
Australia$A1.20 
Belgium = r.61.50 
Canada 51.50 
Denmark K r.11.00 
Finland Funk. 6.20 
Germany Dm. 4.50 
Greece Ce. 45X00 
Holland Df 1.4 50 

O ta ly L. 900 
Malaysia MS3 25 
New Zealand sNS11.20 
Norway Cr. 10,.00 laic!. moms 
Portugal Esc. 40.0C 
South Africa R. 1 .1 3 
Spain Ptas 80.00 
Sweden Fr. 6.90 incl monts 
U.S.A. S1 50 

MAY 19176351 

Low -noise cassette deck 
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Ì FM / AM MODULVION METER 2304 
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Automatic fmlam 
Modulation Meter 

How long does it take for you to make a series of 
modulation tests with the meter you are using ? The 
M.I. TF 2304 Automatic Modulation Meter eliminates at 
least five manual operations for each test and even more 
per test when a series of measurements is to be made. 
That can save you hours in a production day. 

When connected to a transmitter, the TF 2304 
automatically tunes to the carrier frequency and 
automatically sets the level, all within a few seconds. 
Exceptionally efficient screening and a very low distortion 
mixer ensure locking to the wanted signal. It is only 
necessary to select the required mode and range and the 
meter will read either deviation or % depth. L.E.D. 
lamps indicate if the signal level is too high or low and 
a push- button inserts a 20 dB attenuator to extend the 
maximum input level to I watt. 

The basic frequency range is 25 -1000 MHz and there 
are S peak deviation ranges covering 1.5 kHz f.s.d. to 
150 kHz f.s.d. and a.m. depth ranges of 30% and 100% 
f.s.d. all with a modulation frequency range of 50 Hz to 
9 kHz. Modulation symmetry can be checked by 
push -button selection of positive or negative deviation 
and peak or trough amplitude. 

The accuracy of modulation measurement is + 3% 
of full scale so transmitter deviation can now be set 
close to the permitted maximum with a consequent 
increase in efficiency. 

The TF 2304 can be operated either from mains or 
internal rechargeable battery. It's small and light and 
there's a comprehensive range of accessories including 
a carrying case. 

The price will pleasantly surprise you. Ask for full details. 

l'Y11: THE AUTOMATIC CHOICE 
MARCONI INSTRUMENTS LIMITED, 

Longacres, St. Albans, Hertfordshire, AL4 OJ N. England. Telephone: St. Albans 59292. Telex: 23350. 

A GEC -Marconi Electronics Company. 
WW-001 FOR FURTHER !DETAILS 
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MULTITESTER TYPE TM11 

SPtE 

RELIABLE 

po4 

120 BASIC RANGES 
AC V, I & dB : 50NV /500V fsd, 50pA/500mA fsd, -90dB / +50dB mid scale. Acc. +1 .5% fsd above 500pV & 500pA. 

Response 3Hz/200kHz above 500pV and 500nA. Input R = 100MQ on volts. 
DC V, I & NULL . 150NV /500V fsd, 150pA/500mA fsd, polarity reversible. Acc. +1 .5% fsd above 500pV & 500pA. 

Input R = 100M0 on volts. 5 Null ranges have centre zero lin /log scale covering ±4 decades. 
RESISTANCE : 0.2Q/10GQ in 7 ranges, polarity reversible. Low test voltage for solid state circuits. 
LEAKAGE at 3V . Uses 3V source with current ranges to test capacitors, diodes and resistance up to 100GQ. 
VOLT DROP at IOmA : Uses IOmA source with voltage ranges to test diodes, LED's and resistance down to 10mQ. 

30 OPTIONAL RANGES 
RF VOLTS : 0.5V /500V fsd, l OkHz/1GHz, using RF Probe. Price £20 + VAT. 
HIGH VOLTS : 1 .5kV /50kV fsd, AC /DC, using HV Probe. Price £14 + VAT. 
HIGH CURRENT : 1.5A/50A fsd, AC /DC, using Current Shunt. Price £14+ VAT. 
TEMPERATURE . -150 °C / +500 °C fsd in 7 ranges using Temperature Probe. Price £36 + VAT. 

The instrument operates from a 9 volt battery, life 1000 hrs., or, AC mains when optional Power Supply Unit is fitted. 
Size is 240mm x 150mm x 80mm. Weight is 1.75 kg. Meter scale length is 140mm. Leather case is available at £12 + VAT. 

ELECTRONICS LTD. 

MOXON STREET, BARNET, HERTS., ENGLAND, EN5 5SD. 
TEL: 01 - 449 5028/440 8686 

WW -060 FOR FURTHER DETAILS 
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*PON* 
1110 

11111 

4o, 

The world over - 
You get the 
best service 
from Haltron 

Haltron 

For high quality electronic valves, 
semiconductors and integrated 
circuits - and the speediest service - 
specify Haltron. It's the first choice of 
Governments and many other users 
throughout the world. Haltron product 
quality and reliability are clearly 
confirmed. The product range is very, 
very wide. And Haltron export 
expertise will surely meet your 
requirements. Wherever you are, get 
the best service. From Haltron. 

Hall Electric Limited, 
Electron House, 
Cray Avenue, St. Mary Cray, 

Orpington, Kent BR5 3QJ. 

Telephone: Orpington 27099 

Telex: 896141 

WW -059 FOR FURTHER DETAILS 
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THE `MISTRAL' 1 

DIGITAL CLOCK 
* COMPLETE KIT * 

Pleasant green display 12 /24 Hour readout 
Silent Synchronous Accuracy Fully electronic 
Pulsating colon Push -button setting 
Building time 1 Hr. Attractive acrylic case 
Easy to follow instructions Size 1 0.5x5.7x8 cm 
Ready drilled PCB to accept components 

KIT PRICE £10.25 
+ 82p VAT 

P &P Inc 

THE `MISTRAL' 2 DIGITAL 

ALARM CLOCK 
* Fully Built, Tested and Guaranteed * 

WITH SLEEP -OVER FEATURE 

Sott Green Display 
24 Hour Alarm 
10 Minute Repetition 

Alarm Set indicator 
Accurate Silent Timekeeping 
British Designed and Built 

Also available from 
Henry's Rollo, 231 Tottenham Ct. Rd., London W1; Henry's 
Radio, 404 Edgware Rd., London W2; Crofton Electronics Ltd., 
124 Colne Rd., Twickenham, Middx.; Imtech Products Ltd., 
Imp House, Ashford Rd., Ashford, Middx.; Bywood Electronics, 

68 Ebbems Rd., Hemel Hempstead, Herts. 

COMPLETE CLOCK 
£1 2.99 

+ £1 .04 VAT 
P &P inc. 

1419 - ADVANCED 1420 - SENIOR 

SPECIFICATION 
14 digit LED display 
10 -d,gn with dh sign and 
2.drgn exponent with sign for 
data entry or results 
.1O " " -10i "1 

' Automatic selection of correct 
notation for result display (scion, 
olic or floating point) 
Dome keyboard for excellent 
response and preventing double 
entry input 

BASIC FUNCTION le - x 41 
AND MEMORY 

Algebraic mode operation 
Constant operations 
Repeat operations 

' Chem operations 
Change Sign operatiun 

Display and Y register exchange 

One accumulating memory 
Display and memory exchangu 

able 
SPECIAL FUNCTION 

Trigonometric functions Tsin 
COS ten) 
Inverse trigonornetec lunctines 
(sin COS tan 
Hyperbolic functions (sine cosh 
tanhi 
Inverse -hyperbolic functions 
mirth cosh tanh 
Radian or degree selectable 

COnStant 
Logarithms lin log) 
Antilogarithms Ir' t0'. 
Power function 

I l 

Reciprocal ll xl 

Square root I i al 

PRICE £25.89 
P &P 75p + VAT £2.1 3 

14 dept LED display 
104igrt mantissa with sign 
2.dign exponent with sign 
data entry or re,i 
110" -70'1 
Automatic selection of core . 

notation Inr result display Ism,. 
Wm or floating point) 
Dome keyboard for excellent 
response and preventing doubt.i 
entry input 
Algebra mode operation 
Chain operations - 
Change sign operation 
Three memories 
Display and memory excbrego- 
able 
Tngonometni luncrons Ise 
coa tang 
Inverse- Irigonorneli lc functions 
Ism coS Lan '1 

Radian or degree selectable 
o constant 
Logarithms (lit log( 
Anteingarnhms (e 10') 
Combinatorial functions (ni. 
nl.l 

Normal distribution 'uncut,. 
(Prlxl 1 

Gamma (unction IC Ixl I 

Group operations 
x 

Group '.cntrols 1K K,, 

Power Lundeen IY'1 
Reciprocal ll xl 
Square root I t xl 
Square Ix I 

Sum of squares 
1 =x''I 

Sun ma tion (='X1 
Item count (n) 
Mean value IX) 
Mixed chain operations 
parentheses approach lop to two 
levels) 

PRICE £55.63 
P &P 75p + VAT £4.51 

1421 - PROGRAMMABLE 

BESIDES HAVING THE 
CAPABILITY OF A SCIENTIFIC 
CALCULATOR 

9 -drgn LED display 
8 digits capacity for data entry or 
esults (10 " - iOxl 
Full floating peril 
Automatic display blanking 
Three.register operational Slack 
Change sign operation 
Reverse polish notation 
Display and Y,regrster exchange- 

able 
One accumulating memory (Me 
mory store Memory recall M a 
X M -X arld M a X.) 
Trigonometric functions (sin 
cos tan) 
Inversoingonameutc functions 
(sin cos tan ) 

Radians and degrees exchange- 
able 

constant 
Logarithms On log) 
Anlr- logarithms (e'( 
Power luncuor ly') 
Reciprocal (1 x) 
Square root 

( g xl 
Square 00 

IT CAN LOAD ANY 102 STEPS 
PROGRAM TO HELP YOU SOLVE 
THE REPEATED. ENORMOUS 
COMPLEX PROBLEMS 

The Oualitron Programmable 
Calculator can be used to mentor roe 
any comb,nabon of key entries 
while in the LOAD mode. Then 
automatically plays back the pro 
grammed sequences as often as 
desired in the RUN mode 

Up to 102 steps can be stored in 
muhrprogram sequence blocks 
Each block or program can be 
executed mdrvidually or you can 
make the densron to branch to 
specific program run each in series 
nr perform isle ^media( calcula- 
tons from the keyboard 

PRICE £40.80 
P &P 75p + VAT £3.32 

Cash, Cheque or Postal Order or if you wish to 
use Barclaycard or Access, simply quote name, 
address and card number when ordering. 

`il1TEDH PRODUCTS ETD 
IMP HOUSE, ASHFORD ROAD 
ASHFORD, MIDDX. TW15 1XB W 
telephone ASHFORD 44211 (4 lines) 
telex 936291 WESSIMP ASHFORD 

www.americanradiohistory.com
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Teonex are 
better known abroad... 

because we don't sell 
in the U.K. 

Electronic valves (a really comprehensive 
range), semi -conductors (a wide variety), 

integrated circuits. 
Teonex offers more than 4,000 devices. 

They are competitively priced and they are 
superlative in performance, because the company 

imposes strict quality control. Teonex concentrates 
entirely on export and now operates in more than 
70 countries, on Government or private contract. 
All popular types in the Teonex range are nearly 

always available for immediate delivery. 
Write now for technical specifications and prices 
to Teonex Limited, 2a Westbourne Grove Mews, 

London W11 2RY, England. 
Cables: Tosuply London W11. Telex: 262256 

ELECTRONIC VALVES SEMI CONDUCTORS 

TEONEX 

Wireless World, May 1976 

for Teonexport only 
WW-057 FOR FURTHER DETAILS 
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THE PEAK OF VERSATILITY. 
The AVO EA113 steps forward from the AVOMETER range 

to take a well deserved bow. 

The AVOMETER range for Electronics. 
EA113 does everythinga major mùltimeterwill 

do, but it does it with a high input impedance of 
1MS2/V (dc voltage ranges), a 100kHz capability, 
centre zero facility, single switch range selection, 
overload protection and other refinements, all for 
a UK Trade Price of well under .£120. EA113 is, of 
course, an Electronic multimeter. 

The range of measurement and accuracy are 
outstanding too. Voltage from 100NVto 1kV 
( ±1.25 %): Current from 0.01u A to 3A (±1.25 %): 
Resitance from 1S2 to 100MS1. 

Yes, digital instruments also have high 
impedances -Avo offer the DA114 -but when it 
comes to all -round versatility in the laboratory and 

maintenance workshop, w th many peaking adjust- 
ments to make, you can't beat analogue display. 

As a final bonus, the EA113 brings you two 
valuable time -savers. No electrical zero setting and 
internal batteries which are rated to run for 10 
months of continuous round- the -clock operation. 

Choose your next multimeterfrom the 
British-built AVOMETER range and ringyour 
Distributor for price and delivery. 

Avo Limited, 
Dover, Kent, England. 
Telephone: Dover 
(0304) 202620.. 

THORN Thorn Measurement Control and AulomatienDiAsion 

WW -094 FOR FURTHER DETAILS 
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New Faces 

Dymar 2081 
RF power 

meters 

Dymar 2041 
AF signal 
generator 

Born to be stars! 
The communications industry has voted top 

spot to every Dymar instrument since the first in 1965. 

Now meet two newcomers. 

Type 2041 AF signal generator. Frequency 

range 3Hz to 300kHz. Maximum output 3W into 3 

ohms. A combination to cover the field from audio 

applications to vibration analysis. Calibrated and 

stepped 600 ohms attenuator gives adjustable output 

levels from lmV to 3V fsd).Auxillary output from 

oscillator for accurate frequency monitoring. 

Type 2081 RF power meters. 2081/30 resolves 

1 m to 30W 2081/100 covers 2mW to 100W 

Bandwidth -DC to beyond 500mHz. And that covers 

most communications transmitters -hand portable. 

mobile or base -operating in HFVHF and UHF Built-in 

extras: RF sampling and fast response peaking. 

Of course. both operate from mains supply or 
internal rechargeable batteries- conferring the famous 

Dymar go- anywhere quality. 

And both will undoubtedly receive the recog- 

nition heard everywhere. 'Check it on the Dymar,' 

Ask Dymar for details or use the Reader Reply 

Se NI ce 

DYMAR 

DV!df t . 

WaL'j.)tn 

,732. _ i. _. 

WW -101 FOR FURTHER DETAILS 
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Good, better, best... 

All things are a matter of compromise and superlatives must take 
account of it. Few will dispute the slogan under which our 
precision pick -up arms are sold. In this context 'best' is not only 
a reference to quality in design and manufacture, but extends to 
service which we believe is unequalled. 

Every week we send out hundreds of letters providing detailed 
advice and answering customers' queries in a way that only 
specialisation permits. 

Spares are despatched promptly to all parts of the world, usually 
the same day, and a recently introduced exchange service pro- 
vides new arms for old on very attractive terms. 

Because of these things demand sometimes exceeds supply but 
delivery is yet another matter in which we should be able to help 
if you write to 

SME Limited Steyning Sussex England 

The best pick -up arm in the world 

WW -066 FOR FURTHER DETAILS 
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level 

He 50 90 160 300 500 00 166 3K 5K 9K 16K He 

Made in Bella, 

Q WARN THHnIK DN27 GRAPHIC EQUALISER 

- 
GO 

Better Performance than any Graphic Equaliser on the market 

BUY BRITISH j BUY HLARH- TEHNIH RESEARCH LIMITED 
Summerfield Kidderminster DY11 7RE 
Tel Kidderminster 64027 

WW - 005 FOR FURTHER DETAILS 

FAST RESPONSE STRIP CHART RECORDERS 

Specification 

Made in USSR 

Type H3020 -1 

Single pen 

Basic error 2.5° o 

Sensitivity 8mA F.S.D. 

Response 0 2 sec. 

Width of each channel 80mm 

Chart speeds. selected by 

push buttons 0.1-0.2-0.5-1-2.5 - 
-5- 12.5 -25mm /sec. 

Chart drive 200 -250v 50Hz 

Type H3020 -3 
Three -pen 

Recording: Syphon pen directly attached 
to moving coil frame, 
curvilinear co- ordinates 

Equipment: Marker pen, Timerpen. Paper footage 
indicator, 10 rolls of paper, connectors. 
etc. 

Dimensions: H320 -1: 285x384x 16.5mm 

11320 -3: 475x384x16.5mm 
PRICE: H320 -1 £108.00 

H320 -3 £ 160.00 

Exclusive of VAT Available for immediate delivery 

Z & I AERO SERVICES LTD. 
44A WESTBOURNE GROVE, LONDON W2 5SF 

Tel. 01 -727 5641 Telex: 261306 

WW -078 FOR FURTHER DETAILS 
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Once agaim`. Quad's ability t000mbna 
outs-tincing technical development End 
gooddoyçiti as won ¿ Design Cou x I Award. 

Oncc agairt the desigbis all our own work, 
and wea-a uutifiab|yp'oudofit. 

For Lrthar details of the, QUAD 406 
o re dumping amp r'rer and other ]@AD 
products orite _: Dept_ W.. 
The uumm cal Manu|EcturinOCo L`dL 
Hunt ngdom.Cumbn,PEl87OG. 
Telepiaore 0480) 52351 

for the closest approach to the original sound 
for twenty-five years 

The previous Award was for the Quad 33 control unit (seen here with the Quad 405) 
the Quad 303 power amplifier and Quad FM stereo tuner in I 969. 

WW-095 FOR FURTHER-OE-TA:LS 
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Wayne Kerr's 
top -selling bridge 

Meets modern requirements. Is accurate 

Is self -balancing. Has 2,3 and 4- terminal 
connections. Continuous readout of real 
and quadrature terms. Overall range 
10 micro -ohms to 100 gigohms,0.001pF 
to 10 farads, l nanohenry to 10 megahenrys 
and 10 picomhos to 100 kilomhos. Built -in 
source /detector (1592Hz). 
Connectors for 200Hz- 20kHz manual 
operation. 
Comparator facilities. Analog outputs. 
Adjustable sensitivity. Ask for B642 
Data Sheet. 

WAYNE KERR 
A member ofthe Wilmot Breeden group 

For more information phone Bognor (02433) 25811. or write to: Wayne Kerr. Durban Road. Bognor Regis. Sussex P022 9RL 

ww - 073 FOR FURTHER DETAILS 

METER PROBLEMS? 

v 

137 Standard Ranges in a variety of 
sizes and stylings available for 10 -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: 01X83717937 

Belling -Lee 

WW -034 FOR FURTHER DETAILS 

Protects equipment against mains borne 
voltage transients. /\ / 
Filter combined with standard CEE 22 mains inlet. 
Fits same panel cut -out as standard mains inlet. 

/ Result of Belling -Lee unique expertise \ / /\ in filter and connector design. 

Ask for literature 
Belling and'Lee Limited, Great Cambridge Road, 
Enfield, Middlesex. Telephone: 01 -363 5393. 
Telex: 263265. Cables: 'Radiobel' Enfield.. 

WW - 013 FOR FURTHER DETAILS 
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Qa anavox 
INTERNATI O N A L 

DANAVOX (GT. BRITAIN) LTD. 
"BROADLANDS" BAGSHOT ROAD, 
SUNNINGHILL, ASCOT, BERKS. 
TEL: 0990 23732/6: TELEX: 84584 

of research... "on components and accessories for dictating 
machines, tele- communications, hearing aids 
and electroacoustic equipment etc." 

ll 

STETOiaIP 
JUNIOR 60 
HEADSET 

STANDARD & 
SUB -MINOR 
EARPHONES 

NASONTC 
INDUCTION AUDIO 

LOOP 
RECEIVER 

WW-075 FOR FURTHER DETAILS 
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Attenuatewit 
Now with the latest additions to the range, you can select for ALL your needs from the following 

2100 Series: 
8 models covering impedances 
of 5014 75 12, 60011 unbalanced 
and 60012 balanced. 0 -100dB 
in 1 dB steps. Frequency 
range D.C. to 250MHz. 
NEW 2100 style Attenuators, 
5012 with 0.1dB steps to 10dB 
which may be combined with 
standard 1dB units on a 

common panel. 

'Q' Series: 
High accuracy Attenuators 
with low insertion loss.6 
Models covering impedances 
of 5011 and 7512 with 0.1dB, 
1.0dB and 10dB steps. 
NOW with frequency range 
extended to cover D.C. to 
750MHz with increased 
accuracy. Useful to 1GHz. 

708 Series: 
Low cost rotary Attenuators. 
Models with 5052 and 7512 
impedance in 0.1, 1.0, and 
10 dB steps and frequency 
range to 100MHz. 
Combinationsof these units 
can be supplied in a robust 
case for laboratory use. 

'RV' Series: 
Ladder network Attenuators 
suitable for control) ng 
output signal levels where 
high accuracy is not 
essential. Separate units 
provide 1.0 and 10dB steps 
and the two units can be 
supplied mechanicaly linked 
as a tandem pair. 
Frequency range to 150 MHz. 

A'L' and 'S' Band 
Attenuators: 
Small, compact Attenuators 
with designed -in reliability. 
Fitted with SMA connectors 
L' band units, 5012, D.C. to 

2GHz, 'S' band units 5012, D.C. 
to 4GHz. 1 watt power rating. 
L' Band Attenuators with 1 dB 

and 10dB steps can be supplied 
together in a case for laboratory use. 

