rs =R, m= 1; hence M= 1, and 

(n+ 1)1n 

C-ll 

w3 (C.I2). 2R C-12 

To find c. ri in terms of Q. of inductance 2L. 

n=biR- 2b D Q •. w2L. 
2R 2R 2R 

=Q. ----
2R 

C-13 

where 

C-14 

From ~-10: 2RC.I2nw3 = (n + 1)M 
and from equation C-13: n2Rw3C.I2 = 1/q. 

Hence 

1 2(n+m) 
-=[(n+1)M=]=(n+l) .---­
q n+m(n+2) 

:.n2
• 2q-n(1 +m) (1-2q)-2m(l-q)=O. 

The solution of n in terms of q and m; n = 

(1 +m)(l-2q)+ y'(l + m)2(1...:2q)2 + 16q(1-q) 

4q 
C-15 

When m=1, n= 
1-q C-16 

q 

and from equation C-12 

C/2-(n+1)1n 
a W3. 2R w3 • 2R(l-q)., . 

C-17 

Ap~ndix D. Lattice of low-Z notch 
Fig. D-1 Ra= 0 ; ').;k 
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In a manner similar to appendix C arm 'a' is a 
resistor and Rb is made equal to a for a null at 
wo= 1/(Lb. Cb)- MakeR a multiple k of 'a', i.e. 
R = ka. From equation C-5 where R. = mR, 
E= . 

v, 
(1 -a~b) [(alb)(1 +m +2mk)+(l + m + 21k)]. 

Hence 

V 2 1-alb 

E (alb).(l+m+2mk)+(l+m+21k) 

~~en arm '?' is open circuit, b =:= oo and 

V2o 

E l+m+21k 

V:i/E 1-a/b 
VT ' D-1 

V201E (alb) (1+m+2mk)+ 1 . 
(l+m+21k) 

From Fig. D-1 (to simplify, use L . and C 
instead of Lb, Cb) 

1 pC. a+p2LC+ 1 
b=a+pL+ 

pC pC 

Hence 

pC.a 
alb 

pC . a+1+p2LC 

Insert this expression in equation D-1 
1

and 
~roceed as in appendix C. 

1+p2LC VT . . 

r-
(1 +k). (1 +mk) ] 

pC.a +1+p2LC 
2+k(l +m) 

Multiply by w0
2 = l!LC and replace 'a' by 

a=Rik 

P.-:- + Wo2 + p2 
R [ 2(1 +k) (I +mk) ] 

kL 2+k(1+m) 

Thus by comparison with A-4, the coefficient 
of pis 

r-~~-~-----~ 

w
3
= R(k + 1) [ 2(1 +mk) ·] 0 _2 

Lb.k 2+k(l +m) 

\Vhen Rs=R, m= 1 

I w3=f-~l D-3 

where k=Ria. 

Unbalanced low-Z notch · 

Fig. D-2 

Re-write equation D-2 to suit configuration 
of Fig. D-2 

R/2 k+l 
w3=-- .--.N D-4 

. Lb/2 k 
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whereN 
2(1 +mk) 

2+k(1+m) 

when m= 1, R 5 =R, N= 1 

R/2 k+ 1 
w3=L;/i_k_ 

R R R/2 
and k=-=-=--. 

a Rb Rb/2 
To find Lb/2 in terms of Qb 

woLb/2 1 ' Qb 
where Qb =--- or --=---

Rb/2 Rb/2 wJ.b/2 

R/2 R/2. Qb 

Rb w0 • Lb/2 

=k 
R/2 

D-5 

D-6 

D-7 

D-8 

D-9 

Fromeq D-4 (k+1) . N. 

Fromeq D-8 1/q. 

1 2(1 +mk) 
Hence -= (k + 1)N = (k + 1). -...,----,-,----

q 1 +k . (1 +m) 

." .k 2 • 2mq-k(1 + m) (1-2q)-2(1-q) =0 
and thus k= 

(1 +m)_(l-2q)+ -j[(l +m)(l-2q)F+ 16mq(1-q) 

4mq 

D-10 

. 1-q 
When m= 1, k=-- D-ll q . 

From equation D-6 

R/2 k+1 R/2 1 
Lb/2=--.--=-- .--. D-12 

w3 k w3 (1-q) 

AppendixE 

Derivations. Given: resonance (equation 1-1), 
constant resistance (equation B-4) and 3dB 
bandwidth (~quation B-9). 

E.1 Equation 1-5 

From equation B-9 

1 2 
Lh/2 E-1 

w3
2

. c.n w3
2

• c. 
From resonance equation 1-1 

1 . 2 -=w0 . L. c. 
Substitute 1/ C. in equation E-1 

or - {L:, = 
2

w0 = (equal by. definition to)= 2Q "La w~ . E-2 
This confirms equation 1-5 

E.2 Equation 2-3 
Q factor of arm 'b' is 

Wo · Lh woLb 
Qb =-- .". Rb =-- E-3 

Rb Qb 

From resonance equation 1-1 

1 
Wo.Lb=--­

Wo. Cb 

E-4 

The dynamic impedance of arm 'a' equals R . 
. (where no resistor is employed), hence 

Ra =Q.w
0
L

3 E-5 

. From B-4 R2 =R •. Rb 
Substitute R. from E-5 and Rb from E-4 in 
above. · 

R 2 =R.Rn 

La 2 as - = R from B-4. 
cb 

H 
Q. 

ence -=1 orQa=Qb E-6 
Qb 

which completes equation 2-3. 

E.3 equation 1-4 
For Qb(minl where no extra coil resistor is 
employed in arm 'b', Rb=R. Similarly, for 
Qa(min)• Ra = R. Thus 

Rb=~=1 
R. R 

Substitute Rb from equation E-3 and R. from 
equation E-5 

R Rb Wo • Lb/Qb(min) 

R Ra Wo • L. /Qa(min) 

Lb 

La • Qa(min) · Qb(min) 
Substitute 

Lb 
-=(2Q)2 from E-2, thus 
La 

Qa(min) · Qb(min) 

As Qa(minl = Qb(min) from E-6 
2Q = Qa(min) = Qb(min) 

which completes equation 1-4 

E-7 

Appendix F. Bar t le tt's bisection 
theorem 

Ra Ra 

JE ::ti 
zoe Rr r z" 21 01:::~: -0 

According to Bartlett's bisection theorem, if 
Fig. 1-10 is bisected the short-circuited half 
Zse forms one lattice arm and the open-circuit 
half Zoe the other arm. Hence Zse becomes 
arm 'a' and Zoe becomes arm 'b' in the lattice 
of Fig. 1-1 (see also ref. 2). 

The two capacitors in series in Z oe become 
Cb, thus 

1 

capacitance 

1 1 1 
+--- =- . 

c. c". cb cb 

To be continued 
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LETTERS TO THE EDITOR 
(coni) 

ging in the various English languages. 
In the 1976 edition of the Concise Oxford 

Dictionary I found: 
expertise n. Expert opinion or skill or know­
ledge . 
expertize, -ise v.i. & t. Give expert opinion 
(concerning) 
So I ask - why not u~e it? 

The broad issue I wish to raise in this letter 
is who has the right to allow or disallow use 
of words. Obviously a dictionary compiler 
will not create a word and list it as in com­
mon use, so that it must be in use before it is 
listed. At this stage people with an academic 
interest in the language complain, forgetting 
that for most users of the language it is but a 
tool. 

Specifically, technologists must have the 
right to create their own words not only as 
they do in naming a new invention, discovery 
or parameter (charmed quark), but where a 
minor descriptive category becomes of 
special importance. Brevity and phonetic 
ease with an attempt at spelling rationality 
are of prime importance. That this "jargon" 
is unintelligible outside the field is unimport­
ant. Mathematical formulae, biological 
classifications, chemical nomenclature, 
astronomical designations are meant as tools 
for people trained in their use and these 
people resent being told that they may not 
coin new words for their use . 
- For it is not just the present with words 
such as expertise, program(me), hex(a)/ 
( i )decimal, microprocessor I microcomputer 
which are in question but all technological 
names and descriptions which have been 
coined over the centuries. It will be impos­
sible to produce any technical publication, 
such as Wireless World, when only non­
specialised words and abbreviations are 
permitted. 

My suggestion is that a society which 
desires literacy for all its people rather than 
as a privilege of the wealthy must actively 
expedite this policy. Acceptance of the na­
ture of language (it is a tool) will precede the 
optimization and rationalization of usage, 
which includes acceptance of new words. 
Three types of dictionary could be collated: 
Archaic - for words we may read but will 
never write. · 
Contemporary- for the words we see, hear, 
and use in everyday life. 

!Technical - a suitable criterion for inclusion 
would be frequency of occurrence in the 
media, as a measure of contemporaneity. 
Our dynamic languages cannot be vitrified 
until our life styles do so. Countries which 
can alter currency and mensuration units can 
certainly regard their language with objec­
tivity. 
James Nolan 
Sydney 
Australia 

MICROPROCESSOR 
USERS CLUB 
It is proposed to set up a club in Britain for 
those people using the RCA 1802 micro­
processor, Cosmac ELF, ELFII , Super Elf etc. 
The unofficial assistance · of RCA and HL 
Audio has been promised. Would those in­
terested please contact me at 7 Harrowden 
Court, Harrowden Road, Luton LU2 OSR. 
Please send a stamped addressed envelope. 
James Cunningham 
Luton 
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Linear voltage-controlled oscillator 
LC circuit provides increased sIn rat io 

The author describes a technique for 
linearizing the characteristics of a 
varicap-tuned LC tuned circuit, which 
allows a frequency control of ± 5%, with 
a linearity of better than 0.5% over the 
range. 

A NUMBER of circuit arrangements 
exist for the generation of a.c. signals 
whose frequency is a linear function of 
some direct control voltage. Of these, 
the majority in current use employ 
some form of RC relaxation oscillator, 

,_ __ _.v 
R.F. 

________ _. ___________ ov 
(a) 

3V 

by J. L. Linsley Hood 

which is usually an elaboration of the 
well-known cathode-coupled multivib­
rator. 

There are three fundamental disad­
vantages in this type of circuit. These 
are that it is very difficult to make such 
circuits operate beyond some 20 or 30 
"MHz, because of the nature of the· 
relaxation mechanism, and that the 
.frequency stability is poor at this end of 
the operating range. Also, because of 
the way in which the circuit operates, . 
the signal-to-noise ratio of the 

47p 

470p 

r-:··lr-._--.. ,. vRF 

(b) 

c 

Ideally z0 should be 
1<2ro temperature 
coefficient device 

+12V 

R.F. out 

ov--------._--------~--------------~----~----_.----~----~~-- ov 
Linearisation circuit L.C oscillator 

(c) 

Fig. l. Voltage/ capacitance characteristic of Varicap and base voltage/ 
collector current curve of transistor follow similar law in circuit at (a). 
Modification at (b) removes effect of base-emitter voltage of transistor. Practical 
circuit is shown at (c). 
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Fig. 2. Characteristic of circuit in Fig. 
l(c). 

generated signal may be some 20-30 dB 
less good than that of a comparable LC 
oscillator. 

For some applications, the less good 
s/n ratio of the multivibrator circuit is 
relatively unimportant. However, it will 
be appreciated that this expresses itself 
as a 'jitter' in the turn-on and turn-off 
timings, and that the noise is therefore 
of an f.m. nature. 

By analogy with the way in which the 
noise accompanying the h.f. bias signal 
in a tape recorder will be superimposed 
on the recorded input, with a resultant 
degradation in the overall s/n ratio, it 
can be seen that any f.m. noise present 
on the output of the voltage-controlled 
oscillator in a phase-locked-loop, f.m. 
demodulator will be superimposed on 
the incoming f.m. signal during demo­
dulation. This difficulty may be a 
significant reason for the almost com­
plete absence of this type of demodula­
tor in commercial f.m. receivers. 

Alternative types of voltage­
controlled oscillator based on the com­
bination ofan LC circuit and some form 
of voltage-controlled reactance, such as 
a Blumlein integrator or a voltage vari- · 
able capacitor or Varicap diode, are 
seldom used except in expensive and 
specialized equipment because · of the 
complexity of the circuitry normally 
employed to obtain a linear relationship 
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1k 
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10 
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100n 

7 

100n 

Fig. 3. High-linearity, 
phase-locked-loop f.m. demodulator, 
providing improved s / n ratio. 

between applied control voltage and 
output frequency. However, it is of 
interest, in this context, that there is a 
fairly close similarity between the ex­
ponential relationship in the applied 
voltage/capacitance characteristics of a 
Varicap diode and that of the base 
voltage/collector current characteris­
tics of a normal junction transistor. 
Moreover, the temperature coefficients 
of these two characteristics appear to 
follow a similar law. 

It is possible, therefore, to contrive a 
circuit in which the characteristics of 
these two components are complemen­
tary, and a simple arrangement which 
would achieve this result is shown in 
Fig. 1(a). In this circuit there would 
however, be an uncompensated d.c. 
component due to the forward base­
emitter turn-on voltage of the transis­
tor. This can be removed by the slight 
elaboration shown in Fig. 1(b ), and a 
practical embodiment of this is shown 
in Fig. 1(c). The control voltage versus 
operating frequency characteristics of 
this circuit are shown in Fig. 2, based on 
a centre frequency of 10.5 MHz. 

The measured linearity over the 
range 10-11 MHz is better than 0.5%/ 
MHz, which would allow a linearity in a 
p.l.l. demodulator operating at 10.7 MHz 
of better than 0.1% over a ±75kHz 
modulation range. The actual centre 
frequency may, of course, be modified 
by adjustment to the L or C values of 
the tuned circuit. It was found in prac­
tice that a fair approximation to the 
optimum setting of the linear region of 
the v.c.o. is obtained when the circuit is 
adjusted so that there is some 3 volts 
d.c. across the Varicap diode - as 

1k5 

50k 

(Loop filter ov 
1----Q ca-pacitor) 

470n A.F output 

Tr
1

- Tr
5 

are port of CA3046 

150p 3k3 c 

I 
I 
I 
I 
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I 
I 

RF. ou~ t--1~--. 
I 

I 
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I 

I 
I 

I 

Battery 
-gv· 

------------~--_.~ __ ._ ______ ~--~--~----._~~~ 
Add-on ·wobbul~tor' unit 

Fig. 4. F.m. osdflatorfor use in wobbulator. 

reverse bias. This adjustment is made 
byRg. 

Two practical applications of this 
arrangement have been explored; the 
use of the v.c.o. in a very high linearity 
phase-locked-loop f.m. demodulator, of 
the circuit type shown in Fig. ,3 which 
has a linearity as good as that of the RC 
v.c.o. used in the author's earlier phase~ 
locked-loop f.m. receiver1

, but with an 
improved demodulator s/n ratio, and in 
the conversion of an inexpensive 
battery-powered signal generator of 
commercial origin into a multi-range 
'wobbulator,' using the circuit shown in 
Fig. 4, in which the transistors are 
part of a CA 3046 i.e. 

The range of input control voltages 
required for proper operation of the 
circuit shown in Fig. 1 depends on the 
ratio of the input resistance (R,) to the 

: Existing portable signal generator 

value chosen for R2 which should be low 
in relation to the dynamic base-emitter 
impedance of Tr, at the chosen 
operating current. 

Reference 
1. Linsley Hood, J. L., Wireless World 
Annual, 1975. p69 et seq. 0 
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clear sweep. 
You'd expect a Sweep Function Generator from 

Feedback to contain a lot more features for your money. And you'd 
be right- the SFG606 with its crisp frequency marker does just that. 

It sweeps up to 4 decades offrequency-bi -directionally. 
So you can avoid problems of transient effects. It maintains· low 
signal distortion with absolute precision over the .entire sweep 
range. It features a choice of decade or octave sweep- so it's ideal 
for narrow band analysis. It provides sine, square or triangle 
outputs over the freq~ency range O.OlHz to lMHz. 

And with that beautifully sharp, fine line frequency marker 
that gives you accurate determination of spot frequency on the 
display, the SFG606 really does score top marks. Read all about 
the SFG606 and all its companion test instruments in the 
Feedback 600 range. Send to 

Feedback for literature today. 

Or contact our distributors 

dallwplan 
EO. 13ox 19, Orchard Road , 
Rovston, Herts. SC18 5HH. 
lel~phone: Royston 45145. 

Feedback 
Instruments I! 
Limited m, 
Feedback Instruments Ltd ., Park Road, 
Crowborough, Sussex T:\6 2QR. 
lelephonc: Crowborough (08926) 3322. 
Cal{les: Feedback Crowbr.'Ielex: 95255. 

The new SFG6o6 passes even the testiest tester's test. 
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THOR 
ELECTRONIC 
SPEEDCOUNTERS 
• Make stock 
checks easier 

• Save counting time 
• Control stock levels 
• Control parts issuing 

Avoid stock shortages 

THOR ELECTRONIC 
INDUS'OliAL SCALES 
* Optional print out 
*Weigh 0-2000 Kg 
• Push button taring 
• Counts to 999,999 
• Accurate from 0.01 gram 
* Leasing ~rom £6.9 5 per week 

• Push button product reference 

• Platform sizes up to 150 x 120 em 

• 24 hour service from factory trained 
technicians available 

Qllt•J;j 
0 

® @ 
@ ~ 
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• British made,.... spares always available 

• Comprehensive 5 year guarantee available 

@) 
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® 
~ 

• Ex-stock delivery available on most models 
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I To: Balance Consultancy, 35 Harford Street, Trow-
bridge, Wiltshire, BA14 7HL Telex 449128 

: Telephone !02214) 64461 and ask Karen York for our 
I rapid leaflet service 
I 0 Please send me details of your money saving machines. 
I 0 Please ask your Area Manager to call. ww 7/9/79 

1 Tick as appropriate\ 
1 NAME 
1 COMPANY 
I ADDRESS 
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The Otari M:X5050B costs little 
more than modi1h~d domestic 
recorders. That little extra buys 
so much more. 

1. Proper editing facilities with 
calibrated splicing block. 
2. Four heads provide 2 or 4 · 
track replay. 
3. Bias and EQ adjustable from 
front panel. · 

4. Switchable NAB and IEC EQ. 
5. XLR Connectors. 
6. +28 dBm 600 ohm 
balanced output. 
7. Direct drive capstan servo 
with varispeed . 
8. Variable' or preset output 
level. 
9. 70 dB (weighted) 
signal/noise ratio. 
1 0. Sel sync on each channel. 

1-7 Harewood Avenue, Marylebone Road, London NW1. Tel: 01-724 2497 . Telex: 21879. 
WW- 096 FOR FURTHER DETAILS 
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Video disc battle looms 
Audio and video highlights from Chicago consumer electronics show 

Introduced by Adrian Hope ... . and continued by George Tillet 

Big news at this year's Consumer Elec­
tronic's Show in Chicago was the intro­
duction of the long-awaited video discs 
and the Magnavision display created quite 
a sensation . So did the demonstration by 
Pioneer whose player also uses the 
Philips-MCA laser system. The MCA 
library now offers a choice of 200 disc 
titles ranging in price from $6 for 30 
minutes playback to $16 for a two-hour 
movie. 

PROBABLY THE MOST IMPRESSIVE 
demonstration was given by JVC with 
their VHD-AHD system, which super­
ficially resembles the Philips/ 
Magnavox video disc but is wholly in­
compatible with that system - and 
indeed every other video and digital 
audio system so far announced. Like the 
Philips disc, the JVC disc is of 30cm 
diameter, is pressed from vinyl plastics 
arid has a spiral track pits on its smooth, 
ungroved surface. But whereas the 
Philips system reads the pits optically 
(the Philips disc surface is coated with 
reflective material) the JVC system 
reads the pits electrically. The JVC vinyl 
plastics pressing mix contains a carbon 
additive and the disc is tracked by a 
relatively large sapphire stylus which 
embraces a small electrode. This elec­
trode follows the spiral of programme 
pits under servo control derived from 
signals coded in a sequence of guidance 
pits alongside the programme pits. The 
track pitch is 1.41-lm and information is 
coded as variations in both length and 
depth of the pits. The relatively large 
stylus spreads its load over several turns 
of the spiral to offer a claimed stylus life 
of 2,000 hours and a claimed disc life of 
50,000 plays. JVC Cite the physical con­
tact area as 30 times greater than that of 
a needle-in-groove system, such as 
Matsushita's Vise or the RCA grooved 
capacitance system. Tracking force is 
40mg but the servo system enables a 
player to track a disc on an uneven 
surface. The grooveless surface also 
enables random access (as with the 
Philips system) and (also as with the 
Philips system) there are facilities for 
trick play, such as freeze frame, multi­
plication or division of speed by 2, 4, 8 or 
16 times, and coded frame-by-frame 
identification. For NTSC countries the 
rotational speed is 900 rev /min which 
offers up to one hour playing time per 
side with two full picture frames, i.e. 
four fields, per revolution. Picture 
quality and stereo sound for the video 
disc appears every bit as good as that 
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offered by the Philips laser system. 
Imperfections up to lOflin in size on the 
disc surface are simply sheared off and 
smoothed out by the tracking stylus and 
a drop-out compensator corrects for 
blemishes of up to 5001-lm on the disc 
surface. Main snag with this system 
appears to be susceptibility of the disc 
to surface containment. Any oil or 
grease from a human hand will upset 
tracking so discs must at all times be 
stored in protective caddies (similar to 
those used by RCA and Matsushita). 
The disc is automatically removed from 
the caddy when introduced into the 
player so the disc is never touched by 
hand. 

The audic capability of the system 
using pulse code modulation was also 
demonstrated. JVC,· unlike Philips, 
argue in favour of a single player to 
handle both video and p.c.m . discs. 
Philips of course argues in favour of one 
player for video discs and another tail­
ored for digital audio. JVC use a 14-bit 
linear code with sampling at · around 
44kHz. This provides predictably 
impressive audio performance, e.g. 
signal-to-noise ratio of 90dB (presum­
ably the extra 6dB · is achieved with 
pre-emphasis). Unfortunately JVC's in-

Carver magnetic field amplifier claims 
an output of 400 watts at 94% 
efficiency. 

tention, at least as stated in Chicago, is 
to tie p.c.m. coding standards to TV 
. frame standards, for instance by market­
ing a 900 rev /min video-audio player for 
NTSC countries and a different speed 
(e.g. 750 rev /min) player for Europe. 
Although the world is now accustomed 
to the impossibility of playing NTSC 
video recordings on European players 
and vice-versa it would seem an ab­
surdly retrogressive step to impose the 
same strictures on p.c.m. discs. Such 
strictures are as unnecessary as they are 
undesirable. For instance by the adop­
tion of constant tangential rather than 
constant rotational velocity tracking, 
Philips will make Compact Discs 
world-wide compatible. Hopefully JVC 
will think again before any commercial 
launch of the disc system (promised for 
the end of 1980) and by divorcing tv and 
p.c.m. standards ensure that JVC p.c.m. 
audio discs bought anywhere in the 
world will play on similar system 
players anywhere else in the world. 
Otherwise the system will surely never 
fly. But whatever route JVC takes over 
pulse encoding, the basic incom­
patability of the JVC capacitance and 
Philips laser systems seems assured. A 
potentially crippling battle between 
commercial giants with competitive 
systems of similar potential thus also 
seems assured. 

\Vhile the video world waits for BASF 
to show L VR, the linear or fixed head 
recording system at Berlin, Toshiba has 
already shown its own L VR system. 
According to the BASF technique a 
length of tape shuttles rapidly back­
wards and forwards past a fixed record­
ing head. According to the Toshiba 
technique the tape is in a continuous 
loop, contained in a cartridge similar to 
an eight-track audio cartridge. The 
Toshiba cartridge contains a 100 metre 
continuous loop of 12.5mm tape which 
traverses the head at 6 metres per 
second. As the loop finishes a full pass 
every 17 seconds the head steps fractio­
nally across the tape width. Each step 
takes 22 milliseconds, and 220 tracks are 
laid across the tape width. This provides 
an hour of continuous recording with 
generally imperceptible transitions. 
Rapid access to any point on the tape 
loop is achieved by fast-stepping the 
heads across the tape width. Longer 
playing time and smaller units than the 

' prototype on show in Chicago are pro­
mised for 1980. · 

RCA are very much pre-occupied 
with their Selecta Vision video tape 
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recorders and now have quite a range. 
One model, the VDT 201 has a four-hour 
capacity and it comes complete with a 
digital clock timer that allows preset 
recording for seven days with a playing 
time of six hours. 

Colour TV imports were down nearly 
25% from last year's first quarter figures 
but black and white units were little 
affected at well over a million units. 
RCA are using a comb filter system with 
a memory to double process the picture, 
.thus increasing the sharpness. The sys-
tem is called a Dynamic Detail Proces­
sor and it involves a charge-coupled 
device that effectively increases the 
number of lines by about 25%. Sylvania, 
like severa_l other manufacturers, have 
suddenly realized the importance of 
good TV sound and models use a two­
way speaker system with tone controls 
- and a filter switch. Projection TV is 
slowly gaining in popularity and several 
new models were to be seen. Sony's 
one-piece models have 50- and 70-inch 
screens and the VIRS (vertical interval 
reference signal) is used for colour con­
trol. Advent also has a single-unit model 
and this one employs a five -foot diago­
nal) screen. 

Now for a brief look at the audio 
scene: here the main interest centred on 
the new cassette decks which had pro­
vision for metal tapes. Some firms, like 
Pioneer and Akai had more than four 
models with "metal tape compability", 
as the copywriters put it. One of the 
most interesting decks was the 
Nakamichi 680 which can play at half­
speed (15/16th in/s) as well as 1% iri/s. 
The upper -3dB at the slow speed was 
quoted at 15kHz while the response is 
extended to 20kHz at 1 %in/s. The metal 

. tape used at the demonstration was 
made by TDK but Nakamichi propose 
to market their own brand soon. The 
680 has three motors, one for tape drive, 
one for hub control and the third for 
transport functions. It has a built-in 
calibration generator, azimuth head 
adjustment, monitoring capability, 
dual function (that is peak-average). 
fluorescent level indicators and provi­
sion for cable or wireless remote con­
trol. Many of the new decks are using 
bar-graph indicators of one kind or 
another instead of VU meters - some 
are LCD, others consist of a series of 
LEDs. Microprocessors are being used 
extensively now: for example one of the 
new BIC two-speed (1% and 3% in/s) 
decks use one for program control with 
digital display while Phase Linear's 
Model 7000 employs a microprocessor 
for automatically setting the bias, 
equalisation and levels for nine 
operating parameters, including dif­
ferent kinds of tape. 

Dolby Labs took Chicago in June as 
the opportunity to launch the new HX 
system which, as an addition to the 
basic Dolby B domestic noise reductiQn 
system, offers additional high frequency 
head room. This is achieved by varying 
the level of the record bias in depen­
dence on the character of the pro-

Toshiba linear video recorder achieves 
tape speed of6 mls and a playing time 
of an hour with 220 tracks on 
continuous loop. 

gramme being recorded. It is of course 
difficult, with even the most exotic 
cassette tapes and decks, to achieve 
accurate recordings of music which is 
particularly rich in high frequencies. 
The sound of percussion instruments, 
such as tambourines and cymbals, and 
synthesized music are particularly hard 
to record faithfully. This follows from 
the compromises necessary with a fixed 
bias system; the fixed level will often be 
too low for the optimal recording of mid 
and low frequencies and too high for 
optimally recording HF. The idea of 
varying the bias level according to 
signal content is not new but has so far 
foundered because bias variation also 
alters recorder sensitivity across the 
·frequency spectrum and this produces a 
bumpy response. It was Dolby engineer 
Ken Gundry who recognized the need 
to vary the recorder sensitivity along 
with the bias. To achieve this a control 
signal is necessary and the new HX 
circuit derives this from the Dolby B 
circuitry which is already virtually 
standard tn stereo cassette decks. Dolby 
is offering HX under free licence to all 
firms already licensed to use Dolby B. 
Headroom at 10kHz and over can be 
improved by around 10dB, regardless of 
tape type. This is of course in additon to 
the similar reduction of h.f. noise off­
ered by the B system. 

Tandberg's Dyneq system was also 
attracting a lot of attention and as used 
in the model TCD 440A it also reduces 
saturation effects and improves signal­
to-noise. It works by autpmatically ad­
justing the record pre-emphasis to 
obtain the maximum high frequency 
response without distortion. The sys­
tem is patented but the·company is said 
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to be willing to consider licensing 
agreements. DBX (who prefer to be 
known as dbx) now have an ambitious 
encoded disc program with the co­
operation of many well-known recor­
ding companies. Recordings that meet 
stringent technical and/ or musical 
standards are re-mastered to produce 
dbx encoded discs. A simple playback 
decoder is required for playback but this 
is relatively inexpensive. So far, 25 
records have been issued (re-issued?) 
and I for one was most impressed with 
the increased dynamic range and silent 
background. 

One of the sensations at the January 
Show in Las Vegas was the Carver 
"magnetic field" amplifier which is 
claimed to be 94% efficient. Precise de­
tails are not available but the circuit 
involv.es a voltage or rather energy 
storage "in a relatively small light­
weight and low cost magnetic field coil, 
thereby eliminating the need for a 
power transformer and electrolytic 
capacitors". The unit measures less 
than a 7 inch cube and weighs only 
8%lb. Rated power output is 200 watts 
per channel and I can confirm that heat 
dissipation is insignificant. One of the 
most interesting features of the design 
is the constant impedance output so 
parallel loudspeaker connections cause 
no problems. Since the Las Vegas show, 
minor circuit changes have been made 
and the amplifier should be available 
later this year. 

· Amplifiers with "Class A" output 
stages are still popular with some audio 
enthusiasts although most of them are 
low powered models. An exception is 
the Threshold model 4000 which as a 
rated output of 200 watts per channel. 
The power supply uses a 1 kilowatt 
transformer and the 48 output transis­
tors have a dissipation reserve of 6 
kilowatts. A class A cascade circuit is 
used throughout and a matching 
cascade preamplifier is now available. 
The input stage is a little unusual as the 
open-loop curve is shaped to compli­
ment the RIAA characteristic resulting 
in a constant amount of feedback over 
the audio range. 

How to get bass from a small box is a 
problem that has long plagued loud­
speaker designers and one method that 
has had a certain amount of success is 
the use of servo-feedback which in­
volves a built-in amplifier. Now, KLH 
have come up with another variation -
the use of a dynamic bass equalizer 
which is controlled by the signals pre­
sent at the loudspeaker terminals. The 
unit is connected in the tape-in, tape­
out circuit or between the preamp and 
power amplifier and low frequency lift is 
dynamically controlled so the maxi­
mum displacement of the speaker cone 
is not exceeded. The attack time of the 
processor is so fast, say KLH, that 
mechanical overload is most unlikely. 
There are three systems in the 
associated range of loudspeakers, the 
smallest measuring 121;2 by 8V2 by 6 
inches and the -3dB point is at 40Hz. 
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Victorian microwaves 
Millemetre transmissions before the Boer War 

By K. L. Smith, Ph.D., University of Kent at Canterbury 

By 1900, the fundamentals of 
microwave transmission, and 
quasi-optical analogue results were firmly 
established . The theoretical solutions of 
waveguide transmission and modes of 
oscillation on spherical and other 
conductors were nearly all established; 
but the subject died completely. 

MANY SCIENCE and engineering 
students in higher education still make 
believe how modern and up to the 
minute their advanced courses in 
microwaves are. Mainly because of the 
way modern mass-media approach such 
matters, they feel at one with all those 
dishes that sprout on Post Office towers 
and the microwave systems now used 
for satellite links around the the world. 
It seems to be symbolic of being right 
there and 'with it' in high technology. 

It seems to come as a considerable 
shock to these students when it is 
pointed out that such technology was 
nearly all spelled out sufficiently early 
on for Queen Victoria to have had the 
possibility of seeing and inspecting the 
hardware. As the author of Ecclesiastes 
put it, 1 "There is nothing new under the 
Sun". 

Microwave physics was bound to be 
realised soon after Clerk Maxwell's 
equations predicted the possibility of 
long electromagnetic waves. In 1883, F. 
G. FitzGerald was already suggesting 
that Leyden jar discharges should emit 
Maxwellian radiation.2 Then in 18883, 

Heinrich Hertz. at Karlsruhe con­
clusively demonstrated that such waves 
existed. The apparatus he devised to 
generate the shorter of his various 
wavelenghts was broadly resonant at 
500MHz, and with it most of the pro­
perties of microwave optics were esta­
blished. Hertz used a resonant dipole at 
the focal line of a cylindrical parabolic 
aerial, together with a short, parallel- · 
wire transmission line to the detector 
from a similar dipole at the receiver. 
\Vorking at the same time in Britain and 
very nearly establishing the space 
waves, Oliver Lodge was ~lr~ftdy well 
advanced in demonstrating powerful 
high-frequency waves on wires. Lodge, 
to quote a report of the time,4 " . •. got 
quantitative evidence of nodes and 
loops in wires when working with Mr. 
Chattock in the session 1887-8 (the Bath 
meeting of the BA) ... the wires them-

Oneral arr&DS'IDftt of uperimnte with the Copper "Hat," 
ahowia« Ketal Box 011 a Stool, ataadiag outlide the Theatre. Tbe Box ie 
not --.ty ~Hd, bu$ lallde n the RatUaton wm1 bed with a 
snduted IIIli• of aJM111ar- ; ~e Copper Hat containing tbe Cohenr 
II -n on the Table with the Ketal Box 011 the left of the Table coatr.ininR 
Bettery and Ot.lftnomet.r Ooll 0011n.Oted to it by a aompo pipe conveying 
the wine, M In Fil• lllo ; the Lemp ad Scale barely Indicated at one elde 
of ~e Table ; a Panllln Prt.m ; and a Polarilins Grid of oopper -wirel 
etretcbed on a fram•. [Thil figure le from a thumbnaU altetch by Xr. 
A. P. Trotter, taken at the Lec$ure ln 1894.] 

Fig. I. Lodge's 
radiating cavity with 
irises is clearly seen in 
this picture, together 
with a flanged circular 
waveguide receiying 
aperture and detection 
·system. (Lodge's 
caption in figure). 

Fig. 2. Pictured are two of Lodge's 
oscillators, which would have 
generated predominantly TE

11 
mode 

radiation. 
I 

Dr. Lodge'a Hollow Cylindrical Radiator, arranged horisontally 
agr.bnt t.he ouuide of a Metal-lined Box containing the Spark-producing 
Arparatua. Half natural eize. Emitting 3in. wave~~. 

Spherical Radiator (or emitting a Horizontal Beam, arranged 
iooide a Copper Hat, fixed againot the outoide o( a met.al-line<l Box, which 
cootaino induction coil and battery nnd key. One-eighth natural eize. 
The wire• pua into the box throurh glaoo tube• not ahowo, 

selves becoming momentarily luminous 
... except at the nodes, thus enabling 
the waves to be actually seen, having 
been made stationary by reflec­
tion. . . . The wires . . . were very long 

going five or six times round a 
large hall .... " 

The reports published on all these 
spectacular preliminary observations 
soon resulted in the near-exponential 
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growth of experimental work and the 
publication of papers, so well described 
by Derek De Solla Price in his book "Big 
Science, Little Science" .5 \Vi thin five 
years, an identifiable "invisible college" 
existed on this subject - a socio­
scientific phenomenon also described 
by Price. The members of this intern­
ational group were described as "the 
Hertzians". Hertz died at this time, and 
leadership moved over more firmly to 
Lodge, A. Righi6 in Italy, and to J. 
Chunder Bose from Calcutta,7 whose 
milimetre wave experiments were quite 
remarkable. It was during Righi's public 
lectures that the young Marconi be­
came acquainted with electromagnetic 
wave phenomena. Other workers in­
cluded F. J. Trouton in Dublin, J. A. 
Fleming, Zehnder in Germany, and 
contributions from Lord Rayleigh 
strengthened the theoretical base. 

Oliver Lodge demonstrated radiation 
from circular waveguides on 1 June, 
1894 at the Royal Institution in London. 
To this end, he invented the radiating 
iris, and in effect also resonant cavities. 
He called them 'copper hats', and clearly 
intended them as directive aperture 
radiators and to raise the "Q" of the 
oscillators, as in Figure 1. Figure 2 
clearly shows that he was exciting the 
T~n modes in the transmitting guide. 
By placing his coherer detector 
crossways in the receiving guide he 
detected this mode, but he also stated 
that, "Sometimes the (coherer) tube is 
put lengthwise in the hat instead of 
crossways, which makes it less sen­
sitive, and also has the advantage of 
doing away with the polarising, or 
rather analysing, power of a crosswise 
tube." This position of his detector can 
be seen in figure 1. 

Clearly Lodge understood he was 
using the circularly polarised TM01 
mode in this instance. This mode has a 
null along the axis, and we find Lodge 
writing about the receiver as, " ... a 
copper hat with its mouth turned well 
askew to the source ... "thus receiving 
the TEn mode radiation on one of the 
maxima to the side of the axis. Lodge's 
microwave demonstration operated at 4 
GHz, his 7.5 em waves were just above 
"S" band. 

· But it is to Bose we owe a consider­
able advancement in millimetre wave 
studies. He developed a semiconductor 
detector, rectangular waveguides and 
horn aerials (Figures 3 and 4). His 
microwave bench was put to use in 
measurements of refractive index, 
reflection from plane and curved sur­
faces and many experiments on polari­
sation. 

Bose generated 5mm wave radiation 
near "E" band. His resonator consisted 
of a conducting sphere · set 
oscillating across a diameter. This was 
the common form of transmitter 
employed by virtually all the experi­
menters. Bose seems to have refined his 
spherical resonator by partially en­
closing it in capacitive cups each side, as 
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Arrancement of tl.c: Apporatus. 

Fig. 3. This microwave 
bench enablectBose to 
investigate polar 
diagrams, crystal 
lattice diffraction (or 
its analogue), total 
internal reflection, 
refractive indices and 
so on, all at 60 GHz. 
(Bose's caption in 
figure.) 

R. ....liatar; ~. opectrometer-circle ; M, plane mi"or ; C. cylindrical mi"or ; p, totally 
reAectinc priom; P, oemi-cylinden; K. crystal-holder; F, collectinc funnel 
attacl.ed to the apirol aprin1 rOC<liver; I, tanront ocrew, by which the receiver is 
rotated; V, voltaic cell; r, circular rh-tat; G. 1alvanometer. 

Polarisation i\pporatuo. 

K, crystal-holder; S, a piece of stratified rock ; C. a crystal; J. jute polariaer; W, wire­
srating polariser; D, verticolsraduoted disc, by which the rotation io measured. 

Fig. 4. It is clear that 
Bose had all the 
requisite motions to 
establish polarisation 
angles. He must have 
understood the effect 
of wire gratings placed 
parallel, perpendicular . 
and in practice at any 
angle, to the E-vector 
of the 60 GHz beam of 
radiation. (Bose's 
caption in figure.) 

Fig. 5. Reproduced 
here are Bose's 
capacitively loaded 
spherical oscillator, 
and a curious two 
dimensional spring 
contact detector. 

The Radi11tor. The Spiral­
sprinK k.cciv~r. 

seen in his drawing reproduced as Fig­
ure 5. This must have increased the 
charge stored, therefore the energy, by 
capacitive loading. Also, the radiation 
must have been reduced by the partial 
screening effect, thus raising the "Q" of 
the system, which yielded many more 
cycles of oscillation per discharge than 
must have been usual. (The bandwidth . 
of the radiation must have been 
reduced.) It had been reported else­
where by other members of the "Hert­
zians" that the damping of an open 
oscillator of this type was such that 
normally only one or two complete 
oscillations were obtained. 

The ingenious detector evolved by 
Bose is also shown in Figure 5. It most 
likely consists of a space-irradiated 
multicontact semiconductor (using the 
natural oxide of the springs) plus some 
cohering action. But from Bose's reports 
this action, unlike most coherers, app­
eared to be self-decohering. 

One of his experiments involved 
Bradshaw's Railway timetable, inter-

leaved with ·sheets of tinfoil in the 
pages, as a cut off metal plate grating. 
Aiso, one of his millimetre aerials used a 
sulphur lens, shaped to the required 
curve by using the refractive index as 
measured on the bench at 60 GHz. 

A most remarkable development car­
ried out by Bose ·has already been men- · 
tioned. His use of microwave horn 
aerials occurred well before the turn of 
the century. No doubt he considered 
that the larger collecting area of a horn 
aperture would increase the energy 
incident on his detector - reasoning 
precisely in the same · way as a micro­
wave engineer now designing his 
receiving aerial for a communication, 
links or satellite ground station. 

All these workers generated radio 
frequency powers of considerable mag­
nitude, so they were not energy limited. 
Oliver Lodge estimated that one of the 
shock excited oscillators that were in 
popular use at the time developed a 
peak power of some 70 kW. He goes on 
to say that sparks could be drawn from 
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all sorts of metal pipe wires and fit­
tings, and that fuses were regularly 
blown by the received power that was 
picked up by the electrical system of the 
'building, when the sending apparatus 
was operating. 

In 1896, Lord Rayleigh 8 published a 
complete solution to Maxwell's equa­
tions yielding all t.he possible modes in 
rectangular and circular waveguides, 
complete with Bessel's functions and 
all. Thus the stage was set for point to 
point communications links with 
parabolic aerials, waveguide feeders, 
increasingly sensitive detectors - and 
even microwave Radio Astronomy of 
the Sun as Oliver Lodge proposed, and 
actually attempted. 

Yet one of the most remarkable mys­
teries in science and technology is that 
none of this occurred. The subject faded 
rapidly from the scene. Hertz was dead, 
the others seemed to switch to new 
fields of work. Microwave electronics 
was before its time and had to wait half 
a century until just before the second 
world war for Southworth, Chu, Schel-· 

kunoff and others, to make the re­
discovery and b~gin the applications.' 

Lodge, who was the outstanding 
British figure in this work, became in­
creasingly involved in running a Uni­
versity, and took an increasing interest 
in the paranormal, becoming in fact 
·President of the Society for Psychical 
Research. He continued to write many 
instructive articles on "wireless" in the 
journals such as the early editions of 
Wireless World, and was elected Pre­
sident of the Radio Society of Gt Britain 
for the year 1925. 

Bose moved on to investigations of 
plant growth and the effects of e.m. 
radiation upon biological structures. All 
the other workers faded from view. 
Perhaps it was Gugielmo Marconi's 
great success in using extremely long 
Hertzian waves for telegraphy that 
swung all the young engineers away 
from microwaves. But whatever the 
historial cause of the moratorium in 
microwave science, nothing can detra.ct 
from the lustre of these first pioneers of 
microwaves at the end of the 19th cen­
tury. 

Books Received 

The latest offering in the Newnes Technical 
Books' "Master" series, in this case Master 
Hi-Fi Loudspe~kers and Enclosures," by 
Dave Berriman, offers some interesting and 
attractive material covering the essentials of 
each element of the loudspeaker, both as 
individual items and in concert with the box. 
However, those who are observant will 
notice a tendency to gloss over the hairy 
areas, such as the power output losses incur­
red by passive filter networks. Active net­
works are not even mentioned, but the nice 
paper and intermittent two-colour presenta­
tion (blue type-face for captions on illustra­
·tions and silky white paper throughout), 
added to the fairly wide spread given to the 
subject, makes the book a good buy at £2.95 
in limp back. One nasty inconsistency is that 
represented by the cover illustration. A 
confused shopper stands in front of a pile of 
speakers with the slogan "Special Offer", but 
as Mr Berriman provides no information at 
all on the efficiency /price relationship in the 
book, it could prove frustrating for some: 
Butterworth and Co. (Publishers) Ltd., 88 
Kingsway, London, WC2B 6AB. 

"Starting and Running a Small Business", 
first published in 1977, must be one of those 
books which (ideally) should help to swell 
anyone's profits from business. The author, 
Alan Sproxton, outlines with admirable 
candour the main objection to the use of the 
book as an aid to money-making or the 
fractional reduction of the dole queue when 
he points out that he has so far managed to 
avoid making a fortune himself. Maybe for­
tunes aren't to be made in small business but 
it can't help circulation to act as your own 
devil's advocate. Nevertheless, the same 
general advice holds good in this up-dated 
version as did in the 1977 printing, though 
with more acid heaped upon Civil Service 
and government departments alike. A 

humorous and handy volume on the whole. 
Hardback at £3.95 from United Writers 
Publications, Trevail Mill, Zennor, St. Ives, 
Cornwall. 

The lEE has recently (March) issued a new 
edition of its "Symbols and Abbreviations for 
Electrical and Electronic Engineering", and 
there's not a great deal to say about this 
except that, as always, it provides the fun­
damental sign language of electronics as well 
as quantity symbols for mechanics, heat and 
illumination among other universal phe­
nomena. It comprises a sixteen page booklet 
costing 75p from The Institution of Electrical 
Engineers, Marketing Dept., Station House, 
Hitchin, Hertfordshire SG5 1RJ. 

"Digital Hardware Design", by the popular 
(for us!) team of Catt, Walton and Davidson, 
converts some of the contributions by Heav­
iside, S.P. Thompson and Hertz to solutions 
of digital problems. The ideas are well­
explained, the maths fairly easy to . handle 
and the drawings rather poor in places. 
Nevertheless, some half-forgotten ideas are 
given a fresh new treatment and appear at a 
high relevant moment, considering the 
development of high-speed digital techni­
ques via ECL (emitter coupled logic) and 
Shottky t.t.l. £4.50 in limp-back from Mac­
millan Press, 4, Little Essex St., London 
WC2R3LF. 

"A Guide to Amateur Radio", by Pat Hawker, 
is a hard-back and up-dated version of the 
well-known booklet version of the 17th edi­
tion produced in 1978. This useful work 
contains two additional sections dealing with 
fundamentals of electronics and sample RAE 
examination questions. £5.40 from Butter­
worth and Co. 

Yet another in the massive series of D.A.T.A. 
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books has appeared. This deals with memory 
integrated circuits and covers !H18 types 
spread across 51 manu'facturers. The techni­
cal sections deal with r.a.ms, r.o.ms, cha­
racter generators, code converters, shift 
registers and special memory devices in­
cluding oddities such as trigonometric 
r.o.m.s. - a.t.n, rhythm generators and 
transistor arrays. This is edition 16 and is, as 
usual, available from London Information 
(Rowse Muir) Ltd., Index House, Ascot, 
Berkshire SL5 7EU at a price of £32.65. 

Thermistor stabilizers 
continued from page 64 

J. L. Linsley Hood's "Low Distortion 
Oscillator" (Wireless World, Oct. 1977 
pp 69-70) can be examined. In this case 
Rs = 220Q, Rf = 820Q and the thermistor 
is an STCR53. The quoted output is 1.5V 
and the calculated result is 1.60V. Cal­
culated temperature coefficient is 
-22mV /°C, which is equivalent to 
-O.ll8dB/°C. \Vith R , = 0 and 
Rf = 127Q the calculated voltage is 1.01 V 
and the measured voltage 1.1 V. The 
temperature coefficient is then 
-4.5mV ;oc or -0.039dBrC. 

One way to reduce amplitude depend­
ence upon temperature is to operate 
the thermistor at higher temperatures, 
but this is not profitable as the instant­
aneous temperature can rise above the 
steady-state level even when settling. 

In principle it is possible to provide 
compensation over a temperature 
"band" by replacing Rr with a thermis-

' tor of dissipation factor which is much 
larger than the output sensing thermis­
tor, or by means of a thermistor I resistor 
combination. 



96 

Cassette with 
die-cast frame 
Claiming that its MA-R die-cast 
(zinc) framed cassette provides 
improvements in tape-to-head 
relationships, resulting in 
reduced levels of wow and flutter 
etc., TDK points to greater 
rigidity as the prime source of the 
improvements. The new cassette 
features a new type of tape 
anchorage within "truly circu­
lar hubs" which ensures "even, 
regular spooling." In addition to 
the new frame and tape ancho­
rage, the cassette contains (C60 
size) "metal alloy" tape and a 
table is provided giving details of 
the electrical properties of the 
new tape. Sensitivity figures for 
the three frequencies of 333Hz, 
10kHz and 16kHz are given as 
5d8, -0.5dB and 2dB respec­
tively. No information is pro­
vided concerning comparative 
wow and flutter measurements. 
The main advantage of the 
"metal alloy" (particle) tape is 
improved coercivity and 
remanence. This cassette wiH be 
available in the UK in September 
1979 and the C60 Will retail at 
about £6. TDK Tape Distributor 
(UK) Ltd., 11th Floor, Pembroke 
House, Wellesley Rod., Croydon 
CR09XW. 

WW301 

1W (max.) v.h.f. 
crystaloscHiators 
A range of fixed-frequency crys­
tal oscillators covering the 
frequencies 5MHz to 300MHz, 
the C0-284W series, can deliver 
an output of up to 1 W according 
to the distributors, Lyons Instru­
ments. Those in the 300MHz to 
500MHz range can deliver 0.5W, 
giving levels of 30d8m and 
27dBm for the two range spreads 
respectively. Oscillators can be 
supplied as "standard stability" 
types at ± 20 ppm at tempera­
tures between 0 and 50°C with 
options of stability to ± 3 ppm 
and operation over temperature 
extremes between -55°C to 
+ 125°C. Each oscillator is 
factory-set to within 10 ppm of 
the specified frequency but ad­
justment for setting within 1 ppm 
is available as an option and 
electronic tuning is available for 
phase-locking applications. Sup-
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NEW· PRODUCTS 

WW301 

ply requirements are + 15V d.c. 
at 300mA and the dimensions are 
51 x 76 x 19mm. The oscillators 
are manufactured by Vectron 
Laboratories and the distributors 
point out that the pricing system 
is complicated by differences for 
"standard" and "high" stability 
units, variations for differing 
frequency coverage and savings 
obtained by "bulk" ordering. As 
an example, an item which costs 
between £285-£490 as a "one-off' 
could easily be brought down to 
the £120-£195 range when ord­
ered as a "100-off'. Lyons Instru­
ments, Hoddesdon, Herts. 
WW302 

Sub-miniature rotary 
switch 
Full dust-proofing and operation 
over the temperature range 
-45°C to +85°C are (eatures of 
the PS613 series of sub-miniature 
rotary wafer switches which the 
manufacturer, Radiatron, claims 
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for its recently introduced range. 
The switches have been designed 
with miniaturized equipment in 
mind as well as long life. They 
may be specified with either 
silver or AuNi contacts and will 
switch loads at llOV d.c. or 
125V a.c"? both at 0.25~. Maxi­
mum load current is 1A and 
either 12 or 6 positions may be 
selected in both shorting and 
non-shorting configurations . 
Each wafer can have one or two 
poles and each switch can incor­
porate up to 4 wafers. The overall 
diameter of each switch is 12mm 
and a choice of p.c. board mount­
ing or panel types is available. 
Radiatron Components Ltd, 76 
Crown Rd., Twickenham 
Middlesex. · ' 

WW303 

CWiasers 
Two new injection c.w. lasers, 
offering a 5mW output with a 
typical beam divergence of S 

WW303 

milliradians are now available 
from Laser Diode Laboratories, a 
subsidiary of the (American) 
Valtec Corporation. These de­
vices, which are said to feature 
high c.w~ power output and low 
beam divergence, are classified as 
the SCW-30 and SCW-31. Other 
significant characteristics in­
clude a threshold current of 
85mA and a peak wavelength of 
820 nm. Typical linewidth of the 
sew -30 is 1 nm and that of the 
SCW-31 is 0.1nm. Both lasers 
incorporate the SELFLOC lens 
and are housed in the LDL-9F 
package. A 10,000-hour warranty 
is offered for both items. \Val­
more Electronics Ltd., 9-15 Bet­
terton St., Drury Lane, London 
WC2H9BS. 
WW304 

Combined5V 
regulator and bridge 
rectifier i.e. 
A mains transformer, filter 
capacitor and an r.f. by-pass 
capacitor are all that is needed to 
turn a new i.e. from Fairchild 
(UK) into the central element of a 
self-contained SV and SA power 
supply. This is the SH1705 and 
contains the f1A 78H05A regula­
tor in combination with a diode 
bridge circuit. The usual features 
of short-circuit protection, ther­
mal shut-down, low drop-out 
voltage and internal current 
limiting are included, and if de­
sired the regulator section can be 
used separately from the bridg~ 
rectifier. Absolute maximum 
ratings are 23V r.m.s. input, SOW 
internal power dissipation (at a 
case temperature of 25°C) and a 
regulator section input/output 
differential voltage of 2SV d.c. 
(max.). Regulator input is via a 
separate pin, making it suitable 
for use in more complex supplies, 
using other devices. The retail 
price of the i.e. is £9.71 before 
v.a.t. Fairchild (UK) Ltd., Potters 
Bar, Herts. 

WW305 

30W opto-isolated 
switchers 
An efficiency level of 70% and 
remote sensing as a standard 
feature are two of the quoted 
points of interest relating to a 
new range of opto-isolated 
switchers recently introduced by· 
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Farnell Instruments. These are 
an extension to the "G" range of 
switching power supplies and 
four current combinations can be 
employed, at 6, 12, 15 and 24V. A 
further claim is that they will 
tolerate wide variations in input 
voltage, i.e. in the range 176 to 
264V (a.c.) or 92 to 132V (a.c.). 
The application of opto-isolation 
switching techniques has 
resulted in compact, lightweight 
power supplies housed in a case 
measuring 145X88X33mm and 
exhibiting an insulation tested 
breakdown point of 5.8kV d.c. 
input to output. That is, 2.9kV 
d.c. output to earth and 2.9kV 
input to earth. In keeping with WW 306 
the rest of the "G" range the unit 
output is designed to hold up for 
the duration of a missing mains 
cycle without the addition of ex­
ternal output capacitors. These 
switchers comply with the inter­
ference requirements of VDE 
0875, curve N, CISPR (publica­
tion 2) curve N and BS800. Far­
nell Instruments Ltd., Sandbeck 
Way, Wetherby, LS22 4DH. 

WW306 

Car stereo booster 
and graphic 
.equalizer 
Compensation for high noise 
levels inside the car can be 
obtained by boosting the output 
power of a car stereo system and 
the RE-482 Car Stereo Booster in 
combination with the RE-484 
graphic equaliser, can supply this 
extra feature. The makers, Ross 
Electronics, say that each unit 
provides an output of 20W per 
channel and is fitted with by-pass 
switches to re-connect the car 
stereo unit to the speakers direct. 
Each unit operates only with 12V 
negative earth systems and out­
put impedance is 4 to 8-. The 
RE-482 is fitted with bass and 
treble controls providing, accor­
ding to the makers, frequency 
control which can provide a res­
ponse equivalent to home hi-fi 
systems. The graphic equalizer 
offers the same basic tonal varia­
tions but the five controls cover 
centre frequencies' of 60Hz, 
250Hz, 1kHz, 3.5kHz and 10kHz. 
The dimensions of the RE-482 are 
115 x 40 x 150mm, the unit being 
·priced at £27.90 plus v.a.t. while 
those for the RE-484 are 
160x40xl50mm, the price of' 
this item being £50.40 plus v.a.t. 
Ross Electronics, 32 Rathbone' 
Place, London WlP lAD. 

WW307 

Digital thermometer 
Covering the range 0 to 400°C, a 
new digital thermometer offers 
more durable features than many 
previous items of a similar na­
ture, according to the makers, 
DMS Electronics. For example, 
th~ l?r~be is permanently wired to 
Jlllnimize errors and is fed with · 

WW307 

WW308 

"armoured" coaxial cable for 
hard wear. Error is ± 1 digit over 
the entire temperature range 
with a claimed fast response in 
changes of temperature. The dis­
play is l.c.d. (0.5in) and the low 
power consumption permits up 
to 100 hours continuous use from 
the self-contained rechargeable 
battery. The instrument is 
housed in a lightweight ABS case 
with a protective hinged lid. A 
carrying wallet is also supplied 
with the thermometer. DMS 
Electronics, Unit 10 Willow 
Close, South Anston, Sheffield 
S31 7GX. 
WW308 

Suppression chokes 
Radio frequency interference 
suppression chokes in a heavy­
duty form are being made and 
marketed by Ashcroft Elec­
tronics. Intended for use in 
vehicles, aircraft and ships, these 
chokes ~perate within the rane:e 

150kHz to 200MHz (approx.) and 
are constructed from enamelled 
wire wound on a ferrite former 
and connexions are taken to axial 
lead-outs. A tough plastic outer 
sheath gives protection against 
vibration and moisture. Induct­
ance range is S.5 H to · 70 H, 

WW310 

· tolerance is ± 20% and the nor­
mal operating temperature range. 
is -40°C to + 85°C. Ashcroft 
Electronics, Cirencester 
Gloucestershire. ' 

.WW309 

Thick-film relays 
and drivers 
Combination of several modern 
constructional techniques has 
given rise to a new range of solid 
state a.c. relays and thyristor 
drivers from Hamlin Electronics. 
Designated the 7580 series, the 
relays are constructed using 
thick-film technology and optical 
isolation methods and are formed 
as a compact single-in-line pack­
age occupying less than half a 
square inch (300mm 2) of mount­
ing area. Input/output isolation 
voltage (max.) is 1,500V. r.m.s. 
and the device features polarity­
protected inputs.t.-, zero voltage 
switching and compatibility with 
i.e. logic. Load current rating is 
2A r.m.s. at a control voltage of 
3V d.c. and 1.75A r.m.s. at 32V d.c. 
Non-repetitive single-cycle surge 
current is 70A peak, and 1 second 
overload current is 35A peak. The 
driver units in this sttries are 
intended to interface with logic 
control circuits and power thyr-
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istors operating on the a.c. line. 
Output current to the thyristor is 
SOmA r.m.s. (max.) or 150mA 
pulse current. Both relays and 
drivers are mounted in a package 
measuring 40x22x9mm and each 
weighs 7 g. Hamlin Electronics 
Europe Ltd., Diss, Norfolk. 

WW3IO 

Quick index machine 
Rapid access to index details and 
a capacity of about 1,000 entries 
are features of an electrically­
operated records index, the 
"Datax," which is available from 
Hadley Sales Services. Index 
cards slide in and out of plastic 
trays and the relevant details are 
quickly displayed behind a trans­
parent plastic screen in response 
to the pressing of a button. The 
information stored could be 
telephone numbers, part 
numbers, prices, inventories 
customer accounts, etc, and a 30 
button keyboard (full alphabeti­
cal range) allows flexibility for 
combinations of letters and 
numerals. Each unit includes a 
supply of pre-cut index cards and 
_keyboard tables. The "Datax" is 
portable and operates either from 
two HP2 cells or an a.c. mains 
adaptor. The price is £40 (plus 
15% v.a.t.) for the TBX-30 and a 
smaller version, the TB-lS, with a 
capacity of 360 entries, costs £18 
plus lS% v.a.t. Hadley Sales Ser­
vices, 112 Gilbert Rd., Smeth­
wick, Warley, West Midlands B66 
4PZ. 

ww.311 

Quad v.m.o.s. power 
f.e.t. 
Four independently accessible 
v.m.o.s. power f.e.t.s. contained 
in a single 14 pin d.i.l. package 
and specified as the VQlOOO con­
stitute one of the latest products 
from Siliconix. The manufacturer 
claims for this device advantages 
such as reduced component 
count, high switching densities 
and lower than usual assembly 
costs. Each individual f.e.t. 
within the package has a maxi­
mum switching capability of 60V 
and a continuous current rating 
of O.SA or lA in pulse applica­
tions. In higher power. applica­
tions each f.e.t. can be connected 
in parallel externally to take ad­
vantage of the load-sharing 
capabilities of v.m.o.s. devices 
and typical switching times are 
as low as 5ns. Applications are 
various and include t.t.l./c.m.o.s. 
logic to high power interfacing, 
l.e.d. digit strobe drivers, high 
speed line drivers, stepping mo­
tor drivers and peripheral control 
driving circuits. Overall package 
power dissipation is 1.75W max. 
at 25°C and each VQlOOO will be 
available in either plastic or cer­
amic packages complete with 
Zener protection. Siliconix Ltd, 
Morriston, Swansea SA6 6NE. 

WW312 
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Softly, softly . . . 
I would like all manufacturers of 
domestic audio equipment to pay 
attention for a moment. It's high time 
for some plain speaking, so just stop 
trying to decide which bit of planned 
obsolescence to build in next and listen 
tome. 

Well, that's it, really. Built-in 
obsolescence. It never used to be like 
this. When my father bought us a 
gramophone, he was reasonably con­
fident that he would have time to get it 
out of the box before we were made to 
feel under-privileged by "new techno­
logy." At the current frantic rate of 
innovation, it would barely be fully 
wound up for the first Gracie Fields 
record before a new model with oil-fired 
winding and a cast-iron needle was 
introduced. 

Even motor cars seem to last for a 
year or two before petrol-pump atten­
dants start sneering at them, and in the 
other gadget-conscious brotherhood of 
photography, it is positively not done to 
have shiny new equipment - not 
according to glossy ads. for Olympus, at 
any rate. 

What I feel is that it would be rather 
nice to have time to get the 13A plug on 
my new cassette deck before the next 
one is launched (amphibious, are they?). 
Because that is what this is all about. I 
want to buy a cassette deck, but by the 
time these devices have been on the 
market long enough for the intel­
ligentsia to tell me whether they are any 
good or not, they can't be found in the 
shops, having been replaced by new 
designs with slight and probably unim­
portant differences. One can't keep up 
the pace. So, look, chaps, can you hold it 
for a couple of months, please. I'd quite 
like to be up there with the cognoscenti 
for the first time in my life, even if it is 
only for a week or two. 

Paper tigers 
When television was young, and 
keeping up with the Joneses entailed 
knowing someone who'd been to Tor­
quay instead of Blackpool for the an­
nual fortnight, it was not unknown for . 
the H aerial on a chimney to feed no­
thing but its own downlead. If the 
neighbours thought you had a television 
set, that was the main consideration. 

That sort of ploy was understandable 
I suppose, from impecunious high livers, 
but to transfer the philosophy to the 
camera end takes a devious mind - the 
kind which impels people to put notices . 
on the front gate implying that the 
Hound of the Baskervilles is in residence 
and praying for a chance to sink its 
teeth into the juicy bits. 

Nevertheless, I do feel a little less 
threatened than I used to when doing 
the weekend shopping in the supermar­
ket, because a note came from a firm 
which makes it its business to keep all 
us potential shoplifters in line to tell me 
that the latest line in c.c.t.v. cameras 

aren't what they seem. Those devices 
that follow your every move aren't 
cameras at all. A new fitting lately on · 
the scene consists of four dummy 
lenses, mounted on a sort of pudding 
basin affair and fixed to the ceiling. Red 
lights flash to make you think that the 
manager has his little button eyes on 
you and a sign says "c.c.t.v. pictures 
relayed to central monitors." The mis­
sing articles and verb avoid the accusa­
tion of a downright lie, but the message 
is certainly there. 

This isn't the only one of its kind. The 
same firm do a wall-mounted one which 
darts quick glances about the shop in an 
apparently purposeful way. It doesn't 
have anything behind the "lens," either. 

I don't know how long this has been 
going on, but it's made me feel a bit 
foolish. It means that all those funny 
faces I've been pulling at c.c.t.v. 
cameras have been wasted. I would also 
have thought that to tell everyone 
about it would rather tend to reduce the 
effectiveness of the operation. 

I nfo.rmation gap 
I'm pretty sure that the most certain 
way of indicating which gaps in one's 
education yawn wider than average is 
to look at the front covers of the IEEE 
Transactions on various subjects. The 
front cover is about as far as I usually 
get because, since the contents list is 
printed thereon, it is made painfully 
clear to me that I can't even understand 
the titles,' much less the articles them­
selves. Faced with a title such as 
"Recursive implementation of a two­
step non~parc;tmetric decision rule," I 
cannot claim that my hearbeat reacts at 
all dramatically. The effect of "An in­
trinsic dimensionality estimator from 
near neighbour information" on my 
pulse rate can best be described as 
unspectacular. 

It- is all very depressing and I was 
considerably cheered to see, on the first 
issue of a new Trans., the article "A 
family of similarity measures between 
two strings." Well, like most people, I 
had previously supposed that when 
you'd seen one piece of string, you'd 
seen the lot, but I was pleased that there 
was at least one word in the title that 
meant something to me. So I took the 
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not inconsiderable step of opening the 
journal to read this account, and found 
that the strings in question were strings 
of symbols which were either identical 
(S = 1) or not like each other one little 
bit (S = 0), with shades of similarity in 
between. Well, that's fine, as far as it 
goes, but it's the kind of article that does · 
tend to leave me wondering if I've 
missed the punch line. 

What I mean to say is, it's so difficult 
to obtain even a smattering of the whole 
field of electronic study. When I was a 
lad, just after the Flood, a well-rounded 
engineer was expected to work effec­
tively in any branch of the discipline -
from directly-coupled amplifiers to 
microwaves, from record players to 
guided weapons, from stabilised power 
supplies to stabilised platforms. The 
amount of information released in the 
last twenty years means that no one, or 
no one I know anyway, can even com­
prehend the whole field of interest. 

It doesn't half make you feel old. 

Les Miserables · 
As all good chess players know, the only 
thing to do when your king is pinned 
down and your queen is about to be 
abducted is to bend down to stroke the 
cat and accidentally knock the board on 
the way up again. In the ensuing argu­
ment, you can then maintain that the 
brilliant coup you were about to pull off 
would have enabled you not only to 
escape check, but to mate in the next 
four moves. When challenged to prove 
it, you can't, of course, quite remember 
where the pieces were. 

Chess, so I'm told, is popular in 
France, which possibly explains the 
unreliability of their telephone system. 
You don't get the connexion? Well, no 
·- neither did the Post Office Prestel 
exhibit at the Tete-informatics exhibi­
tion in Paris a few weeks ago. It seems 
that -Presfel ana ·oidon,-a French 
viewdata system somewhat similar to 
Prestel, were on neighbouring stands. 
Comparison was thereby invited - at 
least, it would have been but for the fact 
that Didon wouldn't work. Prestel 
pressed on regardless, the Post Office 
people no doubt feeling distinctly 
chuffed by their unforeseen edge over 
Didon, until just after the relevant 
French Minister did his walkabout of 
the show, whereupon the Prestel de­
coder was left talking to itself. The 
telephone line had been cut off. 

Urgent representations were natu­
rally made, but in spite of the location of 
the exhibition - the French post office 
headquarters - the phone stayed dead. 
A token French engineer came round, 
said he'd have to get his screwdriver or 
something, and promptly disappeared 
into the hinterland. No one is saying 
anything. Not even why, out of all the 
telephone lines in use·, only the three on 
the Prestel stand were out. 

Sti.JI, these accidents will happen. 
Sometimes, it's the only way. 
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All the advantages and reliability of 
thin-film circuitry and gold· metalization techniques. 

The TRW CA2800 series is the perfect answer 
whe':J yo~ nee~ really stable linear amplification from 10-400MHz. 
Appl1~~t1on~ w1ll be .IF amplifiers, local oscillator buffer 
amphf1ers, f1bre opt1c drivers, laser/LED diodes or drives for 
accoust~-optic mo.dulators- in fact just about any situation · 
where w1deband lmear amplification is needed. 

GENERAL PURPOSE HYBRID AMPLIFIERS 

P/N 

CA 2800 

CA 2810 

CA 2818 

CA 2820 

CA 2830 

CA 2832 

CA 2833 

CA 2840 

CA 2842 

CA 2850 

CA 2851 

CA 2870 

CA 2875 

CA 2876 

CA 2880 

PRODUCT SUMMARY 

BANDWIDTH GAIN OUTPUT POWER 
MHz DB 1 DB COMPRESSION 

10-400 17 800mW 

10-350 33 800mW 

1-200 18 800mW 

1-520 30 400mW 

5-200 34 1W 

1-200 35 2W 

5-200 34 1W 

30-300 22 1W 

30-300 22 1W 

40-100 17 250mW 

40-100 17 250mW 

20-400 34 400mW 

40-100 17 310mW 

40-100 22 100mW 

40-100 22 100mW 

To ~.C.P. Electronics Ltd. , 
Stat1on Wharf, Alperton, Wembley, Middx. 
Tel: 01-902 5941. 

Please send me full data on the 
TRW CA2800 wide bandwidth linear hybrid amplifier range. 

Name 

Company ______________________________________ __ 

1 Address 

TRK! RF SEMICONDUCTORS I c_er.: 
' -------- ----~:.J WW- 021 FOR FURTHER DETAILS 



e ·rrue supercardioid 
characteristic 

e Well balanced, nsmg 
,frequency response 
with low frequency roll-off 
an~ presence boost 

e Built-in hum bucking coil 
to cancel electromagnetic hum 

e Breath and "pop " filter 

e On-off switch 

e Professional three-pin 
audio connector 

DESCRIPTION AND APPLICATIONS 

The Beyer Dynamic model M 400 N (C) soundstar mk II is a unidirectional moving coil microphone, especial! 
designed to meet the demand of musicians, singers and entertainers for an elegant and superb soundi 
microphone . It is also an excellent microphone for instrument pick up and well suited for a variet~' of broa ' 
cast, recording and stage applications. Its supercardioid pickup pattern minim izes background noise a 
other undesirable acoustic effects . A highly effective built-in burst filter controls exp losive breath and "p 

noises. For boom, stand and hand use, indoor and out, the M 400 is unaffected by humidity and temperatu 
extremes. Its rugged construction makes this microphone particularly suited to withstand the rigors 

professional use . The microphone is fully fieldserviceable. 

M 400 N (Cl 
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Model TCSU1 Soldering Station 

The TCSU1 soldering station with either the XTC 50watt-24/26 
volt soldering iron or the CTC 35watt-soldering iron for : 
pin point precision and exceptionally fast recovery time. i 
We have put at least twice as much power into irons which ar~ 
already known for good recovery time. The temperature i 

control stops them from over-heating: the "fail-safe" electron i ~ 
circuit provides protection even if the thermocouple fails. · 
TCSU1 soldering station with XTC or CTC iron . £41 .54 
including VAT (Nett to industry}. Postage extra. i 

I 

~:-i!iii:~ ~~ : 
Model XTC Priced at £11.62 inclus·ive of VAT and P& ~ 

I 
! 
I 

Model CTC Priced at £11.62 inclusive of VAT and P& , 

Model SK3 'Kit Model SK4 Kit I 
I 

Con-tains both 
the model 
CX230 
soldering iron 
and the stand 
ST3. Priced 
at £7.19 
inclusive of 
VAT and P&P. 
It makes an 
excellent ~ 
present for the 
radio amateur 
model maker 
or hobbyist . 

