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gets it to ether ••• 
4 .,... _______ _ 

I Toolbox 
I ~~~sthM 
I awer all y~or etec.trit:al -

ap~it:mi!Om. 

I 40/00TiN/L.ead Sfz63 £216eam 
00/40Tir~/Ulad Size10 £2.38each 

' ~avtmMJoy/ Si%812 £2.29each I 
~---------- __ , 

.... lilillilif__,~....,~ ..... ..., ........ 

SoJ4ering Flux Paste ' 
'&sin' I 
A ·fast non-~rmsive, rosin fll\Jx: I 
f()r general arid elearical ooldering. 

Use in oonjunc.WN with 'Ersin' Mlllkioor~ solders. . .. I 
Size Rf10 48p lN&. VAl 

I I Ata"' u~ in oonjurtcti6n with 'Ara'ii Multioore I 
soldm fgr g~til metal fabrication. I 

\-.-- - - -- ..!!,t~f,!! - 48£!1~~4~ 
Multicore Desoldering Wick 
For OO§tJidming componeNt lm;ds from PCB' s or 
rOO'IOving ooldM from virtually aNy joints. . 

Si:zeAB10 97pi"~· VAT , ________ .... iiiMI_a.l~- - .... 
Wire Strippers i 

and Cutters 
Easily ,;djusuble for mos1 si.:oo I 

of flffi( and cable. I 

Handy Dispensers !All prices inc. v.A.T.1 

Size 19A All electrical work 6·3p 
Size PC115 For small components 69p 
Size SV130 Use with copper bits and wires £1.08 
Size AR140 Metal repairs 86p 
Size AL 150 Aluminium 76p 
Size SS160 StaiNless Steel £1,08 

t Savbit Dispenser ' 
I Forradio, TVandsimilarwork. I 
I Reduces copper erosion. 1 
\ Size5 58pi~. VAT 't-~ I ..... ~- _._ ----.. ... . _, 
Emergency Solder 
Seff fluxing, tin/ lead solder tape that melts 
with a match. For electrical and non-electrical 

applications. Size ES36 39p inc. VAT ---------- .... . Econopak . ' 
A reel of 1.2mm 'Ersin' Multicore I 
solder f~r general electrical use. 1 

Sae13A f2.59inc.VATI 

A reel of 3mm 'Arax 
Multirore solder for general I 
non-electrical use. 

\ Siz816A £2.59 inc. VAT J 
..._ __________ .., 
------------- ....... I Solder Cream 

I Tacky mixture of solder powder 

I 
and co~rect percentage of flux 
for ditftcult to reach areas. · 

I Electrical/ Electronic 
('Ersin' Flux) Size BCR10 £1.08 

I Metal joining (' Arax' flux) 
Size BCA14 £1.08 

I Stainless Steel & Jewellery 
('Arax Flux) Size BCA16£1.38 

\ (All prices inc. V.A.T.) I 
...._ __________ _, 

Fittoo with extra ~trong spring for 
automatic aptming. Easy grip handfoo 1 

-~~: •. Bili keeps it playing 
liiSSmte Editing Kit I I 

-----------\ rr----------, 
Makeeoning.slmplewiththe I I 

a;b splicer, tape cutwr and I I 
gp11c1ng tape. Standard pack 

with6.3mmadapror. 1 1 
AefGI f1.99inc. VAT 

In permanent ~rage I I 
case with tape piercer 1 1 
and Winder remover. I I 

Aef98 £2.70 irtc. VAT 

This improved §tadc 
redtJCtilr, power0d by ono 
small btlttery, neutraHtUJt 
record t~urface t~tatlc 
lnsecondfl. 
Comet in permanent 
lltorage bOJC with FREE 
static tet~ter, 

Bili 
In difficulty send direct, plus 20p F' & P. 
Send S.A.E. for free copy of colour 
catalogue detalilng complete range. 
Bib Hi-Fl Accessories Limited, 
Kelsey House, Wood Lane End, 
He mel Hempstead, Herts., HP2 4RQ. 

Record 
Valet 
Soft bristles Ql'l leading edge remove dust 
and humid velvet pad collects particles. 
This advanced cleaner is engineered in 
chromed steel and is supplied with dust 
cover in permanent storage box. 
Ref 110 Pat . Pendin9 
£5.49 inc. VAT Reg. Des. No. 981808 ...._ __________ .., 
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Unique cleaner 
in chromed steel 
with brush tip, cover 
and built in magnifying inspection mirror. 
Complete with anti-static fluid in permanent 
storage box . Ref 112 £3.97 inc. VAT 

Tape Head~- Kit 
Everything necessary for cleamng heads, 
capstan and pinch wheel on all types of 
recorders. . . id 
Cleaning and polishing pads, otearnng l1qu 
and brush inspection mirrer included· 
Standard Pack Ref 25 £1,99,nc. VAT 
Permanent Storage Bax with cleaning cl~ 
Bnt. Pat. No. 1486069 Ref 99 £2.70 inc VA ...._ __________ ... 



The ml Signal Generator 
for vlf· H · mf· hf·vhf bands 

AM/FM Signal Generator TF 2016 is a general 

purpose instrument for receiver testing. Its facility for 

battery operation and its rugged construction make it 
ideal for field as wefl as factory use. 

TF 2016 wil l deliver up to 4 V e.m.f. and yet has a 
leakage level that is so low that even receivers with a 

sensitivity ofO.I JlY can be tested without ambiguity. And 
the total output level accuracy of± I dB ensures 
confidence every time. 

Fundamental frequency generation is used over the 
entire frequency range thus ensuring the total absence of 

non-harmonics. The good tuning discrimination makes 
narrow band receiver testing quick and easy. 

Amplitude modulation up to 100% modulation 

depth and frequency modulation up to 75kHz deviation 
are available using the internal400 Hz and I kHz 

oscHiato·rs. External modulatio,n can be applied and, if 

required, internal a.m. and external f.m., or internal f.m. 

and external a.m., can be applied simultaneously. 

A version of TF 2016 wi II shortly be available 
equipped with a 150Hz preset pilot tone f.m. for use on 
Clansman receivers. 

Pulse Modulator, TF 2169, may be fitted to the 
signal generator to provide pulsed r.f. for radar i.f. 

testing. IF probes can be supplied to help tuning to 

receivers fitted with battery econom izer circu~ts. 

Alternative output level calibration plates, matching pads, 
attenuators and r.f. fuse units are included in the wide 
range of optional accessories. 

Digital Synchronizer 

The addition of this dip~on unit (as shown in our 

photograph) converts the TF 2016 into a synthesizer. tt 
provides a stability of± I part in 106 and aff.ows the 
frequency to be set in 10Hz steps. 

Full information gladly supplied on request. 

• m1 MARCONI INSTRUMENTS 
Marconi Instruments Limited · Longacres ·St. Albans· Hertfordshire · England AL4 OJN ·Tel: (0727) 59292 ·Telex: 23350 

Marconi Electronics Inc ·100 Stonehurst Court· Northvale · New Jersey 07647 USA· Tel: (201) 767-7250 · Twx: 710-991-9752 

Marconi Instruments · 32 avenue des Ecoles · 91600 Savigny-Sur-Orge · Franee · Tel: 996.03.86. ·Telex: G00541.F 

Marconi Messtechnik GmbH · 8000 Munchen 21 Jorgstrasse 74 · West Germany· Tel: (089) 58 20 41 · Telex: 5 212642 

A GEC-Marconi Ele<trontes Company 
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Front cover shows the 200M Hz 
frequency meter which provides 
the main project for construc
tion in this issue. See inside f_o1 
Part 1. 

IN OUR NEXT ISSUE 

High quality audio pre
amplifier. A development 
of Douglas Self's 
November 1976 design 
but with an active gain 
control and less expens- ~ 

ive to build. 
Milestones in elec
tronics, an interview 
with Professor Bern ard 
Tellegen. inventor of the ; 
pentode, discoverer of 
tho Luxembourg Effect 
and pioneer of the gyra
tor. 
The lean years. Sunspot 
activity is now in~ 

creasing. Unusua l col~ 
oured charts show this 
activity over the past few 
years in relation to cri~ical 
propagation frequencies. 

Cur~ent issue priee 40p. 'back issue'; 

(if available) 50p , at Retail and 

· Trade Counter . Paris Garden. Lon

don SE1 Avai lable 'on microfilm : 
pl ease contact editor, 

By po~t . cu r~ent issue' 55p, back 

issues (if avai lable) 50p , order and 
'payments to Room CP34, Dorset 

House, London SE 1 9LU . 

Editorial &. Advertising offices: 

Dorset House , Stamford Street , . 

London SE1 9LU . 
Telephones: Editorial 01-261 

8620. Advertis ing 01-261 8339 . 

Telegrams/Telex: W iworld Bis-,. 
•nespres 2 5137 BISPRS G . 

Cables Ethaworld, London SE1, . 

Subscriptio!! r:~t~s: 1 year £7.0Q; 

·UK a~d $23.40 oversea~ (_~]4_Us~· 
.and Canada) , - - -- ·· · 

Student rate: 1 year, £3 .50 UK 
!and £4 .50 overseas ($1170 USA 

and Canada) . 
.Distribution: 40 Bowlin g Green 

Lane , London EC 1 R 01\1 E 

Telephone 01 -837 3636. 

Subscriptions: Oakfield House . 
Pe rrymou nt Road , Haywa rds; 

Heath , Sussex . RH 16 3DH , 
Telephone 0 4-4 4- 59 i B8~ Ple ase 
notify a change of address. 

• us'A'rl"uilHng ·agents: Expecllte rsot 

, the Printed Word Ltd, 527 Madison 

Avenue. Suite 1217, NewYork . NY . 

1 0022 . 2nd-c lass postag e pa id at' 

New York, 
c IPC Business Press Ltd. 197 ~3 

ISSN 0043 6062 

Jibpa I ,-rAJrcr 
.... , .. , ...... " 
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3 7 The death delivery business 

38 Low~cost satellite receiving techniques 
by J.P . Hawker 

43 A low-cost digital frequency meter 
by M. Tooley and D. Whitfield 

4 7 -News of the month . . 
Electronics implants for the deaf International copyrigh~ v1ews a1red 

Post Office monopoly wrll be broken 

50 Circuit ideas 
Simple intercom F.s .k. signal demodulator 

Bounce-free switch 

53 Versatile sound generator 

57 Surround~sound patents 
by Adrian Hope 

6 1 Letters to the editor 
Engineers, get out of Britain ~ynthesized f.m. transceiver 

Railway public address 

6 6 World of amateur radio 

6 7 Electronic organ tone system - 3 
by A. D. Ryder 

7 3 Alphanumeric keyboard 
by D. E. O'N . Waddington 

7 6 Add~on oscilloscope waveform store 
· by R. H. Fastner 

7 7 The Chatterbox - 2 
by I an H. Witten and Peter H. C. Madams 

8 1 Character rounding for the WW teletext decoder 
byJ. H. Hinton 

. 8 3 Microcomputer design - 6 
· by Phil Pittman 

88 New products 

/ 

90 Sidebands 
by Mixer 



In future, recording the present 
will be a thing of the past. . , 

What's past is past. And said to be best forgotten. 
But it's fundamental to the very existence of communications recording to be able to 

repl~y a se.lected po_rtion of tape to find out what was said by who, to whom .. _ and when. 
And when can be v1tal . 

Equally vital, particularly in _emerge~cies when every second counts, is the ability to 
o~tain such replay access rap1dly, precisely, automatically. With absolute certainty-and 
Without time-consuming multiple knob-twiddling aided by guesswork. 

Ra_c_ai-Thermionic has recognize~ this need and produced TIMESEARCH - designed 
spec_1f1_cally for 1ts ICR range of mult1-channel communications recorders- and 
providing JUSt these facilities . 
_ TIMESEARCH can generate a coded time reference signal of crystal accuracy and 
mdex 1t onto the tape. It can read and display that signal. It can search a tape at high 
speed for a pre-selected t1me Slgf1al and automatically initiate replay at that time. 

In communications recording, the future becomes the present; the present becomes 
the past. And when you need to recall the past with precision , you need TIMESEARCH. 

Racai-Thermionic the recording people 
Racai -Therm1on1c L1m1ted. Hard ley Industrial Estate. Hyth:, Southampton. S04 6ZH. England. Telephone : 0703 843265. Telex : 4 76oo. 
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And for providing 
precise time signals 
every 10 seconds for 
recording onto magnetic 
tape: the International 
Timing Unit. 
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Tests bipolar transistors, diodes and zener diodes. Measures 
leakage down to 0.5 nA at 2V to 150V. Current gains are 
checked from 11-'A to 1 OOmA. Breakdown voltages up to 
1 OOV are measured at 1 Of-IA, 1 001-1A and 1 mA. Collector to 
emitter saturation voltage is measured at 1 mA, 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 8 o & IE 8 o : 1 OnA. 1 OOnA, 1f-IA, 1 Of.IA and 1 00f.IA f.s.d. 

ace. ± 2% f.s.d. ± 1% at voltages of 2V, 5V, 
10V,20V,30V,40V,50V,60V,80V.100V, 
120V, and 1 50V ace. ±3% ± 1 OOmV up to 
1 01-1A with fall at 1 OOf.IA < 5%+250mV. 

BV eBO: 

VeE(sat): 

1 OV or 1 OOV f.s.d. ace ±2% f.s.d. ± 1% at 
currents of 1 Of-IA, 1 001-1A and 1 mA ±20%. 

1 OnA, 1 OOnA, 11-'A ... 1 OmA f.s.d. ace. ±2% 
f.s.d. ± 1% at fixed IE of 11-lA. 1 01-1A. 1 001-1A, 
1 mA, 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 V f.s.d. ace. ±20mV measured at conditions 
on h FE test. 

1 V f.s.d. ace. ±20mV at collector currents of 
1 mA, 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 IE 8 0 transistor ranges. 

Breakdown ranges as BV c 8 0 for transistors. 

1 V f.s.d. ace. ±20mV at I 0 F of 11-'A, 1 Of.IA. 
1 001-1A, 1 mA, 1 OmA. 3'0mA and 1 OOmA. 

£120 

DON'T GAMBLE 

WITH PERFORMANCE 

BUY 
LEVELL TESTERS 

I 

~- - . · 

A logarithmic scale covering 6 decades is· used to display 
either insulation 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 condition. The instrument operates from a 
9V internal battery. 

RESISTANCE RANGES 
1OM 0 to 1 OT 0 (1 0 13 0) at 250V, 500V, 750V and 1 kV. 

1M n to 1 To 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 ± 1 5% + 800 0 on 6 decade logarith rriic scale. 

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

Fall of test voltages < 2% at 1 Of.LA and < 20% at 1 001-1A. 

Short circuit current between 5001-lA and 3mA. 

CURRENT RANGE 
1 OOpA to 1 001-1A 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 1 001-1A. 

Maximum safe continuous overload is 50mA. 

MEASU~EMENT TIME 
< 3s for resistance on all ranges relative to CAL position. 

< 1 Os for resistance of 1 OG 0 across 11-lF on 50V to 500V. 

Discharge time to 1% is 0.1 s per 1-1F on CAL position. 

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

Maximum output ±3V. Output resistance 1 k 0. 

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

LEVELL 
MOXON STREET, BARNET, HEATS., EN5 5SD. 

TEL~ 01-449 5028/440 8686 

WW- 006 FOR FURTHER DETAILS 
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IN THE P .. A. CHAIN .. 
M 260 NS I• 

DYNAM IC R~·BBON 

Specifications: 
Frequency Response 
Polar Pattern . 
Output Level 
EIA Sensitivity Rating 
Electrical Impedance 
Load lmpedanc~ 

MICR9PHONE 

50- 18 000 Hz 
Hypercardioid 
0 ,9mV I PA ~ -60 dbfn 
- 153 dbm 
200 ohms 
> 1000 ohms 

Excellent anti-feedback characteristic over the 
whole frequency range . 

-----------------------Send now for Brochure to 
BEYER DYNAMIC (GB) LTD. . 
1 Clair Rd., Haywards Heath, Sussex 

NAME . . 

ADDRESS 

WW-042 FOR F URTHER DETAILS 
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Prices are each, 
net & excludeV.A.:r. 
Experimentor Series 

EXP300 (6 x 2.1 in., 5 x 94 terminuls 

& 2 bus strips) £5.75 
EXP350 (3 .5 x 2.1 in., 5 x 46 terminals 

x 2 bus strips) £3.16 
EXP600 (6 x 2.4 in., 5 x 94 terminals 

x 2 bus strips) £6.30 
EXP650 (3.6 x 2.4 in ., 5 x 46 

terminals x 2 bus str ips) £3.60 
EXP4B (6 x 4 in. , 2 bus strips only) £2.30 

Ou ick Test Series 

OT-59S (6.5 x 6.2 in., 118 terminals) 

OT-47S (5.3 x 5 in., 94 terminals) 

OT-35S (4 .1 x 3 .8 in., 70 terminals) 

OT-18S (2.4 x 2.1 in ., 36 terminals) 

OT-12S (1.8 x 1.5 in., 24 terminals) 

OT-8S (1.4 x 1.1 in., 16 terminals) 
OT-7S (1 .3 x 1 in., 14 terminals) 

OT-598 (6.5 x 6.2 in., 20 terminals) 

AT-478 (5.3 x 5 in., 16 terminals) 

OT-358 (4 .1 x 3.8 in., 12 terminals) 

Protoboard Series 

P8-6 (630 tie points, 4 binding 

posts, 4 x 14 D I L capacity) 
P8 -100 (760 tie points, 2 binding 

posts, 10 x 14 DIL capacity) 
P8-101 (940 tie points, 1 binding 

post, 10 x 14 DIL capacity) 
P8-102 ( 1240 tie points, 1 binding 

post, 12x 14 OIL capacity) 
PB-103 (2250 tie points, 4 binding 

posts, 24 x 14 D I L capacity) 
P8 -104 (3060 tie points, 4 bind ing 

posts, 32 x 14 DIL capacity) 
PB -203 (2250 tie points, 4 binding 

posts, 24 x 14 D I L capacity; 

bui.lt -in regulated 5V d.c. 
power unit) 

PB-203A(As P8 -203 with 5V and 
15V d .c. power supply) 

Design Mate Instruments 

£7.20 

£5 .75 

£4.90 

£2.75 
£2.15 

£1.90 

£1.75 

£1.45 

£1.30 

£1.15 

£9.20 

£11.80 

£17 .20 

£22.95 

£34.45 

£45.95 

£55.15 

• £74.70 

DM -1 £45.95 DM -2 £57.45 ·DM-3 £57.45 
DM-4 £74.70 

IC Test Clips 

PC-14 (14 -pin) £2 .60 

PC -24 (24-pin) £4.90 
PC-16 (16-pin) £2 .75 

PC-40 (40-pin) £7.90 

Logic Probes 
Hand ·held log1c probes, 

TTL/DTL!CMOS compatible, 
from £18 to £49.00 . 
Logic Monitors for 
CMOS, HTL, DTL, TTL & .RTL 

LM-1 Self -power clip -on logic 

monitm 

LM -2 As LM -1, w ith fu l ly isolatecl 

power supply 

£28 .70 

£68.95 

Postage, Packing and Insurance per · 
shipment £1 .25 
Please add 8% VAT to overall total 
Export orders: credit cards or international 
money orders, bank drafts and cheques 
drawn in£ sterling. Please add 10% (Europe) 
or 12Y2% (all other countries) to total price. 

WIRELESS WORLD, JANUARY 1979 

NoV#, fr~mthe; 
breadboard sp~cialists

even better boards I 

J The Protoboard Series. · 
Solderless breadboards with built-in 10% regulated 
5Vd.c. 1 A power supply; 2,250 solderless tie points; 
and capacity for 0 IPs of 14 to 40 pins. Design Mate Test Instruments. 

DM-1 power supply, 5V to 15Vd.c. at 
600mA; D M-2 function generator 

for sine, square and triangle 
wave ge~eration; DM-3 R/C 

bridge giving 10 ohm to 10 
megohm, 10pF to 1.0JJf; DM-4 

pulse generator with 0.5 Hz"to 
5MHz frequency and 100ns to 

.1 sec; pulse widths . 

SIC Test Clips. 
Ultra-low cost IC clips in 
14, 16,24 and 40 

pin versions. 

Take a look at our low, low prices And, much more too: 
and quality specs.,and get aboard! logic monitors, probes, ,I!~~ 
(Or if its data you're after, pick up frequency counters and 
the phone or drop us a line.) testequipment~oensure OOITIMftTM. IPio•n•• OOIPOI"TIOft 
For the best, from the specialists the best, fastest results = !:j c: 
in breadboards. from your d~sign. 

Continental Specialties Corporation (UK) Ltd ., , . 
Unit 1, Shire Hi II Industrial Estate, Saffron Walden, Essex CB 11 3AO. 

~inental Specialties Corporation (U.K .) Ltd., Unit 1, Shire Hill Industrial Esi;te , Dept . 7H 
Saffron Walden, Essex. CB II 3AQ Telephone (0799) 21682 Telex 8174 77 Reg. 1n London : 1303780. 

I VAT No: 224 8074 71. *Trade Mark applied for© CSC (UK) Ltd. 1977 Dealer enquiries welcome. 

Please surply __________________ ____ _ 

I Name __ 

·---- -Price _ _______ Total 

Address ____ _ _ _ _ _______ _ 

5 

I 
I 

.J 
_________________ My cheque/postal order No _ ___ for£ ____ _ is enclosed 

My Access/Americar Express/Barclaycard no. is ______ ___ .l\11 l•want is data, please . D 
WW- 014 FOR FURTHER DETAILS 
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Peace and quiet 
The quietest sound the ear can hear moves 

the eardrum about l0-9cm, one tenth the diameter 
of a hydrogen molecule. Movement due to 
random thermal bombardment of the eardrum 
by air molecules is around this same level and 
largely accounts for this limit of sensitivity.* 

But the distortion contribution from a QUAD 
405 amplifier in normal use (say 85dBa) moves 
the eardrum less than this amount. 

Perhaps sitting in a very quiet room at -lOOOC 
and without the music we might nearly hear them 
.... but "'tis bitter cold." 

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

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

*Sensitivity is never made more acute by the presence of other sounds. 

QUAD 
for the closest approach 

to the original sound 
QUAD is a Registered Trade Mark 

A-.. 

• 19 7 8 
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We've made the 
·impossible AGAIN. 
A superior 
frequency counter. 
Kit for only £69.95 
No~ you can forget about price/ performan ce trade-offs when 
you select a frequency counter. In Sabtronics ' Model 8100 kit 
you get all the characterist ics of a m uch h igher-priced counter 
for only£ 69 .95. . 
This frequency counter, employ ing LSI technology, has the 
performance and input cha racte ri stics you demand : guaranteed 
frequency range of 20 Hz to 100 M Hz; selectable hi/lo 
impedance; superio r sens it ivity ; selectable resolution and 
selectable attenuat ion. Plus an accurate t ime base with excellent 
stability. An 8-digit 'LED d isplay featu res floating decimal point, 
leading zero suppression an d overfl ow ind icator. You would 
expect to find all these feat ures on ly on high-pr iced instruments 
-or from Sabtronics' advanced d ig ital technology . 

BRI EF SPECIFICATIONS: 

Frequency Range : 20Hz to 100 MHz guaranteed, (10Hz to 120 
MHz typical) - Sensitivity : 25 mV RMS, 20Hz to 70 MHz (20 mV . 
typical); 45 mV RMS, 70 MHzto 120 MHz (30 mVtypical\- 
Selectab le Impedance : 1 M .Q /25 pF or 50.Q -Attenuation: X1, 
X10orX100-Accuracy : ±1Hz plust imebaseaccuracy
Aging Rate:± 5 ppm/yr- Temperature Stability:± 10 ppm, 
0 ° to 50 °.C- Resolution : 0.1 Hz, 1 Hz, 10Hz selectable-
Displ ay : 8-digi t LED, floating DP, overflow ·indicator-
Overload Protection- Power Requirement : 9-15 VDC. 

Also avai lable assembled at f 84.95. 

Optional pre~caler will be available from around January 1979. : 

Uncompromising 
performance. 
Incredible price. 

·/ C=J- 9 9 
MOOR 201l0 SabtroniCS m 

A professional 3~ digit 
DMM Kit for less than 
£50.00 
Incredible? True! Professionals and hobbyists alike are 
believers in this Sabtron ics 2000, the only portable/bench 
DMM which offers such uncompromising performance at 
the astonishingly low p ~ ice of £ 49.95. 

Uncompromising performance you 'd ex pect only from 
a specialist in ·digital technology such as Sabtron ics : 
Basic DCV accuracy of 0.1% ± 1 d igit ; 5 functions giving 
28 ranges; readings to ± 1999 w ith 100% overrange; over
range indication ; input ove rl oad protect ion; automatic 
polarity. 

The low price of£ 49.95? Si m ple: The Model 2000 is all 
'solid-state, incorporat ing a single LSI circuit and high
quality components. You asse m ble it yourself, using our 
clear, easy-to-follow, step-by-step assem bly manual. 
Kit is complete, including a h igh-impact case. 

Now you too can have it ! A pro fessional -q uality 3i dig it 
Sabtronics Model 2000 DMM kit for only£ 49.95. If you don't 
have one in your lab, use t he coupon below to order NOW. 

Easy to follow caliberation procedu re provided in the 
assembly manual. 

BRIEF SPECIFICATIONS: 

DC volts in 5 ranges : 100 11V to 1 kV - AC vol t s in 5 ranges: 
100 11v to 1 kV - DC current in 6 ranges: 100 nAto 2A -
AC current in 6 ranges : 100 nA to 2A- Res istance : 
0.1 Q to 20M Q in 6 ra nges- AC f requency response : 40Hz 
to 50 kHz- Display: 0.36" (9, 1 mm) 7-segment LED-
Input impedance : 10 M .Q - Size : 8" Wx6.5" Dx3" H 
(203 x 165 x 76 mm) - Power requ i rement : 4 "C" cells 
(not included). 

Ordering information for overseas readers: 

The price listed is for reade rs in U.K. on ly. Since export 
orders are exempt from VAT you may send your orders 
directly to 

Sabtronics International 
.Winkelriedstrasse 35 
CH - 6003 Luzern/Switzer la'nd 

Price : 
£69.95 + £6.50 for sh ipp ing and handling for Model 8100 
£49.95 + £6.50 for sh ipp ing and handl i ~g for Model 2000 

RJNCT10N ~ ~lKVMNGE 
!OvA lmA IOOmA 

POWER AC VOLT AMP OHM - IM!l IOKf! 100:1 •10 

IIIII 1111 

sabtranic!!!id 
r----------------------1 

TIMWOOD LTD. Prospect Road, Co~es, 1
1 Isle of w ight, En~ l an d: Telex 86892. I 

Please send me Sabtronics Model 2000 DMM 1. kit(s) at£ 49.95 and£ 3.00 p.p. plus VAT at 8%. · I 
Please send me Sabtronics Model 8100 
Frequency counter kit(s) at£ 69.95 and£ 3.00 p.p. 1

1

. 

plus VAT at 8% . 
Assembled at£ 84.95 each£ 3.00 p.p. plus VAT at 8% . I 
Total enclosed herewith:£ ________ _ 

Name : _____________ _ _ _ 

address : _________ ~-----:--

City : _ _ _ ___ ____ Postal code: __ 

I 
I· 
I i 
I 
I 

* Overseas readers please see ordering information I 
on this page. I 

------------~---------J 
WW-055 FOR FURTHER DETAILS 
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o . WW-071 FOR FURTHER DETAILS 

;-:-:-~-:-setsDesTgnortJigltar::rvstems@'"t"9:-oo-:-p-&p-incTu"deJ __ _ 
i· .Combined sets@ £13 .00, p&p included 
1 .The Algorithm Writer's Guide@ £3.40. p&p included 
INa me 
I 
lAd dress 
I 
I 
I 
~-

:I e1lclose a ·chec;,w ' PO payable to Cambr1dge Learn1ng E:nter
~mses for r 
IP I ease charge my · A ccess Bar c I CJ y c a r d V, sa E: u roc a r d 
:Mastercharqe · Interbank account number 

IS1gnature ·deleted as appropnate r elephone orders from credit card holders accepted on 0480 -
(074 46 (ansafone) Overseas customers should send a bank draft 111 
lsteriii1D cile1wn on a London Bank WI(V34 

9 
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We designed these detector units to give an absolute tail-safe indication 
of the open or closed state of the Thames Flood Defences. So they had 
to operate dependably over or under water, unharmed by heavy impact, , 
unconfused by other metal objects nearby. 
Now they are ready for other security duties- more ruggedly tamper
proof than other proximity devices. Use them where you need to be 
certain .that barriers, doors, bridges etc. are closed, or that safety devices 
are in position. 

The detector unit runs off 12V de, and the circuit is only completed 
when its passive mate comes within 1 %"range. The two units 

are electrically coded -the detector will not respond to any 
metal object other than its mating half and a whole 
range of code keys can be supplied . If you have a big 
security need , send for details. 
Post Office line-sending equipment also available. 

Bulgin nics 
One of the Bulgin Group of Companies ~@(\ll[ijj(Qj@~ ~i(.'ct! 
Park Lane. Broxbourne. Herts. Tel: Hoddesdon 64455 

ELECTRONIC 
INDUSTRIAL THERMOMETER 

VIDEO or AUDIO 
BULK ERASURE 

LR71 
MAX REEL SIZE 11t" 
VIDEO AND AUDIO 

LR70 
MAX REEL SIZE 8-l" 

AUDIO ONLY 
LR70/71 bulk tape erasers are simple to operate and will erase 
cassettes, cartridges and reels of tape up to a maximum reel 
size of 11 ~"and tape width of 1 ", quickly and efficiently. 
LR70/71 bulk erasers are currently used in Broadcast Companie!f . · 
Recording Studios, Government Departments, Educational Establish
ments and the Computer Industry. 

Quality equipment mod~rately priced 

~ LEEVERS-RIC::H I 

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

. WW- 026 FOR FURTHER DETAILS 
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Understanding Digital Electronics 
Nevv teach-yourself courses 

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 mformation , diagrams and questions designed to lead you 
step-by-step through number systems and Boolean algebra to 
memories, counters and simple arithmetic circuits, and finally to a 
complete understanding of the design and operation of calculators and 
computers . ' 

The contents of Design of Digital Systems include: 
Book 1 Octal , hexadecimal and binary · number systems ; conversion 
between number systems , represen.tation of negat ive numbers ; 
complementary systems; binary multiplication and division . 
Book 2 OR and AND functions ; IO(:JIC gates . NOT . exlusive OR . 
NAND, NOR and exclusive-NOR functions ; multiple input gates; truth 
tables ; De Morgans Laws ; canonical forms ; log ic co n vent ions ; 
Karnaugh mapping ; three-state and wi·eci iogic 
Book 3 Half adders and tuli adders; subtractors ; serial and parallel 
adders; processors and ar ithmetiC logic un its (ALUs). multipl'ication 
and d1v1sion systems . 
Book 4 Flip flops ; sh ift registers ; asynchronous and syn chronous 
counters ; ring , Johnson and exclusive-OR feedback counters ; random 
access memories (RAMs) and read only memo ries (ROMs) . 
Book 5 Structure of cal culato rs ; keyboard encoding ; decoding display 
data ; reg1ster systems; control unit ; program ROM ; address decod1ng ; 
mstruct1on sets ; 1nstruct1on decod 1ng ; control program structure 
Book 6 Central process ing unit (CPU) ; memory organisation . 
character representation; p rogram storage ; address modes . input t 
output systems; program interrupts; interrupt prior ities ; programmi ng ; 
assemblers ; computers ; execut1ve programs ; op erat ing systems and 
t1me sharing 

· Digital Computer logic and Electronics IS designed for the 
beginner . No mathema tical knowledge other than s1mple ar1thmet1c IS 
assumed . though the student should have an apt1tude fo r logical 
thought It consists of four volumes- each A4 size- and serves as an 
mt roduct ion to the subject of d ig 1tal electronics . Everyone can learn 
from 1t - des1gner . execut1ve. scientist . stud ent . engineer . 

Contents Include . Bmary , octa ! and decimal number systems 
convers1on between number systems ; AND . OR . NOR and NAND 
gates and mverters ; Boolean algebra and tru th tables ; De Mor~Jans 
L<1ws cles1gn of log1c c1rcu 1ts usmg NOR ga tes. R-S and J-K fl1p flops . 
i)•lli'l •·y counters . shift reg:sters ilncl half adders . · 

CAMBRIDGE LEARNING ENTERPRISES, UNIT 34, RIVERMILL SITE, 
FREEPOST, ST.IVES, HUNTINGDON, CAMBS. PE17 4BR, ENGLAND 

TELEPHONE: ST. IVES (0480) 67446 
PROPRIETORS: OAfHIOGE LTD . REG . OFFICE : RIVEAMILL LODGE. ST . IVES 

REGD . IN ENGLAND No. 1328762 

In the years ahead the products of di gi tal electronics technology will play 
an important part in your life . Ca lcui ::Hors and digital watches are already 
commonplace . Tomorrow a digital display could show your vehicle 
speed and petrol consumption ; you could be calling people by en tering 
their name into a telephone wh 1ch would automatical ly look up their 
number and dial it for you . 

These courses were written by experts in electron1cs and learning 
systems so that you could teach yourself the theory and application of 
digital logic Learning by self-instruction has the advantages of being 
faster and more thorough than classroom learning . You work at your 
own pace and must respond by answering questions on each new piece 
of information before proceeding . 

After completing these courses you wi ll have broadened your career 
prospects and 1ncreased your fundamental understanding of the rapidly 
changing technological world around you. 

The six volumes of Design of 
Digital Systems cost only: 
And the four volumes of 
Digital Computer logic and 
Electroni~s cost only: 

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

£8.10 
£4.60 
£12.00 

} + 90p post 
& packing 

+ £1 post 
& packing 

Price includes surface~~~ywhere in the world- Airmail extra. 

Flow Charts & Algorithms 
HELP YOU PRESENT 
safety procedures , governmen t legis lation , office 
procedures, teaching mate r ials an d c omputer 
programs by means of YES and NO answers to 
questions. 

THE ALGORiTHiv1 WRITER ' S GUIDE explains how 
to define th8 question s , put th em in the best order 
and draw the flow cha rt , wi th nume rous examples 
shown . All that students requ i re is an aptitude br 
log ical thought . Size A5 , 1 30 pages . Th is book is a 
MUST for those with things to say . 

-£2.95 

GUARANTEE 

+ 45p post & pack ing by surface 
mail anywhere in t he world . Airmail 
extra . 

If you are not ent ire l¥ satisfied your money wil l be re funded . 
Please allow 21 days for delivery 

r c:nbrid; ';;a~n;E;:r;s=. Uni;-34~ i:;r~l~t:---1 Freepost, St. lves, Huntingdon, Cambs . PE 17 4BR 
England 

Please send me the following books 
.sets Dig ital Computer Log ic & Electronics @ £5 . 50, p&p 

included 
sets Design of Digita l Systems@ £9 .00, p&p included 

. .. Combined sets@£ 1 3 00, p&p included 
.. . . The Algorithm Writer's Guide ·@ £3 40,p&p included 

Name 

Address 

I enclose a ·ch ec; lre : PO payabl e to C<:l m tmdue Le<:lrnlllg Enter
pnses fo r l . 
Plea se charg e my ' Acc ess Ba rc l nyc a rd V ,s a Eurocard 
Mastercharge · Inte rbank account number 
S1gnature ·deleted as appropr1ate 
1 elephone ord ers f rom cred1 t card ho ld ers acc epted on 0480 -
b7446 (an sa ton e) Overseas custcme rs should se nd a bCJnk cirCJft m 
sterl lniJ dr<-Jwrl on a Londo11 Ba nk W\('/34 
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BIMENCLOSURES 
ALL METAL BIMCASES 

MINI DESK BIMCONSOLES 
Orange, 8 lue, 8 lack or 

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

in base with 4 BIMFEET 
supplied. 1mm Grey Aluminium 

Red, Grey or Orange 14SINg 
Aluminium removable top 
and bottom covers. 18 SINg 

black mild steel chassis with 
fixing support brackets. ; panel sits recessed with fixing screws 

BIM 3000 into integral brass bushes. · · 

(250x 167 .5x68.5mm) 
£14.58 

BIM 1005 (161 x 96 x 58mm) £2.18 
BIM 1006 (215 x 130 x 75mm) {:3.05 . 

ALL METAL BIMCONSOLES 
All aluminium, 2 piece desk consoles with 

either 15° or 30° sloping fronts, sit on 
4 self-adhesive non-slip rubber feet. 
Ventilation slots in base and rear 
panel for excellent cooling. 

Colour Code 
A 
B 
c 

Top Panel 
Off White 

Sand 
Satin Black 

Base 
Blue 

Green 
Gold 

15° Sloping Panel 30° Sloping Panel 
.BIM7151 (102x140x51 [28 ] mm) BIM7301 (102x140x76[28] mm) £10.67 
BIM7152 ( 165x 140x51 [28] mm) BIM7302 ( 165x140x76[28] mm) £11.44 
BIM7153 (165x216x51 [28] mm) BIM7303 ( 165x183x 102 [28] tnm) £12.61 
BIM7154 (165x211x76[33] mm) BIM7304 (254x140x76[28] mm) £13.82 
BIM7155 (254x211x76[33] mm) BIM7305 (254x 183x 102 [28] mm) £15 .36 
BIM7156 (254x287x76[33] mm) BIM7306 (254x259x102[28] mm) £16.67 
BIM7157 (356x211x76[33] mm) BIM7307 (356x183x102[28] mm) £17.58 
BIM7158 (356x287x76[33] mm) BIM7308 (356x259x102[28] mm) £18.55 

ABS & DIECAST BIMBOXES 

6 sizes in ABS or Diecast Aluminium . ABS moulded in Orange, Blue, . 
Black or Grey. Diecast 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 
50x60x31mm) 

Orange, Blue, Black or 
Grey ABS with 1mm 

Grey Aluminium 
recessed front cover 

held by screws into 
integral brass bushes. 

1.8mm pcb guides incorpora
ted and 4 BIMFEET supplied . 

BIM4003 (85x56x28.5mm) 
BIM 4004 (111x71x41.5mm) 
BIM 4005 (~61x96x52 .5mm) 

£1 .18 
£1.62 
£2.19 

LOW PROFILE BIMCON~OLES 

Orange, 8 lue, 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) 

·=1~ EUROCARD BIMCONSOLES 
Orange, Blue, Black or Grey ABS 

~
~ . body ac. cepts full or/", size 

Eurocards, with bosses in the 
a base for direct fixing. 1.8mm 

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

( 100x50x25mm) 
(112x62x31mm) 
( 120x65x40mm) 
( 150x80x50mm) 

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

£0.96 
£1 .13 
£1.35 
£1.52 
£'2 .37 

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

Hammertone 
TBA 
£1.46 
£1.78 
£2.24 
·£2.84 
£3.94 

Natural 
TBA 
£1 .19 
£1.46 
£1 .82 
£2.28 
£3 .33 

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

( 190x 110x60mm) 
Also available in Grey Polystyrene with no -slots and self-tapping screws 

BIM 2007/17 (112x61x31mm) £1.00 

BIM 8005 (169x127x70[45] mm) £4.12 
BIM 8007 (to be announced shortly) 

MAINS BIMDRILLS 

Small, powerful 240V hand drill complete with 2 
metres of cable and 2 pin Dl 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 rpm. Orange ABS, high impact, fully 
~ insulated body with spring return on/off SINitch £10.53 

Mains Accessory Kit 1 includes 1mm, 2mm, .125" twist drills, 5 burrs 
and 2.4mm collet £2.48 

Mains Kit 2 includes Mains BIM DRILL as above, 20 assorted drills, mops, 
burrs, grinding wheels and mounted points, 1 mm, 2mm, 2.4mm and .125" 
collets. Complete in transparent case measuring 230x 130x58mm £22 .14 

12 VOLT BIMDRILLS 

2 small, powerfu I drills easily hand held or used with 
lathe / stand adaptor. Integral on/off switch and 1 
metre cable . 

MiniBIMORILLwith3colletsupto2.4mmdia £8.10 
Major BIMDR ILL with 4 collets up to 3mm dia £·13.60 

Accessory Kits 1 have appropriate drills and collets as ab~ve plus 20 
assorted tools. Mini Kit 1-£15.12, Major Kit 1-£19.44. 
Accessory Kits 2 have appropriate drills, collets plus 40 tools and mains 
12V de adaptor. Mini Kit 2-£34.02, Major Kit 2- £39.42. 

Accessory Kits 3 as appropriate Kits 2 plus stand/lathe unit. Mini Kit 
3 - £45.36, Major Kit 3- £50.76. 

BIMDIPS ~~ BIMIRONS 

Type 30 General Purpose 27 watt iron 
with long life, rapid change element, 

screw on tip, stain less steel shaft and 

Rapidly inserts and withdraws any 
4-18 pin, .3" pitch OIL package 
without beding the legs. Adjust
able metal jaws for MOS type 
devices grip the bottom of the 
leg for minimum strain. Will 

pick up IC's from a bench , a carrier or a 
pcb . £13.77. 

BI~SNIPS ~· 

Precision made side cutters, 
spring action, ground steel fine 

pointed blades for intricate 
work. 

5%" long £3.34 

clip on hook. Styled handle with neon. 
£4.05 

Type M3 Precision 17 watt iron, quick change 
tip, long life elem11nt, styled handle with clip 
£4.43 

Type PSU6 Soldering I ron Station complete with 6V, 6 Watt 
miniature iron having stainless steel shaft, quick change slide on 
tip and long life element. 

Station co.ntains 240V /6V transformer, neon, coiled iron support 
and sponge iron tip cleaning pad. 