2050 Series: 
High discrimination 60052 
balanced Attenuator with 
0.1 dB increments to a total 
of 121dB. Frequency range 
DC to 300KHz NEW 
14012 balanced Attenuator 
to similar design. 0.1dB dB 
increments to 91dB. 

Send for full particulars of the complete range of Hatfield >ttenuators 

HATFIEL 
forward thinking in electronics 

2010 Series: 
Rack mounting programmable 
Attenuators providing 0.1dB, 
1.0dB and 10dB steps for 
use primarily in automatic/ 
computer -controlled test 
systems. Programming modes: 
(1) 4 -line compatible BCD, 
(21 1 out of 10 line code 
(3) local front panel thumb 
wheel switches. 

HATFIELD INSTRUMENTS LIMITED, 
Burrington Way, Plymouth PL5 3LZ, Devon. 
Telephone: Plymouth (0752) 772773 
Telex: 45592. Grams: Sigjen, Plymouth. 

WW - 033 FOR FURTHER DETAILS 

FREQUENCY COUNTERS 
HIGHER PERFORMANCE INSTRUMENTS FROM 

1 / 10 Hz to 1.2 GHz. MEASURING FREQUENCY, 
PERIOD, TIME, FREQ. /RATIO AND CALIBI?ATED 
OUTPUT FACILITY. FAST DELIVERY. 

CRYSTAL OVEN 
OPERATING MANUAL 
TWO TONE BLUE CASE 

TYPE 
1001M 

£670 1.2 GHz 
Sensitivity 10mV. Stability 5 parts 10.10 

301M 32MHz 5 Digit £82 401 32MHz 6 Digit £121 
501 32MHz 8 Digit £178 701A 80MHz 8 Digit £195 
801A /M 300MHz 8 Digit £305 901M 520MHz 8 Digit £375 
8018/111 250MHz 8 Digit £262 1001M 1.2GHz 8 Digit £670 

Start /Stop versions plus £12 Memory versions available if not 
suffixed M £25 extra 

Type 101 1MHz 100KHz 10 KHz Crystal Standard £85 
Type 103 Off /Air Standard £85 

SUPPLIERS TO: Ministry of Defence, G.P.O., B.B.C., Government Dept., Crystal 
Manufacturers and Electronic Laboratories world -wide 

R.C.S. ELECTRONICS 
NATIONAL WORKS, BATH ROAD 
HOUNSLOW, MIDDX. TW4 7EE 

Telephone: 01 -572 0933/4 

WW - 026 FOR FURTHER DE TAILS 

nombrex 

MODEL 41 
R.F. SIGNAL GENERATOR 

Price £54.85 
* 150 KHz 220 MHz on fundamentals. 
* 8 clear scales Total length 130mm. 
* Spin -Wheel Slow Motion Drive 11 - 1 ratio. 
* Overall Accuracy 21%. 
* Modulation, Variable depth and frequency. 
* Internal Crystal Oscillator providing calibration checks throughout all 

ranges. 
* Mechanical scale adjustment for accurate alignment against internal 

1 MHz crystal oscillator. 
* Powered by 9V Battery. 

Trade and Export enquiries welcome 
Send for full technical leaflets. 
Post and Packing El 00 extra 

NOMBREX LTD., POUND PLACE, WOLBOROUGH STREET, 
NEWTON ABBOT, DEVON, TQ12 1NE 

Tel. Newton Abbot 68297 

PLUS V.AT. 

WW -063 FOR FURTHER DETAILS 
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A IW DIMENSION 
IN SOLDERING 

!so -Tip Cordless 
Soldering Iron 

Ideal for factory, field servicing, 
laboratory or home, the Iso-Tip 
Cordless offers a great advance in 

soldering, It is completely portable, 
heats in 5 seconds and recharges 
automatically in its own stand. 

The Iso -Tip is powered by 
long -life nickel cadmium batteries 
giving tip performance up to 50 
watts with a temperature of 370 °C. 
Tips are available in five different 
sizes ranging from Micro to 
Heavy Duty to meet all soldering 
requirements. 

Greenwood Electronics 
Portman Rd, Reading RG31NE, England. 
Telephone: Reading (0734) 595844. 
Telex: 848659. 

WW -037 FOR FURTHER DETAILS 

SUBMINIATURE 

ex c\\ 
Metal Film 

Resistors k 

Resistance Range 10Q to 150K 
Tolerance from ±1% 
Nominal Watage 70 °C upto 5OKS ? 125mW 
Prices from 9.06p each 100 rate 
Temperature Coefficients from 5OppM 
Size 4 1 mm long 1 8 mm diameter 

Erb 31111P.EI1IS Telephone : 0582-62241 
Luton Road, Dunstable, Bedfordshire, LU5 4LJ England. 

WW - 010 FOR FURTHER DETAILS 

LOW -COST INSTRUMENTS 

VALUE! 

£82 
+ £2.00 p.p. 

+ VAT 

745 COUNTER TIMER 
Measures frequency, period, time and totalises 

32 MHz frequency range (DC coupled) 
5 -digit .3" LED display 

6 Gate times/Time units, 10ps to 1 S in decades 
Sensitive, protected FET input 

744 COUNTER TIMER 

£79 + £2.00 p. &p. + VAT 

Measures frequency, period and time 

30MHz frequency range IDC coupled) 

5- digit, long -life incandescent display 

Sensitive, protected FET input 

6 4 3 

It+a+4.tDo 

643 FUNCTION GENERATOR 
£86 + £2.00 p. &p. + VAT 

Accurate. digital frequency setting 
01Hz -1MHz 

Wide range external control of frequency 
Triangle, Squarewave and Low Distortion 

Sinewave outputs 
500 + simultaneous outputs 

DC offset 
Delivery is normally ex-stock-telephone for confirmation 

Prices correct at time of going to press, subject to change without notice 

OMB ELECTRONICS 
Riverside, Eyinsford, Kent DA4 OAE 

Tel. Farningham (0322) 863567 
WW - 028 FOR FURTHER DETAILS 

RU 
CRYSTALS 

-FAST! 

AEL GATWICK HOUSE, HORLEY, SURREY, ENGLAND 
Tel Horsey (02934) 5353 
Telex: 87116 (Aeroton Horley) Cables: Aeroton Telex Horley 

WW -043 FOR FURTHER DETAILS 

P.A. SYSTEMS FOR AIRPORT. HOTEL, FACTORY. 

THEATRE AND LECTURE THEATRE AUDIO SYSTEMS 

AUDIO MIXING EQUIPMENT 

SIMULTANEOUS TRANSLATION SYSTEMS 

RADIO AND T.V. BROADCAST SOUND CONTROL EQUIPMENT 

MARINE INTERCOMMUNICATION AND ENTERTAINMENT EQUIPMENT 

System design, manufacture and installation. 

and i XAUDIX LIMITED 
Wenden, Saffron Walden, Essex CB11 4L9 
TEL. Saffron Walden (0799) 40888: TELEX: 817444 

www.americanradiohistory.com
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Join the Digital 
Revolution 

Understand the latest 
developments in calculators, 
computers, watches, telephones, 
television, automotive instrumentation .. . 

Each of the 6 volumes of this self- instruction course measures 
113/4" x 81/4" and contains 60 pages packed with information, 
diagrams and questions designed to lead you step -by -step 
through number systems and Boolean algebra, to memories, 
counters and simple arithmetic circuits, and on to a complete 
understanding of the design and operation of calculators and 
computers. 
Design of Digital Systems. 

9n of ```ç 
Digital futtern 

Book1 ï 4 ' 
/er's 

£5.95 
plus 50p packing and 
surface post anywhere in 
the world. 

Payments may be made in 
foreign currencies. 

Quantity discounts 
available on request. 

VAT zero rated. 

Also available - a more elementary course assuming no prior 
knowledge except simple arithmetic. 
Digital Computer Logic and Electronics. 
In 4 volumes: 

1. Basic Computer Logic 
2. Logical Circuit Elements 
3 Designing Circuits to 

Carry Out Logical Func- 
tions 

4 Flipflops and Registers 

£3.95 
plus 50p P & P. 

Offer Order both courses for 
the bargain prce £9.25, plus 
50p P. & P. 

Designer 
Manager 
Enthusiast 
Scientist 
Engineer 
Student 

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

Guarantee -no risk to you 
If you are. not entirely satisfied with Design of Digital 
Systems or Digital Computer Logic and Electronics, 
you may return them to us and your money will be. 
refunded in full, no questions asked. 

rTo Cambridge Learning Enterprises, Dept COM 
FREEPOST, St. Ives, Huntingdon, Cambs. PEI 4BR 
'Please send me set(s) of Design of Digital Systems at 16.45 each, 
p & p included 

'or set(s) of Digital Computer Logic and Electronics at £4.45 each. 
p & p included 

or combined set(s) at £9.75 each, p & p included 

Name 

Address 

'delete as applicable 
No need to use a stamp - lust print FREEPOST on the envelope 

Wireless World, May 1976 

b r- e_reJ 1 

PROFESSIONAL 
TAPE TRANSPORTS 
and multi -channel electronics 
for studio and industrial use 

Finance 
available 

git Type 19 
._ 25mm model 

* Tapewidths up to 25mm 
* Speeds: 3mm /s minimum up to 152cm /s max 

2 and 4 speed models 
* Reel Capacity up to 29cm 
* Remote Control Facility 
* Tape Tension Control 
* Automatic Interlock against misuse 
* Special models to customer requirements 

BRENELL ENGINEERING CO LTD 
231 -5 Liverpool Road. London N1 1LY. Tel: 01- 607.8271 

TRANSDUCER and RECORDER 

AMPLIFIERS and SYSTEMS 

49/51 Fylde Road Preston 
PR1 2X0 
Telephone 0772 57560 

reliable high 
performance & 
practical controls. 
individually 
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 -054 FOR FURTHER DETAILS 
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e r fl transformers 
mains, audio, microphone, ferrite core 
and other wound components 

A wide range of transformers 
manufactured in production 
quantities to customers 
individual requirements 

Prompt Prototype 
Service available 

MICROPHONE 
TRANSFORMER IN 
MUMETAL CAN 

TRANSFORMER 
WITH UNIVERSAL 

END FRAMES AND 
TURRET LUG CONNECTIONS 

TRANSFORMER WITH 
TWO HOLE CLAMP AND 

SOLDER TAG CONNECTIONS 

Drake Transformers 
Telephone: 
Billericay 51155 

Limited 
Kennel Lane, 
Billericay, Essex. 

WW - 014 FOR FURTHER DETAILS 

9 

sound equipment 
by 

GRAMPIAN REPRODUCERS LTD. HANWORTH TRADING ESTATE FELTHAM , MIDDLESEX TELEPHONE 01 -894 9141 

WW -098 FOR FURTHER DETAILS 
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ELECTRONIC 

INDUSTRIAL THERMOMETER 

THE MODERN WAY TO MEASURE TEMPERATURE 
A Thermometer designed to operate.as an Electronic Test Meter. Will 
measure temperature of Air, Metals, Liquids. Machinery, etc., etc. 
Just plug -in the Probe, and read the temperature on the large open 
scale meter. Supplied with carrying case, Probe and internal 11/2 
volt standard size battery. - 

Model "Mini -Z 1" measures from -40° C to + 70° C 

Model "Mini -Z 2" measures from -5° C to + 105° C 

Model "Mini -on Hi" measures from + 100° C to + 500° C 

PRICE £20.00 each (VAT 8 °° EXTRA) 
Write for turther details to 

HARRIS ELECTRONICS (LONDON), 
138 GRAY'S INN ROAD, LONDON. WC1X 8AX 

('Phone 01-837 7937) 

WW -035 FOR FURTHER DETAILS 

Autocrat 
The absolute leader in its class 

Farnell offer the only 
DIGITAL MULTIMETER 

with all these features 

* AUTORANGING (with hold) * AUTOPOLARITY 

* AUTOZERO * SIX RESISTANCE RANGES 

* LARGE DISPLAYS * A.C. & D.C. VOLTS & CURRENTS 

* TEMPERATURE MEASUREMENT 

Oat .,.., AAIIG[ 

.w ra 

Details from Farnell Instruments Limited Wetherby W. Yorks L522 4DH 
Telephone 0937-3541 or 01-864 7433 

WW - 008 FOR FURTHER DETAILS 
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RADFORD 

AUDIO HIGH 
SENSITIVITY VOLTMETERS 

AND NOISEMETERS 

HSV1 

HSV2 

ANM1 

ANM2 

Audio Voltmeter. Average reading 

Audio Voltmeter. True r.m.s. reading 

Audio Noisemeter. Average reading 

Audio Noisemeter. True r.m.s. reading 

£ 125.00 

£175.00 

£ 150.00 

£200.00 

Four instruments are now available for the measurement of audio 
frequency signals including noise. They are derived from a basic 
battery operated voltmeter design having 16 measurement ranges 
from 100/ for full scale meter deflection to 300V f.s.d. The 
Voltmeter has a high input impedance and low inherent noise. It is 
fitted with a high grade meter having a 5" mirror scale of excellent 
linearity, calibrated in volts and dBv. 

The Audio Voltmeter (HSV1) becomes an Audio Noisemeter 
(ANM1) by the inclusion of frequency contouring networks having 
characteristics recommended by international organisations 
concerned with specifications and measurement standards as 
being suitable for the quantitative measurement of the subjective 
effect of noise in audio systems. The HSV1 and AMN1 
instruments respond to the average or mean value of the 
waveform being measured and are calibrated in r.m.s. values on a 
sine wave. 

In the HSV2 and ANM2 instruments an r.m.s. to d.c. converter 
module is incorporated which provides a true r.m.s. reading on 
waveforms with a crest factor in excess of 10. These instruments 
are also provided with an additional output socket giving 1.00V 
d.c. output corresponding to 1.00V at nominal full scale meter 
deflection to operate a chart recorder or d.c: digital voltmeter. 

All the instruments are fitted with a socket to enable an 
external network of any weighting characteristic to be introduced 
in the measuring circuit. This extends the use of the instruments 
to vibration and acoustical measurement as well as to the 
measurement of gramophone turntable rumble, f.m. receiver 
noise, etc. 

Brief Specification covering all instruments: 

Frequency response as 
Voltmeter: 
Input impedance: 
Attenuator accuracy: 
Meter scale linearity: 

Waveform error in true r.m.s. 
instruments: 

Noisemeter included weighting 
characteristics: 

Size: 

4Hz to 500kHz., ±0.5dB 
1M ohm shunter toy 30 pF 
0.25% 
1 %. Typically better than 0.5°ßs 

1 % for crest factor 10 

WIDE BAND (flat response volt- 
meter) 

DIN 'AUDIO BAND' 
IEC /DIN 'CURVE A' 
CCIR 
11'/4" x 7'/4" x 81/2" deep 

overall (26 x 18.5 x 22cm) 

Please write or phone for descriptive leaflet giving details of the 
design and full performance characteristics of the above 
instruments, together with a reprint copy of Dolby Laboratories 
Inc. Engineering Field Bulletin No. 19/2 - 'Noise Measurement 
on Consumer Equipment' 

RADFORD LABORATORY INSTRUMENTS LTD. 

Ashton Vale Road, Bristol, BS3 2HZ 

Telephone 0272 662301 

WW -1160 FOR FURTHER DETAILS 
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UEROWIRE GET THE CONNECTION 
A new and ideal wiring system for proto- 
types, Breadboards, and limited production. 
Achieves a permanent interconnection of 
components, at high speed, on a very high 

density. 
Based on the use of VerowireiR) wiring pen 

with unique spring wire clamp for wire 
retention, advancement and retraction. 
Moulded wiring combs fitted to board route 
the wire from point to point neatly holding 
and stabilising the wiring layout. 
By using a specially designed tool, I.C. legs 

are deformed and positively held in the 
board enabling the wire to be easily 

wrapped around them. 
Using a self- fluxing polyurethane coated 
wire, no pre -stripping is required. Connec- 

tions are completed by soldering, melting 
the insulation and at the same time making 
a permanent soldered ¡oint. 
A complete introductory Verowire kit is 

available consisting of a wiring pen, spools 

of wire, terminal pins and all tools neces- 

sary. You only require a temperature 
controlled soldering iron to Verowire a 

board. A sample board from the Vero high 

density D.I.P. board range is also included 
in the introductory kit. 

Available world wide through 
3 subsidiary companies and 

25 agents. 

Vero Electronics Ltd. 
Industrial Estate, Chandler's Ford, 

Eastleigh, Hampshire SO5 3ZR. 
Telephone: Chandler's Ford 2956 

Telex: 47551 
WORLD LEADERS in PAEIIAGIIIG TE[HIIOLOGY 

WW - 108 FOR FURTHER DETAILS 

(less lamps 
TWIN BANK 6 LIGHT 

LENGTH 
t4 2'4,UNIT 

B.0 
Fittilg 

1/46`t 46f 9.55 

E.S 
Fittirp£jQ35 

TYPE A SPOT (less lamp, 

WATTS 
PER 

CHANNEL 

£30.95 

TWIN BANK 12LIGHT 

UNIT 
Length 

31¡ 

ian,asl ( 
8 

tmgL151UFis,^9LlK,O 

TYPE B 3 BANKUNIT 

ca,..r, W.. . am.p.r.raa,m 
..,.p.ä. 

.arp 

wni i°lWi ips 
aro ow type 4aalittm. 

7rnrt-rr 2-11.91m 
DEPT. WW, THE CRESCENT ALBEN WORSTHORNE, BURNLEY ENGINEERING CO. LTD., LANCS. TN- Burnley 20940 

(100 WATT SPOT LAMPS 
RED YELLpOW. GREEN 

BLUE LI.18 
CLEAR 

WW -072 FOR FURTHER DETAILS 

Your choice of 
Live Sockets - 
Instantly!- 
A Lexor DIS- BOARD gives you up to 6 
sockets from one power outlet Portable 
or permanent fixing, compact units, with 
safety neon. Over 1.000 socket 
combinations available from stock. All 
types of fittings and finishes. 

Brochure from 
LEXOR DIS- BOARDS LIMITED 
Allesley Old Road-. Coventry 
Telephone 72614 or 72207 

.f 

AL- 

WW -051 FOR FURTHER DETAILS 

MAIN 

MINIATURE DRILLS 
FROM £5.00 (inc. V.A.T. and P. &P.) 

12v. D.C. DRILLS WITH SPEEDS UP TO 9000 R.P.M. 

TITAN - 350 GRM. CM. TORQUE CHUCK CAPACITY - 3.00mm. 
RELIANT - 35 GRM. CM. TORQUE CHUCK CAPACITY - 2.4mm. 

PRICES inc,. V.A.T. at ó O/O . Multi -purpose Stand - £9.96 + 67p P- &P. 

Titan Major Drill Kit - £43.35 + 94p P. &P. (Titan Drill, 40 Tools, Stand, 12V. Rect. Unit). 
Reliant Major Drill Kit - £39.1 7 + 94p P. &P. (Reliant Drill, 40 Tools, Stand, 12V. Rect. Unit). 
Titan Mini Drill Kit - £14.72 + 45p P. &P. (Titan Drill and 20 Tools). 
Reliant Mini Drill Kit - £10.40 + 23p P. &P. (Reliant Drill and 20 Tools). 
Titan Drill - £9.01 + 45p P. &P. F,eliant Drill - £4.80 + 2Op P. &P. 
Send Foolscap S.A.E. for full details. 

DISTRIBUTORS: A. D. BAYLISS & SON LTD., PFERA WORKS, REDMARLEY, GLOS. GL19 3JU. 
TEL. BROMESBERROW (STD 053 181) 273 & 364 

STOCK /STS - Richards Electrics of Gloucester and Worcester . Hoopers of Ledbury 

WW -007 FOR FURTHER DETAILS 

www.americanradiohistory.com

www.americanradiohistory.com


Á 
ler Vv nAm 

Wireless World, May 1976 19 

We at Icon Design can justly 
claim to have originated many ideas 
now becoming standard; the single 
lamp tuning indicator and a moving 
coil frequency meter for example. 
We were also one of the first to use 
push button pre -select with separate 
manual tuning. 

Our quality and service are still 
second to none. 

We are now pleased to announce a 

TOUCH TUNE PRE -SELECT UNIT 
for our tuner 

This is a separate unit, powered from the normal tuner supply, and designed as an 
alternative to the existing push button unit (K9a). It provides six pre -select channels 
while maintaining the manual control and frequency meter circuits. The pre -set pots 
(20 turn cermet types, of course) are accessible from the underside of the tuner 
without removing the cabinet, being mounted between the chassis and the front 
panel. The channel selected is indicated by L.E.D. lamps incorporated in the touch 
buttons, which replace the manual buttons without modification to chassis or front 
panel. 
We regret that a photograph was not available at the time of printing, and invite 
requests for full details and prices by return of post. 