I . With the 
model 
X25/240 1 

general I 

purpose irdn 
and the STB 
stand , this ! 

kit is a must 
for every I 

toolkit in tne 
home. Pric~d 
at £7 .19 I 
inclusive of 
VAT and 
P&P. 

I ~ 

. A miniature iron with the element enclosed first in a ceramic . 
shaft, then in a stainless steel. Virtually leak-free . Only 7 ~ " 
long. Fitted with a 3/32" bit. £5.18 inclusive of VAT and P&P. 
Range of 5 other bits available from X" down to 3/64". 

Model X25 25wa~ts i 
-- =a~--~--------
~ ~-~~~ . 

A general purpose iron also with a ceramic anci steel shaft to 
give you toughness combined with near-perfect insulation. 
Fitted with~ " b it and priced at £5.18 inclusive of VAT and 
P & P. Range of 4 other bits available . 

Model M LX Kit 
The soldering iron in this kit can be 
operated from any ordinary car battery. 
It is fitted with 15 feet flexible cable 
and battery clips. Packed in a strong 
plastic envelope it can be left in a car, 
a boat or a caravan ready for soldering 
in the field. Price £5.69 inclusive of 
VAT and P&P. 

Model SK1 Kit 
This kit contains a 15watt miniature 
soldering iron, complete with 2 spare 
bits , a coil of solder, a heat sink and a 
booklet, 'How to solder' . Priced at 
£7.48 inclusive of VAT and P&P. 

Model ST3 Stand · 
A strong, chromium plated, steel spring 
screwed into a plastic base of high 
grade insulating material provides a 
safe and handy receptacle for all 
ANTEX models soldering irons. 
Priced at £2.07 inclusive of VAT & P&P 

/'------------------ ----- -...., 
r Please send me the Antex colour brochure D I enclose cheque/P.O./Giro No. 2581000 o \ 
I 
1 Please send the following . . . . . . ... . . ... .... . . . .... ... . . . .. . . . . 
I 
1 Name . .. . . . ... .. . . .. . . . . . .. . . .. . : ... . ... . .. . • . . ... . . . . . . . 
I 
1 Add ress . . . .. . . ... .. .... . .. . . . . . . .. .. ... . . .. . . . .. . .. . . ... . . . 

I I . . . . . . . . . . 

', ~~t~ ~~F~e~~t~P~~o~h_P~l ~ B~ ~~ 02~ ~1E!_ w_w~ 

WW - 093 FOR FURTHER DETAILS 
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L 
A100 50 
A101 58 
A102 98 64 
A103 150 64 
A105 75 80 
A110 125 80 
A115 175 80 
A117 250 80 
A120 122120 
A123 220 120 

M205 52 50 
M206 65 50 
M210 82 80 
M215 120 80 
M217 122 120 
M220 i60 80 
M221 200 120 
M223 200 150 
M225 82 80 
M226 120 80 
M227 122 120 

110 50 7.88 
160 75 50 8.98 
190 75 50 9.82 
230 75 5010.65 
55 55 51> 6.31 

110 75 75 8.86 
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~- ~~0~\}- ra~'ge V s-< v,G~ 

P327 230 75 
P328 190100 
P330 160160 
P333 260169 
P334 360160 
P355 

~t: se'""'g sest 
All the Bopla range, with the excep-
tion of BOCON are to /P65 standard, 

being very accurately made. Their lids 
are sealed by a recessed continuous 

ring gasket, which will _also resist 
petrol and oil. Fixing screws are 

outside the sealed chamber, but 
inside the case. Bopal are alu­

minium and Boplasteither poly­
carbonate or glass polyester. 

Certain sizes CC!n have clear 

Bocon is a two­
toned high impact poly­

styrene case to IP44. In 
dark/light grey, red/black, or 
clear covers (see cat.). 

BOC410 
BOC 420 
BOC430 
BOC440 
BOC445 
BOC450 
BOC 460 

• 

L B H 
100 50 25 _2.06 
100 50 40 2.20 
120 65 40 2.38 
150 80 55 2.68 
150 80 80 3 .42 
188 110 70 3.53 
188 110 100 4_.02 

one: Aylesbury (0296) 20441. Telex: 83570 

i TRANSISTORISED DC TO AC INVERTERS 

1 2v-24v-48v de input models 
11 Ov or 240v AC off load 
output models 
Square-wave output or 
optional filtered models 
Frequency 50Hz or 60Hz models 
(± 5% typical) 

1 2v de inputs I 11 Ov or 240v outputs 
50Hz or 60Hz 
N 1 2 I A-8"x6"x6" 40 watts 
N12/B-8"x6"x6" 60watts 
N12/C-8"x6"x6" 100watts 
N 121 D-8"x6"x6" 1 50 watts 
N12/E-8"x6"x6" 200watts 
N 12/ F-8"x6"x6" 250 watts 
N12 I G-B"x6"x6" 300 watts 
N 12/ H-1 O"x8"x6" 400 watts 

Filtered waveform models available at 1 5% extra. 

£18.00 
£23.20 
£28.10 
£34.50 
£42.00 
£50.60 
£58.00 
£69.80 

24v de inputs I 11 Ov or 240v outputs 
50Hz or 60Hz 
N 24/ A-8"x6"x6" 40 watts 
N24/B-8"x6"x6" 100 watts 
N24/C-8"x6"x6" 150 watts 
N24/D-8"x6"x6" 200 watts 
N24/ E-8"x6"x6" 250 watts 
N24/F-8"x6"x6" 300 watts 
N24/G-10"x8"x6" 400watts 
N24/H-1 O"x8"x6" 500 watts 
N24/l-12"x8"x8" 700 watts 
N24/J-12"x8"x8" 1000watts 

£19.20 
£29.80 
£36.00 
£44.00 
£52.50 
£60.00 
£71.40 
£83.00 

£101.00 
£150.00 

Filtered waveform models available at 1 5% extra 

All silicon power transistors 
Separate driver and output 
transformers 
Designed for cool continuous 
operation .' 
Aluminium ventilated cased un1ts 
DC input fused 

48v de inputs/ 11 Ov or 240v outputs 
50Hz or 60Hz 

N48 I A- 8"x6"x6" 50 watts 
N48/ B- 8"x6"x6" 100 watts 
N48 I C-8"x6"x6" 1 50 watts 
N48 1 D-8"x6"x6" 200 watts 
N48 I E-8"x6"x6" 250 watts 
N48/ F-8"x6"x6" 300 watts 
N48 I G-1 O"x8"x6" 400 watts 
N48 I H-1 O"x8"x8" 500 watts 
N48 I 1-1 2"x 1 O"x8" 700 watts 
N48 I J- 1 2"x 1 O"x8" 1000 watts 
N48/K-12"x10"x10" 1500watts 

£20.00 
£31.60 
£37.00 
£45.00 
£54.00 
£62.00 
£73.00 
£86.00 

£112.00 
£160.00 
£210.00 

Filtered waveform models available at 15% extra . 

Please add t5 .00 carria~e per unit U.K. overseas at cost Delivery 10 to 21 days subject to availabi lity - ~?sed s12es subject to vanat1ons Callers strictly by appointment- Telephone anqumes 01-736 0685/01-748 5778 

. ELECTROVANCE P.O. BOX 191, LONDON SW& 2LS 
WW- 085 FOR FURTHER DETAILS 
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WILMS LOW 
lffi00[]]0(]] 
The firm for Speakers 

~~r~E ~.·--
UNITS v 

Audax HD12 9025 £7.65 
Audax HD13D34H £12.75 
Audax HP11 P25EBC £6.65 
Audax HP20B25H4 £13.25 
Audax HD24S45C £20.50 
Baker Superb £25.00 
Castle Super 8RS/DD £12.65 
Chartwell CEA205 8" bass, matched 

pairs only 8 ohm (pair) £61.25 
Coles 4001 £7.65 
Coles 3000 £7.65 
Celestion HF 1300 II £8.45 
Celestion HF 2000 £10.25 
Dalesford D 1 0 tweeter £8.45 
Dalesford 030 I 11 0 5in £11.25 
Dalesford 050/153 6V2in £12.25 
Dalesford 050/200 Bin £12.25 
Dalesford D70/250 lOin £22.25 
Dalesford ABR 1 Din £10.25 
Dalesford D 1 00 I 31 0 1 2in £35.75 
Decca London horn £57.25 
Decca DK30 horn £43.75 
Decca CO/ 1000/8 £10.25 
EM114A/770 14in x 9in 

8 ohm £19.50 
EMI Bin x 5in d /c, 10 watt, 

4ohm £4.05 
EMI Type 350 4 ohm £9.45 
lsophon KK8/8 £8.15 
lsophone KK1 0/8 £8.45 
Jordan Watts Module £20.40 
Jordan Watts HF kit £9.15 
Jordan 50mm unit £24.50 
Jordan CB crossover (pair) £24.50 
Jordan Mono crossover (pair) £24.50 
Kef T27 £9.45 
Kef B110 £12.00 
Kef 8200 £13.25 
KefB139 £27.00 
Kef ON 1 3 £5.40 
Kef ON 1 2 £8.65 
Kef ON 22 (pair) £40.85 
Lowther PM6 £51.00 
Lowther PM 7 £88.45 
Peerless KO 1 DDT £10.50 
Peerless DT1 OH FC £10.50 
Peerless K040M R ~ £12.25 
Radford BD25 II T.B.A. 

. Radford MD9 T.B.A. 
Radford MD6 T.B.A. 
Radford FN 8 I FN 831 T .B.A. 
Richard Allan DT20 £8.95 
Richard Allan DT30 £9.45 
Richard Allan CGBT £11.25 
Richard Allan CG 1 2T Super £25.30 
Richard Allan LP8B £11.75 
Richard Allan HPBB £17.60 
Richard Allan HP 128 £28.40 
Seas H 107 £8.95 
Shackman Electrostatic, c /w polar 
network and crossover (pair) £130 
Tannoy DC386 1 5in £178.90 
Tannoy DC296 1 Oin £107.35 

t~ 
5 Swan Street, 
Wilmslow, I Cheshire. 

PAGROUP& 
DISCO UNITS 

WILMSLOW 
AUDIO 
KITS FOR MAGAZINE DESIGNS etc. 

, Baker Group 35 £15.451 Kits include drive units, crossovers, Baker Group 50/12 £23.45 BAF/Iong fibre wool, etc, for a pair of BakerGroup50/15 £35.15 speakers. ' ::arria9e£3.75 Celestion Powercell 1 2 I 1 50 £56.50 
Celestion Powercell 1 5 I 2 50 £69.25 
Celestion G 12 I 50 Twin cone£15.95 
Celestion G 12 I 80 Cambric edge 

£20.25 
Celestion G 12 I 80 Twin cone £19.75 
Celestion G 12 I 125 Cambric edge 

£35.10 
Celestion G 1 5 I 1 00 Cambric edge 

£31.95 
Celestion G 1 5 I 1 00 Twin cone 

Celestion G 18 I 200 
Celestion MH 1000 
Fane Pop 40 
Fane Pop 50H 
Fane Pop 75 
Fane Pop 65 
Fane Pop 80 
Fane Pop 100 
Fane Guitar SOL 
Fane Guitar BOB 
Fane Disco 80 
Fane PASO 
Fane Bass 85 
Fane Crescendo 1 2 E 
Fane Crescendo 15E 
Fane Crescendo 18E 
Fane J44 
Fane J104 
Fane J73 

_Fane HPX1 /HPX/2 
Fane HPX3A 
Fane HPX3B 
Goodmans SPA 
Goodmans 12P 
Goodmans 1 2PD 
Goodmans 12PG 
Goodmans 18P 
Goodmans Hifax 50HX 
Motorola Piezo horn 3%in 
Motorola Piezo horn 2in x 6in 

Richard Allan HOST 
Richard Allan HDl:OT 
Richard HD12T 
Richard Allan HO 1 5 
Richard Allan Atlas 1 5in 
Richard Allan Atlas 18in 

£32.25 
£53.25 
£15.95 
£12.50 
£13.80 
£19.70 
£21.25 
£25.50 
£41.80 
£26.10 
£27.15 
£27.15 
£26.10 
£34.00 
£57.50 
£74.50 
£94.75 

£6.90 
£14.85 
£10.90 

£3.45 
£5.60 
£4.55 
£5.05 

£21.00 
£23 .. 95 
£22.65 
£48.45 
£21.85 

£8.50 

£12.25 
£17.00 
£18.50 
£24.45 
£43.40 
£75.00 
£90.00 

Practical Hi-Fi and Audio PR09-TI 
(Rogers) Felt panels for PR09-TL 
£6 .72 plus £1.60 carriage £138 

Hi-Fi Answers Monitor (Rogers) £146 
Hi Fi News State of the Art (Atkinson) 

£182 
Hi Fi News Miniline (Atkinson) £48 

(carriage £2.66) 
Hi Fi for Pleasure Compact Monitor 

(Colloms) £115 
, (carriage £5.25) 

Popular Hi-Fi Mini Monitor (Colloms) 
£74 

Popular Hi Fi Round Sound 
(Stephens) including complete 
cabinet kit £71 

Popular Hi-Fi (Jordan) £93 
plus (carriage £2.66) 

Practical Hi-Fi & Audio BSC3 (Rogers) 
£65 

Practical Hi-Fi & Audio Monitor (Giles) 
£155 

Practical Hi-Fi & Audio Triangle 
(Giles) £99 

·Practical Hi-Fi & Audio Mini Triangle 
(Giles) £108 

Wireless World rransmission Line 
(Bailey) KEF £122 

Wireless World Transmission Line 
(Bailey) RADFORD £184 

Hi-Fi News Tabor (Jones) with J4 bass 
units £60 

Hi-Fi News Tabor (Jones) with H4 
bass units £66 

CARRIAGE & INSURANCE 
Tweeters & Crossovers 43p each 
Speakers up to 1 Oin . SOp each 
Speakers up to 12in. £1.60 each 
Speakers up to 1 5in. £2.66 each 
Speakers up to 18in £3.75 each 
Speaker kits £2.66 per pair 
Magazine design kits 

£3.75 per pair 

PRICES CORRECT AT 1 I 7 I 79 

ALL PRICES INCLUDE VAT@ 15o/o 

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

Telephone Speakers, Mail Order and Export 
' 0625 529599 

tti-Fi: (Swift of Wilmslow) 0625 526213. = Lightning service on telephoned credit card orders! jCJ 

WW- 015 FOR FURTHER DETAILS 

SPEAKER 
KITS 

Dalesford System 1 
Dalesford System 2 
Dalesford System 3 
Dalesford System 4 
Dalesford System 5 
Dalesford System 6 
EagleSK210 
Eagle SK215 
Eagle SK320 
Eagle SK325 

£54 
£57 

£104 
£110 
£142 

£95 
£17.60 
£32.60 
£40.80 
£68.50 
£93.00 
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Eagle SK335 
Goodmans DIN 20 4 ohm (special 

offer) 
LS3/ 5A equivalent kit 
Lowther PM6 kit 
Lowther PM6 Mk 1 kit 
Lowther PM 7 kit 
Peerless 1070 
Peerless 11 20 
Peerless 2050 
Peerless 2060 
Radford Studio 90 kit 
Radford Monitor 180 kit 
Radford Studio 270 kit 
Radford Studio 360 kit 

£27.60 
£71 

£105.30 
£110.40 
£176.85 

. £124.70 
£142.10 

£51.10 
£67.40 

£184 
£218 
£350 
£440 

Ram Kit 50 (makes RAM 1 00) 
£71.50 

Richard Allan Tango Twin kit £49.00 
Richard Allan Maramba kit £69.00 

Richard Allan Charisma kit £101.20 
Richard Super Triple kit £81.70 
Richard Allan RA8 kit £52.65 
Richard Allan RA82 kit £83.30 
Richard Allan RA82L kit £89.90 
Seas 223 · £40.85 
Seas253 £63.10 
Seas 403 £76.60 
Seas 603 £122.60 
Wharfedale Denton XP2 kit £31.45 
Wharfedale Shelton XP2 kit £40.40 
Wharfedale Linton XP2 kit £56.20 
Wharfedale Glendale XP2 kit £69.00 

Everything in stock for the 
speaker constructor! 
BAF, Long Fibre Wool, Foam, 
Crossovers, Felt Panels, Com­
ponents, etc. 
Large selection of grille fabrics. 
(Send 15p in stamps for grille 
fabric samples.) 

Swan Works, Bank Square, 
Wil'mslow, Cheshire. 
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LMM-100 Multimeter 

0·1 %Accuracy 
WITH 

Digital Hold 

£69.95+VAT 
Crisp 0.5" LCD read-out gives up to 2,000 hrs. battery life with 'Battery Low' warning. 
Basic 1ccura~y 0.1%. ~en volt~ge (min. reading 0.1m yJ te~ 9u_rrent (min. r~a_ding 0.1pA) 
and five reszstance (mzn. readzng- 0.1fl) ranges. Umque dzgztal hold' faczlzty for easy 
data-logging. , Auto-polarity and Auto-zero. Inputs protected against overload. Full 
2 year· warranty. A rugged ABS case with adjustable handle makes the LMM-100 the 
ideal instrument for bench or field use. 

LMM-100 MULTIMETER £69.95. SUITABLE LEADS £1.95. P & P £1.50. ADD 15% VAT TO ALL PRICES. 

LASCAR ELECTRONICS ·BASILDON (0268)727383 
Unit1,Thomasin Road, Burnt Mills, Basildon,Essex SS13 1LH 

WW-089 FOR FURTHER DETAILS 

You can get a lot out of 
our free catalogue 

Future Film Developments 
36/381,..exington Street, London, W1R 3HR. Tel: 01-437 1892/3 Tlx: 21624 ALOFFD G 
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Lowe SRX30 utilises a drift can­
celling loop system to give perfor­
mance plus 500KHz-30M Hz. 
coverage. USB/LSB/ AM /CW. 
240Vac/12Vdc supply. £179. 

Trio R300 with dual conversion on 
higher frequency band (above 
18MHz). 170KHz - 30MHz 
coverage. USB/LSB/AM/CW. 
120Vac /240Vac /12Vdc supply or 
internal batteries. £189. 

Both the above receivers are currently available from stock. Prices INCLUDE VAT but please 
add £4 for Securicor deli 

CB11'0nics stock the full range of VHF and 
UHF Mnateur aerials - send S.A.E. for 
list and 8p8Cial prices. l 

ALL OUR PRICES INCLUDE VAT 
EASY TERMS available. Access and Barclaycards welcome 

CATRONICS LTD (Dept. 929) COMMUNICATIONS HOUSE 
• 20 WALLINGTON SQUARE 

WALLINGTON, SURREY SM6 8RG 
Phone: 01-669 6700. Mon.-Fri. 9 a.m.-5.30 p.m. Sats. 1 p.m. 

WW- 929 FOR FURTHER DETAILS 

PCB's & CONTACTS 
·CL.EANED WITHOUT 
WATER OR POWDER 

USING · 

FVBRGLASS 
BRUSHES 

F ybrglass PCB brush 
ilpprox s1ze 
7f\mm x 50mm 

by 

RUSH 

Replaceable Fybrglass penc11 brush 
1n strong metal cas1ng 

WW-071 FOR FURTHER DETAILS 
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J. L. tinsley-Hood High Quality 
C tte Recorder 

We are the Designer Approved suppliers of kits for this exce.llimt n. The Author's 
reputation ·tells all you need to know about the circuitry and Hart expertise and 
expenence guarantees the eng1neenng des1gn of. the kit. Advanced features include: 
High quality separate VU meters with excellent ballistics. Controls, switches arid 
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 trappin~ slot. Easy to use, robust 
Lenco mechan1sm. Switched b1as and equal1sat1on for different tape formulations. 
All wiring is terminated with plugsand 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 new HS15 Sendust Alloy record/play 
head, avail.able separately at £7.60 plus VAT, but included FREE as part of the 
complete k1t at £81.50 plus VAT . ·· 
REPRINTS of the 3 articles describing this design 45p No VAT. 
REPRINT of Postscript article 30p No VAT. 

TEST CASSETTE TC 1 
Special Hart Copyright test tape makes it easy to set up VU level. head azimuth and · 
tape speed, without test _instruments. Suitable for any cassette recorder. Complete 
with instructions £2.70 me. VAT. · 

LINSLEY HOOD CASSETTE RECORDER 
Our new improved performance model of the Linsley Hood Cassette Recorder 
mcorporates our VFL g1 0 vertical front mechanism and circuit modifications to 
increase dynamic range. Board 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 button for level setting. Dual concentric input 
level controls. Phone output. Microphone input facility if required. Record ini:er'lock 
prevents re-recording on valued cassettes. Frequency generating feedback servo 
dnve motor with built-in speed control for thermal stability. All these desirable and.: 
useful features added to ·the excellent design of the Linsley-Hood ci'rcu.its and the • 
quality of the components used makes this new kit comparable with built:up units of 
much higher cost than the modest £94.90 '+VAT we ask for the complete kit. 

SUPER BARGAIN OFFER 
LENCO FFR CASSETTE DECK 

For those who missed our recent bargain CT4s, we now are delighted to be able t~ 
offer Brand New Lenco FFR decks complete with motor speed and solenoid control 
boards fitted and tested. This deck is almost identical to the CRV lacking only the 
pause control and record button. 
A·mono head is fitted but we can supply a stereo head, bought at the same time, for 
only £2 +VAT. 
This deck would normally cost about £25, and we are offering it complete ;,.,ith a free 
escutcheon for the incredibly low price of £9.99 +VAT. 

VH.~ !C 

:vFL g1 0. Vertical front loading Super Hi-fi deck, as used in our new Linsley- Hood 
Cassette Recorder 2. £31.99 +VAT. Set of knobs £1.46 +VAT. 

LENCO CASSETTE MECHANISMS 
We hold stocks of a range of Lenco tape transports for all uses, we can also supply 
spare parts. For example: 
CRV Motors complete fi4.00 plus VAT . 
CRV Drive Belts 90p plus VAT . . 

CASSETTE HEADS 
A large range of cassette heads for domestic, industrial and audio visual purposes is 
available from us. The very best stereo head that we can find is our HS 1 5 Sen dust 
Alloy Super Head. This has an even better high frequency response than our H S 14 
which it replaces . Unlike cheaper and ferrite types this ex~ellent high frequency 
performance is combined with a high output, thus maintaining the best possible 
s1gnal to noise rat1o . Price £7.60 plus VAT. 
4-TRACK Record/play head. Scans all 4 tracks on cassette tape. Suitable for 
auto-reverse mechanisms, film sync, quadrophon ics and many other purposes . 
Standard impedance £7.40 plus VAT. 
Full details of these and other heads are in our lists. 

ALL UK ORDERS ARE POST FREE 
Please send 9x4 SAE for lists giving fuller details and price breakdowns 

HART ELECTRONICS 
Penylan Mill, Oswestry, _Salop 

Personal callers are always welcome · 
but please note we are closed all day Saturday . 

Instant easy ordering, telephone your requirements and credit card number to us on 
Oswestry (Q6g1) 29g4_ 
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OSCILLOSCOPES FREQUENCY COUNTERS OFF-AIR RECEIVERS 
MAINS/BATTERY 

MODEL 
S1500 
15MHz 
Dual Trace 

PORTABLE OSCILLOSCOPE 
A professional standard model dual trace DC to 
15MHz. Usable to 25M Hz with alternate, chop 
and single-channel A or B amplifier selection. 
5mv/cm, accuracy 3%. Excellent triggering 
wide range time base. Natural anodised 
aluminium case with blue vinyl steel covers, 
retractable angled feet, carrying handle. 

£280 
SUPPLIERS TO: Ministry of Defence, G.P.O., B.B.C., Government 
Dapta., Crystal Manufacturers and Electronic Laboratories world-wide 

for 18 years 

ELECTRONICS, 6 WOLSEY ROAD, ASHFORD, MIDDX. ASHFORD 53661 

olomew Street, Newbury, Berks. Tel: 0635 30505 
·NORTHERN SHOWROOM: Mersey House, 220-222 Stockport Road, Cheadle I-ieath, Stockport 

Tel: 061 491 2290 
·Chess & Computer 
Oless Skill in Man and Machine 
32 Basic Programs for the Pet 
Game Playing with Computers 
Basic Computer Games . 
Star Ship Simulation 
Game Playing with Basic 
BASIC 
Learning Basic Fast 
Basic Basic 
Advanced Basic . 
Illustrated Basic • 
The Basic Workshop 
Basic with Business Applications 
Introduction to Basic 
Beginning Basic . 
Introduction to Basic 
NEW BOOKS 

D. Levy 
P. Fre~t 

D. Spencer 
D.Ahl 

D. Spencer 

De Rossi 
J. S. Coan 
J.S.Cpan 
D. Alcock 
Hayden 
Hayden 
J. Morton 
P. Gosling 
.P. Hartley 

Fundamentals of Computer Algorithums 
Computer Mathematics . 
;fop-Down Structured Programming Techniques 
Microcomputer Design 
A Directory of Microcomputing 
·Z80 BOOKS 
Z80 Programming for Logic Design 
Z80 Technical Manual 
Z80 PI 0 Technical Manual . 
Z80 Programming Manual 
Z80 Microcomputer Handbook 
Practical Microcomputer 

Programming (Z80) • 

A. Osbourne 
Zilog 
Zilog 
Zilog 
W. Barden 

Weller . 

£ 7.16 
£11.84 
£ 9.95 
£10.20 
£ 5.50 
£ 5.10 
£ 4.10 

£ 6.30 
£ 5.00 
£ 5.50 . 
£ 2.25 
£ 6.60 
£ 5.56 
£ 6.50 
£ 2.95 
£ 1.95 

£15.00 
£ 8.58 
£12.76 
£ 8.99 
£10.00 

£ 5.95 
£ 4.00 
£ 2.75 
£ 4.50 
£ 6.99 

£23.96 . 

"BY RETURN ORDER SERVICE" 

6800 BOOKS 
6800 Programming for Logic Design 
6800 Assembly Language 

Programming 
Using the 6800 Microprocessor 
77-68 6800 Microprocessor 
6800 Software Gourmet Guide 

Cook Book 
Practical Microcomputer 

Programming ( 6800) 
The 6800 Microprocessor 
D.N. 4 Definite description of 

the 6800 Instructioa Set 
PASCAL 
Pascal: User Manual & Report • 
Problem Solving Using Pascal 
Programming in Pascal • . • 
A Practical Introduction to Pascal 
6502 
The Best of Micro 6502 Journal 
Sym Reference Manual • 
Sym Programming Manual 
First Book of Kim 
6500 Hardware Manual . 
6500 Programming Manual 
Programming the 6502 SYBEX 
COOKBOOKS 
Active Filter Cookbook 
CMOS Cookbook 
IC OP-AMP Cookbook 
IC Timer Cookbook 
TTL Cookbook 
T.V. Typewriter Cookbook 
Clleap Video Cookbook 

A. Osbourne 

A. Osbourne 

Scelbi. 

Weller. 

Springer-Verlag 
Springer· Verlag 
P. Grogono 
A. Addyman. 

Zaks 

Lancaster . 
Lancaster. 
Jung 
Jung 
Lancaster. 
Lancaster. 
Lancaster. 
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OUARTZ 
CRYSTALS 
-lAST! 

AEL CRYSTALS LIMITED 
Gatw~ck House. Horlev. Surrey, England RH6 9SU 
Telephone : Horley 102934) 5353 Telex: 87116 (Aerocon Horley ) 
Cables : Aerocon Telex Horley 

WW-041 FOR FURTHER DETAILS 

KELSEY K 102M TRANSFORMERS 
BALANCED LINE MICROPHONE AMPLIFIERS 
Specifications 
Direct P.CB. mounting 
Supply Voltage 
Maximum Gain 
Gain Control Range 

+ l SV 
43dB 
38dB 
lOdB Gain Reduct ion in Unbalanced Mode (Input to Terminal+) 

Maximum Input Level (Unbalanced Mode, Input to Terminal + ) 
Input Impedance (Eoch Input Terminal to Ground) 

+ 15dBV 
5Kohm 

200ohm 
+ 20dBV 

+ O.SdB Ref. l 0 Hz to 50 KHz 

Optimum Source Impedance 
Maximum Output 
Frequency Response 
Slew Rote 
Harmonic Distortion 

Common Mode Rejection Ratio 
Equivalent Input Noise (Unweighted) 

Better than 
Better than 
Typically 
Betterthoo 
Better than 

l 0 V microsec 
0.03°u Ref 1KHz 
0.027"u 

BOdB 
- 125 dBV (Din Audio 

" bondweig~t.,d) 
Recommended Output Loading l 0 Kohm 
Dimensions 4Cimm x 40mm x 20mm 
Weight 48 grams 

KELSEY ACOUSTICS LTD 28 POWIS TERRACE, LONDON Wll. TEL: 01-727 1046 
WW- 106 FOR FURTHER DETAILS 
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LANGREX SUPPLIES LTD 
Climax House, Fallsbrool< Rd., Streatham, London SW16 6ED . 

RST Tel: 01-677 2424 Telex: 946708 R_ST 
• • •• 

AA119 
AAY30 
AAY32 
AAZI3 
AAZI5 
AAZ17 
AC107 
ACI25 
ACI26 
ACI27 
ACI28 
AC14I 
ACI41K 
ACI42 
AC142K 
ACI76 
ACI87 
ACI88 
ACYI7 
ACYI8 
ACYI9 
ACY20 
ACY21 

· ACY39 
ADI49 
ADI61 
ADI62 
AF106 
AF114 
AF115 
AF116 
AF117 
AFI39 
AFI86 
AF239 
AFZll 
AFZI2 

, ASY26 
ASY27 

Al834 
A2087 
A2134 
A2293 
A2426 
A2521 
A2900 

.A3343 
AZ31 
AZ41 
BK448 
BK484 
BS90 
BS810 
BT5 
BTI7 
BTI9 
BT29 
BT69 
BT75 
BT95 
CBL3I 
CL33 
CY31 
CIK 
C3A 
C3.JA 
DA41 
DA42 
DAIOO 
DAF91 
DAF96 
DET22 
DET24 
DF91 
DF96 
DK91 
DK92 
DK96 
DL92 
DL94 
DL96 
DLSIO 
DLSI5 
DLSI6 
DLSI9 
DM70 
DM71 
DMI60 
DY8617 
QY802 
E'D5L 
EBOCC 
EBOCF 
E80F 
EBOL 
E81CC 
ESIL 
E82CC 
E83CC 
E86C 
E88C 
E88CC 
E90CC 
E90F 
E9IH 
E92CC 
E99F 

O.I2 
0.3I 
0.48 
0.2I 
0.39 
0.3I 
0.69 
0.23 
0.23 
0.23 
0.23 
0.2$ 
0.40 
0.23 
0.35 
0.23 
0.23 
0.23 . 
0.98 
0.92 
0.86 
0.80 
0.86 
I.72 
0.80 
0.52 
0.52 
O.S2 
0.86 
0.86 
0.86 
0.88 
0.48 
1.38 
0.52 
3.I6 
3.I6 
0.48 
0.46 

I0.35 
13.511 
10..08' 
8.112. 

13.541 
11.62 
ID.98 
%5.56 

1.28 
I.'S!. 

88.43 
119.54 

31.33 
35.24 
43.47 
79.29 
27.08 

242.93 
247.30 
102.46 
95.I8 
2.30 
2.30 
1.15 

11.50 
ll.50 
23.23 
21.50 
12.30 
52.90 
0.46 
1.15 

24.11) 
52.90 
0.46 
1.15 
1.21 
I.44 
I.26 
1.28 
I.38 
I.26 
9.46 

12.37 
12.37 
12.37 

I.44 
I.44 
3.98 
0.73 
0.98 

Z5.I7 
9.27 

11.96 
9.75 
9.51 
6.62 

10.28 
7.03 
7.18 

12.46 
6.71 
3.86 
9.34 
9.7I 
5.34 
8.86 

BASES 
87G unskirted O,I7 
B7G skirted 0.35 
B9A unskirted O.I7 
B9A skirted 0.35 
Int Octal 0.29 
Loctal 0.83 
Nuvistor base 0.86 
Spin DIL O.I7 
14 pin OIL 0.17 
16 pin DIL 0.20 
Valve screening 
cans all sizes 0.35 

ASZI5 
ASZI6 
ASZI7 
ASZ20 
ASZ21 
AU113 
AUYIO 
AUllO 
BAI45 
BAI48 
BAI54 
BAI55 
BAI56 
BAW62 
8AXI3 
8AX16 
8CI07 
8CI08 
BCI09 
BC113 
8Cll4 
BC115 
BC116 
BC117 
BellS 
BCI25 
BCI26 
BCI35 
BCI36 
BCI37 
8CI47 
8CI48 
BC149 
BCI57 
BCI58 
BCI59 
BCI67 
BCI70 
BCI71 

EI30L 
EISOCC 
EISOF 
E182CC 
EI86F 
EI88CC 
E280F 
E283CC 
E288CC 
EA52 
EA76 
EABC80 
EAC9I 
EAF42 

·EAF801 
EB41 
EB91 
EBC33 
EliC41 
E rfi:SI 
EBC90 
EBF80 
EBF&3 
EBF89 
EBL31 
EC90 
EC91 
EC92 
ECI57 
ECC33 
ECC35 
ECC40 
ECC81 
ECC82 
ECC&3 
ECC84 
ECC85 
ECC86 
ECC88 
ECC89 
ECC91 
ECCI89 
ECC807 
ECC808 
ECF80 
ECF82 
ECF86 
ECH35 
ECH42 
ECHSI 
ECH&3 
ECH84 
ECL80 
ECL81 
ECL82 
ECL&3 
ECL84 
ECL85 
ECL86 
EF37A 
EF39 
EF40 
EF41 
EF42 
EF50 
EF54 
EF55 
EFSO 
EF&3 
EF85 

I .44 
I .44 
I.44 
I.72 
2.30 
1.96 
2.30 
1.86 
0,15 
O.I5 
O.IO 
O.I2 
O.IO 
0.06 
0.07 
O.IO 
O.I4 
O.I4 
O.I5 
O.I4 
O.I5 
O.I6 
O.I7 
0.20 
O.I2 
O.I8 
0.23 
O.I6 
O.I7 
O.I7 
O.IO 
0.09 
O.IO 
O.IO 
0.09 
0.12 
O.I4 
O.I3 
O.I2 

19.39 
8.88 
7.83 
9.34 

11.62 
7.36 

25.86 
9.02 

I7.25 
I9.43 
2.02 
1.38 
0.92 
I .44 
2.02 
2.30 
I.OI 
2.02 
I.44 
I.28 . 
0.97 
0.58 
I .44 
0.97 
2.88 
I.28 
7.87 
I.44 

278.92 
4.02 
4.02 
1.44 
I.OI ' 
0.82 
1.01 
I.36 
I.38 
2.30 
2.07 
1.88 
8.72 
I.90 
2.02 
2.59 
1.24 
I.38 
I .13 
2.30 . 
I.32 
I.38 
I.44 
I .47 
1.15 
1.73 
1.15 
1.73 
I.61 
I.28 
I.38 
4.02 
3.I6 

, I.'S!. 
1.38 
2.30 
1.73 
5,75 
2.88 
0.92 
2.02 
0.92 

CRTs 
2API 9.78 
2BPI I0.35 
3BPI 9.20 
3DPI 5.75 
3EGI 8.05 
3FP7 6.90 
3GPI 6.90 
3.JPI 9.20 
3JP2 9.20 
3JP7 11.50 
3KPI 17.25 
3RPI 40.%5 
3WPI 23.00 

BCI72 O.I2 
8Cl73 0.14 
8CI77 0.17 
8CI78 O.I6 
8CI79 O.I8 
BCI82 0.13 
8CI83 O.I2 

. 8CI84 0.13 
8C212 D.l5 
8C213 0.14 
8C214 8.17 
8C237 O.IO 
8C238 O.I4 
8C301 D.Z9 
BC303 9.28 
8C307 0.12 
8C308 0.12 
BC327 0.23 
8C328 0.21 
8C337 0.2I 
8C338 0.20 
8CY30 1.15 
8CY31 1.15 
8CY32 1.15 
8CY33 1.04 
8CY34 1.04 
8CY39 3.45 
BCY40 1.15 
BCY42 8.29 
BCY43 1.29 
BCY58 8.18 
8CY70 O.I7 
8CY71 8.20 
BCY72 US 
BCZll 1.72 
8Dll5 0.52 
BD121 I.38 
8Dl23 1.38 
BD124 1.50 

EF86 1.74 
EF89 I.84 
EF9I 2.07 
EF92 6.03 
EF93 1.15 
EF94 1.24 
EF95 5.25 
EF98 I.44 
EF183 0.92 
EF184 0.98 
EF804S 7.47 
EF805S 8.05 
EH90 I.6I 
EK90 I.24 
EL32 I .73 
EL33 4.02 
EL34TH 2.53 
EL34M 2.57 
EL36 1.84 
EIA1 1.44 
EIA2 2.02 
EL81 I.26 
EL83 I.44 
EL84 1.15 
EL86 2.46 
EL90 1.10 
EL91 7.44 
EL95 I.5I 
EL156 18.68 
EL360 6.32 
EL500/504 2.I6 
EL509 3.63 
EL821 U.06 
EL822 ll.38 
EMBO I.26 
EMSI 1.15 
EM84 1.15 
EM85 I.44 
EM87 I.73 
EN32 I4.80 
EN91 , 2.94 
EN92 5.6I 
EY51 2.02 
EY81 . I.89 
EY83 2.02 
EY84 9.75 
EY86 0.96 
EY88 2.02 
EYSOOA 2.23 
EY802 94 
EZ35 97 
EZ40 I.44 
EZ41 1.44 
EZBO 0.98• 
EZ81 0.98 
EZ90 I.38 
FW4-500 2.88 
FW4-800 2.88 
G L371K 23.23 
G551K 12.65 
GI80.2M 18.42 
G 240.2D · 12.85 
G400.1K 19.28 
GN4 8.62 
GN4A 8.62 
GSI6 10.35 
GTIC 18.61 
GU50 14.3I 
GU51 13.62 
GXUI 

5ADPI 40.25 
58PI Il.58 
5CPI Il.58 
5CPIA 46.00 
5FPI5A I7.25 
5UP7 I6.10 
DG7·5 28.75 
DG7-32 41.40 
DH3·91 35.65 
DH7- II 78.20 
VCR97 • 13.80 
VCRI38 11.50 

80131 
BD132 

' BD135 
BD136 
BDI37 
BDI38 
BDI39 
BDI40 
BDI44 
80181 
BDI82 
BD237 
BD238 
8DXIO 
BDX32 
BDY20 
BDY60 
BF115 
8FI52 

.BFI53 
BFI54 
BFI59 
8FI66 
BFI67 
BF173 
8F177 
8FI78 
8FI79 
BFISO 
BFI81 
8F182 
8F183 
8FI84 
8F185 
8FI94 
8FI95 
8F196 
BFI97 
8F200 
8F224 
8F244 

GXU2 
GXU3 
GXU4 
GXU50 
GY501 
GZ32 
GZ33 
GZ34 
GZ37 
KT61 
KT66 
KT88 
KTW61 
KTW62 
KTW63 
M8079 
M8080 
M8081 
M8082 
M8083 
M8091 
M8096 
M8097 
M8098 
M8099 
M8100 
M8I36 
M8137 
M8140 
M8141 
M8142 
M8144 
M8149 
M8161 
M8162 
M8163 
M8190 
M8195 
M8196 
M8204 
M8212 
M8223 
M8224 
M8225 
M8248 
MUI4 
MXII9 
MXI23 
MXI45 
MXI51 
MXI52 
MXI61 
MXI63 
MXI64 
MXI66 
MXI88 
N78 
OA2 
OA3 
OA4 
082 
083 
OC2 
OC3 
003 
OZ4 
PC86 
PC88 
PC95 
PC97 

0.40 
0.44 
0.39 
0.39 
0.40 
0 .46 
0 .49 
0.51 
2.30 
1.26 
1.36 
0.46 
0.63 

. I.05 
2.30 
1.44 
1.72 
0.29 
0.21 
0.23 
0.20 
0.26 
0.18 
0.23 
0.23 
0.28 
0.28 
0.29 
0.35 
0.35 
0.35 
0.29 
0.29 ' 
0.29 
0.10 
O.IO 
O.I2 
O.I4 
0.31 
0.23 
D.'S!. 

28.43 
30.49 
'S/..17 
I2.80 
2.95 
I.44 
4.60 
2.18 
4.60 
4.02 
7.18 
9.20 
2.02 
2.02 
2.02 

11.59 
7.68 
9.95 
6.41 
7.59 

I0.85 
4.31 
4.09 
4.37 
5.98 
8.23 
8.46 
8.72 
5.17 
5.52 
6.15 
4.3I 
5.86 
7.87 
7.59 
5.17 
5.29 
4.25 
7.47 
6.57 

ll.76 
3.16 
3.85 
2.99 

I !.55 
1.73 

53.82 
63.25 
50.40 
15.18 

115.00 
I29.72 

I9.55 
2I. I4 

I26.50 
40.25 
I0.35 
I.78 
5.93 
4.02 ' 
I.44 
2.20 
3.04 
2.20 
2.20 
I.84 
1.61 
I.61 
I.49 
1.38 

VCRI38A 14.38 
VCR139A 9.20 
VCR517A 11.50 

VCR517B 11.50 
VCR517C 11.50 
Tube Bases 0.66 

8F257 0.28 
BF258 0.30 
BF259 0.37 
BF336 D.35 
BF337 0.35 
BF338 0.36 
8FS21 4.55 
BFS28 2.56 
BFS61 0.23 
8FS96 0.23 
BFWIO 0.74 
BFWll 0.74 
BFX84 0.25 
BFX85 0.26 
BFX87 0.24 
BFX88 0.24 
BFY50 0.30 
BFY51 0.30 
BFY52 0.30 
BFY64 0.30 
BFY90 I .44 
BSX19 0.24 
8SX20 0.23 
BSX21 0.23 
BTI06 1.44 
BTY79/400R 

BU205 
BU206 
BU208 
8YIOO 
BYI26 
8YI27 
BZX61 
Series 
BZY88 
Series 
CRSI / 40 
CRS3/06 
CRS3/40 

3.67 
2.02 
2.59 
2.30 
0.52 
O.I6 
O.I7 
0.2I 

O.I5 

0.69 
0.52 
0.86 

pCOO() 1.38 
PCC84 1.15 
PCC85 I .38 
PCC88 I .38 
PCC89 1.56 . 
PCCI89 1.61 
PCC805 I.5I 
PCC806 2.07 
PCE82 2.07 
PCFSO 1.15 
PCF82 I.I5 
PCF86 1.84 
PCF87 I.84 
PCF200 2.82 
PCF201 2.45 
PCF801 I.84 
PCF802 I.82 
PCF805 I.84 
PCF806 I.84 
PCF808 1.84 
PCL82 1.15 
PCL83 I.82 
PCL84 1.15 
PCL85 I.24 
PCL86 I.24 
PCL805/85 I.24 
PDSOO 4.14 
PE06-40N 3I.40 
PFL200 2.07 
PL36 I .38 
PL81 I.38 
PLSIA 1.38 
PL82 I.38 
PL83 2.55 
PL84 I.24 
PL504/5 I.61 
PL508 2.07 
PL509 3.45 
PL519 3.73 
PL801 I.27 
PL802 3.40 
PY33 I.27 
PY81 0.97 
PY82 0.9% 
PY83 0.81 
PY88 1.01 
PY5000A 2.07 
PY800 0.97 
PYSOI 0.97 
QQ\'02-6 13.18' 
QQV03-6 5.44 
QQV03-20A 

20.13 
QQV06-40A 

40.25 
QQV07-50 50.I4 
QQZ03·20A 

31.63 
QQZ06-40A 

55.IO 
QU37 I4.38 
QV03· 12 4.31 
QV04-7 2.88 

QVOS-100118.45 
QY3-65 53.74 
QY3-125 56.78 
QY4-250 65.93 
QY4-400 75.67 
QY5-500 59.39 

INTEG 
7400 O.I8 
7401 0.18 
7402 O.I8 
7403 O.I8 
7404 0.20 
7405 O.I8 
7406 0.46 
7407 0 .46 
7408 0.23 
7409 0.23 
7410 0.18 
7412 0.30 
7413 0 .37 
7416 0.37 
7417 0.37 
7420 0 .20 
7422 0.23 

CRS3 /60 1.04 
GEX66 1.73 
GEX541 2.02 
GJ3M 0.86 
GM0378A 2.02 
KSIOOA 0.52 
MJE340 0.92 
MJE370 I.35 
MJE371 0.7I 
MJE520 0.60 
MJE521 0.63 
MJE2955 I.44 
MJE3055 0.86 
MPF102 0.35 
MPF103 0.35 
MPFI04 0.35 
MPFI05 0.35 
MPSA06 0.28 
MPSA56 0.30 
MPSUOI 0.41 
MPSU06 0.53 
MPSU56 0.56 
NE555 0.52 
NKT401 2.30 
NKT403 1.88 
NKT404 1.99 
OA5 I.09• 
OA7 0.63 
OAIO .0.74 
OA47 O.I6 
OA70 0.35 
OA79 0.35 
OA81 0.35 
OA85 0.35 
OAOO 0.09 
OA91 0.09 
OA95 0.09 
OA200 O.IO 
OA202 O.IO 
OA211 1.15 

~ OAZ200 I . IS 

QY5-3000A 
82.56 

QZ06-20 27.72 
RIO 5.75 
Rl7 I.89 
Rl8 4.89 
Rl9 1.38 
R20 I .86 
RG3-250 'S/. .49 
RG3·250A 34.09 
RG3-1250 29.56 
RG4-1250 I3.13 
RG4-3000 75.44 
RR3-250 46.86 
RR3-1250 88.20 
SllEI2 30.48 
Sl30 2.30 
SI30P 2.88 
STV280-40 11 .50 
STV280-8024.I5 
SU41 2.88 
SU42 I0.35 
TD03·1 0 24.73 
TD03-JOE 26.I6 
TD03-IOF 27.60 
TTI5 34.50 

; TT21 I4.16 
TT22 I4.16 
TTIOO 59.51 
TY2-125 85.33 
TW4-400 7I.61 
TY4-500 85.40 
TY5-500 I47.20 
TYS-800 . 165.70 
TY6-5000A 

263.05 
TY6-5000B 

236.90 
TY6-5000W 

236.44 
TY7-6000A 

286.93 
TY7-6000W 

232.47 
17.25 
2.88 

TZ40 
UIS-20 
Ul9 
U25 
U26 
U37 
UABCSO 
UAF42 
UB41 
UBC4I 
UBF89 
UCC84 
UCC85 
UCF80 
UCH42 
UCH81 
UCL82 
UCL83 

I0.33 
1.33 
1.86 

I0.35 
1.44 
I.44 
I.44 
1.73 
1.38 
1.26 
1.38 
1.32 
1.38 
2.67 
1.20 
1.66 

UF41 I.I5 
UF42 I.44 
UFSO 1.86 
UF85 I.66 
UF89 1.66 · 
UIAI I.84 
UL84 1.38 

7423 
7425 
7427 
7428 
7430 
7432 
7433 
7437 
7438 
7440 
7441 
7442 
7447AN 
7450 
7451 
7453 
7454 

0.37 
0.35 
0.35 
0.49 
0.20 
0.35 
0.41 
0.37 
0.37 
0.21 
0.97 
0.83 
1.04 
0.21 
0.21 
0.21 
0.21 

OAZ201 
OAZ206 1.15 
OAZ207 1.15 
OCI6 2.30 
OC20 2.88 
OC22 2.88 
OC23 3.16 
OC24 3.45 
OC25 I.04 
OC26 I.04 
OC28 2.30 
OC29 2.30 
OC35 1.13 
OC36 I.73 
OC41 0.92 
OC42 0.86 
OC43 2.59 
OC44 0.69 
OC45 0.83 
OC71 0.83 
OC72 0.83 
OC73 1.15 
OC74 0.74 
OC75 0.74 
OC76 0.83 
OC77 1.38 
OC81 0.74 
OC81Z 1.38 
OC82 0.74 
OC&3 0.74 
OC84 0.74 
OCI22 I.13 
'oc123 2.02 
OCI39 2.59 
OCI40 3.16 
OCI41 3.74 
OCI70 1.15 
OC171 1.15 
OC200 I.73 
OC201 2.02 
OC202 2.02 

UMBO 1.15 
UY41 1.44 
UY85 I.26 
VLS631 I5.24 
XGI-2500 'S/..37 
XG2-6400 92.98 
XGS-500 I9.32 
XGQ2·6400 

106.I6 
XRI-1600A 

27.54 
XRI-3200 76.94 
XRI-3200A 

76.94 
XR 1-6400 84.24 
XRI-6400A 

149.30 
YD 1120 226.60 
Y D 1240 241.50 
Z759 11.04 
ZMIOOO 6.03 
ZMIOOI 6.I9 
ZMI020 I0.83 
ZMI021 IO.I7 
ZMI022 I0.60 
ZM1023 8.81 
ZMI040 22.26 
ZMI041 I9.I6 
ZMI042 20.44 
ZMI051 100.05 
183GT 2.58 
IB24 11.50 
IB35A 28.75 
1863 57.50 
IR5 I .21 
ISS 0.46 
IT4 0.46 
2ASI5 11.50 
2C39A 2I .8S 
2C43 20.70 
2D21 2.94 
2E26 7.82 
2J42 89.70 
2J55 20I .25 
2J70A 270.25 
2J708 287.50 
2K25 40.25 
3-400Z 5I .75 
3-500Z 51.75 
3A5 I.55 
3824 9.20 
3828 5.I8 
3B29 11 .50 
3B240M I7.25 
38241M I7.25 
3C23 13.89 
3C45 22.77 
3CXIOOA5 23 .00 
3E29 29.67 
3S4 1.26 
3\'4 1.38 
465A 29.I5 
4-125A 41 .99 
4-250A 4I .99 
4-400A 52.05 
4B32 29.16 
4C35 46.00 
4CX250B 28.53 
4CX350A 36.05 

CUlTS 
7460 0.2I 
7470 0.40 
7472 0.38 
7473 0.4I 
7474 0.46 
7475 0.62 
7476 0.46 
7480 0.63 
7482 0.86 
7483 I.04 
7484 1.15 
7486 0.40 
7490 0.60 
7491 0.92 
7492 0.69 
7493 0.69 
7494 

OC204 
OC205 
OC206 
OC207 
OCP71 
ORPI2 
R20088 
R2009 
R20108 
TIC44 
TIC226D 
T IL209 
TIP29A 
TIP30A 
TIP31A 
TIP32A 
TIP33A 
TIP34A 
TIP41A 
TIP42A 
TIP2955 
TIP3055 
TIS43 
ZS140 
ZSI70 
ZSI78 
ZS271 
ZS278 
ZTXI07 
ZTXI08 
ZTX109 
ZTX300 
ZTX301 
ZTX302 
ZTX303 
ZTX304 
ZTX311 
ZTX314 
ZTX500 

. ZTX501 

4XI50A 
4XI50D 
5B254M 
5B255M 
5C22 
5JI80E 
5R7GY 
5U4G 
5U4G8 
5V4G 
5Y3GT 
5Z3 
5Z4G 
5Z4G7 
6-30L2 
6AB4 
6AB7 
6AC7 
6AF4A 
6AG7 
6AH6 
6AK5 
6AK6 
6AL5 
6AM4 
6AM5 
6AM6 
6AN5 
6AN8A 
6AQ5 
6AR5 
6A56 
6A57G 
6AT6 
6AU5GT 
6AU6 
6AV5GT 

. 6AV6 
6AX5GT 
687 
688 
6BA6 
6BA7 
6BA8A 
68C4 
6BE6 
68H6 
6BJ6 
68K4 
68L6 
68L7GT 
68M6 
68N6 
6BQ7A 
68R7 
68R8 
6BS7 
6BW6 

' 6BW7 
6BX7GT 
68Z6 
6C4 
6C86A 
6CD6GA 
6CG7 
6CH6 
6CL6 
6CW4 
6D2 

7495 
7496 
7497 
74100 
74107 
74109 
74110 
74111 
74116 
74118 
74119 
74120 
74121 
74122 
74123 
74125 
74126 
74128 

2.88 
2.88 
2.88 
2.02 
1.44 
1.15 
2.02 
2.59 
2.02 
0.35 
1.38 
0.23 
0.47 
0.46 
0.51 
0.55 
0.79 
0.84 
0.72 
0.8I 
0.71 
0.64 
0.52 
0.29 
0.24 
0.82 
0.26 
0 .65 
0.13 
O.I2 
O.I4 
O.I4 
O.I 5 
0 .17 
0.20 
0.22 
O.I4 
0.23 
O.IS 
O.I6 

24.4I 
28.75 
23.12 
23.12 
46.00 

851.00 
2.30 
4.35 
2.60 
I .75 
0.98 
1.73 
1.75 
1.75 · 
I.79 
I .44 
I.73 
I.61 
I.84 
2.30 
5.52 
3.98 
2.81 
1.01 
2.65 
4.43 
2.07 
6.I2 
3.80 
1.10 
I.84 
6.42 
7.76 
0.98 
4.81 
I.24 
4.36 
0.98 
3.57 
1.73 
2.02 
1.15 
5.89 
4.31 
4.27 ' 
1.24 
1.75 
I.24 
4.84 

97.75 
4.44 

97.75 
I.89 
4.I4 
4.60 
2.02 
4.60 
4.60 
I.75 
5.70. 
2.62 
1.01 
2.76 
5.64 
2.55 
7.48 
4.I2 
8.33 
I .OI 

0.83 
0 .92 
3.45 
1.73 
0 .52 
0 .81 
0.58 
0 .81 
2.02 
1.15 
I.73 
0.95 
0.46 
0.69 
1.15 
0.63 
0.63 
0.69 

Terms of buain-: CWO. Postage and packing valves and. semiconductors lOp par order. CRTs £1. All prices include VAT. Price ruling at time of despatch. 
In soma cases prices of Mullard and USA valves will be higher than those advertised. Prices correct when going to press. 
Account facilities available to approved companies with minimum order charge £10. Carriage and packing £1 on credit orders. 
Over 10,000 types of valves, tubes and semiconductors in stock. Quotations for any types not listed. S.A.E. t 

Open to callers Monday-Friday 9 a.m.-5 p.m. 

ZTX502 
ZTX503 
ZTX504 
ZTX531 
ZTX550 
IN914 
IN916 
IN4001 
IN4002 
IN4003 
IN4004 
IN4005 
IN4006 
IN4007 
IN4009 
IN4148 
IN5400 
IN5401 

. IS44 
IS920 
IS921 
2G301 
2G302 
2G306 
2N404 
2N696 
2N697 
2N698 
2N705 
2N706 
2N708 
2N930 
2Nll3I 
2Nll32 
2NI302 
2N I303 
2NI304 
2NI305 
2NI306 
2N1307 
2NI308 

6DK6 
6DQ6B 
6EA8 
6E88 
6EW6 
6F6 
6F23 
6F28 
6F33 

. 6H I 
6H2N 
6H3N 
6H6 
6.!4 
6.!6 
6.!7 
6K4N 
6K6GT 
6K7 
6K8 
6KD6 
6L6G 
6L6GA 
6L6GT 
6L6GC 
6L7 
6N2P 
6N3P 
6N7 
6P25 
6Q7 
6R7 
6SA7 
6SC7 
6SF7 
6SH7 
6SJ7 
6SK7 
6SK7GT 
6SN7GT 
6SQ7 
6SR7 
6SS7 
6U5G 
6U8 
6U8A 
6V6GT 
6X4 
6X5Gl 
7B7 
7C5 
7C6 
7H7 
7R7 
7S7 
7Y4 
724 
IIE3 
12AT6 
12A17 
12AU6 
12AU7 
12AV6 
12AV7 
12AX7 
12AY7 
12B4A 
128A6 
12BE6 

74132 
74136 
74141 
74142 
74143 
74144 
74145 
74147 
74148 
74150 
74151 
74154 
74 155 
74156 
74157 
74159 
74170 
74172 

O.I8 
0.21) 
0.23 
0.23 
O.I8 
0 .06 
0.08 
0.07 
0.07 
0 .06 
0.08 
0.09 
0 .09 
O.IO 
0.07 
0.07 
O.I5 
O.I5 
0 .05 
0.08 
0.08 
1.15 
l.I5 
I .27 
J.l5 
0 .29 
0.29 
0.35 
I .38 
O.I7 
0.23 
0.23 
0.30 
0.30 
0.40 
0.40 
0.52 
0.52 
0.58 
0.58 

2.59 
4.49 
3.3I 
2.44 
1.73 
2.02 
1.84 
1.33 

22.08 
14.38 
1.2I 
1.2I 
1.73 
6.10 
6.2I 
9.04 
1.44 
1.50 
I.73 
2.12 
1.88 
2.86 
1.73 
2.24 
2.24 
2.30 
I.21 
I.2I 
I.73 
4.14 
2.53 
2.07 
1.67 
1.73. 
I.84 
I.73 
I.84 
l.l!O 
3.08 
I.64 
I.50 
1.73 
2.07 
2.30 
0.92 
3.24 
I.84 
I.38 
0.97 
I.96 
2.02 
I.44 
2.30 
I.73 
2.59 
.1.84 
2.13 

60.82 
I.38 
I.OI 
2.83 
0.83 
2.30 
3.98 
I.OI 
5.24 
3.50 
2.42 
2.55 

0.81 
0.63 
0.92 
2.65 
2.88 
2.88 
1.04 
2.30 
2.02 
1.84 
0.97 
2.02 
0.97 
0.97 
0.86 
2.42 
2.65 
5.116 

2NI309 
2NI613 
2NI671 
2NI893 
2N2147 
2N2148 
2N2218 
2N2219 
2N2220 
2N222I 
2N2222 
2N2223 
2N2388 
2N2369A 
2N2484 
2N2646 
2N2904 
2N2905 
2N2906 
2N2907 
2N2924 
2N2925 
2N2926 
2N3053 
2N3054 
2N3055 
2N3440 
2N3441 
2N3442 
2N3614 
2N3702 
2N3703 
2N3704 
2N3705 
2N3706 
2N3707 
2N3708 
2N3709 
2N3710 
2N3711 

12BH7 
12BY7 
12EI 
12EllTT 
12EI4 
13EI 
19H4 
19H5 
2489 
30CI5 
30CI7 
30CI8 
30F5 
30FLI/2 
30FLI2 
30FL14 
30Ll 
30Ll5 
30L1 7 
30P4 
30PI9 
30PLI 
30PL13 
30PL14 
30PL15 
35W4 
50C5 
7581 
75CI 
85AI 
85A2 
90AG 
90AV 
90CI 
90CG 
90CV 
92AG 
92AV 
95AI 
150B2 
150B3 
150C2 
150C4 
211 
723AB 
803 
805 
807 
8llA 
8 12A 
813 
833A 
866A 
872A 
922 
931A 
1624 
1625 
2050 
4212E 
4212H 
5544 
5545 
5551A 
5552A 

. 5553A 
5642 
5654 
5651 

74173 
74174 
74175 
74176 
74178 
74179 
74180 
74190 
74191 
74192 
7.4193 
74194 
74195 
74196 
74197 
74198 
74199 
76013N 

0.63 
0.29 
1.73 
0.29 
2.02 
1.89 
0.29 
0,28 
0.2I 
0.21 
0.21 
3.16 
0.20 
0.24 
0.23 
0.63 
0.29 
0.29 
0.24 
0.24 
O.M 
o.zs 
0.16 

' 0.29 
0.58 
0.81 
0.69 
0.92 
1.26 
1.13 
0.13 
O. IG 
0.15 
0.15 
0.15 
0.15 
0.12 
0.15 
0.12 
0.12 

1.29 
3.0I 
8.I7 

19.26 
34.50 

. 62.20 
28.75 
40.25 
43.87 

I.84 
1.84 
I.84 
1.93 
I.28 
2.07 
1.84 
I.l5 
2.07 
2.07 
I .06 
1.38 
1.52 
2.07 
1.93 
2.07 
0.69 
0.8I 
4.26 
2.24 
8.63 
2.I9 
9.I5 
9.15 
2.24 

15.73 
15.30 
9.15 
9.I5 
5.98 
2.76 
5.06 
I.73 
2.19 
6.90 

40.25 
11.50 
23.00 

2.30 
9.78 
9.60 

36.80 
86.25 

6.6I 
15.8I 
S.OI 

14.08 
2.59 
I .96 
8.00 

I69.90 
207.00 
62.IO 
67.85 
88.44 

119.54 . 
259.10 

6.05 
4.05 
2.07 

1.61 
I .73 
1.04 
1.26 
1.44 
I.44 
I .32 
1.73 
1.73 
1.55 
1.55 
1.44 
1.15 
1.38 
1.26 
2.59 
2.59 
2.02 

Telephone 01-677 2424/7 
Telex 946708 
E.&O.E. 

2N3772 2.30 
2N3773 3.45 
2N3819 0.41 
2N3820 0.52 
2N3823 0.83 
2N3866 0.83 
2N3904 0.15 
2N3905 O.I5 
2N3906 0.15 
2N4058 0.16 
2N4059 0.12 
2N4060 0.14 
2N4061 0.14 
2N4062 0.15 
2N4124 0.17 
2N4126 0.17 
2N4286 0.23 
2N4288 0.25 
2N4289 0.28 
2N5457 0.40 
2N5458 0.40 
2N5459 , 0.40 
2SOI7 7.48 
2SOI9 7.46 
2S026 I3.8Q 
2SI03 1.73 
28302 0.86 
28303 0.86 
2S322 0.92 
2S324 1.44 
2S701 1.73 
2S745A 0.40 
2S746A 0.40 

5670 5.29 
5675 I4.03 
5687 7.08 
5696 4.53 
5718 7.36 
5725 6.28 
5726 4.05 
5727 5.52 
5749 5.73 
5751 5.36 
5763 4.I4 
5814A 4.81 
5840 5.06 
5842 I5.59 
5876A 13.116 
5879 5.57 
5886 12.08 
5963 3.45 
5965 4.07 
8005 6.33 
6021 5.13 
6057 4.02 
6058 10.40 
6059 4.60 
6061 4.89 
6062 4.3I 
6063 4.20 
6064 6,50 
6067 4.02 
6072 6.53 
6080 7.88 
6097AXBXC 

6146A 
61468 
6159 
6189 
6201 
6442 
68838 
6973 
7025 
7551 
7586 

. 7587 
7609 
7868 
7895 
8005 
8068 
6122 

·8136 
8417 

' 18042 
18045 

46.00 
5.89 
6.42 
9.18 
9.25 
5.93 

17.25 
6.81 
4.05 
2.62 
6.83 

I3.09 
22.54 
36.57 
4.53 

I4.84 
34.50 

6.33 
48.30 

2.81 
6.14 
6.92 

I0.86 

Tested 
Ex-Equipment 

4CX2508 5.75 

TAA570 2.65 
T AA630S 4.02 
TAA700 4.50 
TBA480Q 2.12 
TBA520Q 2.65 · 
TBA530 2.28 
TBA540Q 2.65 
TBA550Q 3.70 

, TBA560CQ 3.70 
T8A673 2.52 
TBA700 1.75 
T8A 720Q 2.65 
T8A 750Q 2.38 
TBA800 1.38 
TBA920 3.34. 
TBA 920Q 3.34 
T8A990Q 3.34 
TCA270Q 3.34 
TCA780A 1.59 



~-------~~--.----(:IDTEiiREH 
S-2020TA 'STEREO T NER/ AMPLIFIER KIT N·RDC-AMBISONIC UHJ 

The first ever kit specialy produced by lntegrex for this British NRDC backed surround sound system which is the result of 7 years' research 
by the Ambisonic team. W.W. July. Aug .. '77 . · . . . . 
The unit is designed to decode not only UHJ but virtually all other 'quadraphonic' systems (Not CD4). includmg the new BBC HJ 10 mput: 
selections . . · · . . . , 
.The decoder is linear throughout and does not rely on listener fatiguing _logic enhancement tech~iques .. Both 2 or 3 input s1gnals and 4 or 6 
output signals are provided in this most versatile unit. Complete with mains power supply, woo~en cabmet panel. knobs. etc . 

Complete kit , including licence fee· £49.50 +VAT 
or ready bu ilt and tested £67 .50 +VAT 

NEW S5050A STEREO AMP 
50 watts rms-channel. 0 .015% THD . S/N 90 dB, Mags/n 80 dB. 

""""" ... .,.J,.. "" 

• w [ " : ~ ·-~ .... ~. ·-· ~ ~ 
'(».}<Y.\ v{< v.....,..., 

Tone cancel switch. 2 tape monitor switches. . 
Co.mplete kit on ly £63.90 +VAT. 

·wireless World · Dolby8noise reducer 
Trademark of Dolby Laboratories Inc. 

Featuring : 

e switching f~r both encod ing (low-level h.f . compression) and decoding 
e a switchable f.m . stereo multiplex and bias filter . · 
e provision for decoding Dolby f .m. radio transmissions (as in USA) . 
e no equipment needed for alignment. 
e suitability for both open-reel and cassette tape machines. 
e check tape switch for encoded monitoring in three-head machines. 

Also available ready built and tested .. . . .. .. . . .. . 

Typical performance 
Noise reduction better than 9dB we1ghted . 
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. signa l 
at Dolby level) at Monitor output 

. Dynamic Range >90db 

30mV sensitivity . 

Complete Kit PRI~E: _£43.90 + VAT_, 
. . Price £59.40 +VAT 

Calibration tapes are available for open-reel use and for cassette (~pecify which) . . . . . . . . . Price £2.40 VAT 

Single channel plug-in Dolby{3l PROCESSOR BOARDS (92 x 87mm) with gold plated contacts are available w1th 
all components ..... ..... . . . . . ... ..... .... .. . .. . ... ... .. . ... ... .... Price £9.00 +VAT 

Smgle channel board withselected fet ' .' . . . . . . . . . . . . . . . . . . . . . . . . . . . Price £2.75 +VAT* 

Gold Plated edge connector . . . . . .. . . ... . .. . . . . . . . . .. . . . 
Selected FETs 65p .each + VAT, 11 Op + VAT for two, £2.10 + VAT for four. 

Please add VAT@ 15% 

We guarantee full after-sales technicai and servicing facilities on. all o. ur kits, have I 
you checked that these services are ava1lable from other suppl1ers? 

'INTEG REX L TO. 
'Please send SAE for complete lists a'i1d specii/cations 
Portwood industrial Estate, Church Gresley , 
Burton-on-Trent, Staffs DE 11 9 PT 
Burton-on-Trent (0283) 215432 Telex 3 7 7106. 

I SOLID MAHOGANY '.:ASINET I 
A high-quality push-button 
FM VaTicap SteTeo TuneT combined 
with a 24W T.m.s. peT channel SteTeo 
AmplifieT. 

Brief Spec. Amplifier 
0
Low f ield !oroidal transf6rnier, Ma~r input, T ape In/Out facility (for noise reduction un1, 

etc.), THO less than 0. 1 Yo at 20W mto 8 oh":ls . Power qn/ off FET t ransient protection . All sockets, fuses, etc., are PC 
mounted for ease of assembly. Tuner section uses 3302 FET module requiring no RF al ignment, ceramic 1 F, 
INTERSTAJION . Ml:JTE, and phase;locked IC stereo d~coder . LED tuning and stereo indicators . Tuning range 
88- 104MHz . 30dB mono S/N@ ~ .2!-LV. THO 0 . 3~. Pre-decoder 'birdy' filter . PRICE: £59.95 +VAT 
NELSON-JONES MK.2 STEREO FM TUNER KIT · . 
Improved performance with linear phase IF and second generation IC decoder. Pnce . £69.95 + VAT. 

NELSON-JONES MK. I STEREO FM TUNER KIT 

A very high p erformance tuner with dual 
gate MOSFET RF and Mixer front end, 
triple gang varicap tuning, and dual cer­
amic filter I duaiiC IF amp. 

Bri~S~~ _ Tuning~nge88~ 1 04MHz. 20dBmon:o~q:u~ie~ti:n:g:@~0~. 7~5:~~V~.~~~~~~~~~~~~~~~~~~~~~ 
Image reJection- 70dB. IF reJeCtion- 85dB. TH O typically 0.4% . 
IC _stabil ized PS~ and LED tun ing indicators. Push-button tuning and AFC 
umt. Cho1ce of e1ther mono or stereo w ith a choice of stereo decoders. Mono £36.40 + VAT 

With ICPL Decoder £40.67 +VAT 
With Portus-Haywood Decoder 

£44.20 +VAT 

Compare this spec. with tuners costing twice the p;ice. 

Sens. 30dB SIN mono@ 1. 2/J.V 
THO typical ly 0.3% ·-
Tuning range 88-·1 04 M Hz 
,LED sig. strength and stereo indicator 

STER_EO MODULE TUNER KIT 
A low-cost SteTeo TuneT based on the 3302 FET RF 

module TequiTing no alignment. The IF compTises a ceTamic 
filteT and high-perloTmance IC VaTiable INTERSTA TION MUTE. 

. PLL steTeo decodeT /C. PTe-decodeT 'biTdy' filteT 
Push-button tuning 

PRICE: Stereo £33.95 +VAT 

..S-2020A AMPLIFIER KIT 
Developed in OUT faboTatoTies fTom the highly successful 

"!EXAN" design. PC mounting potentiometeTs, 
SWitches, sockets and fuses are used foT ease of· 

assembly and to minimize wiTing 
PoweT 'on I off' FET tTansient pTotection~-

~!YP ~P•t:· 24 + 24W r.m .s. into 8-ohm lo~? at_less t~an 0.1 %.THO. Mag. PU input-SIN 60d8 . Radio input S/ N 
7TdB. Headphone output. Tape In /Out facil1ty (for no1se reduction un1t, etc.). Toroidal mains transformer. 