ECONOMY QUALITY LED's 

~~~_,.,. - Mixed bags of .125" and .2" dia. lens in various colours 
50 for £5 .67, 100 for £10.00-.125" dia. lens .2" dia. lens 

: 

FULL SPECIFICATION LED's 

.125" or .2" with mounting clips and data 
Red - £1.67/pack of 5, Green- £2.48/pack of 5, Yellow/Amber- £3. 18/pack of 5 

AA 

#u 

33 and 34 SERIES 

Front viewing (30° angle) LED indicators 

BIM 33 is nickel plated, uses 3.2mm diaLED and needs6.5mm 
dia. fixing hole. 

BIM 34 is chromium plated, uses 5mm dia. LED and needs 
8mm dia . fixing hole. 

Red- £2.80/pack of 5, Green/Yellow- £3.24/pack of 5 

AG AH 

= A SERIES 

240V Neon with integral resistor. 
held in 8mm hole by plastic bezel. 

Red, Amber, Clear or Opal lens £2/pack of 5, Green lens £3/pack of 5 

Low Voltage equivalent of above with Red, Amber, Clear, Opal or Green Lens. 
6V £0.54 each, 14V £0.58 each, 28V £0.65 each 

State Voltage, lens style, colour and whether tags or flying leads. 

-==-u ~ ~ D SERIES """"'iiii!!!E~ A 8 LES and_ Midget Flanged lampholder with 13mm dia. (A) and 
18mm dta (B) lens. Solder tags. Y:." dia. hole fixing (lamps not 

supplied) plus chrome bezel with A lens. · 

Red, Amber, Clear, Green, Opal £0.66 each 

G SERIES 

Tl Midget Flanged lampholder. Lamps are available on request . 
8mm fixing hole, solder tags. Front replaceable, 7.25mm dia . 

lens. Red, Amber, Clear, Green, Opal £0.43 

Red and Amber £0.61 each, Green £0.78 each . 

M & MPSERIES 

Low voltage nickel plated brass 
(M) and Polycarbonate (MP) indicators, 150mm leads, 6 .4mm fixing hole Red, Amber, 
C lear, Green, Opal 

6 .9mm dia. lens (M) 6V £0.65 each, 14V £0.68 each, 28V £0.79 each 
7 .5mm dia. lens (MP) 6V £0.55 each, 14V £0.59 each, 28V £0.68 each 

A ~rJ;~. ==.., 

B ~~~~ 

BIM M LED SERIES 

Nickel plated brass bodied LES indicator, 21 mm wire 
wrappable leads, 6.5mm fixing hole, 2 styles, 6,8mm dia 
lens. 
Red £0 .67 each, Green £0.83 each, Amber £1 .00 each 

LM 

~ rd.~·D If~ !EI~I 
BIM LM & MM LED SERIES 

Subminiature nylon bodied LEO indicators with 
12mm wire wrappable leads 

A B C D 

MM ~lf1t) ~ w I 
LM & MM push fit into 4.75mm & 4mm holes 

respectively . Each series has 4 lens styles in 
·Red £0.67, Green £0.83, Yellow £1,00 each . 

Both lenses '0' are square 

BIM 23,26 & 56 LED SERIES 

Black nylon :X,died LED indicators. BIM 23 has 7mm 
flat face, BIM 26 & 56 utilise 4 & 5mm diaLED's. Push 

fit in 8mm hole. Red £0..46 each, Green £0.62 each, Yellow £0.77 each 

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 sl id into place. 54mm long, 
10 slots on 5mm spacing and can be simply 
snipped off to length. 

Packs of 25 

BIMFEET 

£ 1 .08 per pack 

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

Accept all sizes 
(4-50 pin) of 01 L IC 
packages as well as 
resistors, diodes, 
capacitors and LEOs. 
Integral Bus Strips 
up each side for 
power lines and 
Component Support 
Bracket for holding 

l·-~m2i::B•III• lamps, SIN itches arid 
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 £ 8 .83 

BIMBOARD 2 £21.01 

BIMBOARD 3 £29 .84 

BIMBOARD 4 £38.79 

DESIGNER PROTOTYPING SYSTEM 

1, 2, or 3 BIMBOARDS mounted on BIM 6007 
BIMCONSOLE with Integral Power Supply 
(±5 to ±15Vdc@ 100mA and fixed +5Vdc@ 1A) 
All 0/P 's fully isolated. Short circuit and fast fold 
back protection . Power rai Is brought out to cable 
clamps that accept stripped wire or 4mm plug. 



RADIO 

NIPPON ELECTRIC 

AMATEUR 
COMMUNICATION 
EGUIPMENT 

CQ-P-2200E 
137·150 Mhz 

2 meter FM 12 channel portable/mobile 1/3 watt transceiver 

Features: battery cartridge system , all 12 · channels X-t_al fitted,_ . 
1750 Hz tone-call system , AXC or RIT sw1tchable, h1ghly effiCient 
squelch , high (3 watts] low (1 watt] output power switchable, lamda 1/4 
or 5/8 telescopic antenna selectab le. PrOVIS ions for: external power 13. 5 V DC, , 
external antenna, earphone , external speaker. NEW: Profess1onel plug -In moduls construction . 
with all units shielded , selected high quali\Y parts secure long . l1 fe .. Range: up to 50 KM. 
direct. up to several hundreds of kilometers over re peaters . Un1ve rsa l1ty : mob1le or portable 
[with the snip of a finger] . High sens1t1vity: 0.2 uV for 20 db S/N. 

CQ-R-700 G band general coverage receiver with ultra high sensitivity (0 .1 uV for 
170 Khz-30.0 Mhz 15 db S/N on 30 Mhz) 

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

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

Noise-blanker incorporated, large, illuminated two colour S-meter, 500 Khz and 50 Hz calibration 
facility . Modern electronical layout A true solution for all se.arching a reliable mean tor 
short range or continuous long haule receiption 

CQ-LINE . 300 . 3000 watts HF-LI N£. Modes : USB /LSB. CW . AM. RTTV (FSKJ. FAX in 
1.6 • 30.0 Mhz full digital readout . 

In many thousands of applicationes the CO -LINE has proven their reliabili~y and sturdiness. 
Its versalilty and high power make the . CO . LINE a true partner for long distance communica 
tion . Even with simple antenna from home or car, world- wi de contacts are no problem 

UK: please contact our distributor Messrs. William Munro. lnvergordon . High Street 100, 
telef. : 349 -852351 -4 Telex : 75265. 

SOLE DISTRIBUTOR EUROPE oF NEC 
RADIO AMATEUR AND CB EQUIPMENT 

VIA VALDANI, 1, CH 6830 CHIASSO /SWITZERLAND, 
TELEF. 091;446464, TELEX 64077 CEC CH 

WW-030 FOR FURTHER DETAILS 
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Only Valves are good enough 
for this customer. 
As the demand for high quality sound increases, 

so does the need for M-OV valves. 
Valves, and only valves, can provide the level of 

performance many listeners now demand. 
M-OV Beam Tetrode KT77 and KT88 valves meet 

all audio market requirements from 30-200 watts. 
KT77 is especially rugged and 

ultra linear. 
KT88 is a proven long-life valve 

that is at home in your quality 
equipment. 

Get in touch with us now for 
technical data and details of 
worldwide distribution. 

M-OV 
s 666 

THE M -0 VALVE CO LTD, HAMMERSMITH, LONDON, ENGLAND W6 7PE. 
TELEPHONE 01 -603 3431 . TELEX 23435 . GRAMS THERM IONIC LO NDON 

WW-053 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 - 058 FOR FURTHER DETAILS 
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From Bell & Howell, exclusive distributors of JVC video products to the educational, 
industrial and insti tutional markets. 

Bell & Howell introduce 
new ENG and off·line 
equipment from JVC 

The new CY8800E 3-tube portable camera is designed to 
be hand held. With a choice of 2/J" Plumbicon or Saticon 
tubes, it is the latest product of JVC's 21-year involvement 
in video systems. 

With a 49dB S/N ratio at f/4 and only 3000 lux 
illumination, the camera can also be used in light levels as 
low as 300 lux. Pictures through the 10:1 f/1 .9 C-mount 
zoom lens, fitted as standard, look crisp and clean with 
better than 500 lines horizontal centre resolution . A wide 
range of facilities and compact packaging enable 
cameramen to provide shots of virtually any scene, indoors 
or on location. Standard features include a 1 V2'' viewfinder 
with 3" magnifier, 3-way sensitivity switch (normal, +6dB, 
+ 12dB), auto white balance, bias lighting when fitted with 
Saticon tubes and built-in colour bar generator for fast 
alignment. Weight including lens and viewfinder is 
only 9.6kg. 

For location work the well-respected JVC CR4400LE 
U-format portable recorder is an ideal companion, usable 
up to 12 metres away. The whole system operates from 
internal batteries or external power. 

Used alone, the new CR8500E %" U-format video 
cassette recorder is designed to make editing simple and 
fast. Automatic variable speed playback in forward and 
reverse ensures accurate access to the exact edit point 
Fully framed edits with an accuracy of ±2 frames and the 

proven JVC colour dub system ensure successful copies 
every time. 
Together with the RM85E, two CR8500Es form a first
class edit suite for off-line or 3/4" master editing.AII transport 
and edit functions are remoted to the control console. 
From pressing the play button, video and audio head 
contact with the tape is maintained to enable any mode to 
be instantly selected. Location on the tape is constantly 
monitored by counting control track pulses, ensuring 
accurate tape position and time determination. Edit in and 
out times can be programmed and memorised for 
automatic assemble or insert editing and the precise 
position can be adjusted in single-frame steps in the 
preview mode before a commitment to record is made. 
The video and audio tracks may be separately or 
simultaneously edited in any combination . 
The CR8500E brings a new degree of flexibility to the %" 
format; the CY8800E brings it to portable cameras .. If you 
would like further information on JVC video equipment, use 
the reader inquiry service or write direct to Bell & Howell 
A-V Ltd., Freepost (no stamp required), Wembley 
Middlesex HAD 1BR. 

lti1 BELLs HOWELL 
Infonnation systems. FOr work, education and entertainment 

WW- 070 FOR FURTHER DETAILS 
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TOTAL AMPLIFICATION FROM CRI MSON ELEKTRIK 

WE NOW OFFER THE WIDEST RANGE OF SOUND PRODUCTS-

STEREO 
PRE-AMPLIFIERS 

MC1 
CPR 1 

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

CPR -
1 

:-;-of the CPR 1 is probably the disc stage. The overload margin is a superb 40dB, thrs 
sup:;~~~~ ~ith the high slewing rate ensures clean top. even wrth hrgh output cartridges 

tog k- heavily modulated records Common-mode distortron rs elrm&nated by an unusual 

~=~i~~9R.I.A . A. is accurate to 1 dB ; ~ignal to norse ratro &s 70dB relative to 3 . 5mV; drstortron 

< .005% at 30dB overload 20kHz 

Following this stage is the flat gain /balance S-Ilage to bring tape. tu;~~ e~2~E~~ ~~~8a;,;'~i signal levels. Signal to norse ratro 86dB; slew-rate 3V I uS. T .H- D. z · 

any level. 

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

1 38x80x20mm Supply to be:!: 1 5 volts. 

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

70/170uV switchable on the p.c.b. This module bnngs srgnalsfrom the now popu_lar ~ow 
output moving-coil cartridges up to 3. 5mV (typrcal srgnal requrred by most pre-amp rsc 
inputs). Can be powered from a gv battery or from our REG 1 regulator board 

REG 1 _POWER SUPPLY. The regulator module, REG 1 provides 1 5-0- 1 5v to power the~ 

CPR 1 and MC 1- It can be used with any of our power amp supplres or our small transform 
TR 6. The power amp kit will accommodate rt. 

POWER AMPLIFIERS. It would be pointless to lisl in so small a space lhe number of 

recording s1udios, educational and government establrshments . etc . who have been usrng 
CRIMSON amps satisfactorily for quite some trme. We have a reputatron for the hrghest qualrty 

at the lowest prices . The power amp 1s available &n frve types. thev_ aU have the same 

specification. T.H.D. typically .01% any power 1kHz 8 ohms. T.I.D. rnsrgnrfrca.nt. slew r~te 

limit 25V /uS; signal to noise ratio 11 OdB; frequency response 1OHz-35kHz, -3d1B0~~~1 ~~ 
unconditional; protecti_?n dnves any load safely, sensrtrvrty 7 7 5mV (2 50mV or 

request), size 120x80-2 5mm 

PPLIES. We roduce suitable power supplied which use our superb TOROIDAL 

~~n~;r~!r~ only 50mm phigh with a 1 20-240 primary and srngle bolt frxrng (oncludes 

capacitors / bridge rectifier) 

POWER AMPLIFIER KIT. The kit includes all metalwork, heatsinks and ha;dwar
1

e ~o h~u~e 
f r ower am modules plus a power supply. It rs contemporan Y stye an ' s 

~:~~~:voiso c~~si~tent w ithpthat of our other products . Comprehensive instructrons and full 

back-up servrces enables a novrce 10 build rt with confrdence rna few hours . 

POWER AMPLIFIER MODULES 
CE 608 60W i 8 ohms 35-0-35v 
CE 1004 100W / 4 ohm s 35 -0 -35v 
CE 1008 100W t 8ohms45-0 -45v 
CE 1704 170W t 4ohms 45-0 -45v 

CE 1 708 1 70W ' 8 ohms 60-0-60v 

TOROIDAL POWER SUPPLIES 

CPS 1 for 2xCE 60 8 or 1 xCE 1 004 . . 
CPS 2 fo r 2xCE 1004or 2 t 4xCE 608 
CPS3 for 2xCE 1008 or 1 xCE 1704 
CFS4 for 1 xCE 1008 -
CPS5 1 for 1 xCE 1 708 
CPS6 for 2xCE 1 704 or 2xCE 1 708 

HEATS INKS 

light duty , 50mm. 2 C / W - - _- - -
Medium power . 100mm. 1-4 c ,w 
Oisr.o / group. 150mm. 1- 1 C I W 
Fan 80mm. state 1 20 or 240v 
Fan ,moun ted on tw o drilled 1 OOmm heatsinks 

2x 4 C/ W , 65 C max . w ith two 1 70W 
modules 

THERMAL CUT-OUT, 70 C 

£16.30 
£19.22 
£23.22 
£29.12 
£31.90 

£14.47 

POWER AMP KIT £32.40 

PRE-AMPS: 
These are available in two vers1ons -
one uses standard components. and 
the other (the S) uses MO resistor.s 
where necessary and tantalum capact-

£16.82 CPR1 £29.49 
£18.50 

- £39.98 
£29.49 

£17.66 MC1 
£15.31 CPRIS 
£22.68 MC1 S 
£23.98 

£1.30 
£2.20 
£2.85 

£18.50 

£29.16 

£1.90 

POWER SUPPLY: 
REGI £6.75 TR6 £1.75 

BRIDGE DRIVER, BDI 
Obta 1n up to 340W using 2x 170W 

amps and this module 
BD1 £5.40 

CRIMSON ELEKTRIK 
1A STAMFORD STREET, LEICESTER LE1 6NLL Tel. (0533) 531722 

Al l nces shown are UK only and include VAT and po~t. COD 90p extra , £100 lim it_. Ex~ort ts no problem. please 

wrife for spec ific quote Send large SAE or 3 International Reply Coupons for detailed mformatlon 

D1stnbutor Min 1c Teleproduckter . Box t 2035 . S· 7 50 12 Uppsala 12. Sweden 

WW-074 FOR FURTHER DETAILS 

MPU 
XTALS 
OVER SEVENTY 

STANDARD FREQUENCIES 

TENS OF 
THOUSANDS STOCKED 

DELIVERY FREE 
WORLD-WIDE 

INTERFACE QUARTZ DEVICES LTD 
29 Market Street, Crewkerne, Somerset TA18 7JU 

Crewkerne (0460) 74433 Telex 46283 inface g 
WW- 016 FOR FURTHER DETAILS 

WiGhdEDSED 
special quality industrial 
tool kits and cases 

Send now for details gf the superb Jensen range of tools. 
meters and accessory equipment. all in the most handy and . 
robust cases- also available separately. Jensen products are 
specifically designed for industrial use. perfect for a~ I · 
engineers. technicians. electricians. instrument repa1rmen etc. 
Choice of more than twenty kits and cases. 

Write for free Jensen catalogue to: 

SPECIAL PRODUCTS DISTRIBUTORS LTD, 
81 Piccadillv. London WlV OHL Tel: 01-629 9556. Cables: Speciprod London Wl. 

WW-083 FOR FURTHER DETAILS 
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When it's a question 
. ·alATE .... 

I 
1-

Plessey ATTS 10 is one of · 
the latest developments in the 
Plessey range of telegraph 
margin and distortion testers .. 
Combining signal· generator 
and measuring set, ATTS 10 
is designed for installation in 
a telex exchange or other 
communications centre. 

Fully automatic, ATTS 10 
is controlled from the key
board of the teleprinter under 
test and provides test se
quences to one of fourteen 
instructions. This enables the 

AUTOMATIC 
TEST SET 

TELEX 

performance of the teleprinter 
to be rapidly assessed. 

ATTS 10 operates to Inter
national Alphabet no. 2 at one 
pre-set link -selected speed in 
the range ofSO, 75,100,110,150, 
200 and 300 bauds. 

The level of distortion 
applied to test messages and 
the level at which distortion 
is measured are both accurate 
to within + 1 OJo. 

ATIS 10 employs all _solid
. state circuitry, so it's rugged 
and reliable. It is designe<l for 

WW- 018 FOR FURTHER DETAILS 

long periods of unattended 
operation. 

For full technical data on 
ATIS 10 and other Telegdata 
equipment contact Plessey. 

• PLESSEY 
CONTROLS 

Plessey Controls Limited,Sopers Lane, 
- Poole,Dorsct,England,BH17 7ER 
;felcphone: (020 13) 5161 Telex: 41272 

17 
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* Intended for professional micrc;>~ 

processor applications. 

WIRELESS WORLD, JANUARY 1979 

.MODEL 756 
FULL ASCII LOW COST! 

Fully 

KEYBOARD Assembled 

* Alpha lock . 
* Extra loose keys available. 
* Supplied COffipl8te wtth full 

* This one Keyboard will meet most 
present and future requirements. .---~~~-~~----------. technical data. _ £49.90 + VAT * Ru9-9ed- mif. spec: G-=lo -PCB * Full 128-character ASCII 8-bit code 

* Tri-mode MOS encoding. Alsoavailable - with plated through holes. 
Numeric keypad - interfaces with 7 56 £7 .50 * 2 -key roll-over . 

*. · Applications notes for auto r~peat, 
numeric pad, serial output. DCtoDCconvertertogive-12V . £5.00 * DC level and pulse strobe signal 

* U.pper and lower case characters 
generated by keyboard with latching 
shift-lock. 

(Mountsdirecton 756 P.C.) for easy interface to any 8-bit 
Plastic ·enclosure type 701 . .. . . . . . ... . .. . £10.75 · t · · t 
Gold plated edge connector type 756/con . £1 .95 lnpU port microprocessor sys em, 

Postage & Packing 75p per order video display or tenn ina I board. 

* Selectable polarity. U.K. orders add 8% VAT on order total including postage & Strobe pulse width 1 -ms. 

packing. In Europe all orders to agents 
CITADEL PRODUCTS LTD. • User selection of positive or negative * Size 305 X 140 X 32mm 

( 12 1/4 X 5 112 X 1 'I• in) 
* MOS/DTL/TTL compatible outputs. 
* New guaranteed OEM grade com

ponents . 

50 High St., Edgware, Middx. HAS 7EP logic data and strobe output. 
Tel: 01-951 1848 

* . Needs+ 5 and -12V supply 

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

Carter Associates · 
P .0. Box 11 262 VLAEBERG 
South Africa postal code 8018 

WW- 008 FOR FURTHER DETAILS 

1-r I RADFORD} 

AUDIO MEASURING 
INSTRUMENTS 

Oscillators . 
LD03. Low Distortion Oscillator . .. ..... £300.00 
LD03B. Low Distortion Oscillator, balanced output 

..... . .. .. .... . · .... : . . . . .... .. .. £400.00 

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

Voltmeters 
HSV1. Audio Microvoltmeter, average responding 

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

Noisemeters (psophometers) 
ANM 1. Audio Noisemeter and Microvoltmeter, average 

responding .... . ........ . ........ . £200.00 
ANM2 . Audio Noisemeter and Microvoltmeter, true r.m.s. 

reading . . . ...... . .... £250:00 
ANM3. Audio Noisemeter and Microvoltmeter, true r.m.s. 

and quasi-peak responding . ....... . ... £300.00 

Descriptive leaflets available on request. 

RADFORD LABORATORY INSTRU.MENTS LTD. 
· 4 High Street, Nailsea, Bristol BS 19 1 BW 

Tel. 02755-6637 

. TRANSDUCER and RECORDER 

AMPLIFIERS and SYSTEMS 

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

reliable high 
performance & 
practical controls: ·• 
indivjdually ·; ·. 
powered modules:_ 
mains or.dc option 
single cases and up 
to 17 modules in 
standard 19" crates · 
small size-low 
weight-realistic 
prices. 

Fylde 
Electronic 
Laboratories 
limited. 

WW-029 FOR FURTHER DETAILS 

WIRELESS WORLD, JANUARY 1979 

4S-6 
£125.00 

Greater accuracy, lower cost plus something more- a 
wide range covering dual trace, 1 0 and 25MHz, long 
pers1stance, rack mounted- single trace 6MHz, long 
persistance and battery portable models, plus a wide 
variety of accessories and probes. 

The figure of 3% accuracy compares very favourably 
with the 5% claimed by our competitors . As does the . 
Scopex reputation for producing reliable, easy to use 
oscilloscopes for just about every application . 

Take the 40- 1 OA dual trace model. Guaranteed 3% 
accuracy achieved by a stabilised power supply Including 
the EHT. 1 OmV ~ 50V/cm sensitivity, TV field trigger and 
trace locate . £1 80.00 * 

Or the 4 D- 2 5. Dua I trace model with DC- 25M Hz 
bandwidth and 1 OmV/cm sensitivity . 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. £285 .00* 

. For more details of these and the full Scopex range 
s1mply return the coupon. Remember what you gain in 
accuracy, you lose in price . 

*UK list price excluding VAT. 

COP EX 
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r--.----~--
scopex Sales . 

-;'WI~ 

I Pixm6re Avenue, Letchworth, Herts SG61JJ 

I Tel: (04626) 72771 

I 
Please send me full details of the Scopex range of 
oscilloscopes. 

I Name 

I 
I Company 

I Address 

I Tel.: L ______ _ ---ww- 010 FOR FURTHE.R DETAILS 

I 
I 
I 
I' 
I 
I 
I 
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METER PROBLEMS? 

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

Full Information from: · 

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

WW _:_ 020 FOR FURTHER DETAILS 

FOR POWER 
SEMICONDUCTORS 

IICiRI 
I NTE ~NJOt..TIONAL 

REC-TIFIER 

Diodes Thyristors 
Fuses for protecting Semiconductors 
Power Transistors Potted Bridges 

Solid State Relays 
Silicon Stacks Surge Suppressors 

IN A HURRY! 
070 - · 681 . 2601 

HARMSWORTH,TOWNLEY & CO. LTD. 
HAREHILL TODMORDEN LANCS OU4 SJY 

Phone: 070 681 2601 and 070 681 5248 
Telex 635 091 Albion G Attn: HARMSWORTH 

WIRELESS WORLD, JANUARY 197,9 

pocket-sized 

500MHz 
FREQUENCY 
COUNTER 
(CM7044) 

for UHF/VHF or CB 
mobile radio 

* _t 2 ppm accuracy 
(0·0002%) 

*Overload protected ~ 
*Built-in Ni-Cad 

battery pack 
* Exceptional value 

Frequency Ranges 
(Switched) 
(a) 10MHz-50MHz 

"(b) 40 MHz-500 MHz 

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

Display 
7 digit, 7 segment LED display 

Dimensions 
4.75" 2.6" 1.25" 
(121 67 32mm) 

Labgear 
Labgear Limited Abbey Walk 
Cambridge CB1 2RQ England 
Telephone: 0223 66521 (71ines) Telex: 81105 LAB 
Telegrams: Labgear. Cambridge 

. WW-073 FOR FURTHER DETAILS 

BANK DRAFT OR MONEY . ORDER 

World's cheapest rechargeable we've seen 

• DIGITS CONS I ANTL Y DISPLAYED 
: 'HR,MINSECDAY];lATE.MONTH 

· INBUILT LIGHT. OWNERS MANUAL 
' 1yr MODULE G TEE-MAIL SWAP 
' BIG WINDOW-WIDE ANGLE VIEW 
• STAINLESS STEEL CASE & BAND 
· QUARTZ CRYSTAL ACCURACY FAC· 

TORY SET WITHIN 0 .2 SEC/C"AY 

OPER•.TION : Press once lor day & date 
and month auto lollows. aJ!o returns 
to time . Press tw1ce for seconds 
Delin1te1. worth much mo'e - sa:islact1on 
guaranteed beyond expectation on all 
features or returnab le w1th1n 14 days as 
new. Send for colour photo-to -see · IS 

to ~JY . 

TRULY SOLAR POWERABLE-daily · re
quiremen• 2 m1nutes full sunlight. 
Electric l1ght also. Recharges energy 
~sed by inb•Jilt 11ght also-th1s makas 
"solar assis~ed · models obsolete. Bat
terv holds a -ears reserve . Manufacturer 

says battery rechargeable life up to 5 
years or more . Currently stock spa,es 
at S5. Send for quote aro~nd 198~ . . 

DIGGERMAN ELECTRONICS, Box 3:l . 
Coramba, N.S.W., 2466 AUSTRALIA 

Also LEDs,._1000 for A$95 (about £60) Export 

price seamail. 
Guaranteed superior quality wide angle view well 
difused Smm red. Air sample SOp ' in stamps or 

equal. 
Anv taxes leviable in buyers country buyers re

sponsi·bility. 

WW-081 FOR FURTHER DETAILS 
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THINK OFA SHAPE 
; ~ 
~ 

S 5000 - dual cha.nnel 
up to 500W/RMS per 
channel DC-20 KHZ 

Whatever it is, the HIIH 'S'range 

of power amplifiers will handle it 
The HIIH 'S' range is designed to handle heavy industrial usage in the fields of vibrat~r 

driving, variable frequency power su-pplies and servo motor systems. 

s 5000 
Dual Channel 
1 9" rack m!!~t aY2" high 
500w r.m.s. into 2.5 ohms per channel' 
900w r.m.s. in bridge mode 
DC-20 KHZ at full power 
.O!_OQ~% 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 
1 9" rack mount 3%" high 
500w r .m.s. into 2.5 ohms 
Retro-convertible to dual channel 
DC-20 KHZ at full power 
.Full short and open circuit protection 

·. Drives totally reactive loads with no 
adverse effects 

A complete range of matching transformers and peripheral equipment for closed· loop, 
constant current and voltage use are available. · 

Alternative input and output termination to order. ·Rack case for bench use b~ilt · to 
specifications. For complete data write or call. 

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

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

' . . 

FRANCHISED coMMERCIAL AND INDUSTRIAL AGENTS 'FoR HIIH ELECTRONic· 
WW-047 FOR FURTHER DETAILS 
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This Is The 

PLUS 8o/o V.A.T. 

Stop ~eading about computers and get your hands on one ! With ELF II and 
our new Short Course by Tom Pittman . you can master computers in no time 
at all ELF II demonstrates all 91 commands an RCA 1 802 can execute i~nd 
the Short Course quickly teaches you how to use each of the 1802 'a 
capabilities 

Elf ll's video output lets you display an alphanumeric readout or graphics 
on any TV screen or video monitor and enjoy the latest video games 

But that 's not all . Once you've mastered computer fundamentals. ELF II 
can give you POWER with add-ons that are among the most advanced found 
anywhere. Ameiican IEEE chapters plus hundreds of universities and major 
corporations have chosen the ELF II to introduce their students and 
personnel to microprocessor computing! 

L .. m The Skill Thet Mey Soon Be hr 
More lmpon.nt Then Your College Deg,..l 

The ability to use the computer may soon be more important to your ea rn ing 
power than a col lege degree. Without a knowledge of computers, you· are 
always at the mercy of others when it comes to solving highly complex 
business. engineering. industrial and scientific problems. People who 
understand computers can command MONEY and to get in on the action. 
you must learn computers . Otherwise you 'l l be left behind . 

ELF II lo The F-A·S·T Way to Leem 
Computer Fundementlllst 

Regardless of how minimal you;. computer ba~kground is now, you can 
learn to programme a computer .n almost no t1me at all. That's because 
Netronics has developed a special Short Course on Microprocessor And 
Computer Programming in non-technica l language that leads you th rough 
every one of the RCA COSMAC 1802's capabilit ies so you' ll understand 
everything ELF II can do ... and how to get ELF /Ito do it! 

All 91 commands that an 1802 can execute are explained to you 
step·by-step. The text, written for Netronics by Tom Pi ttman . is a 
tremendous advance over every other programming book in pnnt 

WIRELESS WORLD. JANUARY 1979 

SPECIFICATIONS 

· The £99.95 ELF II computer features an RCA 
COSMAC COS/MOS 1802 8-bit micro
processor addressable to 64K bytes with 
DMA. interrupt. 16 registers. ALU. 256 byte 
RAM expandable to 64K bytes. professional 
hex keyboard fully decoded so there's no 
need to waste memory with keyboard 
scanning circuits. buill-in power regulator. 
5 slot plug-in expansion bus (less connec
tors). stable crystal clock for timing pur· 
poses and. a double-sided. plated-through pc 
boardplus RCA 1861 video IC to display any 
segment of memory on a video monitor or TV 
screen along with all the logic and support 
circuitry you need to learn every one of the 
RCA 1802's capabilities 

ELF 11 
Computer 

Keyed specifically to the ELF II . it's loaded with " hands on " illustrations 
When you 're finished , ELF II and the 1802 will no longer hold any mystery 
for you 

In fact. not only will you be able to use a personal computer creatively 
you ' ll also be able to understand computing articles in the technical press 

If you work with large computers. ELF II and our Short Course will help 
you to understand what makes them tick 

A Dynemite Polek- For Juat £11.15 Plua B% V .A.T.I 

With ELF II . you learn to use machine langua_ge - the fundamental 
language of all computers. Higher level languages such as FORTRAN and 
BASIC must be translated into machine language before a computer can 
understand them . With ELF II you build a solid foundation in computers so 
you 'll really know what you ' re doing , no matter how complicated things get 

.... Video output also makes ELF II uniQue among computers selling such a 
low price . Attached to your TV set . ELF II becomes a fabulous home 
entertainment centre . It's capable of providing endless hours of fun for both 
adults and ch1ldren all all ages ! ELF II can create graph iCS. alphanumeric 
displays and fantastic video games 

Only a low cost RF modulator is requi red to connect ELF II to your TV 's 
aerial socket! (To order see below.) 

ELF ll's 5-card expansion bus (connectors not included} allows you to 
expand ELF II as your needs for power grows. It you're an engineer , or 
hobbyist. you can also use ELF II as a counter . alarm. lock , thermostat . 
time r, or for countless other applications . 

ELF II Explodes into A Glentl 

Thanks to ongoing work by RCA and Netronics. ELF I I add ·ons a re among 
the most advanced anywhere . Plug in the GIANT BOARD and you can 
record and play back programmes , edit and debug programmes, 
communicate with remote devices and make things happen in the outside 
world . Add Kluge B011nl to get ELF II to solve spec1al problems such as 
operating a more complex alarm system or controlling a printing press . Add 
4k RAM board and you can write longer programmes , store more 
information and solve more sophisticated problems 

Expanded. ELF II is perfect for engineering . business. industrial . scient ific 
and personal finance and tax applications . No other small computer 
anywhere near EL'F ll's low price is backed by such an extensive research 
and development programme 

The ELF~BUG Monitor is an extremely recent breakthrough that lets you 
debug programmes with lightning speed because the key to debugging is to 
know what ' s inside the regi~ters of the microprocessor and. instead of single 
stepping through your programme , the ELF·BUG Mon itor , uti lisi ng break 
points. lets you display the entire contents of the registers on your TV screen 
at any point in your programme . You find out immediately what 's goi ng on 
and can make any necessary changes . Programming is further simplif ied by 
displaying 24 bytes of RAM with full address. blinking cursor and auto 
scrolling . A must for serious programmers! 

Netronics will soon be introducing the ELF II Colour Graphics • Music 
System - more breakthroughs that ELF II owners w ill be the first to en joy! 

Now BASIC Mekes Progremmin9 ELF II Even Easier! 

Like all computers. ELF II understands only "machine language" - the 
language computers use to talk to each other. But, to make life easier for 
you. we've developed an ELF II Tiny BASIC. It talks to ELF I I in mach ine 
language for you so that you can programm e ELF II with simple words that 
can be typed out on a keyboard such as PRINT, RUN and LOAD . 

"Ask Not Whet Your Computer Cen Do .. . 
But Whar C•n It Do For YOU/ 

Don ' t be trapped intO buying a dinosaur simply because you can afford it 
and ifs big. ELF II is more useful and more fun than "big name" computers 
tha t costs a lot more money 

With ELF 11. you leem to write end run your own progremmn. 
You·re never reduced to being • mere keypuneh operator. working 
blindly with aomeone elM" I predeveloped aoftwere. 

No matter what your speciality is, owning a computer which you real ly 
know how to use is sure to make you a leader. ELF II is the fastest way there 
is to get into computers . Order from the coupon below! 

H. L. AUDIO, 9b GARMAN ROAD, LONDON N17 OUR 

---------- - - ---- SENDTODAY •- -------------- -~ 
I NOW AVAILABLE FOR ELF II -

O Tom Pittman's Short Course On M icroprocessor & Computer Program 
ming teaches you just about everything there is to know about ELF II or any 
RCA 1802 computer. Written in non·technical language. it's a learning 
breakthrough for engineers and laymen alike . £5.oo• post paid! 
D Deluxe metal cabinet with plexiglas dust cover for ELF II . £21.95. plus 
£1.50 p&p 

8 RF Modulator for use w;th TV set . £3.oo• post paid . 
GIANT BOARD kit with cassette 1/ 0 . RS 232-C / TTY 1/ 0 . 8-bi t P. 1/ 0 

. decoders for 14 separate 1/ 0 instructions and a system monitor / editor . 
£31.95• plus £1.00 p&p . aKiu9e .(Prototype) Bo•nl accepts up to 361C 's. £17.00 plus 50p. p&p. 

4k Static RAM k1t. Addressable to any 4k page to 64k. £B9.95• plus 
p. p&p 

D Gold plated 86-i>in connectors (one required for each plug -in board) . 
£5.70- post paid . 

g p~~if~::~~;a~t!~~~~~~:O~:!r~t ~~~l!t~~. A;a~:~Y~p~~~ri~ ~ ~~=~~~~e =~~ 
choice of 4 handshaking signals to mate with almost any computer £84.9&• 
post paid. 

8 Deluxe metal cabinet for ASCI I Keyboard . £19.95• plus £1. 50 p&p 
ELF II T1ny BASIC on cassette tape . Commands include SAVE, LOAD. ~ 

x. Q. 26 variables A·Z, LET IF / THEN . INPUT PRINT. GO TO, GO SUB . 
RETURN. END. REM . CLEAR. LIST. RUN PLOT. PEEK . POLE. Comes fully 
documented and includes alphanumeric generator required to display 

alphanumeric characters d irectly on your TV screen without add itional 
hardware . Also plays tick-tack·toe p lus a drawing game that uses ELF ll's 
hex keyboard as a joystick , 4k memory reQuired. £14.95 .. post paid 
0 Tom Pittman's Short Course on Tiny BASIC for ELF II. £5.oo· post 
paid 
0 Expanuan Power Supply (requ ired when adding 4k RAM) . £19.95. 
plus £2 .00 p&p. 
D ELF-BUG Deluxe_System Monitor on cassette tape. Allows displaying 
the contents o f all reg•sters on your TV at any pomt m your programm e. Also 
displays 24 bytes of memory with full addresses. blinking cursor and auto 
scro lling. A must for the serious programmer! £14.15 .. post paid . 
Coming Soon: A·D O.A Converter. Light Pen, Controller Board , Colour 
Graphics & Music System and morel 

C•ll or writ• for wlr•d prices/ · 

H.L AUDIO LTD., Dept. W.VI! . 
I 38 Kingsland Road, London EB BBY 
Tel : 01-7391582 . 
Sole European Dis1ributors for Netronics A & 0 l td , U .S.A . 

nl w ... t mine wired •nd tested with power oupply. RCA 1 B02 UMr'o I 
Manuel and Short Course included for juet £164.10 tncluding postage 
and VAT I 0 I am al ~o enclosing payment (including postage and V .A .T. ) for the items 

checked at the left . I 
Total Enclosed £ 

I 
I 

US E YOUR 0 ACCESS 0 BARCLAYCARD 

Account No 

S ignature Exp. Date 

PHONE ORDERS ACCEPTED 01 -7311582 

Print Name 

' Yesl I want to run programmes at home and have enclosed: 0 £101.56 , Address 
;ncluding postage and V.A.T . for RCA COSMAC ELF II kit, 0 £5.94 
incl uding postage and V.A .T . for power supply (requ ired). O £5. 95 fo r RCA , 

I 
I 
I 
I 

t 802 User's Manua l. D £5.95 includ ing postage and V.A .T. for Short 
Course on Microprocessor Computer Programming I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
·------------------ ------------ -DEALER/NQU/R/ES/NV/TED-1 WW-037 FOR FURTHER DETAILS 

WIRELESS WORLD, JANUAFJY 1979 

PRE-AMPLIFIER· 
CP-Pl 

Shown here mounted with its associated components (and the 
CP-TM1 Peak Programme Monitor) on the CP-MPC1 intercon
nection board; the CP-P1 is a complete stereo pre-amplifier and 
tone control module. Performance features> 70 db S/N ratio and 
>30 db overload margin (both ref . 3 mV) and distortion of 0.02%. 
The internal R.I.A.A. feedback compensation around the low-level 
pre-amp may be replaced with external networks and the tone. 
control circuits can be programmed .to give different turnover 
frequencies if required (including separate bass and treble 'defeat' 
facilities) . 

£14.96 incl. (U.K.) 

Also Available: Power Amplifiers , Fil.ters . . Stereo Image Width 
Control, Compressor /Expander, Active Crossovers, Power Sup
plies plus all pots, switches, etc. 

mAullum AlJ[]~D ·Ltd.: 
DEPT W3, 13 HAZELBURY CRESCENT 

LUTON,BEDS.LU1 1DF 
TEL: 0582 28887 ' 

Exclusive UK representative 

aspen electronics limited 

2 KILDARE. CLOSE, EASTCOTE, MIDDX- HA4 9UR 
TELEPHONE: 01-868 1188- TELEX 8812727 

WW--'041 FOR FURTHER DETAILS 
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~~~5) • VI M ER lS 

746 h~ll("f ~ ~Wt'(b 

L 

745 COUNTE'ifiiNifif.£97 + t:z:s·o P&P · wwo&7 . 
- Other products include: 

643 Fun~tio~ G~;~rator £105 WW061 
WW062 
WW063 
WW064 
WW065 
WW066 

643A Function Generator £89 
631 Filter Oscillator £112 
746 Autoranging Frequency Meter £75 
61 5 Off Air Standard £81 
35 Series Digital Panel Meters from £26 

Delivery is normally ex-stock ·- telephone for confirmation 
Prices correct at time of going to press, subject to change without notice 

OMS elec;;.;~ics, Riverside. Evnsford. Kent. Tel: 032? si3~67 

ASTRA -PA"k: .AII ·p-rice~ ·include V.A.T . Add 25·p-for 
P&P (Extra for overseas) . Discounts 
over ( 10 less 5% , over £20 less 5% . 
over £20 less 10% . over £50 less 

. 92 GODSTONE Rcii"ff. 1 5%. over E I 00 less 20% 
Send SAE for com'p lete list of com· 

WHYTELEAFE SURREY CR3 OEB ponents 

7400 
.. 

0.12 '7495 ' 0.54 74190 1.05 74LS1 I 3 0~36 4007 0.16· 4085 0.72'· 
740 1 0.12 7496 0.60 ·741 gt 0 .99 74LS114 0.36 4008 0.92 4086 0 .78 
7402 0.12 7497 2 .38 74192 0.11 74LSI 23 0 .82 4009 0.45 4089 1.55 
7403 0 .12 74100 0.94 74193 1.05 74LS124 2.45, 4010 0.48' 4093 O.B5 
7404 0.13 74104 0.40 74194 0 .90· 74LS125 0.44 40 1 I 0.15 4094 1.BO 
7405 0.13 74105 0.40 74195 0.84 74LSI 26 0.44 40 12 0.18 4095 1.10 
7406 0.29' 74107 0.2B 74196 0.90 74LS132 0.61 40 13 0.42 4096 1.10 
7407 0.28 74109 0.45 74197 0.10 74LSI 36 0.40 40 14 0 .80 4097 3.50 
7408 0.14 741 tO 0.46 74198 1.48 74LS 138 0 .53 4'0 15 0 .77 4098 1.12 
7409 0.14 7411 1 0.70 74199 1.48 74LSI 39 0 .53 · 40 16 0.42' 4099 1.10 
7410 0.13 74116 1.BO 74221 1.50 74LS15 1 1.05 40 17 0.77 4404 1.00 
7411 0.18 741 18 O.B2 742 73 2.15 74LS153 0.50 40 18 O.B7 44 12 0.30 
74 I 2 0.21 74119 1.30 7427g 1.25 74LS154 1.20 40 19 0.42 4428 0.80 
7413 0 .25 74120 0.82 74283 1.70 74LSI 55 0.86 4020 0.92 4445 1.50 
7414 0.54 74121 0.25 74284 6.85 74LS 156 0.86 4021 0.82 444g 0.30 
7416 0.27 74122 0.40 74293 1.35 74LSI 57 0.47 4022 0 .82 4501 0 .17 
7417 0.27 74123 0.53 74298 1.12 74LSI 58 0.53 4023 0.15 4502 O.B8 
7420 0.13 74125 0.44 74390 1.92 74LS160 1.22 4024 0.66 4507 0.50 
742 1 0.28 74126 0.45 74393 2.12 74LSI 61 0.81 4025 0.15 4508 2.25 
7422 0.17 74128 0 .62 '14Li;oo - o.ur 74LS I 62 1.22 4026 1.28 4510 1.05 
7423 0.25 74132 0.6B 74LSOI 0.19 74LS163 0.69 4027 0.50 45 11 0.98 
7425 0.20 74135 0.6B 74LS02 0 .11 74LS I 64 1.20 4028 0.67 4512 0.12 
7426 0.25 74136 0.75 74LS03 0.19 74LS 168 2.00 4029 0.86 45 14 2.B5 
7427 0.25 74137 0.94. 74LS04 0.20 74LSI 69 2.00 4030 0.48 45 15 2.80 
7428 0.34 7414 I 0.5B 74LS05 0.20 74LSI 70 1.76 403 1 2.34' 45 16 1.02 
7430 0 .13 74142 2.00 74LSOB 0.11 74LS 173 1.05 4033 1.25 45 18 0 .99 
7432 0 .24 74143 2.00 74LSOg 0 .19 74LSt 74 1.12 4034 2.00 45 19 0.50 
7433 0.32 74144 2.00 74LSIO 0 .18 74LSI75 1.05 4035 1.00 4520 1.05 
7437 0.24 74145 0.64 74LS11 0 .19 74LS 1 89 2.85 4036 2.40, 4521 2.00 
7438 0.24 74147 1.30 74LS12 0 .19 74LS190 0.81 4037 0.19 . 4522 1 .35 
7440 0 .13 74148 1.1B 74LSt3 0.46 74LSI 91 0.81 4038 1.00 4527 1.60 
7441 0 .52 74150 0.19 74 LS14 1.10 74LS192 1.80 4039 2.80 4528 0.92 
7442 0.55 74151 0.60 74LSI5 0.11 74LSI93 1.80 4040 0.89 4529 1.10 
7443 0.10 74153 . 0.60 74LS20 0.19 74LS I 95 1.12 4041 0.77 4536 3.56 
7444 0.90 74154 1.05· 74 LS2t 0.19 74LS196 1.20 4042 0.72 4553 4 .20 
7445 0.70 74 I 55 0.63 74 LS22 0.19 74LS 197 1.20 4043 0.92 ' 4555 . o.es 
7446 0 .70 74156 0.63 74 LS26 0.24 74LS22t 1.12 4044 0.82 4556 O.B5 
7447A 0.64 7415 7 0.63 74 LS27 0.40 74LS24 7 0.97 4045 1.40 4558 1.25 
7448 0.60 74 I 59 1.70 74LS30 0.19 74LS248 0 .97 4046 1.32 4566 1.40 
7450 0.13 74160 O.BO 74 LS32 0.25 74LS249 0.97 4047 0.16 4583 . 0.75 
7451 0.13 74161 0.80 74 LS37 0.27 74LS25t 1.00 4048 0.60 4585 1.03 
7453 0.13 74162 0.80 74 LS38 0.27 74LS253 1.05 4049 0.42 
7454 0 .13 74163 O.BO 74LS40 0.19 74LS25 7 1 .05 4050 0.42 
7460 0 .13. 74164 O.B9 74LS42 0.53 74LS258 1 .05 4051 0.84 
7470 0 .28 74 I 65 0.89' 74LS4 7 0.17 74LS266 0 .31 4052 0.84 
7472 0.22 75166 0.11 74LS48 0.97 74LS273 2 .50 4053 0.84 
7473 0 .26 7416 7 2.70 74LS49 0.97 74LS27g 0 .50. 4054 1.10 
7474 0.26 74170 1.6B 74LS51 0.19 74LS283 1 .00 4055 1.00 
7475 0.30 74172 4 .00 74LS54 0.19 " 74LS289 2.85 4060 0 .98 
7476 0 .26 74173 1.18 74LS55 0.20 74LS293 0.90 4066 0.48 
7480 0 .45 7417 4 0.89 74LS73 0.30 74LS298 1.60 4067 3.50 
7481 0.90 74175 O.&B 74LS74 0.34 74LS352 0.12 4068 0.24 . 
7482 0.80 74176 0.88 74LS75 0.45 74LS353 1.0S 4069 0 .17 
7483 0.72 74177 O.BB 74LS76 0 .32 74 LS365 0.50 4070 0.17 
7484 0 .90 74178 1.20 74LS78 0.32 74LS366 0 .50 4071 0 .17 
7485 O.B8 74179 1.10 74LS83 0.7B 74LS367 0.50 4072 0 .17 
7486 0.26 ' 74180 0.90 74LSB5 0.10 74LS368 0.50 4073 0 .17 
7489' 2.00 74181 1.92 74LS86 0 .35 74 LS386 0.37 4075 0.17 
7490 0 .35 74182 0.75 74LS93 0.15 74 LS670 2.00 4076 1.05 
7491 0.65 74184 1.20 74LS95 1.10 4000 0.14 4077 0.46 
7492 0.44' 74185A gg 74LS I 07 0.36 400 1 0.15 :4078 0.22 
7493 0 .40 74 I 86 74LS 109 0.36 400 2 0.16 4081 0.17 
74.94 0.80 74188 2.70 74LS112 0 .38 4006 o.az: .4082 0.20 

WW-039 FOR FURTHER DETAILS 
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Top: The Signalmaster Mk8 Lower: The Audio master amplifier 

WIRELESS WORLD , JANUARY 1979 

matEhed Pair 
The Audiomaster 25+25W rms amplifier, 
and the matching Signa/master Mk.B FM 
tuner, are fine examples of Larsholt's 
long experience in producing electronic 
kits that are neither insulting to the 
most experienced constructor, nor are 
they baffling to the beginner. 
We unhesitatingly recommend them 
on the grounds of style and per~rmance. 

ex-stock from: carriage £3 

Ambit international, 

Larsholt ·Electronics Price inc VAT : Signalmaster £97.35 
Audiomaster £88.80:the pair £165 

· 2 Gresham Road, Brentwood, 
ESsex. telephone (0277)216029 

·. 
, . ~GJ(! 

electroJUCi 
2111 WEST CAMELBACK SUITE B PHOEN I X ARIZONA USA (602) 

WW-078 FOR FURTHER DETAILS 

242 - 3037 

MHZ Electronics Kits · 

Kit H 1 
Motorola MC14410CP CMOS Tone Generator. 

CMOS Tone Generator uses 1 MHZ crystal to produce standard dual fre'quency dialing signal. 

Directly compat ib le with 12 key Chomeric Tou ch Tone Pads. Kit includes the followi ng. : 

R F Transist.or s _: _____ . _______________ .:_ ___________ -:----------------------------------------
1 Motorola MC14410CP Chip 

1 1 MHZ Crystal 

Type Price 
·2N1561 $15.00 
2N1562 I 5.00 

2Nl692 15.00 
2N1693 15.00 
2N2857jAN 2 . 45 
2N2876 12 . 35 
2N2880 25.00 
2N2927 7.00 

2N294 7 17.25 
2N2948 15.50 
2N2949 3.90 

2N2950 5.00 
2N3287 4.30 
2N3300 1. 05 
2N3302 1.05 
2N3307 10 .• 50 
2N3309 3.90 

2N3375 7.00 
2N3553 1.80 
2N3818 6.00 

2N3824 3 .20 
2N3866 1.09 
2N3866JAN 4 . 14 
2N3866JANTX 4.85 
2N3924 4.00 

2N3925 6.00 

2N3927 11.50 
2N3950 26.25 
2N3961 6.60 
2N4072 ]. 70 

2N4073 2.00 
2N4135 2 .00 
2N4427 1.24 
2N4430 20.00 
2N4440 8 . 60 
2N4957 6. 30 
2N4958 4 . 35 
2N4959 2 . 12 
2N4976 19.00 
2N5070 13 .80 

. 2N5090 6.90 
2N5108 3 .90 
2N5109 1.55 . 
2N5160 3.34 
2N5177 20.00 
2N5179 . 68 
2N5184 2.00 
2N52 16 47 . 50 
2N5589 4.60 

2N5590 ·6.30 

2N5591 10.35 

: 1: -;.,; :a::!~; ~ ·· 
. CV<CK!<lA ~·..)N 'H}~ ".c, ·,~ ,; ~ 1 

Type Price 
2N5637 $20.70 
2N564l 4. 60 
2N5643 20.70 
2N5764 27.00 
2N5862 50.00 
2N5913 3 . 25 
2N5922 10.00 
2N5942 49.50 
2N5943 1.75 
2N5944 7.50 
2N5945 10 . 90 
2N5946 13.20 
2N6080 5 . 45 
2N608 1 8 . 60 
2N6082 9. 90 
2N6083 11' 80 
2N6084 13.20 
2N6094 5. 75 
2N6095 10.35 
2N6096 19.35 
2N6097 28.00 
2N6136 .... 18.70 
2N6166 36.80 
2N6439 43.45 
MM1500 32.20 
MM1550 10.00 
MM1552 50.00 
MM1553 56.50 
MM1601 5 . 50 
MMJ602 7. 50 
MM1607 8.65 
MM1620 17.50 
MM1661 15 . 00 
MM1669 17' 50 
MM1943 1.00 
MM2605 3.00 
MM2608 5. 00 
MM8002 2.05 
MM8006 2 . 12 
MRF245 31.05 
MRF304 43.45 
MRF501 . 49 
MRF504 6 . 95 
MRF509 4.90 
MRF511 8 . 60 
MRF646 20.70 
MRF5177 20 . 70 
MRF8004 1.90 
HEP76/S3014 4. 95 

HEPS3002 
HEPS3003 
HEP S3005 

11 ' 30 
29.88 

9.55 

··o ·· .. "· 
~ 

Si451 .. 1Vli"!rlvo1tmeter 

l PC Board 

Type Price And all other parts for assembly. NOW ONLY $15. 70 

HEPS3006 $19 . 90 
HEPS3007 24.95 
HEPS3010 11.34 

, HEPS5026 2.56 Kit n 2 

MMCM918 1.00 Fairchild 95H90DC Prescaler 350MHZ. 

MMT72 • 61 
MMT74 .94 

95H90DC Prescaler divides by 10 to 350 MHZ. This kit will take any 35MHZ Counter to 350 

MHZ. Kit includes the following.: 

MMT2857 1.43 
MMT3960A 6 . 25 
PT4 186B 3.00 
PT4571A 1.50 
PT8659 10.72 
PT97B4 24. 30 
PT9 790 41.70 
PT984 7 26.40 
J04030 15.60 
'•0281 1.0 . 90 

1 Fairchild 95H90DC Chip 

2N5179 Transistor 
UG- 88/U BNC Connectors 
PC Board 

And all other par ts for assembly. 

Kit n 3 
Fairchild 11C90DC Prescaler 650MHZ. 

Now Only $19.95 

40282 11.90 
40290 2 . 48 

11C90DC Prescaler divides by 10/100 to 650 MHZ . This counter will take any 65 MHZ Counter 

to 650MHZ. or with a 82590 it will take a 6. 5 MHZ Counter to 650MHZ . Kit includes the 

TA7994 50.00 
-------------------
FET,s 
4067 3 1.39 or 10/10 . 00 

3N128 1. 35 or 10/10 . 00 

2N5248 . 60 or 10/ 4. 50 
MPF102 .45 or 10/ 3 . 50 

MEM631 .63 or 10/ 5. 30 

-------- ----------------------
TERMS 
All CHECKS and MONEY ORDF.RS ARE 

I N US FUNDS ! ! ! 

ALL ORDERS SENT AIRMAIL DAY 
Pleasa Include $2. SO Min i mun for 

postage . 
ALL PRI CES IN US DOLLARS. 
ALL PARTS PRI ME/GUARANTEED . 

------------------------------
BANK AMERICARD/VISA/MASTERCHARGE 
Your Number; 

-------------------------------
Exp • Date 
--------------------------~- --
Your Si gnature 

-------------------------------
IC,s 
MC1550G 1. 50 

fol l owing . : 
I 
1 
2 

Fairchild llC90DC Chip 
2N5179 Transistor 
UG-88/U BNC ConneCtors 

LM/MC7805 Voltage Regulator 
SOvolt lAmp Bridge 
LED Indica tor 

PC Board 
Ami all other parts for assembly. 

FAIRCHILD VHF nnd UHF Prescaler Chi ps 

95H90DC 
95H91DC 
11C90DC 
11C91DC 
11C83DC 
11C70DC 
11C58DC 
11C4 4DC 
11C24DC 
11C06DC 
11C05DC 
11COJFC 

350MHZ Prescaler Divide by 10/11 

3SOMHZ Prescaler Divide By 5/6 
650MHZ Prescaler Divide By 10/11 

6SOMHZ Prescaler Divide By 5/6 

lGHZ Divide by 248/256 Prescaler 

600MHZ Flip/Flop with reset 

ECL VCM 
Phase Frequency De tee tor (MC4044P /L) 

Dual TTL VCM (MC4024P/L) 

UHF Prescaler 750MHZ D Type Flip/Flop 

l GHZ Counter Divide by 4 
Hi gh Speed Dual S-4 Input NO/NOR Gate 

Crystal Filters. Tyco 001-19880 same as 2194F 

10. 7MHZ Narro·w Band Crystal Fi l ter 

Now Only $29 .95 

$ 8. 95 
8.95 

15.95 
15 .95 
29.90 
12' 30 
4.53 
3.82 
3.82 

12.30 
74' 35 
15 . 40 

MC1590G 
MC402.4P 
TMS4024 

6. 50 
3.27 

10.00 

3 db bandwidth 15khz minimum 20 db bandwidth 60khz minimum 40 db bandwidth 150khz minimum 

Ultimate 50 db Insertion loss l.Odb Max. Ri pple l.Odb Max. Ct. 0+ - Spf. Rt. 3600 Ohms. 

() 
• 

Now Only $ 5.95 

WW-052 FOR FURTHER DETAILS 

JES AUDIO INSTRUMENTATION 
Illustrated the Si453 Audio Oscillator 

SPECIAL FEATURES: 

* very low dis tortion content-less than 0. 03% 

* an output conform ing to RIAA recording characteristic 

* battery operation for no 'ripple or hum loop 

* square wave output of fast rise time 

£70.00 

also available 

Si452 Distortion Measuring Unit 

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

relative frequency response £70.00 
. ALL PRICES PLUS VAT 

J. E. SUGDEN & CO. LTD., CARR STREET. CLECKHEATON. W. YORKS. 8019 5LA. Tel. 0274--872So1 

WW- 008 FOR FURTHER DETAILS 
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Carston Electronics Ltd lssueNo14 

MANUFACTURER TYPE No. DESCRIPTION 

Pressure & Displacement Transducers 

Schaevitz P700 Pr~ss~r~ ~~~~o-r. Gas_&.liquid· ,;~;~-u~~s-. - -· --

Ranges± 100 to 3000 PSI. 

Electro Mechanisms LVDT DC linear variable . 
Differential transformer. 
Displacement ranges± 2.00 ± 5.00 
± 0.050 inches. 

R-ecorders & Signai -Conditio~i~g E.q-~ipin~~t 
Brush --· -- . -260 - Six channel. 80Hz resP~~-~e-:--

lnk writing . 1 OmV -1 OV sensitivity. 
Portable sty( e. 

HewlettPackard 70358 - -S~";11- ,;.o:4~v ~4v;~~i. --

Metrawatt 

SE Labs 

SE Labs 

Smiths 

Siemens 

17108A 

17502A 

RA6 

3006DLT 

A100 

A2500 

8420 

8450 

8/4 

RE551 .20 

Osc i llosto re 

Time base for 70358 . 
0.2-20s/cm. 

Plug.~ in for 7,-00 s~ries rec~der 
temperature module for t'couples 
type J. K. R. S. T. 

6 channel U.V. Recorder with 
conditioning amplifiers. 1 mV -1 OOV input. 
700Hz B. W. 1 -30 x 1 0 3)1 strain. 
120-3500. 

12 chann~ls . 125o.;m/sec- 25~~/~in. 
6 " chart. U.V. Recorder. 

Galva 60Hz. 3.7~A/cm~ 
Galv-o 1600H~. 2:-5~A/~m: · 

--- -

Galvo 300Hz. 50)1A/cm. 

Galva 3ooHz. 50)l.Afc~ . . 

8 track tape recorder. 
7FM 1 DR ~"tape30, 15, 1i 
I.P.S. DC-1 OkHz FM 
30Hz - 60kHz DR. . 

X- Y Plotte~ A3. 
50)1V- 500mV /em sens on both axis. 
Time base fitted. 

4 ~ha-nnel-digitaT~torage sytem 
with output to U.V. Recorder. 
Event marker max/min. 
Trigger levels. Auto trigger. 
(System capacity 8 channel U.V. 
Recorder included in price.) 

PRICE£ 

30.00 

25.00 

2400.00 

500.00 

70.00 

75.00 

850.00 

450.00 

30.00 

30.00 

30.00 

30.00 

1800.00 

575.00 

5850.00 

* Prices and quality no one else can match. 

*All equipment sold calibrated to manufacturers' specification. * Full inspection may be carried out at our premises. 

*Full handbook and circuit diagrams supplied with eech item. * Keenest prices offered for your own surplus equipment. 

We are pleased to announce 
our latest sales list. This 
contains our greatest ever 
range oftest equipment and 
offers it for sale at the best 
prices on the market. We are 
also on the look-out to buy 
good quality test equipment. 
So if you have some for sale, 
let us know. Make certain of 
getting your FREE copy 
ofthe sales list now. 

Phone: 
01-267 4257 or · 

CircleWW200 
for buying or selling 

Carston 
Electronics 
Limited · 

Shirley House 27 Camden Road 
London NW1 9NR Telex 23920 · 

25 
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B. BAMBER ELECTRONICS 
5 STATION ROAD, LITTLEPORT, CAMBS. CB61QE Tel: ELY (0353) 860185 (Tuesday to Saturday) 

. . ' \ 

TERMS: CASH WITH ORDER ONLY- PLEASE ADD VAT AS SHOWN . POST PAID (UK ONLY) MINIMUM ORDER £5.00 

TEST EQUIPMENT 
All items below are sold subject to buyers inspection and collection. All working , 

but may require calibration. 

PHILIPS COLOUR MONITOR Type LDH2200 / 00, 625 line, PAL, unused, 

but shop-soiled, £200.00. 
R/S POLYSCOP Type SWOB 2. 500kHz-1200MHz, complete, £500.00. 

EX-TECH CENTRIFUGE, Type 3475 11 EC HN-S , 230V AC, shopsoiled, 
t:~nused, with accessories, (list price approx. £500) £275.00. 

IS9LATED POWER SUPPLY, 240V AC input, Variac output 0-260V AC at 
2A, cabinet model , with voltage and current meters, £50.00. 

MA~CONI SIGNAL GENERATOR (UHF) TF 1060, 450- 1200 MHz. 

£125.00. 
R/S GROUP DELAY MEASURING EQUIPMENT INDICATOR, 

BN17950, with manual, mint condition, unused, £120.00. 

FEEDBACK LTD. PHASORSCOPE TMS 280, Direct measurements of the 
phase and amplitude characteristics of passive and active networks from 30Hz to 

1OM Hz. With manual £220.00. 
TELONIC INSTRUM.ENTS, SWEEP GENERATOR 2003, with following 
plug-ins, Sweep unit 3301 (. 1-130MHz), Fixed marker unit 3331, RF out 
attenuator 3341 (0-20dB), Input/output unit 8032 , Modulator 3360A, Display 
processor 3370, with manuals, (Cost over £1 000) £470.00. 

Following items reduced to clear . 
R/S TV DEMODULATOR AMF BN46425 £10.00 
R/S VIDEO NOISE METER UPSF BN 1 20311/2 £10.00 
R/S DISTORTION METER VZM-1 BN160 £10-00 
MARCONI NOISE GENERATOR TF1237 £10.00 

AU TEST EQUIPMENT +8% VAT 

SPECIAL OFFER TO VDU BUILDERS 
VDU POWER SUPPLIES, Size approx. 14" x 7" X 4". Mains input. Outputs 
+ 550V, + 1 2V, -1 2V, + 28V, -28V, + 65V, + 5V, + 38V, -11 5V. + 15kV, 
untested, but complete with circuits, ex-equipment . REDUCED TO CLEAR , 
ONLY £8.00 each+ 8% VAT. 

SPECIAL OFFER FOR COMPUTER BUILDERS, ETC. 
19 WAY RIBBON CABLE, DECIMAL CODED, 4 Metres for £1.25 + 8% VAT 

13 WAY HEAVY-DUTY RIBBON CABLE, DECIMAL CODED , (ideal for PSU 

runs) 3 Metres for £1.50. +8% VAT 

SPECIAL OFFER ••. 
STAINLESS STEEL GENTS WATCHSTRAPS, HIGH QUALITY, IN PLAIN 

OR BLACK SOp EACH. BASS SPRING 'BARS TO FIT 10p EACH. All +8% VAT 

TRADE LIST OF 

SEMICONDUCTORS 
CASH WITH ORDER ONLY. MINIMUM QUANTITY. 100 of any one type (or total Oty . 

shown) . All b~anded devices, full spec. Mullard, RCA etc . All + Bo/o VAT . POST PAlO (UK 

ONLY) 
Price Price 

Type Oty . each Type Oty each 

AAY32 11819 4p IN5399 1106 20p 

BA154 15452 3p IS85 220 3p 

BA157 410 3p 2N697 148 Sp 

BC108 1871 5p 2Ni 304 600 20p 

8C108B • 2474 6p '2N3703 233 5p 

BC207B 678 6p 2N3704 14238 5p 

BC212 528 6p 2N3705 719 5p 

BC327 40 9p 2N4062 2050 10p 

BCX32 1043 Sp 2S745A 690 4p 

BCY70 1068 7p 2SB422 240 15p 

BCY72 8868 8p 2SC856 85 15p 

BDY92 46 75p 3N128 40 40p 

BF152 3000 Sp 12FRS 43 10p 

BF257 2598 12p 27112(SGS) 179 8p 

BFX29 255 10p 27348(SGS) 170 Sp 

BFX37 2950 10p 40613 1375 20p 

BFX85 210 8p MA60 122 10p 

BFXBB 760 8p MC836 248 10p 

BRX46 368 10p MC846 430 10p 

BSV68 54 14p MC862 228 10p 

BU108 187 £1-00 MC946 42 10p 

BY206 1332 6p MEU21 379 5p 

BYX36-300 120 12p MP3731 232 SOp 

BZY88C8V2 295 3p TAA661B 423 70p 

BZY88C10 3300 3p TBA625BX5 226 50p 

BZYBBC18 409 3p TBAB20 872 SOp 

BZYBBC20 2400 3p TCA270B 75 £1-00 

C454 170 12p TIC45 991 12p 

C460 668 12p TMA60 650 20p 

C535 90 12p SKH36 / 08C 21 £1-00 

EXP406 64 10p U17830 129 6p 

F314-9018 980 10p U1837E 137 5 6p 

F702HC 1375 10p U26949 1940 6p 

F9109 65 10p VB14 100 8p 

ITT-3157 3264 3p ZW6.8 240 5p 

1FM(RECT) 285 3p 7405 63 8p 

1 M150ZS10 200 3p 7410 370 8p 

IN34A 1000 3p 7412 532 Sp 

IN914 875 2p 7441 79 15p 

IN41 48 1220 '2p 7490 289 20p 
IN5392 1355 6p 75492A 136 20p 

IN5394 4172 7p 2N930 125 11p 

ALL ITEMS OFFERED SUBJECT TO AVAILABILITY . 
PLEASE RING & REVERSE BEFORE SENDING ORDER 

· - -

SPECIAL OFFER 
SSB XTAL FILTER 
£10.00 EACH + 8% VAT. 
ELECTRICAL SPECIFICATION 

Centre Frequency 
Carrier Frequency 
6dB Bandwidth 
Pass Band Ripple 
Insertion Loss 
Terminating Impedance 
Attenuation (Limit Points) 

Ultimate RE)jection 
Operating Temperature Range 

MECtiANICAL SPECIFICATION 

[ ) 
~~45mm lt)l 

SUGGESTED CIRCUITRY 

10.7 MHz 
10.70165 MHzor 10.69835 MHz 
;;.. 2.4 KHz( ± 1.2 KHz) 
.;;2 .0dB 
.;;7 .0dB 
220 ohm in parallel with 25pF 
;;..15dB 1650Hz 
;;.. 45dB 2400 Hz 
>40dB 
-20°Cto +70°C 

2 mounting studs 6BA 

2 glass .to metal seals 

SDt_:lGf 
10_7 Ferrite Ring 10 .7 Ferrite Ring 

PYE WESTMINSTER PCBs 
ALL BRAND NEW (EX-PYE TELECOM) 

Please use order code 
TX AUDIO PCB AT26838 
MULTI-CHANNEL OSC. PCB FOR AM 8t FM 

AT26812 / 8 10 Channel Low band 
AT268 11 /1 0 & I 2 6 channel High band 

RX MULTIPLIER PCB FOR AM 8t FM 
AT26808 Low band I 24 
AT26808 / 23 30M Hz band 

FM TX MOD DRIVER PCB 
AT26826 /68 B band (will tune 

Order code WSO 

Order code WS 1 
Order code WS2 

Order code WS3 
Order code WS4 

£8.00 

£10.00 
£7.00 

£7.00 
£5.00 

High band) Order code WS5 £15.00 

PA BOARDS WITH ALL TRANSISTORS AND HEATSINKS (screen covers 
not supplied) 

AT1 0750 / 15 High band FM 
AT1 0784/10 P band (will tune 

Order code WS6 £20.00 

Lowband) OrdercodeWS7 £18.00 
Low band pcb only, complete except for transistors 
and heatsink (for spares only) Order code WS8 £1.50 

AM 10.7MHz IF PCB WITH XTAL FILTER 
AT26805 / 1025kHz spacing 
AT26805 I 11 50kHz spacing 

AM TX MULTIPLIER /DRIVER PCB 
AT26838 I 13 B band (will 
tune high band) 
AT26838 / 14 Low band 

TX FILTER W15AM 
AT10787,21 
AT10787 / 23 
AT10787 / 30 

FM SQUELCH PCB 
AT26801 

RADIOTELEPHONE SPARES 
6-WAY LED EX CONTROL SW ITCHES SOp 
LT SUPPLY SWITCHES 35p 
PYE CAMBRIDGE SPEAKER GRILLES 10 for £1.00 
LARGE 6-CORE CURLY LEADS 40p 

Order code WS9 £15.00 
Order code WS 1 0 £10.00 

Order code WS 11 £10.00 
Order code WS 1 2 £10.00 

Order code WS 1 3 £4.00 
Order code WS 1 4 £4.00 
Order code WS 1 5 £4.00 

Order code WS 1 6 £6.00 

XTAL SELECTOR ROTARY SWITCHES . 2 po le 6 way with shorting contracts SOp 

CAMBRIDGE MIKE CASES, New, (Front & back shells only) 75p 
INVERTER UNITS 24V DC input. 400V DC at 150mA+out (No data) £4-00 
BANTAM MIKE CASES, New, (Front & back shells only) 30p 
ALL ABOVE ITEMS +8% VAT_ 

WW-075 FOR FURTHER DETAILS 
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FREQUENCY AND V OLTAGE 

STABILIZED POWER SUPPL~ 

* 500VA OR 250VA 
*SOLID STATE 

*HIGH STABILITY 

*ROBUST 
*VERSATILITY 
*RELIABILITY 

*SINUSOIDAL 

· Reliable Frequency & Voltage Stabilization 

The effice~t operation of sophisti
cated electrical and electronic equip
ment IS, tn many instances, depen
?ent upon an electrical supply which 
IS stable in both frequency and vol
tage . 

ln.many count ries and even in 
·the United Kingdom during periods 
of heavy demand, the variation in the 
frequency and voltage is sufficient to 
introduce errors and the malfunction 
of such items as Recording equipment 
etc. Likewise, in certain areas , the 
only source of supply is from a 
Generator, the output of which can 
vary considerably when different 
loads are imposed. This has precluded 
~he use of a wide range of equipment 

- tn many countries . Voltage Stabilizers 
_are readi ly available but these do not 
stabilize the frequency of the supply 
wh1ch, tn many Instances, is essential. 

The CINTEC FREQUENCY&. 

VOLTAGE STABILIZER provides 

the answer to both these problems 

When the supply frequency is fluctuating 

wild ly , between 45Hz and 65Hz and the vol

tage by more than 1 0 % the output from the 

Stabilizer will not vary more than .01% from 

50Hz or 1% in voltage , even when different 
loads are imposed . 

. Used by Government establishments, oil 

ngs, hospttals, police , video and electronic 

industry, shipbuilders etc, for a wide range of 

appltcat1ons tncluding video systems, medical, 

frequency conversion, navigational aids and 
sound recording systems. 

The CI.NTEC FREQUENCY & VOLTAGE 

STABILIZER is also available for supplies of 
100- 125 volts, 45-65Hz with an alternative 

output of 50Hz or 60Hz at 11 5 volts or 230 

volts and as a dual frequency model with a 
swttchable output of 50Hz or 60Hz . 

27 

Applications for the use of CINTEC 

FREQUENCY & VOLTAGE STABILIZER are 

more numerous than can be listed. Therefore, if 

you have a supply problem, contact CINTEC 

LIMITED whose engineers will be only too 
pleased to assist. 

SPECIFICATION 
INPUT 

O!J:r~!!I
RATING 

100-125 volts or 200-250 volts at 
45-65Hz 

1 1 5 volts or 2 30 volts 

STABILITY Voltage :!: 1% No load to full load -

Frequency :;: 0.01 o/o No load to full load 

FREQUENCY 

WAVEFORM 

DISTORTION 

AMBTEMP 

DUTY 

DIMENSIONS 

WEIGHT 

CONSTRUCTION 

TE RMINATION 

24V DC Inverter 

50Hz or 60Hz . Single or dual 

·SINUSOIDAL 

2% 

-26 to+ 4o-c 
Continuous 

432 'MJ) X 196 (H) X 508mm .(0) 
(17" X 73,1," X 20") 

45 or 30Kg unpacked 

c·abinet or rack mounting 

. Cannon Conrie~t-ors . at rear of case · 
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:) OLSON I MIN/CASE~ 

Case Chrome 
'}ype with vents leg 

21 6V2" 4V2 5-.-8-8 i ~ 1 5 
22 8V2" 6V2" 6 .50 1 '15 
23 10V2" 6V2" 7 .70 1.30 
24 12V2" 1V2" 1V2" 8.45 1.30 
25A 6V2" 4V2" 4V2" 5.60 6 .20 1.30 
25B 6V2" 4V2" 61,4"' 6.00 6 .60 1.30 
26A 8%" 5%" 6%" 7.90 8.50 1.30 

··-26B 8%" 53,4" 81,4" _8._25_ ' ~f85 1.30 
27A 121.4" 1V2" 6V2" 8 .65 9 .35 1.30 
27B 121,4" 1V2" 8" 9 .35 10.05 1.30 

28A 14" 10% 11 6%" 10.20 10.90 
28B 14" 10V2,, 8V2 1

' 11 '15 11 .85 
29A 10" 4" 611 7.1 5 7 .75 1.30 
29B 10" 4" 8" 7.53 8 .13 1.30 
30A 12" 5'/ 611 7.80 8 .50 '-1 .30 
30B 12" 5'/ 8" 8.15 8 .85 1.30 
31A 14" 6'1 611 8.50 9 .20 1.30 
31B 14' 1 6" 8" 8.93 9.63 1 .30 
61 16V2" 1Y2" 9Y2 11 13.00 
62 17Y2' 1 8Y2" 9Y2 11 15.00 
63 16Y2" 9V2" 9V2 11 15.00 
64 15V2" 1V2" 12Y2 1

' -15 .00 
65 11Y2" 8Y2" . 12%" 17 .15 
66 16Y2 11 9Y2 11 12Y2 11 ,17. 15 

tra 

INSTANTTRUNKfNG SYSTEM! 

Ready .to use. Internal wiring suitable for 30 amp 

TR6- 6 sockets switched £21.50 
TR9 - 9 sockets switched £25.50 
P&P £1 .85 +VAT 

PORTABLE-POWER DISTRIBUTION 
FOR INSTANT MAINS! 

NEW! 1 0 sock~ts switched 

•• • ·- • ·., , • • ,COMPLETE WITH 6FT . CABLJ: AND 13 

I!!~~~~~~~~-' AMP FUSED PLUG 

• ·4 sockets 1 3A 
6 sockets 1 3A 
4 sockets 1 3A switched 
6 sockets 1 3A switched 

£12.15, 
£14.30. 
£13.75 
£15.95 

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

OLSON ELECTRONICS LTD., FACTORY NO.8, 5-7 LONG ST., LONDON E2 8HJ 
. 01-739 2343 
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THE NEWBEAR 
COMPUTING STORE 

SYSTEMS 
S-100 bus. 
·cromenco z-2- Kit 
(C.P .U . & Card Frame 
Z-80 Based) £395.00 
Bytesaver program
ming board kit (2708) 

£95.00 
TU-ART Interface kit 

£130.00 
1 6 K Byte Dynabite 
RAM card (fully tested) 

£415.00 
North Star Mini Floppy 
Kit . . . . £490.00 

NoRTH STAR * HORIZON 
* 51,4 .. FLOPPY DISC 
* LOW COST 

* S 100 compatible 
* ·Extended Basic 

Assembled and tested, £1265.00 + 8% VAT 

Kit £995.00 

8% VAT on ALL items 
·-For demonstrations: 
:Southern England: Phone 0635 49223, or call at: 
Newbear- Computin!fStoie, 7-8-one Lane, N-ewbury-
Berkshire · 
Northern England: Phone 061-491 2290, or ca-ll at: 
· Newbear Computing Store, 2a Gately Road 
,Cheadle, Cheshire SKS 1 PV 
N.C.S. is a division of Newb~ry Laboratories Ltd. 

Our new 1978 catalogue lists a card frame system 
that's 1deal for all your module projects - they 
used it in the ETI System 68 Computer. And 
we've got circuit boards, accessories, cases and 
boxes - everything you need to qive your equip
ment 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-079 FOR FURTHER DETAILS 
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VIEWDATA ... TELETEXT ... VCRs ... TVGAMES ... 

The.new world of TV 
using is expanding at 
the speed of light. To 
help you get the 
maximum profits from 
it . IPC Electrical
Electronic Press has 
launched a brand-new 
quarterly : Viewdata 
and TV User. 

If you are 
interested in 

the development 
of Viewdata 

covering the 
developing story of 
Viewdata, Teletext, 
home video cassette 
recording, TV screen 
games, home 

· computers and every 
other aspect of TV 
using, and how it can 
benefit you . Each issue 
of Viewdata and TV 

Issue No. 1 explained in clear, 
non-technical terms how Viewdata works 
and how it differs from Teletext. It covered 
Prestel (the Post Office Viewdata System) 
in detail. It also reviewed a wide range of 
news and products . Future issues will be 

' User will contain the current P·r~stel 
directory: and will be available to all 
Prestel users free of charge . To others, the 
annual subscription is £2 .00. Not much 
for a journal which could be your passport 
to a whole new world of interest. Post this 
coupon, with your cheque, today! 

I I I you could use a new journal! 

Quarterly 
Editorial enquiries:Owen Ascroft (editor) 

Advertisement enquirie.s : Stewart Goodw1n 
at Dorset House, Stamford Street, London S E 1 9LU. Tel : 01-2 61 8000 

carbon film RESISTORS·: 
oN sA.NoouER·s ·oR PREFORMED 12.5mm 

AT N 0 EXTRA COST 

....... ..... 
-~ 

~........ 
... .............. .......... .... -.u;, .... 

----·..... ... 
.. ...... ....... ...... .. .... .... ......... -

AERO SERVICES L TO. 

OUARTZ 
·CRYSTA 
-fAST! 

TO TAKE IT REGULARLY, POST 
THIS COUPON NOW. 

To : Subscriptions Dept. 
!PC Business Press (S. & D.) Ltd. 
Oakfield House,' Perrymount Rd. 
Haywards Heath, Sussex 

Please send me Viewdata and TV 
User quarterly for a year. I enclo'se 
cheque/ P.O. for £2.00 (inc . post 
and package) made payable to IPC 
Business Press Limited. 

Name 

Address 

. . .. ....... . . . . .. . · . .... 

'42-44A-46 Westbourne Grove 
London W2 5SF 
Tel. 01-]2_7 5641 Telex 261306 . "m l. AELCRYSTALS UMITED 

Gatwick House, Horley, Surrey, England RH6 9SU 
Telephone : Harley 1029341 5353 Tele.: 87116 IAerocon Harley) 
Cables: Aerocon Telex Horley 

WW - 059 FOR FURTHER DETAILS WW-040 FOR FURTHER DETAILS 

THE MOST COST EFFECTIVE FREQUENCY COUNTERS AND GENERATORS 

29 

OFF/AIR FREQUENCY 
STANDARD TYPE 103 

10MHz, 1 MHz 
Stability 1 part 108 £104 

Type 102 Crystal Frequency 
Standard 10M Hz, 1 MHz , 
1OOKHz 

~~==------------:F:R:EQUENCYCOUNTER 
301M 32M Hz 5 Digit £98 
501 32MHz 8 Digit£192 
801 B /M 250M Hz 8 Digit £280 
Memory versions available if not 
suffixed M £30 extra . 

TYPE 801 B 

401A 32MHz 6 Digit£138 
701A 80MHz 8 Digit£210 
901 M 520MHz 8 Digit£395 
1001 M 1 .2GHz 8 Digit £670 

LOW FREQUENCY 
GENERATOR TYPE 203 £78 

DISTORTION .03% 
Ampl itude Stability 0.1% 

SINE AND SQUARE 
WAVE FORM 

Stabii ity 5 parts 1 0 10 £1 04 Start/ Stop versions Plus£ 18 1OHz to 1OOKHz 

ELECTRONICS, 6 WOLSEY ROAD, ASHFORD, MIDDX. ASHFORD 53661 
WW- 017 FOR FURTHER DETAILS 
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electronic components appreciate our guarantee to supply ~oods only from BS9000 approved so~rces. More than ever, profe,..ss_l_o_n_a1 ___ ,.1 05'5i
1 Sinc& AMBIT introduced the "One Stop Technology Shop" to ' our service, we have been pleased to see just how many users ~f 

and amateur electronics engineers cannot afford to waste t1me on anythmg less than perfect ped1gree products. l SEE THE ,1 

,...,0 ..... 4--0~0~0 lmos miEromarket s[=~~~~ TTL :Standard ADD LP 5EhottkY AMBITADTOO!J 

.4000 17p 4059 563p 4522 149p 6800series 8216 1 ·95 2114 f 10 'N' 'L~' 74 55 'N~5 'L~~· 74126 'N'57 'L~~· 74185 ·~~4 'LSN' 74377 ~;~ 
4001 17p 4060 115p 4527 157p 6800P 6.50 ~~~: ~:~g 2708 [ 10·55 ;:~ g 20 7460 17 74128 74 74188 275 74378 93 

4002 17p 4063 109p 4528 102p 6820P £6 8251 6 25 Development 7402 14 20 7463 74132 73 78 74190 115 92 74379 130 

4006 109p :::; 53p 4529 141p 6850P 2 .75 8255 5.40 MEK6800 £220 7403 14 20 7470 28 74133 29 74191 
105 180 

74386 1 ~6 
:go~ ~~ 4068 

4~~~ :~~~ 1~~~ ~~~~P ~~65 MEMORIES TK
80 

£
306 ;:g: ~: ~: ~:~~ ~~ ~:~~~ ~ ;:~~~ 105 180 ~:~~~ 139 

4009 58p 4069 20p 4532 125p 2102 £1 .70 AMI, Sognetics . 7406 38 7474 27 38 74139 60 74194 105 187 74396 133 

4010 58p 4070 20p 4534 614p S080series 2112 £3 .40 ~~r~~t=;~i.I,OA 7407 38 7475 38 40 74141 56 74195 95 137 74398 180 

4011 17p 4071 20p 4536 380p 8080 6.30 2513 £7 .54 7408 17 24 7476 37 74142 265 74196 99 110 74399 150 

4012 17p 4072 20p 4538 150p 821 2 2 .30 4027 £5 .78 7409 17 24 7478 74143 . 312 74197 85 110 74445 92 

4013 55p 4073 20p 4539 110p 7410 . 15 24 7480 48 74144 312 74198 150 74447 90 

4016 52p 4075 20p 4541 141p 7411 20 24 7481 86 74145 65 74199 160 74490 140 · 

4017 SOp 4076 90p 4543 174p Voltage Regs 7412 17 24 7482 69 74147 175 74248 90 74668 ,,0 

4018 80p 4077 20p 4549 399p 7413 30 52 7483A 74148 109 74249 93 74670' 249 

4019 60p 4078 20p 4553 440p 7414 51 130 7484 97 74150 99 74251 90 MISCELLENV 

4020 93p 4081 20p 4554 153p NEW LOW PRICES 7415 24 7485 104 ss 74151 64 B4 74253 10s NEsss 30P 

4021 82p 4082 20p 4556 77P 7800 series UC T0220 package lA a1195p 7416 30 7486 40 74153 64 54 74257 108 NE556 78p 

:g~~ ~~ :~~ ~~~ . !~~~ ~~;~ 7900 series UC T0220 package 1 A all £1 j!~6 ~~ 24 j!~~ ~~ 90 ;: ~ ~~ ;~ 1 10 j!~~g ~~g N E558 180p 

4024 76p 4089 150p 4559 388p 78MUCseriesT0220package'hA a1190p 7421 29 24 7491 76 110 14156 80 110 74260 153 ICM7217950p 

4025 17p 4093 SOp 4560 218p 78LCP series T092 1-00mA all 35p 7422 24 24 7492 38 78 74157 67 55 74261 353 ICM7208 1495p 

4026 T80p 4094 190p 4561 65p · 7423 27 7493 32 99 74158 60 74266 40 ICL7106CP · 

- 4027 55p 4096 t05p 4562 530p l200 up to 3A/adjustable V&A 195p 7425 27 7494 78 74159 2 10 74273 124 LCD DVM IC 

4028 72p 4097 372p 4566 159p 78MGT2C 'hamp ;Kljustable volts 175p 7426 36 27 7495A 65 99 74 160 82 130 74275 3
5
12

2 
LCD LWJ~~~ 

4029 100P 4098 110P 4568 281 P 79MGT2C 'hamp adjustable volts 175p 7427 27 29 7496 58 120 74161 92 78 74279 
4030 58p 4099 122p 4569 303p - 7428 35 32 7497 185 74162 92 130 74283 120 . 2480P 
4031 250p 4160 90p 4572 25p 723C precision controller 65p 7430 17 24 74100 119 74163 92 78 74290 90 J Y, digot LCD 

4032 100P 4161 90P 4580 600P MAINS FILTERS FOR NOISE/RFI etc . 7432 25 24 74104 63 74164 104 74293 95 display 1150P ) 

4033 145p 4162 SOp 4581 319p 1 amp in IEC connector £4.83 7433 40 32 74105 62 74165 105 74295 120 ICL7107 LED 
4034 200p 4163 90p 4582 164p 7437 40 24 74107 32 J8 74166 74298 100 DVM kit 2065p 

4035 120p 4174 104p 4583 84p 5ampin'wirein'case £3,87 7438 33 24 74109 63 38 74167 20 74324 157 ICM7216·8digit 

4036 250p 4175 95p 4584 63p NE550A 73p 7440 17 24 74110 54 74168 74325 242 10MHz DFM/ 

4037 lOOp 4194 95p 4585 100o 7441 74 74111 68 74169 200 74326 247 timer £19.82 

4038 105
P 

4501 23
P LIDEARS OtPITO 7442 70 99 74112 88 74170 230 200 74327 237 lfor LED C.Cath) 

41}39 250p 4502 91p non-consumer 7segdisplays 7443 115 74113 38 74172 625 74352 100 SCALAR ICs 

-~~ 83p 4503 , 69p 7444 112 74114 38 74173 170 74353 100 8629 lSOMHz 

4042 :: :~g; ~~~ ~~~~;OE 84P LM339 N 66P 0.43" ffigh ~e~i~~ncy!HP: ~::~ : ~:~~~ 1 ~~ i:~;~ :~ ~~g ;:~~~ 7!~ divide by !~gp 
:g:~ :~~ :~~~ 2~~ g~~:!g~ ~~~ ~~~~g~N ~~~~ ~:~: ;~~~ red CC ~::~ ~ 99 ;::~~ ~~~ ;::;; i~ ;:~~; :~ ~~~~gg~ 

1
7!g6p 

4045 150p 4511 149p CA3140T 72p 709HC to5 64p 5082- 7660 yellow CA 233• 7449 99 74121 25 74180 85 74368 49 

4046 1~~ :~~~ 2~~~ CA3160E 90p 709PC dol 36p 5082- 7663 yellow CC -· 7450 17 74122 46 74181 165 350 7744337734 77 8618 ·new-divide 

4047 CA3160T 99p 710HC to5 65p 5082· 7670 ~;:::: g~ 7451 17 24 74123 48 74182 160 
210 

77 ~y 11~~/~rO~OH 
:~~ i~ :!li ~~~ ~Mjm~H 67p m~~ :~5 i!~ ~~~.:· ;t:~dard HP ~:~ g 24 ~::~: 38 44 ~::~! 135 

74375 60 
or 450p

2 

4051 65p 4517 382p LM301 AN 30p 741 CN 8dol 27 P ~g:~: jj!g ;:~ g~ }147p The ICL7216BIPI is still the cheapest way to make a full 8 digit/ 10MHz frequency counter/timer, 

4052 65p 4518 . 103p LM308H 121p 747 cN 70p and with 10 external components+ display· it is also one of the simplest. For £19.82, it takes a 

4053 65p 4519 57p LM308N 97p 748cN 36P 0.5" Fairchild lot of beating. The mains filters have been extended now to include a 6amp IEC version at £5.10, 

4054 120p 4520 109p LM318H 279p NE531T 12Cp FND500 red CC 150p and with the amount of electronic noise on the average supply (next door's fridge, for instance) it 

4055 135p o 4521 236p LM318N 224p NE531N 105<> FND507 red CA 150p is a really worthwhile addition to any sensitive equipment. LPSN TTL now includes many more 

TERMS: CWO pse., VAT to be added at 8% (inland), pp 25p per order. When ordering from the of latest types, all· · of cour.;e ·are absolutely prime first quality types. And don t forget our range 

OSTS and Ambit. a single combined remittance and pp charge is sufficient. Account details OA. ::: ~=~~~~~~~~t~~~~~ ~~~~:~~ ~~~k~~e~i~~~fi~;e~~~~~~!~t~~~~c~~t:IIL~o~~~~di~e~~~::~io 

2 liresham Road Brentwood E55eH devices, tuner modules, kits etc., see our other advertisement for more details- or send for the 

· I I • :;,~~~!. c;!~!o~: f~~:~:;'.;. ~~f\~~~a~::ln~~~~~:~odnest~~sd 0;e~~[o~~~~ou;l~s ~t~~:~~~~t:~o~~~. 
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K 9 COMPONENTS 
GRAPHIC HOUSE 
PANGBOURNE 
BERKSHIRE 

REGULATED 
POWER SUPP IES 

CA3130T 1.06 
LM301·8 D.30 
LM308-8 0.95 
LM309K 1.95 
LM3900N . 0.61 
NE555-8 0.32 
NE556-14 0.12 
TBAB10 1.30 
TBABZO 0.80 
ZN414 1.40 
7Z702 0.79 

0.&5 

4000 0.14 
4001 0.15 
400Z 0.16 
4008 0.90 
4010 0.4& 
4011 0.15 
4012 ' 0.16 
4013 0.41 
4016 0.39 
4017 0.76 
4020 0.89 
4022 0.81 

. -
7400 0.12 
7401 0.12 

·7402 0.12 
7404 0.13; 
140~ . 0.13 
7407 -_.· ·.1 o:26 
i:}~ 0.12 

. 0.18 
7413 0.25 . 
7420 0.12 
7421 0.27 
7422 0.17 
7427 0.24 
74Z8 0.32 
143U 0.13 
741() 0.13 
)4l2A 0.52 
7485 0.83 
7490 0.33 
7493 0.37 
7494 0.75 
7495 0.51 

PROFESSIONAL SUPPLIES TO THE AMATEUR 

uA709 0.&5 
uA710 0.6& 8AXI3 
uA723·14 0.45 BAXI6 
umJ.B 0.27 BC107 
uam.14 0.97 BCI08 
uA748-8 0.47 BC109 
7805-UC 0.81 BCZ07 
7812·UC 0.81 BCZ07B 
7905-UC 1.30 BCZOII 
7912-YC 1.30 BCZOBA 

BCZ09 

CMOS SELECTION 
4023 0.15 4093 
4026 1.21 4507 
4027 0.48 4508 
4030 0.4& 4510 
4051 0.83 4511 
4053 0.83 4518 
4060 . 0.98 4520 
"4060 0.48 4528 
4069 0.17 4556 
4075 0.17 
4081 . 0.17 
408'2 0.17 

nL: SELE.CTIOII 

. 74!11i . 0.57 741116 
74110 0.45 74190 
74120 0.80 74193 
74121 0.25 7446A 
74122 0.38 7447A 
74123 0.53 7448 
•741Zti 0.44 7470 
74132 0.67 7473 
74136 0.72 7474 
74141 0.58 7480 
74142 1.96 7484 
74160 0.78 74147 
74161 0.78 74148 
741b2 0.78 74150 
74' 0.78 74151A 
74 q7 !4153 
i4 1u .... 74154 
74113 1.16 74157 
74114 0.87 74159 
74115 0.68 74197 
741811 0.87 74198 
74184A 1.11 74393 

0.05 BC2119C 0.15 0~91 0.17 
0.05 BC212 0.11 ZTXI07B 0.09 
0.10 BC214B 0.15 IN4001 0.05 
0.10 BCY70 0.15 1M4004 0.06 . 
0.10 BCY71 0.20 IM4148 0.04 
0.10 8CY72 0.15 1M5401 0.11 
0.11 BFXB5 0.30 ZM3053 0.16 
0.10 BFY511 0.20 2113055 0.49 
0.10 OA47 0.11 2M3702 0.10 
0.10 OA90 0.14 2M3703 0.09 

Blrl8 ZEllER DIODES 2¥7·331 0.06 

0.64 
0.49 
2.21 
1.02 
0.98 
0.98 
1.05 
0.90 
o.a5 

7.15 
0.99 
0.97 
0.67 
0.64 
0.59 
0.28 
0.25 
0.25 
0.45 
0.88 
1.25 
1.15 
0.!16 
0.60 
0.60 
1.03 
0.63 
1.65 
0.87 
1.45 
1.94 

0.1mld35v 
0.15mhi35V 
0.22mhl 35v 
0.33mfd 35¥ 
0.47mld35v 
0.68111td 35v 
1mtd 35v 
1.5nihl35v 
Z.2mtd 35v 
3.3m1d 35v 
4.7mtd 35v 

TANTALUM CAPS 

0.087 6.Bmtd 35v 
0.087 15m1d 35v 
0.087 22mld 35v 
0.087 33mld 25v 
0.087 . IOmtd 25v 
0.087 6.Bmtd 25v 
0.087 47mtd 16v 
0.087 33mhl llilf 
0.087 Zlmhlllilf 
0.093 10mld 16v 
0.109 1 00m111 6.3v 

OPTOELECTRONICS 

0.122 
0.208 
0.211 
0.211 
0.122 
0.109 
0.211 
0.201 
0.122 
0.1119 
0.208 

fled3mm 0.12 lllmmCommAnode 1.55 
Red 5mm 0.12 14mm Comm Anode 1.57 
Green 3mm 0.16 fBmm Comm Anode 1.85 
Green 5mm 0.16 Heivht: 
Yellow 3mm 0.19 Bmm Com11 Cathode 1.50 
Yellow Smm 0.19 I Onim Comm Colhode 1.55 
FND500 1.41 14mii!Mnm C.lhde 1.57 
1!10501 1.41 IBmm Comm C.1hode 1.85 
FND507 1.41 

7Segmenl Oisplayl· 
Heigh!: Bmm Comm Anode 1.50 

ORDERS: 
CWO: P.O .. Cho'l"o 
All priceincl•doVAT 

DISCOUNT: 
OrderaoverE101ess51'o 
over £20 los· :o•;,, 
,,er£5011lSa' 5'/o 

Over EJOO less 20 '/o 
Adll30p lor P&P IExporl Exlro) 
Send S~E lor our-co11pleleslatk list 

WW --,.076 FOR FURTHER DETAILS 

Protection: 

All models internal 
foldback, overload , 

lhermal and short 

circu it protected . 
Fully fused . 

Type AD 12 - AD24 (Illustrated) 

TYPES AVAILABLE . 

MODE"lN-0'~ -- AD12 

OU.TPUT CURRENT 8 amp 

· NOMINAL OUTPUT 12 
VOLTS 

AD 24 

Samp 

2-YEAR 
GUARANTEE 

AD2412 . ADV030 

16amp 5amp 

12 " Oto 30 

INPUT VOLTS 

TOLERATED 

MAINS 
VARIATION 

115-230-250 11 5-230-250 

50 cycles a I c 50 c ycles a I c 

24 DC 

F u lly va r iiiable 

and metered 

11 5-230-2-50 

50 cycles t c 

15% 15°/o 

PRICES 
1 off- AD 12-AD24 
1 off -AD 241 2 

All subject to VAT@ 8% 

SOUT 

£52 . 50 
£48 .00 

15% 

1 off- ADV030 
£ 102 .00 

. GWE.STCLIFF ARCADE, RAMSGATE, KE-NT 

TEL. THANET (0843) 57888 
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ambit ® 
international 

Production of the new catalogue has been held up for a few weeKs · since we have 

just been appointed as distributors for two of the most exciting ranges of radio 

components products yet : The Micrometals range of iron dust torroids cores and 

formers, and the OKI range of VLSI for digital frequency displays for receivers . 

We apologize for any inconvenience, but these two ranges are really .worth the wa it, 

and include some products you will find hard to believe, like the MSM5523 IC, an 

IC with less than ten external components that g ives AM frequency readout to 1kHz 

from LW to 39.999MHz, FM frequency readout in 100kHz steps· (all usual IF 

offsets programmable by diodes), a 24 hour format clock with 12 hour display, 

independent on and off timers, time signals on the hours, stopwatch facility and 

a sleep timer. This costs £14 with its timebase crystal, and makes all that has gone , 

before an expensive and t ime wasting excercise. Rather like the way the lntersil 

ICM7216 has revolutionized the instrument counter market. (See the OSTS ad .) 

And those of you familiar with Amidon and IG dust torroids, favoured in many 

new R F designs, will be pleased to know Ambit will be stocking a broad range of 

the Micrometals types for app lications from EMI filters to RF PA stages. 

OKI frequency counter ICs : details in cat2 
MSM5523 for CA LEOs with RHDP such • 

as FND507 £14 inc xtal 
MSM5525 for 3)', digit LCD AM/FM with 

direct segment drive. no clock 
o r timers £11 inc xtal 

Othe r types fo r fluorescent d isp lays etc OA 

Other new semiconductor additions: 
KB4437 pilot cancel mpx decoder 4 .35 
KB4438 mut ing stereo preamp 2 .22 
HA1370 sup!,.cedes TDA2020 2.99 
TDA1090 HiFi AM/FM 3.35 
TDA1220 low cost AM/ FM 1.45 

PRICES DOWN ON VMOS: as expected , this 
new technology in power transistoiS is getting 
cheaper. 120v comp pa irs /100W for £10.00 

Price reduction on· CAJ189E ... now £2.20 
New varicaps: to add to the biggest range ..... 

KV1211 2:9v bias to tune MW, like the 
KV1210, but a double diode £1.75 

New pilot tone filters from TOKO ............... . 

208BLR series , individual per channel with a 
26/38k Hz version for pilot cancel decoder 
applications. Flat to 15kHz £0.90 
New crystal filter for amateur NBFM .......... . 
TOYO 10M481 wi th over 90d8 adjacent ch . 
rejection for'2m NBFM. 10.7 MHz £14 
New ceramic IF filters for 455kHz .............. . 
CFM455H 6kHz/6dB, 15kHz max /60dB -
ideal for MC3357 etc. £10 

A brief summary of some of our ranae of ICs : 
TDA1062/1 .95; TDA1083/1.95; HAl197/£1 .40 
CA3123E/£1.40; T8A651/£1.81; CA3089/1 .94 
HA1137/£2.20; MC1310/f2.20: HAl 196/£3.95 
KB4424/£2. 75; KB4423/£2.53;SD6000/£3. 75 
KB4412/£2.55; K84413/£2.75; KB4417 /£2.55 
MC1495LI£6.86• ; MC1496PI£1.25 
LM381 N/£1 .81 ; LM1303/£0.99; ULN22838/ 
£1.00; LM380N/£1; TBA810AS/f1 .09 
TCA940E/f1.80; TDA2002/£1 .95; 
ICL8038CC/f4.50•; NE566/£2.50*; NE567/ 
£2 .50•; NE5608 /£3 .50: NE5618/ £3.50; 
NE5628/£3.5Q•; NE565AI£2.5Q• 
SEE THE OSTS ADVERT FOR CMOS/TTL 
REGULATORS OPTO DISPLAYS and other 
types of linear devices. 

Some transistors for RF specifically : 
8F256L8/0.34; 40822/0.43*; 40823/0.51 • 
40673/0.55*; BF900/961/0.80*; 8F960/1 .60* 
BF224/0.22; BF274/0.18; 8F195/0.18; 
8F240/0.22; 8F241 /0.22; BF362/0.70; 
8F4 79/0.86; 8 F679SIO. 70; 8 FYS0/0 .90 * 

PIN and other Varicap diodes : 
BA102/0.30; BA121/0.30; ITT210/0.30 
881 046/0.40; MVAM2/£1.48; MV AM115/ 
(1.05 ; MVAM125/1.05; KV1210/f2.75 
8A479 /0 .35; TDA1061 /0 .95; 8A182/0.21 
METER MADE low cost panel meters : 
J x 930 series with blanks and dry transfer 
sheet of scales and ledgends for £12.5 • 

TERMS etc: CWO please, VAT on Ambit Items is generally 12Y,%, except whore marked (*). 

Catalogue part 1 :45p, part 2 SOp all inclusive. Postage 25p per orde(, carriage on tuner kits 
£3, Phone Brentwood (0277) 216029/227050 9am·7pm. Callers welcome inc. Saturdays . 

At last. DIY Hi Fi whith laaks as if it isn't. 
That's not to say it doesn't look like Hifi • just that it doesn't look like the usual sort of 

.thing you have come to associate with DIY HiFi , The Mk3 outstrips and outperforms all 

British made HiFi tuners, and most imported ones too. Certainly a,t the price, there isn't 

one near it. But more than that, it looks superb . . A small pic here would be an insult, 

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

~ 
* Exceptionally high performance · exceptionally straightforward assembly ~ 
* Baseboard and pl.ug~in construction. Future circuit developments will readily 

plug in, to keep the Mklll at the forefront of technical achievement 

* Various options and module line-ups possible to enable an installment approach 
to the system 

and now previewing the matching SOW/channel VMOS amplifier: 

~ 
* Matching both the ·style and design concepts of the Mklll HiFi FM tuner 
* Hitachi VMOS power fets • characterized especially for HiFi applications 
* Power output readily multiplied by the addition of further MOSFETs 
* VU meters on the prean,p · not simply dancing according to vol level 

* Backed with the usual Arr.bit expertise and technical capacity in audio 

The PW Darthester·LW,mW,SW,& Fm stereo tuner 

In much the same way as"we have swept away the 'old technology' in frequency/timer 

counters · with the OKI and lntersil single IC counters, we now offer a single IC "All Band" 

radio tuner. Don't confuse this one chip radio with things like the ZN414- for this is a 

genuine superhet receiver with a mechanical AM IF filter, and ceramic IF filters for FM. 

The AM section employs a balanced input mixer section, covering all broadcast bands . plus 

a BFO and MOSFET product decetor for SSB/CW ·though at this price, the tuner is not 

intended as a "communications receiver" · although we know of many lesser designs that 

make that claim . The AM sensitivity is nevertheless better than 5uV. and FM sensitivity 

is 1.2uV for 30d B S/N. As a multiband broadcast superhet receiver, it is a unique constructor 

project that fulfi lls the requests we very frequently get for a general coverage circuit that 

isn't over complicated . The set has CA3089E FM performance, with mute etc., and a PLL 

ste reo decoder with full pilot tone filtering. 

The tuner board · with "on board" PCB mounted switching, all components etc : £33.00 

The case/cabinet with PSU, meter and mechanics etc £25.00 

An SA!O for full details please. See the feature article in Practical Wireless (Dec/Jan) 

2 lire sham Road, Brentwood, EsseH. 
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119900 

31 

wehavea 

wide range . MICROPROCESSOR COURSES 
at our fingertips 

FUTURE FILM DEVELOPMENTS 
36/38 Lexington Street, London WlR 3HR 
TelephoneOl-437 1892/3 • Telex 21624ALOFFD G 

WW-072 FOR FURTHER DETAILS 

Please send me details 

D Sound reinforcement/ 
public address equipment 

D Intercom systems, 
commercial & industrial 

Contributions to the fees for 
Bleasdale courses are available 
from the Department of Industry 

Fundamentals of the 9900 
This one week course covers 
the basic principles of -
microcomputers and the 
operation of the9900-how to 
use microcomputers and the 
Texas Development Systems. 

Designing Systems with 
the 9900 (a two week workshop) 
-using specially designed 
hardware to configure systems 

Name 

D Theatre sound equipment 

D Hospital distribution 
and nurse call systems 

D Hotel entertainment systems 

D Simultaneous interpretation 
and conference systems 

Address 

similar to those you will be 
building on leaving the course. 
Instruction covers in detail 
the designing and writing of 
software to control the systems 
that have been built. 

For more details contact 
June Do\le, Course Registrar 

Bleasdale 
Computer Systems Ltd 
7 Church Path, Merton Park 
London SW19. Tei 01-540 8611 
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with E 0 I C R 0 N ~~~~Ttf9l'JEs 

------
e High tolerance on insert procedure 

e High conversion rate on ageing 
For full details contact: 

e Monochrome or colour 

e Standard, quick heat, delta or inline e Long service life EDICRON LTD. 

e Wide range of neck sizes and heater ratings e Neck glass, tube bases, equipment 

• Predictable in use and performance and accessories also supplied 

Redan House, 1 Redan Place, London W2 4SA . 
Tel: 01-221 4717 Telex: 265531 Edicrn G 
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QUALITY COMPONENTS BY RETURN 
-- -- - - - ------ . --- - - - - - --- - - - -

Tranaiators 
AC125 t8p . 
AC126 t8p 
AC127 t7p 
AC128 t8p 

.AC176 tap 
AC186 2Ap 
A0161 38p 
A0162 38p 
AF124 27p 
AF125 27p 
AF126 27p 
AF127 27p 
AF139 36p 
AF239 40p 
BC107 8p 
BC107B Hlp 
BC108 8p 
BC108B 8p 
BC108C tOp 
BC109 8p 
BC109C lOp 
BC147 7p 
BC148 7p 
BC149 8p 
BC1 57 9p 
BC158 9p 
BC159 9p 
BC167 8p 
BC168 8p 
BC1 69 8p 
BC1 69C 9p 
8C170 9p 
BC171 9p 
BC172 7p 
BC173 9p 
BC177 t4p 
BC178 14p 
BC179 t4p 
BC1B2 lOp 
BC182L tOp 
BC183 lOp 
BC183L 10p 
8C184 10p 
BC1B4L tOp 
BC207 10p 
BC208 8p 
BC209C tOp 
BC212 10p 
BC212L lOp 
BC213 10p 
BC213L tOp 
BC214 10p 
BC214L 10p 
BC477 19p 

·BC47B 18p 
BC479 18p 
BC547 11p 
BC548 10p 

TTL from-· Teue, ITT ea:. 
• 7400 t2p 749s-&0p 

7401 t2p 7497 140p 
7402 t2p . 74100 90p 
7403 t2p 74104 50p 
7404 ' 13p 74105 40p 
7405 t3p 74107 25p 
7406 2Ap .74109 30p 
7407 2Ap 741 10 35p 
7408 14p 74111 45p 
7409 t4p 74116 95p 
7410 12p 74118 82p 
7411 t9p 74119 140p 
7412 t7p 74121 25p 
7413 25p 74123 40p 
7414 48p 74125 35p 
7416 2Ap 74126 35p 
7417 2Ap 74132 50p 
7420 12p 74141 56p 
7421 22p 74142 200p 
7422 t8p 74145 58p 
7423 . 22p 74147 t10p 
7425 22p 74148 90p 
7426 2Ap 74150 70p 
7427 2Ap 74151 50p 
7428 28p 74153 50p 
7430 t2p 741.54 85p 
7432 23p 74155 52p 
7433 32p 74156 52p 
7437 22p 74157 53p 
7438 22p 74160 60p 
7440 t3p 74161 65p 
7441 52p ' 74162 65p 
7442 43p 74163 65p 
7443 75p 74164 70p 
7444 75p 74165 70p 
7445 70p 74166 80p 
7446 55p 74167 tBOp 
7447 55p 74170 t25p 
7448 58p 74172 400p 
7450 t4p 74173 95p 
7451 t4p 74174 68p 
7452 t3p 74175 65p 
7454 t4p 74176 58p 
7460 t4p 74177 58p 
7470 28p 74178 BOp 
7472 2Ap 74181 t45p 
7473 25p 74182 60p 
7474 25p 74185 t10p 
7475 32p 74190 72p 
7476 28p 74191 72p 
7483 60p .74192 64p 
7485 70p 74193 64p 
7486 2Ap 74194 60p 
7489 145p 74195 55p 
7 490 32p 7.4 1 96 55p 
7491 45p 74197 55p 
7492 35p 741 98 110p 
7493 34p 74199 t10p 

BC558 12p 
BC559 13p 
BCY70 14p 
8CY71 14p 
8CY72 14p 
80115 52p 
80131 35p 
80132 35p 
80133 449 
80135 38p 
80136 36p 
80137 38p 
80138 38p 
80139 35p 
80140 35p 
8F244B 36p 
BFX29 25p 
BFX84 23p 
8FX87 20p 
8FX88 20p 
BFY50 15p 
8FY51 15p 
BFY52 t5p 
BU105 170p 
8U205 t40p 
BU208 160p 
MJ2955 98p 
MPF102 36p 
MPSA06 30p 
MPSA56 30p 
TIP29 40p 
TIP29A 449 
TIP29B 40p 
TIP29C 60p 
TIP30 40p 
TIP30A 48p 
TIP308 55p 
TIP30C 70p 
TIP31 50p 

.TIP31A 50p 
TIP31B 60p 
TIP31C 65p 
TIP32 55p 
TIP32A 60p 
TIP32B 75p 
TIP32C 80p 
TIP33 75p 
TIP33A 80p 
TIP33B t03p 
TIP33C 116p 
TIP34 98p 
TIP34A 95p 
TIP348 t28p 
ZTX107 14p 
ZTX108 t4p 
ZTX109 14p 
ZTX300 t6p 
ZTX301 16p 

L,inNr Circuit1 by RCA. National etc. 

7o9DIL~ LM382N tii!lp' 
741 OILS 22p LM1303 110p 
741 DIL14 35p LM3900 50p 
747CDIL14 50p LM3909 60p 
748C DILB 30p MC1310P 150p 
CA3011 '80p MC1312P 160p 
CA3014 t30p MC1314P 300p 
CA3018 80p MC1315P 520p 
CA3020 160p MC1330 tOOp 
CA3028 125p MC1458N 35p 
CA3035 140p MC1496N 60p 
CA3036 170p NE555 25p 
CA3042 t70p NE556 60p 
CA3043 180p NE560 300p 
CA3046 55p NE56 1 B 350p 
CA3052 150p NE5628 350p 
CA3054 115p NE565A 120p 
CA3075 180p NE566V 150p 
CA3080 70p NE56N 170p 
CA3081 125p SN76003N 200p 
CA3089 t80p SN76013N 140p 
CA3090 400p SN76023N 140p 
CA3 1 23 150p SN 76033N 200p 
CA3130 90p TM621A 215p 
CA3140E 70p TBA 1205 65p 
LM300H 130p TBA540 200p 

.LM301AN 28p TBA641 2AOp 
LM 304H 70p TBA800 70p 
LM308N 65p . TBA920 320p 
LM318N t25p TCA270SQ 200p 
LM324N 50p TDA1002 460p 
LM339 50p TDA1022 570p 
I.Jfi380N 75p TDA2020 320p 
LM381N 105p ZN414 75p 

CMOS from RCA. NlllioNI tril; •. _ 
4000 15p 4040 68p 
40C1 15p 4042 54p 
4002 15p 4043 55p 
4007 t5p 4046 100p 
40C8 Q5p 4049 28p 
4009 35p 4050 Z8p 
4010 35p 4051 55p 
4011 15p 4052 55p 
4012 15p 4066 40p 
4013 35p 4068 20p 
4015 60p 4069 16p 
4016 35p 4070 16p 
4017 55p 4071 16p 
4018 65p 4072 16p 
4020 60p 4073 16p 
4022 . 55p 4075 16p 
4023 15p 4078 16p 
4024 45p 4081 16p 
4025 15p 4510 70p 
4026 95p 451 1 70p 
4027 35p 4516 65p 
4028 52p 4518 65p 
4029 80p 4520 65p 7494 80p BC549 11p ZTX302 23p 
4030 35p 4585 70p 7495 • 52p BC550 14p ZTX303 23p 

zrX304 25p 
ZTX310 13p 
ZTX311 • t4p 
ZTX314 22p 
ZTX341 21p 
ZTX500 18p 
ZTX501 16p 
ZTX502 20p 
ZTX503 20p 
ZTX504 25p 
ZTX530 30p 
ZTX550 2Ap 
2N696 32p 
2N697 12p 
2N698 28p 
2N699 50p 
2N706 13p 
2N706A 13p 
2N708 20p 
2N914 22p 
2N918 30p 
2N919 50p 
2N920 54p 
2N929 25p 
2N930 20p 
2N1 131 23p 
'2N1 132 23p 
2N1302 38p 
2N1303 54p 
2N1304 54p 
2N1613 22p 
2N1671 t30p 
2N2160 100p 
2N2243 28p 
2N2297 45p 
2N2368 15p 
2N2369 16p 
2N2484 22p 
2N2846 70p 
2N2904 22p 
2N2094A 23p 
2N2905 22p 
2N2905A 22p 
2N2906 22p 
N2906A 22p 
2N2907 22p 
2N2907A 25p 
2N2926G 10p 
2N2926R Sp ' 
2N3011 22p 

· 2N3053 18p 
2N3054 50p 
2N3055 50p 
2N3121 25p 
2N3133 25p 
2N3440 BOp 
2N3441 120p 
2N3442 t35p 
2N3702 8p 
2N3703 Sp, 

2N3704 8p 
2N3705 9p 
2N3706 9p 
2N3707 9p 
2N3708 8p 
2N3709 6p 
2N3710 8p 
2N3711 8p 
2N3715 10p 
2N3819 22p 
2N3823 65p 
2N3824 75p 
2N3866 55p 
2N3903 8p 
2N3904 8p 
2N3905 8p 
2N3906 8p 
2N4037 30p 
2N4058 12p 
2N4059 tOp 
2N4060 12p 
2N4061 12p 
2N5179 50p 
2N5457 32p 
2N5458 30p 
2N5459 32p 
2N5777 50p 

Diodea 
OA47 10p 
OA91 5p 
OA200 6p 
1N914 4p 
1N916 5p 
1N40C1 4p 
1N40C2 4p 
1N40C6 6p 
1N4148 3p 

Regulators 
7805 60p 
7812 60p 
7815 60p 
7818 60p 
7824 60p 
78L05 30p 
78L12 30p 
78L15 30p 
7905 80p 
7912 80p 
7915 80p 
7918 80p 
7924 80p 
79L05 70p 
79L12 70p 
79L15 70p 
LM309K 110p 
LM317K 300p 
LM323K 530p 
LM723 40p 

i 'Carbon Film Resiatons · 
1 High stability, low noise. 0.25W 5% E12 series from 4 . 7 ohms 
' to 1 0 Megohms. Any selection 

each 
1p 

,100+ 
0.9p 

1000+ 
0.8p 

5000 
oT5P' 

Special development pack of 10 of each value 4. 7 ohms to 1 
Megohm. a total of 650 resistors £5.70 
Potentiometens 
Carbon track. Log and Linear values. 
5K- 2M2 single gang ..... . .. .. ... .. . .. . .. . 26p 
5K - 2M2 single gang switched ... 60p 
5K ~2M2 dual gang stereo ... . . . 75p 
Preset -Potentiometens 
Subminiature type available in horizontal or vertical mounting . 
0 . 1W rating. 100 ohms to 2M . ... . ........ . 6p each 
Special development of 5 of each value from 100 ohms 102M, 
a total of 70 presets (please sta_te vertical or horizontal) £3.95 
Ceramic Capacitors 
Miniature pla1e type. 50V PC mounting. Available from 22pF to 
1 OOOpF in E 12 series and 1 500pF to 0 .04 7uF in E6 series 

Poiyeat~," C~~c.it~~ . 
. .. .. .. . 2p each 

Mullard C280 series. 250V PC mounting . 
0 .01, 0.01 5, 0.022, 0.033, 0 .04 7, 0.068, 0 1, Sp; 0 .1 5, 
0 .22, 7p; 0.33, 0 .4 7, 10p; 0.68, 14p; 1.0, 17p; 2 . 2~ F, 28p 
each. 
Special development pack of 5 of each value £6.20 
Tantalum Capacitons 
0.1, 0. 15, 0.22. 0.33, 0.4 7, 0.68, 1.0, 2 .2@ 35V ... 9p 
4 .7@ 25V, 6.8 and 10@ 25V . . . . . . . . . . . . . . . 13p 
22@ 16V, 47@ 6V, 68@ 3V, 100@ 3V 16p 
Development pack 5 of each value £8.30 
Optoelectrqnj~ 

Red LEOs 
0 .125 in 

0.2 in 
Displays 

OIL Sockets 

9p 
9p 

DL70'r90p 

Green 
15p 
13p 
·oL704 90p 

Yellow 
18p 
18p 

8 pin 11p 14 pin 12p 16 pin 13p 24 pin lOp 

Quantity discounts on any mix . TTL, CMOS and Linear Circuits 
25+ 10%, 100+ 15%. All orders despatched by return 
Prices VAT inclusive . Please add 30p fo r carr iage. All · 
components guaranteed brand new and full specification from 
leading manufacturers. Callers most welcome at our premises 
8.30am to 6pm Monday to Saturday. All prices valid to April 
30, 1979. Send 12p stamp for our new illustrated ca1alogue. 
Official orders welcome from colleges, universities etc 

- - • - - - -- r -=.<-~., - -_,_, _ ..,. _ '-' ~ ~ ..._- __.__ --~--.._--• .-:z..---------~·- ""'-..---..----.o..._~.._......._ < ~---, ' • 

C. N. STEVENSON (Wl) 236 High Street, Bromley, Kent BR1 1 PQ. Tel: 01-464 2951/5770 

.,=-- - -==: -- -r 

·1 .-;--:---;-. PANEL INDICATORS 
! • jj I I I ; I I I ~"• • 

Model SV041 

II ',\~ 

Model SV042 

24 HIGH STREET, LYDD, KENT TN29 9AJ 
Telephone: Lydd (0679) 20252 

Telex: 965265 AB Servbe G . . 

Model SV235 

Model SV023 
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WATFORD ELECTRONICS 
33 CARDIFF--R.O~D, W"'TFORDLH_ERTS, ENGlA"ND 

Tel. Watford 40588 / 9. 

DM 900 

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

capacitance range) 

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

e DC VOLTS 5 ranges 200mV to 1 KV Zin 
Specifications: } 

e ACVOLTS5ranges200mVto1KV >10MO 
e DC CURRENT 5 ranges 200~A to 2A 
e AC CURRENT 5 ranges 200~A 

to 2A 
e RESISTANCE 6 ranges 2000 

to 20MO 
e DIODE Voltage Drop 1 OOnA 

to 10mA ' 
e CAPACITANCE 4 ranges 2nF 

to 2 ~ F • Isolated Floating Ground 
e Accuracy on all ranges better e Dual Slope A I D Conversion 

than 1% e Critical Input Protection 
e 0 .5" 3V2 digit LCD Display e Overrange Indication 
e Single 9V (PP3) Power e Polarity Indication 

Supply e True Auto Zero 
e Sampling Rate e 30. Ranges 

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

The DM900 incorporates dual slope A/ D conversion; 
true auto zero; polarity and overrange indication ; battery 
and display test facilities. Its input impedance of over 
1 OMO allows voltage me~surements in high impedance 
circuits without distorting circuit operation. 

The DM900 is small and robust . It measures only 160 x 
95 x 60mm and is housed in an ABS case which will fit 
in your coat pocket or briefcase . 
The DM900 has been specially designed for Watford 
Electronics and is available in kit form or ready built . 

Special Offer: £78.50 plus VAT (p&p insur,ed add SOp) 

Also available in Kit form for the Enthusiast at £54.50 
plus VAT plus SOp (probes and carrying case £3 .00 
extra). 

WW- 036 FOR FURTHER DETAILS 
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New from AMCRON 
Real Time Analyser RT A2 

The Amcron RTA2 Real Tirrie Analyser is designed asmuch for use as a 
production tool as it is for on-site audio analysis . of theatres, and 
recording studios. A flight case is ava i lable. ' 

* 5 .. CRT Display * Internal Pink Noise Source * 1JJ or 1 octave Display * Frequency range 20- 20kHz 
'\' Outputs for X-Y Retarders * Compatible with any microphone * Price£1,960ex . VAT 

POWER AMPLIFIER D75 

The AMCRON D75 power amplifier repiaces the previous model D60. 
Employing CO!llpletely new type circuitry it offers also many new 
features but without any increase in the pri ce . · 

* New Amcron IOC comparator. * Balanced XLR input connectors. * Signal Presence indicators . *· Separate Signal/ chassis earth. * 45 watts into 8 ohms per channel. * Price £230 ex . VAT . 

Other AMCRON products include: 

DC30DA amplifier 500 watts/chan . 
D150A amplifier 200 watts/chan . 
VFX2A Electronic Variable Filter 
EQ2 Equaliser 
IC 150A Pre-amplifier 

.IMA lntermodulation Distortion Analyser unit . 

. MACINNES LABORATORIES LTD. 
·· Carlton Park Industrial Estate 
Saxll'undham, Suffolk, IP17 2NL 

Tel . Saxmundham (0728) 2262 / 261 5 

t55b 
£350 
£270 
£599 
£260 
£610 

·,,--------------------------· WW- 051 FOR FURTHER DETAILS 
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fiX-PRI~T JIG _for_j)rinted circuits 

~c: iff!tJW/~{·;~~,. 

::~~::i:i~~:~1,;'::; wld,.icg t ft:] 
cqmponents. Adjustable for work up to 280mm. Rotate 
for access to reverse side and locks in any position . All metal.· 

c~•~·cassettecopiers 
~'-' · from PENTAGON 
Simple. operation -fully automatic 16 times speed. 
Choice of one or three copies. C32/34-
outproduces all other makes-75 C60 per hour. 
·Budget Price from £587 +VAT 

Model 
-C32S
Mono 
C34S
Stereo 

Model 
C-1-
Mono 
C-4-
Stereo 

PENTAGON from OlA 
1-7 Harewaod Avenue~ Marylebone Road 

London NW1. Tel. 01-724 2497. Telex: 21879 

WW - 04'6 fOR FURTHER DETAILS 

ONLY £39.50 

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

It will usually test every device in even a DC coupled 
AF power amp. or in a colour TV - (except line o/p) 
while still in circuit. 

Automatic NPN/PNP indication, foolproof three-LED 
display, and unique test-probes allow a very high rate 
of testing even by unskilled users. 

Other features include long battery life, low battery 
warning, rugged die-cast case, reliable six- IC circuit. 

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

_Full data sheet free on request. 

+VAT (8%) :) DATONG ELECTRONICS LIMITED 
WITH PROBES Spence Mills, Mill Lane, Bramley, Leads LS13 3HE 

Telephone: P"udsey (05321 552461 

WW- 019HlR FURTHER DETAILS 
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S2 S1 
Drill Stand Drill Stand 
Robust, all metal 
with ample throat 
dimensions. 
Adjustable height 
cantilever with lever 
actuated feed. 
Spring return. W ill 
accept both dril ls. 

Constructed to take 
the popular P 1 drill 
and ensure a high 
degree of accuracy 
in all types of 
electrical precision 
work. 

£18.50. £6.50 
inc. VAT 
P&P 106p 

inc. VAT. P&P 38p 

P2 Mk. 2 Drill 
£19.50 inc. VAT. 
P&P 86p 

P1 Drill £10.00 
inc . VAT. P&P 38p 

~---------------a--------------~~ 

NEW COMPONENTS - SPECIAL PRICES 
CERAMIC CAPACITORS 63V 
PLATE TYPE 2.5mm 

CLOSE TOLERANCE 
Stock Values PF 
1; 2.2; 3.3;4.7; 6.8 
1 0; 1 2; 1 5; 18; 22; 1 pf 
27;33;39;47;56;82; 1000pf04 
1 00; 120; 150; 180; 220; 2200pf 045 
270;330;390;470; 560; 3300pf06 
680;820; 1000/2200; 4700pf.P6 
3300; 4700; 10,000; 10.000 04 

- CERAMIC CAPACITORS 
5mm Pitch 250V 

Stock Values (pf) 
15; 47; 56; 100; 1000; 1500; 2200; 2700; 
330~470~ 560~ 680~820~ 1~000 

03each 

Aluminium Electroly_ tic 
RADIAL LEAD 

50 .036 --, oo -------g · .o66 
1 50 .037 1 00 50 .093 

2 .2 50 .038 220 16 .073 
3.3 50 .038 220 25 .12 
4. 7 35 .039 330 10 .085 
4. 7 50 .040, 330 25 .10 
10 16 .034 470 6.3 .066 
10 25 .035 470 16 .081 
10 5_0 .039 470 25 .13 
22 16 .034 470 50 .24 
22 35 .043 1000 10 .13 
22 50 .05 1000 16 .144 
33 1 6 .039 1000 25 .22 
47 16 .039 2200 6.3 .17 
47 25 .05 2200 16 .27 
47 50 .061 3300 10 .27 

100 10 .043 4700 6 .3 .27 
100 16 .046 

NOISE SUPPRESSION 
CAPACITORS 250v AC 

RADIAL 
0.01~13 
b.di2 .13 
0.033 .14 
0.047 . 15 

l>c-lilf15mm-
..J.Q..22 2;2_._5mm 

0.068 .16 
0.1 .18 
0.15 .24 
0.22 .32 

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

TANTALUM BEAD 
10-6.3 .08 

.1 35V .10 10-16 .10 

.1535V .10 10-25 .16 

.22 35V .10 10-35 .16 

.33 35V .10 15-16 .1 4 
47 35V .1 0 15-25 .12 

.68 35V .10 22-10 .11 

.1 35V .1o·· 22-16 .18 
1.5 35V .10 22-35 .20 
2.2 16V .10i' 33-10 .18 
2.2 35V .11. 47-6.3 .16 
3 .3 16V .10 47-10 .16 
4.7 10V .10 47-16 .20 
4.7 25V .11 68-3V .1 6 
4.7 35V .125 100-.6 .3 .20 
6.8 35V .125 100-10 .40 

220 - 3V .20 

SPECIAL THIS MONTH 
BOXES - BLACK ABS 

Prices Each. Rec&ssed Lid 
With bran &CI'ew inserts 

B 1 75 X 56 X 35· 
B2 95x 71 x35 
B3 11 5 X 95 X 3 7 
B4210x120x77 
PRESETS (enclosed Vert. I Hor. 

~M210pea . 

POLYESTER RADIAL 
1 oov 10% 

.50 

.55 

.70 
1.55 

lOOR-

'MYLAR' * lOMM PITCH 
.0022 .025 .61*' :6'3 - (1 OOV) 
01 .025 .022* .03 (200V) 

.068 .02 .04H .035 C200V) 

.1 .035 .H .04 (100V). 
22 .05 H 045 (200V) 

. 33 .07 47 .08 (100V} 

.4 7 .095 68 __ _ .085 (1 OOV} 
- -2~i (:Z-50V} . 15 

MINIATURE TOGGLE SWiTcHES sf'sf _ ___ - --- --.65 

DPDT .75 
DPDT C/off .90 

PT08 
PTM 

STD TOGGLE 2 amp .50 
Pus~'! Butt~~-Miniature 

.23 

.15 

· GREENWAY ELECTRONIC COMPONENTS 
(EAST GRINSTEAD) LTD., MAIL ORDER DEPT. 
62 Maypole Road, Ashurst Wood, East Gronstead. Sx RH 19 3RB 

Tel. 034-282 3712 

-RECHARGEABlE 
BATTER1ES 

TRADE ENQUIRIES WELCOME 

Full range available to replace 1.5 volt dry cells and 9 volt PP type 
·batteries. SAE for lists and prices . £1.00 for booklet, "Nickel 
Cadium Power." 

'' Write or call at: 

SAN DWElL PLANT L TO. 
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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~~~~·tr~pa 1 ~. 
AIRMEC 853 30KHz-30M Hz liP 1 eV-4V £85.00 
MUIRHEAD D.669A 30KHz. Ace. 1 .5% £85.00 

ATTENUATORS 
MARCONI 1073125 0-1 OOdB at 75 ohms in dB steps 

BRIDGES 
WAYNE KERR 8.601 Freq. 15KHz-5MHz. Ace . 1% 

COUNTERS 
MARCONI TF 240 1A 8 Digit 2.5GHz 
ADVANCE TC4 + TCD .100 4 Digit 1 MHz-100MHz Sens 100mV. 

DIGITAL VOLTMETERS 
DYNAMCO 2006/ D3 4 Digit 10~ V-1 OOOV 0.02% Ace 
DYNAMCO 2022 5 Digrt 0-2000V 0.002%. Ace 
HEWLETI-PACKARD 3439A + 3445A AC/OC D.V.M . 
SOLARTRON 1420 D.V.M . 4 Digit Ace. 0 .05% 

METERS 
ADVANCE VM . 78 Millivolt Meter. 0.001V-800V 12 ranges 
AD-YU 405H Precision Phase Meter Freq. 8Hz-500KHz . . 
;B & K HeterodyneV/Meter. 100KHz-230MHz . Sens. 2eV-50V 
'H.P. 430C + 477B Power Meter. 5 Ranges. 0.01-lOmW. Freq. 10MHz-10GHz 
:LEVEL TM6B Valve VI Meter. 50" V-500V f.s .d . Battery Op 
'MARCONI TF.26 04 Electronic V 20Hz- 1500MH' 

MARTIN .ASSOCIATES 
34 Crown Street" . . 
Reading 
Berks . RG 1 2SE 

_ __:_::__ __ Tel. R 734} 51074 

LOWE ELECTRONICS L TO. 

£75.00 

£195.00 

£500.00 
£135.00 

£125.00 
£250.00 
£250.00 
£170.00 

£60.00 
£125.00 
£400.00 
£115.00 
£100.00 
£225.00 

·--You"/ I do better at Martin Associates 
w~ guarantee it! 

OSrnLOSCOPES 
MARCONI2,201 DC-30M Hz Dual Trace Sens . 20mV-50V/cm 
TEKTRONIX 555 Dual Beam DC-33M Hz MAIN FRAME ONLY 
TELEQUIPMENT 5.43 DC-15MHz Single Beam 
TEKTRONIX PLUG INS: D.K.H.LM.53/54B .. . . ... .. . .. .. .. .... . 
TEKTRONIX PROSES: ~-6075A . P 6011.P .6063A. P.6053B. P.6108 . P.6105 

POWER SUPPLY UNITS 
ADVANCE PMA.19Var. P.S.U. 0-7V lOA. Modular Type 
ADVANCE PMA.20 0-7V 20A. Unmetered modules. NEW 
A.P.T. SCV.31EI50V-100V 1.5Amps . . . . . . . . . ... 
GRESHAM 10/5 P.S.U. liP 240V. 0/P 5V 10Amp. NEW 
SOLARTRON 757.2 P.S. U. 0-50V 1 Amp . . . . . . 
WEIR 300-1 0-25V0-0.5 Amp. Current Limit 1 Amp 

POTENTIOMETER 
CAMBRIDGE-Portable Range 0-20mV; 0-100mV 

SIGNAL SOURCES 
ADVANCE H-1 OSCILLATOR 15Hz-50KHz. 0 /P Voltage 20V 
ADVANCE SG.88 V.LF. 0.005Hz-50Hz 
ADV_AI'jq J_18_€' F. Sjg. Gen._ 15Hz-50KHz 
ADVANCE J4 Sig. Gen. 1OKHz-600KHz I•"~- uuv onms 
AIRMEC 304 Oscilliitor . 50KRz: 1 OOMHz in 9 bands .. . . 

-· - £135.00 
FEEDBAC.K WG.300 Function Generator 0.001 Hz-1 KHz 

. . . . . . . . . . . . . . . .. . . £150.00 
HEWLETT-P"ilcKARo 60lmsi9:-e;!!Tl. to~~ s 

Ranges £350.00 
HEWLETT-PACKARD 608F Sig. Gen. 10-455MHz in 5 

Bands . . . . . . . . . . . . . . . . . . . . . . . £500.00 
HEWLETT-PACKARD 200CD Oscilla tor 5Hz-600KHz 0/ 

M:~gbNi TF 1 101 At;di~ o~~iil~t~r ZOH~-200KHz£i~040ROO f 
£120.00 

MARCONI TF.1370 R.C. Oscillator 1OHz-1OM Hz Sine Wave 
in 6 Ranges £150.00 

NAGARD 5002C Range 0.1 uS- 1 Sec. 0 / P 50V Pulses 
£75.00. 

SOLARTRON G0.1377 Pulse Gen. 10Hz- 1MHz £95.00 
WAVETEK 185 LIN /LOG SWEEP GENERATOR 0.001 Hz-

5MHz £450.00 

RECORDERS 
8 & K 2305 Level Recorder. Freq. 2Hz-200KH z £800.00 
HONEYWELL 520 X-Y Plotter. 0.05mV-25V/cm £350.00 
KENT MK . 3 STRIP CHART RECORDER 6 Point £100.00 
MOSELEY (H.P .} 135 X-Y PLOTTER . 16 Calibrated Ranges 

MISCELLANEOUS 
CALMIC C. 51 PILOT DRYER Temp . Amb-150°C 
CAWKELL 14 70 VARIABLE BAND PASS FILTER 1.9Hz-21 KHz 
VARIOUS TEMPERATURE OVENS AVAILABLE 

MICROWAVE 
MARCONI 6004/4 MICROWAVE M IXER 7-1 OGHz 
MARCONI XT.15/ 16 MICROWAVE TRANSFORMER 1 5-16WG 

£200.00 
£250.00 

£95.00 
FROM £50.00 
FROM £15.00 

£30.50 
£65.00 
£22.50 
£50.00 

. £35.00 
... . £25.00 

£85.00 

£60.00 
£100.00 

£65.00 

119 CAVENDISH ROAD, MAT_L_()C:~· DERBYSiji_R!. 
TEL. 0629 2430 OR 2817. TELEX 377482 LOWLEC G 

New 
Model 

£389 

CS 1352 DC--15M Hz and 2mV /CM AND portable AC/ DC/ Internal battery 

OSCILLOSCOPES 

The Trio rang~ of oscili~sc~pes offer top qu-ality at moderate cost. The brief specifications show the performance features which have made 
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 
screens . Prices are very realistic and we try to ensure that delivery is ex-stock at all times- quite a change these days. 

CS-1570 
130mm DUALTRACE 
TRIGGERED SWEEP 
OSCILLOSCOPE 

£512 + 8%VAT 
including two X 1 0 
Full Bandwidth Probes 

e 130mm mesh PDA 
e DC-30MHz /5rnV 
e Delay line 
e Auto level trrggering 
e Display modes (CH 1 CH2 DUAL ADD) 
e Trigger modes (AC LF Rej HF Rei DC) 

Also a:ailabl~ ~ . ~- -
CS 1 560A 15M Hz 
CS156210MHz 

;siiECIFicAj!.Q~_ _ _ _ ____ _ 
Bandwrdth DC to 30M Hz (-3oB) 
Deflection 

factor 
Input R.C 
Risetirne 
Overshoot 
Signal delay 
Polarity 
Sweep time 
Magnifier 
Linearity 
Calibrator 

5mV/divto5V/div 
1MO. 24pF 
11 . 7nsec 
Better then 3% 
160nsec 
CH 2 can be inverted 
0 . 2~s/div to 0 .5s idiv 
X 5 
Better than 3% 
0 5Vpp (1kHz square 
wave) 

Intensity modulation More than 5Vpp 
Phosphor P31 
Power AC 100i120/220/240V 

;i0/.60Hz, 25W 
Dimensions W260 x H 190 x DJ75(mm) 

£352 
. £290 

And man·v mo~e lteirls" offrTO ·E-quiP~ent 
55p for fu ll catalogue and price list 

cs 1575 
Unique- 4 function audio 

·analysis scope. 
Shows not only two channels but 
also phase relationship between 
them. 
OC-5MHz 1mV/CM 

·A must for the audio engineer/ 
repairman 

£288 

FOR FULL DETAILS ON THESE AND OTHER MODELS. CONTAC-T THE SOLEAGENTS, LOWE ELECTRONICS 

WW-090 FOR FURTHER DETAILS 
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fact: 
}011 can choose your 
microphone to enhance 
}OUr sound system. 
Shure makes microphones for every imaginable use. 
Like musical instruments , each different type of Shure microphone has a 
distinctive "sound," or physical characteristic that optimizes it for 
particular applications, voices, or effects. 
Take, for example, the Shure SM58 and SM59 microphones: 

SM59 
Mellow, smooth, 

silent ... 

TheSM59 is a relatively new, 
dynamic cardioid microphone. Yet 

it is already widely accepted for 
critical studio productions. 

In fact, you'll see it most often 
where accurate, natural sound 

quality is a major consideration. 
This revolutionary cardioid micro

phone has an exceptionally flat 
frequency response and neutral 

sound that reproduces exactly 
what it hears. It's designed to give good 

bass response when miking at a dis
tance. Remarkably rugged-it's built to 

shrug off rough handling. And , it is su
perb in rejecting mechanical stand noise 

such as floor and desk vibrations be
cause of a unique, patented built-in 

shock mount. It also features aspecial 
hum-bucking coil for superior noise 

reduction! 

FREQUENCY IN HERTZ 

SM58 
Crisp, bright 
"abuse proof" 

Probably the most widely used 
on-stage, hand-held cardioid 
dynamic microphone . The 
SM58 dynamic microphone is 
preferred for its punch in live 
vocal applications . . . espe-
cially where close-up miking is 
important. It is THE world-
standard professional stage mi
crophone with the distinctive Shure 
upper mid-range presence peak for 
an intelligible, lively sound. World
renowned for its ability to withstand 
the kind of abuse that would destroy 
many other microphones. Designed 
to minimize the boominess you'd ex
pect from close miking . Rugged, effi
cient spherical windscreen eliminates 
pops. The first choice among 
rock, pop, R & 8 , country, gospel, 
and jazz vocalists. 

professional microphones ... by H . ® ,SHURE 
Shure Electronics Limited, Eccleston Road, Maidstone ME 15 6AU-Telephone: Maidstone (0622) 59881 
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wireless 
world 

The death delivery business 

\VITH ADMIRABLE candour the 
editor of Jane's Weapon Systems 
reminds us what the real purpose of 
military equipment is. In the foreword 
to the latest edition of the book he 
says: "Since death is one of the design 
criteria of much of the hardware that is 
the subject matter of this book, it 
would be coy to the point of dishonesty 
to eschew the use of the word." If one · 
did not know already, this 
thousand-page, four kilogram, £27.50 
glossy catalogue of aberrant ingenuity 
would be a most effective 
demonstration of how this design 
criterion has come to depend more and 
more on electronics. \Ve are in the 
business of the delivery of death. There 
is no need to elaborate on the 
communication and control systems 
used, for many of our readers know 
about them intimately. They design and 
make them. In Britain alone over half a 
million people get their living from 
military manufacturing and, of these, 
several tens of thousands are 
producing the electronic equipment. 
Over the past few years military 
electronics business has been growing 
at the rate of about 30 per cent per 
annum, and there have been great 
rejoicings in the halls of Decca, EMI, 
Ferranti, GEC-Marconi, Plessey, Racal 
and the many others dependent on 
them. Thanatos rules OK. 

To judge from their public 
announcements, the managements of 
these companies are far from suffering • 
any misgivings about this side of their 
activities - though they can sometimes 
be coy about revealing exactly who the 
customers are. They must be delighted 
by the latest "scenario" by the military 
analysts - W orld War 3: A Military 
Projection Founded on Today's Facts 
(Hamlyn). And the engineers, 
technicians and production people all 
seem happy in their work, for the death 
delivery business provides a good · 
steady job for some and a permanent 
intellectual challenge for others. For 
the continuing obsolescence of the 

electronic systems is guaranteed by the 
arms race. -·- -·- ·-

It must be that all these honest 
citizens are not really aware of what 
they are doing. Most of us, especially 
the younger ones, have not had the 
experience of seeing human beings torn 
into mutilated corpses by high 

·explosives. Those of us who are not 
stupid or callous simply avert our eyes 
mentally. Or we employ the well 
established human trick of 
rationalizing and justifying what are 
basically irrational and unjustifiable 
motives - in this case fear and greed -
by appeal to the abstractions and 
dogmas of politics, economics, 
patriotism or even religion. Or we are 
Captain Ahab: "All my means are sane: 
my motives and object mad." 

But apart from the attitudes of 
individuals, ranging from indifference 
to fanaticism, what keeps this deadly 
trade going is an almost organic 
intercourse between the electronics 
firms and the military. A corruption 
case in 1978 gave point to it. The UK's 
Electronic Engineering Association, for 
example, might as well be a 
department of the \Var Office (now 
evasively called the Ministry of 
Defence). In his television series The 
Age of Uncertainty J. K. Galbraith 
described it in these words: "The 
military forces in each country exist in 

· a symbiotic relationship with those 
- who develop and manufacture the 
. arms. Each lives off the other, each 
contributes to the other's growth, and 
the United States is then locked into a 
symbiotic relationship with the Soviet 
Union, and vice versa. In this 
relationship, each country, by the 
weapons it invents and acquires, 
provides the need for the other power 
to do likewise, and more. Each works 
with the other to ensure that the 
competition is self-perpetuating. No 
faith sustains this competition. It is a 
trap, and mankind is its victim." 

And we in electronics are perfecting 
the trap. 
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Low-cost satellite receiving 
techniques 

Direct television ·reception from satellites depends on low-cost reception equipment 

If direct television broadcasting from 
satellites If to be a reality, domestic 
receivers and aerials must be designed 
with reasonable cost and ease of 
installation in mind. The signal power at 
the aerial would be rather less than was 
originally envisaged, raising the question 

· of noise and aerial gain . A design put 
forward by NHK inJapan is discussed. 

FOR ANY NEW SYSTEM of broadcas
ting to succeed, it is a basic requirement 
that high-cost elements should be con
fined to the broadcaster rather than 
distributed among millions .of receiving 
installations. For direct broadcasting 
from satellites to succeed, the picture in 
the home must be of good quality, and 
must relate to the costs of conventional 
terrestrial broadcasting reception, in-

- eluding receiver and aerial costs and 
installation and maintenance charges. 

Set-makers have in the past coped 
effectively with the repeated demand by 
the frequency spectrum planners to use 
higher and even-higher frequencies. 
Radio broadcasting began around 1 
MHz and soon involved 'Empire' ser
vices between 6-16MHz. Early high
definition television called for 40 MHz 
reception, the coming of Independent 
Television (lTV) in 1955 in Band III put 
television in the region of 200 MHz, and 
the 625-line UK colour services have 
raised the limit to 470-850 MHz. Yet 
never before has a single increase span
ned so many octaves as would the in
troduction of 12GHz satellite television. 

Furthermore, the World Agreement 
has placed an unexpectedly severe limit 
on permissible power flux. At -103 
dBW /m 2 this is some 2dB lower than 
had been widely expected, and very 
much lower than the early visionaries 
had assumed. 

Indeed, the 'down-link' (satellite
earth) is significantly more demanding 
in its requirements for good receiving 
installations than is the 'up-link' 
(earth-satellite) where cost is of far less 
importance. 

The limiting factors in satellite recep
tion are the aerial gain and thermal 
noise (noise temperature) of the 
receiver. Both the net gain of an aerial 
and the noise temperature of the system 
are usually referred to, or measured at, 

Based on a paper published in IBA Technical 
Review, No 11. 

by Pat Hawker 

the input to the receiver. It must be 
appreciated that the aerial receives un
wanted noise energy from the sky and 
that this increases rapidly at low angles 
of elevation. Ideally, the first stages of a 
receiver should have not only a low 
noise temperature (often defined in 
terms of noise factor) but also sufficient 
gain to reduce to an in_significant 
value the noise contributions of suc
ceeding stages. 

For the receiver designer, a 
significant advantage of space broad
casting would be the relative uniformity 
of signal strength; generally there 
would be much less variation than is 
common with terrestrial v.h.f./u.h.f. 
networks. If all broadcasts on Band VI 
were transmitted from space, the 
dynamic range of the receiver could be 
relatively small. There would also be 

·fewer 'multipath' problems. 

G IT requirements 
The performance of a satellite receiving 
installation is often specified by the 
gain-to-noise temperature ratio (GIT) 
with both factors referred to the input 
of the receiver. Since T is a function of 
elevation angle of the aerial and G is a 
function of the frequency, both should 
be specified or clearly understood when 
considering a GIT figure.~of-merit. The 
figure-of-merit may clearly be held to be 
a specific figure for a higher system 
noise temperature by increasing the 
gain of the aerial; or, for a lower gain 
aerial, by reducing the system noise 
temperature. 

It may be noted that the original 
Intelsat specification for earth stations 
costing in the region of £!-million or 
more required the following perfor
mance: 

and 
G/T~40.7 + 201og 1J14 

G~57 + 20logl0f14 

In the 4GHz band this implied that, 
with an aerial net gain of 57.7dB (which 
could be achieved with a parabolic 
aerial of 85ft diameter) the earth station 
noise temperature of the receiver would 
not exceed 50°K. Of this 50°K, possibly 
20°K might be contributed by a cooled 
parametric amplifier and up to 30°K by 
the aerial at the working elevation. It 
will be appreciated that such perfor
mance was close to the 'state-of-the-art' 
in the 1965-70 era, and parabolic aerials 

RATIO OF ANGLE TO AERIAL BEAMWIDTH . 

Fig. 1. The CCIR template showing the 
reference patterns for minimum direc
tivity characteristics of domestic com
munity receiving aerials for satellite 
broadcasting. Maximum discrimination 
against the cross-polar component is 
required at the centre of the beam 
where an aerial gain of some 33dB is 
specified. 

of about 1OOft diameter were commonly' 
used. For rebroadcast and distribution 
systems, a G IT ratio of the order of 
15-20dB may be needed. 

12 GHz aerials 
Such high GIT ratios are unnecessary 
for domestic and/or community recep
tion. For the 11.7-12.5 GHz band with a 
power flux of -103dB\V 1m2 a 'GIT of 
6dB/K-1 will provide satisfactory colour 
television pictures at the outer edges of 
the service area. 

This suggests that an aerial with a 
parabolic reflector of slightly less than 
1m diameter would be required with a 
receiver noise factor of about 8dB. 
\Vithin the United Kingdom arrival 
angles of a signal from a satellite posi
tioned at 31 °\V would vary from about 
27° in the south-west of England to 
about 17° in the Shetland Islands. 

The effective gain of a parabolic 
aerial depends upon the profile accu
racy of the paraboloid; in practice, it is 
usually accepted that there can be de"
partures of up to one-tenth wavelength 
without significant deterioration of 
gain and directivity. However, 'at 12GHz 
a wavelength is only 0.025m; so, the 
profile tolerance is preferably of the 
order of ± 0.0025m or better from true 
paraboloid - a figure demanding care 
in construction and installation, and 
protection of the surface skin against 
deformation and pitting during its 
useful life. 
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The receiving aerial also needs to be. 
pointed towards the satellite with an 
accuracy better than 0.5 o . When the 
figure is related to an average domestic 
u.h.f. aerial it will be appreciated that 
installations will require a high degree 
of care. Fortunately, however, provided 
that a means of adjustment is provided, 
it should prove possible to line-up an 
aerial by observing the picture, rather 
than by dead reckoning. The waveguide 
feed for a small parabolic aerial is com
plicated by the decision to use circular 
polarisation. However it will not be 
necessary to seek 'height-gain' for 
satellite receiving aerials; typically, an 
installation could be wall-mounted, and 
with a fairly simple provision for fine 
adjustment. 

With an elevation of 24° in the Lon
don area, it . should not be difficult to 
achieve . a clear 'line-of-sight' towards 
the distant satellite; though lower 
apartments in any heavily built-up area 
might in a few cases present problems. 
The surface of a metallised parabolic 
aerial in an urban or coastal environ
ment will almost certainly require pro
tection, but it has been suggested that, 
for example, the paraboloid might be 
enclosed in polythene sheeting which 
could be renewed when necessary. 

No matter how effectively the 
receiving aerial may have been de
signed, or how carefully it may have 
been packed and transported, the long
term performance will depend on the 
care with which it is installed. The 
construction and mounting must be 
capable of withstanding the effects of 
wind and weather, including any pos- . 
sible warping or structural changes 
throughout the estimated operational 
life. 

The 'view' of the satellite must be 
unobstructed; while there will be few 
places in the UK where the natural 
topography is likely to cause screening, · 
.this may be a serious problem among 
large buildings or tall trees. Even where 
the power flux density is sufficient to 
permit the use of individual aerials, 
there will clearly be advantages in pro
viding community systems, each with 
one master aerial and with associated 
front-end serving a number of installa
tions. Distribution could be at the video 
baseband, h.f./a.m., v.h.f./a.m., or 
u.h.f.la.m. or 1.2GHz/f.m., etc. A pos
sible source of interference is harmonic 
radiation from domestic 'microwave 
ovens. 

The economics of the mass-market 
make it essential that the manufacture 
of any consumer aerial should be easy 
and straightforward. Aerials should be 
designed for easy packing and carriage, 
and reasonably priced. They should be 
suitable for assembly, erection and 
alignment by a rigger to a time-scale of 
the order of 30-60 minutes, offer low 
resistance to winds and perform with
out excessive degradation in the pre
sen·ce of snow or ice. It is likely that the 
cost of installing a small parabolic aerial 
(0.6-lm diameter) of effective perform~ 
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Satellite television receiver 
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Fig.2. There is a · r+umber of .basic 
receiver configurations which could be 
adapted to interconnect a l2GHz f.m. 
receiver I adaptor with a conventional 
u.h.f. I a.m. receiver. An ·adaptor pro
viding a u.-h~{ I a.m. ·outpu(could be· 
nected directly to the aerial socket of an 
existing receiver. Alternatively, an out
put at the i.f. of the main receiver could 
feed into the i.f. amplifier section. Out
put at video frequency would be attrac
tive in reducing spurious signals but 
would require the provision of an 
'isolated' socket, possibly using an 
optical coupling arrangement. 

Fig. 3. The development of multi-mode 
television receivers, capable of accep
ting an fm. signal between, say," 0.9-
1.3GHz would provide one of the more 
attractive configurations for domestic 
satellite receivers. 

t unf/am 

Multi-mode 

receiver 

am/fm 

12GHz 
fm 

ance at 12GHz would be several times 
that of a conventional service-area 
u.h.f. receiving aerial. Also, of the two, 
the paraboloid might deteriorate the 
more rapidly. 

During the Canadian 'Hermes' ex
periments, a 60cm dish aerial and 
NHK-NEC receiver achieved good 
results inside a building, · ~seeing" the 
satellite from behind a double-plated 
window. The windows attenuated the 
signal by about 2dB. An "attic" experi
ment was unsuccessful. 

12 GHz front-ends 
The development (for other applica
tions) of effective microwave solid-state 
techniques which appear to lend them-

selves reasonably well to quantity pro
duction techniques, makes it possible to 
contemplate with some confidence a 
generation of 12GHz receivers. Perhaps 
the most daunting requirement is a 
low-cost reasonably stable and spec

·trally pure microwave 'source' to pro-
vide the local oscillator. Fortunately, in 
the early 1960s, the British scientist J.B. 
Gunn discovered that certain diodes 
can be caused to oscillate at s.h.f. The 
stability of these can be improved with a 
high-Q cavity. More recently, progress 
has been made in the development of 
microwave transistors, such as the gal
lium _ arsenide (GaAs) field-effect de
vices. 

For a 12GHz 'front-end' adaptor the 
power output of the local oscillator 
needs to be only a few milliwatts but, 
unless automatic frequency correction 
is employed, the frequency must be 
stable within about ±O.lMHz. 

The UK has been assigned channels 4, 
8, 12, 16 and 20, so a tunable converter 
would need to cover a tuning range of 
some 400 MHz. However, it is likely that 
the microwave oscillator would be fixed 
in frequency; channel selection would 
be achieved by varying the first inter
mediate frequency with a.f.c. applied to 
the second oscill£!tor. It has been sug
gested that the first i.f. for a 12 GHz 
satellite receiver would be in the region 
of 1200 MHz and a second i.f. about 140 
MHz. Both these frequencies are close 
to a~ateur service allocations (with 
high hpcal field strengths in residential 
areas)J Gunn diodes could be manufac
tured. ~conomically in large quantities, 
also ldw-cost forms of high-Q cavities 
would seem feasible. An alternative 
approach would be to use a crystal
controlled chain, or, rather more pro
mising (since higher fundamental 
frequencies are possible) , a surface 
·acoustic wave oscillator. If the cost of 
Varactor diode multipliers, step
recovery diodes and microwave GaAs 
field-effect-t ransistors fall, it may be
come possible to produce relatively 
stable microwave sources within the 
cost-range of consumer equipment. 

Until recently the possibility of pro
viding an effective 12GB...: low-noise 
signal amplifier at acceptable consumer 
prices would have seemed remote, and 
most tentative designs have been based 
on feeding the signal directly to a diode 
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mixer, with the object of achieving an 
overall noise figure of 6-8 dB. However, 
continuing advance in bipolar and 
field-effect microwave transistors no 
longer rules out the possibility of a 
signal frequency amplifier, reducing the 
noise figure to perhaps 4-6dB or less. It 
is notable that, in less than a decade, 
estimates of 12GHz noise figures have 
dropped from about 12dB to about 7dB. 
The constructional technique based on 
a single planar metallic sheet with suit
able simple cut-outs, etc., would appear 

Fig. 4. Block outline of the experimental 
NHK 12GHz satellite front-end deve
loped wifh a view to providing a low
cost approach. The 12GHz converter, 
using a Schottky diode mixer and 
Gunn diode oscillator, has a planar 
circuit mounted in a short section of 
waveguide with all circuit elements 
fabricated by pressing or etching, . and 
with no precision machine processing. A 
very simple form of f.m. I a.m. conver.: 
sion provides an output at v.h.f. 

to present few problems to mass pro
duction. Such approaches would enable 
quantity-production of 12GHz con
verters which could be attached directly 
to the aerial feed waveguide; such 
methods would appear to make possible 
a GIT figure-of-merit better than 7dB, 
with sufficient 'image rejection' etc., 
and would leave a small margin for 
deterioration or less-than-precise in
stallation. 

The power levels of satellite trans
mission currently make frequency-

Input 

12GHz 
tm 

Mixer if .to:mp 

Signal frequency Diode 
bandpas5 filter mount 

Local a5Cillator 
bandpass filter 

Local oscillator 
circuit 

diode 

Fig. 6. Circuit diagram of the simple 
form f.m. I a.m. converter used in the 
experimental NHK low-cost design. 
This provides a v.h.f. ·I a.m. output suit
able for use with a conventional televi
sion receiver. 

diode punched patterns to 
form circuit elements 

Waveguide 

410MHz ~----~~--------·: 

---4-- 5~H_z ___ J 
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modulation a virtual necessity; the 
satellite adaptor would need to provide · 
an output either at video frequency or 
as an amplitude-modulated u.h.f. signal, 
or be incorporated in a complete multi
mode receiver. In practice it seems more 
likely that a special a.m./f.m. television,; 
receiver would be developed which 
would accept a.m. signals at Bands IV 
and V (and possible Bands I and Ill) and 
f.m. signals from the 12 GHz converter 
over the rangeO]f-1:3 GHz.-Many.con=
figurations for domestic or small-

tmJam 
converter · 

Output 

vhf/am 

Fig. 5. Details of the 12GHz converter 
with planar circuit developed by NHK 
for an experimental low-cost satellite. 
receiver. In essence it is a metal sheet 
with patterns punched-out to form 
circuit elements. A laboratory unit has a 
claimed noise figure of 4.5dB and con
version loss of 3.4dB. 

Fig. 7. Block outline of the satellite 
receiver developed by Mullard Research 
Laboratories (now Philips Research 
Laboratories) and .demonstrated in 
Canada, receiving 525-line NTSC trans
missions from the Hermes satellite. This 
uses a Schottky-diode balanced mixer 
in the microstrip form followed by a 
40dB u.h.f. amplifier. In the second unit 
the signal is demodulated and then 
reinodulated to provide a u.h.f. I a.m. 
output. Au automatic frequency control 
loop in the second u,nit can function 
over a band of ± 5MHz to compensate 
for frequency variation in the Gunn 
diode s. h.f. local oscillator. 
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community distribution systems are 
possible. 

NHK 12 GHz f.m. receiver 
One of the most interesting designs for a 
12GHz f.m. receiver yet to appear stems 
from the NHK Technical Research 
Laboratories in Japan. This provides a 
high-sensitivity microwave receiver 
using circuits and constructional tech
niques which make it attractive for 
quantity production at low cost. Fig. 4 
shows the block diagram. The 12GHz 
converter uses a planar circuit mounted 
in a short section of waveguide with all 
circuit elements. made by pressing or 
etching, so eliminating the need for 
precision machine processing. It is 
claimed to result in a down -converter 
with a Q value several times that of a 
filter in a conventional microwave inte
grated circuit. The metal sheet can be of 
the order of 0.3 to 0.5 mm in thickness. 
The Schottky mixer diode serves as the 
impedence matching between high
impedence waveguide and the diode 
which is directly mounted on ~he planar 
circuit. A Gunn diode is used as the local 
oscillator. 

The receiver also incorporates a low
cost f.m. I a.m. converter to allow the 430 
MHz output to be fed directly to the 
aerial socket of a u.h.f. a.m. receiver 
without any video and sound amplifier 
and modulator. In effect, this f.m./a.m. 
converter uses the non-linear charac
teristic of the mixer diode to produce 
amplitude variation of the output signal 
proportional to the f.m. deviation of the 
input signal. 

A laboratory unit has a noise figure of 
4.5dB, conversion loss of 3.4dB, band
width of 100MHz, differential gain 5 per 
cent or below, and differential phase of 
2° or less. The achievement of such a 
low noise figure without an s.h.f. 
amplifier is remarkable. 

A receiver developed by NEC from 
the original NHK design was shown in 
London at IBC '78, and performance 
claims were met during the Canadian 
experiments. 

MRL satellite receiver 
A design developed at the Mullard 
Research Laboratories (now known as 
Philips Research Laboratories) in con
junction with Philips, Eindhoven, 
adapted for 525-line NTSC system, was 
one of a number of models demon
strated with the CTS 'Hermes' satellite 
tests during 1976. These receivers used 
1.6 or 1.2m parabolic aerials of metal
coated, glass-reinforced, polyester plas
tic construction. As with the NHK 
receiver, they have been designed for 
linearly polarised signals and would 
need to be preceded by an orthogonal 
mode-transducer in order to operate 
with circular polarisation. 

Figure 7 shows the basic arrangement 
of the MRL converter. To frequency
change from 12GHz to 410MHz a 
microwave unit, mounted close to the 
aerial, uses a Schottky-diode balanced 

Table showing correspondence between 
channel numbers and assigned frequencies 
for the 12GHz satellite broadcasting band. 

Assigned Assigned 
Channel Frequency Channel Frequency 

No. (MHz) No. (Mhz) 

1 11717.48 21 12111 .08 

2 11746.66 22 12130.26 

3 11765.84 23 12149.44 
4 11 785.02 24 12168.62 

5 11804.20 25 12187 .80 

6 11823 .38 26 12206.98 
7 11842.56 27 12226.1 6 
8 11861.74 28 12245.34 

9 11880.92 29 12264.52 

10 11900.10 30 12283 .70 
11 11919.28 I 31 12302.88 

12 11938.46 32 12322.06 

13 11957.64 33 12341.24 
14 11 976 82 34 12360.42 
15 11996.00 35 12379.60 

16 12015.18 36 12398 .78 
17 12034.36 37 12417 .96 

18 12053 .54 38 12437 .14 

19 12072 .72 39 12456.32 

20 12091.90 40 12475 .50 
Note: UK channels are 4 , 8 , 12. 16 & 20 . orbit position 

31 ° W, polarisation left hand Circular. 

Proposed broadcast satellite parameters for 
the frequency band 11.7-12.5GHz 
Type of modulation fm 

Number of lines 625 

Sound sub-carrier frequency 
Peak-peak deviation 
Peak deviation of sound sub-carrier 
Receiver equivalent rectangular 

noise bandwith 
Angle of elevation 

6MHz 
13 .3MHz 

50kHz 
27M Hz 

15'• 40 ' 

Luminance signal-unweighted noise · 34dB 33dB 
fat 99% of worst month 

Sound signal weighted noise ratio 51 dB 50dB 
for 99% or worst month 

Fig 8. (a) Basic arrangement of conven
tional diode mixer. (b) The anti-parallel 
diode pair harmonic mixer. (c) Basic 
form of the harmonic mixer. c Basic . 
form of the harmonic mixer. Cohn et al. 
have all shown that harmonic mixing 
not only reduces the frequency of an 
s.h.f. local oscillator, but also reduces 
the effect of oscillator noise side-bands 
and provides inherent self-protection 
against diode burn-out. However, 
careful selection of diode pairs is needed 
to obtain the full benefits. Total conver
sion -loss can be comparable to that 
achieved with similar diodes with fun
damental mixing. 

_I_ 
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mixer in microstrip form, followed by a 
40dB u.h .f. amplifier. An 11. 7-GHz 
Gunn-diode local oscillator provides 
about lOm\V output. It is stabilised by 
an aluminium cavity, integral with fhe 
converter, and with dielectric tempera-· 
ture compen_sation to ·keep the output 
accurate to within ± 5MHz. This is 
within the range of the automatic 
irequency control system applied to the 
second local oscillator in the main unit 
located alongside the standard receiver. 
This second unit has an i.f. of 120MHz . 
and is demodulated to the video 
baseband before remodulation with 
a.m., together with the associated, 
sound channel. The noise figure is about 
7dB, and, when used with a 1.6m 
parabolic aerial (43dB gain), can provide 
good reception from a received signal of 
about -1 05.5dB\V with a receiver 
bandwidth of 36MHz. The tests under
lined the practical importance of the 
additional signal attenuation which 
results from heavy rain. 

Such a design would appear es
pecially suitable for small community 
systems. 

Harmonic mixing 
The problems presented by a simple 
diode mixer include the unavoidable 
conversion loss, local oscillator radia
tion and 'image' reception. \Vhile these 
problems can be reduced by careful 
choice of diode, by the use of a double
balanced configuration and by choice of 
i.f., not all such refinements lend them
selves readily to low-cost consumer 
equipment. An arrangement which might 
offer attractions for this application is 
harmonic mixing with an anti-parallel 
diode pair. 1 

Harmonic mixing offers the advan
tage of a lower frequency 'source' with 
consequent easing of stability problems. 
However, in most arrangements it 
results in conversion loss 3-5dB greater 
than that of fundamental mixing. The 
anti-parallel diode configuration 
reduces conversion loss by suppressing 
the fundamental mixing products and 
results in a lower noise figure by reason 
of the suppression of local oscillator 
·noise sidebands. It also suppresses 
direct video detection and provides in-

(b) ~~ 
(c) 
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herent self-protection against diode 
burn-out. 

These properties do not depend on the 
use of either filters or balanced circuits 
using hybrid junctions. However, 
careful selection of matched diode pairs 
is necessary to obtain the . full advan
tages. Experimental harmonic mixers, 
reported by Cohn, Degenford and New
man have used a pair of GaAs Schottky 
barrier diodes shunt-mounted across a 
slot line. In one experiment an existing 
microstrip mixer was modified to 
accommodate a series-mounted anti
parallel diode pair to evaluate second
harmonic mixing at 12GHz using a 
7GHz local oscillator. An 8dB total 
conversion loss was comparable with 
that achieved when using fundamental 
mixing at 12GHz, although no attempt. 
was made to optimise the signal and i.f. 
impedance matching. 

It has yet to be determined whether 
harmonic mixing with anti-parallel 
diode pairs would be suitable for low
cost microwave receivers. 

Receive filters 
Since a low-cost satellite receiver will 
require to operate with physically small 
aerials and relatively unsophisticated 
techniques, it will be important to make 
the best possible use of the available 
signal power. In any receiving system, 
the effective noise performance can be 
improved by restricting the pre
detection bandwidth. This is normally 
done by matching the bandwidth of the 
intermediate-frequency amplifier to the 
signal bandwidth, using i.f. 'filters' such 
as the familiar single or double-tuned i.f. 
transformer or, its modern equivalent, 
the surface-acoustic-wave filter. 

With frequency modulation there is 
no simple definition of the bandwidth, 
since, theoretically, the sidebands ex
tend to infinity. Thus, any bandwidth 
restriction involves some loss of 
higher-order sidebands, and so intra- ' 
duces a degree of non-linear distortion. 
The practical effects of such non
linearity are more noticeable in systems 
employing a sub-carrier for the trans
mission of the sound channel. 2 

A. N. Kent shows that, while band
width reductions may be expected to 
improve the received carrier-to-noise 
ratio in a satellite receiver, if the spec
trum of the modulated carrier is rest
ricted unduly, truncation gives rise to 
signal distortion. The first subjective 
indication of this is usually buzz on 
sound, although a visible beat pattern 
between sound and chrominance sub
carriers is also possible. 

It has been suggested that, for the 
proposed UK standard of deviation, the 
-3dB bandwidth of the i.f. filter should 
be 27MHz, though clearly there might 
be a temptation for set-makers to con
sider reducing bandwidth a little below 
this figure, at a risk of buzz on sound 
and truncation 'noise' or differential 
phase and amplitude distortion. 

To remove the effects of energy dis
persal on the satellite transmission a 
suitable correction filter is necessary in 
the receiver. 

U .h.f. rec~ption 
The Indian SITE experiment has shown 
that u .h.f. low-noise f.m. television 
receivers for satellite broadcasting do 
not present excessive design problems. 
However, since u.h.f. satellites are, in 
practice, likely to be used only in coun
tries not already exploiting these bands 
for terrestrial broadcasting, it has been 
urged that more attention should be 
given to the development of receivers 
capable of providing reliable operation 
in difficult environments. Domestic and 
community receivers should be able to 
withstand the effects of heat, humidity, 
dust and insects . . Poorly tropicalized 
circuit boards still give trouble, and 
some components are vulnerable to 
humid conditions; inductors and trans
formers at high voltage may suffer from 
'green spot' corrosion or puncture; 
variable potentiometers may be 
affected by moisture; push-button 
switches by dust; springs by rust, heat 
and humidity; rubber deteriorates 
rapidly. 
- t.fh~f reception has the advantage of 

.established low-cost, low-noise 
receiving techniques; however, it has 
the disadvantage that much larger 
aerial structures are required to obtain 
gains in excess of 20-25dB. For the SITE 

experiment, aerials with 3m diameter 
parabolic reflectors were used, con
structed from expanded aluminium 
with a helical feed. Behind each aerial 
was a 'head-end' unit providing an i.f. 
output at 70MHz. A second 'tail-end' 
converter was used to demodulate the 
70MHz f.m. s~nals to provide a video 
feed to the 22-in black-and-white 
receivers used in the Indian villages. 
The resulting video s:n ratio of about 
.45dB resulted in good subjective picture 
quality. The 3m u.h.f. parabolic aerials 
represented no major problem for com
munity receivers but would be regarded 
as too large for domestic installations. 

During the SITE experiments, suc
cessful reception of the 860MHz f.m. 
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signals was reported from Sheffield and 
Dublin3 despite the effective radiated 
power being at least 30dB below that of 
the primary lobe. The free-space atte
nuation of the signals, with a vertical 
arrival angle of about 22° was of the 
order of 183dB and the field strength of 
the order of 3.3J.L V /m. Receiving aerial 
gains well in excess of 20dB were desir
able (a 5ft dish at Sheffield had an 
estimated gain of 19dB) and lm~-noise_ 
first amplifiers were used. 

Significant variations of signal 
strength were recorded by the station at 
University College, Dublin; partly due 
to local weather conditions, but also 
possibly due to variations of transmitter 
power. 

Satellite transmitter power was 80\V 
with 5ldBW effective isotropic radiated 
power (e.i.r.p.) towards the coverage 
area (about 2ldB\V towards the UK). 

Economic considerations 
The technology for 12GHz reception in 
the home or for community distribution 
or as feeds for low-power broadcasting 
transmitters and transposers thus offers 
no insurmountable problems. It is, 
however, impossible to predict with any 
great degree of confidence how much 
more a combined v.h .f./u.h.f ./s.h.f. 
a.m./f.m. television receiver would cos~ 
the viewer, or. for example, w-haf w-ould 
be the further cost if one of the five UK 
12 GHz channels were to be usedfor a 
multiplicity of sound radio pro
grammes. It is reasonable to suppose 
that, at 1977 values, the additional costs 
would not be less than £100 and migh~ 
be as high as £250. 

These figures, though substantial, 
amount to little more than some 
unfortunately-placed viewers might 
currently be prepared to pay for an 
elaborate aerial for a conventional u.h.f. 
receiver if there were no other way they 
could receive television programmes. 

However, this possible scale of 
charges would appear differently to a 
viewer already receiving four u.h.f. 
television programme channels and 
perhaps one or two v.h.f. program_me 
channels. . _ . . 

It is this financial factor, more than 
any other, that still casts a doubt on the 
implementation within the next decade 
of satellite broadcasting in the UK. 
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A low-cost digital frequency meteW" 
Frequency measurement to 200M Hz w ith 1kHz resolution 

by M. Tooley, B.A . a.nd D. W hitfield, B.A. 

This article describes a low-cost, 
200MHz digital frequency meter having 
a 5112-digit readout with a resolution of 
1kHz. The unit, which is designed for 
'hands-off operation and requires only 
power and signal inputs, is suitable for 
addition to existing equipment or may 
alternatively be used as an instrument in 
its own right. The entire circuit is 
assembled on a single printed circuit 
board, as shown on the front cover. 

THE authors' aims were to construct a 
frequency meter which would ope~ate 
up to 200MHz with a 1kHz resolutwn, 
have a high sensitivity (less than 
lOOmV) and be easy to operate with a 
minimum of preset adjustments. It also 
had to use readily available com
ponents, operate from a single, unregu
lated power supply and be assembled on 
a single, compact printed-circuit board. 

In order to build the meter with the 
minimum number of devices, the auth
ors used a four-stage counter, a latch, 
a display driver i.e. and, although it was 
a t.t.l. design, a mixture of t.t.l., c.m.o.s. 

Fig. 1. Block diagram of the digital 
frequency meter. 

iJnput is divided by fo-ur and gated with 
250Hz clock signal. Outputs from the 
signal gate are passed to decade 
counter and decoder/ latch and 
seven-segment l.e.d. display. Output of• 
the first decade divider is then fed to a 
four-stage decade counter, deco_der and 
latch, to drive four more l.e.d. d~splays. 
Final half-digit ~s provided by btstable 
latching arrangement. 

·and e.c.l. devices. The design philo
sophy was that of employ_ing the_ be~t 
type of device for each particular CirCUit 
application, bearing in mind such fac
tors as speed of operation, power con
sum~tion, ease of interfacing, and cost. 

Principles of operation 
The block diagram of the frequency 
meter is shown in Fig. 1. The input 
signal is first amplified using a high
gain wideband amplifier, and then 
applied to a fast divide-by-four bistable 
arrangement. Since the input amplifier 
and pre-scaler both use e.c.l. devices, it 
is necessary to incorporate a level 
translator in order to interface correctly 
with the next stage, which is a high 
speed Schottky t.t.l. signal gate. The 
divided-down input signal is gated with · 
a clock signal at 250Hz derived from a 
c.m.o.s. 1 MHz crystal oscillator aqd· 
divider chain. Repetitive sampling is 
provided by means of a conventional 
astable oscillator using a timer i.e. A 
control logic arrangement is used to 

·produce reset, transfer and latch enable 
signals. 

The output of the signal gate is passed 
to high-speed t.t.l. decade counter and 
conventional c.m.o.s. decoder /latch and 
seven-segment l.e.d. display. The output 

·of the first decade divider is then fed to a 
four-stage· t.t.l. decade counter, decoder 
and latch housed in a single i.e. package. 
-th.is - i.c--;so-utput--is- i.lse<fto -driveTour 
further seven-segment l.e.d. displays 
directly, and these are strobed in 
sequence by means of a clock and logic 
incorporated in the i.e. Th~ final "half" 
digit is obtained by means of a bistable 
latching arrangement which operates 
on the 'carry' output of the main 
divider. The last seven-segment indica
tor is wired so that it displays the value 
'1' when enabled by a 'carry' output. 

Input amplifier and prescaler 
The amplifier and prescaler section of 
·the counter comprises three distinct 
stages; the input amplifier, the prescaler 
and the level translator. The first stage 
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Fig. 2. Input amplifier and prescaler~ 

determines the overall counter sen
sitivity, the second stage limits the 
maximum count rate and the third stage 
allows the hybrid operation which 
results from the aims of the design. (See 
Refs. 1 & 2). The circuit diagram is 
shown in Fig. 2. 

x1 
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10 CK 

IC2 
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. 11 

RESET 
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IC4 
4020 

470 

t.t.l. 
output 

<Y4> 

All signal interconnections in this 
unit are terminated by low-valued re
sistive loads. These resistQrs are 
necessary to provide matching and 
minimize overshoot anc;:l undershoot on 
the signal lines; this can quite easily be 
up to 100% of the signal amplitude and 
can, even at quite modest frequencies, 
seriously affect the performance of the 
circuit. It is possible3 to calculate the 
exact values of load resistors required 
to minimize the ringing on the signal 
lines. This is normally only found to be 
necessary when the absolute maximum 
in performance is deemed essential. The 
factors affecting the calculations in
clude the physical dimensions of the 
lines themselves, the track layout, the 
p.c.b. material and the stray reactances. 
In practice, however, the resistor values 
given in the circuit have been found to 
provide a good compromise and are 
appropriate for the short interconnec
tions used in the construction of circuits 
of this type. They have also given simi
lar results in a number of different 
prototype circuit layouts. If desired, for 
the best possible performance, the ter
minating loads may be optimized in
dividually using a signal source and 
oscilloscope, suitable examples of 
which are mentioned in the perfor." 
mance section of this article. Such 
measures will be beyond the nee.ds 
and/or the resources ·of many con
structors and may, in any case, yield 
little or no improvement in circuit per
formance. 

a6 as o9 olO a,, a12 

An MC10l l 6-e.c:Ctriple-line receiver4 

is used in the input amplifier. The three 
wideband amplifiers in the device are 
cascaded in a broad-band limiting 
amplifier configuration, with differen
tial interstage connections. The input is 
'incitdied to 50 ohms and the offset vol
tage developed across R 2 acts to prevent 

4 13 12 14 15 1 

Fig. 3. Time standard oscillator and divider. 
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IC3f 
4049 
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refer to timing wavefo.rms 
shown in Fig. 5. 
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Fig. 4. Control logic and signal gate , 
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the amplifier being over-sensitive at low 
frequencies, where external signals and 
noise may be a problem. 

The prescaler uses an MC10231 e.c.l. 
dual high speed D-type flip-flop con- · 
nected as twq cascaded, divide-by-two' 
stages to provide a prescaling factor of 
four. The output from the second stage 
of IC 2 is a signal of approximately 
800mV peak-peak with an associated 
d.c. offset, and this signal is made t.t.l.
compatible by the action of Tr 1• 

For reliable operation the e.c.l. stages 
require a minimum supply voltage · of 
approximately +5.1V. However, per
formance measurements indicate that 
optimum performance is achieved with 
a supply of approximately +5.6V. This 
value is a . trade-off between .increasing 
count rate and decreasing sensitivity 
with respect to supply voltage: 

Time standard oscillator 
and dividers 
A six-digit frequency counter incorpo
rating a divide-by-four prescaler and 
providing a display resolution of 1kHz 
conventionally requires a signal sam
pling window of 4ms. To provide such 
a signal directly, to the required accu
racy and stability, is impractical in th:is_ .·· 
type of application. An alternative 
approach, using a higher frequency 
standard and a divider chain, has there
fore been adopted. The circuit diagram . · 
is shown in Fig. 3. 

A 1MHz crystal oscillator is used as a 
reference and the 250Hz signal required 
by the gate control logic is produced by 
dividing this down by 4000. The oscilla
tor and divider circuits are comprised · 
exclusively of c.m.o.s. logic in order to 
improve stability, guarantee sta
tability, reduce power dissipation and . 
reduce package count in comparison' 

. with equivalent t.t.l. or e.c.l. designs; all 
for a reduced component cost (see Refs. 
5, 6 & 7). 

The oscillator circuit uses a single 
inverter, IC3d, in a conventional feed
back arrangement. The frequency of 
oscillation is set by the crystal, X 1, and 
the fine frequency adjustment is pro
vided by TC 1. R 14 completes the d.c. 
p·ath around the loop, while maintaining 
a high Q. 

The output of the oscillator is buff
ered by IC3e, and then applied to the. 
input of a 14-stage ripple counter, IC 4, 

which is arranged, by using IC 5 to de
code a count of 8000 and generate a 
reset pulse, t6 divide by 4000. The 

· resulting waveform at Ql2 has a mark: 
space ratio of approximately 1: 1 and a 
p.r.f. of 250Hz .. 

Control logic and signal gate .. 
It is the control logic and signal gate 
which bring together the otherwise 
isolated units to produce a digital 
frequency meter. The control logic sets 
the sampling rate of the instrument and 
performs all of the neces~ary 
housekeeping functions, ensuring, for 
example, that the display counters are 

_aJ! reset to zero before the input signal is 
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Fig. 5. Control logic and signal gate 
timing diagram. 

re-sampled. The signal gate, by com
mands from the control logic, provides 
tll.e counting/.display circuits with the 
number of pulses which are appropriate 
tothe display resolution and the input 
signal frequency being sampled. The 

· Components 

Resistors (all 10%, lf.IW) 

' 1 
. 11<-- 17 1 k 

2 51 18 ' 100 
3 to 6 680 19 1 k 
7 270 20 1k 
8 1k8 21 1k 
9 680 22 to 28 100 
10 1k8 29 1k 
11 470 30 100 
12 39 31 to 34 270 
13 . 220 35 1k8 
14 1M 36 470 
15 100k 37 470 
16 1k5 

Capacitors (tJ. F unless otherwise stated) 
1 0.1 
2 0 .1 
3 4n7 
4 4 .7 
5 10 

' 6 10n 
7 4n7 
8 4n7 

. 9 4.7 

l.ntegrated circuits 
1 MCl011SP 
2 MC10231P 
3 ·' ' 4049 
4 . 4020 
5 ' 4068 
6 555 
7 ' .; 4013 
8 74SOO 

Transistors 

BCY70 
2 to 5 2N3706 

Diodes 

1 to 3 BYX36-300 
4 BZY88 C15 

Miscellaneous 
1 MHz crystal. · 
Printed circuit board 

10 10 
11 4n7 
12 4 .7 
13 4;.7 
14 4.7 
15 to 28 4n7 

2 9 to 32 4.7 
33 22p 
34 22p 

9 ' 74196 
10 4511 
11 ZN1040E 
12 7474 
13 DL704 
14to 18 DL707 
19 ~A7805UC 

6 2N3704 
7 BSY88 

5 BZY88 C6V2 

20pF trimmer capaci -. 
tor . 
Coaxial socket. 

TESTPOINT 5 

POINT D 

circuit diagram for the control logic and 
signal ·gate is shown in Fig. 4, and a 
timing diagram is given in Fig. 5. 

A precision monolithic timer, IC5, is 
arranged as a control astable with a low 
period of 1 Oms and a high period of 
approximately 700ms. The signal 
sampling sequence is initiated by a 
negative transition of the control ast
able. This transition causes the next 
positive edge of the 250Hz clock to 
invert the output states of IC7a, driving 
the Q output high and enabling the 
signal gate, IC&i. The signal gate itself is 
a Schottky t.t.l. device8, which allows 
gating to be possible at speeds well 
above the nominal 50MHz required by 
this . design. The next positive clock 
transition reverses the change of state 
at the outputs of IC 7a, inhibiting the 
signal gate. This change, in turn, drives 
the Q output of IC7b high, enabling the 
display latches and inhibiting IC 7a until 
the start of the next sampling period. 
The positive transition of the control I 

astable completes the display latching 
and, after a short delay effected by 
R 18 /C 6, clears the display counters 
ready for the next sampling period. The 
whole circuit then waits for the next 
negative astable transition, when the 
whole sequence is repeated. 

The sampling rate is set by the com
bination of R 15, R16 and C5• R15 has been 
chosen to give a sampling rate which is 
long enough to allow the display to be 
easily read, yet short enough to allow 
alterations to be made to the signal 
fr.equency without the display delay 
becoming tedious. The sampling rate 
may be increased or decreased by 
reducing (down to a limit of 25kr2) or 
increasing, respectively, the value of 
R15• Alternatively, R15 could be replaced 
by a combination of a fixed and a vari
able resistor. 

Counters and display 
·The overall funct ions of the counters 
and display are to count the number of 
pulses from the sign al gate during the 
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sam pling period, store the result and 
decode it to drive the display segments. 
The display resolution is determined by 
t h e gating period and the degree of 
p rescaling, while the display length 
determines the maximum frequency 
which may be indicated. Figure 6 give's 
the circuit diagram for the counting and 
display circuits. Since the original de
sign aim was to produce a 200MHz 
counter with a display resolution of 
1kHz, a 51h-digit display structure was 
chosen in order to avoid the penalties of 
cost, circuit complexity, package count 
and power dissipation which result from 
the use of a·full-range leading digit. The 
display unit it self makes use of low cost 
indicators, with the proviso that they 
should be available in both common 
anode and common cathode styles, and 
features leading-zero suppression on 
the four leading digits in order to 
minimise power dissipation. 

The count pulses produced by the 
signal gate are applied to a 50MHz t.t.l. 
decade counter, IC 9 and the b.c .d . 
counter outputs are latched by IC 10 at 
the end of the sampling period. I C 10 also 
performs the decoding and segment 
driv ing of t h e least significant digit 
display, with suitable level shifting 
being prov ided by diodes DrD3. 

Fig. 6. Counters and display. 

The count sense from IC9 is inverted 
by IC& and then applied to a four-digit 
universal count/ display device, IC u · 
This device contains a four-decade 
counter, memory latches, segment de-· 
coders, drivers and display strobe 
circuits. In addition, the device has zero 
suppression facilities and it contributes 
greatly to the reduction in the package 
count. The maximum count rate of ICn 
is 5MHz and the carry output is used to 
produce the leading half -digit display. 

IC12a acts as a single-bit counter and 
IC 12b serves as a single-bit display latch. 
The Q output from IC 12b is used to 
ensure correct operation of the zero 
blankin·g circuits over the range 
IOOMHz to 109.999MHz. 

The second part of this article will de
scribe the power supply for the 
frequency meter and will give details for 
its construction. P.c.b. track and com~ 
ponent layout details will also be given. 
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Printed circuit board 
A double-sided, roller-tinned and drilled 
p.c. b. is available for the digital 
frequency meter for £6.50 inclusive from 
M. R. Sagin, 23 Keyes Road, London 
N\V2. 
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NEWS OF THE MONTH 
Electronics implants for the deaf 
ADVANCES in electronics are greatly in
creasing the importance of cochlear implants 
in the fight against deafness . A cochlear 
implant enables the remaining nerves of 
hearing to be stimulated by electrical 
impulses which are heard by the deaf person 
as sounds. It does not involve the replacing of 
a damaged organ by living tissues, as does a 
kidney or heart transplant, but it is the 
product of a combination of both medical and 
electronics research. 

The subject of cochlear implants was pre
sented at the RNID (Royal Institute for the 
Deaf) Conference held at Brighton in Sep
tember, by Mr Ellis Douek , consultant 
otologist to Guy's Hospital, London. Mr 
Douek pointed out in his conference paper 
that despite present developments there are 
few aspects of research into hearing loss 
which are less understood. "For instance, the 
relationship between surgeon and scientist is 
not one that can be developed rapidly. Their 
training and experience has been so different 
that it requires a long process of fusion 
through working together before there is an 
adequate meeting of minds . .. problems of 
this kind mean that there are few places in 
the · world where such work has been feas-

ible." He hoped to show that a new operation 
that can be learnt and carried out anywhere, 
does not yet exist. 

The advances, according to Mr Douek, are 
applicable to persons who are totally deaf 
and cannot be helped by amplification - to 
those who have 'nerve deafness'. In cochlear 
implants the problem lies in making sounds 
meaningful and worth listening to , even 
though . knowing that someone is talking to 
you has considerable value in its own right. 
There are four centres in the world where 
teams are working on this problem; the other 
three being in Paris, Los Angeles and San 
Francisco. 

The implant research in London is partly 
funded by the Medical Research Council and 
is being undertaken byi Mr Douek, Professor 
A. Fourcin of University College London, Dr 
B. Moore of Cambridge University and Dr S. 
Rosen from the USA. Other Guy's Hospital 
members undertaking the task are Mr G. P. 
Clarke, Dr L. H. Bannister and Dr H. Dodson. 

So far at Guy's the-team have succeeded, 
by implanting an electrode onto the inner ear 
of a number of patients, in obtaining results 
as good as those of teams abroad, using a 
much simpler and safer technique. They have 

also managed to process the sound of speech 
to allow through to the patient only what can 
be heard, rather than a range of signals, some 
meaningful, some not. At the present time a 
patient can hear only the low tones of speech 
and is unable to hear middle or higher tones, 
meaning that he must also lipread in order to 
discriminate speech. 

However: the improvements which are 
observed are that the rhythm of speech is 
well perceived, the stressed word in a sen
tence is hardly ever missed and the patient is 
able to distinguish between rise and fall in 
speech - enabling him to tell if you are 
stating a fact or asking a question. The 
patient can also more easily control his own 
voice. 

The team has two hopes for the future : 
firstly that they may be able to control the 
higher tones so that they can offer what 
would sound like true speech, and secondly, 
that the equipment be miniaturised and 
driven by radio transmission to 
be totally inconspicuous and usable at 
distances even greater than the voice will 
carry. The latter is now possible because of 
advances in electronics, communications 
technology and component miniaturization. 

Pr~duct liability and UK apathy product histories and consumer experience. 
Bowes Egan, seemingly trying to describe 
UK companies' apathy on the subject, ex
plained how many industrialists claim that 
the introduction of strict liability will mean 
steep price increases for consumers, which 
will place British firms at a commercial 
disadvantage in competitive world markets. 
He argued, however, that their book would 
assist UK manufacturers, designers and 
importers to minimize the effects of product 
liability in this country and even turn them 
into a commercial advantage. Importers are 
included in the above because it is not 
necessarily the manufacturer who is liable, it 
could equally well be the importer, for he 
may be the one responsible for a defective 
product appearing in the UK market. 

A SURVEY carried out earlier this year by 
the British Safety Council said that nearly 
70% of the top executives in Britain are 
ignorant of the product liability laws soon to 
be drafted into the country. In response to 
this lack of knowledge, James Tye, director 
general of the British Safety Council, and 
Bowes Egan, a leading safety and consumer 
law analyst, have written the fi rst European 
book on the subject. The 240-page book* is 
entitled 'Management Guide to Product 
Liability' and is published by the British 
Safety Council. 

The survey showed that more than half of 
the UK's firms believe the introduction 
of product liability will mean Britain adop
ting an absurd legal regime from the USA, 

·and that more than half of the British in
dustrialists are completely unaware of the 
strict liability issues and problems that have 
developed in the USA over the last twenty 
years. It also showed that two-thirds of 
Britain's firms are ignorant of the influential 
EEC Directive on product liability, and that 
as many as 71% are not conversant with the 
findings of the English and Scottish Law 
Commissions. According to the survey more 
than half of Britain's manufacturing com
panies do not employ a quality assurance 
department to carry out regular product 
liability audits. 

In view of these findings, and the fact that 
product liability is just around the corner for 
UK manufacturers and supplieh , the British 
Safety Council warns that British firms may 
face a more rapid, sustained and expensive 

onslaught of product liability claims than 
even the USA has had to experience. 

The authors of the book, speaking at a• 
conference in November, described how, 
because of the differences between the 
American and British legal systems, the 
product liability developments in the USA 
over the last 20 years are likely to occur in 
Britain unless UK companies are prepared to 
learn from the USA's experience and prepare 
in advance for the introduction of strict 
liability for defective products. James Tye 
explained how many American companies 
had 'gone bust' either through high court 
awards or crippling insurance premiums, and 
claimed that the best product liability insu
rance was to manufacture and supply safer 
products and to set up facilities to monitor 

In summing up the value of the book James 
Tye described it as: "a detailed audit system · 
which represents more than 350 safety steps 
to avoid the product liability minefield". 
*Price £8.50 + 50p post and packing. 

Hobby electronics exhibitions are taking 

off in Europe 

AT THE TIME of writing, the Breadboard 
Exhibition was just starting in London -
perhaps the first hobby-electronics exhibi
tion in fngland, if you don't count the radio 
amateur exhibitions by the RSGB and the· 
ARRA. However, this new move is not rest
ricted to the UK alone. In Dortmund, West 
Germany, in February '78, an exhibition 
called Hobby-Tronic was a tremendous suc
cess, according to the German journal Furtk
shau, and the organisers have dedded to 

repeat it annually. A similar show was plan
ned for September in Stuttgart. Austria also 
held their first exhibition of this kind in 
October '78 . This was entitled Hobby 
Elektronik 78. For this occasion, says Funk
shau, the Austrian magazine, ELO, held a 
circuitry competition called "The electronic 
unit with that something extra fo r 300 Aust
rian schillings". The Netherlands are also 
expected to follow suit with an exhibition of 
their own. 
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International copyright views aired 
AT RECENT meetings of the copyright pro
tection bodies, it was the considered opinion 
that a compensating royalty would be the 
best way to compensate the owners of ex
clusive rights (e.g. authors, performers, 
composers and producers of phonograms 
and videograms) for the damage caused to 
their interests by home tape-recordirlg:..._ 
these royalties being made on both recording 
equipment and on blank audio and audio
_visual tapes and cassettes. This was the view 
expressed by the sub-committees of the 
International Union for the Protectionof 
Literary and Artistic Works (Berne Union), 
the Intergovernmental Copyright Commit
tee and the Intergovernmental Committee of 
the Rome Convention for the Protection of 

Performers, Producers of Phonograms and 
Broadcasting Organisations at meetings held 
in Paris during September. The meetings 
were sponsored by Unesco, the World Intel
leCtual Property Organisation and the In
ternational Labour Office. 

The London-based, International Federa
tion of Producers of Phonograms and Video
grams (IFPI) were among eleven other in
ternational non-governmental organisations 
and, according to the IFPI, the Committees' 
recommendations to national legislators 
concerning private recording and home 
tape-recording were principally due to their 
efforts. Gillian Davies, IFPI's assistant, 
-director general said in a press rep-ort 
released by the IFPI, "I noted with particular 

Post Office monopoly will be 
broken- General Secretary, EETPU 
FRANK CHAPPLE, general secretary of the 
Electrical, Electronic, Telecommunications 
and Plumbing Union said in an interview 
published in the November issue of the Post 
Office Engineering Union journal, that he 
thought the Post Office monopoly would be 
broken. He believed that the UK's current 
monopolies had tended to become over
bureaucratised and therefore less efficient. 

According to the report, Frank Chapple has 
a plan. To quote Mr Chapple, "The P"o·Sf 
Office should supply standard equipment. 
You couldn't break up mainframe equip
ment: the basis should remain in their hands. 
Even in the US you need one mainframe 
supplier"; and the POEU journal, "The Post 
Office could, and should, maintain its 
monopoly role in the area of providing the 
basic network - what Frank Chapple wants 
to see is the Post Office getting off the end of 
the line: it's in the area of equipment inter
connection that the Post Office should get 
out". 

The interviewer and author of the report, 
Chris Naylor, claimed that Mr Chapple 
likened the current position of the Post Office 
to a hypothetical stance by the Electricity 
Industry: "It's like saying that the Electricity• 
Supply Industry should have a veto on what 
you plug in to the wall sockets!" Mr Naylor 
thought that his views made sense. "If there 
are technical grounds for their position I'd 
like to know what they are. There are none 
that I know of," said Mr Chapple, according 
to the report. Mr Naylor qualified this by 
suggesting that what he was saying was that 
the Post Office provided lengths of wire, so 
did it really matter what was connected to 
them? 

In his article Mr Naylor used the example 
of mains current being sent down the Post 
Office lines to show that it did matter what 
was connected to them and asked whether, if 
the Post Office stopped taking a year or two 
to examine equipment to make sure that it 
was OK, the manufacturers wouid make 
devices which could not safely be connected 
to the PO lines. Mr Naylor believed that to be 
a question that the Post Office and the 
manufacturers should answer. 

After indicating that System X would only 
require an estimated one-tenth of the work
force necessary to manufacture earlier ex
changes, Mr Chapple gave examples of some 
recent heavy redundancies, and suggested 
that the situation had been made worse by 

the Post Office's decision to go for System X. 
"We've never argued that we should stop 
technical progress because we're losing jobs, 
but we are looking for alternative forms of 
employment - and that presupposes that 
manufacturing must become more efficient 
and more technological." The report con
tinued, quoting Mr Chapple, "If we're going 
to get any relief, private enterprise must 
enter into it. We really need some stimulus. 
Sooner or later the Post Office will have to 
surrender to consumer choice about equip
ment to be plugged in. They will have to 
surrender because consumers will demand 
that this be the case, but if our manufacturers 
have got no means of producing; and if, by 
that time, the workforce is dispersed there 
will be no way in which we can compete with 
the foreign producers of equipment. If it is 
accepted now, there is a chance that we will 
be able to stimulate production. If it loses its 
monopoly at a time when it's effectively 
destroyed our own manufacturing capability 
we're finished." 

During the course of his interview, Frank 
Chapple suggested that "the Government 
should do an appraisal", and when asked 
what could be done by those who felt the 
Post Office's monopoly should be broken, he 
suggested "political lobbying", says the 
report. 

Underwater tv system 
used on Christos Vitas 
A LOW-LIGHT, s.i.t. (silicon intensified tar
get) tube television system was used on the 
stricken oil tanker Christos Vitas as part of a 
structural damage survey which was 
attempted on board the vessel recently. 

The tv system was manufactured by 
Marine Unit Technology who believe that 
this was the first occasion on which a s.i.t. 
camera has been used underwater in a 
salvage operation of this kind. Although the 
divers who were using the camera were only 
in the water for a very short time, they were 
able to survey part of the hull of the tanker 
before bad weather ruled out further diving 
activities, because the system was able to 
provide them with some good quality pic
tures. 

The decision to use the Marine Unit 
Camera Team was taken by the Ministry of 
Defence. 
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satisfaction that the sub-committees decided 
during the meeting, that the conclusions of 
the previous 1977 Working Group, together 
with their own current deliberations, should 
be understood to apply not only to the 
audio-visual field but also to sound recor
dings. In effect this means that their recom
mendations to remedy the alarming problem 
of home sound recording on cassettes with 
blank tape will be included in the final ver
sion of their report to be submitted next year 
to the sessions of the Berne Union and the 
Intergovernmental Copyright Committee". 

The IFPI report says, "On the subject of 
private recording in the home, the sub
committee reached the conclusion that while 
certain recordings could be made for perso
nal use in good faith, and such activity was 
not to be compared with offering illicitly 
made copies for sale, nevertheless the owners 
of the rights suffered a loss in each case that 
should at least be mitigated as it could not be 
avoided". .. __ ., 

The IFPI are also claiming that recordings 
should be treated for tax and duty purposes 
in the same way as books and films. 

Because it was obviously impossible to 
prevent enormous numbers of uncontrolled 
recordings, while still respecting individual 
privacy, the sub-committees recommended a 
system consisting of a single, standard com
pensatory royalty on the sale price of recor
ding equipment, and on the blank supporting 
materials, to compensate the professional 
groups. This system would not deprive the 
professional groups of their rights in the case 
of unlawfully-made recordings being put on · 
the market under the pretext of private use. · 

On the subject of private use, according to 
the report, it was considered that the provi
sions of the Multilateral Copyright Conven
tions, dealing with the rights of reproduction 
and public performance, were already 
adequate to serve as a basis for n·ational 
legislations-contracts negotiated between
the parties concerned ensuring legal security 
for videocopies and videographic works 
made for public use. 

In the education field, it was noted that, 
because the use of material for teaching 
purposes ·could be checked more easily than 
in the case of home-recording, the solutions 
to be applied should differ from that of 
private use. Where there were to be excep
tions, these were to be accompanied by a 
compulsory licence .in order to provide fair 
remuneration. 

The sub-committees stressed the urgent 
need to identify practical measures to deal 
with the endless multiplication of recording 
capacity involved with the rapidly increasing 
number of cassettes, audio-visual tapes and 
discs available to .users at declining cost, and 
it was pointed out that these practices were 
liable to affect not only the television bodies, 
but also the phonographic and cinemato
graphic industries, whose markets would 
also suffer. It was also decided that the use of 
videograms for cable distribution systems, or 
c.c. tv to hospitals and other establishments, 
was lik~ly to accelerate the proces~. 

In conclusion, the sub-committees requ
ested the secretariats to draw up for con
sideration by national legislators, an inven
tory of the situations they had examined 
reluting to videogram copyright problems, 
together with their recommended solutions. 
They intended eventually to see the publica
tion of papers and documents on the subject. 
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Moving map 
IN a high-speed military aircraft, the distance 
covered during the time it takes for the pilot 
to look at his instrument panel, locate the 
relevant instrument, read and assimilate the 
information, look back out of the cockpit and 
re-focus his eyes could be nearly a mile. 
Clearly, it is not a good idea to rush about at 
Mach 2 without a reasonably accurate 
knowledge of where one is going, and for this 
.reason, electronic displays have been deve
loped and are being used in ~ncr-easing
numbers in both military and civil aircraft. · 

The Ferranti Corned (short for Combined· 
Map and Electronic Display) is the latest 
development of the moving map, first seen in 
the -early '60s. A 35mm film strip contains 
maps of the area of interest, these being 
presented on a 5.5in display in the cockpit, 
the relevant part of the film being selected by 
the navigation sensors - accelerometers, etc 

- normally fitted to the aircraft. In addition 
to the film, a scan-converted radar view of 
the ground can be superimposed, together 
with a good deal of _ information normally 
obtained from separate instruments - com
_munications channel in use, fuel state, time, 
time to destination , etc. 1'he changing posi
tion of, for example, the artificial horizon is 
simulated by tilting the film by servo. A 
television view of the ground ahead can be 
displayed, obtained by low-light or infra-red 
camera tubes. 

Microwave 
landing system 
standard 
A SPECIAL COMMITTEE has been formed 
by the Radio Technical Commission for 
Aeronautics (RTCA) to prepare a Minimum 
Operational Performance Standard (MOPS) 
document for time-reference scanning-beam 
microwave landing systems (m).s.) airborne 
receiving equipment. This document, which 
will describe both the operational require
ments and the technical standards for the 
equipment, is expected to follow the lead of 
similar documents which have been adopted 
by many nations as the standard for the 
certification of avionics equipment as recog
nised by the International Civil Aviation 
Organisation (ICAO). 

According to Aero Line - an Am-erican 
newsletter, published by Aeronautical Radio 
Incorporated to inform the public of the 
activities of the Airlines Electronic En
gineering Committee (AEEC) - the RTCA 
Committee emphasized the development of 
m.l.s. airborne receivers as the next logical 
step in the introduction of m.l.s. The news
letter says, "The timeliness of this decision is 
tied .to recent ICAO actions to adopt TRSB 
(see p45, June 1978 issue) as the international 
standard for m.l.s." 
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Radio communications to be 
used on •Golden Hind' 

THE "Eye· of the wind", a 150-ton brigantine 
(a two-masted vessel with square-sailed 
fore-mast and fore and aft main mast) which 
left Portsmouth at ·the end of October to 
make a two-year round-the-world voyage to 
celebrate the 400th anniversary of Sir Francis 
Drake's circumnavigation of the world, will 
be using -radio .communications equipment 
supplied by companies in the GEC-Marconi 
Electronics group: Operation Drake, as the 
voyage is called, is being carried out by 
parties of experienced explorers , scientists 
and young explorers. 

Marconi Marine has provided a 400W 
Transocean/Pacific s.s.b. radiotelephone to 
satisfy the vessel's requirements for m.f. and 
h.f. communications with shore-stations 
around the world, and this equipment is 
being powered by the ships a.c. mains. The 
company has also supplied a 24V. d .c.
operated Falcon II m.f./h.f. radiotelephone as 
a back-up set, should the mains generator 
fail. Fat communications within 40 miles of 
the coast, the vessel will use the companies 
ArgonautS v.h.f. radiotelephone: As if this is 
not enough, at least when compared with the 
communications which Drake had, or rather 
didn't have, Marconi have also provided the 
vessel with Survivor II survival craft radio 
equipment, for emergency purposes. Fur
thermore, v.h.f.lf.m. communications for the 
overland expeditions which the parties are 

making are being provided by three UK/ 
VRC353 radios supplied by _Marconi Space 
and De.fence Systems Ltd. According to 
Marcom, the UK/VRC353 is the world's most 
advanced vehicle radio . It has been produced 
in quantity for the UK Ministry of Defence 
and is the only v.h.f./f.m. radio system to be 
installed in fighting vehicles of the three 
armed services. During Operation Drake 
these radios will be used to provide com-· 
munications between the ship and the ex
plorers' base camps: 

_Operati~n Drake is primarily a new oppor~ 
tumty for youth explorers'. The voyage is to 
be divided into nine, three-month phases, 
with the experienced explorers, the scientists 
and the 24 selected young explorers changing 
over at the end of each phase. The ship will be 
visiting sites throughout the world where 

. historical, scientific and medical research 
· will take place and the aim of the operation is 

to involve both the youth and scientists of 
the countries visited to ensure a mutual 
exchange of ideas and expertise. During the 
sea voyages the young explorers will be 
given practical training and lectures to 
prepare them for the scientific work. 

The operation is being paid for by sponsors 
from commerce, industry, charities in
dividuals and the armed forces in va;ious 
countries. HRH The Prince of Wales has 
agreed to be patron of the venture. 

Approach radar for Singapore airport 

TELECOMS , the Telecommunications 
Authority of Singapore, have announced 
that they have awarded Nippon Electric 
Company Ltd, of Tokyo. Japan, with a con
tract for the p~.:ovision of an approach control 
radar (ACR) system to be installed at their 
new international ' airport, presently being 
constructed at Changi. 

The new system will consist of a primary 
surveillance radar and a secondary sur
veillance radar and will be integrated into the 
long range surveillance radar and display 
system (LORADS) which is also being in
stalled at the site. With the primary radar the 
ACR system will have a range detection 
coverage from 1/3 nautical mile to 64 
nautical miles, and with the secondary radar 
this will be extended to 128 nautical miles. 
The system will also operate up to an altitude 
of 40,000 feet. 

Air traffic controllers, after taking over 
control from other controllers responsible for 
the long range radar, will use the ACR 
system to ensure that aircraft land safely at 
the airport. 

According to NEC, one of the most 
significant features of the new system is its 
ability to track and automatically display 
aircraft positions with identifications - by 
using alpha-numeric symbols displayed on a 
58cm diameter video screen. This screen also 
displays the flight altitude and aircraft speed. 

Mr Ng Chee Meng, acting general manager 
for Telecoms, said at a ceremony where the 
contract was signed, that the integration of 
the ACR system with the long range radar 
would provide greater operational flexibility 
and efficiency for air traffic control. It is 
hoped that the ACR system will be in opera
tion by September 1979, and integrated with 
the long range system two months later. 

NEC, who won the contract in the face of 
strong competition against European and 
American manufacturers who have traditio
nally supplied air traffic control systems to 
Singapore, believe that upon completion of 
the two projects the installation will be one 
of the most modern air-triaffic-control sys
tems in the world. 

News in Brief 
Hacker Sound ltd,- well known in the field of 
portable radios and music centres, has been 
acquired by Motoradio Ltd, the Blackburn
based manufacturer of car-entertainment 
equipment. The first step has been to move 
Hacker's production facilities from an old 
factory at Maidenhead to Motoradio's 
modern plant in Bournemouth. This is all part 
of an expansion scheme by Motoradio. In 
future Motoradio's own equipment produc
tion will be centred at Blackburn where there 
are plans to double the size of the existing 
factory. . 

The 6th International Salon "Audiovisual 
and Communication", the international 
market place for sight and sound, will be held 
in the Palais des Congres, CIP Paris, Porte 
Maillot from 22-27 January, 1979. In addition 
to exhibits and presentations on the stands
with special emphasis being on sound sys
tems, magnetoscopes, video-discs, security 
and surveillance systems, electronic games 
and teletext- there is to be a forum entitled 
"Illustration of the Audiovisual" . 
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CIRCUIT IDEAS 

F .s.k. signal demodulator 
This circuit was designed to demodulate 
an f.s.k. signal which carries serial 
binary data using pulse width ~adula
tion. The circuit uses a 4013 Wlth the 
first flip-flop arranged as a monostable, 
multivibrator which is triggered on the 
positive edge of the input wa':eform. 
The monostable period is determmed by 
the time it takes the voltage across the 
capacitor to reach the th.reshold voltage 
of the reset input. The t1me constant of 
this voltage is RC. Diode Dl disc?arges 
the capacitor when the Q o~tp~t lS reset 
to 0. If the input mark penod lS great~r 
than the monostable period, a 1 lS 
clocked into the second flip-flo~. If the 
converse is true, a 0 is clocked mto the 
second flip-flop. Therefore, the Q output 
of this flip-flop is a 0 for the l?w 
frequency and a 1 for the high 
frequency. The monostable pulse lengt~ 
T is given approximately by 0.693 ~C If 
the reset input threshold voltage lS 0.5 
of the supply voltage. The expected 
variation of T is about± 30·%so R needs 
to be variable. 
G. Prusiewicz 
Cambridge 
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Programmable duty
cycle frequency 
divider 
Simple frequency division using flip
flops is sometimes unsuitable becau~e . 
of their 50% duty cycle output. Th1s 
circuit is more flexible because the duty 
cycle can be programmed. Two digital 
comparators compare the output of a 
counter with numbers set by the thumb 
wheel switches, and a flip-flop altern
ately presents the outputs of the com
parators to the reset input of the 
counter. The output of the flip-flop 
therefore has on and off periods equal to 
the switch numbers multiplied by the 
repetition time of the clock input to the 
counter. 
K. R. Srinivasa Murthy 
Bangalore 
India 
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Polarity indicator 
In applications where the polarity of a 
signal applied to a perfect rectifier needs 
to be detected, the conventional method 
is to use a comparator. This system adds 
undesirable switching noise to the 
signal, and may oscillate for low-level 
signals. A small modification, as shown, 
to a commonly used perfect rectifier 
circuit offers a more reliable indication 
of polarity. This circuit will operate with 
low frequency signals of less than 1m V 
pk-pk. . 

The additional voltage drop across D1 
ensures that the transistor switches 
correctly as the polarity of the input 
signal changes. Frequency respon ·, of 
this rectifier is not quite so good as the 
unmodified circuit. The 22kQ collector 
pull-up resistor is suitable for driving 
· c.m.o.s. from any logic supply voltage. 
For t.t.l., the pull-up resistor should be 
changed to 3k9 to drive one input. For 
precision applications, the op-amps 
should be offset nulled. 
T. Hughes 
University of Cape Town 
South Africa 

Simple two-wire 
intercom 
The circuit shows a simple battery 
powered two-station two-wire intercom 
which does not dissipate any standby 
power. If NiCd batteries are used, · 
trickle charging at one station will also 
charge the other through the loud
speakers. 
Ole Holmskov 
Hoerning 
Denmark 

Triple rail power 
supply 
When it is necessary to interface logic 
circuits such as t.t.l. to a calculator chip 
which uses a cold-cathode display, one 
solution is to use level translators. 
However, this may involve a large 
number of components. The alternative 
i::, to run the t.t.l. from a displaced
voltage power supply. The circuit 
shown gives outputs of 5V and -IOV 
although these can be easily changed. 
The supply compensates for any dif
ferences between the load currents, 
a;though the efficiency is at maximum 
when both currents are equal. 
G. Robinson, 
C. P. Harwood & 
R. Daniel 
Brunei University 
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Decade counter 
with suppressed 
zero output 
At least one output from a typical de
cade counter, such as the 4017, is always 
activated, and normally the Q 0 state 
becomes a 1 on reset. There are times 
when no output from the zero state is 
required, while a true count of ten is still 
wanted. The most economical circuit is 
accomplished by the addition of a bist
able stage using two dual-input NAND 
gates. Decoding uses a third gate and 
the fourth gate is used as an inverter. 

With the circuit in the reset state, Q0 is 
a 1 but because of gate A of the bistable 
is ~t 0 the output of gate C is 1 and Qo is 
0. Application of an input pulse resets 
the bistable without incrementing the 
counter, so the Q~ output becomes 1. 
Subsequent pulses step the 4017 in the 
conventional manner. A negative pulse 
resets b both the counter and the bist
able. 
D.-Price 
Knockholt 
Kent 

Gated op-amp 
If the output of an operational amplifier 
needs to be gated, this can often be 
achieved with one transistor and two 
resistors as shown. When the transistor 
is off the op-amp receives power via R 1 

and R2• When the transistor is on, the 
op-amp supply is removed. As this 
arrangement increases the source 
impedance of the power supply, the 
op-amp should be lightly loaded. The 
full rail voltages appear across R 1 and 
R 2which will draw more current than 
the op-amp. The general purpose tran
sistor shown can be a p-n-p type for 
opposite logic levels. 
M . Feeney 
Morpeth 
Northumberland 

Simple bounce-free switch 
A single non-inverting gate or buffer 
wired as shown forms a bistable circuit 
because the positive lo·op gain is greater 
than unity. Whilst the switch is in the up 
position, the output will be high. When 
the switch leaves this position and is in 
transit, the output remains high be
cause the input is still high. When the 
switch first makes contact with the 
lower position, the output of the gate is 
momentarily shorted. This situation is 
however remedied within a few 
nanoseconds because the input is also 
taken to ground which drives the out
put of the gate low. Thereafter, if the 

Count 

Reset 

'-------~,3=-- ~~~~~ 

switch contact bounces, the output will 
stay low because the input is low. 

This single non-inverting gate 
arrangement is simpler than the usual 
SR flip-flop, and the annoying pull -up 
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resistors are eliminated. - - ....... -------1~---------Vcc 
P. Seligman 
Victoria 
Australia 
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Versatile sound generator 
New i. e. offers numerous audio waveforms 

The SN76477N sound generator i.e. can 
synthesize a large number of sounds by 
generating an audible tone. a 
low-frequency modulation signal and 
noise, all of which are programmed by . 
external components . For complex 
sequences of sounds, these 
programming inputs can be contro lled by 
external· circuits . This article describes the 
device and outlines an evaluation circuit. 

LOW-COST sound synthesizer is in
tended for use in games, indicators , 
alarms or any application which 
requires an audible signal. The 28-pin 
i.e. is half analogue (low frequency 
oscillator, voltage-controlled oscillator, 
noise filter, attack/decay circuit and 
amplifier) and half PL (noise oscillator, 
noise generator, envelope select, and 
mixer). 

The i.e. operates by generating ·three 
sound functions which can theh be 
filtered, mixed, and shaped to produce 
almost any natural or imaginary sound. 
A block diagram of the device is shown 
in Fig. l. 

The low frequency oscillator, l.f.o., is 
based on a comparator with current 
sources that charge and discharge an 
external capacitor as shown in Fig. 2. 

r-------~~ 
! . 

r~--...t 
CONTROL 

L~-; ....... .-J 

This oscillator normally operates 
between 0.1 and 30Hz although it can 
operate up to 20kHz. The frequency is 
controlled by an external resistor and • 
capacitor, and is 0.64/ RC Hz. Because 
the capacitor is charged by a constant 
current source, a triangular waveform 
is produced at pin 21. However, if an· 
exponential waveform is desired, a r~s-

vc.o. 
SELECT 

EXTERNAL 
VC.O CONTROL PITCH 

E xternal 
control 

istor may be connected across the 
capacitor. The comparator ryas a 
reference voltage of 2.5V and switches 
at this point to generate a square wave 
which is fed to the mixer. 
The v.c.o. in Fig. 3 is similar to the l.f.o. 
and operates at frequencies 'from 1Hz to 
20kHz. An additional comparator is 
provided so that two voltage controlled 

• 

2·5V~---·· · -· · LFO. 
capacitor 

- . 350mV- - - - voltage 

nnn r-1 nnn vco 
JU U U U U Ul output 

(a) 

2·ov----, r-- Vr ext 
1·0V-·-- L__J 

JliLfUU1flJlJ1 vco 
output 

(b) 

2·ov·------- Vr ext 

~:~~=-:=l___ ~~tch 
(c) 

Fig. 3. Voltage controlled oscillator. The 
output waveforms show (a) frequency 
modulation, (b) external voltage 
control and (c) pitch control. 

~ Fig. 1. Block diagram. The circles, 
squares, triangles and diamonds denote 
programming by capacitors, resistors,
logic levels and analogue signals 
respectively. 

CONTROL I 
NOISE 

CLOCK 

NOISE 
GENERATOR 

CONTROL 

J 
Fig. 2. Low frequency oscillator. An 
exponential waveform can be fed to 
the v.c.o. by placing a resistor across 
the capacitor on pin 21 . EXT. 
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+ + 

...n...n_n_r-u-
21 control gate 

4----- 3-- --- ---- --

R 
Ext clock 

~ 
Noise output 

Fi_g. 4. N?ise generato_r and lo": p~~ filter. The nominal resistor value at pin 
4 ts 47kn although thts can be mcreased to 100kO. ·· · · · ----·-

To envelope generator and modulator 

Fig. 5. Mixer circuit. The input signals are multiplexed and not summed. 

VCOwith FF 

Envelope select logic 
section 

Operational amplifier 
section 

Fig. 6.Enveiope generator and modulator. With mixer only or one-shot selected, the 
attack ramp starts when the system enable pin is taken low. If v.c.o. or v.c.o. with 
alternating cycles is selected, the attack ramp starts on each positive edge or every 
other positive edge of the v.c.o. output. 
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inputs can be used. A logic 1 on pin 22 
enables comparator 2 so that the v.c.o. 
is controlled by the l.f.o. triangular 
output. A logic 0 on pin 22 enables 
comparator 3 so that the v.c.o. can be 
controlled by an external voltage on pin 
16. Comparator 1 is used as a pitch 
control and only affects the mark-to
space ratio of the v.c.o. output. The 
minimum output frequency is set by the 
external resistor and capacitor on pins 
18 and 17, and is 0.64/RC. The control 
voltage, which should be 0 to 2.5V, will 
give a 10:1 change in frequency which 
increases towards OV. · 

The- external resistor should be 
greater than 4. 7kQ to prevent an ex
cessive charging current. Because the 
v.c.o. can be controlled by the l.f.o., an 
additional external control input can be 
provided at pin 21. 

The noise generator is formed by ~ ring 
oscillator, shift register, and a low-pass 
filter as shown in Fig. 4. The oscillator 
frequency is controlled by an external 
resistor at pin 4, and can be inhibited by 
taking pin 4 to + 5V. In this case an 
external 5V pk-pk oscillator can be fed 
into pin 3 and used to clock the shift 
register. This technique is useful if a 
slower or more precise clock is needed. 
The shift register produces pseudo
random white noise which is passed 
through a variable bandwidth low-pass 
filter, with a 3dB frequency of 1.28/RC. 
If filtering is not required, the capacitor 
at pin 6 can be omitted~ but a resistor of 
at least 4.7kn inust be left at pin 5. 

The mixer is a NAND gate multiplexer 
which selects one or a combination of 
the inputs and feeds the output to the 
envelope generator, see Fig. 5. The 
mixer output is an AND function and 
therefore does not sum the input signals 
to produce simultaneous so.unds. A 
truth table for the mixer is shown be
low. 

c B A 
(pin 27) (pin 25) (pin 26) output 

0 0 0 V.C.O. 

0 0 1 l.f.o. 
0 . 1 0 noise 
0 1 1 v.c.o. I noise 

0 0 l.f.o. I noise 
0 1 l.f.o. /v.c .o. /noise 

0 l.f.o . /v .c.o . 
inhibit 

These inputs can be selected by external 
logic circuits, three changeover 
switches, or by a rotary switch with a 
suitable diode network. In each case, 
logic levels of 0 and + 5\r should be 
used. 

The envelope select logic determines 
the envelope which is given to the signal 
after the sound sources have been 
mixed, Fig . 6. Pins 1 and 28 are pro
grammed with logic levels and the truth 
table below shows the envelopes that 
are produced. 
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Fig. 8. Microphone interface. 
' ~ 

Fig. 7. One-sh.-ot circuit. 

Pin 1 Pin 28 

0 0 
0 1 

0 
1 

Output 

v .c.o 
mixer only 
one-shot 
V.C . O. With 
~~nati r1.2._~ycles 

Again, the input can be programmed by 
switches or other logic circuitry. When 
mixer only is selected the output is not 
shaped. The external resistors at pins 10 
and 7 set internal currents which charge 
and dischage the external capacitor at 
pin 8. 

Because these linear charging ramps 
are used to alter the rise and fall t imes of 
the envelope, the resistors and capaci
tor can be used as attack and decay 
controls. If these controls are not re
quired the resistor at p!n 10 must-stil't be 
used. As in the l.f.o., if exponential 
attack and decay slopes are required, a 
resistor can be connected across the 
capacitor. 

The ·system enable circuit in Fig. 6 acts 
as an on/off switch for the sound output 
when a logic 1 or 0 is applied to pin 9. 
This ·input is also used to set the one
shot circuit in Fig. 7 with a negative
going edge. Pin 9 has an internal 15krl 
pull-down resistor so that if the input is 
not used the circuit will be permanently 
enabled. 

For momentary sounds, the one-shot 
latch can be used which has a duration 
determined by the RC time constant at 
pins 23 and 24. The comparator switches 
when the capacitor voltage reaches the . 
2.5V reference voltage, and the circuit is 
then reset. Pin 9 must be held low for the 
duration of the one-shot, and can only 
be used when the correct envelope 
select logic has been programmed. Any 
attack time which has been set will 
occupy part of the one-shot period. 
However, any decay time which has 
also been set will not occupy part of the 
one shot period, but will be added at the 
end. 

The output stage in Fig. 6 is an op-amp 
designed to interface with external 

10_,u 

Fig. 9. Practical circuit for producing a 
sirenlphasor gun sound. 

sound modulators or further amplifying 
stages. Because the output is an emitter 
follower without a load resistor, pin 13 
should ha.ve a resistor connected to 
earth, and ranging in value from 2.7 to 
10kn. 

Peak output voltage is 3 .4R / R G 

where RF is the feedback resistor at pin 
12 and RG is the gain resistor at pin 1 L 
The output range is limited to 2.5V 
pk-pk before clipping takes place. 

Theresistor at pin 1 i- 15 th_e_ m_a_i_n_ 
control for output amplitude, and may 
be varied from 27krl to 220krl for 
amplitude modulation. Feedback resis
tor RF is intended to compensate for 
external variations, but further filtering 
can be added to the output if a suitable 
feedback circuit is used instead of the 
resistor. 

More complex sounds 
Although the i.e. can synthesize a wide 
variety of sounds by simple program
ming, highly complex waveforms can be 
produced wit h the aid of ext ernal 
circuitry. When two sounds are re
quired simultaneously a square- wave 
oscillator can be used to switch the 
mixer select lines at a frequency of 
between 20 and 100kHz. If different 
output amplitudes are required, the 
mark-to-space ratio of the oscillator 
output can be altered. 

For applications where several 
amplitudes, frequencies or envelopes 
need to be programmed, a shift register 
or counter can replace the manual 
switch or potentiometer, and sequen
tially connect prese lected resistor 
values. For more ambitious pro
grammes a 1K r.a.m. could be used, for 
example, to play 16 different 16-note 
tunes. 

Ahhough -the device does- not have 
an external input for the mixer, which 
would be useful for interfacing the i.e. 
with other sound sources, external 
signals can be fed in via pin 12. An 
example of this is the circuit in Fig. 8 
which can be used to add a voice signal 
to the sound output. 

Practical circuits 
The simple demonstration circuit in Fig. 
9 produces a "siren/phasor gun" sound. 
For more varied wavefo r ms, how
ever, it is worthwhile constructing an 
evaluation circuit such as the example 
in Fig. 10 which allows waveforms to be 
gradually synthesized using manual 
switches and potentiometers. The three 
mixer. select inputs have an optional 
square wave generator as described 
earlier, and the low frequency oscillator 
can be sequentially programmed using 
a decade counter. 

From experience, it is preferable to 
set all of the time constants to the 
mid-values, and start by programming 
the mixer and envelope select logic. 
Once the approximate waveform is 
achieved the noise, modulation and 
tone can be adjusted, followed by the 
more subtle effects of attack/decay 
and amplitude. 
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14 
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~ 
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+5V 

47k 
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Fig. 10. Evaluation circuit. The 555 
square-wave generator can be used to 
multiplex the mixe-r output, and the 
counte'r can be used to sequentially 
switch resistor values. Diodes are used 
so that the 74LS90 cannot source 
current into pin 20. 

For miscellaneous waveforms and 
sound effects the 76477 is a very ver
satile and economical device. However, 
following some experiments with an 
electronic organ design, general 
stability problems make the i.e. unsuit
able for use in an electronic instrument. 
Nevertheless, the prospect of inter
facing the device to a microprocessor 
may well lead to a new breed of sound
effect generators. 

Printed circuit board 
A glass fibre p.c.b. is available from MR. 
Sagin at 23 Keyes Road, London N.W.2 
for £4.50. The board, which is based on 
the evaluation circuit in Fig. 10, accom
modates p.c.b. mounting slide switches 
and pre-set potentiometers. 
We understand that the SN76477N can 
be supplied by Technomatic Ltd, 17 
Burnley Road, London N.W.lO. 

+9V 

+5V 

220n 470n 

4k7 

News in brief 

The Executive Vice President of Matsushita 
Electric has announced that Matsushita 
Electric (UK) Ltd is to increase the range of 
the products made in Wales, and that it has 
completed negotiations to take over . a 
government-owned factory next door to its 
existing colour tv factory' in Pentwyn, Car
diff. The company will eventually be pro
ducing National Panasonic music centres 
and Technics stereo radio tuners in the new 
factory. 

Dexcel Incorporated of California has 
appointed Nore Microwave Ltd as its exclus
ive agent for microwave transistors and 
associated products in the UK. The Dexcel 
product line consists of GaAs f.e.t.s of both 
low noise and medium power types, silicon 

~ 
o--1 e 

~ ~ o---1 o--1 

~ ~ ~ 
bipolar transistors, GaAs f.e.t . amplifiers and 
oscillators, all in the frequency range up to 
18GHz. 

A new magazine called 'Sounds Vintage' is to 
be published bi-monthly, starting in January, 
and will be devoted to information, articles, 
news, views, advice and general information 
related to the 'hardware' and 'software' of 
vintage sound. Subjects covered will include: 
vintage wireless sets, acoustic gramophones, 
cylinder machines, the work of pioneers, 
records and cylinders, servicing and 
renovating and collector's information. Sub
scriptions from Subscription Department, 
Sounds Vintage, 28 Chestwood Close, 
Billericay, Essex. 

Learned Societies, academics, universities 
and individuals in industry throughout the 
world were recently invi ted to nominate 
candidates for the Fifth Marconi Internatio
nal Fellowship. The Fellowship, a $25,000 
grant commemorates Guglielmo Marconi's 
creative contributions to scientific discovery, 
engineering and technology . The special 
subject chosen for the 1979 Fellowship is 
'Outstanding advances in satellite and space 
technologies - relevant to improving world 
communications'. The grant will be made to 
an individual in recognition of his or her 
outstanding contribution in this field and it 
will be used to commission work, preferably 
by the recipient. 
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Surround sound patents 
Will the future of surround sound depend on patent bargaining? 

The modern history of surround sound 
has been the subject of regular reports in 
these pages. Inevitably, less has been 
written on the past history of 
multi-channel sound. and the patent 
literature contains a number of surprising 
revelations . It is also fruitful at the same 
time to examine the more modern patent 
literature, because this helps put into 
perspective current cla ims. disputes and 
commercial alliances in the 
surround-sound field . Moreover an 
understanding of the patent situation, 
both ancient and modern, may also be of 
value to those involved in the production 
of surround sound equipment and 
interested either in patenting their own 
ideas or ensuring that they do not 
encroach on ideas covered by current 
patents . 

A PATENT IS A BARGAIN struck bet
ween the inventor and whichever 
country grants him the patent. The 
inventor discloses full details of inven
tion to the patent office of the country 
in question - yirtually every industrial 
country has a patents system - and if 
the patent office adjudges the idea 
novel a temporary monopoly is granted 
to the inventor. 

Then, for a limited period of time, the 
inventor has the opportunity of pre
venting others from using the same 
idea. But simultaneously, as part of the 
bargain, the patent office publishes the 
details of the patented invention to the 
public. The disclosure document or 
patent, is from the moment of publica
tion, a free source of information to the 