MAIN BOARD K1 -4 
KIT £23.30 
BUILT £25.30 

STEREO BOARD K5 -7 
KIT £5.36 
BUILT £6.36 

SEPARATE ITEMS (inc in kits) 

KITS P.C.B. for main board £1.95 
P.C.B. for stereo £0.95 

K1 All main board resistors, including tuning pot P.C.B. for selector £0.95 
£5.32 P.C.B. for power supply £0.95 

K2 All main board capacitors £1.98 MC1310 or equiv. £1.95 
K3 Main board transistors and diodes £3.00 TBA75OB a £1.55 
K4 Main P.C.B. i.c.s, filter coil and front end £13.00 SL301B £1.10 
K5 Stereo board resistors £0.76 SL3046 £0.85 
K6 Stereo board capacitors £1.05 TBA625C (reg) & heat sk. £1.15 
K7 Stereo P.C.B. i.c. and transistors £3.55 LP1 186 front end £5.95 
K8 4 way function switches £4.59 Filter SFG 10.7 MA £1.55 
K9a 6 way channel selector, inc. cermet pots, P C.B. Coil. (assembled & adjusted) £0.50 

£1 2.75 Ten turn tuning pot £3.00 
K10 Power supply, including transformer and P.C.B. Front panel £1.75 

£5.50 Teak cabinet £7.75 
K11 Full metalwork set, front panel, cabinet, plugs 

mains lead, wire, etc. £25.60 
Meter (scaled 105 or 108 MHz) 
Scale only (state which) 

£8.85 
£0.30 

K12 Frequency meter 'and drive components for K9a 

Ió, 8NCLRVCOPD 

£10.22 

FULL TUNER KIT £85.00 
COMPLETED TUNER £92.50 

ALL ORDERS ACKNOWLEDGED - EX STOCK DELIVERY 
PLEASE ADD 25% VAT TO ALL ORDERS 

All kits guaranteed to work or free repair! 

tin 
L%! 

33 Restrop View 
Purton, WILTS 
SN5 9DG 
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More computer 
for your money 
from these upto 
date educational 
aids 

Our family of low -cost computer educational 
aids is now larger than ever. 

In addition to our popular Logic Tutors, 
we now have a fairly large selection of 
I , C. Patchboards, an Analog Tutor, a 

Digital Arithmetic Tutor and a unique 
Microprocessor Educational Kit. 

You ought to get details. 

LIMROSE ELECTRONICS LIMITED, 
241 -243 Manchester Road, 
Northwich, Cheshire, CW9 7NE. 
Tel . 0606 41696 and 41697 

WW - 102 FOR FURTHER DETAILS 

DATA AND 

COMMUNICATIONS 

TERMINALS 
Teletype 28, 32, 33, 35, 40 

TermiNet 30, 300 & 1200 (30 and 120 cps) 
Teleterm 1030 & 1132 (portable 30 cps 

with integral coupler and RS 232C) 
Other page printers (by Siemens, ITT Creed, etc.) 

TermiNet 120 line printer 

* Spares, repairs, overhauls and maintenance 
* Other types and models available 

* Refurbished units also available 
* Short and long period rentals 

* Minicomputer interfaces 
* Quantity discounts 

* Immediate delivery 

TELEPRINTER EQUIPMENT LTD. 
70 -80 AKEMAN STREET, 

TRING, HERTS., U.K. 

Telephone 0442-82-4011 '! 

Cables RAHNO Tring 
Telex 82362 

ïA/B Batelcom Tring 

:... 
.. 

. -. .: 

NW - 015 FOR FURTHER DETAILS 

TRANSV ERTORS 

TRANSISTORISED INVERTERS 

VALRADIO TRANSVERTORS ARE BEING USED ALL OVER THE 
WORLD FOR MANY APPLICATIONS, INCLUDING VIDEO TAPE 
RECORDERS, SOUND TAPE RECORDERS, ALARMS, 
LABORATORY EQUIPMENT, TELEVISIONS AND MANY OTHER 
TYPES OF EQUIPMENT. 

SOME TYPICAL TYPES ARE: 
D24/500S 24v DC input 500 watts sine wave output 230v 
AC £217.20 
D12/ 150T 12v DC input 150 watts square wave 230v output 

£47.55 
D24 /60S 24v DC input 60 watts sine wave 230v output 

£66.95 

We also manufacture Frequency Changers, Power Supplies and 
Standby Systems, and we are always happy to quote for your 
special requirements. All prices plus VAT 

Please send for full details to 
VALRADIO LIMITED, BROWELLS LANE, FELTHAM, 

MIDDLESEX, TW13 7EN 
Tel. 01 -890 4242/4837 

WW - 017 FOR FURTHER DETAILS 
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TPA SERIES - 
circuit 

pourer amplifier 

TPA 50 - D Specification 
Power Output 

Frey Response 

Total harmonic 
distortion 
Input sensitivity 
Noise -100dB 
Rise time 2 u seconds 
Price £77 plus V.A.T. 
100V Line (C.T.) and balanced inputs available. 
For full technical information contact: 

100 watts rms into 4 ohms 
65 watts rms into 15 ohms 

±0.1dB 20Hz to 20KHz into 
15 ohms. -1dB at 150KHz 
Less than 0-04% at all levels up to 
50 watts rms into 15 ohms 
OdBni 

HUH ELECTRONIC 
CAMBRIDGE ROAD, MILTON, CAMBS 
TELEPHONE CAMBRIDGE 65945/6/7 

WW-031 FOR FURTHER DETAILS 

PROFESSIONAL - FREQUENCY COUNTERS 

BY HOYMITZ 
Up-to- the -minute design. All five of our range of 
frequency -period -ratio counters are directly gated. For 
best resolution - FAST. 

Stability. Electronic controlled crystal oven 3 parts 10' 
Bright. .63" character height display. (All Nine) 
CHOICE. Filament or LED with Polaroid Filter. 

All counters have suppressed leading zeros and auto 
decimal point positioning for easy positive readings. The 
memory is also standard. 

Suffix F- Filament 

Type DG100L 

Type DG100F 

Sensitivity 10mV 

Frequency 100 Mhz 

PRICE £199.00 

Type DG32L 

Type DG32F 

18 digit only) 

Sensitivity 10mV 

Frequency 32 Mhz 

PRICE £169.00 

Type DG700L 

Type DG700F 

Suffix L- LED 

Type DG400L 
Type DG400F PRICE £349.00 

Sensitivity AMP 1.DC -150 Mhz. 10mV 
Sensitivity AMP 2.40 Mhz -400 Mhz. 
10mV 

Type DG500L 

Type DG500F PRICE £475.00 

Sensitivity AMP 1.DC -150 Mhz. 10mV 

Sensitivity AMP 2.40 Mhz -500 Mhz. 
10mV 

SPECIALS TO ORDER 
Telephone Today 0642-43124 

Telex No. 587238 
Hoymitz Electronics Ltd. 

7 -9 Albert Terrace, Middlesbrough 
Cleveland, TS1 3PA, England 

Sensitivity AMP I.DC -200 Mhz. 10mV. PRICE £569.00 
Sensitivity AMP 2.40 -700 Mhz. 10mV 

Prices exclusive of VAT 

WW -040 FOR FURTHER DETAILS 

Gardners) 

The Best 
of British 

ENCAPSULATED POWER SUPPLIES 
DC Input - NV Converter Series 

Fully stabilized 
Input /output isolation 
Short circuit protection 
Fully shielded, low radiation 
Commutation spikes less than 20 mV P -P 

Cat. No. Nominal DC OUTPUT 
TYPICAL 

REGULATION (Volts) 
Input Voltage Volts Amps LINE LOAD 

NV7300 
N V 7308 
N V7312 
NV7314 
NV7317 
NV7319 
N V 7323 
N V 7328 
NV7336 
N V 7342 
NV7344 
NV7349 
N V 7353 
N V 7357 
N V 7358 
NV7366 
N V 7 368 
NV7372 
NV7383 
NV7388 
N V 7 396 
N V 7398 

5 2x15 0.25 .006 .006 
5 180 0.05 2.5 2.5 

12 5 1.00 .005 .024 
12 2x 5 1.00 005 024 
12 6 1.00 009 021 
12 2x 6 1.00 .009 .023 
12 2x12 0.50 .014 .011 
12 2x15 0.50 019 .011 
12 24 0.5 07 09 
24 5 1.00 004 .024 
24 2x 5 1.00 .004 .024 
24 2x 6 1.00 008 023 
24 2x12 0.50 .010 012 
24 15 1 00 024 .021 
24 2x15 0.50 015 .012 
24 24 0.5 07 09 
24 50 0.25 .3 
50 5 1.00 002 024 
50 2x12 0.50 .007 .011 
50 2x15 0.50 .010 .012 
50 24 0.5 .07 .09 
50 50 0.25 .3 .2 

Based on ambient 20 °C, 100sq. in heatsink 
'modules facilitating polarity changes 

Additional designs are fully described in GT.21B. 

AC Input - Minimod Series 
P.C. mounting interchangeable 
with most American types 
Linear stabilization 
Foldback current limiting 
Wide temperature range 
Modules available for U.K. 
(210- 250v), European (200 - 
240v) and American (106 -121v) requirements 
Supply Frequency 50 -400Hz 

Type 
number 

OUTPUT 

Voltage' Amps 

Short Circuit 
Current mA 
(Typical) 

% Regylation 
line & load 
(Typical) 

PU01 5 0.5 370 0.3 
PUO2 5 1.0 770 0.5 
PUO3 15 -0 15 0.10 37 0.1 
PV 4 15 0 -15 0.20 84 0.1 
Pudi5 12 -0 -12 0.12 45 0.1 
PU06 12 0 12 0.24 120 0.2 
PU11 18-0 18 0.15 50 0.1 
PU10 15 0.10 37 0.1 
PU12 12 010 45 0.1 
PU13 18 0.065 23 0.1 

Voltage tolerance 5v models i 0.1v. All other models ! 0.2v. 
Nickel- Cadmium Cell Charger Units 

Constant current outputs permitting up to 10 cells to 
be charged in series. DC INPUT - NV7304 AC INPUT PUO7 

ALL UNITS DESCRIBED ARE NORMALLY AVAILABLE 
FROM STOCK. SPECIAL DESIGN SERVICE. CUSTOM 
BUILT UNITS FOR APPLICATIONS REQUIRING 
DIFFERENT SPECIFICATIONS ARE PRODUCED AS 
PART OF OUR STANDARD SERVICE. TRY US FIRST. 

./d 
Ga,rdher 
Gardners Transformers Limited 
Christchurch - Dorset BH23 3PN 
Telephone 0201-5-2284 H-7 Telex 41276 Gardners XCH 
Approved manufacturers of 
electronic transformers, modular 

power supplies, inverters and converters to Defence Standard 05 -21 
WW-070 FOR FURTHER DETAILS 

21 

www.americanradiohistory.com

www.americanradiohistory.com


22 

With our New 

SUPER 30 
soldering iron 
we have a slight 
problem 
at £2.95 how 
do we convince 
you that it is a 
precision tool. 
Our reputation for professional 
soldering equipment has beer 
built on our precision products, 
so we have taken extreme care 
to see that our new ORYX 
Super 30 iron at, 
dare we repeat it, only £2.95, 
is going to be the best at its 
price. 

* plus VATat 

Here are some of the features 
you get as standard: 
A neon Safety Light, 
A long life element, 
Iron coated screw -on tip, 
Stainless steel shaft, 
Styled handle, 
A two- minute element 
change, and a Stainless 
steel clip -on hook. 
You can have further 
technical information, or by 
ordering one now you will 
see why we call it the 
Super 30. 
Illustration actual size. 

Greenwood Electronics 
Greenwood Electronics. Portman Road. Reading. RG3 1NE 

Telephone: 0734- 5355:4 Tr,le, :848659 

WW - 012 FOR FURTHER DETAILS 
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Switching problems? 
Rely on Zettler. 

Producing 30 basic types 
of relay and 15.000 variants 
with regard to contact 
stacks, terminals, energizing 
current and contact 
material, Zettler is among 
the largest manufacturers 
of electro- mechanical 
components. 

Our product range 
comprises: 
Low profile (flatform) 
Timing Miniature Low 
contact capacity Herme- 
tically sealed Stepping 
Mains switching Latching 
Contact stacks Solenoids 

IImmp Latching Relay 

Make contacts: 
Resistive load: 10 A/240 V AC. 
Lamp load: 8A/240 V AC. 
Compensated fluorescent tubes: 
3.7 A/240 V AC. 

Break contacts: 
Resistive load: 8 A/240 V AC. 
Lamp load: 5 A/240 V AC. 
Compensated fluorescent tubes: 
3.7 A/240 V AC. 

We resolve your switching problems rapidly and expertly. Please 
contact us for further details. 

Z EITLE R UK 
Zettler 

Brember Road. Harrow. Middx. 
HA2 8AS. Tel. (01) 422 0061 

Please look us up at 

IFSSEC 76. London 26 -30 April, 1976 Stand No 26 
IEA- Electrex 76. Birmingham 3 -7 May. 1976 Stand No. 4318 

A member of the worldwide ZETTLER electrical engineering group. est 1877 

WW-004 FOR FURTHER DETAILS 

Strumech Engineering Limited 
Coppice Side, Brownhills, Walsall, West M id1nds 

Telephone: Brownhills 4321 

WW -046 FOR FURTHER DETAILS 
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ANADEX CF-700 

1 GHz COUNTER 
FOR £475 

ANADIX 

0 -.. ill II III _ 4 
Features include: - 

* 1 GHz count rate with 1 Hz resolution 
* 30mv sensitivity with high overload capa- 
bility 
* 8 digit 'SPERRY' display 

Also Model CF -710 giving 0.001 Hz resolution up to 
10k Hz aspen electronics limited 

18a HIGH STREET, NORTHWOOD, MIDDX 
HA61 BN 

TELEPHONE NORTHWOOD 27688 

WW -04I FOR FURTHER DETAILS 

servos 
synchronous 

steppers 
dc motors 

gearboxes and 
control systems 

Stockists for im ?a Motors Molennan 
McLENNAN ENGINEERING LIMITED 

Kings Road Crowthorne Berks Telephone: Crowthorne 5757/8 

WW-055 FOR FURTHER DETAILS 

Increased output capability from our 
new factory enables us to offer our MP 
range of regulated static inverters "off - 
the- shelf ". 

Our Type MP range is designed for use 
wherever DC voltage is to be converted 
into a regulated AC supply. 

All models are designed to meet the 
most severe environmental requirements 
and highest reliability standards giving a 

stabilized, sinusoidal output voltage and 
protection against overload, short - 
circuit and wrong polarity. 

If you have an Inverter requirement the 
chances are that we can satisfy it from 
stock, so why not contact us now. 

We can also supply larger Inverters 
and no break systems up to 180KVA. 

Avel- 
'off-the -shelf' 

ability!.. 
for Static 
Inverters 

Stabilized Sine Wave 
Inverters with 200VA or 
500VA rating. 
Nominal Inputs : 24, 32, 48, 110 and 220v DC 
Nominal Outputs : 110-125v and 220 -250v 50 
or 60 Hz 
Output Waveform : Low distortion Sine Wave 
Facilities for external synchronization 
and parallel connection of Inverters. 
R.F.I. Suppression. 

ALEL-AYRRERG g O Ì 
South Ockendon, Essex. RM155TD 
Tel : South Ockendon 3444 Telex 897106 

Stand No. 5432 
lEA ELECTREX International Electrical Electronic and 
Instrument Exhibition. National Exhibition Centre, 

`Birmingham 3 -7 May 1976. 

WW -109 FOR FURTHER DETAILS 
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...SEE YOU THERE! 
AND YOU CAN SEE & HEAR ALL THESE 
BRAND NAMES ON DISPLAY & DEMONSTRATION 

ACOS 
ACOUSTIC RESEARCH 
AGFA -GEVAERT 
AIWA 
AKG 
ALPHA 
ARNOLD 
BIB 
BG VV 

BOSE 
CAMBRIDGE 
CELESTION 
CERWIN VEGA 
COLLARD 
CONNOISSEUR 
CURB 
DAYTON -WRIGHT 

DUAL 
DUNLAP CLARKE 
EDWARDUS 
EMPIRE 
ERA 
FISHER 
FUJI 
GALE 
GARRARD 
GOLDRING 
HARMAN KARDON 
IMF 
INFINITY 
ISOPHON 
JBL 
JR 
KEF 

KLH 
KOSS 
LENTEK 
LINN -SONDEK 
LOWTHER 
MARSDEN HALL 
MAXELL 
MICRO- ACOUSTICS 
MIRSCH 
MONITOR AUDIO 
MONOGRAM 
MORDAUNT -SHORT 
NAIM AUDIO 
NAKAMICHI 
PEERLESS 
PHASE LINEAR 
PICKERING 

PIONEER 
POLY PLANAR 
QAS 
QUAD 
REVOX 
ROGERS 
ROSS ELECTRONICS 
ROSS UNISON 
SABRE 
SANSUI 
SENNÍHEISER 
SMC 
SOMMERKAMP 
SONOTONE 
SONUS 
SOUND COMPONENTS 
STANTON 

STAX 
STUDIOCRAFT 
SUPERE X 
TANNOY 
TOK 
TEAC 
TENOREL 
TOKAI 
TOSHIBA 
TRIO 
ULTIMO 
UNISOUND 
VAC -O -R EC 
YAMAHA 
ZEROSTAT 

And by opening day there will be even more 

THERE'S MORE 
TO SEE & HEAR 
AT 
HIGH FIDELITY'76 
the only true 
HiFi exhibition 
this spring 

AT THE 
HEATHROW HOTEL 
LONDON AIRPORT 

M 
NOT 

PO 

OF 
THESE 

DATES! 

?uesdaY 
TRADE wednesdaY 
ONLY ThursdaY 
O AYs 

PUgoC 
pp,YS 

Saauf daY 

Sunda,/ 

April 27 
1 

7 Pm 

AP rit 28 10 am 
- 7 Pm 

m 
11 am ß Pm 
11 am m 
11 am 6P 

m-7Pn 

April 29 

Ap^" 
30 

May 
May.2 

FREE h o_ 
special area 

n 9 term 

car park 
witntinuous mini 

b us n° 

exhibi tion. 

*FRE ETRANSPO 

RT 
contin uous 

coach 

service 
linked 

to Hounslow 
W est 

station 

*FREE 00-1151110N XEp ATMOSPHERE 

*INFORMAL. 
RE 

AD11SSIDN ATAoGUE 

IZIELL76 
LLCM 

YOURHIGH FIDELITY EXHIBITION 
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"He's asking 
for a 

reed relay 
assembly 

with a 30kV 
isolated coil" 

a 

l 1i -. U -=r 

People often I)ring their need to us. They know the 
Whiteley speciality. Being helpful! And the item that 
started life as a customer request, joins the Whiteley 
product list, ready to help other designers over a problem. 
You, perhaps? Consider a neat relay assembly - one or 
two dry reed switches with a rating of 25W, housed in a 
mounting tube, with either 'normally open' or 'change- 
over' contacts. Around them, a coil operating from 8, 
12, 24 or 50V supply, 30kV isolated from the contacts. 
The whole unit mounting on a 0.25" insulating plate 
with a couple of 3 way tag strips. If you're interested, 
ask for a data sheet. But more, keep Whiteley in mind 
as the people who make useful things. 

...manufacturin 
goure %ctricalg 
ande %ctronic 
requirements. 

Whitele 
Whiteley Electrical Radio Co. Ltd. 
MminsfiP.Id, Notts NG18 5RW, England. Tel: 0623 24762. 

See us on STAND 5247 I.E.A. Exhibition 
WW 088 - FOR FURTHER DETAILS 

Wireless World, May 1976 

GIANT 
KILLER! 
SC66 ADVANCED SCIENTIFIC 
The SC60 - the most advanced scientific and 
,tatisticaI calculator in its price range 

OPERATING FEATURES: 
Algebraic mode entry Two nested parentheses 

levels Number entry to floating point of scientific notation Automatic selection of correct notation for result display: (scientific or floating point) 
10-digit mantissa, 2 digit exponent Sign selection 
and display (Mantissa and exponent) Full chain calculation with any function sequence Three user addressable memories "Protected" memory group 
includes - Sum memory - Sum-of- squares memory - Index memory. 

REALTONE SC60 @ (46 
+ VAT (3.68 P&P 60p 

FUNCTIONAL FEATURES: 
arithmetic 

( +, -, x -) Group operations (`'- n, 
Al functions (sin. cos. tan) Croup controls (K ". K _ 

', ,verse Trig functions Convenience functions( t x.' `\ "x - 
(sin cos . tan ) Flexible memory control (STO. RCL XM) 
Logarithms (In, log) Factor reversal (XV) 
Anti-logs (e'. 10') Degree Radian selection (Trig or Inverse Trig) 
Exponentiation (y') Automatic error detection and display 
Combmatonal functions In Iii (N)x) Separate clear operations (CE CL SLF 
Normal distribution function (Pr(x)) Arithmetic mean standard deviation n 
Gamma function (r o)) Variance n square rows of the sum 
Binomial coefficients of squares (norm) x 
Combinations Normal probability function 
Permutations Factorial 

Accessories include Ni Cd rechargeable batteries (rechargeable in 5 hrs I A C adaptor charger. leatherette carry case instructions One year parts and labour warranty. Size 17cm o 9cm o 3cm Weight 330g 
SC60.10. -Also available in the SC60 10 which has 12 operator -accessible memories with protected group memory which includes sum -memory sum-of- squares memoery, and index memory. The additional 9 auxiliary store recall memories give you sufficient memory storage for up to ten intermediate results or ten constants, the extra memories may be used to store a group of variables for repeated processing of the variables. £64.82 (inc. VAT) + packing 60p. 
We repair most makes of calculator S.A.E. for quotations and details of our complete range. Texas SR52 at £250- SR56 at E86. C W O. 