PRICE: £35.95 +VAT 

BASIC NELSON-JONES TUNER KIT £15.70 +VAT PHASE-LOCKED IC DECODER KIT . .. £4.47 +VAT 
. . . 

BASIC MODULE TI.JNER KIT (stereo) £18.50 +VAT PUSH-BUTTON UN IT . , . . . . . . . .£6.00 +VAT 

-PORTUS-HAYWOOD PHASE-LOCKED STEREO DECODER KIT · .... . .. . . .. .. ..... £8.80 +VAT 

WW - 033 FOR FURTHER DETAILS 
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~ h UK over 8,000 tvpes stocked A Largest range of quality components m t e . . - ,, 
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~- Glasgow: 8.5 West Regent Street, G2 20D . Tel: 041-332 4133 and Bristol : 1 08A Stokes Croft, Bnstol. Tel. 0272 426801 ,_ 

VALVES MULLARD 
TRAIISISTOIIS 11111 r1111 in ntola1111 
211696 M70 .39 
211697 M70 .31 
2M698 N70 .49 
21169!1 M70 .51 
211706 M1D .38 
2M706A M7D .SO 
21708 M70 .38 
211718 M70 .311 
211718A M70 .54 
2117ZDA M70 .15 
211721 P70 1.115 

2M1415 M70 Z.20 
2111507 M7D .35 
2M1524 1'54 .&II 
2111553 P65 1.511 
2111613 M70 .311 
2111637 P70 .72 
2111638 P54 .7U 
2111711 M70 .30 
2111889 N70 .3D 
Al:l2fi P54 ... 
AC127 N54 .41 

Afl39 P65 .75 
lfl72 P9l .70 
lfl78 1'64 1.:11 
lflli P65 .55 
lf200 P20 1.:11 
AF2111 P20 1.30 
AFZ39 P65 .70 
Af240 P65 1.25 
Af279 P99 .18 
lf210 P99 .95 
AfY(2 P65 1.65 
AUtiO P65 1.7U 
AIJI13 P65 1.7U 

LINEAR (see catalogue for full range) 
t.UJ13 £1.15 Sl&lll: £2.75 SI76001M £1.:11 
t.Ul14 £2.20 SlliiiC £2.75 51760031 £3.DI 
t.Ul18 £0.75 Sl612C £2.75 5176001K£ £1.15 
CA3011A £1.111 Sl&!U: £3.15 51160131 £2.114 
CA3020 £2.20 Slti21C £3.75 Sl7601:1111 £1 .72 
CA302tM £2,50 Sl623C £5.25 511601._E £1 .• 
CA3021 £2.40 Sl.6311: £2.&11 5171102311 £2.115 
CA3022 £Z.20 Sl640C £4.411 5176023110 £1.72 
CA311'l3 £2.20 SL61TC £4.411 51760331 £3.18 
CA3026 ED.7D Sl701C £2.50 517611011 £1 .:11 
CA3II28A ta .• CA30111F £1.17 SM7611511 £1.&5 
CA30261i £1.25 CA30I!IE £2.!111 &17611611 [1 ... 

~~~1112 ~ ~~ ~~:~ 
ECC82 EUI EYE/IIl'l £1.17 
E£CI3 £1.31 &Y50 £1.17 
ECC84 £1.51 lll34 £2.14 
ltCII £2.15 PI:E EUI 
E£FIIl £1.51 PC61i EZ.SI 
ECII84 £2.75 PC97 £1.SI 
ECliO £1.71 PC!IIl £2.43 
ECL82 [1.71 PCCI4 £1.51 
ECL81i £1.71 PCCI5 £1 .71 
EFI5 £1.17 l'ltl!l £1.75 

£1.35 TAA700 tS.SO TAA21i3 
TM300 £5.711 TAA!I30~ £1.45 
TM521 £1.111 TAA!I3 .. £1 .45 
TM522 £1.15 TBAI20 £11.10 
TM560 £0.41 T1A331 ta.• 
TAA6118 £2.311 TBA341 £0.!15 
TAA&21 £2.511 T1A395 £1 .10 
TAAiiliiA £US TBA3!1i £1 .20 
TAA61il8 • £1.45 T1A400 £2,20 
TM791 £1.&5 T1A440 £1.111 

PCF2111 £2.77 1'1.504 £2.50 
PCFIOI £1.77 Pl.501 £2.17 
PCAOr tl.n 1'1.50!1 £2.75 
PIJIOii tl.n Pl.519 ES.U 
PCIIZIO £2.14 PI.IIZ a.• 
PWZ £1.51 P'YIIII £1.71 
I'W3 £1.10 f'YU £1.!11 
I'QJ4 £1.17 f'Y1iUOA'£2AI 
PClJ6 £1.71 l£ll2 £1.. 
l'tll05/l5 £1.10 ID.83 u• 
1'0510 £4,411 1114 £1.18 
PFlZIII £2.25 

EF183 £1.51 f'tCII!I £2.15 
EF184 £1.&2 1'0'80 £1.51 
a.36 £UO l'tfl& tl.n 

:~~~~~:/C ~~ :~: L----------------------------, P\36 £2.31 
Pl.l3 £2.17 
1'1.14 £1 .71 

211722 P70 .45 
211717 P70 .511 
211744 M70 .35 

AI:IZB P54 .41 
ACISI P54 .43 
AC152 P54 .54 8&1119/8/C UO .16 

8CI13 N54 .22 
8&114 1154 22 
8CT70 P70 21 
8CT71 P70 .2S 
8CT72 P70 .11 
acm rm . 111 
acm P7D .43 
BCY79 P70 .41 
8CT87 MIQl 5.35 
8Cl88 MIDI U!l 
BCT89 MIDl 3. .. 
80115 M70 .18 
80116 ll6ti 1.35 

. 80121 ll6li 2.20 

211753 M70 .35 
2N760 M10 .35 
21111iY P70 .35 ." 
211914 M70 .31 
211916 M70 .33 
211917 N65 .31 
2N918 N65 1

• .45 
211929 M70 .37 
211929A M70 .37 
211!130 M7o :n 
211!130A N10 .95 
2M1131 1'70 .32 
2MI132 P70 .35 
2111204 PJD 1.65 
2111302 N70 .10 

ACISJ P54 .59 
ACI!i3K P54 .59 
AC1761l 1154 .70 
AC176 N54 .54 
At 187 M54 .59 
At 187K P54 .65 
ACIB8 P54 .54 
AC161iK P54 .&5 
A0136 P59 Z.75 
Alll42 P65 1.45 
Alll43 P65 1.45 
Alll49 P66 2.15 
AD150 P65 3.111 
All161 M&& 1.00 

NEW 1979 CATALOGUE 
48 pages containing largest range_ of quality com· 
ponents in the UK- Over 8.000 line ttems- 50p post 
paid or 40p to callers at any of our 4 branches 

MAIL ORDER 
All prices are VAT inc . Telephone Credit Card orders -
minimum £10 . Access and Barclaycard 

Due to increased prices and new VAT rate please add 6% to ah · 
pnces . 

IJ 
El84 E Ull PCF200 £Z. n P\.95 £1 ,41 

TEST LEADS KIT PNBO. Complete luxury kit- curly leads. 
long reach prods. banana plug , pin plug . Spade termrnal and 
crocclip. PRICE£3.50/SET ~·, 

~ 
SIGNAL INJECTOR . Model SE250B . Unusually stable 
trouble-shooter- for checking TV, Rad1o amp . etc . £5 .30. 80124 M&&. Z.20 

80131 M67 .55 
2111303 P70 .eo 

Alll62 P66 1.011 
AF106 1'65 .611 TTL (see catalogue for full range) 

80132 P57 .75 
2111304 M70 .80 
2NI311i 1'70 .80 

lf109 P65 .12 
Afl14 1'64 .70 741.S242M £1.25 74lS27311 £1.30 74lS32filf £z.70 74ll371f £1.25 SM74S4CII £11.77 

74LS327M £2.55 74U:Jiill £11.44 5174S641f £11.77 2111306 M70 1.110 
2111307 1'70 1.00 
2111308 N70 1.10 
2M1309 1'70 1. 111 

AF115 P54 .7U 80135 1167 .40 74lS2Uf £1.25 74lS27511 £3.20 
74LS341111 £1.10 741.S3!111f Ill .• 5174S6511 £0.77 TINNED COPPER WIRE. Available on 2oz. reels in the 

80136 P57 .40 Afll& P54 .70 74U24411 £1.50 74lS27111 £11.51 
74U35211 £1 .117 741.53!1311 £11 •• SM74SII2M £1.70 80137 M67 .41 Afl17 P54 .70 74U24511 £1.15 74U211111 £1.65 
74lS353M £1.117 741.53!1511 £1.50 SM74S1141 £1.70 

following gauges 
SW& 
26 
31) 

Price 
£11.111 
£0.15 

SW& 
:12 
36 

Prll:e 
£11.73 
£11.10 

801;18 P57 .41 lf118 P54 .70 74U2471 £1.09 741.S28311 £1.20 
74lS:l6511 £0.55 741.53!1811 £1.. SM74S14111 ta.n SWG Price 80139 M67 .43 2111370 PJO .55 AFI24 P20 JO 74lS248f £1.09 741.S289M £3.U 
74lS3&611 £11.55 74lS39!111 £1.45 SM74SI57M £2.95 

18 £0.55 
zz £11.55 

BFI15 M211 .39 2111420 M10 .55 AFIZS P20 .7U 741.SZ41f £1.09 74lSZPI £1.00 
741.S367M £11.55 741.S4Pf £0,90 SM74S161iM EZ-711 8FII9 M70 1.111 2111483 M70 1.15 Af12fi P20 .7G 74lSZ51M £1.011 741.S29311 £1.00 
74lS3681f £11.55 741.S67011 £1.90 SM74SIB91f £1.11 MULTICORE SOLDER- SAVBIT 1.2mm 741.SZS31f £1.00 74lS29511 [1.35 
74lS37311 £11.15 SM74SIDI [11.77 SM74SZ111M £3.50 Approx. 13 .7 metres of size 12 Savbit Solder. Ideal for Radio. 

TV and Similar work . £2.2!J. 

74U257M £1.00 741.S2!11lf £1.35 
Slf74S031f £0.77 74l.S258M £1.00 74lS2991f £2.95 74l.S37. £D.15 
5174S041 £11.94 741.S2:BM £1.55 74LS32:Jf £3.50 74U37511 ta.&B 
5174SIDtf [0.17 

COAXIAL CABLES 
2 .41 -U .H F !BANDS l .V) 75 OHMS 18 p/m Z.45 -V H .F 
!BANDS 1.111)7500HMS 1Bp / m 

74lS2fi1N £3.25 741.S3241 £1.65 741.S377M £1.311 
SM74S2011 £0.17 7(LS261ilf £0.44 741.S3251f £2.40 741.537811 £1.00 

CMOS II• niiiGIII lar loll r1110l 

C04IDJ £0.21 CD401Z £0.20 CD4021 £1.115 Cl)ol0318 £2.25 
CU40018 tD.ZO CD4DI:II £0.52 CII4022B £1.111 £11403411 £2.46 
CD4002 £0.11 C04014 £1.111 CD402:11 £11.21 ID40358 (1.30 
CD4006 £1.25 CD4015 £0.75 Cllola241 £0.76 Cl)4037 £1.20 
Cll4007 to. II Cll4016 £11.52 CD40258 EO.ZG CDU40 £1.12 
CU41111B £0.!19 Cll411178 £1 .115 CIJ40271 ED.55 &040411 £1.. 

CD40288 £0.&11 EO •• 

POTENTIOM£TERS-VOLUME CONTROLS 
95

P ~~~;eG:~~~~I ~:E;;,~ch ll ROTARY POTENTIO~ETERS All standard '14'' spindles All Log or Lon available on the I 
35p 1) SINGLE LESS SWITCH fo llowmg values 

Long spmdle double w1per 5k 10k 25k 
available 1n follow1ng values 50k lOOk 250k 

75p 2) SINGLE SWITCHED . 500k 1 Meg 2Meg : ~r;_ _j 

V.H.F. FEEDER CABL~S 
Z.50 -U .H.F.I F M . TWIN RIBBON FEEDER 300 OHMS 10p / m 

MAINS CABLE Z.23 STEREO SCilEEMHI Z 31-2 CORE OVAL- 2°h AMPS LEAD IIJtllot 
Z 25-FIGURE B Rl B POLAR I SED 1 Op I m Z.1 / Z.3 IICR01'140ME SINGlE/ 

Sot c.1111aioe ltlr loll nftll ~~~~~~(~2-WAY SS,/11. 

MARCONI TEST EQUIPMENT 
TF2360R . TV Transmitter Sideband Analyser. 
TF455E Wave analyser. New. £135 
TF1101 RCoscillators. £65 
TF 1099 20M Hz Sweep generators 
TF1041 B&C: VTVoltmeters 
TF11 02 Amplitude modulator. 500MHz 
TF1020A Power meter. 100W. 250MHz. £85 
TF1152A/ 1 Power meter. 25W . 500MHz. £75 
TF890A/ 1 RF test set. £425 
TF80 1 B I 3S Signal generator. £175 
TF1064BI 5 VHF . FM Signal generator 
TF1400 Pulse generator 
TF6 7 5F Pulse generator 
TF 1370 Wide-range RC oscillator. £125 
TF2162. MF Attenuator 
TF1 058 UHF/SHF signal generator 
TF995A/4 . AMIFM signal generator 
TF 1 066 AM I FM signal generator 
MARCONI TF144H I 4 Signal Generator 
ADVANCE CONSTANT VOLTAGE TRANS­
FORMERS 
Input 190-260V AC . Output constant 
220 Volts . 250W. £25 (£2 carriage) 

PVE RESISTANCE BOXES 5 decade resistance boxes measuring from 11 . 111 

CU4009 £0.50 CIJ49181 £1.115 CIJ4042B 
CD41JID £11.51 CIJ40191 £0.52 CIJ4112911 £1.10 Cfl.4043 £1.115 
CU4011B £11.20 CD4112111 £1 .15 CIJ41130 £1.14 CD4044 £1.00 

As above but with 2 Pole Sw 1tch 2 except type 1 not available 1n ~ Amp 2 50V AC 1 Meg value . . 

P. F. RALFE ELECTRONICS ROHDE & SCHWARZ EQUIPMEN 10 CHAPEL STREET, LONDON, NW1 HUZ Field Strength Meter. 47-225MHz 
AMF TV. Demodulator 55-90MHz. I-===-======:::T~E~l:.:.:_:0~1_:-7~2~3...:B:.::..:.7.:::5_~ ________ 1 Selective UHF v/meter . bands 4&5 USVF. TEST EQUIPMENT Selectomat. RF Voltmeter. USWV. BN 15221 ADVANCE 0-Meter type T1 £85 . . . . . . . £450 GAUMONT-KALEE Flutter Meter Standard attenuator .. 0-1 OOdB, 0-300MHz. DPR. HEWLETT-PACKARD 302A Wave-Analyser UHF Sig . gen. type SDR 0.3-1 GHz £750 RACAL type 801 R. 1 OOMHz digital frequency meter UHF Signal generator type SCH. £175 TELETYPE ASR33 now in stock UHF Test receiver type USVD . . . . . £325 SOLARTRON 1420.2 digital voltmeter. 6 ranges to 1 KV POL YSKOP SWOB 1. 

BOONTON 80 Signal generator. 2-400MHz £105 KROHN-HITE 1 0-Watt Amplifier DC-1 MH. z HEWLETT-PACKARD 180A. 50MHz oscilloscope BRANDENBURG EHT GENERATOR 0-1 5kV. 1 mA. GR Impedance Bridge type 1650A £175 GERTSCH Frequency meter and deviation meter 20-1 OOOM Hz 
HEWLETT-PACKARD 65A Sweep oscillator · · · · · · £350 MODULATION METERS RADIOMETER AFM1 I Dev/Mod Meter. 3 .5-320MHz £185 AIRMEC 314A Electronic Voltmeter. 300mV FSD-300V. AIRMEC 210. 3-300MHz. AM/F-M . AC/DC . RADIOMETERAFM/1 3 .5-320MHz. AMIFM. 
D ERR IT RON. Digital Wheatstone Bridge £11 0 II-::=R=A=C=A=L=4=o=g=3=-6=0=0=M=H=z=.=A=M::::::I;F;~;·~=====~1 MUIRHEAD K-134-A Battery op. wave analyser 1, 
WEINSHEL PowerS Modulator M03 'CENTAUR' INSTRUMENT COOLING FANS ~ .:.· Pllt:J~ Made by Rotron Holland. These are very high ; quality, quiet running fans .- specially designed 

ohm to 0 .001 ohm £20 ~~ ~~$~~~~! LABORATORY OVENS.- Gallenkamp, 3 cu . 
ft . £145. Also Morgan Grundy 1 cu. ft . £55. 
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 

for the cooling of all types of electronic eqUtp· 
ment . Measures 4.5 x 4.5 x 1 .5in . 115V AC. 11 
Watts . The list price of these is over £10 each . 
Also 230V. AC available. 1 5V . £4.50 
(postage 25p) . 230V £5 

• Finger guards for above - SOp each. Also • • ,.;: .• ___ .....,_., small type Papstfansasabove measurin~8 x 8 x 

above- 20p ea. (pp free). 

POWER SUPPLIES 
APT 10459/8. 12.5V-14.5V DC@ 5A £25 
APT 1 045g I 8 . 5 Volts DC@ 5 Amps £25 
APT 1 045g I 13. 24 Volts DC@ 5 Amps £25 

(Plus £1 each carriage) 

BECKMAN TURNS COUNTER DIALS 
Miniature type (22mm diam.) . Counting up to 
15 turn " Helipots" . Brand new with mounting 
instructions. Only £2.50 each. 
Wandel 8t Gotterman Equipment 
Level Meter 0. 2-1 600KHz 
Level Oscillator 0.2-1 600KHz 

. Level Transmitter 0.3-1350KHz 
Carrier Frequency Level Meter 

BRUEL & KJOER Vibration equipment 1018 3 .8 ems. 26 cu. ft/min. 110V only £4.00 (PP BRUEL & KJOER Frequency analyser 2105 25p) . RS price for all these fans are now around BRUEL & KJOER Microphone amplifier 2603£195. £12 50 hill BRUEL & KJOER Type 3301 AutomatiC trequency response ll::===· ::::;:;ea;c:;:.; .. ;:;~~;=;;;;~~~~~~=~ recorder 200Hz. £750. lr · 5V DC POWER MUIRHEAD-PAMETRADA D489EM Wave Analyser LAMBDA . . TEKTRONIX 555 scope with plug-ins types CA (2 off). 21, 22 SUPPLIES TEKTRONIX 51 5A Oscilloscope Stabilised 1 regulated modular type power sup-TEKTRONIX 545 main frames. £210. Choice of plug-in units ply units giving 5 Volts 4 Amps. These units are 

T
exEtKraTRONIX 585A oscl'lloscope wl'th '82 ' P.l. DC-80MHz brand new complete with instruction book . 11 OV mains input (50 Hz) so ONLY £10.00 BRANDENBURG 2595 . EHT Generator . 50KV 1 mA each ( + £1 p&p) . DERRITRON 1 KW Power· Amplifier with control equipment ~~~~~=~==============;I for vibration testing. etc . 
NOTICE. All the pre-owned equipment shown has been 
carefully tested in our workshop and reconditioned where 
necessary . It is sold in first-class operational cond1t1on and most 
items carry our three months ' guarantee . Cal1brat1on ancf 
certificates can be arranged at cost . Overseas enqutrte~ 
welcome. PLEASE ADD 15% VAT TO. ALL PRICES 

12V. DUAL POWER SUPPLIES 
Mullard, brand new in original cartons complete 
with handbook. 230V. AC Input+ 12V. DC and · 
-12V. DC Output at 1 A and 0.4A respectively . 
Dimensions: 8x4x5' ". ONLY £10 ea. ( + £1 pp) . 
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AC 126 £0.21 
AC127 £0.21 
AC128 £0.18 
AC 12BK '£0.30 
AC132 £0.23 
AC 134 £0.23 
AC137 £0.23 
AC141 £0.26 
AC141 K £0.35 
AC142 £0.23 
AC 176 £0.21 
AC176K £0.30 
AC178 £0.29 
AC179 £0.28 
AC180 £0.23 
AC180K £0.32 
AC181 £0.23 
ACi81 K £0.32 
AC187 £0.21 
AC187K £0.32 
AC188 .[0.21 
AC188K £0.32 
A0140 £0.68 
A0142 £0.98 
AD143 £0.86 
AD149 £0.69 
AD161 £0.40 
AD162 £0.40 
AD161 

162MP £0.81 
AF124 £0.35 
AF125 £0.35 
AF126 £0.35 
AF127 £0.37 
AF139 £0.40 
AF186 £0.68 
AF239 £0.47 
AL102 £1.38 
AL 103 £1.36 
AU104 £1.61 
AU110 £1.61 
AU113 £1.61 
BC107A £0.09 
BC107B £0.10 
BC107C £0.12 
BC108A £0.09 
8C10BB £0.11 
BC108C £0,12 
BC109A £0.09 
BC109B £0.10 
BC109C £0.12 
8C147 £0.08 

Type Price 
7400 £0.1 0 
7401 £0.12 
7402 £0.12 
7403 £0.12 
7404 £0.1'2 
7405 £0.12 
7406 £0.25 
7407 £0.25 
7408 £0.14 
7409 £0.14 
7410 £11.12 
741 1 £0.19 
7412 £0.17 
7413 £0.27 
74 14 £0.57 
74 16 £0.26 
7417 £0.26 
7420 £0.12 
7421 £0.23 
7422 £0.18 
7423 £0.24 
7425 £0.21 
7426 £0.26 

Type Price 
CD4000 £0.16 
CD4001 £0. 17 
CD4002 £0.18 . 
CD4006 £1.05 
CD4007 £11.19 
CD4008 £1.05 
CD4009 £0.51 
CD40 1 0 £0.56 
CD4011 £0.17 
CD4012 £0.18 
CD40 1 3 £0.48 

Type Price 
CA3011 £11.92 
C03014 £1.55 
CA3018 £0.74 
CA3020 £1.95 
CA3028 £0.92 
CA3035 £1.61 
CA3036 £1 .1 5 
CA3042 £1.1Z 
CA3043 £2.12 
CAJ~ £0.80 
CA305Z £1.14 
CA3054 £1.26 
CA3075 £1.72 
CA3081 £1.72 
CA3089 £2.30 
CA3090 £4.14 
CA3123 EZ.18 

TRANSISTORS 
BC148 £0.08 8C549 £0.12 BU105 £1.84 DC149 £0.08 8C550 £0.16 BUt 05102 £2.24 8C157 £0.12 8C556 £0.11 8U204 £1.61 8C158 £0. 12 8C557 £0.15 BU205 £1.61 BC159 £0.12 8C558 £0.14 BU208 /02 £2.58 BC167 £0.14 BC559 £0.16 MJE2955 £1.04 8C168 £0.14 80115 £0.58 MJE3055 £0.68 BC169 £0.10 80116 £0.82 MJE3440 £0.60 8C169C £0.12 80121 £0.76 MPF102 £0.32 8C170 £0.10 80124 £0.81 MPF104 £0.40 8C171 £0.10 80131 £0.40 MPF105 £0.40 BC172 £0.10 80132 £0.40 MPSA05 £0.23 8C173 £0.10 80133 £0.46 MPSA06 £0.23 BC177 £0.18 80135 £0.44 MPSA55 £0.23 BC178 £0.18 80136 £0.40 MPSA56 £0.23 BC179 £0.18 BD137 £0.40 OC22 £1.73 8C180 £0.28 80138 £0.41 OC23 £1.73 8C181 £0.10 60139 £0.41 OC24 £1.55 
8C18~L £0.10 8D140 £0.41 OC25 £1.15 8C183 £0.10 80155 £0.82 OC26 £1.15 
8C183L £0.10 80175 £0.69 OC28 £0.82 
BC184 £0.10 80176 [0.119 OC29 £1.09 
BC207 £0.13 80177 £0.78 ' OC35 £1.03 
8C208 £0.13 80178 £0.78 OC36 £1.03 
BC209 £0.14 80179 £0.88 OC70 £0.27 BC212 £0.10 80203 £0.92 OC71 £0.17 BC212L £0.1 0 80204 £0.92 TIC44 £0.33 BC213 £0.10 BDY20 £0.92 TIC45 £0.40 
BC213L £0.10 BF457 £0.43 TIP29A £0.48 BC214 £0.10 BF458 £0.43 TIP298 £0.48 
BC214L £0.10 BF459 £0.44 TIP29C £0.51 BC227 £0.18 BF594 £0.36 TIP30A £0.46 
BC23B £0.18 BF596 £0.32 TIP30B £0.48 BC251 £0.17 BFR39 £0.28 TIP30C £0.50 BC251A 10.1 8 BFR40 £0.29 TIP31A £0.46 BC301 £0.32 BRR79 £0.32 TIP31B £0.48 BC302 £0.33 BFRBO £0.32 TIP31C £0.50 BC303 £0.32 BFX29 £0.25 TIP32A £0.48 BC304 £0.44 BFX30 £0.35 TIP32B £0.48 BC327 £0.18 8FX84 £0.25 TIP32C £0.50 BC32B £0.17 BFX85 £0.28 TIP41A £0.50 BC337 £0.17 BFX86 £0.29 TIP41B £0.52 BC338 £0.17 BFX87 £0.25 TIP41C £0.55 BC440 £0.35 BFX88 £0.25 TIP42A £0.50 BC441 £0.35 BFYSO £0.18 TIP428 £0.62 BC460 £0.44 BFY51 £0.18 TIP42C £0.55 BC461 £0.44 BFY52 £0.18 TIP2955 £0.69 BC477 £0.23 BIP19 £0.44 TIS43 £0.25 BC47B £0.23 BIP20 £0.44 TIS90 £0.20 BC479 £0.23 BIP19/ UT46 £0.23 BC547 £0.12 20MP £0.92 ZTX1 0 7 £0.11 8C54B £0.12 BRY39 £0.51 ZTX1 08 £0.11 

7 4 SERIES TTL 
-Type Prica Type Price Type Price 7427 £0.27 7472 £0.23 74105 £0.43 7428 £0.29 7473 £0.28 74107 £0.27 7430 £0.12 7474 £0.28 74110 £0.41 7432 £0.25 74 75 £0.33 74111 £0.86 7433 £0.34 7476 £0.28 74118 £0.92 7437 £0.25 7480 £0.50 74119 £1.35 7438 £0.24 7481 £0.87 74121 £0.27 7440 £0.13 7482 £0.78 74122 £0.44 744 1 £0.57 7483 £0.86 74123 £0.46 7442 £0.46 7484 £1.01 74136 £0.59 7443 £0.80 7485 £0.78 74141 £0.63 7444 £0.80 7486 £0.25 74145 £0.63 7445 £0.74 7489 £1 .95 74150 £0.78 7446 £0.68 7490 £0.38 74151 £0.55 7447 £0.55 7491 £0.73 74153 £0.55 7448 £0.64 7492 £0.40 74154 £0.94 7450 £0.12 7493 £0.34 74155 £0.57 7451 £0.12 7494 £0.86 74156 £0.57 7453 £0.12 7495 £0.57 74157 £0.67 7454 £0.12 7496 £0.57 74160 £0.66 7460 £0.12 74100 £0.97 74161 £0.71 7470 £0.28 74104 £0.44 74162 £0.71 

CMOS ICs 
Tvpe Price Type Price Type Price 
CD40 1 5 £0.87 CD4026 £1 .38 CD4043 £1.01 
CD4016 £0.48 CD402 7 £0.67 CD4044 £0.94 
CD4017 £0.86 CD402B £0.78 CD4045 £1.61 
CD40 18 £0.97 C04029 £0.97 CD4046 £1.49 
CD40 19 £0.48 CD4030 £0.55 CD4047 £1 .00 
C04020 £1.03 CD4031 £2.30 CD4049 £0.48 
CD4021 £0.94 CD4035 £1 .15 CD4050 £0.48 
CD4022 £0.94 CD403 7 £1.08 CD4054 £1.26 
CD4023 £0.17 CD4040 £1.01 CD4055 £1.15 
CD4024 EO. 74 CD4041 £0.87 CD4056 £1.55 
CD402 5 £0.17 CD404 2 £0.82 CD4069 £0.19 

LINEAR 

Type Price Type Price 
CA3130 £1.06 MCI350 £1 .38 UA710C £11.4& 
CA3140 ta.eo MC1352 £1 .61 72710 £0.34 
lM301 £0.33 MCI41i9 £3.59 UA711C £0.36 
LM304 £1.14 MCI496 £1 .03 72711 £0.36 
LM308 £1.15 NES36 £3.115 UA123C £0.52 
LM309 £1.72 NE550 £1 .09 12723 £0.52 
LM320-5V £1.72 NE555 £11.27 U~741C £0.27 
LM320-12V £1.72 NE556 £11.69 72741 £0.27 
LM320-15V £1.72 NES&S £1.31 741P £11.23 
LM320-24V £1.72 NE51i6 £1.38 UA747C £0.69 
LM380 £0.97 NESti7 £1.95 i2147 £11.69 
LM381 £1.66 UA702C £11.52 UA748 £0.40 
LM3900 £0.66 72702 £0.52 72748 £0.40 
MC1303l £0.97 UA103 £0.29 748P £11.40 
MCI304 £2.18 UA709 £0.28 SN76013N £2.01 
MC1310 £1.09 72709 £0.52 SN76023 £2.111 
MCI312 £2.18 7091' £0.28 SN76110 £1.72 

SEMICONDUCTORS SEND YOUR ORDERS TO 
DEPT. WW g,,po BOX 6, WARE, HERTS. 
VISIT OUR SHOP AT: 3 BALDOCK ST, WARE, HEATS. 
TEL: 0920 3182. TELEX: 817861 

ZTX109 £0.11 
ZTX300 £0.13 
ZTXSOO £0.14 
2N16 13 £0.23 
2N17 11 £0.23 
2N 1889 £0.61 
2N 1890 £0.51 
2N 1893 £0.35 
2N2147 £0.86 
2N2 148 £0.81 
2N2160 £1.15 
2N2192 £0.44 
2N2193 £0.44 
2N2194 £0.44 
2N2217 £0.25 
2N2218 £0.25 
2N2218A £0.23 
2N 2219 £0.23 
2N2219A £0.25 
2N2904 £0.23 
2N2904A £0.24 
2N2 905 £0.20 ' 
2N2905A £0.23 
2N2906 £0.18 
2N2906A £0.21 
2N2907 £0.23 
2N2907A £0.25 
2N2926G £0.10 
2N2926Y £0.09 
2N29260 £0.09 
2N2926R £0.09 
2N2926B £0.09 
2N 3053 £0.18 
2N3054 £0.48 
2N3055 £0.46 
2N3614 £1.15 
2N3615 £1.21 
2N3616 £1.21 
2N3646 £0.10 
2N3702 £0.09 
2N3703 £0.09 
2N3704 £0.08 
2N3705 £0.08 
2N3706 £0.09 
2N3707 £0.09 
2N3708 £0.08 
2N3709 £0.08 
2N3710 £0.08 
2N3711 £0.08 
2N3819 £0. 21 
2N3820 £0.40 

Type Price 
74163 £0.71 
74164 £0.78 
74165 £0.78 
74166 £0.89 
74174 £0.74 
74175 £0.71 
74176 £0.66 
74177 £0.66 
74 180 £1.72 
74181 £0.86 
74182 £0.80 
74184 £0.80 
74190 £0.78 
74191 £0.71 
74192 £0.69 
74193 £0.66 
74194 £0.71 
74195 £0.69 
74196 £1 .20 
74197 £1 .20 
74198 £2.12 
74199 £2.12 

Type Price 
CD4070 £0.19 
CD4071 £0. 19 
CD4072 £0.19 
CD4081 £0.19 
CD4082 £0.20 
CD451 0 £1.13 
CD4511 £1.09 
CD4516 £1.15 
CD4 518 £1.15 
CD4520 £1 . 15 
CD 40 14 £0.92 

Type Price' 
SN76115 £218 
SN76660 £0.16 
Sl414A £2.24 
TAA5508 £0.40 
TAA621A £2.311 
TAA621B £2.87 
TAA661 £1.72 
TAD IDO £1.49 
TBA540 £2.41 
TBABIOS £0.16 
TBA810 £1.12 
TBA820 £0.111 
TBA92DD £2.87 
TCA27DS £2.38 
TBABOO £0.92 

THYRISTORS 

Volts No Price Volts No Price 50 THY1A/50 £0.29 50 THY7A 150 £0.55 100 THY1A/1 00 £0.32 100 THY7A/ 100 £0.,58 200 THY tA/200 £0.36 200 THY7A i 200 £0.65 400THY1A/400 £0.43 400 THY7A/400 £0.71 600 THY 1A/600 £0.51 600 THY7A i 600 £0.89 800 THY1A/800 £0.66 800 THY7A/800 £1.05 

Volts No Price Volts No Price 50 THY3A/50 £0.32 50 THY10A ,. 50 £0.58 100 THY3A/1 00 £0.34 100 THY10A I 100 £0.65 200 THY3A /200 £0.37 200 THY 1 OA /200 £0.71 400 THY3Ai400 £0.48 400 THY10A /400 £0.80 600 THY3A t 600 £0.57 600 THY 1 OA 1600 £1.13 800 THY3Ai800 £0.74 800 THY10A I 800 £1.40 

Volts No Price Volts No Price 50 THY SA I 50 £0.41 50 THY16A I 50 £0.62 lOOTHYSA/100 £0.51 100 THY16A • 100 £0.66 200 THYSA /200 £0.57 200 THY 16A I 200 £0.71 400 THY SA /400 £0.65 400 TIJY 16A I 400 £0.88 600 THYSA / 600 £0.79 600 THY16A i 600 £1 .03 800 THYSA / 800 £0.93 800 THY 16A / 800 £1.59 

SILICON RECTIFIERS 

200M A 10~ 
IS920 SOv £0.07 IS10/50 50v £0.21 
IS921 1 OOv £0.08 IS 10 ' 1 00 1 OOv £0.24 
IS922 150v £0.09 IS10/200 200v £0.26 
IS923 200v £0.10 IS 10 I 400 400v £0.40 
IS924 300v £0.11 IS10160060Dv £0.48 
lAmp IS 1 0/800 800v £0.58 
IN4001 50v £0.05 IS10 / 1000 1000v 
IN4002 100v £0.05 £0.69 
IN4003 200v £0.07 ISI0 / 1200 1200v 
IN4004 400v £0.08 £0.79 
IN4005 600v £0.09 30Amp 
IN4006 800v £0.10 IS3D i 50 50v £0.64 
IN4007 1 OOOv £0.11 IS30/100 100v £0.79 
1.5Amp IS30 1200 200v £1.06 
IS015 50v £0.10 IS30/400 400v £1.43 
IS020 1 OOv £0.11 IS30 1600 600v £2.02 
IS021 200v £0.12 IS30 i800 BOOv £2.23 
IS02 3 400v £0.14 IS30i1 000 1 OOOv 
IS025 600v £0.16 £2.65 
IS02 7 800v £0.18 IS30/1200 1200v 
IS029 1 OOOv £0.23 £3.3 1 
IS03 1 1200v £0.28 60Amp 

IS 70/50 50v £0.86 3Amp 
IN5400 SOv £0.16 IS 7011 00 100v £0.96 
IN5401 100v £0.17 IS70 i 200 200v £1.38 
IN5402 200v £0.18 IS70/400 400v .£2 .01 
IN5404 400v £0.19 IS70 1600 600v £2.58 
IN5406 600v £0.24 IS70 1800 800v £2.87 
IN 5407 BOOv £0.28 IS70/ 1000 1000v 
IN 5408 1 OOOv £0.34 

AUDIO MODULES 

Amplifiers 
AL20 5 watt amplifier module 
AL30A 7-10 watt amplifier 

module 
AL60 15-25 watt amplifier 

£3.45 

£3.73 

£4.35 

module £5.39 
ALSO 35 watt amplifier module £8.44 
AL 1 20 50 watt amplifier 

module 
AL250 125 watt amplifier 

module 
Pre-amplifiers 
PA 12 Stereo pre-amplifier 

module 
PA 100 Stereo pre-amplifier 

module 
PA200 Stereo pre-amplifier 

£13.74 

£19.24 

£8.94 

£18.45 

module £19.07 
Power Supplies 
PS 1 2 Power supply (24 volts DC) £1.72 
SPM80 Stabilis.ed power supply 

(33v) 
SPM 120/45 Stabilised power 

supply (45v) 
SPM 120/55 Stabilised power 

supply (55v) 
SPM 120/65 Stabilised power 

£5.06 

£6.67 

£6.67 

supply (65v) £6.67 
SG30 Power supply for equaliser £4.37 
Miscellaneous 
MPA30 Stereo magnetic cartridge 

pre-amp 
S.450 Stereo tuner 
Stereo 30 complete 7 watt 

stereo amplifier board 
BP 124 Siren alarm module 5 

£4.42 
£26.72 

£22.66 

watts £4.02 
GE100MKII 10channel mono 

graphic equaliser £23.00 

LEOs 
0/no. Size 
1501 125 
1502 125 
1503 125 
1504 2 
1505 2 
1506 2 
1509 2 

Colour 
RED 
GREEN 
YELLOW 
RED 
GREEN 
YELLOW 
CLEAR 
1111. .. Red) 

SUPER 'Hi-Brita' Type 

Price 
£0.11 
£0.21 
£0.21 
£0.11 
£0.21 
£0.21 
£0.12 

1521 125 RED £0.11 
1522 2 ' RED £0.11 
1514 ORP12 L1ght dependent res1stor £0.63 
1520 OCP71 Photo transistor ' £0.40 

CLIPS 
1508 1 . 125packof5 
15081 . 2 packof5 

125 ClipS £0.17 
2 ClipS £0.20 

DISPLAYS 
Dl303 RED 7 segment D.P left 1.30" heo9ht) com-

mon anode. single d1g 1t 0 I NO. 1523 £0.80 
Dl707 RED 7 segment D.P left (0.3" height) com-

mon anode. single d1g1t 0 / NO . 1510 £0.92 
DL527 RED 7 segment D.P left I. 50" heoght) com­

mon anode. Two~digit reflector 
o/NO . 1524 £1 .95 

DL727 RED 7 segment D.P. rogh t 1.5 10" heo9htl 
common anode. Two~diQ i t light p1pe 

O I NO 1521 £2.53 
DL 74 7 RED 7 segment D.P. left ( .630" heigh1) 

common anode. Single-digit light pipe 
0/NO 1511 £1 .72 

OPTO-ISOLATORS 
Isolation Breakdown- Voltage 1500- cont1nuo.us fwd 

current 1 OOmA 
Cll74 Single-channel s. p1n 0 1 P standard type -

opt1cally coupled pa1r w1th mfra ~red LEO em1tter and 
NPN silicon photo transistor 0/NO . 1497 £0.57 

CILD74 Multi-channel 8 pin DIP two isolated channels 
O I NO 1498 £1.15 

CILQ74 Multi-channel 16 pm DI P four isolated chan-
nels 0/NO 14gg £2.53 

SECOND GRADE LED PACK 
A pack of 1 0 standa rd s1zes and colours wh1ch fa1l to 
perform to the 1r very ng1d specification. but wh ich are 
ideal for amateurs who do not require the full spec 

0 NO 1507 £1.72 

SOCKETS 

1611 8 pon OIL 
16 12 14pin OIL 
1613 16pinDIL 
1720 1BpinDIL 
17 21 20 p1n OIL 
1722 22 pin OIL 
1614 24pm OIL 
1615 28pinDi l 
1 723 40 pin OIL 
1616 TO 1 8 trans1stor 
161 7 T03 transis\or 
1611 7 TOS transistor 
1724 14 pm OIL Wire wrap 

gold plated Camb1on 

£0.09 
£0.11 
£0.12 
£0.18 
£0.20 
£0.22 
£0.24 
£0.26 
£0.34 
£0.13 
£0.37 
£0.13 

£0.25 

G.P. SWITCHING 
TRANSISTORS 

T0 18som ·to 2N706 18 BSY27 128 .· 95A 
ALL usuable dev1ces no open and shorts 
ALSO avatlable 1n PNP sm1 to 2N290 ! 
BCY70 
20 for 57p; 50 for £1 . 15; 100 fo r £2.07; 
500 for £9.20; 1 .000 for £16.1 0; when 
ordenng state NPN I PNP 

G.P. SILICON 
DIODES 

300mW 40PIV fmonl su b m1n FULLY 
TESTED •deal for Organ builders 
30 for 57p; 100 fo r £1. 72; 500 for £5. 75; 
1.000 for £10.35. 

METAL FOIL 
CAPACITOR PAK 

Conta1nmg 50 metal foti capac1 10r - ltke 
Mu llard C280 senes - mtxed values rang1ng 
for 01 uF-2 2uF complete wtth 1denttf1cat•on 
sheet 0 ' NO 1 6204 £1.38 

JUMBO PAK 
SEMICONDUCTOR 

16222 - Transt stors Germ and Sil•con 
Rect 1f1ers-01odes-Tnacs-Thynstors ICs and 
Zeners ALL NEW l!o CODE D Approx 100 
p1eces offer tng th e amateur a fantast•c 
barga1n PAK and an enormour sav1ng £2.58 

ALL PRICES INCLUDE VAT: ADD 35p POST PER ORDER • : JUST QUOTE YOUR ACCESS OR BARCLAYCARD NO. 
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scopefpr 
recording 
The provision of permanent low 
cost records without delay from ~ 
ultrasound equipment is useful both 
in the medical field, for cardiac and 
foetal imaging and in industry for 
non-destructive testing. 

The wideband video modulation, ' 
high resolution and good grey sca)e 
makes the Fibre Optic Recorder an 
ideal read-out. Alpha-numeric data 
and time codes may easily be I · 
included in the hard copy. Fibre I 
Optic Recorders now offer full I 
video bandwidth and may be used 
on high speed facsimile systems and 
for the generation of pictorial records 
from weather satellite transmissions 
and from scanning electron 
microscopes. 

4.85 E55l 21.00 ' Ef95 4.19 2&.58 
14.25 EBOCC 5.00 *EF183 1.36 2&.50 
21.16 E80CF 7.00 ' Ef184 1.44 M31·312GH 33.00 
38.68 E80F 6.32 ' EH!ll 1.25 M31·312W 33.00 

247.30 E81CC 2.40 *EK!ll 0.96 M31·334GH 33.00 
25.80 E81l 8.51 'El34 2.24 JA31·334W ' 33.00 
24.45 E82CC 7.48 *El36 1.94 M38-312G~ 37.50 
62.50 E83CC 4.50 ' El37 6.75 M38·312W 37.50 
9.15 E83F 5.64 'El38 10.50 M8079 ~ 9.60 
1.65 E86C 10.35 ' El41 2.25 M8081 7.79 
1.70 E88C 5.56 ' El81 1.60 M8082 3.00 

E88CC 4.98 ' El83 1.20 M8091 I 1.99 
"865 1.60 EBBCC-01 5.48 ' El84 1.15 M8098 4.80 
*8309 0.80 E!llCC 5.40 *El85 4.20 M8100 6.81 
"8319 0.84 E!llf 4.92 ' ELB6 2.1 & M8136 7.01 
*8329 0.68 E99F 6.35 'El90 1.12 M8137 7.23 
81153 109.98 E130l 20.33 *El91 5.56 M8161 6.52 
BK66 59.15 EIBOCC 5.87 *El95 1.32 M811i2 6.27 
8K448 73.25 EIBOF 6.48 ' El360 4.12 M8204 8.70 
BK484 99.00 E182CC 6.34 'El509 3.40 M8223 2.70 
BT5 36.00 EI86CC 8.04 ELB21 8.20 M8248 9.12 
BT5B 2&.70 E188CC 5.28 El822 6.44 ME1400 4.85 
BT17 65.05 E280F 21 .43 ENIG 15.00 
8119 22.20 EZ83CC EN32 15.66 'N77 6.00 
BT95 78 .05 E288CC 15.00 EH91 5.80 'N3119 2.22 
BT115 63.10 'EAA91 0.86 EN92 5.85 'N359 0.80 
BTIZl 69.10 ' EABC80 1.15 'EY51 2.37 
BW1162J3 213.49 'EB91 0.88 "EY81 3.38 ' PC86 1.45 
B31GBL.01 165.00 'EBC90 1.25 ' EY84 &.81 ' PC88 1.55 
B419Bl-01 225.00 *ECBO 2.20 ' EY86 0.84 'PC97 1.15 

*EC91 6.09 'EY87 0.84 ' PC !lOll 0.95 
010·160GH 58.17 *EC92 1.02 *EY88 1.05 ' PCC84 0.84 
013·26611-01 151.00 'ECC81 0.80 ' EY91 2.25 ' PCC85 1.25 
014·110GH 90.56 'ECC82 1.15 ' EY802 0.91 'fCC 88 1.12 
014·17ZGH 90.56 *ECC83 1.15 *U35 1.15 ' PCC89 1.38 
DI4·11ZGM 106.82 ' ECC84 1.19 'El40 1.25 ' PCC189 1.60 
' 0AF91 1.00 ' ECC85 1.16 ' EZ80 0.98 'PCFBO 1.15 
OCG41001JEO 26.72 ' ECC88 1.90 *EZ81 0.72 ' PCF82 0.95 
' GF61 1.50 *ECC91 6.58 ' EZ!ll 1.08 *PCF86 1.58 

0.75 *ECC804 1.12 ' PCFZOO 2.20 
0.85 ' ECC2000 9.32 GL5751 4.00 

' PCF8111 1.21 
47.25 "ECFBII 1.36 GR31 8.95 

' PCF802 1.21 
47.25 'ECF82 I.IM GU50 12.00 

1.44 
*ECH81 2.32 GXB11i0 34.00 ' PCF808 

21.00 GXH120 *PCH200 . 2.32 
40.29 'ECLBO 1.32 43.85 

*PCl82 1.25 
1.40 "ECL82 0.88 GX0250 237.80 

' PCl83 1.25 
1.28 'ECL85 1.12 GXU1 16.63 

'PCl84 1.15 
' ECl86 1.58 GXU4 33.00 z.oo GXU51 15.45 ' PCl85 1.45 

1.10 ' Ef37A 3.35 ' PCl86 1.58 
0.95 *Ef39 3.75 ' GY501 2.57 

1.68 ' lil30 1.12 ' PCl88 
4.67 *EFBO 0.80 ' 6Z31 2.25 ' PCl8115/85 1.10 

10.50 ' Ef85 0.91 *GZ32 1.65 ' P0500 3.90 
4.45 ' Ef86 1.44 ' GZ34 1.90 PEI ·IOO 70.00 
4.85 ' Ef89 1.77 *Gl37 3.50 ' Pfl200 1.98 
5.70 ' EF91 3.99 GXU50 14.00 ' Pl33 1.00 
0.60 ' EF92 5.00 ' Pl36 2.05 
0.60 ' Ef93 0.80 'KT66 6.75 "1'!.81 1.10 
'.04 ' EF94 0.80 'KT88 8.72 ' Pl83 0.80 

Suitable papers in either 1 OOmm or 
200mm width, include dry direct 
print UV sensitive emulsions where 
limited grey scale is acceptable and 
similar chemically processed papers 
for good photographic quality. 
(Illustration shows Side Scan Sonar 
read-out) 
Medelec Fibre Optic Recorders :are 
also used for research and 
development in Digital Data, Noise 
and Vibration, Transients and 
many other fields. · 

~ .. rnedelec 
MEDELEC LIMITED 
Manor Way, Waking, Surrey 
Telephone: Waking (04862) 70331 
Telex : 859141 Medlec G 

Type Type 
No. No. 

'Pl84 1.00 *UBFBO 1.10 *Bi30LZ 1.56 
*Pl95 1.20 ' UBF89 1.10 *6AB4 1.25 
'Pl500 1.20 *UBL21 1.40 •6AJ8 2.32 
'Pl504/505 2.00 ' UCC85 1.10 ' 6AK5 2.44 
*Pl508 2.20 *UCH81 1.50 •&AK6 2.33 
'Pl509 3.15 ' UCl81 0.75 *BAK8 1.15 
*PlBOZ 2.95 ' UClBZ 1.66 *6Al5 0.88 
'PY33 1:00 *UF80 0.75 *6AM5 6.00 
'PY81 1.00 'Uf85 0.65 '6AM6 1.60 
*PY82 0.75 *UF89 0.75 '6AQ5 1.12 
'PY83 0.75 *Ul84 1.44 ' 6AQ5A 2.62 
•naa 1.36 ' UY41 0.95 ' 6A06 1.&8 
*PY500 2.24 ' 6AQ8 1.16 
'PY500A 2.24 X6H500 58.35 6AS6 &.40 
'PYBOO 1.2& X62·500 45.87 6A87G 1.95 
'PY801 1.00 X65-500 3D.62 ' 6AT6 1.25 

XR1·1600A 22.50 ' 6AU6 1.96 
QOVOZ.fi 9.90 XR1·3200 184.54 ' 6AV6 1.86 
QQVO:I-10 4.50 XR1·6400A 10.00 ' 6AW8 2.20 
OQVOJ.20 18.00 ' 6846 3.10 
QOVOJ.ZOA 11.00 ZM1550 3.38 '68A6 0.10 
OQVII6-40A 31.00 ZM1551 3.76 *BBE6 0.96 
QOV07·40 9.50 ZP1200 2&.25 *6BH6 1.44 
0883-3 1.75 ZP1210 28.35 *6BJ6 1.00 
0895-10 4.85 ZP1230 32.13 '6Bl8 1.36 
08151J.15 4.10 ZP1240 26.60 6BQ7A 1.55 
OS I ZOO 2.25 ZP1300 15.00 68R7 6.00 
081205 1.75 ZP1310 12.53 68S7 3.84 
051209 1.75 ZP13ZO 15.17 '6BW6 6.35 
081212 3.55 ZP1470 47.25 '6BW7 1.40 
081215 1.80 ZP1481 31.50 '6BX6 0.80 
Q¥05-25 3.12 ZP1500 43.26 *BBY7 1.40 
OVOfi.20 7.92 ZT1011 22.50, ' liC4 2.20 
OY2·100 51.80 ZX1051 87.00 ' liC56T 1.10 
OY3·125 46.60 ZX1052 158.77 ' 6&12 2.32 
OY4-250A 55.14 ' 6&16 1.36 
OY4400 62.67 OA2 1.45 *liCA4 0.72 
0Zilfi.20 22.25 OAZWA 2.55 *liCA7 2.24 

OA3 1.80 *BC86A 0.75 
' R1Z 2.37 082 2.36 '6CH6 1.76 
RG1·240A 21.80 ' 6CJ6 1.60 
RG3-250A 28.10 2021 2.24 ' 6CK6 1.70 
R63-1250 24.45 ZKZ5 14,00 •&cLti 6.44 
RG4-1250 25.80 ' liCM5 1.94 
RR3·250 7.15 3828 7.50 *6CS6 1.21 
RR:I-125118 71.00 3&45 8.25 '6CW4 4.72 

3E29 8.25 *6CW7 1.19 
TB3-750 59.30 *602 0.75 5AR4 2.25 
T84·1 250 76.82 5A/1631( 6.48 ' 60A6 1.77 
TY3·250 59.30 58 !252M 12.00 ' 6005 6.93 
TY4-350 86.57 58/254M 17.37 ' liOJ8 1.68 
TY4400 59.30 5&22 39.50 ' 60l5 1.32 
TY4-400C 84.78 5CPI 26.00 *6EH7 .1.36 
TY4500 76.82 5R4GY 3.90 *BEJ7 1.44 
TY&-8110 150.96 5U4G 2.63 ''6ES8 1.32 

5Y3GT 1.21, '6F12 3.99 
*UABCBO 1.28 5Z4G 1.12 ' 6FZ6 0.91 
' UAHZ 1.25 SZ4GT 1.12 '6FZ9 1.36 

' 6f30 1.44 

*6f6GB 
*BGA8 
'6GW8 
' 6J4 
' 6J6 
' 6J5GT 
'6ll2 
*6l13 
' 6l16 
*6l6GA 
' 6H7GT 
' 6Pl12 
' 61'15 
' 683 
' 682 
6Sl7l 
'68N76T 
'6807 
' 6U8 
'6¥4 
'6V6GT 
'6X4 
*6X5GT 

7FC7 

' 12Al5 
*12AT7 
*12AT7WA 
' 12AU6 
' 12AU7 
' 12AV6 
'1 2AX7 
' 1284A 
'1 ZBA6 
' 12BE6 
' 128117 
' 12BH7A 
*12BY7A 
12E1 
1ZE14 

1303 
1308 

29&1 

' 30AE3 
' 311&1 
•31JFl14 
•30Fl2/1 
' 30ll 
*30PI8 
' 30PI9 
' 30PUZ 
*30Pl14 
' 31A3 

•54KU 

1.75 
1.56 
1.58 
1.58 
6.58 
4.80 
1.16 
0.68 
1.19 
1.44 
3.00 
0.88 
1.15 
3.38 
0.84 
2.44 
1.60 
1.22 
1.04 
0.98 
1.24 
1.08 
1.15 

1.38 

2.1 5 
0.80 
1.20 
1.28 
0.68 
1.50 
0.68 
2.56. 
0.90 
1.42 
1.50 
1.45 
1.54 

10.17 
32.78 

5.60 
3.75 

13.30 

1.36 
1.36 
1.44 
1.12 
0.84 
1.58 
1.00 
0.96 
1.68 

1.65 
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Video 
Images 

Type 
,No. 

56TVP·03 4&6.70 5551A 73.25 6227 5.9& 
5552.l 99.00 6252 2&.75 

75&1 1.80 5557 19.15 6267 1.44 
5559 36.45 6360 4.58 

85A1 7.00 5651 1.75 6574 15.&& 
85A2 1.75 5654 2.50 6689 5.64 

568 6.34 6922 4.91 
!llAG 8.10 5696 2.60 6939 9.911 
!llAV 8.10 5867 59.30 6973 3.70 
90CI 1.62 5868 76.82 
!llCG 13.68 5894 31.00 7002 5.87 
oocv 13.30 5726 9.75 7092 150.!16 
92AG 7.96 5751 4.00 7527 &2.&7 
92AV 7.!16 5763 3.12 7534 20.33 

7643 9.90 
108&1 2.36 6057 2.10 7788 10.07 

6058 2.10 
15083 4.10 6060 1.00 
150CZ 1.45 6064 £1.65 
150&3 1.92 6080 7.00 
150&4 1.75 6084 6.32 

6085 5.76 
927 10.95 6155 46.60 

6158 2.76 
14748 96.00 6189 7.01 
1913 6.75 6199 59.00 
2050A 4.84 6201 1.05 

RECEIVING, SPECIAL QUALITY, 
TRANSMITTING. DISPLAY, 
ELECTRO-OPTIC, CAMERA 
TUBES, GAS FILLED. ETC. 

All valves g u aranteed new & tested before 
despatch . 

Cash with order. Postage & Packing : Order up to 
£2-30p, £5-50p, Over £5-85p. Add VAT : 
12Y,% where marked' , others 8% 

Telephone for a quote for quantity requirements. 

Account facilities available for established com· 
panies. Solid state replacements for certain types of 
obsolete valves . 

=>- 30/50 Ossory Road, London SEl SAN . - INTEL ELECTRONIC COMPONENTS LTD. Telephone: Oi-237 0404 
Telex: 825637 

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. 

Pl~ase Use Capital Letters 

If you are way down on the 
circulation list, you may not be 
getting the information you 
require from the journal as 
soon as you should. Why not 
have your own copy? 

To start a one year's subscription 
you may apply direct to us by 
using the card at the bottom of 
this page. You may also apply to 
the agent nearest to you, their 
address is shown below. 

OVERSEAS SUBSCRIPTION 
AGENTS 

Australia: Gordon & 
Gotch (Australasia) Ltd , 
380 lonsdale Streel, 
Melbourne 3000, Victoria 

Belgium: Agence et 
Messageries de Ia Presse, 
1 Rue de Ia Petite-ILE 
Brussels 7 

Canada: Davis Circulatio~ 
Agency, 153 St. Clair 
Avenue West, Toronto 195, 
Ontario 

Cyprus: General Press 
Agency ltd, 131 Pro­
dromou Streel, P .O. Box 
4528, Nicosia 

Denmark: Dansk 
Bladdistribution, 
Hovedvagtsgade B, . 
Dk.1103 Kobenhavn. 

Finland: Rautakirja OY, 
Koivuvaarankuja 2, 
01640 Vantaa 64, Finland. 

France: Dawson-France 
S.A., B.P.40, F-91121, 
Palaiseau 

Germany: W. E. Saarbach 
GmbH, 5 Koln 1, 
Follerstrasse 2 

Greece : Hellenic 
Distribution Agency, 
P.O . Box 315, 246 
Svngrou Avenue. 
Nea Smyrni, Greece. 

Holland: Van Ditmer N.V .• 
Oostelijke Handelskade 11, 
Amsterdam 1004 • 

India: lnlernatlonal Book 
House, Indian Mercantile 
Mansion Ext. Madame 
Cama Road, Bombay 1 

Iran: A.D.A., 151 Khieben 
Soraya, Tehran 

Israel: Stelmatzky's 
Agency Lid, Citrus House, 
P.o. Box 628, Tel Aviv 

Italy: Intercontinental 
s.a .s. Via Veracini 9, 
20124 Milano 

Japan : Western Publica­
tions Distribution Agency, 
170 Nishi·Okubo 
4-chome, Shinjuku·Ku, 
Tokyo 160 

Lebanon: levant Distri ­
butors Co., P.O . BoK 1181, 
Makdesi Street. Halim 
Hanna Bldg, Beirut 

Malaysia: Times 
Distributors Sdn. Bhd., 
Times House, 
390 Kim Seng Road, 
Singapore 9, Malaysia. 

Malta: W. H . Smith 
Continental Ltd, 
18a Scots Street, Valleta 

New Zealand: Gordon & 
Gotch (New Zealand) Ltd, 
102 Adelaide Road, 
Wellington 2 

Nigeria: Daily Times of 
Nigeria Ltd, 3 Kakawa 
Street, P .O. Box 139, 
Lagos 

Norway: A/S Narvesens 
Kioskompani, Bertrand 
Narvesens vei 2, Oslo 6 

Portugal: Livaria 
Bertrand s.a.r.l 
Apartado 37, Amadora 

South Africa: Central 
. News Agency Ltd, P.O. 
Box 1 033. Johannesburg 

Spain: Comercial 
Atheneum s.a. Consejo de 
Ciento,130-136 Barcelona 
16 

Sweden: Wennegren 
Williams A B, Fack S-104, 
25 Stockholm 30 

Switzerland: Neville & 
CieSA, Rue Levrier5-7, 
CH-121 1 Geneva 1 
Schmidt Agence AG , 
Savogelstrasse 34, 
4002 Basle 

U.S.A.: John Barios, 
IPC Business Press, 

~·205 East 42nd Street, 
New York, N.Y.10017 
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be paid by 
Licensee 

Do not affix Postage Stamps if posted in 
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BUSINESS REPLY SERVICE 
Licence No. 12045 

WIRELESS WORLD, 
PRODUCT REPLY SERVICE, 

429 BRIGHTON ROAD, 
SOUTH CROYDON, 

SURREY 
CR2 9PS 
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Please arrange for me to receive further details of the products listed, 
the appropriate reference numbers of whicn have been entered in the 
space provided. 

Name ............•.•.•. 

Name of Company . .• ..•.... .. .. .•. .• •. .....•.•..... .•. •..• 

Address .............•.•..............•....••..•.•........ 

Telephone Number . 

I PUBLISHERS I 
USE ONLY 

Position in Company . 

Nature of Company/Business ..... ..•.•• ••..• •.• •..••• .• .•.••• 

No. of emp.loyees at this establishment ..•..•.•..•..••••.....••. , 

I wish to subscribe to W .i reless World 0 
VALl D FOR SIX MONTHS ONLY 

~------------CUTHill£ __________ _ 
I 
I 
I 
I 
I 
I 
I 
~ ... 
z 
E 
I 
I 
I 
I 
I 
I 

Wireless World: 
Subscription Order Form 

To become a subscriber to Wireless Wor.ld 
please complete the reverse side of 
this form and return it with your 
remittance to: 

Subscription Manager, 
I PC Business Press, 
Oakfield House, Perrymount Road, 
Haywards Heath, Sussex RH16 3DH, 
England 
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~-&ATA PRECISION 

Model 

935 

3Y2 digit, LCD display 
DIGITAL MULTIMETER 

HANDY -easy to hold, to carry, to use, to 
' read. Always at hand to make difficult 

measurements easy. 

VERSATILE- all the functions and ranges 
you ne.ed . .. 29 in all: volts and amps, a.c. 
and d.c., switchable Hi and Lo olilms. 

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

PRECISE-basic 0.1% <;l.c. accuracy-better 
than many bench models! 

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

EXPANDABLE -accessories extend measure­
ments to 1000A, 40kV, r.f. at 700MHz or 
temperature from -60 to + 150°C. 

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

See why your next multimeter should be a 
Data Precision 935! 

Get the leaflet now from: 

••••• Farnell 
~ International 

FARNELL INTERNATIONAL INSTRUMENTS LIMITED 
WETHERBY· WEST YORKSHIRE LS22 4DH 
TEL: 0937 63541 · TELEX 557294 FARIST G 

OR LONDON OFFICE-TEL: 018-64 7433 -, 
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4S6 

40-25. 

There's a range of answers. 
There's something every one of our scopes has in 

common. Great accuracy, tremendous reliability and 
keener pricing, plus free delivery on UK mainland . 

Take the new 40-1 08. The fully stabilised power 
supply gives 3o/oaccuracy. There's a full XY facil ity using 
CMOS ICs for extra rel iability, Z modulation for 
brightening or dimming the trace, 1OM Hz scan at full 
bandwidth over the full screen area, trace locate and TV 
field trigger. At £21 0 .00* it's astonishing va lue . 

Or the 40-25 . A dual trace model withDC-25MHz 
bandwidth and 1 OmV /em sens itivity. Signal delay 
allows you to trigger from and see the leading edge of 
any signal. Trigger level and slope are selected on one 
dual function control. 3% accuracy and still only 
£360.bb*. 

Plus the 4S6 single beam 6M Hz bandwidth model 
with easy to use controls . 1 OmV sensitivity and timebase 
range of 1 us to 1 OOms/cm. Lightweight', compact and 
a very good price. £144.00*. 

Return the coupon for full detai ls of the range that 
gives you a lot more scope. 

*UK list price excluding VAT. 

~OPEX 
l sco~Sale;---------, 

I Pixmore Avenue, Letchworth, Herts SG6 lJJ. 1 
Tel : (04626) 72771. 

I Please send me full details of the Scopex range. I 
1 I I Name I 
1 Company 1 
I Address I 
I .I 
I · I 
l.::----~------=~ 

WW- 079 FOR FURTHER DETAILS 
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IT'S FREE _ 
Our monthly Advance Advertising Barga in s List gives detai ls -;;f bargams 
ar r1 v1ng or just arr ived - often ba.rgains _whic_h sell o~t before .our 
advert isement can a ppear - It's an mte~est•ng hst _and its free -.JUSt 
send S.A.E . Below are a few of the Barga1ns stil l ava•lable from prev•ous 
lines 

2kW HIGH VOLTS TRANSFORMER 
For metal erqsion by the electro-spa rk princ iple and for h igh voltage 
applications generally. This 1s a big transformer, size approx . 7in . cube. 
~eight around 601b, beautiful ly made. Would probably cost at least 
£100 f rom its manufacturer if ordered currently. The voltage is 2400 off 
load, we are not certain of the current rat ing but we est imate this at 1 
amp. Price £32.40 carriage £5 main land only 
IC SOCKETS (do-it-yoursel f type) 
These are silver-p la ted pin sockets somet imes called solder-cons. You 
push them th rough v~ro board. solder a~d then d.etach the top sectio~ 
The result IS a low profile IC socket of the nght type JUSt where yo u want 1t 
8 pm 17p, 1 6 pin 27p, 18 pin 38p or quanti ty of 100 soldercons for 
£1.30. 
WAFER SWITCH BARGAINS 
2 pole 4-way silver plated 5 amp contacts with good length 1/4 1n . spindle 
Price 34p + 4p. Plenty of others , state your wants . 
INTER VALVE SPEAKER 
TRANSFORMER 
For valve type circuits standard matching to % ohms. ~nee 56p. 
WIRE ENDS 
Ring type for f ixings on termina ls and screws, and push on to spade 
types . Both for crimping on the ends of wi res. 10 for 20p + 2p, or 1.000 
fo r £10 +BOp. Boots for the spade type. £2 + 16p per I 00 . 
PLASTIC SADOLES 
White for %in. circular flex etc. 10 for 22p. 
ARROW ROCKER SWITCH 
Miniature type reference No.16045- this is an all wh ite 250v : Oamp 
changeover switch with centre off pos ition, offer at bargain price 22p. 
MINIATURE FAN 
Molar and four bladee fan bu il t into a tube approx . 2in. dia . and 3in 
long. w ill work off 6 1 12v battery or from a car socket . Price £3.06. 
MAKING A BLOWER HEATER? 
Element assembly made of 3 x 1 kw spirals with leads and Bank rocker 
sw i1ch wh ich will give off. 1 kw spira ls with leads and Bank rocker switch 
wh1ch will give off , 1 kw, 2kw or 3kw . Price £1.62 per pair with diagram 
'I• HORSE POWER DOUBLE ENDED MOTOR 
2 212 3_0v single phase best American make 1 , 5~0rpm t her~ a l 
protec11on, base moun1 ing plate. good length of %m . shaft . Pnce 
£15.66, carriage £4 (mainland on ly) 
PROCESS TIMER 
Ch'amb.ala in and Hookham Ltd . Their type no. P. We have two models in 
stock, 0.30 seconds and 0 .3 mins. Both are for mains operations and are 
impress1ve panel mounting instrum·ents. Price £15. 12. 
MANUFACTURERS 
Using wires with spade or tag ends might be able to save themselves t ime 
ar}d money. Send us a sample of the lead you use. if we hav~ one the 
same or near enough we w1ll supply at Sp per lead for w~res fitted w1th 
one or two tags and '2 1hp per tag for multiple leads. · 
MAINS SOLENOIDS 
With slugs for pulling when a mains voltage is applied, made by Westool. 
these are repl acements in many washing machines. food dispensers etc 
Also useful as a magnetic lock . We have 4 models in stock . TT2 size 
1 V2 in . x 1 Y2in . x 11/.!in .. ha~a powerfu l lin. pull . Price £2.16. 
TT4 size 1 1Ain. x 2Y2in . x 2in. Price £2.95. 
TT6 s1ze 2 1/z in . x 21hin . x 2in. Price £3.50. 
TT 10 s1ze 3in. x 2 1hin . x 2in. has 1 1hin pulL Price £4.86. 
MODEL PP1 
An even more powerful model by Magnetic Devices Ltd . Has the normal 
pull plunger but this is extended through to g ive a big push as well as a 
1 Olb pull, approximate leng th of travel is 1 1hin . Pri ce £8.02. 
HIGH VOLTAGE ISOLATION AND STEP DOWN TRANSFORMER 
Th is gives 230 I 40v from a 400v I 440v supply and is suitable for 1 OOw 
load. Other uses lor this are as a normal stepdown 230v to 15v with 
isolation , or as a step up 400 from 230v w ith isolation . Price £8.50. 
DOOR MOVING MOTOR 
Framco reve rs ible single phase 240v AC motor w ith gear box giving final 
spe~d 56rpm. Motor rated a t 501b to the inch, shaft length is approx 
we ight approx . 131b Price £15. carriage £3 mainland only 
10 KVA 3 PHASE AUTO TRANSFORMER 
Beaut ifu lly made and enclosed in a solid sheet steel case with a 
removable lid for easy access to terminals. Voltag es available are 440, 
400. 380and 240. There is also a neutral tappiNg point, th is transformer 
we1ghs approximately 50 kilos . 2 only in stock . Pr ice £54, carriage 
£7.50 mainland only 
MULTI CORE POWER CABLE 
36 colour coded conductors each rated at 5 amps for longish runs. and 
8- 10 amps for short runs. Screened then covered overall with high grade 
PVC. The diameter of the fjnished cable is j4 in . approximately. Good 
quantity available. cut to your required length . Pr1ce 81 p per metre . Post 
and packing 25p per metre 
ARE YOU USING AMERICAN TOOLS SAFELY? 
American tools wh ich are made for 11 Sv working will not have the same 
quality of insulation as 230v tools, therefore to use these with an auto 
transformer especially in damp cond itions cou ld be asking for trouble 
You should use an isolation step down transformer. We have some of 
these to offer at bargain price this month made for computers but little 
used. They come in metal cases with inputs and outputs for leads . Rated 
at '500w regular price £35, our price £16.25 each, post etc £2. 
MAGNETIC CLUTCH 
xerox 12 15494 - j !n- 10 - 110 PN866-10. Have no information 
sheet on th1s but it appears that one section fi ts to the spindle of the 
machine and the other to a stationary part It appears also that the clu tch 
can be used as a part ial brake by putting reduced voltage into it. as a 
normal brake with normal voltage, or as emergency stop by putting 
increased voltage into it. American ad very well made . Pr ice £4.32. 
MULTI SECONDARY TRANSFORM-ER 
C' Core type T522 . M anufactured by E.R.G Primary 10 - 0- 10-
115 - 210- 240v. 50cps 
Sec 1 240v at 7 5mA 
Sec 2 1 Ov at -20m A 
Sec 3 0-2 - 6- 12vat 100mA 
Sec 4 Drtto 
Sec 5 Ditto 
Sec 6 9v at 1A 
Sec 7 6.3v at 2Awith centre tap 

Pnce. £10.42. 
MULTI SECONOARY TRANSFORMER 
C Core type T56 7 made by E.R.G 

Pnmary 10-0-10-115-210-240v 50cps 
Sec 240v at 7 5mA 
Sec . 1 Ov at 20m A 
Sec 0-2 - 6-1 2vat 100mA 
Sec 0-2-6-1 2vat 100mA 
Sec 0 - t 2v at 1 OOmA 
Sec 9vat 1A 
Sec 6.3v CT at 2A 
Sec 8 30v at 30mA. Prrce . £11.06 
OFF ON HOLIDAY? 
Don't lorget your qu1ck cu ppa . mini im merSIOn heater . 250 w atts makes 
a cup of tea 1n 2 or 3 m1 nutes. off 230v mains and 7 or 8. Price £2.95 + 
37p. 
Camp1ng model works off a 12v car battery . £3.50 + 48p. 
JUG HEATER 
900 wans 1mmersion heate r. for baby 's feeds of rea for the famdy Price 
£6.05. 
U.V. DISCO LAMP 
1 7 5 watts. plugs 1nto any l1ght socket. needs no control gear £8.85. 
MINI MULTI TESTER ' 
New model with 2 ohms ra nges and suppl1ed With our free gdt to enable 1t 
to measure up to 10 amps D.C Pnce £6 .25 +SOp, post and 1nsurance 
50jJ. 

EXTRACTOR FAN 
Ex-computers - made by Woods of 
Col chester Id eal for l!x1ng throug h 
panel - reasonably quiet runn mg -
very powerful 2.500 r p.m Cho1ce of 
two SIZes Sin or 61J41n £5. £6 . 

MULLARD UNILEX 
A mains operated 4+4 stereo system 
Rated one of the fmest performers in 
t he stereo f ield this Would make a 
wonderful gift for almost anyone tn 
easy-to-assem ble modu lar form and 
co mplete with a pair of speakers this 
should sell at about £30- but due to a 
special bu lk-buy and as an incentive for 
you to buy I his month we .offer ~he ' 
system complete at only £15 1nclud1ng 
VAT and postage. 

HUMIDITY SWITCH 
American made by Honeywell. The action of this 
device depends upon the dampness causing a 
membrane to stretch and tri gger a sensitive 
micro-sw itch, qu ite sensitive - breath ing on it for 
instance will switch it on . Micro 3 amp, at 250V 

DELAY SWITCH 
Mains operated - delay can be accurately 
set with pointers knob for periods of up to 
2 1/2 hrs, 2 contacts suitable to switch 1 0 
amps - second contact opens few minutes 
after 1st contact £1.50. 

25A ELECTRIC PROGRAMMER 
Learn in your sleep . Have radio playing and kettle boiling 
as you wake - sw1tch on lights to ward of f int r uders - have 

a warm house to come home to. A ll these 
and many other things you can do if you 
invest in an electrical programmer. Clock 
by famous maker with 15 amp on/oft 
switc'h . Switch-on tim e can be set any­
where to stay on up to 6 hours indepen­
dent 60 minute memory jogger . A 
beautiful unit. £4.50. 

MULLARD AUDIO AMPLIFIERS 
All in module form. each ready built complete with heat sinks and 
connection tags , data supplied Model 1153 500mW, power. output 
~1.69. 

.. ::.·.·· ·--< •.•.. ; ..• . 
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Model 1175- 10 watts power output £3.94 
Model 1172 1W, power output £2.25 
Model EPgooo 4 watt power output £2.90. _ 
EP 9001 twin channel or stereo pre -am p 
£2.90. 

DRILL CONTROLLER 

Electronically changes speed f rom 
approximately 10 revs to maximum 
Full power at all speeds by finger-tip 
controi. 'Kit includes all pans , case, 

everything and full instructions. £3.45 

MAINS BLOWER 
The Torrin - quiet but powerful outlet size 
2v2 x 1lJ4 for cooling equipment , etc. w ill 
extract if outlet is blowing outwards price 
£5.50. 
Other models from £2.00. 

INDUCTION MOTORS •-

One illustrated is ou r reference MM 11 made 
for ITT % stack 1 112 spindle £2.26. % stack 
model £1.75, 1 stack £2.75. 1 y, stack 
£3.25. 

( 

"' . 

BURGLAR ALARM ITEMS 
lC1rcuit free on applicat ion) 
Trigger mats 24in X 18in 

13in X 10in 
Relay 24 volt 

9-12 volt 
Alarm Bell 24 volt 

9-12 volt 
Mains 

Reset. Switch . ordinary 
Secret type with key 

Wire - 1 00 metres 
24V Power unil mains operated 

£2.45 
£1 .95 

95p 
95p 

£7.50 
£2.25 

on appl1ca1ion 
45p 
95p 

£1 .50 
£5.35 

MINI-MULTI TESTER 
Amaz•ng, deluxe pocket size precis•on 
moving coil instrumen t jewelle d 
bearings - 1 000 opv - m irro red 
scale 
11 Instant ranges measure.­
DC volts 10. 50 _ 250. 1000 
AC volts 10. 50_ 250 _ 1000 
DC amps 0-1 mA and 0-100 mA 
Cont1nu 1ty anc1 resistance 0 - 150K 
ohms 
Complete with insulated probes. leads. 
batte ry, c1 rcuit d1agram and 1nstruc · 
t1ons 

Unbelievable va lue only £6.50 + SOp pos t and tnsurance. 
FREE Amps ranges k1t enable you to read DC current from 0·1 0 amps. 
directly on the 0· 10 scale . It's tree if you purchase quickly but tf you 
al ready own a mim -tester and would like one send £1 . 50 ~ 

TERMS: Cash with order - but orde rs under £6 must add SOp to offset 
pack1ng . etc . 

BU LK ENQUIR IES INVITED . PHONE 0 1-688 1833 
ACCESS & 8AR CLAYCARD ACCEPTED 

J. BULL (ELECTRICAL) L TO 
(Dept. WW).103 TAMWORTH RD. 

CROYDON CR9 1 SG 
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IT'S FREE 
Our monthly A'dvance Advert1sing Barga ins List gives details of bargains 
arriving or JUSt arrived - often bargains which sell out before our 
advert isement can appear - It's an interesting list and it's free - just 
send S.A.E . Below are a few of the Bargains still availab le from previous 
lines. 

EX GPO TELEPHONES 
Normal black desk instrument wilh dial and internal bell. latest type £8.85 each. preceding 
type £4.05 each. ~ 
TELEPHONE SWITCHES 
Desk mounting_ These are the older. winking eye type almost becoming museum pioces. Prices 
depend on condition stortin1 •1£ 15 + £1.20 plus .,rrioge at cost. 
BLOWER BARGAIN 
Smith 'slnduslries- mains operated bfower/fan- a real air mover lhat takas up very lillie 
spaceasit'sbalancedfour-polellotorisletintotheairturbulotor-overallslzeapprox7tn 
diameter by 2V.inthick. Suitoblafordrying - blowingexlraclion. air circufttlng ate ate only 
£4. 
THREE MORE TRANSFORMERS ore added to our list this month . TM!i4: This is an upright 
mounting - nmish impregnoled. it hn 1 main '"condary ol 200v 500mA ond another ol 6.3v 
1 amp price £4.50 + 34p £I. 
TM55: Again uprighl mounting aad Jmpregnotd. this one hu two socondory windings both 12v 
5 amp so it can be used as 1Zv 10 amp- 24v 5 amp or IZ- 0- 12@ 5 amp. price £4.95 + 
40p post £1.25. 
TM!iti: One secondary ol4v 2Yl amp = this is quite a small translormer Jnd could also be used 
as a 60-f matching tmsformer for microphone etc. price £1.50 + 12p. 
TANGENnAL BLOWER 
Molal bladed Smith's made super silent unit with dozeos olapplicalions. cooker hoods- fume 
extractor-blower hoter- fresh air impeller etc . Air outlet isrectongular sizeapprox 
1GVzin x 2Ycin £3.95. 
WANT LOW VOLTAGE MAINS AND ISDLATIOII 
A 10 wott £2.10. 36 watt at £4. Luger slzea on request. 
MDDRMDTORS 
We have at least 150.000 small battery operoled motors in stock, moslly Japan13e made and 
good qualtty, all will work on 3 volts upwards. some will work from single I Vz volts cell. some 