public. (The Holborn Science Reference 
Library off Chancery Lane in London, 
has a full set of patents from most 
industrial countries, including, of 
course, the UK. Copies of these may be 
bought, at a price dependent on length, 
or at a flat fee of 95 pence if the patent is 
British.) 

Once the patent has expired , either by 
reaching the end of the statutory period 
or by failure of the inventor to pay any 
renewal fees that are necessary, the 
invention as disclosed by the published 
document passes into the public 
domain~ Under the-new u ·KTaws- a 
British patent will last 20 years in con
formity with many other countries. 
(The previous term was 16 years.) It is, 
therefore, a safe bet that any technical 
information contained in any patent 
over 20 years old will belong to the 
public. Generally speaking, that infor-

by Adrian Hope 

mation cannot then be re-patented by 
the in yen tor or anyone else. It is clear, 
from the patent records, that a sur
prising number of audio ideas applicable 
to surround sound are well and truly 
part of the public domain. 

As -early as 'i878,--0ctober22rid to be 
precise, Thomas Alva Edison completed 
the filing of an impqrt~nt patent appli
cation in Britain. This issued as BP1644/ 
1878, and it contained, just ten months 
after the invention of recorded sound, a 
passage that pre-empted the idea of 
multi-channel recording. Edison 
sketched and described a cylinder 
recorder with four separate cutter 
heads, simultaneously tracking dif
ferent parts of the same cylinder. "Four 
persons may speak simultaneously and 
have records made in separate, parallel 
lines upon one cylinder, and the phono
gram will reproduce the sounds the 
same as though it contained the record 
of but one voice," said Edison. Who says 
four-channel recording is new? 

In 1881, a system was demonstrated 
by Clement Ader at the Paris Electrical 
Exhibition which effectively anticipated 
much of the modern binaural and 
dummy-head stereo work. Eighty of 
the newly-invented Bell telephones 
were used to transmit the sound of 
music from the orchestra of the Grand 
Opera through to listeners at the 
Exhibition. According to a contempo
rary report, a "new acoustic effect" was 
discovered by accident. It was found 
that if the listener took two, rather than 
one, telephone earpieces, and put one to 
each ear, the sound heard took on a 
new dimension. A "special character of 
relief and localisation" was ex
perienced, for the simple reason that the 
sound fed to the listener's left ear was 
originating from one microphone and 
the sound fed to the right ear was or
iginating from another microphone, 
spaced from the first. Presumably the 
most realistic effects were heard by 
those listeners who had by pure chance 
picked telephones connected to a pair of 
microphones spaced apart by a distance 
comparable to that between the ears of 
the human head. Although there is no 
record of a patent filed on this process, it 
surely represents the first disclosure of 
binaural stereo, albeit by direct wire 
transmission. 
-- Incidentally, at the turn of the cen
tury cylinder -recordings were made by 
the simple expedient of putting the 
artist in a room, facing a bank of several 
dozen cylinder recording machines.' 
That way, without recourse to duplica-· 

tion which for cylinders was then tech
nically difficult, or dubbing which de
-graded quality, one recording could 
produce several dozen cylinders. 
American recording engineer Jerry 
Bruck has argued that at least some of 
those recording machines must inevit
ably have had their horns spaced apart 
by the ideal distance for a crossed-pair 
recording. All that remains now is to 

· find the right pair of cylinders from the 
same recording session and dub them 
together onto tape as left and right
channel sound records of the original 
performance . .. 

Probably the earliest disclosure of, 
and patent on, a multi-channel recor
ding is to be found in BP23620 of 1911. 
This patent, gran ted to Augustus 
Rosenberg of High Holborn, . London, 
'proposed a · cinema sound recording an(f 
reproduction system which enabled 
"two synchronous sound-records (to) 
be obtained, one from each end of the 
front of the stage, or scene of the in
cidents to be recorded". The sound 
records were to be "produced photo
graphically side by side upon a single 
strip" with reproduction through 
"sound reproducing devices placed at 
or near each end of the screen", to 
produce sound from the screen "in 
accordance with the movements of the 
apparent source of sound from side to 
side of the pictu're". Particularly 
important is the suggestion in this 1911 
document that "the number of sound 
records employed is not limited to two". 

It is interesting here to digress for
ward in time and note that Fred and 
Ralph Walker of New York paten ted the 
Cinerama film and sound system as long 
ago as 1937 (BP518905) with the_ object 
of "increasing the illusion of being in 
and surrounded by an environment by 
producing binaural sound effects". 

In USA patent 1855149 of 1927, W. 
Bartlett Jones of Chicago described in 
some detail the now well-known effect 
of binaural sound, and suggested that 
the two channels of sound necessary 
could be either separately transmitted 
by using two radio wavelengths, or by 
adoption of multiplex techniques "so 
that a single wavelength may be used to 
broadcast two effects". Bartlett Jones 
then went on to suggest that the two 
channels of sound could be recorded 
using either a film record, or a disc with 
one effect on each side or a double or 
side-by-side groove. Alternatively, and 
most important, he went further to 
suggest that the disadvantages of 
recording separate channels in separate 
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grooves "may be avoided by providing 
the two effects in one groove. Two types 
of sound groove are now employed, ·one 
varying vertically and one varying 
horizontally. A groove may be made 
which varies vertically for one effect 
·and whiCh varies laterally for the other 
effect." 

Thus by 1927 the notion of recording 
surround sound using binaural techni
ques and the vertical-hori;wntal 
modulation of a single groove was 
already old. Indeed, the notion of recor
ding two channels of sound in a single 
groove modulated both laterally and 
vertically was already old in 1920. In 
July of that year, Samuel Waters of 
Washington filed USA patent 1520378, 
which claimed an acoustic gramophone 
using a pick-up with orthogonally 
related components, to track a groove 
modulated by orthogonally related 
vibrations. But again, Waters was in
'terested only in vertical-lateral modula
tions and, like Bartlett Jones seven . 
years later, was interested in keeping 
the two channels of sound separate. 
Incidentally, Waters was concerned 
with improving signal to noise ratio, 
rather than reproducing sound in three 
dimensions. 

IT WAS IN 1931 that Alan Blumlein filed , 
BP394325, which disclosed the principle 
of 45 :45 modulation and while not 
claiming surround sound, as such, laid 
the foundation to modern surround
sound matrixing: Blumlein was the first 
to think of two channels as a means of 
transmitting or recording a composite 
of information for subsequent recon
struction into a usable format. 
Although concerned mainly with two
microphone recording and two
loudspeaker reproduction, Blumlein did 
suggest in passing the possibility of 
using "four or more loudspeakers" in a 
·vertical pattern and microphones 
arranged "one above the other . 0 • to 
provide significance of vertical as well. 
as horizontal movement of the sound 
source". 

Contrary to popular misconception, 
Blumlein did not describe quad
raphonics or four loudspeakers in a 
quadrangle. What he did was reveal, and 
take advantage of, the psycho-acoustic 
phenomenon whereby the human ear/ 
brain combination will hear a phantom 
spread of sound when facing two 
loudspeakers reproducing two channels 
of information containing amplitude 
variations to provide directional clues. 
Ironically although it is on Blumlein's 
patented approach to signal matrixing 
that modern surround-sound encoding 
is based, it is the illogical extension of 
Blumlein's pair-blend loudspeaker 
stereo ideas to a quadrilateral that has 
led so many surround sound designers 
into blind alleys. As Blumlein surely 
'well knew, pair-blending works prop
erly only when the listener faces the 
loudspeaker pair, and in a quadraphonic 
set-up only one loudspeaker pair can be 
faced at a time. 

Even before Blumlein filed his patent 
application, Arthur Keller of Bell Labs 
in New York had filed an application 
which issued as USA Patent 1910254. 
This document, dated 1929, discloses an 
alternative approach to multi-channel 
signal recording and transmission and 
has subsequently been developed and 
adopted by JVC and Nippon Columbia. 

Keller used a modulator to combine 
or multiplex the separate sound chan
nels, by displacing them in the 
frequency scale "to form a progressive 

·series of bands separated by suitable 
intervals". The multiplex approach was 
refined by William Livy of EMI, in 
BP612163, filed in 1946. Livy proposed a 
solution to the problems produced by 
speed fluctuation during reproduction 
of a multiplex disc. He proposed that a 
high frequency carrier be recorded on 
the disc along with the programme, and 
used on replay "to lock the oscillator in 
the reproducing apparatus in 
synchronism, so that if the speed of the 
record varies the frequency of the 
oscillator will likewise vary in the same 
ratio". In 1954, Kenneth Hammon of 
Ohio filed US patent 2849540, which 
developed the Livy idea further, to 
improve quality and frequency range, 
and relied on a 30kHz carrier. 

Peter Scheiber of New York is 
generally acknowledged as the first to 
use a matrix technique of Blumlein 
descendence to encode four signals into 
two channels. The Scheiber master 
patents BP1328141 and 1328142 are now 

· under the CBS wing, and it is interesting 
to note that a computer error allowed 
them both to lapse for a while, due to 
inadvertent .non-payment of renewal 
fees! In fact CBS holds an extensive 
string of patents and more are continu
ally issuing. BP1347993 and 1347994 are 
conveniently representative of the basic 
SQ system, and BP1303021 is similarly 

.'representative of the basic QS system. 
The Tate signal-dependent decoder is 
described and patented in BP1514162 
and USA patent 3944735, again under 
the CBS wing. BP1402320 covers the 
Variomatrix decoder which is, of 
course, Sansui's signal-dependent pro
cess. · (The Sansui circuit has been used 
by the BBC to enhance Matrix H de
coding.) 

Other important patents applied for 
early in the 1970's included USA 3417203 
and British patent 1356843, both in the 
name of David Hafler. The last
mentioned is particularly interesting 
because it disclosed the basics of the 
so-called Hafler system for producing 
four-speaker stereo with a loudspeaker 
matrix. But Hafler prior-published the 
substance of BP1·356843 in Hi-fi News, 
and therefore invalidated this aspect of 
the patent. 

MOVIN-G UP TO DATE, the original 
Ambisonics patent was BPi369813, 
which contains subject matter similar 
to BP1411994. This latter patent 
claimed the BMX matrix developed by 
Duane Cooper in the USA and has for 
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several years been under the wing of 
Nippon Columbia. The BBC, inciden
tally, has patents on a BMX-style matrix 
eg. BP1414166. Something of a puzzle is 
British patent application 34839/74 by· 
the BBC. Although secret, this has been 
publicised as containing a claim to the' 
use of a Sansui Variomatrix decoder 
with a phase shifter of 60 ·o . If the report' 
is correct, here is a novel approach to 
patent novelty - like claiming patent 
monopoly on a well known flagpole 
tilted to 60°! 

:Patents continue to issue on rriatrix 
encoding, multiplex and combined! 
matrix-multiplex techniques from a 
world-wide range of companies. 
Examples of patents for extra-channel 
radio transmission systems are 
BPI367429 from Siemens and BP1377138 · 
from Matsushita. It is likely that the 
Siemens patent may prove the master 
patent on phase quadrature three
channel transmission . The stream of 
issuing patents continues still because 
there is a lag between application and 
publication, and we are still reaping the 
dubious benefits of . research en
thusiasms now several years old. 
Almost certainly it is the number of 
mutually conflicting patents now issued 
that has produced a more adult 
approach by the competitive com
panies. Such a tangled web of conflic
ting patent rights has developed that, as 
with radio in its infancy, a degree of 
patent pooling has become inevitable if 
progress in the field is to continue 
without the largely unnecessary ex
pense and delay of litigation. 

Recently for instance CBS has 
received patents in the UK on modifi
cations of the SQ system which involve 
the transmission and recording of extra 
channels of information in "discrete" 
manner (BP1504391 and 1504392). This 
suggests an overlap of patent monopoly 
between CBS and the string of firms 
more traditionally associated with the 
multiplex approach to multi-channel 
recording and transmission . The or
iginal Ambisonics - NRDC British 
patent 1369813 has now been followed 
by BP's 1494751 and 1494752 which 
respectively protect the concept of 
frequency-dependent decoding for 
improved sound localization and vari
able decoding to match the perfor
mance of a system to the shape of the 
room and number of speakers used. The 
Calrec sound field microphone, now 

· being used by both the BBC and IBA, is 
clearly based on another NRDC
Ambisonics patent, BP1512514. Other 

· patents based on Michael Gerzon's 
work are believed to be in the pipeline to 
grant. The BBC, IBA, Nippon Columbia 
and NRDC are already informally 
pooling patent rights and with the 
rights of Scheiber and Tate aligned with 
the giant CBS and the interests and 
.allegiances of Sansui and JVC currently 
ill-defined, the commercial future · of 
surround sound must depend as much 
on patent politics as system perfor-
mance~ . [] . 
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Measuring Frequency? 
Just a second! 

This new frequency meter from Feedback, the FM 610, 
gives you outstanding resolution in less than one second 
reading time. 

In fact, above 1Hz, resolution is between ten and a 
thousand times better than with a conventional timer counter. 

Highly sensitive and reliable, the remarkable FM 610 
operates over a wide O.OOlHz to lOMHz frequency range. 
And you get direct reading rig[.1.t down to the lowest 
frequencies. The built-in processor sees to that. Cuts out all 
those. lengthy calculations so operation is really simple. 

The FM610 is one of the superb range ofFeedback 
instruments designed and manufactured to provide high 
performance at a reasonable price. 

What's more, it's backed by over twenty years of 
Feedback experience and a two-year guarantee. The 600 
range is available direct from Feedback Instruments Limited, 
so for fully detailed literature on the FM 610 simply complete 
and post the coupon today. 

Or contact our distributors. 

RCS.Ei 

OVER 
AANGE 

P.O. Box 19, Orchard Road, 
Roy~ton, Herts, SG8 5HH. 

,---------------.. I ?lease send f~mher information on the FM 610 and the other 5 I 
mstruments m the range. 

I Name 

I 
Position 

Company 

Address 

Tele'phone 

Feedback 
hlstr:uments II 
Limited ~ 
Park Road, Crowborough, Sussex TN6 2QR. 
Telephone: Crowborough (08926) 3322. 

L Cables: Feedback Crowbr. Telex: 95255. ww 1179 1 ---------------· 

TRIGGER 
FREQUENCY SLOPE ILTEfl 

INPUT 

~ 
11-.'U'U Spf 

INPUT LEVEL RANG 
pk-pk 

The Feedback FM61o will make even the testiest tester smileo 
WW- 025 FOR FURTHER DETAILS 

59 



60 

Eddystone's new 1837/1838 series of high
grade h.f. communications rece ivers covers 
most general-pu rpose applicat ions in 
professional and mil itary communicat ion, 
including IJlarine use where speech, telegraphy 
or f .s.k . te lepri nter signa ls are employed. 
A particu lar featu re of the new rece ivers is the 
unique method used for frequency stabil ization, 
w hich provides the conven ience of manual 
tuning with the facil ity for locki ng the frequency 
to a high degree of accuracy. 
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The 1837/1838 series has. been approved by the 
Brit ish M inistry of Posts and Te leg raphs as 
complying fully w it h spec ifications M PT 1201, 
1216, 1217, 1204. Reliabil ity is an outstanding 
feature, and the performance is maintained 
under severe environmental cond itions 'of 
cl imate and locati on . 
Please ask for.full de.tails: 1837/1 Shi p's Main 
and Reserve Receiver : 1837/2 General- Purpose 
High Stability Receiver: 1838 Series General
Purpose Telephony Receiver. 

Eddystone Radio Limited 
Member of Marconi Communication Systems Limited 

Alvechurch Road, Birmingham 831 3PP, England 
Telephone : 021 -475 2231 Telex: 337081 · 
A GEC - Marcon i Electronics Company 

WW- 015 FOR FURTHER DETAILS 
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ENGINEERS, GET OUT OF 
BR ITAIN 
I am amazed to see "Mixer" treating the 
news that "A" level students shun careers in 
industry with such levity (October issue). 
Lack of really first-rate people in engineering 
is probably one of the greatest problems 
facing British industry today. Nevertheless, . 
one cannot blame either the students or their 
teachers for this attitude. The fact is that 
engineering is not regarded as a respectable 
profession in Britain, an attitude which is 
repeatedly emphasised by the salaries offered 
for senior, responsible engineering jobs. 

I am a graduate in electrical engineering 
with tWelve years' post-graduate experience, 
spent partly in R&D and partly in production 
engineering. In 1972 I chose to leave Britain 
because I saw no prospect of ever having a 
reasonable standard of living there. Here in 
Belgium, I have a basic salary of about 
£19,500. Even allowing for differences in cost 
ofliving, taxation etc., I would need a basic 
salary of about £I5,000 to maintain the same 
standard of living in the UK. Judging from 
job adverts currently appearing in the natio
nal and technical presses, I would be ex
tremely fortunate to get an offer of £8,000. I 
for one am quite happy to stay here where 
professional , graduate engineers are 
regarded as social and professional equals to 
doctors, lawyers, etc., and I would recom
mend any Britons unfortunate enough to 
have chosen engineering as a career to 
seriously consider leaving the country. 

I know of no other country in the world 
where engineering is so poorly regarded and 
remunerated as in the U.K. The blame must 
largely rest with the engineers themselves, of . 
course, for accepting the disdain with which 
their profession is seen by management and 
public alike. I am, however, sure of two 
things: British industry will be unable to 
attract top students until and unless the 
engineering profession be given correspond
ing status to that of the "respectable" 
professions; and British industry will not 
make the long talked about recovery until 
'and unless top students can be persuaded to 
choose careers in industry. 
J. W. Pepper 
Brussels 
Belgium 

3D TELEVISION 
Professor D. A. Bell, writing about three
dimensional television in the November 
issue, dismisses the two colour (anaglyph) 
process for "entertainment television." But 
what about the odd 20% of television time 
which is intended to be educational rather 
than entertainm.ent? I have always 
maintained that a 3D picture in mono is 
much more informative than a 2D colour 
picture and there are many programmes 
which would be more immediately compre
hensible by the use of the anaglyph system. 
Perhaps we could persuade the BBC to in_~ 
elude pieces of red and green transparent_. 
toffee paper in an issue of the Radio Times 
and give us a "Tomorrow's World" in 3D? 
Just once! 

Meanwhile perhaps readers would be 
interested to hear of my own private method 
of obtaining true stereoscopic pictures from 
an ordinary 2D television set. I have some 
scores of pairs of photographs of most cele
brated people and places, taken over the last 
two or three years. The secret is to watch for 

· ·----~ 

an angular change oetween subject and 
camera and then to take two photographs in 
quick succession - perhaps a half to one 
second in time apart. Briefly the conditions 
arise when (1) the camera is seen to 'crab' 
round the subject, which it frequently does 
on set, in architectural scenes, and from 
helicopters; (2) when advantage is taken of 
small changes of angle of close-up heads ....:. 
these might require several shots to find a 
suitable pair; and (3) when the object is 
turning on a turntable. It is almost essential 
that the camera is motorized, and it is better 
if it has an interlens shutter. The exposure 

' with a 125 ASA film -which may be colour -
is of the order of 1 /30-th second at f3.5 at 
normal brightness of picture. The television 
camera must not be zooming at the time, of 
course. The process requires alertness and_ 
deftness, and a sympathetic family. 
John T. Lloyd 
GJasgow 

RELATIVITY AND -· 
TIME SIGNALS 
Dr Essen (December letters) deserves an 
answer. Dr Griffiths doesn't supply it. How
ever, I was fortunate enough to tune in to the 
following radio conversation between a 
Martian (M) and an Earthling (E). It might 
help if I quote it. 
M: I don't understand this relativity theory 
that you chaps have dreamed up, Can you 
suggest an experiment? 
E: Yes. When you are ready send me 
twenty pulses at one second intervals by 
your clock and I will do the same to you by 
my clock. 
M: I received twenty pulses but they were not 
at one second intervals. 
E: Of course not. I received twenty also but 
after making the necessary Doppler correc
tion I find that the interpulse interval was 
(l-v2/c2)-~ where vis your velocity. 
M: How did you know my velocity? 
E: Easy enough . You are on your usual 
carrier frequency so I could find your 
velocity by doing a Doppler correction to it 
(relativistic of course). 
M: I'm sorry but it seems to me like a circular 
argument. 
~: Of course it is! If it wasn't there would be 
some loose ends somewhere. The only way to 
keep an argument free from paradox is to 
make it circular! 
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M: It seems to me there is only one thing we 
do agree about. There were no missing ticks! 
E: Ye .. es. Are you sure you sent twenty? 
M: Of course I am. I can count. Once round 
my fingers and toes! 
E: Er ... .. . but you're a Martian . . .... . 
G. F. Filbey 
School of Physics 
Polytechnic of the South Bank 

RAiLWAY PU BLI C 
ADDRESS 
I was not at all distressed to read of Mixer's 
travails with the public address system at 
London Bridge Station; in fact, I was rather 
gleeful. For we have the cure to the problem, 
in fact have had it for years. It's our Speech 
Enhancer, which was originally developed to 
eounter Soviet jamming of Israeli radio 
broadcasts, and which worked very well at it 
during the Yom Kippur War of 1973. 

What the Speech Enhancer does is to 
reduce the level of vowels relative to conso
nants. In English, as in most languages, the 
vowels contain the energy and the conso
nants contain the information. The dif· 
terence in energy ranges from 20dB to 60dB, 
or occassionally more. How much energy is 
there in a stop? 

Fairly consistently , at the 90% intel
ligibility level, we get improvements of 12-13 
dB in intelligibility in white noise, for the 

' same peak signal level. Translated, this 
means that for the same amplifier power, you 
get the same intelligibility at the 90% level if 
you increase the white noise by 12-13 dB, or · 
alternatively, for the same environment, you 
can cut the amplifier peak power by a factor 
of 20 or so. 

With normal speech the intelligibility falls 
off slowly so that if the noise goes up 6dB, 
you might catch one word out of two. With. 
the Speech Enhancer, it falls off abruptly, so 

' · that if the noise goes up 3dB, you won't 
understand anything. The speech has a dif
ferent quality than normal speech; it tends to 
cut through and demand attention. 

Now the pitch. We should be delighted to 
sell Speech Enhancers to the British 
Railways, or to anyone else in Britain. (By the 
way, they are low power devices which 
consume about one watt and go between the 
microphone and the amplifier. There is only 
one control -a pot used to adjust input level 
- and one indicator, a l.e.d. which flashes 
when the optimum peak input level is passedl 
on speech bursts.) 
Yale Jay Lubkin 
Ben Franklin Industries Ltd 
Casey Creek, Kentucky, USA 

On page 98 of the October issue "Mixer" says: 
" ... it must surely be possible to design 
something that is at least intelligible." Of 
course it is! 

Soon after the war British Railways instal
led at Liverpool Street, Charing Cross, Lon
don Bridge, and probably other stations, 
public address schemes that worked really 
well. The design and installation work was, if 
I remember correctly, by Rediffusion 
Limited. The essence of the scheme was that 
it employed many low output 'loudspeakers 
close overhead, instead of the few high power 
horns that had been used before. Another 
feature of the Rediffusion design was that it 
'included a form of a.g.c. which boosted ~he 
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output when l~comotives (steam in those 
days) were puffing hard or blowing off. 

The important point is that the Rediffusion 
job worked well. Then, perhaps 10 or 12 years 
ago, although the installed equipment was, 
so far as I could tell, still working well, it was 
ripped out and replaced by something else. 
Although this "something else" still uses a 
multitude of small speakers it has never been. 
properly intelligible since the day it was 
commissioned. 
C. H. Starr 
London SE14 

SYNTHESIZED F.M . 
TRANSCEIVER 
Over the past few months I have been 
reading, with interest, some of the modifica
tions which have been carried out to the 
two-metre f.m. transceiver which I designed 
(November and December 1977). From what 
I have read it seems that the v.c.o. is causing . 
certain people some trouble (I myself have 
built nine of these units with practically no 
trouble). However, the following points on 
the v.c.o. may be of some use: 

From 
fig.1 

Se~ hold time 

1. The number of turns, and hence the Q of 
L, is critical as this sets the V /MHz sweep of 
the v.c.o . and hence the loop gain; increasing 
Q is likely to lead to loop instability, but 
reducing Q prevents the necessary swing 

1N914 

'5' meter 
input 

from 
HA1137 

Squelch 

Fig. 1. Improved mute circuit. Note that 1 kQ 
resistor and 1 OnF capacitor at the input should 
be mounted adjacent to HA 113 7. 
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(22-24MHz) and will lead to a 'sloppy' lock. 
The type of ferrite slug has to be selected 
with care, as some of the ferrite slugs avail
able may only be used up to 3MHz. 

2. The emitter follower buffers are 

10k 

/' 
2N3707 

CD 
To monostable 

pin4 
Stop clock 

To HA1137 
mute input 

220 

9V1 

9 to 16V 

r T { ... ; ~ .............................. ----.--..--.--------..---~. 
.,,..ls5.....,l _7 __ ....,.1..,:3_..,h1,.6 -?"?ok .,....,._,.:.,7_ ... J,g;;.....J~11:..T.,,1;;;.4 16 2 l1o 9to15V 
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10 
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T220c 

4520 

+ 256 

15 aug 

14 

ov ~~._~~--------~_.------~------------------~~~~---.---+~~--~----~--~--~~~--~~+--- ov 

Fig. 2. Auto-scan circuit. Note that: (a) 
resistance and capacitance on 4528 set how 
long scanner remains on station before moving 
to next channel; (b) resistance at 4049 sets 
how fast scanner operates; (c) any channel can 
be selected by operating 'hold ' switch - this 
inhibits clock to counters; (d) outputs from 
scanner can be switched through to 
synthesizer via 4519 data selector or similar 

c. 

Fig. 3 . Microphone preamplifier to replace 
costly compressor i. c. used in original text. 
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necessary to isolate the receiver/transmitter 
inputs from the input of the 7ALS74. Other
wise the first multiplier could have a ten
dency to be unstable. 

3. Regarding the pull-up resistor between 
the 74LS74 o/p and the 4059, it was found 

. that this resistor pulled the t.t.l. o/p up to 80% 
of the c.m.o.s. supply and was quite adequate. 
Although I did try a transistor interface (in 
grounded base), I found t here was no 
improvement in performance. The use of a 
pull-up resistor to interface t.t.l. 5V iogfc to 
c.m.o.s. level is quite normal practice, and has 
no detrimental effects on either device. 

4. It should also be noted that the output 
pulse of the 4059 divider is very narrow 
(160ms) and only occurs about every lms; in 
consequence it may be difficult to see this 
pulse on lower-grade oscilloscopes. To over-

. come this I suggest connecting a flip-flop or 
monostable to the output to pulse st retch. 

5. The supply to the v .c.o. must be abso
lutely noise free , otherwise a noisy output 
will result. 

The quadrature detector crystal was found 
to be adequate for n.b.f.m. stations. Unfor
tunately the use of repeaters combined with 
operators using wide deviation can lead to 
the overloading of the crystal. To overcome 
this problem in the prototype the 10.7MHz 
crystal was replaced with a 10.7MHz ceramic 
f~ 1 ......... ~ ... +-n ,...;v ,. , """pe. 

_..., ,y Ulls motJitication adversely 
affects the operation of the mute circuit and 
the modification shown in Fig. 1 was incor
porated. 

This circuit is also used to stop the auto
scan circuit (Fig. 2) which then holds on the 
channel in use for approximately 10 seconds, 
during which time "hold" can be selected -
otherwise the scan continues. 

Fig. 3 shows a circuit which is now in use in 
the author's transceiver to replace the costly 
microphone compressor. This circuit seems 
to work as well as the i.e., but is still under 
evaluation. 

The phase output pulses for the 4046 (pin 1) 
can be used to inhibit the transmitter output 
until the loop settles , if this is thought 
necessary. In the prototype this was not 
incorporated as it took approximately 80ms 
for the changeover to complete (relays and 
RC time constants, etc.) by which time the 
loop was stable. 

However, some time ago these phase 
pulses were used to trigger a monostable to 
give a transmitter lock out, in the event of the 
synthesizer losing lock. 

I hope that the above points are of some 
interest to would-be constructors, and I am 
glad to see (gauging by the number of letters 
I have seen regarding the design) that there 
are still some real radio amateurs around and 
not just black box operators as I was begin
ning to believe. 
T. Forrester 
St Annes 
Lanes 

• 

INTELLIGENT 
MACHINERY 
Your editorial on intelligent mach ines 
(November) seems to me a bit gloomy. Any 
machine that claims to even minor intel 
ligence ought to be able: · 
(1) to query data you put into it on the 
ground that there is probably something 
wrong with it - even today it seems assumed 
that you can put nonsense into a computer 
and it somehow becomes transmuted into 

sense on the way through· its learn~d bowels; 
(2) to tell you after looking at the data that 
you are asking the wrong questions; and 
(3) if it is to be used by the majority of R&D 
people such as I have met with these past 40 
years, the ability to tell you that you are 
running up a blind alley . 

Nor should one suppose that computers of 
any kind will put people out of work. I have 
yet to find a firm installfng one who did not 
find that they employed more people than 
before just because the thing did queer 
effects about once a year and the t ime in
volved in clearing them up made the extra 
staff necessary. Me, I shall wait and see, 
always prepared to have a good laugh. 
Philip Smethurst 
Bolton 
Lanes 

BICYCLE DYNAMOS 
In his original Circuit Idea Mr Pollard seemed 
to be dealing wit h bicycle dynamos in 
general. Now, however, it seems from his 
comments on my letter in the October issue 
that he is concerned with two specimens of 
H. Miller make. 

Regarding the first, of eighteen years ago, 
which burnt out its tail lamp, perhaps I can · 
help him. I had a look at such a one, said to be 
of about that age, which had stamped on it "6 
volts 3.6 watts." It has an 8 pole magnet, 
incidentally. The use of bulbs which do not 
take a total of 0.6 amps or more at 6 volts 
would produce the effect he observed. 

As for the second, which does.n't give more 
than 5 volts, and so on, if the magnet is in 
order (which it seems to be) his trouble is 
presumably a short-circuited coil, i.e. a short 
part way along the coil system. It is sus
picious that he gives the d.c. coil resistance as 
2.5 ohms, by the way: the old dynamo I saw 
had 3.2 ohms according to an Avo. 

It is quite useless for Mr Pollard to postu
late the necessity for electronic changeover 
circuits and extract profundities when his 
total argument is based on one faulty speci
men. He should begin by requesting the 
makers to exchange what he has for a good 
one, and then move on to bicycle dynamos in 
general before writing further. 
P. Short 
University of Newcastle-upon-Tyne 

MOBILE CB DANGERS 
I would like to add my voice to those of the 
many (I hope) people who are opposed to the 
introduction of citizens' band in the United 
Kingdom. 

My reasoning is not so much against the 
use of home based stations, but against the 
possible introduction of mobile stations. 
Communication while on the move is indeed 
a serious business, and I believe it is frowned 
upon by our police force. Mobile. com
munication has even prompted research into 
its effects on a driver's decisions, e.g. an Open 
University production "Just an accident?" on 
October 2nd, 1978 was a documentary on 
research carried out by a university research 
group. The group was conducting experi
ments on many drivers, where a driver had to 
negotiate a course, consisting of driving 
through two posts. The posts were situated 
at such a distance apart that the car would 
either not go through them, and thus knock 
them down, or they were not spaced so close 
so that the car would clear them. After a 
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control experiment (i.e . without any com· 
munication with the driver) the car was fitted 
with a transceiver. The driver was then asked 
to negotiate the course while answering 
questions. It was found that there was a 40% 
increase in the number of times each driver 
tried to get through a gap that was too small 
for the car. 

If these results are compared with those 
situations a driver usually encounters in a 
busy city or crowded streets, then I believe if 
that driver were engaged in communication 
on a c.b. mobile rig, his chances of having an 
accident would dramatically increase. This 
situation would also apply to radio-telephone 
systems and even amateur communications 
while mobile. I am not trying to abolish 
mobile communications, but if dozens of 
inexperienced c. b. users suddenly take to the ' 
road I feel the accident statistics would 
suddenly rise. ! .think that experienced com
municators (amateurs and professionals) 
shoul~ be allowed to continue, but surely the 
convenience that mobile c.b. might bring is 

· heavily outweighed by the cost of people's 
lives. 
C. Riley 
Wood thorpe 
Nottingham 

HI-FI IN THE HOTHOUSE 
The controversy over subjective .;s. objec
tive assessment of audio equipment con- · 
tinues noisily. In the hope that, if nothing 
else, it will result in a quiet spell of contem-

-plation, may one of the engineering pro
fession's geriatrics drag a hitherto ignored 
factor in to the debate? 

The subjective lads always have one dis
tinctly frayed around the edges "ace" up 
their sleeves, which gets dragged out when
ever the objective arguments start to get a bit 
too conclusive for comfort. "Ah!" they say 
"But why is it that transducers often measure 
well and nearly identical to one another -
yet invariably sound different?" 

Why, indeed. Well, since I'm a little too old 
to derive comfort from burning joss sticks 
and reciting magical incantations like 
"Musicality, musicality, musicality . . . " let's 
have a look at pickup cartridges since these 
are invariably held high as the arch villains in 
the scenario. 

A recent contmission gave me the chance 
to investigate some conflicting measure
ments on a range of cartridges imported into 
the UK -chiefly a sharp difference between 
those supplied by the manufacturer and 
those checked by the UK agency. It didn't 
take long to spot that the curves supplied 
with the cartridges were plotted at an 
ambient temperature of 24°C which for those 
who still yearn for the pre-EEC era, is close to 
75° F. For your average British home, this is 
near hothouse conditions! It came as no 
surprise, then, that at some soc lower the 
amplitude response fell right out of accept
able limits. A further few degrees lower still, 
and we started to get tracking problems. 
How did they sound, though? Pardon the 
pun, but not so hot. Subjective impressions 
clearly reflected the varying response which 
took the form of either a h.f. peak for higher 
temperatures to a falling response for cooler 
ones. With most of the samples, the variation 
was as much as 2dB per degree C. 

My curiosity aroused, I started to check all 
the other makes of cartridge I could get hold 
of and, with a few exceptions, all exhibited a 
significantly temperature-conscious res-. 
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ponse curve. More surprising, the worst of alf 
were the moving coils with one popular · 
model, widely acclaimed in the hi-fi press, 
exhibiting a considerable variation in h.f. 
response with quite small fluctuations in 
temperature. Again, at what one wo_uld 
accept as being a modest summer ambient 
temperature, two versions of the same model 
refused to track satisfactorily at a little over 
the manufacturer's maximum recommended 
stylus pressure. 

It needs no imagination to see how one can 
easily arrive at sharp disparity between what. 
one measures in the clinical coolness of a 
laboratory and what one actually hears in the 
warm comfort of a living room; or for that 
matter, why the same cartridge will sou~d 
inexplicably different one day compared with 
the next. I have looked at current published 
reviews in the popular hi-fi press and no
where do I see any reference to ambient 
temperature at the time of measur~m~nt. 
Even more important, fimplitude vanatwns 
over typical ranges of working temperature 
do not appear to be investigated at ~11. 
Needless to say, the identity of the ch1ef 
offenders is the concern of my client. But any 
comments, pundits? 
Reg Williamson 
Norwich 

FINANCING NEW IDEAS 
Your editorial "Ideas for sale" in the Sep: 
tember issue touches closely a spare time 
activity of mine. I have been i?volved for 
many years in creating ele~tromc p~oducts, 
forming companies and either selll~g the 
products, the companies or ?oth, or trymg to. 
Raising capital for el~ctromc product _enter
prises or failing to rai_se it .. S~cc~edmg or 
failing, and even going mto hqUidatwn. 

I consider myself an expert on all the 
negative aspects of the above, all the pitfalls, 
the problems and what causes them. I am 
getting a glimmering, af~e~ 28 years, of how 
to be an expert in the positive aspects. . 

My spare time activity is putting all this 
experience and know-how into a book on _the 
subject, a sort of guide to the young t_ech~tcal 
innovator of the future. I am not domg 1t for 
money; I do not expect to make a profit ~rom 
it. Taking this attitude I may well acctden-, 
tally discover just one secret of success and 
actually make a profit, but it is not the 
motive. The motive is to try to help others 
who should not have to go through such 
negative financial climates as we have ex
perienced in the UK for the past twenty 
years. · 

Your comment that to start with half the 
required capital could well be ~orse than 
nothing is an understatement, 1t IS a gold 
plated guarantee of total failure. . 

There are many case histories but one ts a 
good example of the whole British financial 
sector attitude. A small company had a go?d 
potential, agreed . by all. A British finanCial 
source rated it first class but then only 
wanted to put up half the figure calculated by 
the principals as necessary. The small com
pany was persuaded to go to Holland and see 
a Dutch source. The Dutch carefully 
examined the project and agreed it was first 
class but insisted on putting twice the 
amount the principals had calculated. The 
project was a success and the. Dutch were 
right for the original calculatiOn was well 
out, not by over estimating but by under 
estimating . . 

UK technical promoters are pre
conditioned to ask for less than they need for 
the fear that if they ask too much they will be 
turned down. The financiers then cut this 
requirement again. The British built-in in
gredient for small business su!cide, a~ evi?ent_ 
from the lists of compames gomg mto 
liquidation. . 

I would like to hear from any of your 
readers who care to write to me with simple 
factual accounts of their experiences in this 
field. · Not only the failure accounts but the 
successes as well - there l!_l_~!be s.Q_~~ith . 
their permission I would like to edit their 
experiences into the book in order to offer a 
much broader view than just my personal 
knowledge. 
H. E. Tracey 
78 Broadwalk Court 
Palace Gardens Terrace 

· London W8 

ELECTRICAL NOISE IN 
AUDIO 
With reference to James Moir's article 
"Electrical Noise in Au'dio Engineering" in 
your August 1978 issue, Mr Moir is certainly 
correct in concluding that any signal-to-

. noise specification should be referenced to an 
appropriate specification. Mr Moir, however, 
unintentionally does a dis-service to the goal 
of bringing some order to the present chaotic 
situation by leaving the impression that there 
are very few instruments available capable of 
measuring noise with the CCIR 468-1 weigh
ting curve and the quasi-peak metering 
method of DIN 45 405. In addition to the two 
instruments mentioned by Mr Moir, I have 
learned of the following others: 

Radford ANM3 Audionoisemeter 
Sennheiser UPM550 Universal Level 

Meter 
Siemens U2004 Noise Measuring Set 
Siemens U2133 Psophomete~ _ 

In addition, there are older instruments no 
longer manufactured which have used the 
quasi-peak metho~ with either the 468-1 
weighting network or the older CCITT P.53 
weighting network that are still in use or can 
be located from time to time: 

Grundig MV5 Millivoltmeter and KM5 
Filter/analyzer (CCITT P.53 weighting) 

Sennheiser RV55 Vacuum Tube Voltmeter 
and F055 Weighting Filter (CCITT P.53 . 
weighting, modification kit for CCIR 
468-1 weighting available) 

Siemens U2033 Psophometer (CC1R 468-1 
weighting) 

Siemens U33 Psophometet (CCITT P.53 
weighting) 

Any reader knowing of other _in~tr~ments 
with the quasi-peak capabthty ts mvtted to 
advise this writer, c/o Wireless World. 

Dolby Laboratories makes a fairly persu
asive case for their proposed CCIR 468-1 
weighted/average reading meter standard 
on the grounds that quasi-peak meters. are 
not easily obtained. My personal vtew 
remains, however, that such a new sta~d~rd 
is not needed and wider use of the extstmg 
instruments would assist in creating additio
nal demand for instruments with the quasi
peak capability. Why create further confu
sion when an already adequate standard 
exists? 
A. L. Henrichsen 
Arlington 
Virginia, USA 
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Mr Moir replies: 
My thanks for Mr Henrichsen's list of instru
ment makers supplying meters meeting the 
CCIR-468 requirements. When I noted the 
names of the only two meters of which I have 
actual experience I expected that I would be 
inundated by literature from other manufac
tures drawing attention to their products but 
I was disappointed. . 

I appreciate his comment on the CCIR' 
ARM weighting etc. I do not know the price 
of most of the meters Mr Henrichsen lists, but 
the Dolby ARM 468 weighting adapter plus an 
average responding meter scores heavily on 
price. If it is assumed that an average res
ponding meter is available and need not be 
purchased, and this must be true of every 
laboratory,' then the Dolby weighting net
work costs around £150 whereas a meter to 
the CCIR requjrements costs around £800. It 
is this aspect that makes me believe that we 
may end with two 'standards' with the 
nationalised bodies using the CCIR meter 
and industry using meters meeting the Dolby 
proposals. -

. ' 

SYNTHESIZED F.M. 
TRANSCEIVER 
After several unsuccessful attempts to pro
cure the three b.c.d. adders required in T. D. 
Forrester's frequency synthesiser 
(November 1977), a brainwave revealed that 
two binary adders can be used instead. 

It works because the three intermediate 
counter sections of the 4059 divide-by-N 
counter ~an be preset to a binary 15 instead 
of a binary 9, while their place values are still 
1, 10 and 100. Careful analysis revealed that 
in this case there is never a carry from the lOs 
to the 100s, so the third adder that only 
accommodates the carry can be omitted . 

The only snag is that the pin connections 
of the 4560 (b.c.d.) and the 4008 (binary) 
adders do not match. This means redesigning 
the board. 
Michie! van der Vlist, PAoMMV !G5CGD 
Driebergen 
Holland 

K FOR KONFUSION 
Reference your note to J. E. Chester's "Spel
ling for technical jargon," (October letters), I 
fear that you are confusing mice for pussy 
cats. 

Your say, correctly, that the lower case 
letter k stands for 1000 in SI units and then go 
on to say that the upper case K . has been 
adopted for 1024. Has it? My SI units have it 
as degrees Kelvin and no matter how much 
"adoption" the binary people make, one 
should keep to SI units for all symbols large 
orsmall. __ 

A constant battle is with firms who pro
duce instruments which measure resistance 
and have ranges marked in degrees Kelvin 
(e.g. IOOOK); they think it is lOOOk ohms 
(certainly not 1024.10 'ohms). 

I hope that Wireless World will not com
pound the felony of condoning k = 1024 when 
mentioning SI units in the same text. 
John Freeman 
SHAPE 
Belgium 
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A.M. BROADCAST 
RECEPTION 
With reference to Mr McLeod's letter in the 
November issue, on a.m. broadcast reception, 
I would like to point out that while I agreed 
with him on his points about a.m. reception, 
the word "reception" should be taken more 
into consideration. I am an electronics en
gineer and in a year I repair many hundreds 
of radio sets, television receivers, and cass
ette players, etc., all of different makes and 
places or origin. Mr McLeod goes on about 
transmission, but I feel the BBC and IBA do a 
great job on sound transmission. Unfortun
ately the British set manufacturers undo it all 
again. 

Many times I've had a German tv set on the 
bench and a British set on at the same time, 
and the difference between the two on sound 
is unbelievable. British manufacturers seem 
bent on thinking the British public all have 
cloth ears. There is no, or very little, "h.f. 
response on British television sets. while on 
German sets you can hear cymbals and all 
the h.f. notes as clear as day. Surely in this 
day and age with f.m. sound on television this . 
should be no problem to achieve. 

But again getting back to radio, if you take 
a British radio (made in Japan, of course) and 
a German radio receiver of the same price, 
the same stupid problem is there on a.m. and 
f.m. The British set is pathetic on sound 
reproduction. No l.f., no h.f., response at all 
on a.m. or f.m. So come on Britain, start 
designing better a.m. and f.m. detector stages 
and let the British public hear what a good 
job the BBC and IBA do of sending sound. 
They don't send out sub-standard sound, so 
why on ea~I?_<!9_~~ have to listen to it? 
C. E. Linskaill 
Penicuik 

SPEAKERS 
CORNERED 
I refer to your leader in the April 1978 issue of 
Wireless World concerning the lack of com
munication between loudspeaker manufac
turers and reviewers. Historically louds
peaker manufacturers have been reluctant to 
provide a sample of their product - as you 
rightly say, the result of many hours and 
pounds of research -just to have it slated in 
a review which may or may not be simply the 
result of somebody's personal pique. 

We are all aware of the sometimes ridTcu: 
lous specifications issued by manufacturers, 
such as 'frequency response 30-20000 Hz' 
with rio reference to amplitude deviations 
within that bandwidth, and 'power handling 
50 watts'. A single loudspeaker can be given a 
rating of 20W to 150W, depending upon 
whether a sine wave, warbled tone, or pink 
noise is used, or whether the reading is in 
mean, continuous or peak music power. And 
of course, the power rating is totally 
meaningless if no indication of efficiency is 
given. 

Scientifically, the loudspeaker is complex 
- probably accounting for the proliferation · 
of books, papers, articles and lectures on this 
subject. If one forgets transducer en
gineering, which covers magnetics, fluidics, 

· elasticity and all the other fields of physics, to 
build a complete system involves three 

· totally different sciences: the conversion of a 

signal to the voice coil, electricity; the 
movement of the speaker cones, mechanics; · 
and the movement of air, acoustics. Not only 
are these three different fields, but they are 
often in total conflict with one another. 

Added to this is the fact that the majority 
of speaker manufacturers in the British 
consumer field are cottage-industry systems 
engineers. Most of them use the same trans
ducers over and over again, simply jiggling 
around with the box and crossover design. 
They only have to change the type of wood 
used for the enclosure and a couple of com
ponents in the crossover to get an entirely 
different subjective result, although the 
actual specification remains the same -
which one is correct? 

When an amplifier is evaluated, the meas
urements are displayed on meters, or pen 
recorders and are therefore absolute. When a 
television receiver is evaluated, there is an 
intemationallly accepted test card, so again 
the results are absolute. There is not and 
never has been a test card for loudspeakers. 
Dare I say it? If there were a meaningful set 
of parameters for speaker manufacturers to 
adhere to, the majority of them would be 
out of business. 

I have been involved in domestic loud
speakers, but my main field is in studio 
monitori•ng where a pair of speakers can cost 
around £3000. The specification may be 
impeccable, but may not sound correct to 
customers having a system installed in their 
particular environment. Spectrum analysis 
shows that the response is no longer flat -
due to room reflections and absorption - the 
response more closely resembling a cross 
section through the Alps. This can easily be 
corrected with filters, but as is often the case, 
the resulting perfectly flat response sounds 
dull and uninteresting - and more to the 
point - the quality of the final recording 
suffers. Once again we are back to our 
orlgina:l series-ci1"com-promTse's--:studio 
monitoring is the most critical application 
any loudspeaker will have to endure, but if 
one way is acoustically correct and the other 
musically perfect - the latter is the reason 

· why people buy loudspeakers and that is the 
one you settle for. · 

Having contented oneself with these 
apparently conflicting facts, no matter 
whose loudspeaker you listen to - no matter 
how weird and wonderful his explanations 
are, he is bound by exactly the same laws of 
physics as any other manufacturer - and 
they are extremely stubborn and reluctant to 
change. 

Impulse response I can handle, as I can 
third harmonic distortion - but heaven 
know what in creation absurd terms like 
'cardboardiness' and 'fluffiness' mean. One 
has no idea of the room acoustics in which 
the speaker is being evaluated, nor the source 

· of music. One review actually stated that 
they used BBC Radio 3 transmissions. With 
the utmost respect to the BBC, who do put 
out some of the highest quality broadcast 
material in the world, under the best .condi
tions, assuming that no GPO lines or tape 
recorders are used, you are lucky to get 
anything below 40Hz or above 15kHz out, 
with a dynamic range of 35dB and distortion 
of around 0.5%. Any engineer will tell you 
that those are perfectly acceptable specifica
tions, but to value and subsequently slate a 
speaker with that source is rather like evalu
ating a camera lens in the fog. As was pointed 
out by the supplier of that information, using 
most commercial pressings as an alternative 
source is like doing the same evaluation with 
the lens cap on. 
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Assuming near perfect sources e.g. live 
broadcasts from p.c.m. transmissions, direct 
cut and special sampler discs and studio 
master tapes, I would still hesitate to con
demn any loudspeaker since that would 
inevitably involve my personal taste. 

One reviewer once printed an oscillogram 
of a sine wave of 50Hz at 50 watts mean 
power. When I queried his reasons for doing 
this, he said that the manufacturer's 
specification stated 50 watts as the power 
handling capability. True - but the fact that 
the speaker handled that signal is academic, 
or, to be more precise, is totally meaningless. 
A 50W sine wave into a loudspeaker capable 
of producing 91 dB, with 1 watt at 1 metre, is 
equivalent to music at around 120 dBA if the 
energy spectrum is considered - not a very 
meaningful test for a bookshelf loudspeaker. 
To be fair to reviewers - I quote equal 
meaninglessness from the specification sheet 
of a well known manufacturer" This is 
accomplished by a unlq'ue forin of horn 
loading which involves an acoustic doubli11g 
process that converts the wavelength from 
inches into feet." 

It is unlikely that manufacturers, 
reviewers and-most important of all -
users of loudspeakers will ever agree any 
more than music lovers will, and it is them 
after all that keep us all in business. 

· S. J. Court 
Court Acoustics Ltd 
LondonNW6 

RT_TY "INTERfERENCE'' 
Were other r.t.t.y. enthusiasts as stunned as ( 
was to read Pat Hawker's comment: "A 
general appeal to r.t.t.y. enthusiasts is that 
they recognise the high interference
potential of this mode and keep contacts 
reasonably short. .. " (October issue)? In 
shocked amazement I read it again and again 
but could extract no other meaning than that 
which had numbed me at first sight. 

With the adoption of the 170Hz shift 
standard, r.t.t.y. has a far smaller 
interference-potential than any telephony 
mode. Lest it be argued that r.t.t.y's 100% 
duty cycle is more troublesome than s.s.b., it 
must be noted that r.t.t.y. can be "notched 
out" whereas s.s.b. can not. Of course one 
often hears complaints from telephony users 
about the large number of r.t.t.y. stations 
that position themselves haphazardly about 
the bands, particularly on 80 metres, but 
these are commercials often using wide shift. 
R.t.t.y. users have long confined themselves 
to a narrow band, usually 20kHz wide at the . 
top end of the c.w. segments. I have yet to 
hear one operating outside these · agreed 
segments. Complaints about telephony sta
tions, who abandon their "meadows" to 
invade our little "backyard plot", are 
frequently heard and well justified. 

The failure of the French move to secure 
"exclusive" r.t.t.y. allocations has little 
relevance. The facts are that we have "gen
tlemen's agreement" segments which r.t.t.y. 
operators stick to but some s.s.b. stations do 
not. I am opposed in any case to any pressure 
on any user of a permitted mode to "keep 
contacts reasonably short" as this will do 
little to encourage self training of the licensee 
in the use of the less common modes. 
b. A. Duff G3VYV, B. S. Smith G8IA T, 
and P. R. Chamberlain G4GQO 
Preston 
Lanes 



66 

Australian activity 
Amateur 432 MHz television transmis
sions have been made from a Piper 
Cherokee light aircraft flying over Port 
Philip Bay near Melbourne by VK3ZTV 
and VK3YLK and including 144 MHz 
liaison communication. 

The number of amateur licences in 
Australia and New Zealand remains 
significantly higher, in terms of percen
tage of total population, than in the UK_ 
There are almost 9000 amateurs in Aust
ralia and associated territories, of which 
over 5250 are "full" licences; 2600 
"limited" te'thnician licences, and over 
1000 hold the recently introduced 
"novice" -licences. There is a general 
feeling, despite some initial criticisms of 
the examinations and administration of 
the novice permits, that these are pro
ving both useful and successful. Few of 
the many problems being encountered 
with Australian Citizens Band opera
tion (official licences for this now 
number over 150,000) are reflected in 
the far more responsible novice opera
tion, and new facilities including a seg
ment in the 28 MHz band and v.f.o. 
operation are being introduced. 

Russian satellite 
RS-1 is up 
THE FIRST Russian space satellite to 
carry an amateur radio transponder was 
launched on October 26, 1978 into a 
circular orbit at a height of about 1050 
miles (period 120.295 minutes) and an 
inclination of about 82.55°. The design 
input to the transponder is 145.8 to 145.9 
MHz with the output between 29.3 to 
29.4 MHz (although some reports sug
gest the bandwidth is restricted ~o 
29.36 to 29.4 MHz). A beacon transmit
ter radiates on 29.4 MHz. The new 
satellite, designated RS-1, is stated to 
have its transponder switched off on 
Mondays and thursdays. 

Vintage station? 
For many years the Science Museum in 
South Kensington had a static exhibit in 
its telecommunications gallery showing 
a representative 10-watt amateur "ex
perimental" station of the late 'twen
ties; however, the transmitter section 
appears to have disappeared· from _Pu_b
lic view during one o-f the periodic 
re-arrangements. But now a complete 
pre-war station· of the rack-and-panel 
type is being installed at · the ·wireless 
Museum at Arreton Manor, Newport, 
Isle of \Vight, alongside a modern, 
compact transceiver. 

The museum has recently been 
granted the special call-sign GB3\VM 
and will operate on all h.f. bands and 
also on 144MHz through the Hampshire 
repeater GB3SN. The operators will use 
both s.s.b. and c.w., as it has been found 
that the public today is showing 
renewed interest in watching morse 
being used. . 

\Villiam Orr, \V6SAI, has pin-pointed 
1936 as a pivotal year in the develop-

ment of the modern amateur station, 
listing such developments as increa~ed 
28 MHz activity and the dawnmg 
recognition of the role ·on ionospheric 
variations on long-distance com
munications: the growing use of stable 
variable frequency oscillators in lieu of 
crystal control: the introduction of the 
beam-power tetrodes including the 6L6 
and the 807; the coming of factory-made 
bandswitches, amateur-bands-only 
communications receivers such as the 
National NC101X. It would certainly be 
difficult to find any other single year 
offering such advances. 

RSGB progress 
Although the Radio Society of Great 
Britain was founded (as the \Vireless 
Club of London) as early as 1913, it was 
around 50 years ago that, following the 
"fusion" between the main society and 
its own activist "Transmit and Relay" 
section and under the presidencies of 
Captain Ian Fraser, G5SU (later Lord 
Fraser), and Gerald Marcuse, G2NM, 
during 1928 and 1929, its role became 
firmly concentrated on amateur radio 
with a membership . of little more than 
1000. 

The latest animal report and accounts 
of the society shoW a striking recovery 
from the financial problems which it 
faced a few years ago, in common with 
many other societies, as a result of the 
steep rise in the rate of inflation. During 
the year to June 30, 1978, it has achieved 
a record surplus of over £50,000; an 
all:time membership high of over21 ,000 
'(some 2500 overseas); and a head
quarters staff of more than 20. During 
the year it recruited over 3000 new 
members, but some 1800 others with
drew. 

In a sample survey of the use rriade by 
members of the various services, it was 
found that over50per cent of Class B 
licensees use the · v .h ·.f./u.h.f. 
repeaters, compared with 36 per cent of 
Class A. Over 60 per cent of Class A 
licensees use the QSL Bureau, 
compared with about 40 per cent of 
members holding Class B licences. 
About 40 per cent listen to the GB2RS 
news bulletins but only about 10 per 
cent attend conventions; 44 pe~ cent of 
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"receiving" members make use of slow 
morse transmissions; dropping to 
around 30 per cent for Class B and a 
surprisingly high '.19 per cent for those 
who have already passed their Morse 
test and hold Class A licences. 

The Home Office has invited the 
society to send an official advisor (Roy 
Stevens, G2BVN) with the UK delega
tion to \VARC 1979 next September. 

Licences for 15 more v.h.f. repeater 
stations have recently been issued to 
the society. 

BARTG arid BATC t:"ews 
The British Amateur Radio Tele-
printer Group has now ~ublis~~d an 
attractive new 32-page third editiOn of 
their useful guide to r.t.t.y. without 
tears: "RTTY -the easy way." A new 
active lowpass filter and a simple 
"autoprint" circuit are inclu~ed for t~e 
first time and the presentatiOn of dia
grams alongside text has been improved 
by the editor, Brian Hodgson,. G3~~B. 
Over 1200 copies of the second editiOn 
were sold in two years. The new edition 
is available (90p) from: Alan ,Butcher, 
G3FSN, 70 Hughenden Avenue, J:Iigh 
\Vycombe, Bucks. Over 400 enthus1~sts 
attended the 1978 BARTG conventiOn 
at its new venue in Harpenden. Some 37 
British stations using 145.3 MHz 

· v.h.f./r.t.t.y. have been logged in a two
month period by G8GOJ in Croydon. 

About 200 people attended the British 
Amateur Television Club convention in 
London at which one of the highspots 
was a video recording of · Australian 
ATV activities; another was a talk on 
digital video techniques by Ian Lever 
(IBA). A useful lyaflet "All a.b.out 
NBTV" (narrow-bandwidth teleViSIOn) 
is available from the chairman of . the 
Narrow Bandwidth· Television Associ a
tion: D. B. Pitt, 1 Burnwood Drive, Wol
laton, Nottingham (Tel: Nottingham 
282896). Geoff Brown, GJ80RH, is now 
active from Jersey on 432 MHz with 
80-watt high-definition transmissions. 

In brief 
DKOTE is a new 28.2575 MHz beacon 
~tation located near Constance in \Vest 
Germany . ... There are 4325 licensed 
radio amateurs in Norway .. .. On the 
occasion of the 50th anniversary of the 
Norwegian society (NRRL) a challe~ge 
cup was presented for annual competi
tion, as a result of an offer by King Olaf 
V of Norway . ... Moonbounce (e-m~e) 
contacts on 144 and 432 MHz have been 
made for the first time by Yugoslavian 
amateur stations . , . Moonbounce 

. contacts are also reported between 

. UA3LBO and UR2BU ... . A french 

. amateur tv contact was made by F9UP 
and F8MM 'over a distance .exceeding 
400 km on 1255 MHz .... French amat
eurs F8DO and F1CVJ have made con
tacts on 24 GHz over distances up to 16 
km using MA49628 Gunn diodes with an 
output of about 10 mW.... . · 

PAT HAWKER; G3VA 
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Electronic organ tone system - 3 

This article completes the testing 
procedure from part 2, and covers the 
filter circuits which are housed on special 
printed circuit boards . A description of 
the stop cards concludes the design of 
the basic system . 

TO SET THE TRIMMER, as described 
at the end of part 2, adjust for minimum 
frequency change when the lower end 
of the lOM!J resistor is forcedto 2.5V (by 
a temporary connection to the mid
point of a 10k:l0k!J potential divider 
across the supply). The remaining com
ponents and wired connections are then 
assembled, leaving the output bus con
nections to last. The gating is most 
conveniently checked with the filter 
cards connected because the collectors 

·must be taken to a positive supply. Fig. 
22 and 23 show an assembled gate card. 

Filter characteristic The principal 
harmonic of a square wave is the 3rd, 
which is 9%dB down on the fundamen
tal. After passing through a 12dB/ 
octave filter, the 3rd harmonic is 
reduced to -27lf2dB (a level exceeded · 
by most organ pipes) and the higher 
harmonics become negligible. To 
minimise keying thump due to the d.c. 
component of the gated signal, it is 
necessary to restrict the response below 
the lowest working frequency f, as 
shown by the nominal filter response in· 
Fig. 24. 

To offset the 12dB/octave slope in the . 
working range, i.e. from f upwards, the 
input signal must increase with 
frequency, which requires that the gate 
input resistors Rn decrease with 
frequency. The design output charac
teristic is shown in table 6. The power 
increases considerably at low frequen
cies, as with most pipe organ stops, 
presumably to compensate for the fall
ing sensitivity of the ear. A constant 
level below 65.4Hz is arranged to limit 
the output-amplifier power. The 
regulation, which may be varied by 
changing the grading of Rn values, may 
also be varied for individual harmonic 
components of particular stops by RC 
sections after the filters. 

The filter response of the circuit is 
within about 1dB of Fig. 24 over the 
working range but, even with an exact 

. response, deviations of about !/zdB 
would be expected from table 6 as Rn 

. values are restricted to the E24 series. 

Filter~ circuits and ·stop cards 

by A. D. Ryder, M.A., Ph.D., F.I.E.E. 

Table 6. Filter Qutput levels. 

fo Output mV r.m.s. at 
Note · Hz fo 2f0 4f0 8f0 ~ 16fo 
c 32.7 800 800 400 200 100 
C' 34.6 800 755 378 189 100 
D 36.7 800 713 356 178 100 
D' 38.9 800 673 336 168 100 
E 41.2 800 635 317 159 100 
F 43 .7 800 599 300 150 100 
F' 46 .2 800 566 283 141 100 
G 49.0 800 534 267 133 100 
G' 51.9 800 504 252 126 100 
A 55.0 800 476 238 119 100 
A' 5B.3 BOO 449 224 112 100 
B 61 .7 BOO 424 212 106 100 

This characteristic embodies a constant 6dB /octave slope from C= 65.4Hz to 
C= 523Hz, and applies to each SNB over its operating range. 

Above about CK5, where Rn has fallen 
to a nominal 40kQ, the divider output 
resistance ceases to be negligible, and 
the highest outputs (3 ref, 4 ref, 5 ref) 
have a non-unity mark to space ratio 
which somewhat reduces the fun
damental content. The additional 
circuits up to GK6 have a constant 
value of lOkQ for Rn and therefore a 
falling output. 

The input stage of the filter must 
provide a d.c. path for gate-collector 
current, and is in effect a damped
resonant circuit as shown in Fig. 25. To 
avoid inductors a gyrator configuration 
is used as shown at the left of Fig. 26. 
The capacitive element is Ci, and the 
inductive element, in this case about 
IOOH, is formed by C 5, R4, R5, and the 
transistor, which should be a high-gain 
selection. The damping is deliberately 

. increased, and adjusted by R6, which 
also holds the transistor in conduction. 
Resonance occurs approximately when 
R4.R 5 

= X
1
.X

5
, where X

1
, X 5 are the 

reactances of C 1 and C
5

• Because the 
gates are in effect current sources, they 
do not contribute significantly to the 

.damping. 
The hig."h--p-a_s_s_c_o_m~blnatfon C

2
R

2 
pro~ 

vides an additional 6dB/octave at low 
frequencies, and C3R3 provides the same 
at high frequencies. The 741 output 
forms the sine-wave bus, SNB, and .the 
components to the left of the dotted line 
are duplicated for each of the two or 
three SQB sections, so that the signals 
mix at the output of the common 741. 
Fig. 27 shows one method of deriving 
the bias vcltages. 

Component values The component 
values are shown in Table 7. Although 
many different combinations are pos
sible, the choice is limited by the · 
standard range of capacitor values. A 
minimum Rn value of lOkQ is used, and 
in most cases the lowest frequency, fH, 
of the H bus is that corresponding to 
CK3, where Rn at 12dB/octave becomes 
•640k~l For L buses, fL corresponds to 
. CKI, but Rn generally differs from 

640kQ because of the requirements in 
table 6 . .If Rb is the input resistance to 
produce 100mV at the filter output, then 
Rn = lOORb/required mV out. The Rb 
design value of 640kQ is also increased 
for the lower buses to reduce the variety 
of Rn values. 

The fundamental component of the 
square-wave divider output has an 
amplitude of approximately 2.25V r.m.s. 
and, if the load consists of C i alone, the 
fundamental is 2.25X /Rn· This is almost 
exact at frequencies well above f, and 
here the second-stage gain becomes 
almost equal to X 3/R 2 so that the filter 
output is 2.25X 1X3/Rn.R 2• However, if 
the response of Fig. 24 has been 
achieved, this expression will apply at 
all frequencies from f upwards . . 

The value of C 1 is chosen to limit the · 
voltage swing at the h.f. end of the 
range. Capacitor C 3 is chosen for a 
reactance close to 4 70kQ at f L• and R3 is 
made equal to this reactance so that the 
second-stage gain at fL is 3dB down on . 
X3/R2• The value of R2 is given by the 
expression above, for each SQB, and C2 
is chosen so that the gain from R 2 
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~ Fig. 22. Assembled gate· card. 

i'ig. 23. Assembled gate card viewed 
from copper side. Current p.c.bs have a 
slightly modified input layout. . . 

'Y 

onwards is 6dB down on X3/R 2 at f, i.e. 
f L• f M or f H· To restore the overall gain, 
the resonant action of the input stage 
increases its output voltage by 6dB on 
2.25X1/R 0 • These proportions give a 
reasonable match between the slope of 
the resonance curve near to f and that 
of R2C2, R3C3• The choice of R4 and R5 is 
an uncritical compromise between 
damping and mean voltage swing at the 
SQB. The values are related to X 1, X5 as 
already noted, and R5 can be adjusted to 
use a standard value for C5• This ana
lysis permits component values to be 
calculated within 10%, except for R6 · 

which is found by trial, starting with a 
value close to 4X 

1
• The use of 5% 

capacitors and 2% resistors minimises 
the need for adjustment on test, but is 
not essential. 

Filter test and adjustment A test 
circuit is shown in Fig. 28 which uses an 
isolated gate. The inputs at f and 4f can 
be taken from gate-card divider outputs 
as listed in the test columns of table 7, or 
from any stable source at the correct 
frequency and voltage levels (see pre
vious article for connections required to 
gate card). The m V column shows the 
expected SNB r.m.s. output, which is 
the same at both frequencies because of 
the 16:1 resistor ratio, although it ex
ceeds lOOmV for those buses where Rb 
exceeds 640kn. 

The waveform should be monitored 
to see that it is a sine wave, and that the 
test layout is not picking up excessive 
hum. Input resistor values may be 
varied if required, keeping to the 16:1 
ratio, for more convenient output levels. 
The output can be checked at other 
frequencies within the range of the . 
SQB. For a given input resistor, an 
octave change should result in a 4: 1 
output change, and half an octave 
should cause a 2: 1 change. Deviations of 
1dB can be considered negligible. 

Adjustment consists of setting R2 for 
the h.f. gain, R5 for the peak response 
frequency, and R6 for the damping. 
Although a uniform deviation of any 
particular SNB from table 6 could be 
catered for in later mixing, the R2 ad- · 
justment is needed to equalize the SQB 
sections. This is made first at 4f, then R5 
is adjusted for maximum output at f, 
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OdB 

I/ "' -12dB 

-24dB / 
-30dB 

-48dB
1 
4 

1 
2 

~ 
~ 
~ 

2t 4t at 101 

Fig~ 24. Nominal filter characteristic~ 
This applies to each SQB section with· 
respect to its operating frequency f. 

Table 7. Filter card component values. 
-----

f. c, R6 R4 Cs Rs 
Bus Hz Pn nF kO kO nF kO 
1UL 33 14 220 91 1.8 · 220 270 
1UM 65 15 100 82 1.8 100 330 
1UH 131 16 100 43 1.8 47 200 
2UL 65 19 100 82 . 1.8 100 330 
2UH 262 20 100 22 1.0 15 240 
4UL 131 25 100 47 1.8 47 180 
4UH 415 26 47 22 1.0 33 100 
8UL 262 31 100 56 1.8 15 150 
8UH 1047 32 22 22 1.0 15 82 
5UL 164 37 100 39 1.8 33 160 
5UH 654 38 47 33 1_. 0 15 91 
3UL 98 43 150 33 1.8 68 160 
3UH 392 44 68 22 1.0 33 82 
6UL 196 49 150 82 1.8 22 120 
6UH 784 50 33 22 1.0 15 91 
1SL 65 14 100 82 1.8 100 330 
1SM 208 15 150 27 1.8 15 180 
1SH 523 16 100 22 1.0 10 100 
2SL "131 19 100 47 1.8 47 200 
2SH 415 20 47 22 1.0 33 100 
4SL 262 25 100 56 1.8 15 150 
4SH 1047 26 22 22 1.0 15 82 
8SL 523 31 47 47 1.8 10 130 
8SH 2093 32 15 16 1.0 4.7 91 . 
5SL 327 37 100 56 1.8 10 150 
5SH 130B 38 22 20 1.0 6.8 110 
3SL 196 43 150 82 •1.8 22 120 
3SH 784 44 33 22 1.0 15 91 
6SL 392 49 68 47 1.8 10 150 
6SH 1568 50 15 20 1.0 6.8 110 
Spare 55 

56 

69 

+10V r-------------~--------~------------+12V 

Fig. 26. One filter section. The values shown are for 1 UL where f = 32. 7Hz. 

~ Fig. 25. Equivalent circuit of the first 
filter stage. 

R2 c2 c3 R3 Test 
kO nF nF kO Po Card ti_os. mV 

147 100 c 01,04 800 
51 33 10 470 5 c 02,08 400 
51 15 c 04, 16 100 

100 22 c 02,08 400 
27 15 4.7 510 6 c 08,32 100 

120 10 c 04, 16 200 
27 10 2.2 560 8 G' 08,32 160 
82 6.8 c 08, 32 100 
24 4.7 1.5 390 9 c 32, 128100 

110 10 c 05, 20 200 
27 4 .7 1.5 620 10' c 20,80 100 
91 15 3.3 470 11 c 03, 12 200 
24 10 c 12,48 100 

100 6:8 1.5 560 12 c 06, 24 100 
30 4 .7 c 24,96 100 

100 22 c 02,08 400 
33 15 4 .7 510 5 G' 04, 16 80 
22 . 6.8 c 16,64 25 

120 10 2.2 c 04, 16 200 560 6 27 10 G' 08, 32 160 
82 6.8 c 08, 32 100 
24 4 .7 1.5 "390 8 c 32, 128100 
91 ~:~ 0.68 430 9 

c 16,64 100 
18 c 64,256100 
75 6.8 

1.0 470 10 c 10,40 foo 
22 3.3 c 40, 160100 

100 6.8 1.5 560 11 c 06 , 24 100 
30 4.7 c 24,96 100 

110 3·3 0.68 620 12 c 12,48 100 
33 2.2 c 48, 192100 

13+10V pin 3 
13 +6V pin 4 

,.--------------._---------+12V 

Fig. 27. Filter bias voltages; 'The 
resistors are common to all three cards 
and are mounted separately. C 
represents one capacitor on each filter 
card. 

+12V Filter 1nput (SOB) 

Gnd. 

Fig. 28. Filter test circuit. 

and R!l is set to equalize this with the 4f 
level. A major change of R 6 will 
necessitate a further adjustment of R5• 

If components · of a wider tolerance are 
used, it may be necessary to tailor R3, 

and to equalize the SQB at a different 
level from table 7. 

Assembly The component layout is 
shown in Fig. 29. Filter capacitor cen-
tres are all 0.4in so capacitors with a 
0.3in lead spacing are opened out. 
Components should not project more 
than lOmm from the board surface, and 
leads not more than 2Vzmm from the 
underside. Fig. 30 shows an assembled 
filter card. 

A suitable framework is needed to 
mount the rear edge-connectors, and to 
support and locate the cards. Fig. 31 
shows the centres used in the prototype 
to accommodate the 19 cards of the 

Pn and Po are input and output connection numbers. Values shown for S buses also 
basic system, plus a spare card position 
in an overall width of 17in. The cards are apply toT buses. 
summarised in table 8. Actual distances 
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741 
0 

R4 C5 Trans. R5 R2 C2 C3R3 
Cl R6 

~ ~ ~ ~ ~ ~ ~ ~ + ~ ~ + 

-o-~-o- 0 -c=:J----c=J- -o-
~-

-c=:::J---{ 0 -o- -c.::J- -o- --c=J-- . ...o- -o--c=J----- --c=J- w --o- -c:=J-e ..a-- 0 -c=J-----
--c=J---c=J-- --o- -c=r-

0 
{ 

-o- -c:=:J-4 --a-. -c=::J---c=r- --o- --a-. w -c=J-------o-. -c=:J-4 --o--
-----c=r- 0 -c=l----c=J- ~ -c=J-

'"{ 
I 

between card faces are 1.6mm less than 
the centres. 

The bus wiring at the rear of the rack, 
shown in Fig. 32, uses 24 s.w.g. wire. A 
heavier gauge is desirable for the supply 
connections and, as shown, the + 12V 
and ground lines each connect to two 
adjacent positions. The SQB wires are 
connected to every gate card, and 
sleeving is needed where the U SQB 
runs behind connectors SF and SM. The 
12 reference connections, and the 
vibrato connection if used, can be in 33 
s.w.g., and in the prototype these were 
routed through small wire loops 
attached at the upper fixing point of 
each connector. 

'\J 

Fig. 29. Filter card E02 layout showing 
the components for harmonics 1 and 2. 
The remaining harmonics follow the 
pattern of 2 in the sequence 1, 2, 4, 8, 5, 
3, 6. The lowest set of tracks is a spare. 

Fig. 30. Assembled filter card and track 
layout. Since the photograph was ~ 
taken, the tracking has been modified 
slightly to relocate the large capacitor. 

o~O)J 0 

Gate-card testing To check the gate 
cards, tested filter cards should be in 
place. Fig. 33 shows an adjustable 
keying source to give 5.6V, or lower 
values for amplitude control as referred 
to in the previous article. The 10kQ 
resistor provides protection for testing, · 
but without it the output resistance is 
low enough to drive several inputs at 
once. The mean base current of a gate is 
small, and the lOOkQ pull-down resistor 
provides the main d.c. load at the K 
input. Therefore, the drop across the 
lOkQ resistor is roughly 17.6/11 = 1.6V. 
Apart from keying faults, major depar
tures from table 6, with the keying input 
at 5.6V, may be caused by incorrect Rn 
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values, wrong collector connections, or · 
application 'for the wrong frequency. . 

Stop cards The circuits and physkal 
construction so far described are largely 
interdependent. Subsequent circuitry 
and additions can be designed in many 
ways, according to the constructor's 
preference. To complete the present 
section, Fig. 34 shows a d.c. coupled 
circuit for the stop cards, SM, TM, and 
UM. The Rm resistors can be arranged in 
a square two-way matrix. Mixing of 
harmonics takes place at the virtual
earth input of the amplifier. The 10kQ 
resistors limit the open-circuit voltage 
across the 4016 switches and define the 
charge on series capacitors where used, 
but care should also be taken in the 
layout to minimise shunting capacit
ance. In this configuration, with an 
·effective source resistance of 5to 1 OkQ 
distortion in the switches is negligible: 
A shunt-muting circuit, which may be 
used to suppres~ earlier noise and 
residual breakthrou·gh, is shown in Fig. 
35. One 4016 section inverts the KD 

UM UF 

~ ~ 

( I 
_....+10 
.,.,.+s 

. 1U----
2u----

0 D 
4U---
au----
5u----
3u----
6u----

& 

Table 8. Summary of P .. c. boards. 

a b 
(lty. Function Type mm mm' 
1 2 Gate cards (C to B) EO 1 (special design) 14 4 Y2 

3 Filter cards (SF, TF, UF) E02 (special design) 10 2Y2 
3 Stop cards (SM. TM. UM) Veroboard 14 2Y2 
1 Master osc. card (MO) Veroboard 10 2Y2 
1 Spare position 10 2% 

Columns a and b give maximum projection of components, above and below, to suit Fig. 31 . 

~12 max. projection of screwheads etc. inside sideplates. 

UM 
8·9 

UF SM SF Gate B 
19 11x23 = 253 

431 ·6 between sideplates C1il 

TM MO 
15·9 

Fig. 31. Recommended card spacing- in 
mm. This is a rear view with the . 
component side of the cards to the 
right. S, T and U are swell, great and 
pedal, F is the filter card, M is the stop . 
card, and MO is the master oscillator. 

Fig. 32. Bus wiring viewed onto the 
connector pins. MO and the spare card 
position are to the right. The square 
boxes represent the polarising key. 
T 

SM SF B c TF TM 

~ ~ ~ .. . 12 Gate cards ·i ~ ~ 

f f ~ .. . ~ I f:+-12 .spare Spare. 
.,.,.+10 +5 .,.,.~10 
.,.,.+6 ..,.Ret r'"R~f. .,.,.+6 

15 .,.-Vib. .,..;..V1b. 1T 
25 -12 2T 

0 0 D 0 0 D 
45 1UL 4T 
85 1UM 8T 
~5 1UH 5T 
35 3T 
65 a6T 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
~ 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 . 
4$8 
49 . 
50 
51 
52 
53 
54 
55 
50 
57 
58 
59 
60 

Spare 
.,.-1UL • 

Spare----..- ~\\~~ 
:15L 

~~ Spare 

.,.-1UM 

.,.,.1uH 

2UL 
• 2UH 
.,.,.2uL 

2TL~ 
:2SL f: .,.,.2UH 
:2SH 

2TH 
4UL . . 4UH 

.,.,.4UL 

4T~~ 
4SL 

f: .,.,.4uH 
:4SH 

4TH 
8UL . 8UH . .,.,.8uL 

8TL~ :8SL f: .,....auH 

. :8SH 

8TH 
5UL 

:....5UL 
5UH 

.,.-5UH ' 5TL~ 
:55L h :5SH 
~ !5TH 

3UL . 3UH . 
_.....3UL, 

3TL~ 
;3SL f: ·_.....3UH 

. :3SH . 3TH 
I • 

6UL . 6UH _.....6UL . 

OTL~ 
:6SL f: .,...suH 
:6SH . 6TH 

I I f Gnd. 
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~~--------~----~·--------+12V 

'-----,.__ ____ ....., _____________ Gnd. 

Fig. 33. Keying voltage source. · The 
resistor in the KC line is for test 
purposes only. 

_.._....,..__ ________ ._ ___ Gnd. 

~ Fig. 35. Muting circuit 
using a 4016 quad 
bilateral switch. 
Fig. 36. Section of an 
attenuator box. 
Separate switches S 1 
and S 2 are provided for 
each SNB, and 
connections H and N 
are common to all 
sections. ... 

s, 0 •<D 

s LH 
100nl N 

- - - - - - - - - - - - - - - - Sg - - - - - - - - - - - - - - -· 

Table 9. Typical stop mixtures. 
Dept. 
Label 

1 
· 2 

3 
4 
5 
6 
B 

·· Dept. 

8' 
100k/33n 

1MB 

4' 

180k 

1M 
4M7 

Label 8' 4' 

1 • . 1 OOk I 1 51! 
2 240k 
3 1MB 
4 
5 
6 2M2 
8 

16'1 16'11 
·47k/ 4 7k• . 1 OOk 11'00k• 

2' 

180k/3n3 

2' 

330k 

SWELL 
Mutations 

240k/3n3 

240k/1n5 

GREAT 
11fs I 

750k/470p 

PEDAL 
16'111 8' 
180k/22n 

180k 

2M2 

11/3 I 

240k/1n5 

560k 

4' 

330k 

Harmonics 

1M 
1M 
1M 

Harmonics 
(solo) 
2M2 
1M8 
1M 
560k 
330k 
330k 
560k 

Harmonics 

1M 

1M 
1M 
1M 

Where two components appear together, they are connected in series . The 16' marked' also have 
1 OOn from the mid point to + 6V. 
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~power 
......---amp. 

• Fig. 34. Stop circuit for one 
department. Resistors Rm vary from 
100kQ to open-circuit. Switches S 1 and 
S2 are each~ of a 4016. The 33kQ 
feedback resistor may be changed to 
suit the power amplifier. 

signal, and the muting control signal at 
pointY is delayed after key-release by 
the 10MQ/33nF combination. 

Attenuator box For initial vmcmg, 
and later use to supplement the fixed 
stops, it is useful to be able to set up 
repeatably any desired harmonic com-

. bination, and to switch each harmonic 
without disturbing the level setting. Fig. 
36 shows resistor values for a 12-
position switch giving 2V2dB steps down 
to 27lhdB below a OdB level defined as 
Rm = 100kQ. It is also possible to use a 
2M2 log potentiometer and a 100kQ 
fixed resistor, with appropriate calibra
tion. To obtain the most open scale, OdB 
must be at the anti-clockwise end of the 
control. The necessary seven sections, 
preferably with space for adding more, 
can be built into a screening box with a 
cable and plug for use. on different de
partments. The SNB lines can be in 33 
s.w.g., but theN line, Fig. 34, should be . 
in miniature screened cable, and N con
nections inside the box should be kept 
away from SNB lines. The attenuator 
box can be made selectable via a 4016 
section as with the fixed stops. 

Typical stops Table 9 shows the fixed 
stops used, with couplers, in making the 
demonstration recording, supple
mented by occasional use of an attenu
ator box. The list includes examples of 
simple l.f. roll-off using series capacit
ance, and h.f. roll-off using shunt 
capacitance to the mid-point of Rm. It 
should be taken as a starting point only. 

. The voicing is not particularly refined, 
and the range of combinations which 
can usefully be wired as fixed stops 
is considerably greater, especially if 
coupling is not used. Voicing must in 
any case take into account the charac
teristics of the speaker system and the 
room itself. 

To be continued 
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Alphanumeric keyboard 
An inexpensive, easily-made d~vice, using a novel method to produce an IS0-7 ·code. 

The most comfortable way to ·'talk'· to a 
computer E~r mi<;:roprocessor is via a 
keyboard which includes a full 
alphanumeric cha~acter set. This article 
describes the construction of an 
inexpensive keyboard together with a 
circuit which encodes the key-strokes into 
an ISO 7-bit coding. 

~WE ARE ALL familiar with · the 
standard typewriter QWERTl · key
board. Most of us, unthinkingly, assume 
that this layout of keys has been chosen 
for good ergonomic reasons. Motion 
study would seem to give this the lie; 
the middle finger of the left hand is not 
the best choice for operating the most 
used key in the majority of European 
languages. It has been suggested that 
the word "typewriter" was thinly dis
guised in one line of keys so that semi
skilled salesmen could demonstrate the 
.machine more easily. The true reason is 
lost in the mists of time, but in designing 
a keyboard for home use, there is no 
reason why this layout should be. fol
lowed s~avishly. Most of us seldom use a 
typewriter and an alternative pattern of 
keys, if there are good electrical or 
mechanical reasons, is acceptable . . 

In addition to the 64 printing cha
racters, the standard teletype includes 
32 non-printing characters, known as 
control characters. While it is not es-

. 0 0 0 0 

0 0 0 0 

0 0 1 1 

0 1 b 1 . 

~ 00 01 02 03 
w 

0 0 0 0 NUL 
fE0 TC7 C·AN 
(BSJ (OLE) 

0 0 1 1 
rc1 FE1 oc, EM 

(SOH) (HTl 

0 1 0 2 
TC2 FE2 0(2 SUB 

(STXJ (LFJ 
TC3 FE3 0 1 1 3 0(3 ESC 

(ETXJ (VT) 

1 0 0 4 
TC4 FE4 0[4 

rs4 
(EOTJ (FFJ !FSJ 

1 0 1 5 Hs FE5 TC8 rs3 
!ENQJ !CRJ (MAKJ (GSJ 

1 1 0 6 TC6 so TC9 IS2 
(ACKJ (SYNJ (RSJ 

1 1 1 7 BEL SI TC10 rs
1 

IETBl (USJ 
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1 

0 

0 

04 

sp 

I 

" 

# 

£. 

o;o 

& 

I 

by D. E. O'N. Waddington, F.I.E.R.E. 

• Fig. 2. Arrangement of keys . 

Fig. 3. Two-transistor switching to 1iJ1. .. 

allow a single switch to drive columns 
and rows. 

Fig. 1. Binary and octal representation 
of IS07 character set. The columns are 
read first, followed by the rows. For 
example "8" is represented by 070 in 
octal, or 0111000 in binary; "K" is 113, 
or 1001011. .. 

0 0 0 1 1 1 1 

1 1 1 0 o · 0 0 

0 1 1 0 0 1 1 

1 0 1 0 1 0 1 

05 06 07 10 11 12 13 

( 0 8 @ H p X 

) 1 9 A I Q y 

* 2 : 8 J R z 
.. 

+ 3 ; [ K s [ 

' 4 < 0 L T ' 

- 5 == E M u ] 
... 

6 > F N v " 

I 7 . ? G 0 w -

SPACE 

II 
ALPHA u 

•IRUsJ 
~ 

Row 
encoder 
'0 ' '1' 

OV~~--~----~----~--_. .. 

sential to have these it is a good idea to 
include them in a keyboard so that it is 
compatible with standard equipment. 
The octal representation of the cha
racters in Fig_1 shows that they follow a 
pattern which suggests that some 
simple form of encoding could be used. 
For example, two eight-input priority 
encoders could be used to give direct 
encoding of 64 cross-point switches, a 
further encoder being used to complete 
the story with the other 32 switches. 
fhis would be rather cumbersome; so · 
an alternative of using 32 switches with 

1a 3-level shift - control, punctuation 
numbers, letters - was chosen. Two 
extra keys - carriage returri 015 
(0001101) for end of message, and 
"rubout" 177 (1111111) are included to 
facilitate connexion to the processor. 
The final arrangement of keys is shown 
in Fig. 2. · · 
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· To conserve power, the circuit was 
designed to use mainly c.m.o.s., 
although there is no reason why it 
should not be implemented in t.t.l. The 
vital component is the encoder, RCA 
type 4532. When any of the inputs is 
connected to a logical 1, the three out
put lines are encoded so as to identify 
the highest line (numerically) taken to 
logical!. Thus, taking line 6 high results 
in the output 110. Additionally, an out
put line is provided to verify that an 
input is present. _____ · . . 

In order to drive the inputs of two 
encoders positive by means of a simple 
cross-point switch, a transistor inverter 
"is used, as in Fig. 3. When Sa is open the 
row input is at OV and the transistor Tr 1 

is switched off, so that the column 
encoder. input is also at OV. When the 
switch is closed, Tr 1 is bottomed, taking 
the column encoder input positive. As 
the base/emitter voltage is only 0.6V, 
the row encoder input is also positive. 
"Shift" is accomplished by means of Sb, 
which allows either Tr 1 or Tr2 or to 

> '> s '> 
> s s 

Space 

~> 
~ 470 
'> 

100 
k 

470 

Rub 
out 

conduct. In the complete circuit of Fig. Fig. 4. Complete circuit diagram. 
4, the shift switch uses an RS flip-flop to 
latch either "alpha" or "number". The 
"control" switch overrides this latch, 
temporarily. The "end of message" 
switch generates 015 via two diodes 
while "rub out" actuates both 7 lines. Fig. 5. Base-board layout. 
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Fig. 6. Pattern of masking tape. 
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0 0 0 0 0 

0/4 0 g II 

1/5 0 11 
2/6 0 It 
3/7 0 fJJ 

4 0 

Fig. 7. Upper switch contacts. 

Fig. 8. Sketch of keyboard 
construction. 

rs 11 

IS a 

Key bounce is a perennial problew 
with mechanical switches. In this 
circuit it is overcome by the provision of 
a "data valid" bit which goes to 1 after 
the data has settled. It is derived as 
follows. The "input present" output 
from the column encoder is used to 
enable the two encoder. Its input pre
sent line, in turn, delayed by lOO,us in a C 
R before being fed to the output via a 
gate. The l.e.d. is connected to each 
output line ·so that the outputs can 
easily be monitored. 

EOM 

ALPHA 

NUMERIC 

CONTROL 

Tope 

+ 
0 0 0 0 

II 0 EOM 

o ALPHA 

o NUMERIC 

o CONTROL 

o RUBOUT 

·Key switches 
Switches tend to constitute the main 
stumbling block in keyboard construc
tion. However, it is possible to construct 
a simple and reliable keyboard very 
cheaply using aluminium foil and ad
hesive tape. The constructional steps· 
are as follows: 
• Cut a base board 120X200mm from a 

suitably strong insulating material 
such as 3mm perspex, as shown in 
Fig. 5. 

e Cut lcm wide strips of aluminium 
foil and glue them to the base board 
as shown taking care to keep the 
upper surface free from glue. 

e Stick 12mm wide masking tape 
along the "lands" between the strips 
of foil just covering the edges of the 
foil, both horizontally and vertically, 
leaving 8mm uncovered squares at 
each cross-point as in Fig. 6. 

e Cut the upper switch element as 
shown in Fig. 7. Secure into position 
over the contact areas with tape. 

e Make contact to each of the switch 
strips using a nut and bolt. 

·Although this form of switch sounds 
very crude, I have checked switches to 
over 1000 presses and found them to 
operate reliably. 
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Components 
Because of the digital nature of the 
circuit and the wide noise margin of 
c.m.o.s., the component values are· not 
at all critical so that wide tolerance 

. resistors may be used. The diodes are all 
IN4148. The transistors used in the 
prototype were BCY72, but almost any 
silicon p.n.p., e.g. OC200, 2N3702, 
BC308, etc., may be used. The circuit is 
designed to run from a single 5V supply, 
which should be bypassed by a capaci
tor of about lOOtJ.F. o 

US mobile radio 
market gr~wth 
AN international market research report* 
published recently says that the US mobile 
radio equipment market will double over the 
next decade. In 1977 the market figure was 
$1,900 million (down $500 million from the 
1976 figure) but it is expected to exp~nd to 
$2,500 million by 1980 and to $3,700 million by 
1985. 

Although declines in citizen's band radio 
and marine v.h.f. radio are expected to cause 
a slow growth during 1980 the report says 
that the market will recover to attain an 8% 
annual compound growth rate thereafter. 
Factors which will undoubtedly affect the 
market in the future include the transmission 
of digital messages, the widespread use of 
voice scramble devices and the emergence of 
a consumer f.m. scanner market. Other fac
tors will be the implementation of cellular 
systems (especially on the newly opened 800 
to 900MHz band) and of course the micro
processor. 

The report examined equipment in the 
study under the categories, public safety 
services, industrial radio services and land 
transportation services, and gave growth 
figures for these categories and for the 
services within these categories (fire, police, 
taxicab, etc). From the figures given to 
Wireless World for average annual growth 
(in% 1 year} for the periods 1976-80 and 1980-
85, one sees an overall drop from 15 to 10% 
respectively for the total land mobile market 
with these drops being fairly evenly spread 
over almost all of the services. The more 
noticeable changes are in the fire service (up 
50%), the police service (down almost 50%), 
and the railways (up about 30%). 

In addition to the normal pr~blems en
countered in the mobile radio market -
frequency spectrum congestion, foreign 
competition and government regulations, to 
name but a few - the US participants, 
according to Frost & Sullivan Inc., who 
produced the report; will be especially 
plagued by price pressures "as many more 
manufacturers and suppliers participate in 
the market". 

The. average unit price of land-mobile 
radios is expected to reduce from its 1976 
figure of $850 to $700 in 1985. 

With c. b. radios the story is very different. 
The forecast_ predicts that they will pene
trate deeper into the vehicle market thi:m the· 
current 9% for automobiles, 60% for long
haul trucks, and 5% for small trucks. The 
study also pointsout that the microprocessor 
and other l.s.i. circuits are being used more 
and more in c.b. radios. 
* The Mobile Radio Market, reference 556, by 
Frost & Sullivan Inc., New York. 
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Oscilloscope waveform store 

During the time it took to develop this 
instrument and prepare the article, 
Motorola stopped production of the 
MC1407, used as controller for the 
analogue-to-digital converter in Fig. 3 
of the article in the October issue. The 
following modifications will function as 
a complete replacement, with no 
changes to the p.c. board. 

Comparison, formerly the function of 
IC 1(b)• is performed by an NE529 or the 
'k' package version of the NE527: a 
possible alternative is the LM361 'h' 
package. All these are 10-lead metal-can 
types and should be used with a 
"MON-10LN" pad. An NE531 will 
replace the amplifier section of the 
original IC 1• The capacitor C4 should be 
removed from the board. A new capaci
tor of 20pF should be inserted on the 
new, small board, shown in the accom
panying illustrations, which can be 
plugged into an i.e. socket in the or
iginal IC 1 position. 

The power supply circuit shown is 
suitable for the instrument. 

Fig. 3. The new board. The NE531 is an 
8-pin d.i.l. version in this prototype. 

LO----o 

0 

,NO---

by R.· H. fastner 

To c1, R1 To IC414 

Fig. 1. Alternative circuit for the a-d controller (IC 1). 

Track layout 
seen from track 
side (actual size) · 

(a) 

'Me 1407' Pin 16 

@:Pins from sub board-to main PCB 
· will fit into MC1407 position 

Only used pins are fitted 
i.e. MC1407 pins 3. 5, 8, 9, 10; 12, 

14, 15,16. 

Fig. 2. Printed-circuit board for the circuit of Fig. 1. Board will fit into original IC1 

position. NE531 is on right. 

500mA 

Fig. 4. New board plugged into original MC1407 position. 

+15 Fig. 5. Power supply for 
waveform store. 

+5 

-8 

-15 
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The Chatterbox - 2 
Circuit deta ils, construction and use 

by lan H . Witten M.A. , Ph .D., M.I.E.E.'and Peter H. C. Madams, B.Sc., M.Sc. 
Department of ElectrlcaTEngTneer:ing Science. University of Essex 

Last month's article discussed the 
processes of electronic speech synthesis 
and outlined the general design 
principles of the Chatterbox. giving a 
complete circuit diagram. The authors 
now conclude with further description of 
the circuitry, notes on construction and 
advice on how to operate the synthesizer. 

Noise generator. The digital feedback 
shift register, which is used as the noise 
source for the Chatterbox, is shown in 
Fig. 13(a). The final output from the 
register is exclusive-ORed with an in
termediate output, and fed back to the 
beginning. Because it has only · a finite 
number of states, this configuration will 
generate a repeating - and hence non
random - string of bits: however, if the 
intermediate feedback point and the 
number of bits, say N, in the register are 
carefully chosen, a maximal-length 
sequence of 2N-1 bits is obtained before 
repetition begins . \Ve chose the 4006 
c.m.o.s. 18-bit shift register chip to imp
lement the generator because some 
intermediate outputs are available (see 
Fig. 13(b)) and it is much cheaper per bit 
than full parallel-output registers. 

Arranging 4006 chips into a low-cost 
maximal-length feedback shift register 
presents some problems. The clock rate 
needs to be at least 20kHz to ensure 
white noise. Clocked at this rate, a 
16-bit maximal-length register repeats 
every three seconds or so, and this 
repetition in the noise is unfortunately 
just noticeable. Although 17-bit and 
18-bit maximal-length registers do exist, 
it is just not possible to configure the 
several small shift registers of the 4006 
in a way which makes the appropriate 
bit accessible. However, a computer 
simulation has shown that ~n 18-bit 
register with feedback from stage 17, 
although not maximal length, produces 
253921 bits before repeating the cycle. 
This is only slightly less than 218-1 
(262143), and so the sequence generated 
is very close to maximal-length. \Vith 
the 22.5kHz clock that is used, the 
sequence repeats every 11 seconds. 

It is important to start a feedback 
shift register in the correct state. For 
example, the one in Fig. 13(a) will cer
tainly not produce noise if started with 
each stage containing zero, since the 
feedback bit will be zero also . Unfor
tunately, when power is turned on the 
c.m.o.s. shift register that we used in-

Fig. 15. Distortion of vowel positions 
due to square root law of filter 
resonances. 

variably comes up in the all-zeros state. 
Hence a spare gate is placed in the 
feedback path acting as an inverter, so 
that the all-ones state is the one which 
cycles indefinitely without producing 
noise. The all-zeros state leads into the 
repetition sequence of 253921 cycles. 

Formant filters. The formant filters 
form the heart of an analogue speech . 
synthesizer like the Chatterbox. They 
should be constant-bandwidth, con
stant d.c. gain, second-order resonators 
with centre frequency controllable over 
approximately half a decade range. In 
order to keep the cost of the device low, 
we used the two operational amplifier 
active filter configuration of Fig. 14 
instead of the more commmpn ring-of
three design, which incidentally is 

(a> 

r 4 bits 

I 4 bits 

I 4 bits 

I' 
4 bits 

D 1 bit 

D 1' bit 

(b) 

Fig. 13. (a) N-bit exclusive-OR feedback 
.shif't register; (b) shift registers in the 
c.m.o.s. 4006 i.e. 

Input 

Fig. 14. Formant filter. 

rather easier to control. The transfer/ 
function of this can be shown to be 

( ) 
- 1/C1R 1CzRz 

Hs 1 
2 1 s +---s+----

C2R2 C1Rt'C2R2 

which characterizes it as a low-pass 
resonance with d.c . gain of R 1' I R 1 , 

bandwidth of 112TIC2R2 Hz, and centre 
frequency of 1/2TiyC1R 1'C 2R 2 Hz. By 
tracking R{ with R 1, we can ensure that 
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the d.c. gain remains constant, and the 
:centre frequency follows i 1 y!R 

1
• 

·Moreover, neither is especially sensitive 
·to slight departures from exact tracking 
.of R 1' with R 1. · -

The inverse square root variation of 
formant frequency with R 1 caused us 
some concern. It is important to ensure 
that the joystick has an audible effect 
on the sound quality right across its 
operating range, so that control is not 
concentrated in one corner. 

Suppose we let k travel from 0 to 1 to 
represent the position of the joystick in 
one dimension. The potentiometer is 
linear; suppose its resistance swings 
from RA to R8 . Then at position k, the 
resistance is R = (1-k)RA + kR 8 , and 
the frequency of the resonance is pro
portional to 1 y!R. It is easy to show 
from this that if the resonant frequency 
travels from fo to { 1, its value at position 
k is 

fo 
1-k.[l-(f/f)ZJ 

Now we can plot the positions of the
v~wels on. a two-dimensional plane, 
With the dimensions representing the 
degrees of freedom of the joystick. Fig. 
15 shows a comparison between the 

_vowel p~sitions for a hypothetical 
linearlycontrolledfilter (f"' 1 /(k + 
const))- the vowels are labelled in the 
positions they would occupy for this -
a~d t~e filter we are proposing. The 
distortiOn due to the square-root law is 
shown by arrows. The diagram is 
obtained using standard formant 
frequencies for· a male voice, and ranges 

Output 

Fig.l6. Sibilance filter. 

of 200-750Hz and 750-2250Hz . for for
mants 1 and 2 respectively. 

The effect of the transformation is to 
crowd the vowels towards one corner of 
the plane, which is disadvantageous -
distinguishing between vowels would 
clearly be easier if they were maximally 
separated. However, the crowding is 
not severe, and the simplicity of the 
two-amplifier filter compared with 
others having more suitable relation
ships between resonant frequency and 
potentiometer position was considered 
to outweigh the disadvantage of uneven 
vowel distribution. 

The bandwidths of the formant filters 
must be chosen carefully. Published 
figures for formant bandwidths are sur
prisingly low - around 50 to 100Hz. 
Howe:v~r, l?w bandwidth gives a high 
magmficatwn factor Q, especially in 
formant 2 where the resonant frequen-

Fig. 17. Inside the Chatterbox. 
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cies are higher, and since the gain in the 
~irst stage of the filter depends on Q, this 
IS undesirable, because limiting will 
occur unless the signal levels are ex
tremely low. In practice, we have found 
that the audible effect of synthesized 
speech does not depend critically on low 
formant bandwidths, and we chose to 
make the first formant bandwidth 
110Hz and increase the second formant 
bandwidth slightly to 160Hz. 

The component -values used in the 
prototype Chatterbox are shown in 
Table 2. They give a range on formant 1 
which spans slightly lower frequencies 
than required by the vowels of Table 1 
and a formant 2 range which is rathe; 
higher than t)lat required. This is be
cause if the formant ranges intersect, or 
come close to intersection, the com
bined amplification of both filters can 
cause limiting to occur in the second 
filter. The problem cannot be avoided 
simply by turning down gains, for then 
the amplification when the formant 
frequencies are separated is so small 
that the signal gets lost. 

Sibilance filter. To make the sibilant 
sounds "ss," "f" and "sh," the signal 
generated by the noise source must be 
filtered and attenuated. A second-order 
high-pass resonance is an appropriate 
filter, with the position of the resonance 

, determining the type of sibilance. It is 
necessary also to make "f" a much 
weaker sound than the other two, so we 
sought a filter where we could change 
the attenuation at the same time as 
controlling the resonant frequency. The 
circuit of Fig. 16 does nicely. Capacitor 

WIRELESS WORLD . JANUARY 1979 
79 

Table 2. Component values for the formant filters Table 3. Component values for the sibilance filter 

formant1 formant2 s f sh 
1 OkO linear potentiometer 1 OkO linear potentiometer RA 220 220 220 

in series with 1.21<0 in series with 1.21<0 Rs 22 22 22 

c1 
R2 
c2 

47nF 2500pF c1 1 OOOpF 2200pF 6800pF 

151<0 151<0 R1 1k0 1k0 1k0 

100nF 68nF _ c2 820k0 8201<0 8201<0 

calculated bandwidth 
calculated range of 
resonant frequencies 
range required by 
vowels of Table 1 

11OHz 160Hz R2 1000pF 1 OOOpF 1 OOOpF 

180Hz-550Hz 

300Hz-750Hz 

C1 coptrols the resonant frequency, and 
RAIRB controls the attenuafion. The· 
transfer function is 

and if we choose R « R R « R 
B A' B 2' 

R 8 « R 1, and R 8« R 1C 2 /C 1, this has . 
passband gain of R8 /RA, bandwidth of 
(C1 + C2)/2'1TR 2 C 1C 2 , and centre 
frequency of 112'1TVC1R 1C2R 2• 

\Ve had to experiment with the centre 
frequency and bandwidth to find suit
able sibilant sounds. \Ve finally settled 
on resonances at around 2100Hz for 
"sh," 3700Hz for "f" and 5600Hz for "ss," 
with fairly high Qs - compared to the 
resonant frequencies - bandwidths of 
200 to 400Hz. These are on the verge of 
what is realizable with the circuit before 
capacitor values become ridiculously 
small and resistor values ridiculously 
high. Table 3 shows the component 
values used. 

The different sibilances are obtained 
by switching different RA, Ra. and cl 
networks into the input of the filter. A 
4016 c.m.o.s. analogue gate is employed 
just before C 1, controlled by the appro
priate noise touch switch, and the other 
side of C1 in each of the three networks 
is commoned into the remainder of the 
filter. Fig. 12 shows the details of con
trol. Because of the low input imped
ances of the RA, Ra. C1 networks, the 
output from the noise generator is buff
ered with a unity-gain amplifier stage. 

Touch switches. There are five touch 
switches on the Chatterbox, for voicing, 
aspiration, and three sibilant sounds, S, 
F, and SH. The voicing switch, which is 
operated by the heel of the hand that 
grasps the joystick, is replicated on both 
sides of the box to cater for left- and 
right-handed people. 

The touch switches oper~te by detect
ing the skin-resistance when two-ad= 
jacent ·contacts are touched together. 
They are made possible by the ex
tremely high input impedance of 
c.m.o.s. gates. Since only a tiny current 
is drawn by the gate, an extremely high 
pull-up resistance (lOMQ) can be used 
to keep its input asserted. Then even a 
high-skin resistance is able to overcome 
the pull-up resistor and bring the gate 

calculated gain 
940Hz-2850Hz calculated bandwidth 

calculated resonant 
750Hz-2250Hz frequency 

input to ground. In fact, the conduct
ance of people's skins varies quite a lot. 
Although the values shown work for 

1 I 10 1 I 10 1 I 10 
390Hz 280Hz 220Hz 

5560Hz 3750Hz 2130Hz 

1, from minimum (down) to. maximum 
-(up).--iti8 -~important" to keep the le-ads
from the joystick potentiometer as 
short as possible, since any noise on 
them will be amplified by the filters. 

Setting up. The component values given 
in Fig. 12 should provide acceptable 
ranges and bandwidths for the formant 
filters, the sibilance filter, and the sound 

most people, if the touch-switches fail source. However, it is necessary to ad-

to work for you just moisten-the skin a . just the relative levels of the voicing, 

little. aspiration and sibilance channels by 

The whisper and sibilant controls are 
"ORed" together and the result turns 
off the clock that drives the noise 
generator, so that if none of them is 
operated, no noise gets through to dis
tract attention from the voiced sounds. 

suitable choice of resistor values. 
First, adjust the levels of voicing and 

aspiration by substituting different 
values for the 47kQ and 82k0 resistors at 
the input to. the first operational 
amplifier. It is best to examine the out-. 
put of the amplifiers with an 

Construction oscilloscope, so that as large a gain as 

The prototype model was made in a box possible is obtained without clipping 

19cm X 11cm X 6cm, with the joystick, occurring anywhere along the formant 

touch controls, and a small loudspeaker chain. The tests should be made at 

on the top, and the pitch potentiometer different positions of the joystick, be-

control protruding from the left-hand cause this radically affects the Qs of the 

side. Fig. 17 shows the inside of the box. filters. 
A single printed circuit board, mounted Then adjust the two input resistors to 

on the base, contains all the com- the final operational amplifier to 

ponents. This is joined to the controls achieve a pleasing balance between 

on top by ribbon cable. Two PP3 sibilance and voicing. Finally, set the 

batteries provide an internal power feedback resistor for this stage to pro-

supply, with provision for connection to duce maximum output voltage without 

an external one via a socket. An . dipping in the audio amplifier. 
amplifier-/recorder jack . output is also - -
included. · Making the Chatterbox talk 

The left-to-right motion .of the joy- The best way to learn about the Chat-

stick conhoTs forman"t -2,-from minimum terbox is to play with it. However, 

(left) to maximum (right), and the · · people sometimes have difficulty get

down-and-up motion controls formant . " ting started, so here are some sugges-

Fig. 18. Approximate vowel positions. 

tions to help familiarize you with the 
controls and their effects. 

First, identify the vowel positions 
. (Fig. 1'8), Remember that there are far 
more vowels in English speech than the 
a, e, i, o, and u of English writing! 

Now experiment with pitch varia
tions while a steady vowel is being 
produced. Try a rising pitch, a falling 

· pitch, a rise and then a fall, and a fall 
·.- followed by a rise. Correct control of 

-. pitch is essential to make the speech 
sound natural. · · 

Try some diphthongs next, as in "go," 
"toy," and "play'' (Fig. 19). These are 

· • made up as a slide from one vowel 
- position to another. 
· Finally, turn to the noisy sounds. One 
pair of touch contacts produces aspira

. tion, and the soun~ is affected by the 
joystick position. You should be able to 
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-GO 

TOY 

PLAY 

Fig. 19. Some diphthongs. 

use it to whisper the vowels and 
diphthongs learned· above. The other 
pairs of contacts produce the sounds at · 
the beginning of "ships," "fish," and 
"salt." It is possible to make "t" as in 
"eat" with a very short burst of "s." 
However, it's quite difficult to integrate 
these noises with the vowel-like sounds 
to get proper words like "delicious." No 
wonder babies take so ·long to learn to 
talk! Fig. 20 shows some things to say. 

I 

'The Chatterbox in use 
The Chatterbox has found an exciting 
application as a stumulus for retarded 
and autistic children. (It has also been 
used with a young child, blind from 
birth.) As you may know, such children 
find it difficult to interact with other 
people and often prefer to play with 
machines. The Chatterbox with its 
relatively rich structure of controls and 
noises, proves an interesting device for 
them. · . 
· Dorinda Bath, at the University of 
Nottingham, has conducted some ex
periments with retarded and autistic 
children who were functioning at a 
mental. age level of two years. They 
were gtven the toy and instructed to 
"play with it and see what it does": 
While playing with the pitch poten

'J~ometer, trying to balance the toy on its 
joystick, chewing it, and so on, they 
usually triggered one of the touch 
switches by accident. From then on it 
was a matter of discovering which of 
the controls worked by themselves and 
which operated in consort with others. 
Three levels of activity were defined: 
level 1: making a noise by touching one 
of the controls; 
level II: performing two related actions 

I 

simultaneously (e.g. voice switch and 
joystick); 
level III: perform.ing three actions 
sit?ulta~t:_o_~~ly J_.e~ -~(?_ice switch, joy
sttck, and pitch potentiometer): ··· . · · 

Many of the children discovered by 
themselves not only level II but also 
level III activity. However, because the 
possibilities for co-ordinated control at 
level III usually outstripped the child's 
manipulative powers, because her 
hands were so small, she often involved 
the adult experimenter on her own in
itiative to help her ("you touch these 
buttons while I move this"). Thus the 
Chatterbox served as a catalyst for 
valuable interpersonal relations. This is 
especially important for the autistic 
child, who withdraws from contact with 
humanity and does not respond to 
friendly advances from other people. 

As a consequence of her experiences 
. with _ t~ Cha!_!~r-~~.?'· Dorinda sug
gested that it would be worthwhile to 
explore the possibilities of using it in 
ch~ld therapy, to increase. auditory 
awareness as well as to expand atten
tion span in children with disorders of 
speech and language. 
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Two-way cable tv system 
for tv entertainment 

A new bi-directional cable tv syste~p. is 
shortly to become operational in the 
USA. · It allows viewers to select special 
film programmes, to actively participate . 
in educational courses and quiz games, 
and, even to shop using their tv set. It 
also enables subscribers to contact the 
police in an emergency. 

A network using this concept has 
been developed jointly by Pioneer Elec
tronic Corporation and Warner Cable 
Corporation, a subsidiary of Warner 
Communications, and will eventually 
cover about 300,000 households (an 
estimated one million people) in an area 

, around Columbus, Ohio. Previous sys
tems have only enabled a relatively 
small number ( a few thousand) sub
scribers to participate in programmes. 
All the subscribers in the network are 
directly connected to the programme 
transmission centre by a bi-directional 
digital communications system. From 
this centre, each subscriber can receive 
up to 30 regular tv programmes, up to 
ten pay-tv programmes, and by using a 
pushbutton control unit, participate in 
various other programmes. 

A pay-as-you-see facility enables 
viewers to pay for extra programmes or 
facilities as and when they want them. 
It does this by monitoring the use of 
each subscriber's tv console by com
puter, and using the data obtained to 
invoice them for the extra programmes 
and facilities used. 

L.e.ds on the viewe~'s push-button 
remote control unit, shown in the 
accompanying photograph (actual unit 
size is about 4 x 6in) , can be illuminated 
if, for example, the viewer gives the 
correct answer in a multiple answer test 
following an educational programme. 
~his facility can be applied to tv shop
pmg as well as to educational subjects. 
Anyone wishing to order a particular 
product simply presses the appropriate 
response button and the computer 
notes the order and prepares a purchase 
note, which is passed directly to the 
supplier's warehouse. 

Facilities are also available with the 
system to provide a subscriber with 
teletext-type data; for example, up-to
date information on his or her water, 
gas and electricity consumption. 
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Character rounding for the , 

Wireless Wo-rld teletext decoder 
2 - Insta llation of Boa rd 4 and further im provements 

Improvements to J. F. Dan iels ' original 
decoder design represent a further stage 
in evolution . Unlike some commercial 

l.s.i. decoders, the unit now offers 
complete compliance with the 
specification together with useful test and 
demonstration facil ities . · 

THE ASSEMBLY of the new board is 
eased by the use of plated-through 
holes, and no special precautions are 
necessary in its construction beyond 
ensuring that the capacitors stay within 
a height of 5/16in above the board. 

To simplify the wiring-in as far as 
possible, the board has been laid out in a 
half-depth format to mount above the 
rear halves of Board 3 and the analogue 
board. The seventeen links to rear pads 
on the component side of Board 3 go to 
the corresponding numbers on the 
lower. side of the new board, while the 
other connexions go to its upper side. 
The existing leads to the front panel 
should be disconnected from the boards 
to be reconnected as a final stage of 
re-assembly. "Extra-flexible" wire is 
strongly recommended for the new 
wiring and also for replacement where 
single-strand wire was used originally, 
since this is liable to weaken or break 
when the decoder is "unfolded" a few 
times. 

The complete assembly of four boards 
can just be fitted inside the 2%in head
room of the original cabinet, if carefully 
spaced. Board 2 should be mounted 1.4in 
above the chassis and VR 3 removed. 
C 12,13 may have to be hung over the 
front of the board or replaced by smaller 
diameter types so that Board 1 can be 
fitted 1/2in above it. A gap of %in bet
ween Boards 1 and 3 may be needed to 
clear VR 1 and VR2, depending on the 
type used, but %in is sufficient between 
Boards 3 and 4. The analogue board 
should be mounted Y2in above Board 1. 
To avoid risk of short circuits , it is 
simplest to use insulated spacers 
throughout with fibre washers under 
nuts and screw heads where necessary. 

With four boards, the heat dissipation 
is considerably greater than in the orig
inal design and it is suggested that a 
row of moderate size holes is drilled 
through the chassis and cabinet base at 
the front and in the top of the cabinet at 
the rear, to encourage airflow between 
the boards. 

·In the following, pad designations on 

by J. H. Hinton, M _.Sc. 

Board 4 ·are suffixed by U (upper) or L 
(lower), while those .on Board ·3 retain 
their C (component side) and W (wiring 
side) prefixes. 

Installation 

.( 1) Remove existing wires between W30 
and Board 2 "white output", and 
between C5 and edge connector 5 
on Board 1 (EC 1, 5). 

(2) Isolate the following points on Board 
3 by breaking the trac.k leading from 
them:- IC 104 , pins 11 , 13, 14, 15 
(noting that the track from pin 11 
runs along the upper side of the 
board under the i.e. before going 
through it close to pin 1) (108, 1), 
(105, 15) and edge connector C22. 

(3) Connect a 22nF capacitor between 
C34 and C36; link (117, 2) to (101, 4) 
and IC 117, pin 3 to pad C22. . 

( 4) Support Board 4 with its underside 
upwards and link with lin lengths of 
wire all the pads on the underside of 
Board 4 to their same-numbered 
partners on the component side of 
Board 3, with the exception of 42L,. 
which is taken to a 5V supply cap
able of providing 530 rriA, and · 43L 
(OV) which is linked to pad C36. 

(5) Link edge connector 13U on Board 4 
to (108, 1) on Board 3; 20U to (124, 8); 
29U to (113, 11); 31U to (121, 6); 33U 
to (105, 15); 35U to (104, 15); 36U to 
(J.04, 14); 37U to (104, 13); 38U to 
(104, 11). . 

Boards 3 and 4 may now be bolted 
together. 

On board 2, break the two track 
connexions on the underside of the 
board going to IC 42, pin 7 (dot count 6) 
and transfer them both to (42, 9) (dot 
count 7). Take a lead from (57, 3) (Flash) 
to 39U on Board 4 and check the 
polarity of cl2 and cl3 (shown incor~ 

rectly on the instructions supplied with 
some kits) - the two outside ends are 
both negative and the inner ones 
posit ive. The rate of flash may be 
slowed down by increasing these 
capacitors to 220fJ.F. 

At this stage the Roll mode and Write 
pulse modifications described in 

. Daniel's follow-up article (W. W. Feb. 
1977) may conveniently be carried out; 
together with the one for interleaved 
magazines, if required. 

Turning now to Board 1, remove IC 1 

(7493)and take a lead from its former 
pin 2 hole to pad 12U, and from pin 11 

hole to 14U. Isolate (4, 13) by cutting the 
track leading from it ori the underside of 
the board, remove C 2, and connect 17U 
to EC1, 17; 21U to EC1, 21; 34U to (7, 13) 
and 5U to EC1,5. The now spare NOR 
gate (4, 13) may be used to cure the 
'jumpiness' in the setting of picture 
width and margin by connecting it in 
place of inverter (6, 12), with the ad
ditional input fed from (10, 11); it is also 
recommended that R3 be changed to 270 
ohms and (12, 11) be transferred to OV. 
The four boards may now be bolted 
together. , 

On board 4, link the EC pads on the 
upper right ha~d edge to their partners 
immediately below on the analogue 
board, and connect 25U to the cut-hole 
signal fed to the video interface board 
from the "newsflash" switch on the 
front panel. Link to OV the unconnected 
front pin of the used section of the 
"Teletext" switch. If required, connect 
the "upper-case only" switch between 
pads S1a and S1b alongside IC 20t. andthe 
"Disable ·Rounding" switch between 
pad S2 (between IC 212 and Ri) and OV; 
both switches being open for normal 
operation. 

Held graphics 
The rendering Of held graphics can be 
improved by two modifications to 
Board 3 which can be added on their 
own or in conjunction with the new 
board. \Vhen a graphics symbol is held 
over a control character which changes 
the display colour (a set-after change), a 
narrow band of the new colour may be 
visible at the right hand edge of the 
graphic because the signal which 
changes the colour has a shorter propa
gation path through the logic than theY 
character signal. This can be overcome 
by introducing a compensating delay 
_into the colour signal as follows:"""' 

(1) Cut the track links and insert 100 
ohm resistors on the underside of 
the board between (105, 3) and (110, 
10) (red), (105, 13) and (110, U) 
(green:) and (105, 6) and (110, 3) 
(blue). 

( 2) Connect three 560pF capacitors on 
the top side of the board from IC 105 

pins 3, 6 and 13, to OV. This value was 
found to be optimum on the proto::
type but may vary between . in

. dividual decoders. 
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\Vhen a graphics symbol is held over the 
'graphics hold' contr.ol which sets the 
Hold mode (being previously unset) the 
time taken to establish the mode rriay 
give rise to a gap at the left hand edge of 
the symbol (visible for example on Or
acle, Page 111) which can be cured by 
adding a 390pF capacitor from (122, 13) 
to OV; its effect is to delay the blanking 
effect of the control character signal fed 
to (116,5) until the hold signal to (116, 4) 
has caught up with it. 

General 
The type of capacitor used here or 
elsewhere in the modifications (apart: 
from C201 ) is not critical, provided that 
miniature high-K ceramic varieties with 
a tolerance of -20% to + 80% such as the 
Mullard C629 series (yellow square 
plates with a green band along the top) 
are avoided. 

The new board continues the practice 
in both the original design and Board 3 
of leaving unconnected the pins of un
used active-low i.e . inputs. Unlike 
c.m.o.s., where a free input may float to 
almost any level depending on leakage 
resistances, the internal base resistance 
of the t.t.l. input stage is sufficient in 
practice to hold it up in the high state 
against ~my capacitance coupling inside 
the package; although an external pull
up is recommended by i.e. manufac
turers. Used inputs which would other
wise be left floating under some switch 
conditions, such as (201, 1) and (214, 9), 
are provided with pull up resistors to 
overcome possible coupling through the 
stray capacitance of the wiring. Since 
the breakdown rating of a t.t.l. input is 
only 5.5V as against 7V for the main 
supply pin, inputs must never be 
directly connected to the positive rail 
without a protective series resistance._ 

The reduction in gap between cha
racters with the seven clock period cell 
gives a narrower picture for the same 
clock frequency and while this can be 
reduced to 7Mhz to fill up the screen, 
the author prefers the narrower picture 
as being more readable. 

With · the use of ± 2% close tolerance 
components for C 201 and R201 , rather 
than having a preset adjustment, the 
unit should work immediately provided 
that no faults are present. The action of 
character rounding can be observed and 
checked most easily on double-height 
characters; pre-rounding and post
rounding can be disabled separately by 
shorting (210, 9) and (210, 1)' respec-
tively to OV. . 

The seven clock period character cell 
and upper case only converter can be 
added separately to the W W decoder or 
'used independently in other display . 
applications. 

The circuitry to switch between a 
dot-count modulus of eight for acquisi
tion mode and seven for the display cell 
can be made up from three i.e . packages 
as shown in Fig. 5. It is necessary to use 
a synchronous counter, and to switch 
ovet the exclusive-OR gate by a dot 
_._ .couht 3 signal derived from a single 

Fig. 5. Circuit to accommodate a 
dot-count of eight for acquisition and a 
count of seven for display. 

Bit1 

Bit2 

Bit3 

Ln 11-21 in 

Bit 1 

Bit2----; 

Bit3 

Bit4 

Bit 5--1-.---l 

Bit4 Bit 5 · 

gate rather than th'e 7442 four-to-ten
line decoder IC 42, because the propaga
tion time round this loop via either QA 
or Q8 must be less than half a clock 
period. The conversion of lower-case 
alpha symbols to upper case also 
requires three i.e. packages as shown in 
Fig. 6. However, the availability on 
Board 4 of spare gates in the character
rounding logi'c enabled this conversion . 
to be incorporated with the addition of 
only one 7400 package, at the cost of not 
preserving the long dash (Row 0 column 
6 in the code table). 

It is important to observe the distinc
tion between the OV line and earth or 
chassis. While many older sets which 
used half-wave h.t. rectification directly 
from the mains with the chassis taken 
to neutral were relatively safe when 
connected correctly, newer ones often 
use a bridge arrangement where the 
chassis is live on alternate half cycles. It 
is essential that the decoder metalwork 
is taken to a ·true earth, and that a 
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1T 

CK~----' 

CLR in 

Bit 7 Bit 6 

Fig. 6. Conversion of lower~case alpha 
symbols to upper-case. 

doubie-wound mains isolating trans
former of adequate rating is used during 
commissioning and until the decoder is 
securely in its cabinet with all · coaxial 
cable braiding well insulated. 
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Microcomputer design 
6 -The ZBO microprocessor expJained. 

by Phil Pittman, B.Sc . in association w ith NASCO Ltd 

Having considered some of the 
generalities of microcomputer hardware 
and software in previous articles; and 
also some parts of a particular practical 
system, this six-part series concludes by 
looking more closely at the central 
processing unit- in this case the ZSO 

- microprocessor. Although some of the 
following information has been given in 
previous articles (November and 
December 197 7; January, February and 
August 1978), it is being repeated here 
for completeness and greater detail. 

A BLOCK DIAGRAM of the internal 
architecture of the Z80 central proces
sing unit is shown in Fig. 1. The diagram 
shows the major elements in the c.p.u. 
and it should be referred to throughout 
the following description . First let us 
look at the c.p.u. registers. The Z80 
c.p.u. contains 208 bits of read/write 
memory that are accessible to the pro
grammer. Fig. 2 illustrates how this 
memory is arranged into eighteen 8-bit 
registers and four 16-bit registers. The 
registers include two sets of six general 
purpose registers that may be used 
individually as 8-bit registers or in pairs 
as 16-bit registers. 

Special purpose registers 
I. Programme counter (p.c.). The pro
gramme counter holds the 16-bit ad
dress of the current instruction being 
fetched from memory. The p.c. is 
automatically incremented after its 
contents have been transferred to the 
address lines. When a programme jump 
occurs, the new value is automatically 
placed in the p.c., overriding the incre
menter. 

Fig. L Block diagram of Z80 central 
processing unit. 
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in the Z80 c. p.u. 
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2. Stack pQinter (s.p.). Any portion of 
external r.a.m. may be dedication as a 
stack area. This is used as a method of 
sequentially storing or retrieving data 
on a last-in first-out (l.i.f.o.) basis. The 
s.p. holds the 16-bit address of the cur
rent top of stack. Data can be "pushed" 
onto the stack, 16~bits at a time~ from 
specific c.p.u. registers or "popped" off 
the stack into specific c.p .u. registers 
through the execution of PUSH and 
POP instructions. The data popped from 
the stack is always the last data which 
was pushed onto it. Any stack push or 
pop automatically modifies the s.p. in 
such a way that the s.p. always contains 
the address of the current top of stack. 
The stack is frequently used to save 

SP ( Points to top-of-stack; 

. t High address 

~ Pop I r eturn 

1 Data from stack 
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programme counter contents before 
certain types of jumps (calls) so that the 
programme can later return to the same 
place again by popping the old value 
back to the p.c. 

The stack allows simple implementa
tion of multiple level interrupts, un
limited subroutine nesting and sim
plification of many types of data 
manipulation. Fig. 3 indicates the 
operation of the stack. 
3. Two-index-registers (IX-and IY): the 
two independent index addressing 
modes. An index register is used as a 
base to point to a region in memory in 
which data is to be stored or from which 
it is to be retrieved. An additional byte is 
included in indexed instructions to 
specify a displacement, either positive 
or negative, from this base. This mode 
of addressing greatly simplifies many 
types of programme, especially where 
tables of data are used. 
4. Interrupts page address register (I). 
The 280 c.p.u. can be operated in a mode 
where an indirect call (a special type of 
jump) to any memory location can be 
achieved in response to an interrupt. 
The I register is used for this purpose to 
store the high order 8-bits of the 
memory of the address. This feature 
allows the interrupt service programme 
to be located anywhere in memory with 
absolute minimal access time to the 
routine. 
5. Memory refresh register (R). The Z80 
c .p.u. contains a memory refresh 
counter to enable dynamic memories to 
be used with the same ease as static 
memories. \Vhile a discussion of 
dynamic r.a.m. is beyond the scope of 
this article, it is sufficient to say that 
dynamic r.a.m. stores its data as charges 
on capacitors. In order that this charge 

System control 
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does not decay it is necessary to provide 
a partial address for the blocks of 
memory cells, plus certain clock pulses, 
within a specified minimum time. These 
are the functions provided by the Z80. 
The 7-bit refresh register is automati
cally incremented after each instruction 
fetch. The data in the refresh counter is 
sent out on the lower portion of the 
address bus along with a refresh control 
signal while the c.p.u. is decoding and 
executing the fetched instruction. This 
mode of refresh is totally transparent in 
that it does not slow down the c.p.u. 
operation. The programmer can load 
the register for testing purposes, but 
this register is not normally used by the 
programmer. · 

Accumulator and flag registers 
The c.p.u. includes two independent 
8-bit accumulators and associated 8-bit 
flag or status registers. The accumula
tor holds the results of 8-bit arithmetic 
or logical operations while the flag or 
status register indicates specific condi- · 
tions for 8- or 16-bit operations, such as 
indicating whether or not the result of 
an operation is equal to zero. The pro
grammer selects the accumulator and 
fla,g pair with which he wishes to work 
with a ·single exchange instruction so 
that he may easily work with either 
pair. 

General purpose registers 
There are two matched sets of general 
purpose registers, each set containing 
six 8-bit registers that may be used 

Fig. 4. Pin numbers and functions in the 
ZBO. The abbreviations are explained in 
the text. 
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individually as 8-bit registers or as 16-bit 
register pairs by the programmer. One 
set is called BC, DE and HL while the 
complementary set is called BC', DE;, 
and HL'. At any one time the program~ 
mer can select any one set to work with 
through a single exchange command 
for the entire set. In systems where a 
fast interrupt response is required, one 
set of general purpose registers and an 

· accumulator /flag register may be pre
served for handling this very fast 
routine. Only simple exchange instruc
tions need be executed to go between 
the routines. This greatly reduces inter
rupt service time by eliminating the 
requirement for saving and retrieving 
register contents in the external stack 
during interrupt or subroutine proces
sing. These general purpose registers 
are used for a wide range of applications 
by the programmer. 

Arithmetic and logic unit (a.l.u.) : 
The 8-bit arithmetic and logical in
structions of the c.p.u. are executed in 
the a.l.u. Internally the a.l.u. com
municates with the registers and the 
external data bus or the internal data 
bus. The type of functions performed by 
the a.l.u. include: add, subtract, logical 
AND, logical OR, logical exclusive OR, 
compare, left or right shifts or rotates 
increment, decrement, set bit, reset bit: 
and test bit. 

Instruction register and c.p.u. 
control 
As each instruction is fetched from 
memory, it is placed in the instruction 
register and decoded. The control sec
tion performs this function and then 
generates and supplies all of the control 
signals necessary to read or write data 
from or to the registers, control the a.l.u. 
and provide all required external con
trol signals. 

External signals 
!he Z80 is a single chip c.p.u. packaged 
m a standard 40-pin dual-in~line pack- . 
age. Fig. 4 shows the functions which 
are brought out to the external pins of 
the device while Fig. 5 shows how the 
device fits into !\he microcomputer 
circuit. All outputs from the c.p.u. with 
the exception of Mi, RFSH, HALT and 
BUSAK have a three-state capability. 
\Vith the exception of the data and 
address buses all signals have an active 
low state. The following paragraphs 
explain the various signals and connec
tions shown as code names in Fig. 4 and 
Fig. 5. 

Address bus (Ao-A 15). Pins A0-A 1s con
stitute a 16-bit address bus. The bus 
provides the address for memory (up to 
64K bytes), data exchange and for i/o · 
device data exchanges. II o addressing 
uses the eight lower address bits to 
allow the user directly to select up to 
256 input or 256 output ports. A0 is the 
least significant address bit. During 
refresh time, the lower seven bits con
tain a valid refresh address. 
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Data bus (0 0-07). The 8-bit bidirectional 
data bus is used for data exchanges with 
memory and il o devices. 
Machine cycle one (Ml). This indicates 
that the current machine cycle is an 
instruction fetch cycle. 
Memory request (MREQ). The memory 
request signal indicates that the address 
bus holds a valid address for a memory 
read or memory write operation. 
Input/output request (IORQ). The 
input-output request signal indicates 
that the lower half of the address bus 
holds a valid i/o address for an i/o read 
or write operation. An IORQ signal is 
also generated with an Mi ·signal when: 
an interrupt is being acknowledged to 
indicate that an interrupt response vec
tor (address) can be placed in the data 
bus by the interrupting peripheral. In
terrupt acknowledge operations occur 
during M 1 time while i/o operations 
never occur during M1 time. 
Read (RD). The "read" pulse indicates 
that the c.p.u. wants to read data from 
memory or an il o device. The addressed 
il o device or memory should use this 
signal to gate data onto the c.p.u. data 
bus. · 
Write (WR). The "write" signal indi
cates that the c.p.u. data bus holds valid 
data to be stored in the addressed 
memory or il o device: 

24 
----.:~ WAIT 

27 

Refresh (RFSH). The "refresh" signal 
indicates that the lower seven bits of the . 
address bus contain a refresh address 
for dynamic memory and the current 
MREQ signal should be used to do a 
refresh operation on all dynamic 
memories. · 
Halt state (HALT). The HALT outp~t 
from the c.p.u. indicates that a "halt" 
software instruction has been executed. 
The c.p.u. remains halted until reset or 
interrupted. During a halt, refresh 
activity is maintained. · 
Wait (WAIT). The "wait" input may be 
~sed to indicate to the c.p.u. that the 
addressed memory or i/o devices are 
not ready for a data transfer. Additional 
one clock cycle timing states are 
generated for as long as the "wait" 
signal is active. This signal allows any 
speed of memory or i I o device to be 
synchronised to the c.p.u. 
Int"erriipt request (INT.)." The. ,;inte~rupt 
request" signal is generated by il o de
vices. A request will be honoured at the 
end of the current instruction if the 
internal software controlled interrupt 

Fig. 5. How the ZBO m.p. u~ is used in the 
microcomputer, showing address and 

·data buses and other associated logic. 

. Int. 
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enable flag is enabled. \Vhen the c.p.u. 
accept~terrupt; an acknowledge 
signal (IORQ) during M1 time) is sent 
out at the beginning of the next. in
struction cycle. The c.p.u. can respond 
to an interrupt in three different modes 
that are selected by software instruc-
tions. · 
Non-maskable interrupt (NMI). The ' 
non-maskable interrupt request line has 
a higher priority than !NT and is always 
recognised at the end of the current 
instruction, independently of the status 
of the interrupt enable · flag. NMI 
automatically forces the Z80 to restart 
at memory address 0066 hex. The pro
gramme counter Is saved automati
cally in the external stack so that the 
user cart later ·return to the programme 
that was interrupted. 
Reset (RESET). A reset forces the pro
gramme counter to zero and initialises 
the c.p.u. 
Bus request (BUSRQ). The "bus requ
est" signal is used to request the c.p.u. 
address bus, data bus and three-state 
output control si'gnals to go to a high 
impedance state so that other devices 
cart control these buses. The request 
will be granted as soon as the current 
c.p.u. machine cycle is completed. · 
Bus acknowledge (BUSAK). "Bus ac
knowledge" is used to indicate to the 
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requesting device that the c.p.u. address 
bus, data bus and control bus signals 
have been set to their high impedance 
state and the external device, e.g. the 
d.m.a. controller, can now control these 
buses. 
Clock (1). ·The Z80 c.p.u. requires a 
single phase t.t.l. square wave clock for 
timing control. The frequency of this is 
2.5 MHz for the standard Z80 or 4.0 MHz 
for the Z80A. 

As shown in Fig. 5 the c.p.u. clock is 
driven from a conventional t.t.l. buffer 
w_ith a 330Q pull-up resistor, as required 
by the package. The input to the buffer 
can be selected from points on the video 
r.a.m. frequency divider chain (August 
issue, p.56), which is driven from a 
16MHz crystal. A link has been provided 
to allow the clock frequency to be set to 
1,·2 or 4MHz. 

The logical design of the microcom
puter has been arranged to exploit the 
non-maskable interrupt facility of the 
Z80, mentioned above, for a very special 
purpose - to provide a single step ac
tion for programme development work. 
By utilising external logic to interrupt 
the processor a fixed number of M 1 
cycles after a known command has 
been executed, the execution of the 
programme can be halted by causing 
the interrupt to occur during a particu
lar instruction. The software arranges 
successive instructions in a programme 
to be interrupted, and immediately after 
the interruption all major registers are 
mapped into the video r.a.m. (August 
1978 issu~) a~~-~r~ fon_sequ~ptly dis:: 
played on the tv set. The software will 
then wait for a specific keystroke to 
move the next instruction into the in
terrupting position. All this is necessary 
because instructions can be of differing 
lengths, and unless a huge search table 
is provided to establish the lengths of 
each of the 158 different Z80 instruc
tions, the software has no other means 
of "knowing" which bytes are instruc
tions, which are data and which are 
operands. 

The particular method chosen for this 
system is to cause a non-maskable 
interrupt on the fourth M 1 cycle after 
the low-to-high transition of bit 3 of 
port 0. The counting and blocking of the 
interrupt is performed by 74LS74 inte
grated circuits and associated gates. 
This system is also reset by the c.p.u. 
reset signal. 

The instruction set 
A previous article in this series has 
outlined the various groups of instruc
tions constituting the Z80 instruction 
set. The following paragraphs provide 
more detail on the facilities offered by 
the instruction set, although it is not 
possible to give full descriptions in the 
space available. 
Load and exchange. These are the main 
instructions used for transferring data 
around the system between registers 
and memory locations. Any 8-bit quan- . 
tity may be freely moved around by 

In terr. upt l Serv1ce 
Routine Low order 

St artmg High order 

Address 

Table l 
.__ __ ...... 

Desired starting address 
pointed to by : 

Fig. 6. Interrupt response. 

utilising one of a variety of addressing 
modes with the basic "load" (LD) in
struction. Register to register transfers 
are the simplest but in a register-to
memory or memory-to-register opera
tion the memory address may be pro
vided in one of a number of ways. The 
data may be part of an instruction, in 
which case it is fetched from the pro
gramme memory in the normal way. 
Alternatively, a 16-bit data memory 
address may be provided as part of the 
instruction. A common method of ad
dressing data memory with the Z80 is to 
make use of the various 16-bit registers 
(IX, IY, BC, DE, HL) to contain data 
addresses. 

Sixteen-bit quantities may also be 
transferred by the Z80 in a single in
struction. For example 16-bit data to be 
placed in a 16-bit register may be in
cluded as part of the instruction, or the 
first address at which a 16-bit register 
pair of values is to be transferred bet
ween may be included in an instruction. 
Also any 16-bit register (excluding s.p.) 
may be pushed or popped on or off of 
the external stack. Exchange instruc
tions allow the selection of either reg
ister bank or accumulator and also 
include various 16-bit register swaps. 
Block transfer and search. An ex
tremely powerful set of block transfer 
instructions exist in the Z80 for moving 
a block of data of any . size from one 
memory area to another in a single 
instruction. All of these instructions 
operate with three registers: HL points 
to the source location, DE points to the 
destination location, BC is a byte 
counter. After the programmer has in
itialised these registers a single instruc
tion can transfer a byte from the loca
tion pointed to by HL to the location 
pointed to by DE. These two points are 
then either incremented or decre
mented depending on the instruction 
being used, and the byte counter BC is 
decremented. The next byte is then 
transferred, and so on until BC = 0. 

The block search instructions will 
search a given memory block for a 
specific data value with a single in
struction. Again HL is used as a memory 
address pointer and BC is used as a byte· 
counter. The accumulator is used to 
contain a copy or' the value to be 
searched for. \Vhen the search instruc
tion is executed it will sequence through 
the memory, updating HL and BC until 
it either finds a match with the accum
lator contents or BC reaches zero. 
Arithmetic and logical. The Z80 is cap-
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able of performing a wide range of 8-bit 
and 16-bit arithmetic and logical opera
tions, as listed earlier. In- all of these 
instructions except increment and de
crement, the specified 8-bit operation-is . 
performed between the data in the 
accumulator and the specified source of 
data. This source may be any of the 
c.p.u.'s 8-bit registers, memory address 
by (HL), (IX+ d) or (IY +d) or 
"immediate" data contained as part of 
the instruction. The result of the opera
tion is placed in the accumulator, with 
tbe exception of the "compare" in
.struction which leaves the accumulator 
unaffected. All of these operations 
affect the flag register as a result of the 
specified operation. 

The facilities of the flag register and 
instruction set allow arithmetic opera
tions for multiprecision b.c.d. numbers, 
multiprecision signed or unsigned 
binary numbers, and multiprecision 
two's complement signed numbers; 

A group of 16-bit arithmetic instruc
tions allow various operations between 
the Z80's 16-bit register, frequently 
using HL as ·a 16-bit accumulator. These 
simplify address calculations or other 
16-bit arithmetic operations. 

Bit manipulation. The ability to set, ' 
reset or test individual bits in a register 
or memory location is needed in almost 
every programme. These bits may be 
flags in a general purpose software 
routine, indications of external control 
conditions or data packed into memory 
locations to make memory utilisation 
more efficient. 

The Z80 has the ability to set, reset cir 
test any bit in the accumulator, any: 
general purpose register or any memory 
location with a single instruction. 

Jump, call and return. A "jump" is a 
branch in a programme where the pro
gramme counter is loaded . with the 
16-bit value specified ·by one of a 
number of available addressing modes. 
The "jump" group has several different 
conditions that can be specified to be 
met before the jump will be made. If . 
these conditions are not met, the pro
gramme merely continues with the next 
sequential instruction. The conditions 
are all dependent on the data in the flag 
register. Jump addresses may either be 
determined from information contained 
as part of the instruction or from certain 
of the c.p.u.'s 16-bit registers. The latter 
capability allows programme jumps to 
be a function of previous calculations. 

A "call" is a special form of jump 
where the programme counter contents 
are pushed onto the stack (addresses by 
the stack pointer register) before the 
jump occurs. A "return" is the reverse 
of a "call", in that the value on top of the 
stack is popped directly into the p . .c. to. 
form a jump address. The "call" and 
"return" allow for easy handling of 
subroutines and interrupts. 

Input/output. The transfer of data bet~ 
ween the microcomputer and the 
peripheral devices is accomplished via 
the c.p.u. 8-bit registers with the aid of 
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instructions from the i/o group. An 
eight-bit port address may be specified 
either as part of the instruction or as the 
contents of register C. Special block il o 
instructions of the Z80 allow the 
transfer of complete blocks of data 
directly between an i/o port and 
memory with a single instruction simi
lar to those for block memory moves. 

Flags. Each of the two Z80 c.p .u. flag 
registers contains six bits of informa
tion which are set or reset by various 
c.p.u. operations. Four of these bits are 
testable; that is, they are used as condi
tions for jump, call or return instruc
tions. For example, a . jump may be 
desired only if a specific bit in the flag 
register is set. The four testable flag bits 
are: · 
L Carry flag (C). This flag is the carry 
from the highest order bit of the accu
mulator. For example, the carry flag will 
be set during an add instruction where a 
carry from the highest bit of the accu
mulator is generated. This flag is also 
set if a borrow is generated during a 
subtract instruction. The shift and 
rotate instructions also affect this bit. 
2. Zero flag (Z). This flag is set if the 
result of the operation loaded a zero 
into the accumulator. Otherwise it is 
reset. 
3. Sign flag (S). This flag is intended to 
be used with signed numbers and is set 
if the result of the operation was 
negative. Since bit 7 represents the sign 
of the number (a negative number has a 
1 in bit 7), this flag stores the state of bit 
7 in the accumulator. 

4. Parity/overflow flag (P IV). This 
dual purpose flag indicates the parity of 
the result in the accumulator when 
logical operations are performed, and it 
represents overflow when signed two's -
complement arithmetic operations are 
performed. The Z80 overflow flag indi
cates that the two's complement 
number in the accumulator is in error 
since it has exceeded the maximum 
possible(+ 127) or is less than the mini
mum possible (-128) number that can 
be represented in two's complement. 

_ There are also two non-testable bits 
in the flag register. Both cif these are 
used for b.c.d. arithmetic. The "half 
carry" (H) flag is the b.c.d. carry or 
borrow from the least significant four 
bits of the a.l.u. This is examined by the 
ZSO's special ."decimal adjust · accumu
lator" instruction used when perfor- '
ming decimal arithmetic. The "subtract 
flag" (N) is also used by the decimal 
adjust instruction to indicate if the 
previous arithmetic instruction was an 
addition or subtraction. 

The flag register can be accessed by 
the programmer and has the following 
format: 

Interrupt response. The purpose of an 
interrupt is to allqw peripheral devices 
to suspend c:_p.u. operation in an orderly · 
manner and force the c.p.u. to starf a 

peripheral service routine. Usually this 
routine is involved with the exchange of 
data or status and control information, 
between the c.p.u. and the peripheral. 
Once the service routine is completed, 
the c.p.u. returns to the operation from 
which it was interrupted. 

The Z80 has two interrupt inputs, a 
software maskable interrupt and a non
maskable interrupt. The non-maskable 
interrupt (n.m.i.) cannot be disabled by 
the programmer and it will be accepted 
whenever requested by a peripheral 
device. This interrupt is generally 
reserved for very important functions 
that must be serviced whenever they 
occur, such as impending power failure . 
\Vhen the Z80 receives a non-maskable 
interrupt it performs an automatic sub
routine call to a predetermined memory 
address (0066 hex). 

The maskable interrupt (INT) can be 
selectively enabled and disabled by the 
programmer. This allows the program
mer to disable the interrupts during 
periods where his programme has 
timing constraints that do not allow it 
to be interrupted. The Z80 can be pro
grammed to respond to maskable inter
rupts in any one of three possible 

modes. ---------------------------
.- Since the Z80 was evolved from the 
8080A microprocessor, i.e. the 8080A's 
instruction set and internal register 
organisation is a sub-set of the Z80's,. 
one of the Z80's interrupt modes is 
identical to that of the 8080A. In this 
mode, when the c.p.u . acknowledges an 
interrupt, it expects some external 
hardware to supply an instruction to the 
data bus. The c.p.u. then executes this 
(usually a jump or call) rather than 
getting the next instruction from the 
programme memory. This means that 
an 8080A can easily be replaced by a Z80 
in a system without necessarily 
PlOdifying the interrupt system, es
pecially as 8080A programmes are 
upward compatible, at the binary 
machine code level, with the larger Z80 
instruction set. . 
· For simple interrupt requirements the 

second mode of Z80 interrupt response 
is quite attractive. In this mode, when
ever an interrupt is accepted the c.p.u. 
performs an automatic subroutine call 
to a predetermined address (0038 hex). _ 

The third mode of Z80 interrupt res
ponse is the most powerful. In this mode 
the interrupting device is required to 
identify itself by supplying an 8-bit 
number (vector) to the c.p.u. when the 
interrupt is acknowledged. (Note that 
the Z80 activates both M1 and IORQ 
simultaneously to signify an interrupt 
acknowledge cycle.) . 

\Vith this mode the programmer 
maintains a table of 16-bit starting ad
dresses -one for every interrupt service 
routine. The table may be located ·any- · 
where in memory. \Vhen an interrupt is 
accepted, a 16-bit pointer must be 
'formed to obtain the desire.d interrupt. 
service routine starting address from 
the table, The upper eight bits of this 
pointer are formed from the contents of 
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the c.p.u.'s I register, which must have 
been previously set up by the program-· 
mer. The lower eight bits of the pointer 
are supplied by the interrupting device. 
Using the pointer to the table, and the 
table contents, an indirect call can be 
made to any memory location. This is 
illustrated diagrammatically in Fig. 6. 
All of the devices in the Z80 peripheral 
family are designed to operate in this 
mode of interrupt response . The pro
grammer is able to specify a unique 8-bit 
interrupt vector to each peripheral, 
which it supplies to the c.p.u. during 
interrupt acknowledge. Interrupt 
priority is established by a "daisy
chain" connection through the 
peripheral devices. 
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Later this year we hope to publish a complete 
constructional design for a scientific com
puter using the ZBO m.p.u. as a processor. 

WW diary overseas 

The publishers of the Wireless World diary, 
T. J_ & J. Smith of London SW19, do not 
supply direct to the public. If you want a copy 
you will have to get a bookseller, such as W. 
H. Smith, to order through the trade. If you 
live abroad from the UK, Wireless World can 
supply you. Send £1.50 to WW Diary, Room 
25, Dorset House, Stamford Street, London 
SE1 9LU. The latest edition includes new 
sections on standard frequency transmis
sions, time code transmissions, UK broad
casting stations, and enlarges the address 
and telephone number section for electronics 
organisations by 75%. 

Microelectronics design 
Designing with single-chip microcomputers 
is the subject of one of the papers to be 
presented at the Microsystems '79 con
ference and exhibition this year, January 31 
to February 2. Other topics covered are 
bubble memories, microprocessor inter
facing, architecture of 16-bit processors, high 
level languages and costing m.p.u. software. 
The event will be at the West Centre Hotel, 
Lille Road, London SW6 from 09.30 to 18.00 
hours each day. Conference details from IPC 
Science and Technology Press Ltd, Westbury 
House, Bury Street, Guildford, Surrey GU2 
SAW (Tel: 0483 31261). Exhibition details 
from Iliffe Promotions Ltd, Dorset House, 
Stamford Street, London SEI 9LU (tel : 01-261 
8000). 
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NEWPRODUGS 
Professional readers are invited to enter codes on the reply-paid card bound in at pages 112 I 3 

Microvision redesigned as competition looms 

·"Is it worth watching"? is the 
question most often asked about 
the Sinclair Microvision. Cer
tainly there is enough brightness 
and contrast in its picture for 
comfortable viewing, though for 
outdoor use the screen needs 
shielding. Sinclair make no 
claims about spot size being 
reduced in proportion to screen 
size for their latest version of the 
Microvision, though a press 
release did suggest that the pic
ture is "as bright and sharp as 
that of a full-sized household set 
viewed from around' 15 feet" no 
doubt due to response peaking. 
Two months earlier, Sinclair had 
released details of a video moni
tor, based on the Microvision, 
which claimed a resolution of 325_ 
lines. _ _ __ 

First announced in January 
1977, following what Sinclair cal
led a 12-year half-million pound 
program (News, March 1977 
issue), the Microvision type lA 
was marketed later that year 
after a further NEB loan capital 
injection of £1.95 million in July, 
bringing the NEB holding 
to 73.3% from 43% and under 
an NEB appointed managing 

director. Now, nearly two 
years later, Sinclair say they 
have spel).t a further £1 million , 
on Microvision and what 
emerges is the TB, aUK-standard 
set priced at about £100, much 
lighter at 550 grams than the 
original, with half the number of 
components, only two knobs to 
twiddle, and one main printed 
circuit board (instead of four) laid 
out for automatic assembly -
though not yet made that way. 
Integrated circuits - three are 
made specially for Sinclair by 
Texas because of the low supply 
voltage of 6V - are down from 
five to four. "Most normal detec
tor i.cs take as much as the tv 
itself!" Sinclair point out. Printed 
inductors allow a much simpler 
tuner design. Encased in an ABS 
rather than the steel box of the 

Re-designed Sinclair TV receiver, above and below right, is big 
improven'!ent !!.Y!!~arlier multi-standard set, left . 

1A the set is remarkably tolerant 
of being held, and in areas of 
good signal strength will work 
happily without an aeriaL 

The set seems well-positioned 
to withstand onslaught from 
Japanese competition, expected 
from Matsushita in spring (at 
£150 and "not a pocket set" 
according to Sinclair). What 
seems odd is that after spending 
all this money in developing a set 
specifically with a small picture, 
Sinclair then exaggerate its pic
ture size, referring to its "2in 
screen"! The picture is actually 
46mm diagonallY. Sinclair 
Radionics Ltd, London Road, St 
Ives, Huntingdon, Cambs, PE17 
4HJ. 
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Oven timer 
premature? 
Asked why their microprocessor 
oven timer didn't have a facility 
for programming more than one 
temperature, General Instrument 
Microelectronics told us that 
wasn't what the customer 
wanted. "We could have put all 
the bells and whistles on we 
could think of," a spokesman 
said, "but we had a pressing 
market slot to fill." The customer, 
a large U.K. oven manufacturer 
(you'll only need to scan makers 
blurbs to find out which), app
eared to want to get into the 
market quickly with a novelty, 
rather than to wait and do the job 
properly. But it would seem to be 
only a matter of a short time be
fore the job is done properly -
possibly by a competitor. Pity the 
poor oven buyer. 

But General lnstruments 
conscience is no doubt relieved 
by the more general applications 
of the device. The 28-lead four-bit 
microprocessor accepts instruc
tions from keys which increment 
or cycle the display, depending 
on how long they are depressed. 
The 28-pin AY-3-1250 links to a 
four-digit display indicating any 
function selected and has three 
outputs for which on ~doff times 
can be programmed. Facilities 
include 12/24 hour operation, a 

'~ "minute minder" and tempera
ture setting. The 40-pin A Y -3-
1251 has data entry through a 10 

X 4 keyboard and displays the 
"minute minder," oven tempera
ture, on I off time and hot plate 
temperature permanently in a 
total of 14 digits. 

In case you're worried about 
mains failure a standby battery 
automatically takes over and a 
200kHz oscillator takes over 
timing. GIM's address in the U.K. 
is 1 Warwick Street, London 
W1R5WB. 
WW302 

Radio 4 converter 
form. w. sets 
Ambitune is the name given to a 
neat and simple long-wave con
verter for medium-wave sets , 
which will be invaluable to Radio 
4 listeners, come November 23. 
The converter measures· 9cm 
square by 2.5cm thick and sits 
beside or beneath a m.w. set, 
inserting the up-converted 

"200kHz" signal at around 
900kHz via a ferrite rod aerial 
assembly. The oscillator circuit is 
designed for operation down to 2 
to 3 volts, and the makers say 
that a 9-volt manganese alkaline 
battery (as supplied) will last for 
700 to 900 hours. Tuned circuits 
are alterable . Price is- £6 in
cluding battery, v.a.t. and pos
tage. Ambit International, 2 
Gresham Road, Brentwood, Es
sex. 

WW303 

16bit microcom-
puter = minicom
putercpu 
"A complete minicomputer con
trol processor in one 40-pin 
package" is how Fairchild de
scribe their 9440 Microflame pro
duct. The 9440, whose intrinsic 
memory capability is 32,768 16-
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bit words, is said to bring full 
minicomputer capability to 
microprocessors, in distributed 
processing, process control, 
telecommunications and perso
nal computers. The device, 
together with t.t.l. memories, 
combines Fairchild's Isoplanar 
oxide-isolation technique with 
integrated injection logic "to en
hance both speed and density". 
Thomas Longo, chief technical 
officer, explained "These devices 
can achieve switching speeds 
comparable with low-power 
Schottky t.t.l. and packing dens
ities up to 250 gates/mm2". Ad-

ditional i.s.i. circuits include a 
48-pin 9441 for controlling exter
nal memories and a 9442 circuit 
to expand the input/ output bus 
for interfacing. Microflame forms 
part of two microcomputers -
Spark-16 and Blaze-16 - and a 
Fire package includes programs 
ranging from simple loaders to 
Fortran compilers. Future 
improvements in density and 
performance are expected to ex
pand the range of applications. 
Fairchild Camera & Instrument 
(UK) Ltd, 230 High 'street, Pot
ters Bar, Herts EN6 5BU. 
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Wattmeter takes 
20 times ovetload 
Clive Green says he made the 
mistake of not having a develop
ment contract for the work his 
company did on the model 2601 
power meter. He spent £10,000 on 
the strength of the MoD saying 
they needed 50 -and in the end 
only buying 12: "one took the 
word of a major in the British 
Army." But he's got high hopes 
anyway for the meter, as it ex
tends from d.c. to 520MHz and up 
to 300 watts for 5 minutes in 30 
(50 watts continuously). "There's 
nothing else indicating true r .m.s. 
that covers that range of power 
and frequency ." And other r.f. 
wattmeters overload too easily, 
he argues. His oil-cooled load will 
absorb 1000 watts for a few 
seconds. Accuracy depends on 
frequency and range but is within 
3 ± 1.5% f.s.d. using a calibration 
from Green Electronic & Com
munication Equipment Ltd, 
Newnham Industrial Estate, 
Plymouth P!--7 4LU. 

WW305 

Electric 
screwdrivers 
are modular 
A kilopond is a non-SI unit used 
in some European countries for 
kilogram-force, equal to 2.2lbf or 
9.8 newtons. Perhaps you already 
knew, but it's used in describing 
torque values in a range of elec
tric screwdrivers recently intro
duced into the U.K. from Swit
zerland. There are two Fimecor 
ranges , one covering torque 
values up to 0.35kpcm (550 
series), and the other - more 
versatile (220 series) with in
terchangeable modules - having 
torque values up to 12kpcm (pic
tured). 

Torque variation is between 2 
and 3-to-l for the four members 
of the 220 series, and as well as 
the torque modules, the mot~r 
module and screw-holding sleeve 
are interchangeable. Screws are 
held by suction in one of about 40 
different sizes of sleeve and 
driven, in either direction, by 
blades of the "Phillips" type, 
hexagonal "allen" type (male and 
female), or one of a variety of slot 
types. A spare motor comes with 
each screwdriver and accessories 
include foot-operated switches, 
adjustable suspension and 
vacuum pumps. 

The 550 series are smaller, 
lighter in weight and combine the 
vacuum pipe with electric supply, 
resting on a pressure switch in 
the power supply housing when 
not in use . One model in the 
series has speed variable from 400 
to 900 rev /min; the rest are fixed 
at 600 rev/min. Made by SSIH 
Equipment SA of Bienne - pre
viously known as Fine Mecani
que SA - they are imported by 
SSIH Equipment (UK) Ltd at 67 
Saffron Hill, London ECIN 8RS. 
WW 306 series 220 
WW 307 series 550 

555incmos 
Intersil's new c.m.o.s. equivalent 
of the 555 timer was developed 
"behind the company's back," 
according to Geoff Coole, N . 
European sales manager. Initially 
turned down at Intersil, the idea 
for a c.m.o.s. 555 was neverthe
less pursued as a "back-of-an
envelope" design, later to surface 
unofficially as part of a test 
pattern on a wafer production 
line. Thus when priorities had 
altered and a need for the device 
eventually recognised, it had 
already been developed. 

The need , of course , stems 
from the high current consump
tion of the bipolar 555. _The new 
circuit requires a supply rating of 
80~- less than one twentieth of 
that for the bipolar version - and 

Vacuum 
titt ing \ 

·?-. ~ 
WW306 

it will operate for 3,750h from two 
300mAh cells. The metal-gate 
m.o.s. process gives the device a 
working range of 2 to 18V (the 
bipolar 555 needs at least 4.5V). 
And because there is no problem 
of spike generation due to 
"crowbar" currents in the output 
driver of the bipolar devices the 
control and supply voltage de
coupling capacitors are not re
quired to eliminate the supply 
transients. Prices are higher than 
the bipolar type, so it's not com
peting with currently-supplied 
555s. Small in-line single timers 
cost 56 pence in quantities of a 
hundred (71 pence T099) and 
dual t imers cost £1.08 . lntersil 
Inc., 8 Tessa Road, Richfield Es
tate, Reading, Berks RG 1 8ND. 
WW 308 

Smoke clouds i.e. 
choice 
Shortly after RCA announced its 
smoke detector i. e. TA10451, 
which integrates f.e.t.-input with 
gate protection and subsequent 
bipolar amplification, National 
Semiconductor sounded off 
about theirs. Both requiring an 
ionization chamber, the National 
device LM1801 also requires an 
f.e .t. sensing element - the 
NS5301 is sold with the i . e~ for "$1 
per set" in large volumes. Na
ional feel their bipolar-only 
approach is more cost-effective 
and their i.e . includes a power 
transistor capable of producing 
85dB in a horn. Both have a 
standby current around 7 to 8f-LA. 
RCA Solid State, Sunbury-on
Thames, Middlesex TW16 7HW 
and National Semiconductor Ltd, 
301 Harper Centre, Horne Lane, 
Bedford MK40 1TR. 
WW 309(RCA) 
WW 310(NS) 
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' 12V d. c. supply 

lnexpensiv~ speech 
synthesis 
Speak & Spell is Texas Instru
ments talking learning aid for 
seven-year-olds and upwards. It 
uses a speech synthesis circuit 
together with two 128K r.o.ms, 
each with 100 seconds of speech 
storage capacity, and a version of 
the TMS 1000 microprocessor. 
Based on li near predictive 
coding, the key to the system is 
the ability to squeeze a mult i
stage filter onto the synthesizer 
chip. A per iodic or random 
sequence of pulses, for voiced/ 
unvoiced sounds, is applied to a 
ten-stage t ime-varying digital 
lattice filter modelling the vocal 
tract, via an amplitude modula
tor, and then to an 8-bit d-to-a 
converter, amplifier and loud -

speaker. Filter coefficients are 
usually up dated every 20ms, a 
rate that results in speech of good 
quality and with reasonable 
r.o.m. demands. (Increasing this 
rate would model the vocal tract 
more closely but would need in
creased storage.) Texas say a UK 
version will be available soon but 
if you can't wait Dixons and 
Wallace Heaton shops stock the 
U.S. model. 

WW311 
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Caveat emptor 
I suppose any law which can't be en
forced is a waste of time. Police radio 
for instance, is for the police force and i~ 
not intended for those who have missed 
LBC on their way up from Capital Radio 
and become. hooked on reports from 
bored coppers passing the time of day 
with MP, or whatever it is. If you do 
happen on · one of these intimate little 
chats, you are supposed to blush primly 
and tune somewhere else. No one will 
prosecute you, even if your guilty 
secret is discovered, because the radio is 
not permanently and deliberately fix
tuned to the police frequency and, 
unless you have just liberated two mil
lion quid from the bank, you don't in
tend to make use of the information. 

\Vorking on this premise, a firm in 
Surrey is marketing an American device 
which is broadly tuned to cover much of 
the X and .K bands which, it is pointed 
out, covers several radar frequencies 
and also, just as a matter of passing 
interest, the frequency used irr police 
radio speed indicators. The publicity 
says that this is all right provided that 
you switch off the instant you become 
aware that you are in a beam. You 
mustn't, of course, slow down to a legal ' 
speed, because that would make use. of 
the restricted information. 

If, then, as the distr.ibutors them
selves point out, you mustn't listen and 
if accidentally you do, you mustn't take 
any action as a result, then the whole 
operation tends to lose its point. One 
cannot say there is an incitement to 
break the law, but since, to use the 
device, you have to break the law I 
think that sales of the instrume'nt 
should be stopped. You will notice that I 
haven't mentioned its name: I have no 
intention of advertising a device which 
so blatantly flouts the spirit and pos-. 
sibly the letter of a law which is in
tended to stop us killing each other on 
the road. 

Sight and sound 
More in sorrow than .. ln anger, Jim 
Palm, editor of the radio programme 
'Rail', writes to tell me that if I were 
trusting enough to travel by train 
occasionally (actually, they aren't his 
exact words -he's a rail enthusiast -
but I'm · writing thls) I would discover 
that v.d.us are in use at some stations 
and even in the National Railway 
Museum restaurant in York. 

Well, I'm delighted to hear about the 
station installations, but I must confess 
to a feeling of unreality about the res
taurant. I do realize that the sort of 
place I frequent isn't to everyone's 
taste, but if I peer through the tobacco 
smoke long enough, I find I can easily 
read the menu on the black board (it 
used to be white, but Filthy Fred the 
owner is sometimes a bit lax about 
washing his hands after scooping the 

chips off the floor). Anyway, it does 
show that things can be done properly 
if British Rail only puts its mind to it. I 
mean, v.d.us in the local caff would save 
all that yelling back to fhe kitchen 
"Adam an' Eve on a raft, twice". Each 
customer could have a terminal and 
simply punch out his order, with the 
absolute minimum of fuss and no hint of 
embarrassment if he just wanted Two 
Meat Balls. 

Infinite bafflement 
It'll soon be Christmas. Actually, as you 
read this, assuming anyone ever does, it 
has lately been Christmas, but it's still 
early November here. I thought that, 
this year, I would capitulate gracefully 
and buy my daughter a decent record 
player and radio. So I began negotia
tions with her in good time and took 
great care to explain all the jargon for 
her, recommending the features that 
were essential and going fully into all 
aspects of tracking weight, rumble, 
tuner sensitivity and power output, 
with particular reference to quality of 
reproduction and reliability. Having 
covered the field in some detail, and. 
being conscious of a job well done, I 
lobbed the ball into her court and asked 
which one she would like. She pondered 
for a long moment and said "Can I have 
a white one, please?". \Vel!, that's wo
men for you. 

I have no reason to think that this 
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point of view is uncommon. Lots of 
people must want something that pro
duces a pleasant sound and will not lose 
a second's sleep if the t.h:d. is 0.01% or a 
hundred times worse. The music centres 
offered to the public now are, in my 
opinion at least, technology gone mad. 
A non-technical user who simply wants 
to hear some music is faced with what 
must be a truly forbidding array of 
knobs, toggles, lights and meters, many 
of which mean less than nothing to him 
and are not used. A neighbour of mine, 
for example, has labelled the Dolby 
on-off switch on his tape-deck "soft" 
and "harsh" and uses it as a tone
control. It also makes a good scratch 
filter, he says -meaning hiss, I suppose . 
\V~at he uses the "Normal-FeCr~Cr02" . 
switch for, I hate to think. · 

I daresay that if people read the in
struction books they eventually come 
to realize that their boxes of electronics 
are wonderful, but I doubt very much 
that they care a jot. And if I'm right, 
what a waste of resources! All this 
wizardry, completely and utterly use~ 
less, because unwanted . It was a lot 
cheaper to have aspidistras. 

Decisions, decisions .. ~ . 
It seems, of late, that no sooner do I 
extricate myself from the horns of one 
dilemma - an extremely uncomfortable 
position to find onself in ~ than another· 
comes trotting in the door, 
nostrils flaring and headgear rampant. 

It's only a little problem, really, this 
latest one, but it is giving my thrifty 
northern soul a · good deal to think 
about. I've just been promised a large 
set of records and I can't decide whether 
to have discs or cassettes. Now, you 
might think that if that's all I have to 
worry about there is any amount of 
more pressing matters you could men
tion, like what Yorkshire is going to do 
without Boycott as skipper, and how 
one can stop next door's dog from de
secrating the clematis, but I do assure 
you that it looms large in my mind. 

You see, I only have to glance in a 
cursory manner at a disc and it instantly 
becomes a mass of scratches. I have 
tried most of the products which are 
supposed to prevent this happe.ning, 
but the only effect so far is a large stain 
on the carpet where I spilt a bottle of 
magic jollop, claimed to reduce static, 
but also excellent as varnish remover. · 

So, if I have discs, I daren't touch 
them. I suppose I could record them on 
cassettes, but I then have two recor
dings and the cost of cassettes isn't 
negligible. Alternatively, of course, I 
could choose recorded cassettes, but I 
don't think that reproduction from 
them, on any machine I can afford, is as 
fresh as from an undamaged disc. There 
you have it, then. Between the Devil and 
the deep blue sea. It's a worrying world 
we live in . 
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Night and da~ 
these are the ones. 

Normal light levels 

EEVVidic~n 
Unbeatable for reliability, the· 
EEV Vidicon is electro· 
statically or magnetically 
focused, has separate or 
integral mesh and a range of 
photo-surfaces based on 
antimony trisulphide. 

your working conditions are, contact us at Chelmsford to find out more. 

91' 

EEV 
s 6029 

CHELMSFORD ENGLISH ELECTRIC VALVE CO LTD, CHELMSFORD, ESSEX CM1 2QU. TEL (0245) 61777. TELEX 99103. GRAMS ENELE 
AMEMBEROFTHEGECGROUP 

1 

' . . 
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* Highly suitable for flats. garages & 
caravans. etc. * Battery operated - typical life 
over 12 months with PP9. * Penetrating electronic warbler 
that commands attention due to 
unique sound. * Complete with 5 metres of cable. 
magnetic door contact. optional 
rubber feet. 3 high security keys 
and all fixings for easy installa
tion. * Any number of floor pressure mats 
and extra magnetic contacts can 
be added. * Exit delay of 30 sees. and re-entry 
delay of 12 seconds before 
warbler operates. * Automatically ·resets after one 
minute in alarm condition to save 
neighbour annoyance. * Attractive 2-tone grey housing. 

RADEC COMBI 210 SELF-CONTAINED INTRUDER ALARM 
Proven reliable performance in many Scandinavian homes 

and now available in UK from ·: 

CITADEL PRODUCTS LTD., 50 High Street, Edgware, Middx. HAS 7EP. Tel: 01-951·1848 
Only £49.50 i-nclusive price. SAE for installation instructions 

r:J~ THE NEWBEAR COMPUTING STORE 
The Bear announces its new store at : 

2A liATLEY ROAD, CHEADLE, CHESHIRE
Tel. 061-491 0134 

Callers welcome. mail order to Newbury 

NASCOM-1 

,.'l;, : · _Ex Stock £197.50 + 8'/o VAT. £1 P&P 

BOOKS 
P&P 

Computer Designs . 77-68 a 6800 Microcomputer £7.50 50 
WB- 1 a TIL Microcomputer £6.50 50 
Zilog Z-80 Technical Manual £4.00 .50 
Z-80 PIO Manual £2.50 .50 
Z-BO Programming Meoual £4.00 75 
Accounts Payable and Receivable £9.95 7 5 
Getting Acquainted with Mic ros 
TIL Databook _ -- - £2.50 .50 
6800 Assembly Language Programming £6.95 50 
Understand ing Microcomputers . £7.56 50 
Z-80 Programming for Log ic Design . £9.95 50 
How to Buy and Use Microcomputers £6.95 75 
Microcomputer Primer . . . . . . . £5.55 75 
Adam Osbourne Introduction to Microcomputers 
Vol. 0 Beginners Books £5 .25 .50 
Vol 1 Basic Concepts _ £5 .95 .50 
Vol. 2 Some Real Products , £11.95 1.00 
BOBO Programm ing for Logic Design _ £5.95 50 
6800 Programm ing for Logic Design £5.95 50 
Some Common Basic Programs , , , , . . £8.95 .50 
Payroll wtth Cost Accounttng tn Basic _ £9.95 1.00 
Sybex Microprocessors £8.00 50 
Microprocessor Interfacing Techniques . C20 . . .. £8.00 50 
Scelbi 80BO Software Gourmet Guide Cook Book £7.95 .50 
6800 Software Gourmet Guide Cook Book _ £7.95 .50 
The Scelbi Byte Primer _ , _ _ _ _ £9 .95 1 .00 
What To Do After You Hit Return . . . £7.00 75 
PCC Reference Book on Home Computers _ £4.95 .50 
Instant Basic £4.95 7 5 
My Computer Likes Me , , , , £1 .65 .30 
Games with a Pocket Calcu lator ___ __ . _ _ _ _ £1.75 30 
Games, Tricks & Puales for a Hand Calculator . . £2.45 30 
Best of Crea tive ComPuting Vo!. 1 £6.95 . 7 5 
Best of Creative Computing Vol. 2 £6.95 7 5 
Hobby Computers are Here _ £3.99 . 50 
Best of Byte _ _ __ . _ _ _ _ £8.95 _7 5 
101 Basic Computer Ganies _ £5.50 7 5 

· The Home Computer Revolution £3.45 50 
Computer Lib _ _ £5.95 50 
First Book of Kim £7.00 50 

Send for our new CATALOGUE 

NEW.BEAR 
SALE 

Jan. 6th to Jan. 13th 
inclusive 

CALLERS ONLY 

FLOPPY DISC DRIVES 

5V> SHUGART SA400 DISC DRIVE 
Carr iage by Securicor ·c· rate 
B DRI SINGLE SIDED DOUBLE DENSITY 
Carriage by Securicor 'C' Rate 
B . DAI DOUBLE SIDED DOUBLE DENSITY 
Carnage by Securicor ·c- Rate 

£225.00 
£4 . 50 

£325.00 
£5 .00 

£365.00 
£5 .00 

Dr. Dobbs Journal (Vol. 1) £10.00 
Z-BO Microcomputer Handbook £7.25 
808DA Bug book £6.95 
TTL Cookbook £6.30 
How to Program Microcomputers (Barden) £6.30 
Microprocessors Systems . . . ... . . £5.70 
Take a Chance with Your Calculator . . . . . . . . . . £4.95 
Home Computers Questions and Answers Vol. 1 Hardware £5.95 

VoL 2 Software £5.95 
Data Acquisition Handbook £2.50 
SC I MP Applications Manual £3.00 
Getting Involved with your own Computer £4.75 
Your Home Computer £4.95 
Using the 6800 Microprocessor £6.25 
Basic Programming in Real Time £5.95 
IC Timer Cookbook £6.95 
Active Filter Cookbook £10.45 
IC OP-AMP Cookbook £9.05 
Kim-1 User Manual £7.00 
-The New Hobby Computers £3.95 
&mputer ptograms that work £2.4Q 

75 
50 
75 
50 
50 

.50 
50 
50 
50 
50 
50 
50 

. 50 

.50 
50 

' 75 
75 
75 
75 
30 
30 

SYM-1 
(FORMERLY VIM-1) 

The new El502 based Micro from Synertek. Fully 
,assembled and tested. £199.00 plus 8% VAT. 
Carriage £1 .00. Send for data sheet. 

BEAR BAGS 
1 77~68 CPU P.C.B. Components and Edge Connectors 
2 77-68 LED 's and Swttches 
3 77-68 Pdwer Supply• 
4. 77-6B 19 ·· 5u Rack and Backplane' , __ 
5 77-68 4K Ram P.C .B. and Components 
6. 77-6B Man 1 P.C.B. and Components 
7 4K Ram Exorciser P.C.B. and Components 
8 8K Ram Exorciser P.C.B. and Components" 
9 . Petitevid V.D.U. Kit .. . 

10. Kansas Ci1Y Cassette Interlace 
11 U.H .F_ Mo.dulator 
12 _ 77-6B VDU P.C.B . and Components _ 
13 77-6B Mon 2 P.C.B . and Components 
14 Prom Programmer P .C. B. and Components 
15. Promvener 

· Pi~'s~-ii~- -- - - ---
50p Postage & Packing 

'£1 .QO Postage & Packing 

£45.00 
£14.95 

- £17.95 
£27.7,0 

-- -- £75.00 
' ' £50.70 

£71.50 
£160.00 

£85.00 
£18.95 
- £4.50 
£69.50 

t.b.a. 
- - ' ' £35.00 

£8.50 

. __ __ _ PRfl'tr'Eo t•Rcurr BOARDs __ _ 
77-68CPUPCB _ ----- _ __ -- · -- -- ---- . £10.00· 
77-6B 4K Ram P.C.B. _, . £10.00 
77-68 Mon 1 P.C.B, £10.00 
77-68 V.D.U. P.C.B, . _ , , . £10,00' 

- S50 bus 4K Ram P.C .B. . ____ __ __ . __ _ £12.00 
Exorciser Compatible Motherboards (8 slot) , £23.50 

4K Ram P.C.B. _ __ _ __ . , _ _ £10.00 
Veroboard Backplance B - x 17 ·- £4.30: 
77-68 Extender card __ __ __ _ __ , £4.10 
ASCII Keyboard assembled and tested _ £86.00 
Keyboard Kit , , , £56.00 
Keyboard Case £20.33 
U ,V_ Prom Eraser __ _ , , _ _ _ £56.00. 
S 1 00 bus 9-slot Motherboard £19.50 
Double Eurocard Motherboard £15.00 

GOOds tire Oorm~lly sh.ll)ped- ~ithin 24 h~urs. s~bje~t to · a~~ilability. 
Barclayca~d & Access . VAT a_t 8% for Hardware Cbmponents. 30p·Postage 
and Packmg unle~s otherw1s~ stated . Ch~qu@s to be made out to The 
Newbear Compu.t1hg S_tore. Send for an up-to~date catalqgue to The 
Newbear CohnpUttng Store, 7 Bone Lane, Newbury. 0635 49223. Callers 
are welcome Monday to Saturday 9 .00 a.m -5.30 p.m .. but please ring to 
let us know when you are cal11ng . 
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~-------------------------------------------~ I I 

i All you want for Christmas i 
· ~ FastandEasy ~ · Leave this p~ge. i 
I open wh·ere It will 1 
I do the most good! 1 
I You know, almost as well as we know, where to go I I to get the components a home projects constructor 1 
I needEs'tho pursue his hobbly.k k' d 

1 0 
d' f 1. 1 - 1t er your nearest e ro 1t ea er. r 1rect rom I 

· Lektrokit by mail order. 
I · Because Lektrokit offer the most comprehensive I -I · range of breadboarding and testing devices on earth. I 
I Trouble is, the nice people who might give you I 
1 Lektrokit for Christmas probably haven't the faintest 1 
1 idea wh~t we-or even yo~are on about. I 1 SO just tick the items y()u'd particularly like for I 
I Christmas. And then leave this page open in a strategic -.I 

place! · 
I I 
I I 
I I 
I I 
I I 
I I 
I Lektrokit Breadboards 1 
I FROM £3.25, inc p & p and VAT I 
I Hole for hole, top value! Lektrokit breadboards are modular, so they I I can be linked together to form any size. With a pitch of 0.1 ",even the 1 1 smallest breadboard-217L -can accept 8, 14, 16 or 18 pin Oil 1 I sockets. You just take a component, choose a hole, and push it in. I 
I · Model No. Contacts Price, each 1 

217L 110 £3.25 o Lektrokit IC Test Clips 
I 234L 340 £5.75 0 ONLY£3.08incp&pandVAT I 
I 248L 480 £6.65 0 Ten models to fit all DIP sizes. I 1 264R 512 £6.65 0 Test clip grips IC'swithout 1 I 264L 640 £8.32 0 ' slipping orshorting between 
I (All prices include packing, postage and VAT). pins-makes testing IC's on I 
I Lektrokit boards easier, aids removing Model Price I 

and inserting DIP's without TC-8 £4.38 D 1 Super Strip SS2 damage. Each IC pin can be TC-14 £3.08"'0 . 1 
I d VAT brought up to a convenient TC-16 . £3.:!5 0 I 

ONLY £11.05 inc p & Pan . contact post for hooking test TC-24 · £9.28 D 
I Super Strip accepts all leads or probe connections. TC-40 £13.95 D I 
I DIP's-as many as nine LEKTROKIT COMPLETES THE CIRCUIT -FOR CHRISTMAS! 1 14-pin at a time-and/or 

I 
T0-5's and discrete components. 
With interconnections of any 

I solid wire up to 20 AWG. 
1 Super Strip has 840 contact points. 

I combining a power/signal distribution system 
with a matrix of 640 contacts in groups of 5. 

I Distribution system has eight bus-bars, each 
1 with 25 contact points. 

I 
I 
I 
I 
I 
I 
I 

Lektrokit's policy, as you know, is the right 
product, whatever the project, at the right 
price. And it's backed by a nationwide network 
of retailers. 

But it could be that, whoever you get to 
complete your Christmas, doesn't know 
where the Lektrokit retailers are_ So we've 
included an order coupon to help them-and 
you out! 

Alii want for Christmas is what I've marked above. 

To Lektrokit Limited, London Road, Reading, Berks, RG61AZ. 
Telephone Reading (0734) 669116/7. · 
Please supply the above (tick items required)-IMMEDIATEL Y. 
CUT OUT THE COMPLETE ADVERTISEMENT AND SEND TO 
LEKTROKIT 
(All prices include packing, postage and VAT. All deliveries include name of nearest 
Lektrokit dealer-plus a FREE catalogue!) 

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

Name .. . ............. . ... . ......... . .......... . ..... . ................. . 

Address . . ................ . ....... .. ..................... . . , ........... . 

('NW3)• 
••• 0 • • ••••••••••••••••••••••••••• • •••••• 0 0 • • •••••••••••••••••••••••••••• 

I LEKTROKIT . . 
~-----------------------------~-------------WW-013 FOR FURTHER DETAILS 
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A quick 
assembly case 
in ei!lrt pwts 
A mass produced economy case in intensely shiny black or 
royal blue leather .textured PVC steel wnh bright wh1te 
steel paneL E1ght pteces inc. alumimum chass1s assembled 
with only eight screws. 

L B H 
178 152 76 £4.99 405 
178 152 114 £5.35 40~ 
178 152 152 £5.69 413 
279 152 76 £5.99 416 

per 10 
.25" .35 
.5" .35 
.75" .39 
1" .44 
1.5" .59 

per 10 
.12" .37 
.25" .47 
.5" .47 
.75" .53 

Tough, smart little 
cases that add very 
to the cost of the job 
Dough mouldedm grey glass. . polyester with 
protected alum1mum front panel1n fours1zes w1th feet and 
alum1mum chassis included The cases and chasSIS taper 
10mm fromfronttoback 

Elf Lo~g 
Elf Giant 
Elf Jumbo 
Elf 

L 
153 
22H 
203 
273 

300 Standard base I 0.53 
311 Ben~h clamp 8. 78 

The Panavice 
has a 180° tilt 

action and turns 
a full circle 

./. locktng 1n any 
.-.- pos1t1on. Has a 

unique system 
of interchange-

able components 
in world wide 

use. 
I See catalogue! 

300 £t0.53 
311 £8.78 
303 £8.58 

304 £8.58 
-vacuum base 

366 £8.78 
38D £15.51 
305 £t0.4t 

Jaws tram £2.02 to £2.30 

J 
'"""'The ready-made DIN case 

you have been waiting for 
Heavy aluminium extrusions lock rigidly 
together providing, ·heat dtssipatlon, screening 
and strength, with provision for 16 P.C. 
boards and qu1ck component mounttng. 
To order: See catalogue. 
DIN 212 £6.06 DIN -215 £7.56 DIN 914 £1D.I5 
DIN 213 £6.57 DIN 912 £8.49 DIN 915 £10.96 

DIN 214 £7.07 DIN ~91.3 ~£·9 •. 33~ji!i~~~~~~-

Adds sophistica
tion to any equipment 
In anodised aluminium with top and 
bottom panels grained black P.V.C. 

L B H 

BC7111 1 43? 768 89 £28.95 
8C21212 219 ?68 89 £20.99 
8C31121 43? 268 133 £31.95 
8C31727 719 ?68 1J3 £23.70 
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Qm SWIFT , 

A case for good looks, strength and efficiency. 
Particularly suitable for applications needing 

power dissipation. 

SWF 21:! 
SWF 222 
SWF312 
SWF 322 

L B 
432 268 
219 268 
432 268 
219 268 

H 
88.9 £21.7S 
88.9 £16.9S 

133.4 £2S.6S 
133.4 £19.9S 

Leather textured PVC 
steel body with polished teak ends. 

Two wooden ends and two tie bolts, result 
in a simple, light, inexpensive case: Ideal 
for Hi-Fi applications and domestic and 
office equipment . 

WEC801 
WEC 802 
WEC803 

L B H 
202 240 80 £14.50 
417 240 80 £15.95 
550 240 80 £17.25 

. .. . - PRICES DO NOY INCLUDE 8% VAT . . 

-

All West Hyde case~ are available with substantial disco~nts for quantities. Most ca-ses have discounts at 5, 10 and 25 off with discounts up to 33% at 100 off. 
Prices include P&P and are less 10% if collected on ftrst two pnce breaks on cases Of11y. Send for catalo_gue. Pnces correct at press date . 

WEST HYDE DEVELOPMENTS LIMITED, Unit 9, Park Street Industrial Estate, AYLESBURY, BUCKS. HP20 lET. Phone: Aylesbury (0296) 20441. Telex: 83570 
WW-032FORFURTHERDETAILS ___ __ _ _ _ __ _ 

SINCLAIR PRODUCTS* IC AUDIO AMPS 
LINEAR LM380 60p SN76013ND TBA700 1S0p Microvis ion TV £90. PDM35 £27.25, mains With pcbJC12 6W £1.60. JC20 1 OW £2.95. JC40 

AY38500 450p LM381N 90p 125p TBA720Q 22Sp 
adaptor £3.24, case £3 .26. DM235 £48.30 20W £3.95. 
Re<.:ha rgeable battery units £8 . Adaptor/charger 

CA3039 70p LM382 90p SN 76023N 110p TBA750Q 200p £3. 70. Case £8.50. Cambridge prog calcullator BATTERY ELIMINATORS CA3046 60p LM391 1SOp SN76023ND TBA800 SOp £13.15, prog. library £3.45, mains adaptor £3.20. 3-way type 6 I 7 v, I 9V 300m a £2.95. 1 OOma radio 
CA3060 225p LM555 25p 125p TBA810 100p Enterprise programmable calculator £20.95. type with press studs, 9V £3.35, 9 + 9V £4.50. 
CA3065 200p LM709C 40p SN76033N 150p TBA820 100p COMPONENTS 

Stabilized type 3/6/7 Vz /9V 400ma £6.40. 1 2V car 
CA3076 250p LM710T05 60p SN76227N 160p TBA920Q 2SOp convertors 3J4'/z/6/7Vz / 9V 800m £2.50. 

Send sae for full list. 11b FeC1 £1.05. Dalo pen 75p. CA3080 75p LM710DIL 65p SN76228N 1SOp TCA270Q 220p 60 sq in PCB 55p. Laminate cutter 75p. Small dril l BATTERY ELIMINATOR KITS CA3084 250p LM123T05 40p SN76660N 75p TCA270S 220p 20p. ZN414 £1.05. PCB and extra parts for radio 
Send sae for data . 1 OOma radio types w ith press-CA3085 SSp LM723DIL 40p TAA300 100p TCA760 300p £3.85. Case £1. 1 N41481.4p. 1 N4002 3.6p. 741 
studs . 4VzV £1.80, 6V £1.80, 9V £1.80, 4V, +4 '12V CA3086 60p LM733 120p TAA350 190pf TCA4500A 450p 15p. NE555 23p. BC182B. BC183B. BC1848 £2.50, 6 + 6V £2.50, 9 + 9V £2.50. Stabilized 

CA3088 190p LM741 20p TAA550 35p TDA1008 350p 
BC212B. BC213B. BC214C 4.5p. Plastic equivs 8-way types 3/ 4Vz/6/7Vz/9/12/15/ 18V 1 OOma BC1Q7. BC109. BCY71 , BCY7?4.8p. 'I•W 5% E12 CA3089 160p LM748 40p TAA57o - 220p TDA1034 450p resistors 1 OR to 1OM 1 p . 0.8p for 50+ of one value £3.20, 1 Amp £6.40. Stab1l1sed power k•ts 2-18V 

CA3090AQ 360p LM1303N 100p TAA661B 140p TDA2002 300p 16v eleqrolytics. 5/1 /2/5/10/22mf 5p, 10mf 1 OOma £3.60, 2-30V 1 A £6.95, 2-30V 2A £10.95. 
CA3123E 130p LM1458 100p TAA700 350p TDA2020 300p 6p, 1 OOOmf tOp. Polyesters 250v .015, .068, .1 mf 1 2v car converter 6/7 Yl/9V 1 A £1.95. 

CA3130 100p LM3080 7Sp TAA790 350p TL084 120p 1 1hp. Ceramics 50v E6 22pf to 4 7n 2p. Poly-
T-DEC AND CSC BREADBOARDS CA3140 60p LM3900 SSp TAD100 150p XR320 250p styrenes 63v E 1 2 1 Opt to 1 On 3p. Zeners 400mW 
S-Oec £3.17. T-Dec £4.02. U-Deca £4.40. U-Decb 

LF356 SOp LM3909N 65p TAD110 130p XR2206 450p 
E24 2v7 to 33v 7p. 

£7.05. 16 dil Adaptor £2.14. Exp. 300£6.21. Exp 
LF357 SOp MC1310P 140p TBA120S 60p XR2207 450p TV GAMES 350£3.40, Exp. 650£3.89, Exp. 48£2.48. 
LM211~ 2S0p MC1312P 1SOp TBA120T SSp XR2208 600p Send s.a .e. for data. AY-3-8 500 + kit £8.95. 
LM300 RS 170p MC1314P 190p TBA480Q 200p XR2216 650p AY-3-8600 + kit £12.50. Tank battles -chip BI-PAK AUDIO MODULES 

£6.90. Kit £7.05. Stunt cycle chip £6.90 . Kil S450 £23 .51. Al60 £4.86. PA 100 £16.71. LM301AN 30p MC1315P 230p TBA520Q 200p XR2567 25()p £5.60. Rifle kit £4.95. SPM80 £4.47. BM T80 £5.95. Stereo 30£20.12. LM304 200p MK50398 &sop · TBA530Q 200p XR4136 150p 
LM307N 6Sp MM5314 3S0p TBA540 200p XR4202 150p TRANSFORMERS 

SWANLEY ELECTRONICS LM308T05 100p MM5316 4SOp TBA550Q 250p XR4212 150p 6-0-6V 1 OOma 79p. 1 '/za £2.35. 6.3V 1 Vza £1.89. 
LM308DIL ~OOp NE529K 150p TBA560C 250p XR4739 150p 9-0-9V 75ma 74p. 1 a £2. 2a £2.60. 12-0-1 2V DEPT. WW, 32 Goldael Road, Swanley, Kent 
LM309K 100p NE555 25p TBA641A12 ZN414 100p 1 OOma 90p. 1 a £2.49. Post 30p extra. Prices include VAT 

LH 31 OT05' 150p NE556 90p 250p_ 95H90 700p -
LM31H05 150p NE562B 400p · - - . --- ·--
LM317K 325p SAD 1 024 1500p In 4148 diodes by I.T.T.!Tens 100 for £1.50 
LM324 70p SL917B 6SOp SIJtic RAM 210Z 10Z4x I bit 450 nano sec tl.Oo each 

Zll2 256x4 bil450 naoo sec £2.50 LM339 60p SN 76003N 150p Murata ultmooi< transducers 40kHz £2.00 each or £3.50 pair Compression Terminals LM348N 90p SN76013N 110p All PRICES INCLUDE POST AND VAT 

7400 10p 7432 20p 7482 7Sp 74126 35p 74155 45p 74181 130p Collet Knobs PCB Guides 
7401 10p 7433 2Sp 7483 75p 74128 60p 74156 4Sp 74182 SOp Cable Sleeves and Markers 7402 10p 7437 20p 7484 70p 74130 120p 74157 45p 74184 120p 
7403 10p 7438 20p 7485 60p 74131 90p 74160 55p 74185 100p plus 7404 12p 7440 12p 7486 25p 74132 45p 74161- 55p 74188 320p 
7405 12p 7441 45p 7489 130p 74135 90p 74162 55p 74190 70p Carbon Film Resistors and 7406 2Sp 7442 40p 7490 2Sp 74136 SOp 74163 55p 74191 70p 
7407 25p 7443 60p 7491 40p 74137 90p 74164 60p 74192 60p Polystyrene Capacitors 7408 12p 7444 60p 7492 3Sp 74138 100p 74165 60p 74193 60p 
7409 12p 7445 6Sp 7493 30p 74141 50p 74166 75p 74194 55p 

Some values at very special prices . 7410 12p 7446 50p 7494 70p 74142 1SOp 74167 160p 74195 SOp 
7411 15p 7447 SOp 7495 4Sp 74143270p 74170 100p 74196 SOp 
7412 15p 7448 50p 7496 45p 74144 270p 74173 SOp 74197 50p Send for our catalogue and special pnces 7413 2Sp 7450 12p 7497 120p 74145 55p 74174 60p 74198 100p 
7414 45p 7451 12p 74100 SOp 74147 100p 74175 60p 74199 lOOp list. 7416 25p 7453 12p 74104 40p 74148 90p 74176 50p 74293 90p 
7417 25p 7454 1'2p 74105 40p 74150 65p 74177 50p 741500 1Sp 

PBRA Ltd. 7420 12p 7460 12p 74107 25p 74151 45p 74178 75p 745112 SOp 
7421 20p 7470 25p 74108 100p 74153 45p 74179 120p 
7422 15p 7472 20p 74109 2Sp 74154 70p 74180 90p 
7423 20p 7473 25p 7411 B 7Sp T. POWELL Golden Green, Tonbridge, Kent 7425 20p 7474 25p 74120 SOp 
7426 22p 7476 2Sp 74121 25p 306 St Paul's Road Lond&n N1 Hopfield (073274) 345 7427 22p 7476 2Sp 74122 35p Telephone 01-226 14S9 7428 2Sp 7480 40p .74123 40p Barclay I Access credit cards accepted 7430 12p 7481 SSp 74125 3Sp Shop closed from 21st December to 2nd January . WW- 005 FOR FURTHER DETAILS 
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WILMS LOW 
ill00[]]0([] 
The firm for Speakers 

·HI-FI 
DRIVE 
UNITS 

HD12 go25 £6.00 
HD13 034H £12.00 
HD20 BZ5J4 £9.45 
H 020 B25H4 £11.98 
HD11 P25EBC £5.56 
Baker Superb £22.50 
Castle SRS/00 £12.35 
Chartwell CE205 8 · bass, matched 

pairs only pairs 59.90 
Coles 400 1 £6.25 
Coles 3000 £6.25 
Celestion HF1300 II £8.25 

· Celestion HF2000 £9.95 
Dalesford 01 0 tweeter £8.25 
Dalesford 020/105 4 £10.95 
Dalesford 030 I 110 5 · £10.95 
Dalesford 0501153 6V2 . £11.95 
Dalesford 0501200 8 £11.95 
Dalesford 0701250 10· £24.95 
Dalesford 0100/310 12 £34.95 
Decca London £41.25 
Decca CO I 1 000 I 8 £8.95 
Decca DK30 £27.50 
E.M .I. type3504ohm £9.25 
E.M.I. 14A/770 14 . X g £16.95 
E.M . I. s·· X 5 '. d/c 10 watt £3.95 
lsophon KK 10 I 8 £8.25 
lsophon KK8/8 £7.50 
Jordan Watts Module £17.95 
Jordan 50mm Unit £22.50 
Jordan CB Crossover £22.50 
KEF T27 £8.50 
KEFB110 £10.95 
KEF B200 £11.95 
KEF B 13g £24.95 
KEF ON 13 £4.95 
KEFDN12 £7.25 
KEF DN22 pa1r £36.00 
Lowther PM6 £49.95 
Lowther PM6 MKI £52.00 
Lowther PM7 £86.50 
Peerless DT1 OH FC £9.75 
Peerless K01 ODT ... £8.95 
PeerlessK040MRF £11.75 
Radford BD25 II £26.95 
Radford MOg £14.50 
Radford MD6 £17.95 
Radford FN8/FN831 £19.95 
Richard Allan CGST . ... . £9.95 
Richard Allan· CG 12T Super £22.45 
Richard Allan HPSB £15.50 
Richard Allan LP8B £10.35 
Richard Allan HP12B £25.25 
Richard Allan DT20 f.7 .25 
Richard Allan DT30 £7.45 
Seas H086 £8.75 
Shack man Electrostatic C /W polar 

network&XIO pair £112.00 
Tannoy H PO 295A . . . £91.50 

PAGROUP& 
DISCO UNITS 

Tannoy HPD 315A 
Tannoy HPD 385A 
Baker Group 25 - -- -- --

Baker Group 35 
Baker Group 50/ 12 
Baker Group 50/ 15 
Celestion G 12M 
Celestion G 1 2H 
Celestion G 1 8C 
Celestion G 1 2 17 5 

(<ilum. dome) 
Celestion G 1 2 I 7 5 (d I cone) 
Celestion G 12M I 50 

(cambric edge) 
Celestion G 1 5 I 1 00 

£102.95 
£119.95 

£13.00 
£14.50 
£21.00 
£33.00 
£13.50 
£17.95 
£41.95 

£22.50 
£24.50 

£16.95 

(alum dome) £32.50 
Celestion MH 1000 £13.50 
Celestion Powercell 12 ·I 100 £45.95 
CelestioF! Powercell 1 5 · I 1 00 £48.95 
Celestion Powercell 15 · I 125 £51.95 

Fane Pop 40 £10.95 
·Fane Pop 50H £12.50 
Fane Pop 75 £16.95 
Fane Pop 65 £19.95 
Fane Pop 80 £21.95 
Fane Pop 100 £35.95 
Fane J44 horn £6.50 
FaneJ104horn £13.75 
Fane J 7 3 horn . . . . . . . . . £9.75 
Fane Guitar SOL £19.75 
Fane Guitar BOB £19.95 
Fane Disco 80 . . . . . . . . £21.50 
Fane PASO £19.50 
Fane Bass 85 £29.95 
Fane Crescendo 1 2A £42.95 
Fane Crescendo 1 2B . . . . £44.95 
Fane Crescendo 15/100 £54.95 
Fane Crescendo 15/125 £64.95 
Fane Crescendo 18 £75.95 
Fane g20 II Horn £45.95 
Fane HPX1 /HPX2 £2.50 

Goodmans SPA 
Goodmans 12P 
Goodmans 12PD 
Goodmans 12PG 
Goodmans 1SP 
Goodmans 50HX 

McKenzie C1280 
McKenzie G P 1 5 
McKenzie TC 1 5 
McKenzie CG 1 5 Bass 
Motorola Piezo Horn 

Richard Allan HD8T 
Richard Allan HD 1 OT 
Richard Allan HD 12T 
Richard Allan HD15 
Richard Allan HD15T 

£4.25 
£19.75 
£22.50 
£21.25 
£45.50 
£20.50 

£22.95 
£32.95 
£32.95 
£55.95 

£8.50 

£14.50 
£15.75 
£20.95 
£36.95 
£37.95 

WILMS LOW 
AUDIO 
KITS FOR MAGAZINE DESIGNS etc. 

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

Carriage £3.50 

Practical Hifi & Audio PROg-TL 
(Rogers) £118.00 

Felt panels for PR09-TL 
£5.50 + £1.50 p&p 

Hifi Answers Monitor (Rogers) 
£129.00 

Hifi News State of the Art 
(Atkinson) £161.00 

Popular Hifi Mini Monitor 
(Colloms) £63.00 

Popular Hifi Round Sound (Stephens) 
including complete cabinet kit 

- £68.00 
Popular Hifi (Jo.rdan) £91.00 

Practical Hifi & Audio Monitor 
(Giles) £119.00 

Practical Hifi & Audio Triangle 
(Giles) . . . . . . £86.00 

Practical Hifi & Audio BSC3 
(Rogers) . . . . . . . . . . . £60.00 

Practical Hifi Mini Triangle 
(Giles) £99.00 

Hifi News Tabor (Jones) 
Hifi News Tabor (with H4 

bass units) 

Wireless World T.L. /KEF 

£59.75 

£65.00 

(Bailey) £112.00 
Wireless World T. L. I Radford ' 

(Bailey) £154.00 

HiFi News Minilink (Atkinson) 
£43.00 

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

Send 3 x 7p stamps for · reprints 1 
construction details of any of above 
designs. 

CARRIAGE & INSURANCE 

40p each 
75p each 

£1.25 each 
.. : £2.00 each 
... £2.95 each 

Tweeters I Crossovers 
Speakers up to 1 0 · 
Speakers 1 2 · · 
Speakers 1 5 · · 
Speakers 1 8 · · 
Speaker Kits 
Mag. design kits 

£2.50 pair 
£3.50 pair 

SPEAKER 
KITS 

Prices per pai-r . Carriage £2.50 . 

Dalesford System 1 
Dalesford System 2 
Dalesford System 3 . 

. Dalesford System 4 •· 
Dalesford System 5 
Dalesford System 6 
Eagle SK21 0 
Eagle SK215 
Eagle SK320 
Eagle SK325 
Eagle SK335 
Goodmans DIN20 
GoQ_gmans Mezzo Twinkit 
Kef Kit I 

£52.90 
£55.75 

£101.75 
£108.00 
£139.00 

£93.00 
£15.00 
£29.00 
£37.00 
£67.00 
£91.00 
£31.50 
£51.95 
£59.50 

Kef Kit Il l . . . . . . . . . £119.95 

Lowther PM 6 Kit 
!-£.~he~~_§ ~KI Kit 

(carr . £5) 
""£103.00 

£108.00 
Peerless 1060 £71.95 
Peerless 1070 £122.00 

. Peerless 11 20 £139.00 
Peerless 2050 £49.95 . 
Peerless 2060 . . . £!,i5.!J~ 
Radford Studio ·go · £ 154.00· 
Radford Monitor 270 £208.00 
Radford Studio 270 £275.00 
Radford Studio 360 £390.00 
Ram Kit 50 (makes Ram 1 00) £69.95, 
Richard Allan Tango Twin Assembly 

£43.50 
Richard Allan Maramba T . R .8 

£61.50 
Richard Allan Charisma T.R.12 

R ichar({A.Ifan su.pei- i'~ipl~ · 
Richard Allan RAB 
Richard Allan RA82 
Richard Allan RA82L 
Seas Mini 
Seas 203 
Seas 302 
Seas 303 
Seas 503 

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

£90.00 
£73.00 
£46.50 
£74.00 
£79.95 
£17.90 
£35.50 
£43.90 
£73.90 

£119.90 

£26.95 
£41.95 
£56.95 

Everything in stock for the 
speaker constructor! 
BAF, long fibre wool. foam, 
crossovers, felt ·panels, com 
ponents, etc . 
Large selection of grille fabrics . 
(Send 1 5p in s;amps for fabric 
samples) 
(Prices correct at 1 I 10! 78) 

tm:z 
. The firm for Hi-Fi 

5 Swan Street, 
Wilmslow, I Cheshire. 

Send15p stamp for free 38 ~e 
catalogue ·choosing a Speaker" 

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

illOO[[)O([) . 
The firm for Speakers 

I: ·· ·· · 11 Lightning service on telephoned credit card orders! I!:!J 

WW- 023 FOR FURTHER DETAILS 

Swan Works, Bank Square, 
. Wilmslow, Cheshire. 
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Z & I AERO SERVICES LTD. Head Office: 44a WESTBOURNE GROVE, LONDON W2 5SF 
RETAIL SHOP 

85 TOTTENHAM COURT ROAD . W. 1 
Tel. 580-8403 Tel. 727 5641 Telex 261306 

SPECIAL OFFER Of BRAND NEW USSR MADE MULTIMETERS - .. . - VALID UNTIL 31st DECEMBER, 1978 

TYPE 
Sensitivity D.C . 
Sensitivity A . C. 
D.C . Current 
A.C . Current 
D.C. Volts 
A.C . Volts 
Resistance 
Capacity 
Accuracy 

Price ~omplete with pressed steel 
carrying case and test leads 
Packing and postage 

U4313 
20.000 o.p.v . 
2,000 o .p.v. 
60~A-1.5A 
0.6mA-1.5A 
75m V-600V 
15V-600V 
1K-1M 
0 5~ F 
1.5% D.C. 
2.5% A.C. 

£10.50 
£1.50 

U4315 
20.000 o.p .v. 
2,000 o.p.v. 
50~A-2.5A 
0.5mA-2.5A 
75mV-1000V 
1V-1000V 
3000-500k0 
0 5~ F . 
2.5% D.C 
4% A.C. 

£10.50 
£1.50 

TYPE U4323 
COMBINED WITH SPOT FREQUENCY OSCILLATOR 

20.0000 /V Sensitivity 
Voltage ranges
Current ranges . 
Resistance 
Accuracy 
Oscillator output. 

2 5-1 OOOV A.C. / D.C . .. 
o.05-500mA D.C. only 
50-1MO 
5% F.S.D. 
1kHz 50/50 squarewave 
465KHz sinewave _ 
modulated. by 1KHz squarewave 

PRICE, in carrying case, complete with leads and manual 
£8.00 

Packing and postage £1 .00 

THIS OFFER IS VALID ONLY FOR ORDERS ACCOMPANIED BY REMITTAN
8
CJ WHICH SHOULD INCLUDE DELIVERY CHARGES AS INDICATED AND o: 

V.A.T . ON THE TOTAL. 

TYPE U4324 -·--- --- - -
D.C. Current 0 06-0 . 6-60-~00mA-3A 
A.C . Current 0 .3-3-30-300mA-3A 
D.C. Voltage . 0 6-12-3-12-30-60-1 20-600-1200V 
A.C. Voltage 3-6-1 5-60-1 50-300-600-900V 
Resistance 5000-5-50-500k0 
Accuracy D.C . 2.5% A.C. 4% (of F.S.D .) 

PRICE complete with test leads and fibreboard storage 
case £9~50 · Packing and postage £1 · 20 

TYPE U4341 
COMBINED MULTIMETER_AND 

TRANSISTOR TESTER 
Sensitivity : 
Current 

Voltage 

Resistance : 
Transistors 

16.700,.1/V D.C .. 3.3000/V A.C. 
0.06-0 6-6-60-600mA D .C., 0.3-3.0-30-
300mA A.C . . · 
0.3-1.5-6-30-60-1 50-300-900V D.C. 
1. 5-7.5-30-1 50-300-7 50V A.C. 
2-20-200k0-2MO 
Collector cut-off current 60~ A max 
D.C. current gain 10.350 intw_9_ranges __ ____ _ 

·PRICE, complete with steel carrying cas~~ t~st lead, battery 
and instruction manual £9.50 

Packing and Postage £1 . 50 
- WARRANTY 

ANY INSTRUMENT FOUND FAULTY ORCOHTAHR~REWci~EF~~~YA~I;::~ri~~yp~~ RECEIPT WILL BE REPLACED FREE OF CEIPT NO VIDEO IT IS RETURNED TO US WITHIN 7 DAYS FROM THE DATE OF RE · FURTHER FREE REPLACEMENT OR FREE REPAIR GUARANTEE IS OFFE:~~..:~~ FAULT OR MALFUNCTION DISCOVERED LATER MAi, :=.:HE~~~~ DESCRIPPROVIDED THE INSTRUMENT IS SENT TO ~S .:~~~ Pfc:R SUCH REPAIRS AND TION OF THE FAULT. A CHARG~~~I~I~G. · . 

OUR 1978 CATALOGUE/PRICE LIST OF VALVES, SEMICONDUCTORS, PASSIVE COMPONENTS AND TEST EQUIPMENT IS AVAILABLE PLEASE· . SEND P.O. for £0 .30 FOR YOUR COPY 

WW-086 FOR FURTHER DETAILS 

~--------------------------

LA-3 
Line Ampl ifier Transformer 

Balanced 600 ohm output 