KRAMER 8 CO., 9 October Place, Holders Hill Road, London, NW4 1EJ Tel. 01 -203 2473. Telex 888941 attention KRAMER 
Registered No 1797716 Export orders invited £2 50 P &P 

WW - 042 FOR FURTHER DETAILS 

The 
new 
Rank 

wow& FLUTTER Meter 
Type 

1742 

RANK FILM 

EQUIPMENT 

Fully transistorised 
for high reliability 

Versatile 
Meets in every respect all current specifications 

for measurement of Wow, Flutter and Drift 
on Optical and Magnetic sound recording /reproduction 

equipment using film, tape or disc 
High accuracy 

with crystal controlled oscillator 

Simple to use 
accepts wide range of input signals with 

no manual tuning or adjustment 

Two models available: 
Type 1742 'A' BSA847: 1972 DIN 45507 

CCIR 409 -2 Specifications 
Type 1742 'B' BS 1988: 1953 Rank Kalee 

Specifications 

For further information please address your enquiry to 
Mrs B. Nodwell 

Rank Film Equipment, PO Box 70 
Great West Road, Brentford 

Middlesex TW8 9HR 
Tel: 01 -568 9222 Telex 24408 Cables Rankaudio Brentford 

WW - 030 FOR FURTHER DETAILS 

www.americanradiohistory.com

www.americanradiohistory.com


Wireless World, May 1976 

HEPWORTH 
ELECTRONICS 

Worcester Road, Kidderminster 
Tel. 0562 2212 or 3 

for 

Quick, Clean, Low Cost, No Waste 
Breadboarding: 

THE SK10 Socket 

or its little brother the SK50 
Socket. SK50 Costs £6.95, the 
SK10 Costs £12.07. 
VAT and Postage extra or from London and South 
East Distributors 

ASPEN ELECTRONICS 
18A High Street, Northwood, Middlesex 

Tel. 27688 
WW -032 FOR FURTHER DETAILS 

1PP 

SPEEDSERVI CE 
Hard-to -find tubes and 

semiconductors are normally 
included in our quotations. 

We try to give a complete answer. 
AEL GATWICK HOUSE HORLEY SURREY RH6 9SU 
Telex 87116 Cables Aerocon Telex Horley Telephone Horley 5353 

WW-044 FOR FURTHER DETAILS 

J E S AUDIO INSTRUMENTATION 
Illustrated the Si 451 
Millivoltmeter - pk -pk 
or RMS calibration with 
variable control for 
relative measure- 
ments. 50 calibrated -5 I ranges £50.00 

£40.00 Si 453 £50.00 
Distortion Measuring Unit. Low distortion Oscillator. 
15 Hz - 20 KHz -.01% Sine - Square - RIAA 

PRICES plus VAT 

J. E. SUGDEN & CO. LTD. Tel. Cleckheaton (0274) 872501 
CARR STREET CLECKHEATON. W. YORKS BD19 5LA 

ih i11 

-Si 452 

i 
WW -048 FOR FURTHER DETAILS 
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Contractors to H.M. Govt. P.O. 

REPAIRS 
OF ELECTRICAL MEASLRING INSTRUMENTS 

7 -14 DAYS SERVICE 
MODEL 8 MK .V 

STOCKISTS 
ALSO SUPPLIERS OF GEC 

RISSO AND OTHER 

MULTI RANGE TEST SETS 

WE SPECIALISE IN ASSEMBLIES, AND IN THE 

REPAIR, CALIBRATION AND CONVERSION 
OF ALL TYPES OF INSTRUMENTS, INDUSTRIAL 

AND PRECISION GRADE 

LEDON INSTRUMENTS LTD. 
GLADSTONE WORKS, GLADSTONE RD, 

FOLKESTONE, KENT. 
TEL: (STD) 0303 57555 
WW- OSOFOR FURTHER DETAILS 

Problem 
Where to obtain a low -cost device to use as a linear 
output stage for mobile and marine radio under 
SSE conditions. 

M -0V long -life beam tetrodes. 
A single TT21/22 gives 
100W PEP at 1200V H.T. 
and one TT100 delivers 
180W PEP at 850V H.T. 

EEVand M -0V 
know how. 
LAPSO 

THE Md -O VALVE CO LTD, Hammersmith, London, England W6 7PE. 
Tel: 01 -603 3431.Telex: 23435. Grams: Thermionic London. AWE 

WW --a85 FOR FURTHER DETAILS 
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D.M.W. 
D.M.W. ASSOCIATES (ELECTRONICS) LIMITED 

Time code generators' 
translators, tape search 
systems with manual or 
computer control 

High -power wideband 
linear amplifiers 

A comprehensive range of airborne and 
ground -based time code generators, translators 
and tape search units. The equipment is used in 
conjunction with instrumentation -type magnetic 
tape recorders for efficient data acquisition and 
analysis systems. Both manually operated 
equipment and fully computer -controlled systems 
are available. The computer -controlled systems 
are offered with the supply, installation and 
commissioning of the systems, including 
checkout software and other ancillaries. Com- 
puter interface units are available. A design 
service for special time code applications is also 
available. 

A comprehensive range of wideband linear 
amplifier systems, which cover the 
frequency range from 2 to 60 MHz. A wide 
range of power outputs is available by 
suitable combination of ancillaries, such as 
automatic aerial matching units, hybrid 
couplers for power splitting and combin- 
ing, sub -octave high -power switched 
filters, modulators etc, is available. The 
company also offers a development service 
for the design and manufacture of special 
systems. 

HIGH SPEED VIDEO ANALOGUE TO DIGITAL AND DIGITAL TO ANALOGUE 
CONVERTERS AND SYSTEMS. 

VIDEO INSERTION UNITS 

STAND 160 

COMMUNICATIONS 
The third in a series of 
international expositions 
METROPOLE CONVENTION 
CENTRE 
BRIGHTON. ENGLAND 
119 10 11 JUNE 1978 
Organ xod by Tony Davies Coinnoi, aiio 

765 
Lim11,<. 

;;," 
IIMMMENNOMMIII r 

1r 

. . .. ..... 
. iat .r 

i 
e 

RESEARCH AND 
DEVELOPMENT 
FACILITIES 
COVERING A WIDE 
RANGE OF 
TECHNOLOGY 

DMW Associates (Electronics) Ltd 
6 -8 Morris Road 
Royal Oak Industrial Estate 
Daventry, Northamptonshire 
Great Britain, NN 1 1 5PD 
Telephone. Daventry (032 72) 71472 

414) 
Haim aucio 
the power amplifier 

BE FAIR TO YOUR MUSIC 
Reproduction of 

sound and its acceptability 
is dependent on a combination 
of physical parameters not yet 
fully explored. We believe that 

only a compatible combin- 
ation of specifications will 

enable a system to 

reproduce music. We 
have taken care that the 
NAC 12 and NAP 160 pre 
and power amplifier will do 
so faithfully, while accepting 
the output of any pickup 
cartridge and driving 
any loudspeaker. 

Naim Audio Ltd. 11 Salt Lane, Salisbury, Wilts. Tel: (07221 3746 

WW - 029 FOR FURTHER DETAILS 

PRECISION PETITE LTD. 
119A HIGH STREET, TEDDINGTON, MIDDX. 

TEL. 01 -977 0878 

Now with the- 

NEW MK. II DRILL 
10,000 r.p.m., 120 

cmg. 

"MORE 
POWER - 

MORE 

TORQUE" 
12v - 14v. DC 

DRILL ONLY £8.00 
(P.P. 35p) 

STAND £3.76 
(P.P. 35p) 
Incl. VAT 

(Together 50p P.P.) 

SAE for illustrated 
leaflet and order form 
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COIL WINDING 

Manufacturers of all wound components including 
transformers, chokes, stators and armatures. 
Prototype and design service available. 

Electric Windings' factories are equipped to handle 
large or small volume production. Vacuum 
impregnation plants provide varnish impregnation 
for all temperature requirements. 

ELECTRIC WINDINGS (LONDON) LTD. 
(Dept. WW) Avenue Works, Gallows Corner 

Romford, ESSEX RM3 OAJ 

Ingrebourne 46677 

WW - 023 FOR FURTHER DETAILS 

ELECTRONORGTECHNICA 

carbon film 
RESISTORS 

1/8 and 1/4w 700C 5% tol. E.1 2 

EX -STOCK 
cn PER 1,0 

£4.50 OF ONEoOVALUE 
Contact John Gingell 

z&u 

PLUS 
V.A.T. 

AERO SERVICES LTD. 
44A Westbourne Grove 
London W2 5SF 
TEL 01 -727 5641 TELEX 261306 

WW-089 FOR FURTHER DETAILS 
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Vaco STRIPEX 
Wire Stripper 

Precision Stripping Tool for most types of PVC 
wire and cable from 38- 10AWG. - Solid or 

stranded. 
Features include: 
33 self adjusting cutting knives 
penetrate and remove insula- 
tion without nicking the wire. 
Depth Control adjusts for 
different insulation thick- 
nesses. 

Wire cutter with transparent 
finger guard snips cable clean. 

Lightweight moulded nylon 
body reinforced with 
fibreglass, reduces fatigue in 
continuous operations. 
Packed in contoured plastic 
case. Individually cartoned. 

No. 70286. Metricwire plier. Crimps terminals, cuts and measures 
bolts, cuts and strips wire. Combines the most used cable 
operations in a single tool. 

Model No. 70285 

Distributed by 

Special Products Distributors Limited 
81 Piccadilly, London W1V OHL 

Tel. No. 01 -629 9556 
Cables: Speciprod London W1 

WW-062 FOR FURTHER DETAILS 

Power Resistors 
ex stock to 6 weeks Delivery 

* Low cost 
* Rated up to 210 watts * Custom designs are 

our speciality 

z, Data on our standard ranges is available on. request 

Erk Cunpo1EnIs Telephone 0582 -62241 
Luton Road, Dunstable, Bed'ordshlre. LU5 4LJ England. 

WW - 011 FOR FURTHER DETAII S 

EXCLUSIVE - WORLDBEATING DIGITAL ALARM 
CLOCK KIT* 

r new, 

r p 
5 

ALARM4 
* Or Ready Built & Tested £21.50 

NON -ALARM £12 INC. VAT, ETC. TEAK Case 70p extra 

Built -in Alarm 
Photo cell con- 
trolled brightness 
AM /PM Indicator 
Giant 0.5" LED 
Display 

1 2 hr. mode 

CWO, PULSE ELECTRONICS, DEPT. WW11, 202 SHEFFORD RD., CLIFTON, 
SHEFFORD, BEDS. 
S.A.E. for complete pr.ce list 

Mains failure ind. 

Tilt Snooze Sw. 

9 min. Snooze 

No knowledge of 
electronics to 
build kit 
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q MODERN METHODS OF CAPACITANCE MEASURING 
A complete range of British -made instruments designed to simplify capacitance measuring. 

ESP 100A 
1pF -10µF 

PORTABLE 

£42.00 
+ VAT 

ESP 300A 
1 p F - 2,0004F 

AUTO -RANGING 
AUTOMATIC CAPACITANCE BRIDGE 

£185.00 
+ VAT 

ESP 200A 
1 pF - 50/1F 

WIDE SCALE BENCH MODEL 

£82.00 
+ VAT 

Very accurate and sensitive these instruments require no manual balancing and take less than a second to measure a capacitor. To get the full story send now for brochures and a free copy of our booklet 'Modern Methods of Capacitance Measuring'. Better still, phone now for a demonstration 

VISIT OUR STAND NO. 5822, lEA EXHIBITION, BIRMINGHAM, 3rd - 7th MAY 
SUPPLIERS TO: Ministry of Defence, G.P.O., B.B.C., Government Depts. and Electronic Laboratories world -wide 

ESP ELECTRONIC SERVICES AND PRODUCTS LIMITED. 
CROSS LANE, BRAUNSTON, Nr. DAVENTRY. 

NORTHANTS. ENGLAND. Tel: RUGBY 890672. 

WW -105 FOR FURTHER DETAILS 

CRYSLON ELECTRONICS LTD. 

for 

ALL SOUND & COMMUNICATION 
EQUIPMENT 

SOUND MIXERS CUE SYSTEMS 
TALK -BACK ALL ANCILLARY EQUIPMENT 

100 WATT 
POWER 

AMPLIFIER 
FREE STANDING 

OR 
RACK 

MOUNTING 

FULL PROTECTION CIRCUITS 
SEND OR TELEPHONE FOR DETAILS 

CRYSLON ELECTRONIC LTD. 
SYDENHAM INDUSTRIAL ESTATE 

LEAMINGTON SPA, WARWICKSHIRE 
Tel. 37628 

WW -039 FOR FURTHER DF:I AII.. 

OUR NEW XL2000 dpm .. . 

for second to none applications 

True automatic polarity full 41 digit display with basic 
0.01" accuracy. 
0.55"' Beckman or 0.43" led display. 
Automatic zeroing feature. 
Low power consumpton. 
Optio- isolated and fully screened analogue circuits. 
A proven design using the latest techniques and 
components make the XL2000 suitable for use in most 
process control, test, calibration and automatic 
monitoring applications. 

Send now for full details. 

exel electronics limned 

wslienon road, hranhsome 

Poole BH11 Itt 

the panel meter people 

telephone bournemouth 101011 166166 tlx 411143 

WW - 021 FOR FURTHER DETAILS 
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The Eagle range of multimeters 
covers every possible need of the 
electrical or electronic engineer. 
They cost from about £6 to £58 
(inc V.A.T.). There's at least one 
which suits your job precisely. 

We have a lot of other test equipment too. 
Send the coupon and we'll send you our 
complete catalogue. r 
Please send me details of all your test equipment 

NAME 

ADDRESS 

Eagle International Ltd., Precision Centre, Heather Park Drive, Wembley HAO 1 SU 
Tel (01)- 902 8832 

IL 
WW -071 FOR FURTHER DETAILS 
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SIMPSON 
260 -6P MULTIMETER 
The Simpson Multimeter 
is so soundly constructed 
that it is capable of 

taking a lot of punishment 
- in the lab or in the 
field. The tough rugged case 

houses a Taut Band 

suspension movement, 
fast transistorised cut -out 
with re- settable push button 
and covers 33 ranges. 

Couple this to a wide range 

of accessories, delivery 
ex stock, fast and efficient 
service department, and 

your problems are solved 
for only £44.95 + V.A.T. 

BACH -SIMPSON (U.K.) LIMITED 
TRENANT INDUSTRIAL ESTATE, 
WADEBRIDGE, CORNWALL PL27 6HD 
WADEBRIDGE (020881) 2031 TELEX 45451 

WW - 093 FOR FURTHER DETAILS 

Automatic device tester and identifier 
DATEST 1 saves valuable repair time by automatically testing diodes. transistors. and all types of FETs, both in and 

out -of- circuit, plus common op amp i. c.s out -of- circuit. 

To carry out a test simply connect the device and switch on If the display flashes its No Go-. If you get a steady pattern it's 
--Go No prior knowledge rs required of device polarity or whether It is bipolar or FET. 

On the contrary. the clear six -LED display teils you at a glance the polarity of the device ¡NPN. PNP. N- channel. P- channell and 
for out -of- circuit tests whether it is bipolar. depletion FET, or enhancement FET. 
If you then flick the test current switch you can instantly place limits on current gain. leakage current, and FET parameters 
Finally if you need to you can even plug in a multimeter and actually measure some of them 
DATEST 1 with its advanced four i.c and six transistor circuit (pat appl for) rapidly pays for itself in skilled man hours saved 
and in expensive mistakes avoided. For complete user confidence DATEST 1 even stops working abruptly and gives a special 
display when battery voltage has dropped to too low a value 
DATEST 1 is available now and comes complete with battery, easy -to -use probes for in- circuit tests. and detailed handbook 
Write for full details or send now for your own saver" Price E49 plus 8% VAT cash with order 

11 Moor Park Avenue, Leeds LS6 4BT 
t Telephone: 0532 755579 

WW-081 FOR FURTHER DETAILS 

ATTENTION 
OVERSEAS BUYERS! 

We undertake many export contracts for 
supplying electrical and electronic goods. 

Send your enquiry to:-- 

BURMEL INTERNATIONAL 
21 Marloes Road London W8 6LG 

Telephone 01- 3731257 Cahles Burmel London W8 

WW -104 FOR FURTHER DETAILS 

-"` Audio Connectors 
Broadcast /pattern jackfields, jackcords, plugs 
and jacks: 

Quick disconnect microphone connectors 
Amphenol (Tuchel) miniature connectors with 
coupling nut. 

Hirschmann Ba ,o, a plugs and test probes 
XLR compatible in -line attenuators and 
reversers. 

Low cost slider faders by Ruf 

Future Film Developments Ltd. 
90 Wardour Street 
London W1V 3LE 
01 -437 1892/3 

WW -053 FOR FURTHER DETAILS 
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single 

source 

make 

O 
D 
o 
O 

0 

ense 
CONSERVES YOUR CASH. No need to lock up capital in slow 
moving stocks. 

SAVES TIME. Parts usually despatched by return. Orders phoned 
before midday are often on the way same day. 

A PROTOTYPE SERVICE. Invaluable when assorted alternative 
experimental parts are required. 

SOLVES BUFFER STOCK PROBLEMS. Eliminates need for 
heavy stock holding. Our stocks are at your immediate disposal. 

SIMPLIFIES ORDERING. One transaction for a variety of parts 
saves bookkeeping and paper work. 

NO ORDER TOO SMALL. Every enquiry is of equal importance 
and dealt with expeditiously. 

Obviously Single Source Service can solve a lot of your day to 
day problems. As the first step get the relevant U -C S 
catalogue, which illustrates and describes hundreds of parts 
any of which you may want at any moment. Write, or better 
still phone 0602 32871 1 . 

So make United-Carr Supplies 
your SINGLE SOURCE for:- 

United -Carr Supplies Ltd., 1 12 Station Road, Ilkeston, Derbyshire DE7 5LF Tel 

WW-067 FOR FURTHER DETAILS 

Wireless World, May 1976 

It makes sense 
to use the 
United -Carr 
Supply Service 
when you require 
smaller or mixed 
quantities of any 
of the following :- 

CINCH 
Barrier terminal strips. 
Fanning strips. 
Marker strips. 
Printed circuit board 
edge connectors. 

D Subminiatures. 
Multi way plugs and 
sockets. 

Audio sockets. 
Group boards. 
Valve holders. 
Fuse holders. 
Battery connectors. 

Electrical Components. Industrial Fastenings. 
Single and double pole Tee nuts. 
rocker switches. DOTLOC single thread 
Mains and low voltage lock nuts. 
indicator lights. Lift the Dot fastenings. 
Plunger switches. Turn buttons. 
Mains connector blocks. Plugs and grommets. 
Automotive lamp holders. Metal and plastic 
Push on terminations. components. 
Fuse holders. Press studs. 

FT 
Edge clips. 
Cable clips. 
Cover plates. 
Turnbuckles. 
Knob clips. 

W buttons. 
Door catches. 
Cable straps. 
Metal and plastic 
components. 

Separate catalogues are 
available for: - 
Electronic Components, 
Electrical Components 
& Industrial Fasteners. 
Write or phone for your free copy, 
stating possible requirements. 

Ilkeston 328711 (STD 0602 328711). Telex 377117 
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We tailorTWTs fast at EEV 

Plug -in vacuum envelope. 

Convection cooled finned 
heat sink for vertical mounting. 

Convection cooled 
finned heat sink for 
horizontal mounting. 

Conduction cooled 
heat sink for mounting 
in any position. 

Basic focussing 
assembly. 

Screening can be with leads 
or plug to customer 

requirements. 

Convection cooled 
finned heat sink 
for horizontal 
mounting. 

W aveguide transition. 

Coaxial transition. 

Coaxial transition. 

Waveguide transition. 

Convection cooled finned heat 
sink for vertical mounting. 

Conduction cooled 
heat sink for mounting 

in any position. 

EEV make travelling wave tubes on a 
modular `building block' system. 

So you get exactly the tubes you want 
from EEV, and you get them quickly. 

Our production capability has now 
expanded into new and much larger premises. 

You can depend on EEV for fast service 
for TWTs covering all civil and military 
communications bands. 

Send us your spec or write for data sheets. 

EEVand M-OV know how. 
THE M -O VALVE CO LTD, Hammersmith, London, England W6 7PE. Tel : 01 -603 3431. Telex: 234356. Grams: Thermionic London. 

ENGLISH ELECTRIC VALVE CO LTD, Chelmsford, Essex, England CM1 2QU. Tel: 0245 61777. Telex: 99103. Grams: Enelectico Chelmsford. s8%° 
WW -084 FOR FURTHER DETAILS 
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wireless 
world 
Plain words to the word -bound 

The English language may not survive. It becomes compressed into a smaller 
working space with every advance in science, engineering and the arts. Just 
before it disappears, someone may possibly be heard to mutter "destructive, 
superfluous augmentation" or perhaps, being the last plain English speaker, 
"What does it all mean ?" 