~~~€-~f~!~~·'!!"!!~i_G!!}~~~:i:i~~!~~!~,.~J~~~-~-~i! .P~~~c,:.' itrr:;~;~1ri's u~~i~~r~~t~~~:;: 
to operate 1 hand drill. We have a leaflet which briefly doscribas thou ~ut if you're . 
contemplating making 1 toy or a novelty needing a motor than sand £2.50 for our usorlment 
of 8 motors - find the righl one lor yoor project - we will supply this at I spacial quantity 
discount. 
NOW SOME BIGGER 12 VOLT MOTORS 
12v MOTOR BT CROUZET_ - • powarlul motor virtually impossible to slop by hand .. size 
approx Z!4in long and 2V. in d1a. lhis is a ,arm anent magnel field type so os reversible stmply 
by changing polarity and has a relatively constant speedwilh or without load. Fitted with a. 
spllned shaH which could directly engage a toothed gear wheal or to which a pulle\' could be 
attached. Ideal lor large models. orsmallmachinnetc. Price£4.25. 
12 VOLT MOTOR BY SMITHS INDUSTRIAL 
Made1or use in cars these are series wound and become more powerful as load increases­
tkeywillinfJCtburnthonsel•esoulifoverloadedtostoppingpoint-reversibfebyrewiring. 
Being series wouod they will also work oH a.c. mains through a step down transformer and if 
youuseavariablovoltagetypethanthemotorspaedcanbevariedbythevoltage. 
Sizeapprox3Vzinlongby3india. thesehavaagoodlengtho1!4indiaspindle-price£3 + 
24p. Ditto but double ended £3.95. 
MAlliS OPERATED.LOW SPEED MOTORS 
Type as fitted iato tim~ switches etc - we have a good soleclion and can oiler the following 
final speeds: I r Z4hrs- t r8hrs- t r4h-1 rh -Z rh-erh-4rh-12rh-20rh-
30 .rh - I r min - 2 rm - 4 rm - 8 rm - 15 rm - 25 rm - 3D rm 200 rm. all at £2.85 each. 
SPIT MOTORS 
These are powerful mains operated induction motors with geor box atllched. Shalt is a Yzin 
rod with square hole. final speed is approx 5 revs per min. price £5.25 - similar motor but 
with final speed 110 rpn £5.15 80 rpn same price. 
SUB MINI MICROPHONE 
Size only nin x \lin x 3/16in so small enough for a buggind device ex-hearing aids but 
guaraniBed. Price £1.50. -
SUB MINI MICRO SWITCH 
American make size apprex o/cin x !lin x 3/ 16in changeonrcontacls-threetypesin stock. 
buttoo oparated35p lovor 411p + 3p. 
MEDIUM AIID lARGE MICRO SWITCHES 
We hove over fOO.OOC of them in stock at prices from lOp oach- may we have your enquiries 
plene with a sample if possible. 
DP DT TOGGLE SWITCH 
Normal size, normal fixing brighl plated toggle and fixing nuts -by NSF. 3 amp 250v 'rice 49p 
each. £35 + £2.40parhundred. 
SP DT TOGGLE SWITCH 
13anpai250V-bakelltebodyflattoggle-brightplatedlixlngnut33p£22perhundred. 
WAVE CHANGE SWITCHES 
We have mini types @ 40p + 5p milable in the following combinations: 4-pole 3-way. 3-pole 
4-way. 2-pole&-wayand 1-pole12-way. < 
STANDARD TYPES 
I Yzin wafer 11ade to your specification at £1 + 12p par wafer-plus 50p + 6p for clicker 
mechanism and spindle. Wafers stock arel·pole 12-way. 1-pole 10-way. 2-polo 9-way. 2-pole 
8-way. 2-pole 6-way. 3-pale 5-way. 4-pole 4-way. 6-pole 3-way: and 8-pofe 2-way. We can 
stock up loiO wafmso could make say IO·polel2·wayor 80-pole. 
INSTRUMENT SWITCHES 
These use a smaller moulded wafer size approx JAin dia - available in some combinations .as 
staodard switches price £1.50 + t9p for nch wafer and 75p + 5p for clicker and spindle. 
WALL MOUNnNG THERMOSTAT 
ByOanfossinareallyprettytwo-tonegreycasewith scale and diaL Setting temperalurefrom 
0-3Gc- 13 amp 250v contacts_ Price £4.32. 
UP TO 5 MINUTE TIMER 
Mains molorisej, tho dial ofthis is calibrated in 111Dih of a minute up to 5 minutes- slipping 
clutchmotortakespresotlilletotravolloilsstop.then it slips until switchedoff. Fittedmicro 
switch operates at the stop. Micro switch could be used to make the timer repeat. switch off 
etc. American made - ex equipment - believed unusod. Price £3.25. 
MAlliS STEPPER 
ISA24-waysludswitchcontrolledbytwosolenoids. Oneralchelstheswitcharmaroundone 
slud per impulse -lhe second solenoid relurns the switch arm on a metal chassis size opprox 
4Vzin x 3in. £4.86. 
MINIATURE MAGNETIC CIRCUIT BREAKERS 
Will trip faster lhan a fuse can ~low. m to control your service bench etc. will save Y" lhe 
trouble of renewing fuses. or replace your fuse ~ox with a line of lhase. Available as follows: 
tamp-: 2 amp- 5 aQtp- 10 omp- 15 amp- 25 amp. All sane price £2.25 uch. 
CASSETTE MECHANISMS _ 
With record and playback heads. All electronics. switches and speakers. Price £9.9&1Suroly 
this must be the bargain ol the year!- Stereo wit~ heads but not elaclronics £14.9&. 
BUS BARS FOR PUSH 011 TAGS Type I 
As used in cookers etc 11 a panel approx 3in x 2in with two hefly cable trap terminals. marked 
N & l and bus bars will take 12 push on tags each - useful on work bench or would help in 
conslructio• of maslolectrical heaters etc. Price44p. Type 2. 
JUNCTION BOXES. Ideal for ring main or lighling installations. Brown bakelite base and 
covor.25pnchorboxofl21or£2_ 
CONNECTOR STRIPS. Normal12screw down in polythene base. 3-5 amp IOfor £2. 15 amp 
10for£3.25amp. IOfor£4. 
NUMBERED COIIIIECTIOII STRIP. For 25 amp cables this Is very compact only 3'rzin long. 
7/oin wide. The body is not polythene bula harder malarial probably nylon. The conlacts are 
numbered 1-12. uselul lor intercom. and similar installations. Price tOfor£4.50. 
PLU&-111-ABLE CONNECTOR STRIP. Female usual screw downs on one side. but sprung 
holesooother.Malohasscrewdownoneside andplugsonthe other. The plugs are tightly 
gripped by lhe sprung holes_ Female portion is available in strips of 3 connectors 16p or 12 
connectors 50p. Male portion only in strips of 3connectors price 2&p. 
600 OHM WIRE WOUND RESISTOR 15 watt typo. 10 lor £1 
SPRING AXING FOR 15 WATT RESISTORS. Specially shaped sprung clip pushBS into 
resistor. ZOior El. 
FUSE HOLDERS. For 20mm fuse _ Chassis mounting. polythene bm with hole for fixing. 
slrips of 10. Price 54p. 
THYRISTOR TRIGGER MODULE by Mullard their rei MY5001. brand new in maker's 
sealed packing. Price £6.50. 
NOVEL 511hZ FREQUENCY CHECKER for checking frequency of inverters etc_ this is a 
lrequencycontrolled 11otorwith reduction gearbox-simply lit a cardboard disc to· spindle. 
connect direct 10 the uaknown supply- if 200·250V if not use a translormer- it the disc 
revolves at 16 rpm then supply is corrocl frequency if less I han 16 rpm it is slow. if more then 
itislosl. Price £1.50 + 12p. 
SERVICEMAN'S LEAD ASSORTMENT more and more appliances. We have tags and to 
quickly hook those upyouneedfemaleendedleads:weolltranassortmenl .ol ZOieadsending 
with push on connectors_ all for£1 .08. willsavetheircost inno.time 
KETTLE LEAD AND PLUG lits all nor mol kettles: a robust plug wilh a good leagth ol heavy 
dutythroe-corelead. Price85p.IOiorE8. 
KEAVY DUTY RELAY with twin 20 amp changeover contacts. coil vo ltage is 24 volls D.C. or 
50 volts A.C. Four of these with coils In ser ies could be used to swilch mains lighting etc. Price 
88p 
MAINS OPERATED CDNTACTOR. Bmtifully made in West Germany. lhis has 3 poles 
swllchingon. and a fourth pole withciangeover. allconlactslookbig enough lor 10-15 amps 
and the closing coil is mains operaled. Normal bakelite upright mounling. size approx 3in x 
2'·zin x 3':•1n high_ Price £4.50. 
6 VOLT RELAY. Standard open single screw lixing with 3 pa irs 10 amp C/0 contacts. Price 
£1.08. 
MAINS SOLENOID WATER VALVES. Made by Asco. Two models availa~le both sulla~le 
forwaterandnon-corrosiveliquids. bothfornormal mainsoperalion.RefVllor 1'zin pipes 11nd 
lowpressureoperation.V2isfor V.inpipeandhighpressureoperalion. only£4.32either l 
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. 
VARIABLE VOLTAGE TRANSFORMERS 100 R.P.M.1151bs. ins.!! __ ; 

FT3 NEON FLASH TUBE 
H 1gh in tensi ty , mu lt i-turn . hi_gh volt~ge. neon glow 
d1scharge flash tube. Oes1~n for 1~n1t10n t1m1ng etc . £1 ._50 
P&P 25p (£2.01 rnc . VAT). 3 for £3. P&P SOp 1£4.03 rnc 
VAT & P) 

WHY PAY MORE?! 
MULTI RANGE METERS Type MF15A. 
AC / DC volts 10. 50. 25D. 500. 1000. Ma . 0-5 
0 - t 0 . 0 -100 . Sensi trvi t y 2000V . 24 ranges . 
dimensions 133 x g3 x 46mm . Price £7.00 plus 
50p P&P (£8.63 inc. VAT & P) 

r~~~~aQ symmetrical Triac . Type Tag 250/500V. 10 amp 500 piv . 
Glass passivated plastic triac . Sw1ss preCISIOn pr_oduct_ for long term 
reliability £1.25 P&P 10p (£1 .55 inc . VAT & P) (rnclusrve of date and 
application sheet). Suitable Diac 22p. 

0 to &0-MINUTES CLOCKWORK TIMER. 
Double pole 15 amp 230V AC . Contacts (no dral) . £1.50. P&P 30p 
(£2.07 inc. VAT & P). N.M .S. 

MERCURY SWITCH 
Size 27m x 5mm, t 0 for £5.00 P&P 30p, total 
including VAT £6.10. Min . quantity 10. 
N.M .S 

230 VOLT AC FAN 
ASSEMBLY 
Pov-oerful continuously rated AC motor complete 
with 5 blade 6112 " or 4 blade 3'~ aluminium fan. 
New reduced price £3.00 P&P 65p (£4.20 inc. 
VAT &.P). 
N .M .S. 

21-WAY SELECTOR 
SWITCH with reset coil 
The ingenious electro mechanical device can be 
switched up to 21 positions and can be reset from 
any position by energising the reset coil. 
2301240V AC operat ion . Unit is mounted on 
strong chassis. Complete with cover . Price £5.50 
P&P 75p (£7.19 inc. VAT&. P) . N.M .S. 

~ 
- -~ 

A.E.G. CONTACTOR -
Type LS6/lt 1. Coii240V 50Hz. Contacts- 3 make: 600V · 20 amp. 1 
break: 600V. : 20amp. Price : £5.50 + 50p P&P (£6.90 rnc. VAT. & P) 
N.M.S. 

TORIN BLOWER ' ~ Smith type FFB t606 022 220 /240V AC Aper- ,_ . .., 
ture. 10x4V,.cm o~erall . size · 16xl4cm. Pr ice ~. _' -~ .. · 
£3.75 P&P 75p (rncl VAT £5.18) . Other types _ ~·- ,J _ 
avarlable. SAE. fordetarls. N.M .S. , \._. -·-

24V DC BLOWER UNIT 
USA made 24V DC 0 .8 amp l>lower that operates well on 12V OA amp 
DC producing 30 cu ft m1n at normal a1r pressure . Maxrmum hous1ng d1a 
11 Omm. depth inc motor 75mm, nozzle length t 9mm , dia 22mm. Ideal 
for cooling mobile equipment, car , caravan, etc. £4.50 P&P 75p (£6.04 
inc VAT & P). N.M .S. 

MINIATURE UNISELECTOR 
12V 11 way 4 bank (3 non-bridging. 1 homing) . £3.00 P&P 35p (£3.85 
inc. VAT & P) . 

MICRO SWITCHES . _ . 
Sub min . lever m / switch type MML46. 10 for £2.50 inc .. •• 
VAT & P) . 
Type 3 115M 906T 10 for £2.50 post paid (£2.88 inc. VAT . . 
&~ . 
BF lever operated 20a . c/o. mf . Unimax USA. 10 for £4.00 
plus 50p P&P (min _ order 1 0) (£5.18 rnc VAT & P) 
D.P. C/ 0 lever m/switch , mfg . by Cherry Co , USA. Precious metal, low 
resistance contacts . 10 for £2.50. P&P 30p _ Total inc . VAT £3.22 (m rn 
10) . N.M .S 

HEAVY DUTY 
SOLENOID 
Mfg . by Magnetic Devices. 240V AC 
lnterr_nittent operation . Approx: 201b. pul l at 
1 .25rn . Ex. equip . Tested . Prrce £4.75 + 
75p P&P (£6.33 inc. VAT & P). R & T 
PYE EYTHER 
240V AC Solenoid. Approx 11b pull , '!<'' 
travel. intermitant rating. Price £1.00 P&P 
20p (£1 .38 inc VAT & P) N.M .S. 
WESTOOL TYPE MMB MODEL 2 
240V AC. Approx . 1'1• lb pull at Y, inch . Rating 1 Price £1.50 P&P 20p 
(£1.96 inc. VAT & P) . N.M.S. 
18-24V DC 70 ohm Coil Solenoid . Push or Pull. Adjustable travel to 
3 1 16in . Fitted with mounting brackets and spark s~ppressor. Size: ~ 00 
X 65 X 25mm . Price: 3 for £2.40 + 30p P&P (mrn _ 3 off) (£3.10 rnc . 
VAT & P) 

240V AC SOLENOID OPERATE~D- . 
FLUID VALVE . _ ' 
Rated 1 p.s. i . will handle up to 7 p.s.1- Forged brass 
body, stainless steel core . ~nd spnng V2 ln. b.s.p. mlet 

~~i~=t~r~s~':t~~;(:~:~~i~:9vAT & P). N.M .S I 

INSULATION TESTERS 
(NEW) 
Test to I.E.E . spec . Rugged metal construction, 
suitable for bench or field work , constant speed 
clutch . Size l. 8 in .. W . 4 in . H_ 6 in .. weight 6 lb . 
500 VOLTS 500 megohms 

£49.00 Post BOp (£57.27 inc. VAT & P) 
1000VOLTS 1000 megohms 

£55.00 Post BOp (£64.1 7 inc . VAT & P) 
SAE for leaflet_ 

Carriage and 
VAT extra 

INPUT 230V AC 50/60 
OUTPUT VARIABLE 0/26DV AC 

BRAND NEW. All types. 
200W (1 Amp) fitt8CI A/C 

voltmeter ...... .. .•. £14.50 
0.5 KVA (Max. 2 Y2 Amp) . £17.00 
1 KVA (Max. 5 Amp) . .. .. £22.50 
2KVA(Max.10Arnp) ..•• £37.00 
3 KVA (Max. 15 Amp) ..•. £45.50 
5 KVA (Max. 25 Amp) .... £74.00 
10KVA(Max. 50Arnp) . - £168.00 
17 KVA (Max. 75 Amp) .. £260.00 

L T TRANSFORMERS 
0-1 OV-15V at 3 amp. (ex new equip) £2.50 P&P 50p (£3,45 inc. VAT) 
t 3-0-1 3V at 1 amp £2.50 P&P SOp (£3.45 rnc VAT) . 
25-0-25V at 2V' amp. £4.50 P&P 75p (£6.04 inc. VAT&. P) 
0-4V /6V /24V /32V at 12amp. £18.50 P&P £1.90 (£23.46 inc. VAT & P) 
0.6V / 12V at 20 amp £14.70 P&P £1 .50 (inc. VAT £18.63) _ 
0-12V at 20 amp. or 0-24V at 1 0 amp. £12.00 P&.P £1 .50 (£15.53 rnc . 
VAT & P) 
0-6V / 12V at 10 amp. £8.25 P&P £1.25 (inc. VAT £10.93) 
0-6V / 12V /1 7V /18V / 20V at 20 amp. £19.00 P&P £1 .50 (£23.58 inc 
VAT & P) 
0-1 OV 11 7V /18V at 10 amp . £10.50 P&P £1 .50 (inc . VAT £13.80) 
Other types in stock; phone for enquiries or send sae for leaflet 

construction, enamel 
embedded winding , heavy duty brush assembly, 
continuously Fated . 

25 WATT 10_ 25 . 100, 150_ 250. 500_ 1k. 1.5k ohm £2.40 Post 
20p (£2.99 inc. VAT & P) . 50 WATT 250 ohm £2.90 Post 25p 
(£3.62 inc. VAT & P) . 100 WATT 1/5/10125 / 50/100 1250/ 
300!1/500/ 1k / 1.5k/2 .5k/5k ohm . £5.90 Post 35p (£J..19 inc. 
VAT & P) . 
Black Silver Skirted Knob calibrated in Nos. 1-9, 1 V> in. dia brass 
bush. Ideal for above Rheostats, 28p ea. 

SPECIAL OFFER 

~~!'5g !XP,~6La!~7~5~~! ~J(Total £9.20 inc VAT) . 

BLOWER / VACUUM 
3 phase AC motor, 220/250Vor 380 . 1.425 rpm Ys hp cont . Direct 
coupled to Will iam Allday Alcosa carbon vane_ blower /vacuum pump. 0 . 9 
elm B hg . Price £22.00 P&P £2.00 (£27.60 rnc . VAT & P) N.M.S. 

XENON FLASH 
·GUN TUBES 
Range of Xenon tubes available from 
stock . SA E. for lull deta ils 

R E LAYS ·Wid.e ;ange of AC and DC _rela.ys available 
from stock. Phone or wnte 1n your en­
Quines. 

230/240V AC Relayo: Arrow, 2 c/o_ 15 amp £1.50 (£1.96 inc. VAT 

tJ.lc. open type 3 c/o. 10 amp £1.10 (£1.50 inc. VAT & P). Omoron or 
Keyswi tch 1 c /o , 7 amp £1.00 (£1.38 inc. VAT & P) 
DC Relays: Open type 9/12V 3 c/o 7 amp £1.00 (£1.38 inc. VAT & P) 
Sealed 12V 1 c/o 7 amp octal base , £1 .00 (£1.38 inc . VAT & P) . Sealed 
'12V 2 c/o 7 amp octal base. £1 .25 (£1 .67 inc. VAT & P). Sealed 12V 3 
clo 7 amp 11 -pin , £1 .35 (£1 .78 inc . VAT & P) . 24V. Sealed 3 c/o 7 
amp 11-pin £1.35 (£1.78 inc. VAT & P) (amps= contact rating) . P&P on 
any Relay 20p. 
Other types available - phone for details . N.M.S. 
Very special offer. 9-12V D.C., 2 make co ntacts , new ITT3 for £1 .75 
+ 25p P&P (inc . VAT £2.30) _ 
Diamond H heavy duty AC relay 230/240V AC. two c I o contacts 2 5 
amps res at 250V AC £2.50 P&P 50p. (£3.45 inc . VAT+ P&P) . Specral 
base SOp. 

METERS (New)- 90mm _ . 

Pc1~~.~~P~~2T2 : 0-1A. 0-5 A . 0-20A . AC Volt. ~ 

1 t 5 lb. ins ., 110 volt, 50Hz, 2.8 amp, single phase, ·-- -- ~ 
~~~!~~f:t~i~~~r :O~~~:~d ~~~n~:ofeo;el~-~7~;~~~~~~~~ ,1. . · 
Length 250mm. Dra . t 35mm. Spindle Dia . 15. 5mm 
Length 115mm, ex-equipment tested £1'2.00 Post · . _ 
£1.50 (£15.53 inc . VAT & P) . Suitable transformer-S. . i •W 
~~~/240 volt £8.00 Post 75p (£10.06 rnc. VAT & P). ~~~ " 

2~!'!~J.!.~~Ts~~~eversiblemotor ·.:~ '_. ( 
71 r.p.m.101b. inch 115V AC Reversible motor. _ • 
Both typessimilar tbabove drawing_ Price eithertype £4.75 + 75p P&P . 
(£6.33 inc. VAT+ P&P) 
Supplied w ith transformer for 240V AC operation £7.25 + P&P £1 . 
(£9.49 inc. VAT+ P&P). 
N.M.S 

FRACMO MOTOR fq:-.., -f _- . .., · . 

sharp length 3 5mm, dra. 16mm, weight 6 kilos · r \ 
56rpm 501bs inch 240V AC reversible, 0 .7 amp.·_ ~:? 1 ·. , 
600 grams. Price £15.00 P&P £1 .50 (£18.98). , 
N.M .S. • . . • : 

FRACMO MOTOR 
1400 rpm HP 1-30 continuously rated 115V AC fitted with 
anti-vibration cradle mounting . Supplied complete with transformer 
for 230-240V AC op. £10.00 P&P £1.00 (Total £12.65 inc. VAT) . 
N.M.S. -

PARVALUX ""'OTOR TYPE 
S.D.2 
12V DC shunt 1/30th ph motor. Continuously 
rated 4 ,000 rpm . Price £10.00 P&P 75p 
(£12.36 inc VAT & P) . N.M .S. 

PARVALUX 230/250V AC 
MOTOR 
Type SDt 8 240V AC reversible 30 rpm 501ba 
inch. Price £15.00 P&P £1 .50 (£18.98 rnc . VAT) . 
N.M.S. 

CITENCO _ 
FHP motor type C 7333/15 220 /240V AC 1g 
rpm reversible motor, torque 14 .5 kg . Gear ratio 
144: 1. Brand new incl . capacitor , our price 
£14.25 + £1.25 P&P (£17.83 inc. VAT & P) . 
N.M.S. 

CROUZET- 230/240V AC 2 rpm synchronous geared motor £2.90 
P&P 30p (Total £3 .68 inc VAT) . N.M .S 
HAYDON - 230/240V AC 1 rpm >ynchronous geared motor £2.90 
P&P 30p (Total £3.68 inc VAT) N.M .S. , -

REVERSIBLE MOTOR 230V AC 
General Electric 230V AC, 1,600 r.p.m. 0 .25 amp . Complete with 
anti-vibration mounting bracket and capac itor . 01 A size 11 Omm X 
90mm. Spindle 5/16 dia. 20mm long. Ex-equipment tested £3.00. Post 
50p (£4.03 inc. VAT & P) . 

BIG INCH -"") 
Tiny pmcision built 3RPM USA motor size only 1 x t 00 voli AC op supplied 
with resistor for 230 volt AC price £2, P&P 20p (inc. VAT & P £2.53). 4 for 
£5.00 post paid (inc. VAT £5.75). 

12V DC GEARED MOTOR 
Precision built m iniature motor. 6 I 1 2V DC operat ion . Incredibly 
powerful for size. 
Approx speed at 6V 60 rpm 40 ma 
Approx speed at 9V 80 rpm 50 ma 
Approx speed at 1 2V 1 20 rpm 60 ma 
Size 27mm dia, 38mm length. weight 55 gram . Drive spindle 5 mm x 2 
mmdia. 
Price: £2.50 post paid (£2 .B8 inc_ VAT). 

REDUCTION DRIVE 
GEARBOX 
Ratio 72 :1. Input spindle 'A x 1hin. Output spindle 'Iii X 3in _ long . 
Overall size approx.: 120 X 98 X 68mm. All metal construction. 
Ex-equip. tested . Price: £2.00 + 50p P&P (£2.8B inc. VAT)~-·· · - · . __ , 

'VENNER TYPE' ERD TIME :; ·-····_:._ .. \ 
SWITCH ' ._;~ _'j.~ . 
200/250V AC 30 amp. 2 on 12 off every 24 hrs. at any ' .-.. - -
ma~u- a. lly . pre-~et_ time: 36~hour spring reserv~ and day ~ 1 
omtttmg dev1ce . Built to highest ElectriC ity Board : 
specrfrcatron . Prrce £9.00 P&P 75p. (£11 .21). R & T. i ~ . ' 

SANGAMO WESTON TIME SWITCH 
Type S251 200/250V AC 2 on 2 off every 24 hours _ 20 amps contacts 
v;ith override switch. diameter 4" x 3" , price £8.00 P&P 50p (£8 .78 
inc. VAT & P) . Also avarlable with solar dial. R & T 

AEG TIMESWITCH 
200/250V AC 1 on /1 off every 24 hours, 80 amp contact (ideal storage 
heaters). Spring reserve £10.00 P&P 50p (Total £12.08 rnc. VAT) . 
N.M.S 

AC MAINS TIMER UNIT _ ··- - --~.~" ~~s:~~~c~.nwe~~~~n~~~~~~r~~~~ f~r5a~~~~r~~~g~e~ . ·:. ~··:: :~_:: .: ~ ;·~ 
!fm~~ fr:~ ~~e~~n~~ t5o~~tc~rs~~h~~ :;~c~~~~~ A0~ ·~-'.. . · ··,~~- X~: 
addtttonal 60 mtn. aud1ble ttmer ts also mcorpo- - ·. ·· · · · · .~ 
rated . Ideal for Ta~ Recorders . Ligh~s .. Elect.r ic ~: - --.. :, ~ .. 
Blankets etc .. Attract1ve satin copper fm1sh. Stze . .. · j.-1 :·.·. _ ...... 
135 mm x 130 mm x 60 mm. Price £2.25. Post · · ·. · .. ~ ~ ,...!. ·• 
40p . (Total rnc . VAT & Post £3.05). N.M .S. ' 

2-CAM PROGRAMMER . 
Crouzct 1 rpm . 1 15V. A .C. Motor ope rat1ng 2 Roller Micro switches (4 
amp) . Can be used on 240V AC wnh enher 0 .25 mfd 250V Condenser 
or 5.6K wirewound Res1stor 7 watt (not suppl1ed) Pnce £2.50 + 50p 
P&P . (£3.45 rnc VAT & P) 

MINIATURE 24-HOUR 
TIMESWITCH (German mfr .) 

YET ANOTHER OUTSTANDING OFFER ~i~~: g-;g2~cD;o~:"d-;;~;~.~~~\1?~~~~s0£~?5A0 ::_W·1 
~~~~~i~~ - ~0_2TV 2up~~)' (~i~ e1ng)ed capacrtors, 10 for £1 .50 P&P 50p ea . + P&P 50p. (£4.60 incl. VAT), 0 -50A DC, 0-1 OOA DC. N.M .S.- New Manufacturers' Surplus 

~--N .M_._S·---------------------~~IRt~iC::i5i'~IFI~.:tl~4t3i ~~---------R-&_T_-_R~-o-n-dit-ion-ed-a-nd_T_est-ed---1 

240V_ A.C operation Spnng rese rve 10 
amp contacts. one on-off every 24 hours 
Cali brate d 1n two hour steps . M1n 1mu m 
on -off penod 6 hours Dey Omission. 
Unusual feature w ith these Switches IS that 
tr~ps may be removed at wdl enabl•ng 
mdividual days to be programmed as re­
qui red . S1ze only 3" x 4" . D_epth 21,4" . Price 
£6.50 + 50p P&P (£8.05rncl . VAT & P) . 

All Mail Orders - Callers PERSONAL CALLERS ONLY 
9 LITTLE NEWPORT STREET. -Ample Parking LONDON, WC2H 7JJ 

Tel. 01-4370576 ACCOUNT CUSTOMERS MIN. ORDER £10.00 Showroom open Mon-Fri. 
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ELECTRONIC KITS OF DISTINCTION 

DE LUXE EASY TO BUILD LINSLEY-HOOD 

75W STEREO AMPLIFIER £99.30 + VAT 
This easy to build version of our world-wide acclaimed 75W am pl ifier kit based upon c ircu it 
boards interconnected with gold pla ted con tacts resu lt ing in m inimal w iring and construction 
del ightfully straightforward . The design was published in Hi-Fi News and Record Review and 
features include rumble filte r, variable scratch f i lter, versati le tone controls and tape 
monitoring whilst distortion is less than 0 .01 % . 

WIRELESS WORLD FM TUNER £70.20 + VAT 
A pre-aligned front-end modu le makes this Wireless World published' design very simple to 
construct and adjust without special instruments . Features include an excel lent a.m. rejection 
push-butlon station selection as wel l as infinitely variab le tuni ng and a phase locked loop 
stereo decoder, incorporating active f ilters for "birdy' ' suppression 

LINSLEY-HOOD CASSETTE DECK £79.60 + VAT 
This design , published in Wireless World, although stra ightforward and relative ly low cost 
provides a very high standard of performance . There are separate record and replay amplifiers 
and switchable equal isation together w ith a choice of bias levels are also provided The 
mechanism is the Goldring-Lenco CRV with electron ic speed control. 

FROM 

WIRELESS WORLD , SEPTEMBER 1979 
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As featured in Electronics Today lntf!_rnational 
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Cabinet size 24 .6"x15.7" x4.8" (rear) 3.4 " (front) 

The kit inclueles fully finished metalwork, fully assembled solid ' 
teak cabinet, filter sweep pedal , professiona l q uality com ponents 
(all res istors either 2% metal oxide or Y2% meta l film !) and it rea lly 
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 plugg ing in and making great 
music! Virtually all the components are on the one professional 
quality fibre glass PCB printed w ith component locations . All the 
controls mount directly on the main board , all connections to the 
board are made wit h connector plugs and con struction is so 
simple it can be built easily in a few even ings by almost anyone 
capable of neat soldering ! When fin ished you w ill possess a 
synthesizer comparable in performance and quality w ith ready 
built un its selling for between £500 and £7 00 ! 

COMPLETE KIT 

ONLY 

£172.00 +VAT! 
Comprehensive handbook supplied with al l complete ki t s! This 
fu lly describes const ruction and tells you how to set up your 
synthesizer w ith nothing more than a mu lt i-meter and a pair of 
ears! 

CHROMATHEQUE 5000 5-CHANNEL LIGHTING EFFECTS SYSTEM 
This versatile system featured as a const ructional article in ELECTRONICS TODAY INTERNATIONAL has 5 f requency channels w ith individual level controls on each cha nnel. Control of the 
lights is com prehensive to say the least . You can run the unit as a straightforward sound-to-light or have it strobe all the l ights at a speed dependent upon music leve l or front panel control 
setting or use the internal digital c ircuitry wh ich produces some superb random and sequencing effects . Each channel handles up to 500W and as the ki t is a single board design wiring is 
minimal and construction very straightforward . 

,- K i1 includes fully finished metalwork , fibreg lass 
PCB, controls, wi re, etc. - Complete right down to 
the last nut and bolt ! 

COMPLETE KIT ONLY 
£49.50 +VAT 
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Panel size 19.0"x3.5". Depth 7 .3 " 

MPA200 1 DOW MIXER/ AMPLIFIER 
•'Featured as a constructional article in Electronics Today International the MPA 200 is an exceptionally lo~-p riced but professionally fin ished gen eral purpose. rugged , high-power amplifier 
wh1ch has an adaptable range of inputs such as d isc, microphone, gui tar. etc . There are 3 wide range tone controls and a master volume con trol. Mechanically the design is simplicity in the 
extreme with minimal w iring mak ing construction very stra ightforward . Kit includes fu lly finished metalwork, fibreg lass PCB's, controls: w ire, etc. - Complete right down to the last nut and 
bolt! . 

Panel size 19.0"x 3.5". Depth 7 .3 " 

COMPLETE KIT ONLY 
£49.90 +VAT 

All kits also available as separate packs. (.e.g . 
P.C.B. component sets, hardware sets, etc.) . 
Prices in FREE CATALOGUE. 
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= T20+20 AND T30+30 
15 

Designed by Texas engineers an~ desc.ribed in Pract!cal Wireless. the Texan ~~3s a~ imme~iate success: Now 
developed further in our laboratones to tnclude a Toro1dal transformer and add1t1onal•mprovements, the sl1mline 
T20+ 20 delivers 20W rms per channel of true Hi·Fi at e~~~ptionally low cost. The ~·Y to.build design is based 

: 20W, 30W AMPLIFIERS 
on a single F 1 Glass PCB and features all the normal fac1 1it1es found on quality amplifiers Including scratch and 
rumble filters, adaptable input selector and headphones socket . In a follow.up article rn Practical Wireless further G) 
mod ifications were suggested a.nd these have been incorporated into the T30 + 30. These include RF · C: 
interference fi lters and a tape mon1tor faci lity. Power output of this model is 30W rms per channel. i ... 
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SPECIAL PRICES FOR COMPLETE KITS :~a 

T20+20 KIT PRICE £33.10 +VAT 

T30+30 KIT PRICE £38.40 +VAT 

AVAILABLE AS SEPARATE PACKS - PRICES IN OUR FREE CATALOGUE r 

POWERTRAN SFMT TUNER a 
c:: 

"' :a 
z 
en 

"' -c 

~ SPECIAL PRICE FOR COMPLETE KIT £4 7. 70 +VAT 
PRICE FOR COMPLET_E KIT £35.90 +VAT 

AVAILABLE AS COMPLETE KIT ONLY • "' This is a simple, low cost design which can be constructed easily without special alignment r-
(:1 

AVAILABLE AS SEPARATE PACKS- PRICES IN OUR FREE CATALOGUE 

c 
:::::i Following the success of our Wire less W orld FM Tuner Kit this cost reduced model was 
C designed to complement the T 20 + 20 and T 30 + 30 amplifiers and the cabinet size , f ront 
a: panel format and electrical characteristics make this tuner compatible with either. 

equipment but which still gives a first-class output suitable for feeding any of our very popular a 
amplifiem or any other high qual ity aud io equipment . A phase-locked-loop _is used for stereo C 
decoding and controls include switchable ate, switchable muting and push-button channel :1 
selection (adjustable by controls on the front panel) . This unit matches well with the T20 + 20 
and T30 + 30amplifiers. 
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Another superb design by synthesizer expert Tim Orr! 

IIEW! TRANSCENDENT DPX 
As featured in Electronics Today International "August, September 

October, 1977 issues 

DIGITALLY CONTROLLED, TOUCH SENSITIVE, POLYPHONIC, MULTI-VOICE SYNTHESIZER 

The Transcendent PDX is a really versatile new 5 octave keyboard instrument . There are two audio outputs which can be used simultaneously. On the first th~re is a beautifu l harJDsichord or 
· reed sound - fully polyphoniC 1.e. you can play chords With as many notes as you hke . On the second output there is a w1de range of different vo1ces, still fully polyphomc. It can be a 

straightforward p1ano or a honky tonk p1ano or even a m1xture of the two! Alternat1ve ly you can play strings over the whole range of the keyboard or brass over the whole range of the 
keyboard or should you prefer - stnngs _on the top of the keyboard and brass at the lower _end (the keyboard is electronically split after the first two octaves) or v ice versa· or even a 
combmat1on ofstnngs and brass sounds s1m~ltaneously . And on all vo1ces you can switch in CirCUitry to make the keyboard touch sens1t1ve? The harder you press down a key the louder it 
sounds- JUSt like an acoustiC p1ano. The d1g1tally controlled multiplexed system makes practical sensitivity with the complex dynamics 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 circu1t w1th variable depth control together with a variable delay control so that the vibrato comes 
m only after wa1t1ng a short t1me after the note 1s struck for even more realistic string sounds . 

Cabinet size 36.3"x15.0"x5.0" (rear) 3.3" (front ) 
Also available as separate packs - prices in free catalgoue COMPLETE KIT ONLY £365.00 +VAT! 

To add interest to the sounds and make them more natural there is a chorus I ensemble unit vo h ich is a complex phasing sys tem using CCD (charge coupled device) analogue delay line; , The 
overall effect of this is s1milar to that of several acoustic instruments playing the same p1eci, of music . The ensemble circuitry can be sw1tched in with either strong or mild effects. 
As the system is based on d i!Jital circuitry data can be easily taken to and from a computer (for storing and playing back accompaniment with or without pitch or key change, computer 
composmg etc ., etc.) and an Interface socket (25 way D type) is prov1ded for this purpose. 
Although the DPX is an advanced design using a very large amount of CirCUitry, much of 11 very sophisticated. the kit is mechanically extremely simple with excellent access to all the circu it 
boards which interconnect with mu ltiway connectors, just four of which are removed to separate the keyboard circuitry and the panel c ircuitry from the main circuitry in the cabinet. 

The kit includes fully fin ished metalwork. solid teak cabinet. professional quality components (all resistors 2% metal oxide) , nuts. bolts . etc ., even a 1 3A plug -you need buy absolutely 
~~ ;Q~~ parts before plugging m and making great music! When finished you will possess an Instrument comparable 1n performance and qual ity with ready-built units sellmg for over 

EXPORT A SPECIALITY! Our Export Department can r~adily despatch orders of any size to any country in the world . s·ome of the countries to 
which we sent kits last year are shown in this advertisement. To assist in estimating postal costs our catalogue gives the 

weights o_f all packs and kits. This will be sent free on request, by airmail , together w ith our " Export Postal Guide" which g1ves current postage prices. There is no minimum order charge . Prices 
same as for U .K. customers but no Value Added Tax charged. Postage charged at actual cost plus SOp documentaton and handling . Please send payment with order by Bank Draft. P()stal 
Order, International Money Order or cheque drawn on an account in the U.K. Alternatively for orders over £500 we wi ll accept Irrevocable Letter of Credit payable at sight in London .. 

Value Added Tax not included in prices 
UK Carriage FREE 

· PRICE STABILITY, Order with confidence' Irrespective of any pn ce 
changes we w ill honour all prices in this advert isemen t until October 31st, 
1979. if this month's advertisement is mentioned with your order. Errors 

and VAT rate changes excluded 
U.K. ORDERS. Subject to 15%" surcharge for VAT . No charge is made fo r 
carriage. · Or current rate if charged. 
SECURICOR DELIVERY: For this optional service (U .K. mainland only) 
add £2.50 (VAT inclusive) per kit . 
SALES COUNTER: If you prefer to collect your kit from the factory, call at 
Sales Counter . Open 9 a.m.-4 .30 p.m . Monday-Thu rsday . 

QUALITY: All components are brand new first grade full specification guaranteed devices. All resistors 
(except where stated as metal oxide) are low no1se carbon film types. All printed circuit boards are fibreg lass. 
drilled ro ller t inned . 

FOR FURTHER INFORMATION PLEASE WRITE OR 

TELEPHONE FOR OUR FREE CATALOGUE 

POWERTRAN ELECTRONICS 
PORTWAY INDUSTR:A L ESTATE 
ANDOVER HA NTS SP1 0 3 NN 

A NDOVER 
(0264) 64455 
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Z &I AERO SERVICES LTD. RETAIL SHOP 
Head Office: 44a WESTBOURNE GROVE, LONDON W2 5SF 85 TOTTENHAM COURT ROAD, W . 1 

Tel. 580-8403 Tel. 727 5641 Telex 261306 

SPECIAL OFFER o-:: BRAND NEW USSR. MADE MULTIMETERS 

TYPE 
Sensitivity D.C. 
Sensitivity A. C. 
D .C. Current 
A.C . Current 
D.C. Volts 

,.:, A.C. Volts 
Resistance 
Capacity 
Accuracy 

·Price complete with pressed steel 
carrying case and test leads 
Packing and postage -

U4313 
20,000 o.p.v. 
2.000 o.p.v . 
601!A-1 .5A 
0 .6mA-1.5A 
75m V-600\i · 
15V-600V 
1K-1M 
0.511 F 
1.5% D.C. 
2.5% A.t-: 

£.10.50 
£1.50 

U4315 
20,000 o.p.v. 
2,000 o.p.v. 
5011A-2.5A 
0 .5mA-2 .5A 
75mV-1000V 
1V-1000V 
3000-500k0 
0.51J F ~ 
2.5% D.C. 
4%A.C. 

£10.50 
£1.50 

TYPE U4323 
COMBINED WITH SPOT FREQUENCY OSCILLATOR 

Sensitivity 
Voltage rang~ 
Current ranges. 
Resistance : 
Accuracy: 
Oscillator output. 

20,0000/V 
2.5-1000VA.C. /D .C. 
b.65-500mA ·o.C. only 
50-1MO 
5% F.S D. 
1kHz 50 I 50 squarewave 
465-KHz sinewave · -
modulated. by f KHz squarewave 

PRICE, in carrying case, complete with leads and manual 
£8.00 

Packing and postage £1 .00 

THIS OFFER IS VALID ONLY FOR ORDERS ACCOMPANIED BY REMITTANCE 
WHICH SHOULD INCLUDE DELIVERY CHARGES AS INDICATED AND 15% 

V.A.T. ON THE TOTAL 

TYPE U4324 

D.C . Current :· 
A.C. Current: 

0.06-0.6-60-600mA-3A 
0 .3-3-30-300mA-3A .. . 

D.C. Voltage 
A.C. Voltage: 

o. 6-1.2-3-12-30-60-1 20-600-1 2oov 
3-6-1 5-60-1 50-J00-600-900V 
5000-5-50-500kfl Resistance 

Accuracy: D .C. 2.5% A .C. 4% (of F.S.D.~ 

PRICE complete with test leads_ and fibreboard storage 
case £9.501 Packing and postage £1 . 20' 

TYPE U4341 
COMBINED MULTIMETER AND 

TRANSISTOR TESTER 

Sensitivity : 
Current 

Voltage 

· Resistance 
Transil?tors : 

16,7000 /V D.C., 3,3000 IV A .C. 
0.06-0.6-6-60-600mA D.C . , 0.3-3 .0-30-
300mA A. C. 
0 .3-1.5-6-30-60-150-300-900V D.C. 
1.5-7.5-30-150-300-750V A .C. 
2-20-200kfl-2MO 
Collector cut-off current 601! A max 
D.C . current gain 10.350 in two ranges 

PRICE, complete with steel carrying case, test lead, battery 
and instruction manual £9.50 

Packing and Postage £1 . 50 

OUR 1978 CATALOGUE/PRICE LIST OF VALVES, SEMICONDUCTORS .' 
PASSIVE COMPONENTS AND TEST EQUfPMENT IS AVAILABLE . PLEASE · 

SEND P.O. for £0.30 FOR YOUR COPY 

WW- 024 FOR FURTHER DETAILS 

Ham Bands with 1.5-30 MHz receive with built-in i 50 MHz 
frequency counter plus option of 0-1 .5 MHz receive and I or any 
transceiving application 1.8-30 MHz. 

RADIO SHACK LTD 
For Communications equipment including ·Trio products and 
Trio testgear. 

We are situated just around the corner from West Hampstead Underground Station ' 
{Bakerloo line). A few minutes' walk away is West Hampstead Midland Region 
station and West End Lane on the Broad Street Line. We are on the following Bus 
routes: 28, 59. 1 59. Hours of opening are 9-5 Monday to Friday. Closed tor Lunch 
1-2. Saturday we are open 9-1 2. 30 only. World wide exports . 

DRAKE *SALES *SERVICE 

RADIO SHACK LTD 
188 BROADHURST GARDENS, LONDON NW6 3AY 

Giro Account No. 588 7151. Telephone: 01-624 7'174 

Cables: Radio Shack. London. NW6. Telex: 23718 

TV TUBE REBUILDING 
Faircrest Engineering Ltd., manufacture a comprehensive 
range of e_quipment for processing all types of picture tubes. 
colour and mono . Standard or custom built units for estab­
lished ornew busin'esses. We export world-wide and haVf:J an 
excellent spares service backed by a ~~rang technical t~· . 

Full training courses are individually tailored to customers ' 
requirements. 

For full details of our service contact Neil Jupp 

FAIRCREST ENGINEERING L TO. 
Willis Road, Croydon, 01-684 1422,01-689 8741 

CR02XX. Tel 01-689 8741 

REALLY RELIABLE IN 
CIRCUIT TRANSISTOR TESTER 

THAT WORKS! 
Pmioua Testers have been too easily fooled by low shunt 
impedancu resuHing 11 false alarms on perfectly sound 
transistors. Designed tor fut IN-CIRCUIT lasting lhe new 
DATDIIG MTEST 2 testa transistors. FETs SCRs anf Triau 
11¥811 wllan llllunlad by resistors a low u 20 ohms! 
bt11111tic II'N/PII' lndiCition. foalproof tbna-lED display. 
ll1d 111iqua teat probea allaw a very high rate of testing even 
by unskilled users. Very comjletitive price includes probes 
and the iiAiEST Z Is available from stock. Full data shaetlraa 
,on request. 

QNLT £39.50 COMPLETE + 8% VAT 

:> DATONG ELECTRONICS LIMITED 
Spence Mills, Mill LIWie. Bramley 
Leeds LS13 3HE 
TMephone:Pudseyf0532)552461 

WW-037 FOR FURTHER DETAILS 
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The 
service organis-ation 
of the instrument 
manufacturer 

when you get your test equipment serviced or maintained by 
the London Instrument Repair centre, you get tne same top 

quality work that made the instrument in the first place-and 
backed by a full year's warranty too. 

contact the address below for your nearest centre. 

mLONDON 
INSTRUMENT 
REPAIR 
CENTRE 

The service organisation of: 

,J,, Thorn Measurement & Components Division 

WW- 005 FOR FURTHER DETAILS 

ftM 
NASCOM 
MICROCOMPUTERS 
AND FULL SUPPORTING 
RANGE OF ITEMS 
FOR WORKING TO PROPER 
PROFESSIONAL LEVELS 
* Widest possible range of ancillary 

Nascom items stocked * Information on request * Enquiries from trade, industrial and 
educational users invited 

We are also Appointed Distributors for 
the fine products of: · 

SIEMENS, ISKRA, RADIOHM, 
VERO AND MANY OTHER 
FAMOUS MANUFACTURERS 

It's a good .deal better from 

in U.K. on orders list value 
£5 or over . It under, add 
27p handling charge. 

e Wegive 
discount• 

as follows on C.W.O. orders 
except items marked Net or 
N in our catalogues. 

5 Of. on orders. list value 
-,o £10 or more. 

1 0 oi. on orders list value 
-,o £25 or more. 

Not applicable to Access or 
Barclaycard orders 

e Westabilise 
prices. 

by keeping to our printed 
price lists which appear but 
three or tour times a year. 

e we guerantee 

all products brand new. 
clean and to maker's spec. 
No seconds, no surplus. 

e WE WILL SEND YOU 
OUR 120-PAGE 
CATALOGUE No. 9 
FREE ON REQUEST. 

Comprehensive. Inform­
ative, very well produced. 
Write. phone or call tor your 

7 j \ ; · - tree copy together w1th 

I~- i~ f :l(i'h, ll) ~~- f I] ~~~:~~tel~~t (Available 

Dept. WW9. 28 St. Jude's Road. Englefield Green. Egham. Surray TW20 OHB 

Phone: Egham 3603. Telex 2644 75 
Northern Branch (Personal shoppers only), 680 Burnage Lane, Burnage, 
Manchester M 19 1 NA. Phone (061) 432 4945. 

SAME-DAY DESPATCH 
,M_~j]I_$1SQLATOR ... VAf_J ~J;:o~-!_~~Q!__~4-VOLT 

PRI 120 or 240V Sec 120 or 240V Separate 1 2Vwindings Pri 220-240V 
Centr~ Tapped and Screened Ref Amps £ P&P 

Ruf~ VA ~atts) _£ P&P 12v _ ~4v 
671tr 20 4.40 79 111 0.5 0.25 

149 60 6.70 .96 213 1.0 0.5 
1 50 1 00 7.62 1 . 1 4 71 2 1 
151 200 11.16 1.14 18 4 2 
152 250 13.28 1.50 85 5 2.5 
153 350 16.43 1.84 70 6 3 
154 500 20.47 2.15 108 8 4 
155 750· 29.06 OA 72 10 5 
156 1000 37.20 OA 116 12 6 
157 1500 51.38 OA 17 16 8 
158 2000 81.81 OA 115 20 10 
159 3000 86.66 OA 187 . 30 15 

119 

*115 or 2~0 sec only. State volts re- 1-...::.:;.::._"':':-::;~~~~~;;.;:--=.:.­
quired . Pri . 0 .220-240V. 

SO VOLT RANGE Pri 220-240V Sec. 0-1 2-15-20-24-30V 

Pri 220-240V. Sec. 0-20-25 -33-40-50V. 
Voltages available 5, 7. 8. 10. 13. 15. 
17, 20. 25, 30, 33, 40or 20V-0-20Vand 

Voltages available 3, 4, 5, 6, 8, 9, 10, 12, 15, 18, 
20. 2.4. 30yor 12V-0-11._V and 15V-0-15V _ 
Ref. Amps £ PS.P 
112 0.5 2.64 .78 

25V-0-25V Screened 79 1.0 3.57 _g6 Ret:· -- Anlps·-- r -.. - - P&P 3 2.0 5.77 .96 
102 0.5 3.41 .78 20 3.0 6.20 1.14 
103 1.0 4.57 .96 21 4.0 7.99 1.14 
104 2.0 7.16 1.14 51 5.0 9.87 1.32 
105 3 .0 8.56 1.32 11 7 6. 0 11.17 1 .45 
106 4.0 11.41 1.50 88 8.0 14.95 1.64 
107 6.0 15.06 1.64 8g 10.0 17.25 1.84 
118 8.0 · 20.26 2.08 90 12.0 19.17 1.95 
119 10.0 24.98 OA 91 15.0 21.96 2.08 

12.0 28.90 

Pri 220-240V 
0-24-30-40-48-60V. Voltages 

1 available 6, 8, l 0, 12, 16, 18, 20, 24, 
30, 36, 40, 48 . 60V, or 24V-0-24V 

and 30V-0-30V ·- -A.n.;;- --£ 
0.5 3.88 
1.0 5.91 
2.0 7.60 
3.0 11.00 
4.0 12.52 
5.0 15.84 
6.0 18.06 
8.0 25.56 

10.0 29.55 
12.0 34.06 

Primary 240V 
Volts £. PS.P 
3-d-3 - 2~s1 . 55.· 
0-6, 0-6 2.85 . 78 
9-0-9 2.14 .38 
0-9,0-9 1.99 .38 
0-8-9,0-8-g 2.77 .71 
0-8-9, 0-8-9 3.53 . 78 
0-15,0-15 1.99 .38 
1 2-'0- 1 2 2.57 . 38 
0-20, 2-20 2.80 . 78 
20-12-0-12-20 3.41 . 78 
0-1 5-20, 0-15-20 4.63 . 96 
0-15-27,0-15-27 3.99 .96 

7,0-15-27 - :6.04 .96 

Ref. VA (Watts) TAPS 
15 ·o-i15-21o-i4ov 
75 0-115-21 0-240V 

£ 
2.48 
4.01 
5.35 150 0-11 5-200-220-240V 

500 
250 

1000 
1500 
2000 
3000 
4000 0-1 0-11 5-200-220-240 
5000 

10.99 
7.04 

18.76 
23.28 
34.82 
59.21 . 
76.86 
89.50 

U4315 Budget Meter 20Ku/v Rangers to 1000v 
2.5A AC/DC 500Ku. Res in stee l case £15.85 P&P 
£1 .15. VAT 15% 

NEW RANGE TRANSFORMERS 
...:..:..:::....,,..,.;~~=:-=-:::'::::::::---'1 Pri 0-1 20; 0-100-1 20; {1 20v or 220-240v) Sec. 

0-36-48 twice to give 72v or 92v. 
2A £12.14 PP £1.40- 4A £18.17 
3A £14.70 PP £1.50 5A £26.64 

PLUG-IN- SAVE BATTERIES 
MVA30. 6. 7.5, 9v at 300mA plugs direct into 
1 3A socket {fused). 4-way multi plug £4.00 

3300-3-6-9-12v at 300ma plug straight to 13A 
,_,....,..,...,-::-:~-::---::--:----::.-:::-1 socket (fused) with multiplug £4.60 

15% VAT. 55p P&P 

WW - 039 FOR FURTHER DETAILS 
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YOU NEED NEVER BUYA 
COLOUR FILM AGAIN! 

WIRELESS WORLD COLOUR PHOTO SERVICE 

eSUPER OUALITY 
HI-DEFINITION 

SHEEN COLOUR PRINTS 

e FREE KODACOLOR 
FILM TO FIT YOUR 

CAMERA 

ROU£1 ~,,,~::= 
-IICfliSR-801 

eSEE 

P ·ce £20.45 
1 18 our rl 

YOUR PICTURES 
·BEFORE YOU PAY! 

RSP £3 : inc. VAT & p&P 

.• es in photography. 
he most respected n ... m n\ass \ens. colour 

From Rollei. one of~ a 3 element opuca~ =- plied 10 ~pft ho~ 
Precision made w~t ·o\our photography. ¥\r p months. 
corrected [c_>r qua~~~~st~ap. Fully guarantee•d-, \ri;htness ~etlln1 
complete wtth w~·~utton shutter re\eas~ ·i;l.! the possihtltty oh 
Finger-light pus peed \1 \2) sec. re u~ . ~to use even W1t 
controls • Shutterdear view [tnder - . eas~ stmp\ic1ty ~~sell • 
camera shake • . 110 cartridge loadt~~ ed wtres. \){)\\ashes 
spectacles. Orop·IO .. nash- no compltcat 
Oetachahle electronic . I not supplied\. 
[ 2 pen-ce\\ hattenes - - - -
rom ------- 1 --- ' --- ORM -

' cAMERA ORDER ~Teddington TWI \ HBR. ' 
I To: Camera OHer. Free~sp. ·ketline 2(Xl Camera and I 

You get a speciifdeal~hen you use our Colour Photo Serv-ice. Thousands of 
ma~azine readers are delighted with it. Because you save money on Kodak 
recommended prices -and you only pay for the prints yoU" actually receive! 
So why not ,;ve it a try? You'll he delighted with our luxury hc;Jrderless colour 
prints. Without borders you get as large a picture as possible - and our 
pictures have a hi-definition sheen for greater clarity. · 

HERE'S WHAT YOU DO 
Send us any make of colour print film inside the envelope enclosed in this 
issue. Or fill in the coupon helow and send it with the film in a strong envelope . 
to: Wireless World Colour Photo Service. FREEPOST. Teddington TWII 1-\BR 
No stamp is required. Send no money at this stage. · ~ 

FREE KODACOLOR FILM 
~e'll se':ld y~m a Kodacolor film . absolutely free. with your prints. together 
with an mvo1ce for only the successful shots. eliminating the need for credit 
notes. ~ 

UNBEATABLE VALUE 
You're probably paying around 18p a print plus £1.10 for developing. 
Well, our price is an amazing 16p per print plus only 90p to cover 
~eveloping, a~ministration, postage and packing! Our minimum charge 
1s 90p (assummg no prints come out) inc. V.A.T. Offer limited to U.K. 
and Eire, C.I. and B.F.P.O. 
Remember. Y?U o~ly pay fo~ successful prints - no credit vouchers. And you 
only pay on mvoice; a straight forward business transaction with the extra 
advantages of quality. reliability and convenience. Value for money - and a 
free Kodacolor film worth ahout £1.00. 

Films accepted on Standard Terms of Business (availahle on request). , 

------------~-------
' 

d me the Rolle• oc 
Please sen I 1 Electronic F\ash-l!un. for £20.45 From Wireless World 1 

' 

I enclose che_que ~·~orld Camera oHer\ '· I COLOUR PHOTO SERVICE, 
lpayahle to Wn~less .... .. .. ... ... I I 1 ~.~~~.\P.!~~~~ .P.~!~~L ............... .. ....... ·.·.·.. .. .. .. .. ... ...... I Freepost~ Teddington~ TW118BR I ' ···· ········· I ~c;.\c;.\~~~~ ..... ... .... .. ..... ·.·.·.·.·.·.·.·.·... ..... .. ... .......... ' ~.~-~P.!~~~.P.~~-t.L...... .. ...... ....... .. . . . .. .. ....... .. .. . .... .. .... .. .... . . .. ........... .. .... ..... ......... . .... I 

............. ...... .... I AQP..~s.?.~.......... . . .. .. . ... . . ........ .. .... .... .... . .. .. ..... . .. ... .. . .. ... .. ... . ...... . .... ....... . .. . .. .... . . ..... ... . .. . I 
I ....................... , .. ~·;~::·~,;~~~, .. ~~~~~-,~;~:;~·)~;:c~ 1 lhr<"'"" ~.1\ Sull<'n Surr::. J .. .. .............. ......... ......................... .. ..... .. ............ ... ...................... ..... .. .. .. ....................... I 
~ R<"::E::..---------- .............. ................................... , ...................... , ............. ... . P.<>>!S.'.!!L ..... ............. .... } 

..... --~·------~----------------------'------ ------- ---- --

WIRELESS WORLD, SEPTEMBER 1979 

TTLa by TEXA!> 

7400 
74500 
7401 
7402 
7403 
7404 
74504 
7405 
7406 
7407 
7408 
7409 
7410 
7411 
7412 
7413 
7414 
74C14 
7416 
7417 
7420 
7421 
7422 

·7423 
7425 
7426 
7427 
7428 
7430 
7432 
7433 
7437 
7438 
7440 
7441 
7442A 
7443 
7444 
7445 
7446A 
7447A 
7448 
7450 
7451 
7453 
7454 
7460 
7470 
7472 
7473 
7474 
7474 
7475 
7476 
7481 
7482 
7483A 
7484 
7485 
7486 
7489 
7490A 
7491 
7492A 
7493A 
7494 
7495A 
7496 
7497 
74100 
74104 
74105 
74107 
74109 
74110 
74111 
74116 
74118 
74119 
74120 
74121 
74122 
74123 
74125 
74126 
74128 
74132 
74135 
74136 
74137 
74141 
74142 
74145 
74147 
74148 
74150 
74151A 
74153 
74154 
74156 
74157 
74159 
74160 
74161 
74162 
74163 
74164 
74165 
74166 
74167 
74170 
74172 
74173 
74174 
74175 
74176 
74177 
74178 
74180 
74181 
74182 
74184A 
74185 
74186 
74188 
74190 
74191 
74192 
74193 
74194 
74195 
74196 
74197 
74198 
74199 
74200 
74221 

11p 
48p 
12p 
12p 
14p 
11p 
90p 
18p 
32p 
32p 
19p 
19p 
15p 
2Ap 
20p 
30p 
50p 
90p 
27p 

' 27p 
17p 
40p 
22p 
34p 
30p 
40p 
34p 
36p 
17p 
30p 
40p 
3Sp 
35p 
17p = 112p 

112p 
lOOp 
93p 
60p 
60p 
17p 
17p 
17p 
17p 
17p 
36p 
30p 
34p 
30p 

:: 
35p 

100p 
ll4p 
90p 

lOOp 
110p 

3Sp 
17Sp 
30p 
60p 
46p 
33p 
ll4p 
70p 
65p 

160p 
130p 

65p 
65p 
34p 
55p 

~ 
ZOOp 
130p 
210p 
110p 

28p 
48p 
48p 
55p 
60p 
75p 
75p 
50p 
75p 
50p 
50p 

200p 
90p 

190p 
150p 
100p 

70p 
70p 

lOOp 
sop 
70p 

190p 
lOOp 
lOOp 
lOOp 
lOOp 
120p 
130p 
120p 
ZOOp 
240p 
4SOp 
120p 

90p 
85p 
90p 
!lOp 

160p 
93p 

160p 
90p 

150p 
150p 
500p 
325p 

90p 
90p 
90p 
90p 
90p 
95p 
95p 
80p 

150p 
150p 
£10 

160p 

74251 140p 4019 45p 
74259 250p 4020 100p 
74278 290p 4021 110p. 
74279 110p 4022 100p, 
74283 160p . 4023 22p ' 
74290 150p 4024 50p 
74293 150p 4025 Z0p 1 

74298 200p 4026 130p 
74365 100p 4027 50p 
7 4366 1 OOp 4028 ll4p 
74367 100p 4029 100p 
74368 100p 4030 55p 
74390 ZOOp 4031 ZOOp 
74393 ZOOp 4033 180p 
74490 225p 4034 ZOOp 

74LS SERIES :g~~ ~~= 
;:~~ ~:: 4037 115p 
74LS03 18p 4038 lZOp 
74LS04 16p 4039 295p 
74LS05 25p 4040 lOOp 
74LS08 25p 404 1 IIOp 
74LS10 ZOp 4042 IIOp 
74LS11 40p ~ :::: 
74LS13 4(lp 4046 llOp 

~~:~ ~ 4047 100p 
74LS20 20p 4048 55P 

.74LS21 40p 4049 40p 
74LS27 38p 4050 49p 
74LS30 20p 4051 80p 
74LS32 27p 4052 80p 
74LS42 70p 4053 IIOp 
74LS47 90p 4054 150p 
74LS51 2Ap 4055 125p 
74LS55 30p 4056 135p 
74LS73 50p 4059 600p 
74LS74 36p 4060 115p 
74LS75 40p 4063 lZOp 
74LS76 46p 4066 55p 
74LS83 110p 4067 4SOp 
74LS85 100p ' 4068 22p 
74LS86 40p 4069 ZOp 
74LS90 40p 4070 30p 
74LS92 10p 4071 22p 
74LS93 60p 4072 22p 
74LS96 110p 4073 22p 
74LS 107 45p 4075 22p 
74LS109 110p 4076 107p 
74LS112 100p 4081 22p 
74LS 113 !lOp 4082 22p 
74LS114 45p 4086 np 
74LS122 IIOp 4089 138p 
74LS123 70p :g~ 2= 
~~~g~ 1= 4095 95p 
74LS126 60p 4096 95p 
74LS132 95p 4097 340p 
74LS133 30p :g~~ ~ 
74LS136 55p 