~~~;~~:dslow impedance for microphone , high 
impedance general purpose, RIAA Phono, NAB 
tape (1 'fa, 3'1• . 71/,, 15 1ps) . 

~~~:!~~~~:s . mid-range, treble) high pass filter , 
low pass filter. 
Other Modules 
Li ne amp , power amp , compressor, s ine wave 
oscillator. plug -in power supply 
Accauorlas 
Sheel metal. sockets, slide pots 
Low distortion < .1%, low noise. bi-fet op-amps, 
high slew rate . single supply (9-36 volts DC) , plug -in . 

Engineered 12931 Budlong Ave., 

Low Impedance 
Microphone Pre.amp 

PS·l 
Power Supply 

24voltsDC 
regulated 120/240 

VACmput 

• • • , 
SEND FOR YOUR FREE COPY 

OF OUR NEW CATALOG 

-

" Qualify I ~~~~~5~~~-
Gardena. CA 90247 U.S.A. Sound .. (213) 770-35t0, (800) 42t-1828, 

Products TWX (910) 346·7023 

We also manufacture 
audiotranstormtJrs . 

snakes, direct boxes 
andmJc·sp/itters 

WW- 007 FOR FURTHER DETAILS 

NOW! 
SEMICON INDEXES 
(International Semiconductor Device Data) 

announce 
THE NEW VOLUME 3 

IC INDEX 
This new volume follows the now well established 
format of the International Transistor Index and 
the Oiode/SCR Index bu't in loose-leaf binder easily 

. updatable form~ There are ove_r 25,00? entrie~ ~f 
analogue and digital devices of mternat1onal ongm 

SEND FOR DETAILS TO-DAY 

SEMICON INDEXES LIMITED 

7 KING'S PARADE, KING'S ROAD, FLEET. Hants. GU13 9AB 
Tel: 025 14 28526 Telex : 858193 (Barmer G) 

WW -077 FOR FURTHER DETAILS 
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-· o:ia 
0.27 
0.42 
0.18 
0.34 
0.27 
0.60 
0.20 
0.20 
0.20 
uo 
us 
0.35 
0.20 
0.30 
0.20 
0.20 
0.20 
0.85 
0.80 
0.75 
0.70 
0.75 
1.50 
0.70 
0.45 
0.45 
8.45 
0.35 
D.35 
0.35 
D.35 
0.40 
1.20 ; 
0.45 
2.75 
2.75 
0.40 
0.40 

VALVES 
A18l4 9:00 
A2087 ll.81 
A2134 6.75 
A2293 7.50 
A2426 11.19 
A2521 IG.ll 
A2900 7.58 ; 
A3343 22.23 
AZ31 ·1.10* 
AZ41 1.15* 
8K448 62.70 
BK484 84.70 
8590 27.25 
8S810 27.75 
8T5 34.!0 
8TI7 61.95 
8Tl9 21.15 
8T29 188.98 
8T69 193.25 
BT75 79.65 
BT95 74.!5 
CBL31 1.50* 
CL33 2.00• 
CY31 1.00* 
C1K 10.00 
C3A 10.00 
C3JA 21.20 
DA41 18.70 
DA42 10.70 
DAJOO 46.00 
DAF91t 0.40* 
DAF96 1.00* 
DET22 21.00 
DET24 46.08 
DF9Jt 0.40* 
DF96 1.00* 
DK9Jt 0.55* 
DK92 1.25* 

g~: ~:~~:1 
DL94 1.20* 
DL96 1.10* 
DLSIO 8.25 
DLSJ5 10.76 
DLSJ6 10.76' 
DLSJ9 10.76> 
DM70 1.25 
DM71 1.25 
DMI60 1.50 
DY8617t 0.55* 
DY802 0.80* 
E55L 21.89 
ESOCC 5.00 
ESOCF 7.21 
E80F 5.78 
ESOL 5.53 
E81CC 5.76 

,ESIL 6.20 
·E82CC 6.12 
E83CC 6.23 
E86C 9.31 
E88C 5.43 
E88Cct 1.00 

~ E90CC 5,46 
E90F 5.16 
E91H 4.65 
E92CC 4.98 

BASES 

ASZI6 
A5ZI7 
A5Z20 
A5Z21 
AUII3 
AUYIO 
AVJJO 

· 8AJ45 
8AJ48 
8AJ54 
BAJ55 
8Al56 
8AW62 
8AXI3 
8AXI6 
BC!07 
8CJ08 
BCI09 
BCJI3 
8Cll4 
BCJI5 
BC116 
BCJI7 
BCII8 
BCI25 
BCI26 
BCI35 
8CI36 
BCI37 
BCJ47 
8CI48 
BCI49 
BCI57 
8Cl58 
BCI59 
BCI67 
8CI70 
BC171 

EJ30L 
EI80CC 
EISOF 
EI82CC 
EI86F 
El88CC 
E280F 
E283CC 
E288CC 
EA52 
EA76 
EABC80 
EAC9It 
EAF42 

. EAF801 
EB41 
EB91t 
E8C33 
EBC4! 
EBC81 
E8C90t 
EBF80 
EBF83 
E8F89t 
EBL31 
EC90t 
EC91 t 
EC92 
ECI57 
ECC33 
ECC35 
F.CC40 
ECCBit 
ECCB2t 
ECC83t 
ECC84t 
ECC85t 
ECC86 
ECC88t 
ECC89 
ECC9It 
ECCI89 
ECC807 
ECC808 
ECF80t 
ECF82t 
ECF86 
ECH35 
ECH42 
ECH81t 
ECH83 
ECH84t 
ECLBOt 
ECLBI 
ECLBZ 
ECL83 
ECL84 
ECL85 
ECL86t 
EF37At 
EF39t 
EF40 
EF41 
EF42 
EF50t 
EF54 
EF55 

1.25 
1.25 
1.50 
2.00 

1.70' 
1.70* 
!.70* 
0.13* 
0.13* 
0.09 
0.10 
0.09 
0.05 
0.06 
0.09 
0.12 
0.12 
0.13 

0.12• 
0.13* 
0.14* 
OJS* 
0.17* 
0.10* 
0.16' 
0.20* 
0.14* 
0.15• 
0.15* 
0.119• 
0.08* 
o.oe• 
0.09* 
0.08* 
0.10* 
0.12* 
0.11* 
0.10* 

16.85 
5.84 
6.12 
5.92 
8.04 
5.05 

18.27 
7.85 

12.75 
14.91 
!.50 

0.55* 
0.50* 
1.25* 
1.75* 
2.00* 
0.40* 
1.75' 
1.25* . 
1.10* 
0.75' 
0.50• 
1.25* 
0.45* 
2.50* 
0.55* 
2.80• 
1.25* 

218.50 
3.50* 
3.50* 
1.25* 
0.50* 
0.47* 
0.55* 
0.60*, 
0.55* ·• 
2.00* 
0.75* 
0.80* 
0.55* . 
1.66* 
1.75* 

~:~: 
0.70* 
o.80* 
2.00* 
1.15* 
0.55* 
0.85* 
0.85• 
0.60* 
0.75* 
0.60* 
!.50* 
0.90•, 
1.12* ' 
0.65* 
2.50* 
1.80* 
1.15* 
1.20* 
2.00* 
0.60* 
5.00* 
2.50* ' 

CRTs 
87G unskirted 0.15 
87G skirted 0,30 
89A unskirted 0.15 

2API' 8.50 
2BPI' 9.00 
3BPI 8.00 

B9A skirted 0.30 3DPI' 5.00 
Jnt Octal 0.20 3EGI' 7.00 
Loctal 0.55 3FP7' 6.00 
Nuvistor base o:S5~ 
8 pin DIL 0.15 
14 pin DIL 0.15 
16 pin DIL 0.17 
Valve screening 
cans all sizes 0.30 

3GPI 6.00 
3JPP 8.00 
3JP2' 8.00 
3JP7' 10.00 
3KPI' 15.00 

· 3RP1* 35.00 

''Bci72- -
8CI73 0.12* 
BC~5 
BCI78 0.14 
8C!79 0.16 
BCJ82 O.ll* · 
8CI83 0.10* 
BCI84 0.11• 
BC212 0.13* 
BC213 0.12* 
BC214 0.15* 
8C237 0.09* 
8C238 0.12* 
8C301 0.25 ' 
BC303 0.24 
BC307 0.10* 
BC308 0.10* 
8C327 0.20* 
8C328 0.18* 
BC337 0.18* 
BC338 0.17* 
8CY30 1.00 
BCY31 1.00 
BCY32 1.00 
8CY33 0.90 
BCY34 0.90 
BCY39 3.00 
BCY40 1.00 
BCY42 0.25 
BCY43 0.25 
8CY58 0.16 
BCY70 0.15 1 

8CY71 0.17 
BCY72 0.13 
BCZJI 1.50 
BDJI5 0.45 
80121 1.20 
BDJ23 1.20 
80124 1.30. 

EF83 
EF85t 0.50* 
EF86t 0.60* 
EF89 0.60* 
EF91t 0.70* 
EF92t 0.75* 
EF93t 0.50* 
EF94t o.55* 
EF95t 0.55* 
EF98 1.25* 
EFJ83t 0.70* 
EFI84t 0.70* 
EF804S 6.50 1 

EF80SS 7.00 
EH90 1.28* 
EK90t 0.65* 
EL32 !.50* 
EL33 3.50* 
EL34THN £1.60 
,EL34MUL £2.24 . 
EL36 0.95* 
EL41 1.25* 
EL42 1.75* 
ELBI 1.10* 
EL83 1.25* 
EL84 0.45* 
EL86t 0.75* 
EL90t 0.80* 
EL91 4.35* 
EL95t o.ao• 
ELJ56 16.25 
EL360 2.75* 
EL'J00/504 1.88* 
EL509 3.16* 
EL821 6.42 
EL822 6.55' 
EM80 1.10* 
EM81 1.00* 
EM84 1.00* 
EM85 1.25* 
EM87 1.50* 
EN32 15.66 
EN91t 2.24 
EN92 5.81 
EY51t 0.75* 
EY81 1.65* 
EY83 1.75' 
EY84 5.33* 
EY86t 0.50* 
EY88 1.75* ' 
EY500A 1.94*. 
EY802 0.82* 
EZ35 0,55* 
EZ40 1.25* 
EZ41 1.25* 
EZ80t 0.50* 
EZ81 t 0.50* 
EZ90t 0.60* 
FW4-500 2.50* 
FW4-800 2.50* 
G J-37JK 8.63 
G55-IK 11.00 
G !80-2M 16.02 
G240-2D 11.18 
G400-JK 16.77 
GN4 4.50 
GN4A 4.50 
GSI6 9.00 
GTIC 9.23 

80132 
BD J35 0.34* 
8DI~--il.'34' 
80137 0.35* 
80138 0.40* 
80139 0.43* 
80140 0.44• 
BDJ44 2.00 
BDIBI 1.10 
80182 1.18 
80237 0.40 
80238 0.55 
8DXJO 0.91 
8DX32 2.00 
BDY20 1.25 
8DY60 1.50 
8FJI5 0.25 
BFI52 0.18 
8FI53 0.20 
8FI54 0.17 
8FI59 0.23 
BFJ60 0.16 
8FJ67 0.20 
BF173 0.20 

· 8FI77 0.24 
8Fl78 0.24 
BFI79 0.25 
8Fl80 0.30 
8FI81 0.30 
8FI82 0.30 
8Fl83 0.25 
BFI84 0.25 
BFI85 0.25 
8FI94 0.09* 
8F195 0.09* 
8FJ96 0.10* 
8FI97 0.12* 
BF200 0.27 
BF224 0.20* 
BF244 0.28• 

GU50 
G_U_51 
GXUI 
GXU2 
GXU3 
GXU4 
GY501 
GZ32 
GZ33 
GZ34t' 
GZ37 
KT61 
KT66 
KT88 
KTW61 

' KTW62 
KTW63 
M8079 
M8080 
M808! 
M8082 
M8083 
M8091 
M8096 
M8097 
M8098 
M8099 
M8!00 
M8!36 
M8137 
M8140 
M8141 
M8142 
M8144 
M8149 
M8!61 
M8162 
M8163 
MS190 
M8195 
M8196 
M8204 
M8212 
M8223 
M8224 
M8225 
M8248 
MUI4 
MXJI9 
MX123 
MXJ45 
MXI51 
MXI52 
MX161 
MX-163 
MX164 
MXI66 
MXI68 
N78 
OA2t 
OA3 
OA4 
OB2t 
083 
OC2 
OC3 
OD3t 
OZ4 

12.15 
12.15 
10.97 
17.20 . 
23.57 
28.50 
1.60* 
0.75* 
4.00* 
1.52* 
4.00•.· 
3.50* 
5.00* 
6.25* 
1.75* 
1.75* "· 
1.75* 

" 9.04 
6.37 
6.78 
5.58 
5.86 
7.85 
3.75 
3.56 
3.40 
5.20 
6.39 
6.60 ' 
6.80 
4.50 
4.85 
4.75 
3.75 
5.10 
6.12 
5.87 
4.50 
4.60 
3.70 
6.50 
5.72 
9.16 
2.30 
2.80 
2.60 
u~ 

1.00* 
24.75 
45.00 
33.75 
13.50 
80.00 
80.00 
14.55 
14.45 

liO.OO 
30.00 
9.00• 
0.55 
1.10 
1. 10. 
0.60 
0.75 
2.55 
0.75 
0.75 

0.75* 

5ADPI 
5BPI' 
5CP!' 

3S.o0 VCR 138' 10.00 
10.00 VCRI38A't2.50 
5.00 ' VCRI39A' 8.00 

· 5CPIA 
5FP15A 
5UP7' 
DG7-5 
DG7-32 
DH3-91 
DH7-JI 
VCR97' 

40.00 VCR517A'IO.OO 
5.00 VCR5178' 6.00 
5.00 VCR517C 6.00 

25.00 
36.00 Tube Bases 0.75 
31.00 . • = Surplus 
68.00 VAT 8% 
5.00 

0.26 ' 
8F259 0.32 
B-~~.30* 
8F337 0.30* 
8F338 0.31* 
8FS21 3.96 
8F528 2.23 
8FS61 0.20* 
8F598 0.20* 
BFWIO 0.65 
8FWJJ 0.65 
8FX84 0.22 
8FX85 0.23 
BFX87 0.21 
8FX88 0.21 
8FY50 0.26 
BFY51 0.26 
BFY52 0.26 
8FY64 0.26 
8FY90 1.25 
85XJ9 0.21 
B5X20 0.20 
8SX2! 0.20 
8TI06 · 1.25 
BTY79/400R 

BU205 
BU206 
8U208 
BYJOO 
BYJ26 
BYI27 
8ZX61 
Series 
8ZY88 
Series 
CR51/05 
CR51/40 
CR53/05 
C R53/40 

3.19 
1.75* 
2.25* 
2.00* 
0.45 
0.14 
0.15 
0.18 

0.13 

G.45 
0.60 
0.45 
0.75 

PC88t 0.85* 
PC95 J.l!l*. 
PC97 1.08' 
PC900t 1.00* 
PCC84t 0.50• 
PCC85 0.60* 
PCC88 0.65* 
PCCS9t 1.05' 
PCCIS9t 1.00* 
PCC605t 0.95* 
PCC806t 0.95* ' 
PCE82t 1.72* 
PCF80 0.96* 
PCF82t 0.50* 
PCF86t 0.75* 
PCF87 1.10* 
PCF200t 1.15* 
PCF20It 1.10* 
PCF801 t 0.60' 
PCF802t 0.88* 
PCF805 1.44* 
PCF806 1.44• 
PCFSOB 1.44* 
PCLS2t 0.80* 
PCLB3t 0.92• 
PCL84t 0.75* 
PCL85t 0.96* 
PCL86t 0.85' 
PCL805/85t 

0.96* 
PD500 3.60• 
PE06-40N ~7.30 
PFL200 1.12* 
PL36t 1.12* 
PL81 1.12* 
PLBIAt 1.12* 
PL82 0.60* 
PL83t 0.55* 
PLB4t 0.75* 
PL504/505t 

1.20* 
PL508t 1.60* 
PL509t 2. 72* 
PL519t 3.60* 
PL801 1.10* 
PL802t 3.46 
PY33 0.68• -· 
PY81t 0.92* 
PY82 0.55* 
PY83 0.70* 
PY88t l.J6* 
PY500A t 1.60* 
PYBOO 9.92* ' 
PY801 0.92* 
QQV02-6 9.90 
QQV03-10t 2.00 
QQV03-20At 

10.50 
QQV06-40At 

!3.00 
QQV07-50 

40.37 
QQZ03-20A 

27.50 
QQZ06·40A 

7400 
7401 
7402 
7403 

' 7404 
7405 
7406 
7407 
7408 
7409 
7410 
7412 

•7413 
7416 
7417 
7420 

45.20 
11.00 
3.00 
2.50 

0.16 
0.16 · 
0.16 
0.16 
0.17 
0.16 
0.40 
0.40 
0.20 
0.20 
0.16 
0.26 
0.32 
0.32 
0.32 
0.17 

GEX66 
GEX541 
GJ3M 
GM0378A 1.75· 
KSIOOA 0.45* 
MJE340 0.80 
MJE370 1.17 
MJE371 0.61 
MJE520 0.52 
MJE521 0.55 
MJE2955 1.25 
MJ F.3055 0. 75 
MPFI 02 0.30* 
MPFI03 0.30* 
MPF104 0.30* 
MPFI05 0.30* 
MPSA06 0.24* 
MPSA56 0.26* 
MPSUOJ 0.36* 
MP5U06 0.46• 
MPSU56 0.49* 
NE555 0.45 
NKT401 2.00 
NKT403 1.73 
NKT404 1.73 
OA5 0.95 
OA7 0.55 
OAJO 0.60 

· OA47 0.14 
OA70 0.30 
OA79 0.30 
OA81 . 0.30 
OA85 0.30 
OA90 0.08 
OA91 0.08 
OA95 0.08 
OA200 0.09 
OA202 0.09 
OA211 1.00 

228.00 
QZ00-20 20.60 
RIO 5.00 . 
Rl7 1.65 
RIB 3.95 
RJ9 1.00 
R~O 1.44 
RG3-250 21.51 
RG3-250A 23.28 
RG3-1250 22.20 
RG4-1250 27.50 
RG4-3000 56.65 
RR3-250 34.77 
RR3-1250 62.37 
SIIEI2 22.36 
5130 2."00 
5130P 2.50 
STV60-4o 10.00 .. 
5TV280-80 

20.00 
. SU41 2.50 
5U42 9.00 
TD03-10 21.50 
TD03-IOE 22.75 
TD03-IOF 24.00 
TTI5 22.00 
TT21 9.63 
TT22 9.63 
TTJOO 60.00 
TY2-125 49.50 
TY 4-400 59.30 
TY 4-500 76.82 
TY5·500 160.00 
TY6-800 145.00 
TY6-5000A 

217.85 i 
TY6-50008 

206.00 
TY6-5000W 

!95.80 
TY7-6000A 

237.60 : 
TY7-6000W 

192.50 
TZ40 15.00 
u 18-20 2.50* 
Ul9 9.15 
U25 1.16* 
U26 1.44* 
U37 li.OO 
UABC80t 0.58' 
UAF42 0.75' 
U841 1.25' 
UBC41 JJIO* 
U8F89 0.60* 
UCC84 0,75* 
UCC85t 0.55* 
UCF80 0.75* 
UCH42 1.20* 
UCH8lt 
UCL82t 
1Jr.!.R3 

7425 
7427 
7428 
7430 
7432 
7433 
7437 
7438 
7440 
7441 
7442 
7447AN 
7450 
7451 
7453 

0.30 
0.30 
0.43 
0.17 
0.30 
0.36 
0.32 
0.32 
0.18 
0.85 
0.72 
0.90 
0.18 
0.18 
0.18 

OAZ201 
OAZ206 
OAZ207 
OCI6 
OC20 
OC22 
OC23 
OC24 

' OC25 
OC26 
OC28 
OC29 
OC35 
OC36 
OC4! 
OC42 
OC43 
OC44 
OC45 
OC71 
OC72 
OC73 
OC74 
OC75 
0C76 
OC77 
OC81 
OC81Z 
OC82 
0<;83 . 
OC84 
OCI22 
OCI23 
OCI39 
OCI40 
OC141 
OCI70 
OCI7! 
OC200 
OC201 

UF80t 
UF85t 
UF89t 
UL41 
UL84t 
UMBO 
UY41t 
UY85t 

1.00 
1.00 
1.00 
2.00 
2.50 
2.50 
2.75 
3.00 
0.90 
0.90 
2.00 
2.00 
1.50 
1.50 
0.80 
0.75 
2.25 
0.60 
0.55 -
0.55 
0.55 ~ 
1.00 ' 
Q.65 
0.65 
0.55 
1.20 . 
0.65 
1.20 
0,65 
0.65 
0.65 
1.50 
1.75 
2.25 
2.75 
3.25 
1.00 
1.00 
1.50 ' 
1.75 
1.75 '· 

VL5631 8.22 
XG 1-2500 25.25 
XG2-8400 72.30 I 
XG5-500 16.80 
XGQ2-6400 

78.60 
XRI-1600A 

21.40 
XRJ-3200 

104.54 
XRI-3200A 

57.25 . 
XR 1-6400 65.80 
XRJ-6400A 

IZ2.34 
YO 1120 206.00 
YDI240 206.00 
Z759 9.60 
ZMIOOO 4.60 
ZMIOOI 5.38 
ZMI020 8.55 
ZMI021 7.96 
ZMi022 8.23 
ZMI023 7.641 
ZM1040 ll.57 
ZM1041 9.67 
ZM1042 ll.08 
ZXJ051 87.00 
!B3GTt 0.65 ; 
1824 10.00 
IB35A 17.00 
1863 45.00 
JR5t 0.55* 
JS5t 0.40* 
IT4t 0.40* 
2A515 10.00 
2C39At 9.00 
2C43 18.00 . 
2D21 t 0.80 
2E26 5.00 
2142 60.00 ' 
2J55 175.00 
2J70A 235.00 
2J708 250.00 
2K25t 10.00 
3-400Z 35.00 
3-500Z 35.00 
3A5 1.35 
3824 5.00 
3828t 4.50 
3829 10.00 
38-240M 15.00 
3B241M 15.00 
3C23 10.00 · 
3C45t 8.50 
3CXIOOA5 

20.00 
8.50 

0.75• · 

2.50, 
2.50 
2.50 
1.75 
1.25 
0.75 

1.75* 
2.25•' 
1.75' 
0.30 
1.20 
0.20 

0.4L* 
0.44• 
0.45 
0.48 
0.69 
11.73 
0.63 
0.70 
0.67 
0.56 

0.45• 

OC204 
OC205 
OC206 
OC207 
OCP71 
ORPI2 
R20088 
R2009 
R20108 
TIC44 
TIC226D 
TIL209 
TIP29A 
TIP30A 
TIP3JA 
TIP32A 
TIP33A 
TIP34A
TIP4JA 
TIP42A 
TIP2955 
TIP3055 
TlS43 
Z5140 
ZSI70 
Z5178 
Z5271 
ZS278 
ZTX!07 
ZTX!08 
ZTXI09 
ZTX300 
ZTX301 
ZTX302 
ZTX303 
ZTX304 
ZTX3ll 
ZTX314 

·zTX500 
- ~TX501 

. 0.25* 
0.21* 
0.54• 
0.23• 
0.57• 
0.11* 
0.10*. 
0.!2• 
0.12* 
0.13* 
0.15* 
0.17* 
0.19* 
0.12* 
0.20* 
0,13* 
0.14* 

36.00 
37.00 
25.36 . 

4CX2508 ~:: i 
4CX350A 3!.35 
4CXI50A 21.00 · 
4Xl50D ZS.OO · 
58-254M 13.98 
58-255M 13.98 
5C22 40.00 
5J-180E 614.79 
5R4GYt 1.10* 
5U4G 1.52' 
5U4GB 2.26* 
5V4Gt 0.65* 
5Y3GT 0.85* 
5Z3 !.SO• 
5Z4G 1.12* 
5Z4GT 1.00* 
6-301.2 1.56* 
6AB4 0.75* 
6A87 0.75* 
6AC7 0.75* · 
6AF4A t 0.70* 
6AG7 0.75' 
6AH6t 8.95* 
6AK5t 0.50• . 
6AK6 0.95* 
6AL5t 0.40* 
6AM4 2.30* 
6AM5 3.85 
6AM6t 0.70* 
6AN5 2.50* . 
6AN8At 0,70* ' 
6AQ5t 0.85* , 
6AR5 0.70* 
6AS6t 0.80• . 
6AS7Gt 1.50* : 
6AT6t 0.75* ' 
6AU5GT 4.26* 
6AU6t 0.55* 
6A V5GT 3.74* 
6AV6t 0.75* , 
6AX5GT 3.10* . 
687 0.75 
688 0.75 
68A6t 0.50 
68A7 5.12 
68A8A 3.75 · 
68C4 3.71 
68E6t 0.48' ' 
6BH6t 1.20* 
6BJ6t 1.20* ' 
68K4 4.21* . 
68L6 85.00 
68L 7GT 3.86• 
68M6 85.00 
68N6 0.80* 
68Q7A 1.55* 
68R7 4.00* 
6BR8t 1.20* 
6BS7 4.00*-
68W6 3.75* 
68W7 1.40• 
~llX7GT 

ZTX503 
ZTX504 
ZTX53! 
ZTX550 
JN914 
JN9!6 

. !N4001 
JN4002 
IN4003 
IN4004 
IN4005 

' JN4006 
JN4007 
!N4009 
JN4148 
IN5400 

' !N540l 
1544 
15920 
15921 
2G301 
2G302 
2G306 
2N404 
2N696 
2N697 
2N698 
2N705 
2N706 
2N708 
2N930 
2Nil31 
2Nil32 
2NI302 
2NI303 
2NI304 
2NJ305 
2Nl306 
2NI307 
2NI308 

0.16* 
0.17* 
0.20* 
0.20* 
0.16* 
0.05 
0.07 
0.06 
0.06 
0.07 
0.07 
0.08 
0.08 
0.119 
0.06 
0.06 
0.13 
0.13 
0.04 
0.07 
0.07 
J.oo · 
1.00 
1.10 
1.00 
0.25 
0.25 
0.30 
1.20 
0.15 
0.20 
0.20 
0.26 
0.26 
0.35 
o.35 
8.45 
0.45 
0.50 
0.50 
0.55 . 

68Z6 1.78•· 
~ 0.55* 
6CB6A t -- 0.55* 
6CD6GA 4.90* 
6CG7 1.72* 
6CH6 4.42* ~ 
6CL6t 0.75' 
6CW4 7.24* 
6D2t 0.40• 
6DK6 2.49* 
6DQ6B 3.90* 
6EA8 2.21* 
6E88 2.12• 
6EW6 0.80• 
tiF6 0.75* 
6F23 1.60*' 

' 6F28 1.!6• 
6F33 13.35 
6Hl 11.75 
6H2N 0.75* 
6H3N 0.75* 
6H6 0.75* 

' 6J4t 1.20* 
6J6t 0.55 
6J7 o.8o• 
6K4N •1.25 
6K6GT Ci.75' 
6K7 0.75* 
6K8 0.75* ' 
6KD6 4.79* 
6L6G 2.50* 
6L6GA 1.50* 
6L6GT o.85* 
6L6GC 1.95' 
6L7 0.75• 
6N2P 0.75* : 
6N3P 0.75* · 
6N7 0.75* 
6P25 3.60* 
6Q7 o.so• 
6R7 0.80* 