It sometimes appears to technical journalists, exposed as they are to the full 
force of technical gobbledygook on all sides, that jargon is used in preference to 
plain words because it sounds more esoteric. It also saves the writer the trouble 
of finding the ordinary word which would be understood by people who are not, 
perhaps, familiar with the subject and may be thus admitted to to the circle of 
cognoscenti. For example, is the instruction "For store access, input 'initiate' 
command. Interrogation complete will indicate" easier to take in than "To 
obtain data, push 'start' button. Light will flash when finished "? We think not. 
Things have now reached the point where public relations firms not only issue 
"hand- outs" to describe their clients' products, but hand -outs to explain their 
hand -outs. 

It is easy to accuse the Americans of debasing the English language, but the 
British manage to do that very well themselves. Admittedly, the Americans do 
come up with some grotesque phrases, such as "as of this point in time ..." and 
"It is GO ". They have even coined such mutants as "to merchandize" and "to 
pressure" and many other noun -verbs - but most are understandable, if absurd. 

Our main complaint is against the making of new, jargon words from standard 
ones when the intended meaning is the same. To reference an amplifier output to 
its input is no different from the ordinary process, in which one refers to it. To 
input is the same as to put in and to access is no improvement on to take out. It 
may be said that the words are not misleading, merely unnecessary; but what of 
"random- access memory ", which implies that a read -only memory is not equally 
accessible in a random way? 

Self- importance is not the only spur to "jargonization "; laziness is often 
responsible for writing that is hard to understand. It is easy to see why someone, 
should write "l.s.i. r.o.m. i.c. "; the words would take too long to write and use up, 
too much space. But if this is true perhaps the words ought to be replaced by 
bettèr ones, or redundant ones left out. 

There is no excuse for attempts to confuse the uninitiated readers by special 
language when plain words can be used (sometimes of course they can't; one 
'would be hard put to it to write "staphylococcal peri- onychial whitlow" in 
economical standard English). Communication is essential if people are to be 
educated and jargon is a formidable barrier against this. It is probably too late for 
this journal to do any more than record its dismay, but if we can persuade a few 
writers not to talk of decoupling an emitter to earth or of a power unit supplying 
d.c. current, we will have helped a bit. 
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For some years the author had 
contemplated the possibilities for the 
provision of music of reasonable tech- 
nical quality, by way of headphones, 
while away from home on camping 
holidays - which were normally taken 
in scenically attractive but physically 
remote parts of the countryside. Of the 
available alternatives, the use of pre- 
viously recorded tape cassettes seemed 
the most satisfactory, but it is unlikely 
that further action would have been 
taken on this matter but for the current 
availability at an attractive price of 
good -quality cassette mechanisms 
made under Staar patents by Garrard 
and Goldring- Lenco. 

It must be explained, at the outset, 
that the intention was not to provide an 
instrument which would equal or 
exceed that of expensive and carefully 
engineered "transcription" cassette 
recorders, but rather t,, evolve a 
straightforward and relatively inexpen- 
sive circuit arrangement which would 
nevertheless provide a standard of 
performance which would be accept- 
able in the context of existing, high 
quality, audio equipment. In the event, 
the performance of the prototype has 
substantially exceeded expectations, 
and has led to a major revision of the 
author's opinion of the performance 
obtainable from this medium. 

In particular, it would appear that, 
with good system design and appro- 
priate attention paid to recording and 
bias levels in a direct recording made 

M e`e + 

High -quality design 
for 

mains/ battery use 

by J. L. Linsley Hood 

from a good quality l.p. disc onto a 
reasonable quality ferric -oxide cassette 
tape, the major component of noise on 
replay is likely to be the surface noise on 
the original disc. Also, the differences 
between the source material and the 
cassette transcript can be sufficiently 
small that they are not readily apparent, 
even on A -B comparison. 

Basic circuit 
The general layout of the system 
adopted is shown in Fig. 1. The d.c. 
power supply unit has two outputs - 
one of about 12 -14V at 200 -400mA to 
feed the d.c. drive motor which operates 
the cassette feed, and which has its own 
speed control system incorporated by 
the manufacturers, in the case of the 
Garrard CT4 used in the prototype - 
and one having a well- smóothed and 
electronically stabilized output preset 
to a nominal 13.5V, which feeds either 
the replay or record amplifiers. Between 

these two lines there are two .change- 
over switchcs, to the centre point of 
which can be connected a 12 -14V d.c. 
supply, so that the system can also be 
operated from batteries. 

The changeover switch in the ampli- 
fier supply line is a small microswitch, 
not supplied with the cassette mechan- 
ism but operated by a protruding tag on 
the side of the record push button on the 
mechanism. To make a recording, this is 
depressed before the cassette is insert- 
ed, when a mechanical interlock retains 
the button in the inward position. When 
the d.c. supply is connected to the' 
record amplifier panel, it also energises 
a 12V, three -pole change -over relay 
connected in parallel with it. This relay 
transfers the connections from the 
combined replay- record heads from the 
input to the replay amplifier to thek 
output of the record amplifier. Under 
normal replay conditions, neither the 
relay nor the record amplifier panel are 
energized. The bias /erase oscillator is 
mounted at the output end of the record 
amplifier and is supplied with power 
when this panel is energized. By using 
separate record and replay amplifiers 
some additional component cost is 
incurred, but the internal switching is 
greatly simplified. 

Replay amplifier 
The use of the extremely low tape speed 
of the Philips cassette design, coupled 
with the small head gaps necessary for 
good high frequency response, and the 
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a.c. 
mains 

o 

S2a Q batt. 

mains 

20 1 

+20V nom. 

12 -14V 2,200u 
25V 

a.c 
power 
supply 
unit 

ac 

cassette drive motor 
and 

stabilization circuitry 

relatively low coil inductance required 
for adequate recording and bias current, 
lead to a very low output voltage from 
the cassette replay heads. In the stereo 
configuration this means a OVU (normal 
maximum record level) output of some 
800- 1000µV, and actual signal levels 
down to a few tens of microvolts. Under 
these circumstances, it is imperative 
that great care is taken, both in the 
design of the input amplifier circuit and 
in the layout of the wiring from the 
heads to this, to prevent obtrusive noise 
or hum. The use of a d.c. tape motor 
greatly reduces hum originating in the 
motor, but the mains transformer in the 
,power supply should have a low exter- 
nal mains field and should be as far 
away as possible from the replay 
amplifier input wiring and replay heads. 

In the prototype, as the mains trans- 
former which had been obtained was 
not very well designed from the point of 
its external 50Hz field, a home -made. 
Mumetal shroud was fashioned from a 

to other 
channel - 

R L11 

135V 

2,200,u 

16V 

S2b 

+12 -14V 
14 o external supply 
1 from battery 

if required 

* change -over microswitrh 
actuated by record' button 

Fig. 1. System diagram showing 
record /replay switching and 

battery/mains selection. 
Motor stabilizatión circuitry is provided 

by the makers of the mechanism. 

surplus c.r.t. screen to enclose it and this 
completely solved the problem. 

The input circuit of the replay ampli- 
fier is shown in Fig. 2: the amplifier is 
optimized for the minimum practicable 
noise voltage, to which the major 
contributory factors are Johnson noise, 
due to thermal agitation in the input 
circuit and input device base diffusion 
impedances (minimized by making the 
input impedance as low as practicable 
and by the correct choice of input 
devices - epitaxial -base silicon bipolar 
transistors are preferred); "Shot" noise, 
which is proportional to both current 
and bandwidth; "excess" or "1 /f" noise, 

Fig. 2. Relay amplifier. 

+Ve supply to ) VU meter 
amplifier 2,200}t 

e 
16V 

1 y 

record, 
amp! tiers 

37 

due to imperfections in the crystal 
lattice and proportional to device 
current and root bandwidth and inver- 
sely proportional to root frequency; 
collector -base leakage current noise, 
which is influenced both by working 
temperature and collector-base voltage; 
and finally surface recombination noise 
in the base region. Where these are 
approximately calculable, the equations 
shown below are appropriate. 
Johnson (thermal) noise' V= 4KTRif 
Shot noise i= (4-11,-,77 f 

.112,1f 
Modulation (1 /f) noise Vm= 

where Af is the bandwidth (Hz) 
K = 1.38 x 10-23, T the temperature (K), q 
the electronic charge (1.59x 10-19 cou- 
lombs), f the frequency and R the input 
impedance. 

In practical terms, this means using a 
silicon bipolar epitaxial -base transistor 
as the input device, which should be of 
p-n -p form to take advantage of the 

R12 
+11V nom. 330 

+ 13.5V 

C3 
2,200» 

16V 

hrgh 
impedance 
headphone 

output 
+'I 

25j 

C7 
1» 

record /replay 
coils RL1 /2 Y 

to other 
channel 

Cl 
470µ 

CA 

8n2 

R9 70)1.5 120µs 

56 replay 
characteristic 

717 

C5 
47n 

D1 

o 

V amp. output 
socket 

to V.U. meter 
circuit 

OV power supply return 
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better surface recombination noise 
characteristics of the n -type base 
material, at an appropriately low col - 
lector-to- emitter voltage, say 3 to 4V, 
with as low a collector current as is 
permissible and a base circuit impe- 
dance giving a suitable compromise 
between Johnson noise and device noise 
figure requirements. In the case of the 
Texas Instruments BC214LC, the 
optimum collector current and base 
circuit impedances are 10µA and about 
800 ohms. This gave, on the prototypes 
of this amplifier, a measured noise 
referred to the input of some 0.2µV 
which is only slightly above the pre- 
dicted Johnson noise value for the 
known input impedance and equalized 
bandwidth. hi practice, the input noise 
introduced by this stage is sufficiently 
less than that of the tape background 
for it to be unimportant as a contribu- 
tion to the overall system noise figure. 

In the second stage of this amplifier, 
where the replay equalization (frequen- 
cy /amplitude response shaping) is 
performed, a good -quality integrated 
operational amplifier "gain block" is 
employed, as in all the other gain stages 
of the system. The unit chosen is the 
Motorola MC1741CG, which is a fairly 
standard 741 but in an 8 -pin TO39 
metal -can encapsulation, and is, in the 
authors experience with these devices, 
much to be preferred on grounds of 
reliability. Two equalizing 
characteristics are provided, having 
70µs and 120µs upper time- constants. Of 
these, the former is the internationally 
agreed standard for chrome tape, and 
the latter is the normal standard for 
ferric types. 

The output from this amplifier, about 
0.4volts r.m.s., at OVU and 660Hz, is 
taken to the output socket, and the VU 
meter through an isolating silicon 
diode. A similar isolating diode on the 
output of the record amplifier circuit 
allows the VU meters to be used both on 
record and replay settings, which is 

dB 
o 

-2 
-4 
-6 

-e 
- 10 

-12 

-14 

-16 

-18 

- 20 

- 22 

-24 

-26 

- 26 

30 1 1 1 1 1 1 

useful for assessing tape output char- 
acteristics, and the recording levels of 
recorded cassettes. 

The two replay characteristics are 
shown in Fig. 3, and are determined by 
the switched values of R10, 12 and C6, 8. 

Some additional treble lift to compen- 
sate for head limitations is given by R9, 
C5 and gives rise to the part of the curve 
indicated in Fig. 3. 

Although the author has some per- 
sonal reservations about the use of 
series feedback configurations in the 
case of magnetic pick -up input equali- 
zation arrangements, where at the 
upper end of the recorded frequency 
range it is possible to generate relatively 
large pickup output voltages with 
consequent risk of distortion due to 
common -mode failure, in the case of 
cassette replay heads the likely output 
voltages are so small in relation to the 
input device Cbe voltage that this is a 
negligible problem. Also, to design for 
the lowest practicable noise level, series 
feedback configurations remain the 
simplest form to implement, although in 
higher -speed, higher- output recorder 
systems it could be worthwhile to 
introduce feedback, around an invert- 
ing amplifier, at a low impedance at the 
earthy end of the playback coils. 

To avoid replay head magnetization 
problems due to switch -on current 
surges through the replay coil windings 
on the charging of an input series 
capacitor, the replay coil is connected 
between the input reference voltage 
source and the base of the input 
transistor, so that the total current flow 
through this is limited to the base 
current of this device - about 0.1µA. 
(Head magnetization is less of a prob- 
lem on record due to the demagnetizing 
effect of the fairly large bias voltage 
applied to it during recording. It is, 
however, important that the time 
constant of the record output circuit 
should be shorter than that of the decay 
of bias voltage, which is ensured by the 
use of fairly substantial capacitor 
values on the record amplifier positive 
supply line.) 

The measured total harmonic distor- 
tion of the replay amplifier, input to 
output, at up to 1V r.m.s. output, is less 
than 0.01%, and a very high degree of 

Fig. 3. The two replay characteristics, 
with different values of Rs. 

7o µs 

I 1 1 1 1 1 
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Measured performance 
figures of prototype 

(Garrard CT4, mechanism) 
Frequency response ±1dB 35Hz 
-12kHz (BASF LH Super C90) 
Channel separation 45dB at 1kHz 
Erasure better than 50dB 
T.h.d. at OVU (660Hz) 0.75 %' 
Replay amplifier background noise, CCIR 
weighted, -56dB. 
Zero recorded level background noise, 
COR weighted, -52dB. 
Bulk erased tape background level, CCIR 
weighted, -54dB. 
The above figures refer to a 1 kHz tone 
recorded at OVU on BASF LH Super C90. 
Bothchannels are identical to within 1dB. 
Record amplifier t.h.d. at +3VU less than 
0.02% 
Replay amplifier t.h.d. at +3VU 0.01% 
(Residual distortion less than background 
noise at -6VU.) 

This figure should be considered in the 
context of typical disc replay figures (e.g. 
1.2% and 0.6% harmonic distortion for 
20cm /s at 1kHz, vertical and lateral 
modulation respectively) for a good -qua- 
lity pick -up cartridge in a good -quality 
arm, rather than in comparison with the 
less than 0.1% t.h.d. typical of a 

good -quality audio amplifier. 

hi-line noise and ripple rejection is 
given by the use of a constant -current- 
source load (Tra) in the first stage. 

Record amplifier 
Since the design value of input sensiti- 
vity for this amplifier is not v ery high - 
50mV r.m.s. input at 1kHz for a OVU 
record level - great care to obtain a 
high signal -to -noise ratio is unneces- 
sary (the difference in recorded noise 
obtained by replacing the input 
MC1741CG with a very low noise circuit 
such as that used in the replay amplifier 
is only of the order of 0.75dB). A simple 
amplifier design based on a pair of these 
operational amplifiers is therefore 
entirely adequate, and confers a number 
of minor advantages in addition to 
those of simplicity and economy of 
component cost. 

To avoid the necessity for winding 
coils for the generation of the required 
peaky record characteristic (desirable 
to offset shortcomings in the head 
performance, tape and recording char- 
acteristics at the upper end of the 
recording range) an active RC circuit 
arrangement is employed. This is shown 
in the circuit diagram of Fig. 4, and 
consists of the network R16, R17, C12, C13 
in conjunction with R19 /VR2 and C15. 
The recording characteristics obtain- 
able from this are shown in Fig. 5, for 
various component values, which may 
be of use if it is desired to use different 
record heads to those supplied with the 
Garrard CT4. The magnitude of the 
pre- emphasis hump in the 13 -15kHz 
region is determined by the setting of 
VR2 (a preset component on the circuit 
board), while the basic recording treble 
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lift time constants are determined by C12 
and C15. 

Changeover from the basic 70µs 
recording characteristic to the 120µs 
one is by switching C18 into circuit. The 
new cassette- standard bass pre- empha- 
sis at 3180 µs is provided by C17, R27. A 
39kS2 swamping resistor is interposed 
between the output of the record 
amplifier and the head, to approximate 
to a constant -current recording condi- 
tion. Since the impedance of the head at 
the upper end of the frequency range of 
the recorder is less than 10k12, the loss of 
h.f. due to this is small, and readily 
compensated for in the equalizing 
circuitry. With this value of output 
swamp resistor, attenuation of the bias 
voltage by the low output impedance of 
the 1741 is sufficient to eliminate the 
need for any additional bias -trap circuit, 
while allowing record amplifier circuit 
outputs of up to + 3VU with less than 
0.02 %t.h.d. at 1kHz. 

With the recording heads used in the 
prototype, a OVU record level at 660Hz, 
chosen to avoid regions in which 
pre- emphasis characteristics would 
influence the result, corresponded to 
2.25Vr.m.s. at the output of the 
recording amplifier. Since the output 
magnetic flux characteristics of the 
heads were not specified, this level was 
chosen arbitrarily as the one at which a 
third -harmonic distortion level of 
approximately 1% was given at 660Hz on 
a good quality (BASF Super LH C90) 
ferric tape. This gives a + 3VU setting of 
3.1V r.m.s., which is below the amplifier 
clipping level on 13V supply line 
voltage. 

The output of the record amplifier is 
taken to the VU meter circuit through a 
silicon diode, but since the record 

V R2 
100 

R19 

R22 
2k7 

7 

1741CG 

IC3 

70ps 120}í.s 

68 + 
C16 

C15 47}L 
T120n 10 

Fig. 4. Recording amplifier. 

+ 
C19 
1 

output is higher than that of the replay, 
an attenuator is included in this circuit 
to bring the two outputs to equality. 
The 47ko resistor to the zero -volt line 
serves to provide a forward current to 
bias the diodes into conduction. 
Switching between record and replay in 
the VU meter circuit is automatic since 
only the circuit in use has an output 

Fig. 5. Recording characteristics with 
variations in C15 and C12. The peak 

heights are adjustable by VR2, (b) being 
the compromise adjustment and (c) the 

setting for optimum square wave 
reproduction. 

dB 

+135V 
to other channel 
and bias 

110.I-- -» to V. U. meter circuit 

R26 
39k RL1/3 

39 

record replay 
heads 

RL1/2 change -over 
relay contacts 

nput from 
bias OSC. 

above the zero -volt level, the other one 
being disconnected from the supply 
line. Unwanted signal transfer through 
this diode feed network is of a very low 
order magnitude. 

VU meter 
This is a straightforward precision 
millivoltmeter of conventional type, in 
which the meter rectifier bridge is 
connected in the feedback loop of an 
operational amplifier as shown in Fig. 6. 
Although this is a more elaborate 
arrangement than most conventional 
VU meter systems, the cost of the 
operational amplifiers and the associat- 
ed germanium diode rectifiers is small in 
comparison with even a modest twin 
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Fig. 6. VU meter circuit. 
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Fig. 7. Erase and bias oscillator, with continuous variation of bias level. Provision is 
made on the p.c.b. for the level to be switched. 

VU meter, and the arrangement has 
much in its favour in a very linear 
a.c.- to -d.c. conversion, flat frequency/ 
amplitude response, high input imped- 
ance, and short output voltage rise 
time due to the low output impedance of 
the amplifier. This latter feature is of 
particular value in tape recording, 
where the signal level meter should 
ideally have zero inertia so that it can 
follow the modulation of the signal 
without missing short- duration peak 
levels. 

Bias and erase oscillator 
A fairly common and irritating feature 
of inexpensive cassette recorders is 
their inability to erase fully an existing 
programme on a tape, when a further 
recording is being made on top of this. 
For satisfactory erasure of ferric and 
ferrichrome tapes, at least 20V r.m.s. 
should be supplied to the erase coil, and 
for chrome tapes a value as high as 25V 
may be required with typical cassette 

erase heads. To obtain voltages as high 
as this with low -voltage lines, it is 
customary to use a push -pull oscillator' 
driving a step -up transformer, but some 
care is necessary to avoid harmonic 
distortion which can impair the record- 
ed signal quality and s/n ratio. 

A simpler method, which avoids 
many complications, is to use the erase 
head as the coil in a self -oscillating 
circuit, and employ the Q- multiplication 
of the tuned circuit around the erase 
coil both to provide the necessary 
voltage swing and also to improve the 
purity of the waveform. The circuit 
shown in Fig. 7 is a modified Colpitts, 
and provides an output of 25 -33V r.m.s. 
at the required erase frequency (50kHz), 
with supply voltages in the range 12 -14 
volts and with a waveform distortion of 
less than 1%, even-when loaded with the 
bias circuitry. The current consumption 
is, however, of the order of 100mA, 
giving a transistor dissipation of about 
0.7W. The Motorola MPS -U05 is 
particularly suitable, but other high- 

gain, high- transition -frequency 1W 
devices are quite suitable since the 
circuit is not particularly critical of 
component values or types, except in so 
far that these may modify the operating 
frequency, which should be within the 
range 50kHz ± 5%. 

`The h.f. bias waveform is also derived 
from the erase coil, by way of a 
resistor -capacitor chain, VR3, R28, C20, to 
each record head output (VR3 is twin - 
gang). Since the purity of the bias 
waveform at the recording head is the 
design requirement, it is tempting to use 
a value of series capacitor (C20) which 
will be series resonant with the record 
coil at the bias frequency, as is fairly 
standard commercial practice. How- 
ever, on reflection, confirmed by mea- 
surement, it is better to use a larger 
value of CZ0, and take advantage of the 
integrating characteristics of the series 
network to attenuate higher order 
distortion components in the bias 
waveform, as seen at the head. 

The bias voltage required across the 
record coil is dependent on the tape 
used but, as a guide, should be in the 
region 5 -7V r.m.s., with the CT4 heads. 
The signal level, for reference, at this 
point, is only about 50mV. 