40100 220p 
74LS138 60p 40101 132p 

j!~:~~ z.::: 40102 160p 
74LS148 175p :g:~ . 1::: 
74LS151 100p 

40105 99p 

j!~:~ z::: 40106 60p 
74LS 155 !lOp 401 07 60p 
74LS156 90p 40108 470p 
74LS157 60p 40109 100p 
74LS158 90p 40110 300p 
74LS160 130p 40114 250p 
74LS161 100p 4411 1100p 
74LS162 140p 4502 120p 
74LS163 110p 4503 70p 
74LS164 120p 4507 55p 
74LS165 180p 4508 290p 
74LS166 180p 4510 99p 
74LS173 110p 451 1 150p 
74LS1 74 90p 4514 265p 
74LS175 11Cip 4515 300p 
74LS181 320p 4516 110p 
74LS190 100p 4518 100p 
74LS191 100p 4520 100p 
74LS192 100p 4526 108p 
74LS193 100p 4527 150p 
74LS 195 140p 4528 100p 
74LS196 120p 4538 120p 
74LS221 140p 4543 1110p 
74LS240 175p 4553 4SOp 
74LS24 1 175p 4560 250p 
74LS242 170p 4569 250p 
74LS243 170p 4572 40p 

74LS244 195p !~~ :::: 
74LS245 250p 

4724 250p 

j!~~~ ~= 40014 !lOp 
74LS249 140p 40085 ZOOp 
74LS251 140p 40097 !lOp 

74LS253 140p ~ng ~~= 
74LS257 120p 14433 1l00p 
74LS258 160p 

14500 100p 
74LS259 160p 14599 290p 
74LS266 lOOp CD22100 l50p 

j!~m 1
::: CD22101 700p 

74LS298 249p CD22 1 02 700p 
74LS324 ZOOp 
74LS348 ZOOp 
74LS365 lOOp 
74LS367 lOOp 
74LS368 lOOp 
74LS373 160p 
74LS374 195p 
74LS378 200p 
74LS390 160p 
74LS393 160p 
74LS445 140p 
74LS668 lOOp 
74LS669 100p 
74LS670 400p 
4000 SERIES 
4000 15p 
4001 17p 
4002 17p 
4006 95p 
4007 18p 
4008 BOp 
4009 40p 
4010 50p 
4011 17p 
4012 18p 
4013 50p 
4014 ll4p 
4015 ll4p 
4016 46p 
4017 80p 
4018 89p 

INTERFACE 
ICs 
MC1488 lOOp 
MC14B9 lOOp 
75107 160p 
75150 175p 
75154 17Sp 
75182 230p 
75322 300p 
75324 375p 
75325 375p 
75361 300p 
75363 400p 
T5365 250p 
7545 1 72p 
75491 12 96p 
8T26 250p. 
8T28 300p 
8T95 200p 
8T97 ZOOp 
81LS95 140p 
81LS96 140p 
81LS97 140p 
81LS9B 140p ' 
9601 110p 
9602 220p 
9603 160p 

13SERIES 
9301 
9302 
9308 
9310 
9311 
9312 
9314 
9316 
9321 
9322 
9334 
9368 
9370 
9374 

AYl-0212 600p 
AY1-1313 668p 
AY1-1320 320p 
AYl-5050 211p 
AY5-1 224A 240p 
AY5-1315 800p 
AY5-1317A 775p 
CA3019 . 80p 
CA3046 70p 
CA3048 ZZ5p 
CA3080E 72p 
CA3086 48p 
CA3089E Z25p 
CA3090AQ 375p 
CA3130E 100p 
CA3140E 70p 
CA3160E 100p 
CA3161 E 140p 
CA3162E 450p 
CA3189E 400p 
FX209 750p 

ICL7106 650p 
ICL8038 340p 
LF356P 95p 
LF35BP 75p 
LM10C 4SOp 
LM301A 30p 
LM31 1 120p 
LM318 200p 
LM319 225p 
LM324 70p 
LM339 75p 
LM348 95p 
LM377 175p 
LM380 75p 
LM381AN 160p 
LM389N 140p 
LM709 36p 
LM710 50p 
LM725 350p 
LM733 lOOp . 
LM741 20p 
LM747 70p 
LM748 35p 
LM2917 250p 
LM3900 70p 
LM3911 130p 
LM3914 Z50p 
LM4136 120p 
MC1310P 150p 
MCf458 55p 
MC1495L 350p 
MC1496 lOOp 
MC3340P 1 ZOp 
MC3360P 120p 
MK50398 750p 

VOLTAGE REGULATORS 
fix .. l'1llltlc T0-220 

1A +ve 
5V 7805 70p 

12V 7812 70p 
15V 7815 70p 
18V 7818 70p 
24V 7824 70p 

100mA TQ.92 
5V 78L05 30p 

12V 78L12 30p 
15V 78L15 30p 
OTHER REGULATORS 
LM309K 135p 
LM317T 200p 
LM323K 550p 
LM723 37p 
OPTo.I:LECTRONICS 
2N5777 4Sp 
OCP71 130p 
ORP12 lOp 

01"1'0-ISOLATORS 
ILD74 130p 
MCT26 100p 
MCS2400 190p 

LEOS 
0.125" 
TIL32 75p 
T1Lo209 Red 13p 
T1L211 Gr 20p 
T1L212 Ye 25p 
TIL216 Red 18p 

200p 
140p 
140p 
140p 
2Z5p 
ZZ5p 
120p 
1ZOp 
1 
1 

BREADBOARDS 
EXP35D 3.6" x 2.1" 
(Up to 3 x 14 pin ICs) 
EXP650 3.6" x 2.4" 
(Up to 1 x 40 pin IC) 
EXP300 6" x 2.1" 
(Uto 6 x 14 pin ICs) 
EXP600.6" x 2.4" 
(Up to 1 x 40 pin DCs) 

IC TEST CLIPS 
14pin £2.10 
16 pin £2.75 

121 

BF259 38p 13 12p 40673 75p 
0.1 0.15 AC126 25p 

AC127/8 20p 
AC176 25p 
AC187 18 25p 

BFR39 .25P 
BFR40 25p TIP31A 

TIP31C 
TIP32A 

2N3704/5 12p 40841 90p "ZENERS 

~~~~g~~ 1~ 40B71 12 90p . ~~v 9p 

MM57160 
NE531 
NE543K 
NE555 
NE556 
NE5618 
NE562B 
NE565 
NE566 
NE667 
NE571 
NE585-6N 
RC4151 
SAD1024 
5FF96364 
SN76003N 
SN76013N 
SN75013ND 
SN76023N 
SN76023ND 
SN75477 
SP8515 

· TAA621 
1BA641B1 1 
TBA651 
TBABOO 
TBA810 
TBA820 
TCA940 
lDA1004 
TDA1008 

. mA1010 
lDA1022 
lDA1024 
lDA1034B 
lDA1170 
lDA2002V 
lDA2020 
1l072 
JL074 
TL084 
1l170 
UDN6118 
UDN6184 
ULN2003 
XR2206 
XR2207 
XR2211 
XR2216 
XR2240 
ZN414 
ZN424E 
ZN425E 
ZN1034E 
95H90 
11C90 

_..., 

820p 
110p 
Z25p 

Z5p 
70p 

425p 
425p 
130p 
155p 
175p 
425p 
300p 
400p 

1250p 
1150p 
175p 
140p 
120p 
140p 
120p 
250p 
750p 
275p 
225p 
ZOOp 
90p 

100p 
90p 

175p 
300p 
320p 
225p 
600p 
120p 
250p 
250p 
325p 
320p 

85p 
150p 
130p 

60p 
320p 
320p 
100p 
400p 
400p 
600p 
675p 
400p 

90p 
135p 
400p 
200p 
800p 

1400p 

7905 lOp 

TBA625B 
78HGKC 
78H05KC 
78MGT2C 
78P05 

ORP60 
ORP61 
T1L78 

7912 lOp 
7915 lOp 
7918 100p 
7924 100p 

79L05 lOp 
79L12 lOp 
79L15 lOp 

120p 
725p · 
625p 
135p 
900p 

lOp 
lOp 
70p 

TIL11 1 lOp 
TIL112 lOp 
TIL116 90p 

0 .2" 
TIL220 Red 16p 
T1L222 Gr 11p 
T1L228 Red 22p 
MV5491 T5 120p 
Oips 3p 

NSB5881 570p 
TIL31 1 600p 
TIL312/3 110p 
TIL321 /2 130p 
T1L330 140p 
7750/60 200p 
9638 200p 
9370 200p 
UDN61 18 320p 
UDN6184 320p 

~~mn = 
AD161/2 45p 
AU107 200p 
BC107 /8 11p 
BC109 llp 
8C117 20p 
BC147 18 9p 
BC149 lOp 
8C15718 lOp 
BC159 11p 
8C169C 12p 
8C172 12p 
BC177 /8 17p 
BC179 18p 
8C182/3 lOp 
8C184 llp 
BC187 30p 
8C212 13 llp 
8C214 1Zp 
BC237 15p 
BC327 18p 
8C337 18p 
BC338 18p 
BC461 38p 
BC477 /8 30p 
8C51617 50p 
BC5478 16p 
8C548C 9p 
BC549C 18p 
BC557B 18p 
8C559C 18p 
BCY70 18p 
8CY71 /2 Z2p 
8013112 50p 
80135/6 54p 
80139 56p 
80140 60p 
80189 60p 
80232 95p 
80233 75p 
80235 65p 
60241 70p 
80242 70p 
8DX538 160p 
8DY56 200p 
8F200 32p 
8F2448 35p 
8F2568 70p 
BF257 /8 32p 

MEMORIES 
2102-2L 
21078 
2111 -2 
2112-2 
2114 
4027 
4116 
5101 
6810 
745201 
82516 

ROM/PROMa 
71301 
745188 
745287 
745387 
745470 
745471 
745571 
93427 
93436 
93446 
93448 

CPUs 
1600 
6502 
6800 
6802 
BOBOA 
ZBO 

EPROMS 
1702A 
2516 
2708 
2716 

SUPPORT 
DEVICES 
3245 
4002 
6820 
6821 
6850 
8205 
8212 
8216 
8224 
8228 
8251 
8253 
8255 
8257 
8259 
ZBOP10 
ZBOCTC 
MC14411 
MC14412 

BFR41 25p 
BFR79 25p 
BFR80 25p 
BFR81 25p 
BFX29 30p 
BFX30 34p 
BFX8415 30p 
BFX86 11 30p 
BFX88 30p 
BFW10 90p 
BFY50 22p 
BFY51/2 22p 
BFY56 33p 
BFY90 90p 
BRY39 45p 
BSX19120 20p 
BU104 225p 
BU105 190p 
BU108 250p 
BU109 225p 
BU205 200p . 
BU208 200p 
BU406 145p 

' E300 50p 
E308 50p 
E310 50p 
MJ2501 225p 
MJ2955 lOOp 

~~~~6 2~= 
~j~~~~~ 1= 
MPFi02 45p 
MPF10314 40p 
MPF10516 40p 
MPSA06 30p 
MPSA1 2 50p 
MPSA13 50p 
MPSA20 50p 
MPSA43 50p, 
MPSA56 32p 
MPSA70 50p 
MPSU06 63p 
MPSU07 90p 
MPSU45 90p 
MPSU65 78p 
OC28 130p 
OC35 130p 
R2008B 200p 
R2010B ZOOp 
TIP29A 40p 
TIP29C 55p 

TIP32C 82p 
TIP33A 90p 
TIP33C 114p 
TIP34A 115p 
TIP 34C 11!0p 
TIP35A 225p 

fimx ~= 
TIP36C 340p 
TIP41A 85p 
TIP41C 78p 
TIP42A 70p 
TIP42C 82p 

i:~~6~~ ~ 
i:~;~ ::: 
Z1X108 12p 
Z1X300 13p 
Z1X500 15p 
Z1X502 18p 
ZTX504 30p 
2N457A 250p 
2N696 35p 
2N697 25p 
2N698 4Sp 
2N706A ZOp 
2N708A 20p 
2N918 4Sp 
2N930 18p 
2N1131/2 ZOp 
2N1613 . 25p 
2N1711 25p 
2N2102 60p 
2N2160 350p 
2N2219A 22p 
2N2222A 
2N2369A 1 
2N2484 
2N2646 
2N2904/5 
2N2906A 
2N2907A 
2N2926 
2N3053 
2N3054 
2N3055 
2N3442 
2N3553 
2N3565 
2N3643i4 

UART 
AY-3-1015P 
AY-5-1013P 
IM6402 
TMS6011NC 

;~~~~~ ~ 1---D-IO_D_E_S-----l 1W l5p 

~~~~~g = ~~~~300 ~ 1-------1 
2N3866 90p OA47 9p 
2N3902 700p OA81 15p 
2N390314 18p OA85 15p 
2N3905/6 ZOp 'OA90 9p 
2N4037 65p OA91 9p 
2N405819 12p OA95 9p 
2N4060 12p OA200 9p 
2N4061/2 18p OA202 10p 
2N412314 27p 1N914 4p 
2N412516 27p 1N916 7p 
2N4289 20p 1 N4148 4p 
2N4401 13 27p 1 N4001 12 5p 
2N4427 90p 1N400314 6p 
2N4871 60p 1N4005 6p 
2N5087 27p 1 N4006/7 7p 
2N5089' 27p 1 N5401 I 3 14p 
2N5172 27p 1N5404/7 19p 
2N5179 90p IS920 9p 
2N5191 63p 
2N5194 90p 
2N5245 40p 
2N5296 55p 
2N5401 50p, 
2N5457 /B 40p 

~~~~5 = 
HEAT SINKS 
F0< T0220 Volt­
age Regs. and 
Transislors :l,Zp 
ForT05 12p 

2N5485 44p 
2N6027 48p f-,...------1 
2N6247 190p 
2N6254 130p 
2N6290 65p 
2N6292 65p 
3N128 120p 
3N140 100p 
3N141 110p 
3N201 110p 
3N204 100p 

BRIDGE 
RECTIFIERS 
1A . 50V Z1p 
1A 100V 22p 
1A 400V 30p 
1A 600V 35p 
2A 50V 30p 
2A 100V 35p 
2A 400V 45p 

TRIACS 
P~C 
3A400V 60p 
3ASOOV 65p 
6A400V 70p 
6ASOOV 88p 
8A400V 75p 
8A 500V 85p 
12A400V 85p 
1 2A 500V 105p 
16A400V 110p 
16A 500V 130p 
T28000 130p 

THYRISTORS 
1A SOV 40p 
1A400V 85p 
3A400V lOp 
8A 500V . 140p 
12A 400V 160p 

' 16A 100V 160p 
16A 400V 180p 
16A 00(]1/ 220p 
8T106 110p 
C106D 45p 

"MCR101 38p 
2N3525 120p 
2N4444 140p 

'2N5060 34p 
'2N5064 40p 

40290 250p 
40360 40p 

3A 200V 60p f-------1 
40361 12 4Sp 
40364 120p 
40408 70p 
40409 65p 
40410 85p 
40411 300p 
40594 97p 
40595 105p 

3A 600V 72p 
4A 100V 85p 
4A 400V 100p 
SA 50V BOp 
SA 100V 100p 

. 6A 400V 120p 
1 DA 400V Z00p 
25A 400V 400p 

LOW PROFILE DIL SOCKETS BY TEXAS 

8 pin lOp 18 pin 22p 
14pin llp 20pin 25p 
16 pin 1Zp 22 pin 28p 

LOUD­
SPEAKERS 
Size 
2W' 64R 70p 
2Vz'' 8R 70p 
2" 8R lOp 
lV." BR 80p 

24 pin 30p 
28 pin 38p 
40 pin 48p 

120p 
500p 
225p 
300p 
525p 
315p 

500p 
400p 
500p 
400p 

1--------------------------------1 £11 
510p 
350p 
325p 
325p 

£12 
£10 

900p 
1250p 

550p 
1150p 

500p 

CHARACTER 
GENERATORS 
3257 ADC tMIOp 
MCM6576 £10 
R0-3-2513 u.c. lOOp 

WIRE WRAP SOCKETS BY TEXAS 
8 pin 30p 18 pin 70p 

14 pin 40p 20 pin 75p 
16 pin 56p 22 pin BOp 

24 pin 90p 
28 pin 110p 
40pin 140p 

R0-3-2513 L.C. lOOp f-------.----------'-~--t 
5N74S262AN 1350p 

' UYBOARD 
ENCODER 
AY-5-2376 £10 

SUBMINIATURE ANTE X SOLDERING 
SWITCHES IRONS 
Toggle C. 1 5W 380p 
SPST 60p CX- 1 7W 380p 
SPOT 65p CCN-15W 380p 
OPDT 70p X25 380p 
DPDT P,ntre off) 85p SPARE BITS 
Push to make 15p CICXICCN 46p 

TRAII!SfORMERS break . 25p X25 50p 
(prim 220/240V) SUDE DPDT 18p SPARE ELEMENTS 
6-{).6 1 OOmA llllp ROCKER SPST Zip C I Q( I X25 1110p 
9-0-9 75mA 112p WAFER CCN ZOOp 
12-0-12 100mA liSp 1P112W 4Sp ADCOlAIRONS 
0.120 12500-nA 280p 3PI4W 45p' K1000 550p 
U,s;'1~VA) : 7s: ~~~~~ 45p K2000 550p 

~~ 3
60p• 1----CR-Y-S-TA_L_S_45p_-4 ~~R==~S 

20.24-30 1A 340p• lOOKHz 300p 4 .15 X 6.15 270p 
15-0-151A 2111p' lMHz 370p (Suitablefor20X14pinor 
(Please add 50p p&p charge l .OOBMHz 370p 16 X 16 pin OIL ICs) DIP 
to aU marked • allow our nor- 3.2768MHz 350p Breadboard as above with tracks 
mal p&pcharge). 3.579545MHz 200p for 31 wayronnector 340p 

3200p t----------1 
4MHz 350p V-0 Boards for ICs 1 05p 
8.867237MHz 400p (Notrackcuttmg) 900p 

£32 

400p 

500p 
500p 
500p 
3ZOp 
225p 
225p 
400p 
525p 
700p 

RESISTORS High 
Stab 5%E12 
CabonFim 

V.W 10R-1M 7p/5pcs 
one value 
y,w 10R-10M 5pl3pcs 
one value 

Miniature PreseiS 
Hor!Vert 100R-1M 12p 
CabonTracl< Poo; 
5K-1 M Log or Lin 
Single 30p 
Single with Switt:h BOp 
Dual 72p 

10.7MHz 350p CONNECTOR PLUGS 
18MHz 31 way Plug 110p 
26.690MHz 21 31 way Socket 110p 
27.145MHz 21 S.100 Busboard £12 

EDGEBOARD CONNECTORS 0.156" PITCH 
2x10way 85p 2x22 way 135p 
2 X 15 way lOOp 2 X 25 way 160p 
2 X 18 way 120p 

COUNTERS 
74C925 475p ZN 1 040E 700p 
ICM7217A 650p ICM7216B 1950p 

1~:= ~--------------L-------------------------------~ 
1100p 
1400p 
650p 
650p 

1100p 
1100p 

DATA BOOKS 
TTLs, CMOs, Linears, Memories, etc, by Mfrs stocked. 

Please send S.A.E. for details . 

£3.15 

£3.80 

£5.75 

£6.30 

::~A~~~~:~o (R)SOLDERLESS 1 6 KEY KEYPAD 
(Roed Swi1Ches) 
UHF Modulators 

£4.00 

£3.75 
£0.25 

COMPUTER KITS 
MEMORY MAPPEDVDU INTERFACE KIT 

24 pin 
40pin 

Socket Strips/Bus Strips/Binding Posts 
mounted on sturdy base plate. 
P86 6 x 14 OIL ICs £9 20 
PB100 10x14 OIL ICs £1110 
PB102 12 x 14 OIL ICs £22.95 
P8 103 24 x 14 OIL ICs £34.45 
PB104 32 x 14 OIL ICs £45:95 
(The above boards are suitable for all OIL 
~~ . 

Read Switches (12VA) 
LOGIC PROBE 
MULTIMETERS 
SUPERTESTER 680R 
MICROTESTBOR 
TMK500 
Pocket mukimeter 

£18.00 

£33.00 
£17.00 
£22.00 
£4.75 

£45.00 
SERIAL IIPVDU INTERFACE KIT £56.00 
ELF II MICROCOMPUTER KIT £79.95 
ELF II WIRED AND TESTED £99.95 
GIANT MONITOR BOARD KIT FOR ELF 11£35.00 
4K 5TA TIC RAM BOARD FOR ELF II £69.44 
ASCII KEYBOARD KIT £50.58 
(Please add 7 5p p&p to all above items) 

£2.10 
£7.10 

We carry a la;ge stock of 74 and 74LS TILs, CMOS, Linears. Memories, etc and can normally offer 
ex-stock deliveries. We welcome inquiries for volume quantities both from local and overseas buyers. 
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EUROPES FASTEST SELLING ONE BOARD COMPUTER -
SAMPLE TAPE 

INCLUDING EXTENDED 
MACHINE CODE MONITOR 

INCLUDED FREE 

AS SEEN IN JUST CHECK THE SPEC'S. 

P.E. AUGUST, SEPTEMBER 
OCTOBER 1979 COMPUKIT UK101 

LOW COST SU·PERBOARD IN KIT FORM 
The Compukit UK101 has 
everything a one board 'superboard' should have. 
* Uses ultra -powerful 6502 microprocessor . * 50Hz Frame refresh for steady clear picture 

(U.S.A . products with 60Hz frame refresh always 
results in Jittery displays) 
* 48 chars by 161ines- 1K memory mapped vi.deo 
system providing high speed access to screen disp lay 
enabling animated games and graphs * Extensive 256 character set which includes full 
upper and lower case alphanumerics . Greek symbo ls 
for mathemat ical constants and numerous graph ic 
characters enabling you to form almost any shape you 
desire anywhere on the screen. 
* Video output and UHF Highgrade modulator (8Mz 
Ban·dwidth) which connects direct to the aerial socl<.et 
of your T.V . Channel 36 UHF * Fully stabilised 5V power supply including trans­
former on board * Standard. KANSAS city tape interface providing 
high reliability program storage - use on any 
standard domestic tape or cassette recorder * 4K user RAM expandable to BK on board £49 
extra 
* 40 line expansion interface socket on board for 
attachment of extender card containing 24K RAM and 
disk controller. (Ohio Scientific compatible) * 6502 machine code accessible through powerful 
2K machine code monitor on board . * High quality thru plated P.C.B. with all I.C.'s 
mounted on sockets. 
* Professional 52 Key keyboard in 3 colours- soft ­
ware pol led meaning that al l debounc ing and key 
decoding done in software 

COMMANDS 
CONT LIST 
STATEMENTS 
CLEAR DATA 
GOTO GOSUB 
NEXT ON .. GOTO 
REM RESTORE 

NEW NULL RUN 

DEF DIM END. FOR 
IF .. GOTO IF . .THEN INPUT LET 
ON .. GOSUB POKE PRINT REAC 
RETURN STOP 

'8K Microsoft Basic means conversion to 
and from Pet, Apple and Sorcerer easy. 
~t~t~~~m6~~~~Xgf~Wsms already in print. 
@ Erases line being typed , then provides 
carriage return , line feed. 

Erases last character typed. 
CR Carriage Return - must be at the end of 
each line. 
. Separates statements on a line. 
CONTROL/C Execution or printing of a list 
is interrupted at the end of a line. 

Simple Soldering due to clear and . 
consise instructions compiled by 

Dr. A.A. Berk, BSc.PhD 

NO EXTRAS NEEDED JUST HIT 
'RETURN' AND GO. 

Build, understand, and program your 
own computer for only a small 

outlay. 

KIT ONLY £219 +VAT 
including RF Modulator & Power 

supply. 
Absolutely no extras. 

Available ready assembled and 
tested, ready to go for 

£269 +VAT 

FUNCTIONS 
ABS(X) 
LOG(X) 
SPC(I) 

ATN(X) 
PEEK(!) 
SQR(X) 

FRE{X) INT(X) 
SGN{X) SIN{X) 
USR{I) 

COS(X) 
POS(I) 
TAB{I) 

EXP{X) 
RND{X) 
TAN{X) 

EXPRESSIONS 
OPERATORS 
-. + '.!. f NOT.AND.OR. > < . <>. ~ = < = RANGE 10·32 to 10 + 32 

"BREAK IN LINE XXXX" is printed, in­
dicating line number of next statement to be 
executed or printed . 
CONTROL/0 No outputs occur until return 
made to command mode. If an Input state­
ment is encountered . either another 
CONTROL/0 is typed, or an error occurs . 

STRING FUNCTIONS 
ASC(X$) CHR$S(I) FRE(X$) LEFT$(XS.I) 

STR$(X) VARIABLES RIGHT$(X$.1) 
A.B .C. .Z and two letter variab les 
The above can all be subscripted when used in an 
array Strtng vartables use above names plus $.e.g.A$ · ? Equivalent to PRINT 

LEN(X$) MID${X$.1.J) 
VAL(X$) 

EXTRAS AVAILABLE IN 4 WEEKS 
COLOUR ADD·ON enables you to choose your foreground and 
background colour anywhere on the screen. Flash any character on 
the screen at will. Full documentation and parts in kit form. · 

AD·A·RAM EXTENDER CARD provides up to 32K Dynamic RAM 
Expansion, 8 Eprom sockets tor 2708's or 2716's. Parallel Port (cen· 
Ironies compatible) and an RS232C serial port. 

WIN YOURSELF AN ANADEX DPSOOO LINE PRINTER 
There's never enough good software around. That's why COMPUKIT 
LTD. are sponsoring a software contest. There are 2 categories: 
1) Business and Education 
2) Fun and Games 
One lineprinter will be awarded to the winner of each category . 
Send or bring along to the address shown below the following: 
1) The program on cassette in the format used by the COMPUKIT 
UK101 
2) Any documentation that you have for the program (source listing 
not necessary) 
3) This coupon signed by you accepting the rules and conditions of 
the competition. 

RULES: 
1) Entries, including documentation, must be printed by computer or 
typed double spaced, with your name on every page. 
2) Send or bring your entries to the address shown below. 
3) Entries must be received by midnight on a9/ Z./80, any received 
after this time are void. 
Winners will be notified by post before 3>1/3/80. 
4) You warrant by your signature that all programs and 
documentation material included is entirely your own creation, and 
that no rights to it have been given or sold to any other party, and you 
agree to allow COMPUKIT LTD. to use, publish, distribute, modify, and 
edit it as it sees fit. 

5) All entries become the property of COMPUKIT LTD. No entries will 
be returned nor any questions answered regarding individual entries. 
6) Judging will be by a selected panel chosen by, and including 
representatives of COMPUKIT L TO. Judges may assign programs to 
any of the categories as they see fit. Decision of the judges is final. 
7) Employees of COMPUKIT LTD, its dealers, distributors, 
advertising agencies and media are not eligible to enter. 

Name ______________________________________________ __ 

Address ____________________________________________ ___ 

I agree to abide by the above mentioned rules. 

Signature ---------------------------------------------

I COMP IS•]! liiLID ~~ 14 STATION ROAD, NEW BARNET, HERTFORDSHIRE TEL: 01-441 2922 (Sales) ~L .. I·'~ 4•td CLOSE TO NEW BARNET BR STATION - MOORGATE LINE 01 -449 8596 ~ I I "\ 
. __ •••••- •••-- OPEN - 10am to 7pm - Monday to Saturday TELEX: 298755 - I 1 

.... 

All Products Ex -Stock Please check availabil ity (Part of the Compshop ltd. Group). 
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Sff THf 11fWVHCfll1CifS 
WHILE l.HfY'Hf STILL VHCHni .. 

Electronics Weekly is the main job 
announcements medium for the industry, carrying 
the majority of the best electronics positions 
advertised in the UK. 

But all good vacancies have one thing in 
common. They don't stay vacant long. 

If you only get to see Electronics Weekly 
days after publication ... if, in other words, you're 
way down the office pas s-on list ... then you're 
leaving yourself at the back of the queue for 
career opportunities. 

But for only lOp a week you could move up 
front, and see Electronics Weekly ahead of 
everyone in your company. Fill in and post this 
coupon, and you'll be breakfasting with 
Opportunity every Wednesday morning from 
now on! 

·------------------~ I To: Subscription Department , IPC Business Press Ltd. , I 
I 

Oakfield House, Perrymount Road, Haywards Heath, Sussex. I 
Please send me Electronics Weekly for a year. I enclose cheque /p.o.

1 I for UK £6 (inclusive of p . & p.) Overseas $15.60, payable to I IPC Business Press Ltd. 1 
I I I Name ----- --- - -- -· 1 
I Address___________________ I 
I I 
I ------- -- -- - ·- i 
I I 
I ·- 1 
L •••••••••••••••••• J 
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TEK scope 545A with H plug-in 
TEK scope 545A with CA plug-in 
H.P. scope 1 75A 50MHZ Dual trace 
Single Trace . . . . . . . . . . . . . . 
SOLARTRON CT316 6MHZ Single Beam 

£125 ea. 
£175 ea. 
£175 ea. 
£125 ea. 

£47.50ea. 
Ex-Ministry CT52 Small, Single Beam £37.50 ea. 
WAYNE KERR Universal Bridge CT375 £75 ea. 
MARCONI Wave Analyser TF2330 . . . £500 ea. 
MARCONI Audio Oscillator TF 11 01 20HZ-200KHZ 

£45 ea. 
ADVANCE Signal Generator J 1 A (CT 433A) £35 ea. 
MARCONI Valve Voltmeter TF 1 041 C £30 ea. 
NOISE GENERATOR CT410- covers audio to VHF 

£8 ea. 
DIGITAL EQUIP. CORP. Disk Drives (Fixed) 

£160 ea. 
TEK Transistor Curve Tracer £225 
NAGARD Pulse elenerator 5002C . . . . . . £50 ea. 
MARCONI Carrier Deviation Meter TF7g 1 D £75 ea. 
MARCONI Wave Analyser type TF455E ' £50 ea. 
SOLARTRON DVM LM 1420 with AC unit LM 14 77 

£40 ea. 
HONEYWELL 1 g20 character Upper Case ASCII VDU 

with edit and block mode transmission; limited 
quantity . With data . . . . . . . . . £260 .ea. 

CALCOMP Drum Plotter type 564 £1,500 
MARCONI GEN . TFgg5 (CT402) £170 
MARCONI BridgeTF868B £120 
RANK Flutter Meters £50 ea. 
HEWLETT PACKARD Signal Gen. 608D . £240 
AVO Signal Generator HF135 £120 ea. 

Carriage all units £4 ea. 

1 0-Way Multi-Colour Ribbon Cable. New. 40p per metre. P&P 
50p 
SPEAKERS 2V11n . 50 ohm 0.2W. New40p each. P&P 50r 
STf:PPING MOTORS 61 12 posit ion wtth addit1onal where the 
rota ts .coils . Devtse can be used as a tacho _ Oiag rctm supp lied . W1ll 
nr.tua lly work on 5 volts 12 24 recommended . £1.50, each_ P&P 
7 ~P Reduct10n for nuant1ty 
RAPID DISCHARGE capac,ors Bmfd 4kV £Seach. P&P £t .50 
GEC UHF 4-button tuner. £2.50 each. P&P 85p 
BIG INCH Motor 11 OV AC 3rpm SO cyc le - very small. SOp 
each. P&P SOp 
CENTUAR 115V FANS. Brand New 4.5 x 4.5 X 1.5in. £4.50 
each. P&P 7 5p 
Ex-U- Equipment - tested &Op each. P&P 7 5p 
POTTERS. BRUMFIELD TIMER RELAY t15V AC Heavy duty 2 
pole c/o With 2-second delay . ChangeR & C For d ifferent tlmtng 
SOp each. P&P 85p 
CONTACTORS Heavy Duty 24V I DC 5 make. £1 each. P&P 85p. 
GEC UHF/VHF 6-buttnn tuner £4.SO each. P&P £1 
SMITHS encapsulated trans•stor i sed AUDIBLE WARNING 
DEVICES 4V-12V. Can be dnven from TTL. 3Speach. P&P 25p 
DIGITAL 24-HOUR CLO.CK with built -i n alarm as used in 
BRUAN Digital clocks . Silent running. Large dlum1nated nume·rals 
AC ma,ns. Size 6' x 2Ya x 2'A. ONLY £3.75 each. P&P SOp 
931A PHOTOMULTIPLIER in stainless steel conta oner woth 
w1nd6wand built in resistor network. £2 e11ch. P&P £1 
SLIDER CONTROL SOOK. Log Songle track . Complete with knob 
Length 3Vzin. 25peach. P&P 25p . 
RANCO 250V 16A THERMOSTATS w'th Control knobs 
calibrated 50-200 degree F. £2.SO each. P&P £1 
SOLID STATE UHF TUNERS 38 mcs . £1 each. P&P 75p 
BRAND REX blue wire wrap. 30 metres for £1. P&P 25p 
Sin. SOLID RUBBER RINGS (tin. doa. rubber) Keep the kids (or 
dog)happy.4for£1. P&P £t .25 

TRANSFORMERS 
AUTO 240V input 11 5V 1 Amp output. £1.2S each. P&P £ t . 2 5 
240V input Sec. 6V 1.66A . Stze 2% x 2 x 2in. Good qualtty 
£1.50each. P&P £1 
240V Input Sec . 12V 0.92A. Size 2'1a X 2 X 2in . Good qualoty 
£1.50each. P&P £1 
240V Input Sec. ·t 2V t OOMA. Size 60 x 40 x 42mm . SOp each. 
P&P 75p 
240V Input Sec. t2-0-12V 50MA Soze 53 x 45 X 40mm £1 
each. P&P 75p 

Minimum order £3 value of goods. P&P or Carriage and VAT at 15% on total must be added to all orders. 
CALLERS VERY WELCOME STRICTLY BETWEEN 9am-1pm and 2-5pm Monday to Saturday incl. 
BARCLAYCARD (VISA) and ACCESS taken. Official orders welcome. 
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11SV Input Sees. 23V, 15V: 10V all at 1.5A. Size 3 X 3V, X 
2'/arn. Et ea . P&P Et . Or 2 for £1.7S. P&P £1 .50 
11SV Input Sec. 5V 250MA. Size 1 tt 116 x 1 516 + t Y11n. 2 
for SOp. P&P 7 5p 
SEMICONDUCTORS . 
At 2peach. 
·t N3063. 1 S44 . 
At Sp each. 
BC147 , 8Ct488 , 8Ct57 , BCt58 . BC184L. BC237 . BF197 . 
OA90. OA91, BA154, 8A243 
At25peach. 
TIP31, TIP41A, TIP47, 2N5296 . AF t39 . ZTX34t 
liYt27 10p; BF181 20p; 80239 40p; 8D24t 40p; MJE340AT 
40p; 80222 SOp. 
80233 & BD234 Camp pa" 25W - SOp per pair or SOp each. 
Regu lator TBA625 8 to 20V on - 5V out tOOMA. T05 Can . SOp 
each. BF256C - 20p. 
FND 10 7-segment d"play O. t5,n. 40p each. 
TV Amplofoer T8A 120- 20p each. 

Integrated Circuits 
7453 Sp 74H74 12p 74154 70p 
745t 5p 74S04 12p 75325 £1 
7401 5p 74H51 7p SN 15862 4p 7402 12p 74538' 10p MC4028 &Op 
74 76 20p 74502 12p 74t7 14p 
7495 35p 74500 12p 7441 40p 
709 15p 
MOTOROLA Ou.:1l 1n l•ne 6-p10 Opto Couplers . 30p each." . Gold 
p1n- faster verSIOn 50p each. 
AM9140-4K RAMS STATIC 5 Volts. ceramic, £4 each. 
TELEPHONES, 706 style Block or Grey £S.S0each. 746 style 
Black or Grey £7.SO each. Older style . Black £2.SO each. 
Pos1age f 1 each 
HONEYWELL Humidity Controllers . 50p each. P&P 40p 
THYRISTOR TIMER, Solid State. t5 sees adJUStable (preset) on 
~~:~~~~~; lay case. Standard 7-pin base . Series delay . SOp each. 

MINIATURE PC MOUNT SLIDE SWITCH. Single pole 3-way 
10peach. 
DIGITAL to ANALOGUE CONVERTOR, 8 ~b". will fit· standard 
TTl socket. With data. £2.50 each. P&P 25p 
VARIACS 2 Amp. Standard 240 Volts . £10 each. P&P £t 50 
ELECTROSTATIC VOLTMETERS, 7.5KV £6 each. P&P £1 
Other ranges available- please enquire 
TRIMMERS Sub-mm. 1-4.5 pi, 6p each. 

CHIL ,.. .. EAII .LTo· 
NORWOOD ROAD, READING TELEPHONE NO. READING 669656 

(2nd turning left past Reading Technical College in King's Road then first right- look on right for door with "Spoked Wheel") 

Buy a Syste~ ... Not just a "Pretty Box" 
The SD System* 

The SDS-200 TOTAL System features: 

From about 97p per hour ( 40-hour week) 

System Hardware 
The SDS-200 give you features that are not found in systems costing thousands more. 
State-of-the-Art Engineering. Quality Production and Full Reliability testing make 
the SDS-200 a dependable, compact and easy-to-operate data processing system. 

e·up to 256K Bytes RAM 
e Full Keyboard with Special Accounting Key Pad 
e Large 12in. Video Display Screen 
e Full Cursor Control including Addressable Cursor 
e Blinking, Underlining, Reverse and Protected Fields 
e Uses 8in . Flexible Diskettes for Permanent Storage 2 Mbyte on-line 
e Forward and Reverse Scrolling 
e Capable of up to 1 60 Special Characters 
e Expandable with Memory and Peripheral Equipmen1 
e Will Operate as a Remote Batch Processor for Large Systems 
eJndustry Standards S-1 00 BUS/CPM 
e 4 Spare S-1 00 Slots 

System Software 
A full range of Business Programs are available from CAP-CPP written in 
Microcobol. 
The system will support all normal high-level languages including: 
Fortran 
Cobol 
Basic 
CP/M 

AUTHORISED DEALERS 
Apple Computer, Glenalmond, Perthshire. Tel. 073-888 267. 
Codified Computer Systems, 69 Calabria Road, London. Tel. 01-226 1319. 
Anglo American Computers Ltd .. Milburn House. Dean Street, Newcastle-upon-Tyne. Tel 0632 
2g593 ' 
Bell Computers. 62 Lowther Street, Carlisle. Tel. 0524 411271. 

* The SD System includes­
SDS-200 Microcomputer , 
T. I. 810 Printer (or Equivalent) 

Cash Price for SDS-200: £4 750.00 

U.K. DISTRIBUTOR: 

AIRAMCOLTD 
Unit A2, 9 Longford Avenue, Kilwinning Ind. Est., Kilwinning, Ayrshire, KA13 _6EX 

(0294) 57755. Telex 779808 · 

Dealer enquiries invited 
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MINIATURE24 HR 
TIME SWITCH 

• 
* Only 2" square 
* Up to 32 on-offs 
* 16 amp contacts 
* Plug-in carrier 

This amazing time switch enables the pro- · 
grarnming of up to 32 on-offs in a 24 hour 
period. This is achieved by inserting triggers 
into the dial in the appropriate time positions . 
Plug in carrier for easy time setting and 16 amp 
contacts make it suitable for most switching 
applications. Supplied brand new with fixing 
screws and 3 sets on-off trig.gers . 

Once again we are very pleased to offer this superb 
Power Supply Unit, and hope to satisfy most of our 
previous customers who were disappointed when 
we sold out due to demand, last time they were 
advertised! These units may just tiave well been 
made for your lab., they consist of a semi-enclosed 
chassis measuring 160mm x 120mm x 350mm 
containing all silicon electronics to give the follow­
ing fully regulated and short circuit proof outputs of: 
+ 5v@ 2 amps D.C. + 12v@ 800ma D.C. 
-12v@ 800ma D.C. +24v@ 350ma D.C. 
and if that's not enough a fully floating 5v output 
@SOma D.C. which may be seriesed to give a host 
of other voltages. All outputs are br9ught out to 
the front panel via miniature jack sockets and are 
also duplicated at the rear on short flying leads. 
Units accept standard 240v AC mains input. They 
are ex GPO and may have minor scratches on the 
front panels, they are sold untested but in good 
internal condition. Our original price of £16 .50 and 
the recent VAT increase makes these an absolute 
snip at only £15.50 each + £2.25 P & P. Complete 
with circuit and component list. 

HURRY WHILE STOCKS LAST!! 

HY GRADE SMOOTHING CAPS 
MULLARD- PLESSEY- MALLORY- SPRAGUE 

1500mf 100v 60p*,3300mf 40v SOp 
3300mf 63v 70p* 4500mf 25v 70p 
1 O,OOOmf 15v £1 t 22,000mf 16v £1.1 Ot 
87,000mf 7v £1t 2100mf 200v £2 .50t 
*Ex equipment tested tP.P. 40p 

SEMICONDUCTOR 
'GRAB BAGS' 

Amazing value mixed semiconductors, include 
transistors, digital, linear I. C.'s, triacs, 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 

to our programme 
Which enables us to bring you the best possible 
bargains, we have thousands of !.C.'s Transistors, 
Relays, Cap's .• P.C.B.'s, Sub-assemblies, Switches, 
etc. etc. surplus to our requirements. Because we 
don't have sufficient stocks of any one item to 
include in our ads., we are packing all these items 
into the "BARGAIN PARCEL OF A LIFETIME" 
Thousands of components at giveaway pricesl 
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 

71b £ 5.25 141b £ 7.95 
281b £13.75 561b £22.00 

PLEASE ADD P + p.£1 .25 

ln1erface your MPU etc, with the outside wortd made 
by the famous ~'Astralux" Co. They consist of a 
miniature plastic module with mounting holes con­
taining a reed relay for isolation, choke and triac. 
12·20 volts D.C. at a few milliamps enable on/off· 
control of A .C. loads up to 10 amps! The 10 amp 
version should be mounted on a heatllink. 100's of 
uses including power control, lighting, etc, etc. 
Dimensions:4amp, H"x1"xf.10amp,1fx1fx1". 

£1.46 ·10 £2.10 I withcircuit 

S.C.R.'s 

Alii. C.'s and Transistors by 
well known manufacturers and fully 
guaranteed. No fall outs. Comprehensive 
data on I. C.'s 15p per type. 

2N3001 30v 350 ma T018 22p each 6 for £1.00 
2N4U1 50v 8 amps T0220 45p each 10 for £4.00 
C10801 400v 5 amps T0202 55p each 10 for £5.00 

TRIACS 

2N4351 N channel MOS FET. 
2N4352 P channel MOS FET. 
60p each £1 .00 per pair. 
HIGH VOLTAGE NPN POWER 

G. E. 12 amp 600v T0220AB 95p each 10.for £8.75 
E. C. C. 1 .6 amp 400v T05 38p each 3 for £1 .00 
A.ll. 10 amp 400v ready mounted on 2f X 2.j.'' 
heatsink £1.00 each 4 for £3.75 

SWITCHING transistors BVcbo 600v LOW PROFILE I.C. SOCKETS 
BVceo 500v BVebo 15v 1 c 5 amps 14 D.I.L 14p each 8 for £1.00 ' 
Pc 125 watts HFE 60 typ ft 2 .5 mhz 16 O.I.L Gold Plated mil. grade22p each 6 for£1.00 
~d~~~ ~n;-~~~rs, etc. T03 £1 .60 each 22 O.I.L 27p each 5 for £1.00 

BF258 NPN 250v@ 200ma 45p each OTHER GOODIES 
3 for £1 .08. AF279 Jow noise P.N.P. germanium up to 7BOMHZ 
I.R. BSB01 2.5 amp 1 OOv bridge rec. 32p each 4 for £1.10 
P.C. mount long leads 35p each 4 for 2N4304.WN720 F.E.T. transistor37p each 3 for£1.00 
£1 .08. LM380NJSL6051 14 D.I.L 2 watt A.F. amp BOp 
IN4998 4 amp 1 OOv P.C. mount diodes each 81or £6.00 
long leads 14p each 10 for £1 . 10. CA3028B DC. 120 MHZ differential/cascode amp 
LM309K + 5v 1 .2 amp regulator £1.10 £1.00 each 3 for £2.50 
each 6 for £5.35 . CA3011 20 MHZ wideband amp T099 case 65p 
2N1671 B unjunction 450mw 30v 48p each 2 for £1.00 
each 3 for £1.00 . TMS3114 DUAl MOS 128 bit static shift reg. OC. 
IN4004 SD4 1 amp 400v diodes 7p 2.5 MHZ £1.50 each 4 for £4.25 
each 18 for £1 .00 . NE555 10 for £2.55 
I.R. 12 amp BRIDGE RECS. 400 volt GE424zero voltage switch, triac SCR relay driver 
£1 .25 each. T05 can £1.10 each 7 for £6.50 

POWER DARLINGTON SCOOp! FSA2719 8 independent diodes IN4148, IN914 
MJ1000 NPN 60v 90w 8 amps T03 95p each type in 16 D.I.L pack 38p each 3 for £1.00 
2N6385 PNP 80v 100w 10 amps T03 £1.25 each FP03725 4 NPN 50v 500ma transistors in 14 
MJ4030 NPN. 60v 150w 16 amps T03 £2.25 each D.Ll. pack 70p each 2 for £1.00 

PLESSEY EDGE STACKABLE DECADE THUMBWHEEL SWITCHES. Gold 
plated COntaCtS dimensions 2" X 2" X f 85p each 8 for £5.35 . 
AM PHENOL 50f! BNC chassis socket single hole fixing 50p each. 
AMPHENOLSOf! BNC plug 50p. 50f! BNC plug right angled60p. . 
C90 Audio Cassettes screw type construction 45p each 3 for£ 1 .00. 
Bulbs24v 14 watt white frosted S.B.C. 8 for £1 .00. 
Bulbs 12v 100 watt clear, base similar S.8.C. 45p each. 
S.B.C. Bulb Holders All steel cad. plated panel mount easily fixed via nut and 
round hole, ideal disco displays, scoreboards, etc. 4 for £1 . 10. 
Xtal filters S.E.1 QC1121 t/B miniature low insertion loss P.C. mount. 
C.F. 10 .7mhzwith B.W. of7.5khz2000f! imp in-out. Brand new@£7.99 . 
Heavy Duty Flat Insulated Earth Braid 100-200 amp braided tinned copper 
in heavy clear PVC sheath SOp per metre. £6 for 15 metres + PP £1 per 15 metres. 
BULGIN miniature 6 way male chassis mount socket and matching free plug 
60p each, 2 for£1. 10 . 
Red l.E.D.'s full spec. 0.2· 14p each. 10 for £1.25. 
Dynamic Stick Mics 600f! with built in on/ off switch complete with lead and 
min. jack plug £1.15 each . 10 for£10.00. 
TOS HEATSINKS "Thermaloy" black anodised press on aluminium finned 
type 18p each . 8 for £1 .00 . 

HARDWARE PACK Don't be stuck for the right nut and bolt for the job : Pack 
contains B.A . Metric, Unified, Self Tap, 
etc. Nuts, Bolts, Screws, Washers, etc. 

in Brass Bronze and Steel. All steel items 
plated. Average contents 400-600 pieces. 
Sold by 

weight, 
21b bag. 

16k memory, auto restart, vk8 video set, serial/ 
parallel, printer interface etc. Perfect order. 
£850 .00 + VAT + carriage. 

IMPORTANT 
We have now· moved to larger premises and whilst we are 
recovering I callers are welcome on Fridays and Saturdays between 
9.30am and 5.30pm, and by appointment on other days. 
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Victoria, London 
Bridge or Holborn 

Viaduct to 
Thornton Heath. 

1 minute from 
Thornton Heath 

Station. 

Due to an even bigger purchase 
we are now able to pass our bulk 
buy savings direct to you! 

960 characters 12 x 80, 55 key 
TTY keyboard, RS232 interface, 
scroll up, adjustable baud rate 
75-9600 upgradable to 1920 
(24 x 80) characters, lower case 
option, plus many other features. 

Stand New and Boxed - at only 

£25 0 + ~~~~ge 
FULL TECHNICAL MANUAL £10.00 

POWER SUPPLY UNITS 
5 VOLT 2.5 AMP T.T.L. P.S.U. 

Made for T.T.L. this compact ex computer systems 
unit features a 10 amp transformer wtth D.C. 
outputs of 5 volts@ 2.5 amps and 7.5 vo lts@ 
5 amps. The 5 volt output is fully regulated and 
smoothed and has electroniC currer.t limiting. Mav 
be easily moded for 5 volts @ 7.8 amps, believed 
working but untested. 
Complete with circuit £S _25 P.P. £1.60 

Just whal you have been waiting for, made for a major electronics co. 
this miniature toroidal transformer accepts 240v AC input and gives AC 
outputs of 0-lOv @ 1.8 amps and 2 x 0-20v @ 750ma. Intended for an 
MPU supply of +5 and+ and - 12v, its small physical size of only 2f x 
1 i" and negligible hum field make it a snip at only £4.25 + pp 60p. 

EFFICI~~Gtv SMITHS 
RADIAL BLOWERS 

Are your hot parts sweltering7 Then keep them cool 
.. 111]11 .. ~~~--~~~~~iiiill· with our high efficiency radial snail type blowers . Made 

Unless otherwise stated all prices inclusive of VAT. Cash with order. Minimum 
order value £2.00. Prices and Postage quoted for UK only. Where post and 
packing not indicated please add 30p per order. Bona Fide account orders 
minimum £1 0 .00. and trade enquiries welcome. Orders despatched 
same where Access and Barclaycard welcome. 

WW -115 FOR FURTHER DETAILS 

by Smiths, designed for continuous use in expensive 
electronic equipment very powerful and quiet, gives 
massive air flow to prolong component life and 
reliability. Easily mounted, air apertur _..._~~:1~ 
2t" x 3". ldeallinears etc. 
Please state 240v or 11 Ov 
Opaf!lltion. 50hz only. 



49/53 Pancras Road London NW1 2QB Tel: 01-837 7781. Telex 2---.-~ 
Our background 
Electronic Brokers is Europe's updating the type of equipment we 
largest .specialist in quality, second sell . So from selling to private 
user test equipment, mini- users, the business has rapidly 
computers and associated developed, and today, our customer 
peripherals. Established 11 years list includes leading international 
ago, we have pioneered the second companies, research 
user concept in Britain, and many establishments, universities, · 
overseas territories. colleges and government 

institutions throughout the world. 
One reason for our success is the 
company's policy of continually 

Back up 

To support our growth we have a service, and those who have dealt 
skilled team. This includes trained with us will know that we 
sales staff, whose role is not only to endeavour to always live up to our 
sell, but prov1de a helpful reputation . Equipment can be 

. . information service to our many configured to customer's exact 
< customers. Backing this team is our requirement, and a number of 

own service laboratory where options can be made available -
"' tec~nicians monitor each item of almost like custom-tailoring. 

equipment we sell . Our maxim is 

Refurbishing 
. . 

Our ow n service laboratory checks 
each item that arrives at our 
Pancras Road headquarters. 
Electronic test equipment is then 
thoroughly cleaned and a schedule 

prepared for any work which needs laboratory where they are given 
to be carried out to meet final tests to ensure they meet 
customer's requirements. Whether manufacturers' specifications, 
it is new test equipment or used, all before delivery to the customer. 
items pass through the service 

Unless otherwise stated all equipment 
offered in the Electronic Brokers 4 

::page advertisement is refurbish.;d and 
in the case of Test Equipment also 
calibrated. Test equipment is 
guaranteed for 12 months; computer 
peripherals for 3 months. 

Hours of Business: 9 a.m. - 5 p.m., 
Mon.-Fri. Closed lunch 1-2 p.m. 

Add 15°/o 
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. 
WW - 114 FOR FU RTHER DETAILS 

SEND FOR AUTUMN 
'79 CATALOGUE 

Contain ing latest information 
on our stocks of Test Equip­
ment , Minicomputers , 
Periphera ls, St roboscopes, 
Tachometers, etc . Airmail to 
overseas addresses £2 .00 . 

PHILIPS 

SEE US AT 
E.M.I.X. '79 

OCT. 9, 10 and 11 
BLOOMSBURY 

CENTRE 
LONDON 

£1250.81 
ll'U«ent n4tW9rice 
£t99CMMl 

W.-AY"NE KERR 
Wayr~e ~~ 86.02 VHF Admltta®e Bri4a. 
c/ w SR"26.8 -~~~nciD~~r 
Frequency Ran!Je lOOkHl- t OOMHl­
Ranges: lfF-lrnF, 100l'0-100M.Q 
t~H - lOH, lOn mhos - lOk mhos 
Accuracy typically l% 

PH:IUPS 
PM 25 24. 4 lf> Dogo t 0 M.M 
AC l DC vdtage and c urrent and 
res istance 
Full eutorangong 

£299.00 
Curreht new price £435.00 

o.l in 

£350.00 

men I 

HEWLETT PACKARD 
5'h DiGIT D.M .M . 3490A 
AC-DCvolts 
and resistance 
Self check fpity 

only £550.00 
Current new price 

£1 .871.00 

£790 
Current new pnce £99:5.00 
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$vqep .... 0.5nS-0.2&tdlv., · 

~~~~-~~-:;:~~AT V£RY SENSIBii:EcPRtCI £&:118 

4449 3 1h Otgtt D M M 
AC-DC Volta~e and ~u rrent and restStance. 
SUPERB VALUE AT ONLY 
QUANTITIES AVAILABU: 

£59.00 

BRIDGES 
GENERAL RADIO 
lmmitance Bridge 1607A £750 
1 608A LCR Bridge. Accuracy 

typically .05% . . £1450 
MARCONIINSTS. 
In Situ Univ. Bridge TF2701 

£395 
Univ. Bridge TF1313 £395 
WAYNE KERR 
Univ. Bridge B221 (0.1 %) 

£275 
Univ.BridgeB521 (1%) £120 
Low Impedance Adaptor 0221 

. £75 

CALIBRATION EQUIPMENT 
HEWLETT PACKARD 
DC Voltage Source & Differential 

Voltmeter 7 40B £850 
DC Voltage Source & AC I DC 

Diff . Voltmeter 741 B £975 
FLUKE 
883AB AC/ DC Differential Volt-

meter £975 
TEKTRONIX 
Time Mark Generator 184 £275 
Time Mark Generator 2901 

£450 
5nS Pulse Generator 21 0 1 

£525 
Pulse Generator 1 09 £320 

SOUND LEVEL METERS 
GENERAL RADIO 
Portable Sound Level Meter 

1565B £225 
Portable Sound Level Meter 

1983 £190 
1933 & 1935 Portable Sound 

Level Meter with data cassette 
recorder £2600 

Portable Sound Level Meter 
1981 £575 

DIGITAL COUNTERS 
GOULD ADVANCE 
500MHz Counter TC 15 + 1 5P 1 

£495 
80 MHz Counter TC 1 7 or TC1 7 A 

£195 
FLUKE 
125MHz Multi-Function Counter 

191 OA-01 . I_ £285 
125MHz Multi"Function Counter 

1910A £199 
520MHz Communications 

Counter 1920A-06 £490 
1 25MHz Multi-Function Counter 

1925A £405 
520MHz Univ. Timer Counter 

1953A-01 . . £675 
125MHz Univ. Timer Counter 

1953A-15-16 £850 
PHILIPS 
80MHz Timer Counter PM6612 

£405 
1GHz Timer Counter PM6615 

£795 
80MHz Freq. Counter PM6661 

£185 
512 MHz Freq. 

PM6645 
Counter 

£710 
Freq. 
£305 

520MHz Automatic 
Counters PM6664 

DIGITAL VOLTMETERS 
& MULTIMETERS 
ADVANCE 
True R.M.S. Voltmeter DRM6 

£150 
FLUKE 
41f2 digit D.M.M. 8040A-01 

£220 
41f2 digit D.M.M. 8600A £290 
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4V2 digit D.M .M. 8600A-01 
.... £335 

8800A D.M.M . 51f2 digit £599 
HEWLETT PACKARD 
5V2 digit D.M .M. 34702A + 

34740A £295 
PHILIPS 
4digit D.M .M. PM .2424 £300 
4V2 digit DC. DVM . PM2443 

. . . . . . . £430 
3V2 digit D.M .M . PM2513 £90 
3V2 digit D.M .M . PM2513A 

. .. ' '' .... ' £95 
SCHLUMBERGER­
SOLARTRON 
5 V2 digit Dig ira I M ultimeter . 

A243 . £675 
4V2 digit D.M.M . 7050 £350 
OSCILLOSCOPES 
ADVANCE 
OS2200 Dual Trace Storage with 

delayed time base £745 
COSSOR 
35MHz Dual Trace CDU 150 

£450 
50MHz Dual Trace 4000 £495 
4100 Dual Trace 75MHz £695 
DYNAMCO 
30M Hz. Dual Trace . 7100 

£350 
-PHILIPS 
5MHz Miniscope Battery I Mains 

PM3010 ~ - £325 
S.E. LABS 
35 MHz D.T. Scope SM 113 

£350 
TEKTRONIX 
24 MHz Dual Trace Bench . 5438 

+ CA £350 
50 MHz Dual Trace Bench. 64 7 

+ 1 OA2 + 11 B 2 . . £600 
24MHz D.T'. Bench. 545B + CA 

. . £425 
50MHz D.T. Bench. 54 7 + 1 A 1 

. . £775 
80MHz D.T . Bench 585A + 82 

£775 
Four Trace Plug in M £275 
Four Trace Plug in 1 A4 £600 
Dual Trace Plug in CA £60 
Differential Compa'rator Plug in Z 

£150 
1 OMHz D.T. Battery Miniscope 

326 £900 
Spectrum Analyser Plug In 1 L30 

. £1000 
Spectrum Analyser Plug In 1 L40 

£1000 
7D11 Digital Delay £850 

'TELEQUIPMENT 
50MHz Portable Scope D75 

£675 
HEWLETT PACKARD 
Time Domain Reflect . System 

Type 140A & 141 5A £1200 
High Sensitivity X-Y Scope 1 30C 

£345 
OSCILLOSCOPE PROBES 
ELECTRONIC BROKERS 
(NEW) 
X1 Probe Kit EB90 
X1 0 Probe Kit EB91 
X1 X1 0 Probe Kit EB95 
SIGNAL SOURCES 
ADVANCE 

£9 
£11 
£15 

Low Dist. Oscillator SG68A 
£120 

FLUKE 
Freq . Synthesiser 6160A/ DX 

£875 
HEWLETT PACKARD 
AM I FM Generator 202H £495 
VHF Sig. Generator 608D £495 

VHF Sig. Generator 608E £675 
Variable Phase Oscillator 203A 

£495 
612A UHF Signal Generator. 

540-1230MHz . . . £825 
MARCONI INSTS. 
AM I FM Signal Generato 

TF2015/1 £11 
A.M . Sig. Generator TF801 D 

. from 
A.M . Sig. Generator TF8 

8S 
AM/FM Sig . Gen . TF995A/2 

£47 
AM/FM Sig. Gen. TF995A/5 

.. £3 
AM /FM Sig : Gen . TF995B/ 2 

.. .. £675 
AM /FM Sig. Gen. TF2006 

£875 
Two Tone Source TF2005R 

A . F. Oscillator TF2000 
R.C. Oscillator TF11 01 
A .F. OscillatorTF2100 
PHILIPS 
AM I FM Signal 

PM5326X 
AM I FM Signal 

£350 
£325 
£120 
£150 

PM5324 . £450 
Function Generator PM 5167 

£795 
SIGN/ROGERS 
Low Distortion Oscillator S324 

£90 

MISCELLANEOUS 
AVO/BPL 
Component Comparator 

CZ45 7 I 6 £235 
Electronit Multimeter EA 113 

. . £85 
BRADLEY 
D.C. Voltage Calibrator 1268 

£275 
E.N.I. 
R.F. Power Amplifier 500L 

£315 
GERTSCH 
Complex Ratio Bridge CR 1 B 

£600 
GENERAL RADIO 
Vibration Analyser 1911 A 

£2100 
HEWLETT PACKARD 
310A Wave Analyser 1kHz-

1.5MHz £1200 
True R.M.S Voltmeter 3400A 

£505 
Microwave Freq . Converter 

2590B £595 
MARCONI INSTRUMENTS 
A. F. Transmission Test 

Set TF2332 
M . F. Transmission Test Set 

TF2333 £600 
Quantization Distortion Tester 

TF2343 £400 
Deviat ion Meter TF7 91 D £195 
Electronic Voltmeters TF2604 

£250 
Attenuator TF2162 £135 
Sine Sq. Pulse & Bar Generator 

TF2905 £450 
Grey Scale Generator TF2909 

PHILIPS 
Pulse Generator PM5712 
Pulse Generator PM5715 
Pulse Generator PM5775 

£600 

Pulse Generator PM5776 £700 
Pattern Generator PM5501 

£180 
Wow & Flutter PM6307 £275 

o.l in e ond User 
inis & eripbEIMf.~ls 

t~~:~:;~~~~;~~::~ 

with 64 ASC¥1 ehara~ter sel. 
fH:l·$>.U•11 O,Pe<''<'!l'I'O-n . Plio"'"'' ,;,.,..,.. puneh·and te~der 

{20mA OJ R'$23~2} 
~"'!'"'~'•·-·• ASR33- £650,00. P'edesta;l 

D&C PDP11 7'01-
SPECIAl PtJ;RQNASI 
fl£1f>'1 1/ {)4-;MQ 91;J!t~ 5%" er!*~or Wftt\ l!)fl;to:! (19£8 amJ 
O:l1 rwtnt~tt~ B_.D-NtW $'ll8Jl.-u&- ONL<f. 9,6.1,'10<00. 

NIW ASC:I!I KEVBOA-R"D'.ES ... · ··.·· K£3-7'66 RO:M""eneeded S'6-srat10m keyboa-rds w1th t~:~n 1 2:8 
ASCII character set . St~tHf<~;rd T'Pt logic. Power . ·reqoJrements + 5 - ~ 2\/. Supplied With tvH tecbnrcal data 
arnd eir;cuiuy {see mext eglumn for pfi:ces~ . 
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BA 11-ES Expander Box £750 DL11-B Serial Interface £275 KW11 P Programmable Clock . . . . . . . . . . . . £345 MM 11 -LP 8K Add-on Core with backplane (11 -05. 1 1-35) £750 
MS11-FP8KAdd-onMOS(1 1-04 . 11 -34) . . - £375 PDP8E - Series - Large stocks of add-on core and option modules 
PR 11 High-speed paper tape reader and control £1,450 RK8E/RK05J Disk drive and control £3.950 RK11 D / RK05J Disk drive and control £3,950 TA 11/TU60 Twin Cassette drive and control .. . £1,500 TWE 1 6-ED 9-track 800 / 1 600 bpi . BRAND NEW EX CANCELLED ORDER . . . . . . . . . . . . . . . . . P.O.A. 
TC11 TU56 DECtape drive and control . . . _ . £1,395 · H9602 Data system Cabinet . complete w tth power dtstrib.utton untt 

(no side panels), as new condition £750 

COMPUTER PERIPHERALS 
CENTRONICS 101 Matrix printer 
64 SCI I uppercase character set. 1 65 characters per second . 1 32 print 
columns. 5 X dot matrix . Parallel input . 
PRICE: £750 
SCOPE DATA SERIES 200 PRINTER 
240 cps 80 column receive-only matrix printer. Full upper and lower case ASCII character set. Standard RS23 2 in terface Electro-senstttve 
printing ensuring qUtet operation BRAND NEW SURPLUS. New 
low price £495. 
DEC LA30 DECWRITER 
SO-column KSR terminal with selectable transmission speeds of 10. 15 and 30 cps . Upper case ASCII character set. Current loop tnterface 
Integral pedesta l £575. 
SEALECTRO PATCH BOARDS 
Programme boards for switching and interconnecting input/output circuits . 11 + 20 XY matrix. lnterconnectton tS by means of shorttng Skip and component holding pins (not included). Dimensions 7V1' X 
5 3/a" X 1" 
PRICE £12.50 (mail order total £14 .58) . 
CALCOMP 565 DIGITAL DRUM PLOTTER Y-Ax.is 11" . X-Axis 1 20' . Maximum speed 300 increments 4 .2" per second. Input 
Posittve or negative polarity pulses. amplitude greate r than 1 OV . rtse ttme less than 10 microsec .. minimum pu lse wtth 4 mtcrosec . Source 
tmpedance less than 500 ohms. PRICE £1,250. 
GE TERMINET 1200 
Receive only impact printer with switch selectable print speeds of 1 0 . 30 and 1 20 cps . 1 20 print positions with adjustable ptnfeed ·paper 
tractor. 94-character upper and lower case ASCII : Current tnterface 
PRICE £695. 
NEW SHUGART FLOPPY DISC DRIVES 
SA400 Minifloppy- 11 OKB capacity . 35 tracks. transfer rate 
1 25-bit / sec. AV access time 550msec Power requtrements + 5VDC 
+ 12VDC. PRICE £195. 
SA800 Floppy- 400KB capacity . 77 tracks . transfer rate 
250K-bit/sec AV access time 280msec Power requtrements + 
24VDC + 5VDC-5VDC PRICE £395. 

VIDEOTAPE­
SPECIAL PURCHASE 
Ampex type 162-3000 DD-20 1" x 3000' vtdeo 1ape on 9% reels . BRAND NEW SURPLUS- ONLY £15.00 per reel (plus camage 
and VAT) 

NEW KEYBOARDS 
KB 7 56 key-stations mounted on PCB £49.50 

(mail order 
total) 

£58.65 
KB 7 56MF. as above. fitted with metal mounting 

frame for extra rigidity £55.00 £64.98 
Optional Extras 
KB 1 5P Edge Connector £3.25 
KB 701 Plastic Enclosure £12.50 
KB702 Steel Enclosure £25.00 
KB710 Numeric Pad £8.00 
KB2376 Spare ROM Encoder £12.50 
DC512 DC-DC Convertor £7.50 

£4.31 
£15.24 -
£30.48 

£9.78 
£14.95 

£9.20 
LATEST ADDITION TO THE RANGE . KB 7 71 71 Station keyboard incorporating sepa rate numertc I cursor control pad and installed incustom-built steel enclosure wtth textured enamel fintsh . Case dtmenstons : 1 7 1/4" X 7'h" X 3 % " . Total wetght 
4Kg . 
PRICE £95 (mail order total £108) 
D25S Connector for KB 7 71 £4.25 £5.46 
Quantity Discounts available · NEW KEYTOP/KEYSWITCH KITS- ACSII CHARACTER SET. 
BRAND NEW SURPLUS 
Pack of 58 keytops and keyswitches comprising 49 " Qwerty" set . TTY 
format + 9 Ed ttl Functton keys 
PRICE £15 (mai l order total £18.98) 

· SURPLUS KEYBOARDS 
KB3 ROM-encoded ASCII keyboard wtth 53 push-button key stat tons . 
TTL-compat ible . Power requirements : + 5V-12V . Constructed on rugged PCB with metal mounttng plate . Supplted wtth full techntcal 
data . Manufacturers surplus . 
ONLY _£35 (mail order total £41.98 ) 

Electronic 
Brokers 
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ELECTRO-TECH COMPONENTS LTD. 
364 EDGWARE ROAD, LONDON, W.2. TEL: 01-723 5667 

TE20D R.F. SIGNAL GENERATOR 

S 
Accurately covers 120 
KCS . To 500 MCS in 6 
bands. 
Di-rectly calibrated . Vari­
able R.F. Attenuator 
240vAC. 
D1mens. 140 x 21 5 x 

· 170mm. • 
£52.95 
P.&P £1.25 

ROTARY STUD SWITCH 
PLESSEY 30 way, 2 bank . 
Single pole. Contacts 1 amp. 

Y7206 EN 
·zo,OOOOPV 

AC Volts : 0 - 10. 50. 
250, 500, 1000. 
DC Volts: 0-0 .5. 5. 
25. 125, 250. 500, 
1000. 
DC Current: 0-0.05, 
5. 250 mA. 

Resistance: 0 -3k ohms, 300k ohms, 3 meg 
ohms. 
Decibels: -20- +63 db. 
Dims: 127 x 90 x 32 mm . 

£10.95 P.&P. 75p 

SOLENOIDS 240V A.C. 
MAGNETIC DEVICES 
LTD . 201b. pull for 

IT 1/2 20,000 OPV 

AC volts : 0 to 10, 50. 
100, 500. 1000. 

. 

DC volts: 0 to 5, 25. 50. 
250, 500, 2500 
DC current 0 to 50 ua 
2.5 ma. 250 ma . 
Resistance : ' 0 to 6 K 

• 

ohms, 6 meg ohms . 
Decibels: -20 to +22 
db. 
Capacitance: 10 pt. 0 .01 
uf 0.1 uf . 

Si,ze:4~;~~~~ inch 

P.&P. 75p 

Pie- add 15% VAT to all 
ordera 

Clllleoa welcome 

TMK500 
MUL TIT ESTER 

30,0000PV 
A sturdy and reliable in­
strument . Has internal 
buzzer . 
AC volts: 0 to 2.5. 10, 
25. 100. 250 . 500. 
1000. 

DC volts : O"to D.25. 1. 2 .5. 10. 25. 100. 
250. 1000.DCcurrent: Oto 50ua, 5 ma. 50 
ma.12amp. 
Resistance: 0 to 6K. 60K, 6 meg, 60 meg . 
Dec1bels : -20 to +56 db. 
Short test : Internal buzzer. 
Size: 160 x 110 x 55 mm . 

£20.50. P.&P. 75p 

BENDIX MAGNETIC CLUTCH 
Dozens of uses 
in Home, Farm, 240v. AC/DC .. 00511 res. J 

Make beloro break . Stop in-
finitely adjustable allowing for __...-:j --._ 

any_ des-ired a. rc_ of travel. Ide. al -~i for instrument and model 
sw1tc h1ng . S1ze 2Yo" d1a . 
overall x 2Ye" deep plus 1% 11 

50 % duty . 1V," -~· . 
travel, push or pull. _ 
Shackle both ends . , • 
Size 134" widex 3%" 
high x 4" long plus 3" . . ·. ~ .. ' · · ... 

We are open 9 a.m .-6 p.m. 
Mon .-Sat. 

We carry a very large seiOCtion 

of electronic components and 

electro-mechanical items. 

1/8H.P. revers-~-
~~e0 J~:r~. ~gt~~ ' .~, . 
1 Ph . cap . start 
cont. rat i~ g . 
Gearinp fi: 1. Final drive ::ipprOx. 280 rpm, %" 
dia. shaft. Size 14u .inc . gearbox x 5 Y2" dia. 
plus cap. and base . New. Robust 

Superb example of 
electro-mechanics. Ma in 
body in two sections, coil 
section fixed with ~" 
sleeve. drive section 
rotatin_g on outer 
perimeter. Uniting plate 
has %" 10 bearing con­
centric with main section 
and 18 -tooth cog 
wheel. Extremely power­
ful transmission . 24V 
D.C. 240m/a. 

i~l' x 1A " dia. spmdle . 
arm travel . 

£3.25. P &P. 50p ~ • . £6.75 + P.&P. £1.00 

HERE IT IS! THE BRAND NEW 8022A 
HAND-HELD DMM 

Consider the following features· 
6 resistance ranges from 200 ohm . 20 mohm. 
8 current ranges from 2mA, 2A ACI DC. 
10 voltage ranges from 200 mv • 1 OOOv DC. 200 
mc-750V AC. 
Pocket size-weighing only 370 gms. 
Full overload protection-will withstand Gkv 
spikes. 
Rugged construction-virtually indestructable. 
Meets tough military specs-drop proof. 
In line push-button operation for single-handed 
useage 
lncorp::>rates low power cmos chip for low power 
consumption 
All1his plus a 2-year full guarantee 

For only £89.00 
Carriage and insurance £3 .00 

Even more sophisticated the Fluke 8020A. 
Identical in most respects 1o the 8022A but in addit ion incorporates a conductance range 
from 2mS-200nS. £

112
_
00 

· 
Carriage and Insurance £3.00 

A handsome soft carrying case is available for the 8020A and 8022A at £7.00 

Special quotations on quant­

ities . 

OFF THE SHELF DELIVERY ON THESE 

_IFLUKEI~ 

DIGITAL MUL TIM EYERS 
Thoo following acceaortes are In atock now 

Y8008 Touch and Hold Probe £18.00 
80K-40 High Voltage Probe £45.00 
81 RF RF Probe to 100 MHZ £32.00 
80T-150C Temperature Probe (C) £55.00 

oo"~f"\~" 

£23.95 Carr. £5 .00 £4:ni: p &P. 75p 

J:r . ar-"i __ _ , 
8010AAND-8012A BEI'iCH -NfODEL D.M.M.s 

·rhe 801 OA is a general purpose, bench I portable digital multimeter with more functions 
and features than ever offered for such a low price . Its companion , the 8012A, has 
identical characteristics except that it has two additional low resistance ranges, 2'0 and 
200 to replace the 801 OA's 10 ampere current range. 
The 8010A and 8012A feature: 
10 '(Oitage ranges from 200mv - 1 OOOv de. 200mv. 75v ac . 
3 conductance ranges f rom 2mS·- 200 nS . 
~Qe;~sJa;~fJranges from 200!l · 20m!l - the 80 12A has two additional resistance ranges 

10 current ranges from 200"A- 2A AC / DC- the 8010A has two additional current 
ranges 1 OA AC and 1 OA DC. . 

801 OA £159.00 8012A £179.00 
Carriage and Insurance £3 .00 

~~~~~~~~~~-available with two rechargeable Nicad size t batteries ins'talled in option 

AURA SOUNDS 
THE WERSI SPECIALISTS 

SOUTHERN SHOWROOM 
at 14/15 ROYAL OAK SHOPPING CENTRE 

-PURLEY. SURREY 
TEL. 01-668 9733 

FOR 

®WEFI!il 
ORGANS 

D.I.Y. KITS 
LPs 

Catalogues and Price Lists~ £1 .00 

NORTHERN SHOWROOM 
at 1 7 Upper Charter Arcade 

Barnsley, Yorks. 
Tel. Barnsley 5248 
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CD4015 
CD4016 

MOS~g:g~~ 
Mainly RCA CD40 1 9 
CD4000 0.15 CD4020 
CD4001 0.17 CD4021 
CD4002 0 .1 7 CD4022 
CD4006 1.04 CD4023 
CD4007 0.18 CD4024 
CD4008 0.87 CD4025 
CD 4009 0.50 CD 4026 
CD4010 0 .50 CD402 7 
CD4011 0 .18 CD4028 
CD4012 0.20 CD4029 
CD 40 13 0.43 CD4030 
CD40 14 0.83 CD4Q31 

0.83 ' C04032 
0.48 C04033 
0 .79 C04034 
0.83 CD4035 
0.50 C04036 
1 .11 C04037 
0 .90 CD4038 
0.82 CD4039 
0 .1 8 CD4040 
0.70 CD404 1 
0.20 CD4042 
1.55 .CD4043 
·0.44 CD4044 

. 0 .77 CD4045 
1.03 .CD4046 
0.50 CD4047 
2.00 CD4048 

0 .89 CD40 49 
1.25 CD4050 
1.71 CD4051 
1.06 CD4052 
2.86 CD4053 
0 .85 CD4054 
0 .96 CD4055 
2 .78 CD4056 
0.97. CD4059 
0.75 CD4060 
0 .69 CD40 63 
0.88 CD4066 
0 .84 CD406 7 
1 .26 CD4068 
1.20 CD4069 
0 .89 CD4070 
0.50 CD4071 

0.50 CD4072 
0 .43 CD4073 
0 .82 CD4075 
0.82 CD4076 
0.82 CD4077 
1.04 CD40 78 
1.t8 CD408 1 
1 .18 CD4082 
4.29 CD4085 
1 .00 CD4086 
0 .98 CD4089 
0 .55 CD4093 
3 .35 CD4094 
0 .20 CD4095 
0 .20 CD4096 
0 .46 CD4097 
0 .20 CD4098 

.0.20 CD4099 
0.20 CD4502 
0.20 CD4510 
1.17 CD4511 
0.39 CD4514 
0 .20 CD451 5 
0 .20 CD4516 
0.20 CD4518 
0.64 CD4520 
0 .64 CD452 7 
1 .39 CD453 2 
0 .80 CD4555 
1 .69 CD4 556 0.78 . 
0.94 MC14528 0 .93 
0.94 'VIC 14553 4 .43 ' 
3.35 
0.98 

Our range 'at Industrial latched Counter Module Kits is now available ready-built. These counters use 
both CMOS and TTL ICs and will save you considerable design, purchasing , building and de-bugging 
time. Each module uses a set of red LEO displays and features a single in-line plug and socket. 
Instructions a re p.rovided . For full detai ls please send for Catalogue. 