~~~~ ~:::l 
6SF7 0.80* 
65H7 0.80* 
65J7 0.80• 
65K7 0.80* 
65L7GTt 0.70* 
65N7GTt 0.70* 
65Q7 0.75' 
65R7 0.75* 
6557 0.75* 
6U5G 2.00• 
6UBt o.ss• 
6U8At 0.55* 
6V6GTt 0.65* 
6X4t 0.60* 
6X5GTt 0.60* 
787 1.00* 
7C5 1.75* · 
7C6 1.25* 
7H7 t.oo• 
7R7 1.50* 
757 2.%5* 
7Y4 0.75' 
7Z4 0.75* 
llE3 42.89 
12/I.T6 0.45* 
12AT7t 0.50* · 

2NI6!3 
2N1671 
2NI893 
2N2147 
2N2148 
2N2218 
2N2219 
2N2220 
2N2221 
2N2222 
2N2223 
2N2358 
2N2369A 
2N2484 
2N2846 
2N2004 
2N2905 
2N2906 
2N2907 
2N2924 
2N2925 
2N2926 
2N3053 
2N3054 
2N3055 
2N3440 
2N3441 
2N3442 
2N3525 
2N3614 
2N3702 
2N3703 
2N3704 
2N3705 
2N3706 
2N3707 
2N3708 
2N3709 
2N3710 

II 

• 12AU6 
12AU7t 
12AV6 
12AV7 
12AX7t 
12AY7t 
12B4At 
128A6 
12BE6 
12BH7t 
12BY7t 
12EI 
12EI4 
12E1ITf 
13El 
19H4 
19H5 
2489 
30Cl5' 

' 30CJ7 
30CI8 
30F5 
30FLI / 2 
30FLJ2 
30FLJ4 
30LJ 
30Ll5 
30Ll7 
30P4 
30PI9 
30PLJ 
30PLJ3 
30PLJ4 
30PLI5 
35W4 
50C5 
7581 
75Cl 
85AI 
85A2 
90AG 
90AV 
90CJ 
90CG 
socv 
92AG 
92AV 
95Al 
15082 
15083 
150C2 
!50C4 
21 I 
723ABt 
803 
805 
807t 
811At 
812A 
813t 
833A 
866A 
872A 
922 
931A 
1624 
1625 
2050 
4212E 

1.50 
0.25 
1.75 . 
1.65 
o.zs 
0.24 
0.18 
0.18 
0.18 
2.75 
0.17 
0.21 
0.20 . 
0.55 
0.25 
0.25 
0.21 
0.21 

0.21* 
0.22* 
0.14* 
0.25 
0.50 
0.70 
0.60 
0.80 
1.10 
0.80 
1.50 

0.!1* 
0.13• 
0.13•. 
0.13• 
0.13* 
0.13* ; 
0.10* 
0.13' 
0.10* 
11!\o• • 

0.85* 
0.47' 
0.85* 
3.46* 
o.55* 
0.85* 
1.00* ' 
0.65* 
1.60* 
0.65* 
0.80• 
7.10 

~~., 
43.55 
20.86 
22.50 
30.50 
1.56* 
1.56* 
1.44• 
1.60* 
1.12* 
1.72* 
1.44• 
0.84• 
1.72* 
1.72• 
0.92* 
1.12* 
! .32* 
1.72* . 
1.68* 
1.72* . 
0.60• ' 
0.70* ! 
3.30 ! 
1.70 I 

7.50 
1.65 
7.26 
7.16 
1.70 

13.68 
13.30 . 
7.26 
7.16 
4.60 
2.15 
3.90 
.1.50 
2.30 
5.00 
8.00 

10.00 
20.00 

1.20 
3.80 
8.35 

10.00 
30.00 

8.85 ' 
13.75 
4.36 ' 

12.24 
1.25 
1.00 
2.50 

118.95. 
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1.75 
2N3772 2.00 , , 

, 2N3773 3.00 
' 2N3819 0.36* . ; 
2N3820 0.45* ' 
2N3823 0.55* : 
2N3866 0.72 
2N3904 0.13* 
2N3905 0.13* 
2N3906 0.13* 
2N4058 0.14* 
2N4059 0.10* 
2N4060 0.12* 
2N4061 0.12* 
2N4062 0.13* , : ~~m: g:~~= ;, 
2N 4286 0.20* , 
2N4288 0.22* 
2N4289 0.24* 

. 2N5457 0.35* 
2N5458 0.31>* · 
2N5459 0.35* 
25017 6.50,, ' 
25019 6.50 ' 
2S026 12.00· 

-25103 1.50 
25302 0.75 
25303 0.75. 
25322 0.80' . 
25324 1.25 ' 
25701 1.50 
25703 1.50 
25721 3.00 
2S745A 0.35 
25 746A 0.35 · 

-4Zl2H 147.74 
5544 54.00 
5545 59.00 
5551A 69.75 
5552A 94.30 

. 5553A 225.30 .' 
5842 5.26* • 
5654 3.61* 
5651 180* 
5670 2.86* 
5675 9.09• : 
5687 4.30* 
5696 1.94* 
5718 6.40* 
5725 3.40* 
5726 3.52 i 
5727 4.80 
5749 4.90* 
5751 4.66* 
5763 3.12* 
5814A 2.60* 
5840 4.40* 
5842 6.90* 
5876A 9.38* 
5879 4.84* 
5886 10.50 
5963 1.87* 
5965 2.36* ' 
6005 3.65• : 
6021 4.46 " 
6057 6.23 1 
6058 9.04 : 
6059 4.00 , 

~:J t~~ ~ 
6063 3.65 
6064 5.86 
6067 6.60 
6072 5.62 ; 
6080 6.85" 1 

' 6097AX8XC 

6146A 
61468 
6159 
6189 
6201 
6442 
68838 
6973 
7025t 
7551 
7586 
7587 
7609 
7868 
7895 
8005 
8068 
8122 
8136 
8417 
18042 
18045 

40.00 
5.12* 
5.58* 
6.00 
6.08 
5.12 : 

15.00 
5.92 

3.52* . 
1.20* . 
5.94 

11.38* 
19.00* '. 
31.80 
3.94* 

12.90* 

3~:: 1 
42.00 ' 
2.44* 
5.34 ' 
5.43 ' 
6.17 
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PRECISION POLYCARBONATE CAPACITORS 
All high stabili~y-~xtremely low leakage 

-440V ac range (+-10~)- 6JV DC RANGE(£) 

~F l(mm) D £leach 11F (Tol . +-1% +-2o/o+-5% ' ' 

0 . 1 27 12 . 7 1.34 0.01-0.2 1 .80 1 .22 0.88 

0 .22 33 16 1.66 0 .22-0.47 1.82 1 .24 0 .90 

g~~ ~~ ~~ i:6~ iS ~:~g ~:~~ -~:~~ 
0 .5 33 19 2 .24 4 .7 4 .00 2.72 2 .24 

0 .68 50.8 19 2.48 6 .8 4.88 3 .36 2 .66 

1.0 50.8 19 2 .64 10.0 6 .94 4.68 3 .56 

2 .0 50.8 25 .4 3.74 22.0 13.32 9" .9~ .. - -- 6 .80 0 

TRANSISTORS, DIODES, I.C.a, Bridge;- Rectifiers, Capacitors, Plugs & Sockets, Vero, etc . 

·~ESIS'fORS:High staoillty, low noise. carbon filir.+ :_ 5% tol : v,w @40' C. V>\!f70 C. E12 ser~es 

0 'iih{ _ irom 2 .2 ohm to 4. 7M. All 2p' each 15p' 110 of any one value 95p_ I 100 of any one 

value £4 .35' I 500 (may be mixed in 1 OO's) £8' I 1000 (may be m1xed In 100 s) . . 

SPECIAL DEVELOPMENT PACK; 10· off each value 2 . 2 ohm to 2.2M (730 resostors) -

£6 .50 each. (lW c/f 5%-5p' ea; 2w elf 5%-8p' ea.). . • . 

PRESETS: 0 .1 w submin. skeleton presets - vert1cal or horizontal. 100 ohm to 1M 7p each . 

£3' I 50. £5' I 100. £22 .50' I 500. £40: I l._Q_OO. V~l1,1es may be m1x_ed. 

.ZENERDiODES: 4obmw + 5%3V-33v- 1 Qfl_;_!!:'!_ 3.Y3-200V- 1 8p . 

TANT. BEADCAPS: fLFIV 0.1. 0.22. 0.33, 0.47, 1 I 35- lOp'; 2.2/25- 11 p'; 2.2135- 12p'; 

4 . 7135- 15p'; 6.8135, 10125- 17p'; 10/35, 15/20, 22/15, 33/10, 4 7/6.3- 21 p'; 68/3 -

17p'; 10013- 21p'. 
Please add 25p P&P and lio;, VAT to_!!! items exceptlhose marked • which ue 12v,o;, _ 

llliARCOTR·ADING (Dept. W12) The Old School, Edataaton, WEM, Shorpahire 

Tel: WHIXALL 464 (STD 094872) (Props Minicost Trading ltd.) 

WW-:-050 FOR FURTHER DETAILS 

RESEARCH MACHINES 
COMPUTER SYSTEMS USING THE Z80A 

RESEARCH MACHINES 380Z 
INTEGRAL VOU The RESEARCH MACHINES 380Z h <1 ~ .-1 UHF 0 l Jtput w h 1ch pluf!S 1nto th~ ;u!r,,JI <.; ock Pt of 

a complet_e!yunmodd,eddo mesttc te levtsJon The TV scree n w ill then (11 S pl ~ y 24 row s of -lO chcHet t·•ers t960 

charac ters ) Th (> un11 c<'! n d 1splay the 128 c:h<Hach~ r ISO 1 Sf!t •nc lu d ''lU upper l'l tHi lo wer c.-1c;: e A SCII Eac:h 

character post :,on on the VOU IS vvntten 11110 and cetn be rei"'ll l1y the CPU as a memory lucfltlon Th1:s means 

that : he VDU 15 software con trolled and can be programm~d tr1 optH~te many mod e 1nctud,ng p<'lgt> rn ode 

<;,<.rollP.rt Lmmed1ate mod"1 ed JtJnQ , or fully addressabl e cursor Tht whol(: VDU cc1 n be f•lletl with new r1dta 111 

less than 1Om Sees Screen refresh1ng does not use any of the ZSOA s lime VDU GRAPHICS the 

RESEARCH MACHIN ES 380Z displays graphrc:s on the JV sr.rpen on o rn cnnx of 80 lhonzontal ) x 72 

1vert1Cal' Graph•cs and <-J i phrtnumeriC ch~racter<:. c.an be .nterm•xed Be<.:,<lUSe o_f the h ttJ h sp~~d soft_ware 

control. the VDU can d1spjay dynam1c graph1cs for games and S1mulat1ons . INPUT : Very htgh 

quality, robust keyboard . CASSETTE INTERFACE: ' CUTS. Kansas City standard . 3DO b1ts per 
second . CPU SPECIFICATION : Z8DA Microprocessor. Fully buffered bus . 4MHz clock . RANDOM 
ACCESS MEMORY: 4K bytes dynamic RAM minimum . Using 16K RAMs. the system can 
accommodate up to 32K bytes w1thout addmg any rnernory PCB~ U':!HI~ H pagl: select mode l h t~ comp ukr 

nu~mory can be e)(pandeci 1ndef1n1tely FIRMWARE M un1 1ur Commetnds l1st r11emor y Moddy memory 

L()ad l rom c.:l:i'it:Wc . Dump on cassette S rngH: step 1race . Go to User Progretmmc Br e akpo~r1t etc 

SOFTWARE Extended Monnor Vanous Basrcs Tc)( t Eclttor w rth both n 'H~q uent•<il iind 111IP.rCic l• vc moc ll • 

Machrnc Lcmguage Graph1cs Subroutlllf::S G..ames P <Jc: kag~~ Res•rlt~nt Asst:ml!lct HARDWAR E 

CONF IGURAT ION The compu ter IS t10usea 111 <in 111 stnunent ca ~e wtlh power 'iupply ami lh• !re r_"; .l !o1 ol 

room fo r cxpansron Keyt)oard ~~ 1n u separat l! ca-.. r ~ 

Our systems are des<gned and manufactured in Oxford by RESEARCH MA,.CHINES LIMITED. 

' RESEARCH MACHINES 380Z SYSTEM 16+K 
Ready-built sys1em with 16K RAM 

Details of other combirlat ion prices are available . Prices are exclusive of VAT and P&P. 

£965.00 

These systems are available- from RESEARCH MACHINES, P.O. BOX 75C, OXFORD. Tel Oxford 
(0865) 49791 . 

The New Model CTR~2A s~ri;s Counters are designed and built to the highest standards to fu lfill the needs of 

commercial communications, engmeering labs and serious e"perimentors. With an accuracy of + .00005% , the 

CTA-2A can handle the most critical measurements and is about half the cost of other commercial counters . 

If you need a rel iable counter at an affordable price, the CTR-2A is the answer. 

e Built-in Pre-Amo 10,;v·@--1 50 MHz e Period Measuremerii(60tio;,ali_ .. --
• :a Digit . 3 LED Display e Input Diode Protected 
e High Soability TCXO Time Base e 12V-DC Operation (Optional) 
e Built-in VHF-UHF Prescaler e Oven Controlled Crystal:!: .5 ppm 

e Automatic Dp Placement e Selectible Gate T-imes- . 1 & 1 sec. 
e TCXO Std . :': 2 ppm ' 
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NEWI AMERICAN STYLE CRADLE 

TELEPHONE AMPLIFIER 

£34.99 
per pair 

Latest transistorised Telephone Amplifier 
is completely automatic with detachable 
plug-in speaker. Placing the receiver on 
to the cradle activates a switch for 
immediate two -way conversation with
out holding the hand -set. Many people 
can listen at a time . Increase efficiency 
in office. shop, workshop . Perfect for 
"conference" calls: leaves the user's 
hands free to make notes. consult files. 
No long waiting. On/Off switch . volume 
controL Model with tape-recording 
·facility C19.95 +VAT £1 .60. P. & P. 89p, 
C.W .O 1 0-day price refund guarantee . 

+VAT £4.37 
Made to High Safety and Telec~mmunica
tions Standards. The modern way of instant 
2-way communications. Supplied with 
3-core w ire . Just plug into power socket. 
Ready for use . Crystal clear communications 
"(wm office to office. Operates over '12-mile 
range on the same mains phase . On / off 
switch . Volume control . Useful as off1ce 
'ilitercom. surgery and homes. between~ ' 
off iCe and wa rehouse . Full price refund it'· 
returned in 10 days. Six months' service . 

.. ·!luarantee. P. & P. ggp . 

. WEST LONDON DIRECT SUPPLIES (W/W) 
169 Kensington High Street, London W.B 

CD4015 
C04016 

CMOS~g~g~~ 
1.651 0.81 
1.01 
1.25 
2.47 . 
2.82 
1.01 
0.97 
1.04 
1.43 : 
1.21 
0.78 

ltlhJinlyRCA CD4D19 
CD4000 0.15 CD40:00 
CD4001 0.17 CD4D21 
CD4002 0.17 CD40 22 
CD4006 1.04 C04023 
CD4007 0.18 CD402 4 
C04008 0.87 CD4D25 
CD4009 0.50 CD4026 
CD4010 0.50 CD4D27 
CD4011 0.18 CD4028 
C040 1 2 0.20 CD4029 
CD4013 0.43 CD4030 
CD4014 0.83 C04031 

0.83 ' CD403 2 
0.48 CD403 3 
0.79 C04034 
0.83 C04035 
0.50 CD4D36 
1.11 CD4D37 
0.90 CD4D38 
0.82 C04D3 9 
0.18 CD4040 
0.70 CD4D41 
0.20 CD4D42 
1.55 CD4D4 3 
0 .44 CD4044 
0.77 CD4045 
1.03 CD4D46 
O.SO CD404 7 
2.00 CD404 8 

0.89 C0404 9 0.50 CD 40 7 2 
1.25 CD4050 0.43 CD4073 
1.11 C04051 0.82 C040 75 
1.06 C04D52 0.82 C04076 
2.86 C04053 0.82 CD4D77 
0.85 CD4D54 1.04 CD40 78 
0.96 CD4055 1.18 C04081 
2.78 C04D56 1.18 CD4082 
0.97 CD4059 4.29 C04085 
0.75 CD4060 1.00 CD4086 
0.69 CD4DG3 0.98 C04089 
0.88 CD4D66 0.55 CD409 3 
0.84 CD4D61 3.35 CD4094 
1.26 CD4D6B 0.20 CD4D9S 
1.20 CD4069 0.20 CD409 6 
0.89 C04070 0.46 C04 D9 7 
0.50 CD4071 0.20 (04098 

1.69 CD4556 0.78 
0.94 V1C14528 0 .93 
0.94 \-1 C1·1SS3 4.43 
3.35 
0.98 

COMPONENTS 
CLOCK CHIPS DISPLAYS CRYSTALS MEK680001 
AY51101 3.t0 TYPE FNOSOO C.C. 1.30 31768 KHz 2.95 MC6800 

0.50 AY51Z14 3.45 TYPE TIL 311 C.A. 1.30 MC6810 
4.00 MK50153 5.40 5LTOI 4.90 MEMORIES/" Ups ZBO -CPU 

10.50 ;:m~ :::~ ~~~~~u 
Free d•t• is OYallable on some ollhase ilems. SEND FOR FREE CATALOGUE ZBO-PIO 

SOME 74LSTTL 
NOW AVAILABLE 

PLEASE SEND 
FOR LIST 

190.00 
13.88 . 
6.94 

16.80 
22.40 
10.15 
10:!.~ 

• Our offices are at Chapel Stroet, Oxford, but pi;;.;-. d-o n-ot-us-e t~his_a_s_a p-os-ra/:-ad:-dre-ss---:_ 

FAST SERVICE. We gue,.ntae that Telephone Orders for good• in stock, received by 4.15 
p.m. (Mon.-Fri.) will be di•patched on the aame day by 1st Clan Post (some heavy lte"!a.by 

p8rcel post) and our stocking ia good. Private customers should telephone and pay by !JIVtng 

their Acceaaor Barcl~ycard number wi'h a minimum value of £5. Official orders r:ao mm•mum. 

~==~:~c::rv~~i ~:;,"!:· 3~~8,1;~•EL~~~~~~d CREDIT invoiced ORDERS add VAT 
at 8~ + 60p p&p minimum charge (the balance will be charge-d at cost) . Please send . FAST 
SERVICE EXPORT ORDERS welcome. no VAT but add 10% (Europe) . 1 5% (Overseas) lor A~r Mad 
p&p. For export postage rates on heavy tiems-contact us first . 

~ SINTEL [J I'' J ... 
~ ~~~~:~~R PO BOX 75C OXFORDr) l II . ., , 
--~-- Tel: 0865 49791 _ • • • • •--

£145 + 8% VAT ·-
General Purpose low Cost Counter Without the Sacrifice of Basic Performance 

"Check the features we have that some other low-cost counters don't 
have" 

e All Metal Cabinet e Sensitivity 10 MV at 60 e Completely Auto Decimal Point 

e 8 Digit .4 LED Dis- MHz e Selec1ible Gate Times (1 sec & . 1 sec) 
play e 240V-or 1 2V Operation e Built-in Preamp 

e Input Cable Included e Push Button Controls e Crystal Time Base 1 ppm 

e 1 2V Input Jack e Gate Light 

~ CTR-2A-500 £280 & VAT 8% CTR-2A: 1000 £420 & VAT 8% 

We are exclusive UK Distributors for DAVIS ELECTRONICS, NY. U .S.A . 

and European Distributors for LUNAR ELECTRONICS, San Diego 
California . U .S.A . (Linear Amplifiers & Receive Preamplifiers) 

T-RA.DE 8t EXPORT ENQUIRIES 
WELCOME 

SOTA COMMUNICATION SYSTEMS LTD. 
. 26 CHILDWALL LANE, BOWRING PA . LIVERPOOL L 14 6TX. Tel: 051-480 5770 

WW - 022 FOR FURTHER DETAILS 
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Purchased from a major V .D .U. manufacturer 
thiS end of line Motorola 3 chip R .O.M . set is pre
programmed to g1ve a full 96 upper and lower case 
character font on a 10x7 mattrix for the upper 
case and a 14x5 mattrix for the lower descenders 
"g J P q y" thus resulting in a superb and 
extremely legible display . Full ASCII input, TTL 
compatible 1n and out. Supplied with 9 page data 

~nh~s, ~ts:~~~i~~~a~ek, brand new at only 

repeated . Hurry £7· 25 
while stocks last . 

ue to our massive lk purchasing pro"gramme 
wh 1Ch enables us to bflng you the best possible 
bargams. we have thousands of I. C.'s Transistors 
Relays, Cap's .. P.C.B.'s, Sub-assemblies, Switche~. 
etc. etc. surplus to our requirements . Because we 
don't have sufficient stocks of any one Item to 
mclude 1n our ads ., we are packing all these items 
1nto the "BARGAIN PARCEL OF A LIFETIME" 
Thousands of components at giveaway pr ices 1 
Guaranteed to be worth at least 3 rtmes what you 
Pay plus we always mclude something from our ads 
for unbeatable value II Sold by we ight 

. 71b f 4·75 141b f 7-50 
281b £12-75 561b £21-00 

1121b £34-00 P.P. £1-00 

Victoria or London 

Bridge to East or 

West Croydon . 

1 minute from 

West Croydon Bus 

and Rai l Stations. 

25 minutes 

Gatwick Airport. 

TANDY TRs 80 MPu save 
Update your new or existing TRS-80 to 16K ~f RAM 
Instal l your own chips and SAVE £80-00. Kit include; 
full _1 nstruct1ons and 8x16K · . . ' . 
full spec devices . Simple plug £Kit and mstruct•ons 

In and JUmper Wire change. 14 g.oo 

2N5109 R.F. power output 400ma 2.5 
watts up to 1 200 mhz T05 70p each 
2 for £1 -00. · 
AF279 low noise P.N .P. germanium 
up to 780 mhz 30p each 4 for £1 -00. 

2N4304-WN720 F.E.T. transistor. 35p 
each 4 f or £1-00. 

C90 Audio Cassettes screw type construction 40p each 3 for £1 -00 

Mtniature Tantalum Beads 10m f 25v and 33mf 16v 14p each 10 fo.r £1 -00 

Scotch 215 Long Play Tape Brand new ';" low no1se 011 1200' 5':,· 
spools £1 ·50 each 4 for £5-00 + P P 45p 

10PO~ - ~;t~~u;ly shrouded auto transform~rs term block connect 1ons £13 · 75 

Bulbs 24v 14 watt wh1te frosted S B.C. 8 for £1 -00 

S.B .C. Bulb Holders All steel cad pla1ed panel mou.nt easil y f 1x " rl v1o nut and 
round hole . Ideal d1sco d1splays , scoreboa rds etc. 4 for ( 1-00 
X tal filters S.E .1. OC 1 1 21 t /8 m 1n 1ature low msert 1on loss p c. rn oun t 

C.F .1 0. 7 mhl w11h B .W of 7.5 khz . 2000 ~ ~ 1mp . m-out Brand new at £7 -50 

Heavy Duty Flat Insulated Earth Braiil 80-100 amp bra ided tmned copper tn 

heavy clear P.V.C . sheath 40p per metre £5-00 for 15 metres P.P. 8p per metre 

~~el~~~- ~b;':~u;~ ~ ~~y(~~~~- choSSIS mount socket and matching shrouded . 

Red L .E.D .' s full spec . 0 .2" 12p "acli 10 lor fl·OO . 

Dynamic Stick Mics 600 ~l w•th built ,non /off switch CO IT,plf~ !e w 1th lead and 
m 1n . 1ack plug £1 -00each 

T05 HEATSINKS "Thermaloy" black anod ised press on alumin 1um fmned 

type . 15p each 10 for £1 HARDWARE PACK Don ' t be stuck for the 

fight nut and bolt for the job. Pack conta ,ns 

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 p1eces,£ 2 5 
sold by we1ght, 2-lb bag • 

Where cost of post and pack1ng na t ind•cated please 
add 25p Per order Co l lect1011 saves cost of pos t age 
but If collect1ng Please telephone to check availab1l1 ty 

We are always <n terested in buy,ng P C.B.'s surplus 
components, test equ,pm ellt , valves, etc . Phone for rlo,,;o.\c.t3''.:II.O\Jy-" 

A special bulk purchase enables us to offer the above 
Keyboard at a lowest ever price 49 coded keys encoded 

1nto a dorect TTL compatible 7 bit output. Features such 
as delayed strobe , 5 volt D .C. single rail operation and 
rollover ProteCtion make this an absolute must for the 
MPU constructor! Supplied complete with connection 
d1agram and edge connector, at a secondhand "no timf 

to test" price of only 

10 WAY MOMENTORY 
Features 10 individual feather light pushswitches, 
each With 1 n/o and 1 n/c gold wiping contact. 
Each sw•tch has 1ntegral replaceable bu lb and 
removeable lens cap which may be split for 
engravingetc . Switch dimens1ons 19 .x 1g x gomm . 
Easily split for single use. Undoubtably the most 
attract1ve sw1tch you will ever 

see . Origmal cost over £1S 00 per£ 3.00 
bank 1 Ideal M.P.U. keyboards e;c. PP45p 

8 WAY INDEPENDENT PUSH 
ON- PUSH OFF 
Features 8 way .switch assembly, each switch 
W1th 2 c/o gold wipmg contacts and replace
able ')ulb, complete with orange 12 .5x 12 .6mm 
bu t ton and lens <;ap . P.C. mount 0 .1" spacing 

Same as R.S. type costing over 
£ 12 per bank 1 

Ultra low ripple 10 amp. smoothing 

1500 mf 1 OOv Screw Term 50p~ 
3300 mf 63v Screw Term . ---- -.,--- 60p• 

.5000 mf 30v Solder Tag 60p 

_'ex equipment but tested 

HIGH EFFICIENCY SMITHS 
RADIAl BlOWERS 

Are your hot partssweltering7 Then keep them cool 

..... __ ..... .W .. iiiiilltiiiiiii~· With our h1gh eff1c1ency radial snail type blowers. Made 

_ .. .. - ·- by Sm 1ths, des1gned for continuous use in expensive Complimentary 

MOS FETS 
2N4351 N CHANNEL 
2N4352 P CHANNEL 

• low feedback capacitance 

Black anodised finned 
Heatsink ready drilled 
for 1 T03 65p each 
ideal for use with 

above. 

103 Tamworth .. Road Croydon c· R~fiSG 01 688 1833 electromc equipment very powerful <lnd qu iet . gives 

All . mass•v·e .. air flow.to pr.o lo.ng compo~cnt life and 
_ pnces inclusive of V.A.T. Cash with order. Minimum order reliability. Easily mounted . a or apertur 

v~lue £1.00. Postage quoted for UK only. Export and trade 2'1,' ' x 3" suppl1ed complete •• • ' 

enqumes welcome. Orders despatched same day where possible. w•th fixing bolts. Ideal l•nears etc. • 4 25 
Callers welcome, but bv aonointmP.nt olease. Please state 240v or 110v ~ • 

operat1on . 50hz only . P.P. £1-1 
• ideal enhancement mode 
• 95p each £1 -50 per pair 

WW-044 FOR FURTHER DETAILS 
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The Only Firm for Quality Audio Kits 

HART 
E'LECTRONICS 

Are proud to offer the only 
DESIGNER APPROVED kit for the 

J. L. Linsley-Hood High Quality 
Cassette Recorder 

Now offered w1th Su~p-er Qual1ty Sendust Alloy Head at no 
extra cost, and incorporating noise reduction modifications 

g1ven m th~ postsc~1p~ art1cle . . 

As these CirCuitS are capable of such an' 
excellent performance we feel that 11 IS 
not sens1ble to sacnf1ce th1s potent1al by 
des1gnmg a k1t down to a pnce We have 
therefore spent ar l1ttle more on 
protess1onal hardware allowing us to 
des1gn a very advanced m odular system 
Th1s enables a more satisfactory electn 
'cal layout to be achieved, part1cularly 
around the very cnt1cal mput areas of the 
replay preamps These are totally stable 
w1th th1s layout and reqUire no extra 
stabil1smg component s Many other 
advantages also come from th1s system ' 
wh1ch has separate record and replay 
amps for each channel plugg1ng 1n to a 
master board w1th gold plated sockets 
The most obv1ous IS the reduct1on of 
crosstalk and 1nteract1on wh1ch could 
cause trouble on a s1ngle plane board 
w1th our modular system the layout IS 
compact but there IS no component 
crowd1ng Testmg IS very easy with 
separate 1dent1cal modu les and budd1ng 
w1th the a1d of our component by com 
ponent mstruct1ons IS ch1ld lishly Simple, 
but the f1n1shed result IS a un1t des1gned 
not to normal domestiC standards but 
to the best professional pract1ce 

Al l pnnted c~rcu1ts are of glassf1brr 
matenal fully dnlled w1th a t1nn ed fm1sh 
for easy and re liable soldenng Compon
ent locat1ons are pnnted on the reverse 
s1de of the board and are arranged so that 
all 1dent1f1cat10n numbers are still VIS ible 
after assembly 

71 x Complete set of parts for Maste r 
Board , 1ncludes b1as oscil lator relay 
controls etc £983 + £1 23VAT 

Parts for Motor Speed and Solenoid' 
Control for Lenco CRV deck Th 1s 1s 
the proper board layout as g 1ven Jn 
the art1cles £3 52 + 44p VAT 

73x Complete set of par ts for stereo 
Replay Amps and VU M eter dnve 
£8 12 + £1 02 VAT 

74x Co-mplete set for stereo Record 
Amps £6 74 + 84p VAT 

'7~ Complete set of parts for Stabd1sed 
Power Supply to c ~rcu1t g1ven 1n 
Art1cle Th1s uses a spec1al low hum 
f1eld transformer w1th better charac
tenstiCS than the s;ommonly used 
toro1d £8 79 + £ 1 10 VAT 

"7oOM2 lnd1v1dual H1gh Quality ·vu 
Meters w1th excellent ba ll iStiCS 
£8 48 + £ 1 06 VAT Per Pa ll 

'700C/ 2 H1gh Quality Custom built steel_ 
Case Complete w1th Brushecf 
alum1n1um front plate ma1ns sw1tch 
record m1crosw1tch turned record 
level knob plaStiC cab1net feet all' 
bolts nuts and mount1ng hardware 
All necessary holes are punched and 
all surfaces are elect ropla t ed 
Complete step-by-step assembly 
Instructions are 1ncluded The cover 
1s f1 n1shed m an a1tract1ve black 
crackle surface £16 50 + £2 06 
VAT 

LENCO CRV CASSETTE MECHAN_
ISM -Now fined with Super Quality 
Sendust Alloy Head. 
H1ghuua11ty robust cassette transport Tor 
Lmsley-Hood recorder Features fast 
forward fast rew1 nd record pause and 
full auto stop and cassette eJeCtion 
facd1t1es F11ted w1th Record I play and 
erase heads and supp l1 ed complete w1th 
Data and extra cassette eJeCtiOn spnng fo r 
above honzontal use Price £21 60 + 
£2 70 VAT 
Total cost of all ca rts £83 58 

Spec1al offer for Co-mplete K1ts £8- f 50 +' 
£10 1gVAT 

Complete with data and set up notes to 
ach1eve best results w1th the Super Head 

opi ,onal eXira -solid -teak- end 'cl1e-eks £:Sr 
pa11 + 38p VAT 

Reonnt of 3 L1nsley Hood Cassette 
Recorder art1cles 45p post and VAT tree "1 

OTHER CASSETTE SPE-CIALITIES 
LENCO MECHANISMS For 1ndustna1 or 

• domestiC use We have 1n stock SPF_F FFR 
and CRV w1th DC and AC motors Mm1 

TB500 502 504 and M 1n1 TB U for 
endless loop cassettes Send for details_ 

·super Quality Sendust Alloy K I P Stereo 
Head for replacement use £6 50 + 81 p 
VAT 
Set of components and data for opt1m1S1ng 
L H Cassette CIICUitS for use w 1th th1s 
head 50p + 6p VAT 
Standard Qual i ty Stereo R I P Head 
£4 50 + 56p VAT 
Economy Cassette Stereo RIP Head, 
£2 80 + 35p VAT 
4-track Cassette RI P Head £7 40 + 93p 
VAT 
TEST CASSETIE to enable the user w1th 
out mstruments to easily set up the Head 
Az1muth tape speed and VU level, £1 50' 
me VAT 
Blank Cassettes rel1able mechan1cs and 
Super Ferne Low No1se tape C90, BOp 

,'nc VAT C10 35p 1nc VAT 

Penylan Mill, Oswestry, Salop 
Personal callers are always welcome 

but ple_ase note we are closed all day Saturday 

W IRELESS WORLD , JANUARY 1979 

eonly 
thing to match our 
Sales service is our 
After-Sales service 

When you get your test equipment serv1ced or maintained bY 
the London Instrument Repa1r Centre. you get the same top 

.qualitY work that made the Instrument m the first place-and 
backed by a full year's warranty too 

Contact the address below for your nearest centre 

mLONDON 
INSTRUMENT 
REPAIR 
CENTRE 

,J,. Thorn Measurement & Components DIVISIOn 

WW-088 FOR FURTHER D ETAILS 

PRECISION DIAL GAUAGES J oh n_ Bull N9_ 6 sen es 1 01 mm E6 P P 50fl 

COAXIAL CRYSTAL DETECTORS. (M arcon1-S aunders) 200 M HZ-12 GHZ £7 50 

(D1ode S9B £1 50) 
FIBREGLASS COPPER-CLA D BOARD 
9x4V, x1 i 16m 40pP&P 10p 
9x6x 1 1 161n 50o P&P 1 5p 
9x4V2x 11 161n (double s1ded) 50p P&P 1 Op 
9x6x 1 I 16m (d ouble s1 ded) 6 5p P&P 1 Op 
1 5x 1 5x 1 I 1 61n (doubl e s1ded) £2 50 P& P 50p 

OFF-CUT PACKS. 150 sq 1ns £ 1 P P 25p 

P.A R BI-STABLE RELAYS 24v d c 4 c / o £1 P P 1 5p 

PLUG-I N RELAYS 240v a c 10 amp contacts 
3polec/o(11 pm) £1 P P 15p 
2 pole c/ o (8 pm) 8 5p P P 15p 

U.H.F. COAXIAL CABLE (w hile) Doubl e screened 
Lab qua li ty100m drum £1 0pp £150 

M ULTJCORE CABLES 

4 CORE RIBBON (RAINBOW ) CABLE 4 - 10 / 2m m 
Form1ng 1/.m w1destnp 10m - 7 5p 50m - £3 100m - £6 P&P lppermetre 

10-CORE-CABLE io x 7i -76 (1 0c~ours)P v c 
0 D 7m m 10m-£2 50m -£8 50 1 OOm-£16 P&P 2p per metre 
12 CORE SCREENED CABLE 12 x 14176 w1th outer screen - PVC covered 0 D 

9m m 
1 Om-£4_ 501})-£1_?_50_ J OOm-£35 P&P 2p per metre 

16 PAIR RIBBON CABLE 16x 2 core P VC 
Double sheathed torm1ng 2 1n w 1de st ri p 
1 Om -£3 50m-£ 1 3 50 1 OOm-£2 5 P& P 2p per metre 

200 way TELEPH ON E CABLE o d 12m m £1 per m et re P P 40p 

E H.T. MODULES (res1n encapsu lated 1n metal box) 
1/ p 240x 50hz o / p 13 7 kv @ 7 watts (1 50x9 5x 72m m) £ 10 P P £1 

STABI LISED POWER SUPPLIES mput 1 20 / 240v 50 hz 
5-1 4 volts@ 6amp (pre-set) w1th m anual £20 P P £2 
1 2-1 7 volts @ 6am p vanabl e £20 P P £2 

P.C. EDGE CO NN ECTORS 
32 way ( 1 p1tch) f1n1sh ed en d 49p P&P 1 Op 
56 way ( 1 p1tch) cuttable 65p P& P 1 5p 
64 way ( 1 p1tch) cuttable 75p P&P 1 5p 
64 way gold plated pms 90p P&P 1 5p 
Mount1ng pillars for 56 I 64 way 1 5p per pa1r 

'DRYFIT' RE-CHARG EA BLE BATTERIES (Lea d / Ac1d) 

E_x ~q~..!.e. Q99d cond1t1o_n _Jes!e<:J _ _ _ 
6v@ .9 A H £1 25 P&P 35p 
6v@ 2. 6 A H £2 50 P&P 50p 
6v @ 6 A H £3 50 P&P 7 5p 
6v @7.5 AH £500P&P75p 

J. B. PATTRICK 
191 I 193 London Road 

Romford, Essex RM7 9DJ 
Romford 44473 

OTA RI 
DP4050 OCF 
IN CASSETTE 
DUPLICATOR 
Now with 3% + 7Y. 
master capab i l i ty 
and Ferrite heads, 
Duplicates 6 cass
ettes each run at 8 
times speed. Over 
80 stereo CGO per 
hour. Unquestion· 
ably the finest in 
cassette copier avail · 
able from the 
world's largest dup-
1 icator manufacturer. 

ORBAN 
from USA 

Dual channel mult1spnng reverb unrt. Each channel features four 

~prrngs .. - far smoother than smgle sprrng systems. "Twang" and 

borng are vrrt~ally el1mrnated by rncorporat1ng a float1ng threshold 

lrmrter. Bass, m1d-range EQ and bandwidth controls. The best com
pact reverb unrt avarlable. 

ITAM 882 
New Stereo Mrxer. burlt 
to a specrfrcatron not a 
Prrce I Ultra low norse 
-128dB 8 rnputs + S 
drrect outputs, 2 outputs 
wrth VU meters 2 
lrmrters XLR mrc rnputs 
(ba~nced) 3 band EO 
+ mrdsweep 
£395 + VAT 

AMPEX ATR-700 
Now every stud1o can afford 
legendary Ampex performance 
and re1Jabll1ty Fully professiO
nal specJfrcatJon 1nclud1ng 
balanced 1nputs/ outputs, Can
non connectors , vanable tape 

,speed, sel sync The pnce wrll 
frt thrs year 's budget. not next 
year 'sl Sole d1stnbut1on by ITA 

r I 
I I ' I , 

I :~~ 
QUAD 

The new 405 power ampl1f1e 
- simply the best for £££'s lr IS ,nlow m stock . 100 watts per channel 

• ess mmedrate Del1veryt . 



r-------~------~-----~IDTEGREH 
NRDC-AMBISONIC UHJ S-2020TA STEREO T NER/AM PLIFIER KIT 

i~s. >;~:r• ·~ ~ ' 
\.. ll!'l.a .l"., ............ .n~~ ....... , . ...... .... ,..... ........ j.8· tl~ 

·suRROUND S()UND DECOD~R 
The f irst 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) , including the new BBC HJ 10 inpuf 
selections . __ ·- · _ _ -·---·- - . 
The decoder is linear throughout and does not rely on listener fatigu ing,log ic enhancement techniques . Both 2 or 3 input signals and 4 or 6 
output signals are provided in t~is most versatile unit . Complete with mains power supply, wooden cabinet, panel. knobs . etc . 

Com plete kit, incl uding licence fee £49.50 + VAT 
or ready built and tested £67.50 + VAT · 

NEW S5050A STEREO AMP 
50 watts rms-channel. 0.015% THO. S/ N 90 dB, Mags/n 80 dB. 

Tone ca ncel switch . 2 tape moni tor sw itches. 

Complete kit only £63.90 + VAT. 

·wireless World Dolby~oise reducer 
Trademark of Dolby Laboratories Inc . 

~ l 

0 

Featuring : 

e switching for both encoding (low-level h.f. compression) and decoding 
• 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 weighted . 
Clipping level 1 6. 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 
012% 

Signal-to-noise ratio : 7 5dB (20Hz to 20kHz, signal 
at Dolby level) at Mon itor output 

Dynamic Range > 90db 

30mV sensitivity. 

Complete Kit PRICE: £43.90 + VAT, 
. Price £59.40 +VAT 

Ca.libratio.n tapes are available for open-reel use and for ca.ssette (specify which) . . . . . . . . . Price t'2.40 VAf 7
.

Single~~annel.plug-in D~l~y6) PROCESSOR BOARDS (92 x 8;mm) with gold plated contacts are available with -
all components . . . . . . . . . . . . Price £9.00 +VAT: 

Singl~ - ~h-~nn~l board with selected .fet ~ . . . . . . . . . .Price £2.75 +VAT* 

Gold Plated edge connector . . · .. .. . .. . . . .. . .. '. . . . . . . . . . . . . . . . . . . . . . . . . . Price~£1.75+VA'i: ~ 
Sefe-cted FETs6.5ii-each. +VAT, 110p +vAt for two, £?_JO +VAT for four. 

Please add VAT @ 1 iil,<)G;;~T~,;-mark~d thus'. when 8% applies (or current rates) ' ! ~. 

: We guarantee. _full after-sales .. t.echnicai and se rvicing facilities on all our kits , have I ·ELQOCARD • 

. you c~e~ked th~t t_hese services are ava ilable from other suppliers? llll ii.lllicu•YCA~roun i ,.) 

'Please send SA{ for cor;-lpleie I!sis and specification~s==, :...,L 

Portwood industrial Estate, Church Gresley, 
Burton-on-Trent, Staffs DE11 9PT 'INTEG REX .L TO. Burton-on-Trent (0283) 2_15432 Telex 377106 

I SOLID MAHOGANY CABINET I 
A high-quality push-button 
FM Varicap Stereo Tuner i:ombi(led 
w ith a 24.W r.m.s. p er ch annel Stereo 
Amplifier. 

Brief Spec. Amplifier Low field Toro idal transformer, Mag, input, Tape In 1 Out facility (for noise reduction un 
etc.), TH D less than 0 . 1% at 20W mto 8 ohn:s. Power on I off FET transient protection. All sockets, fuses, etc., are PC 
mounted for ease of assembly. Tuner sect1on uses 3302 -FET module requiring no RF alignment, ceramic IF, 
INTERSTAJION M~TE, and phase.-locked IC stereo decoder. LED. t~ning and. stereo indicators. Tuning range 
88-104~-~~ · 30dB mono SIN@ n .2.pV. :Ho 0.3%. Pre-decode~ blrdy' filter. PRICE: £59.95 + VAT 
Nelson-Jones Mk . 2 Stereo FM Tuner K1t. Pnce: £69.95 +VAT. · 

NELSON~JONES MK. I STEREO FM TUNER KI·T 

A ver y high p erformance tuner 
w i th dual ga te MOSFET RF and 
M ixer front end, triple gang 
varicap tuning, and dual ceram ic 
f ilter I duaiiC IF amp. 

~rief Spe~ Tuning rnnge 88-104MH~z:. ~2~0~d~B~~mo~n~o~~~~~~~~~~~~~~~~~~~~~~t 
quieting@ ~.75 .u.V. Image rejection- 76~8 . IF rejection 
- 85dB . THO typically 0.4% . 
IC stabilized PSU and LED tuning indicators . Push-button 
tuning and AFC unit . Choice of either mono or stereo with 

Mono £36.40 +VAT 
With ICPL Decoder £40.67 +VAT 

With Portus-Haywood Decoder 
£44.20 +VAT 

a choice of stereo decoders. 

Compare this spec. with tuners costing twice the price. 

Sens. 30dB s';N ~ono@ 1 . 2~V 
THO typically 0 .3% _ 
Tuning ra-nge 88.:.:....1 04MHz. 
.LED sig. strength and stereo indicato-r · 

STEREO MODULE TUNER KIT 
A low-cost Stereo Tuner based on· the 3302 FET RF 

module requiring no alignment. The IF comprises a ceramic 
fil te' and h igh-performance I C Va, iable INTERSTAT/ON MUTE. 

, PLL stereo_ decoder I C. Pre-decoder 1bi,dy' filter 
Push-button tuning · · · 

PRICE: Stereo £33.95 + VAT 

S-2020A AMPLI.FIER KIT 
IJe.vefoped in our laborat ories 'from the highly successful 

" !EXAN" design. P C mounting potentiometers, 
sw1tches, sock ets and fuses are used for ease of1 

asse_mbly and t o m inimize wiring: 
Pow er 'on I off' FET t ransient protection. 

'_!yp Sp~c. 24 + ?4\'V !·~·s._i _nto 8-ohm lo~~ at_l_e~s than 0 .1% THp_._ M~g_ . P~nput SIN 60dB . Radio input SI N 
72d~eadphone output . Tape In /Out facll1ty (fo r no1se reduction unit, etc.). Toroidal mains transformer . · · 

PRICE: £35.95 +VAT 

BASIC NELSON-JONESTUNER KIT £15.70 +VAT PHASE-LOC KE D IC D ECODER KIT ... £4.47 +V.AT 

B-ASIC M .ODULE TUNER KIT (stereo) £18.50 +VAT .PUSH-BUTTON UNIT .... . ..... ·: . . .£6.00 +VAT 

·p()'i:l'TlJS-HAYWOpo PHASE-LOCKEDSTE_REO D_.E_ COD.ER KIT .... ~ .-. . . - - £8 80 . . . . . . . . . . . . . +VAT 
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High quality audio access_ories _ 
AL120 
AUDIO 
AMPLIFIER 
(With integral 
heat sink and 
shan-circuit 
protection) 

£11.95 
+ 8% VAT P&P 35p 

sow 
_R.M.S. OUTPUT POWER 

SUPPLY 
LOAD IMPEDANCE 
TOTAL HARMONIC DISTORTION 
FREQUENCY RESPONSE± 1 dB 
SENSITIVITY 
MAX HEAT SINK TEMP 
DIMENSIONS 

50 Watts R_M _s _ 
70 Watts 
8-16 Ohms 
05% Max _ (typically 02%) . 
25Hz-20kHz 
500mV 
45 deg . C 
192X89X49mm 

Introduced to fulfil the demand for a fully protected power amp. capable ?t dnv1ng htgh quality speaKer systems at up to nuw. w1tn <1ts~ort10n 
levels below 05% . Ideal for domestic use, discos, p.a . systems, electron ic organs, etc. The generously_ rated components ensure .contmuous 
operation at high output levels 

SPM120 
SPM120/45 
SMP120/55 
SMP120/65 

£5.80 

STABILISED 
POWER SUPPLIES 

+ 12Y2% VAT, P&P 35p NEW 

A.C.INPUTS 
SPM120/45 
SPM120/55 
SPM120/65 
OUTPUT CURRENT 
RIPPLE 

40-48V 
50-55V 
60-65V 
2.5A 
1A 100mV 
2A 150mV 

SPM 120 is a fixed voltage stabiliser available with an outpt-rt~lt;g-;;;-f- ;t-h;;:-45v~ -55V or 65V. Designed. ~rimari ly for use i.n. audio application~. 
the stabiliser wh ich provides output cu rrents up to 2 .5A, operf!tes direct from a mains transformer reqUinng only the add1t10n of 2 ElectrolytiC 
capacitors to complete the s/c protection • 

GE100 Mk. 2 
1 0 Channel monographic equaliser. 

NEW 

CONTROL RANGE 
DYNAMIC RANGE 
MAXIMUM OUTPUT 
FREQUENCY RESPONSE 
POWER SUPPLY 
VOLTAGE HANDLING INPUT 
T.H.D . 

±12d8 
11 OdB 
+15dB 
30Hz-20kHz(± 1 dB) 
15-0-15V 
3V R.M.S. 
005% 

Only 155mm x 65mm x 50mm including the 1 OX 1 OK lin slider potentiometers and knobs whi~h are mounted o·n a boa.rd positioned above the 
circuitry . In the frequency range of 31Hz to 20kHz you can c~t and boost ± 12dB wit~ the 10 sl~ders, each of which has 1ts frequency mark~d on 
the circuit board . The GE1 00 has numerous uses including muc;ers, p.a . systems and d1scos.lt w1ll also greatly improve the sound reproduct1on of 
your existing audio equipment Power supply for GE1 00, old SG30 £3.80 

VPS30 
Regulated variable 
stabilised power sup 4 

ply 

£7.60 
+8%VAT. P&P 35p, 

A.C. INPUT MAXIMUM 
VOLTAGE REGULATION 
REGULATED CURRENT 
Incorporating short circu it protection 

25V 
2-30V 
0-2A 

This NEW versatile Regulated Variable Stabilised Power Supply with short circuit protection and current limiting, is a must for all electronics 
enthusiasts_ It incorporates adjustable voltage from 2V-30V, wtth a current limiting range of 0-2A, With this module there is no need to bu ild a 
separate power supply for each of your projects, with the simple addition of a transformer (o/d 2033), 0-1 rnA (o/d 1310 or 1305) , plus a suitable 
shunt, a voltmeter (o/d 1311 or t306), a 4 70ohm pot (o/d 1896), a 4K7 pot (o/d 1899), it can be used again and again as a sel f-conta ined 
bench , power supply, el iminating the use of batteries and thus saving ££'s ! 

PA200 
STEREO 
PRE-AMPLIFIER 

FREQUENCY RESPONSE 
TOTAL HARMONIC DISTORTION 

SENSITIVITY 1 TAPE 
INPUTS 2. RADIO TUNER 

20Hz to 20kHz X 1dB 
Less than _ 1 o/o (typically .07%) 

METERS 
Miniature Balance & Tuning Meter 
Miniature moving-coi l meter fo r stereo ba lance indica
tor. tuning indicator for FM or sim il ar applicat ion 
Pointer at centre indicates zero or null position . Robust 
constructio n. Sensitivity : 100-0- 1 OOmA. Dimensions 
23X22X26mm. o/n 13 18. £1,95 +8% VAT_ P&P 
35p 

Balance and Tuning Meter 
Clear view edgewise meter Cen.ire zero 
application. Sensitivity : 100- 0 - 1 OOuA 
Dimensions: 45x22x34mm _ o/n 1319 . 
£2.00 +8% VAT. P&P 35p 

Min iature Level Meter 
Moving coil, for accurate level indication for tape 
recorders, amplifiers , etc . Neat design, rugged con 
struct ion - w il l withstand five times rated value 
Sensitivity: FSO 200uA . Od8: t30uA. Dimensions 
23X22X26mm o/n 1320. £2.80 +8% VAT. P&P 
35p 

VU Meter 
Calibrated- 20 to +3 and 0-100%, making it suitable for 
use as a recording level meter or as a power output indicator 
Sensitivity: 130uA . Dimensions: 40X 40 X 29mm . o ~ n 
1321 £2.00 +8%VAT. P&P35p, 

MICROPHONES 
DYNAMIC CASSETTE 
For equ ipment requiring a high quality microphone. Sturdy, solid mou lded 
body in black with neat chrome surround. Pick-u p pattern is omnidirectional. 
On/off switch, 1 metre of toug h lead with floating 2.5 and 3 .5mm plugs 
Matching moulded st ru t . Impedance : 200ohms. Sensitivity 90dB 
Frequency 90-10.000Hz_ Size : 20mm dia .X120mm _ oln t326 . £1.50 
+ 12Yz% VAT. P&P 35p 

DYNAMIC MICROPHONE 
Superior qUality portable cassette recorder mike with built -in remote control 
switch and lead fitted with 5-pin 240° DIN plug (remote swllch) and 3-pin 01 N 
plug (microphone). Provides a direct replacement for those supplied w ith , 
recorders. With detachable stand . Omnidirectional. Impedance : 200ohms. 
Freq , response : 100 to 10.000Hz. Senslttv1ty : 79d8 at 1 ,OOOHz. o I n 1327. 
£2.65 + 12Y,% VAT. P&P 35p 

RE-317: DYNAMIC MICROPHONE 
H ighly sensitive. high-grade desk or hand mike suitab le for use with many 
popular cassette decks. Incorporates on / off switch and 1 metre lead with 
moulded standard jack p lug . Complete w ith desk stand. Omnidirectional. 
Impedance: 5,000ohms. Freq . response : 100 at 12,000Hz. Sensitivity: 
(-7dBal 1,000Hz) , o/ n 1336 . £4.10 +12 1/,% VAT . P&P 35p 

OMNIDI RECTIONAL CARDIOID 
Powered by a 1 V2 volt battery located within the aluminium body,. Satin silver 
finish with front disk protection to the diaphragm housing . On / off switch. Also 
with ·susby ' type windshield, " U" bracket and stem and extremely supple 
cable. Consumption : 0 . 2mA from 1 Y2V battery providing approx . 8-10,000 
hours continuous life . Impedance : 600ohms. Sensitivity : 70dB. Frequency : 

· 30-1 6,000Hz. Size : 23mm dia.X267mm o/n 1329. £12.80 +12Y>% 
VAT. P&P 35p , 

UNIDIRECTIONAL CARDIOID 
Dual imp , 600 and 50,000ohms Response 50 to 14 ,000Hz. Sensitivity: 
54 dB at SDK / ohms. Size: 1 Yz" dia. X 6Y2'' long _ Weight approx . 190gm . o/n 
1328. £10.95 + 12V>% VAT. P&P 35p 

__ . STAND_S_ 
GOOSENECK CHROME FLEXIBLE HOI,.DERS -·-
Length 320mm, oln 1333. £2.40 + 12Y>% VAT. P&P 35p. 
Length 515mm, o/n 1334£3.40 + t 2Vz%VAT, P&P35p. 

FLOOR STAND. Heavy chrome . Stow-away feet with rubber ends for 
maximum stability . Draws to a height of 5' maximum . o/n 1335. £9.00 
+ 12V,% VAT . P&P 85p 

BOOM ARM for use w ith the above stand. Heavy chromed metal, it gives 30" 
reach from the stand . oln 1337. £8.00 + 12Y,% VAT. P&P 70p , 

WINDSHIELD COVU S 
0 / n 1531 . Medium per pair £1.20 +12W){. VAT. P&P 35p . o/n t332. 
La rge per pair £1.80 + 12Y>% VAT _ P&P 35p 

3 . MAGNETIC P.U . 
EQUALISATION 

1 OOmV /1 OOK ohms} For an 
1 OOmV /1 OOK ohms output 

&t~~~ ~51°d~ ~r~~s 20~~t~ mV t-------------------------1 
£16.55 
+ t2Y,%VAT 
P&P 40p, 

BASS CONTROL RANGE 
TREBLECONTROLRANGE 
SIGNAL/NOISE RATIO 
INPUT OVERLOAD 
SUPPLY 
DIMENSIONS 

20kHz 
± 15dBs at 75Hz 
+ 1 0-20dBs at 15kHz 
Better than 65dBs (all inputs) 
Better than 26dBs (all inputs) 
35 1o 75V 
300x90x33mm (less 

controls) 

The PA200 is basically our popular PA 100 Modifications have been ,made to make it compatible with the higher output AL 120 and AL250 
amplifiers 

HEADPHONES 
A top quality headphone with cushioned earpads and 
headband . Separate balance/volume controls. Stereo or 
mono switch . Impedance : Sohms . Freque n cy: 30-
18,000Hz_ ol n 884. £8.70 + 12Y,% VAT. P&P 70p 
A bril liant compromise between price and performance 
Superb stereo reproduction for the newcomer to Hi-Fi , 
Impedance 8ohms. Frequency: 30-15,000Hz. o/n 885 . 
£4.40 +12V,% VAT P&P 50p_ 

ADAPTORS 
AC~DC enables a large range of battery powered radios, recorders, calculators to be 
run off the mains {220-2~0V A. C.). Swi~chable for~· 7 .5 or 9 volts. Current rating 
2,500mA Polarity reversmg switch. Un1versal plug tncorporated . o/n 137 . £3 .95 
+12Vz%VAT, P&P 35p 

DC-DC for use in all cars, bocits , etc ., with pos,. or neg. earth for a regulated output of 
6, 2 .5 or 9 volts D.C. at 1A max. For rad1os, recorders. etc . o ! n 138. £2.80 t-----------------1 + 12Y,% VAT. P&P 32p. 

BIB 
HI-FI ACCESSORIES 

Pa,.llel Tracking GROOV KLEEN 
Th.e very latest in ~utomatic record clea.ning . Desi~ned to 
su1t al l modern s1ngle play d ecks . S1mple to fit , it is 
extremely efficient. Complete with two types of ba·se and 
three height extensions . o/n 8101. £3.68 +8% VAT 
_P&P 35p 
Cauatte Tape Editing Kit 
Enables cassette tapes to be edited and joined easily, 
quickly and accurately . Kit compr ises : Tape Splicer Ve" 
(3 . 2mm) . 2 Precision Tape Cutters. Tape Piercer . 9 
Sel f-adhesive Labels, Reel of Splicing Tape , 3 Winders and 

CROSSOVER NETWORKS 
2·WAY channels for high and low frequencies .to correct speakers - high to 
tweeters, low to woofers . Complete with instructions. Frequency: 3,000Hz. old 
t904 £1.10 +121/,o/oVAT. P&P 35p 

Z-WAY for Bohm speakers up to 30 watts_ Frequency - .3kHz. o/n 1905. £1.65 
+ 12V,% VAT. P&P 35p 

3-WAY for 8ohm speakers up to 30 watts. Frequency : 800Hz and 4,5kHz. oln 
1g06. £2.95 + 12 1/,% VAT _ P&P 35p 

~e;:.:•r:;:;;,dJ~~r~c~i~~sS;II in a handy wallet. o/n 811 . ..., _________ C_A __ S_E_S _____ _ ___ ..,.. 
GROOV-STAT 
The BIB Groov-Stat static reduce r neutralises the static 
charge on records and other plastic surfaces. o/n 8103 
£5.45 + 8% VAT. P&P 35p 
Cassette H•d Cleaner 
Essential for cleaning of tape heads, capstans and rollers 
Pack contains Tape Head Applicator and tape head polisher 
~ools . P~us bottle of special formula cleaning fl uid and ful l 
mstructtons. o/n 832 . £0.56 + 12V,% VAT. P&P 35p 

TEAK 30 designed mainly for use with our stereo 30 Audio System but has proved 
very helpful to home const ructors . Fitted witt1 solid uncut front and back , 
32x23x8mm. oln 139. £5.45 + 12V,% VAT . P&P 70p , 

TEAK 60 for use with AL60/MK60 Audio Kit. Useful for the home constructor 
requiring an amplifter sleeve- has no front or back panel . 42x29x9mm . o / n 140. 
£7,00 + 12Y2% VAT. P&P 85p 

AUDIO LEADS 
107 FM Indoor Rtbbon Aerial £0.60" 
113 3.5mmJackplugto3.5mmjackplug . Length1 .5m £0.75" 
114 5 pin DIN plug to 3 .5mm Jack connected to pins 3 & 5 

length t .5m £0.85" 
11 5 5 pin DIN pl ug to 3. 5mm Jack conrn!cted to pins 1 & 4 

length t.5m £0.85" 
116 Car aerial extens1on . Screened insulated lead. Fitted plug & 

skt £1.10" 
11 7 AC mains connecting lead for cassette recorders & radios. 2 

metres £0.68" 
118 5 p in DIN phone plug to stereo headphone jack socket £1 .os• 
1 19 2 + 2 pin DIN plugs to stereo· jack socket with attenuation 

network for stereo headphones. length 0. 2m £0.90" 
120 Car stereo connector . Var iable geometry plug to fit most car cassette, 8 

track cartridge & combination units . Supplied with in -line fused power 
lead and instructions £O.so· 

123 6.6m Coiled Guitar l ead Mono Jack Plug to Mono Jack Plug 
BLACK £1.50" 

124 3 pin DIN plug to 3 pin OIN plug. Length 1. 5m £0.75" 
125 5 pin OIN plug to 5 ptn DIN plug , Length 1.5m £0.75" 
126 5 pin DIN plug to Tinned open end . Length 1, 5m £0.75" 
127 5 pin DIN plug to 4 Phono Plugs. All colou r coded . Leng1h 

1.5m £1 .30" 
128 5 pin DIN plug to 5 pin DIN socket. Length 1. 5m £0.80" 
129 5 pin DIN plug to 5 pin DIN plug mirror image, length 1.5m £1.05" 
130 2 ptn DIN plug to 2 pin DIN in-ltne socket_ Length 5m £0.68" 
131 5 pin DIN plug to 3 pin OIN plug. t & 4 and 3 & 5. Length 

1.5m £0.83" 
1 32 2 pin DIN plug to 2 ptn DIN socket_ Length 1Om £0.98" 
133 5 pin DIN plug to 2 phono plugs. Connected pins 3 & 5. 

Length 1 , 5m £0. 75" 
134 5 pin DIN plug to 2 phono sockets. Connected pins 3 & 5. 