(To be continued) 

Garrard Engineering Ltd now tell us 
that production of the CT4 mechanism 
is to stop in June. As mentioned in the 
article, however, Goldring Ltd also 
market a unit made under the Staar 
patents and this will continue to be 
available for some years. The type 
number is CRV and one difference 
between the two is that the CRV does 
not incorporate motor speed stabiliza- 
tion. An easy way to overcome this is to 
use the SGS -Ates TCA910 regulator i.c. 
on a small p.c.b., the design of which we 
will publish in the next article. 

Wireless World has arranged a supply of 
stereo glass fibre p.c.bs for this design. 
The boards measure about 9in x 33A in 
and accommodate the changeover relay 
as well as two pre -set potentiometers per 
channel for. switchable bias settings. 
One-off price is £4.50 inclusive from M. 
R. Sagin, 11 Villiers Road, London NW2. 

Automation in broadcasting 
In addition to the International Broadcasting 
Convention being held in London, September 
20 -24, there is to be an international 
conference on automation in sound and 
video broadcasting and transmission 
networks held in Paris, October 19 -21. Papers 
are still being invited and anyone wishing to 
contribute is asked to contact Mr B. Sewter, 
IBA Engineering Headquarters, Crawley 
Court, Winchester, Hampshire (Tel: 
Winchester 822477). 
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News of 
the Month 

Traffic broadcasting 
demonstrated 

The BBC has demonstrated the techni- 
cal feasibility of its proposed m.f. 
single- frequency road traffic 
information broadcasting service to UK 
Government officials, police, motoring 
and freight organizations and receiver 
manufacturers. It is a "dedicated" 
system (separate from the existing 
sound broadcasting networks) with 
many low -power m.f. transmitters - 
one for each local traffic area. Using as 
it does only one frequency, it avoids 
mutual interference by time division 
multiplex working (for principle, see 
January News, p.36, and May 1973 issue). 

The demonstration was based on two 
250 -watt RCA transmitters working on 
593kHz, one at Brookmans Park, Herts, 
and the other at Tatsfield, Surrey, 
representing two adjacent local service 
areas in, say, an 80- station national 
network. Guests were taken on a trip 
round the north -west London suburbs 
in a coach fitted with a special t.r.f. 
receiver for the service and an ordinary 
car radio and cassette player. At regular 
intervals formal announcements 
(representing real traffic bulletins) from 
the transmitters were heard on a 
loudspeaker. At different parts of the 
route, a switch on the special t.r.f. 
receiver was operated automatically by 
signal level so that the passengers heard 
either the nearest ( "local ") transmitter 
or both ( "local and adjacent ") trans- 
mitters. Also, when the car radio or 
cassette programme was on contin- 
uously it was automatically interrupted 
when a traffic transmission occurred, 
ensuring that the traffic bulletins were 
heard. This was done, and the traffic 
t.r.f. receiver switched on and off, by a 
burst of tone transmitted before and 
after each bulletin which operated a 
decoder in the t.r.f. receiver. 

The next step is for the BBC to run a 
full field trial using real traffic bulletins 
in a given district. Meanwhile the 
European Broadcasting Union's work- 
ing party studying traffic information 
broadcasting has said that the v.h.f. 

scheme using existing sound broad- 
casting stations, operating in W. Ger- 
many, Austria and Switzerland (and to 
be tried in the Netherlands), provides a 
short-term answer but that a "dedicat- 
ed" m.f. network as proposed by the 
BBC would be preferable in the long 
term. 

Programmable record 
playing 

To believe the BSR publicity machine, 
the ACD Accutrac is not only the 
greatest thing since sliced bread, it's 
supposed to rank alongside the inven- 
tion of the gramophone and claims to be 
" ... the first innovation in record 
reproduction since the I.p. was intro- 
duced over 30 years ago." Despite this 
classic overstatement, the Accutrac 
4000 is certainly a novel machine, with 
its use of an m.o.s. chip to enable the 
sequence of playing tracks on an l.p. 
disc to be programmed at will. 

Track identification is achieved with 
the pickup, a development from ADC's 
XLM cartridge, which houses an infra- 
red source and detector responding to 
energy reflected from the smooth 
surface between bands. Band selection 
can be determined by a remote control 
unit which duplicates the push- button 
functions on the turntable assembly. 
Functions provided are clear, play, 
reject, cue and repeat, together with the 
choice of any sequence of up to 24 
selections from the 13 'track- selection 
buttons. The remote unit contains 
m.o.s. circuitry, whose consumption is 
so low that the battery is permanently 
connected, that sends binary -coded 

ultrasonic pulses at around 40kHz to a 
receiver which may be positioned 
remotely from the player. 

Two motors are used in the player, a 
brushless d.c. direct -drive mechanism 
for the platter and a servo -controlled 
motor for operating the pickup arm, 
the drive being disconnected when the 
stylus plays a groove. - 

Because the controls are situated 
outside the lid, it can be closed as soon 
as a record is placed on the turntable; 
and the automatic feature means that 
the pickup arm need never be handled. 

BSR, who own ADC, now produce 
65% of the world's record players and 
changers from the U.K. at a rate of 
240,000 per week. Bulk of this goes to 
the U.S.A. and BSR claim they now 
have over 50% of the Japanese market. 
BSR aim to produce 5000 Accutrac units 
per week by September, the U.S.A., 
Japan and Germany being the main 
targets, Three models will be in produc- 
tion, the 4000 unit costing around £300, 
including v.a.t. and excluding power 
amplifier. 

Computer- assisted 
mixing system 

With the rapid growth of multi -track 
recording - as many as 24 tracks being 
common these days - it is becoming 
almost impossible for the sound engin- 
eer to remember the steps he is taking 
during the mixdown process. After 
years of consultation with broadcasters, 
film and recording studios around the 
world, Rupert Neve & Company Ltd 
have produced NECAM, the first British 
computer- assisted mixing system. 

Curling tongs in use with a new p.t.c. thermistor now available from Mu!lard. The 
thermistor is fitted with a high thermal capacity sleeve (inset) and is doubly insulated to 
make it an effective self regulating heater with no need for a thermostat. 
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Launched in March, the system elimin- 
ates the dull and repetitive tasks 
associated with multi -track recording 
equipment while retaining the artistic 
expression of the sound engineer. 

NECAM reduces the real -time prob- 
lem by enabling the engineer to inter- 
rupt a "take ", recycle over short 
segments, or even operate at half tape 
speed, allowing the computer to "look 
after the joins ". Many take attempts 
may be stored, recalled, and updated at 
will. The faders are servo driven and 
touch sensitive, providing both control 
and indication. A small keyboard pro- 
vides fingertip control of all the func- 
tions so that segments of many take 
attempts may be assembled into a new 
take simply by computer data handling, 
a display at all times indicating what is 
happening. Although the decision func- 
tions of NECAM are stored as software 
in the computer memory, a floppy disc 
store provides a permanent record of all 
the takes. The system uses the interna- 
tionally accepted SMPTE edit code for 
fixing tape transport locations. 

Communications at the 
National Theatre 

During the past three years complex 
audio and visual communication sys- 
tems have been installed in the first two 
of the three theatres which form the 
New National Theatre at The South 
Bank, London. The two theatres are the 
890 -seat conventionally shaped Lyttle- 
ton Theatre which will concentrate on 
living writers' productions and the 
1,160 -seat Olivier Theatre which will be 
used for classical plays. 

Basically the installations consist of a 
telephone exchange, ring intercom, 
paging systems (including radio pag- 
ing), closed circuit and off -air television. 

Each stage manager's desk has the 
following facilities: low voltage effects 
and telephone ringing circuits; cue 
lights system; talkback; control of Show 
relay and house lights; Post Office and 
internal telephones; two -channel c.c.t.v. 
monitor; stop watch, desk and script 
lights. The desks can be plugged into at 
least four different positions in each 
theatre. In addition each theatre has an 
inductive loop system available for 
"hearing aid" simultaneous translation. 
The last- mentioned can also be used in 
conjunction with the ring intercom 
system for technicians. The two 
theatres (the smaller Cottesloe studio 
theatre will be equipped in time for the 
official opening in June or July) have a 
comprehensive c.c.t.v. system providing 
show relay sound and vision in the 
many foyer areas, control rooms and 
offices in the building. 

Japanese award 
for Britain 

One of Britain's leading hi -fi loud- 
speaker manufacturers has won the 
Grand Prix award in the overseas 
products category of the 5th Japanese 
Stereo Components Grand Prix Con- 
test. This is considered to be of high 
prestige value by Celestion who won it, 
particularly as the award, which is 
given to only one product in the entire 
hi -fi field each year, was gained in the 
face of competition from American, 
Scandinavian and German products. 

A further award for a British product 
was received by Quad's 405 amplifier. 
The award is the "Decibel d'Honneur" 
made by the French audio journal 
'Revue du Son and was presented for 
"unquestionable excellence of perfor- 
mance". What might be called a relative 
honour. 

This electrical 
link -up was carried 
out under water to 
demonstraté that a 
new connector now 
in production at 
Hughes Microelec- 
tronics Ltd's Glen - 
rothes factory real- 
ly does keep out the 
moisture, particu- 
larly important for 
airborne electronic 
equipment where 
rapid altitude var- 
iations are a major 
cause of seal failure 
through moisture 
intrusion. 

Flight warning system 
proved 

A new aircraft safety system, GPWS 
(Ground Proximity Warning System), 
which should help to reduce the number 
of aircraft crashes into high ground and 
during airfield approaches on landing, 
was demonstrated during February. 
The demonstration, on an HS748 from 
the Royal Aircraft Establishment at 
Bedford, included a full test of GPWS 
against the Civil, Aviation Authority's 
operating specifications. (These are 
curves of flight variables plotted against 
rate of change of height above terrain 
for all the varying flight modes.) 
Analysis of aircraft accident statistics' 
has apparently shown that, of the 743 
passenger deaths in 1975, a total of 510 
were caused by situations which could 
have been avoided if GPWS had been in 
use. 

The new device, developed by Plessey 
Aerospace at Titchfield, Hampshire, 
gives the pilot a verbal warning by 
means of a synthesized voice to "pull 
up" or "climb" when the aircraft is 
approaching a dangerous situation. 
Heart of the system is a small computer 
known as Miproc produced by Plessey 
Microsystems. This is claimed to have 
advantages over analogue systems, 
such as those developed in the USA, 
including accuracy of control, rapid 
re- programming capability to meet 
minor specification changes, and ease of 
maintenance. Currently, ground proxi- 
mity warning systems receive informa- 
tion from the radar /radio altimeter, 
landing gear, flap selectors, ILS glide - 
scope / localiser receivers and the baro -. 
metric altimeter or air data computer. 

Package radio stations 

Complete national radio networks are 
now available in standardized modules. 
In March, Pye TVT Ltd, of Cambridge, 
launched a range of sound broadcasting 
units designed for national, regional 
and local stations. A unit consists of 
standard buildings fitted with studio 
furnishings and modular equipment to 
suit varying requirements. Expansion 
from one type of station to another is 
carried out simply and economically by 
the addition of further standard build -, 
ings and equipment. The range includes 
transportable and mobile stations for 
isolated areas and outside broadcast 
networks. Inter Engineering BV of 
Eindhoven are to handle all civil, 
architectural and acoustic design in 
addition to power and supply services. 
This range of equipment and services is 
intended, in the main, for the overseas 
market and it is claimed that everything 
needed to establish a working network 
is included. 
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PHILIPS 

Follow the `Philips plus' 
way to prosperity 

NEW 

PM5501 PAL TV 
Pattern Generator Price £149 
Extremely light, portable instrument for service in customers' 
home. 5 different test patterns for colour and black /white 
installation and service. RF output signal switchable: VHF 
Band III and UHF Band IV. t kHz tone for sound performance 
checks. 

Make sure that your workshop is the most efficiently 
equipped and that your service engineer's home visits are 

the fastest and most effective. Get these Philips instruments now. 
You won't find better value for money. 

PM5509 PAL TV Pattern 
Generator 
Price £350 
The ultimate in pattern generators. 
Full IF coverage; band I, III, IV 
and V. Electronic tuning with 5 
preset channels. so test patterns 
(colour and black /white). Adjustable 
chroma /burst and HF- amplitude. 
Special sync, video and VCR outputs. 

NEW PM6456 FM Stereo Generator 
Price £192 

Complete stereo signal. L & R signal. 
Internal L.F. modulation : t & 5 kHz. 
External stereo modulation 
possibility. X -tal controlled pilot. 
Adjustable multiplex signal. 

PM5324 HF Generator 
Frequency range ioo kHz - 
I Io MHz. X -tal calibration. 
Special band spread ranges. 
High frequency stability. 
Electronically stabilised 
output max. 5o mVrms in 
75 i2. Facilities for internal 
and external AM and FM 
modulation. 

Price 
£297 

PM5334 TV Sweep Generator Price £399 
8 frequency ranges, 3 MHz - 
86o MHz. Sweep width 
continuously adjustable over 
selected range. Sweep frequency 
adjustable, 8 - 5o Hz. One variable 
and 3 fixed markers. Signal 
frequency is accurate and 
thermally stable. Stabilised output 
into 75 i2 load. 

T11111.111111 

PM2503 Electronic Multimeter 
Price £69 
AC /DC voltage ranges loo mV -i kV. 
AC/DC current ranges s µA - I A. 
Resistance ranges roo 12- to M i2. 
2 -3 " accuracy on all ranges. 
Resistance measurements : unique 
linear scale. No zero adjustment 
necessary. Automatic polarity 
indicator. 

PM2412 General Purpose 
Multimeter Price £48 
DC voltage 300 mV - i000 V. 
AC voltage 3 V - 600 V. 
DC current ro mA -6 A. 
AC current roo mA -6 A. 

(all values f.s.d.) 
Resistance I i2,- io M i2. Tautband 
40,000 i2 /V. suspension -type meter. 

NE WPM2513 Low Cost 
Digital Multimeter 

DC voltagePrangess 0 2 - 1000 v. 
AC voltage ranges 0.2 - 600 V. 
AC/DC current ranges 0.2 mA - 2 A. 
Resistance ranges 200 i2 - 2 M 
Full circuit protection. 
Provision for temperature 
measurements, -6o to zoo C. 

PM3225 and PM3226 15 MHz 
oscilloscopes 
Comprehensive triggering facilities 
(Auto, AC, DC and TV) 
Large 8 x to div. screen 
Sensitivity amV /div 
Ergon9mic styling and lightweight 
construction 
Single trace: PM3225. Price Lam 
Dual trace: PM3226. Price £290 
The Philips Plus is the quality of design, specification 
and appearance - particularly in terms of human 
engineering - of every instrument. A total test and 
measuring range capability, which includes 'scopes, 
meters, counters, pulse generators, power supplies, 
recorders and generators. The ability to supply all the 
user's needs from a single source. 
All prices exclude VAT. 
For prompt delivery of any of these instruments, send us 
your cheque, If you require further information, there is a 
new t6 page illustrated brochure packed with facts which 
we would be delighted to send you. Please use the reader 
reply service, write or telephone to 

NEW 

Pye Unicam Ltd 
Philips Electronic Instruments Dept. 
York Street Cambridge England CBI 2PX 
Tel: Cambridge (0223) 58866 Telex: 81733r 

,,...ea -a m P acswp9. awe 
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We've joined Otîristopher*lren 
in the dome <' business... 

... as users of our Dome Tweeters iil already know 
ISOPHON --are a company who have been 
manufacturing loudspeakers for over fifty years and 
are internationally known and respected for quality 
and reliability. They offer a wide range of tweeters, 
mid -range and bass units. 

Owing to shortage of space we are only able to draw 
your attention to just two of the models currently 
being manufactured by isophon 

The KK8 
A dome tweeter, well known for its performance and 
reliability, and chosen by many loudspeaker 
manufacturers. Two models are available, one up to 
50 watts and the other up to 80 watts RMS Power 
Rating. Frequency range from 800 to over 20,000 Hz. 

The PSL 245/60 
A new 10" circular loudspeaker, offering up to 60 '- 

watts RMS Power Rating. 

Our 28 page colour catalogue will give you details of 
the extremely wide choice of loudspeakers that are 
available from Isophon. 

HAYDEN 

For your free copy of the catalogue, please 
post the coupon to .. . 

Hayden Laboratories Limited 

! ! ! 
I 
oQ 

cg. 
.,J 

Hayden House, Churchfield Road , Chalfont St. Peter, Bucks. Sl9 9EW I 
Tel: Gerrards Cross (028 13) 88447 !! 

! i !! ' a\\ 
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Some factors in loudspeaker quality 
by H. D. Harwood 

BBC Research Department 

Some of the factors in loudspeaker design have been dealt with in the technical press 
many times but there are others which have received comparatively little attention, at any 
rate quantitatively. In this article it is proposed to deal with a few of the latter and to add 
some subjective data which is new. 
In the presentation of this material it is 
intended to follow the frequency scale, 
that is to start at the bass and work 
upwards. 

Bass response 
(a) Effect of surround stiffness. A 
loudspeaker is essentially a band pass 
device and it is well known that in a 
closed type of cabinet the lower cut -off 
frequency is set by the resonance 
frequency of the unit in the cabinet. 

In an endeavour to obtain as extend- 
ed a bass response as possible, various 
devices have been tried. One such is to 
increase the mass of the cone, but this 
carries with it the penalty of reduced 
output. Another device has been to 
make the combined stiffness of the 
spider and surround as low as possible 
thus allowing the cabinet volume to be 
the deciding factor in the effective 
resonance frequency'. The argument . 
has been that the air stiffness is more 
linear than that of the spider /surround 
combination and that by making it the 
dominant factor, distortion at high 
sound levels is reduced 1.2,3. This can be 
true at high sound levels but it will be 
shown here that this form of design can 
actually lead to increased distortion at 
low and medium sound levels. 

Among the many functions the sur- 
round is called upon to fulfil is that of 
sealing the cone to the cabinet. When 
the cone moves backwards into the 
cabinet it creates a back pressure in it 
and this in turn attempts to drive the 
surround outwards, i.e. in the opposite 
direction to the movement of the cone. 
If the mechanical impedance of the 
surround has been made low this 
inverse surround excursion may be 
quite appreciable. Furthermore, the 
stiffness of most surrounds is not very 
linear for finite amplitudes, so that in 
practice under these conditions they 
may execute essentially a square wave 
and so generate a number of the higher 
harmonics together with the corre- 
sponding objectionable intermodula- 
tion products. It will immediately be 
seen that this effect is greatest at low 
and medium levels; at high levels the 
cone will drag the surround with it and 

the effect will be less in proportion. The 
worst surrounds will be those whose 
linearity ends abruptly, for example any 
type containing cloth as a reinforcing 
material, whereas if the surround is 
perfectlyy linear the only effect will be an 
appreciable loss in effective radiating 
area. 

It will be realised that this effect also 
takes place in a vented cabinet where, at 
the vent resonance frequency, the 
sound pressures acting on the cone and 
surround will be correspondingly 
greater than in a closed cabinet. The 
only way of reducing the effect is to 
make the mechanical impedance of the 
surround high and the area low. It 
would be convenient to have data to 
show how serious the effect can be in 
practice but it would be difficult in a 
closed cabinet to prove that it was not 
due to the other usual forms of non-lin- 
earity, and because of awareness of this 
defect, this type of unit has always been 
avoided in the BBC. What can be done is 
the other extreme, to show that in a unit 
with a surround of high mechanical 
impedance the effect can be held within 
reasonable bounds. To make the illus- 

Fig. 1. Non -linearity distortion 
produced by loudspeaker unit surround 
at low sound levels in a vented cabinet: 
(a) fundamental, (b) 3rd harmonic. 
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tration clearer a vented cabinet has 
been chosen so that the effect is local 
and easily distinguishable. Fig. 1 shows 
the acoustic output from an 8in unit 
having a free air resonance frequency of 
no less than 65Hz, with the microphone 
near the surround4. Curve (a) shows the 
fundamental together with the expect- 
ed dip at the vent resonance frequency, 
whereas curve (b) shows the third 
harmonic distortion rising to a peak of 
10dB at the same frequency i.e. where 
the excursion of the cone is least but the 
back pressure is greatest. Because these 
curves were taken at a fairly low level 
the distortion at other frequencies is 
low, and if the total output from the unit 
plus vent is assumed to be uniform at 
the 200 Hz level, the distortion due to 
the surround is not greater than about 
2%. It should be stressed that this 
distortion'is from a "good" surround - 
those of lower mechanical impedance 
would be much worse. Also for a vented 
cabinet design at high sound levels, the 
curve of the third harmonic will reverse 
and show an increase at the adjacent 
frequencies leading to a dip at the vent 
resonance frequency. 

(b) Effect of total magnetic flux. The 
effect of total flux on the sound output 
will now be considered. It is well known 
that if the design parameters are 
adjusted correctly a bass response 
-curve like that shown schematically in 
Fig. 2 curve (a) is obtained. Now if it 
becomes necessary to increase the flux 
by a factor of two, curve (b) is produced. 
In the mass controlled and stiffness 
controlled areas, where the motional 
impedance is low, a rise in output of 6dB 
is produced for the same input voltage. 
On the other hand in the region of 
resonance where the motional impe- 
dance predominates, this impedance 
increases by four times with a corre- 
sponding decrease in driving current, 
and a quarter the current in a field of 
twice the flux gives a loss of 6dB. There 
is therefore a relative loss of 12dB and 
this has to be corrected by equalization. 