Kit 

Kit 

' Our offices are at Cllapel Street, Oxford, but please do nor use this as a postal address 
FAST SERVICE. We guarantee that Telephone Ordeoa for gooda in stock, received by 4 .15 
p .m . (Mon.-Fri .) will be disp.tched on tha .. me day by 1st Claaa Post (aome heavy items by · 
parcel post) and our stocking is good. Private customen should telephone and pay by giving 
tj>eir Ace;••• or Bilrcla_ycard n11mber wi'h 11 minimum. valu'! l>f £5. Official ordan no mlnim.um-. OfflcW o"'-. C ........ nlea, Oovt .. N-. Indio.; end Unlva. 
ORDERI: C.W .O. add VAT at8% + 35p p&p. TELEPHONE and CREDIT invoiced ORDERS add VAT 
at 8% + GOp p&p minimum charge (the balance will be charged at cost). Please send FAST 
SERVICE . EXPORT ORDERS wejcome. no VAT but add 10% (Eu rope) . 15% (Overseas) for Air Maol 
p&p. For export postage rates on heavy items - contact us fi rst . 

~~~m~· ~~N:~i 75C oxFORD~ j J : i i ~ ! 
Tel : 08G5 49791 

~· - - - . . j 

AsIa ca:m~onant anai'VSier: the 
Su~;Uvatn AC5555 ta;l<es some beating. Stmply 
slot the component into the Jig and watch 
the equipment select the correct range 
and function and provide a read-out of the 
correct value ... automatically, It's as 
simple as that 

However, couple the AC5555 with the 
AC5557 Digital Limit Comparator and you've 
got a rea9Y made system for large batch 
testing of components. Just set the upper 
and lower limits and the equipment will 
indicate low, high or pass for the component. 

Simplicity, accuracy and reliability 

Get in touch with ustodav, and we'll 
tell vou the full facts about our equipment 
for automatic component te.sting .. 

(Sullivan) 
HWSullivan Ltd 
Archcliffe Road, Dover, Kent CT17 9EN. 
Tel: (0304> 202620. Telex: 96283. 

-no more than you would expectfrom Sullivan. J. ThornMea~~rement&ComponentsDivlsion 
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PRECiSION DIAL GAUGES John Bull No.6 sP,ries 1. 01mm. £6 P.P. 50p . . 
COAXIAL CRYSTAL DETECTORS. (Marconi-Saunders). 200 MHZ-12 GHZ. £7 .50 
FIBREGLASS COPPER-CLAD BOARD 
9x4Y:zx1/16in. 40pP&P lOp 
9x6x 1/ 16in. 5()p P&P 15p 
9x4 Y2x 1 I 1 6in . (double sided) 50p P&P 1 Op 
9x6x 1 /16in. (double sided) 65p P&P 1 Op 
15x15x1 I 16in. (double sided) £2.50 P&P 50p 
OFF-CUT PACitS. 150 sq. ins. £1 P.P. 25p,. 
LOW PROFILE RELAY,S (ZETTLER) P.C. 
Mounting. 6v or 12v. D.C. 
1 f'. c/o 50p. P&P 1 Op. 
2 P. c/o. 75p. P&P 1 Op. 
4 P. c;/o. £1. P&P 1 Op. 
TRANSISTORISED BRIDGE MJ:GGERS (500v.) 
Ex P.O. Good condition. £20. P&P £2. 
PLUG-IN _(CRADLE) RELAYS 6/12/24 / 48V.W. 
2 P. c/o. 65p. P&P 1 Op 
4 Pc/o. 85p. P&P lOp 
BASES 1 Op each 
P.A.R. BI-STABLE RELAYS. 24v d c. 4 c/o £1 P.P. 15p. 
U.H.F. COAXIAL CABLE (white) Double screened. 
Lab. quality 100m. drum £10 p.p. £1.50. 

MULTICORE CABLES 
10 CORE CABLE 10 x 7/76 (10 colours) P.V.C. 
O.D. 7m.m. 1 Om-£2 50m-£8.50: 1 OOm-£16 . P&P 2p per metre 
10 PAIR RIBBON CABLE 
10 x 7'176 tWisted pairs. p.v.c. 
Forming 18 m.m. wide loom . Polarised. 
1Om. - £3; 50m- £1 3. 50; 1OOm - £25 . 
18 PAIR RIBBON CABLE 1Sx2 core P.V.C. 
Double sheathed forming 2in wide strip 
10m-£3; 50m-£13.50; 100m-£25. P&P 2p per metre. 
18 CORE SCREENED OVERALL, black p.v.c-:- outer. 
18 x 7176 colour coded o.d . 7 m.m. 
10m- £4; 50m- £30; 100m- £50. P&P 2p / metre, 
E.H.T. MODULES (resin encapsulated, in metal box!' · 
i/p 240x.50hz. o/p 13.7 kv.@ 7 watts (150x95x72m.m.) £10 P.P. £1. 
P.C. EDGE-CONNECTORS 
32 way(. 1 pitch) finished end 49p P&P 1 Op 
56 way (.1 pitch) cuttable 65p P&P 15p 
64 way (.1 pitch) cuttable 75p P&P 1 5p 
Mounting pil!ars for 56 I 64 way 15p per pair. 
H.D. THYRISTORS on deep finned heat sink. 
65 amp@ 200 p.i.v . £3. P&P 50p. . . 
'DRYFIT' RE-CHARGEABLE BATTERIES (Lead/Acid) 
Ex. Equip . Good conditi!Jn. tested 
6v@ 2.6 A. H. £2.50 P&P 50p 
6v@ 6 A. H. £3 .50 P&P 75p 
6v@ 7.5 A. H. £5.00 P&P 75p 
STEP-DOWN TRANSFORMERS. Double wound . 
Input 200/240v. Output 115v@ 20 amps . 
Fused output. £22.50. P&P £2 .50 . 

J. B. PATTRICK 
- - 1 !ff 1 193 London Roaa-· ·- ·---

Romford, Essex RM7 9DJ 
_ Romford 44473 . 

NEW Modern 
home study courses 

in electronics. 
Complete Self-sudy training in:-

1) Basic practical electronics - curcuit diagram 
masters- building oscilloscope and other test 
gear. 
2) Training for Radio Amateur Licence. 
3) Training for City & Guilds and other 
professional examinations. 
a) Servicing and maintenance of Radio, T.V. 
and other electronic equipment. 
b) Digital electronic and Computer technology. 

-------------------------, Brochure, without obligation to:- vvwv ; g 

British National Radio & Electronic 
School P.O. Box 156, Jersey, Channel Islands 

NAME ----------
I 
:ADDRESS 
I 
I --··---- · · - -------··- (Block caps please). 
L-------------------------------~ Specialists in electronic training. 

Established over 40 years. 
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WIRELESS WORLD, SEPTEMBER 1979 

practical up-to-date SAMS BOOKS 
for radio enthusiasts 

Wilham I. Orr 
RADIO HANDBOOK 

21st Edition 
This new edition of William Orr's famous 

communications handbook has been thoroughly 
revised. Among the new material in the twenty-first 

edition is a greatly enlarged ·section on 
semiconductors and IC circuit design. 

£12.70 $26.35 1,136 pages hardback 672-24034-3 

REFERENCE DATA FOR RADIO ENGINEERS 
6th Edition 

A favourite with radio engineers si nee the first 
edition, the sixth edition of this comprehensive 
book contains three new chapters on active filter 

design, optoelectronics and optical communications. 
£19.50 $40.50 1,344 pages hardback 672-21218-8 

Prices are correct at the time of going' to press but may be subject to change. 

Book orders and enquiries These titles are available 
from your uswal bookseller. In cases of difficulty and 

forfurther information please contact the 
Marketing Services Department at the address below 

Prentice/Hall 131 International 

66 Wood Lane End, Hemel Hempstead, Hertfordshire, England 

Full range available tci replace 1. 5 volt dry cells an-d 9 volt PP type . 
batteries, SAE for lists and prices . £1.25 for booklet . "Nickel 
Cadium Power, .. plus catalogue. 

" Write or call at : 

SANDWELL PLANT LTD. 
2 Union Drive. Boldmere 

Sutton Coldfield, West Midlands 021-354 9764 
See full range at TLC. 32 Craven street, Charing Cross, London 

WC2 . 
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SINCLAIR PRODUCTS. New 1OM Hz scope poa . 
PFM200 £52.69, case £3.40, adaptor £3.40, 
connector kit £11.27. Microvision TV UK model 
£91.44, mams adapto r £6.BB. PDM 3 5 £29.76, 
mains adaptor £3.40. case £3.40. DM350 £71.B2, 
DM450 £102.1 7, DM235 £52.66, rechargeable 
batts £7 .99, ma ins adaptor £3.94, case £9. 
Enterprise prog calculator with accessories £23.37. 
COMPUTER GAMES Star Chess £82, Chess 
Champion 6 £94, Chess Challenger 7 £91, Chess 
Challenger 10 £152.50, Voice Challenger poa 
Checker Challenger 2 £46. Checke r Challenger 4 
£88. Atari video computer £147, cartridges £14.32. 
COMPONENTS 1N4148 1.4p. 1N4002 3.1p, 
741 1Bp, bc182b , bc183b. bcl84b , bc212b 
bc2 1 3b. bc2 1 4c Sp, resistors 'A W 5% E 1 2 1 OR to 
1OM 1p, 0.8p for 50+ of one va lue. 1 6V elec­
tr olyti cs .. 5 / 1 /215/ 10 / 22uf 5p, 100uf 6p, 
1 OOOuf 10p. 1 lb FeCI £1.20, dalo pen 84p, 40 sq 
ins pcb 84p, polystyrene capacitors E 12 63V 10 to 
1 OOOpf 3p, 1 n2 to 1 On 4p, ceramic capacitors 50V 
E6 22pf to 47n 2p, zeners 400mW E24 2v7 to 33v 

BATTERY ELIMINATORS 3-way type 717'h. 19v 
300 ma £3. 14. 1 OOma radio type with press-studs 
9V £3.57. 9V+9V £4.79. Car convertor 12v inpui. 
output 4Y, 1617Y,I9v 800 rna £2.88. 
BATTERY ELIMINATOR KITS 1 OOma radio types 
with press·studs 4Vl\l £1.49, 6v £1.49, 9v £:1.49, 
4 '/,V+ 4 111v £1.92. 6+6v £\.92, 9+9v £1.92. 
Stabilised 8-way types 314Y,I61741 SI 12 1 151 
18v 1 OOma 2-98, 1 Amp £1.B1, Stabilised power 
kits 2-18v 100ma £2.98, 2-30v 1A £7.40. 2-30v 
2A £1 1 .88, 12v car convertor 617 !hI 9v 1 A £1 .44. 
T-DEC AND CSC BREADBOARDS s-dec £4.05, 
1-dec £4.28. u-deca £4.88, u-decb £7. 18, 1 6 dil 
adaptor £2.31, exp4b £2.84. exp300 £8.61, 
exp350 £3.62, exp325 £1.84. 
BI-PAK AUDIO MODULES s450 £24.03, AL60 
£4.97, PA100 £17.33, spm80 £4.57, bmt80 
£6.0B, stereo 30 £20.57, AL30 £4.04, PA 12 
£7.77. PS 12 £1.42, MA60 £38.23. 

7p,presetpotssubmin0 .1W100to4M77.2p. r--------------i 
TV GAMES AY -3- 8500 + kit £9 .53. Rif le kit 
£5.27 . AY-3-861 0 + kit £16.51. Stunt cycle chip+ 
ktt £16.72. AY- 3-8603 chip £9.48. 
TRANSFORMERS 6-0 -SV 1 OOma 76p. 1 Y>a 
£2.50. 6 3V 1 Y1 a £2.01, 9-0-9V 75ma 76p, 1a 
£2.12, 2a £2.77. 1 2-0-12V 1 OOma 92p, 1 a £2.85 . 
IC AUDIO AMPS with pcb . JC 1 2 6W £2.0B. JC20 
10W£3.14. 

SWANLEY ELECTRONICS 
Dept. WW: 32 Goldael Rd .. Swanlay. Kant. 

r'ost 30p ext ra . Pr1c es include VAT . Official and 
ov~r~eas orders w:lcome. l ists ~Op. P?~t ~~ee 

WIRELESS WORLD. SEPTEMBER 1979 

YOUR LAST CHANCE 
to obtain Wireless World 
Circards. we still have some copies of the original Wireless _ 

World circuit cards, even . 

Micropower circuits 11 Basic logic gates 
12 Wideband amplifiers 13 Alarm 
circuits 14 Digital counters 15 P~lse 
modulators 16 Current differencing 
amplifiers-signal processing 17 Curr~nt 
differencing amplifiers-signal generat1on 
18 Current differencing amp lifi ers -
measurement and detection 19 Monost-
able circuits 20 Transistor pairs 21 
Voltage-to-frequency converters 22 
Amplitude modulation and detection 23 
Reference circuits 24 Voltage regul~tors 
25 RC oscillators - 1 26 RC oscillators 
- 2 27 Linear cmos- 1 28 Linear cmos 
- 2 29 Analogue multipliers 30 Rms/ 
log/power . laws 31 Digi~al mul~ipliers 
32-Transistor arrays 33 D1fferent1al and 
·bridge amplifiers 34 Analogue gat~ a~pli-
cations- 1 35 Analogue gate appl1cat1ons 
~ 2 

·though the companion 
bound volumes 

, Circuit Designs 1. & 2~~ 
·. are out of print. Fill 

the gaps in your 
circuit files with these 

sets of 5 x Bin: 
(127 x 204mm) 
cards in plastic 

wallets - and at· 
1976 prices! 

These unique circuit 
cards normally contain 

descriptions and 
performance data of 1 0. 

tested circuits, together . 
with ideas for modifying· 

them to suit special~ 
needs~c 

*The two out~of-print volumes 
contained sets 1 to 1 0 and 11 to 20 
of Circards. 

1 Basic active filters 2 Switching circuits , comparators and 
Schmitts 3 Waveform generators 4 AC measurements 5 
Audio circuits 6 Constant current circuits 7 Power 
amplifiers 8 Astable circuits 9 Optoelectronics 10 

P~-----•-••••••-------~, I To: General Sales Department, IPC Electrical-Electronic Press Ltd., I I Room CP34, Dorset House;. Stamford Street, London SEl 9L~ . I 
I I I Please send me the following sets of Circards: 1 
~ £2. ~~~h.- £is ·f~~·t·e~,"i~~i~~i~~.· .. ... .. .. ....... .. . . ......... ~- . . . . -· I 
I I enclose cheque/money order for£ I I Make cheques payable to IPC Business Press Ltd. I 
I Name ..... . . .. .... . ......... .... ... .... . ... .. . .... .... · · · · I 
I Address ... ...... ............ ....... . ... .. . . ......... , . . . . . . I 
I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 
I , I 
I company registered in England. Registered address,.Dorset House, I I Stamford Street, SEl 9LU, England. Registeted Number 677128 1 ......................... ______________________ .. 
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VALVES Minimum VALVES VAT 
Order £1.00 IS INCLUDED 

£ 
A 1065 1.40 EL82 0.70 PY80 0.70 5U4G 1.05 6L6GT 1.75 20P5 1.15 
A2293 8.50 EL84 0.90 PY81 1800 0.65 5V4G 0.75 6L7G 0.75 25L6GT 0.90 
A2900 8.00 EL86 1.05 PY82 0.55 5Y3GT 0.75 6L18 0.70 25Z4G 0.70 
AR8 0.70 EL90 1.45 PY83 0.60 5Z3 1.15 6L020 0.70 30C15 1.15 
ARP3 0.70 EL91 1.80 PY88 0.75 5Z4G 0.80 6Q7G 0.90 30C17 1.25 
ATP4 0.60 EL95 0.80 PY500 1.60 5Z4GT 0.85 6SA7 0.66 30C18 
B12H 3.35 EL504 0.90 PY809 8.45 6AB7 0.70 6SG7 0.85 see PCFB05 
CY31 1.15 EL802 1.70 PYBOI 0.70 6AC7 0.70 6SJ7 0.80 30F5 1.15 
DAF96 0.70 EL821 5.05 QQV03-l 0 2.80 6AH6 0.80 6SJ7GT 0.60 30F12 1.36 
OET22 21.95 EL822 5.05 QQV03-1 2 2.80 6AK5 0.85 6SK7 0.70 30FL2 1.60 
DF96 0.70 EM31 0.85 QQV06-40A 6AK8 0.60 6SL7GT 0.85 30FL14 2.05 
DK96 1.05 EMBO 0.70 15.75 6AL5 0.45 6SN7GT 0.85 30L15 1.15 
OH76 1.00 EM81 0.70 QV03-12 2.80 6AL5W 0.80 6SQ7 0.85 30L 17 1.15 
DL92 0.60 EM84 0.45 SCI 1400 4.50 6AM5 1.80 6V6GT 0.90 30P12 1.15 
OY86/87 0.65 EM87 1.15 SCI/600 4.50 6AM6 0.75 6X4 0.70 30PLI 1.15 
DY802 0.65 EY51 0.55 SP61 0.95 6AN8 0.95 6X5GT 0.65 30PL13 1.25 
E55L 8.45 EYBI 0.55 TI21 12.65 6AQ5 1.05 6Y6G 1.10 30PL14 1.25 
EBBCCIOI 1.50 EY86187 0.65 U25 1.15 6AQ5W 1.45 6Z4 0.75 35L6GT 1.15 
E180CC 1.50 EY88 0.65 U26 0.95 6AS6 0.90 6-30L2 1.95 35W4 0.80 
EIBOF 6.75 EZBO 0.55 U27 1.15 6AT6 0.85 787 0.90 35Z4GT 0.80 
E182CC 3.95 EZBI 0.70 U191 0.85 6AU6 0.45 7V4 0.90 50C5 1.35 
EA76 2.25 GY501 1.05 U281 0.60 6AV6 0.60 902 0.70 50C06G 1.35 
EABCBO 0.60 GZ32 0.75 U301 0.60 6AX4GT 0.90 906 0.85 75 0.90 
EB91 0.45 GZ33 3.95 U600 5.10 6AX5GT 1.16 IOC2 0.70 75Cl 1.15 
EBC33 1.15 GZ34 2.25 UBOI 0.90 687 0.85 I OF IS 0.70 76 0.90 
EBFBO 0.60 GZ37 2.80 UABCBO 0.70 6BA6 0.45 IOP13 0.70 78 0.90 
EBF83 0.60 KT66 5.75 UAF42 0.85 6BE6 0.60 I I E2 12.40 80 0.85 
EBF89 0.60 KT88 7.20 UBFBO 0.65 6BG6G 1.15 12A6 0.70 B5A2 0.85 
EC52 0.45 MH4 1.15 UBF89 0.60 6BJ6 1.25 12AT6 0.55 723AIB 2.70 
ECCBI 0.65 ML6 1.15 UBLI 1.15 6BQ7A 0.70 12AT7 0.65 803 14.40 
ECC82 0.60 N78 10.15 UBL21 0.85 6BR7 2.60 12AU7 0.60 805 6.75 
ECC83 0.65 OA2 0.65 UCC84 0.70 6BW6 3.10 12AV6 0.80 807 20.25 
ECC84 0.50 082 0.70 UCC85 0.75 6BW7 1.15 12AX7 0.60 813 1.15 
ECC85 o.eo PABCBO o.eo uCF60 0.90 6C4 0.70 12BA6 o.eo 8298 ii.85 
ECC86 1.40 PC85 0.60 UCHBI 0.70 · 6C6 0.70 12BE6 1.25 832A 7.35 
ECCBS 0.70 PC86 0.95 UCL82 0.85 6CH6 5.05 12BM7 0.70 866A 5.10 
ECC189 0.90 PCBS 0.85 UF41 0.90 6CL6 1.70 12CB 0.65 931A 3.15 
ECFSO 0.60 PC900 1.40 UF80 0.55 6CY5 1.00 12El 4.80 954 6.75 
ECF82 0.55 PCC84 0.75 UF85 0.60 606 0.85 12K5GT 0.50 955 0.60 
ECFBOI 0.90 PCC89 0.65 UL41 0.85 6EA8 0.90 12K7GT 0.70 956 0.65 
ECH34 1.15 PCC189 0.75 UL84 0.85 6F6GB 0.85 12KBGT 0.80 957 0.60 
ECH35 1.70 PCFSO 0.90 UMBO 0.70 6FBG 0.75 12Q7GT 0.60 1625 1.00 
ECH42 0.95 PCF82 0.45 UM84 0.70 6F12 0.90 12SC7 0.65 1629 1.15 
ECHBI 0.55 PCF84 0.75 UY82 0.65 6F14 0.95 12SH7 0.80 2051 0.80 
ECH84 1.15 PCF86 0.75 UY85 0.60 6F15 1.15 12SJ7 0.65 5763 1.15 
ECLSO 0.70 PCF200 1.05 VR 105130 2.05 6F17 1:15 12SQ7 . 0.65 5842 2.25 
ECL82 0.65 PCF201 1.05 VR 150130 1.40 6F24 1.00 12Y4 0.45 5933 7.30 
ECL83 1.40 PCF801 1.15 Z66 1.05 6F33 4.75 1306 0.70 6057 3.45 
ECL85 0.75 PCF802 0.75 X61M 1.70 6H6 1.05 HS7 1.15 6060 0.95 
ECL86 0.85 PCF805 2.05 ZBOOU 3.40 6J4WA 2.00 19AQ5 0.85 6064 0.95 
EF37A 1.80 PCF806 0.95 ZBOIU 3.90 6J4 1.35 19G3 11.25 6065 0.95 
EF39 3.30 PCFBOS 2.05 Z900T 2.50 6J5GT 0.85 19G6 6.75 6067 1.35 
EF4D 0.80 PCH200 0.90 IA3 0.70 6J6 0.60 19H5 19.15 6080 4.80 
EF41 0.85 PCL81 0.70 IL4 0.50 6J7 0.85 2001 0.70 6146 4.95 
EFBD 0.45 PCL82 0.75 I R5 0.65 6J7G 0.60 20F2 0.70 61468 5.10 
EF83 1.70 PCI84 0.80 154 0.45 6K7 0.80 20Ll 1.15 6360 2.25 
EFB5 0.45 PCL86 0.80 I 55 0.45 6K7G 0.45 20P1 0.45 
EF86 0.55 PCL805 185 IT4 0.45 6K8GT 0.65 20P3 0.60 
EF91 0.65 0.85 IU4 0.80 6L6M 2.15 20P4 1.25 
EF92 0.75 P0500 3.65 IX2B 1.25 
EF95 0.85 PFL200 2.80 2021 0.65 POSTAGE: £1-£2 20p; £2-£3 30p; £3-EF183 0.65 PL36 0.90 2K25 12.95 
EF184 1.80 PLBI 0.85 2X2 0.90 £5 40p; £5-£t0 60p; over £10 free. 
EF804 2.25 PL82 0.60 3A4 0.70 VIDECON TUBE TYPE P863B EFL200 0.85 PL83 0.60 306 0.50 
EH90 0.70 PL84 0.75 3021 23.00 English Electric - £20 
EL32 1.00 PL504 1.60 3S4 0.60 
EL34 2.95 PL508 1.50 3V4 0.95 
EL37 3.40 PL509 3.65 581254M 8.45 SPECIAL VALVES AND EL38 4.50 PL802 3.15 . 58 !255M 8.45 
EL41 0.90 PLLBO 3.40 58 I 258M 8.45 VALVES TRANSISTORS 
ELBI 1.20 PY33 0.70 5R4GY 1.25 4CX 1000A YL 1420 Telephone enquities for 

WE CAN-ACT AS YOUR 
4CX 5000A YL 1 430 valves . transistors. etc : retail 
BM 25L YL 1440 749 3934. trade and export 

743 0899 

CONSULTANTS 
for MICRO COMPUTERS 

HIGH VACUUM VARIABLE CAPACITORS- cera moe 
envelopes- UC 1 000Ai201150~VMMHC 1000 60-
lOOO~F. 20kv·150A RF max=27MHz. 

& TEST EQUIPMENT TEST SET FT2 for testing Transce1vers A40. A4 1. A42 
and CPRC26 
UNIVERSAL WIRELESS TRAINING SET No 1 Mk 2 

TELUROMETER MR:A3 DISTANCE MEASURERS VA 8316 to train 32 operators simultaneously on key and 
LOW RESISTANCE HEADPHONES TYPE CLB phone . Complete instal lation conststs of 3 k1ts packed in 3 
£1.50. 40ppostage. VAT 12V,%. spec1al transit cases 

HARNESS "'A" & "B" CONTROL UNITS "A" "R" 
WANTED ''J1 .... J2,'" Microphones No 5, 6 , 7 connectors. frames. 

earner sets etc 

AR 88 RECEIVERS THYRATRONS GLASS ENVELOPE. ·MIL 5948 / 
1754.Us25KV.TAI.25A P-12 .5M 

Phone for our IGNITION BK 484/5552A. Max I 200 KVA Anode 
Current 140A 

exceptionally high 
offer. COLOMOR 

36' AERIAL MASTS consisting of 6 sections 6 · a·· X (ELECTRONICS LTD.) 2%" dia . Complete with all accessories to erect and 
instal 170 Goldhawk Rd., London W .12 

FOR EXPORT ONLY Tel. 01-743 0899 
Mullard C11. High power installation, 
1 OOOW Technical details and pnces Open Monday to Friday 
available on request 9-12.30, 1.30-5.30 p.m. 

PPM2: PEAK PROGRAMME METERS 

; * Approved by broadcasting au)horities in the U.K. and overseas for critical programme 
mon1tonng. 

* Reviewed Studio Sound September, 1 g76. Meets IEC268-1 OA, draft BS5428·g . 
* Accurate law a1 and between all PPM marks with minimal preset adJustment. Marginal 

· adjustment is retamed to allow compensation for the tolerance 1n scale markmgs 
between meter manufacturers and different meters from the same maker. 

* Decay matching of all boards allows use with twin movements without pairing * Flat frequency response at all PPM marks and also below minimum calibration point. 
* Gold plated connector and floating input protected against mains or static voltages on the 

Signal lines. Supply 1nput protected aga1nst reverse polarity 
* Close tolerance components with excellent temperature and ageing characteristics used 

throughout. 
* Soak tested bards . Ernest Turner meter movements 642, 643 and TWIN flush mounting 

adaptors and 1llummat1on k1ts from stock.Scalings available)/. 7. IEC268 1 OA Type 11 a: 
-12T /TEST I+ 12 Type 11 bused by EBU and conforming to CCITT recommenda1ion 
N15 (1 972) but not recommended by us except for EBU and measuring instrumenis 

S1ereo Disc Amplifier 2 * 10 Outle1 Distribution Amplifier 2 * Stabilizer *Peak Devia1ion 
: Meter* Chart Recorders . . 

SURREY ELECTRONICS 
The Forge. Lucks Green, Cranleigh, Surrey GU6 7BG. Tel: (04B66) SBB7 

WIRELESS WORLD, SEPTEMBER 1979 

BRITISH MOTOROLA 6800-6809 COMPUTER SYSTEMS 
6800S, the world's most powerful 6800/6809 computer kit. Basic kit has 
16K ram, Mikbug type monitor, cuts + high-speed tape interface, power 
supply, full Querty keyboard, mem . mapped VDU with u/1 case, graphics, 
scrolling, spare ACIA and PIA. Addon 16K ram kit, disc available. All on a 
single board. From £275.00. 

Mini 6800 System. A very versatile system based on several 1 OOmm x 
27 5mm PCBs. The basiC kit contains the CPU + cuts card and VDU card and 
costs £127.50. Add to this: 8K RAM + 5EPROM card + calculator 
(MM571 09) card + Errom programmer card + multifunction input-output 
card and you have a do anything system. Microcase: our own big ABS case 
to house a 6800S or Mini. £29.00. 

All prices exclude VAT and postage. Send stamped addressed envelope, 
please, for, leaflets. 

HEWART MICROELECTRONICS 
95 BLAKELOW ROAD, MACCLESFIELD, CHESHIRE 

WW- 100 FOR FURTHER DETAILS 

FOTOLAK 
POSI!IVE LIGHT SENSITIVE AEROSOL LACQUER 

Enables YOU to produce perfect printed circuits in minutes·! 
Method Spray cleaned board with lacquer. When dry, place positive master of 
required cirouit.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. 

FOTOLAK 
Developer 
Ferric Chloride 

£1.50 
30p 
40p \ 

Pre-coated -1 I 16 Fibre-glass board 
204mm x 114mm £1.50 
204mm x 228mm £3.00 
4d8inm x 228mm £660 

. 467mm x 305mm £9.00. · 

Plain Copper-clad Fibre-glass. Single-sided ·. 
Approx. 3 .18mm thick sq .. ft £1.25 
Approx. L.OOmm thTc·k sq. ft. £2 .UO 
Approx. 1 .00mm thick sq . ft . £1 .50 
Clear Acetate Sheet for making master, 260mm x 260mm 

Double-sideCt 
£1 fiO 
£2.25 
£1.75 

- 1:Tii 

Postage and packing 65p per order. VAT 15% on total 

G. F. MILWARD ELECTRONIC COMPONENTS LIMITED 
369 Alum Rock Road, Birmingh-am BS 3DR. Telephone: 021~327-2339 

FOR TESTING AMPLIFIER QUALITY 
YOU NEED A SIGNAL WITHOUT DISTORTION 

We do not claim our Model 
A0146 Signal Generator is 
distortion less. 
However it is so low (:0015%) 
that only the most sophisticated 
Analyser can detect it. 

Spec. Sine wave distortion below .001 5% output lv 
rms. Freq . coverage 1Ohz-1OOkHz Coarse and fine 
attenuation into 600 ohms. Sqt,~are wave 
alternative. 

TELERADIO ELECTRONICS 

( 

£36.00 
Tax extra 15% 
0 .P. £1.50. 

325 FORE STREET, EDMONTON, LONDON N9 OPE 
01-807 3719 Closed Thursdays . S.A .E. for lists. 

WW- 105 FOR FURTHER DETAILS 

SIGHT for sore eyes 
STICKlES are printed self-adhesive labels 
that stick to the top of ICs. They turn a 

'
f!IJ!If!ll!l~f~~- board-full of ICs into a working circuit dia· 

gram! See at a glance where to place your 
soldering iron ortest probe . Use STICKlES for 
building and de-bugging prototypes, fault­
finding, experimenting, teaching - even 
designing PCB layouts. 

STICKlES come in handy-size packs for 7400- or 4000-series ICs . Each. 
pack contains a sensible mix of more than 60 differentiC types . 

1 20-label packs BOp. 
480-label packs £2.80, 2-10 packs £2.50 each, 11 + £2.20 each . 
Prices include 15% VAT and first-class postage. 
Please state whether TTL or CMOS required. 
Official orders welcome. 

Let others suffer the sore eyes-try a pack of STICKlES and see the differenc_e. 

For your STICKlES by return of post, contact CONCEPT ELECTRONICS, 

8 Bayham Road, Sevenoaks, Kent, TN13 3XA (0293 514110). 

WW-051 FOR FURTHER DETAILS 
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~ U.K. RETURN OF PO.ST MAIL ORQER SERVI~E, ALSO WORLDWIDE EXPO.RT SERVICE 
BSR DE LUX,E AUT~CHANGER 
Plays 12", 10" or 7" records, 
Auto or Manual. A high quality 
unit backed by BSR reliability. 
Stereo Ceramic Cartridge. AC 
200/250V. Size 13Y,. t 1 V..in. 
3 speeds. Above motor board 
33,4in. Below motor board 2Y,in. 
with Ceramic Stereo cartridge. 

£~0.00 Post £1 .60 

METAL PLINTHS ONLY 
Cut out for most BSR or Garrard decks. Post £1.60 
Silver grey finish. 
Model "A·· Size 14\12 x 12\12 x 3in. 

Model '"B" Size 16 x 13'.4 x 3in. 
TINTED PLASTIC COVERS ONLY 
Sizes: 14Y, X 12\12 X 4\4in . £3.50. 
15\4 X 13\12 X 4in . £4.18 X 13\4 X 4in. £6. 
17\4 X gy, X 3Y,in. £l. 1 B X 12Y, X 3in. £6. 

£3.50 
£4.50 

14\12 X t4% X 2Y,in. Rosewood sides £4. Post £1 .60 
Ideal for record 

Ideal replacement or disco deck 
with cueing device and stereo 
ceramic cartridge. 3 speeds. 
Large turntable, mode_rn design 

TWD-SPEED BUDGET MODEL £15. 

VOLUME 
CONTROLS 

5kQ to 2MQ. LOG or LIN. 
Ll S lSp. DP 60p. 
,Stereo L/S 85p. DP 

80 Ohm Coax 
:FRINGE LOW LOSS 15p yd. 
PLUGS 10p. SOCKETS 10p. 

£1. 
45p. 

LINE SOCKETS 25p 

Edge Pot 5K. SP 
OUTLET BOXES BOp 
"300 ohm FEEDER.5p yd. 

EMI l3Yz X Bin. LOUDSPEAKERS 
With tweeter and 
crossover. 10 watt 
3 or S ohm 

£9.95 
Post 75p 

, Bass woofer only 
8 ohm. 15 watt . 

£10.95 
Post 75p 

Bass wooferonly . £-·11 9 5 • 15 ohm. 20 watf. • . Post 75p 

Suitable Bookshelf Cabinet 
T_eakfinish. ForE~ I 13 x. 8 speakers. 
,Size 16 x 11 x B inches approximately. 

THE"IN 
Suitable for cassettes, and all sizes of tape 
reels. A.C. mains 200/250V. Leaflet S.A.E. 
~Wfll also demagrietise small tools · ·- £6 
·Head Demagnetiser only £5.00 

£8.50 
Post £1.60 

RELAYS. 12V DC SSp. 6V DC8Sp. 240V AC 9Sp. 
BLANK ALUMINIUM CHASSIS. 6 x 4-95p; 8 x 6-
£1.40; 10 X 7-£1.55; 12 X 8-£1.70; 14 X 9-£1.90; 16 X 

6-£1.85; 16 x 10-£2.20. ANGLE ALl. 6 x '14 x %in-20p. 
ALUMINIUM PANELS. 6 x 4-24p; 8 x 6-3Bp; 14 x 
3-40p; 10 X 7-54p; 12 X S-70p; 12 X 5-44p; 16 X 

6-70p; 14x9-94p; 12x 12-£1; 16x 10-£1.16. 
PLASTIC AND All BOXES IN STOCK. MANY SIZES 
VARICAP FM TUNER HEAD with circuit & connections 
Some technical knowledge required £4.95. 
TAG STRIP 28-way 12p. 
TAPE OSCILLATOR COIL. Valve type, 35p. 

MAINS OPERATED SOLID STATE 
AM/FM STEREO TUNER 

·2001 240V AC Mains. 
F.M./A.M. Stereo Tuner. 

•Covering M .W., A.M. 540-
1605KHz V.H F., F.M. 88-
10SMHz. 
Ferrite rod aerial for M.W. 
Full AFC and AGC on A.M. 
and F.M. Stereo Beacon 
Indicator. Built-in Pre-amps 
with variable output adjust-
able by pre-set 

control. Max. o/p Voltage 600mV R.M.S. into 20K. Simulated 
Teak finish cabinet. Will match almost any amplifier. Size 8 1.4in 
wide, 4in. high x gy,in. deep approx. £28 
Only Post £1.60 

RCS SOUND TO LIGHT KIT Mk. 2 £18 
Kit of parts to build a 3 channel sound to light unit 
t ,000 watts per channel. Suitable for home or disco. Post 50P 
Easy to build. Full instructions supplied. Cabinet £4.50 extra . 
Wiifoperate from 200MVto 1oowat!.51gnal. 

RCS "MINOR" ·10 watt AMPLIFIER KIT 
This kit is suitable for record players, guitars, tape playback, 
electronic instruments or small PA systems. Two versions 
available: Mono, £12.50; Stereo, £20. Post 45p. Specification 
10W per channel; input 1 OOmV; size SV2 x 3 x 2in, approx. SAE 
details. Full instructions supplied. AC mains powered. 
Input can be modified to suit guitar. 

R.C.S. STEREO PRE-AMP KIT . .All parts to build this pre-amp. 
Inputs for high, medium or low imp per channel. 
With volume control and P.C. Board £2.95 
~<_ln be ganged to make multi-way stereo mixers Post 35p 

MAINS TRANSFORMERS 
250-0-250V 70mA, 6.5V, 2A . . . . . . 
250.0-250V SOmA, 6.3V 3.5A. 6.3V 1A 
350.0-350V SOmA, 6.3V 3.5A, 6.3V 1A . ... 
300.0-300V 120mA, 2X6.3V 2A C.T.; 5V 2A 
220V 45mA, 6.3V 2A .................. . . 
HE,\TER TRANSFORMER 6.3V 1/, amp £2. 3 amp 

ALL POST 75p. 
.. £3.45 

. £4.SO 
£5.80 
£8.50 

. £1.75 
£2.20 

•GENERAL PURPOSE LOW VOLTAGE. Tapped outputs available 
2 amp. 3, 4, 5, 6, 8, 9, I 0, 12, 1 5, 18. 25 and 30V ... 
1 amp. 6, 8, 10, 1 2, 16, 18, 20, 24. 30, 36, 40, 48, 60 
2 amp. 6, 8, 10, 12, 16, 18, 20, 24, 30, 36, 40, 48, 60 
3 amp. 6, 8, I 0, 12, 16, 18, 20, 24, 30, 36, 40, 48, 60 
5 amp. 6, 8, I 0, 12, 16, 18, 20, 24, 30, 36, 40, 48. 60 

12V, 100mA . . £1.30 
12V, 750mA £1.50 
1 0-0.1 OV 2amp . £.300 
30V. 5 amp and I 7V-0-1 7V, 
' 2 amp . £4.00 
_0, 5, 8, 10, 16V, 'fz amp . £2.50 
9V. 3 amp £3.50 

. 25-0-25V 2amp · £4.50 
30V, 2 amp £3.50 
30V, 1 v, amp .. . £3.30 

2o'/4ov. 6ov. ;' arr;p 
12V.3amp ... . ... . 
1 OV, 30V, 40V, 2 amp 
40V, 2amp 
20V, 1 amp 
20V-0-20V, 1 amp 
30V-0-30V, 2 amp 
2 of 18V. 6 amp. each 
12-0.12V, 2amp 
9V. \4 amp 

£6.00 
£6.00 
£9.50 

£12.50 
£16.00 

£4.o0 
£3.50 
£3.50 
£3.50 
£3.00 
£3.50 
£8.00 

. £11.00 
£3.50 
£1.50 

AUTO TRANSFORMERS, 115V to 230Vor 230V to 115V 150W . £7.00• 
2 SOW . .. £8.00 400W ... £9.00 500W £10.00 
FULL WAVE BRIDGE CHARGER RECTIFIERS 
6 or 12V outputs. 2 amp ... 75p. 4 amp ..... £1.25 
CHARGER TRANSFORMERS: 1 y, amp ... £3.50. 4 amp .... £6.50. 
12V, 1 v, amp Half Wave Selenium Rectifier 25p 

EXTENSION SPEAKERS £3.95 ea. 
Globe shaped cases in high gloss mouldings of red or green, are 
finished with chrome frontal trim In addition, 2Y, metres of twin 

lead already fitted with phono · · · ·· • . . · . .. - -, 
plug 1s supplied. • . : 
L W VOLTAGE ELECTROL YTICS 
1, 2, 4, 5, S, 16, 25, 30, 50, 100, 2{)0mF 15V 10p. 
500mF 12V 15p; 25V 20p; 50V 30p; 420mF/500V £1.30. 
1 OOOmF 1 2V 17p; 2 5V l5p; 50V 47p; 1 OOV 70p. 
2000mF 6V 2Sp; 25V 42p; 
2500mF 50V 62p; 3000mF 25V 47p; 50V 65p. 
3900mF 100V £1.60. 4700mF 63V £1.20. 2700mF/76V £1 . 
.5000mF 35V B5p. 5600mF/76V £1.75 
HIGH VOLTAGE ELECTR.OI,.YT.IC.S 

50 501300
v 

50 8/350V 22p 8+8/450V 50p + P 
16/350V 30p 8+ 16/450V SOp . 32 + 32/450V 7Sp 

·32/500V 75p 16+ 16/450V 50p !00± ~9_0/275.Y ~SJI 
50/350V 50~ 32+32/350V 50p f5TI_-_t _200/275V 70p 
MANY OTHER ELECTROLYTiCS.IN STOCK 

SH.ORT WAVE 1 OOpf air spaced gang able tuner, 9Sp. 
TRIMMERS 10pF, 30pF, 50pF, 5p. 100pF, 150pF, 15p. 
CERAMIC, 1 pF to 0 .01 mF, 5p. Silver Mica 2 to 5000pF, Sp. 
PAPER 350V-0.1 7p; 0 .5 13p; 1 mF 1 50V 20p; 2mF 150V 
20p; 500V-0.001 to 0.05 12p; 0 . 1 15p; 0.25 25p; 0 .4 7 3Sp. 
MICRO SWITCH SINGLE POLE CHANGEOVER 20p. 
SUB-MIN MICRO SWITCH, 2Sp. Single pole change over 
TWIN GANG, 385 + 385pF BOp; 500pF slow motion 7Sp. ' 
365 + 365 + 25 + 25pF, Slow motion drive BSp. 120pF SOp. 
TRANSISTOR TWIN GANG. SOp. 
NEON PANEL INDICATORS 2SOV. Amber or red lOp. 
ILLUMINATED ROCKER SWITCH. single pole. Red 65p. 
RESISTORS. 100 to 1OM. 1.4W, y,w, 1W, 20% 2p; 2W, 10p. 
HIGH stability. v,w 2% 10 ohms to 1 meg .. 12p. 
Ditto 5%. Preferred values 10 ohms to 10 meg., 5p. .BRIDGE RECTIFIER 200V PIV y, amp 50p. S amp t2.SO. 

TOGGLE SWITCHES SP lOp. DPST 40p. DPDT 50p. 
MANY OTHER TOGGLES IN STOCK. Please enquire. ELECTRO MAGNETIC . 
PICK-UP CARTRIDGES ACOS, GP91 £2.00. GP94 £2.SO. PENDULUM MECHANISM 95p Post 30p 
SONOTONE 9TAHC piamond £3, 75. V1 00 Mat) netic £6.50. 1 .5v DC operation over 3oo hours continuous on SP2 
WIRE-WOUND RESISTORS 5 Watt, 10 watt, 15 watt 1Sp. battery fully adJUstable swing and speed Ideal displays 

BAKER-SUPERB £24 
12in 25 watt Post£1.60 
'Quality loudspeaker, low cone resoriimce 
ensures clear reproduction of the deepest 
bass. Special copper drive and concentric 
tweeter cone. Full range reproduction with 
remarkable efficiency in the upper reg· 
ister. 
Bass resonance 
Flux Density 
Useful rtlsponse 
8 or 16 ohms models 

25 c/s 
16,500 gauss 

20-17,000c/s 

BAKER "BIG-SOUND" SPEAKERS. Post £1 .60 

'Group ioo· 'Disco 100' 'Group 50/15' 

~ ~~n~~tt £29 1 ~~n~:tt £29 j ~ :~~ £35 
8 or 1 6 ohm 8 or 1 6 ohm 8 or 16 ohm ' 

'BAKER LOU 12 IN 60 WATT. 
GROUP50/12,4 OR 8 OR 16 OHM HIGH POWER. 

~~~~~~~~~6-~~~gggi~PNSAL QUALITY. £23 
MASSIVE CERAMIC MAGNET Post £1.60 

ITH ALUMINIUM PRESEN DOME 

R.C.S. 100 VYGI~ ...... · --~~~ _..;.,..-=----
VALVE 
AMPLIFIER 
~CHASSIS 
Four inputs. Four way mixing, master volume, treble and bass 
controls. Suits all speakers. This professional quality amplifier 
chassis is suitable for all. groups, disco, PA, where high quality 
power is required. 5 speaker outputs. AC mains operated . Slave 

'output socket. Produced by demand for a quality valve amplifier 
1 OOV line output to order £1 0 extra. £

1 
O 

5 
Send for leaflet. 

. Suitable carrying cab £21 . Price carr. £6.00 

GOODMANS TwiN AXIOM 8 inch dual cone loudspeaker. 8 
ohm, 1 5 watt hi-li unit £10.SO. 
·cROSSOVERS. TWO-WAY 3000 cis 3 or 8 or f!) .ohm 
£1.90. 3-way 950 cps/3000 cps, £2.20. 
LOUDSPEAKERS PM 3 OHM 7x4in . £1.SO; 6Y,in ., £1 .95; 
8x5in .. £1,90; Sin., £2.50. 
SPECIAL OFFER: 80 ohm, 2'4in ., 2 34in ., lS ohm, 3in., 
2S ohm, 2Y,in., 3in , 5x3in., 7x4in., Bohm, 2 1/,in , 3in , 3 V,in., 
5in., 15 ohm, 3Y, in. dia, 6x4in ., ?x4in ., 5x3 in., 
3 ohm, 2Y,in ., 2%in., 3Y,in., 5in . dia . £1.50 each. 
PHILIPS LOUDSPEAKER, Sin., 4 ohms, 4 watts. £2.50. 
RICHARD ALLAN TWIN CONE LOUDSPEAKERS 
Sin. diameter 4W £2.SO. 1 Oin. diameter 5W £l.SO; 
12in. diameter 6W £4.50. 3/8/15 ohms, please state. 
MOTOROLA PIEZOELECTRIC HORN TWEETER. £6.SO 
Handles up to 100 watts. No crossover required. 
BLACK PLASTIC CONSTRUCTION BOX with brushed 
aluminium facia. Sturdy job . Size 6\4 x 4% x 2in. £1.SO 

BAKER 150WATT­
PROFESSIONAL 
MIXER AMPLIFIER 
~All purp(.se -transistorised 
Ideal for Groups, Disco 
and P.A. 4 inputs speech and music. 4 way mixing 
Output 4 8/16 ohms. A.C. Mains. Separate treble and' 

· bass controls. Master volume control. 
1 00 volt line model £99 

BAKER 50 WATT 
AMPLIFIER 

£63 Post £1.60 

Superior quality ideal for Hails/ PA systems, Disco's and Grou"ps . 
Two inputs with Mixer Volume Controls . Master Bass, Treble and 
Gain Controls . 50 watts RMS. Three loudspeaker outlets 4, 8, 16 
ohm . AC 240V (1 20V available) . Blue wording on black cabinet. 

'GOODMANS COMPACT 
12-INCH BASS WOOFER 
Standard 12in. diameter fixing with 
cut sides 12 · x 1 0 ... 14.000 Gauss 
magnet. 20 watts R.M.S. 4 ohm 
imp. Bass resonance = 30 c.p.s . 
Frequency response 30-BOOO c.p .s. 

£9.95 each Post £1 .60 

ALUMINIUM HEAT SINKS. FINNED TYPE. 
Sizes 5" x 4" x 1" 95p. 6V2" x 2" x 2'/•" 45p 
JACK PLUGS. Plastic 2Sp; Metal lOp. 
JACK PLUGS Stereo Plastic 30p; Metal 35p. 
JACK SOCKETS. Open 20p; Closed 25p. 
JACK SOCKETS Stereo Open 2Sp; Closed lOp. 
FREE SOCKETS- Cable end 30p. 
2.5mm and 3.5mm JACK. SOCKETS 1Sp. 
2.Smm and 3.Smm JACK PLUGS 15p. 
OIN TYPE CONNECTORS 

·Sockets 3-pin, 5-pin 1 Op. Free Sockets 3-pin, S-pin 25p. 
Plugs 3-pin 20p; S-pin 25p. 
PHONO PLUGS and SOCKETS ea. 10p. 
Free Socket for cable end ea. 15p. 
Screened Phono Plugs ea. 1 5p. 
TV CONVERGENCE POTS 1Sp each 
Values = 5. 7, 10, 20, 50, 100.200, 250, 4 70, 2000 ohms. 

'MONO PRE-AM'PLIFIER.
2

M0o0i 00o~"o.J ~ 
solid state pre-amplifier unit designed to ... . . · 
complement amplifiers without low level l..., _ ':' ~ 
phono and tape mput stages. Th1s free- · ~ "" ., oi 
standing cabinet incorporates circuitry for . ' 

: ~~~n~ai~~u~ ~~d~.~q~al~~aC~~~a~i~n~~~~=~~ £5 . 
heads. Phono sockets for input and output. Post 50p g:~~::g:: =~~~:N~S~: t'.;~~-heads, no motor £3,00. teaching electro magnetism or rl1etronort'le strobe, etc 

R.ID"IO.tO-MPONENT SPECIALISTS 33~:nH9~!.Ec~o~e~~~~d~yo:e~.'o~~nos~~~~ 
Radio Books and Components Lists 20p. (Minimum posting charge 30p.) Access or Barclaycard please. Telephone: 01-684 1665 for same day despatch. 
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Te[knawledgey far 
The Mark Ill FM Tuner 

sale. 
Featun•s of tlw s stem . 

DIY Hi-Fi will never seem the 

same again. Ambit's Mark Ill 

tuner system is electric.:~lly & 
visually superior to all others. 

, Some options available, but 
the illustrated version with 
reference series modules : 

£149.00 + £18.62 VAT 

With Hyperfi Ser ies modules 
£185 .00 + £23.12 

-- -- --- -- ·- -

RADIO and AUDIO MODULES: ConsistentlY the most adyancgd 
FOR FM 
~01·3-4 series: 6 stage varicap tuning, all with oscillator outp.ut 

* Prc·cision L"onstrul'tion & 
dc·sign of all parts 

''' TilllL' / fn:qU L'IKY display 
* Sta l l' of till' ~1 rt perform;lllcl' 

with f~lci l itiL'S !'or updatL'S. 

using modula 1· pill!! i n 
systl'ms. 

* Deviation ll'vel calihr;1tor 
for reL·ordin!! 

* All usual tu1;er features 
ALL TUNER KITS £3 carriage 

COMPONENTS FOR RADIO/COMMUNICATIONS/AUDIO/TV etc. PW SANDBANKS PI METAL LOCATOR 

Maintaining our professional approach to 
'· home constructor kits, we offer the pulse 
induction 'Sandbanks' . Now with inject­

. ion molded casing for greatly improved 
enviromental sealing. £37.00+£5.55vat 

5801 Dual gate MOSFET RF stages, bipolar mi><er £17.45 + 2.61VAT. 
5803 Dual gate RF/mixer stages, amplified LO out £19.75 + 2.96VAT 

As usual, Ambit brings you the latest and best, a small selection of which is shown 
in this advertisement. The Ambit catalogues contain information on most of the 
devices mentioned here- and an order for the new part three will ensure you stay up 
with latest developments. Data photocopying service described in pricelist info. 

VHF MONITOR RX WITH PLESSEY IC 
4/9 channel version of the PW design -
but using standard (fundx9) crystals, and 
TOYO 8 pole crystal filter with matching 
transformers. Coil sets from our standard 
range to cover bands from 40 to 200MHz. 
Complete module kit £31.25 +£3.90vat. 

MICROMARKET 
6800P 
6820P 
6850P 
6810 
6852 
R080 

650p 8212 
600p 8216 
275p 8224 
400p 8228 
365p 8251 
630p 8255 

OSTS overflow: 

230p 12102 170p 
195p 2112 340p 
350p 2513 754p 
478p 4027 578p 
625p 2114 1000p 
540p +15% VAT 

5804 'Hyperfi' series, with internal PIN diode age, 
and ultra wide range tuning system 

EF5402 4 stage varicap tuner with TDA 1062 and LO 
output. Uses FET/IC input. PIN age 

FOR 30-200MHz 

£24.95 + 3.74VAT 

£10.75 + 1.61VAT 

The E F series are available on special order to cover bands (usually appro>< 
20% of the Centre frequency) in the range described. Details in our price list. 

FOR FM IFs at 10.7MHz 
7030 single 6 pole linear phase fiker IF with HA1137£10.95 + 1.64VAT 
7130 two 6 pole linear phase filter IF with CA3189E £16.25 + 2.44VAT 
7230 Hyperfi IF, switched bandwidth, AGC IF preamp, linear phase 

ceramic filters with diode switched narrow filter£24.95+3.74VAT 
DECODERS for MPX (STEREO) 

Various types, guaranteed the world's biggest and best ranges 
LARSHOL T FM TUNERSETS 

7252 MOSFET front end combined with CA3089 IF £26.50 +3.97VA T 
725;2 JFET front end, combined with IF and decoder£26.50 +3.97VAT 