Length 23cm £0.68" 
135 5 pin DIN socket to 2 phono plugs . Connected pins 3 & 5 

Length 23cm £0.68" 
1 36 Coi led stereo headphone extension lead . Black . Length 6m £1 .75• 
178 A .C. mains lead for calcu lators, etc _£~~~ 

ALL ABOVE AOD 8%-VATand 35p P&P 

B/•PAK 
DEPT. WW1, P.O. Box 6, Ware 
Herts. 
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Ml SPEAKER BARGAIN 
Stereo pair 350 kit Syslem consists of 13" x 
8" approx, woofer with rolled surround; 2Vz" 
approx. Audax tweeter, crossover components 
and circuil diagram, Frequency response 20 Hz 
to 20 KHz. Power handling 15 watts 
watts max, 8 ohm impedance 

£14 95 Per stereo pair 
• + £3.40 p&p. ' . . . ' ' i j 

* As above but complete wtth all m kot form, finished in 
somulated teak veneer, wilh tnslruclions 
Size approx 20" x 11 "x 9Y2" -£28.00 Per stereo pair 

+ £5.00 p&p, 

-EASY BUILD RECORD PLAYER K 

~rosi 
~--------.. --~ for the D+ Y man who requires a slereo unit ala budget price, 

compnsmg really assembled stereo amp, module_ Garrard auto/ 
- manual deck w1th cuemg device, pre-cut and finished cabinet work_ 

Output 4 watts per channel, phones socket and record/replay socket 
~~~g 2 SPHERICAL HIFI speakers f ]9.95 p&p £4.05 

PORTABLE 
STEREO 
RADIO 
CASSEITE 
RECORDER 
UNREPEATABLE 
MW, LW, SW and Stereo VH 
6 watts outpur Battery /Mains operation 

t&o 1& VOLT MAifiS TRANSFORMER, ZVz 1111p. 

BSR Record auto deck oo plinth with 
stereo cartridge ready wired. 
LEO 5 funCiion men's digit_al watch 
stainless steel finish 
LCD 5 function men's digital walch 
stainless steel finish 

LCD B Function CHRONOGRAPH men's digital 
watch, stainless steel fini~~-- _ £1~.95 
AM/FM DIGITAL CLOCK 
RADIO Accurate 4 Digit 
Electronic Clock with v," LED 
display, Buuer and 
snooze timer. ·--·-· £11.95 

. . .. . - .- ., ,,.,_._ , ... 

i;~ -1~\l •' -·-
125 Watt Power Amp Module ~ 

£3.50 Mains power supply for above unit 
MUSIC CENTRE CABINET with hinged smoke 
acrylic top, finished in natural teak veneers, 
size 30W' x 14Yz" x 7W' approx. £5.95 
MULlARD Built power supply 

DECCA DC 1000 Slereo Cassette P.C.B. 
complete with switch oscillator coils and 
tape-heads, 
DECCA 20w Stereo speaker kit comprising 
2 8" approx. bass units+ 2 JY2" awrox, 
tweeter inc, crossovers 
·viOEOMASTEA' Super Score TV Game 
with pistol mains operalion 

£1.50. 
£2.95 

£20.00 
£14.95-

PORTABLE RADIO/CASSEITE RECORDER, AM/FM with clock. 
LW, MW, SW, VHF mains/battery operation. £41.95 
~;·~~:e~srf:~SPORT Mechanism-a selection £8.9 5 

SANYO Nic/cad, bauery, with 
mains charger equivalent in 
size and replaces 4 SP11 
type batts, Size 3~"x I V4' 
x 2" approx_ 

"1'1'11'-- ~-
AM/FM STEREO ~- ?a: 
TUNER AMPLIFIER CHASSIS (:OMPLETE "'~'Y 
Ready built Designed in a slim form for compact modern installation_ 
Rotary Controls Vol On/Off, Bass, Treble, Balance. 
Push Buttons lor Gram, Tape, VHF, MW, LW and 5 button rotary 
selection switch. 
Power Output 5 watts per channel Sine at 2% THO into 15 Ohm 
7 watts speech and music, 
Tape Sensitivity Playback 40DmV/30K OHM for max output Record 
200mV /50K oulput available from 25KHz_ ( 150mV /1 OOK) deviation 
FM signal Frequency Range (Audio) 50Hz to 17KHz within± 1 dB 
Radio FM sensitivity tor 3dB below limiling better than 10 uV 
AM sensitivity for 20dB S/N MW 350 uV /Metre LW 1 tnV /Metre 
Size approx length 16" xheight 21A"_ x deplh 4V4' p&p 

240 Valls AC Complete w1th C1rcuit diagram_ £19.95 £2.25 

Complete with tuning dial 
-.., ... __ . 

Mullard 
AUDIO MODULES IN 
BARGAIN PACKS 
CURRENT CATALOGUE 
PRICE£ 
AT OVER 

PER 

SEE OUR PRICES 
1 PACK 1- 2 x LP1173 1 Ow. RMS output power audio 

amp modules,+ 1 LP1182/2 Stereo pre amp for 
ceramic and auxiliary input ' 

. OUR PRICE £4 95 
p+p £1.00 • 

............ , 
'-..._ 

'--
. -,~ 
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PACK 2. 2 x LP1173 lOw, RMS output power audio ACCESSORIES "-, 
amp m~dules + 1 LP1184/2, Stereo pre amp for · Suitable powersupplypartsincluding 
magnetiC, ceram1c and auxiliary inJ)uts. _mains transformer, rectifier, smoothing 

illus. ~~::~.~8~ £7.45 andoutput~~Dg~i~!~- £1.95 
2 Recommended set of 

rotary stereo controls 
comprising BASS, TREBLE, 

VOLUME and BALANCE, 

p+p SOp 95p 

3 PACKJ.I xlP1179/2FMTuningheadwithAMgang, hlP1165/1 
AM/FM IF module, 2 x LP1173/1 Ow. RMS output power audio 
amp modules+ 1 LP118212 Stereo pre amp for ceran1ic 
and auxiliary input , 

OUR PRICE 
p+p CLOD £9.95 

1·-Lt~=~~j:"~ti~~~] 
20 x 20 WATT STEREO AMPLIFIER 
Viscount IV unit in teak4inished cabinet Silver fascia with aluminium 
rotary controls/pushbuttons, red mains indicator and stereo jack 
socket Functions swilch formic, magnetic and crystal pickups, 
lape tuner and auxiliary. Rear panel features 1WO mains outlels 
DIN speaker and input sockets plus fuse 20x20 watts RMS 
:g::k~~~lts peak, For use with 8 to 15 ohm £29_90 

+ £2.50 p&p 

EC\"l OffER 
s\' FOR PERSONAL SHOPPERS ONLY 

FREE. 4 dimensional stereo sound adaptor, when purchasing the 
20x20 Viscount amplifier 

30x30 WATT AMPLIFIER IN KIT FORM 
For the experienced constructor complete in every detail, same 
facilities as Viscount IV, but with 30x30 output 60x60 watts 
peak_ For use with 4-1 5 ohms speakers. £23,110 without cabinet 
£29,00 complete wilh cabinet p&p £2.50 in each case. 

£23.00 + f2&50 (NOTE Cabinet not £29.00 ;f.~8 
Without cabtnet P P avatlable separately,) complete with cabinet 

Ettt\l OffER 
s~om~\8\8 30x30 WATT AMPLIFIER IN KIT 

'llitll cue WITH SPEAKERS 
2 Goodman compact 12" bass woofers wilh cropped size 14,000 

• ~~~::e~a:~J~r~~s::::sRMS handling+ 3Y4' approx. £49.00 
/' + p&p £4.00 

BUILT AND READY TO PLAY 
30x30 Viscount Available fully built and tested, 

323 EDGWARE ROAD, LONDON W2 
21A HIGH STREET, ACTON W3 6NG 

ALL PRICES INCLUDE VAT AT 12\lz% 

39.00 
+ p&p £2.50 

All Hems subject to availability. Price correct at 
1.1 2. 78 and subject to change without notice. 

50 WAIT MONO 
DISCO AMP -

£29.95 
P&P £2.50 

Size approx, 13'1!" X sv. ;·~x6¥~~--~~!I!!!IIII!I!~~!!I!IL' 
50 watts rms_ 100 watts peak output Big features include 1Wo disc 
mputs, ~?lh for ceramic cartridges, lape inpul and microphone input 
Level m1xmg controls f1tted With mtegral push-pull swilches. lndependent 
bass and treble controls and master volume_ 
SPECIAL OFFER. The above 50 watt amp plus4GoodmansType SP. 8" 
speakers. Package price £45.00 + £4.00 P&P. 

STEREO 
CASSETTE 
TAPE DECK 
ASSEMBLY 
Cons1Sl1119 of ready htHitl ape 
transportsystc111 mechaniSill 
lllatetllorhP.e!ectronlc.s 
U111! IS ready hwlt lor 111 ' 

stalllny•ntocaiJmetol 
OWII ChOICe ~e<t ftlf eS 1 

IJi:HlSP.CUfl!fUI solenoH1i:ISSJSied 
;win stop 3 ri1y11 tape counter . belt 
dr1ven hi:llnnced tly wheel by DC lllOilll 

with elet:trOiliC speed control tWill VU meters Spet:IIH:<:IIIOII Power 
Ottlp ttL rttore th•n 0 bv . nttc -6SrlB IOK.n OtN 47tl8 1001\n 
Trar:k2chetnnelstereo,ecordp !ay1Jat:k . Taltesp eed 48cm se c freq 
response SO 1200 H1 51yn<~l to no1 -;e 1at1o 42clB Rew rrl 1ny systtlll AC h1<1S 
Eril Siny syste111 AC erase 81as freq J?KH1 Co111pc:1flhle lor !JOt ll nonnal and 
chro111e rlnn1de rnpes S11e of 111echan1SIIl only4 " :w: 6 .1 " :w: 11 .1 " app1ox 
11 1 ~ 1 :~ .~:09° ~1 ~~~l;:~~~)~~~.//,1 "1~~~ c~~~; 1 :t\1;~':~\~,' j £2 5.00 P&P £2 SO 

Opl exlras MdttlS trans former tn sutte fl.50 , f I p & p 

·• Personal Shoppers EDGWARE ROAD LONDON W2 Tel: 01-723 8432. 9.30am-5.30pm. HaH day Thursday; ACTON: Mail Order only. No callers GOODS NOT DESPA~CHED OUTSIDE UK 
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ELECTRONIC KITS OF DI~TINCTION FROM .JIIIIEIITRAN: 
DE LUXE EASY TO BUI LD LINSLEY-HOOD 75W AMPLIFI ER "' z 

~ 
!:' 
~ 

Pack Price 

1. Fibreglass printed circuit board for power 
amp ..... ......... . . . .. ....... £1.15 

2. Set of resistors, capacitors. pre-sels lor power 
amp ... . . . . . ... . . . .... . . . .. . .. £2.50 

3. Sel of semiconductors for power amp . .. £6.50 
4. Pair of 2 drilled, finned heat sinks . . ... £1 .1 0 
5. Fibreglass. printed-circuil board for 

pre-amp .. . ... : ... .. . .. : .. . .. .. £1.90 
6. Sal of low noise resistors. capac1lors. pre-sets for 

pre-amp . .. ... ... .... . . .. ... . .. £4.1 0 
7. Sel of low noise, high gain semiconductors lor 

pre-amp .. ... . ... ... . . . . ..... .. £2.40 
8. Sel of potentiometers (including mains 

switch) .. .... .. . ............... £3.50 
9. Set of 4 push·bullon switches, rotary mode 

switch . . .. . . ... ... ..... . .. ... .. £5.40 
1 o. Toroidal tr311sformer complele with magnetic 

screen/ housing primary: 0 117-234 V: secon-
darieS; 33-0-33 V, 25-0-25 V . .. . .... £12.95 

Pack · Pric~ 
11 . Fibreglass printed-circuit board for power supply 

. ' ... ' . ..... ... ' . . .. ' . ' . . .. . .... . £0.85 
12. Sel of resistors. capacitors. secondary fuses. 

semiconductors for power. supply . ... .. £5.40 
13. Set of miscellaneous parts incl~dlng DIN sk~s .. 

mains input ski., fuse holder, 1nterconnectmg 
cable. control knobs . . . . . . .... .. .. . £6.20 

14. Set of metalwork parts including silk screen 
prinled fascia panel and all brackets, fixing parts. 
etc. . . ...... .. . . . .. . ... . ... . . . £8.20 

15. Handbook . ••• , , • , •• , •.. , •• ...•• E0.30 
16. High Quality Teak Veneer cabinet 18.3" x f2.7" x 

3.1" . . . . ' . ... ' . . . . ' . .. ' .. .. . ' £10.70 

2 each of packs 1· 7. I each of packs 8-1 ~ inclusive an 
required lor complete slereo amplifier. Total cost 
of individually purchased packs .. . . . . £92.80 

PACK PRI CES FOR STANDARD KIT 

Designed in response to demand for a tuner to complement the world -w ide acclaim-ed 
Linsley-Hood 75W Amplifier. this k1t provides the perfect match . The W1reless World 
(Sk ingley and Thompson). pub l.ished ofiginal ci rcuit has been developed further for 
inclusion into this outstanding sllmllne un1t and features a pre-aligned front end module. 
excellent a.m. rejection and temperature compensated varicap tuning: which may be 
controlled either continuously or by push-button pre-select1on. Frequenc1es are 10d1cated 
by a frequency meter and slid ing LED indicators. attached ~? .eac~, channel selector 
pre-set. The PLL stereo decoder incorporates act1ve filters for b1rdy suppress1on and 
power is supplied via a toroidal transformer and mteg rated regulator For long term 
stab il it y metal oxide resistors are used th roughout. 

AVAILAB LE AS SEPARATE PACKS- PRICES IN OUR FREE CATALOGUE 

LINSLEY-HOOD CASSETTE DECK 

SPECIAL PRICE FOR COMPLETE KIT £79.60 

AVAILABLE AS SEPARATE PACKS 
PRICES IN OUR FREE CATALOGUE 

SPECIAL PRICE FOR COMPLETE K IT £99.30 
The standard model of our kit tor Mr. Linsley-Hood "s 75 watt desi~n h~s for a long time o~fered e)(ceptio_nal 
performance at 3 very modest cost with high quali ty high power ready-bu•lt un1ts of compa rable qualitY ge nerally bemg 
over three times the price . _ 

F·eat-u-~eSof the amplifier include very low d1st~r~ton { ICs~ than 0 .01 ;~ ) . 70W rms per_ ch~nnel F??wer out~ut ,_ rum~le 
filter variable slope scratch filter, variable trans_1 t1on frequency tone controls: tape mon1tonng fac•l• t•es and 1nd•v•dua.I:V 
adj~table inputs . This model is base~ on .5 c1rcuit boards wh~ch not havmg the controls mounted on them can, 1f 
desired, be effectively used separately 1n high performa nce audto systems not based on_ ou_r ~etalwork 

Our new De Luxe mod-el uses 14 -b·~~;ds-w-~;ich i nte·r~o ~ nect with gold pla~ed co':tacts an d_ a_re des ig ~ ed _to have_ the 
potentiometers and switches mounted_ upon them. This system almost eliminates 1n_ternal wmng ,_ makrng rnstallatton, 
after their assembly, delightfully straightforward. and as each board can be e~stly _removed 1n seconds from t~e 

~~:~~i~~ ~:c;~~tf~:a~=~~~er~~no~e~~r5 ~es~m~~d~3~r:11i~~~~~:~o;;;~~set~a~~:~~i~~~~: i~~ r~::~1:nt~.c~~~ecr~:~~t=i~:~ z 
heat sinks for heavy duty use. even in tropical climates. and metal oxide res1stors throughout for long-term stabtllty and m 
reliability. · :IE 

STANDARD LINSLEY-H OO D 75W AMPLI FIER 

SPECIAL PRICE FOR COMPLETE KIT £79.80 
WIRELESS WORLD FM TUNER 

SPECIAL PRICE FOR COMPLETE KIT £70.20 
Pack Price 

1. Stereo PCB (accommodates 2 rep. amps. 2 meter, 
amps. bias/erase osc. relay) . .. ... .. £3.35 

2. Stereo set of capacitors, M.D. resistors. poten-
liomelers for above . . . . . . . . . . . . . . £7.95 

3. Stereo set of semiconductors for above . £8.50 
4. Miniature relay with socket . . . . . . . . . £2.90 
5. PCB, all components for solenoid. speed control 

circuils . . . . . . . . . . . . . . . . . . . . . . . £3.80 
6. Goldring-Lento mechanism as specified • E 18.50 
7. Function switch, knobs . . . . . . . . . . . . £1.90 

~: ~~~~rduar~~~n~~~~~rm:~tt~nU~Pscreen £p6ri~5 
0-1'17V. 234V. Sec. 15V .. . . ... .. . . . £4.90 

Pack Price 
10 Sel of capacilors, rectifiers. I.C. voltage regulalor 

P.C.B. for power supply (Powertran design) £2.80 
11. Set of miscellaneous parts. including sockets. fuse 

holder, !uses, inlerconnecling wire. etc . £3.4.0 
12. Sel ol metalwork including silk screened fasm 

panel. internal screen. fixing paris. etc . £7 .I 0 
13. Construction notes . . . . . . . . . . . . . . . £0.25 
14. High Quality Teak Veneer cabinet 18.3" x 12.7" x 

3.1" . '' . ' .' . . ' ' .. ' .. . . '. ' . . ' £10.70 

One each of packs 1-14 inclusive are required lor 
complele stereo casselle deck. Tolal cosl of 
individually purchased packs . . . . . . . E83.00 

Matsushita WY 436 AZ head (optional extral . £4.50 
(free with compete kill 
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Published In Wireless World (May : June, August ; ~and re~la/amplifiers are used, the latter using a d iscrete component front-end designed such that the noise level IS below that 
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P;r~ormanc~. T~ pe rm~t c~ rc~~~~ft~~~z;1~~~::~~~au~:~~·~rprovide a choice of equalization time constants, a choice of bias levels and also an opt1on of using an additiona l pre-amplif1e~ fo~ 0 
t e tape ac groun · u . . he Goldrin -Lenco CRV, a unit distinguished in its robustness and ease of operation. Speed control and automatiC cassette eJeCtion are ot 

microphone use . The mechanls~ us~~· IS t 't h. h ·sgpo ered by a toroidal transformer and uses metal oxide resistors throughout offers an excellent match for the Wireless World Tuner 
1mplemented bye ectronlc Clrcul ry ... 's unl_ w . IC 

1 
w . . Februar 1978 follow·u article are included in the kit AT NO EXTRA COSTI A higher performance head 

;; 

(~~~:~~h~~~s~-~;~dA~5h:~~~:;;~~~~~;~~c~:~ ~~=~;~~;_su~~~::~~el~s 1~ffered as ~n optio~al extra ~ut this will be automatica lly supplied FREE OF CHARGE with all orders for complete 
kits I 

T20 + 20 AND T30 + 30 
20W, 30W AMPLIFIE~S 

•• @ 

SPECIAL PRICE FOR COMPLETE KIT £47 .70 
AVAILA BLE AS SEPARATE PACKS- PRICES IN OUR FREE CATALOGUE 

Following the success of our Wireless W orld FM Tuner K it this cost reduced model was 
designed to complement the T20 + .20 and T30+30 ampl1f1 ersand the cab1net s1ze . front 
panel forma t and electn cal charactenst ics make th is tuner com pat1ble w1th e1ther 

Designed by Texas engineers an~ desc_ribed in Pract~ cal Wireless. the T~xan . ~as a~ immed iate success: N~w 
developed further in our laboratones to 1nclude a To~o1dal tra n~fo rm e r and add1t1on al 1mprover:'ents. _the .slim line 
T20+20 del ivers 20W rms per channel of true Hi-F1 at e~~~pttonally low cos~ . Th e ea_a_v to _bu1ld _des r_gn rs based 
on a single F/Giass PCB and features all the normal factlltles fou nd on qualtty a_m p!_~f lers t n ~ ludtn ~ scratch and 
rumble filters. adaptable input selector and headphones S?cket . In a follo.w~up article m Pract1cal W1r~ less further 
modifications were suggested and these have been tncorpo_rated tn~o the T 30 +3 0 . These tnclude RF 
interference filters and a tape monitor facility. Power output of th1s model1s 30W rms per channel 

SPECIAL PRIC ES FOR COMPLETE KITS 

T 20 + 20 KIT PRICE £33.10 
T30+30 KIT PRICE £38.40 

AVAILABLE AS SEPARATE PACKS- PRI CES IN OUR FRE E CATALOGUE 

PRICE FOR COMPLETE KIT £35.90 
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This is a simple, low cost design which can be constructed easily without special alignment 
equipment but which still gives a first-class output su1table for feeding any of our very popular 
amplifiers or any other high quality aud1o equ1pment. A phase-locked-loop IS used for stereo en 
~ecoding and controls include sw1tchable ale. sw1tch~ble mut1ng and push-button channel ;;:;: 
selection (adjustable by controls on the front panel) Th1s un1t matches well w1th the T20+20 
and T30 + 30 amplifiers Z 

WIRELESS WORLD , JANUARY 1979 

~ 
z 
= ::.:: 
~ 
z 
= :z: 

= = ::::::1 
c:s: 
z 

Cl: 

= ....... 

:! 
z 

= z 
c:s: ... 
z ... 

200+ 200 watt AMPliFIER 
A s f eatuTed in ElectTonics Today lntem a tiona l 

. . -

400W rms continuous-- SOOW peak! 
0.03°/o THD at FULL power! 
PLUS all the following features too! 
* Each ch annel totally independent with its own stabilised power supp ly driven by custom designed 

TOROIDAL tra nsfo rmers' 

* In herent re liabil it y - monster heat sinks for cool running at the hottest venues - electroni c open and 
short circui t protection! 

* Ul tra low feedback (an incredible low 14dB overall!). super high slewi ng rate (20V / ~ s) . 200W rms 
contin uous to 4 ohm from EACH channel. inpu t sensitivity 0. 77 5V (OdB) 

* Professional qual ity components , sturdy 19 ' rack mounting chassis complete w ith sleeve and feet 
for free standing work too . 

1>: Easy to bui ld - plenty of working space w ith ready access to all components, minimal w iring , 
extensive instruction suitable fo r both experienced constructors and newcomers to electron ics 

* Value for money - qual ity and performance comparable with ready-built amplifiers cos ting over 
£600! 

PSI 4002 STUDIO M ODEL 

Cabinet size 17 - ~" x 6. 7" 

COMPLETE KIT ONLY £196.90 + VAT 

READ THE REVIEW 
IN SOUND INTERNATIONAL DEC 78! 

The kit includes fully f inished metalwork, fully assembled solid 
teak cabinet. filter sweep pedal . professional quality components 
(all resistors either 2% metal oxide or \12% metal film!) and it really 
is complete- right down to the last nut and bolt and last piece of 
wire! There is even a 1 3A plug in the kit - you need buy 
absolute ly no more parts before plugging in and making great 
music! Virtually all the components are· on the one professional 
quality fib re glass PCB printed with component locations. All the 
controls mount directly on the main board, all connections to the 
board are made with connector plugs and construction is so 
simple it can be built easily in a few evenings by almost anyone 
capable of neat soldering! When finished you will possess a 
synthesizer comparable in performance and quality with ready 
bu ilt units selling for between £500 and £700! 

COMPLETE KIT 
ONLY 

£172.00 + VAT! 

Comprehensive handbook suppl ied with . all complete kits! Tlois 
fu lly describes construction and tells you how t0 set up your 
synthesizer with nothing more than a multi-meter and a pair of 
ears! · 

CHROMATHEQUE 5000 5-CHANNEL LIGHTING EFFECTS SYSTEM 
This versatile system featured as a constructional article in ELECTRONICS TODAY INTERNATIONAL has 5 frequency channels with individual level conlrols on each channel Control· of the 
lights is comprehensive to say the least. You can run the unit as a straightforward sound-to-light or have it strobe all the lights at a speed dependent upon music level or front panel control 
sett1ng or use the internal dig1tal Circuitry which produces some superb random and sequencing effects . Each channel handles up to 500W and as the kit is a single board design wiring is 
min1mal and construction very straightforward 

Kit includes fully finished metalwork, fibreglass 
PCB. controls, wire, etc -Complete right down to 
the last nut and bolt! 

COMPLETE KIT ONLY 
£49.50 +VAT 

MPA200 100W MIXER/ 
AMPLIFIER 

READ ALL ABOUT IT IN 
FEB. 1979 

ELECTRONICS TODAY 
INTERNATIONAL! 

W ireless World Designs: Full kits are not available for the proJects below but PCBs and cor;nponen t sets are stocked. Fu rther 
details of these and other packs are 1n our Free Catalogue. 

30W Bailey Amplifier Linsley-Hood low Diatonion Os cillator. E. F. Taylor Pre-Amplifie r 
BAIL Pk. I F/Giass PCB £1 .00 LDO Pk. 1 Fib reg lass PCB £1.65 EFT P Pk . 1 Fib reg lass PCB (stereo) £1 .45 All k its also availabfe as separate packs (eg PCB 

component sets, hardware sets, etc) . Prices in 
our FREE CATALOGUE. 

BAIL Pk. 2 Res1stors. Capac ilors £2.35 LDO Pk . 2 MO Resistors. capacitors £2.80 EFT P Pk . 2 MORes, caps. (stereo) £3 .20 
BAIL Pk. 3 Semiconductors £4.70 LDD Pk . 3 Semiconductors £3.90 EFTP Pk. 3 Semiconduclors (stereo) £4.20 

Details of Stuart Tape Recorder and SO Quadraphonic Decorclers are in FREE CATALOGUE 

EXPORT A SPECIALITY! Our Ex port Department can read ily despatch orders of any size to any country in the world. Some of the countries to 
which we sent kits last yea r are shown in this advertisement . To assist in estimating postal costs our catalogue gives the 

weights of all packs and kits. This will be sent free on request. by airma il. together with our " Expo rt Postal Guide " which gives curren t 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 50p documentaton and handling . Please send payment with order by Bank Draft, Postal 
Order. International Money Order or cheque drawn on an accou nt in the U .K Alternatively for orders over £500 we wi ll accept Irrevocable Letter of Cred it payable at sight in London . 

Value Added Tax not included in prices 
UK Carriage FREE 
PRICE STABILITY: Order with confidence! Irrespective of any pri ce 
changes we will honour all prices in this advertisement until February 28th. 
1979, 1f this month's advertisement is mentioned w ith your order . Errors 
and VAT rate changes excluded . 
U.K . ORDERS: Subject to 12\1,% • surcharge for VAT (i.e add 1/s to the 
price). No charge IS made for carriage . "or current rate if charged 
SECURICOR DELI VERY: For this optional service (U .K. mainland only) 
add £2 .50 (1/AT inclusive) per kit. 
SALES COUNTER : If you prefer to collect your kit from the factory , ca ll 
at Sales Counter (at rear of factory ). Open 9 a.m.-4.30 p.m . Monday
Thursday . 

Q UA LITY: All components are brand new first grade full specif ication guaranteed devices. All resistors 
(except where stated as metal oxide) are low noise carbon film types. All pr inted circuit boards are fib reglass, 
dril led roller tinned and supplied with circu it diagrams and construction layouts. 

FOR FURTHER INFORMATION PLEAS E WR ITE OR 

TELEPHONE FOR OUR FREE CATALOGUE 

POWERTRAN ELECTRONICS 
PORTWAY INDUSTR IAL ESTATE 
ANDOVER HANTS SP1 0 3NN 

ANDOVER 
(0264) 64455 
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OPTOELECTRONICS DISPLAYS Ill 
RED £0.10 HP5082-7730 ====-GREEN £0.19 

3.- £1.15 7400 0.12 7473 YELLOW EO. HI DL704 £1.15 7401 0.12 7474 

RED £0.14 
FN 0507 £1.05 7402 0.15 7475 

GREEN £0.11 • DL 704 Economy 
£0.75 

D L 707 Eoonomy 
£0.75 

7403 0.12 7476 
7404 0.15 7480 YELLOW £0.18 7406 0.2!1 7482 

~ 7407 0.25 7483 
7408 0.14 7485 
7409 0.18 7486 
7410 0.12 7489 

VOLTAGE REGULATORS 7411 0.18 7490 
7412 0.20 7491 
7413 0.36 7492 
7420 0.12 7493 
7425 0.25 7494 

7495 
Pleatic: TO 220 Plane TO 92 7427 0.25 

7430 • 0.12 7496 
7432 0.27 74100 

Poeitlve 

I 
Poaitive 

' 
7437 0.27 74104 

7805 £0.85 7BL05 £0.40 
7612 £0.95 78L12 £0.40 
7815 £0.85 7BL 15 £0.40 
7824 £0.85 78L24 £0.40 

7438 0.27 74105 
7440 0.12 74107 
7441 0.49 74121 
7442 0.50 74122 

74123 
Negmiva Nag.tive 7445 0.80 

7446 0.80 74125 
7905 £1.11 79L05 £0.50 7447 0.55 74t26 
7912 £1 .19 79L 12 £0.50 7448 0.50 74132 
7915 £1.11 79L 15 £0.50 7450 0.12 74136 
7924 £1.19 79L24 £0.50 7451 0.15 74141 

7453 0.15 74145 
7460 0.15 74150 
7472 0.27 74151 

•!M!!II 
380 14 Pin DIL £1 .05 
381 14 Pin OIL £0.00 
387 8 Pin OIL £0.76 
555 8 Pin OIL £0.30 •m• 565 14 Pin OIL £1.10 lt;t•tl 4016 567 8 Pin OIL £1.40 

4017 741 8 Pin OIL £0.20 
4018 741 T05 £0.25 

4000 0.18 4022 748 8 Pin OIL £0.35 
4001 0.16 4023 3046 14 Pin OIL £0.75 

301 
308 
377 
378 
379 

3130 8 Pin OIL £0.95 4002 0.16 4024 
4007 0.16 4025 3140 8 Pin OIL £0,65 

3140 T05 £0.80 4010 0.45 4027 
8 Pin OIL £0.30 3900 14 Pin OIL £0.60 4011 0.15 4928 
8 Pin OIL £0.10 4012 0.15 4029 

t4 Pin OIL £1.40 RAM 4013 0.38 4033 
14PinDIL £1.90 4014 0.90 4040 
14 Pin OIL £2.20 2102 450 nSec £1 .40 40t5 0,10 4042 

Ham Bands with 1.5-30 MHz receive with built-in 150 MHz 
frequency counter plus option of 0-1.5 M Hz 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 M1dland _Reg1on 
station and West End Lane on the Broad Street Lme . We are on the followmg Bus 
routes : 28, 59. 159. Hours of opening are 9-5 Monday to Friday . Closed for 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 71S1. Telephone: 01-624 7174 

Cables: Radio Shack, London, NW6. Telex: 23718 

0.27 
0.27 
0.33 
0.25 
0.50 
0.73 
0.60 
1.05 
0.30 
2.45 
0.34 
0.75 
0.45 
0.45 
0.10 
0.55 
0.55 
1.35 
0.45 
0.45 
0.35 
0.30 
0.40 
0.52 
0.45 
0.55 
0.85 
0.75 
0.80 
0.70 
0.90 
0.55 

0.40 
0.90 
0.10 
0.10 
0.20 
0.80 
0.20 
0,55 
0.75 
1.00 
1.25 
1.00 
1.75 

74153 0.85 
74154 1.05 
74155 0.70 
74156 0.70 
74157 0.85 
.74160 0.70 
74 161 0.75 
74162 0.75 
74 163 0,75 
74164 0.85 
74165 0.85 
74166 1.25 
74 167 2.95 
74 173 1.45 
74174 1,05 
74175 0.90 
74176 1.05 
74177 0.95 
74180 1.10 
74181 2.10 
74182 1.20 
74185 2.10 
74190 1.05 
74191 1.05 
74192 0.95 
74t93 0.95 
74194 0.95 
74195 0.15 
74196 0.95 
74197 0.95 
74198 1.95 
74199 1.95 

4046 1,35 
4047 0.95 
4049 0.50 
4050 0.50 
4060 1.15 -
4066 0.70 
4069 0.25 
4070 0.25 
4076 0.20 
4502 0.95 
4507 0.60 
4508 2.00 

AC volts : 
DC volts: 
DC current 
Resistance 
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C7205EN MULTITESTER 
20,0000PV 

£9.75 
P&P 75p 

0 to 10. 50, 2 50. 1000 
0 to 5, 25, 125, 500, 1000 
0 to 50 ua, 250 ma 
0 to 300ohms. 6K . 30K 
6 meg ohms 

L81 TRANSISTOR/DIODE TESTER 

£19.95 
P&P 75p 

Decibels - 20 to+ 22 db 
Tests 1 CO. Alpha and Beta Measures 
parameters of transistors so that readings 
can be checked against manufacturers 
specification . Quick Test socket mounted on 
front panel. Full view meter for accuracy and 
easy reading . 

Size 115 X 78 X 33mm 

··~ .• ~ '""':7,~:5 
AC volts· 

DC volts 

CD current 
Resistance 

· Decibels 
Capacitance 
Size 

P&P 75p 

0 to 1 0. 50, 100. 500, 
1000 
0 to 5. 25, 50, 250. 500 
2500 
0 to 50 ua, 2.5 ma, 250 rna 
0 to 6K ohms. 6 meg ohms 
-20 to+ 22 db 
10 pl . 0.01 uf, 0.1 uf 
4V2 X 3 1.4 X 1 inch 

TM K500 MUL TITESTER 
30,0000PV 

£20. 95 
P&P 75p 

A sturdy and rel 1ab le instrument . Has 

AC volts : 

DC volts · 

DC current 

internal buzzer 
Oto2 .5, 10, 25.100,250, 
500, 1000 
0 to 0.25. t. 2.5. 10. 25 
100. 250, 1000 
0 to 5.0 ua . 5 rna . 50 rna, 
12 amp 

Resistance: 0 to 6K, SDK. 6 meg, 60 

Decibels 
Short test: 
Size 

meg 
-20 to+ 56 db 
Inte rnal b uzzer 
160 x 1 10 x 55mm 

Dims.: 178 x 108 x 83mm 

TE20D R.F. SIGNAL GENERATOR 

£57'.00 
P&P £1 .25 

Accurately covers 120 KCS. To 500 MCS in 
6 bands. 
Directly calibrated. Variable R.F. Attenuator . 
240v AC 
Dimens · 140 X 215 X 1 70mm 

LT101, 1,000 OPV 

~ 
AC volts . 0 to 1 0, 50, 2 50, 1000 

£6.95 
P&P 75p 

DC volts: 0 to 10, 50, 250, 1000 
· DC current : 0 to 1 ma. 100 ma 
Resistance: 0 to 3K ohms 

Size 
0 to 150K ohms 
2 X 3% X 1 inch 

·For quality of construction. unfailing 
efficiency and sheer good value this · 

NEW SOOMHz, 7 digit, 
D.F.M. 

is unequalled . for direct readings up 
- to the mobile radio UHF Band. Will 
operate on mains or 1i2v supply, 
making it ideal for use with mobile 
equipment. 

Manufactured and guaranteed 
by Catronics Ltd . 

Model DFM 500£164.50 
+ £5 carr. + B% VAT • 

Write for illustrated leaflet 
HIGH STABILITY OVEN ED VERSION. DFM 500/s &lsoavailable at.£204.50 

Our popular 200M Hz Counter still available at only £137.SO 

I~' ~liJ!iil/ii, iii•Z •liil 
Components & PCB for new Character Rounding "Board 4" 

now available. PCB £14.60 
Kit (incl. PCB) £25.75. 

'Board 3' is al.a available as an additional unit to update the 'Wireless World ' Te~etex~ Decoder to 
give double height characters, colour background. conceal/ reveal, etc., •• descrwbed 1n December 

'77 amd January '78 issues of 'Wireless World ' 
Our Kit includes plated-through hole PC B. all components and installation instructions. Price 

£33.88 +VAT (£3.47) + P&P (30p) = £37.45 total. PCB available oeparately at £19.30. 

- ' . . 
:our main kits contain all the p rinted c•rcui t 
boards and components necessary to 
build the complete decoder. 

A repr~nt of ihe senes of art• cles is 
ava ilable at £1 .95 +large 18'/>p SAE 
(included free in complete k it) 

Prices on right are for t·h e . NEW Ve rs1on 
with TEXAS XBB7 . including VAT Sat of 5 PCBs 

Componento Kit (incl. PCBo) 
Cabinet_ · 

£23.95 + 30p p&p 
£139.25 + £1 .50 p&p 

£18.00 + £1 .00 p&p 

PLATED THROUGH hole PCB available at add1t1ona1 cost of 
- .. .f.2!!:. .. .. ·- . . . . . . . . 
FULL FAULT-FINDING AND REPAIR SERVICE AVAILABLE 
Components also available separately - SAE for price list 

Ready built and taotad decodaro- £24t .B7 + £6 carr.· 
Da Luxe veraion with new facilities- £292.50 + £5 carr. 

. CATRONICS LTD (Dept. 921) 

at ,0 n I•_ cs Communications Houee, 
. 20 WALLINGTON SQUARE, 
WALLINGTON, SURREY. 
t&r. 01 -669 67oo · 

WW-921 FOR FURTHER DEl'AILS 

BSR HI-FI AUTOCHANGER 
STEREO AND MONO £21.50 
Plays 1 2 . 10 .. or 7 · records , 
Auto .or Manual . A high quality 
unit backed by BSR reliability 
with 12 months' guarantee . A. C. 
200/ 250V. Size 13Y2-1 1 '!.in . 
3 speeds . Above motor board 
3 3!.in. Below motor board 2Y2in. 
with Sonotone Vl 00 magnetic cartridge . 

£1 

NEW BSR SINGLE PLAYER -£22.50 
Model P 182 3-speeds flared aluminium turntable Post £1 
" S" shaped arm, cueing device, stereo ceramic cartridge 
B.S.R, Budget-Autochanger · -- -~ 
with stereo cartridge, plays all size records '·£ 14.95 

Ideal replacement or disco deck 
. with cueing device and stereo 
ceramic cartridge. 3 speeds 
Large turntable, modern design 

£17.50 Post £1 

GARRARD HI-FI 
AUTO CHANGER 
Model2025 
3-speed stereo cartridge . £14.95 
Cueing devices Post £1 

SMITH'S CLOCKWORK 15 

Post£1 .50 

_£6.50 
£7.50 

Single pole two-way. Surface mounting 

AMPTIMESWITCH WI' 
uwounSts:so P~35p c \1"' 
with fixing screws. Will replace existing 
wall switch to give light for return home, 
garage, automatic anti-burglar lights, etc . 
Variable knob . Turn on or off at full or 
i'iltermediate settings . Brand new. 

ELAC HI-FI SPEAKER 
Sin. TWIN CONE 
Large ceramic magnet . 50-16,000 c/s . 
Bass resonance 40 c 1 s. 

~3~~:~p~~~ce . £5.95 Post 35p 
0~---.f/(,/ 

20 watt model £8.95 

VOLUME -- 80 Ohm Coax 8p yd. 
CONTROLS FRINGE LOW LOSS 15p yd 

Ideal 625 and colour . 
PLUGS lOp. SOCKETS 10p. 
LINE SOCKETS 18p. 
OUTLET BOXES 8p. 

51<0 to 2MO LOG or LIN. LIS 
35p. D P. 60p. STEREO LIS 
SSp. D.P . £1. Edge 5K. S.P. 
Transistor 45p• 

300 ohm FEEDER 5p yd. 

E.M.I. 13% x Bin. SPEAKER SALE! 
With tweeter and 
crossover. 1 0 watt. 
3 or 8 ohm 

£7.95 
Post 45p 

With tweeter and 
crossover . 20 watt . 

Dttto 
15 watts, 
8 ohm 

£10.50 
Post 65n 

£11!~0 
8 or 15 ohm . 20 to 20.000 c.p .s. Post 7 5p 

Suitable Bookshelf-Cabin-;t- . 
Teak finish . For EMI 13 x 8 speakers . 
Size 16 x 1 1 x B inches. 

R.C.S. SOUND TO LIGHT KIT Mk. 2 

£17 
Kit of parts to build a 3 channel sound to l ight un it 
1,000 watts per channel. Suitable for home use 
Easy to build . Full instructions suppl ied Cabinet £4 
extra. Will operate from 200MV to 100 watt signal . Post 35p 

R.C.S. LOW VOLTAGE STABILISED 
POWER PACK KITS 
All parts and instruct ions with Zener d iode , 
printed circuit rectifiers and double wound 
mains transformer. Input 200/240V a.c. 
Output voltages available, 6 or 7. 5 or Post 45p 
9 or 1 2V d .c. up to 1 OOmA or less . Size 3 x 2Y2 x 1 V2 in . 
Please state voltage required. 

£2.95 

R.C.S. POWER PACK KIT 
12 VOLT, 750mA. Complete with printed 
circuit board and assembly instructions 
12 VOLT 300mA KIT, £3.15. 

£3 .35 
Post 30p 

R.C.S. "'MINOR·.-. -10-wa-ttAMPUFI ER KIT 
This kit is suitable for record players. guitars, tape playback, 
electronic instruments or sma ll P.A. systems . Two versions 
ava1lable Mono, £12.50; Stereo , £20, Post 45p . Specification 
1 OW per channel ; input 1 OOmV; size gy, x 3 x 2in . approx 
S.A.E. details . Full instruct ions supplied. A. C. mains powered . 

R.C.S. DRILL SPEED CONTROLLER/LIGHT DIMMER KIT. 

£3.25 
Post 35p 

Easy to build kit . Printed circuit 
W ill control up to 4BO watts AC ma ins 

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 
Can be ganged to make multi-way stereo mixers Post 35p 

. MAINS TRANSFORMERS ALL POST 7 5p 
250-0-250V 70mA. 6.5V. 2A . £3.45 
250-0-250V SOmA, 6.3V 3.5A. 6.3V 1A £4.80 
350-0-350V SOmA, 6.3V 3.5A, 6.3V 1A £5.80 
300-0-300V 120mA. 2X6.3V 2AC.T : 5V 2A £8,50 
220V 45mA, 6.3V 2A . . . . . . . £1 .75 
HEATER TRANSFORMER. 6.3V y, amp £1 .00 
Ditto 3 amp £1.75 
GENERAL PURPOSE LOW VOLTAGE . Tapped outputs 
2 amp. 3, 4, 5, 6, 8, 9, 10. 12 , 1 5, 1B. 25 and 30V . . £5.30 
1 amp. 6. 8. 10. 1 2. 16. 18, 20 . 24 . 30 , 36. 40, 4B, 60 .. £5.30 
2 amp. 6. B. 10, 12. 16. 18, 20 . 24, 30 , 36. 40, 48. 60 £8.50 
3 amp. 6. B. 10. 12, 16. 18 . 20, 24. 30. 36. 40. 48. 60 £11.00 
5 amp. 6, B. 10. 1 2, 1 6,' 18, 20, 24, 30. 36. 40. 48. 60 £14.50 
12V. 1 OOmA - -:-.· TI:oo 20'1' 46\C66v:Tamp-- - £3:50 
12V, 750mA £1.30 1 2V, 3 amp .. .. .. . £2.95 
10-0-1 OV 2amp .. .. .. £2.45 1 OV, 30V. 40V, 2 amp £2,75 
30V. 5 amp and 1 7V-0-1 7V, 40V, 2 amp £2.95 
2 amp £3.45 20V, 1 amp £2.20 . 

0. 5. 8 , 10. 1 6V, y, amp •£1.95 20V-0-20V, 1 amp £2.95 
9V. 3 amp £2.75 30V-0-30V, 2 amp £7.00 

· 25-0-25V 2 amp £3.50 2 of 1 BV, 6 amp, each . £1.00 
30V. 2 amp £3.00 1 2-0-12V. 2 amp £2.95 
30V, 1 v, amp . . . . £2.75 9V, \4 amp £1.30 
AUTO T-RANSF-OR-MERS. 115V to 230V or 230V to li'5ii i SOW · . £5.00 
250W .... . £6.00 . 400W .. £7.00 500W .. £8 .00 
FULL WAVE BR IDGE CHARGER RECTIFIERS 
6 or 12V outputs. 2 amp 75p. 4 amp £1.25 
CHARGER TRANSFORMERS 1 '/,amp 
4amp . .. ... .. . ..... . .. .. . 
12V. 1 v, amp Half Wave Selen ium Rect ifier 

COMPACT 
SPEAKERS 
Teak or White 
13 x 10 X 6in . approx . 
50 to 14,000 cps. 
1 0 watts . 4 or 8 ohms. 

£16 pair Post suo 

LOW VOLTAGE ELECTROLYTICS 
1, 2. 4. 5. 8. 16, 25. 30 , 50. 1 00, 200mF 1 5V 1 Op. 
500mF 12V 1Sp; 2 5V 20p; 5QV 30p; 

£3.50 
£6.80 

25p 

1000mF 12V17p; 25V35p; 50V47p; 100V70p. 
2000mF 6V 25p; 25V 42p; 420mF/500V £1 .30. 
2500mF 50V 62p; 3000mF 25V 47p; 50V 65p. 
3900mF 1 OOV £1 .60. 4 700mF 63V £1.20. 2700mF /76V £1. 
5000m~6V2Sp; 12V42p; 35V85p. 5600mF/76V£1.75 

. HIGH VOI,.TAGE ELECTROLYTICS 
Bl35ov 22p · ·--a.:ra·;45ov 5op 5D+50 / 3oov 50p 

16/350V 30p 8+16 / 450V SOp 32+32/450V 7Sp 
THE"INSTANT"BULKTAPEERASER 32/500V 75p 16+16/450V' 50p 100+100t275V 65p 
Suitable for cassettes. and all sizes of tape 50/350V SOp __ 32+_~2j350V 50p !§.9±200/2T5ii' 70p 
reels. A.C. mains 200/250V. Leaflet S.A.E. MANY OTHER ELECTROLYTIC$ IN STOCK .. 
Will also demagnetise small tools £4 95 SHO.RT WAVE 1 OOpF air spaced gangable tuner , 95p. 
'HeadDemagnetiseronly£4.75. Pos,.50p TRIMMERS 10pF, 30pF, 50pF, 5p. 100pF, 150pF, 15p. 
RELAYS. 12V D.C. 95p. 6VD.C. s5'p. 240V A .C. -95p. CERAMIC, 1 pF to 0 .01 mF, 5p. Silver Mica 2 to 5000pF. 5p. 
BLANK ALUMINIUM CHASSIS. 6 x 4-95p; 8 x 6- PAPER 350V-0 .1 7p; 0.5 13p; 1mF 150V 20p; 2mF 150V 
£1 .40; 10 x 7-£1.S5; 12 x 8-£l. 70, 14 x 9_£1.90, 16 x 20p; 500V·O.OO 1 to 0 .05 12p; 0 .1 15p; 0 .25 2Sp; 0 .4 7 35p. 
6 £1 85 15 0 £2 L 6 1 J_.i MICRO SWITCH SINGLE POLE CHANGEOVER 20p. 

- · ; X 1 - .20, ANGLE A I. ~ !4 x •in - 15p. SUB-MIN MICRO SWITCH, 25p. Single pole change over. ALUMINIUM PANELS. 6 X 4-24p; 8 X 6-38p; 14 X 
3-40p; 10 x 7 -S4p; 12 x 8-70p; 1 2 x 5-44p; 16 x TWIN GANG, 385 + 385pF SOp; 500pF standard 75p, 
6-70p; 14 x 9-94p; 12 x 1 2-£1; 16 x 1 0-£1.16_ 365 + 365 + 25 + 25pF, Slow motion drive 65p. 
PLASTIC AND ALl BOXES IN STOCK. MANY SIZES 1 20P~ TWIN GANG, SOp; 365pF TWIN GANG, 50p. 
YARICAP FM TUNER HEAD with circuit & connections. NEON PANEL INDICATORS 250V, Amber or red 30p. 
Some technical knowledge required £4.95. RESISTORS. HU to 10M. V.W, v,w, lW, 20% 2p; 2W, 10p. 
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BAKER MAJOR 12" £16.88 
Post £1 .00 

30-14.500 c / s, 12in . double cone, 
woofer and tweeter cone together 
with a BAKER ceramic magnet 
assembly having a flux density of 
14,000 gauss and a total flux of 
145,000 Maxwells . Bass resonance 
40 c/s. Rated 25W. NOTE . 4 or 8 or 
16 ohms must be stated . 

Module kit, 30-17 ,000 c / s w ith 

:~r~er. crossover. £ 20.S2 
and instructions . Post £1 .60 each 
~~te4or8or 16ohms . . 

BAKER "BIG-SOUND" SPEAKERS. Post £1 each 

'Group 25' 'Group 35' 'Group 50/15' 
1 2in 1 2in. 1 5in 
3DW£12.96 4DW£15.12 75W£36.72 
lor 8 or 1 6 ohm 4 or 8 or 1 6 ohm 8 or 1 6 ohm 

BAKER LOUDSPEAKER, 12 INCH. 60 WATT. 
GROUP 50/12,4 OR 8 OR 16 OHM HIGH POWER 

~~~~~~~~~6-~~:655 12PNSAL QUALITY. £22.68 
MASSIVE CERAMIC MAGNET Post £1 .60 
WITH ALUMINIUM PRESENCE CENTRE DOME . 

TEAK VENEERED HI-FI SPEAKERS AND CABINETS 
For 13x8in . or Bin . speaker £8.50 Post 1!:1 
For 6Y2in . speaker and tweeter 12x8x6in . £5.9S Post 75p 
Many other cabinets in stock. Phone your requirements . 
SPEAKER COVERING MATERIALS. Samples Large S.A.E. 
LOUDSPEAKER CABINET WADDING 1?in wide 20p ft. 

R.C.S. 100 -
VALVE 
AMPLIFIER 
CHASSIS 
Four inputs . Four way mixing , master volume. treble and bass 
controls. Suits all speakers . This professional quality amplifier 
chassis 1s suitable for all groups, disco, P.A. , where high quality 
power is required . 5 speaker outputs. A/C mains operated. Slave 
output socket. Produced by demand for a quality valve amplifier. 
1 OOV line output to order £10 extra. Send for leaflet . 
Suitabl~ carrying cab £16.50 Price £99 carr. £6 .00 

Horn tweeters 2- 16kc/s. 1 OW 8 ohm or 16 ohm £3.60. 
Audax Tweeters 3-1 Bkc/s . 50W 8 ohm £7.50. 
CROSSOVERS. TWO-WAY 3000 c/s 3 or 8 or 15 ohm 
£1.90. 3-way 950 cps/ 3000 cps, £2.20. 
LOUDSPEAKERS P.M. 3 OHM .7x4in . £1.50; 6Y,in ., £1.95; 
8x5in ., £1.90; Bin ., £2.50. 
SPECIAL OFF.ER: 80 ohm . 2V.in ., 2%in ., 35 ohm, 3in ., 
25 ohm, 2V2in ., 3in ., 5x3in. 7x4in. , 8 ohm. 2 V,in .. 3in , 3V,in .. 
5in, 15 ohm . 3Y,in . dia, 6x4in ., 7x4in ., 5x3in .. 
3 ohm .. 2V2 in .. 2%in. 3Y,in , 5in . dia . £1.50each. 
PHILIPS LOUDSPEAKER, Bin ., 4 ohms. 4 watts. £ 1 .95 
RICHARD ALLAN TWIN CONE LOUDSPEAKERS 
Bin. diameter 4W £2,50. 1 Din. diameter 5W £2.95; 
12in . diameter 6W £3.50, 3/8/15 ohms. please state. 
MOTOROLA PIEZOELECTRIC HORN TWEETER. £7.95 
Handles up to 1 00 watts. No crossover required. 

BLACK PLASTIC CONSTRUCTION BOX wit-h brushed
aluminium facia Sturdy job Size 6 1/4 x 4% x 2in £1 .50 

BAKER 150 WATT 
PROFESSIONAL 
MIXEBAM.eLIJ:IER 
All purpose transistorised. ~~~~~~~~~~~~~~~~ 
Ideal for Groups, Disco . . ~ 
and P.A. 4 inputs speech 
Output 4 8/16 ohms . A. C. Mains. Separate treble and 

~~~ ~~~~t~~~~m~~~\e~~~lume control £ S S ( 1 50 carr 

LOW VOLTAGE POWER PACK for MODELS 
Ready made . Famous make. Will supply 10 volts D.C. at 
400mA. With terminals and mains lead £2.95 Post 50p 

GOODMANS COMPACT 
12-INCH BASS WOOFER 
Standard 12in . d1ameter fixing with 
cut sides 12 '. X 1 o · ·. 14.000 Gauss 
magnet . 20 watts R.M .S. 4 ohm 
imp. Bass resonance = 30 c.p.s 
Frequency response 30-8000 c.p .s. 

£9.95 each Post £1 

ALUMINIUM HEATSINKS, FINNED TYPE. 
Sizes 5 .. X 4 X 1 .. 95p. 6 Y2 X 2 .. X 2 V. .. 6Sp. 
JACK PLUGS. Plastic 2Sp; Metal 30p. 
JACK PLUGS Stereo Plastic 30p; Metal 35p. 
JACK SOCKETS. Open 20p; Closed 25p. 
JACK SOCKETS Stereo Open 2Sp; Closed 30p. 
FREE SOCKETS- Cable end 30p. 
2.5mm and 3.Smm JACK SOCKETS 15p. 
2.5mm and 3.Smm JACK PLUGS 15p. 
DIN TYPE CONNECTORS 
Sockets 3·pin, 5-pin 1 Op. Free Soekets 3-pin, 5-pin 25p. 
Plugs 3-pin 20p; 5-pin 2Sp. 
PHONO PLUGS and SOCKETS ea. lOp. 
l=ree Socket for cable end ea, 15p. 
Screened Phono Plugs ea. 1Sp. 
TV CONVERGENCE POTS 1Sp each 
Values= 5. 7, 10, :?.0 , 50. 100, 200, 250. 4 70, 2000 ohms 

G HIGH STABILITY. Y2W 2% 10 ohms to 1 meg .. Up. 
TA STRIP 

28
-way 

12
P· Ditto 5% Preferred values 10 ohms to 10 meg 5p. MONO PRE-AMPLIFIER. Mains operated 

TAPE OSCILLATOR COIL. Valve type, 35p, solid state pre-amplifier unit des igned to 
BRIDGE RECTIFIER 200V PIV y, amp 50p, 8 amp £2.50. ELEC'tRO MAGNETIC complement amplifiers without low level~ 
TOGGLE SWITCHES S.P. 30p. D.P.S.T. 40p. D.P .D.T. 50p, phono and tape input stages . Th is free-· 

PMI~~~UOPTC~ERRTTROIDGGGELSEASCIONSS,TGOPC9K1 .£P11.e5aOs.eGePn9q5ui£r2e .• SO. PENDULUM MECHANISM 95p Post 30p .. stand ing cabinet incorporates circuitry for ,,.,. 
1.5V d.c. operat1on over 300 hours cOntinuous on SP2 automatic R.I.A.A . equalisation on magnetic '· 

SONOTONE stereo £2.00. ADASTRA magnetic £6. battery, fully adjustable swing and speed . Ideal displays, phono input and N.A.B . equalisation for tape 
~=~E~EU~~TR~:.~~~~~~~l ~O~~tt. 1 0 watt , 1 5 watt 1Sp. teaching electro magnetism or for metronome, strobe , etc heads. £4. SO P~st 

50
p 

RADIO. COMPONENt SPECIALISTS _ JJ?wHI~~n~-P~o~e~:.~2~~~~-~~?vooN 
Radio Books and Components Lists 20p. (Minimum posting charge 30p,) Cash prices include VAT. (We accept Access or Barclaycard. Phone your Order) Tel. 0 1-684 1665 
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TTLsbyTEXAS 
·7400 13p 
7401 14p 
7402 14p 
7403 14p 
7404 17p 

. 74504 90p 
7405 18p 
7406 32p 
7407 32p 
7408 19p 
7409 19p 
7410 15p 
7411 2Ap 
7412 20p . 
7413 30p 

' 7414 60p 
7416 27p 
7417 27p 
7420 17p 
7421 40p 
7422 22p 
7423 34p 
7425 30p 
7426 40p 
7427 34p 
7428 36p 
7430 17p 
7432 30p 
7433 40p 
7437 35p 
7438 35p 
7440 17p 
7441 70p 
7442A 60p 
7443 112p 
7444 112p 
7445 lOOp 
7446A 93p 
7447A 60p 
7448 80p 
7450• 17p 

. 7451 17p 
7453 17p 
7454 17p 
7460 17p 
7470 38p 
7472 30p 
7473 34p 
7474 30p 
7475 36p 
7476 35p 
7480 50p 
7481 lOOp 
7482 84p 
7483A 80p 
7484 lOOp 
7485 110p 
7486 34p 
7489 210p 
7490A 33p 
7491 BOp 
7492A 48p 

. 7493A 33p 
7494 84p 
7495A 70p 
7496 65p 
7497 180p 
74100 130p 
74104 65p 
74105 65p 
74107 34p 
74109 55p 
74110 55p 
74111 70p 

. 7411S 200p 
74118 130p 
74119 210p 
74120 110p 
74121 Z8p 
74122 48p 
74123 55p 
·74125 55p 
7412S 60p 
74128 75p 
74132 75p, 
74136 75p 
74141 70p 
74142 200p 
74145 90p ' 
74147 190p' 
74148 150p 
74150 lOOp 
74151A 70p , 
74153 70p 
74154 lOOp 
74155 90p 
74156 90p 
74157 70p 
74159 190p 
741SO lOOp 
74161 lOOp 
74162 lOOp 

74175 
74176 90p 
74177 90p 
74178 160p 
74180 93p 
74181 200p 
74182 90p 
74184A 150p 
74185 150p 
74186 700p 
74190 lOOp 
74191 lOOp 
74192 lOOp 
74193 lOOp 
74194 lOOp 
74195 95p 
74196 95p 
74197 80p 
74198 150p 
74199 150p 
74200 £10 
74221 160p 
74251 140p 
74259 250p 
74265 80p 
74278 290p 
74279 140p 
74283 190p 
74284 400p 
74285 400p 
74290 150p 
74293 150p 
74294 200p 
74298 200p 
743S5 150p 
74366 150p 
74367 120p 
74368 15Dp 
74390 200p 
74393 200p 
74490 225p 

74LSSERIES 
74LSOO 18p 
74LS02 18p 
74LS04 20p 
74LS08 22p 
74LS10 20p 
74LS11 40p 
74LS13 45p 
74LS14 72p 
74LS20 22p 
74LS22 28p 
74LS27 38p 
74LS30 22p 
74LS32 40p 
74LS47 90p 
74LS55 30p 
74LS73 SOp 
74LS74 40p 
74LS75 50p 
74LS83 110p 
74LS85 100p 
74LS86 40p 
74LS90 60p 
74LS93 60p 
74LS107 45p 
74LS112 100p 
74LS123 7Sp 
74LS124 180p 
74LS132 120p 
74LS133 60p 
74LS138 60p 
74LS139 60p 
74LS151 100p 
74LS153 BOp 
74LS157 60p 

4000 SERIES 93 SERIES 
4000 15p 9301 160p 
4001 17p 9302 175p 
4002 17p 9308 318p 
4006 95p 9310 275p 
4007 18p 9311 275p 
4008 SOp 9312 160p 
4009 40p 9314 165p 
4010 50p 931S 225p 

4011 17p m1 ~~ 
:gg lBp 9334 225p' 

50p 9368 200p 
4014 84p 9370 200p 

RESISTORS 
Carbon film 5% High 
Stab. Min.. 'Aw 
100-1MQ E12 1p 
Y2w 100-10MO 
E12 1.5p 
Quantity prices 
available on request . 

4015 
84p ' 9374 200p 

:g~ ~ ~ f---.L;.;IN-EAR--I.-Ca ___ .;._+-."'"M'""c3-3-S-OP---12-0p--J 

4018 89p "AYHl212 600p "MFC4000B 120p 

:g~g l:: "AY1-1313 :"'Op ~EK55~r8 ~= 
4021 110p "AY1-1320 Zllp "NE540L 200p 
4022 lOOp "AY1-SOSO NE543K 225p 
4023 - 22p "AY!>- 1315 ::"'8p NE555 25p 
4024 50p "AY5-l 317 80p NE556 70p 
4025 20p "CA3019 NE5618 425p 

:g~~ . 130p i!~~~ J::; NE562B = 
4028 ::: CA3080E 

17
72p5p ~~~~~ 155p 

4029 lOOp "CA3089E NE567 175p 
4030 SSp "CA3090AQ 375p NE57 1 425p 
4031 200p CA3130S lOOp RC4151 400p 
4033 180p CA3140E lOp SFF963S4 1150p 

4034 zo0p ~16goe ~= :~~j~~~~ ~= 
:g~~ : 00pl Op ICL 71 OS 750p 

ICL8038 340p "SN76013ND 120p 
4041 80p , LM30lAn 30p "SN76023N 140p 
4042 80p LM31 1 120p "SN76023ND 120p 

:g:~ :::: LM31B 200p -~~~~mN ~~ 
4046 110p LM324 lOp "SP8515 750p 
4047 lOOp LMJJS l5p "TAAS21 275p 
4048 SSp LM 348 SSp "T8A64 1 B 1 1 225p 
4049 32p :~~~b l~= "T8A651 200p90p 
4050 49p "LM381AN 160p "TBA800 
4051 80p "LM3B9N l40p "TBA810 lOOp 

:g~~ = LM709 38p ~~~~g 1~ 
4055 125p ~~1g 3= "TDA1004 300p 

:g~~ ~ LM733 lOOp ~g~~g~~ = 
4060 115p LM 741 22p TL084 130p 
4063 120p LM 747 

3
70p5p XR2206 400p 

4066 SSp LM?4B XR2207 400p 
4067 450p LM3900 lOp XR221 1 600p 

4068 22p ~m~ :=: "XR2216 = 
:g~g ~~ "MC1310P 150p ~~mo 90p 

4071 22p MC1458 &5p ZN424E 135p 
4072 22p -~~:~~~L ~ ZN425E 400p 

:g~; ~~ "MC3340P 1110p • . ~~~~4E = 
:g~~ ~~~: l--v""o,...LT""-A"'o""e""'ft""Eo,...u'"'- LA-TO-RS-'---------I 

:g~~ = Fixecl-*-f0.2zo 
4094 120p 1A +ve =ve 
4098 107p ' SV 7805 90p 7905 lOOp 
4411 £11 12V 7812 90p 7912 100p 
4502 120p 15V 7815 90p 7915 lOOp 
4503 70p 1BV 7818 90p 7918 lOOp 
4507 SSp 24V 7824 90p 7924 lOOp 
4510 99p 100mA ~·- ··- T0~92 
451 1 1SOp SV 78L05 35p 79L05 BOp 
4514 ZSOp 12V 78L12 35p 79L12 80p 

:;~~ :~ 15V -~8~5 35p 79L15 80p 

4520 lOOp OTHER REGULATORS 
4528 lOOp LM309K 135p T8A625B 120p 
4543 1110p LM31 7T 200p TL430 65p 
4553 450p LM323K 625p 78H05KC 675p 
4560 250p lM723 37p 78MGT2C 135p 
4583 90p 
4584 90p OPTO-ELECTRONICS 

!~~ ~ 2Ns-;·77 4Sp-

40097 90p g~~~~ :g:. 
14411 £11 
14412 £11 
14433 £11 

INTERFACE 
I Co 
MC1488 lOOp 
MC1489 lOOp 
75107 180p 
75150N 200p 

·75182 230p 
75324 375p 
75325 375p 
75451 72p 
75491/2 98p 
8T26 ZOOp 
8T28 300p 

~",D!s" · 
TIL321.R 
TIL209 Red 
TIL211 Gr 
TIL212 Ye 
TIL216 Red 

DISPLAYS 
301 SF 
DL704 
DL707 Red 

707 Gr 
DL74 7 Red 

747 Gr 
FN0357 

75p 
13p 
20p 
2Sp 
18p 

ZOOp 
140p 
140p 
140p 
226p 
22&p 
120p 

OCP.7i 
ORP60 
TIL 78 

0 .2" 
TIL220 Red 
TIL222 Gr 
TIL228 Red 
MV5491 TS 
Clips' 

FN0500 
FND507 
TIL311 
TIL3 12/3 
TIL321 I 2 
TIL330 

130p 
90p 
70p 

16p 
18p 
22p 

120p 
3p 

120p 
120p 
&OOp 
110p 
130p 
140p 

TRANSISTORS 
AC1 26 2Sp 
AC127/8 ZOp 
AC176 2Sp 
AC18718 25p 

. AF116!7 30p 
AD149 70p 
AD1S1 /2 45p 
8C107/8 11p 
8C109 11p 

"BC117 20p 
'8C147/8 9p 
'8C149 lOp 
'BC15718 lOp 
'BC159 11p 
'BC169C 12p 
'8C172 1Zp 
BC177 18 17p 
8C1 79 18p 

' BC182 / 3 10p 
'BC1 84 11p 
8C1 87 30p 

'BC212 /3 11p 
"BC21 4 12p 
BC461 36p 
8C477 / 8 30p 
"BC516/7 SOp 
8C54/B 16p 

"BC548C 16p 
"8C549C 18p 
'BC5578 16p 
'BC559C 18p 
8CY70 18p 
BCY71/2 22p 
80131 12 SOp 
8013 5/6 54p 
80139 56p 
80140 60p 
80242 70p 
80Y56 200p 
BF200 32p 

"BF2448 3Sp 
'BF2568 70p 
BF257t8 32p 
8F259 36p 

'8FR39 ' lOp 
'8FR40 30p 
'8FR41 30p 
"BFR79 30p 
' 8FR80 30p 
'BFR81 3()Q 
l!FXi9 30p 

MEMORIES 
2102 
2102-2 
2102L-4 
21078 
2111 -1 
2112-2 
2114 
5101 
6810 
RoM/PROMs 
745188 
74S287 
745387 
74S474 
74S571 
93427 
93436 
93441i 
CPUo-
4040a 
6502 
6800 
6801 
8080A 
EPiio'Ms 
1 702A 
2708 
2716 
4702 

8FX30 34p 
8FX84/5 30p 
BFX8617 30p 
BFX88 30p 
BFW10 90p 
BFY50 22p 
BFY5 1 /2 22p 
8FY56 33p 
BFY90 90p 
BLY83 700p 
BRY39 4Sp 
8SX191-20 
ill.i'104 225p 

'8U105 190p 
"BU108 250p 
8U109 22Sp 
'BU205 200p 
"8U208 200p 
"BU406 145p 
MJ481 175p 
MJ491 200p 
MJ2501 225p • 
MJ2955 lOOp 
MJ3001 225p 1 

"MJE340 65p 
MJE2955100p 
MJE3055 70p 

"MPF102 45p 
"MPF103/440p 
"MPF105i6 

40p 
MPSAOS 30p 

"MPSA12 SOp 
'MPSASS 32p 
"MPSUOS 63p 
"M PSU56 78p 
OC28 130p 
OC35 130p 
'R2008B 200p 
"R201 OB 200p 
"TIP29A 40p 
"TIP29C SSp 
"TIP30A 48p 
"TIP30C 60p 
'TIP31A 58p 
TIP31C 82p 
TIP32A 6Bp 
TIP32C 82p 
TIP33A 90p 
TIP33C 114p 
TIP34A 11Sp 
TIP34C 160p 

lOOp 
120p 
140p 
800p 
22Sp 
300p 

£10 
SlOp 
350p 

22Sp 
400p 
400p 

£10 
E6 

400p 
850p 
850p 

670p 
1200p 

900p 
TBA 

_&_SOp 

600p 
900p 

ZSOOp 
900p 
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TIP35A 225p '2N3820 SOp 
TIP35C 290p 2N3823 70p 
TIP36A 270p 2N3866 90p 
TIP36C 340p '2N3903/4 18p 
TIP41A 6Sp '2N3905 /6 20p 
TIP4 1 C 78p ' 2N4036 6Sp 
TIP42A 70p 2N4058/9 1 Zp 
TIP42C 82p ' 2N4060 12p 
TIP2955 78p '2N4061 /2 18p 
TIP3055 70p '2N4123/4 22p 

"TIS43 34p ' 2N4 125/6 2Zp 
"TIS93' 30p ' 2N4289 20p 
'ZTX10B 1Zp '2N4401/3 27p 
"ZTX300 13p 2N4427 90p 
'ZTX500 1Sp "2N4871 60p 
"ZTX502 18p '2N5087 27p 
"ZTX504 30p "2N5089 27p 
2N457A ZSOp "2N51 72 27p 
2N696 3Sp 2N5179 27p 
2N697 25p 2N5191 83p 
2N69B 4Sp 2N51 94 90p 
2N706A 20p '2N5245 40p 
2N708A 20p '2N5296 55p 
2N91 8 4Sp '2N5401 SOp 
2N930 18p ' 2N5457/8 40p 
2N1 13112 20p ' 2N5459 40p 
2N1613 2Sp '2N5460 40p 
2N 1711 2Sp 2N5485 44p 
2N2102 80p .. '2N6027 48p 
2N2160 120p , 2N6247 190p . 
2N2219A 20p 2NS254 130p 
2N2222A 20p 2N6290 8Sp 
2N2369A 16p 2NS292 &Sp 
2N2484 30p 3N128 120p 
2N264S SOp 3N140 lOOp 
2N2904/5 2Sp 3N1 41 110p 
2N290SA 24p 3N201 110p 
2N2907A JOp 3N204 100p 

'2N2926 9p 40290 250p 
2N3053 20p 40360 40p 
2N3054 6Sp 40361 12 4Sp 
2N3055 48p 40364 120p 
2N3442 140p 40408 70p 
2N3553 240p 40409 85p 

"2N3565 30p 40410 65p 
"2N3643 /4 48p 40411 300p 
'2N3702/3 12p 40594 97p 
"2N3704/5 12p 40595 10Sp 
"2N370617 14p 40603 SBp 
"2N370B /9 12p 40673 75p 
"2N3773 300p 40841 90p 
·~N3819 ZSp 40871/2 90p 

UA-RT 
AY-3-1015P 
AY-5-1013P 
TMS6 01 1 NC 

CHARACTER 
GENERATOR 
3257ADC 
MCM6576 
R0-3-251 3 U.C. 
R0-3-2513 L.C. 
SN74S262AN 

OTHER 
3245. 
4201 
4289 
4801 • 
6820 
6850 
8205 
8212 
8216 
82 24 
822S 
8251 
8253 
8255 
8257 
d259 
MC14411 

SSOp 
400p 
400p 

£11 
750p 
lOOp 
51i0p 

1360p 

400p 
390p 
970p 
SOOp 
600p 
700p 
320p 
225p 
22Sp 
400p 
525p 
700p 

1200p 
S50p 

1100p 
1400p 
1100p 

DIODES 
"BY127 1Zp 
"OA47 9p 
'OA81 15p 
'OA85 15p 
'OA90 9p 
'OA91 9p 
'OA95 9p 
''OA200 9p 
'OA202 10p 
"1N914 4p 
"1N916 7p 
'1N4148 4p 
1N4001 12 5p 
1 N4003 / 4 &p 
1 N4005 6p 
1 N400S/7 7p 
1N5401 / 3 14p 
1 N5404/7 19p 

' 15920 10p 

"ZENERS 
2.7V-33V 
400mW 9p 
1W 15p 

HEAT SINKS 
For T0220 Volt
age Regs . and 
Transistors 22p 
For T05 12p 

JRiDGE 
RECTIFIERS 

TRIACS 
PLASTIC 
3A 400V BOp 
3A SOOV 65p 
SA 400V 70p 
6A 500V 88p 
SA 400V 75p 
SA 500V 9Sp 
12A 400V SSp 
1 2A 500V 105p 
1 SA 400V 11 Op 
16A 500V 130p 
T2BOOD 120p • 

THYRISTORS 
1A 50V 60p 
1A 400V 7Sp 
1A 600V 85p 
3A 400V 90p 
SA 600V 140p 
1 2A 400V 160p 
1 SA 1 OOV 180p 
1 6A 400V 180p 
1 6A 600V 220p 
BT106 110p 
C10SO 45p 

'MCR101 36p 
2N3525 120p 
2 N4444 140p 
"2N5060 34p 
' 2N50S4 40p 

"1A 50V . 21p 
'1A 100V 22p 
'1A 400V 30p 
"1A SOOV 34p 
·2A 50V 30p 
"2A 100V 35p 1------1 
'2A 400V 4Sp 
"3A 200V &Op 
'3A 600V 72p , 
4A 100V 9Sp 

PLEASE SEND 
SAE FOR FULL 
LIST 

4A 400V lOOp 1-:------1 
6A 50V 90p 
6A 100V 100p 
6A 400V 120p 
lOA 400V 

200p 
25A 400V 

400p 

VAT RATES. 
All items at 8% 
except marked · 
which are at 
12Y2 % 

SUBMINIATURE SWITCHES 
Toggle 
SPST 51p 
SPOT 53p 
OPDT 55p 
OPDT (centre off) 75p 

Push to make 
(Red , Green, Yel. , Black) 1 Sp 
Push to break 
(Black only) 2Sp 

1
OOKHz cflvirT.ALS.. 

3
00p 

1 MH2 370p 
3 .2768MHz 350p• 
10. 7MHz 350p 
18MHz 300p 
27 . 135MHz 300p 

EDGEBOARD CONNECTORS 
. 0 .156"5oiderTaif-
'2 x 1 0 way B5p 
2 x 15way 100p 
2 x 1 8 way 120p 
2 x 22 way 135p 
2 x 25 way 160 
KEYBOARD ENCODER 

AY-5-2376 £10 , 
AY-5-3600 £12 

LOW PROFILE Dll SOCKETS BY TEXAS WIRE WRAP SOCKETS 

8 pin 
14 pin 
16 pin 

11p 18 pin 
12p 20 pin 
13p 22 pin 

25p 24 pin 
28p 28 pin 
30p 40 pin 

33p 
42p 
51p 

8 pin 30p 24 pin 
14 pin 40p 28 pin 
16 pin Slip · 40 pin 

80p 
lOOp 
1Z0p 

"PE" VDU .SYSTEM: A low cost ASCII memory mapped output peripheral to display all your 
program development on a TV screen . Connects to address and data bus . Easy to build , an 
excellent expansion for all MPU systems. 16 lines X 64 characters. UHF MODULATOR ON 
BOARD. Excellent hardware cursor capabi lities . Reprints of all "Practical Electronics " ar1icles 
describing VDU at 75p + SAE. 
Demonstration at shop any time and at BREADBOARD Exhibition (PE Stand) in November. 
KIT PRICE £49- Ready built & tested module £69 (all prices VAT inc.) 

74163 lOOp 
74164 120p 

74LS158 120p 
'74LS160 130p 
74LS161 100p 
74LS162 140p 
74LS163 110p 
74LS164 120p 
74LS165 180p 
74LS1S6 180p 
74LS173 110p 
74LS174 110p 
74LS175 110p 
74LS181 320p 
74LS190 lOOp 
74LS191 100p 
74LS 192 140p 
74LS193 140p 
74LS195 140p 
7 4LS 19S 120p 
74LS221 140p 
74LS240 175p 
74LS241 17Sp 
74LS242 175p 
74LS243 17Sp 
74LS244 170p 
7 4LS 2 45 170p 
74LS251 200p 
74LS253 140p 
74LS257 120p 
74LS258 160p 
74LS259 175p 
74LS273 130p 

.74LS279 160p 
7 4lS298 249p 
7 4LS324 200p 
74LS373 200p 
74LS374 195p 

8T95 1S0p 
8T97 150p Please add 25p p&p & VAT at appropriate rates. TECHNOMATIC LTD. 74165 130p 81LS95 140p 

74166 140p 
74167 200p 
74170 2AOp 

81lS96 140p 
81LS97 120p 
81 LS98 140p 

Government, Colleges, etc . Orders accepted . .17 Burnley Road, London NW10 
74172 720p 
741 73 120p 
74174 93p 

9601 lOOp 
9602 ZZOp CALLERS WELCOME 
9603 

PPM2: IEC2&8-1 OA; draft BSS428 

Mon .-Fri . 9.30-5 .30 
Saturday 10.30-4 .30 

'The lates1 refinements of BBC programme monitoring philosophy are now embodied in an 
International Standard. 
The new IEC Standard defines considerably closer tolerances than BS4297 for 
temperature stability and specifies for the .first time the frequency response at all signal 
levels as well as requinng a wider response than previously. Performance to isolated tone 
bursts is defined in a more stringent way and a new clause specifies the reading to be 
given when very low levels of signal are applied 

PPM2 is a sta~dard performance-drive circuit which can be mounted on the rear of a 
meter movement or by separate fixing holes . Connections are to a gold plated edge 
connector, with terminals also provided if direct wiring is preferred . It is manufactured 
under licence from the BBC and meets the requirements of 1he BPO, IBA, EBU and 
broadcasting organisations of other countries . Ernest Turner meter movements 642, 643 
and TWIN are available from stock, as are flush mounting adaptors and illumination kits . 

The coaxial red and green pointers of the TWIN offer an unrivalled method of monitoring 
slereo . PPM2 drive circuits are aligned for decay tracking such that any two boards will. 
produce pointer overlay on a TWIN during Fall -Back . This al lows accurate checking o( 
channel balance during items of programme intended to be cenlre slage 

.;tereo Disc Amplifier 2 * 10 Outlet Distribut ion Amplifier 2 *Stabilizer* Peak Deviation 
Meter *Chart Recorders 

SU-RREY ELECTRONICS, The Forge, Lucks Green, Cranleigh, Surrey GU6 7BG 
(STD 04866) 5997 

(2 minutes Dollis Hill tube station) (ample street parking) 
Tel: 01-452 1500 Telex: 922800 

Model 146 
VERY LOW DISTORTION 

(.0015%) 
AUDIO 'SIG: GENERATOR 

Based on 
J . Linsley Hood Design 0/'J.W.) 

£36 
(Kit. £31) + tax 8% 

Low cost version, A0113 (02o/o dist), £27.50 (Kit £23). Other 
instruments include: Millivoltmeter, Tachometer. Noise level 
meter, Distortion Analyser, F.M . Sig . Gen. Crystal Frequency 
Standard. KEF Speaker Units . Send S.A.E. for lists. VAT extra 8%. 
Post/Pkg. £1.50 . 

TELERADIO ELECTRONICS 
325 Fore Street, Edmonton, N.9. 01-807 3719 

Closed all day Thursdpy 

WW-082 FOR FURTHER DETAILS 

WIRELESS WORLD, JANUARY 1979 

Circuit Services 
6 Elmbridge Drive 
Ruislip, Middx . 
Phone: 76962 

Radiocode Clocks 
As supplied to the National Physical Laboratory 

Our range of Radiocode Clocks are-~;tr~m~ly advanced a~d flexible instruments 
wh1ch automatically receive, decode and display the atomic time. and date· 
mformat1on transmitted by Rugby MSF or DCF77 at Mainflingen, W . Germany. 
AU models are portable and self contained , and have a crystal back-up system . A 
h1ghly refmed rece1ver allows operation throughout most of Europe and in 
d1ff1cult-areas such as basements or near electrically noisy machines. 
A range of opt1onal outputs enable the clocks to control other equipment, and 
add1t1onal ':Tlodules allow vanable alarm t1mes and durations to be programmed. 
Accessones mclude a magnetic-tape Interface which records a time code on one 
channel of any low cost tape recorder . The recorded time can then be replayed 
through a clock . 

For applications where time is important. a Radiocode Clock can provide the 
most accurate yet inexpensive solution . 

Prices from £275.00 

SPARES 
PROBLEMS? 

We are wholesale distributors of a wide 
range of electronic components for in
dustrial video and radio applications. 
Export quotations from our Reading 
office: 

~~tf(fiO 
---

Trs~::ISTORS.: 
8CIOJ/3 9 
BC109 9 

' BCI32 14 
' 8CI4718 8 
'8CI49 9 
'BCI57/8 9 
'8C159 10 
'BC2078 II 

BC351 10 
BCT70/1 1S 
BCT72 15 
80115 43 
80131 / 2 34 
80135/7 35 
80138/9 36 
80695A 6S 
80696A 65 
8fl15 II 
Bf183!4 21 

' BFI94/5 9 
'8fl97 10 
'8FI!l8 16 
8f200 28 
8f257 26 
BF258/9 26 
BF324 26 

6 Sutcliffe Avenue 
Earley, Reading, Berkshire, U.K. 

'8f336 32 DIODES p 74119 f7 W /W RESISTORS ' 8F337 28 'AAI I9 7 7420 15 
p 

' 8FR80 23 '88105A 27 7427 27 
2.5Wuialloads 10 
5Wrodiolleads 9 BFYS0/2 ,. '881058 30 7430 15 IOWuiollaods 9 BSX19/20 16 '8TI27 10 7440 15 15Wrodiolloads 10 mlli ltO IN41101/2 5 7445 8G 

• su20s 150 IN4004/5 6 7474 25 
'BU208 160 IN400617 7 7473 30 
' BU2011A. 175 . '1$44 4 7474 27 ANTEX SII.DERIIIG IRONS 
CI060 44 •1$9411/1 4 1476 30 C-2411v 15w £3.60 
IIIJE340 43 7480 45 
IIIJE520 43 LINEAR ICs p 7482 69 
OC201 72 7418P 19 7483 72 BARGAIN PAKS 

'HZOD88 170 5558P 27 74!10 33 AU ITEMS NEW AND MARKED' 
' R20108 170 *76003N 170 7491 75 *PAK 1 
TIP31A 39 '76013N 130 7495 60 100gon.purposelnnsislorsin-
TIP32A 46 '76023N 130 7496 57 cluding BC149. 2N3703 ole. £5.00 
TIP41A 61 ' 76033N 170 74100 95 PAK 2 
TIP4ZA 62 'TBAI20A 60 74107 29 2DiranslslorsincludingBDI15. 

'lTX212/B 16 'TBA800 8G 74121 25 806951.. ale. £S.50 
'lTX302 11 74123 48 PAK3 
2N930 16 TTL p 74151 64 100 lllixed W/W resislors iocluding 

• 2113053 20 74110 13 741~. 54 2.5W, 5W, I OW ale £3.50 
2N3055 50 74111 13 74157 65 PAK4 

'2N3703/5 9 74112 13 74164 105 IOOoff 74serieswilh prelonoed pin 
2N4443 80 7404 14 741911 100 including 7410, 7430, ale. £4.00 

-2113702/4 9 14115 14 74193 100 *PAK 5 
2N 3819 21 7408 17 IOOgon. purpose diodes including 

IS44. IS941. ele £2.00 
__ Discounts : 25 + -, 0% (of any one type) 

Min order £2 .00 . P&P 30p . VAT please add 8 % excep1 those marked' which are 12 5% 
_?_. A . t . f?_r ~s_ts . Export, wholesale and industrial enquiries welcome 

- -
K & A DISTRIBUTORS 

52 Barl<by Roed. Syoton, leiceoter, LE7 BAF . Tel. OS33 609391 

AN RM RS 
SAME-DAY DESPATCH 

MAINS ISOLATOR VAT 8% 12 or 24-VOLT 
PRI 120 or 240V Sec 120 or 240V 

Centre Tapped and Screened 
Ref. VA twatml . £ . P&P 
o7* 20 4.4o . 79 

149 60 6.70 ,g6 
150 100 7.61 1.14 
1 51 200 11.16 1. 14 
152 250 13.28 1.50 
153 350 16.43 1.84 
1 54 500 20.47 2.1 5 
1 55 750 29.06 . OA 
156 1000 37.20 OA 
157 1500 51.38 OA 
158 2000 81.81 OA 
1 59 3000 86.66 OA 
*11 5 or 240 sec. only . State volts 
quired. Pri 0 .220-240V. 

Pri 220-240V. Sec. 0-20-25-33-40-50V. 
Voltages available 5, 7. 8, 10. 13, 15, 
1 7, 20, 25, 30, 33, 40 or 20V-0-20Vand 

25V-0-25V Screened Ret: - -·Aiiipa _____ £ ___ P&P 
102 0 .5 3.41 .78 
103 1.0 4.57 96 
1 04 2. 0 7. 16 1 . 1 4 
105 3.0 8.56 1.32· 
106 4.0 15.06 1 .50 
107 6 .0 14.62 1.64 
118 8 .0 20-26 2.08 

0 OA 

Separate 1 2V windings Pri 220-240V 
Ref Amps £ P&P 

12v 24v 
111 
213 

71 
18 
70 

108 
72 

116 
17 

115 
187 
226 

--o-:s - - 5 .25 2.2-o-.45 
1 .0 0. 5 2.64 . 78 
2 1 3.51 .78 
4 2 4.03 ,g6 ' 
6 3 5.35 .96 
8 4 7.42· 1.14 

1 0 5 8. 12 1 . 1 4 
12 6 8 .99 1 .32 
16 8 10.72 1.32 
20 10 13.98 2.08 
30 15 17.05 2.08 
60 30 36.14 OA 

30 VOLT RANGE 
Pri 220-240V 

Sec . 0-1 2-1 5-20-24-30V 
Voltages available 3, 4. 5. 6. 8 . 9 , 10, 1 2, 15, 18. 

2-0. 24. 30V or 12V-0-12V and 1 5V-O- 1 5V 

Ref. Amps £ P&P 
112 0 .5 2.64 .78 

79 1.0 3.57 .96 
3 2.0 5.77 96 

20 3 .0 6.20 1. 14 
21 4.0 7.99 1.14 
51 5.0 9.87 1.32 

117 6 .0 11-.17 145 
88 8.0 14.95 1.64 
89 10.0 17.25 1.84 

VOLT RANGE 
Pri 220-240V SCREENED MINIATURES Primary 240V 

lt;t-.-. ~A - V'olts £ F>&P Sec 0-2 4-30-40-48-60V. Voltages 
ava1lable S. 8, 10. 12, 1 6. 18, 20, 24. 
30. 36 . 40. 48 . 60V, or 24V-0-24V 

and 30V-0-30V 
Amps £ --- P& P 

0 .5 3.88 .96 
1.0 5.91 .96 
2.0 7.60 1.14 
3.0 11.00 1.32 
4 .0 12.52 1.84 
5.0 15.84 1.64 
6.0 18.06 1.84 
8.0 25.56 OA 

10.0 29.55 OA 
12.0 34.06 OA 

238 200 3-0-3 2.57 
212 1A. 1A . 0-6,0-6 2.85 

13 100 9-0-9 2.14 
235 330, 330 0-9, 0-9 1.99 
207 500, 500 0-8-9, 0-8-9 2.77 
20!:! 1 A, 1 A 0-8-9, 0-8-9 3.53 
236 200; 200 0-1 5, 0-1 5 1.99 
239 50MA 12-0-12 2.57 
214 300, 300 0-20, 2-20 ~.80 
221 700(DC) 20-12-0-12-20 3.41 
206 1 A, 1 A 0-1 5-20, 0-1 5-20 4.63 
203 500, 500 0-1 5-27, 0-1 5-2 7 3.99 
204 1A,1A 0-15-27,0-15-27 6.04 

UTOTR 
Ref_ VA (Wana) TAPS 
113 15 0- 115-210-24-ov 

64 75 0-115-210-240V 
4 150 0-11 5-200-220-240V 

66 300 " . " 
67 500 
84 1000 
93 150D 
95 2000 
73 ' 3000 
80s 4000 0-1 0- 11 5-200-220-240 
57s 5?00 

111 
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Now .... 
the next 
:generation of 
'bench_ DMMs! 
':Two New Keithley Models offer uncompromising 
performance and outstanding value! 
e ·Accuracy 3V2's can't match 0.04% + 1 digit on de 

volts and ohms 
e Large, bright, 20,000-count LED display that's quick 

and easy to read . 
:e Convenient bench size that won't get "lost" yet 

doesn · t ·crowd . 

WIRELESS WORLD , JANUARY 1979 

Model1 78 . 

Model 178 offers functions and ranges for~ · 
most measurement needs 1 00/l V to 1200V 

de, 100 11 V to 1 OOOV ac, 0· 10 to 20MO. 
Model 179 is a full-function, multi -feature model 

offering the same advantages as the 1 78. Plus: 
TRMS AC; 10 11 V Seositivity; Hi and Lo Ohms; ACarid DC 

Current Yet it's still half the price you'd expect. Only £199 . 

Both models feature designed-in reliability 
Rugged circuits use a minimum of parts - high quality, off-the-shelf 
parts- carefully assembled and tested by Keithley. . , 
Outstanding overload protection and rug'ged mechanical design keep · 
both units going even after severe abuse . One-year accuracy 
specifications minimise recalibration costs . 
A battery option, user installable, gets you off" line" for critical 

. measurements or for field use. 

e ~xceptional reliability . 
; For complete specifications. on the 118 and 179, can Keithley 
' Instruments, 1 Boulton Road, Reading. Phone 0 734 861287 

KEITHLEY~, 
T~-e m~surern~~~l~ngtn~ers .. 

WW-048 FOR FURTHER DETAILS 

Only from 
. Dual Uace 5" Scope at 4"priCe 

·2Hz-10MHz at·1mV/cm DC-10MHz at 5mV/cm 
Full X-Y Performance at 5mV/cm to 20V/cm 

Dartron 010 * Triggers from Y1 or Y2 

* Single beam operation from Y1 or Y2 

* Bright line auto -and manual trigger 

* Z Modulation * Fully stabilised 

. ~2'1E~RS · 

• 

• • pR\CE.9~GU~R~N\EE 
£19 · · Check and ·--: ................. .:._ 

compare our specification ,,_. llAH I H:, I.JI DARTRON INSTRUMENTS LIMITED 
r•li~ _ Cranes Farm Road Basildon Essex 

~··A INSTRUM· ENTS Tel 0268 285197/8 Telex884671 
PRECISION OSCILLOSCOPES and ELECTRONIC INSTRUMENTS 

WW-038 FOR FURTHER DETAILS 

To obtain further details of any of 
the coded items mentioned in the 
Editorial or Advertisement pages 
of this issue, please complete one 
or.more of the attached cards 
entering the reference number(s). 
Your enquiries wiJJ be passed on to 
the manufacturers concerned and 
you can expect to hear from them 
direct in due cour~e. Cards posted 
from abroad require a stamp. 
These Service Cards are valid for 

. six months from the dute of 
publication~ 

Please Use Capital Letters 

If you are way down on the 
circulation list, you may not be 
getting the information you 
require from the journal as 
soon as you should. Why not 
have your own copy? 

To start a one year's subscription 
you may apply direct to us by 
using the card at the bottom of 
this page. You may also apply to 
the agent nearest to you, their 
address is shown below. 

OVERSEAS SUBSCRIPTION 
AGENTS 

AusJralla: Gordon & 
Gotch (Australasia) Ltd, 
380 Lonsdale Street, 
Melbourne 3000, Victoria 

Belg:um: Agence et 
Messageries de Ia Presse, 
1 Rue de Ia Petite-ILE 
Brussels 7 

Canada: Davis Circulation 
Agency, 153 S1. Clair 
Avenue West, Toronto 195, 
Ontario 

Cyprus: General Press 
Agency Ltd, 131 Pro
dromou Street, P.O. Box 
4528, Nicosia 

Denmark: Dansk 
Bladdistribution, 
Hovedvagtsgade 8, 
Dk. 11 03 Kobenhavn. 

Finland: Rautakirje OY, 
Koivuveerenkuja 2, 
01640 Vantaa 6.4. Finland . 

France: Dawson-France 
S.A., B.P.40, F-91121, 
Palaiseau 

Germany: W. E. Saerbach 
GmbH, 5 Koln 1, 
Follerstrasse 2 

Greece: Hellenic 
Distribution Agency, 
P.o. Box 315, 245 
Syngrou Avenue, 
Nee Smyrnl, Greece. 

Holland:Ven DltmjlrN.V., 
Oosteiiike Handelskade 11, 
Amsterdam 1.004 · 

India: International Book 
House, Indian Mercantile 
Mansion Ext, Madame 
Came Road, Bombay 1 

Iran: A.D.A., 151 Khiaban 
Soraya, Tehran 

Israel: Stelmatzky's 
Agency Ltd, Citrus House, 
P.o: Box 628;Tel Aviv 

Italy: Intercontinental 
s.a.s. Via Veracini 9, 
201 24 Milano 

Japan: Western Publica
tions Distribution Agency, 
1 70 Nishi-Okubo 
4-chome, Shinjuku-Ku, 
Tokyoi60 

Lebanon: Levant Distri
butors Co., P.O. Box 1181, 
Makdesi Street, Halim 
Hanna Bldg, Beirut 

Malaysia: Times 
Distributors Sdn. Bhd .. 
Times House, 
390 Kim Seng Road, 
Singapore 9, Malaysia. 

Malta:W. H. Smith 
Continental Ltd, 
18a Scots Street, Valleta 

New Zealand: Gordon & 
Gotch (New Zealand) Ltd, 
1 02 Adelaide Road, 
Wellington~ 

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 .0·. 

Box 1033, Johannesburg 

Spain: Comerciai 
Atheneum s.a. Consejo de 
Ciento, 130-136 Barcelona 
15 

Sweden: Wennegren 
Williams A B. Fack S-104, 
25 Stockholm 30 

Switzerland: Naville & 
Cle SA, Rue Levrier 5-7, 
CH-121 1 Geneve 1 
Schmidt Age nee AG, 
Savogelstrasse 34, 
4002 Basle 

U.S.A.: John Barios, 
IPC Business Press, 
205 East 42nd Street, 
New York. N.Y. 10017 
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Postage will 
be paid by 
Licensee 

Do not affix Postage Stamps if posted in 
Gt. Britain, Channel Islands or N. Ireland 
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BUSINESS REPLY SERVICE 
Licence No. 12045 

WIRELESS WORLD, 
PRODUCT REPLY SERVICE, 

429 BRIGHTON ROAD, 
SOUTH CROYDON, 

SURREY 
CR2 9PS 

2. 
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Please arrange for me to receive further detai Is of the products listed, . 

the appropriate reference numbers of which~ have been eniere_d in the 

space provided. 

Name .................................................. . 

ww .. .. 
Name of Company ........... . ...... . .... ; ............... . . . 

ww ... . 
ww ... . Address .. . .................... . . , .. . .................... . 

ww .... -.......... .......... .... . . 
ww ... . Telephone Number ..... 

ww .... 
1 

I 
PUBLISHERS 

WW ..•. _ USE ONLY _ 

ww .... I 
ww ... . Position in Company ..... 

ww ... . Nature of Company/Business ........... , .•......•...... 

ww .. · .. No. of employees at this establishment .. • .•..................• . · . 

ww ... . I wish to subscribe to Wireless Wor.ld o· 
ww ... . VALID FOR SIX MONTHS ONLY ----OJT H£11£-------..-.... --

r--.-------
scopex Sales 

I Pixm6re Avenue, Letchworth, Herts SG61JJ 
Tel. (04626) 72771 

I 
I 
I 
I 
I 
I 
I 
L 

Please send me full details of the Scopex range of 
oscilloscopes . 

Name 

Company 

Address 

Tel .: 

-;'wi'7;1 
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WW- 010 FOR FURTHER DETAILS 
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Please arrange for me. to receive further details of the products listed, 
the appropriate reference numbers of which have been entered in the 
space provided. 

Name .................. ·.···········•····· • · · · · · · · · · · · · · 

Position in Company ... · ................•........ ............ ·. 

Name qf Company ......... . ~ .....•............ . ..... . ...... 

Address ... · . . ................•....... . ..... . ............... 

• ••••••••• 0 •••••• 0. 0 0 0 0 •••• • • 0 ••• 0 0 •• 0 •• 0 •• 0 0 •••••••••••• 

Telephone Number . ................ . ...................... . 
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I OVERSEAS ADVERTISEMENT I. AGENTS 
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Hungary Mrs. Edit Bajusz, Hungexpo 
Advertising Agency, Budapest XIV, 
Varosliget- Telephone: 225 008-
Telex: Budapest 22-4525 INTFOIRE 

Italy Sig. C. Epis Etas-Kompass, S.p.a.-

ww .. ww. .. ww ... . 
ww .... ww .... ww.... 1 

Servizio Estero, Via Mantegna 6, 
20154 Milan-Telephone 347051 -
Telex: 37342 Kompass 

WW.... WW.... WW .•.• Nature of Company/Business ....... . ........ · : . ........ · · · · · · I Japan Mr. lnatsuki, Trade Media -IBPA 
(Japan), B212 Azablf Heights, 1-5-10 
Roppongi, Minato-Ku, Tokyo 106-
Telephone : (03) 585-0581 

WW • · · · WW · · · · WW · · · • N f I h. . o. o emp oyees at t IS establishment. . . .. . . . . . . . . . . . . . . . . . . . . . . I 
ww .... ww ... ·. ww .... 
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VALID FOR Sl~ MONTHS ONLY I -----------CUT HERE _______________ , 
Do not affix Postage Stamps if pc)sted in I United States of America Ray Barnes, 

*LPC Business Press 205 East 42nd Street, 
New York, NY 10017- Telephone: 

Postage will 
be paid by 
Licensee 

) 

Gt. Britain, Channel . Islands or N. Ireland 

BUSINESS REPLY SERVICE 
Licence No. 12045 

WIRELESS WORLD, 
PRODUCT REPLY SERVICE, 

429 BRIGHTON ROAD, 
SOUTH CROYDON, 

SURREY 
CR2 9PS 

2 
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(212) 689 5961 -Telex: 421710 
Mr. Jack Farley Jnr., The Farley Co., 
Suite 1548, 35 East Wacker Drive, 
Chicago, lliinois 60601- Telephone: · 
(312) 6 3074 
Mr. Victor A Jauch, 
Elmatex International, 
P.O. Box 34607, 
.los Angeles Calif. 90034 U.S.A. 
Telephone: (213) 821 8581 
Telex: 18-1059. 

g Mr. Jack Mentel, The Farley Co~, Suite 605, 
~ Ranna Building, Cleveland, Ohio 4415-
~ Telephone: (216) 621 1919 
• Mr. Ray Rickles, Ray Rickles & Co., 

P.O. Box 2008, Miami Beach, Florida 
33140- Telephone: (305) 532 7301 
Mr. Jim Parks, Ray Rickles & Co., 

I 
I 

.-I 
•• 
;J 
~ -

"' 

3116 Maple Drive N.E., Atlanta, Georgia 
30305. Telephone: (404) 237 7432 
Mike Loughlin, IPC Business Press, 
15055 Memorials, Ste 119, Houston, Texas 
77079-Telephone: (713) 783 8673 

Canada Mr. Colin H. MacCulloch, 
International Advertising Consultants Ltd., 
915 Carlton Tower, 2 Carlton Street, 
Toronto 2-Telephone (416) 364 2269 

I *Also subscription agents · 

DARTRDN INSTRI 
Cranes Farm Roa~ 
Tel 0268 285197/ 
PRECISION OSCILLOSCOPES a 
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4S-6 
£125.00 

113 

Greater accuracy, lower cost plus something more- a 
w1de range covering dual trace, 10 and 25MHz, long 
pers~stance, rack mounted - single trace 6MHz, long 
pers1stance and battery.portable models, plus a wide 
variety of accessories and probes. 

. The figure of 3% accuracy co'mpares very favourably 
w1th the 5% claimed by our competitors. As does the 
Scopex reputation for producing reliable, easy to use 
oscilloscopes for just about every application. 

Take the 4D- 1 OA dual trace model. Guaranteed 3% 
accuracy achieved by a stabilised power supply including 
the EHT. 1 OmV- 50V/cm sensitivity, TV field trigger and 
trace locate. £1 80.00 * 

Or the 4D- 25 . Dual trace model with DC- 25M Hz 
bandwidth and 1 OmV/cm sensitivity . Signal delay allows 
you to trigger from and see the leading edge of any signal . 
Tngger level and slope are selected on one dual funct ion 
control. £285.00* 
. For more details of these and the full Scopex range 

s1mply return the coupon , Remember what you gain in 
accuracy, you lose in price . 

·UK list pr ice exclud1ng VAT. 

r--.---
scopex Sales 

-;'wi";"J 

I Pixmore Avenue, Letchworth, Herts SG61JJ 
Tel: (04626) 72771 · 
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Please send me full details of the Scopex range of 
oscilloscopes. 

Name 

Company 

Address 

Tel.: 
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VALVES. Minimum 
VALVES VAT 

Order £1.00 PLEASE ADD 12 V2% 

£ 
A1065 1.25 EL41 0.80 PL509 3.25 3A4 0 .80 6J6 0.50 20L1 1 .00 

ARB 0.80 ELB1 1.05 PLB02 2.80 306 0 .40 6J7 0.75 20P1 0 .40 

ARP3 0.80 EL82 0.80 PLLBO 1.80 3021 20.00 6J7G 0.50 20P3 0 .80 

ATP4 0.50 EL84 0.80 PY33 0.80 ~§i9 5.50 6K7 0.70 20P4 1.10 

812H 3.00 EL86 o.u PYBO 0 .80 0.50 6K7G 0 .35 20P5 1.00 

CY31 0.50 EL90 1.30 PYB 1 I 8000.55 3V4 0 .85 6K8GT 0 .55 25L6GT 0.80 

DAF96 0.80 EL91 1.80 PY82 0.45 58/254M 8.50 6L6M 1.90 25Z4G 0.70 

DET22 111.110· EL95 0.70 PY83 0.50 58 I 255M 8.50 6L6GT 0 .90 30C 15 1.00 

DF96 0.10 EL504 0.80 PYBB 0.85 58/258M 8.50 6L7G 0.85 30C17 1. 10 

DK96 0.80 ELB02 1 .50 PY500 1.35 5R4GY 1.10 6L18 0.80 30C18 

DH76 0.40 EL822 3 .00 PY859 5.75 5U4G 0.95 6LD 20 0.50 see PCF805 

DL92 0.50 EM31 0.75 PY801 0.80 5V4G 0 .85 607G 0.80 30F5 1.00 
30F 12 1.20 DY86187 0.55 EMBO 0 .80 QQV03· 1 0 2.50 5Y3GT 0.85 6SA7 0 .55 

5Z3 1.00 6SG7 0.75 30FL 12 1.20 DYB02 0.55 EM81 0 .80 QQV03- 1 2 2.50 
E55L 7.50 EM84 D.40 WQV06-40A 5Z4G 0 .70 6SJ7 D.70 30FL14 1.8D 

30L15 1.00 EBB CC I 01 EM87 1.00 14.00 5Z4GT 0 .75 6SJ7GT 0 .50 
6AB7 0.80 6SK7 0.10 30L17 1.00 1.30 EY51 0.45 QV03· 12 2.5D 

E180CC 1.30 EY81 D.45 SC1 1400 4.00 6AC7 0.80 6SL7GT D.75 30P12 1.00 

E180E 1.00 EY861B7 D. 55 sc 11600 4.00 6AH6 D.70 6SN7GT 0 .75 30PL1 · 1.00 

E182CC 3.50 EY38 0.55 SP61 O.BS 6AK5 0.55 6SQ7 0 .75 30PL 13 1.10 

EA76 2.00 EXBO D.45 TI21 7.5D 6AK8 0.40 6V6GT 0 .80 30PL 14 1 .10 

EABCBO 0.50 EZ81 0.80 U25 1.00 6AL5 0.40 6X4 0.80 35L6GT 1.00 

eag1 0 .40 GY501 0.90 U26 0 .85 6AL5W 0 .85 6X5GT 0.55 35W4 0.80 

EBC33 1.00 GZ32 0 .85 U27 1 .00 6AM5 1.80 6Y6G 0 .95 35Z4GT 0.70 

EBFBO 0.50 GZ33 3.50 U191 D.75 6AM6 D.85 6Z4 D.85 50C5 0.70 

EBFB3 D. 50 GZ34 2 .00 U281 0 .5D 6AN8 0.85 6·30L2 0.90 '50CD6G 1.20 

EBFB9 0.50 GZ37 2.50 U301 0.50 6AQ5 1.30 787 0.80 75 1.00 

EC52 0.40 KT66 4.00 U801 0.8D 6AQ5W 0.85 7V4 0.80 75C1 O.BD 

ECCB1 0.115 KTBB 5.75 UABCBO 0 .80 6A56 0 .80 9D2 0.80 76 0.80 

ECC82 0.50 MH4 1.00 UAF42 0.75 6AT6 0.75 gDS 0.75 78 0.75 

ECCB3 1.15 M~6 1.()0 UBFBO o.n 6AU6 0.40 10C2 0.80 80 0.75 

ECC84 0.45 OA2 0.55 UBFB9 0.50 6AV6 0.50 10F18 0.80 85A2 2.20 

ECCB5 0.50 082 O.BD UBL1 1.00 6AX4GT 0.80 10P13 0.80 723AIB 11 .00 

ECC86 1.25 PABCBO 0.40 UBL21 0 .711 6AX5GT 1.00 11E2 11.00 803 8 .00 

ECCBB 0.80 PCBS 0.50 UCCB4 0.10 687 0.75 12A6 0.8D 805 18.00 

ECG18g 0.80 PCBS 0.85 UCC85 0 .110 68A6 0.40 12AT6 0 .45 807 1.00 

ECFBO 0.50 PCBS 0.75 UCFBO 0.80 6BE6 D.SO 12AT7 0.55 813 10.50 

ECFB2 0.45 PC900 1.25 UCHB1 0.80 6BG6G 1.00 12AU7 0 .50 8298 11.00 

ECF801 0 .75 PCCB4 0.45 UCLB2 0.75 68J6 1 .1D 12AV6 0 .70 B32A 4 .50 

ECH34 0.95 PCC89 0 .155 UF41 0.80 6BQ7A 0.80 12AX7 0 .50 B66A 2 .80 

ECH35 1.150 PCC18g 0.85 UFBO 0.45 6BA7 2.30 12BA6 0 .50 93 1A 8.0D 

ECH42 O.B5 PCFBO D.80 UF85 0.50 6BW6 2.80 12BE6 0.8D 954 0.50 

ECH81 0.45 PCF82 0 .40 UL41 D.75 68W7 1.00 128M7 D.&O g55 D.55 

ECH84 0.95 PCF84 0 .85 ULB4 D.75 6C4 0.40 12CB 0.55 956 0.50 

ECLBO 0.80 PCF86 D.85 UMBO O.ID 6C6 0.55 12E1 4.25 
gs7 . 0.90 

ECL82 0.55 PCF200 0.90 UMB4 0 .40 6CH6 3.00 12J5GT D.40 1625 1.00 

ECL83 1.20 PCF201 D.9D UYB2 0.55 6CL6 0.75 12K7GT 0.80 1629 0.70 

ECLB5 0.815 PCF801 0.90 UY85 O.SD 6CY5 0 .90 12KBGT D.70 2051 1.00 

ECL86 0.55 PCFB02 D. IS VR 105130 606 0 .50 12Q7GT o.so 5763 2.5D 

EF37A 1.50 PCFB05 1.10 1.80 6EA8 0.8D 12SC7 0.55 5842 8.50 

EF39 2.90 PCF806 0.85 VR 150130 6F6GB 0.90 12SH7 0 .70 5933 3.00 

EF40 0.70 PCF808 1 .80 1.25 6F8G 0.75 12SJ7 0.55 6057 0 .15 

EF41 0.75 PCG200 0.80 Z66 0 .90 6F 12 0.15 12SQ7 0 .55 6060 0.85 

EFBO 0.40 PCLB1 0.80 X61M 1.50 6F 14 D.BO 12Y4 0.40 6064 D.85 

EFB3 1.50 PCL82 0.85 zsoou 3 .00 6F15 0.80 1306 0 .80 6065 1.20 

EF85 D.45 PCLB4 0 .70 Z801U 3.50 6F17 1.00 14S7 1.00 6067 1.00 

EF86 0 .55 PCLB6 0.70 Z900T 1.50 6F24 D.90 1gAQ5 0.75 6080 3.50 

EF91 0.15 PCLB05 185 1A3 0.80 6F33 4 .20 19G3 10.00 6146 3 .10 

EF92 D.75 0.75 1L4 D.30 6H6 0.95 19G6 8.DD 61468 4.20 

EFg5 0.55 PD500 3.25 1R5 0.55 6J4WA 1.75 19H5 17.00 6360 2.00 

EF183 0.85 PFL200 1.35 1S4 D.40 6J5 D.75 20D1 0.80 8020 5.50 

EF184 1.80 PL36 O.BD 155 0.40 6J5GT 0.55 20F2 0.80 
EFB04 2.00 PL81 0.75 1T4 0.40 POSTAGE: £1-£2 20p; £2 - £3 30p; 
EFL200 0.75 PL82 0.50 1U4 D.ID 

£3-£5 40p; £5- £1 0 60p; over £10 free. EH90 0.10 PLB3 0.50 1X2B 1 .10 
EL32 0.90 PL84 0 .85 2D21 0 .55 VIDECON TUBE TYPE P863B 
EL34 2.20 PL504 1.40 2K25 11 .00 
EL37 3.00 PL508 1.30 2X2 0.80 English Electric-£20 

FOTOLAK 
POSITIVE LIGHT SENSITIVE AEROSOL LACQUER 

Enables YOU to produce perfect printed circuits in minutes I . . · 
.Method Spray cleaned board with lacquer. When dry, p lace postt1ve master of 
required circuit on now sensitized surface . Expose to daylight. develop and etch . 
Any number of exact copies can of course be made from one maste r . W1dely 

used in industry for prototype work. 

FOTOLAK 

Dev.eloper 
Ferric Chlor ide 

£1.50 

30p 

40p 

Pre-coated 1 I 1 6 Fibre-glass board 
204mm x 114mm £1 . 50 
204mm x 228mm £3 .00 
460mm x 305mm £g .oo 

Plain Copper-clad Fibre-glass·. ·Single-sided 
Approx . 3 . 18mm thick sq. ft . £.1 . 25 

Double-sided. 

£1.50 

£2 . 25 

£1 . 75 
Approx . 2 .00mm thick sq. ft . £. 2 .00 
,Approx . 1 .OOmm thick sq. ft. £1 . 50 

Single sided Copper-clad Paxolin, 10 sheets 245mm x 1 50mm 
Clear Acrylic Sheet for making master , 260mm x 260mm 

Posiage and packing 60p per order . VAT 8% on total 

'.:2 .50 

10p 

G. F. MILWARD ELECTRONIC COMPONENTS liMITED 
369 Alum Rock Road, Birmingham 88 lOR. Telephone: 021-327 2339 

C.H.J. UPPLIES 
P.O. BOX 61, BARNET, HERTS. EN4 SHP 

Telephone 01-440 8959 
TANTALUM BEAO 

0 . 1 "' 35v 
0 . 22~f 35v 

0 . 33~f 35v 
0 4 7 ~ f 3 5v 
0 . 68~1 50v 
1 ~ f 3 Sv 
1 . 5 p f 3 Sv 
2 . 2" f 1 6v 
2 . 2 ~ f 20v 
3 . 3 • f 1 5v 
3 . 3pf 25 v 
4 . 7 • f 6v 
4.7~ f 16v 
4. 7 • f 3 5v 
6 .B"f 35v 

1 0• I 1 5v 
22" I 1 Ov 
2 2" I 1 5v 
33 "f 1 Ov 
100"f 63v 
100"f t Ov 

1·9 10 - 9 100- 999 
.09 •• . 08 .. . D75 .. 
.09 ... 08 ... 075 .. 
.09 ... 08 .. . 075 .. 
.09 ... 08 - .075 -
.09 .,. .08 • .075 ea 
.10ea 09ea .DB ea 
.09 •• . 08 ... 075 •• 
.10ee .09 ee .08 •• 
.10 .. . 09- .08 
.10- .09 ... 08 
.10 ... D9 .. . 08 
.10 ... 09 .... 08 
.11 ... 10-.09 
.11-.10 ... 09 
.11 .. . 10- .D9 •• 
.12 ... 11 .. . 1D •• 
.14- .13 .. . 12 .. 
.1488 .13 ... 12 .. 
.15"" .14 ea .13 ea 
.20 •• . 18 ... 17 .. 
.28 .. . 25 - .24 

ELECTROLYTIC CAPACITORS 

A I L Axial Lead R I L 
Radi·a Lead 
4 .hf 16vdc AIL 
4 . 7 f 50v R / L 
4 7"f 63v A I L 
4 .7.f 160v AIL 
1 0 ~ f 5 Ov R I L 
10~ 1 250v A ll 
22pf 25v A IL 
3.3.f 35v A I L 
33pf 50v AIL 
4 7 ~ f 1 Ov A I L 
47"1 35v A I L 
100.t25V AIL 
4 7 0" f 1 Ov A I L 
470"1 25v A IL 
1000pl 10v A I L 
1000pf63v TAG 
1000~F63v TAG 
4700pf30v TAG 

L Oia 1-9 10.g9 100-999 
12nvn 4mm .O&p .035p 
1 2 6 .065 .045 .04 
14 6 .08 .06 .045 
30 22 .22 .17 .14 
12 8 .085 .055 .045 
32 13 .12 .D8 .07 
12 6 .07 .05 .045 
18 8 .075 .D55 .045 
22 10 .08 .08 .D5 

~: 1~ :g:s :Irs :g~ 
20 10 .DB .08 .055 
24 10 .14 .11 .09 
30 12 .25 .20 .18 
25 12 .14 .12 .1D 
62 25 .54 .48 .45 
50 20 .54 .48 .45 
70 25 .54 .48 .46 

Ceramic disc. metallised polye1ter. poly•tyrene, 
etc. Stocked. SAE for list. 

All devices. brand new and guaranteed. Orders despatched 24 hours max . Terms : cash cheque or P.O 
Orders under ( 1 0 .00 plus 30p P&P . 89 Cats Hill . Barnet, Herts . Overseas orders@ cost _ Please contact us 
for Quotations over 1.000 off . 
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MARCONI SIGNAL OUR ANNUAL 
GENERATORS 

SALE 
OF 

Tf 2400/1 Frequency Converter up to 51 0M Hz. TEST MODULATION METER 210A. 2 .5-300MHz AM 
0- 1 00% FMD +1OOkHz in 4 rantes. AIRMEC EQUIPMENT VHF WAVE ANALYSER 248 Freg from 5MHz to 
300M Hz STARTS FEBRUARY 1st TF 801 D/ 1 IS SIGNAL GENERATOR. Range 
1 Q.485MHz in 5 ranges . R.F. output 0 .1 V-1V. Source 
C.M . 500 output impedance. Internal modulation at 
1KHz at up to 90%. OSCILLOSCOPES (NEW PRODUCTION) 
TF 995 A/1 or A/2 or A/2M or AS S IGNAL SCOPEX 45-8, 6MHz. Single Beam, 1 OmV sensitivity 
GENERATORS. Very high class AM/FM 1.5MHz to Display- 6 em x 8 em. Weight: 4 . 5kg 
220M Hz . Detailed spec . and price on application. SCOPEX 4D·10A, 10MHz. Dual Trace, 10mV sen· 
TF 995135 w ith additional amplifier to give extra high sit ivity . Display- 6 em x 8 em . Weight: 6kg . 
output between 1 .5 and 5 Mcls. DARTON D12, 15MHz. Dual Trace. 1mV sensitivity. 
HIGH FREQUENCY SPECTRUM A N ALYSER. Display- 8 em x 10 em . Weight: 7 .Bkg. 
MARCONI TYPE 1 094A I S. Basic Freq. range 3 to 30 SIGNAL GENERATOR H .P. MODEL 880C. High 
Mc / s and with LF unit from 100Hz to 3 MHz. Measurl3s power , stable and_ high accuracy . Frequen~y 10 to 
relative amplitudes up to 60dB. 480MHz. Modulation level 0 to 95% at earner levels 
TF1041 B VALVE MULTIMETER. DC voltage from 0 . 5V output level continuously from 0.1 ~ V into a 50 
300mV to 1.000V. AC voltage from 300mV to 300V at ohm . Maximum output 1V 
up to 1 ,OOOMHz. 

FOR EXPORT ONLY -··-
WHITE NOISE TEST SET. The instrument Mullllnl C11 , High power installation, 1000W. 
consists of two units: a Marconi Noise Generator 'Technical detai.Js and prices available on reQuest 
Type TF 2091 and Noise Receiver Type TF 20g2 
Measures noise and mtermodulation on w1de band 

TEKTRONIX OSCILLOSCOPES multichannel telephone systems. Suitable for 1 2 
channel to 2 . 7 00 channel system . 545A. Bandwidth DC to 30M Hz. 

570 CHARACTERISTIC CURVE TRACE 
CABLE LAYING APPARATUS No. 11. New produc· 

MARCONI TF 817 SIGNAL GENERATOR tion P.O.A . 
Range 15KHz to 30M Hz. Output 0.4" V to 4V to 13 or FURZEHILL SENSITIVE VALVE VOLTMETER 
75 ohms. Impedance with terminatiOn (supplied) . BUilt TYPE V200A lull scale from 1 OmV to 1 OOOV in 6 steps 
in crystal cheok facility )Nith handbook. CT 4 78: CT4 79: without amplifier 
QT 480 Signal Generators frequency from 1 . 3kM S up to EDDYSTONE COMMUNICATIONS RECEIVER 
11kHz output up to 1mV CWand imp. mod. MODEL 73011A 73014. Frequency from 500kclsto 

28Mcl s. 
LEVEL OSCILLATOR TYPE REL 3W29. 

HIGH VACUUM VARIABLE CAPACITORS -
Frequency from 0 .3 to 1200Kc l s. Mod. ext 

ceramic envelopes - UC 1 OOOA I 20 / 150=VMMHC 
output from + 16dB to - 60dB . Impedance 

1000 60·1 000-F, 20kv-150A RF max= 27M Hz. 
output 75, 140, 600 ohms. 

TEST SETFT2 lor testing Transceivers A40, A41, A42 
and CPRC26 . 
UNIVERSAL WIRELESS TRAINING SET No 1 Mk iii"; AERIAL MASTS consisting of 6 sections 6' 8 " X 2 VA 8316 to train 32 operators. s i multan~ously on k~y 

2V4" dia . Complete with all accessories to erect and and phone . Complete installation cons1sts of 3 k1ts 
instal. packed in 3 special transit cases. 

HARNESS "A" & "8" CONTROL UNITS "A" "R" 

RHODE 8t SCHWARZ 
uJ1"' '"J2,"' Microphones No 5. 6. 7 connectors. 
frames. carrier sets etc . Z·g DIAGRAPH TYPE 2DU 30·420MHz-500. 

Model type ZOO, Frequency 300-2400MHz VAT FOR TEST EQUIPMENT Directly measures multiterminal networks, phase 
shift, phase angle with complementary. POWER PLEASE ADD 8% 
SIGNAL GENERATOR TYPE SMLM h1gh Iraq . 
resolution, internal external mod. up to 3v out. 

COLOMOR 
LOW RESISTANCE HEADPHONES TYPE CLB (ELECTRONICS L TO.) 
£1.50. 40p postage . VAT 12V,%. 

170 Goldhawk Rd., London W .12 VALVES, AND A lot of these valves are 
i.mported and prices vary tor TRANSISTORS Tel. 01-743 0899 
each delivery, so we reserve Telephone enquiries for Open Monday to Friday the right to chance prices valves, transistors , etc .; 
for new stock when un- retail 749 Jg34; trade and 9-12.30, 1.30-5.30 p.m. avoidable . export 7 43 0899 

CHESS CHALLENGER "1 0" 
"It's You Against the Computer" 
Are YOU good enough to challenge the CHAL
LENGER in any of the following 10 levels •• • and 
WIN? 

AVERAGE 
LEVEL RESPONSE TIME 

1. Beginner 5 Seconds 
2. Intermediate 15 Seconds 
3. Experienced 35 Seconds 
4 Advanced 1.20 Minutes 
5. Superior 2.20 Minutes 
6 . Mate In Two 60 Minutes 

(2 move Puzzlers} 
7 . Postal Chess 24 Hours 

(For Games by 
mail only} 

8. Expert 11 Minu1es 
9. Excellent 6 Minutes 

10. Tournament 3 Minutes 
Practice 

1 Ten levels of play from begin her to expert including ''Mate in two·· and ,' 'Chess by mail'' 
2 Levels changeable during game . Change from level 1 to any level through 10 at any time on any move 
3 Random Computer Responses vary every game 
4 . Selection of Legal Offense or Defense Play from the bottOI'fl board or the top of the board . Choose either 

black or white 
Does not perniit illegal moves. Never makes an illegal move according to all the rules of chess 
Position verification by computer memory recall 
Plays opening defenses from chess books. i.e. Sicilian , Fr-Ench. Auy Lopez , Queen Gambit declined 
Analyzes as many as 3.024.000 board positions 
Audio Feedback Singltitone each time you press a key. Double tone when computer responds 

10 Problem Mode Establ ish you r own chess posit ions and watch the computer react 
11 Overri de key to make multiple moves . Make two . three . or more moves before the computer r esponds .~ 
12. Add or subtract pieces during game . Put back the piece you lost by override or take away the computer's 

Queen for a more even game 

13 Pawn Promotion to selected piece . Promote a pawn to a Queen automatically . or select a kn ight or another 
piece instead 

1 4 En Passent. 

15 castling 

Numerous other features . including a solid walnut case , 13' x 8 x 1 Va mches high. with a deluxe simulated leather 
and brushed gold toil playing surface . large 1/1 inch LED display and hand carved solid wood . magnetized French 
Che ss Pieces 

CHESS CHALLENGER "10" eveileble from KRAMER. Co .• Dept. NS CHESS 1, 
9 OCTOBER PLACE. HOLDERS HILL ROAD, LONDON NW4 1 EJ 
TEL. 01-203 2473. TELEX B88941 ATTN !<RAMER K7 (R ing or Cal l) 

Export orders welcome/ Ace ... end Berc:ley by .,ren9ement. 
3 level available POA Computer draughts. computer backgammon available SAE 
C.W .O. PRICE £199. INCL. P&P . Del ivery in time lor Xmas in the London area 
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MULTI RANGE METER S Type MF15A . 
A .C. I D.C. volts 10. 50. 250. 500. 1000. Ma . 
0:5. 0 -10. 0·1 00. Sensitivity 2000V. 24 ranges, 
D1mens10ns 133 x 93 x 46mm. Price £7.00 

. plus SOp P&P (£8.10 in.c. VAT & P). 

TRIAC. 
Raytheon tag symmetr ical Triac . Type Tag 250 / SOOv . 10 amp 500 piv 
Gl~ss . pass1vated plasttc tnac. Swi.ss preciSion pr.oduct for long term 
reliability £1.25 P&P 10p (£1 .46 1nc . VAT & P) (Inclusive of date and 
application sheet) . Suitable Oiac 2~p. 

0 to 60 MINUTES CLOCKWORK TIMER. 
Double pole 15 amp 230AC. Contacts (no d1al) . £1 .50. P&P 30p (£1 .94 

'Inc . VAT & P). N.M .S. 

MERCURYSV\ii.TCH . rr· 
Size 27m x Smm . 10 lor £5.00, P&P 30p. total 
1nclud1ng VAT £5.72. Min . quantity 10. N.M ·~· . 

230VOLTACFAN -(~-
ASSEMBLY B· · ' 1.1 Po.werful continuously rated AC motor complete, .. · '~/~ 
w1th 5 blade 6 1h " alumin ium fan . New reduced '\ · ~~.!... · 
~r~\£3.00 P&P 65p (£3.94 inc. VAT & P) . V~\) 

ERS 
INPUT 230 v. A.C. 50/SO 

OUTPUT VARIABLE 0/260v. A.C. 
BRAND NEW. All types. 
200W(1 Amp)fittedA/C 

volt meter ••••..••••• £14.50 
0.5 KVA (Max. 2'/z Amp) •• £17.00 
1 KVA (Max. 5 Amp) •.• • • £22.50 
2KVA(Max.10Amp) ••• • £37.00 
3 KVA (Max. 15 Amp) •••• £45.50 

Carriage extra ~:~~~Max. 2~:~~~) • • • ·£~~::gg 
17 KVA 75 Amp) •. £260.00 

L T TRANSFORMERS 
?3t gv; 1Sv a', 3 amp. (ex new ~quip) £2.50 P&P Wp.(t3.z4inc. VAT) -

2 5 :0:25~ : : 2 1~,rr;.r:,~2£~~::~&S~~J~~::~;ci~:.IJAT & P) 
0-4v / 6v / 24v l 32v at 12 amp . £18.50 P&P £1 .90 (£22.03 inc. VAT & P) 
0 .6v /1 2v at 20 amp £14.70 P&P £1 .50 (inc . VAT £17.50) eAit ~It 20 amp. or 0·24v at 10 amp. £12.00 P&P £1 .50 (£14.58 inc 

0-6v/ 12v at 10 amp. £8.25 P&P £1 .25 (inc . VAT £10.28) 
et;~1~v / 17v l 18v / 20v at 20 amp . £18.00 P&P £1. 50 (£22.10 inc 

0 .1 Ov/17v/1Bv a'.1 0 amp. £10.50 p~ £1 50 (inc . VAT £1 2.98) 
Other types 1n stock, phone for enquiries or send sae fOr leaflet 

:c:.~A~: VACUUM AIR COMPRESSOR 

Carbon vane oil ~ree vacuum pump and compres· 

21 WAY SELEC
. . . sor. Approx. 20 mch vacuum. 10 PSI at 79 CFM 
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FRACMO MOTOR ~- ·- •· . , 
56 rpm 501bs in. ch 240vAC reversible, 0 . 7 amp . 4~~ I~ · 
sharplength 35mm, d1a. 16mm. weight 6 kilos , I· 
600 grams. Pnce £16.00 P&P £1.50 (£17.82) . 
N.M .5. ...: _ . 

PARVALUX MOTOR TYPE 
S.D.2 
1 2v D.C. shunt 1 / 30th ph motor . Continuously 
rated 4000 rpm . Pnce £10.00 P&P 75p (£11.61 
1nc . VAT & P}. N.M .S 

CROUZET 230V A.C. 
~ .~PSM . synchronous , brand new £2.90, P&P 30p (£3.48 inc. VAT) . 

- . TOR • . :-·.-.·.- ' . Powered by 110Va .c 1.8ampParvaluxmoto; SWITCH with reset coil . : . .: ,,tted with additional shatt at rear. su itable light 
The 1ngemous electro mechanical device can be ' . • - :~~dt~~\ ~~~lltor £14.0D P&P £1 .50 (£18.74 

:~~c~~ds~~ot~ ~~p~~i!i~;issf~~ ~a~ne.b~er::~t ~~iT ~. . _,.N . Suitable transformer for 230 / ~40Va .c . operat ion 

~ 1-C~IT=E_N_C_O--------------~------~~ 
230/240v. A.C. operat1on. Umt 1s mounted an EN!L~S P&P £1.00 (£6.48 1nc . VAT + P&P) 

~~opn~~~{~~~i~~~~~~~T~t~t~.~ . ;.rice £5.50 • · ·- ----------------------1 
VORTEX BLOWER AND . 

't .. Y~S~. a. l~. ~.~a~e~~a.T.. ny e.nclosed 9.''. ~·· ·· .. .. ·, . rotor w1th max. a1r deltvery of 1 . 5 cub1c '- · 

. ~~g~~P~. cf.~~·uc~i~~· :;a~:~:rf~~~r; .._ ,J . 
Slde-by -stde 37mm 1.0 . ctrcular apertures , ...:: . 
fttted to base of unh. Poweriul continuously · 
rated 1 1 5v a.c. motor mounted on alloy base ~.. .. 
with fix1ng facilities. D1mensions : Length 
22cm x w1dth 25cm x heig h t 25cm .._. 
These un1ts are ex-equipment but have had m inimum use . Fu lly tested 
pr ior to despatch . Price £12 + £1 .50 P&P (£14.58 inc . VAT & P) 
SUitable transformer lor 230 1240v a.c. £8 + £1 P&P (£7 .56 inc. VAT & 
P) 

cENTiuFUGAL BLOWER ~ Sm ith type FFB 1606 022 220 / 240v A .C. . ·' 
Ape.rture 1 Ox4 %c~ overall size 1.6x 1 4cm . Price .-.-=? ·~ · 
£3.75 P&P 75p (1ncl VAT £4.88) . Other types '§:. ~ 
ava1lable . S.A .E. for detail s: N .M .S \:~ ':# . . . 

24V D.C. SLOWER UN IT 
MFR. USA made .. 24v D.C. 8 amp blower that ·operates well on 12v . 4 
amp .o.c .. producmg 30 cu . ~ · mm . at normal air pressure. Maximum 
h?us1ng d1a . 1 lOmm . D~pth tnc : motor 75mm . Nozzle length 19mm 
d1a . 22mm. Ideal tor .coollng mob1le eQUipment . car. caravan . etc . £4. 50 
P&P 75p . (£5 .67 inc. VAT & P) 

MICRO SWITCHES 
Sub min lever m /switch type MML46. 10 for £2.50. 

' IY~~ 3 115M go6T 10 for £2.50 post paid (£2.70 inc. VAT 

BF lever operate~ 20a. c/ o. mf . Unimax USA. 10 for £4.00 
plus 50p P&P (m1n . o~der 10) (£4.86 inc. VAT & P) 
D.P. C/0 lever m/swnch. mfg_ by Cherry Co .. USA. Precious metal low 
;e~~s~n~e ~_ontacts . 10 lor £2.50. P&P 30p. Total inc . VAT £3.02 ·(min 

NEW HEAVY DUTY 
SOLENOID 
Mfg . by Magnetic Dev ices . 240v A .C 
Operation appro)( 1 Olb. pull at 5/ath in 
Rat ing lntermitant . Price £4.00 P&P 60p 
(£~. 96 in_~\/A! I 

PYE EYTHER 
240v A.C Solenoid . Approx . 1 lb pull. !I< in 
travel. intermitant rating . Price £1.00 P&P 
20p (£1 .30 inc . VAT & P) N M .S 

• 
240 A.C. SOLEN Oil) OPERATEu ,-:~6:::::"1 
FLUID VALVE 
Rated 1 p.s.i. will handle up to 7 p.s.i. Forged brass 
body. stainless steel core and spring 'h 10 . b.s.p . mlet ; 
outle t. Precision made . Bntish mfg. 
PRICE £3.50 Post SOp (£4.32mc. VAT & Pl N .M .S 

PARVALUX 230/250V a:c. 
MOTOR 
Type 501 B 240v AC reversible 30 rpm 501bs inch . 
Price£15.00P&P £1 .50(£17.82 inc . VAT) N M .S. 

BLOWER/VACUUM PUMP 
3phase A.C. motor 2201250v or 380/440v, 1,425 rpm;, hp cant 
D1rect coupled to W1llla~ Allday Alcosa carbon vane blower / vacuu~ 
~u;;;p5o.g elm 8 hg. Pnce £22.00 P&P £2 .00. (£25.92 inc. vat + p) .. 

liij{l][iljJJ1j:J_g;;i;JJ]:1Jt 
~ HY-LIGHT STROBE K.IT Mk. IV . 
.....: L~te~t type Xenon wh 1te light tube : Solid state timing and triggerin Jt +:; wcult . 230 / 240 vall A.C. operat1on .. Speed adjustable 1· 20 f g Jt ~ Des1gned for large rooms. halls. etc . Ltgh t output greater than ~~~sy ....._ 
'Y' (so called 4 Joule) slrobes . Pnce £19.00 post £1 (£21.80 inc. VAT ~ +:; & P) . Spec1ally des1gned case and reflector lor Hy. Light £8.80 Post Jt +; y .oo (£10.58 me. VAT & P). , . 'lt 
+:****************~ ic . ~tJ~::~g~~~ ~~~~~LIGHT lt 
+:; 4ft. 40.watt £8.70 (callers only). 2ft. 20 wan £6.20. Post 75p Jt 
~ (£7 . 5~~nc . VAT & P) . (For use 1n stan bl ·pm fittings) . Mini 12in a ..._ 
'Y' watt .80. Post 35p (C3 .40 inc. VAT & P). 9in. 8 wan £2 is ~ +:; in~stJ;f~£~)H1mc VAT & P). Bin.4watt £2.25 Post 35p (£2:81 Jt 
+:; Complete ballast unit . Either 6 ". 9 " or 12" tube 230V A. C. 0 . ,.. +:; ~3c50 plus P&P 45p (£4 .27 inc. VAT & P). Also available for 12e. Jt 
~ · · op. £3 .50 plus P&P 45p (£4 .27 inc. VAT & P) 
'Y' 400w UV lamp and ballast complete £31.50. Po~t £3. (£37.26 Jt 
1c :~~ ~:J: :/ 400w UV lamp only £11 .25 Post £120 (£13.45 lt 

··················•** 
r:r:~:r:::i&:~~ ~~.: lB 
of spotlights or dozens of small mains l.amps. 5_even prog rams all speed 
con trol led plus fl~sh modulation. effect1vely g ivang 14 different displays 

~~=:~r~~~~~j~~-~~~: ~~~~~~e{£~o~C~e~~~~ :~~c~i~)'ly and mechanical\; 
~ .AL (Foolscap) lor fu rther de1ails . Post 75p 

WIDE RANGE OF DISCO 
LIGHTING EQUIPMENT 
SA E. (Foolscap) for details 

XENON FLASH 
GUN TUBES 
Range of Xenon tubes available from 
stock. S.A. E forfull details . 

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

R E LAYS Wi.de range of AC and DC ~elays available 
from stock . Phone or wnte in you r en· 

... __ . -·~· . ____ . _ _ _ _ -.. QU Hies 
~3p~/240V A. C. Relays: Arrow. 2 c / o. 15 amp £1.50 (£1 .84 inc . VAT 

~· E.C. open lype 3 c/o . 10 amp £1.10 (£1.40 1nc VAT & P). Omoron or 
eysw1tch .1 c / o. 7 am_p _£1 .0() (_£1.30 inc. VAT & P) 

D.C. Relays: Open type g 1 12V 3 c i a 7 a;,p £1 .00 (£1.30 inc . VAT & 
P) . Sealed 12V 1 c/o 7 amp octal base . £1.00 (£1.30 inc. VAT & P) 
Sealed 12V 2 c / o 7 amp octal base. £1 .25 (£1 .56 inc . VAT & P) . Sealed 
12V 3 c / o 7 amp 11 ·p1n, £1 .35. (£1 .67 inc . VAT & P) . 24V. Sealed 3 
~~ap:~~~Y1~~f~~ ~~p35 (£1 .871nc VAT & P) (amps = contact rat ing) 

O~hertypes available - phone for details N.M .S 

01amond H heavy duty A C. relay 230 / 240V a . c .. two c / o co~tacts 25 
amps res at 2 50V a c. £2.50 P&P 50p (£3.24 inc. VAT+ P&P). Spec1al 

FHP motortype C 73331 15 220'l240vA .C. 19 
rpm revers ible motor. torque 14.5 kg . Gear ra t io 
144 : 1. Brand new inc l . capacitor . ou r p rice 
~1~ .. ~5 + £1 . 25 P&P (£15.l4 inc. VAT & P) 

REVERSIBLE MOTOR 230V A.C. 
Ge?era l Elect ric 230v A .C .. 1.600 r.p.m. 0 .25 amp. Complete with 
ant1·v 1brat1?n mountmg. bracket and capacitor. 0/A size 1 10mm x 
90mm . Sp1n.dle 5/ 16 d1a . reversing Ex.equipment tested £3.00. Post 
50p (£3.78 me. VAT & P) 

RODENE UNISET 
TYPE 71 TIMER tl 
0·60 sec . ~ .3.0V a.c. ope.r~tion . lncorporat.ing a !apsed t im~ ind.icator and 
repeat fac1 ilttes . A . prects.J~n motorised t1mer 1deal for process timing , . 
~h~;og~.~YS weld1ng . m 1x1ng , et c. Price £8 P.&P. SOp . (£7 .13 inc. VAT 

METERS (New)- 90mm 
DIAMETER --A .c . Amp., Type 62T2 . 0· 1A .. 0-SA ., 0-20A. A .C. Volt. . • . 
0 . 1 SOV .. 0 -300V . O.C. Amp •• T ype 65C5 . 0 · 2A . .. • .. , __ :·' 
0 -10A .. 0-20A .. 0 -100A. D.C. Volt. 0-15V .. 0 -30V . Ali . 
types £3.5D ea. + P&P 50p. (£4.32 incl. VAT). except 
0 -100A. D.C .. pnce £5.00+ 50p P&P (£6.94 incl. VAT). 

'VENNE-R fv"Pi:' ERD TfME . 
SWITCH 

, 200 1250V A .C. 30 amp . 2 on l 2 off every 24 hrs . at 
any ma':'u.ally pre:set t1m.e. 36-~our spring reserve and 
day ~~~t~mg de.v1ce . BUilt to htghest Electricity Board 
spec111cat10n . Pnce £7.76 P&P 75p . (£9. 18). R & T. 

A.C. MAINS TIMER UNIT 
Based ~n an e l~ctric clock . with 2 5 amp. single· _ 
pole sw1tch . wh1ch can b.e preset for any period up 
t~ 12 hrs . ahea~ to sw1tch on for any length of 
t1m~ .. from 10 mtns. to 6 hrs . then sw itch off . An 
add1ttonal 60 min. audible timer is also incorpo· ·1 li-.~ 
ra ted . Ideal for Tape Recorders . l ights . Electric 
Blankets etc . Attractive satin copp er finish . Size 

· 1 35 mm x 130 mm x 60 mm . Price £2.25. Post 
40p. (Total inc . VAT & Post N.M .S 

New ceramic con reous ena 
emb~dded winding . heavy duty brush assembly, 

- · . _ continuously rated 
25 WATT 10. 25 , 100. 1S0-:2'so: SOO. i k. i . ~k;;hm £2.40 rest 

~oi~~~~~1 ~~\ ~AP~~~~ ~A~T'; ~o~ 1 ;s,o;~~ :~·~~;~~t ~~b 
~ ~70 I 1k I 1 .SkI 2.5k I Sk ohm . £5.90 Post 35p (£6.75 inc . VAT 

Black Silver Skined Knob calibrated in Nos . 1-9 1 v, in . dia brass 
. bush. Ideal for above Rhosats , ea. · 

24 VOLT DC· B·UlWER UNIT 
Prec isi?n 24 volt DC .. 8 Blower that works well on 12v .4 amp DC 
~~~~~)tng 30cu . ft . m 1n . at normal atr pressure . £4.50. P&P 75p . (inc . VAT 