Now there is another way of arriving 
at the desired equalization. This is to 
,attach an accelerometer to the voice 
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coil tormer and connect the output of 
the accelerometer to a feedback 
network, and for a closed cabinet this 
can be made to give the same result. But 
there is no magic about feedback and it 
does not change the efficiency of the 
unit; in essence the same operation as 
before is being performed, that is, 
equalization is being applied. 

Incidentally although motional 
feedback is now becoming popular it is 
salutory to remember that in fact the 
idea is quite old .5 The earliest reference 
known to the author is to a patent taken 
out by P. Voigt in January 1924. It may 
surprise many people who thought that 
negative feedback came in with Black 
and Nyquist ten years later, to realise 
that the principles and advantages of 
feedback were appreciated so long ago, 
and that they were applied to so 
intractable a subject as loudspeakers. 
There have been at least two other 
patents on motional feedback, one by A. 
Sykes in 1926 and one by M. Trouton in 
1928, before the Black and Nyquist 
papers. 

Now to return to our subject. Another 
method available to help the bass 
response is to use a vented cabinet 
design. This is well -known and the 
provision of a high acoustic load at the 
rear of the cone reduces the motional 
impedance considerably and allows a 
greater driving current to flow, thus 
improving the matching. The 
mechanical circuit diagram is shown in 
Fig. 3; the series circuit represents the 
loudspeaker unit and the parallel circuit 
the vented cabinet. Now a very simple 
relationship holds provided only that 
the impedance of the parallel circuit is 
high enough at resonance to swamp the 
remainder. Taking the series circuit 
first, well above resonance thé circuit is 
mass controlled and all of the open 
circuit force will be applied to the cone 
mass which will move with a corre- 
sponding velocity. On the other hand 
when the impedance of the parallel 
circuit is dominant all the open circuit 
force will appear across it and in 
particular across the vent mass which 
again will move with a corresponding 
velocity. If then the two masses are 
equal we get the same output at the 
vent resonance frequency as in the mass 
controlled region of the cone. If in order 
to use a smaller cabinet the mass of the 
vent is made to be twice that of the 
cone, then the output at the vent 
resonance will be down by 6dB, and for 
three times the mass by 10dB. Note that 
nothing has been said about the two 
resonance frequencies. 

Novak pointed out that for the 
particular condition where the reson- 
ance frequencies of the two circuits are 
equal, the relative outputs depended on 
the ratios of the two capacitances. Of 
course this follows immediately as a 
special case; the masses are obviously 
the pertinent factors. The question of 
ripple in the frequency response must 
not be overlooked of course, but the 
relationship is very useful when first 
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Fig. 2. Schematic curves of effect of 
flux on axial frequency response of a 
loudspeaker unit in a closed cabinet: 
(a) normal flux, (b) twice the flux. 

estimating values. 
Now the question arises again as to 

what to do if the output at the vent 
resonance frequency is below that in 
mid -band; once again equalisation is 
necessary. 

Well what is wrong with this 
equalization? The answer is nothing, 
provided the implication is appreciated. 
This is that if it is desired to provide 
uniform sound pressure down to the cut 
off frequency, where 12dB of equaliza- 
tion was used, then 12dB more power 
input must be provided with all it 
implies, or else some distortion will be 
produced. If therefore it is intended to 
use a 50 -watt amplifier for mid -band 
purposes then no less than 800W must 
be available at the bass; in addition the 
unit has to be capable of accepting this 
input without damage. 

Fortunately if the input is restricted 
to programme the position is not quite 
as bad. When a high -quality monitoring 
loudspeaker was being designed6 the 
relationship between peak programme 
level overall and the peak programme 
level in various octave bands in the 
middle and bass was examined, having 
the latter particularly in mind. Pro- 

Fig. 3. Mechanical circuit diagram of a 
loudspeaker unit in a vented cabinet. 

loudspeaker cone 
R amp 

cabinet -+ 
>vent 

grammes known to have a heavy bass 
section were selected from classical 
music, pop and organ and it was found 
that the latter was the most demanding 
from this aspect. Fig. 4 shows the results 
of the tests: The one point at 70Hz was a 
solitary note from a pop group, which 
on the basis of statistics was ignored. It 
can be seen that at, say 50Hz the peak 
output is some way below the rest. 
Corresponding equalization can there- 
fore be applied without demanding any 
extra power rating for the amplifier, but 
for any values of equalization above this 
figure the laws of nature demand a 
corresponding increase in available 
power. This aspect appears to have 
often been overlooked in the past. 

Mid -band frequencies 
Now let us go slightly higher up the 
frequency scale and consider the mid - 
band region. 

It is well known that units become 
more directional as frequency increases 
and that to avoid excessive directional 
problems at least a two -unit system is 
normally used. If the axial frequency 
response curve is equalized to be flat 
then it is well known that the off axis 
curves, say, at 60° in the horizontal 
plane will look like the curve in Fig. 5. 
The off axis response is by no means 
uniform and on the basis of subjective 
tests this is undesirable, and the ques- 
tion arises as to what can be done about 
it. One simple answer is to use a three 
unit system, but of course, this is 
expensive. A cheaper solution was 
suggested by Chapman and Trier' in 
1947, that is, of placing a slot over the 
offending unit. The idea was that sound 
should radiate from the slot and if the 
slot axis were vertical then a much 
better spread of sound would be 
obtained in the horizontal plane. It 
looks so simple but in practice there are 
a number of difficulties. 

Firstly the mass of air in the slot is in 
series with that of the cone and will 
reduce the efficiency accordingly. Se- 
condly this air mass will resonate with 
the stiffness of the air behind the slot 
and in front of the cone, and a local 
increase in sound output will be pro- 
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duced. Thirdly above this frequency the 
acoustic circuit will act as a single -sec- 
tion low -pass filter and the output will 
be severely reduced. The magnitude and 
frequency of these various effects will 
depend, among others, on the width of 
the slot, and successful design depends 
on achieving an optimum result for any 
one unit. One rather unexpected result 
is that in addition to an improvement in 
the horizontal directivity there is also a 
small improvement in the vertical plane. 

The directivity in the horizontal plane 
would appear to be a simple function of 
the slot width but in the process of 
carrying out various designs the author 
has found that this is not so. Finally in 
the designs of the BBC LS5 /5 
loudspeaker it was decided to investi- 
gate the problem a little more closely. A 
12ín bass unit was being used with two 
possible alternative designs, one with 
the bass unit crossing over at 400Hz, 
the other with a crossover at 1500Hz. 
For the latter it appeared that a slit of 
100 mm would give adequate directivi- 
ty. Now it is a little difficult to estimate 
just what the radiation pattern from the 
slit will be. For example is the slit to be 
regarded as a line source, or as a piston 
in an infinite plane, or alternatively as a 
piston in the end of a cylinder, all 
possibilities for which the radiation 
pattern is known and for which the 
radiation, at say 60° relative to that on 
the axis, can be calculated from for- 
mulae of varying degrees of complexity. 
If all these assumptions are valid it 
would be expected that the answers 
would be similar, at least for small ratios 
of slit width to wavelength, and indeed 
this is so as shown in Fig. 6. It can be 
seen that for small values of d/X the 
curves (a), (b) and (c) agree quite well, 
and for the value of d/X of 0.3 chosen, 
the 60° response should be within about 
one to two dB of that on axis. In practice 
this was by no means obtained; curve(d) 
shows the measured results and the. 
discrepancy is gross. The question arose 
as to whether the slit was uniformly 
"illuminated ", and going to an extreme, 
if all the sound were concentrated at the 
two edges the radiation pattern would 
obviously be different, and calculation 
gives curve (e) which is in better 
agreement with curve (d). However a 
quick test with a probe microphone 
showed that this energy distribution 
was not followed, in fact the sound 

100% modulation 

pressure at the centre was slightly 
higher than that at the edges. In 
desperation the problem was then 
worked backwards and the apparent 
width of the source calculated; it turned 
out to be exactly the width of the 
cabinet for values of d/X up to 0.7; the 
points are plotted as (f). It is now clear 
what is happening; the slit is indeed 
working as expected but because of 
this, sound energy flows along the front 
of the cabinet until it meets the 
discontinuity at the edges and is then 
re- radiated. The obvious moral is, to 
make the front of the cabinet as narrow 
as possible. As pointed out elsewhere8 
by the author this solution has other 
advantages from the aspect of structur- 
al resonances in the cabinet walls. 

Above the frequency quoted, the slit 
tends to radiate on its own as shown by 
curve (d) approaching the calculated 
curves, but only for a short while, it then 
becomes more directional again. 
Neither is this the end. In the loud- 
speaker design mentioned the same slit 
width is used over the bass and middle 
frequency units in, of course, the same 
width cabinet. It might therefore rea- 
sonably be expected that the direc- 
tivities of the two sources would be the 
same, but they are not. The radiation 
from the 8in middle frequency unit has a 
wider beam than that from the 12in bass 
unit. Time has not permitted the 
problem to be investigated further but it 
is clear that in practice the performance 
of slits is not as simple as would appear 
at first sight. 

High frequencies 
Let us continue this question of directi- 
vity but now include the high fre- 
quences. It has often been suggested in 
the literature that the variation of the 
spherical response with frequency is the 
most important feature of a loud- 
speaker. Methods of measuring this 
include the use of a reverberation 
chamber, measuring the polar response 
at various angles and frequencies in a 

Fig. 4. Peak spectrum (octave bands) of 
middle and bass for various types of 
programme. 
Fig. 5. Schematic frequency response 
of two unit loudspeaker; on axis and at 
60- in horizontal plane. 
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free field room and calculating the 
result, and finally a method developed 
at the BBC by Gee9 which uses an 
integrating meter to give a direct 
answer at any frequency or band of 
frequencies. The first method is limited 
in that it requires a room much larger 
than one to ISO standards to ensure 
adequate diffusion at the bass. The 
second method is rigorous if sufficient 
measurements are taken and if the free 
field room is adequately large, by no 
means always the case. It is however 
extremely laborious and time consum- 
ing, and is rarely used. The third method 
also relies on an adequate size free field 
room but is quite rapid. It has moreover 
the advantage over the first method 
that it is possible to weight sound 
coming from differing directions, e.g. 
sound from the front hemisphere rela- 
tive to that from the rear. 

This raises the whole question of 
what we are trying to measure and why. 
In the BBC the spherical response of a 
number of loudspeakers has been 
measured and efforts made to correlate 
it with sound quality in a live room, but 
with very little result. 

When.for example we listen in a room 
of normal reverberation time to a rather 
directional loudspeaker on its axis, it is 
common experience that the sound 
quality does not change drastically 
when in the near or reverberant sound 
field. On the other hand if we were 
really listening simply to the sound 
pressure at these two points then the 
direct response and the spherical 
response would indeed be the deter- 
mining factors. Furthermore a similar 
factor must be involved in the fact that 
with such a loudspeaker in a live room 
the directional properties are clearly 
audible even when listening well into 
the reverberant field. 

These experiences indicate clearly 
that the spherical response is not the 
predominating factor in determining 
sound quality under live listening 
conditions and to check this a formal 
experiment was carried out at BBC 
Research Department. A monitoring 
loudspeaker was taken having three 
units and representing as omnidirec- 
tional a device as was possessed at the 
time, and for comparison an 8in wide 
range unit representing as directional a 
device as was likely to be met. Listening 
on axis in a free field room and using 
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speech and a team of experienced 
observers, the two were equalized by 
ear to sound as closely similar as 
possible. They were then transferred to 
a listening room well away from the 
walls; the room had a reverberation 
time of about 0.4s, and the loudspeakers 
were again compared, listening on the 
axis. The results in the two conditions 
were almost identical within the exper- 
imental error, although a small change 
towards the known spherical perfor- 
mance could be discerned but not 
guaranteed. The conclusion therefore 
was that it is essentially the direct 
sound which determines the sound 
quality and not the spherical response. 
The measurement of frequency 
response at various angles in a free -field 
room is therefore a much better indica- 
tion of performance than the spherical 
response even when listening in the 
reverberant field, and this has been 
confirmed by careful listening tests 
many times since. 

The question still arises however as to 
what is the optimum delivery and here a 
look at history is useful. 

At one end of the scale, a loudspeaker 
developed by Harz and Kosters of 
NWDR" in 1957 used a bass unit facing 
upwards, and a middle and high re- 
quency cluster of no less than 32 units 
mounted on the surface of a sphere. 
This resulted in a very close approxi- 
mation to an omnidirectional loud- 
speaker and gave a pleasant spacious 
image on orchestra. However, when an 
announcer spoke it sounded as if his 
mouth were six feet wide. 

This design has been followed by 
another German design much more 
modest in outlook in which units are 
only mounted in the sides and front, 
none in the rear; in this design even the 
side facing units can be switched off 
leaving only the front ones, so it looks 
as though our experience was that of 
others too. 

In the BBC we have gradually pro- 
gressed from the opposite direction. The 
first loudspeakers were single cone 
wide -range devices which were very 
directional in the treble, and subsequent 
multi -unit designs have all tended to 
increase the angle of radiation at high 
frequencies and this has been approved 
by users. Of course over the years stereo 
has been introduced and this has 
involved other factors. For the last high 
quality loudspeaker designed in Re- 
search Dept. there were some vague 
suggestions that the angle of radiation 
might be too wide for stereo. Fig. 7 
shows the axial and off -axis curves for 
the loudspeaker concerned. (For this 
discussion the bass cut should be 
ignored, and is due to the fact that the 
free interior volume of the cabinet is 
only 1/6 cu. ft.) It may well be therefore 
that any loudspeakers more omnidirec- 
tional than this will fail to provide 
first -quality stereo. In this discussion it 
has been assumed, of course, that a 
sharp stereo image is regarded as 

essential; these comments are not 
applicable where the stereo image is 
made rather diffuse over the whole 
seating area. 

The next point to be discussed is the 
question of optimum axial frequency 
response. This question is not con- 
cerned with how wide a frequency 
range should be covered, but 'what 
shape the response curve should be. 
First of all the underlying assumption 
must be clearly stated. This is that 
both the microphone and all associated 
amplifiers have a uniform, frequency 
response. The usual conclusion is that 
the loudspeaker should also have a 
uniform axial frequency response but 
this is precisely what is being chal- 
lenged. Not even in stereo reproduction 
are the sound wave- fronts produced in a 
listening room similar to those heard in 
the studio or concert hall and it 
therefore seems clear that if by "bend- 
ing" the axial response curve of the 
loudspeaker a more realistic psycholo- 
gical impression is obtained, then this is 
entirely justified. Thus, for example, if a 
uniform output is maintained at all 
frequencies an orchestra sounds 
extremely close. 

This condition is quite unnatural and 
a much better sense of perspective is 
obtained if a slight dip in the 1 to 3kHz 
region is applied. About 2dB is sufficient 
to provide the more distant perspective 
without destroying the sound quality. It 
may well be that as techniques progress 
other such tricks will follow. All that is 
intended at this stage is to get away 
from the rigid idea that a uniform axial 
response is necessarily the best. 

So far general trends have been 
discussed and it has been assumed that 
perfect units were available. As all 
designers know this is far from the truth 
and the question arises as to how far 
departures from the ideal can be made 
without perceptibly degrading the 
sound quality. This is also important 
from the aspect of listening in rooms 
which after all is where most listening is 
done. It has been shown that it is the 
direct sound from a loudspeaker that is 
predominant, but of course if a loud- 
speaker is close to a wall, then the near 
images may form part of the "direct" 
sound and will produce irregularities in 
response. 

fhe loudspeaker can be regarded for 
this purpose as a two channel device 
with the two channels in parallel. To 
start with let us examine the case where 
the main channel has a uniform 

'response and the other has a resonant 
circuit of variable Q (narrower than a 
critical band) whose output at reson- 
ance adds to that of the main channel 
and whose amplitude relative to it can 
be varied. The varying degrees of 
audibility at different frequencies and 
for differing Q has been established for 
pink noise in the form of the relative 
levels for the peak of the resonance and 
in the main channel. Now for loudness 
the energy in the critical band is 
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summed and it appears as though this 
relation roughly holds too for degrees of 
colouration. Only roughly, for the 
actual law varies with the degree of 
colouration itself as shown in Fig. 8. It 
will be seen from this figure that there is 
a regular variation in the law with the 
degree of perception. The law for the 
"just perceptible" condition is close to 
the power law and the curve marked 
"definitely perceptible" is at about the 
limit of perceptibility for programme 
and is therefore the one we are most 
interested in. Note that the horizontal 
axis is not Q but reverberation time and 
that the vertical axis is dilution. This 
variation in law with perceptibility is in 
accordance with the findings of Kryter 
and Pearsons'2 in relation to the noisi- 
ness of a tone in noise and they also 
show that as the ratio of tone increases 
the noisiness increases faster than the 
total r.m.s. value of the critical band 
concerned. The general slope shown in 
the figure is confirmed in subsequent 
work by Moulana. The height of the 
corresponding irregularity in frequency 
response is shown in Fig. 9 for the 
"definitely perceptible" condition. 

When narrow peaks are subtracted 
from the main channel, conditions are 
very different. Whereas for additive 
peaks the just perceptible condition was 
approached, as the amplitude was 
reduced, slowly and rather indefinitely, 
for the subtractive condition the 
colouration suddenly disappeared and it 
was immediately evident that a cancel- 
lation was taking place. This effect was, 
as would be expected, shown up in the 
standard deviation of the results; in one 
case the test team even returned the 
ultimate of zero spread. The implication 
of this effect is extremely important as it 
shows clearly that the subjects were in 
fact listening to the steady state 
condition; for it is evident that the time 
function could not be cancelled in this 
way. This is a very important distinc- 
tion, as much earlier unpublished work 
by the author and supported by other 
unpublished work also at the BBC by 
Gilford13 has shown an anomaly, name- 
ly that under certain conditions, which 
are not at all clear, the law of dilution 
with Q for a given perceptibility can go 
in precisely the opposite direction, that 
is the higher the Q the more obvious is 
the colouration. It seems highly likely 
that in these latter conditions it is the 
time function which is being observed. 

Fig. 10 shows the height of an 
irregularity for a subtractive peak for 
the "definitely perceptible" condition 
which again closely corresponds with 
the "just perceptible" condition for 
programme. The curve is very different 
from the additive condition and the 
results are more nearly like the 
audibility of tone in wide band noise. In 
both cases given here dilution appears 
to be the fundamental factor rather 

Continued on page 51 
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than height of irregularity and the 
unfortunate conclusion is arrived at 
that even for the steady state condition 
the audibility of a narrow peak cannot 
be assessed unless the relative polarity 
is also known. 

Now the question arises as to what 
happens outside the critical bandwidth. 
The loudness function is known to be 
different and this might also apply to 
colouration. The audibility of a 
resonant circuit with a Q of about 3, i.e. 
roughly '/d octave wide was examined 
for various frequencies of resonance 
using programme designed to be critical 
over the frequency band being tested. 
The results are given in Fig. 11 which 
shows the height of the peak for the just 
perceptible condition. During these 
tests, after first identifying the fre- 
quency of colouration, the subject was 
permitted to switch the resonance in 
and out of the circuit and to reduce the 
height of the peak until it was only just 
audible. Under these conditions the 
height of the peak is roughly indepen- 
dent of frequency except at the bass. 
Here we are, of course, inside the critical 
bandwidth, but this does not seem to be 
the essential factor, as experiments with 
octave bandwidth circuits show a 
similar shape curve. The standard error 
for the points in this curve is roughly 
'hdB. 

If two contiguous circuits are used to 
form a plateau of twice the bandwidth, 
centred around a mid -band frequency, a 
"just perceptible height of 2.6dB is 
obtained and if the bandwidth is 
doubled again using four contiguous 
peaks a just perceptible height of 1.8dB 
is obtained. It is clear that some form of 
summation is taking place and extrapo- 
lation suggests a minimum audible level 
for wide band signal of about 1dB. 
However it is equally clear that, from 
the point of view of sound quality, this 
summation does not proceed indefini- 
tely as it does with loudness. To take an 
extreme example if the entire range is 
raised by 10dB there is a large change in 
loudness but, by definition, none in 
sound quality. Furthermore if the entire 
spectrum except for the lowest 1/2 octave 
were raised the effect would not be 
described as an excess in most of the 
range but as a deficiency in the bass. 
One point to be noted was that even 
with the wide pleateau used, i.e. 11/2 

octaves wide, only one frequency of 
colouration was heard. 

It has been seen that some form of 
summation is taking place over quite a 
wide frequency band and it is therefore 
pertinent to enquire how far apart two 
peaks must be before they are audible 
as separate entities. 

For this test the same resonant peaks 
with a Q of 3 were used as before. The 
observer was instructed to increase the 
height of the peak at the reference 
frequency until the colouration was 
clearly audible. Successive peaks were 
then raised and lowered at one third 
octave intervals, to a height deemed by 
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Table 1 

Ref frequency (Hz) 125 - 250 500 1 k 2k 4k 

Minimum distance apart of peaks, in octaves 1.5 1 .3 1 .3 1.1 1.1 1.0 

Standard error of mean. in octaves 0.08 0.1 1 0.1 1 0.13 0.08 zero 

the observer to give maximum discri- 
mination, until the frequencies of 
colouration of the two peaks were 
separately discernible; once again pro- 
gramme was used appropriate to the 
frequency range being covered. The 
results were quite astonishing; the 
mean values for the team of observers 
are given in Table 1. 