FM/AM tuning synthesiser, see details elsewhere in th is advertisement 

RADIO ICs for FM vat SL 1600 series Audio preamps vat 
CA3089E 1.94 29 SL1610 1.60 24 LM381N 1.81 27 ~ ·- "i 
CA3189E 2.45 37 SL1611 1.60 24 LM382N 1.65 25 o u -5 g; 
HA1137W 2.20 33 SL1612 1.60 24 KB4436 2.53 38 ~~-~; 
HA1 1225 2.20 33 SL1613 1.89 28 KB4438 2.22 33 "'.,J:o 

~~~~~~~sfo~'~5M/~~ ~~;~~~ ~:~ ~ ~~ ~g~ ~ ~~~ ; : ~~ ;; g:+· -~~= .. JE--~1!?. 
TDA1090 3.35 50 Sl1623 2.44 37 TDA 1074 3.75 56 . -· .• 
TDA 1083 1.95 29 SL 624 3.28 49 Audio power 
TDA1220 1.40 21 SL1625 2. 17 33 TBA820M 0.75 11 oog>o 
IF AMPLIFIERS SL 1626 2.44 37 TBA810AS 1.09 16 ~ .<: il .!i 
KB4406 050 07 Sl1630 1.62 24 G~~~~~3 ~gg ~~ ~~u 
~;~~~Oms ics 1a~~ 18 ~t~~:~ ~ : ~~ ~~ TDA2002 1.95 29 ~ g H 
COMMUNICATIONS m~~g ~:~6 :~ ~~~~b~o ~:~~ :~ N ~ _g ~ 
~~::~~ ~ : ~~ -~~ MC3357 3.12 47 FETs, MOSFETs, bipolars. 
SD6000 3. 75 56 ~~~:~6 ~~~~ ~~ and various others: see PL 

C~:rrent news: A PCB for the Mullard DC tone and volume control system is now available £3 + ·0.45 VAT. HMOS PA modules for 60-100W - kit £14 +£2 .10VAT, heatsink £4.10+0.61. 

FM radio control system crystals £3.75 pair inc VAT (Sept on) . MK50366N: static drive clock/timer IC £3.78 + 0 .57 VAT. 12Y.kHz channel spacing 8 pole 10.7MHz XTAL filter by TOYO 

type H4402 £15.50 + £2.32VAT.- A further updated pricelist is now available, and we would like to remind you that enquiries can only be answered if accompanied either by an official 

business letterhead, or an SAE. STOP PRESS: TOKO's new split-apart triple AM tuning diodes are in stock £2.45 + 37p VAT, (KV1215). S BL 1 diode DBM 1-500MHz · £4.25+0.64p. 

Terms: CWO please. Account fac il ities for commercial customers OA. Postage 25p per order . Minimum credit invoice for account customers £10 .00. Please follow instructions on 

VAT, which is usually shown as a separate amount. Overseas customers welcome - please allow for postage etc according to desired shipping method . Access facilities for credit purchases. 

Catalogues: Ambit . Part 1 45p . Part 2 50p 90p pair. TOKO Euro shortform 20p. Micrometals t oroid cores 40p_ All inc PP etc. Full data service described in pricelist supplements. 

Hours/phone : We are open from gam -7pm for phone calls . Callers from 10am to 7pm. Administrative enquiries 9am to 4.30pm please (not Saturdays). Saturday serv1ce 10am to 6pm . 

ambit ® 
international 

AMBIT catalogues are guaranteed to contain the most up·to·date and best mformed comment on 

modern developments and advances 10 the f1eld of rad1o and aud10 There IS no competet1ve 

publ1cat1on that even approaches the broad range of parts/mformat10n on modern techmques. 

2 lire sham Road, Brentwood, EsseH. 

ELF 11 BOARD WITH VIDEO OUTPUT 

STOP reading about computer and get your "hands on" an, ELF 11 and Tom Pitman's short 

* POWER SUPPLY (6.3v AC) for ELF 11 · · · · · · · · 5.00 course . ELF 11 demonstrates all the 91 commands which an RCA 1802 can execute, and the 

* ELF 11 DELUXE STEEL CABINET (IBM Blue) . . · · £23.01 short course speedily instructs you how to use them 

* ~N~cBOARD KIT System/Monitor, Interface to/cassette . Bi~:020 ELF 11 's VIDEO OUTPUT makes it unique among computers selling at such a modest price. The 

* 4K STATIC RAM board kits (requires e<pansion power supply) expanded ELF 11 is perfect .for engineers, business, industry, scientific and educational 

. £69.44 purposes . 

* Expansion power supply (required when adding 4K Rams) · 19.00 SPECIF. ICATION 
* ASC1 t Keyboard Kits 96 printable characters, etc . . . . . . 50.58 
* ASC1 t D/lux steel cab (IBM Blue) .. . .. 15.02 *RCA 1802 8-bit microprocessor 
* KLUGE protertype board (build you own circuits) . 12.83 with 256 byte RAM- expandable 
* 86 pin Gold plated connectors (EA) . . 4.00 t 64K byt 
* ELF Light pen writes/draws on TV sc-r eens . . 6.50 ° es_d IC t d' I 
* Video graphics board 32/64 characters by 16 lines on TV /monitor "RCA 1861 VI eo 0 1Sp ay 

screens ... 69.95 program on TV screen via -the RF 
* ELF 11 Tiny basic on cassette . ... . 13.50 Modulator 
* ELF 11 Bug I monitor powerful system monitor I ed itor .. . . 13.50 Single Board with: 
* T PITMANS short course m programm1ng manual (nd VAT) 4.00 Professional hex keyboard- fully 
* T PITMAN short course on tony bas1c manual (nd VAT) . 4.00 decoded to eliminate the waste of 

: ~~~a~~~t~e~!~~se~i~~ru:!;:~~~~~ disassembler (EA) : 1 ::~~ ~em~ry for keyboard decoding 

SAVE 10% AND BUY ALL THREE TOGETHER 

All units can be supplied wired and tested 

Send s.a.e. for comprehensive brochure 

Add 15% VAT to all prices shown . Pus £2 P&P Over £20 

CirCUitS 
Load, run and memory protect 
switches 
16 Registers 
Interrupt, DMA and ALU 
Stable crystal clock 
Built-in power regulator 
5 slot plug in expansion bus (less 
connectors) 

.----------Name 

I Address 

I 
I Postmark 

I 
I 
I 
I 

Barclaycard Access 

To: NEWTRONICS 
The Personal Computer Div. 
of H. L. Audio Ltd. 
138 Kingsland Road E2 8BY 
Tel. 739 1582. 

AND 
ADMISSIO 

IS FREE. 
On September the 25th the doors of the 

National Microprocessor and Electronics Centre will 
be opened to the public. 

We know it will surprise you. And admission is 
free to all. 

Beneath the historic walls of The Tower of 
London we have established a unique facility for 
engineers and buyers to examinethe latest products 
-without any salesmen breathing down their necks! 

Over the coming year we shall create compre­
hensive displays augmented by a regular series of 
single technology displays. 

For example, our first features Oscilloscopes; 
our second, a general introduction to "Applying 
Microprocessors"; and then some30+ other topics 
during the next twelve months. 

It is our intention that each product area shall be 
totally reviewed. So that you can try out all those 
you are likely to consider in a single visit to a single 
location. (And, obviously, make comparisons on the 
spot.) 

The World Trade Centre, which houses our own 
Centre, is easy to get to by train, car-or by boat 
(just moor at Tower Bridge!). 

But we'd prefer that you completed the coupon 
or used our enquiry number so that we can send you 
full instructions, our program me for the first months 
of operation, and some more news about this 
unique service that is freely available. 

Please make contact. Or else we'll have to put 
you next door ... 
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CROMEMCO 
SYSTEMS 

APPLE ll 

New Bear NORTH 
STAR 
HORIZON 

Head Office: 40 Bartholomew Street, ~ewbury, 
Berkshire 
Tel: (0635) 30505 Telex: 848507 NCS 
Northern Branch: 
Mersey House, 220-222 Stockport Road, 
Cheadle Heath, Stockport Tel~. (061-491) 2290 

Phone for Details 

?;(1,1114(Jit'$ ;Q ~ (ELECTRONICS) LTD. 

9 & 10 CHAPEL ST., LONDON, N.W.l 
01-723 7851 01-262 5125, 

ADJACENT TO EDGWARE ROAD MET. LINE STATION 

Type 
1 
2 
3 
4 
5 
6 

7 
8 
9 

10 

11 
12 
13 

14 
15 
16 
17 
18 

PLEASE ADD 15% TO ALL ORDERS INC. CARR. 

CURRENT RANGE OF NEW L.T. TRANSFORMERS 
OPEN TYPE TAG CONNECTIONS 

ALL PRIMAI!IES 220-240v 

Sec Taps Amps Price Carr 
24-30-40-48·60v 12 £31 .48 £2.00 
24-30-40-48-GOv 10 £27.58 £2.00 
24-30-40-48-60v 8 £23.48 £1 .75 
24-30-40-48-GOv 5 £13.75 £1.75 
24-30-40·4B-60v 3 £10.35 £1 00 
24-30·40-48-BOv 2 £7.30 £1.00 

6·8·1 0-12- 1 6·1 B·20-24·36-40-48·60v 
CAN BE OBTAINED FROM THE ABOVE RANGE 

19·25·33-40-SOv 10 £27.58 £2.00 
19·25-33-40-50v 6 £16.75 £1 .50 
19-25-33-40-SOv 3 £10.35 £1 .2 5 
19·25-33-40-50v 2 £7.35 £1.00 

5-7-8-1 0-13·15-17-20·25·30·40·50v 
OR 25·0·25v OR 20-0-20v CAN BE 

OBTAINED FROM THE ABOVE RANGE 

12·15·20-2 5-30v 10 £16.45 £1 .75 
12-15-20-25·30v 5 £9.45 £1 .25 
12-15·20-25·30v 2 £5.35 £1 .00 

3-4-5·6·8·9 · 1 0 -12· 1 5·1 B·20·24·30v 
OR 12·0·12v OR 15-0· 1 5v CAN BE 

OBTAINED FROM THE ABOVE flANGE 

12·24v 1 2v GOA, 24v 30A £32.50 £3 .00 
12-24v 1 2v 30A. 24v 1 5A £16.85 £2.00 
12·24v 12v 20A, 24v 1 OA £13.35 £2 .00 
12-24v 12v lOA. 24v 5A £7 .95 (1 .00 
12-24v 12v 4A. 24v 2A £3.9!i £1 00 

HEAVY DUTY OP TRANSFORMERS 
TypeOT28 EL 100watts. 3.750. 7 .50 . 150 .1 .75KCT . 4 EL34. 
2X 250m /a de max. £13 .85. pp £1.25. Type OT29EL 50 watts. 
3.750. 7 .50.150,3.5KCT,rated2X125m/adcmax. £8.75.pp 
[ 1 

LOW POWER LT TRANSFORMERS 
CLAMPED OPEN FRAME. TAG CONNECTIONS . 

ALL PRIMARIES 240V . 
Type Sac Tapa 

1 15V twice 
2 6Vtwice 
3 6Vtwice 
4 6-9V twice 
5 6V tWICe 
6 12-Q. 12V 
7 15-24-30V 
8 28V twice 
9 15-0- 15V 

10 12V 
11 12V 

Amps Price 
200m /a ea £2.00 
500m I a ea £2,00 
4 amps ea £3.95 
1 amp ea. £2.75 
1 Vz amp ea £2.75 
12VA £2.00 
2 amps £4.75 
1 .3 amps ea £4.75 
60VA £3.75 
4 amps £4.75 
1 v, amps £2.00 

Postag e 
75p 
75p 
£1 
75p 
75p 
75p 
£1 
£1 
£1 
( 1 
75p 

A wide range of Peripherals, Software and Literature 

VVW-103FORFURTHHEERR.ID)IEE~TriA\lllLL.SS· ---------~--------------------------

AUTO STEPDOWN TRANSFORMERS 
FOR AMERICAN EQ41PMENT 

240-110V 80-2250WATTS 
Fully shrouded. fined wilh ,l,merican two or 
three pin outlet and three tpre 240V m~1ns 
lead . Send sae for latest pnce li~t . Amencan 
plugs, sockets, adaptors also avatlable. Open 
frame types . Tag connections by famous 
makes. fraction of list price. tapped 240-220· 
200-12().110-lOOV, 750 watts, £12.00 carr 
£2 . 500 watts £8.25 carr £2. 80 watts 
240·11 OV, wire ended £3.95 pp £1 . 

HEAVY DUTY ISOLATION TRANS­
FORMERS 240-Z40V OR 240-110V UPTO 

AEI 20 AMP CONTACTORS 
BRAND NEW BOXED 

FRACTION OF MAKER'S PRICE 
Type Coil Contacts Price 

voltage 
0652 
0655 
0648 
0650 
0653 
0654 
0651 
0649 
0647 

415vAC 3M 1B £1.50 
415vAC 4M £1 .50 
110vAC 4M 4B £1.50 
110vAC 6M 2B £1.50 
110vAC 4M £1.25 
110vAC 2M 28 £1 .25 
11 OvAC 3M 1 B £1 .25 

42vAC 6M 2B £1.50 
42vAC 4M 48 £1.50 

P&P.25p each 

15 AMPS AC WKG BLOCK CAPACITORS ~~~0~1~ft:~~ ~~f~~b~~~:~eb~~~.~~~~;~~e;~~ BY FAMOUS MANUFACTURERS 
L-..::lu~rt~he:::_r_:::.d:::_•t:::ail::.:s· ___________________ l ~j~ ~~~~~AC ~=· 

E.H.T. TRANSFORMERS 1 470vAC 60p CUMBERNAULD Pri . tapped 240-260-285· 1 25 360vAC 65p 300-315-330-350-387V Sec. 2500V 0.11 A z' 400vAC 75p Open frame terrnina_l board con nec ttons . 2 .4 360vAC 75p fraction of maker's pnce £15 car r £3 . PAR· 2.5 360vAC 75p M EKOpottedtypePri. 220-2 40VSec . 1B 75V 2.7+0.1 700vAC £1.25 60 m 1 a and 500V 31 m I a £5.95 carr £2 3 440vAC £1.00 GRESHAM open type termmal board connec- 3.5 250vAC £1.00 tlons Pri . 240V Sec. 2300V 10m / a and 6 .3V 4 250vAC £1.00 
1. 5A £4.50 carr £1 50 ~ ~~g~~~ ~! :~~ 

7.2 440vAC £1.50 SPEC.IAL PURCHASE BY FAMOUS 
MAKERS 

L.T . TRANSFORMERS IDEAL FOR 
UP-TO-DATE POWER SUPPLY CIRCUITS 
No 1 GRESHAM Pri . 240v Sec. 43v 3 amps . 
Fully tropicalised . Open type wir e ~onnecttons 
£3.95 pp 75p. No 2 HINCHLEY Pn . 240v Sec 
33v 5 amps and 1 B-0-1 Bv 1A . Trop1calised 
open frame . W ire connecttons. Two tn senes 
will give 33·0·33v 5A and 1 B-0 -1 Bv 2A £3.95 
each, pp 75p. No 3 PARMEKO Pn. 240v Sec 
JOv 5A and 12v 2 .2 amps. Table top connec· 
tions £4.95 pp £1 . No 4 . AEG open type tag 
board connections Pri. 2 20-240v Sec. 1 Ov 
13 SA and 22 .Bv 10.5A £8.50 carr £2 . No 5 ·c· ·core tag board connections Pri. 2~0-240v 
Sec. 27v. 9v, 3v, 1v separate w.indmgs. 10 
amps each £6 carr £1.50. No 6 Pn . 120-240v 
Sec . 60 -0 -60v 1 OA open type cable lead 
connections, size 6X6X6tn £19.50 carr £3 
No 7 Pri . 220-240v Sec 36v 6A. Open type . 
tag board connections £7.50 carr £1.50, two 
will give 36·0-36v 6 amps Special offer for 
tWO £15 inc carriage . 

L,T. TRANSFORMERS NEW SURPLUS 
FAMOUS MAKERS. FRACTION OF 

MAKER'S PRICE . 
Limited number £4 No 3 Pr i. 115-220-240v. 
Sec. 9v 2A and 9v 1 A open type term inal block 
conneCtions £2.50 pp £1 . No 4 Pn. 230v See , 
80v t . 1 A bpen type tag board connectt ons 
£3.00 pp £1 .No 5 Pri. 120-240v Sec . 13v 3A 
and 15v 1 A open type term1~al bloek connec­
tions £3.00 pp £1. No 6 Pn . 240v Sec 30v 

~~:.,c~~~s 1t;~7~Z:Cr ~~e;o'U'oe /~~ 1 e2~0~ 
sec tapped 24-30-32\/ 2A potted type £3.00 
pp £1. No 8 Pri. 220·240v. Sec 6v 1 A tw1ce 
shrouded GPO type £2.00. 

8.4 250vAC £1 .00 
15 250vAC £1 .75 
pp up to 2.5 MFD 25p. 2. 7 to 15 MFD 50p 
+8% on total. 

OIL FILLED PAPER BLOCK CAPACITORS 
BY FAMOUS MAKERS. UNUSED 

M FO DC volts Price 
WKG 

B 600v £1 
8 400v 75p 
8 350v 65p 
8 200v 50p 
4 600v 65p 
4 500v 50p 
2 800v 65p 
2 600v 50p 
1· 1500v 75p 
1 1000v 60p 
1 600v 50p 
1 350v 35p 
0.5 1000v 50p 
0 .1 3000v 50o 
6 300vAC £1 
Post 0.1 to 2 MFO 25p. 4 MFD to B MFO 50p 

STANDARD OPEN TYPE RELAYS 
SINGLE HOLE FIXING 7 AMP 

CONTACTS BY FAMOUS MAKERS 

~4ib~~l;age ~oC6act =~~· 
240vAC 2 CO 75p 
240vAC 1 CO 65p 
110vAC 2 CO 65p 

48vDC 3 CO SOp 
24vbc 2 to 75p 
1 2vDC 2CO 7!)p 

P&P l Op per relay . Piease add VAT 15% on 
tota l 

LT. SMOOTHING CHOKES 
·c· core types 14 M /H 6A £3.75 PP £1 . 10 
M/H 25 amps £8 .50 carr £2 . 4 M/H 12 amps 
£3.75 carr £1 .50. Swinging ·c · core type . 10 
M/H 4A- 100 M / H 'hA £4.50 carr £2 

~f~d~ :.V~e; ~2~~;: P~~~;·~~ec:;~p£e~~o8 
M / H 10A £3.50 pp 75p. ·c · core types. 20 
M/H 10A £4.50 carr £1 .50 . 140 M /H 5A 
£4.80 carr £1.50 . 50 M / H 2V,A £3.50 PP £1 
15 M/H 3V2A£3.50 pp !:1 . 

H T SMOOTHING CHOKES 
Potted type~. 15H 7 5M I A £1.50 PP 7 5p. 50H 
25M/A£1.50PP 75p. 10H 75M/A£1.50pp 
75p. 1H 75M/A £1.50 pp 75p . 4 . 5H 
280M/A £3 pp £1. ·c· core 10H 350M/A 
£4.50 pp £1 .50. 40H 40M/A £2.25 pp £1. 

CRESSALL RHEOSTATS . 
Built·in ventilated 6 inch metal surround wtth 
control knob. 1 01 000 0 . 1 SA. 9 BOO 0 .48A, 
32500 0.24A [3.95 pp £1.25. 3 inch SIZe 
90000 0 . 1 A £2 pp 75p. ZENITH heavy duty 
fixed wi re resistors. enclosed, stze 
18X5X3Vzin, 1360 1.7A £3 carr £1.50. 

HEAVY DUTY 'C' CORE 
L T TRANSFORMERS BY FAMOUS 

M.AKERS, FRACTION OF LIST PRICE 
ALL PRIMARIES 220-240V 

No 1 12 volts 40 amps cont. £19.50 car r E3 
No 2 14 + 3 + 1 VzV 40 amps cent £22.50 ca rr 
f.. 3 . Limtt number 

HEAVY DUTY LT. TRANSFDR.MERS 
BRAND NEW. FRACTION OF LIST PRICE 

ALL PRIMAIIIES 22D-240V 
Open lrame type . Sec . 17+2 + 1V,+1 
separate w indings, all at 20 amps £9.50 carr 
£2 . No 2 as above. 10 amp rating £6.50 carr 
[1 . No 3 65V 2.2A and 30-0-30V 100 m /a 
£3.95 pp £1. ·c· core types 12V 1 OA and 
30·0·30V VzA £5.50 pp £1 . 12V 5A and 
30-Q.30V 250m / a £3.75 pp £1 . Sec. 18-22· 
27V 250m / a 1wice £2.75 pp 75p. Sec. 24V 
480 m/a twice £2.75 pp 75p. Sec . tapped 
3-9- 12-27-30-36V 1.BA £3.75 PP £1 

H.T. TRANSFORMERS ltV FAMOUS 
MAKERS. ALL PRIMARIES 240V 

~ge3~i~3 £~o~0o.g~~~ .1 ~0Jf~~;~3v3gb~ 
300v 120M 1 A 6.3vot 4A 5-6 .3v 2A £4.00 PP 
£1. MT11 Sec 300-0-300v 100M/A 6 .3v 
3.5A 5v 2Aor 6.3v 1 A £3.75 pp £1 . MT7 Sec . 
350·0·350v 1OOM I A 6.3v 3 . 5A 511 2A or 
6.3v lA£4.011 pp £1. 

WODEN POTTED TRANSFORMERS 
Pn 2 :i Ov sec . tapped 40·41 · 42-48 -4 9·50v 
very conse ~vat1vely rated at 1 0 amp_~ and 60v 
1OOM / A. S1ze 9 x 7 X 6tn £15 ca r.r _1 3_. 

Hundr~ds of barga1ns tor cr~ller"s Huge ~to.c ks of 
htgh cepclcttv elect ro lyt1 cS Hea t s1nk s ' Ex 
computer b1 ts 
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·c. T.ELECTKONICS (ACTON) 
LTD . Reg1stered m England 11 79820 · . 

9.30am..fi.00pm 
MON-S AT 

.-CONTINUOUS 

e .. 267 & 270 ACTON~ LANE, LONDON W4 5DG. Telephone: 01-994 6275 
This advertisement represents a fraction of our stock. Please phone your requirements. Minimum mail order £5 plus carriage and packinp charge. Add VAT at 15 % to all prices. Government, colleges, trade and export welcome. 

DATA GENERAL COMPUTERS 
We have three complete systems left, each consisting of : 
NOVA 820 main frame (including 240V 50Hz power supply) 
NOVA 820 expansion chassis (including 240V 50Hz power supply) 
CPU 1 (8206) with power monitor and restart ( 1 6 bit) 
CPU 2 (8207) Multi/div. I /0 interface forteletype (4007 1401 0) 
32K core memory. Disk pack controller (4046) 
G~neral purpose interface board wi~h data channel (4040 1404 7) 
D1ablo senes 30 (type 404 7 A) movmg head 2 . 5M byte disk drive. 
240V 50Hz power supply fo~ abo~e, wit_h adaptor and logic board (404 7) 
Computer control panel . Cabmet, mcludmg fans and mains filter . 

FARRINGTON AUTOMATIC 
WRITING MACHINES: 

We have two machines each consisting of: Heavy 
duty typewriter. photoelectric paper tape reader, 
paper tape punch and solid state logic control. 
The units together provide an automatic data 
processing system. £750 +VAT. 

DATA DYNAMICS 390 ASR 
TELETYPE 

Refurbished. full working condit ion . £300 + 
VAT. 

OFFERS AROUND £5,000 

Diablo series 30 DISK DRIVES: Type . 
4047A, 2.5M byte with psu. £400 +VAT. 

BRANDENBURG Model 374 Photomulti­
plier power supply. 300V - 1 KV at 5mA. · 
Current limit; metered, 19 inch rack moun­
ting . £20 +VAT. 

TEXAS4030JL DYNAMIC RAM (Eq .. lntel 
2107) . £3 +VAT. 

NEW SURPLUS OFFER HIGH SPEED 15MHz 8-BIT 
DIGITAL TO ANALOGUE CONVERTERS by Micro-Consultants Ltd. 50ohm Cable-drive output. Linearity : 0 . 25% max; 0.1 25% typ . Settling time: 2volt step 70nS typ; 2mV step 50nS . 

We have large stocks of spara 
parts for the Nova 820 series 
computers, eg, Memory · 
boards, I I 0 interface boards, 
Disk pack controller boards, 
disk drive power supplies, etc. 
Many surplus bargains in our 
retail shop for callers only. 
Much of our stock is con­
stantly changing and -hence 
not practical to list. Please 
phone your requirements. 

3 Centaur Fans 110/ 120V 12W (119/ 
119/38mm).l n 19 inch Vero case . £12 
+VAT. 

DATA 
GENERAL Colour Television Transmission Standard. Differential Gain 0 . 5%. Differential Phase Shift 0. 5° . 

TYPES RAD 802 AND MC2208/8 
UNUSED, EX-MAKER'S PACK 

ONE-OFF CURRENT LIST PRICE . . OVER £250 

I SPECIAL OFFER PRICE NOW £50 '+ VAT 

PHOTO PAPER TAPE READERS 
400 I.P.S. 8 BIT Part No. 6013-2 

SPECIAL OFFER PRICE £150 + VAT Berk Tek BTK-30-3CL 30 AWG 5mil wall Kynar cable (for computer back panel wiring) style 1423 1 05°C, red or white. Approx. V2 list price at £20 per 10,000 ft. reel. 
Blues Macs RIBBON CABLE: £20 + V.A.T . 25-way (150V, 1 05° C) . 1OOft. Reels per reel. Thermosetting Silver Compound £20 + V.A .T. per 50g Tube . 
Special otter Filmet SC 65 1 MO 0.1% M . Film Resistors 20p each 
RE~D RELAYS OSMOR CD3182 6V 2PCO PCB MOUNTING (60 x 18 x 13mm), £1 .00 + V.A.T. 

7400 0.12 7451 0.20 74141 
7401 0.12 7453 0.20 74150 
7402 0.12 7454 0.20 74151 
7403 0. 12 7461 0.20 74153 
7404 0.12 7470 0.35 74154 
7405 0.18 7472 0.30 74155 
7406 0.32 7473 0.30 74156 
7407 0.32 7474 0.30 74157 
7408 0.20 7475 0.45 74160 
740!1 0.20 7476 0.35 74161 
7412 0.20 7480 0,60 74162 
7413 0.30 7481 1.00 74163 
7414 0,70 7482 0.90 74164 
7415 0.30 7483 0.80 74165 
7411 0,30 7484 1.10 74166 
7419 0.50 7485 0.90 74167 
74211 0.18 7486 0.30 . 74170 
7421 0.20 7489 1.60 74174 
7422 0.35 74!10 0.35 74115 
7423 0.32 7491 0.50 74176 
7425 0.30 7492 0.45 74117 
7426 0.30 7493 0.40 74180 
7427 0,30 7494 0.90 74181 
7428 0.40 7495 0.65 74182 
74:11 0.18 7496 0.65 74184 
7432 0.26 7497 1.90 74185 
7433 0.50 74100 1.40 74188 
7437 0.30 74104 . 0.70 74100 
7438 0.30 74105 1.70 74191 
7440 0,18 74107 0.30 74192 
7441 0.70 741119 0.55 74193 
7442 0.50 74110 0.55 74194 
7443 1.30 74118 0.95 74195 
7445 1.00 74119 1.30 74196 
7446 1.110 74121 0.28 74197 
7447 0.75 74122 0.55 74198 
7448 0.75 74123 0.55 74100 
7449 1.110 74125 0.50 
7450 0.20 74132 0.70 

TRANSFORMERS, all 240V primary 
6-0-6 500mA (63X35X48) 
0 - 11, 2A; 0-22, 1A (76X64X60) 
12V 130mA (36 x45x40) 
17V 300mA (44X47 X 74) 
18V 2A (SOX 55 X 70) 
18V 2 .5A (115X65X62) 
28V 200mA (53X45X37) 
32V 250mA (46x37X31) 
0-2-4-6-8- 1 0-12 , 0-1-1, 5A 

0.75 
1.00 
0.70 
0.70 
1.00 
0.70 
0.85 
0.70 
0.95 
0.50 
1.00 
1.00 
1.110 
1.00 
1.110 
2.50 
2.110 
0.95 
0.80 
0.80 
0.80 
0.80 
1.85 
0.95 
1.50 
1.50 
2.50 
1.00 
1.00 
1.00 
1.00 
1.110 
0.95 
0.95 
0.80 
1.60 
1.60 

£1.40 
£2.40 
£0.75 
£1.50 
£2.80 
£2.50 
£1.00 
£1.20 
£6.00 

4000UB 0.17 40278 
4001 U8/8 0.17 40288 
4002UB/B 0.17 40298 
40068 1.04 403%8 
4007UB 0.18 40348 
40088 0.87 40408 
4011U8/8 0.18 40438 
4012U8/8 0.20 40448 
40138 0.43 4049U 8 
40148 0.83 40508 
40158 0.83 40518 
40168 0.48 40528 
40178 o. 79 40538 
40188 0.83 40668 
40208 1. 11 40688 
40218 0.90 4069U8 
40228 0.82 40708 
4023U8/8 0.18 40718 
40248 o. 70 40728 
4025U8/8 0.20 40738 
EDGE CONNECTORS 
Single sided 0. 1 pitch : 

0.44 
0.77 
1.03 
0.89 
1.71 
0.97 
0.88 
0.84 
0.50 
0.43 
0.82 
0.82 
0.82 
0.55 
0.20 
0.20• 
0.46 
0.20 
0.20 
0.20 

40758 
40768 
40778 
40788 
40818 
40828 
40938 
401608 
40\618 
401628 
401638 
401148 
401758 
401948 
45108 
45118 
45128 
45168 
45188 
45288 

0.20 
1.17 
0.39 
0.20 
0.20 
0.20 
0.80 
1.19 
1.19 
1.19 
1.19 
0.85 
0.86 
1.19 
1.01 
1.25 
0.91 
1.01 
0.97 
0.80 

£0.70 
£1.20 
£1.50 

24-way (fixing holes 73mm)-UCL 
40-way (fixing holes 118mm)-RS 
78-way (length 204mm)-UECL 
Single sided 0 .15 pitch. 
15-way (fix ing holes 73mm). Gold plated EB £0.60 
18-way (fix ing holes 85mm) inc. locating pin £0.75 
32 -way (fix ing holes 136mm). Gold plated, EB £1.50 
27-way (fixing holes 122mm) £1.30 
Double sided-0.1 pitch: 
2 x 40-way (fixing holes 11 7mm) . Gold plated £2 .00 
Double sided 0.15 pitch · 
2 x 40-way (fixing holes 165mm), Gold plated £2.00 
LEVER SWITCHES GPO BP1000 Type 
4PCO, 8PCO with knobs £0.60 
PUSHBUTTON SWITCHES by A. B. Electronics 
4-way 2PCO £0.50, 7w, 5X2PCO. 2X4PCO £0.80. 

,ALUMINIUM BOXES Rahil price ABAB:~ ((~~ !v, 
33 II 1.75 

1ns L W H +VAT 1 1.45 
A87 15Y• 2Yz 1V•I 0.70 AB 18 112 5 3 I 1.75 
AB8 (4 4 1\itl 0.70 AB 19112 8 3 I 2.40 
A89 (4 2\4 111•1 0.70 
AB10 (4 5V. lV•I 0.70 
ABII (4 2Yz 2 I 0.85 
AB12(3 2 1 1 0.70 
AB13(6 4 2 I 1.00 
A814 [7 5 2\itl 1.20 
AB15(8 6 3 1 1.55 

BLUE REXINE COVERED 
R81 !6 4\1, 2Ytl 1 45 
R82 18 5 3 1 1:1o 
RB3 19 5 31'•1 1 00 
R84 Ill 6 4 I i 30 RB5 (11 7Vt 4\',] 2.70 

MAINS FILTERS 
Potter 30A. 1 25V ( 1 84 X 51 X 70). Sealed £3.00 
Erio 8A, 250V (61 X 120 X 4 7). Diecast box £5.00 
BRIMAR CRT M 1 7 I 1 5GV, with scan coils and 
Wallis power supply. Rectangular screen (96 X 1 30) 

£20.09 
LARGE PANEL METERS (Clear view) 
SIFAM 140-0-140microAmp (1 07 X 145), Calib­
rated 0-14 and 7-0-7 . Boxed £5.00 
ANDERS 1mA f .s.d . (145X115), Calibrated 
0. 15KV boxed . £5.00 
KEYSWITCHES - HEAVY DUTY by Kraus 8t 
Naimer 
2P (1 PM-1 PB) 12A 600VAC £1.50 49mm square 
10P (4PM-6PB) 12A 600VAC £3.00 fascia 
By Baco : 

8P (4PM-4PB) 1 OA 380VAC. By Baco £3.0'0 
ILLUMINATED SWITCHES by Licon 
Rectangular snap in (0 1-800 series). 1 OA contacts. 
Min . flange bu lb holders 
SPCO Momentary £1.00 
2PCO Momentary £1.50 Indicator only £0.50 
Price includes lenses but not bulbs . 
Red , yellow, blue, green and white lenses available. 

VEROBOARDS 
0 . 1" Pitch Copper Clad 
2 .5 .. X 5" 
2.5"X3.75" 
2. 5"X17" 
3.75"X5" 
3.75"x3 75" 
3.75"X 17" 
4.7"X 17 .9 " 

0.59 
0.50 
1.77 
0.66 
0.59 
2.28 
2.99 
0.70 

0 .15" Pitch Copper Clad 
2.5 " X5" 0.53 
25" X3 75" 0 .44 
3.75"X17" 1.98 
3 .75"X5" 0.74 
0 .15" Pilch Plain Board 
5" X 3. 75" 0.47 
2 .5 .. X 5" 0.30 
NewV-QDIPBoard 1 .11 2. 5" X 1 .. (Sold in 5s) 

0 1 .. Pitch Plain Board 
3·75 .. x 17 ·9 " 1 ·49 I SPECIAL OFFER 3.75 " X2.5" 0.36 . 3 .75 " X5" O.S6 741BpinDIL 15p 
Cassette Erase Tape Heads 1/4" £1.00 each". 
Cassette Monotape Heads '14" £2.00 each". Brand 
new. 
Miniature Moulded Track Presets by Plessey. 
Screwdrive r operation , 0 . 25W dissipation . PCB 
fixing, 15p each. 
Open Cermet Presets .. Most values in stock . 15p 
each. 
ROTARY SWITCHES available in 30 different types, 
prices range from 45p-£1.20 

' PREH Television Push-button Tu ner Units, 4 and 6 
button, brand new in original boxes 75p each. 
Large quantity available . 
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SINE WAVE INVERTERS 

SERIES A: 12/24 V DC.IP. 
240, 220 or 115V. AC. O.P. 

120-300 VA. 50/60 Hz 
HIGH QUALITY . A. C. - · · 
POWER SUPPLIES -F-OR MOBILE, 
INDUSTRIAL, 
COMMUNICATIONS, MARINE 
AND MANY OTHER USES 
* Ruggedly built in welded steel cases * Stabilised low distortion output * Closely controlled frequency . * Full overload and short-circuit protection * Battery protection by low voltage warn-: 

ing and automatic cut-out . * Automatic standby and remote opt1ons 

CARACAL ENGINEERING 
42-44 ~HORTMEAD ST., BIGGLESWADE, BEDS. Tel: 0767-81361 . 

A complete High Quality 20AX System 
Colour Television Receiver Kit 

'l'lle Forgeslone 500 
• 20AX Hi-Bri tube • Pin diode tuner 
• Full technical • Glass epoxy printed construction manual circuit panels 
• Modern cabinets • Teletext option 
Buy as you build. All Forgestone Kits are for the constructor of today. Sections of the Kit are available se~ately. Please send stamp for further details of these quality products. 
l'orgeslone Colour Developments £imiled 
Ketteringham, Wymondham, Norfolk, NR18 9RY 
Telephone: Norwich 810453 (STD 0603) 
Telephone or Mail Orders accepted on Barclaycard/ Access 

WW - 108 FOR FURTHER DETAILS 

KEYBOARD TERMINAL 

The Newtronics Keyboard Terminal is a low cost stand alone Video Term ina~ that operates quietly and maintenance free. It Will allow you to d1splay on monitor 16 lines of 64 characters or 16 lines of 32 characters on a mod1f1ed TV (RF Modulator required). 
The characters can be any of the 96 ASC 11 alphanumerics and any of the 32 special characters, in addition to upper-lower case capability 1t has scroll up features and full X-Y cursor control. All that is requ1red from your m1crocomf puter is 300 baud, RS232-C or 20ma loop, serial data plus a power source o Bv DC & 6.3v AC. The steel cabinet is finished in IBM Blu~-Biack . And 1f that IS not enough the price is only £135.55 +VAT as a K1t, or £175 +VAT assembled and tested. Plus £2 P&P (Monitor not included). 

Dealer O.E.M. enquires invited · 
To order phone or write to : 

rJ(JUJifiHli{)S 
138 KINGSLAND ROAD, LONDON E2 8BY 

TEL: 01-739 1582 
Access I Barclaycards accepted 

WW- 094 FOR FURTHER DETAILS 

in A WORLD­
FAMOUS 
MANUFACTURER 
IN 5 VALUABLE 
SIZES 

e High capacity for very small size. e Wide temperature operatmg range . e Low internal resistance: . . e Very simple charging c~rcu1t requ~red . e INDEFINITE SHELF LIFE. 

81-PRE-PAK L TO. 

WIRELESS WORLD , SEPTEMBER 1979 

~~a~~s~~~ cash with order. Minimum order £3.00 plus 30p p/p in U.K. Orders over · 
£10carr. paid U.K. All pncesmc. V.A.T. 
Ideal fot- portable S. emergency equip­
ment, instruments, etc. 

(WW) 222-224 West Road 
Westcliff-on-Sea, Essex · 
SS09DF 
Telephone 03708 5543 

APOLOGIES 
With reference to advert on , page 1 06 
which is incorrect. 

CORRECTED ADVERT APPEARS 
BELOW. 

KELSEY K 102M TRANSFORMERLESS 
BALANCED LINE MICROPHONE AMPLIFIERS 
Specifications 
Direct P.C.B. mounting 
Supply Voltoge 
Maximum Goin 

+ lSV 
43dB 

Gain Control Range . Go in Reduction in Unbalanced Mode (lnputto Term1nal + ) 
Maximum Input Level (Unbalanced Mode, Input to Terminal +) 
Input Impedance (Each Input Terminal to Ground) 

38dB 
10dB 

Optimum Source Impedance 
Maximum Output 
Frequency Response 
Slew Rate 
Harmonic Distortion 

Common Mode Rejection Ratio 
Equivalent Input Noise (Unweighted) 

+ 15dBV 
SKohm 

200ahm 
+20dBV 

+ O.SdB Ref. 10Hz to 50 KHz 
BeHerthan 10 V · microsec 
Betlerthan 0.03'u Ref1KHz 
Typically 0.027"u 
SeHer thon 80 dB 
Better than - 125 dBV (Din : Audio 

band we1ghted) 
10Kohm Recommended Output Loading 

Dimensions 4Umm x 40mm x 20mm ~~ 
. ' ~~ . KELSEY ACOUSTICS LTD 28 POWIS TERRACE, LONDON Wll. TEL: 01-727 1046 

WW -106 FOR FURTHER DETAILS 

WIRELESS WORLD, SEPTEMBER 1979 

Advertisements accepted 
up to 12 noon Friday, 

· August 31st for October 
iaaue, subject to space being 
available. 
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~-DISPLAYED APPOINTMENTS VACANT: £10.00 per single col. centimetre (min. 3cm) . . LINE advertisements (run on): £1.50 per line, minimum three lines. BOX NUMBERS: 70p extra. (Replies should be addressed to the Box Number in the adv~rtis~ment, c/o Wireless World,_ Dorset House, Stamford Street, London SEI 9LU.) PHONE: Neil McDonnell on 01-2618508 . 
Classified Advertisement Rates are currently zero rated for the purpose of V.A . T. ~ 

~ 

RADIO 
TECHNICIANS 

You should be at least 1 9 years of age. hold or expect 
to obtain shortly the City and Guilds . 

Telecommunications Technician Certificate Part I 
(Intermediate), or its equivalent, and have a sound 

knowledge of the principles of telecommunications 
and radio, together with experience of maintenance 

At the Government Communications Head­
quarters we carry out research and development in 
radio communications and their security, including 
related computer applications . Practically every type of system is under investigation, including long-range radio , 
satellite, microwave and telephony. 

and the use of test equipment. If you are or have 
been in HM Forces your Service trade may allow us 

to dispense with the need for formal qualifications . 

Your job as a Radio Technician will concern you in developing, constructing, installing, commissioning, testing, and maintaining our equipment. In performing these tasks you will become familiar With a wide range of processing equipment in the audio to microwave range, involving modern logic techniques. microprocessors, and computer systems. Such work will take you to the frontiers of technology on a broad front and widen your area of expertise - positive career assets whatever the future brings. 

WORK IN 
COMMUNICATIONS 
R&D AND ADD TO 
YOUR SKilLS 

Training . is comprehensive: special courses. both in-house and with manufacturers, will develop particular aspects of your knowledge and . you will be encouraged to take advantage of appropriate day release facilities. 

You start at £3900 rising to £5530, and promotion will put you on the road to posts carrying substantially more . There are also opportunities for overtime and on call work paying good rate . 
You could travel - we are based in Cheltenham but we have other centres in the UK, most of which, like Cheltenham are situated in environmentally attractive locations. All our centres require resident Radio Technicians and can call for others to make working visits. There will also be some opportunities for short trips abroad , or for longer 

Get full details from our Recruitment Officer, Robby Robinson, on Cheltenham (0242) 21491, Ext. 2269, or write to him at GCHQ, Oakley, Priors Road, Cheltenham, Glos. GL52 5AJ . If you seem suitable we'll invite you to interview in Cheltenh;:~m - . at our expense , ~00~~ . . period.~ of service overseas. · 

UNIVERSITY OF KEELE 

ELECTRONICS 
TECHNICIAN 

in the 

DEPARTMENT OF 
COMMUNICATION 

AND NEUROSCIENCE 
Vacancies exist for an Electronics 
Technician or Trainee to work on 
laboratory instrumentation, including 
computers and peripherals, in a De­
partment engaged in research into 
communication mechanisms of the 
brain. Experience in electronics and I 
or computer maintenance desirable. A 
suitably qualified and experienced 
applicant can be appointed in Grade V 
(salary range at present £34 7_4-
£4056 p.a .); but applications will be 
considered from less qualified persons 
willing to undergo training, with an 
initial appointment in a lower grade 
(salary range £1 722-£3336 p.a.) 
Application forms and further particu­
lars obtainable from the Registrar, Th·e 
University, Keele. Staffs ST5 5BG. 
Forms should be returned by 20th 
August 1979. (9614) 

NATIONAL VEGETABLE RESEARCH STATION. 

Instrumentation 
and 

Electronics Engineer .. 
An Instrumentation and Electronics Engineer is required to provide a service for design, development and fabrication of electronic, electro-mechanical and mechanical apparatus and 
equipment. 
Degree in electrical I electronic engineering or Council of Engineering Institutions Part II examination in an appropriate subject, or equivalent or higher qualification, with an aggre­gate of at least five years' recognised study, professional 
training or experience . 
Salary scale : Professional and Technology grade P & TO II £4869 rising by 5 increments to £5739. (Salary under review 
from 1 April 1979). 
Further particulars and application forms from Secr~tary, National Vegetable Research Station, Wellesbourne, Warwick 
CV35 9EF. 

19646) 

(9106) 

UNIVERSITY OF LIVERPOOL 

EXPERIMENTAL 
OFFICER 

(TWO POSTS) 

(a) DEPARTMENT OF ELECTRICAL EN­
GINEERING & ELECTRONICS 

(b) DEPARTMENTS OF MECHANICAL & 
CIVIL ENGINEERING 

Post (a) involves assistance in the development 
and application of microprocesses and other 
digital systems to a wide range of undergradu­
ate. postgraduale and induslrial activities. 
Post (b) involves responsibility lor interlacing 
microcompulers with a wide variely of 
laboralory sensors ud lransucers used by 
these Deparlments in both teaching and 
research. 
Expert advice on hardware and software is 
available. 
Candidates must possess a degree or equi­
valenl qualification. 
Salary within range up to E5604 p.a. 

Application forms available from: The Regist­
rar. the University. P.O. Box 147. Liverpool L69 
3BX. Quota Ref: RV/709/WW. 

(9697 



Good Radio 
Systems Engineers 
are few 
and far between 

£5,500-
£7,500 

So are opportunities like this 
Yet again we are adding personnel to our Systems Planning 
Team. We need male or female Engineers to take on t~e 
responsibility of designing and planning syst~ms rang•~~ from 
single channel HF to Broadband microwave lmks. Det01h~g. 
performance estimates, writing specs.and syste~s descnphons 
are all part of the job. Naturally techmcal expert1se and 
experience are paramount in our developing world. w_e_ need 
experience in the latest state of the art as well as trad1t1onal 
technology. 

In return for your services we offer a variety of tasks and early 
responsibility in a highly motivated team. Please do not waste 
your time or ours unless you are prepared to travel overseas 
from time to time and to put in that little extra that IAL expects 
as the norm. 
As well as paying the salary noted abov~ we have an ~xcellent 
pension scheme ~the usual co~pany soCial cl~b who w1ll do 
their best to organise your off hme -goo~ hohdc;sy !ravel 
benefits are available and our staff catenng fac1hhes are 
second to none. If you have to relocate to join IAL we will pay 
you reasonable relocation expenses a.nd provi.de 
accommodation for the employee dunng the f1rst few weeks 
of employment. 

Our offices are close to Heathrow which puts the residential 
areas of Wokingham, Reading, the Chalfonts and Harrow in 
easy commuting reach. 

Write or 'phone quoting ref. 259/K to The Senior Recr~itment 
Officer, IAL, Aeradio House, Hayes Road, Southall, M1ddlesex. 
01-574 5134. 

(9503) 

Aviation and Communications ci> 
Systems and Services-worldwide 1979 

THE CITY UNIVERSITY 
DEPARTMENT OF COMPUTER 

SCIENCE Radio Communications 
Electronics Engineers and 

Software Designers 

SRC RESEARCH 
STUDENTSHIP 

Applications are invited for an SRC 
Research Studentship to investigate 
braille translation. This project, in 
collaboration with the Royal National 
Institute for the Blind, aims to produce 
a low-cost office machine capable of 
accepting typewriter input, and for­
ming braille on a refreshable braille 
display. 

Candidates would normally be req­
uired to have a good Honours Degree 
in computer science or electronics 

Applications, together with the 
names of two referees should be 
submitted as soon as possible to 
Dr. G. R. Dowling, Department of 
Computer Science, The City Uni­
versity, Northamptor:' Square, 
London EC1V OHB, from whom 
further particulars may be 
obtained. 

(9631) 

Mid-Sussex- s.w. London Salaries up to £7,000 

To join our expanding R&D Laboratories cov~ring a wide ran~~ of R .F. 
spectrum, from L.F. to V.H.F. Equipments mclude tra~sm1tters a~d 
receivers for marine and land based use, rad1o nava1ds and rad1o 
monitoring rem_9te computer controlled system_s . . . . 
Electronics Engineers should have experience in transmitter or .rec~1ver_.: 
design, analogue or digital circuit desig~, microprocessor appllc~t1ons . 
Software Designers should be expenenced Programmers With an 
interest in control, signal processing or navigational software. 

Attractive salaries are compiemente<fiiyexcelfent prospects and 
generous benefits. 

Contact The Personnel Manager, Redifon Telecommunications · 
Limited. Broomhill Road. Wandswotth. London S.W; 18. Phone: 
01-874 7281 (reverse charges) . (9033) 
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ROYAL NORTHERN 
COLLEGE QF MUSIC 

Applications are invited for the post of 

SENIOR 
TECHNICIAN 

(SPECIAL PROJE-CTS) . 

Salary £3,732-£4,161 
(under review) 

Duties will include investigation into 
acoustic modifications. new recording 
techniques (quadraphonic and digital 
systems), design of equ.ipment f<;Jr 
electronic synthests. Asststance wtll 
also have to be given to Academic 
Staff in respect of Aural Training and 
to the Recording Manager in the 
running of his Department . Qualific~­
tions should include HNC or HND tn 
Electrical Engineering, appropriate 
degree or Corporate Membership of 
the lEETE. This should be combtned 
with an exceptional understanding of 
electro-acoustics (theoretical and 
practical) , of acoustic ~roblems and 
design and an interest m mustc and 
experience in video/sound recordtn~. 
Application forms and furth.er det~tls 
may be obtained from Admmtstrattve 
Registrar, Royal Northern College of 
Music, 124 Oxford Road , Manchester 
M 13 9RD. Tel: 061-273 6283, Ext. 
46. Closing date for return of applica­
tion form 10 September, 1979. 

(9496) 

UNIVERSITY OF LONDON 
GOLDSMITHS' COLLEGE 

·New Cross, London SE14 6NW 

Psychology Depanment 

The Psychology Department has two senior 
vacancies for technical staff to start as soon 
as possible. 

(1) TECHNICIAN 
(Grade 6) to work on the Department's 
extensive range of electronic and video 
equipment. Normal qualifications for this 
post will be HNC/ HND. 
Salary on the following scale: 
£3,984 . £4 , 104 - £4,236 - £4,365 . 
£4,497 - £4,626 - £4 . 758 plus £525 
London Weighting Allowance . 

(2) TECHNICIAN 
(Grade 5) to work in the . field of computer 
and microprocessor applications in psycho· 
logical research . . Normally technical 
qualifications/expenence would be requtred 
for this post but applications for graduates in 
relevant fields will be welcome. 
Salary on the following scale: 
£3,474 . £3,582- £:3,699 - £:3.816 -
£3.933 - £4.056 plus £525 London 
Weighting Allowance. 

Write for further details to the Personnel 
Officer to whom applications should be sent 
by 31st August. 1979. (9603) 

Inner London Education 
Authority 

HACKNEY COLLEGE 

LECTURER I 
Suitably qualified person required to 
teach theory and craft processes to 
ELECTRICAL AND ELECTRONIC 
ENGINEERING CRAFT AND 
TECHNICIAN APPRENTICES. 

Applicants should hold a City and 
Guilds of London Institute Advanced 
Craft or Full Technological Certificate 
and have suitable industrial ex­
perience . 

Salary on. an incremental scale within 
the range £3,192-£5,334 (under 
review) plus £474 Inner London Allo­
wance . Starting point will depend on 
qualifications and experience. 

Applications obtainable from/ 
returnable to Senior Administ­
rative Officer, Hackney College, 
Dalston Lane 1:8 1 LJ, Ext. 212 
101-985 8484). 

Closing date 31 August, 1979 . 
(9604) 

WIRELESS WORLD, SEPTEMBER 1979 
143 Appointments 

• DICS 

Can you think of 
There can be few areas that present 

greater technical challenge than the 
project we have started. It involves 

more testing environment for your test experience? 
If you fit one of the following, we Engineers-Test 

the creation of entirely new 
torpedo-based defence systems 
flexible enough to counter threats 
as yet unknown and incorporat-
ing the latest advances in micro­
processing control and guidance 
technologies. 

We need hardly underline the 
importance of an accurate, 
flexible and, above all, reliable 
test and maintenance systen1 for 
the torpedo's success. What we're 
offering y<;>u is the chance to make 
your own direct contribution­
right from the start of the project. 

As a vital member of a tightly­
knit engineering team, developing 
the sophisticated ATE the system 
requires, you can expect full involve­
ment. The scope of our work includes 
systems design, detail design and 
software applications of both manual 
and automatic test systems- integrating 
maintainability aspects 
of test logistics. 

The men and women 
we're looking for are 
self-motivated Electronic 
Engineers, unafraid of 
applying innovative 
thought to ATE systems 
and design. 

want to hear from you. 

nATE Manager 
Concerned with the design and 

development of an Automatic Test 
System, you will supervise both in-house 
design and sub-contract control 
following the generation of the initial 
~equirement specification. 

A Section Leader 
You will be responsible for the 

design of special to type test equipment, 
to support the development, production 
and in-service use of the weapon 
system. This will involve generation of 
the initial requirement specification­
as well as the subsequent design 
and development. 

Namt>-----------~-------------
Address-~--------------------

Area< Jf interest 

System Studies 
Possible areas of involvement include 

depth oftest calculations, tolerance 
tiering philosophy, diagnostic procedures 
and maintenance logistics. Some 
preyious experience of servicing 
complete weapon systems, while not 
essential, would be an advantage. · 

Engineers· 
Detailed Design 

You will be working on special to type 
test equipment, both manual and 
computer controlled. Your involvement 
~ill ex.tend t~) the weapon system's 
(Oil11111SSiomng and development trials. 

ATE Software 
Manager 

You will lead a group concerned with 
i) the programs associated with 
executive control of a computer 
~·ontrolled ATE. and ii) generating, 
m conjunction with Design Engineers, 
the test specifications for the weapon 
system. 

If you can't see your precise area of 
work here, but have an interest in test 
equipment, we would still like to hear 
from you-as we have a number of 
projects under way. 

Apart from the excitement of the 
work itself, we offer realistic salaries, 
excellent opportunities for career 
development and a range of fringe 
benefits- including financial help with 
relocating you and your'family to our 
pleasant South Coast setting, where 
housing is readily available. / 

For full details of career 
opportunities in our testing 
environment, complete the 
attached coupon. And get 
ready for your career to 
grow. 

Marconi 
SP-ace & Defence 
, Systems (Portsmouth) 

A GEC Mart unrl leL tronrL:.., Cun !pdll¥ 
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Closed Circuit 
Television Manager 

, . . h ress and expansion in the field of 
The name of ''C~ubb IS synonymous Wit h~~~ relocated part of our div~rse 
integrated secunt~ systems. Rec~n~y w:hat we wish to appoint a high calibre 

operation to Wokmg, Surrey. f~ IS ere are looking for will be a self-starter 
Closed Circuit T.V. Manager. e p~r~on werience plus a sound and up to date 
with both engineering and commercia ~xpe 

knowledge of CCTV systems and techmqu~sto our busy field force both at home 

Sqles project manageme~t and SUPJ?~;ities of this demanding position. The 

and abroad ar~ two of the raml r)e spon:~p~ct an attractive remunerative pack~ge 
successful applicant (male/ ema e can er annum Company car and a wide 

with salary in the range ~f £6f00 t~ £~t~~~ ~ou can m~et the above requirements 
range of Company benefits. I you ee in a positive direction then call: 
and would like to develop your career . 

Terry Amsley 
Personnel Department 
Chubb Alarms Limited 

42/50 Hersham Road . Walton-on-Thames . Surrey 
Telephone: Walton-on-Thames 43851 

Relocation expenses will be paid where appropriate. 

Systems 
Engineers 

. Collins Radio, a division of Roc~welllnternational, are acknowl~dged 
leaders in the field of communication s~stems. A~ a result of recen 

contract awards our Operations Group IS ex~andmg. 
Qualified Engineers, at alllevels,.are required to work as~y~tems 

En ineers in our Ship Systems and Ground/Transpo~able ys ems 

Grogups They will be required to evaluate and system1se coUmHpFiex_ 
. .1. . HF/SSB MF VHF micro-

communication requirements uti 1~mg ' ' · t · ~ddition to 
wave and data transmission techmques. Systems proJec s, m RTTY. 
radio e ui ment typically include antennas, power sou_rces, , 

voice/d~t~ s~ra~bl~rs,· remd?ted~~~-~~~~~j:~~~~~~~~~~~:~~e~~~~~x and 
patch, select1ve calling, au IO Is_ 1 

customised t~~minaljco1~t~~ ~fi~1fe~~~~~ qualified engineers currently 
These pos1t1o~swou_ . C munication Engineers, 

~~~~~·n~:~~~~~~~~i~~:~~~~~ T~s~ E~~~~~~~;.s-:.~~~~~gineers, 
~~~~~~:r~~:;j~~~sE~~is~!:s~~~~~ca~f~~~ Engineers: and Pia nni ng 

En1~:~~rys~pplicants should have a broad theor~ti~al and/oldr Pberagc.ltviceanlto 
. · f ethods but trammg wou 

background_m commh~n~~=~~~~o demo~stratean ability or willingness 

~~~~~~;;~~~~~j:;s from inception to fin~l sys~m .i1~ple~=~:~~n. The 
positions will be based in Reading, Berkshire, an WI mvo v 

ove~=~~~~~~~~ttractive starting salary which is negotbiabl~:tassistance 
. · sand considerable Company ene 1 s. 

Wlt~~~~~~~!~~~~~~~=~s:ading (0734) 61111 or write for applicat:o~ to;~~ 
to:- Personnel Manager, Rockw~II-Collins (U.K.) Ltd., Suttons n us na 

Park, London Road, Earley, Readmg RG61AZ. . 

'~' 
.. 

Rockwell . 
International 

(9506) 
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INNER LONDON EDUCATION 

~~:c!!~RJ!:;ege of Printing, Elephant 
and Cutle, London SE1 6SB 

DEPARTMENT OF PHOTOGRAPHY. FILM 
AND TELEVISION 

TELEVISION 
TECHNICIAN/ 

ENGINEER 
(ST1 /2) 

Applications are invited for the above post 
in the School of Film and Televosoon , Depart· 

ment of Photography, Film and Televoso~n ;, 
Candidates should be conversant woth V> , 
%" and 1, black and white and colour 
e uipment and be capable of electronoc 
m~intenance . Experoence on professoonal 
broadcasting would be an advantage, as well 
as an interest in experomental vodeo work . 
The succeS&ful applicant woll be expected to 
assist in running studoo productoons, and 

videotapeedit.ing . 
1 

£
368844 Salary withon the sea e . · · 

£5401 .44 inclusive . Progressoon up the 
scale to £.486 7.44 is by annual oncrements 
subject to satisfactory performance . Pro­
gression beyond that point is dependent on a 

positive assessment. . 

Application form, returnable within 1. 4 days. 
obtainable from the Senior Admonostratove 
Officer at the College. Tel : No. 735 8484 ext 

227 . (9624) 

LONDON BOROUGH . 
OF HARINGEY 

_ Education Service 

PART-TIME ASSISTANT 
HEARING AND VISUAL 

AIDS TECHNICIAN 
required at Blanche Nevile Special School. 
Phil ip Lane , N 1 5 , to work 15 hours per week 
x 52 weeks per annum to assost on the repaor 
and maintenance of hearong and.vosual .aods 

~;~de~~~:ary Pro-rata to N .J .C. Technical 
Grade 2 _ £.3600 per annum rosong to 
£.3972 per annum inclusove, whoch equals 

£1 542 per annum risin~ to £1 704 per 
annum inclusive (under revoew) . 
Applicants should preferab l y have ex­
perience in maontaining electronoc equop­
ment and should hold one of the followong 

~ i~~:fh~~~i~~~· Gui lds Cert if icate for Electrical 

Technicians I Marine Shop Engoneerong 1 
Mechanical Engineering, or other equovalent 

~u:li~ic~V~i~um of ten years · suitable ex­

perience in a school or industry. 
Hours of duty . 9.30 a.m . to 12 .30 p.m. 
Candidates will be welcome to contact Mr. J. 
H. Stanway, Headmaster (01-808 5744) . 

Application forms obtaonable from · 
Chief Educatoon Officer 

Education Offices 
Somerset Road, N 1 7 

Forms returnable by . September 7 · ~ 9,~~411 

UNIVERSITY OF EDINBURGH 

DEPARTMENT OF CHEMIST.RY 

ELECTRONICS 
SPECIALIST 

£3.689 to £7.145 (Grade 1A/ 1 B) 

Electronic Engineers! You are invited to 
apply for this post of electronocs spec<ahst. It 
is a staff position , academ<c~lly related and 
benefits include s<x weeks holidays per 
annum . Applicants should have a broad 
spectrum of analogue and d<g<tal expert<se 
which they woll exercose on the. very broad 
range of analytical instrumentatoon used for 
teaching and research. The successful 
applicant will be responsoble to the. Head of 

Electronic Services for the desogn and 
construction of new equopment and the 
maintenance of existing equipment whoch 
includes N.M . R ., E S . R. Mass Spec­
trometers, real time computer systems and 
peripheral devices. ultra high speed RF and 
digital equipment. Experoence on RF and 
microprocessor technoques would be advan: 

~~ee~~~·ointment will be within the scale as 

shown commensurate with experoencel 
qualifications . 
Applications giving career history and the 
names of two referees should be made to: 
The Secretary, Universoty .of Edonburgh . Old 

,College, South Bridge, Edonburgh . 

·Closing date for application 3rd September. 

1 979. Please quote reference 5034 ,(9489) :· · 
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•
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• tiCrt·'' u; !U&Utl. 

If you understand 
electronics ... 

Writing about electronic equipment is a fascinating and challenging 

career- especially when you're working with the sophisticated equip­
ment that we produce at EM I. 

Coming to EMI means joining one of our small informal, but highly 
professional teams, becoming totally involved in the development 

lifecycle of our major projects. With EMI training for this interesting 
and expanding field, you will be producing not c;mly manuals, butthe 

whole range of product literature both internal and external, and 
enjoying the opportunity to contribute your experience to our 
development activities. 

You will therefore liaise with designers, engineers and draughtsmen 

on technical matters, and you should have developed considerable 
working experience in an electronics environment, ideally one 

connected with defence or industrial electronics utilising techniques 

such as micro-processor, miniature radar, infra-red and electro-optics. 
An ONC/HNC would be an appropriate qualification. -

EMI offers excellent salaries dependant on your experience, and a 
full range of valuable benefits including relocation allowance where 
appropriate, and discounts off Group products and serv~ces. 

Please telephone or send the coupon to K.D. Wilsher, 

Personnel Department, EMI Limited, FREEPOST (no stamp required), 

135 Blyth Road, Hayes, Middlesex. Tel: 01-573 3888 or call 
Record-a-Call anytime on 01-573 5524. 

••• you'Ve got something to 
write abOut as a 
Technical 

Author 
WithEMI 

_. ............. ._ 
I To: K.D. Wilsher, Personnel Department, EMI Ur.nited, 1 
I FREEPOST, 135 Blyth Road, Hayes, Middlesex. I 

Name __________________________________ __ 

I A~re~ I 
I I 
I My experience includes I 
I I 
I Ref:KDW I 

-------·-------~~ Hayes (Middxl, Feltham, Woking, camberlev, Wells (Somersetl 

EMI Electronics Limited 

The International Music, Electronics and Leisure Group. 
(9633) 
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INSTITUTE OF 
PSYCHIATRY 

DEPARTMENT OF 
NEUROLOGY 

Applications are invited for the post of 

Medical Laboratory 

This is no ordil"!ary 
. maintenance JOb · 

SENIOR 
SCIENTIFIC 

OFFICER 
Duties will include designing nhe~~~~~trf~!~ 
equipment to expand a p Y 1 f/34 
laboratory and installmg a PDP PDP 
computer to complement an exlst~ng 
12 Candidates are expected to have ex-

The Philips Research Laboratories ~ear 
Redhill in Surrey are one of Europe s most 
advanced electronics research 
establishments . 

So it follows that our labs, benches and test 

areas are packed with advanced, 
professional equipment- oscilloscopes, 
pulse generators, digital equ1pment, 
recorders and so on. It also follows that 
maintaining and calibrating that equ•pment 
has to take a very high pnonty man 
organisation such as ours . 

interesting work experience, and bring you 
into an electronics environme_nt where n_ew 
things a·re happening all the t•me. Even If 

you already have full experience of our type 
of equipment. we can still give you plenty of 
fresh experience. 

erience with computer programming and 
~icroprocessors. Involvement With researc~ 
projects on the physiology of movement WI 

be encouraged. . · · h 
Whitley Council Terms and Condlt~ons Wit 

starting salary, ~ccording to quallfl1catl~n~ 
and experience, In the range £4 70 . p ... 
£6123 p.a . including London Weighting 
£354 p .a. (This salary range IS under 

And of course, you'll enjoy all the ben~fits ·. 

and future job opportunities y~u only f•~d 
with an international orgamsatlon the s•ze of 

Philips. . , 

If you're looking for a maintenance JOb that s 
way above the ordinery, phone our 

review.) - h 
For • plication form plea" write tot. e 
D P Secretary Institute of Paych•a­
t ep~ Creapign; Park, Denmark Hill, 
L'!:.c.on SE5 8AF, or telephone 01-703 
5411, ext. 214 quoting reference 

CDM/WW. (9626) 

If you're a man or woman who's reached at 

least Tech 3 or ONC and you've hand!~d 
electronics repair work, movmg to Ph•lips 
Research would give you new and 

Personnel Manager, Mr. Malpass, on_Horley 

(029 34) 5544, or write to h1m at Ph1llps 
Research Laboratories. Cross Oak Lane, 
Redhill, Surrey . 

TOPJOBSIN 
. ELECTRONICS 

Research 
Laboratories PHILIPS 

Posts in Computers, Medical, 
Comms, etc . ONC to Ph.D. Free 
service. 

Phone or write : BUREAUTECH 
AGY 46 SELVAGE LANE. 
LONDON. NW7. 01-959 
3517. 

Electronics 
Service. 
Engineer 
Imaging Instrumentation 

. . . h ' the G D Searle Group, markets 
Searle Med1cal, a Company Wit m_ i·p~ent having applications 
a wide range of advanced electromc eq u 
throughout the medical field. 

. . with an electronics I physics 
A Customer Serv•ce Engmeer,_ . . h technology imaging 

background,. is now requ•rehd teo JOin a~y~~g headquarters in High 
instrumentation group at t e amp . 

Wycombe. 

. . . . . . d h missioning and testing of new 
Responsibilities will mclu e t e com . . e uipment using 

installations of nuclear and ultrasoun~ •m~~~ngand maintai,ning a 
state-of-the-art micro-computmg tee mq . , . rin 
high level of post-installation customer service engmee g . 

d . I' 'th experience and ability and 
A good salary will be offere m me WI Full product training 

benefits include a company car and exppee~~~~oth men and women . 
will be given and the appomtment IS o 

M J N Williams G D. Searle 
Write for an application form to r. . . d H" h Wycombe, 
& Co. Ltd., P.O. Box 53, Lane End Roa • _19 
Bucks HP12 4HL. 

(9496) 

SEARLE 

~DE&SCHWARZ 
Independent concern . 

4,500 employees internationally represented in 80 countnes 
requ1re 

SENIOR TEST AND CALIBRATION 
ENGINEERS 

' ' (8994) 

With a background in RF and microwaves, experienced in analogue, digital 

techniques, logic and microprocessor controlled ATE. 

also vacancies exist for 

TEST & CALIBRATION ENGINEERS 
with knowledge on one or more of the above techniques. . . 

. p f nee related bonus scheme * Trammg 
We offer an except1onal salary * er or;ra . t of work* A happy atmosphere 
abroad *Prospects of promotion *A WI e vane Y t 
*Non-contributory pension scheme* Subsidised restauran . 

Please write or phone to : . 
Mr. Z. Eres (Technical Manager) extension 43 . 

a vel eY" '""'"""""'. Comm""._, '""'""""' ~ 

e ectric LTD , ~ 
------~-----~~-

Roebuck Road, Chessington, Surrey KT9 1 LP 
Tel: 01-397 8771. Telex: 928479 Aveley 

UNIVERSITY OF LEEDS 

ELECTRONICS TECHNICIAN (Gradel) 

(9492) 

. . h u ervision of tha Electronics Engineer, to 
' The person appo~nted would be required. under t e s p . e ui ment associated With the 

assist in the construction and maintenance of electro~~ o(w~rking from circuit diagrams 

research and teaching of biological studies . Mustbeta~~u=lifications and relevant expenence . 
and sketches. Applicants should hold ONC or eqUiva en . 

Salary on the scale £2931-£333.6 (under review). according to age and qualifications 

. . . f II rience together with the names and 
Applications stating age. qualifications andddu exp~ to· Mr . E. French, Departmental 

addresses of two referees should be a ~~ss~ sl~y Medical and Dental Bulld~ng , 
Superintendent , Department of Phys1ology , e or · . 

University of Leeds, LEEDS ~S2 9NQ. (961 7) 
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Overseas Installations 
and 

Commissioning Staff 
Vacancies exist for ail levels of technical staff to work 

world -wide on strategic HF radio installations. All posts are 
. permanent and are based in Bracknell, Berkshire. 

Extensive overseas travel is necessary on 

unaccompanied tours of up to 90 days. Generous leave 
breaks apply, plus the opportunity for UK-based 
familiarisation and refresher training. 

Installation/Commissioning Engineer vacancies up to 
Principal Engineer status. 

All positions will require relevant academic 

qualifications; plus considerable field experience for the 

senior positions. A knowledge of modem circuit technology 
and HF/VHF experience is required. 
Antenna Installation Supervisor 

Previous rigging and mast experience is a necessity for 
this post, together with an ability to supervise field crews. 

Candidates should have extensive experience in modem HF 

antenna systems. (eg Log Periodic Antennas). 

Customer Liaison/Commissioning Engineers 
In addition to the requirements outlined above, 

candidates will also need the ability to liaise with customers 

and represent the Company at a high level. 

These p0sts require previous experience, ideally in a 

similar capacity, and a confident ability to work on one's own. 
Installations Technicians 

A craft apprenti~eship or Forces experience would 

provide the ideal background. Good craft ability in prototype 

wiringand assembly of electronic equipments is required, 

together with the ability to use tools and work to high 
standards of modern installation practice. 

All the above positions carry an excellent salary and 
benefits package, including overseas allowances and free 

overseas accommodation. Full medical insurance is also 
provided. 

Please apply in writing, with brief career details to 
date, to: · 

Personnel Manager, 

Racal Communications Limited, Western Road, 
BRACKNELL, Berkshire. 
or 

Telephone for an application form to: 
BRACKNELL(0344) 3244 Ext 149. 

Britain's fastest growing electronics group 

AUDIO+ VIDEO LTD. 

VTR ENGINEER 

We require a VTR Engineer, preferably with broadcast ex­

perience, to service and maintain RCA and Ampex 2" Quad 

machines . A working knowledge of the Rank Cintel Mark Ill 

Telecine equipment would be an advantage . 

Other in-house facilities include Marconi DICE Standards 

Converter, TBCs and a multitude of helical scan machines, and 

so the work can often be varied. 

Please ring Mt. C. J. Carroll and have an informal chat about 

the wbrk, salary and holidays, etc . 

(9605) 

ELECTRONICS 
PRODUCTION 

ENGINEERS AND TECHNICIANS 

Dolby Laboratories, the successful and progressive London manufac­

turers of professional audio noise reduction equipment, require 

r~ductlon engineering staff . Duties will include the design and 

aa ~:cat•on of test. and assembly equipment, method study and 

PP cat•on of techn1ques to max1m1se production from a limited area . 

Qualifications : Several years· experience in electronics manufacture, 

a~prop~late academic qualifications and the ability to work projects 

t roug to successful conclusions without close supervision. 

Compet itive salaries and excellent employment conditions are offered . 

For application form, contact: 

DO Dolby Paul Garrard 
DOLBY LABORATORIES, INC. 
346 Clapham Road, London, S.W.9 
01-7201111 

(9329) 
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MINNESOTA 3M RESEARCH LIMITED 

CREATIVE ELECTRONIC 
EQUIPMENT DESIGNER 
. . Research Group for a person with an interest in 

we have a vacancy I":: our PhysiCS a~d Systems i n and construction of novel instrumen-

applying the latest electronic technlqu~s In thetdesC~rrent proQrammes include dielectric 

tation for a wide vanety of researc pro_J~C s : measurem~nt and methods of process 

measurements, electrolytic processes, :artie e SIZe ·re that the successful candidate show 

control . The broad _interests _ ~f this ~a oratc:ry ~~~u~pecialized equipment required . Some 

initiative and gen~me creatlpVIhty ~n ev~h~~?~ry would be an advantage . 
knowledge of and Interest m yslcs or 

. . and academic qualifications. The Company 
The attractive salary off~red ~Ill reflect expen~n~ek benefit schemes, and above all, offers 

operates generous pension, life assu rance an SIC ness 

good futu re prospects . h 

. . . . f ounds in research programmes eac year . 

The 3M Company wo_rld -wl~e mvtes~s m~l~oanJ. ~rofa~tor in t he Company's success .. 
This has been, and will contmue o e, 

Please apply in writing, giving brief details of qualifications and experience to: 

Administrative Manager 
MINNESOTA 3 M RESEARCH LIMITED 

, The Pinnacles, Harlow, Essex CM17 OHL 

(9638) 

Electronic To £4soop/a 

Test Engineers 
We manufacture and market audio noise reduction equipment.wh_ich is used ~y maj~r 
recording companies, recording studios and bro~dcasting ~ut~ont1es throug out t e 

world and have enjoyed successful growth. smce 1ncorporat1on 1n 1968. 

The increased demand for our equ ipment in the rec~rding and cinema industries has 

necessitated the recruitment of experie~ced test eng meers .. 

If ou have p~actical knowledge and experience of e~ectronic testin_g. think you can 

teit:. calibrate and troubleshoot our sophisticated e~Uipment and enJOY the challenge 

of quality and delivery pressures telephone Tony Hill 01 -7 20 1111 · 

Dolby Laboratories Inc 
346 Clapham Road 
London SW9 9AP 
Telephone 01-720 1111 DO Dolby 
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UN IVERSITY OF SURREY 

ELECTRONICS 
TECHNICIAN 

Grade 5 
DEPARTMENT OF PHYSICS 

A vacancy exists in the Electronics Workshop 

of the above Depanment. The Workshop os 
responsible for the development, construc­

tion repair and calibration of analogue and 
digiial equipment used for both research and 

teaching . Whilst qualofocatoon to HHNC or 
final year City and Guilds woll be requored . 

emphasis w ill be placed on a broad back-
round experience . The post woll offer an 

~pponunity to help develop mocroprocessor 
systems. Funher particulars and applocatoon 

form may be obtained from the Staff Offocer. 

University of Surrey. Guildford. Surrey GU2 

5XH . or telephone Gui ldford 71281 ext. 

45 2. (9615) 

CHELSEA COLLEGE 
University of London 
Electron ics Workshop 

DEPUTY SUPERVISOR 
(Grade 6) 

ELECTRONICS TECHNICiAN I ENGINEER 
(Grade 5) and ELECTRONICS TECHNICIAN 
(Grade 3) required for mterestmg work for 

Electronics and Physocs Research and 
Teaching includes prototype onsuument 

design, development and constructoon and 

the servicing and repaor of commercoal 
electronic equipment . 

Experience and qual ifications in Electronics 

at an appropriate level are essentoal . 

Generous holidays. Day release for approved 
funher study can be arranged at Grade 3. 
Inclusive salaries (under revoew) 

Grade 6 fA508 to £528 2 p.a. 
Grade 5 £3998 to £4580 p.a. 
Grade 3 £3 455 to £3860 p.a. 

f unher deta ils and application forms f rom 
Mr. M . E. Cane (E.W .). Chelsea College. 

Pulton Place. London SW6 5PR 
(9642) 

Royal Holloway College 
(University of London) 

Egham Hill, Egham, Surrey 

TECHNICIAN 
required by the departments of Com­

puter Science and Computer Services 

The technician will be m his early to 

mid-twenties with O.N .C . standard 

electronics or any similar training or 

experience and will undergo further 

in-house and day-release traonmg , 

particularly in computer prog ram­

ming . The appointment will be on the 

University Technician Grade 4 or 5 
depending on age and expenence. 

that is £3500-£4300 including Lon 

don weight ing . Further details can b 

obtained from the Personnel Offocer. 

(WW). 
(9497 

BRIGHT ON POLYTECHNIC 

LEARNING RESOURCES 

VTR ENGINEER 

Electronics & Computer Test 
To£7,500 

£4245-£5073 per annum 
(plus 1979 salary award) 

Unique opportunity to work in the forefront of helical vtr developm ents ; using new 1 ·~r~i;~ 

band . broadcast Jj, " and all consumer formats; req uorong a qualofoed engoneer to w 

broadcast standards but onterested on workong woth all vtr formats 

Funher details and application forms from Personnel Officer. 2':J~~hton Polyt echnic, 

Moulsecoomb, Brighton. BN 2 4GJ. Tel : Brighton 693655 ext · 

To be returned as soon as possible 

Use your C&G/ONC/HNC/~orces Training and gook~ 

DIGITAL/ANALOGUE/RF expenence to ad~a;gt~S~gR; 
ing with state-of-the-art MININ/SM· I~~~LEONIC· CCTV 
LASER · ATE · COMMUNICATIO . ' . . 

and si~ilar ~quipment. Most UK areas; from Techntctan 

to Manager. · d r 1 career 
For free confidential counsellmg an prac tea 

advice contact GRANT WILSON ref : GW470. 

TECHNOMARK, 11 Westbourne Grove, London W2 4UA. 

Tel: 01_229 9239 (01-229 4218-24 hrs) . 
Engineering Recruitment Consultants .. 
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ICAO Seeks Aviation Specialists· 
THE CHALLENGE 
Over the next six months we will be hiring more than 1 70 aviation 

specialists for short and medium-term assignments in Africa, Asia, Latin 
America and the Middle East . 

We are looking for very expert, very experienced technical specialists who 

have good academic degrees or equivalent high professional qualifica­

tions, together with a minimum of ten years ' practical aviation experience, 

at least half of it in the specific area of specialisation . Obviously with this 

experience requirement we don't expect applicants to be much below the 

age of 35. There is no upper limit as long as'you are young in spirit and in 
good health . 

THE ORGANISATION 
We are the International Civil Aviation Organisation (ICAO), and we 

administer a technical assistance operation fu!lded in main part by the 

United Nations Development Programme. Our expenditures this year will 

be close to (U .S.) $50 million, and we shall be helping more than 75 
developing countries. 

THE JOBS 
We are looking particularly for electronics engineers and electronics 

technicians (technical officers) who are highly qualified in one or more of 
the following fields 

Aeronautical Communications 
A eronautical Radar 

- Aeronautical Navigation A ids 

Service 
Engineers 

Greenford, Middlesex 
Sansui manufacture some of the most sophisticated 

equipment, and are rapidly making inroads into the 

U.K. market To keep in line with current expansion, 

they now need two Service Engineers for their new 

service department in Greenford. 

You will be involved in the repair and maintenance of 

our product range which includes speakers, turn­

tables, amplifiers etc. If you're qualified to City & 

Guilds or possess a similar qualification, so much 

the better. But experience will be considered as 
important. 

Salary will very much be dependant on age and 

experi~nce but will reflect the importance of the job. 

To find out more, telephone or write to:-

Peter Gibson, Sansui Audio Europe N.V., 
Onit lOA, 
Lyon Industrial Estate, 
Rockware Avenue, 
Greenford, .Middlesex, 

0 I H. ,. h' H' ,. 086 OAA. 19602) 

n y 1· 1,everyt 1ng •· •·---------~ 

THE TERMS 
We pay good _salaries, ranging from (U .S.) $28,000 to $44,000 before 

taxes, dependtng upon the job. The cost-of-llvtng allowance depends on 

the duty station . For example, currently for an expert with dependants: 

$12,940 to $17,730 in Jordan and Venezuela, $7.470 to $10,240 in 

Nigeria. $6,370 to $8: 740 in Malaysia. Pl,.; :,_ lnstallation gran~s. travel 

for dependants, educatton grants and six we1 leave per year wtth home 
leave after two years. 

If you have the necessary experience and ability, and if you or your 

employer would like to help a country develop its citizens and resources­

while you accumulate valuable international expenence - send you 
resume to : 

Technical A ssi!;tance Recruitment 
International Civil Aviat ion Organ isation 
1 000 Sherbrooke Street West 
M ont real, Quebec, Canada H3A 2 R2 

(9494) 

ELECTRONIC 
ENGINEERS 
The BBC requires experienced 
electronic engineers to maintain 
Videotape equipment in its West 
London premises. These staff work 
a 7-day fortnight shift pattern. 

In addition to possessing a degree in 
Electrical Engineering, Electronics or 
Applied Physics, H NC/HND . 
(Electricall or City & Guilds full 
Technological certificate in Telecomms., 
applicants, male or female, must have a 
thorough understanding of Television 
Broadcast Systems and be experienced 
in the maintenance of Videotape 
equipment. 

Starting salary is between £6,350 and 
£6,913 (including shift allowance) . · 

For further de~ails and application 
forms, please nng Ray Bell 01-743 8000 
extension 2308. 