N.M S 

ALL MAIL ORDERS. ALSO C~L:~R~·AT . - seFtv•c·e·--TRADH\IG co- ~-~-~---- ~ -- - · ' _ -~ ___ - - - - - - _ _ • PERSONAL CALLERS ONLY 
57 BRIDGMAN ROAD, CHISWICK, . I - ---- - ---LONDON, W4 5BB. Phone: 01-995 1560 SHOWROOMS NOW OPEN 9 LIT'f.l.E NEWPORT STREET, . Closed Saturdavs AMPLE PARKING LONDON, WC2H 7JJ • - - · Te/07 -4 3 705 76 
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~~T~EB&l!B~!PJ&®111ltf/4§J (.4.\(!JJ!Pfl})lfJ)&!Pl!JJ~WE ARE ON~~~=~~:7~ CALL A~AY 

WEST LONDON'S LARGEST RETAIL ELECTRONIC COMPONENT STOCKISTS 

FOR FOR FOR 

RESISTORS POLYESTER FUSES HARDWARE TRANSISTORS, IF CANS 

INCLUDING POLYCARBONATE TRANSISTOR KNOBS DIODES CHOKES 

METAL FILM POLYSTYRENE PADS CASES THYRISTORS FORMERS 

METAL OXIDE SILVER MICA TRANSISTOR SLEEVING SCRs L. E. D.s FER RITES 

CARBON FILM TANTALUM SKTS . WIRE AND CABLE TTL CMOS RELAYS 

WIRE WOUND ELECTROLYTIC METERS VERO PRODUCTS LINEAR ICs TRANSFORMERS 

POTENTIOMETERS TUNING CAPS MANY SURPLUS P.C .B. CRYSTALS BULBS & HOLDERS 

PRESETS TRIMMERS BARGAINS INDUCTORS LENSES & NEONS 

CAPACITORS 

f!4 ~ !P ~ EB & E ~!P m ®lillt fOJ §J ( af!JJfPfiJJlil) &!fi1!JJ ~ 
Trade: 2i0 ACTON. LANE, CHISWICK, LONDON W4 5DG 
Retail: 267 ACTON LANE, CHISWICK, LONDON W4 5DG. TEL. 01-994 6275. Registered in England 7 l 79820 

--

POUNDS 
!!14006 .06 .0$ .1145 

** BUY BIG AND SAVE **·, IN4007 .065 .055 .05 
IN4148 .03 .DIS .013 
IN4149 .03 .016 .D14 
BZYIIII: 

TIP41C .57 .52 .44 7402 .16 .15 .13 74142 1.41 1.53 1.33 40988 1.&7 1.51 1.21 Series .07 .ass .047 
TRAIISISTORS 1+ 25+ IIIII+ 

.17 .14 74145 .. .33 .27 4160/1/2 1.114 .94 • 10 
All143 .911 .12 .61 TIP4ZA/B .53 .41 AO 7403 .19 

TIP42C • 57 .52 .44 7404 .16 .15 15 74147 .71 .85 .55 41151 1.23 1.11 .94 LINEAR IC. 
All149 • 15 .. .72 

TIP47 1.45 1.32 1.11 74115 .20 .II .15 74148 .74 .&7 .57 41948 1.24 1.12 .94 555 .30 .27 .22 
AU106 2.1& 1.9& 1.&5 

TIP48 1.54 1.39 1.17 740617 .27 .24 .21 74150 .45 .40 .34 44091' &.&4 &.00 5.0& 709 .42 .31 ..32 
AU110 2.01 1.n 1.59 

TIPIIO 1.01 .92 .77 7408 .1& .15 .13 7415113 .21 .28 .22 4433P 1.73 7.10 &.&5 710 .47 .42 .3& 
AU113 2.01 1.n l.st 

nP111 1.115 .15 .10 7409 .20 .II .15 74154 .H .&3 . 53 4450P 3.41 3.15 2.&5 741 .24 .21 .II 
8CID11A/8 .12 .11 .015 

TIP11Z 1.20 1.10 .92 7410 .16 .15 .13 74155 .25 .25 .21 4501CP . 25 .23 .20 747 .40 ..37 ..31 
8C101/A/8 . IZ .II .DIS 

TIP115 l.OZ .92 .71 7412 .20 .II .1& 74156 .31 ..33 .27 4507A .44 .40 .34 748 .42 .31 ..32 
8C10BC . 13 .115 .10 

TIP116 1.07 .. .11 741ZAN .22 .21 .17 74157 .21 .2& .22 45068 .74 .&7 .5& CA3130E .15 .I& .72 
BC109/A/8 .12 .11 .015 

TIP117 1.24 1.13 .15 7413 .32 .21 .25 74159 .77 .70 .st Oil SICIIETS CA31307 1.03 .94 .79 
8C109C • 13 .115 .11 

TIPIZO 1.03 .13 .71 741617 .24 .22 .It 74160/1 .3& ..33 .27 Bpio .13 .115 .095 l.M301A .21 .25 .21 
8C142 .25 .24 .21 

TIP121 1.05 .15 .10 7420 .16 .15 .13 74162 .40 ..3& .31 14pil .14 .125 .105 MC1310P 1.35 1.22 1.03 
BC143 .21 .2& .22 

TIP125 I.OZ .92 .71 7422/3 .20 .II .15 74163/4/5 .. ..33 . 27 16pi1 .1& .14 .12 IE555 .21 .25 .21 
BCIIZA/8 .07 .o& .055 

TIP126 1.07 .. .11 7425/6/7/ 8 .ZI .II .I& 74166 .52 .47 AO l8pi1 .22 .195 .1&5 IE556 .51 .46 .39 
BCIBZI. . II .Dt .D75 

TIP127 1.24 1.13 .15 1430 .16 .15 .13 74167 1.25 1.14 .97 zo pil .23 .21 .II 8176003 2.20 2.00 1.&1 
8CIB3/A/8/C .07 . 0& .055 

TIP2955 .&2 .57 .41 7432 .11 .1& .14 74170 1.01 .99 .13 22 pil .25 .225 .19 SN76013 1.47 1.33 1.12 
BC1848/C .07 .06 .055 

TIP3055 .&2 .57 .41 7433 .23 .21 .II 74172 2.07 1.17 1.51 24pil .25 .235 .20 8176023 1.47 1.33 1.12 
BC1841. .10 .119 .D75 

211132 .2& .23 .20 743718 .20 .II .16 74173 .71 .&5 .55 Zlpil .34 .31 .2& SN76033 2.20 2.00 1.&1 
8C21ZA/8 .07 .0&5 .055 

212102 .31 .34 .29 7440 .16 .15 .12 74174 .54 .4t .42 40pio .49 .44 .37 UA7119C .31 ..35 .29, 
BC212i .10 ' .Dt .G75 

212218/~ .24 .21 .II 744UII .74 .87 .5& ) 4175 .14 .7& .&4 YDL lACE IIECS ~A741CP .21 .25 .21 
BC213A/8/C .07 .o&5 .05 

212219/~ .24 .21 .II 7442 .21 .25 .21 7417617 .31 ..35 .29 71105 .71 .71 .&0 UA747C .&I Jil .52 
8C2148/C .07 .0&5 .05 UA74BC .31 ..35 .21 
BC214l .II .Dt .D75 212221/A .17 .II .13 7443 .44 .41 .33 74110 .40 ..3& .30 1812 .71 .71 .&a TAA570 2.14 1.94 1.&4 
8C300/1/3 .25 .23 .20 212222/~ .15 .14 .12 7444 .45 .40 . 34 74181 ... .., . 78 79115 .911 .J2 .&9 T8A1ZOS0 .91 .12 .&9 2N2646 .41 .37 .31 7445 .21 .11 .II 74182 .40 ..3& .30 7912 .911 .12 .&9 BC337 .liS .DI .D&5 

212904/5 . 24 .21 .ii 7446 .50 .45 .31 74114/5 .94 .15 .72 TRIACS. TOzzO 
TBASZOO 2.04 1.15 1.5& 

BC441 .29 .27 .22 
212904A/5A .25 .22 .It 7447 .40 .3& .30 7418BNI 4.01 3.19 3.11 TIA5300 1.79 1.&2 1.3& 

BC461 .30 .27 .23 7448 .50 .45 .31 741!11/1 .31 .21 .24 2A 1DOV .45 .41 .35 TBA5401) 1.92 1.73 1.4& 
8C546/8/917 .07 .06 .055 212!111i/7 .15 .14 .12 2A zoov .4& .42 ..35 TIA5500 2.29 2.01 1.75 
8C550/617 .07 .0&5 .055 212907A .18 .1 5 .12 7450/1/3 .19 .17 • 15 74192/3 .. .33 .21 2A 400w .so .45 .31 TIASiiOCO 2.3& 2.13 1.10 
8C55819/ 60 .07 .0&5 .055 213053 .23 .20 .17 7454/60 .19 .17 .15 741!14 .51 .45 .31 · 

6A 100. .51 .4& ..39 TIA7500 1.79 1.&2 1.3& 213054 .&7 .&0 .51 1470/2 .34 .31 .21 74195 .27 .24 .21 .52 .47 AO BCY70 .II .1& .135 7473/4 .2& .23 .20 741!1i/7 .31 ..35 .29 6AZDilf TBAIOOQ 1.79 1.62 1.3&· 
80131 .39 ..3& .30 213055 ... .&1 .52 6A 400w .5& .51 .43 TBA9ZO 2.42 2.19 1.14 
80132 • 40 .37 . ..31 213232 .13 .7& .&4 7475 .21 .11 .II 74191 .&0 .54 .4& IDA 100. .12 .74 .&3 TBA9200 2.42 2.19 1.14 
80142 .. .111 .&7 213440 .10 .73 .&1 7476 .31 .21 .23 741Q9 .37 .33 . 21 lOA ZDilf .14 .7& .&4 TBA!I50 2.29 2.01 1.75 
80220/1 .45 .40 .34 213442 1.43 1.30 1.1!9 7480 .3& .33 .27 74221 .91 .12 .&9 . 

IDA 400w .91 .12 .&9 TBA!I!IIQ 2.114 I.IS 1.5& 
80222 • 47 .42 · ... 213703 .01 .D7 .q& 7481/2 .57 .52 .44 74HOO .21 .28 .22 

THYRISTORS _TOZZO 1.79 1.&2 1.35 213704/5/6 7483 .31 .21 .23 74H05 .32 .21 .25 TtAZ700 
80223/4 .41 .44 ' . • 37 .liS .. .o&5 

7484 .45 .40 .34 74H10111 .21 .28 .22 3A50w .37 .34 .21 TCABOO 2.12 2.55 2.15 
80239 .32 .29 '. .24 213111 2.06 1.17 1.57 3A401lv .41 .37 ..31 
80240 .34 ..30 . .2& 213712 2.01 1.19 1.51 7485 .47 .42 .3& 74HZD .21 .28 .22 

5A 100. .37 .34 .21 DISC CERAMICS 30v 
80241 .32 .29 '.24 213113 3.45 3.12 2.&3 7486 .za . 11 .15 74S10 .31 .21 .24 

5A 600v .50 .45 .31 1+ 25+ 100+ 
BDZ4Z .37 .33 121 213904/6 .01 .JJ7 .D& 7489 2.42 2.11 1.14 CIIOS 

7A 400w .5& .51 .43 .01 . . 022 
80243 .42 .31 ..32 214036 .2& .23 .20 74!11/1 .20 .11 .1 5 4000A .19 .175 .15 

lDAZDilf .&Z .5& AI .047oF .0& .05 .1145 
80244 .45 .40 .34 214037 .25 .22 .19 7491M .20 .II .15 4001~ .19 .175 .15 

.hF .01 .117 .DI 215294 .46 .42 .35 7492 .31 .21 .24 4011 / IZA .19 .175 • 15 IRIOCERECT 
8F257 .2& .23 .20 .75 .&3 ZA50w .31 ..35 .21 
Bf258 .27 .24 -20 215296 .40 .37 ..31 7493 .za .11 .15 40138 .13 

2A 100. .42 .3& ..32 RESISTORS \lo watt 215298 .49 .45 .31 7494 .40 .3& .30 4014A .95 .I& .72 8F259 .21 .25 .21 
215415 1.01 .t7 7495 .23 .21 .11 4011A 1.03 .92 .7t 2A ZDilf .47 .42 .3& Clr1loeAIII5% .015 .01 .001 

Bf337 .27 .24 .za .12 2A 400w .59 .54 .45 
Bfli:JI/40/1 . It .11 .1 5 215416 1.39 1.2& 1.0& 74!1i .34 .31 .25 40188 1.11 1.06 .911 ~anyaere.Selds.u.lorhllllill 

8FR79/IIO/I .It .II .15 2154!11 .5& .51 .44 7497 1.02 .94 .79 4021/ZZA 1.03 .92 .7t LEOs VAT 8'11. Alld 30p lor ~&P 
215492 .&1 .55 .46 74100/4 .71 .&5 .5& 4023A .11 .II .15 TILZ09 .17 .155 .13 We operele 1 alud priciiiiYilla e1 8FY50/l/2 .23 .21 .11 
215494 .&4 .51 .49 741115 .I& .71 .&& 40248 .13 .14 .71 TIL212 .21 .19 .1& ••icoonluclera ollhl •••• ""' BfXB4/5/6 .24 .21 .11 
2154!1i .&& .st .50 1410719 .35 .32 .27 4025A .19 .175 .15 nL216 . 21 .19 . I& Eu•ple: 10x7400. 10x7411, 30x7412 . 8FX87188 .25 .23 .19 
216098 .51 .53 .45 74110 .42 .31 .32 40278 .45 .40 .34 nt22D .I& .14 .12 50x74156 = 100 lleaa. You •Ill be c~ar11d nP29 .33 .30 .25 

TIP29A/B .35 .32 .27 216099 .sa .53 .45 74111/16 .27 .25 .21 40288 .14 .7& .&4 TIL221 .23 .21 .175 1111100+ price 
216101 .&0 .54 .4& 74113 .n .11 .&1 40Z9A 1.21 1.01 .92 Tltnt .23 .21 .17S Collen •elcoae. All CDapt111l111• lid ID TIP29C . 31 ..35 .21 
40366 .40 .3& .30 74119/ZD .&8 .54 • 46 4030A .45 .40 .34 TIL232 .21 .19 .I& !UIIIjiiC . nPJO .34 .31 .2& 
40406 .41 .37 ..32 74121 .39 ..35 .30 4040A 111 1.0& . 911 DIODES nPJOA/8 .35 .32 .n Tlllepllone: 0122 5439. Telex: 45253 

T1P30C .3& ..35 .21 40407 .41 .37 ..32 74122 .44 .40 .34 40428 .16 .71 .&& 11914 .03 .015 .013 
TIPJIA/8 ..35 .32 .27 40411 ... .111 .&1 74123/5/ 6 .42 .31 .32 4043/448 ... .73 .&1 11916 • 03 .011 .014 All pric11 are ilEa 

TIP31C . 31 ..35 .21 40594 1.11 1.0& .90 -14128 .45 .40 .34 4049A .44 .40 .34 114001 .045 .114 .035 Exclllqlnlll: 

nl'32 ..35 . 32 .27 TTL 74132 .&0 .55 .46 40508 .44 .40 .34 IN4002 .05 .114 .035 FnncbFr. xu 
nPJZA/1 .35 .32 .27 7400 .I& .15 .13 74136 .24 .22 .11 411518 1.24 1.12 .95 114003 .055- .045 .114 Beiliu• Fr. X58.5 

ni'3ZC .3& ..35 .29 7401 .19 .17 .1 4 74137 .25 .23 .19 4001/698 .19 .175 .15 114004 .055 .OS .114 OatcloGiloler X4.1 

i1P41A .51 .4& .39 7401M .21 .I I .1& 74141 .24 .22 .11 46718 .19 .175 .15 114005 .055 .05 .114 6111'-llrk X3.8 

STRUTT ELECTRICAL AND MECHANICAL 3C, Barley Marke~ St. TAVISTOCK 5439 
.ENGINEERING LTD. - Tavistock. Devon PL 19 05F. TELEX 45263 

WW-087 FOR FURTHERf?~'!_AILS 

Transformers 
Efficient design and manu

facture ensures that all our 

transformers have a low heat -ri 

at full load, making a more reliable 

and safer product. Safety is also 

the reason beh ind our clip-on 

terminal insulators, which can 

make our transformers ' touch 

proof' in use. 

Lascar Components 
Billericay (02774) 3394 
P.O. Box 12 Second Avenue Billericay Essex 

•3VA to· 50VA miniature mains 
Transformers, Clamp and Printed 

Circuit mounting. 

•Large Standard Range stocked 

in depth. 

• 'Blue Riband' service gives 7-14 day 
delivery on custom wound transformers. 

• 'Blue Star' service for OEM's, top 
quality transformers custom

wound at really competitive 
prices (from 89p at 500 up). 

WW- 099 FOR FURTHER DETAILS 
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CHRISTMAS and 
NEW YEAR BONUS 

TEKTRONIX OSCILLOSCOPES 
10°/o DISCOUNT ON ALL PURCHASES 

UNTIL JANUARY 14th, 1979 

Main frames 545with CA £225; 536 , 585 wilh lype 82 £395; 

581 A; 661 with 5T1A & 4S3 £325; 555 ; 561 A with Plug-in 
1 0 MHZ £425; 551 ; 502 High gain. Special £160. 
The prices of majJl frames will vary enormously on condition 
and plug-ins. Hence prices are guides only . 
The fact we don't advertise modern oscilloscopes, etc., doesn 't 
mean we don 't handle them, only that a1 our prices I hey are nol 
normally around long enough to advertise. For example : 
H.P. OSCILLOSCOPE type 1 83A wi th 1 830A and 1 840A 3db 
250MHZ £950. 
TEKTRONIX Sig . Gen. Type 1 90A 350KHZ to 50MHZ and 
Fixed 50KHZ freq . £45 ea . 
TEKTRONIX TIME MARK GEN lype 180A £60 ea . 
SOLARTRON PULSE GEN GO 1 1 01 £30 ea 
R&S SWEEP GEN 50KHZ-12M HZ SWH BN4242 /2 £100. 
R&S ENOGRAPH-G ZSG BN 18531 £120. 
R&S AM / FMGEN SMAF BN41404 4MHZ-300MHZ £300. 
R&S AM / FM GEN SDAF BN41 023/2 1 70-940MHZ £300. 
R&S POWER SIG GEN SMLR BN41001 0 1MHZ-30MHZ 
£80. 
R&S Z-G DIAGRAPH 30-300/420MHZ lype ZDU BN35610 
£140. 
R&S AM GEN 30-300MHZ SMLM BN4 105 £90 ea. 
R&S ATTENUATOR DPU BN18044/50 0-3000MHZ 0-
1 09db 50 ohm £150. 
MARCONI AM / FM GEN TF1066 10-470MHZ £275 
MARCONI FM GEN TF1 077 / 1 £120 . 
PHILLIPS AM / FM GEN type 201 £160. 
BON TO ON AM I FM GEN 1ype 202H with L.ow freq·. adaptor 
£525. 
R&S AM GENERATORS 300-1 OOOMHZ £120 ea . 
AIRMEC AM / FM GENERATOR TYPE 365 £140. 
HP SAMPLING Oscilloscope type 1 85B 1 OOOMHZ complete 
with Plug-in . probes, etc. £195 ea . 
SOLARTRON Oscillator C0546 25HZ-500KHZ Sine wave 
only. Metered . Good attenuator £25 ea . 
SOLARTRON PRECISION VOLTMETER VF252 . Large clear 
scale. 1 .5mV full scale to 150V full scale £25 ea . 
H.P. Oscilloscope type 140A with sampling plug-in 1 425A and 
1 41 OA DC-1 OOOMHZ £550 • 
H.P. Oscilloscope Type 1 40A wilh Sampling plug-in 1 425A. 
141 1 A and 1 432A Sampling head DC-4GHZ £750 • 
SOLARTRON DVM lype LM1440 £75 ea . Other Solartron 
models available . Call and see. 

BY THE TIME YOU READ THIS ANOTHER 

STEPPING MOTORS 
All motors 200 steps per revolution. 20oz. inch lorque, 120V 
1000-0-1 000 ohm . Can be changed with care lo 12/24V. 
Data supplied. £8 ea . 
Supplied for 12/24Voperation £13 ea . P&P £1 . 

Just think about the uses! 

JUSTIN 
UHF TUNER. Solid Stale 38M HZ £1.75 ea. P&P 75p . 
PHOTOMULTIPLIER 931A assembly with resistive network . 
Original use as smoke detector £4. P&P £1 . 
14 pin DIL EXTENDERS -get 2Y2" up off thai board - make 
life easy- SOp ea . 
CRYSTAL 368.640KHZ. Printed circuit mount SOp ea . 
CAPACITORS Bmfd 4KV Rapid discharge £5 ea . P&P £1 .50 . 
AIRFLOW 230V 50HZ Single Phase EXTRACTOR FAN £4.50 
ea . P&P extra . 
TRANSFORMER Min . 0-1 2V & 0-12V 1 OOMA £1 ea . P&P 
75p. 
TRIMMER CAP currecl style 3-1 5pf 10 for £1. 
OPTO-ISOLATOR TIL 1 12 6 pin OIL 75p ea 
PEARL 500 watt Bulbs. Screw cap, 25p ea; P&P extra . 
TV IC Amplifier TBA 120A 30p ea . 
Zener 5V6 -1()pea; IC SN74151 -15p ea . 
VARIAC 0 .6 AMP in attractive small modern case with 20 
terminals giving various AC & DC Voltages & Current Outputs 
£1S ea . Carr. £3.25. · 

ROBAND Square Wave invertors type EPV 50 / 100. Provides 
1 15/230V c.m.s. Square Wave from 1 2V. Outpul frequency 
50HZ. Output Power 100 Watts . Size 3-Y2 X 3Y, x 4%" 
approx. BRAND NEW at y, Manufacturers ' Price: 

ONLY £50 each P&P £2 

Various HIGH VOLTAGE POWER SUPPLIES, eg 0 - lOOKV 
variable. £250. PLEASE ENQUIRE . 

VIEWLEX INSTRUCTIONAL SUPER VIEWERS MODEL 
1 36 with Headphones , 9" screen . Takes standard 
cassette. Fronl keys . Brand new boxed . NOW ONLY £45 
ea . Slightly used £35 ea . Carriage £3 .25 ea 

A SUPERIOR KEYBOARD, Size 3 x 2Y2 x 2in high with 12 
ALMA REED SWITCHES. Blue keys marked in green 0-9 and a 
star with one blank . ONLY £5 ea . P&P 75p. 
Photo Resistor ORP 12. 35p ea . 
Small TELESCOPIC AERIAL extending to 22Y2in with swivel 
base 40p ea. P&P 20p. 
Small Black SUCKER FEET - always useful , 10 for SOp. 
MERCURY SWITCHES. Heavy duty with lever & flyleads, lype 
HG225KB. 20p ea . 
PHOTODIODE DETECTOR & EMITTER . Independently 
mounted wilh 4in flyleads- SOp per pair. 
RESISTORS 680 ohms 5 walt - 10 for SOp. 

·ALMA Min. PUSH BUTTON REED SWITCHES. high 
reliability 18 x 27 x 1 Bmm. Ideal for KEYBOARD 35p ea. P&P 
extra . 
MINIATURE FANS 3" square (like muffins) 1 1 5V £4 ea . 
P&P 75p. 
HONEYWELL HUMIDITY CONTROLLERS 25p ea. P&P 
25p. 
SPRAGUE 1 OOmfd + 500mfd 21 OVDC working. Brand new. 
5 for SOp. P&P 50p. 
REED SWITCHES. Sub-min . Size 20mm 10p ea . 
SMITHS encapsulated transistorised AUDIBLE WARNING 
DEVICES 4V-12V. Can be driven from TTL. SOp ea . P&P 25p. 
AMPHENOL 17-WAY CHASSIS MOUNT EDGE CON
NECTOR. 0 . 1 Spacing 20p ea . P&P exira . · 
BURROUGHS 9 dig it PANAPLEX numeric display. 7 
segment 0 .25 digits with red bezel. Wilh date . £1.95 ea . P&P 
30p. 
TRANSFORMERS 115V AC input. Secondary 30V and 2.6V 
10VA SOp ea. P&P 50p . 
21-WAY SELECTOR SWITCH. Single pole with rese1 coil 
240V AC coils . Additional switch contacts for auto reset, etc . 
£1.45 ea. P&P 75p. 
As ABOVE with additional 240V relay on base and full black 
plastic cover. £2.45 ea. P&P £1 .50 . . 
SNAIL BLOWER 11 OV AC 500 MA Brand new by Airflow 
Developments. Quiet . very good looking . £2.50 ea . P&P £1 . 
POTTER & BRUMFIELD 1 8-48V DC Relay, 3 pole c I o 
Heavy Duty. Plug-in type wilh base SOp ea . P&P 25p. 
MINIATURE KEYBOARD. Push contacts. marked 0-9 and 

TR A-F and 3 user definable keys . £1.75 ea . P&P 35p. * ANSJSJ.Jl.R.SI.DIQDES/ .. MULLARD CORE LA4245 at 15p ea . P&P 10p. 

RECTIFIERS, ETC * CLARE REED RELAYS 24V DC Coil. Single pole make . Size 
1 1/.o " x 7/16" x 711 6" at 25p ea . P&P 10p 

Guaranteed all full spec . devices . Manufacturers' Markings ROTRON CENTAUR FANS. SIZE Y
2

. %" x 4 .5" x 1 .5" 

At 5p ea: 1 1 5V 5 blade. £4 ea . P&P 7 5p. · 

BC147; 2N37D7; BC1 72B; BC25 1 B; BC348B; BC 1 71 AI B; MIN. PLUG-IN type RELAYS. Plastic covers, 2-pole c ! o 24V 

WILLHAVECOMEINFROM ~~~6~~D10 ; BAX15; 1N937; BA102BE; BZX83; TIS61; C25p
0

ea. P&P 15p . 

TELEQUIPMENT D33s UP TO TEKTRONIX 545s ETC R UZET/MURTEN SCHWEIZ MOTORS. 1 1 OV 50HZ 4 

PRICES AS LOW AS £15 At 10p ea : rpm . Gear box can be removed 75p ea . P&P 75p . 

100 OSCIL~_O_SCOPES 

DON 'T MISS THIS OPPORTUNITY. PHONE NOW. i~P~711_~;S~~7:a5 1 ~b~I~~04~!V e~: 3~~~v~y~~~y 1 :~d~a~ ~~A~~~O ~~,!:O!S~i:e~~ ~00~~~-lnAtns~:gl~~~;~e ,e:/ ~~~ 
H.P. Digital Recorders 1 1 digil £35 ea . Reclifier-20p ea .CA31 23E - £1 ea . BDY55-£1 ea . £1 . 75 . 

AIRMEC AM / FM MODULATION METER lype 210£80. 2N3055-40p ea . TIP3 1 B 12p ea . BFY5 1 - 12p ea . PYE DYNAMICS THICK FILM. 1 MHZ Clocking Osc 5V 

E.H. PULSE GEN model 122 £140. 2N5293- 1Sp ea . ZENER DIODES 4 . 7V Sub min - 5p ea . supply. Size 19 x 25 x 6mm . Drives one TTL load. 75p ea . 

MARCONI AM / FM MODULATION METER TF2300 w ith TBA560CO £2 ea. 1N4436T-T03 Fla1 Mount lOA 200piv £1 COMPRESSOR UNIT. Compact , 115V 50HZ single phase 

TM8045 £450. · ea . 2N5897 with 2N5881 Motorola 150W Comp pair £2. 1 .5A cont<nuous 1.425 rpm. Outside piston housing approx . 

R&S POLYSCOP SWOB 1 Scruffy. working £250 ea; Nice BU20B £1.20 ea. 3" . £18 ea . P&P £2 

condition £350 ea . BD535, BD538 Camp. pair- 75p. MAGNET DEVICES. Plug-in RELAYS 240V AC, 3-pole c / o. 

R&S POLYSCOP SWOB2. Fair condition, working £425 ea ; Linear Amp 709 25p ea . Heavy duty 10 amp. Complete with base . BRAND NEW 

Very clean £550 ea P&P extra on all items. EQUIPMENT NOT USED, 3 on sub assembly £2.50. P&P £1 or 

EX-MINISTRY American USM16 AM / FM SWEEP SIG GEN FINNED HEAT SINK - single T03- size 4 3/.oin . x 3in x E1.25ea. P&P 45p . 

10MHZ·420MHZ. Incremental controls . Auto lock. Crystal 1'/•in 50pea. P&P 75p. SMALL MAINS TRANSFORMER 240V Pri, 12V 100MA 

calibrator and many olher features . In transit case w ilh Texas Bridge Rectifier 5SB05-50V 5A SOp ea . P&P 20p. sec. 60 x 40 x 42mm . SOp ea . P&P 75p . 

accessories and manual £195 ea A Mllll 
1
LION MUST r-n G. I. BRIDGE RECTIFIER type W01 (ideal for above) 17p ea . 

COSSOR OSCILLOSCOPE type CDU 150 DB. DC-35M HZ _IJI_I~I uu FAIRCHILD FND10 7 segment display 0 . 1 5. Red, Common' 

£425 ea . HIGH NOISE IMMUNITY LOGIC. cathode 65p ea. P&P 15p. Info supplied . 

R&SZ-G DIAGRAPH 300-2400MHZ BN35 12 . Good condition DUAL IN LINE 16-PIN CERAMIC, 12V Rail. Conventional TTL iMULLARD TUNER MODULES_ with data . 

£60 ea . package. Guaranteed spec . devices. Full data . 2p ea . LP1171 combined AM I FM IF strip. 1 0 .7MHZ. £3.50 ea . 

MARCONI SIG GEN TF801 018/S . Very good condition £325 Mixed package of 50 £1. P&P 25p LP1179 FM front end with AM luning and 87 .4MHZ to 

ea . OSCILLOSCOPE TUBES 1 04.5MHZ luning. 10. 7MHZ IF £3.50 ea . P&P 50p each 
MARCONI RF POWER METER TF1 1 5 2A / 1 50 ohm £55 ea. . untl.The Pair £5.75. P&P 75p . 

PLUG-INS forTelonic Sweeper SM2000. Various from £50 ea . Brand New Boxed- Carriage all tubes £3.25. POWER UNIT MODULE containing 2 small, 3 me d . & 1 

TELONIC SWEEPER S0 3M 425-930 MHZ £80 ea . Telequ ipmenl S52 £10 ea; 051 £15 ea ; S42 . £10 ea; D53A la rge ferrite cores; 3-T03 power transistors, caps, resistors , 

MARCONI TF868 Universal Bridge £70 ea . £20 ea; 052 £15 ea; S31 £10 ea ; Bradley 200 £85 ea; high powered diodes, 9 transistors, 3 min . fuse holders , etc . 

AIRMEC SIG GEN type 204 1-320MHZ £225. Advance OS3000 £85 ea; GEC types 924E £17.50 ea; 14968 £1.50 ea. P&P £1 .25 . 

MARCONI SIG GEN TF801 B £160 ea £75 ea; Brimar D13-51 HG £65 ea ; D10-210GH / 32 £40 ea ; GENERAL ELECTRIC OPTO-ISOLATORS type H
15

vx
504 

POLARAD MICROWAVE RECEIVER MODEL TR 1 GHZ to 01 3-46GM £35 ea. 65p ea P&P 1 5p . 10for £5. P!!iP £1 . 

2.04GHZ £200 ea . NOT BOXED -NEW- WARRANTED. Telefunken 014- MINIATURE REED SWITCHES 9p ea . P&P 15p . 

BRUEL & KJOER Automatic Vibration Exciter type 1016 Sine 131 replacementforSolartron CD1 740, CossorCDU150, S.E. ROTARY SWITCHES 250V lOA 10pea. P&P 1 5p . 

Wave sweep from 5HZ lo 1OKHz £75 ea. Labs SM 1 1 2 and G EC I M OV 1 4 7 4 al £55 ea . LED EX ROTARY SOLENOIDS 1 1 5V DC. No switch assem-

GENERAL RADIO Osc Unit 1209B 250-920 MHZ £50. TELEPHONES. Posl Office style 746 Black or two"tone £S.50 bly 25p ea . P&P 25p. 

POLARAD SPECTRUM SIGNAL MONITOR 140HZ ea. Modern style 706 Black or two-lone grey £4.50 ea . P&P POTTER & BRUMFIELD TIMER RELAYS. 24 / 48V. Heavy 

::+- 1 2.5MHZ Sensitivity 120dbm. Price £250. £1 duty 2 pole c/o wilh 5 sees . delay at 48V increasing with 

POLARAD SIGNAL GENERATOR GB2 / G-7 1 1 £250. HANDSETS 706 style £1.75 each. Older style £1. P&P 75p. voltage reduction . Timing can be allered by changing value of 

GENERAL INSTRUMENTS TRANSFER FUNCTION & EMMIT- TELEPHONE EXCHANGES. EG 15-way automatic exchange resistor / capacitance . SOp ea . P&P 25p. 

ANCE BRIDGE type 1 607A in lransit case £425. only from £95. CABLE NEATERS - neaten up your wi.re on a chassis with 

MARCONI SIGNAL GENERATOR TFl 060 £185. these push-on clips . 10 for 20p. 100 for £1.50. P&P exira 

AVO MULTI METER CT471 £45ea. 74S'OO 12p 74S1 0 5p 74H51 7p AUDIO AMPLIFIER BOARD. Size 4Y, x 2Y
2

. Output pair of 

H.P. PULSEGEN2 12A£55ea . 
740 1 Sp 7 41 7 1 4 p 7453 Sp TIP31s. Circuitsupplied . £1 .50ea . P&P30p. 

H.P. Microwave Freq . Converter type 25906£175. 
7 4 S0 2 12P 74 S38 10P 74H74 1 2p DIGITAL 24 HOUR CLOCK with buill-in alarm as used in 

MARCONICT44\/\IaltMeler0-6 Watls£25ea . 
74

S04 12p 74 5 1 5 P 74S74 1 2p BRAUN Digital Clocks . Silent running . Large illuminated 

AVO transistor 9 diode tester ct 537 £50 ea . M C402 B SOp M C 7 4 4 1 40p 7 402 1 2p Numerals . AC Mains . Size 63/
8 

x 2% x 2% . ONLY £4.25 ea . 

AUTO TRANSFORMER 240V in put. 1 1 OV output 1 .25KVA SN 15862N- 4p. P&P 50'p 

~~~:rAC-DC VOLT(IIIETER Model 8038 £ 75 ea. 75325- Memory Core Drivers 600ma capability Fast.. Other BROOKE CROMPTON & PARKINSO N extractor fan 

~T~EL~E~TY~P~E~A~S~R~2~8~w-it~h~b·u~il·t· t-·n·t-ap~e~r~e~p;ro~d~uc;e~r~a·n~d•p•ri.nt•o•n~~~!s5~~s5!;~~~D~6C~u~-~~~~~~r~~h~~-~-~~;~:~o~riv~e~rs~75~p~ea~-~~~--~---f--~~~-~.mO•b•lj•~•
1•5•V•o•p•e•ra•li•on•.•£•1•e•a•.•P•&•P •£2 ... 0 .. R•T•W•O• f•o•r •£•l•.S•O•. --I 

tape facility, £375. .TELETYPE ASR33 w ith 20MA LOOP . Good condition . 

TELETYPE ASR35. Nice condition, £425 Special low price £395 ea. KSR33s from £275. 

Th~~~~~~~-~tq~!~~~~Is~~~~~~~J!~~ard -Approx 1 y, !Yr!~lt~~y~i~b~!!~e !~~ated each end 

memorf. Type KDl 1 F £425 ea. with a 50-way female edge connector . Takes 0 . 1 printed circuit 

PDPBL Very nice condition £550. board , £2 ea . P&P 75p. 

DON'T FORGET YOUR MANUALS 
a.a.e. with requirements 

VARIACS- ex-eq. 2 amp £8 ea ; 8 amp old style £18 ea . later 
style £22 ea; 1 5 amp £35 ea; 20 amp £45 ea . 3 Phase variacs 
available ·- please enquire . 

A LARGE QUANTITY OF MISCELLANEOUS TEST GEAR - CHASSIS UNITS. ETC .• ON VIEW AT LOW COST 
,'/ / 1 Minimum Mail Order £2. Exc~ss posta~e refunded. Unless stated--: please add £3.25 carriage to all units 

V~L.UE ADDED TAX not Included rn prices- Goods marke~ ~lth * 12%% VAT, otherwise&% 

~ CH~i.LTMEA:iic .. LTo 11-11 
7/9 ARTHUR ROAD, READING, BERKS (rear Technical College, King's Road). Tel: Reading 582605 . 
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AH these hav!! .23.01240¥ 501iz ~r:im!I"Y 
Voltage Our Rei. Price PosC 
lv 21•p TM I £LU .411 
Z.4Y 51•p TMZ £1.6Z .45 
4v 71•p TM32 £2.70 .60 
6r llllllp TM3 .85 .411 
6.5v 31ap TM37 .85 .40 
6.5v ZOOmA TM2f £1.62, .411 
6.5v.O.fi.5v IOOIIA TM Zl £1.6Z .411 
6.5v.0.6.5v 750mA TM7 £2.16 .45 
6.3Y-II.fi.3v IODI!A TM 33 £1.62 .411 
6.3¥ Z 1•p TM4 £1.89 .50 
8.5v limp TM 12 £1.6Z .40 
8.5v+ 8.5sap.winding Yramp TMI2 £1.62 .411 
9v l1mp TM5 £1.62 .45 

llmp'c'can TMti £1.89 .40 
9v 311 lllp TM II £2.70 .50 

5111P TM 38 £3.24 .60 
IDv ZS1mp TM 15 £4.86 £1.25 
IDv.O·IDv 41111p TM 50 £3.71 £1.25 
lllv.O.IDv 12Yr110p TM 15 £4.86 £1.25 
IZv lt111p TM9 £1.05 .50 
13'1 IOOmA TM21 £1.tiZ .40 
13¥ lllllp TM7 £Z.I6 .50 
IZv 11mp TM 10 £1.89 .50 
IZv-IJ.IZv SORt A TMI9 £1.62 .411 
IZv-IJ.IZv limp TM41 £3.24 .50 
ISv lipped 9v Zomp TM II £2.70 .50 
17v Vt amp TM 12 £1.62 .50 
IBY \limp TMI3 £1.90 .50 
Zllv Yrllllp TM14 £1.62 .50 
Zllvlwill!6vl11mp) ZIIIP TM50 £3.78 £1.25 
2llv 6111p TM46 £4.32 £1.Z5 
Zllv 12Yrlntp TM 15 £4.86 £1.Z5 
2llv.Q.20v . 61•p TMI!i £4.86 £1.25 
24v 111 1•p 1111 i& £2.12 .60 
24¥ 2111p TM17 £2.17 .60 
24¥+Zv71mp Z111p TM39 £2.97 .70 
24v 4111P TM411 £3.78 .80 
Z6v IV. 1mp TM 18 £Z.43 .60 
26V ZIIIP TM39 £2.98 .60 
3llv Blllp TM 15 £4.86 ' £1.25 
37v 37111P TM34 £31.86 enquire 
4llv 3111p TMZ46 £4.32 £1.25 
4llv 51111p TM4B £5.02 £1.Z5 
4llv 11pp1d @ 3llv. 20v & IDv 6111p TM 15 £4.86 £1.25 
4llv-0-41lv ZYr1111p TM4B 5.0Z £1.Z5 
51lv·Z lllpWii.6.3YIIlrouded TM 22 £4.86 £Z.Z5 
50v Slip TM29 £11.65p £1.75 
liOvllppad 411Y6 2llv Z111p TM46 £4.32 £1.25 
lDv 4.51mp TM24 £7.02 £2.50 
l5v·31!1pwl1•&.3vs•rouded TM 23 £8.10 EZ.OO 
75V 4111mp TMZ4 £7.02 £2.50 
80V IIppe& 70v & 75v 4111p TMZ4 £7.02 £Z.50 
81Jccenlnllppld 2~ I•P TM4B £5.02 £1.Z5 
IOOv 1111p TM25 £7.02 £1.75 
IOOV·(HIIIIv Vzllllp TMZ5 £7.02 £1.75 
ZOOv 1/za•p TM25 £7.02 £1.75 
Z5Dv-0-25Dvwlt• 6.3v21 50 MA TM36 £3.78 £1.00 
250v .IOOmA TM36 £3.18 £1.00 
50Dv 50 •A TM36 £3.18 £1 .00 
25Dv 60•V TM26 £3.24 £1.00 
IOII()y (an~ over sees) 50 •A TM43 £6.50 EZ.OO 
4Kv SIIA TM49 £4.05 .70 
5 Kv 5mA TM30 £7.02 £1.00 
BKv 511A TM45 £4.05 fi.OO 
8.5 Kv 10 IIA TM31 £10.26 £2.00 

oiMiinlo IZllvAulotrlalformoralvlill"" 

Mains operated - de lay can be 
accurately set with pointers knob for 
periods of up to 2Y> hrs. 2 contacts 
su1table to switch 1 0 amps -second 
contact opens few minutes after 1st 
contact 95p. 

MULLARD UNILEX 
A mains operated 4 + 4 stereo system. 
Rated one of the finest performers in 
'the stereo field this would make a 
wonderful gift for almost ·anyone in 
easy-to-assemble modular form and 

.. complete w i th a pair of Plessey 
speakers this should sell at about £30 
- but due to a special bulk buy ar.d as 
an incentive for you to buy this month 
we offer the system complete at only 
£15 including VAT and pos1age. 
10 watt amps to .upgrade unilex £3.50 each 
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IT'S FREE! 
Our monthly Adv•nce Advertiaing Barg•ins List gives details of 
bargains arriving or just •rrived - ohen bargeina whic:h Mil out 
before our advertisement ean 8ppe8r. -It' a an interesting list and it' a 
f,..- juot ..,nd S.A.E. Botlow .,. • few of lhe Bergeina atilleveileltle · 
from previoua lists. 

Telephone Ringing Mains Unit. Rather novel unit as it not only reduces 1----------------------"'1 mains to 50 volts but also reduces the mains freQuency to 25hz .• this 
frequency gives correct ringing note for GPO bells . These units were made 

UNISELECTORS 
These are pulse operated switches 
as used in automatic telephone 
switchboards. etc. The pulse moves 
the switch arm through one posi-
tion. Except where indicated the 
selectors are 25 position types and 
50v Coil is slandard. 24v or 12v 
operation extra at £2 per switch . 

3 pole £5.90 
4 pole £6.98 
5 pole £8.20 
6 pole El.20 12 pole £15.88 
8 pole £11.40 2 pole 50 way £8.80 
10 pole £13.80 3 pole 50 way £11.40 

INDUCTION MOTORS 
One illustrated is our reference MM 11 
made for ITT 3.4 stack 1 Y2 spindle 
£2.25, v, · stack model £1. 75. 1 
stack £2.75. 1 v, · s1ack £3.25. 

RELAYS 
1 2 volt two 1 0 amp changeover plug in 9Sp 12v three 
10 amp changeover plug in£ 1.28. 12v two changeover 
m iniature wire ended l&p. 12 volt open sing le screw 
fixing two 10 amp changeovers 85p 1 2 volt open three 
10 amp changeovers £1.25. Latching relay mains 
operated 2 c/o contacts £2.1 1. Mains operated three 
10 amp changeovers open type one screw fixing£ 1.25. 
Many other types with different coil voltages and contact 
arrangements are in stock. enQuiries invited. 

EXTRACTOR 
FAN 
Ex-computers made by Woods of Colchester. 
ideal for f ix ing through panel - reasonably 
quiet running - very powedul 2500 rpm 
Choice of two sizes 5 or 6Y2 d1a £5 and 
£6. 

for the GPO so obviously are first-class . Complelely enclosed and safe to 
mount on the wall or stand on a shelf. Price £3.20. 

Telephone Extension a.na in bakelite wall box , these will save you 

missing calls when you are out in the garden or shed, etc . Price £3. 1 I. 

Variable Maine Supply. A bench mounting unit which contains an 
isolation transformer for safety and a 2 amp variac for adaptability . With this 
you will be able to get continuously variable mains supply from zero to full 
votage at 2 amps. A real time saving device. Only price £20.76. 

Anaw_.,g Machin. still available as last month· s newsletter but supplies 
are going down rapidly and this may well be your last chance to acquire one 
of these. 
A very large purchase this month enables us to offer a range of radio items . 
You will find the prices well below average: 

C-R-nler/Pieyer. Japanese or Hong Kong made. these have all 
the normal facilities record, playback, fast rewind etc., also sockets for 
stop/start. microphone, earphone and lead for mains as these operate from 
mains or HP 1 batteries. £1 7 .50. 

Slife Soiln.t. For growers who use soil heating on benches, economies 
can be made by using a thermostat but if mains voltage equ ipment is used 
then the thermostat must be enclosed in a waterproof and earthable 
container. We can now supply this price £3.78 + 28p. This container will t-----------------------1 ~~e~~~~~~::'t,~~~~::rr~i~~ ~~~t.e~~;::h~te~~~~~~~~~s~o~9s~~nh:~~i~1~ 
these at £3.20. 

Motorieed Light Fla.tter. We can offer two motorised units both capable 
of 2.000 watts of light. Our 1f2 second flasher changes every Y2 second and 
the 2 second flasher changes every 2 seconds . Either type £6.40. 

Frigtn.ning Fuel Bill• could loose some of their sting if you fit doub le 
glaz•ng but even if the fuel bill does not come down much you wi ll have a 
more comfortable home less draughts etc . Double glazing frames, movable 
in the Spring. can be quite easily made using rigid PVC sheetings . We have 
this, it is as clear as glass and virtually as everlasting. It is easy to fit as you 
can cut it, bend it nai l it, etc. A recent purchase enables us to offer this at t-----------------------1 ;~~t~(~~%~~~~,;~~~rii~~) . 1 ~; i~;~~P~~r~~~~~·~:~~~n~r~~~~~b!~ .i7t .af~~ 

TERMS: £1 .05 post SOp . Orders over £6 .00 post free. longer lenglhs price 
Pnces include Post & VAT , but orders under ~6 .00 p lease add 50p to offset negotiable 

~~~k~~g. etc . Bulk enquiries please phone for generous discount 01-688 C• Battery Power Unit made for Rank Radio . This unit has been designed 

to operate 6 volt battery powered equipment from a 12v car battery , it 
provides a reliable source of stabilized voltage and gives protection to your 
equipment in case of accidential reversal of connections also again excessive 
car battery voltage should this occur. The unit is very robust and virtually 
everlasting if used sensibly . It uses a negative earth circuit but it wi ll operate 
in a positive earth car providing the instrument being played is not 
connected to the car chassis . A real bargain at £2.20. 

J. BULL (ELECTRICAL) L TO 
. (Dept. WW) . 

103 TAMWORTH ROAD 
CROYDON CR9 1 SG 

Project Box•. All those offered in a recent newsletter are still ava ilable . we 
have now had a much larger one size 8V2 x 5V:i J: 3Y.z. Price £1.65. 
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Electronic Brokers lttl 
The Test Equipment People 

AC Voltmeters 
& Electronic 
·Multi meters 

ADVANCE 
VM 77E Transistorised Voltmeter 10Hz-
6Mz. 1 mV-300V I I P Z 1OM Ohms 

£130.00 

BOONTON 
91 H RF Va l ve Voltmeter 20KHz-
1 200M Hz . 1 00~ V-300V £415.00 

BRADLEY 
112RF Millivoltmeter 3 ·mV-300mV. 1-
300MHz. Battery operated £375.00 

BRUEL & KJAER 
2409 Elec1ronic Voltme1er 2Hz-200KHz. 
10mV-1000VTrue RMS £245.00 

HEWLETT PACKARD 
400F AC Voltmeter 20Hz-4M Hz 1 00~ V-
300V £235.00 
411A RF Millivoltmeter 500KHz-1GHz. 
10mV-10V £395.00 

PHILIPS 
PM.2503 Electronic Multimeter AC/ OC 
Voltage and Current £90.00 

ROHDE & SCHWARZ 
U.R.V. RF Voltmeter 1 KHz-2400MHz 
with 50 Ohms insertion un it 20mV-1 OV 

SIGN 
£235.00 

AM324 AC Voltmeter 15Hz-500Khz 
1 mV-300V £60.00 

Analogue . 
Mu1timeters 

AVO 
Model7 
ModelS 
Test Set No. 1 
Precision Avo . . . . . 
Leads. Prods, clips for Avo's 

PHILIPS 

£40.00 
£55.00 
£65.00 
£45.00 

£4.95 

PM 2412 AC / DC Valls & amps 40K 
Ohms/V £60.00 

_ Analysers 
HEWLETT PACKARD 

· 31 OA Wave Analyser 
1kHz-2 .5MHz . IO~V-100V voltage range . 
> 76dB dynamic range. B.F .0 . and recorder 
0/P. Has built in AM. LSB and USB detec
tor. A SUPERB UNIT OF THE HIGHEST 
QUALITY . • • • . . . . • . . • • £1200.00 

332A Distonion Analyser 5Hz-600kHz 
0 1 %-100% also AM detector £495.00 
333A Distonion Analyser 5Hz-600kHz 
0 1%-100% also Auto Null £515.00 

RACAL 
409 Modulation Meter 3-1500MHz AM 
& FM £345.00 

I :=-1 --

ROGERS/SIGN 
DM.344 Distonion Meter 20Hz-20KHz 

£230.00 

TEKTRONIX 
1 L 1 0 Spectrum Analyser Plug ln 1. 
36MHz . . . . . . . £750.00 
1 L30 Spectrum Analyser Plug In 
925MHz-10 .5GHz ... .. . . £1200.00 
1L40 Spec1rum Analyser Plug In 1.5-
12 .4GHz £1275.00 

T.E.S. 
D.566B Distonion Maler 1 OHz-1 MHz 
0 .03 to 100% £305.00 

MARCONI 
iNSTRUMENTS 
T.F. 791 D Deviation Meter 4-1 024MHz. 
Dev 1(1H,125KHz £195.00. 

UREI 
Sonipulse 1 OOA Acoustical Analyser 
40- 16KHz. 27 x 1 I 3 octabe bandpass 
filters . Microphone not included £675.00 

MARCONI 
.IN-STRUMENTS 
TF.1 073A Series Step Attenuator DC-· 
1 OOM_H, ' ! ClOdB 50 or 7 5 Ohms 

£75.00 
TF.2162 Step Attenuator DC - 1MHz . 
0-111dB6000hms. £120.00 

ROHDE & SCHWARZ 
RBD Attenuator BN 3366£/60 DC -
600MHz . 20dB. 60 Ohllls £40.00 

DPR Step Attenua1or BN 18042/60 
DC-300M Hz 0-1 OOdB 60 Ohms £90.00 

ROHDE & SCHWARZ 
RBD UHF Attenuator BN33661 J50 OC-
2 . 4GHz. 1 OdB. 50 Ohms £55.00 

TF .2701 In Situ Universal Bridge 
£395.0.0 

TF.1245 ·a· Meter Supplied with 
TF .1246 Oscillator 40KHz-50M Hz 

£625 .00 

WAYNE KERR 
B.221 (CT.530) Univ. Bridge 0 1% accu· 
racy . . · . . . £275.00 
0.221 Low Impedance Adaptor for use 
with 8.221 £75.00 
8.521 (CT.375) Univ. Bridge 1% accu 
racy £120.00 

7408 DC Voltage Source & Differential 
Voltmeter . . . . . .· . . £860.00 
741B DC Voltage Source 8. AC/DC 
Differential Vol1meter £975.00 

A copy of our trading cond 1t1ons is ava liable on request 

FLUKE 
332A DC Voltage Calibrator 
0-1111.111 OV in 3 ranges . 1 ppm resolu
tion . 0 .003% calibration accuracy 0/P 
current 0-50mA 1;_1350.00 

. 9318 True RMS Differential Voltmeter 
10Hz-1MHz 0.01V-1100V £1.050.00 
883AB. AC/DC Differential Voltmeter 
1 mV-11 OOV £975.00 

TEKTRONIX 
184 Time Mark Generator 

2901 Time Mark Genera1or 
2101 5nS Pulse Generator 

Digital 
Counters 

ADVANCE 

£275.00 

£400.00 
£525.00 

TC.14 Frequency Counter DC-250M Hz. 9 
digit . . . . . . . . . . . . ~295.00 
TC.15 + TC.15P1 Counter & Plug In· 
DC-500MHz . g digit. 1 OmV sensitivity ·: 

!495.00 
TC:17 or fC.17A Time Counter Freq. 
penod. Penod Average. Pulse width count 
OC-BOMHz . . . . . . . . . . . £195.00 
TC .21 Time Counter Freq . Time, Period, 
Count Pulse width 2Hz-1OM Hz £195.00 

TC.22 Time Counter DC-1OOM+ 1 2 
£275.00 

FLUKE 
1900A opt. 01 5Hz-80MHz. 25mV Sen
sitivity with battery option £215.00 
1941A Industrial Counter/Totaliser 
5Hz-40MHz £120.00 ' 
1 gsoA Communications Counter !:iHz-
515MHz. 15mV sensitivity 6 digit. Battery 
operated £295.00 

PHILIPS 
PM .6612 Timer .Counter 10Hz-80MHz 9 
digi1 display £405.00 
PM.6615 Timer Counter 10Hz-1GHz. 
1 OmV sensitivity £795.00 
PM.6620 Timer Coun1er DC-45MHz. 
50mV sensitivity £395.00 

PM .6661 Frequency Counter 1OHz
BOMHz. 20mV sensitivity. 8 digit £185.00 

PM .6630A Timer Counter DC-160M Hz . 8 
d igit Display . . . . . . . . . £600.00 
PM.6645 Frequency Counter 30Hz-
51 2M Hz. 5mV sensitivity £710.00 

ELECTRONIC BROKERS LIMITED ADDS% 

49-53 Pancras Road, London NW1 2QB VAT 

Tel. 01-837 7781. Telex: 298694 :~~~~~ 
Hours of Business: 9 a.m.-5 p.m. ~arriage and Packing charge extra on all 
Mon.-Fri.: closed lunch 1-2 p.m. 1tems unless otherwise stated. 
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ADVANCE 
DRM6 True R.M.S. DVM 4V, digit, scale 
1999. 10mV-1KV 10~V resolution. 
Frequency range DC-1M Hz £295.00 

HEWLETT PACKARD 
3490A OM 5V, digit. scale length 120000. 
AC Volts 1 V-1 kV 1 0~ V resolution. DC Volts 
1 OOmV-1 kV , 1 ~ V resolution. Resistance 
1 00 Ohms-1OM Ohms, 1M Ohms resolu
tion. Full auto-ranging and variable sample 
rate. Self check facility £595.00 
34702A DMM C/W 34740A Display 
4V, digit. AC/DC & Ohms £295.00 

PHILIPS 
PM2424 DMM 4 digit £300.00 
PM.2443 DC DVM 4V, digit, scale length 
1 9999 . . . . . . . . . . . • £430.00 
PM251.3 D.M.M. 3•72 digit £90.00 
PM.ZS13A DMM 3V, digit, scale length 
1999 £95.00 

S.E. LABORATORIES 
SM210 DC DVM 4 digit, scale length 
9999. 1 OOmV-1 kV, 10fl V resolution 

£250.00 
SM214 AC-DC DVM 5V, digit, scale 
length 10g99. SC-DC Volts 1 1V-1.1kV, 
1 0~ V resolution ~300.00 

·SCHLUMBERGER 
A243 Dfgitai Voltmeter- 5 v, digit. f ~ v 
resolution Autoranging DC & AC (mean) & 
Ohms £675.00 

SOLARTRON 
7040 D.M.M . 4V, digit c/w Battery Pack 

£265.00 

WESTON 
4449 3V, digit D.M.M. AC-DC volts and 
current. resistance £79.50 

·ll'~ltieJ ~~~~~~~~~ tl 
E~N.I. 
500L R.F Amplifier 2-500MHZ. 20Db 
gain. 300mW of p £315.00 

FLUKE 
412B H .V. Power Supply 0-2100V. 
Resolution 5mVo/p current 5-40mA 

£365.00 
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ROHDE & SCHWARZ 
ZDP Reflectometer 300-4. 200MHz 50 
Ohms £70.00 
ZPW Directional Coupler 380-1 OOOMHz 
50 Ohms · £75.00 

COSSOR 
CDU 150 Dual Trace Oscilloscope DC-
35MHz. 5mV20VIdiv Full delayed sweep 
Long persistence CRT £450.00 

4000 Dual Trace Oscilloscope DC-50 
MHz. 5mV-1 OV I div. Full delayed sweep. 
Unused £495.00 

DYNAMCO 
7100 Dual Trace Portable Oscilloscope 
with 1Y2 and 1X2 modules DC-30 MHz. 
1 OmV-20V I div . Full delayed sweep 

£350.00 
7500 Dual Trace Portable Oscilloscope 
DC-40MHz 1 OmV-20V ldiv. Full delayed 
s~e~_us~d_ _ _ _ _ _ £495.0_0 

HEWLETT PACKARD 
184B Storage Scope Rack style.variable 
persistance, c/w 1808A Dual Channel 
Vertical Amp, DC75MHz. 1825 Time 

· base and Delay Generator, UNUSED 
CONDITION - BARGAIN £1,600.00 

PHILIPS 
PM.3240 Dual Trace Portable 
Oscilloscope DC-50MHz . 5mV-2V l div. 
Full delayed sweep. From . £950.00 
PM3010 MiniatliraScope DCSMHz Duai 
Trace. Battery I Mains operation. Light
weight 1.8 Kg £325.00 
PM3230 Dual Beam Scope DC-1OM Hz 
20mV /div, TV frame and Sync separator 

£155.00 

SOLARTRON 
CD 1400 Dual Trace Oscilloscope with 2 
off CX 1441 and 1 off CS 14481 
modules. DC-1 5MHz £155.00 

TEKTRONIX 
531A Bench Oscilloscope with Dial trace 
vertical Plug-In unit CA. DC-13.5MHz 
Sensitivity 50mV-20V i div. . £290.00 
64iA-Bench Osciiloscope w'ith Dual trade 
vertical Plug-in unit 1 OA2A and delayed 
time base plug-in unit 11 B2A DC-1OOM Hz 
Sensitivity 1 OmV-20V I div £1,200.00 
585A Bench Oscilloscope with Dual trace 
vertical Plug-in unit 82 DC-BOMHz. Sen
sit ivity 1 OmV-50V id1v £775.00 
547 Bench Oscilloscope with dial trace 
vertical Plug-in unit 1 A 1 DC-50M Hz Sen
sit ivity 5mV-20V ldiv £775.00 
5458 Bench Oscilloscope with Dual trace 
vertical Plug-in un it CA DC-24MHz Sen
sit ivity 50mV to 20V ldiv £425.00 
432 Portable .. Scope Dual Trace 
DC125MHz 1mV/Div. SUPERB CONDI· 
TION QUANTITIES AVAILABLE £495.00 

661 Sampling Scope c/w ST3 and 4S1 
Dual Trace and aces. . . . . . £585.00 
CA Plug In for 530, 540 and 580 series 

£60.00 

T932 Dual Trace Portable oscilloscope 
DC-35M Hz. 2mV-1 OV ldiv. Sweep speeds 
0. 5S-1 OnS I div. With trigger hold off 

£550.00 
7 313 Split Screen Bistable Storage scope 
c/w 7A 18 and 7B53A modules. DC-
25MHz. 5mV-5V/div. Full delayed sweep. 
C.R .T. readout. 4.gcm/~S writing speed . 
Auto erase can be converted to 4 trace unit 
with addition of another 7 A 1 8 module. 
EXCELLENTLY PRICED AT ONLY 

£2450.00 
7A22 Differential Plug In Unit. D.C-1 MHz 
1 O~V-1 OV /div. Selectable upper and lower 
- 3dB joints DC offset. 100,000:1 cmrr. 
SUPERB VALUE £450.00 
7 A26 Dual Trace Plug In Unit. DC-200M Hz 
5mV-5V /div £610.00 
7D11 Digital Delay Plug In Unit. Delay by 
time or events. Digital delay readout to 7 y, 
digits. 100nS-1 S delay time . 1 nS resolu
tion. Delay internal CRT display £850.00 

5438 Bench Oscilloscopes with Dual trace 
vertical Plug-in unit CA £350.00 
575 Transistor Curve Tracer £400.00 
556 Dual Beam Scope (Mainframe) DC-
50MHz dependent on choice of Plug-ins 

£325.00 
555 Dual Beam Scope (Mainframe) DC-
33MHz wide choice of Plug-ins £300.00 

TELEQUIPMENT 
D67A Dual Trace Portable Oscilloscope . 
DC-2 5MHz. 1 OmV-50V /div . Full delayed 
Sweep £450.00 

Oscilloscope 
Probes 

PROBES 
EB90 X1 Probe Kit DC-20MHz 1.5 mtr 
cab le 40p F I i P cap . 500V DC max. work
ing. BRAND NEW £9.00 
EB91 X10 Probe Kit. DC-80MHz . 1 .2 mtr 
cable 1/P Z 10M Ohms paralleled by 
1 0 .8pF. Compensation 15-50pF . BRAND 
NEW £11.00 
EB95 X1 and X10 Switched Probe Kit. 
DC-15M Hz in X1. DC-80MHz in X10 . l i P Z 
1OM Ohms paralleled by 1 0.8pF in X 1 0 . 
1.2 mtr. cable . BRAND NEW £15.00 

GREENPAR 
GE8150012X1. X10 Probe Kit. DC-
200MHz . 10M Ohms liP resistance . Com
pensation 1 5-50pF. UNUSED £27.00 

1 ~~1'~'1~i(~n11~it 
HEWLETT PACKARD 
430C RF Power Meter with 4778 Ther
mistor Mount 10MHz-10GHz 100mW 

£225.00 

MARCONI 
INSTRUMENTS 
TF 893A AF Power Meter 20Hz-35KHz . 
1mW-10W I P Z 2.5 Ohms-20K Ohms 

£185.00 
TF .1020A Series RF Power Meter DC-
250MHz. 50-100W FS or 150-300W FS 
l i P Z 75 Ohms on 50-100W model, 50 
Ohms on 1 50-300W model 

From £105.00 

T.E.S. 
MU964 AF Power Meter 20Hz-50KHz 
1 mW-1 OW I : P Z 2. 5 Ohms-20K Ohms 

£175.00 

A copy of our trading conditions 

is available upon request 

Carriage and packing 
charge extra on all 
items unless otherwise 
stated 

Please note: All instruments offered 
are secondhand and tested and 
guaranteed 1 2 months unless 
otherwise stated 

Hours of business: 9a.m.-5p.m. Mon.-Fri. Closed lunch 1-2p.m. 
WW - 101 FOR FURTHER DETAILS 
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Pulse --
Generators 

ADVANCE 
PG.52B Modular Pulse Generator 0.1 Hz-
30MHz c/w 2 x P3. 3 x P2. P4, P5, P1 . 

£700.00 
PG59 Dual Output Pulse Generator 
(CT600) 1Hz-1OM Hz £595.00 

PHILIPS 
PM5704 TTL Pulse Generator with 
t>.S.U. 0 . 1 Hz-1 OM Hz. TTL 01 P will drive 
up to 3Q_gates £250.00 
PM5715 Pulse Generator Sim ilar spec. to 
PM 5 71 2 but with variable rise and fall times 

£575.00 
PM5770 Pulse Generator 1 Hz-1 OOMHz 
Var iable delay , width, rise and fall time 
Single or double pu lse, base line offset 

£790.00 
PM5775 Pulse Generator 1Hz-1OOM Hz 
Var iable delay , width . r ise and fall time 
Single or double pulse, base line offset 

£800.00 
PM5776 Pulse Generator Same spec . as 
PM 5 77 5 but dual 0 i P £900.00 

Radio 
Receivers 

EDDYSTONE 
7-3-c)/i'Ac.>n;;,~,:,ication 'ife-ceiver 
480KHz-30MHz in 5 ranges, BFO. noise 
limiting . AF filter, AVC. RFiga in, S Meter 

£175.00 
730/4 Communications Receiver 
480KH -30MHz . 5 Bands , BFO , noise· 
limiting . AVC. RF gain . AF f ilter . UNUSED 
CONDITION £275.00 
880 Communications Receiver 500kHz-
3D 5MHz in 1M Hz wavebands . BFO . AGC, 
RF-IF gain. noise limit ing, AF filter, S Meter 

£325.00 

.RACAL 
RA 117E Communications Receiver 1-
30MHz MHz and KHz tuned separately 
Select1v1ty 1OOHz-13kHz 1n 6 ranges. BFO. 
AVC. Noise limiter. RFIIF gain S meter 

£375.00 

AI)\11\N_C_E._ __ _ 
Omniscribe 5000' Strip Chart Recorder 1 
and 2 pen models available. Please contact 
us for full details on modules and main 
frames . From £200.00 

HOUSTON 
INSTRUMENTS 
6520 YT Recorder £450.00 

PHILIPS 
PM 811 0 price now to read £.250.00 
PM811 0 Mini Single Channel Chart 
Recorder Sensitivi ty 1 OmV-1 OV full span 
Chart width 1 2cm Chartspeed 5 and 
20mm i min £300.00 

RECORD 
3" Paper Width Recorder w11h 500 ~A 
sensitivity FS . Left-hand zero 1 and 6 per 
hour chart speed £75.00 

YOKAGAWA 
3047 Two Channel Chart Recorder Scan 
w id th 250mm Sensitivity 0 . 5mV-1 OOV 
Speeds 60cm 1 min to 2cm' hr £530.00 

I :=-1 ---

f1!1Hfllil!llij1ffiJ 
ADVANCE 
H 1 E LF Sine I Square Oscillator 15Hz 
50kHz. Sine Square £75.00 
J2E L.F. Oscillator 15Hz-50kHz £90.00 
J3 L.F. Oscillator 1OHz-1OOkHz £150.00 
J4 L.F. Oscillator 1OHz-1OOkHz £135.00 
SG67A Wide Range Oscillator 1Hz-1M Hz 
s1ne or square wave £95.00 
SG68A Low Distortion Oscillator 1.5Hz-
1 50kHz. Battery operated Distortion less 
than0 .01% £150.00 

FLUKE 
6160AI OX Synthesised Signal Generator 
4-30MHz. 1Hz resolution . . . £675..00 

HEWLETT PACKARD 
202H AM/FM Signal Generator 54-
216M Hz. From £495.00 
6080 VHF Signal Generator 1 0-420MHz 
From . . . . . . . . . £495.00 
612A U.H.F. Signal Generator 540-
1230MHz. From . . . . . . . £950.00 
616A U . H.F. Signal Generator 1.8-
4 .2GHz . . . . . . . . . . . . . £550.00 
626A S.H.F. Signal Generator 10-

J..M§_ijL_ ~' . ' ~ . . . . . . . . £500.00 
608E A.M. Signai·Generator 1 0-4SOMHz 

MARCONI 
INSTRUMENTS 

£675.00 

TF.801DI1 AM Signal Generator 
1 OkHz-4 70Mhz . . . . . . £400.00 
TF.995A/5 AM/FM Signal Generator 
1 5MHz-220MHz . . . . . . . . . £380.00 
TF995B/2 AM/FM Signal Generator 
200KHz-220MHz . . . . . . £675.00 

TF 1060 AM Signal Generator 450-
1250Mhz. From £400.00 
TF1101 R-C Oscillator 2.0Hz-200kHz . 
1 mV-20V into 600 Ohms. Metered 0 i P 

£125.00 
TF1370A R-C Oscillator 1OHz-1OM Hz 

. £245.00 
TF2000 AF Oscillator 20Hz-20kHz 

£325.00 
T.F2002 AM Signal Generator 1OkHz-
72MHz . . . . . . . £675.00 
TF.2005R Two Tone AF Signal Source 

. £350:00 
TF2100 AF Oscillator 20Hz-20kHz 

£150.00 

MUIRHEAD 
D890A l. F. Decade Oscillat•()r 1Hz. 
11 1 1kHz £260.00 

PHILIPS 
PM5125 Sine/Square Oscillator 1OHz-
1 MHz £145.00 
PM 5167 Function Generator 1M Hz-
1 OM Hz. S1ne. square, +pulse, ramp. 
tnangle, s1ngle shot with vanable phase 

£875 
PM5105 LF Oscillator 1OHz-1OOkHz 

I £156.00 
PM5324 AM /~M Signa·! Generator 
1OOKHz-11OM Hz . . . . . £450.00 
PM5326 AM I M Signal Generator 
1 OOKHz-1 2 5MHz igital Readout 

£695.00 

ROHDE & SCHWARZ 
SBF Wide Band Oscillator BN40861 
1OHz-1OM Hz . . . . . . . . . £230.00 · 
SMCB S.H.F. Signal Generator 1700-
5000MHz . . . . . . . . . £450.00 
SMCC S.H.F. Signal Generator 4400-
8300MHz . . ; . . . . . . . £500.00 
SMLR Power Signal Generator 
BN41 001 100kHz-30M Hz £350.00 

TELECOMMUNICA
TIONS 
SG5U Battery Operated F.M. Signal 
Generator 400-480MHz £390.00 

SIGN ELECTRONICS 
S324 Low Distortion Oscillator 6Hz-
60kHz Battery operated £90.00 

Sweep 
Generators 

KAY 
154C Sweeper Main Frame with 
PM 7650B Plug-in Unit 50KHz-11OM Hz 

£450.00 

MARCONI 
INSTRUMENTS 
TF1 69!fMF Sweep ci'enerator 1 OOI(Hz~-
20MHz £175.00 

ROHDE & SCHWARZ 
Polyscop SW()B 1 Price to read £700.000 
Polyscop SWOB I Wideband Sweeper 
and Display 0.5-400MHz £1,000.00 
SWH LF Sweep Generator 5o~.,1Rz- · -

£250.00 

TELONIC 
SM2000 Sweeper Main Frame with 
E-3M RF Plug-in Unit 530MHz-3 . 1 2GHz 

. . . . . . . . . ... . £600.00 
SM2000 Sweeper Main Frame with 
LA-1M Plug-in 0.20kHz £200.00 
S-6 Plug-in Unit for SM2000 Main 
Frame 600-1200MHz .. . .. . £250.00 
S-4M Plug-In Unit for SM2000 Main 
Frame 150-500MHz . . £200.00 
L-6M Plug-In Unit for SM2000 Main 
Frame 50-1 20M Hz . . . . . . £200.00 
HD-1ASweep Generator 400-900MHz 

£400.00 
SD-3 Sweep Generator 425-930MHz 

£450.00 

)~~!W!!! 
MARCONI 
INSTRUMENTS 
TF.2332 AF Transmission Test Set 
20H7-20k H7 £425.00 
TF.2333 MF Transmission Test Set 
30Hz-560kHz £600.00 
TF.2343 Quantization Distonion Tester 

S.T.C. 
£400.00 

74262B White Noise Test Set 1 2kHz-4.5 
MHz £600.00 

SEND-FOR 
NEw-·a-6 
,PAGE 
CATALOGUE 
Containrng - lcite~t~ -;~f-ormatiOn on our stocks of test 
equrpment. mi n rcomputers, computer peripherals, 
stroboscopes and tachometers 
Apply now on official company headed paper for your 
free copy 
Private address applications please remit £1.00 
Airmail to overseas addresses, £2 .00 

A copy of our trading cond,uons IS ava ilable ~p~·;;;;;s; - --

49-53 Pancras Road 
London NWl 208 

ADD 8% VAT 
TO ALL PRICES 

Tel: 01-837 7781. Telex: 298694 
WW-101 FOR FURTHER DETAILS 
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Meet Fluke's 8020A- the umultimeter with a 
difference:' 
This unique lightweight 31f2 digit meter not only measures 
all common voltages, currents and resistances to high 
precision in 24 ranges-it also measures conductance. 
So for the first time your handheld meter can check 
printed circuit board leakage, diode junctions, leaky 
capacitors and so on. 

At only £112 plus VAT the 8020A has just got to be the 
handiest meter on the market. And of course it's made 
by Fluke, the World leaders in measurement. 

Check these features 
o Large easy to read 3% digit LCD display. 
o 26 measurement ranges for AC/DC volts, amps, 

ohms and conductance. 
o 0.25%V DC accuracy over 1 year. 

WIRELESS WORLD, JANUARY 1979 

0 High power and low power ohms capability. 
0 Measures to 10,000MQ using two conductance 

ranges. 
0 Long 9V battery life, typically 200 hours. 
0 Fully protected to 250V on all ranges. 
0 Protected against 6KV for 10ps on any range. 
0 2 year warranty on parts and labour. 

IFL LJKEI 

Fluke International Corporation 
Colonial Way, Watford, Herts. WD2 4TT 
Telephone: (0923) 40511 Telex: 934583 
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lectronic. Brokers 
The Computer People. 

STOPP-RESS LATEST SPECIAL PURCHASES 
LOW-COST ALPHANUMERIC 21-COLUMN 
PRINTER MECHANISMS MODEL AN 101 F BY 

SURPLUS ASCII KEYBOARDS BY 
CLARE-PEN DAR 

SHINSHU-SEIKI. 
Continuous rotating drum device with 1 5VDC 
motor. 42 character set of alphanumerics and 
symbols. Printing speed 1.2 lines per sec. on 
standard 3 Y2'' adding machine roll. Supplied 
with full technical manual. 
Dimensions: 6" x 4V2" x 6'12" , weight: 3KG 

· BRAND NEW SURPLUS 
PRICE (Mail order total) 
AN 101 F Printer £45.00 £50 .76 
Amp~enol Connector £3.50 £3. 7B 

KB3 ROM-encoded ASCII keyboard with- 63-push-button key 
stations. Selectable mode- either full ASCII or TTY. Selectable 
parity. TTL-compatible . Power requirements, + 5V-1 2V. 
Constructed on rugged PCB with metal mounting plate. Supplied 
with full technical data. 
Manufacturers surplus. ' 

ONLY £35.00 + p.&p. 
VAT (mail order 
total £39 .42) ~/' 

__./ 

SCOOP! MASSIVE BULK PURCHASE BRINGS YOU 
HAZELTINE V~Us AT LOWEST EVER PRICES 

I 
' 

H1000,0NLY £350 

HAZELTINE H1000 
SPECIFICATION 

SCREEN CAPACITY-
g6Q characters BO per line x 12 lines . 
CURSOR - underline. 
CHARACTER GENERATION - 5 x 7 dot 
matrix 625 line raster . 
CHARACTER SET - 64 ASCII alphanumerics 
and symbols . · 
CHARACTER SIZE -1 I 8 inch (. 32cm) nominal 
height . 3 I 32 inch ( 24cm) i10minai w ldin. -
TUBE PHOSPHOR - -r'4 (white on black) 
REFRESH RATE- 50 fields per second . 
KEYBOARDS- TTY format attached . . 
INDICATORS- Power On . Parity Error . ' 
Dataset ready. 
PARITY --:- Parity error indicated by Parity light 
and quest1on mark (?) displayed in character 
position . 
TRANSMISSION - Asynchronous. Switch-· 
selectable for any two standard rates up to 9600 
baud . · 
OPERATING MODES- Full / half Duplex . 
MEMORY - High speed MOS refresh . 
STANDARD INTERFACE- CC ITT V-24 . 
(EIA RS-232 B/C), 
REMOTE COMMANDS - Home Cursor. Clear Screen, 
Carriage Return , Line Feed . ' 

* ASCII Keyboard * Hard-copy unit (friction or 
sprocket paperfeed) * Paper tape punch and 
reader (ASR33 only) 

PDP11 /04 PROCESSORS. Confi
gured to suit your requirements - BK 
and 16K MOS memory increment or 
1 6K core memory increments. 
Asynchronous interface/line clock - ·---....;....= 

* Line unit (20mA/6V /BOV) 
Prices from £425 (KSR) and 

-· £650 (ASR). . either DL 1 1 WA (20mA) or DL 1 1 WB --.--.. · 
(EIA) . All in perfect as-new condition. _ _ , ... 
Prices from £2,500. 
PDP11 ADD-ON MEIIIIORY 
11to4-11 /34 series - MS11 FP BK MOS. £550 ' MS1 1 JP 1 6K 
MOS £1,200; MM11DP 16K core £1,500; M7B50 parity 
control. £250. 
11/35-11/40-11/45 series .- MF11UP 16K parity core. 
complete with backplane - ONLY £1,500; MM11 -UP 16K 
expander core (prerequisite MF1 1 -UP) . NOW ONLY £1,250. 
DD11A 4SPC-slotback-piime . . . £195.00 

CENTRONICS 
MATRIX 
PRINTERS . II 
132 column printer w1th 64 / 
ASCII character set, 1 6 5 cps ~ 
operatiOn. 
Model101-5x7 dot matrix . 
Modal1 01A-7x9 dot matrix 
·i75o.oo 

HAZELTINE H2000 SPECIFICA
TION 
SCREEN SIZE - 1 2 diagonal. 1 ggB cha
racters; 74 per line x 27 lines . 
CHARACTER GENERATION - 5 x 7 dot 
matrix 625 line raster . 
CHARACTER SET - 64 alphanumerics and 
-symbols. 32 ASCII control codes . 
KEYBOARD·. - Detachable, solid state , 
teletypewriter design . 1 0-key numeric cluster 
plus editing and cursor control keys. 
TRANSMISSION -Asynchronous. Switch
selectable for combinations of 5 standard rates ' 
75 to g500 baud. ' 
OPERATING MODES- Switch-selectable, full 
duplex. half duplex or batch (buffered) . 
MEMORY TYPE- 2048 x B RAM . 

. EDITING FEATURES - Full Cursor controls · 
plus Insert I Delete Character, Insert I Delete Line, 
Clear Screen . Clear Foreground Data Only, Tab . 
STANDARD INTERFACE - CC ITT V-24 (EIA 
RS-232 B/C) or 202C Compatible. 
REMOTE COMMANDS -Insert/Delete Line. 
Clear Screen. Clear Foreground Data Only, Home 
Cursor, Address Cursor, Set Background Inten
sity, Set Foreground Intensity, Carriage Return , 

, Backspace, Ring Bell, Transmit, Print . 

H-2000A ONLY £495 
Also available: 
H-20008 £595 

AUXILIARY OUTPUT - Standard pr i nter 
interfaces ; standard cassette interface; remote 
monitor interface. 
TUBE PHOSPHOR- P39 (green on black) 

Keyboards 
NEW 

. * 56 Key-stations with 2-key ro-llover 
*Full 128 ASCII character set with R.OM encoder. · 
*Standard T!L log1c - ~wer requ irements + 5V-12V 
*Supplied wah full techn1cal data and circuitry . · 

DR 11 8 DMA Interface complete with backplane £750.00 

\ttSE Alphanumeric &graphic Display tem""inal complete with POPB~ 

;e~P11/40 CPU(memory available if -required) ONLY £3~::: I 
p R 11 High-speed paper tape reader and control £1.450.00 

ANOTHER SCOOP PURCHASE 
SCOPE DATA 240 CPS MATRIX 

Now avaihible · in two versions at 
GREATLY REDUCED PRICES as a result 
of our bulk buying policy. M·~~~r;s·• 
KB756 mounted on PCB . . . . . . . . . . . . . . . £49.50 £55.08 
KB756MF me. metal mount1ng frame for ext ra rigidity ... . 

£56.00 £61.02 

RTO 1 AB Numeric single-line data entry terminal ... 
. . . . . . ·. . . . . . . . . . . . . . . . . . . . .... £150.00 

TC11 TU56 DECtape drive and control £1,395.00 

.VTO 1 ~~k~~~i:o~~i~i~:. ~t~~Je ~~~i~~r. 
Also availabl_e AA 1 1-0 controller 

£950.00 
£195.00 

PRINTER 
..-: * 80 Column H"'o'~~r_-_Qnly _P[Int~with full //. 

upper & lower case ASCII character set ~" 
.·* Standard RS232 i'.rt'ertace . 
* E~~r-~§~nsitive printing 

ensuring quiet operatiOn 
* .BRAN[) N~W SURPLUS 

OPTIONAL EXTRAS: 
KB 1 5P Edge connector 
KB701 Plastic Enclosure 
KB702 Steel Enclosure 
KB710 Numeric Pad 
K8237·s-Spare ROM Encoder 

£3.25 £4.05 
£12.50 £14.31 
£25.00 £28.62 ' 

£8.00 £9.18 
£12.50 £14.00 

Ali items quoted are refurhiS'heii 
second-use.r equipment unless other

wise stated. 

I ::-1 - ELECTRONIC BROKERS LIMITED (COMPUTER DiVISION) 
;49-53 Pancras Road, London NW1 2QB. Tel. 01-837 7781. Telex: 298694 - Hours of business: 

A copy of our tradi_~Q_ c_9nditions can be supplied on request. 

9 a.m.-5 p.m. Mon.-Fri. Closed lunch t-2 p.m. 
ADD 8% VAT 

TO ALL PRICES 
Carriage & Packing charge extra 
on all items unless otherwise stated, 
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A. Marshall Dept: WW Head Office mail o rder: Kingsgate House. Kingsgate Place. NW6 4TA. Tel. 01-62 5 Retail 
London: 40-42 Cricklewood Bdwy., NW2 3ET. Tel. 01-452 0161/2. Telex 21492 London: 325 Edgware Rd. , W2 . Tel. 01-723 4242. 
Glasgow: 85 West Regent St ., G2 200 . Tel. 041 -332 4133 . Bristol: 1 Straits Pde ., Fishponds Rd ., BS16 2 LX . Tel. 0272 654201 . 

POPULAR INTEGRATED CIRCUITS. (A very small ~elec 1on Our range covers over 8,000 items. The largest selection in 
from our vast stocks, please enquire about dev1ces not Britain. Top 200 ICs, TTL, CMOS & LIN EARS 
listed.) • . MIC~OPROCES~OR SUPPORT CHIPS f 
CA301"8 0 .75 LM341P5 0 .80 LM1303N '1.15 I SASS 70 2 .70 TBA550Q 3 .80 7405N 0 .22 

* MAIL ORD_ER * 
Quick Servic• on a ll 
ord""' - plea- add 
40p for p&p to all 
orders. T•lephone 
orders on credit cards 
£10.00 minimum. 

CA3018A 1.10 LMJ41P12 LM1304N 1.52 SAJ 110 2.10 TBA5600Q 7406N 0.56 ~ 

g:mgA ~:~g LM341P150.!0 ~~1~g~~ g~ ~g:i~ ~ :~~- TBA570 ~:~g ~:g~~ g: ~~ 2~ oi :~ ~~:~ 
~AQ £8 .10 
52040 £11 .00 
27080 £13 .00 
271 6 £40.00 

TRISTATE BUFFER 
DMB 1 L595 £1 .36 

8080 . 
SUPPORT 

8 2~58 DMBl L596 £1 .36 

CA3028A 0 .90 • 0 .80 LM1310N 2.10 SN76001N TBA570Q 2.20 7409N 0 .22 •21 11 -2 £3.63 
CA3028B 1.25 LM341P24 LM1351N 1.30 1.30 TBA700Q 2.20 14fON 0 .20 2 11 2·2 £3.63 

DM81 L597 £1.36 
DMB 1 L598 £1 .36 

8 228 £5 .85 
82 12 £3 .10 

CA3030 1.50 0 .80 LM1458N 0 .45 SN76003N TBA720AQ 7411N 0 .26 2 107 £8.47 VAT INCLUSIVE PR ICES 

g:~g~~A ~:~g t~~~~~ g::~ ~~1~6~~ ~ :~~ SN76013N
2

'
38 

TBA750 ~:~: ~:g~ g:~~ ·! ~~:- £3::~ I ! O~h ,p£8'.83 
82 16 £2.60 
8226 £2.60 

CA3038A 4.10 LM360N 3.00 LM1812N 6.20 1.50 TBA750Q 2.45 7414N 0.80 
CA3045 1.55 LM370N 3.30 LM1820N 1.16 SN76023N T8A800 1.30 7416N 0 .36 
CA3046 0 .77 LM371H 2.35 LM1828N 1.90 1.50 TBA8 10S 1.30 7417N 0 .36 
CA3048 2.45 LM350K 6.45 LM 1830N 1.90 SN 76033N TBA820 0.80 7420N 0 .22 
CA3052 1.78 LM373N 3 .35 LM1841N 1.90 2 .35 TBA920 2 .99 7423N 0 .32 
CA?OBO 0 .85 LM 3 74N 3 .36 LM1845N 1.50 TAA263 1 .35 TCA160C 2 .36 7425N 0 .32 
CA3080A 2.10 LM377N 1.80 LM1848N 1.98 TAA300 3.70 TCA160B 2 .55 7427N 0.32 
CA308 6 0 .50 LM378N 2.40 LM1850N 1.90 TAA320A 1.15 TCA270 2 .99 7430N 0.22 
CA3088B 1.87 LM379S 4.25 LM1889N 4 .90 IAA350A 3 .00 TCA730 4 .50 7432N 0 .30 
CA3089B 2.90 LM380N8 0.96 LM3301N 0 .60 TAAS21 1.10 TCA740 4 .50 743 7N 0.35 
CA30900 4 .40 LM380N14 LM3302N 0 .55 TAA522 2.10 TCA750 3.00 7438N 0 .32 
CA3130 LOS 1.08 LM3401N 0.55 TAA550 0.48 TCA760 2 .00 7440N 0.20 
CA3140 1.04 LM381AN 2.70 LM3900N 0 .68 TAA560 2.10 TCA105 1 .49 7441AN 0 .84 
LM30 1 0 .30 LM381N 1.69 LM3905N 1.15 TAA570 2 .20 TCA440 1 .65 7442N 0.76 
LM307N 0 .50 LM382N 1.32 LM3909N 0.78 TAA370A 5.45 TDA102 2 7.50 7445N 1.40 
LM308N 0 .95 LM384N 1.55 LM3911N 1.10 TAA630 2.40 TDA1024 1.24 7446A N 0.90 
LM309KC 1.95 LM386N 0 .88 LM7805K 1.75 TAA960 3 .90 TDA1034 4 .75 7447AN 0 .80 
LM317K 3 .35 LM387N 1.10 LM7812 K 1.75 TAA970 4.20 TDA2020AO 7448N 0 .80 
LM318N 2 .45 LM388N 1.00 LM78 24K 1.75 TAA611B 2.50 4 .50 7450N 0 .22 
LM320TS 2.15 LM389N 1.00 LM78L05CZ TAA621 2.50 UAA170 2. 15 745 1N 0.22 
LM320T12Z.15 LM702C 0 .81 0.30 TAA661A 1.65 UAA180 2 . 15 7453N 0.22 

.LMJ20T1 ~ . LM709 0.70 LM78L 12CZ TAA661 B 1 .45 TLOBOCP 1.25 7454N 0.22 
2 .15 LM7098 0 .50 0 .30 TAA700 4 .50 TL081CP 0 .90 7460N 0.22 

LM3 20T 24 LM70914 0.49 LM78L15CZ TAA9 30A 1.45 TLOB2CP 1.10 7470N 0.46 
2 .15 LM710 0.67 0.30 TAA930B 1.45 TL083CN 1.40 7472N 0 .30 

MICROCHIP\ 
SCI MP1 E1Z .96 
SC/ MP11 £10.80 
6BOOP £16.99 
8080A £7 .42 
57 109 £12 .751 
57 180 £10.25 
5 7 161 £10.25 

8253 £11 .38 
8254 £4 .50 
8 255 £6 .27 
8250 £8 .99 
'825 1 £8 .18 

OIL SKTS 
Low profil e IC skts ... 

- S P'n tSp 22 P'n 30p 
14 pm 16p 24 pin 35p 

EXT RAS 16 pin 1Bp 28 pin 45p 
MM~6.85 18 p'n 27p 40 pin SSp 
MM5307 £13.69 FU LL RA NGE OF 

CONVEFfttv SET TO 
VDU 

~~3~~~~ £~:~ Capac, tors o ,odes 

AY3 · 1 0 13 ITMS601 I NC 1 £5.35 ~ ~~5~~1,0~~15 ~=;~~s 

The new CAT control chip f rom Thomson CSF 
SFF96364. Convert your TV set into an electronic VOU 
- 161ines x 64 characters - requires RAM , character 
generator and little else for a basic VDU 

~~ i~~~::o~sc~~ ~~or ~u~o~~s~r ~~~~ NEW 
patible. line erase. full card includes .CHIP £1 7 . 20 
UART. Modem . Char. gen. etc . Comp FULL CARD 
video out from encoded keybd . in . £1 51 

Meters In our n ew 
Cl ocks catalogue 

TRIACS plastic pack 400v T0 220 
Texas 

· 4 amp 72p 
6 omp 77p 

·• 8 amp 8Zp 

16 arr.p 93p 
20amp £1 .87 
25 ~mp £2 .20 

12amp 93p 
THYRiSTORS plas1'c power 
4 amps 8 ·arnps · 1 2 am ps 
l OOvo 38 100v o47 100v o 63 
200v o 44 200v o 54 200v o 70 

LM320P5 1.15 LM71014 0.64 MM5314 4.60 TAD100 2 .00 TLOB4CN 1.45 7473N 0 .44 
LM 3 20P12 LM71 1CN 0 .12 MM5316 4.6o r sA1 2o o .8o LF355N o .8o 7474N o .32 LEOs+ o·PTO 

1.15 LMnJC 0 .75 NE555 o.33 TBA500 2.24 LF356N 0 .80 74 75N 0.80 

400v o 54 400v 0 68 400v o 90 
Branded Texas q uality prod uct 

LM320P1 5 LM723C14 NE556 0.85 TBA500Q 2.34 LF357N 0.80 7476N ' 0.45 
1.15 0.45 NE558N 1.98 TBA510 2.35 LF13201N3.00 7480N 0.60 

LM320P24 .LM74 1C 0 .70 NE560 4.50 TBA510Q 2.48 LF13 331N3.00 748 1N 1.00 
1.15 LM74 1C8 0 :30 NE561 4 .50 TBA520 2.60 LF13741H0.80 7482N 0.90 

LM323K 6.95 LM74 1C14 NE562 4.50 TBA5 20Q 2.70 LF13741N0.55 7483N 1.05 
LM339N 0 .60 0.30 NE565 1.39 TBA530 2.35 7400N- o:11 7484N 1.20 
LM340T5 o :a8 LMl4 lCN O.H NE566 1.75 TB.A530Q 2.45 7401N 0 . 17 7485N 1.36 
LM340T15 t,V17488 o.50 NE567 1.90 TBA540 2.60 7402 N 0.17 7486N 0.36 

LM340T240.88 LM7814 0.90 ~!~;~~ ~:~~ +~~~~go ~ :~~ ~~g~~ ~:g ~:gg~N ~::~ 
0 .88 Al lPRICES NOWINCLUDEVATCOiiifEC-TAT12.,1.78 7491 AN 0 .85 

D•sp lay:> 7-seg 

m. . ~~~~ anode or 

Red 
8mm HT £1 .50 
10mm HT £1.55 
14mm HT £1 .57 

1 8mmH T£1.85 

LEOS Rad Gr Yell 
Small 3 mm 

.18 .19 .19 
La rge 5 mm 

.20 .20 .20 
Ext ra 
8nght .40 .40 .40 
I red L0 2 71 £0.55 
IR rece•ver 
Opto cou pier 

,Full r~~~ .. + dina _,n __ ~r ·79 Ca t ~ l ~gu~--

£1 .45 
£1.5!! 

;

NEW1S79 
CATALOGUE . 

: 4q page catalogu e - new enlarg ~d 

. 

. m.'cr.o sectio. n -la.rg.est range of qu~ lity 
components from fra nch ised suppliers 
a vailable m UK . All VAT i ncl us ive 
pnces . Over 8 ,000 line items plus lots 

. more 50p post pa1d or 40p to callers at 
. , any of our four branches. . 

PORTLAND HOUSE, COPPICE SIDE, BROWNHILLS .• 

MSI6800 NEW SWTPC 6800 
w ith BK Ram. Level2 

KIT £375 KIT £300 

'FOB FLOPPY DISC £935. BFD68 MINI FLOPPY £522 
SOROC, 10120 TERMINAL £699 ASS. 
.CASSETTE INTERFACE KIT £18.95 

Send S.A.E. for full brochure 

STRUMECH ENG. ELECTRONICS DIV. BROWNHILLS 4321 

SOLE lJ.K. DISTRIBUTOR FOR MSI & SMOKE SIGNAL -BROADCASTING. 
WW-095 FOR FURTHER DETAILS 
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Appointments 
A dv ert isements accepted 
up to 12 noon Friday, De
cember 22 for Februa r y 
issue, subject t o space being 
avai lable. 

DISPLAYED APPOINTMENTS VA CANT: £8.50 per single col. centimetre (min. 3cm). 
LINE advertisements (run on): £1.20 per line, minimum three lines. . 
BOX NUMBERS: 60p extra. (Replies should be addressed to the Box Number in the . 
advertisement. c / o Wireless World, Dorset House, Stamford Street. London SE 1 9LU .) 
PHO~~: Barry Leary on 01-261 8508 · 
Classrfred Advertisement Rates are currently zero rated for the purpose of V .A . T. 

Land a good job 
Your 

Radio Officer's 
qualifications 

can mean a lot 
here on shore 

If you 're th inking of a shore-based job, 
here's where you' ll find interesting 
work, job security, good money, and the 
opportunity to enjoy al l the comforts of 
horne where you appreciate them most 
-at horne! 
The Post Office Maritime Service has 
vacanc ies at Port is head Radio and 
some of 1ts other coast stat ions fo r 
qua lified Radio Officers to undertake a 
w ide vanety of duti es, from Morse and 
te leprinter operating to traffic 
c ircu lation and radio telephone 
operat1ng . 
To apply, you must have a United 

·King dom Maritime Radio 
Commun icat ion Operator 's General 
Certi f icate or First Class Certificate of 
Prof ic iency in Radio-te legrap hy or an 
equ 1valentcertificate issued by a 

Commonwealth Administrat ion or t he 
Irish Republ ic. And , ideally, you shou ld 
have some sea-going experience. 
The starting pay at 25 or over works out 
at around £4093; after- three years' 
service this figure r ises to around 
£5093. (If you are between 19and 24 
you r pay on entry w ill va ry between 
approx imately £ 3222 and £3732). 
Overtime is ad d it iona l, and there is a 
good pension sc heme, sick-pay 
benef its, at least 4 weeks' ho liday a 
year, and exce ll en t prospects of 
promoti on to senior management. 

For further information, please telephone 
Andree Trionfi on 01-432 4869 or write to her 
at the following address: ETE Maritime Radio 
Services Division (L690), E.T17 .1 .2. Room 643, 
Union House, St . Martins-le-Grand, London 
EC1A1AR . 

RADIO COMMUN.ICATIONS FIRST-CLASS 
Salary range £4 6 20-£4940 p.a. 

TECHNICAL 
MAINTENANCE 

ENGINEER 
Required urgently 'for 

AIR STUDIOS 
For details of pay, pens1on and insurance schemes, 
bonuses, holidays, tel. : 

Mr . D . Bridges 
01-637 2758 

(87 73) 

Radio Engineers required for planning of radio systems, develop
ment and comm issioning of equipment involving both design and . 
practical work . 

The section is based at Paddington but applicants must be 
prepared to work at other locations . They must have had training 
and experience in mobile voice radio systems and have a know
ledge of data transmission techniques . 

Possession .of an O.N.C. in Electrical or Electronic Engineering , or 
its equivalent, is desirable. 

VALUABLE FREE TRAVEL ON LONDON TRANSPORT 
SERVICES AT ALL TIMES 

Write for appl ication form quoting ref . PA679/B/3 to Staff 
Appointments and Development Officer , London Transport , 
55 Broadway, London SW1 H ODB, or phone 01 -222 5600, 
extension 64 . 

~LONDON TRANSPORT 
!l769 
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We've variety and interest 
to offer you as a · 

service and test engineer 
in Stanmore 

It's the variety that comes with 
-working on a wide range of 
equipment. And the interest of 
·knowing that your skills and 
experience are playing a vital role in 
maintaining the critical standards 
demanded by major airlines and 
Air Forces for their highly 
sophisticated avionics equipment. 

Working either in aircraft or in 
our well equipped and pleasantly 
situated workshops in Stanmore, 
Middlesex, you will be involved in 
the repair, maintenance and overhaul 
of a variety of advanced airborne 
electronics equipment, both British 
and American. 

It's work for which you'll need 

to have sound practical experience of 
radio and electronics theory, ranging 
from audio to microwave. You should 
also have experience of using 
advanced test equipment for fault 
diagnosis, although training can be 
given where necessary. 

We can offer you an excellent 
salary and benefits together with 
really first-class working conditions 
and subsidised staff restaurant, so if 
it's variety and interest you're looking 
for write now with details of your 
experience to: Mrs. E. Wagg, 
Marconi Avionics Limited, 
22-26 Dalston Gardens, Stanmore, 
Middlesex HA 7 lBZ. 
Telephone: 01-2043322. 

MARCONI 
··. ' .,N S 

A GEC-Marconi Electronics Company (8763) 
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UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF ELECTRICAL 

ENGINEERING AND ELEC· 
TRONICS 

EXPERIMENTAL 
OFFICER 

To assist the development and appli
cation of microprocessors and other 
digital systems to a wide range of 
undergraduate and postgraduate 
activities. The post, is tenable for 
three years in the first instance, pro
vides valuable experience for a recent 
graduate or person with equivalent 
qualifications. Salary in a range up to 
£5604 p.a. 
Application forms may be obtained 
from The Registrar, The University, 
P.O. Box 147, Liverpool L69 3BX. 
Quote ref. RV /997 /WW. 

. (8777) 

ROYAL HOLLOWAY COLLEGE 
(University of London) 

Egham Hill, Egham, Surrey 

ELECTRONICS TECHNICIAN 
(Grade 4/5) & TRAINEE 

required forth~ PHYSICS Department. to be 
involved with design. development, . con
struction, calibration, maintenance and 
repair of a wide range of electronic equip
ment and systems support teaching and 
research. Grade· 4/5 cand1dates should 
have a good general knowledge of elec
tronics and be able to work without supervi
sion. Salary on scale £2955-£3720 (grade 
4/5) and £1581-£2199 for trainee, plus 
£275 London allowance . 
Applications giving details of age. qualifica
tions and experience, together with the 
names and addresses of two referees should 
be sent to the Personnel Officer . 

(8770) 

COMPUTING TECHNIQUES LTD. 

CHIEF TEST ENGINEER· 
to £7,500 

EMPLOYMENT OPPORTUNITIES 

We are looking for a Senior Electronics Test Engineer, who is 
technically well qualified and keen to run his own department. The 
successful candidate will be responsible for building up our existing 
test department, maintaining quality assurance standards, liaison with 
the design department, design of test equipment and test procedures 
and the recruitment of additional staff. 
Applicants as well as enjoying working with the latest generation of 
Logic families, microprocessors and operational amplifiers, should be 
qualified at least to H.N.C. standard in Electronics and have a proven 
track record in a high technology environment. 

SERVICE/COMMISSIONING 
ENGINEER to £6,000 
A vacancy exists for a dynamic self-motivated Service I Commissioning 
Engineer to be responsible for customer after-sales service of our range 
of analogue and hybrid computers, data loggers and mdustnal data 
acquisition and control equipment. 

The successful applicant will already have a good knowledge of both 
·analogue and digital electronics, gained either in a similar position or 
within an electronics test environment, preferably with qualif1cat1ons 
to H.N.C. standard . 

The post is based at Billingshurst but with frequent visits throughout 
the U.K. and overseas. 

TEST ENGINEERS 
We have a number of vacancies at various levels within our test 
department and are keen to interview engineers looking for the 
opportunity to work with state-of-the-art devices. 
Computing Techniques limited 
Brookers Road 
Billings hurst 
Sussex 

(8803) 
RH14 9R2 
Billingshurst (040 381) 3171 

with 

H.M. DIPLOMATIC SERVICE 
for 

RADIO 
OFFICERS 

Minimum qualification required M RGC or 
PMG Grade 1 or M PT Grade 1. 

Write of Telephone for particulars and applica
tion forms to: 

Recruitment Section 
Communications Administration Depart
ment 
Foreign and Commonwealth Office 
Hanslope Park, Hanslope 
Milton Keynes M K 19 7BH 

Telephone: 090-851 444. Extension 302 
(8806) 
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PROJECT ENGINEERS 

· What is there to say 
about Broadcasting? 

Nothing. It speaks for itself. 
The advantages of a career in the Studio Capital Projects 
Department of the BBC are self evident. To put the matter 
simply, broadcasting is exciting. 
There is the prestige of working in a department involved 
in many of television and radio's most brilliant 
innovations. Then, there's the challenge of planning, 
installing and commissioning entire sound and vision 
systems for film, radio and television studios. Your work 
is varied, stimulating and demanding. 
You should therefore be able to demonstrate a thorough 
understanding of some of the many aspects of broad
casting and have practical experience of the operation 
maintenance or installation of the relevant equipment. 
In addition, you must hold a degree, HND or HNC 
qualification in either Electrical or Electronic engineering, 
Applied Physics or a City & Guilds Full Technical 
Certificate in Telecommunications and be aware of the 

financial and commercial aspects of project planning and 
execution. 
Although you will be based in London, you must be 
prepared to travel anywhere in the United Kingdom. 
Salaries, ranging from £4675 to £5555 rising to £6140 
(under review) will reflect your qualifications and 
experience and relocation expenses will be considered. 
There is, of course, much more to say about broadcasting. 
If you want to discover just how much, you can begin by 
'phoning George Boston on 01~580 4468 ext 2426. 
Alternatively, you can write giving full career details to: 
Engineering Recruitment Officer, BBC, Broadcasting 
House, London WlA lAA quoting reference no 
78.E.4091/WW 

[J}[J}{f) 
8757 
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a leading British Manufacturer of broadcast 
television equipment, has vacancies for 
technical staff at its Hanworth, Middlesex, 
headquarters. 

...---EW.O.BAUCH LIMITED 

require 

TEST. ENGINEERS SERVICE 
ENGINEERS 

Applications should have C and G, ?NC a~d HN_C 
qualifications, and at least two yea~s . exp_enence 1n 

Broadcast Television Equipment or a s1milar f1eld. 

TEST EQUIPMENT 
SPECIALIST 

To work in our modern laboratory on our 
range of professional audio equipment. 
The successful applicants will have a 

sound electronic knowledge and a 
mechanical aptitude. The successful applicant will be responsible for the 

repair and re-calibration of all the comp~ny's_ test gear 
which includes specialised video and aud1o untts as well 
as a wide range of conventional measuring equipment. 

A good understanding of tape recording 
is desirable. 

The company is prepared to pay attractive salaries 
to applicants capable of working with a minimum of 
supervision in a relatively informal atmosphere. 

Applications in writing please to: 
Brian Whittaker 

F.W.O. Bauch ltd., 
49 Theobald Street, 

Boreham Wc;md, 
Hertfordshire WD6 4R2 

Munich? 
Our German translators need the help 
of a British Graduate. 

Electronics Engineer 
Qualified to give the master touch to 
their English translations of data 
sheets, catalogues and manuals on 
electronic measuring and com
munication equipment 
His I her knowledge of German should 
be such that after about six months 
he /she can also do translations . 
The applicant should be willing to 
work for some years in our translation 
department in Munich where he will 
find a friendly atmosphere and British 
fellow-workers. 
Starting salary will be in the region of 
OM 2,600 per month; holiday 21 to 
27 days depending on age. 

If you are interested, please send your 
application together with full curricu
lum vitae to ROHDE & SCHWARZ, 
Personalabteilung, P.O. 75, Muhl
dorfstr . 15, 8000 Munich 80, 
Germ~ny. 

CITY AND HACKNEY 
HEALTH DISTRICT 

RF ENGINEER 
The Dept. of Medical Electronics, St. Bartholomew's. Hospital, is . 
seeking an engineer to assist in: 

1. The maintenance of hospital VHF and UHF radiotelephones. 
2. The development of VHF biomedical radiotelemetry: 
3. The development of computer data links . 

The successful applicant must demonstrate a good working 
knowledge of RF techniques and understand current digital and 
analog circuits. 

Postgraduate facilities may be offered to a suitably qualified 
applicant. 

Salary scales: £4098 to £5142 p.a. 

Please telephone 01-600 9000 extension 3186, quoting 
reference PTB I 1 7 5 for an application form. 

New Posts in 

MEDICAL ELECTRONICS 
Due to the expansion of the Electronics Section of the 

Department of Medical Physics we are now recruiting several 
technicians to work on a wide range of advanced medical 
equipment . 

(8778) 

Appointments will be made on the grades of Junior 
Technician (£2640-£3288), Medical Physics Technician IV 
(£3423-£4488), Medical Physics Technician Ill 
(£4098-£5142) and Senior Electronics Engineer 
( £5805-£7292). 

Further details and an application form available from 
District Personnel Department, Charing Cross Hospital, 
Fulham Palace Road W6 9HH. Tel. 01-748 2040 ext. 2997. 

(8764) 

8838 

A group of companies in techni
cally related business based in 
London EC1 require experienced 
person to set up and supervise 
small electronic sub-assembly pro
duction unit. Applicant must de
monstrate managerial capabilities 
together with product knowledge of 
current techniques and be conversant 
with integrated circuit design . 
Qualifications held no less than 
HNC/HND. Please write in the first 
instance giving an outline of ex
perience together with salary require
ments 

Please reply Box No. WW8817 
(8817) 

RADIO TELEPHONE SERVICE 
ENGINEER required _in Cr_oydon. 
Proven ability to repair eqmpme~t 
more important than formal quali
fications. Salary commiserate with 
ability . Contact LONDON CAR 
TELEPHONES on 01-680 1010. ~882~ 

MIDDLESEX POLYTECHNIC. Elec
tronics Technician, . £4,017-£4,917 pa 
inc., to provide technical assistance 
to staff and students in the Poly
technic's projects laboratory~ J:>ased 
at Enfield . Major responslbihtles 
will include the development of the 
Microprocessor Unit, the desi!:!n a!ld 
construction of matchmg circuits 
for transducers and data logging 
equipment, and construction . of 
working systems incorporatmg 
microprocessors. Knowledge of 
workshop practice is essential, to
gether _ with a good e~ectron~cs 
qualification or sound mdustnal 
and manufacturing experience in 
allied fields. Write quoting ref. 
4.16A for further detai}s and appli
cation form, posting first-class to: 
Appointments Officer, Middlesex 
Polytechnic, Bounds Green Road, 
London Nll 2NQ. Closing date 
,Tanuary 13. 18826 
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RADIO 
TECHNICIANS 

At the Government Communications Head
quarters we carry out research and development in 
radio communications and their security, including 
related computer applications. Practically every type of 
system is under investigation, including long-range radio, 
satellite, microwave and telephony. 

Your job as a Radio Technician will concern you in developing, 
constructing, installing, commission ing, 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 o"f technology 
on a broad front and widen your area of expertise - positive career 
assets whatever the future brings. 

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 could travel - we are based in Cheltenham but we have other 
centres in the UK, all of which require resident Radio Technician5 and 
can call for others to make working visits. There will also be some 
opportunities for short trips abroad, or for longer periods of S!lrvice 

·overseas. 
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WORK IN 
COMMUNICATIONS 
R&D AND ADD TO 
YOUR SKilLS 

You should be at least 19 years of age. hold (or expect to obtain) the 
City and Guilds Telecommunications Technician Certificate Part, I 
(Intermediate) . or its equtvalent, and have a sound knowledge of the 
principles of telecommunications and radio, together w1th exper1ence of 
maintenance and the use of test equtpment. If you are or have been 1n 
HM Forces your Service trade may allow us to dispense with the need for 
formal qualifications . . . 

You start on £.2g27 at 19, up to £.3 700 if you are 2 5 or over. ns1ng to 
£.4252, and promotion will put you on the road to posts · carrytng 
substantially more. There are also opportunities for overttme and on-call 
work paying good rates. 

Get full details from our Recruitment Officer, Robby Robinson, 
on Cheltenham (0242) 21491, Ext. 2269, or write to him at GCHQ 
(Ref. WW12), Oakley, Priors Road, Cheltenham, Glos GL52 5AJ. 
If you seem suitable, we'llmv1te you to interview in Cheltenham- at our 
expense of course. 

(8508) 

ELECTRONICS ENGINEERS/ 
TECHNICIANS 
We are concerned with the design, development and production of a wide range of sophisticated electronic 
systems for Military Communications, Underwater Weapons and Space Satellite applications. 

To strengthen our project teams, and meet new orders, we need qualified engineers, male or 
female, at all levels who have relevantpractical experience as: 

Computer Programmers 
Estimating Engineers 
Test Engineers 
Technical Authors 

Please telephone or write quoting ref. P/15 enclosing a brief personal 
history, or complete the coupon, and return it to: 

Jack Burnie, Marconi Space and Defence Systems Ltd, 
Browns Lane, The Airport, 
Portsmouth . Tel. 64966 

Ext 19 
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.eeping in touch ... 
.Je are Europe's leading exporters of two way 

radio communications systems and as such can 
offer you the chance to work on exciting new 
development projects in some of the best 
eq uipped laboratories in the country. 

· Join us in Cambridge and you will be bene
fitting f rom a plan of growth and development 
that has seen £7 million recently invested in a 
new laboratory, production and headquarters 
complex on the banks of the Cam. 

Electronic Designers 
ro make a major contribution to a project team 
developing low capacity FDM/PCM radio links. 
Appl icants should hold a degree/H N D or 
eqiva lent qualification in Electronics and have 
had at least 10 years' relevant design experience. 

-Electronic 
Development Engineers 
<RF or Digital) 
RF Eng ineers to join teams working on the 
development of fixed, portable and link products 
or sub -un its. Must have radio communications 
development experi ence and be fam iliar with 
design of VHF/l!_HF communications equipment 

The most advanced control system in the world, the 
Pye MASCOT 1 000 provides a unique flexible system 
for communication 
control ------------------ - -"""" 
rooms. 

or low medium capacity multiplex radio links . 
We also require engineers with hand portable 
development experience. 

Digital engineers to work on computer-based 
interactive systems, including digital signalling, 
encoders/decoders, speech synthesis and data 
display. Must have experience of either machine 
code and assembler language programming or 
the design of digital and analogue circuits. 
We're looking for men and women qualified to 
B.Sc or HND level, with at least 2 years' ex
perience. 

Systems 
Development Engineer 
To evaluate technical feasibility of new enquiries 
and to propose cost-effective engineering 
solutions. This entails provision of technical 
documentation and liasion w ith production , 
installation and field service departments. 

Applicants should be qualified to Degree, H N D 
or H NC level and have experience of Systems 
Engineering, Commissioning, Design/Develop
ment or Field Work. Knowledge of two or more 
of the following is essential: HF/VHF/UHF 
equipment; data and line transmission; control ; 
logic and processors; telegraphy, line printers or 
exchange practice. 

Mechanical Designers 
To participate in the total design of new 
products. You should have acqui red ex
perience of product design for medium to 
large quantity production runs, and have 
extensive knowledge of design in sheet 
metal, plastics and diecast metal. An 
H NC or equivalent qualification is desirable. 

PCB Draughtsmen 
To join small teams of product engineers. You 
should have sound knowledge of the latest 
PCB design layout techniques and high quantity 
PCB production methods. Experience of com
puter aided design and precision plotting is a 
major asset. A relevant ONC or equivalent 
qualification is pref~rred. 

We're offering good salaries to applicants of 
either sex, with generous relocation 
expenses and good career prospects plus 
an extremely attractive working environ
ment, including sports ground, pavilion 
and social facilities within the complex. 
Living in c-ambridge has its own benefits 
too, not only is it an attractive city, but it 
offers excellent sporting, recreational and 
cultural facilities and a wide choice of 

reasonably priced housing. Added to which, 
London is quite close to hand, with the new 
M11 opening in Autumn and a rail journey 

soon to be brought down to under 1 hour~ So, 
apply now quoting job title, to Alan Depauw, 
Personnel Officer, Pye Telecommunications Ltd., 
St. Andrews Road, Cambridge, CB4 1 DW. 
Telephone Cambridge 61222 Ext. 305. 

Pye Telecommunications Ltd 
StAndrews Road Cambridge England CB41 DP · 
lei: Cambridge (0223) 61 2 2 2 Telex : 81166 PY£ mrcoM CAMBGE 

------ - - ----- ·- ·-·---·-·---
8804 . 
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Department of 
Physics 

B.Sc. (Hon_s.) 
Physics and 
Physical 
Electronics 
This course may be taken as 
either a full-time (three-year) 
course or a sandwich (four
year) course . The course, 
whilst being physics-based, is 
designed to provide es
pecially an extensive under
standing of electronics and 
associated computing techni
ques. 

Further details and appli
cation forms are available 
from: The Secretary (Ref. 
WW3), Departm ent of 
Physics, The Polytechnic 
of North London, Hollo
way Road, London N 7 SOB 
(Tel. 01 -607 2789, ext. 
2181 ). 

The Polytechnic 
of North London 

APPOINTMENTS 
IN 

ELECTRONICS · 
£5 - £10,000 
Ta ke your p1ck of t ile 
permanent posts 111: 

(8766) 

MISSILES MEDICAL 
COMPUTERS 

RADAR COMMS 
. MICROPROCESSOR 

HARDWARE - SOFTWARE 

f ''I tl t't' t' \ Pt'lt .llh ll'l' .l lhi 
llllll lt' di.Jlt'.ll'llnlltl ll sai,Jry .liHi 
l ',llt'er 1111provement. 'phone or 
wnte to. Mike Gernat BSc 

CJ#~ppp~Cjf~ 

• DESIGN /DEY 
• T EST . 
• F IELD SERVICE 

High Salaries - Most Areas 

Phone . 01 • 7 31 4353 
- rxf~ 1)/V (8515) . 

~~.,v Personnel 

WIRELESS WORLD , JANUARY' 1979 1 3 1 Appointments 

. ? 
Time for a Change. 
ENGINEERS & SOFTWARE SPECIALISTS 
Feeling unsettled'? Time y<>u did s<>mctliitlg ctll<;ut it! 

\Ye know how it is .. \fter all, \\'e sec 
the pnlhlcm from hoth sides. Fon:xampk, 
we know that reasons J(Jr changing ntr\' 
great ly- ad nmcemen t_ or further · 
experience (orn-cnmone~·!) is pe rhaps 
o nl y antilah lc dsndictT, or, rqJ;ret tahiY 
there may he a n intractable pe ;-sollal · 
problem. But often it is diffi cul t to · 
pinpoint a single cause; sn·eral h tctors 
probably interact. \Yhatl'n·r \'o'ur 
situation, Sperry ( ~yroscope inay he 
able to help. 

\re belien· that \H' han· somcth i nt~ 
special to offer: a friendly, s u pport in· .-. 
and highly e re at i\'e en \'iron ment ; small 
\\·orking groups backed by large com pan~
resou n:cs; ad i Yersi t y of prod nets an d 
technology \Yhich is p roba bly unrindkd 
in an organ hat ion o f'ou r s i zc. ce 11 t rn I o n 
control systems and in \·o!Ying precision 

mechanical, elect ron ic and soft \Yan.: 
engineering. To back up all that \\·e han: 
a n a t t ral't i \'c h l:nefi t sand n.: lo<.:u t ion 
package. . 

I f \' () 11 red i t i s t i Ill e I ( ) r a c h a II g l ' t () 
a succL:ssli.tl a nd u 11 de r s tan d i 11 g c; >Ill pan~-. 
con t w.:t Sperry ( ~ yroscope no\\'. You can 
l'i t II L'I' send us b r ief d l't a i Is o r, for f u r t h cr 
inl(>nnation. \\'rite to or pll<llle I )on ~Ianning 
o11 r Engineering l~ccruitmL· nt ()fficcr . 

Spc rry ( ~ ~To scope. I )o\\' 11 shire \\'a~ -. 
Brackncll, Berks. I {( ~ 1~ IOL. 
Brw.:kncll (0:~44) ;~~~~. ·~ 

..JLs;pe~v .,r GYROSCOPE 
DIVISION OF SPERRY RA).JD L1~11 TED 

8807 
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ENGINEERING 
TRMNING 
fortheBBC 

RADIO 
ENGINEER 

HAITI 
required to work as technical adviser 
to the Haitian Radio School team 

working on a new adult literacy 
scheme . Responsibility for the 
maintenance and repair of the radio 
station equ ipment and the training of 
Haitian counterparts. 

A British Volunteer Programme post, 
language ·training provided. 

The BBC requires lecturers for its Engineering Training Department. 

The Department trains staff for operational, technician a~d engineering 
work both on recruitment and thereafter thro.ughout t.h~1r c~reers . ~h.e 

t Cerned deal with technician and engmecr trammg for tclcvls.IUn. 

For further informat ion write with 
details of curriculum vitae to CIIR 
Oversees Volunteers, 1 Cambrrdge 
Terrace London NW1 4JL. 

' (8779) 

pos s con f' · 1· f b . ng 
radio, transmitters and communications, a degree o spee~a 1sa 1011 c1 NATIONAL AUDIO VISUAL AIDS CENTRE 

normal within the field . AV TECHNICIAN 
The Department is situated in the co·untry at ~v~~~am in Worce~tershire 
and is very well equipped . Welfare and Club fae~iltlcs arc excellent. 

required for laboratory evaluation of audio visual aid 

equipment . Experience .with one or more. of t~e 

~~~~,~~~s~ ~h~~:d~! ~~cu~~~~=.n~~~:c;,s~:~i~ r:.u;/i~ 

we are looking for engineers, male or female, who have some relev~nt 
ractical experience, either in broadcasting or in a closely rclate,d_t.'_eld . . 

~hey must have the ability to present ideas clearly and .sympathctl.cally to ~II 
wide range of students. Given these qualities and the nght potent1al. we WI 

pro jectors, video recorders , tv .recetve~~ · mint
computers . Send resume of educatton qualtftcattons. 
previous experience and tw.o referees. Sal.ary 

~nef~~~=~~en ~~~~~~:. 6~2v:C:•t;5~e:~lsTzeec~~~~~.
1 

London NW6 4BY (883 7) 

provide whatever additional training is necessary. . 

If you arc qualified to degree level or equivalent, in a relevant top1c a:e~ and 
would like to know more then write to Mr. J.H. Brooks, Head of Trammg · 
Section (Engineering), Engineering Training Department, Wood Norton, 
Evesham, Worcestershire, Telephone Evesham 41112, Ext. 224. 

ROYAL MARSDEN HOSPITAL, F~l
ham Road, SW3. Medical PhySICS 
Technil::ian - Grade IV, £3,423· 
£4 488 required in the Physics/ 
R~diotherapy Workshop group to 
repair and maintain a lOMeV 
Linear Accelerator, three. cobalt 
units and two X-ray umts. The 
appointed person will also_ be re
quired to assist with the . mstalla
tion and testing of radiotherapy 
equipment. Applicants should h.a~e 
an interest in mechamcal/ele~tncal 
servicing, and hold . HNC. or stmtlar 
qualification in engmeermg or e_lec; 
tronics and have at least 3 year.s 
technical experience. t<;> obtam 
salary on scale. Application forms 
and job descriptions from Personnel 
Department tel 352 8171 Ext. 447. 

{f][J}{B . 

Test 
Technicians 
Ultra Electronic Communications, part of the inter

national Dowty Group are world leaders in sonar bu~y 

design and manufacture advanced railway an~ tr~1n 

location networks, sophisticated a1rcraft commun1cat1on 

systems and search and rescue beacons. 

Our production departm.ent requires additional male or 

female Testers with experience of rad1o or analogue 

circuits and test equipment. Candidates should .have 

several years of practical experience 1n th1s area With or 

without qualifications. . 

Salaries will be negotiable 'and accompa~ie~ by a .wide 
range of attractive large company benef1ts, mclud1ng a 

very generous relocation package. 

For further information and an application form, please 

phone or write to Mr. Gavin Rendall, P~rso~nel 

Manager, Ultra Electronic Commun1c~t1ons 

Limited, 419 Bridport Road, Gree~ford, M •ddle

sex UB68AU. Tei:01-5780081. 

Electronic Communications Ltd 

• . (8842 

NATIONAL MARITIME INSTITUTE 

FELTHAM, MIDDLESEX 

HAS VACANCY FOR 
COMPUTER STAFF 

If you are interested in Computing and preferably have had some experience 

in writing programs, we would lrke to hear from you . . . 

The National Maritime Institute carries out investigations 1nto the 

performance of ships and offshore structures usrng towrng tanks, water 

tunnels. manoeuvring tanks and wrnd tunnels 

Computers are used extensively to analyse experimental data and to carry 

out theoretical computations. Microprocessors , mrnrcomputers and 

mainframes are used on-line and via terminals. 

If you would like to know more about these vacancies on our Feltham and 

Teddington sites, please wnte or telephone. 

Age: At lease 16 on 31 December of the current year . 

Minimum Qualifications: . · 4 
GCE (Ordinary Leve l) Grade A , 8 , C or CSE Grade . 1 or equ1valent 1n 

subjects including English Language and a Sc1ent1f1c or a Mathemat1cal 

subject. 

Commencing Salary (including Outer London Weighting) 

£2050 at age 14, £3006 over 21, rising by annualrncrements to £35 78 . 

There are excellent career prospects with promot1on to h1gher grades and 

opportunities for part-time day release for further study . 

Staff restaurant , sports and social sections . 

5-day week of 41 hours (including lunchbreaks). 
PART-TIME staff would be considered . . . . , 

4 weeks ' paid holiday plus 9% days public and pnvrlege holrdays . 

For further details or terms of employment and application forms apply to : 

Personnel Section 
National Maritime Institute 

Faggs Road 
Feltham, Middlesex TW14 OLQ . 

For technical details telephone 01 -9 7 7 0933 Extens1on 5070 
(8772) 
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Technician Engineers 
The Plessey Development Laboratory at H avant, Hampshire, is sub-contractor for the most advanced 

VHF communications system ever to be developed for the British Army. This system - known as 

"Single Channel ·Radio Access" ..., allows mobile subscribers to use the Ptarmigan trunk telephone 
network for both voice and data messages. 

We are now proceeding with the second phase of development, creating new career opportunities for 
Technician Engineers who wish to advance their knowledge. 

What jobs are on offer? 
We are looking for Technician Engineers with experience in industry or H.M. Services to work in the 
following fields. 

VHF Radio Equipment Development and Evaluation 
Successful candidates will be involved in the development of transmitters and receivers and in the 

evaluation of their electrical and environmental performance under a variety of conditions. 

Development and Evaluation of Digital Equipment 
Candidates with a special interest in digital circuits and systems will find opportunities to work under the 

guidance of experienced senior engineers on the most up-to-date techniques, including microprocessors. 

What qualifications? 
The type of work we do needs people with practical experience of transistorised equipment, a common 

sense approach and a willingness to work with others towards a common goal. Ideally, you will possess , 
a City & Guilds Full Tech. Cert., ONC or HNC. 

Salaries and career prospects? 
We operate a separate structure for Technician Engineers which offers scope for career development. 

You could become a Principal Technician Engineer in charge of a small section, while the exceptional 

younger person would be encouraged to qualify to transfer into the Professional Engineering grades. 

Because our plans for business expansion are soundly based on a full order book for a wide range of both 

government sponsored and private venture products, we can offer you both job stability and the up-to-
date experience which is essential to our future growth. · 

Technician Engineers are recognised as important members of our teams and are rewarded accordingly. 

Situated in a semi-rural · environment near Portsmouth, Chichester, the South Downs and several 

seaside resorts, we are well placed for housing, educational and recreational amenities . Generous 

relocation assistance will be given as appropriate and there is a comprehensive range of large company 
benefits. 

Please write with brief career details or telephone for an application form. L. Wise, Recruitment 

Manager, The Plessey Company Limited, Martin Road, West Leigh, Havant, Hants. Tel: (0705) 
486391. Applications are invited from either sex. 

.PLESSEY 
(8821) 
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We are one of the World's leading establishments in Motor Vehicle Researct -
1 

d 
Further growth combined with an impressive capital investment programme as e 

toopeningsint~ilicTRONICS 

ENGINEERS . 
\ he A ssociation has an on-going investment in sophisticated. and advanced electroni c 
equipment, which i s playing an increasingly importan t part mall aspect s of Motor 
Vehicle Research. l 'b · 
Engineers are required t o be responsible for the performance a~d ca I ration on a 
wide range of essential equipment. Applicants sho_uld b~ quahfied to degree '?r 
equi valent level and have at least two years exp~nence .m the use of ele

1
ctrOI.uc d . 

measuring, control, communicat ions and computmg equipment, preferab Y game m 
a res~arch function. 

TECHNICIANS 
(INSTRUMENTATION) 

To w ork closel y with the above Engineers and play an imJ?ortan.t part in the 
efficiency and smooth running of new and existing elect~~mc e.cJUipment . ~e would 
like to hear fr om qualified techni cians who are fully .f~m~ar with ele~tro~Ics and 
preferabl y have a knowledge of both analogue and digital mtegrated cucuits. 

MIRA OFFERS . . 
The opportunity to work in a stimulating and professional environment . A Wide · 
variety of challenging projects. Exceptional c~reer prospects. ~he chance .to us~ your 
ability and initiative where it will be appreciated. Good salanes, attracti ve . fr,m ge 
benefit s and j ob security. 

If you would like t o know mote about any of the above P?sitions please , 
I contact , Ray Cray or alternatively, write with career detruls to, .: 
·The Personnel Manager, 
Motor Industry Research A ssociation, 
Watling Street , 
Nuneaton, 
Warwickshire 
CVIO OTU. 
T elephone: 
Nuneaton (0682) 68541. 
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BRUNEt UNIVERSITY 
DEPARTMENT OF EDUCATION 

GRADE 3 AUDIO/ VISUAL 
LABORATORY TECHNICIAN 

We are looking for a technician (male or female) to be 
responsib le, under the Chief Technician , tor: the 
day ~ to - day runn ing of a combined ~hys .•cs / 
Chemistry laboratory ~nd al_so a.n A~d10/V ~sual 
Teaching Laboratory, mclud•!lg ftrst -llne ma~n.te 
nance . This involves working 10 close c~-opera t•on 
with both the academic and other techntcal staff as 

~~~ i~:~~~~~~J~t:1':~~u~r~~:bly have either 0 N C; 
or City and Guilds (or equ1valent), and 3M5 years 
relevant experience. A knowledge of Nuffield Physics 

~~~~~e~:!:ea~=~tabgee.given to study for higher 

i~al~tiac:~i.o~~nual leave plus one week at both 
Christmas and Easter . There iare good lu~c~eon , 
sports and social facilities at hand. ~alqry w1thm the . 
sca le £2 .688·£3.060 (under rev tew) plus £275 
London Weighting 

W rit e f or •pplic8t ion fonn to the Aaaiat•nt 
Secret•ry (Eat8b lishment), Brunei Universit y, 
Uxbridge, Middle .. • UBB 3PH. or t elephone 
UxbridQ4l 371 88, extension 4 8. 

(8801) 

UNIVERS ITY OF NOTT ING HAM 
DEPARTM ENT OF PHYSICS 

SENIOR EXPERIMENTAL OFFICER 
IN GENERAL ELECTRONICS DESIGN 
Applications are invited for a Santor Ex
perimental Off1cer in Physics . Candidates 
should have an honours degree in Electncal 
or Electronic Engineering and at least two 
years of industrial experience. 
The successful applicant will be expe~ted to 
assist in the design and comm1ss1on of 
analogue, digital and microprocessor based 
electronics in both the teach1ng and research 
areas of the department. 
There will be opportun ity to work in close 
collaboration with a number of research 
teams on a wide variety of problems In

cluding the introduction of microcomputers 
for both control and data processmg. 
Salary will be in the range £3883-£6555 
(i nterim scales), depending on age and 
experience. 
Further particulars and forms of application 
returnable not later than 1Oth January from 
the Staff Appointments Officer, Uni·-·ersity of 
Nottingham, University Park. Nottingham. 
NG 7 2RD. Ref. No. 646. (8813) 

COLOUR TELEVISION 
ENGINEER 

Exciting opportunities exist in a small com
pany for a qualified person w1th · work1ng 
knowledge of Bush, Ferguson and Decca 
televisions. Salary from £3500 per annum 
with fringe benefits. Challenging prospects 
for the right person. 

. Apply : G. B. Griffiths 

TELFURB TV L TO. 
51-53 High Street, Wheatley, Oxon 

Tel. 086 773849 
18825

) 

ELECTRICAL/ELECTRONICS ENGINEERS 

SENIOR ENGINEER 
VTR 

SALARY £6,499 P.A. 

ln dependant Television News Ltd . has a vacancy for a Senior Engineer 
in the ITN Fac ilit ies Cent re in Central London . 

. Appl icants should have severa l yea~s ' experi ence of broadcast VTR 
Operations includ ing ed it ing and mamtenance . . . 
The work covers a wide variety of programmes mdud1ng news , 
commercials and featu re materials. 
Contributory pension scheme and f ree life insurance . 
Please telephone the personnel office on 01-631 3144 for an 
application form quoting Reference No. 83305. 
Closing date : 31st December. (8805) 

FOR A CAREER IN TECHNICAL SALES 
Acheson Industries (Europe) Ltd , international !ea~ers in speci~li.st 
lubricants and surface coat ings. req uire enthus1ast1c people to JOin 
their expanding sales team . 

We requ ire f ield engineers located i ~ the ~idlands and Home 
Counties to assist us in meeting an mcreasmg demand for ou.r 
established range of conductive and lubricating coat!~gs .. Appli
cants should be aged 25-35 and have relevant quahf1cat1on.s or 
experience in an Electr ica! or E.lectron ic ln~ustry . Pre.v1ous 
marketing and selling expenence 1s not essential but apph~ants 
should be self-motivated, will ing tq learn and able to commumcate 
at all levels. 

Starting sa lary negotiable , £4 , 500 min i m~m , Company car , 
modern pension scheme and other staff benef1ts . . 
Please w r ite in confidence, · 
giving personal details to Mr . • h 
Alan Bate, Acheson Co llo ids I Ac e· son 

. Company, Division of Acheson 
Industries (Europe) Ltd ., Prince 
Rock, Plymouth , PL4 OSP. (8767) 
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ELECTRONICS FIELD SERVICE ENGINEERS 
· 11~ the only pack of cards you'll need 

Field Service Engineers with that little bit extra, not 
types who can only shuffle through the manual and 
replace faulty cards, but men and women who can 
think logically, look for the unexpected and who can 
diagnose and repair afault many miles from home. 

As world leaders in sophisticated computer 
controlled photo typesetting equipment we design 
and manufacture systems for newspapers, book 
publishers and typesetting studios where the 
pressures are often high. And if the machine 
goes down it's you who has to lower the 
temperature. 

So you should be tactfu l, 
diplomatic and have presence, in 
addition to relevant field experi
ence and a qualification to 
ONC or HNC level. 

A knowledge of optical physics and a general mechanical 
aptitude would be usefuL 

You can expect to travel widely, initially perhaps 2 
days a week away but as you progress to more 

advanced systems you could be spending up to 
50% of your time away, almost anywhere in the world. 

We' re otferi ng a good salary, a Cortina 1600 Saloon, 
generous expenses and benefits and with our 

policy of continual development bringing 
new equipment onto the market every 

year your prospects could not 
be better. 

If you think you can meet this challenge 
get in touch with David Hilton, 

Personnel Manager, Linotype-Paul 
Ltd., Kingsbury Road, London 
NW9 BUT. Tel : 01-205 0123 

.__.._______,_ ____ Linotype-Pauli_ 
Opportunities in 

Telecommunications with Shell 
MANCHESTER 
Shell UK has a large Private Telecommunicat ions Network for the 
transmiss ion of telephone, telegraph , facsimile and computer data; 
we need high calibre staff to complete current and future projects. 

TELECOMMUNICATIONS 
ENGINEER 
To part icipate in the further planning and development of both the 
Shell UK Private Networ~ and of associated commun ication services , 
Covering such activities as analysis of present systems, consideration 
of more effective alternatives , recommendation of improvements and 
implementation of approved changes . 

Responsibilit ies will in the main cover computer and other data 
communicati.on services and there will be some involvem ~ nt in 
document and/or voice commun ication services. The incumbent will 
report to a Sen ior Telecommunications Engineer I Analyst . 

A formal qual ification to degree level in one branch of light electr ical 
engineer ing, including some specialisation in comput ing or 
communicat ions engineering subjects supported by extensive 
experience in planning and implementing Computer Communications 
Systems, is essential for this pos ition Demonstrable knowledge of 
Data Communications and Computing Equipment Systems, 
Microprocessor techniques as applied to Data Communications and 
Software Techniques of Hand Shaking and Communicat ion Protocols 
would be of considerable advantage . 

Male / female applicants please write or telephone for an application form 
to : Marjorie Mooney 

SENIOR NETWORK 
CONTROL ENGINEER 
To co-ordinate the activities and superv ise the Network Control staff. 
handle non-technical staff liaison and deputise from time to time for 
the Head of Telecommunications Network Control. 

A detailed knowledge of modern Data Communications equ ipment 
and techniques is essential w ith particular emphasis on fault 
diagnosis. An understanding of computer systems (hardware and 
software) and modern telephone networks using stored programme 
controlled exchanges is also required . The applicant would also need 
to demonstrate very high technical. standards. and have proven 
supervisory expenence . 

A formal qualification to at least HNC Electr ical I Elect ronic 
Enginee ring w ith " 0"' level Engl ish Language is a pre-requisite for 
this appointment . A degree would be preferred. In addition a 
minimum of two years' experience in a similar post ~md five years' 
experience in the Computing Industry is required . 

We of fe r excellent prospects for the future 
together w ith a competit ive salary 
commensurate with the positions plus the 
usual fringe benef its you would expect 
from a large organisation . 
Substantial relocat ion expenses will also 
be paid where applicable . 

Shell U .K. Information and Computing Services she· 'II 
._ __ R_o_w_l_a_n.ds_w_a_v_,_w_.y.th.e.n.s.ha. w .. e,_M __ A_N_c_H __ E_s _T_E_R_M __ 2_2_5_s_s __ . T_e_l_._o_6_1--4---99_4_4_5_4 _________________________ ,s_7s_o_l_ 
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Microwave 
Test Engineers 

FREE JOBS liST 
for 

FI ELD SERVICE ENGI N EERS , 
BASIC SALARIES TO 

£5,000 + CAR -
(8781) 

30 Windmill Street, London, WI 
01-637 5551 - -

NORTHERN COUNTIES 
RADIO SCHOOL LTD . 

'Plesse Radar is a leader in the design, develOP?1.ent an~ Il_lanufacture of ground/ 
shipb:rne radars for a .variety of military and cr~rtl apphcat10ns. We are currently 
involved in an exciting programme of long term proJects. . . . 

RADAR LECTURER 
REQUIRED 

We are looking for engineers to carry out test and design e~aluatton on a wtde rang~ of 
· d passive radar system components, sub-assembhes, antennas etc., spanmng 

Qualifications: DOT Cert . 
and PMG/MRGC Cert. 

ahcttvfe an range roo MHz to r8 GHz Successful candidates will work as members t e requency . · . . 
of small teams in a dynamic, productton ortentated envtronmen~. . . . . 

Apply : The Principal 
NCRS Ltd . 

Ideall ou will have a Degree or HNDJHNC with some .expe~tence m thts sp~ctahsed 
field :it~ough this should not deter those with lesser quahfi~attons from applymg:

1 
bl 

corr:petitive salaries will be negotiated and generous relocatiOn a~lowance1s are .a val a ~ 
to assist transfer to the Isle of Wight. We are pleasant!~ located. m a rura envtroru:nen 
near Cowes. The area offers a wide selection of inexpenstve housmg, superb recreattonal 

91 Lancaster Road 
Preston PR 1 2QJ (8774) 

VIDEO 
OPERATOR amenities and easy commuting. 

Please write with brief details or ring Jim Handley, Reso~rces and Remuneration 
Manager, on (0983 82) 4141. Plessey Radar, Cowes, Isle ofWtght. 

required by Research Recordings 
Video Hire Department to deliver and 
operate video recorders . monitors and 
cameras . A knowledge of London , an 
ability to liaise with clients and being 
prepared to work long hours are es
sential. 

PROJECT 
ENGINEERS 

Based at 
Teddington Studios 

THE JOB: 
To join a team of Project Engineers engaged in 

providing new facilities for this expanding company. 
Thames Television's Engineering Department has 
a proven record of innovation and excellence in 
this field. 
EXPERIENCE: 

Experience in planning and executing T~le~ision 
Systems is essential for a senior post. ~or JUnl?r 
posts experience in TV equipment des1gn, proJect 
work in related fields or operation experience may 
be acceptable. 

A good theoretical grounding in Electronics with 
particular reference to professional Broadcast 
Engineering is necessary. ~qually. import~nt are 
personality and drive comb1ned w1th a log1cal and 
enquiring mind. 
CONDITlONS: 

Salary dependent upon experience will be up 
to £7200 (Supervisory Engineer Grade), 21 days 
holiday, pension scheme, subsidised restaurant 
and social club. 
· For application form please telephone or write t<? 

Mike Allen, Staff Relations Officer, Thames Telev1s1on, 
Teddington, 01-977 3252. 

(8768) 

Starting salary £3,250 + Vehicle + 
Overtime . . 

Ring R-on Kirk 286-2263 
(8819) 

Calibration 
Engineers 

Electronic Instruments 
INouldn'tyou like to work in a well equipped. 
Ia boratorythat's got the best in mod~rn eq Ul Prl}en

7
t, 

including mstrument manufacturers test1nga1ds . 

INouldn'tyou also like to work for a company renowned 
for advanced technological innovations that dema

7
nd 

the use of the most modern instruments available. 

Ferranti are looking. for Engineers whose aim is quality, 
to be responsible for calibration, maintenance ~n~ 
repair of the wide variety of i ~struments used w1thm 
our· Development Laboratones. 

If you have an HNC/ONCorC. & G. in ele~tronics 
together with the expenence and enthusiasm to tackle 
the job, Ferranti can off:er Y<?U a good 5C!Iary 
(opportunities for overtime 1f you wa~t It) •. a 
productivity bonus scheme! flexible work1ng hours and 
other benefits associated w1th a large and successful 
company. 
You have nothing to lose, and probably a great d~al to 
gain by talking to us. So why nottelephoneorwnte 
quoting ref. no. D/859;W W to: 

The Personnel Department, . . · 
Ferranti Computer Systems L1m1ted, Western Road, 
Bracknell, Berkshire. Telephone: 0344 3232 ext. 471 

FERRANTI ~ , <88> 
Selling technology ,, 74 

(8758) 
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MANAGEMENT & 
EXECUTIVE SELECTION telephone 01-637 9611 

REPAIR and RETURN 
TECHNICIAN 
SALARY: To £5000 + O.T. 
AREA: Hinckley 
E"5C:PirRIENCE REQUIRED: A good electronics/electro mechnical 
background, ideally with HNC or TI qualification . Computer 
systems experience is preferred, but all applications will be 
considered. 
OPPORTUNITY: The U.K. Division of this multi-million dol lar 
American company is small but established, and wit h sales at 
an unprecedented high, ttey expect t o double in size within 
five years. Thus career progression is virtual ly guaranteed. 
TRAINING: Full training wi ll be provided both initially and 
on a regular basis. · 
FDRWARD-IDOKING CO!"!PANY: The company manufact ure powerful 
mini and micro computers ·for industrial/ccmnercial use . Their 
success has resulted in over 18,000 systems installed world
wide . Always at the forefront of technological advances, 
their activities are constantly hi ghlighted i n the 
International and Trade Press. 
SPECIAL BENEFITS: Free BUPA, Free Life Assurance, Contributory 
Pension Scl1eme ( 5% of sal ary) 20 days' Holiday p. a . 
For positive career advancement, contact Tony McGrath 

Suite 201/6. Albany House, 324 Regent MANAGEMENT & 
street, London wm 5AA Ol-637 9611 EXECUTIVE SELECTION 

SALES ENGINEERS 
SURREY. MANCHESTER / CHESTER 

Join one of the fastest growing Digital Multimeter com
panies in Britain . 

Previous selling experience is not essential. 

Applicants should have a knowledge of digital instrumen
tation and a strong desire to be successful in marketing. · 

An excellent salary package is offered together with normal 
company benefits . A company car will be provided . 

· AePIY in writing to 

I<EITHLEY 
Roy Quaife 

1 Boulton Road 
Reading 

Berks (8775) 

We are a privately owned company holding franchises for leading 
makers of video and audio equipment. 

We need an 

EXPE-RIENCED ENGINEER 
Located at our Sovthampton branch to be responsible for the operation ' 
of our Service Department, including work at the bench, carrying out 
repairs on site, installat ion, warranties and providing a 'technical 
service to our sales staff' The successful applicant will also be 
expected to develop the service aspect of"our business . 

If you have a knowledge of Sony, National , J .V.C., Hitachi, Sansui or 
like equipment we would like to hear from you . 

Please apply in writing giving details of age, experience and qualifica
tions to : 

Mr. T. J. H oldaw ay , Chairman / M anaging Directo r 

VIDEO SOUTH LTD. 
101 Eden Vale Road, W est bury, Wiltsh ire (8808) 

PRODUCTION / 
MANUFACTURING 

ENGINEER 
e Responsible to lhu Operations Director to 

provide support for manufacturing 
materials control. Product Test. Q/C and 
Engineering. 

e Experience: Min. HNC/C & G lull tech . with 
several years within the precision 
electro/mechanical industry. Previous 
electronics experience is desirable. 

SENIOR SERVICE 
ENGINEER 

e Responsible to the Customer Engineering 
Manager for in-house and field repairs and 
installations. 

e Experience: Formal electronics training 
(HNC or equivalent!. Digital/Analogue 
and/or computer systems electronics 
experience desirable. Enthusiasm more 
importance than previous experience. 

e Must enjoy European travel. 

SPECIAL 
BENEFITS 

SENIOR TEST 
ENGINEER 

e Responsible to our Disc Product Test 
Manager to test, debug and repair our high 
technology range of Disc products and 
become involved in improving product 
design and Quality Assurance procedures. 

e Experience: Formal electronics training 
(HNC or equivalent) with experience of 
Digital/Analogue and/or computer systems 
electronics is desirable. 

CIRCUIT DESIGN 
ENGINEER 

e Responsible to the Engineering manager to 
work on advanced disc systems incorpor· 
aling high technology servo and data 
channel electronics. 

e Experience: HNC/HND with several years 
relevant experience. Knowledge of the 
latasf. discrete and integrated component 
technology is essential. 

* If you would like to find out more about any of the above pos itions or other 
electron ic /mechanical positions not advertised . 

* If you want to join a· fast expanding company manufacturing advanced 
computer Disc Drives and Drum memories . 

* If you want to be m o re than a small cog in a big wheel. 

Phone Mrs. Amery on Leatherhead 76221 (and reverse the charges!) 

VERMONT RESEARCH LIMITED 
CLEEVE ROAD, LEATHE RH EAD, SU RR EY 

Te lephon e : Leat herhead 76221 

(8840) . 
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Racal Communications Systems Limi ted have vacancies for engineers in their SYSTEM & 
INSTALLATION PLANNING DEPARTMENT The Department IS responsible for the des1gn 
of a wide range of radio systems from small networks to multi-mllion pound turnkey projects 

The work is chal leng1ng and stimulating . entailing contact with potential customers and 
direct liaison with our own Marketing and Design staffs 

Plan 
Integrated 

Communications 
Systems 

with Racal 

The equ ipment involved in these projects includes a complete range of local and remotely 
control led MF HF VHF radio equipment . antennas. term1nal and anc1llary un1ts. rad1o relay 
and power sou rces. whic h can be installed in static o r transportable environments 
The work also includes propagation analysis and L O .S. calculations 

Senior Planning Engineers 
To ta ke total respons ibi lity for planning and presenting respons ive and cost effective . · 
commun1cat1on systems 1n a h ighly competitive field . We are look1ng for eng1neers w1t h 
experience 1n this field. who w1sh to extend the1r respons1b1l1t'; and expenence 

Planning Engineers 
To work on large projects with senior staff or o n smaller projects w ith minimum superv1sion 
Technical or operational experience 1n rad1o commun1cat1ons IS a bas1c requ1rement for 
these posts . 
Conditions of employment 0.1 e attractive and include five weeks annual hol1day and 
membership of an excellent Pension and Li fe Assurance Scheme Relocat1on ass1stance 
will be available in appropnate cases 

Please apply to 
The Personnel Manager Racal Communications Systems Limited . 
Western Road. Bracknell Berks Tel Bracknell3244 Ext 149 

Automotive Industry 
£4000 to £5000 

Lumenition, an expanding company engaged in the 
automotive electronic ignition and fuel injection field 
wish to appoint an engineer to their research and 
development staff . The company forms part of the 
successful Autocar Equipment Limited group. Lumeni
tion automotive ignition systems are sold to customers 
throughout the United Kingdom and in countries over
seas. 

The appointee will be part of an engineering team which 
is dedicated to the development of new, advanced 
systems. He or she will have an engineering degree or 
HNC level qualification ideally with two or three years' 
experience in analog or digital systems and opto
electronics. 
Starting salary is negotiable around f4000 to £5000 . 
Please write to the General Manager stating age, current 

~mm 
Lumenition Limited 

77 / 85 Newington Causeway, London S.E.l (8814) 

SENIOR DEVELOPMENT AND 
TEST ENGINEERS 

A leading company in the phototypesetting industry requires engineers who feel 
capable of working on a brand new range of minicomputer based V.D .U. 
terminal equipment, incorporating the latest in MS 1 and LS 1 techn iques in real 
time applications . The development position mvolves a new protect from 
specification stage through to production . The product will be microprocessor 
(Z80) based and experience in this field , particularly on the software side. is 
essential. The right candidate for the systems test posit ion will be qualified to at 
least HNC level and I or have considerable experience in digital electronics with 
knowledge of 74 Series T.T.L. A background in the word processing or printing 
industry would be advantageous . The position would involve some U .K. and 
European travel to handle system installations and back-up ~ervice for our 
overseas agents . 

The company provides 4 weeks ' ho l iday and pension scheme. Salaries 
negotiable . 

Phone for application form to : M iss Bux, Datek Syst ems Limited, 849 
Harrow Road, Wembley, Middlesex. Tel : 0 1-904 006 1. 

(8822) 

·Laboratory Technicians 
Sony Broadcast Limited is a subsidiary of the 
Sony Corporation of Tokyo, concerned with the 
manufacture and sales of the finest range of 
professional Broadcast Equipment available 
today. 
Our policy is that the product delivered to the 
customer should be of the highest quality. 
We are currently seeking the following personnel 
to join our expanding engineering facilities at 
Basingstoke. 

LABOR ATORY TECHNIC IA NS 
Technician: Development Labo rato ry 
The successful applicant will have a working 
knowledge of analogue and digital electronics, 
which will be applied to the construction and 
testing of prototype circuits under the 
supervision of the designers. Accurate and 
professional standards of work will be required . 
Previous experience in television is not essential, 
however, the postholder can expect to learn 
moreabout this rapidly. advancing field of 
technology . 

Technic ian: Quality Assu rance 
The Sony reputation for ultimate performance 
and reliability is maintained by rigorous pre
dispatch testing of equipment before del ivery to 
the customer. Practical experience with television 
systems and equ1pment will be an advantage for 
this post. This successful applicant will be 
working with state-of-thecart cameras, VTRs and 
associated equipment. 
Starting salaries will be in the range £2,700 -
£3,600 dependent on qualifications and 

experience. 
If you feel that you have the background, and 
are motivated by the challenge of contributing t6 
the growth of a dynamic new company, please 
wr i te, giving details of your educat ion, 
exper ience and current position to : 

~~ Personnel Manager 

SONY Sony Broadcast Ltd. 
.. . C1 tv WcJ II HrJu ::, r· 

Bt'joadcast Bd ::, 1r 1q v 1r·w . BcJ ::, II lq::, l rJot · 
t, H d 111pstllrr : UK RG21 2LA 
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Develop10ent Engineers/ 
SysteJDs PrograJDJDers 
Your career 
could really 
take off here in 

Kidsgrove, 
N.Staffs 

We're at the forefront of computer 
technology, we're successful and we're 
growing fast. Th is continuing expansion 
means that we now need more Engineers 
and Programmers to work on the design of 
the following developments: 
• Input/Output Controllers .. 

Find out more, fix a date wi th the 
'decision takers', ring Herrick Thwaite on 
Stoke-on-Trent (0782) 29681 ext 3531 or 
write to him at ICL, Westfields, West 
Avenue, Kidsgrove, Stoke-on-Trent ST7 1TL. 
Please quote reference WW1098. 

• Communication System Controllers 
• Intelligent Communication Terminals 
The work. involves: 

These positions are open to both men 
and women. 

• Logic design 
• Network Systen:s Programm ing 
• ln tell 1gent Termtnal Programming £3600-£7200 

International 
Computers • Microprocessor applications 

• Programm ing of 1/0 Controllers 
You may already be experienced or a 

recent graduate in electronics, computer 
science or other science discipline. We want 
to see you to tell you more. 

think computers- think ICL 

~idsgrove is situated in the pleasant rural 
setttng of North Staffordshire. A wide variety 
of housing is available and we'll help you 
move. · 

FOREIG N AND COMMONWEALT H OFFI CE 
COMMUNICATIONS DIVISION 

has vacancies for 

RADIO TECHNICIANS 
at C ROWBOROUGH, SUSSEX 

to carry out shift duties concerned with M F and H F Broadcasting systems 
involving frequency changing, fault find ing, routine maintenance, etc . 

Applicants should have a minimum qualification of City and Guilds Intermediate 
certificate in Telecommunications or its equivalent and have a sound knowledge 
of the principles of telecommunications and rad io, together with experience of 
maintenance and the use of test equipment. 
Successful candidates will serve initially at Crowborough but may be required to 
serve elsewhere in the UK or overseas. 
Salary is ac'cording to age eg £3176 per annum at age 21 rising by annual 
increments to £3700 at age 25 (or over on entry) and to a maximum of £4252 
per annum. 

The appointment attracts 4 weeks' pa id holiday and prospects of pensionable 
employment. 
Apply to: 

Recruitment Section 
Foreign and Commonwealth Office 

Hanslope Park, Hanslope. MILTON KEYNES MK19 7BH 

LEEDS CITY COUNCIL 
Department of Education 

Leeds Polytechnic 
School of Humanities & Contemporary Studies 

SENIOR TECHNICIAN 
(Ref . 150/1) 

(8843) 

T3 I 4 . £3,732-£4,632 (plus technician qualification allowance) 
Responsible for the care and operation of two psychology laboratories. 
Duties will include the design, construction, repair and maintenance of, 
electronic and laboratory equipment . Ideally applicants might hold a 
City and Guilds Technician Certificate in Electronics or equivalent 
qualification, although relevant practical experience is equally 
important, and design and general engineering abilities are desirable . 

Application f orms (quoting Ref. N o .) from the Administrativ e 
Services Offic~r. Leeds Polytechnic, Calverley Street, Leeds 
LS1 3 H E. Please enc lose s.a .e. Closing date: 14 days after 
appearance of advert. 

(8809) I 

8788 

WAT,KINS~OHNSON LIMITED 
Watkins-Johnson are world leaders in the manufacture of broadband receiving 
equipment from 1 MHz to 40 GHz. The company's UK facility at W indsor 
comprises an engineering and production capability with the brief to design and 
sell receiving systems to a11 Watkins-Johnson customers throughout the world . 
The business is expanding rapidly creating new positions and opportun it ies for 
all employees with a will to succeed. At this time we have an urgent requirement 
for the following personnel : 

P.D.S. OFFICER 
(Salary Range: £4,500 t o £6,000 per annum) 

Responsible for organising and running the UK facility's entire post design 
services system, particularly the requ irements of the company's commitment to 
the British M.O.D. The job requires good documentation and organisational 
ability coupled with a wide general knowledge of modern electronic circuits and 
devices. The job is supported by the eng ineering staff ;;~t W indsor. In return the 
incumbent is expected to support the rest of the company's activ ities. includ ing 
those overseas. A modest amount of overseas travel on company P.D.S . and 
tra ining will be required . 

We expect that the successful candidate will be qualified to H.N.C. level in 
electronics and have had 1 year 's exper ience in industry. · 

RADIO SERVICE 
ENGINEER 

(Salary Range: £3,840 t o £4,764 per annum) 

Responsible for the servicing of the full range of the company 's equipment from 
H F through to 40 G Hz . The job requires a good working knowledge of digi tal and 
analogue circuits as well as general RF techn iques. However, train ing , both in 
the UK and the United States, is available on a regular basis . 

As well as an intelligent technical approach, the job requires the abil ity to be able 
to talk to our customers in a satisfactory manner and to assume a level of 
responsibility for getting the job done fast with min imum supervis ion . 

We offer excellent fringe benefits incl uding : 

* FOUR WEEKS HOLIDAY * ANNUAL BONUS * FREE LIFE ASSURANCE * SICKNESS BENEFIT AND LONG TERM DISABILITY SCHEME * NON-CONTRIBUTORY PENSION PLAN 

Please write to or telephone Lynda Wri xen at: 

-. WATKINS-JOHNSON LIMITED 
Shirley Avenue, 
Windsor, Berks SL4 SJU 
Tel : Windsor 69241 

(8810) 

I 
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Join the leaders in 
Sophisticated Metrology 

Based in Leicester, Rank Taylor Hobson is engaged in the 

design, manufacture and marketing of high preci~ion 

measuring equipment. Our products, many of whiCh are 

world leaders, bring together precision, mechanical, 

electronic and optical engineering, including mini/micro 

computer application to measuring systems. Our order books 

are full and our future is extremely bright, which means we 

can offer tremendous future prospects to talented and 

ambitious Electronics professionals. Our success means we 

need to fill these three important and challenging positions. 

ELECTRONIC PLANNING ENGINEER 
We are looking for an Engineer of HNC Electronic 

Engineering standard to produce electronic manufacturing 

data for precision instrument sub-systems. This will involve 

the compilation and illustration of data sheets for the 

production of P.C.B.s, cableforms and electronic units and 

involvement in the specification of the necessary test 

equipment and the methods and capital equipment required 

for volume production. 

Applicants must have spent at least two years in a similar 

position and have had experience in control electronics 

preferably to Ministry standards and specifications. 

Knowledge of volume production methods and equipment is 

also desirable. 

ELECTRONIC DESIGN ENGINEER
SERVO SYSTEMS 
We are looking for an Engineer with sound experience on 

low power servo circuits and mechanisms who can apply this 

expertise to the challenge encountered in the precision 

positioning and precise rotational accuracies demanded in . 

our highly sophisticated instruments . 

ELECTRONIC TEST ENGINEER 
With experience of testing and fault finding on complex · 

digital and analogue controls and/or compute:r circuits and 

systems. Applicants must be qualified to at least EET 

standard. 

All these vacancies offer an attractive salary, participation in 

an added value incentive scheme and additional benefits 

which include assistance with re-location expenses where 

appropriate. Please telephone or write for an application 

form to: 

Mr. J. Dennis, Assistant Personnel Manager, 

RANK TAYLOR HOBSON 
P.O. Box 36, Guthlaxton Street, Leicester 

LE2 OSP. TEL: 0533 23801. 

Applications welcome from men or women . 

EX-RAF OPERATIONS ROO M WAR
TIME RADIO EQUIPMENT, 19in 
rack units, desk controls , trans
mitters . T.1087, Tl131, TR1133 etc, 
and spares. Box No. WW 8795. 

(8795 

KEYBOAR D SWITCH ES . Transpar· 
ent caps for easy labelling. PC or 
panel mounting. 50p inc. P .&P. 
Keyboanls for MK14 £11.00 . S .a .e. 
for de tails . Mail order only . Lin
tron ics , 313 Green La ne, Ilford, 
Essex. < 8827 

8787 

Z803U VALV E. At last your searc h 
h as ended . We ean now help you. 
Tel : 0420 62093 . <8829 

MI C RO PRO CESSOR M &800. !:lard· 
ware, softwa re and tr aming 
courses. Tel: 01 -794 4890 evenings 
only. · < 8828 
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CAMBRIDGE UNIVERSITY 
Department of Organic and 

Inorganic Chemistry 

ELECTRONICS 
TECHNICIAN 

£2959-£3409 

Requ i red for Electronics workshop to 

assist with maintenance and servicing of a 

wide range of scientific instrumentation 

including IR , UV, NMR, and Mass Spec

trometers . Candidates should be appro

priately qualified and have several years' 

practical experience w ith electronics . 

Appl ications in writing with the names 

and addresses of two referees to the 

Secretary, Department of Organic and 

Inorganic Chemistry, University Chemical 

Laboratory , Lensfield Road, Cambridge 

CB2 1EW. 
(8771) 

ARTICLES FOR SALE 

THE FABULOUS D2 
MICROPROCESSOR EVALUATION 

KIT FROM MOTOROLA 
Featuring '24 key keyboard 'Seven se11ment 

displa y 'CassettE! in terface ' Erom & Raf!1 

Expandable ' Inte rface Capability . 'Full [l,o

cumentat ion ' 5 Volt power supply requ rred 
·one yea r' s FREE membership of The 

Am a teu r Compu t er Club with every 

purchase' £176 + £ 1.50 P&P + 8% VAT. 

-ENA M EL LE_D_CO P P-ER -WIRE 
SWG i lb 8 oz 4 oz 2 oz 
14-19 2.60 1.40 .66 55 

20-29 2 .80 1 60 .85 65 

30-34 3 .00 1 .. 70 95 . 70 

35-40 3 .35 1.90 1.10 . 79 

40-43 4.50 2 50 1.90 125 

44-46 5.00 3 .00 2 .10 1.65 

47 8 .00 5.00 3 .00 1 76 

48 15.00 9.00 6.00 3 30 

Tinned Copper. Even Gauges i4~3'Cl ( 3 per 

lb . Mult icore 60 / 40 Solder 1BSWG £3 24 

per lb . Prices include P&P and VAT. 

SAE brings list of copper and res istance 

W ires. 
THE SCIENTIFIC WIRE COMPANY 

PO Box 30 London E.4 · (777 1) 

TEST 
EQUIPMENT 

Waveform Monitor MN6 I 503 I 131 
£50; Marconi TF 801 Signal Genera
tor (1 0 to 310 MHz) £90 ; Marconi TF 
106012 UHF Signal Generator (450 
to 1200MHz - Marconi tested and 
calibrated 1977) £300; Advance OS 
2100 Oscilloscope (tested and calib
rated 1977) £400 ; Telequipment 
066 Oscilloscope £250 ; Unused · 
Levell R601 S Res istance Box £30; 
Telectro Signa l Generator (0-200KHz) 
£60. 

COOPE DURRANT LTD. 
66/67 High Street, Lymington 
Hampshire, England, S04 9YZ 
Tel. Lymington (0590) 77971 

TRAN SFORMER 
PROBLEM S? 

(8834) 

1 VA-1 KVA Prototypes in 7-10 days. 
Phone Vince Sellar on 0607 6-
66716 

TR ENT TRAN SFORMERS LTD 
Chapel Street 

Long Eaton, Nottm. 
(8363) 

IBM 733 T ERMINAL SIMILAR GOLF
BALL TYPEWRITER, recently ser
viced, for sale at £90. Als() BRPE 
100c/s punch at £50. Weston-super
Mare 0934 412178. ( 8790 

HI-F·IDELITY DES IGNS No. 1 (a 
Wireless World publication). We 
had announced that this publication 
was out of print but we now dis
cover that we have 350 copies in 
stock. Due to our announcement, 
many readers were disappointed, 
hut we are now pleased to inform 
them that copies are available 
fr om The General Sales Manager, 
ltoom CP34, Dorset House, Stam
ford Street, London SE1 9LU. Please 
fo r war d your order together with 
your r emittance of £1 .50 (including 
P&P) made payable to IPC Busi- · 
ness Press Ltd . (8652 
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Marconi Instruments 

TO ALL MANUFACTURERS 
AND WHOLESALERS 
IN THE ELECTRONIC 

RADIO AND TV 
FIELD 

BROADFIELDS & 
MAYCO DISPOSALS 

will pay you top prices for any large stocks of 

surplus or redundant components wh ich you 

may wish to clear . We will call anywhere in 
the United Kingdom . 

21 LODGE LANE 
NORTH FINCHlEY, LONDON N12 8JG 
Telephone Nos. 01-445 0749/445 2713 

After office hours 958 7624 

ELECTRONIC S1C'RA·P . Components. 
etc., Receiv.ers, Transmitters Test 
Equipment wanted . Ferrographs 
from £15 in stock. Contact M & B 
Radio, 86 Bishopgate Street, Leeds 
1. TeL Leeds 35649. (8011 

STORAGE SPACE is expensive. why 
store redundant and obsolete 
equipment·~ For fast and efficient 
clearance of all test gear, power 
supplies , PC boards, components, 
etc. , regardless of condi·tion or 
quantities. Call 01-771 9·413. (8209 

SPOT CASH for all types test equip 
ment, receivers, transmitters , 
valves, components, c:able and sur
plus electronic scrap. M. & B. 
Radio, 86 Bishopgate Street, Leeds 
LSI 4BB. 0532 35649. < 8789 

MI-NICOMPUTERS 
PERIPHERALS 
INSTRUMENt AT ION 

For fastest, better CASH offer 
Phone : 

CHILTMEAD LTD. 
Reading (0734) 586419 

WE PURC-HASE ALl FORMS. 
OF ELECTRONIC 

EQUIPMENT AND 
COMPONENTS, ETC. 

SPOT CASH 

CHILTMEAD LTD. 
7, 9, 11 Arthur Road 

Reading, Berks. 
lt Tel . (0734) 582 605 

WANTED. Radio telephone equip-
ment, Pye, ITT, GEC, high/low 
band and all forms of electronic 
equipment. Top prices paid. Tele-
phone Air link, Luton ( 0582J 412513 . 

C8791 

WANTED: Semiconductors and 
clean new components. Quotations 
by return . Hewitts, 52 Barkby 
Road, Syston, Leics. LE7 8AF. 

18797 

NEW VALVES. Philips, Mullard, 
PL519, PL504, PCL805 PCL86, 
PCF200, PFL200, PCF201. Cash . 
G.E.T., 30 Duinpad, B8380, Brugge , 
Belgium. (8830 

ELECTRONIC 
TEC~NICIANS 
Opportunities for the experienced and some

times inexperienced in St. Albans and Luton. 

Work s itua~ions range from fault finding on PCB's 

and components, to batch product testing of 

equipment that. uti lise very advanced techniques 

including microprocessors and the repair/ 

calibration of all manner and types of test 
instruments. 
Attract~ve salaries and, where appropriate, 
relocation are offered for the right candidates. 

Further information may be obtained in confidence 
from John Prodger , ' 

Marconi Instruments Limited, 
Longacres, St. Albans, Herts: tel: St. Albans, 59292 

• • «~> cl» 
A GEG-MARCONI ELECTRONICS COMPANY 

~ 
Te~npllng pdces 

paltlfow 
Oscilloscopes·Signal.Generators 

DVM's ·Small Co. ters 
Receivers·Telety U~etc. 

t:>t:··~ ....... .. -· -·· -·-··· -- .... ........ · . .. • , .... 
8841 

TURN YOUR SU RPLUS Capacitors, 
tran~ois·tors, etc., into cash . Contact 
CuLES-HARDING & Co ., 103 South 
Brink, Wisbech, Cambs. · 0945-4Ul8 . 
Immediate settlement. We also wel
come the opportunity to quote fo·r 
complete factory clearance . (7439 

A. R. Sinclair 
Electronic Stockholders 

Stevenage 812193 

We purchase all types of 
Mechanical and Electronic 
Equipment and Surplus stocks . 

. (S1B9J 

CAPACITY AVAIL!\BLE-

Specialised PCB Service 
Layout,! · PbotQ9~aJ;'t1Y •:Qritting 

Rolle,r Tln,?i ng ·< ~Ji F>J3ting\ 

L;.eg.enq . Pr intin$ · ~ .P~oflli•:t,9 

~.,.c~l Q9i~~ Pr9n~!YP.' ser'#iC:. 

Crofton E l ~~troni~~ Li~ited 
35 Grosvenor Road, Twickenham 

Middlesex Tel. 01-891 1923 

821.0 

BATCH Production Wiring an<l As· 
sembly to samp.le or drawings. 
McDeane Electricals 19B Station 
Parade. Ealing C{)m.mon, London, 
W.5. Tel: 01-992 8976. (7531 

P CB ARTWORK DESIGN SERVICE 
with component notation masters 
and assembly drawings, PADS 
Electrical Ltd, ()1 -850 6516, 45 
S.outhwo·od Road, New Eltham SE9 . 

(7905 

TECHNOVA DEVE:LDPMENTS offer 
a comprehensive and fast service 
in: quality P.T.H., single and 
double sided PGBs; precision art
work and draughting services. 
Send drawing etc. for quo·tation. 
Samples available. Technova De
velopments. 136 Whi·tehall Road, 
Norwich, Norfolk. Tel. (}603 28015. 

(8355 

HIGHWAY ELECTRONICS. Logic 
design, PCB artwork, assembly, 
testmg, custom built electronics 
Unit 112, Springvale Ind. Estate: 
Cwmbran, Gwent NP44 5BG . Tele
phone . Cwmbran (06333) 68042. 

(8347 



· Classified 142 

DEVON AREA HEALTH AUTHORITY 
PLYMOUTH HEALTH DISTRICT 
Department of Medical Physics and Biomedical Engineering, 
Plymouth General Hospital, Freedom Fields. 

ELECTRONICS 
TECHNICIAN 
required for interesting post in medical electronics. The person 
appointed will join a small team in a well-equipped laboratory. He or 
she will be responsible to a graduate electronics engineer for 
maintenance of ·a wide range of patient-orientated electronic 
equipment. Development of special-purpose systems is undertaken, 
and safety and purchase decisions are made on new equipment. 

Minimum qualifications: ONC or HNC. Some travel in South Devon 
and Cornwall necessitates a current driving licence. The appointment 
will be at Medical Physics Technician IV grade, £3069-£4134, the 
starting point depending on qualifications and experience. Hospital 
experience is not essential. 

Further details ofthe work may be obtained by telephoning Mr. L. R. 
Jenkin, Plymouth 68080, ext. 369. Application forms available from 
Mrs . W. E. Taylor, Senior Administrative Assistant, North Friary 
House, Greenbank Terrace, Plymouth, Devon, PL4 800. 

Please enclose a stamped addressed envelope. 
(8785) 

NATIONAL INSTITUTE OF AGRICULTURAL ENGINEERS 
There are several vacancies for Technicians I Engineers in a Department which 
provides a comprehensive measurement. recording and data analysis service to 
Scientific Staff engaged in Agricultural Engineering Research. 

Applications are invited from candidates with experience in one or more of the 
following: 

Analogue and digital circuitry 
Microprocessors 
Transducer techniques 
Data recording 
Electrical control switching 
Strain gauges 

£4326 to £4869 p.a. 
Posts are graded 

PTO Ill 
PTO VI £3148 to £4326 p.a. with maximum starting salary of 

£3774 p .a . 

Minimum qualifications- ONC or equivalent in relevant subjects. 
Day release available if considered appropriate. 
NIAE offer 

A non-contributory pension scheme 
Flexible working hours 
Transport from Bedford. Ampthill and Flitwick areas 
Modern laboratories and equipment in a very attractive 
working environment 

Please apply to The Secretary 
National Institute of Agricultural Enginee~ing 
Wrest Park, Silsoe, Bedford MK45 4HS 
Telephone: Silsoe (0525) 60000 

to be returned not later than 31st January 1 979 

ARTICLES FOR SALE 

(8786) 

• 

f:\cryst~l ~ .. 
.. ,...~~ACCURATE 't . . ~. ~ 

TELETYPE ASR33 SPEC. 1460 tape 
reader/puncher, free-standing type, 
sound, working order, £350. Tel. 
Bishop's Stortford 850272. ( 8799 

~'0 ~RWADLE ~f}j 

-~@r;r 
Private enquiries. send f3p 1n sta$s for brochure 

TELEQUIPMENT S51E scope £45, 
Trio CS-1552 scope £96. Wayne Kerr 
waveform analyser, A321 £65. Tel. 
01-656 6317. l8796 

NASCOM I built working PSU, all 
cased. £250, also WW Catronics. 
Teletext decoder, working, £110 . 
Ring Peter 0273-737574. < 8794 

BRUEL & KJAER LEVEL RE-
CORDER TYPE 2305, pristine con· 
dition, see working, £750. Proaudio 
Ltd. W alton-on-Thames 21078. 
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AUDIO + VIDEO L TO. 
We require top grade Engineers capable of servicing 
and maintaining to a high standard, all types of video 
tape recorders. Experience of all U-matic, VCR, VHS, 
Beta max of 2 .. Quad machines is essential. Highest rates 
paid. 

Other equipment in-house includes ,Vidicon and Flying 
Spot Mk Ill Telecine, DICE Standards Converter, TBCs 
etc. 

Please phone Cliff Carroll on 01-580 7161 

L ARTICLES FOR SALE 

WOW! EX-STOCK 
QUARTZ CRYSTALS 

Holder StyleD (HC6/U) 
20 p.p.m. 25° C 

Also 
4.194304 
4.433618 
5.0 

1.0 
1.8432 
2.0 
2.0971.52 
2.4576 
3.2768 

Tested to 
Def 59/1 

10.0 
18.432 

Available in solder 
lead 
Style J (HC18/U) 
or 
Style K (HC25/ U) 
plug-in 

Other frequencies supplied from 1-&0MHz 
5 day (Emergency service), 10/21 days 
standard 

Buy your frequencies-save your time-buy British 

McKnight Crystal 
Co Ltd 

HARDLEY INDUSTRIAL ESTATE, HYTHE 
SOUTHAMPTON S04 6ZY (0703} 848961 

INVERTERS 
High quality DC-AC. Also "no 
break" (2ms) static switch, 
19" rack. Auto r.harru'!r 

COMPUTER POWER 

lnterport Mains-Store Ltd. 
POB 51,london W11 3BZ 
Tel: 01-727 7042 or 0225 310916 

(8783) 

QUARTZ CRYSTAL BANK FOR 
SALE, approx. 15,500 MC6U, 4,200 
HC 18U, 3,1000 HC25U. All listed. All 
in order in boxes. Offers and in
spection invited. B. Bamber Elec
tronics, 5 Station Road, Littleport, 
Carobs. CB6 lQE. Tel: Ely <0353> 
860185 Tuesday to Saturday. dl836 

WIDE selection unused discrete 
and logic (TTL/ECLl components; 
pre-aged 5MHz 3t"d. overtone 
crystals; 7 segment 0.63 " LED dis
plays; muffin fans; transformers, 
etc. Full stock list sent on request. 
Send S.A.E. to Coope Durrant Ltd .. 
66/67 High Street, Lymington, 
Hampshire, England S04 9YZ. Tel. 
Lymington ( 0590) 77971. < 8fl35 

BUILD YOUR OWN 
9-DIGIT SOOMHz 
HIGH QUALITY 

COUNTER 

(8611) 

~>~o-w • " W"""' t 
{ 

-~,:"""~--.h"~·ii .. 

Case, Hardware and Circuit Drawings 
provided 

£1 70 + VAT complete plus £3 P&P 
Coope Durrant Ltd. 

66/67 High Street, Lymington 
Hampshire, England S04 9YZ 
Tel. Lymington (0590) 77971 (

88331 

G.W.M. RADIO LTD., 40/42 Portland 
Road, Worthing, Sussex. Tel. 34897. 
Pneumatic masts 40ft. By Scam 
Clark. 300 watt radar calorimeters, 
noise generators, type CT410, Eddy
stone communication receivers 
730/4, v.g.c. £185.00 inc. Many bar
gains for callers, surplus always 
wanted. <8832 

LAB CLEARANCE: Signal Gener· 
ators; Bridges; Waveform, 
transistor analysers; calibrators; 
standards; millivoltmeters; dyna
mometers· KW meters; oscillo
scopes; recorders; Thermal, sweep. 
low distortion true RMS, audio FR. 
deviation. Tel. 040-37&236. (8250 
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ARTICLES FOR SALE 

HP 8551 Spectr~m Analyser (.OV 42 GHz) .. R&S Poly,skop I (0 .5-400 
MHz}. Tek 531, 532, 545, 585, 575, 581 Scopes (inc. 45;3) . 
Solartron LM 1420 D.V.M. Telegraph Distortion Measuring Equipt. 
Nagard, E-H Pulse Generators. Telonic LH-2M Sweep Oscillator. A F. 
& R.F. Signal Generators. Marconi TF 1041 V.T.V .M. Advance VM 
77D A.C. Millivoltmeter. R&S Sweep Oscillator. Sandos SG313 Sig. 
Gen. (4-7GHz}. Marconi TF1313 1/.1% Universal Bridge. Marconi T.V. 
Test Equipt. Siemens Level Meter (10KHz-17MHz) . Wandel & 
Goltermann Noise Receiver. MP 250B RX Meter (0.5-250 MHz}. 
Marconi TF801 B Sig. Gen . (12-425 MHz} . Advance Timer Counters 

. TC6, TC4. Farnell Stats P.S.V . 30T 121 EC . MP 185B Sampling Scope 
(>10ns/cm}. Airmec 365A Sig. Gen. (1-320 MHz}. Standards 
Equipt. Potentiometers, Bridges, SIS Meters. Capacitors. GOHU 
Thermal Transfer Standard Model 666 & Galva. Marconi TF 867/2 
Standard Sig. Gen. (15 KHz-30 MHz}. Marconi Ti 1 066 FM & AM 
Sig. Gen. (10-420 MHz) . Advance V.H.F . Millivoltrr1c.J• vl\1179. BPL 
1 OKV Insulation Tester. Racal 835 Universal Counter . Paper Tape 
Readers* IBM Printers with Keyboards* 

Compare our prices. 

P&R TEST EQUIPMENT 
Salcott Mill, Goldhanger Road, Heybridge 

Near Maldon, Essex (8748) 
Open Saturday:Tel. Maiilori (0621)"8!12 333 

SOWTER TRANSFORMERS 
WITH 37 YEARS' EXPERII:NCE we have the expertise to design and manufacture 
ANY TYPE OF AUDIO TRANSFORMER AT THE RIGHT PRICE. 
Whilst we specialise in every kind of transformer for audio control desks and mixers demands 
are increasing for LOUDSPEAKER TRANSFORMERS and 100 VOLT LINE AUDIO 
OUTPUT TRANSFORMERS FOR MOST KINDS OF AMPLIFIERS FROM 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 TETRO DES and for these 
we have standard designs with exceptional performance . 
We call your attention to our very successful MICROPHONE SPLITTER TRANSFORMER 
type 407g lfo(ith a high impedance 200 ohm primary and two 200 ohm secondaries. It will 
handle up to 2.3 volts rms at 30Hz and has a frequency response of plus/minus '12dB from 20 
Hz to 20kHz. It is contained in a Mumetal Can 33 mm diam x 37 mm high and WORKING 
DETAILS OF THE CONSTRUCTION OF A SPLITTER ARE AVAILABLE ON REQUEST. 
We will supply single transformers, or any quantity, with short delivery times and, without 
obligation on your part, will quote price and exact dispatch on receipt of your requirements. 
E. A. SOWTER LTD., Manufacturers and Designers, P.O. Box 361PSWICH IP1 2EG, 
ENGLAND. Tel. IPSWICH (0473) 52794and 219390. 

ENAMELLED COPPER WIRE! 
s . w.g. 1/b .reel . ihib .. reel 
. 1 0 to 1 9 £2.95 £1.60 . 
20to2g, £3.15 £1.80 . 
30 to 341 £3.45 ' £1 .90 
35 to 40 _£3.65 . , £2.10 

All the above pnces are mclus1ve of postage; t 
and packing in UK . 

COPPER s·uPPLIES 
102 Parrswood Road, Withington, 

Manchester 20 i 
Telephone 061-445 8753 , too, I 

INSTRUMENTATION 
Ailtech gas discharge noise 
source type 701 0 with power 
supply type 7111. Range 200 
Megaherz to 2.6 Gigaherz. In 
mint condition and very cheap. 

Box No. WW8820 
(8820) 

CATRONIC I WIRELESS WORLD 
TELETEXT DECODER KIT, partly 
assembled, £55. Tel. 0481 54833. 

(8792 

RF USERS! New UHF AC/DC Con
verters, vacuum junction, 50% per 
cent off normal price. While 
stocks last. Suitable for R"F and 
UH-F Power Measurement (5mA 
range, with 6mV open circuit out
put, 200 per cent overload permit
ted) . £1.50 each plus 25p post and 
packing or , £7.50 pack or 6. Postage 
included (UK only) . Cheque with 
order please. Allow 7 days for 
delivery. Prosser. Transducers , 
Lady Lane Industnal Estate, Had· 
leigh, Ipswich IP7 &BQ. 18525 

(S28g) 

COSSOR L035 D/B 'scope £30.00, 
Telequipment S43 'scope £50.00. 
E.M.I. 101 S/state 'scope £50.00. 
Philips GM6020 VVM £20.00. Mar
coni CT208 VVM £15.00. Creed 54N 
TTY ( 5 bit) £25.00. Teletype R035 
TTY (8 bit) £55.00. Paper tape 
punch (8 bit) £20,00. Muirhead 
Mufax FAX TX/RX £35.00. Rank 
Xerox 400 Telecopier £200.00. Bun· 
ker Ramo VDU (inc. KB) £30.00. 
Kodak Photocopier (wet) £10.00 . 
Phone 01-699 9075 evenings. (8831 

60KHz MS·F Rugby Receiver, B'C'D 
TIME OF DAY OUTPUT. High per
formance, phase locked loop radio 
receiver, 5V operation with 1 
second LED indication. Kit com
plete with tuned ferrite rod aerial 
£14.08 (including postage and 
VAT). Assembled circuit and cased
up version also available. Senrt 
for details, Toolex, Sherborne 
(4359), Dorset. (8252 

WAYNE KERRBRIDGE. Type CT375 
<B521) price £5.40. Marconi sweep 
signal generator type TF 1099/35 
£86.40. Voltimeter TF 1041B £37.80 . 
Foster Mains isolation transformer 
240v. single phase, 5KVA power 
ratmg, 200 kv test primary and 
secondary. 150 kv d.c. working Pri. 
21.3 _ Amps, Sec. 20.8 Amps, 440 kg 
(Weight>, £599. TFllOl R.C. Oscil· 
lator £70.20. Cambridge Decade 
Bridge (Portable) X1, X10, X100, 
X.".OOO. Ratio: X.OOl, X.Ol, X0.1, Xl, 
XlO, XlOO, XlOOO. Price £54. Insu
lator Tester CT318 (500v-15KV) £54. 
TF801D/8/S A. M. Signal generator 
Freq. 10MHZ £485. MHZ £297: Digi
tal Voltmeter, LM1480.3 £54. Oscillo· 
scope 645 with CA plug-in unit 
£162. Plu.g-in units : L32.40, M£135 , 
N £81. Signal generator set CT 378A 
Freq. 2MHz-250 MHz Portable £64.80 . 
Racal Probe Electronic Test for 
Racal Timer-counter typ(~ CT488 or 
SA550 £21.60. Signal generator fre
quency swept type CT202 1 as new) 
£27 . ALL PRICES INCLUDE V.A.T. 
AT 8%. Buyer collects. Tel. 404 5011 
(London> or telex 24224. Quote Ref. 
3165. ( 8839 
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re disposing of a consid
le amount of good quality 
gear including Tektronic 

at silly prices. 

* Ring Derek Pattinson now 
and discuss your requiremer.t5. 

Crofton Electronics Ltd. 
35 Grosvenor Road, 

Twickenham, Middlesex. 
Tel. 0 1 -891 1923 · 

TV TUBE 
REBUILDING! 

We can offer the most complete range of 
Electron guns. Parts and Tube Components 
- all gun types for Black and White and 
Colour available, even special types made on 
request. Can also offer wide range of equip· 
ment for testing and manufacturing. Catalo
gues and technical advice on free bases. Ask 
for our competitive prices- best service. 

ALGOGRIFF p.v.b.a., Lispenseenweg, 
196, 2500 "LIER/BELGIUM. Phone 
031/802387. Telex 35371. 

(8745) 

ELECTRONIC DESIGN 
Experienced engineers available for all 
levels of Electronic Design. 
We can produce complete systems, 
single circuits, or printed circuit art· 
works to production stage. 

LEONWARD LIMITED 
167 Hoblands, Haywards Heath 

Sussex. Tel. 59509 
(8824) 

Classified 

W.K.F. ELECTRONICS 
(R.P.C.B.S. Ltd.) 

THE CIRCUIT BOARD SPECIALISTS 
UNIVERSAL SUPPLJ~RS 

Contractor• for : P.C .B. Production, Contract 
Drilling, Electroplating. Laminate Cutting 
Services for: Master Artwork Preparation , Process 
Photography, Circuit Diagrams, Layouts & Leger:'ds. 
Conlul.tanta for: ln~trument Eng•neertng, 
AutomatiC Contr~ l & App!•cations 

Do-lt-Yourself Won't Do: To day 's assemblies 
demand dose toleran ces 
Goodbye to the Long Wait: 3 to 7 Day Prototype 
P.C.B. Production Serv ice 
Quotationa: By Return . Guaran1eed Quality on 
every process 
Short or Long Term Production now acceptable 
from 1 to 1 0,000 unita. 
We UniVer.inY o·iltribut8:-Lamrnat~ :Carb-ide Drill 
Bits ~. Routers.' Process .Chemicals (any), P're
sensllls~d Lam1nate. Dnll1ng Machmes (Manual. 
Mult i-Spindle. N C.!C N C. Control). Graphic Art 
Draught1ng matenals & a1ds . . 

We Man~acture to Spe~ification: Ouaiity Circuit 
Bo~rds (St~gle or Double Stded with any fin ish) . Due 
to expans1on we now have spaCe available for 
prototype or long term production 

For Ouotationa: Subm1t Copy Masters. Roughs. 
Circu it or Sample units for costing 

To: 
W.K.F. ELECTRONICS 
FLEET HOUSE, WELBECK STREET 
WHITWELL, WORKSOP, NOTTS. 
TEL. WORKSOP (09091 720695 
TELEX: 547616 
Telephone Quotationa: Ask for pricing 

ELECTRONIC CIRCUIT DESIGN 
AND PROTOTYPE CONSTRUCTION. 
PCB manufacture and production 
test services available . We have 
many years' experience in high 
power audio, digital relay, coun· 
ters, MPUs, etc, Microsystems 
Electronics . Tel. 01-950 5146 . < 87g3 

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 

FOR 
CLASSIFIED 

ADVERTISING 
RING 

BARRY 
LEARY 

ON 
01-261 8508 
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Here's why you 
should buy 
anl[£ 
instead of 
just any 
multimeter 

WW- 096 FOR FURTHER DETAILS 

IND-EX TO ADVERTISERS 

WIRELESS WORLD , JANUARY 1979 

*Best Value for money. 
*Used by professional engineers, D .I. Y. 

enthusiasts, hobbyists, service engineers . 

*World-wide proven reliability. 

*Low servicing costs.' 
* 20K I volt sensitivity and high accuracy. 

*Large mirror scale meter. 

*Fully protected against overload . 

*Large range of inexpensive accessories . 

* 12 month warranty, backed by a full after 
sales service at E.B.Sole U.K.Distributors. 

Prices from £16.60 - £32.00 +VAT 
Send for full colour leaflet and prices on . 
whole range including accessories. 

I :=1114 = ELECTRONIC 
____ BROKERS LIMITED 
49-53 Pancras Road, London NW1 208. 
Tel: 01-837 7781. Telex: 298694. 
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pin-point 
. . quick!}( & efficiently 
w1th ANTE X soldering irons 

You can now combine fingertip accuracy with strict 

temperature control (within 2%) at the 0.6mm tip of a miniature 

soldering iron by using the soldering station shown with 

one of the 24volt irons_ 

The exceptionally fast recovery time of a miniature iron of 

40watts at t~e chosen temperature ensures a short exposure 

or dwell t1me. If your reQuirements are less demanding 

one of our ordin_ary minia!ure or general purpose solderi~g 
trons or ktts may suit better. 

All our soldering equipment is made in England to strict local 

and international standards of safety. Our name for 

reliability is spreading from all over Europe to the U.S.A., 

to Japan and to most dther countries. 

Mayflower House. Armada Way, Plymouth, Devon Tel: 0752 67377/8 Telex: 45296 

WW-Q02 FOR FURTHER DETAILS 

The TCSU1 soldering station with either the XTC 50 watt- 24/26 
vol t soldering iron or the CTC 35 watt - soldering iron for 
pin po1n! prec1s1on and exceptionally fast recovery time. 
We have put at least twice as much power into irons which are 
already well known for good recovery time. The temfl€rature 
control stops tnem from over-heating; the " fail-safe " electronic 
circUit provides protection even 1f the thermocouple falls 
TCSU1 soldering station £38.1 o XTC and CTC irons £14.85 
InClUSIVe Of VAT and P.& P 

n·u· 
... a miniature iron with the element enclosed first in a ceramic 
shaft. then in a slainles~ steel. Viilually leak-free. Only 7% .. 
long. F1tted wtth a 3/ 32 lllt.£4.37 inclusive of VAT and P& P 
Range of 5 other bits available from y, .. down to 3/64" 

Model X25- 25 watts 

A general purpose iron also with a ceramic and steel shaft to 
g1ve you toughness combined with near-perfect insulat ion 
Fitted With 1/B" blt and priced a·£4;37 inclusive or VAT and 
P & P. Range of 4 other bits ava ilable . 

Model SK3 Kit 
Contains both the 
model CX230 
sddering iron and 
the stand ST3 
Priced at £6.21 
inclucive of VAT 
and P & P. 
It makes an 
excel lent 
present for the 
radio amateu r. 
model maker or 
hobbyist 

Model SK1 Kit 
This kit contains a 15 wan miniature 
soldering iron. complete with 2 spare 
bits. a coil of solder. a heat sink 
and a booklet.'How to solder'. Priced 
at£6.48 inr.lusiveofVATand P&P 

Model MLX Kit 
The soldering iron in this kit can be 
operated from any ordinary car battery 
It IS fitted with 15feet flexible cable 
and battery clips. Packed in a strong 
plastic envelope il can be lefl in a 
car . a boat or a caravan ready for 
soldering in the field. Price £4.83 
inclusive of VAT and P.& P 

Model SK4 Kit 
With the 
model 
X25/ 240 general 
purpose iron 
and the ST3 
stand . this kit 
is a must for 
every toolkit in 
the home 
Priced at £6.21 
inclusive of VAT 
and P&P 

r----------~ I Please send the following .. .. .. . .......... . ... . 

I Pie~~~ -~e·n~. ~~ -~e ~n·t~~ . ........... ..... . 

I colour brochure ........ . .. ............. D 

I I enclose cheque/P.O./Giro No. 258 1000 

1 Name ... . .. . . .......... ... ... . 

1 Address 

I ..................... .... . 

I Antex ltd. Freepost, Plymouth Pl11BR Tel. 0752 67377 
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gets.itto ether ••• 
. - ..,... ________ _ 

Toollrox 
I Reels 

I Savbit Dispenser 
I For radio, TV and similar work, 
1 Reduces copper erosion, 

I 
I 
I 

l'i'tre'e ~~d~s th~ 
W'llf3r all roor efe&tricaf 
21~pli~WM. 

\ Size5 58p m~- VAT 

40/&ffiN/Lead St:ze3 U..16each 
00/.WTiN/Uia'd Site10 £2..38ea'ch 

Size12 £2.29 eac:h 

---------~ 

!~g~P~i 
A f21St N()ri"WrrO'SW~, rOSin ffu5t: 
far ge1®'al a:nd efe&t-tical oor®in-g, I 

Use in «mjur~&'OON with 'ersin' Muttioor~ oolders. .. I 
Size RF10 48p inc. VAl 

I Atax' u~ in ~jonc1im'j w~ti '_Arax' Multiwre I 

......, ________ _ 
Emergency Solder 
Self f luxing, tin/lead solder tape that melts 
with a matd'L For electrical and non-electrical 

applications, Size ES36 39p inc, VAT ------- .... 
-Econopak - ' 

A reel of 12mm 'Ersin' Multicore I 
\ solder for general electrical use. I 

Size13A £2.59inc, VAT I 
- A reel of Jmm 'Arax 

Multicore solder for general 1 
non-electrical use, 

\ ~ Size 16A £2.59 inc, VAT 1 oolder for general metal fabncat1on. _ I 
\ SiteAF14 4Spr~. VAT 
._ ____________ .,. ..._. __________ ..,. 

Muldcare Desoldering Wick 
For OO§oldming camp(Jnt3Nt lead§ from PCB'§ or 
r(ffOOving S(Jid~ from virtually aNy joinw. 

.,.,... __________ ......., 

I Soder Cream 
Si~ A810 97p Inc, VAT 

I Tacky mixture of solder powder 

H ndy. O'" I and correct percentage of flux , ___________ - .... 

. _/ Wire Strippers i 8 ISpensei'S (All prices inc, V,A, T,) for difficult to reach areas, -

and Cutters 
I Electrical/ Electronic 

Size 19A All electrical work 63p ('Ersin' Flux) Size BCR10 fUr& 

Size PC115 For small components 69p I Metal joining(' Arax' flux) 

Easily adjustable for most size1l' I Size SV130 Use with copper bits and wires £1,08 Size BCA14 £1.08 

Size AR140 Metal repairs 86p I Stainless Steel & Jewellery 

. of flex ~nd cablt;. . • I Size AL150 Afu!"'inium 76p (' Arax Flux) Size BCA16 £1_38 

Fnt~ with e~tra strong spnng for Size SS160 Stainless Steel £1,08 \ (All · - v A T ) I · 
automatic optming. Easy grip handles 1 - ..._ .!!:'!:.'~ .:..,.-~ _____ _, 

- 1~~ •. BiH keeps it playing 
~-~~-~~~~-~~~-~-, ~---------~ r Cassette Editing Kit 1 r 1 

I Make editing simple with the I I I 
Sib splicer, tape cutter and I I 1 

I stplic1ng tape. Standard pack 

I with 6.3mm adaptor. 1 1 I 
f1ef66 £1.99inc. VAT 

I In permanent $!Otage I I I 
1 caoo with tape pier em 1 1 1 

and Winder remover. 

I f1ef98 £2.10iriC, VAT I I I 
I I I I 
1 ~~:.~:: ::: :;:::~;::~ 1 1 Groov-Kieen 1 

Brit. Pen. Ng. 1258200 I method of splre~ng) Parallel tracking, it cleans whilst disc plays. 

\ · · · -- --~ -· " - , - · I Engin'"eered in chromed steel and with I 
...... --~------------- ... --------' _. _______________ ..,. 1 twobasestosuitalldecks. Pat. Pending 1 

I \ Ref 101A _ Brit. Des, No. 982790 

I Groov•Stat I \ £3.91inc. VAT Des. No. 247622 } 
____________ ..,. 

I Electronic- 1,-----------
1 This Improved static I 
I reducer 1 powered by one I 

small battury I nautrali$es 
I record llurface !ltadc I 
I In !lecond$. I 

CometJ In permanent 
I ~tmagl'i box with FREE I 
I static tester. I 
I Ref 3000 £9.98 iM. VAT 1 

I flat . peNdingl 

\ I 
~--~-~-~~~-~~~~-~ 

All prices snown :ue recommended retail, inc _ VAT 

Biti 
In difficulty send direct, plus 20p P & P .. 
Send S.A.E. for free copy of colour 
catalogue detalilng complete range. 

Sib Hi·Fi Accessories Limited, 
Kelsey House, Wood Lane End, . 
Hemel Hempstead, Herts., HP2 4RQ . 

Soft bristle$ on leading edge remove dust 
and humid velvet pad collects particles. 
This advanced cleaner is engineered in 
chromed steel and is supplied with dust 
cover in permanent storage box. 
Ref 110 Pat. Pending 
£5.49 inc. VAT Reg. Des. No. 98~808 ..._ ______ ...... __ ., 

WW-004 FOR FURTHER DETAILS 

\ 

rr-----------, 

Unique cleaner 
in chromed steel 
with brush tip, cover 
and built in magnifying inspection mirror. 

Complete with anti-static fluid in permanent 

storage box. Aef112 £3.97inc. VAT I 

Tape Head MaiRtelmnce Kit 
Everything necessary for Cleaning heads, 
c:apstaA and pinch wheel on aU types of 
recorders. 
Cleaning and polishing pads, cleaning 
and !<>rush inspection mirror included. 
Standard Pack Ref 2S £1.991nc. VAT 
Pem~anE!nt Storage Box with cleaniAg cloth 
Brit. Pat. N0. 1486069 Ref99 £2.70tnc. VAT ..._ ______ ._ __ __ 
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m 

I Toolbox 
Reds 

| Three solders. Ihat 
I tower all yoor etettnca) 

appfeaitoris, 
, 40/60 Tin/Lear) Si«3 
i 60/40 Tin/Lead Sire 10   
\ Savbrt Alfoy/ Sire 12 £229 each , 

ether». 

# 

*0 £2,16 each 
£228 each 

' Soldering Fhix Paste ] 
I 'Ereirt' | t, "'I1'11 A fast non-corrosive, rosin flu* , 

for general and etectneal soldering. | 
I Use in conjunction with 'Ersin' Mohicore solders, ■ 
I Size HF10 48pins.VAT I 
I 'Area' Use in conjunction wrth 'Arax' Muhicore I 

Muiticore Desoidefing wick 
For desoldering component leads from PCB's or 
removing solder from virtually any joints. 

Size AB10 97p jflc, VAT 

Wire Strippers^ 
and Cutters 

Easih 
offlex/ 

*-.J1 

Easily adjustable for most sizes I 
of flex and cable, ■ 

Fitted with extra strong spring for I 
automatic opening. Easy grip handles | 

and handle 
locking device, 
Ref 9 
£1.1Bins. VAT 

mae* Sy-MMs- "ka 

f 
T 

tap" 

Handy Dispensers iah prices inc. v. a.t.i 
Size 19A All electrical work 63p 
Size PC115 For small components 69p 
Size SV130 Use with copper bits and wires £1,08 
Size AFI140 Metal repairs 86p 
Size AL150 Aluminium 76p 
Size SS160 Stainless Steel £1 08 

' Savbitl 
I For radio, TV and similar work, 
j Reduces copper erosion. 
^ SizeS SSpnc VAT 

Emergency Solder 
Self fluxing, tin/lead solder tape that melts 
with a match. For electrical and norvelectricai 

applications. Size ES36 39p inc. VAT 

Ipr j 

^ "S A reel of 1.2mm 'Ersin' Muiticore I 
t solder for general electrical use. | 

f 

\ 

Size 13A £2.59 inc. VAT 
A reel of 3mm' Arax" 
Muiticore solder for general I 
non-electrical use. 
Size 16A £2,59 inc, VAT J 

' Solder Cream 
| Tacky mixture of solder powder 

and correct percentage of flux 
| for difficult to reach areas. 
I Electrical/ Electronic 

('Ersin' Flux! Size BCR10 £1.08 
I Metal joining CArax' flux) 

Size BCA14£1.08 
(Stainless Steel & Jewellery 

CArax Flux) Size BCA16 £1.38 
\ (All prices inc. V.A.T.) 

••• Bibkeips it playing 

Cassette Editing Kit 
Make editing simple with the 

Bib splicer, tape cutter and 
splicing tape. Standard pack 

with 6,3mm adaptor 
Ref 66 £1,99 mc, VAT 

In permanent storage 
case with tape piercer 
and winder remover. 

Ref 98 £2.70 inc. VAT 

USA Pat. No. 4067663 (splicer) 
Brit. Pat. No, 1S07S83 (splicet) 

Brit. Fst. No. 12582801mot hot) at splicing) 

t f 

Groov-Kleen 

Groov-Stat 

Electronic 3000 
This improved static 
reducer, powered by one 
small battery, neutralises 
record surface static 
In seconds. 
Comes In permanent 
storage box with FREE 
static tester 

Ref 3000 £9.98 inc. VAT 
(Pal. pendinB) 

All prices shown ate recommended retail, Inc. VAT. 

Parallel tracking, it cleans whilst disc plays. 
Engineered in chromed steel and with 
two bases to suit all decks. Pat. Pending 
Ref 101A Brit, Reg Des, No. 982790 

U.S.A. Reg. Des. No. 247622 

Styli 

Cleaning 

Kit 
Unique cleaner 
in chromed steel 
with brush tip, cover 
and built in magnifying inspection mirror 
Complete with anti-static fluid in permanent 
storage box, Ref 112 £3.97 inc. VAT £3.97 inc. VAT 

_ • T 5 

0 

Record 

Valet 

m 

In difficulty send direct, plus 20p P & P. 
Send S A B. for tree copy ot colour 
catalogue detailing complete range. 
Bib HI-FI Accessories Limited, 
Kelsey House, Wood Lane End, 
HemelHempstead, Herts., HP2 4RQ. 

Soft bristles on leading edge remove dust 
and humid velvet pad collects particles. 
This advanced cleaner is engineered in 
chromed steel and is supplied with dust 
cover in permanent storage box. 
Ref 110 Pat. Pending 
£6.49 inc. VAT Reg. Des. No. 98*808 i v 

Everything necessary for cleaning heads, 
capstan and pinch wheel on all types ol 
recorders. 
Cleaning and polishing pads, cleaning liquid 
and brush inspection mirror included. 
Standard Pack Ref 26 £1.99 inc. VAT 
Permanent Storage Box with cleaning cloth 
Brit. Pat, No, 1486069 Ref 99 £2.70 inc. VAT 

WW—OOA FOR FURTHER DETAILS 