(9495) 

I ~ 



ENGINEER 
The BBC requires an Engineer in the Semiconductor 
Unit of its Valve Section,Motspur P_a~k , Surr~y The 
Engineer deals with technical enq~.m~es and IS 
involved in all aspects of the acqutstt!On from 
manufacturers and the distribution througho~t the Corporation of a wide range of solid state devtces. 
Candidates, male or female, should have a De~ree or H .N.C. and be experienced in the use of transt~tors, 
integrated circuits, etc. and/or be able _to demonstrate 
an in depth knowledge of modern devtces. 
The salary will be in the range of £6955/ £840~ per 
annu.m depending on.experience. Other ~eneftts inc\ ude modern pension scheme, 23 days annual 
leave luncheon vouchers and assistance with 
remo~al expenses where appropriate. 
Requests for application forms to the ~ngineering 
Recruitment Officer BBC, Broadcastmg House, 
London WlA lAA, quoting Reference Number 
79.E. 2314/WW. 

· [JJ[JJ~ 
19629 / 

THE POLYTECHNIC, HUb0ERSFI ELD 
COMPUTING AND AUDIO VISUAL SERVICES DIVISION 

TECHNICAL OFFICER 
(Audio Visual} 

T3 £3732-£4146 Ref NT417 B/WW 
A Technical Officer is required to take responsibility for 11all r:i~f ~e~~~cfa~~ within the audiO visual services . He/she will lead a sma tea involved in a variety of audio visual work . . . . . . Experience of colour TV equipment, includ1ng vtr sand cameras os essent1al. as IS C&G 101 or equivalent qualifications . Experience of TV studio and production 
work is also desirable. 

. A lication forms obtainable from The Personnel Office, The PolytechniC. Q~~ensgate , Huddersfield HD1 3DH Telephone Huddersfield 22288. ext . 2223. should be returned by 29th August, 1979. (9488) 

AMPEX 
Ampex Corporation, a w9rld leader in analogue and digi~al data recording technology, has been ~esignated the off1c1al supplier of video recording and magnetiC tape produc:s to the 1980 Moscow Olympics. The Group's UK compantes now 
seek: 

• . . ENGINEERS . . with broadcast television equipment expenence, for their International Systems department which prepares propos~ls, designs and produces outside broadcast vans an~ teleVISIOn systems. Interest and challenge for dedicated engmeers w1th 
possibility of travel overseas. 

• • • CUSTOMER 
SUPPORT ENGINEERS 
to maintain digital or analogue recording equipment through­
out the United Kingdom. 
These positions are based in Reading . The usual I nternatio~al Company benefits apply mclud1ng PensiOn Plan and Ltfe Assurance. Please contact Joan Feaver, Ampex Great Britain Limited, Acre Road, Reading, Berks. Telephone 
0734-85200. 

(9622) 

WIRELESS WORLD , SEPTEMBER _1979 

CATV CHIEF ENGINEER 
Canada's most advanced CATV manufacturer requires~ chief engineer with a solid background in ~~ and CATV des1gn _or related electronic experience. An exc1tmg career opp?rtumty tor a highly technical innovative person eager and w_tll!ng td learn and adapt to new technology in a~ _expan~mg an stimulating field. Related RF, Passive, D1g1tal. M1crowave 
experience would be valuable to us. . 

This is a senior position with commensurate salary and a wide 
range of company benefits. 

Situated in Ontario we have beautiful mo.untains, . ~~cellent housing and schooling and s~perb recreat1?nal fac1llt1es. An ideal place to bring up the family man unsp01lt area of Canada . . 

Please for.ward resume with salary history and expectations in 
confidence to: 

Mr. Thomas 
LINDSAY SPECIALITY PRODUCTS 

50 Mary Street West 
Lindsay, Ontario, Canada K9V4S7 

Tel. Area Code '70S 324 2196 (9648) · 

COME TO THE SU~NY SO~TH ~toes~~ somerset. We require the following personnel m the areas: Hampshire, Dors • 
Wiltshire and Berkshire. 

ATE Engineers- ·· - · :~:'r! Mechanical 1 Control -Engineers PCB Draughtsmen Electronic Design Engineers Instrumentation Engineers IC Development Engineers Physicists Production Engineers Microwave Engineers Microproc:essor Engineers Servica Engineers Sales Engineers Sottwawe Programmers Software Specialists Tachnic:al Authors Syatem Design Engineers Q.A. Engineers Test Engineers . . . All these positions offer excellent salaries and in most cases relocatoon expenses. 
Pl~ase write or ring: CBS Appointments, 224 Old Christchurch Road, Boumemouth, Boumamouth 292155. (24-hour Ansaphone Servoce-Agy.). (94161 . 

LEEDS CITY COUNCIL 
Department of Educ:ation 

Leeds Polytechnic 
Educational Unit 

SENIOR 
TECHNICIAN 

(ELECTRONICS) 
Ref. 188!10 T 3/4 £3732-£4632 + Technicians qualihcation allowance. Req­uired to service and maintain high grade electronics equipment used in the vanous schools of the Polytechnic in theorteachong work to a wide range of courses . Knowl­edge of micro-elect ronics technology 
would be an advantage 
Applciation forms quot ing reference number from the Adminostrative Servoces Officer. Leeds Polytechnic. Calverley 
Street. Leeds LS 1 3HE. Closing date 14 
days· after appearance of advert . 

APPOINTMENTS 
IN 

ELECTRONICS 
£5-£1Q,000 
Take your pick of the 
permanent posts in: 

MISSILES MEDICAL 
COMPUTERS 

RADAR COMMS 
MICROPROCESSOR 

HARDWARE - SOFTWARE 

F ,11 11 ee. expe11 .1dv1Ct' .mel 
11 11111 e 0 1,1te ,1c\1011 011 salary and 
c 11·eer 1111provement. 'phone or 
wnte to, Mike Gernat BSc. 

CJechnomar~ 
Engineering and Technical Recru11ment 

. 11 Westbourne Grove 
London W2 01-229 9239 

ELECTRONICS ENGINEER~ to £14,0()0, Micro.wave/RF des1gn to £250 pw, microwave/RF test to ~220 pw, digital, analogue, commumca­tions and co:mputer engineers, design/test/service to _£230 pw, for long (2 years) llicratlVe contracts at many sites throughout southern England. - Roger Howard, C.Eng, MIEE , Cliveden .Consultants (CRC), 99 St Leonards Ro.ad, Windsor (07533) 57818, answerphone. <9640 

. FREE "JDBSIIST -
for 

FIELD SERVICE ENGINEER$: 
. BASIC SALARIES TO 

£7,000 +CAR 
(8781) 

30 Windmill Street, London. W1 
01-637 5551 

WIRELESS WORLD. SEPTEMBER 1979 

. . _ARE YOU UP FRONT-r~~hnolo~ocally speakong? If not trust you~selves to the tender hands of "Ch r Angels" . (Judy,_ Anne and Dawn} and our buddy "EINSTEIN" (A compuco~~:e1~ onformat1on retneval system). 

CURRENT VACANCIES INCLUDE Desi~n devel_opme~t engineers to join a new produ~ts woup - a "thorn in the fles~ t_o an ondustnal giant working on the latest 1~tell1gent terminals for TV a~pl1cat1ons. Very sophisticated audio telephone technoques and a wide range of microprocessors (4 b1t- 16 bit) in use. Salary to £9,000 area. R1ng and find out. 

COmmercial-aware Boffin to research futuristic data channels, application of CAD techmques to r~al design, circuit synthesis, digital coding and researching into high dens1ty recordmg. Intellectual dexterity in physocal sc1ences essential. Area· M1ddlesex. Salary: "Wot 'e's werf." . 

Technological Think Tank Boffa, i .e. pretty authoritative engineers to augment a team who have produced some of the most advanced satellite communications and radar system_s of_the century. To £1 0,000 for expertise in either computer controlled message sw1tchong, servo systems, Microwave systems or VHF/UHF equipment, Berks. 

Young ~raduate to join a high powered firm of telecommunication consultants onvolved on: research, planning and information retrieval for public and private sector of ondustry. Intellectual dexterity essential. London. Excellent salary. 

ALWAYS IN DEMAND Electronic engineers for design, development. post design, production control, quality assurance, field trials, systems test, computer field service, test installation and commissioning . Note our success rate ' is ·between 70 and 80% of engineers placed. 

-For further details, please contact: 

Charles Airey Associates 
"PIIOIAILY TME lEST KNOWN SUPPUEII Of EUCTIIDNICS ENGINEERS Nl TME COUNTIIY"" MANCIAL TIMES 

155 KNIGHTSBRIDGE. LONDON. SWT . TEL 01-581 0286 

TEST/QUALITY 
ASSURANCE ENGINEERS 

Test/quality assurance engineers at senior and intermediate level wanted to work on our range of advanced broadcast television studio products including colour and monochrome television studio cameras. 
A~plican~s s~ould h~ve an up to date knowledge of digital and l.ne~r. orcutt t.echmgues gamed from experience working on telev1s1on stud1o equ1pment, radar equipment or similar sophisticated products, and qualified to HND HNC or equivalent level. ' 
~mploymen~ benefits incll!de excellent salary, generous holidays, free life and _health msurance, pension scheme, staff restaurant and relocat1on expenses. 
Please apply for furt~er details and application forms to Jean Smith at the address p1ven below . 

Link Electronics Limited, 
North Way, Andover, 
Hants, SP1 0 5AJ. 

ELECTRONICS Telephone: (0264) 61345 
(9601) 

(9643) 

151 '£' ~ r:·J uu ;us ntl 
·professional Careers 

in Electronics 

All the others are measured by us ..• · 
At Marconi Instruments we ensure that the very best of innovative design is used on our range of communications test instruments and A.T.E. We have a number of interesting opportunities in our Design Production and Service Departments and we can offer attractive salaries, productivity bonus, pension and sick pay schef"!les together with help over relocation. If you are Interested to hear more please fill in the following details:- ' 

r•••••·---~ I Name Age · . I 
1 Address I I I I I I Telephone Work/Home (if convenient) I 
I I I Years of experience 0-1 1 -3 3-6 Over 6 I I o o o o I 
1 Present salary £2,500- £3,500- £4,500- over I 1 3,5oo 4,5oo 5,5oo £5,500 I 1 o o o o I 
1 Qualifications None C & G HNC Degree I I 0 D 0 0 

: Present job I 
I I L ••••••••••••••• ~ Return this coupon to John Prodger Marconi Instruments Limited, FREEPOST, st: Albans Herts AL4 OBR. Tel: St Albans 59292 ' ' 

Marconi 
Instruments A GEC MARCONI ELECTRONICS COMPANY 

(9200) 
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Electronics Technicians 
Thejob? 

How much 
could I earn? 

Overtime at 
premium rates? . 

Other benefits? ... . 

Where? 

Qualification 
required? 

*Servicing and calibrating 
complex electronic equipment. 

*£5600 plus per annum . 

*YES 

*Generous Holidays increasing 
with Serv1ce 

*Sick Pay, 
*Superior Pension Scheme 
*Restaurant 
*Relocation assistance, etc. etc. 
* Assistance with Local 

Authority housing 
accommodation could, in 
certain circumstances, be 
made available . 

*NEASDEN,N.W.10. 
(Opposite the Underground 
Station, and close to the M.1 .) 

. *CONSIDERABLE practical 
knowledge and experience of 
electronic circuitry faults 
diagnosis and rectification. 

For further information please telephone, call or write to 
R. F. Honnor Personnel Manager 
G & E Bradley Limited, 
Electra! House. Neasden Lane. 
London NW1 0 1 R R. 
Telephone : 01-450 7811 

Bradley Electronics 
A Lucas Company 9649 

in Electronics Design 
If you have substantial electronics design 

engineering experience but perhaps have ~ot 
been working on the frontiers- don't despa1r. We 
can offer a thorough formal training scheme (fully 
paid) of twelve weeks duration to update you on 
some of the most recent developments m 
electronics. After successfully completing this, you 
would be working on the design and development 
of solid state analogue control systems, power 
converters, etc. 

Sperry Gyroscope can offer the employment 
benefits expected of a successful maJor company 
operating in an advanced technology envuonment 
including realistic relocation expenses where 
applicable. . To find out more contact V lV Moss, Personnel 
Dept., Sperry Gyroscope, Downshire Way, 
Bracknell, Berks RG12 lQL. Telephone Bracknell 
(0344) 3222 ext. 512 or 199. Quote ref. WW 18779 

...JLsr->e~v 1r GYROSCOPE 
OIVISIUN (JF SPl KHY RAND LIMITED 

19611) 
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ELECbACJBCJNIC 
PRODUCTION TEST I 
FAULT --FINDING 
ENGINEERS 

-~·-··· -~·-! · . ·1, 

..... · .. : . . ,, 
1976 

c. £4,500 
Electrosonic Ltd. is a leading company in the expanding fields 
of lighting control equipment and audio visual systems. 
The Company, based at Charlton wit~in easy reach of rural 
Kent, offers an attractive working env1ronment and excellent 
conditions of employment. 
PRODUCTION TEST /FAULT-FINDING ENGINEERS: Engin­
eers are required for a small batch production lin~ and ~ystem 
testing /fault finding on a wide ra':lg_e qf electromc eqUJpme~t 
employing some of the latest d1g1tal. analogue and aud1o. 
circuitry. 
Applicants should have either experience i':l the t~~tin~ /fault 
finding of electronic equipment o~ acade~1c_ quahf1cat1on_s_ to 
HNC or degree level. Suitable applicants w1ll fmd oppo~tumt1~s 
for advancement to higher paid technical support pos1t1on~ m 
the Company's software or hardware design teams and project 
engineering section after a period in the Test Department. 
SERVICE ENGINEERS I HIRE DEPT. ENGINE~RS: Engineers 
are also required for fault finding and presentation work on t~e 
above equipment both in - company and on customer s 
premises. 
Applications in ~riting, giving a resu~e of. career to date, 
addressed to: P. W. Way, Production D1rector, ELEC­
TROSONIC LTD., 815 Woolwich Road, LONDON, S~7 __ 
8LT. Tei:01-8551101. (9651) 

The Polytechnic of N orthLondon 
¥ 

Educational Development Service 

EQUIPMENT TECHNICIAN 
Grade& 

The Educational Development Service provides a comprehensive AV 
service throughout the Polytechnic. We require an exp~nen?ed 
Equipment Technician to perform technical and admm1strat1ve 
functions in the Service:-

To manage the physical reso~rces of the Service and assist and 
deputise for the Chief Technician a.s required: 

To establish a service routine for AV equipment and maintain service 
records: 

To establish technical standards and assist production staff using AV 
equipment: 

To help to train and supervise various st~ff using AV equipment: To develop existing AV systems and adv1se on the purchase of new 
equipment. 

An HNC or equivalent qualification is required and a minimum of 
nine years' relevant experience (including trammg penod_). 
Salary Scale : £4509-£5283 i~clusive of London We1ghtmg. · 

Application forms can be obtained from the Chief _:Technician, 
Educational Development Service, The PolytechniC of North 
London, Holloway. London N7 BOB. · (9490)-

WIRELESS WORLD , SEPTEMBER 1979 

lmpQrial War Museum 
LONDON 

Audio Technician 
The Museum illustrates and records all aspects of the two 

world wars and all other military operations involving Britain 
and the Commonwealth since 1 914 . This post is in the 
Department of Sound Records, where the technical operations 
are based on a Sound Suite incorporating Leevers-Rich E200 
and Revox tape machines, disc reproducers, a Neve BCM 
10/2 mixing desk and ancillary facilities. 

The technician appointed will be responsible for the control of 
stu?io recording, transfer operations , routine servicing and 
mamt~nance of all the audio equipment, some location 
recordmg, control of public .listening facilities in the Museum 
and the provision and maintenance of certain archival lists and 
procedural records. In addition th.e successful candidate will 
work from old recordings and those produced on domestic 
equip_ment, and assist in the production of programme 
matenal for use 1n the Museum's public and educational 
services. 

This post has been exempted from the Government's 
ban on recruitment. 

Candidates must have an ONC in engineering TEC/SCOTEC 
Cert or C & G Pt II in a relevant subject or an equivalent or 
higher qualification, and an aggregate of at least 8 years ' 
traini!lg (eg app_rentlces~ips and I or full-time study) and 
exp~nence: Pract1cal expenence of operating and maintaining 
aud1o eqUipment and a theoretical knowledge of sound 
recording essential. 

Salary, starting at £4850 rises to £5390. Salaries under 
review. Non-contributory pension scheme . 

For further details and an application form (to be returned by 5 
S_eptemb~r 1979) wnte to C1v1l Service Commission, Alencon' 
Lmk, Basmgstoke, Hants RG 21 1 J B, or telephone Basingstol<e 
(0256) 68551 (answering service operates outside office 
hours). Please quote ref: T I 5127. 

(9498) 

TELECOMMS TECHNICIANS/ENGINEERS 
ABU DHABI 

AI-Mariah United Company a _fast growing telecommunications company t-i"as regular requirements for qual1f1ed and expenenced personnel ranging from City and Guilds to Degree Level. Present requirements are for Telemetry Systems and VHF/UHF Rad1o L1nks CGLI Fmal and for a Senior Telecoms Engineer (married accompan1ed or bachelors) of degree level. · 
Applications to Mr. George Fee, General Manager 16 Hallview Grove Darlington during August with cop~ to P.O. Box :io&, Abu Dhabi with teleph_one contact. Full _c_. V- and 1f bachelor status interest. Usual expatriate terms and cond1t1ons. 

(9636) 

KINGSTON POLYTECHNIC 

TECHNICIAN 
School of Electronic Engineering and Computer Science 

The technician is required to support the work of the digital electron ics Ia bora tor Dut ies 1nclude the serv1c1ng of electroniC mstruments and penpherals a d th d y . 1 digital sub-assemblieS microprocessors expenments and digital expe~i;enta~io~ve opment of 
Wide variety of interesting work in the forefront of dig ita l tech niques in both develo men t and research . Appl icants should have some knowledge of digital integrated circuits andp referabl 
of log1cal techniques. . P Y T2 grade £.3600-£3972 Inclusive (award pending) . 

Application. forms from Assistant Registrar (Personnel), · Kingston P 1 · _ Penrhyn Road. Kingston upon Thames KT1 2EE. 01-549 1366• . . o ytechmc, 

•96 3 7) 
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Radio Officers 
If you trade or training involves radio operating 
and _vou are no m_ore than 35 years of age, you 
q~ahfy to be co~s1de_red for a Radio Officer post 
w1th the Composite S1gnals Organisation. 
A number of vacancies will be available in ·1979/ 
80/81 for suitably qualified candidates to be 
appointed as Trainee Radio Officers. Candidates 
must have had at least 2 years radio operating 
experience or hQid a PMG, MPT or MRGC cer­
tificate. 
On successful completion of 40 weeks specialist 
training, appointees move to the Radio Officer 
Grade. 

Salary Scales 
Trainee Radio Officer Radio Officer 
Age 
19 
20 
21 
22 
23 
24 

£3271 
£3382 
£3485 
£3611 
£3685 
£3767 

Age 
20 
21 
22 
23 
24 
25+ 

£4107 
£4243 
£4359 
£4571 
£4854 
£5166 

.25+ £3856 then by 5 annual 
increments to £6981 
inclusive of 
shift working 
and Saturday. 
Sunday elements 

for further details telephone Chelten­
ham 21491 ext 2269 or write to the 
address below 

_... .. r .. .... ~-~-~-~-~ ...... , 
Recruitment Office 

Government Communications Headquarters 

Oakley, Priors Road, Cheltenham GL52 5AJ 

NATIONAL FILM SCHOOL 

ELECTRONICS TECHNICIAN 
FOR VIDEO STUDIOS 

Experienced in prototype con~truction , versed in analogue, digital and 
R~ des1gn, to assJst video engmeer Jn the establishment and operation of the new video production faci11ty . 
Knowledge of video an advantage but not essential . 
Apply to Studio Manager for application form Beaconsfield Studios, Station Road, Beaconsfield, Bucks. ' 

TEL: BEACONSFIELD 71234 ext. 22 
19645) 
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SITUATIONS VACA~~~ 

TestGecu­
Enginee .. 

Consumer 
Electronics 

We have a vacancy for someone of~/C? (or 
equivalent) qualification in e~e~trorucs, yv:tth a 
bias towards television and digital. techniques, 
to join a team engaged in th.e design and c~n­
struction of test gear for use m a manufactunng 
environment. 

As well as a good theoretical and pr~~tical 
knowledge, the post d.em~ds ~he ability to 
apply the elements of crrclilt desi~ and com­
ponent technology to . the productlon of t~st 
equipment to technical . and commercial 
specification. . 

It is unlikely that we shall find som~one ~th the 
necessary experience and creative. flal! out­
side the ranks of those already working m the 
field. Both men and women may apply. 

The salary will reflect the job re<:Jlli:rement~ and 
the calibre of person likely to f1l11t effectively. 
In · addition, the situation affor~ a valuable 
opportunity to jo~ a forward~l~oking .company 
offering attractive . conditions, mcluding 
generous holiday entitlement, con!J'act~d-out 
pension arrangements, an~ th~ satisfactiol! of 
doing a technically interestmg JOb located m. a 
very pleasant part of the South Coast. (We_ Wl;ll 
provide he.lp to move here, where this IS 

appropriate.) 

Write, phone or call for application f~mn: 
George Greaves, Senior Personnel Officer, 
ITT Consumer Products (UK) Ltd, Theaklen 
Drive, Hastings, Sussex. Tel: (0424) 437061. 

ITT 
I 'WOrld-wide Teclmology I 

NUMBER CRUNCHER KIT 
Now you can add all · the functions ?f ·a powerfu l 

calculator to your ZBO ~r _SC/MP Mlcr_ocomputer 

Our MM 571 09 based ktt tncludes qual tty PCB, all 

components. comp_lete ~n _s t ructlons and so!~w~re 

Only neat soldering IS required to complete this ~~ ~ 

The kit as suppl ied interfaces to an unmod 1f1ed 

Nascom I 

Functions available include +. - . X· . 1 • sine, 

arcsine, logarithms and e~p?nents . The des•gn of the 

unit ensures that only a mmLmum amou.nt of memory 

is required to perform com pie~~; calculations. 

~Cryst~l ~ . : ~\Ji. ACCURATE 1 ~fi 
~· ~REliABlE ~~: 

~@~ / 
CompleteKit(tnc . VAT) £38 .75 + £1 .25 p&p 

From: 

Control and Electronic Developmenta, 719 

Pinabank, Creigavon, Co. Annagh, N. lra~~;d7 5) 

FOR SALE: 24 band receiver 
RF8000 Super National Panasonic, 
unused, shop soiled only, va}ue 
£2 000 will let go for £1,200. V.C.R. 
N.'1700. Used, new cost £760, will 
let go for £350. Reusable 1 hour 
tapes available at £5 each. -
Contact Morris 66455 (0223) office 
hours, 46274 after office hour(

9464 

SOLAR CELLS: bits, books. and 
bargains. Send stamp for list or 
115.P for Solar Cell booklet and 
Datl1 sheets. Edencombe Ltd . 34 
Nattians Road North Wembley, 
Middlesex HAO 3_RX. (S06l 

Private enquiries. send f 3p in sw$s for brochurr 

;- :c_g,c.c. WQ!_t~S~\¥_E;l,i,LNGTON CRESCENT ~ 
; NEW MALDEN, St)RREY. 01_:942 Jla;l4 & 298. • 

- - -- - - .. 93i 

VALVES RADIO - T.V.-Industrial­
Transmitting. We dispatch valves 
to all parts of the wo~ld by return 
of post air or sea ma11, 2, 700 types 
in stock 1930 to 1976. Obsolete 
types a speciality. List 20p. Quota­
tion S.A.E. Open to callers Monday 
to Saturday 9.30 to 5: 00. Closed 
Wednesday 1.00. We wish to pur­
chase all types of new and boxed 
valves. Cox Radio (Sussex ~td., 

Dept WW, The Parade, East Witter­
ing, Sussex P020 SBN, West 
Witte ring 2023 (STD Code 024366). 

(9082 

The Royal Fleet 
Auxiliary 

requires 

Junior 
Radio 

Officers 
Applications are invited for J~nior 

Radio Officer vacancies which Will be 
arising in the near future . 
Applicants should poss~~s MRGC and 
Radar Maintenance Certificate. 
For further details and application form 
contact : The Careers Office , Royal Fleet 
Auxiliary DST (FMV) 74a, Room 705 
Empress State Building, London 
SW6 1 TR. Tel: 01-385 1244 ext 2192 
Closing date for receipt of completed 
applicat!ons 5th September. 

ROYAL FLEET AUXILIARY R FA 
619) 

ARTICLES FOR SALE 

ANTIQUE MACHINES 

+ CURIOSITIES 
The world's first high quality glossy 
magazine devoted to mechan1cal and 
other collectables and curiosities of all 
types . Fifty-six. page first issue out 
now price 95p mcludmg 16 pages m 
full colour and the unique collectors 
card index . Obtainable from your 
newsagent or direct from AM +C. 3 
Heathcock Court . Strand WC2R OPA. 
Telephone: 01-379 6025. 

(9357) 

INVERTERS 
High quality DC-A C. ·Also "no 
break" (2ms) static switch, 
19" rack. Auto Ch:ar111er. 

COMPUTER POWER 

·lnterport Mains-Store Ltd. 
POB 51, London W11 3BZ 
Tel: 01-727 7042 or 0225 310916 

(9101) 

SCREEN PRINT SYSTE~. Prints 
labels circuit boards, dials, front 
panels. Ready to oper.ate, willing 
to train operator. About £200. 
J. Waller, Dunstable Street, Ampt­
hill, Beds. 0525 402279. (9635 

CM2506 DIGITAL CAPACIT~N.CE 
meter lpF-2uF 5 ranges, 2t digits, 
0.6in leds; ace. 0.5% . Assembled 
module only £20.75 plus VAT. -
Precision Measurements, PO Box 70, 
g St Stephens Ct, Canterbury, Kent. 
(Callers by appointment). (9613 

THE SCIENTIFIC WIRE 
COMPANY 

PO Box 30, London, E.4 

ENAMELLED COPPER WIRE 
SWG 
10 1019 
20 to 29 
30 to 34 
30 to40 
4 1 to43 
44 to 46 
47 
48 

11b. Boz. 4oz. Zoz. 
2 .65 1.45 75 60 

2 .85 1 .65 90 ·70 
3 .05 1.75 100 .75 
3.40 1.95 1 15 84 
4 .55 2 .55 1 95 1.30 
5.05 3 .05 2 .15 1.70 
8 .00 5 .00 3 .00 1 .80 

15 .00 ' 9 .00, ' 6 .00 3 .30 

SILVER PLATED COPPER 
WIRE 

14 & 16 
20 & 22 
24 & 26 
28 & 30 

4 50 
5 .00 
5 70 
6 .67 

2 .2 5 
2 .85 
3 .31 
3 .86 

1.44 ' 
1 .74 
2 .00 
2 .35 

~~~e~ r~i~~~1.~tpo~~oapnpde~~~esistance Wires 

Dea ler Enquiries lnv•ted 

.90 
1.06 
1.22 
1.44 

(9063) 

PARTRIDGE 
ELECTRONICS 

THE MIXER MANUFACTURERS 
OFFER 

Electronics-panels-frames-etc. i.e . 
everything for high quality mixers . 
large or small , available as assembled 
and tested sub units or kits . 

A. c. Partridge Limited 
56 Fleet Road. Benfleet. Essex 
Telephone (STD 03745) 3256 

Access:.... Barclaycard 
(950G) 

G W M RADIO LTD, 40/42 Portland 
Road, 'worthing, Sussex. Tel. 0903 
34897 for g·overnment and facto.ry 
surplus se.cond user and s/h equip­
ment. Radio telephones for sale and 
wanted In large or s.mal~ l~ts. 

Atalanta Marine Commu_rucatwn 
Receivers £115 plus carnage at 
cost. Avometers model 7 £31. Model 
8 £43 inc. sound powered te~e­

phones with intrinsically s.afe Cir­
cuits unused. 40ft pneumatic !ll~sts 
by Scam Clark £32'1, in ong~nal 
unopened maker's box gross weight 
4 cwt. Many one off items in. ~tock. 
No lists, we are worth a Vi~iJi52) 

SERVICE ENGINEER 
What'S it to be ••• 

Midnight in Moscow, 
or lunchtime in London? 

That's the sort of choice you could be faced with at Linotype-.Paul. We're a highly successful, 

high technology electronics company designing and manufacturing computer controlled 

phototypesetting systems for use by the world's printing and publishing industries. 

As a service engineer you'll be called in to client locations almost anywhere in the world, it's 

a fact that our systems are used on Pravda, so the Moscow connection really does exist. 

What's more, you'll be responsible for repairing right down to component level on systems 

that are as sophisticated as they are varied- that means electronics, mechanical units, 

electrics, high precision optics, and computer peripherals, such as VDU's, tape readers 
and disc drives. 

But don't worry, we'll give you full product and technology training and when an overseas 
assignment comes up, you'll be asked rather than told to go. 

For the right men and women we're offering highly competitive salaries, first class benefits, 

a Cortina 1600 Saloon, plus excellent prospects for career advancement. Generous 
assistance with relocation will be available where necessary. · 

If you are qualified to HNC or above and have had several years relevant experience ring or 

write now to David Hilton, Pers_onnel Manager, Linotype-Paul Ltd, Kingsbury Road, 
London NW9 BUT. Tel. 01-205 0123. . 

..._____ ________ Linotype-Paul 
TV TUBE REBUILDING 

Top quality professional plant and 
equipment, and leading consultants, 
for complete plant or upgradtng and 
for training and all supplies. 

WESTERN WHYBROW 
ENGINEERING 

TEL. (0736) 762265 

VER~ 3E CARD FRAMES. Re­
fu.rbished, as new. Height su. Each 
With J?at:ty extr.as: 15in, no case, · 
£4; 19m me case flO; 78-way W/W 
edge conns £1. - Details 048955355. 

(9612' 

9 UNIT 7 SEGMENT CALCULATOR 
DISPLAYS 45p. Teleprinter 54s 
£35, and 75s £30. Spares etc MKS 
27 Upper Stone Street, Maidstone,' 
Kent. {9442 

LAB CLEARANCE: Signal Gener­
ators; Bridges; Waveform, 
transistor analysers; calibrators; 
standards; millivoltmeters; dyna­
mometers; KW meters; oscillo­
scopes; recorders; Thermal, sweep. 
low distortion true RIM.S, alfdio FR. 
deviation. Tel. 0•40-3•7'6213•6. (18250 

GENUINE original RGD radiogram. 
1046 G, perfect working order. 
Offers: Jackson, 235 Winstanley 
Drive, Leicester. Tel 824405. (9625 

5 I Level Receive Only Creed Envoys. 
seen working and purchased as 
viewed . mounted in sound proof 
metal cabinet. £85 each. 

ASSOCIATED PRESS LTD. 
83/86 Farringdon Street, London 

EC4. 
01-3531515 Ext. 212 

---~-



TO MANUFACTURERS, WHOLESALERS & 
BULK BUYERS ONLY 

Large quantities of Radio , T.V. and Electronic Compinents . RESISTORS CARBON & C/F Va, %, V2 , V3 . 1 Watt from 1 ohm to 
10 meg . 
RESISTORS WIREWOUND. 1 V2. 2. 3. 5, 10, 14,25 Watt. CAPACITORS. Silver mica, Polystyrene, Polyester, Disc Ceramics, 
Metalamite. C280 , etc . 
Convergence Pots , Slider Pots . Electrolytic condensers. Can Types. 
Axial , Radial . etc. 
Transformers, chokes, hopts. tuners. speakers , cables, scree'ned wires. connecting wires. screws. nuts, transistors, ICs. Diodes, etc .. etc . 
All at Knockout prices . Come and pay us a visit. Telephone 445 2713 . 
445 0749 . 

BROADFIELD S & MAYCO DI SPOSALS 21 Lodge Lane, N. Finchley, London, N.12. 5 mins. from TallyHo Corner 9461 
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. ARTICLES FOR SALE 

EXCLUSIVE OFFER 
RACK IUJ1111116 GABIIIETS 

li&HEST QUALITY 11" 
Ref HI" Widtll'' Deplll" Price 
P£ 10 21 13 £10.110 
ll10 54 21 18 £20.110 
TT 64 Z5 26 £45.110 
Sl 71 25 26 £50.110 
ST 85 22 24 £70.110 

RtCII clbinetslor RA-17/111 £30.110 
Utrilnme. slnete gg:: 
Utill'lllll. dtllllle £ .... 00-Un"r-. trlplt -. 

Dvtr 611 types millblt frtm 1 'l' to Ill" lllgll. 
Aile twins. tripla 111d caaaaln. AIIIVI tra aaly • lew 
\yptl- Piasa uad tor IIIII Hat. 

AUDIO AIID IIISTRUMEIITATIOII-TAPE 
RECORDER-REPRODUCERS 

* Ferrtgnph YO 2 track V•" * Leevera-Rich '!.'' 2 tuck 
"* IJier W'21nck * Ampex FR 1300 * Plesaey 1033 Digittl Units. 1 tnck v.'' * Plemy M5500 Digital Unit 1 track Yz" * Ampex Fll-1100. 6 speeds. stereo 'A'' * Ampex FR600. 4 speeds. 7 track Yt'' * Ampex FR-1300 Yz" 7 track * Consolidated VR-3800 Vz" 7 track * Canselidatad VR-3600 1" 14 track * O.R.J. RMI. 4 spHdS. 4 track V•" * Mtnicom CMP-1 DO. 6 speeds. 7 track 'A''. v.'~ . 1" * Ampex 351 2 speed. 2 tnck W' * 3M H. 4 speeds. 14 track 1" 

Prtcel of aboVe £70 to £500 
Also Transpert Becka enly available 

WaiiiVIIItrgl qu•tity Ill "llitiiH .piiCII" WI CIIIDf 
list - piasa uad 11 your requlrtlltata. •• ;eJ 
lfolllbly belp -tlleaqtirlts taawertd ___ __. 

RADIO RECEIVERS 0-4 G 19/ MCS by 
Marconi. Collins , Racal. T.M.C .. G.E.C .. 
Rhode & Schwarz. Polarad Eddystone. 
Nems Clarke. S .T.C .. err. Lists available . 

OSCILLOSCOPES TO 100 MHZ by 
Tektroni)(, Hewlett Packard, Telequip­
ment, Solartron, Cossor. Rhode & 
Schwarz, Roband, etc . List available. 

TEST EQUIPMENT by 
Rhode & Schwarz. Avo, Cintel, Dawe 
Bradley. Teleonic, Hewlett Packard . 

·Racal, Sauders . Multihead . G .E.C . . 
·Mafaid , B & K, Solartron, Honeywell. 
Mesl. Airmec. Furze Hill, Plessey. etc . 

SPECIAL MOBILE TOWER 
:so feet high eKtended. 
12 feet high closed . 

Hydraulic operation with ladders and 
platform on top . 
All mounted on Bedford 4-wheel-drive 
tru.ck with self-levell ing arrangements 
built in . Made to Ministry requirements. 

Ml11UALS 1\ We hive • qutntlty Dl T echniGII Mlllttla of Elactrtnlc 
~p111111. 11111 phataat1t1. 1940 to 19611. Brllln ••• 
AIHrica llo IIIII. EIIIJIIIrilllnvltlll. -----' 

AERIAL EQUIPMENT 
ALL TO MINISTRY SPECIFICATIONS 

Lattice towers 
Lattice masts Complete repair information, any 

requested T.V. £5 (with diagr(lms 
£5 .50) . Any service sheet requested 
for £1 plus S.A.E. S .A.E. brings news· 
letter and special offers - service 
sheets from 50p. bargain vouchers . 

Sectional tubular masts 
Yagi arrays 
Log aperiodic arrays 
Aerial amplifiers 
Multi couplers 

. Baluns 
Unique Publicat ions . Aua.(V). 76 
Church St reet , Larkhall. La nark­
sh ire. 

T ER 
PROBLEMS? 

1 VA-1 KVA Prototypes in 7-10 days . 
Phone Vince Sellar on 0607 6-
66716 
TRENT TRANSFOR M ERS LT D. 

26 Road 

· Attenuators 
LIST AVAILABLE 

I 
we have a varied asaor111ent ot Ind. uatrialand ~ 
professional Catho~e Ray Tubes IVIillbll. ~lsi 

~-ue_st_. ____________________ ~ 

PLEASE ADD CARRIA&l AIID V.A.T. 
P. HARRIS 

ORGANFORD,DORSET,BH166BR 
BOURNEMOUTH (0202)765051 

(89811 
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SiTUATIONS VACANT . 

qallenkamp is a leading company in the laboratory equipment 
f1eld, and a member of the Fisons Group. 

We require two young 

.. Electrical 
Test Engineers 
to fill posts in our expanding 
Product Assurance Section 

One post will involve the examination in detail of the apparatus 
whtch we sell a. nd the specification of any modt'f.lcat·1 t h ons necessary o ~nsure: t at 1t meets our quality assurance requirements and 
Unrted Kmgdom and foreign electrical safety specifications. 
Exp~rience of electrical te~ti~g i~ essential and experience of 
testmg to BS3456 or to stmtlar International specifications would 
be an advantage. 

The other post will primarily involve the measurement of radio 
Interference le~els and the specification of suitable suppression 
systems. Exp~nence of electrical testing is essential and 
expenence wtth BS800 or similar international specifications 
would be an advantage . 

The work isin a modern, well equipped laboratory at our Head 
Off1ce butldtng near Moorgate Tube and Liverpool Street stations. 
A good starting salary is offered. plus four weeks ' holid 
subs1d1sed staff restaurant and other benefits associate~~ith a 
large company. 

Pleas~ phone 01-24 7 3211 ext . 285 or write to Sarah Bramble, 
Recrut~ment Officer, A . Gallenkamp & Co . Ltd ., P.O. Box 290. 
Techntco House. Christopher Street, London EC2P 2ER . 

lJallenham~ 
(947Bl 

ARTICLES WANTED 

WAN-TED! 
:1 :fll types of scrap a ncr 

REDUNDANT 
ELECTRONIC & 

COMPUTER 
MATERIALS 

with precious metal content 
.---~· I --':-1=--~ 

IIIA_N~SISJQJlS 
i & PRINTED 

CIRCUIT BOARDS 
· TO COMPLETE 

COMPUTERS 
THE COMMERCIAL_ 

SMELTING & 
REFINING c·o:llil. 

171 FARRINGDDN ROAD 
LONDON, EC1 R 3AL 

Te l: 01 -837 1475 
Cables: COMSMELT. EC1 

Works: FLECKNEY. Nr. LEICESTER 

SP.OTCASH 
paid for all forms of electronics equ ip­
ment.and components . 

F.R.G: General Supplies 
550 Kingston Road. Lo ndon 

Tel: 0 1-404 5011 
Telex: 24224 Quote Ref 3 165 

(8742) 

WANTED RACAL ATTACHMENTS 
M~~~~r~t~~~- MA 13 50A Decade Frequency 
MA259 Frequency Standard or Equivalent. SA 510 Frequency Standard. 
RA66A or B Panoramic Adaptor. 
RA 137 or 237 LF Convertor . 
RA 1 21 8 Receiver plus associated attach­ments - RA337 - RA316 - RA298 _ 

RA366 - MA358 - MA397 
MA350B - MA210. 

ALL RACAL SPARES AND 
EQUIPMENT WANTED 

JOHNS RADIO 
424 Bradford Road, Batley, Yorks. 

Tel: 0924 8159 (9.30 a.m. to 1 p.m.) 
(93891 

WANTED 
All your gold washed scrap. Plugs, sockets, edge connectors, P.C. boards, pins. etc . 
~~ollect and pay cash for any amount from 

Minimum pr ice £1 00-£200 per cwt 
P. Skellem Metals, The Iron Yard (Est, 
19351. Cutlers Gr-n Thaxt ed, Essex­
~~~ 9 2PL. Telepho~e: Thaxted 830 

SPOT CASH for all types test equip· 
ment, receivers transmitters , 
valves, components cable and sur­
plus. electronic s~rap. M. & B. 
Radlo , 86 Bishopgate Street, Leeds 
LS1 4BB . 0532 35649. l8789 

STOftAGE SPAC E is expensive, why 
stor_e redundant and obsolete 
elqulpment? For fast and efficient c ear~nce of all test supphes , PC boards gear , pow-er 
etc. , regardless of , components , 

-
quantities . Call 0.1_771 condi·tion or -:;:;;;-;:;:-:=:=-~.:.:_~ 9·4·13. (8209 
TURN YOU R SUR transistors e-tc i~LUS Ca-pacitors , CO•LES-HA:imm'c & oc c,ash . Contact 
Bnnk, Wi.s•bech Ca o. , 103 South Immediate settlemenmt bs . 0945-4188. come th · We also wel· c 1 e OiP·P·ortunity to quo·te for _omp ete facto•ry clearance. (9509 

TELEVISION 
BROADCAST 

EN.GINEER 
'lf'.!e require an eng i.ne~r to join the staff of a rapidly expanding 
v1de.o cassette dupl1catang fac ility . The candidate should have a 
m~n1mum -~f three years' experience in broadcast television 
w1t~ spec1f1c knowledge of Quad and Helical Scan VTR Flymg Spot Telecines and related systems . ' .· s. 

The. ~andidate should b~ qual1f1ed to H NC, Full Techn 1cal 
Cert1f1cate. ~egree or equ1valent qualification. The JOb reports 
to the Techn1cal Manager and the successful cand 1date will be 
respo_nsible for maintena_nce of equ1pnient . supervision of 
techmcal tramees and the mstallation of additiona l facll1t1es . 

H_ igh salary (level dependent upon experience and qual ifica-
tions) plus normal benefits . 

Please reply in confidence to : 

Mr. Tony Owers 

~ ll~ PERSONNEL & ELECTRONICS tTD. 

~ Tnumph Ho .... 1096 Uxbndge Rood, Hay.., Mlddlo"•· UB4 BQH, Englaod 
Telephone: 01 -573 8333 Telex: 934271 

CAPACITY AVAILABLE 

COIL WINDING 
Large orsmall 

PRODUCTION RUNS 

AIRTRONICS LTD 
GARDNER INDUSTRIAL ESTATE 
KENT HOUSE LANE 
BECKENHAM KENT BR31UG 
01-659 1147 

8936 

PCB ARTWO RK DES IGN SERVICE 
with component notation masters 
and _assembly drawings , PADS 
Electncal Ltd, ()1-850 6516, 45 
Southwo'Od Road, New Eltham SE9. 

(7905 

ELECTRONI C CIRCU IT Design and 
prototype construction production 
assembly . Test and PCB artwork 
design ._ Write: Powe-rliine Electron­
ic;s, H1gh Street, Bogno-r Regis , 
Sussex P021 1EZ or telephone STD 
024-32 CPagham) 66587 eve-nings . 

(8963 

SMALL BATCH productions wiring 
ass·e~b!Y t? sa~ple or drawings . Spec1-ahst m pnnted cirCUl•ts as· 
sembly, Rock Eledronics 42 Bis­
h opsfield , Harlow, Essex 0279 33018 . 

. (9094 

A COMPLETE SERVI CE to manu· 
f.acturers: Assembly, cable fo r ming 
and . testmg . Also a prototype PCB 
serv1ce and component sLiled uling 
at competitive prices. Small or 
large runs with quick turn-round 
to high standards. Contact the pro · 
fesstonals - Techtronic Services 
Staincliffe Mills , Dewsbu ry , w: 
Yorks . Tel I 0924) 409040 TX 556267 . 

(9504 

I.H.S. SYSTEMS 
Due to e)(pansion 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 Bo)( No. WW 8237 

(8237) 

NE KTON MINI BUS PCB strip. 
M822 - code 5-10-6, M823 - code 
7-9-3, £25 per 100. Also thousands 
surplus 74 series IC's cheap. -
Tel. (0329) 237362. 

PRINTED CIRCUIT BOARDS : Com· 
P.lete service for manufacture of 
smg,le and double sided boards. 
Des~gn, a rtwork , photography, gold 
platmg, drilling , screen printing. 
Assem_bly : P .C.B. assemb.ly, wi-re 
wrappmg. Complete construction , 
screen printing and engraving of 
panels. Design and development 
of electronic equipment . - Scope 
Advanced Systems Ltd., Dept A. 36 
Smger Road , E ast Kilbride, Glas · 
gow. 035-52-37112 . (9474 

PR~NTED CIRCUITS BOARDS. 
Qu1ck deliveries, competitive prices . 
Quotations on r eq eust, roller thin­
n.~ng, dnlhng, etc. SpecialitY sm~ll 
~:>atches . Lar ger quantities avatl· able . J a m teson Automatic Ltd. , 1-5 
West_gate , Bridlington, North Hum· 
b ers1de . For the attention of J . 
Harrison 1 0262 ) 74738 or 77877. 

(9652 



WORKSHOP CLEARANCE. Sale 
starts on August 27th-8th Septem­
ber. No correspondence pleas_e. 
Please phone 01-543 2515 or call m 
person. The store is at the rear of 
550 Kingston RoadL London SW20 
8DR Entrance from Edna Road, 
first· alley left. Near est tube s~ation 
Wimbledon, Southern Railway 
Station Raynes Park only 400 
yards. Tektronix Osc~llosco·pes. 545B 
with CA unit plug-m, pnce £195; 
544 with L plug-in unit £150; 545A 
with CA plug-in unit £175; 58~ with 
82 plug-in units £250; 585A With 82 
plug-in units £350; Signal generator 
TF801D/8/S £195; R & S signal 
generator AM/FM ty.p·e SMAF 
frequency 4-300 MHz £240; J-1A 
signal generator £15; 190A costant­
Ampletude signal generator £50; 
Solartron digital vo.ltmeter LM~420 
£40; R&SUSVD '!JHF test receiver 
£75· HP 2410B AC/OHMS converter 
£50; HP 2539A digital. conpar~tor 
£50· HP 8875A differential amplifier 
(qu'ant ity 4) with main frame £50. 
Attenuator variable CT532 (TF2162) 
£45; Muirhead-Wigan decade o~cil­
Iator type 890A, £85; HP OSCillO­
scope 140B £27·5; Q-Meter TF1245 
with TF1246 oscillator £395; 547 
oscillosco.pe with 1Al plug-in . unit 
£375; 409 FM/AM modulation me_ter 
£170; TF2300A FM/AM. m_odulatlon 
meter £350; TF791D denat10n meter 
£95· Polyscop SWOB l wideband 
sw~eper and display 0.5-2400 MHz 
2 pro-bes, hand.book, £395; wave 
analyser 248 freq 5-300 MHz £45; 
248A £150; 85·3 30 KHz-30 MHz £45; 
Cohu DC voltage calibrator type 
303B £185; type 324A £295. Advance 
pulse generator PG52B £2-50; Con­
stant voltage transformers 500W 
£15; 3 KW95, 5KW £120; Variac SA 
£15; 3ph 20A £120; HP 606B HF 
signal generator 50 KHz 65 MHz 
£75; BNC to BNC530ohms cables 
length aopprox 7ft £1.50; Type N. 
plug-in unit £60; Hewlett Packard 
electronic counter t)'lpe 5245M with 
2 frequency converters ty.pe 5253B, 
and 2590B, pri·ce negotiable; R&S 
noise generator freq. 3-1000 MHz 

· £75; RF power meter TF11020A/5Ml 
50 ohms, 0·300 watts in two ranges 
£85; CT202 swept signal generator 
freq. approx 3-72-MHz £15; 
Dynamico digital voltmeter DM20225 
£60; 19in cabinet on castor wheels 
ht. approx 4in £50; as above but 
4ft llin approx £65; double pulse 
generator type 5002 £55; Solartron 
power supply 0-30v ·at lOA £75; HP 
type 624C x band signal generator 
£95; regulated high vol~a.ge power 
supply 0-3.4 KV £85; Phihps power 
supply, type PE 1527, 0-150 vo~ts, 

3 amps, £195; Hughes travelling 
wave tube amplifier, L band, £250; 
Wayne Kerr Bridge Universal 
CT375 £25; CT530 with low 
impedance adaptor £75;. UHF . ad­
mittance bridge B801 w1th bridge 
sauce £50; Insulation tester (500V-
15KV) CT318 £75; English Electric 
insulation tester 10 KV DC £45; 
v .acuum tube voltmeter TF1041B 
£19 · Singer Spectrum analyser 
10 MHz - 40 KMC £150; Variable 
delay unit, delay in nanoseconds 
<total 1.110 ns) input 75 OHMS or 
50 OHMS output 75 OHMS or 50 
OHMS £95; pulse generator type 
GO 1101-2 £15; 24 MHz sweep signal 
generator TF1099/3S with probes 
£95, 180A time-mark generator £45. 
A parcel of glass envelope crystals 
qty . 3500 approx., price £3~0, or 
any individual freq. if av-ailable, 
£1 ea. Transistors BD121 30 ea, 
minimum order qty 100. Hp oscillo­
scope 140B with 1415A plug-in unit 
£550. HN to BNC adaptors £2 each. 
As this is a genuine clearance, on 
some units an offer will be con­
sidered. All prices exclusive of 
VAT and carriages. (9616 

ELECTRONIC: COMPONENTS 
IN WEST GLAMORGAN 

BLUEBIRD ELECTRONICS 
72 CRYMLYN ROAD 

SKEWEN, NEATH 
TELEPHONE SKEWEN 812103 

Electronic Components available mail 
order or in the evenings 5 pm to 7 pm 
and at weekends: Sat ., 9 am to 5 pm 
and Sun ., 10 am to 1 pm 
Send S .a .e. for catalogue or call in 
and see us. (9618) 
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COLOUR, UHF AND TV SPARES 
(miniature size 4! x 3! x 2i). New 
Saw Filter IF Amplifier plus tuner 
(complete and tested for sound and 
vision, £28.50, p/p £1. . 
TELETEXT Ceefax and Oracle m 
Colour, M~nor Supplies " easy to 
assemble ''. Teletext kit including 
Texas Tifax XMll Decoder. External 
unit aerial input, no other co!l!lec­
tions to set. Wide range of fac1ht1es 
in colour include 7-channel selec­
tion, Mix, Newsflash and Update. 
(Price: Texas Tifax XMll £130, 
Auxiliary Units £88, Case £14.80. 
p/p £2.50). Demonstration model at 
172 West End Lane, NW6. Also 
latest Mullard Teletext 610LVM 
moduie available. Call, phone or 
write for further information. 
COMBINED COLOUR BAR AND 
CROSS HATCH GENERATO-R KIT 
(MK 4) UHF aerial input type. 
Eight pal vertical colour bars, R-Y, 
B-Y, Grey scale etc. Push-button 
controls £35* p/p £1; Battery Hold­
ers £1.50*; Alternative Mains Supply 
Kit £4.80*; De Luxe Case £4.80*; 
Aluminium Case £2.60*. Built and 
tested (battery) in De Luxe Case 
£58*' p/p £1.20, 
CROSS HATCH KIT, UHF aerial in­
put type, also gives peak white and 
black levels, battery operated £11* 
p/p 45p. Add-on Grey scale kit 
£2.90* p/p 35p; De Luxe Case 
£4.80*; Aluminium Case £2* p/p 
SSp. Built and tested in De Luxe 
Case £23.80* p/p £1.20. 
UHF SIGNAL STRENGTH METER 
KIT £16.80*, alum. Case £1.50*, De 
Luxe Case £4.80* PIP £1. 
CRT TEST AND REACTIVATOR KIT 
for Colour and Mono £20 .80*, p/p 
£1.30; TV 625 IF Unit for Hi-fi amps 
or tape rec. £6.80, p/p 75p. Surplus 
Bush IF panels. A816 £2.80, TV312 
(single IC) £5. BC5600 (Ex'p) £5, 
A823 (Exp) £2.80 p/p 85p. Bush 
A823 (A807) Decoder panel £7.50 
p/p £1. A823 Scan Control panel 
£3.50, blue lat, 75p (Mullard also 
panel £3.80 PIP £1. Philips G6 single 
standard convergence unit £3.75 
p/p 90p. GEC 2040 ex rental panels, 
Decoder £5, Time Base £5 p/p 90p. 
Thorn 3000 ex rental panels, Video, 
Decoder, frame, tF £5 p/p 90p. 
Colour Scan coils, Plessey £6, Yoke 
£3.50, blue lat, 76p (M~llard. also 
available). Mono Scan coils Philips/ 
Pye £2.80. Thorn £2.80 p/p 85p. 
Philips GS Decoder panels, salvaged 
for spares £3.80 p/p 90p. Varicap 
UHF tuners gen. instr. £3.50, 
ELC 1043 £4.50, ELC1043/05 £5.50; 
Philips GS £5.50 p/p 35p. Salvaged 
UHF Varicap tuners £1.50 p/p 35p. 
UHF/VHF ELC2000S Varicap tuner 
£8.50 p/p 65p. Varicap control units, 
3 pos. £1.20, 4 pos. £1.50, 5 pos. 
£1.80, 6 pos. •(special offer) £1.80, 
7 pos. £3.80 p/p 45p. Touch Tune 
control unit Bush 6 pos. £5 p/p 
75p. UHF transtd tuners, 1 rotary 
incL slow motion drive £2.50, 4 pos. 
push button £2.50, 6 pos. push but­
ton £4.20 p/p £1. (Thorne, GEC, 
Bush, Decca, etc., special types 
available, details on request). Delay 
Lines DL20, DL5 £3.50, DLl SOp p/p 
65p. Luminance delay lines £1 p/p 
40p. Helical pots lOOK 4 for £1.20 
p/p 30p. Remote Control Thorn-type 
Transmitter, receiver £2 pair p/p 
45p. Large selection of !opts, trip­
lers, mains droppers, and other 
spares for poplar makes of colour 
and mono receivers. 
MANOR SUPPLIES, 172 WEST END 
LANE, WEST HAMPSTEAD, LON­
DON NW6, SHOP PREMISES, 
EASILY ACCESSIBLE, WEST HAMP-

-STEAD-BAKERLOO, JUBILEE TUBE. 
and BRITISH RAIL N. LONDON 
(RICHMOND-BROAD ST.) and ST. 
PANCRAS-BEDFORD. BUSES 28, 
159, 2, 13. Callers welcome. Thou­
sands of additional items available 
at shop premises not normally ad­
vertised. Open daily all week in­
cluding Saturday (Thursday half­
day). MAIL ORDER: 64 GOLDERS 
MANOR DRIVE, LONDON NWll 
9HT. Tel. 01-794 8751. VAT. Please 
add 12!% to ALL PRICES (EXCEPT 
WHERE MARKED • VAT 8%). (60 

SOLAR CELLS 4in diameter, 2 
amps, 4v $6.75 each or 10 for $65.00 
plus shipping. - Kenneth Foster, 
1742 Dowd St Louis, Missouri 
63136, USA. (9621 

TELEPHONE ANSWERING . ma-
chine avaHable f.or outright pur­
c·hase. Tele·phone Burton-on­
Trent ((}283) 47427 (9609 
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. SOWTER TRANSFORM.ERS 

. WITH 37 YEARS' EXPERIENCE we heve tire expertise to design end menufecture 

ANY TYPE OF AUDIO TRANSFORMER AT THE RIGHT PRICE. 

W~ilst we specialise in eve[Y kind of transfqr_mer for audio control desks and mixers dem~.1J­
are increasing for LOUDSPEAKER TRANSFORMERS and 100 VOLT LINE AU 
OUTPUT TRANSFORMERS FOR MOST KINDS OF AMPLIFIERS FROM 30 WATTS TO 
500 WATTS OR MORE. We can also supply multi-output transformers for COLUMN 
LOUDSPEAKERS. A recent tendency is the demand for OUTPUT TRANSFORMERS FOR 
ULTRA LINEAR AMPLIFIERS using KT 88 and KT 66 BEAM TET .. ODES and for these 
we have standard designs with exceptional performance. . ., 
We call your attention to our very successful MICRQPHONE SPLITTER TRANSFORMER 
type 4079 with a high impedance 200 ohm primary and two 200 ohm secondanes. It woll 
handle up to 2. 3 volts rms at 30Hz and has a frequency response of plus/ minus 'hdB from 20 
Hz to 20kHz. It is contained in a Mumetal Can 33 mm doam x- 37 mm hogh and WORKING 
DETAILS OF THE CONSTRUCTION OF A SPLITTER ARE AVAILABLE ON REQUEST. 
we will supply single transformers. or any quantity, with short delivery times and, without 
obligation on your part, will quote price and exact dospatch on receopt of your requorements. 
E. A. SOWTER LTD .. Manufacturers and Designers, P.O. Box 36 IPSWICH IP1 2EG, 
ENGLAND. Tal. IPSWICH (0473) 52794 and 219390. (

8289
) 

ELECTRONIC 
TEST EQUIPMENT 
SALES PURCHASES 

AND SERVICE 

Tek. 526 Vectroscope £395 
Tek . 105 Generator £60 
Tek 109 Generator £100 
Tek. 575 Curve Tracer £100 
Tek . 530 and 540 Mainframes from £75 
Feedback TWG 504 Function Gen . . £80 
·Marconi TF 801 Dll Generator £195 
TF 2410 120 MHZ Counter £120 
Marconi TF t 020 A Powermeter £55 
Marconi TF 995 A/2 AM I FM Sig. Gen 

. . . . . . . . . . . . . . . . . £150 
Marconi TF 1073 A Attenuator £60 
Marconi TF 2091 I 2 902 Noise System 

£300 
H P 5 i 62 i M Hlsy~th~si~~r £250 
HP 2508 RX Meter . £200 
R & S SLDR High Power Sig . Gen . £1000 
Compariscope £495 
B & K 2005 Hetero Dine Volt Meter £125 
TelequipmentD5210MHZScope £150 
Cosser CDU 1 50 35 MHZ Scope £350 
Taylor 1 28 Meter £20 
Avometer Model 8 and 9 £50 
Avometer Model 7 and 12 . From £30 
Ampex VR 5003 Vodeo Tape Recorder 

. . ...... . . . ....... £225 
lab. Gear Colour Bar Gen . £95 
Korting Colour TV ServicingGen. £150 
HP5263A Time Interval Unot . . £45 
Belix 5v I 4A PSU Modules. new £22.50 
Magnetic AB S41 OA 2/4 GHz AM Sig . Gen . 

. . . ... . . .. ....... . .... £150 
ASC11 Keyboards £20 
Bradley 1268 DC Cal ibrator £125 

; Airmec 858 30 MHZ Oscillator £25 

DUTCHGATE LTD. 
Pyle Hill. Winchester Rd. 

Fair Oak. Hampshire 
Fair Oak 5252 

(9486) 

EQUIPMENT W~NTED 

I TO ALL MANUFACTURERS 
AND WHOLESALERS 1 

IN THE ELECTRONIC 
RADIO AND TV 

, FIELD i 

BROADFIELDS &. 
MAYCO DISPOSALS 

will pay you top prices fora.ny large stock's or 
surplus or redundant components whi_ch you 
may wish to clear. We will call anywhere in' 
the United Kingdom . 

21 LODGE LANE . 
NORTH FINCHLEY, LONDON N12 QJG 

.Telephone Nos. 01-445 07491445 2713 
After office hours 958 7624 . 

(9123) 

I A. R.Sinclair' 
Electronic Stockholders 

Stevenage 812193 

We purchase all types of 
Mechanical and Electronic 
Equipment and Surplus stocks. 

\ (9206)') 

IC CONVERTER 

COOKBOOK 
by W . G. Jung Price £8.90 

A SIMPLE GUIDE TO HOME 
· COMPUTERS 

by s. Ditlea Price: £4.00 

MICROCOMPUTER-BASED 
DESIGN . 
by J. B. Peatman Pnce £5.50 

INTRODUCING 
MICROPROCESSORS 
by G. L. Simons Price £7._00 

. OPERATIONAL AMPLIFIERS 

2nded. 
by G. B. Clayton Price £10.00 

RADIO HANDBOOK 21st ad. 
by wTcfrr Price £13.50 

MICROCOMPUTER 
DEVELOPMENT SYSTEMS & 
SUBSYSTEMS 
by Motorola Set price £15.90 

9900 FAMILY SYSTEMS DESIGN 
&DATA BOOK 

' by Texas Instruments Price £8.40 

INTRODUCTION TO DIGITAL 
TECHNIQUES 
by D. I. Porat Price £13.85 

THE DESIGN & DRAFTING OF 
PRINTED CIRCUITS 
by D. Lindsey Price £19.50 

*ALL PRICES INCLUDE POSTAGE* 

THE MODERN BOOK CO. 
Specialists in Scientific 

& Technical Books 

19-21 PRAED STREET 
LONDON W2 1 NP 

Phone 7234i85 

Closed Sat . 1 p.m. (8974) 

SERVICES 

ELECTRONIC DESIGN SERVICES. 
Wide engineering experience avail­
able for the design of basic circuits 
to complete systems. Analogue DC 
to lGHz and Digital. Write or 
phone Mr Anderson, Andertronics 

· Ltd, RidgewaY', Hog 's Back, Seale 
<Nr. Farnham), Surrey. Runfold 
2639. (9140 

PRECISION SHEET METAL work, 
chassis, panels, etc., steel, stain­
less or aluminium, long/short runs, 
good deliveries. EES Ltd., Clifford 
Road, Monks Road, Ex.eter 36489. 
Telex 42401. (8060 

DUST COVERS. Specialists iri one­
offs and batch produc•tioan o:f hig-h 
quality P.V.C. oover.s for te~:t 
equipment, s·aopes a_nd elec,tro~uc 
devices. Send d-raw1ngs f.orr I'm­
med·iate quote. Design Oo:vers. 7 
Sou.thcote· Rise, Ruislip , Middles·ex. 
Telephone Ruislip 30583. 
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SERVICES . 

TEST EQUIPMENT 
CALIBRATION 
AND REPAIR 

Quick turn round ; attractive rates, ring for 
det~ils on Fair Oak 5252. 

DUTCHGATE LTD. 
Pyla Hill, Winchester Road 

Fair Oak, Hampshire · 194
"8 51 

DESIGN SERVICE. Electronic De­
sign Deve1o.pment and Production 
Serv:ioce avai.lable in Di.gttal and 
Analogue Instruments RF Trans­
Jniltteros and Receivers for co·ntro·l o•f 
arny funct1C?n aot any range. Tele·­
metery, Vtdeo Transmitterrs and 
Monitors, M,otOirised Pan and Tilrt 
Heads etc. Suppliers to the Industry 
for 16 year.s. Pho-ne ro-r Write Mr. 
F.alkner, R.C.S. Electronics, 6 Wol-
sey BlOOd, Ashford, MiddleoSlex. 
Phone Ashford 53661. (8341 

EURO CIRCUITS 
Printed Circuit Boards - Master 
layouts ~ Photowaphy - Legend 
pnnting - Roller tinning - Gold 
plating- Flexible films- Convention­
al fibre glass - No order too large or too 
small - Fast turnround on prototypes. 
All or part servoce available NOW . . (9630) 

EURO CIRCUITS TO. 
Highfield House 
West Kingsdown 
Nr. Sevenoaks. Kent. WK2344 

DESIGN AND DEVELOPMENT. com­
petent engineering effort available 
for all aspects of electronic design. 
Single circuits or complete systems, 
prototype to production run. E.I.A., 

80 Wheatland Lane, Wallasey, Mer-
seyside, 051-639 9122. (8615 . 

POS~HNCENDORSEMENTIN 

TELEVISION 
TECHNOLOGY 
A pos~graduate endorsement course in Television Engineering, 
recognised by the lEE, for students of engineering at HNC or degree 
level. · 

18.00-21.00 Wednesday evenings 

Course fee: £10 

Enrolment: 24 September .17.30-19.00 
25 September 17.30-19.00 

Further details from. 
and enrolments at: The Registry. 
School of Engineering and Science. 
115 New Cavendish Street. W1 M 8JS 
Tel: 01-486 5811 

The Polytechnic 

-of Central London 

FOR 
CLASSIFIED ADVERTISIN(l 

RING 

RADIO AMATEURS 
EXAMINATION . 

Classes are held at Paddington Col­
lege on Tuesday and Thursday 
evening in preparation for the above 
examinations . Further details are 
available from the Course Tuto.r, 
David Peace, at Paddington College, 
25 Paddmgton Green, W.2 . 

(9606) 

NEIL McDONNELL 
ON 

EQUIPMENT FOR S-ALE 

01-261 8508 
GR ADMITTANCE METER 1602B 
with standard and lines in original 
W?Od case with hand•book, £50. -
Rmg 0752-42155 after 6 pm. (9438 

LASSIFIED AlfVERnSIMEflTS··- -------.. 
Vse this rorm lor your Sales and Wants 

To" Wireless World" Classified Advertisement Dept., Dorset House. Stamford Street, London,· SE/ 9LU 

PLEASE INSERT THE ADVERTISEMENT INDICATED a ·N FORM. BEL-OW 

e ~ate £~ .. 50 PER Ll N E. Average six words per 
lme. Mm1mum THREE lines. 

e Name and address to be included in charge if used 
in advertisement . 

· e Box No. Allow two words plus 60p . 

e Cheques, etc. , payable to "Wireless World" and 
crossed " & Co. " 

NAME .. ... ... ... .. .... . .......................................... .. .................................... . 

ADDRESS ............ .. ......................................................................... ..... . 

..... ......................................................................................................... 

·· ··· ···································· ·· ··········································· ······· 

t------------------ ------- __________ , ________________ __ 

REMITTANCE VALUE ....................................... ENCLOSED 

.PLEASE WRITE IN BLOCK LETTERS . . CLASSIFICATION .......................................... .. 
NUMBER OF INSERTIONS ................. . 



Here's why you 
should buy 
an lCE -· 
instead of 
just any· 
· multimeter 
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·* ·sest ValuEdor money~ 

· *Used by professional engineers, D .I. Y. 

enthusiasts, hobbyists, service engineers. 

*World-wide proven reliability. 

*Low servicing costs. 

* 20K/ volt sensitivity and high accuracy. 

*Large mirror scale meter . 

*Fully protected against overload. 

*Large range of inexpensive accessories. 

* 12 month warranty, backed by a full after 

sales service at E.B.Sole U.K .Distributors; 

Prices from £16.60 - ·£32.00+ VAT 
Send for full colour leaflet and prices on 
whole range including e~ccessories. · 

I ::-t = ELECTRONiC 
__ ____,....BROKERS LIMITED 
49-53 Pancri;ls Road, London NW1 208. 

Tel: 01-837 7781. Tele_x: 298694. · 

Appoint~ents Vacant Advertisements appear on pages 141-159 
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This superb organ- build the first 
working section for just over £100. 

Full specification in our catalogue. 

Touch operated rhythm generato~ the 

'Drumsette'. Construction.details 2sp. 
(Leaflet MES49). Specification in our 
catalogue. 

Multi meters, analogue and digital, 
frequency counter, oscilloscopes, and 
lots, lots more at excellent prices. 

See cat. pages 106 and 183 to 188 for 
details. 

61-note touch-sensitive piano to build 

yourself. Full specification in our 

cat~logue. 

A massive new 
catalogue from 
Map/in that's ev en 
bigger and better 
than before. If you 
ever buy electronic 
components, this is 
the one catalogue 
you must not be 
without Over 280 
pages~ some in full 
colour~ it's a 
comprehensive 
guide to electronic 
components with 
hundreds of 
photographs and 
illustrations and 
page after page of 
invaluable data . 

Our bi-monthly newsletter conta1ns guaranteed prices. 

special otters and all the latest news _from Map/in.· 

A range of highly attractive knobs is 

described in our catalogue. Our prices 
are very attractive too! 

The 3800 synthesis~r build it yourself 

at a fraction of the cost of one ready­
made with this specification. 
Full details in our catalogue. 

A pulse width train controller for 

smooth slow running plus inertia 
braking and acceleration. 
Full construction details -in our 
catalogue. 

Speakers from 1Y2inch to 15 inch· 

meg~phone. PA horns, crossover~ etc. 
They re all in our catalogue 
Send the coupon now! · 

ELECTRONIC SUPPLIES LTD 

WW-ooz FOR . 
FURTHER DETAILS 

r'\ ~ Post this~ A 
~ • coupon now for your ~J 

copy of our 1979-80 

~ catalogue price 70p. 
Please send me a copy of your 280 page n catalogue. ! enclose 70p (plus 37p p&p). -

- If I am not completely satisfied I may return the a · 
catalogu_e to you and have my, money refunded. 

If you 11ve outside the U.K. send £1.35 or ten 0 
International Reply Coupons. 

All mailto:-

I enclose £1.07. 

A wide range of disco accessories at 

marvellous prices. Our catalogue has 

all the details. 

A very high quality 40W per cha~~el 
stereo amplifier with a superb 
specification and lots of extras. 
Full construction details in our 
catalogue. 

A genuine 150W per channel .stereo 
disco to build yourself. 
Full specification in our catalogue. 

P.O. Box 3, Rayleigh, Essex SS6 8LR. 
Telephone: Southend (0702) 554155. 
Shop: 284 London Road, Westcliff-on-Sea, Essex. 
(Closed on Monday). 
Telephone: Southend (0702) 554000. 
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Multicore Soldersitd 
Maylands Avenue 
Hemel Hempstead Herts HP2 7EP 
Tel: Hemel Hempstead 3636 
Telex: 82363 i 
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Huklcore solder kelps 

Europes OT5-Q satellite 

orkit at Q3tOOO miles 

OTS-2, a forerunner ofa Europetin communications 
satellite, was launched from Cape Canaveral on 
May Hlh 1978. 

i 
Now orbiting the equatorat a height or23,000 
miles, OTS-2 was built for the European Space 
Agency by the MESH consortium, led by British 
Aerospace Dynamics Group. Stevenage, 

■» 
In buildingOTS-2,complete precision was called 

• for. Which is w hy ETsin Multicore solders were used 
for many of the soldering operations. 

Quite simply, Multicore solders have r/iarkind of 
reputation. For quality, toughness and reliability. 
That's >vhy so many electronics manufacturers 
won't use anything else. * 

Nexttimeyou need solderofany kind,aim as High 
as OTS-2..: and use Multicore/ 

Full details of Ersin Multicore solders, solder 
chemicals and high purity-bar solder^ for / 
automatic soldering from / 

WW—004 FOR FURTHER DETAILS 