The variation with frequency is inter- 
esting and may be due to the nature of 
programme spectrum. It will be appre- 
ciated that as the frequency increases 
the detailed structure of the spectrum 
becomes more and more random until 
at high frequencies it is not far removed 
from modulated random noise. The 
figure of one octave obtained in this 
part of the spectrum approaches the 
corresponding value which is obtained 
using pink noise as a source, instead of 
programme. 

The remarkable result in Table 1 may 
possibly be the key to a number of 
previously unexplained phenomena. 
For example does it indicate why the 
irregularities in the sound field of a live 
room are not separately audible? 

However, one conclusion is clear; if 
the loudspeaker còntains a number of 
low Q resonances spaced closer 
together than one octave and covering 
the whole frequency range they should 
be inaudible. When a test was actually 
made of a series of peaks at intervals of 
%rd octave at a level of 6dB above the 
base line, using a critical material such 
as speech it was found that they were in 
fact inaudible even on an A/B test. The 
conclusion is therefore correct, and the 
frequency response of such a charac- 
teristic is shown in Fig. 12. 

If however the peaks are increased to 
a level of say 15dB, the sound becomes 
extretnely coloured and it is evident 
from the character of the sound that a 
regular series is being heard. (The 
comment about irregularities in a room 
must include, therefore, the proviso that 
the frequency spacing is also irregular.) 
It should be noted however that the 
series being used is a logarithmic one 
not an arithmetic one and that the 
bandwidth of each peak is also a 
logarithmic function; however the ear 
still detects it as a regular series. The 
question therefore arises as to what 
constitutes a regular series, regular on 
what scale? Examples of series in. 
loudspeakers include mis- terminated 
horns, a loudspeaker spaced away from 
one wall, a folded 'corner horn and a 
labyrinth. 

If a frequency characteristic is lis- 
tened to which is uniform up to 1kHz 
followed by the logarithmic series 
mentioned above, somewhat imitating a 

horn, the "fundamental" heard is 
clearly the lowest peak, in spite of the % 

octave spacing. It will be noticed 
however that the upper terms of the 
series are relatively inaudible and this 
prompts the question as to how many 
terms of a series are necessary to give 
this peculiar sound quality; experiment 
gives the answer of only three or four 
terms. If however the low end of the 
frequency scale has this series starting 
at 40Hz finishing at 500Hz and of 
uniform response thereafter, the posi- 
tion is now reversed. The most promin- 
ent colouration is at 500Hz and the 
lower, so to speak "fundamental," fre- 
quencies are relatively inaudible. What 
then constitutes the "fundamental" of 
the series? Now let us go further, if a 
complete series starting at 40Hz and 
finishing at 20kHz is listened to, using 
pink noise for convenience, it is found 
that on a high quality loudspeaker the 
main colouration is in the 600 to 800Hz 
region, no less than 15 times the 
"fundamental "! 

Now how is a series detected? One 
obvious answer is by means of a 
scanning technique, and it would 
appear from the examples quoted above 
as if the scanning may work in both 
directions, from the bass upwards in 
frequency and from the treble down e.g. 
a triangular wave form. It follows that if 
there is a scanning mechanism, there 
also exists a corresponding time series, 
and it might be expected that this also 
would give rise to peculiar effects, and 
this is found to be correct. To take a well 
known example; if a person claps his 
hands under a bridge with the arches, 
say, 100ft apart, a series of pulses with a 
repetition frequency of about 10Hz is 
produced, nearly an octave below the 
lowest frequency we can hear. But what 
in fact is heard is a noise like a "twang," 
with a spectrum centred around, say, 
1500Hz; no less than 150 times the 
fundamental! Nor is this an isolated 
example. In one studio in the BBC, 
under certain conditions the sound 
quality could, before remedial action 
was taken, become very hard. Reverb- 
eration time measurements give no 
clue to this effect at all. On one occasion 
however the audience balcony, which 
was rarely used, was entered, and on 
clapping, a flutter of less than 10Hz 
frequency was heard, and the connec- 
tion was appreciated. That studio was 
being modelled" at the time and 
measures were taken to remove the 
flutter in the model. When correspond- 
ing modifications were carried out in 
the real studio the hard quality disap- 
peared. 

As a final example, in a sound control 

www.americanradiohistory.com

www.americanradiohistory.com


52 Wireless World, May 1976 

35 15 

14 

13 

:iE 

8 
dB 

6 

3 

1 

r r r r r r r r r 

(el I 

( 

¢ / (c 
- I(d) / - 

/ b l 

E 

/ / 
/ - 

/.q / 
/ 

x 

/ x i 

- / / x x 
r( A /' , ' / 

30- 

m 
ó 25 

J:i 

° 10 r 
0, 

5 

0_ 

,,,,, , ,,, r,r, , 

0.3s 

01s 

- - 

- 

001s 

5 6 8 102 2 3 4 5 6 8 103 2 3 4 5 6 8 104 
frequency, Hz 

Fig.10 

15 m a 
s 
v 10 
a 

° 5 

1 1 1 1 1 1 , , i l, r, I , I r r, 

- - 

x ` _ X`X - 

o 
0.2 0.4 0-6 0-8 . 1 0 

ratio d of slit-width to wavelength 
Fig.6 L °, ro 

X X X X x 
111/1 I , , , , , ,, , 1 1 , , l 

5 6 8 102 2 3 5 6 8 103 2 3 56 8 104 
frequency, Hz 

Fig.11 

T ' ' T T ' --r` .. 

1 
10dB; 

1 

5 102 2 5 103 2 5 104 2 
frequency, Hz 

Fig. 7 \./\7\f 
0 

10dB 

T 

, 

° -5- 
T 
F--' 

E 
-10- 

ó 

ó -15 

-5 -20- 
? 
á 

-25 

` . `, 
. \ ' .gross \\ ̀obvious 

's , '''.40-definitely 
- . perceptible- 

-. 
. 

10dB/decade ' 

5 102 2 5 103 2 5 104 2 
frequency, Hz 

Fig.12 

ó 15 
N a 

m 
ó a 10 

a, ä 

_ S 
Z. 

ó 

11111 r 1 , I11111 , 1 , T r r 

sp - X \- -_O---Q- 
x --9-- 

- . 

min percept i 
001 002 005 01 02 05 10 

reverberation time, s 
Fig. 8 

_-4i)-- 
, , I , , I I , ,-- , , , , I , , , , , , , o 

5 6 8 102 2 3 4 5 6 8 103 2 3 4 5 6 8 104 
frequency, Hz 

Fig.13 

35 

30- 
m 
-10 

° 25- v 
a 

20 
° 
o 

15 

° 10^ 
L 

..L 501s 

050.01s 

, , , , , , I , , MIT , I , 1 I i 

- 
1 Os 

4 

CO o 

J 

-4 

-8- 

_12 
° d 

-16- 

r r I 1 1 1 1 1 1 1 I 1 1 1 1 1 1 r r r r r 

(4)(5) 
- 

notctuned 
to , Hz 

(1) 1017 
(2) 2154 

- ( 3) 3045 
(4) 3838 
(5) 5124 (1) (2) 

n 

3) 

n 

' 

- 03s 
_ 

003s 

18 6 102 2 3 4 5 6 8 103 2 3 4 5 6 8 104 

Fig 9 
frequency, 

201 
2 3 4 5 6 81102 2 3 4 5 6 81103 2 3 4 5 6 

Fig. 14 
frequency, Hz 

www.americanradiohistory.com

www.americanradiohistory.com


Wireless World, May 1976 

room attached to one of the television 
studios a loudspeaker was suspended 
near a corner, and complaints were 
made of the sound quality. It was clear 
from a visit that the quality was indeed 
very peculiar and "tunnelly "; moreover, 
it varied considerably throughout the 
room. To check that it was not caused 
by the loudspeaker itself, this was 
lowered to the floor and it was shown 
that there the sound quality was quite 
satisfactory. A frequency response 
curve was taken with the loudspeaker 
back in place, taking precautions to 
eliminate as much of the reverberant 
field as possible. This curve showed 
definite evidence of a series. The 
loudspeaker was then lowered 35cm to 
try and break the series and a further 
measured curve showed that this had 
been successful. Under these conditions 
the sound quality was completely 
satisfactory and also now reasonably 
uniform through the room.15 

To sum up, it is not at all clear how to 
define a series; it appears that it can be 
regular in hertz or octaves, but what 
about mels, and how regular is regular? 
Clearly however series should be 
avoided at all costs as there are no 
means of knowing in what part of the 
spectrum the subjective effect will 
occur. 

Dips 
It is now necessary to consider the 
effects of dips in the response curve on 
their own. It would be expected from 
perturbation theory that unless the 
hearing system is highly non -linear the 
magnitudes of dips would be similar to 
that of peaks, for the just perceptible 
conditions. Experiments were carried 

Fig. 6. Directivity of a slit; response at 
60" relative to that on axis. 
Fig. 7. Frequency response of a 
miniature loudspeaker at various 
angles to axis. 
Fig. 8. Variation of law of addition with 
subjective degree of colouration. 
Fig. 9. Height of irregularities due to 
additive peaks for a definitely 
perceptible condition, using pink noise. 
Fig. 10. Height of irregularities due to 
substractive peaks for definitely 
perceptible condition, using pink noise. 
Fig. 11. Height of irregularities due to 
.additive peaks having a Q of 3 when 
listened to one at a time; for just 
audible condition, using critical 
programme. 
Fig. 12. Response curve showing nature 
of inaudible irregularities when 
listened to together. 
Fig. 13. Height of irregularities due to 
dips in response for a Q of 3 when 
listened to one at a time, for just 
audible condition, using critical 
programme; curve of Fig. 11 added for 
comparison. 
Fig. 14. Frequency response of 
transmission chain used by Prof. Hill. 

out to determine the just perceptible 
values for Qs of 3as for peaks, except 
that the in /out switch was not used; the 
reason for this will be discussed later. 
The results are given in Fig. 13 together 
with the corresponding values for 
peaks. It will be seen that the two sets of 
values are closely similar, such differ- 
ences as there are being in the direction 
that general experience would indicate. 
The depth for two contiguous dips 
forming a trough in the midband was 
3.8dB, and for four contiguous dips was 
2.5dB, again both slightly greater values 
than for the corresponding plateaux. 

However, when the experiments with 
the four continguous dips were being 
carried out a further effect was noticed 
which had not been observed before. 
Particularly when the trough was 
clearly audible, in addition to the effect 
of the dip, the high frequency recovery 
to normal level was also clearly audible. 
Experiments to determine the nar- 
rowest trough for which this effect was 
noticeable gave a result of 1% octaves 
exactly the same value as obtained for 
the minimum distance apart of two 
peaks for this part of the spectrum. The 
question arises as to whether this 
mythical scanning mechanism is again 
responsible, having the slow decay time 
we have postulated, a certain band- 
width for the trough being necessary 
before the fall is great enough to be 
audible. Furthermore a fast rise time 
was also suggested and under these 
conditions it is not surprising that two 
peaks should give the same separation 
as a trough. 

Now this matter can be taken a little 
further; if the upper recovery in fre- 
quency response of the trough is 
removed completely so that instead of 
having a trough there is merely a step, it 
might be expected that the decay of the 
scanning mechanism should still regis- 
ter, and it does. Under these conditions 
the audibility of the spectrum near the 
step is definitely reduced whilst that 
somewhat higher in frequency appears 
to stand out in excess. This latter effect 
is not a new discovery, it has been 
known for at least 30 years and was a 
common feature in early single unit 
loudspeakers where it was known by 
the delightfully descriptive name of 
"disembodied top" as the upper end of 
the spectrum appeared to be separated 
from the main body by a gap. 

Now narrow crevasses must be exa- 
mined. It has often been stated that 
narrow crevasses are inaudible but it 
depends on the exact frequency of the 
dip. For example if it falls on the 
fundamental of a musical instrument 
the result can be disastrous. However, 
Professor Hill, formerly of the BBC 
Research Department, has shown's that 
if the frequency of the crevasse is offset 
by about a quarter tone from a funda- 
mental, a narrow crevasse can indeed 
be almost inaudible. Figure 14 shows 
one extreme example he tested. The 
high frequency cut off of 6kHz was 
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imposed for other reasons, and the 
frequencies of the crevasses are not 
simple multiples of one another. This 
appalling looking response was tested 
on subjects using as test material, male 
speech, piano music and dance music. 
The subjective mean grading in each 
case, where one unit represented 
"slightly worse than the standard" 
which also had a 6kHz cut off, was 0.6 
for speech, 0.8 for music and an 
improvement of 0.3 for dance music; 
obviously the overall effect was quite 
small. 

'A /B testing 
Now the alarming fact is that A/B 
testing may under certain circum- 
stances give rise to completely wrong 
results when comparing the sound 
quality of two loudspeakers. If pink 
noise is used as a convenient source, 
and a deep narrow crevasse produced in 
it, it has been shown that the effect will 
be almost inaudible. If this is listened to 
for, say, half a minute as if programme 
were being used to judge a loudspeaker, 
and then the crevasse is switched out so 
that a uniform spectrum is produced, 
the ear will hear a strong colouration at 
the frequency of the crevasse. It seems 
that there are two mechanisms at work; 
the conscious one ignores the crevasse 
but the subconscious one detects it 
clearly. When the uniform condition is 
suddenly heard the subconscious 
mechanism comes forward and points 
out that there is now a considerable 
amount more sound energy at the 
frequency of the crevasse, and as that 
condition had been accepted as satis- 
factory the only conclusion to be 
reached is .that there is now an excess in 
this region and thát the sound must now 
be highly coloured. Transferring this 
to loudspeakers it is implied that if one 
with a crevasse is first listened to then it 
will probably appear that one with a 
uniform response is coloured. 

Conclusions 
There is a real danger of making 
loudspeaker unit surrounds too com- 
pliant as this can give rise to non -lin- 
earity distortion of high orders at quite 
low levels. 

Equalization at the bass under what- 
ever name it is called must be applied 
with full regard for associated power 
requirements or distortion may occur. 

To obtain uniform response at var- 
ious angles in the mid -band region a 
narrow- fronted cabinet is called for. 
Slits can be very useful but their action 
is obviously considerably more complex 
than appears at first sight. 

The sound quality of a loudspeaker is 
determined much more by the direct 
response at any given angle than by the 
spherical integrated response, and at 
any rate for stereophonic purposes 
there may well be a degree of omni- 
directionality beyond which it is 
inadvisable to go. 
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A plea is made for non - uniform axial 
frequency response insofar as it assists 
greatest realism overall. 

Additive narrow peaks in response 
appear to add up on a roughly r.m.s. 
basis but subtractive ones appear to 
obey a different law. Dilution of the 
peaks relative to the main channel 
appears to be the fundamental factor 
rather than height of irregularity. Wider 
peaks of the same relative polarity add 
upon a rather different basis and the 
frequency discrimination for coloura- 
tions is astonishingly poor. 

Series are not yet fully understood, 
but the indications are that they should 
be avoided at all costs. 

Dips in response appear to have little 
or no effect on contiguous peaks either 
inside the critical band or outside it. 

Isolated dips obey similar laws to 
peaks, and narrow crevasses can be 
inaudible if they avoid fundamentals. 

A/B tests of sound quality are found 
to have pitfalls and appropriate mea- 
sures should be taken where necessary 
as have been indicated. 

In a number of these phenomena 
there is a suggestion that a scanning 
mechanism may be at work and that it 
may operate in both directions, i.e. from 
the bass up and from the treble zone. 
This could also account for the fact that 
if a step in the response curve is 
produced the corner of the step is 
always audible whether the step is up or 
down. This suggestion immediately 
raises the questions of what is the 
scanning repetition rate, is the scanning 
linear and if so on what scale, hertz, 
octaves or mels, and what are the rise 
and decay times? 

Finally it should be appreciated that 
only a few of the effects which go to 
make up sound quality have been 
mentioned but all these effects appear 
to be used simultaneously. 

The views expressed here are based 
on experience within the BBC. Some of 
the conclusions are drawn from limited 
evidence and not all engineers within 
ithe BBC would necessarily agree with 
all of them. It spite of all that has been 
said, in the final decision, a good 
loudspeaker remains a matter of per- 
sonal choice. However, experiment and 
analysis help us to make this choice. 

Thanks to my colleagues for 
bearing so patiently in the experiments 
'and to the Director of Engineering of 
the BBC for permission to publish. 
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The following list of manufacturers and 
their addresses is not a definitive guide 
to producers of high quality loud- 
speakers but is provided by Wireless 
World as a help to readers. 

Manufacturers 
Acoustical Manufacturing Co. Ltd, St. 

Peter's Road, Huntingdon, PE18 7DB. 
Acoustic Research International, High 

St., Houghton Regis, Beds. LL15 5QJ. 
Altec Sound Products Ltd, 17 Park 

Place, Stevenage, Herts. 
Bang & Olufsen (UK) Ltd, Eastbrook 

Road, Gloucester GL4 7DE. 
Bose (UK) Ltd, Milton Regis, Sitting - 

bourne, Kent. 
B & W Electronics, Meadow Road, 

Worthing, Sussex, BN13 1QA. 
Cambridge Audio Ltd, Lamb House, 

Church Street, London W4 2PB. 
Cerwin Vega (UK), 281 Balmoral Drive, 

Hayes, Middx. 
Celestion, Ditton Works, Foxhall Road, 

Ipswich, Suffolk IP3 8JP. 
Chartwell Electro Acoustics Ltd, Alric 

Avenue, London N.W.10. 
Eagle International, Heather Park 

Drive, Wembley, Middlesex HAO 1SU. 
Gale Electronics & Design Ltd, 39 Upper 

Brook Street, London W1Y 1PE. 
Goodmans Loudspeakers Ltd, Downley 

Road, Havant, Hampshire P09 2NL. 
Griffin, H. K. & Co. (Electronics), 

Siddons Factory Estate, Howard 
Street, West Bromwich, Staffs. 

Gulton Europe'Ltd, The Hyde, Brighton, 
Sussex BN2 4JU. 

Hayden Laboratories Ltd, Hayden 
House, 17 Chesham Road, Amer - 
sham, Bucks HP6 5AG. 
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Hitachi Sales (UK) Ltd, Hitachi House, 
Station Road Hayes, Middx. UB3 4DR., 

'IMF Electronics Ltd, Westbourne 
Street, High Wycombe, Bucks. 

Jordan -Watts Ltd, Benlow Works, Sil- 
verdale Road, Hayes, Middlesex UB3 
3BW. 

KEF Electronics Ltd, Tovil, Maidstone, 
Kent ME15 6QP. 

Lansing, James B., C. E. Hammond & 
Co. Ltd, Lamb House, Church Street, 
London W4 2PB. 

Leak, Rank Radio International Ltd, 
P.O. Box 596, Power Road, Chiswick, 
London W4 5PW. 

Lecson Audio Ltd, Burrel Road, St. Ives, 
Hunts PE17 4LE. 

Lowther Acoustics Ltd, St. Mark's 
Road, Bromley, Kent BR2 9HQ. 

Macinnes Laboratories Ltd, Stonnam, 
Stowmarket, Suffolk, 1P14 5LB. 

Marantz, Pyser Ltd, Fircroft Way, 
Edenbridge, Kent TN8 6HA. 

Millbank Electronics Group, Bellbrook 
Estate, Uckfield, Sussex, TN22 1 PS. 

Monitor Audio, 347 Cherry Hinton 
Road, Cambridge CBI 4DJ. 

Mordaunt -Short Ltd, Durford Mill, 
Petersfield, Hampshire, GU3I 5BB. 

Nordmende, H. Vesshof & Co. Ltd, Unit 
4, Blackwater Way, Ash Road, Alder- 
shot, Hants GU12 4DL. 

Omal Group Ltd, Ornal House, North 
Circular Road, London NW10 7UF. 

Philips Electrical Ltd, Century House, 
Shaftesbury Av., London WC2H 8AS. 

Photax (London) Ltd, Hampden Park, 
Eastbourne, Sussex. 

Pioneer, Shriro (UK) Ltd, Shriro House, 
The Ridgeway, Iver, Bucks SLO 9JL. 

Quad, Acoustical Manufacturing Co. 
Ltd, St. Peter's Road, Huntingdon, 
PE18 7DB. 

Quasar, Quasar Division, Precision 
Centre, Heather Park Drive, Wemb- 
ley, HAO 1 SU. 

Radford Audio Ltd, Ashton Vale Road, 
Bristol, BS3 2HZ. 

Rank Audio Products Ltd, P.O. Box 70, 
Brentford, Middx. 

Regent Acoustics, Carrington House, 
130 Regent Street, London WIR 
6BR. 

Sansui, Vernitron Ltd, Thornhill, 
Southampton S09 5QF. 

SMC, Monitor Distribution Co. Ltd, 76 
Bedford Road, Kempston, Beds, 
MK42 8BB. 

Sonab Ltd, P.O. Box 4, Oldfield Road, 
Hampton, Middlesex, TW12 2HN. 

Spendor Audio Systems Ltd, Unit 12, 
Station Road Industrial Estate, Hail - 
sham, Sussex. 

Stereostage, Nucleus, 22 Hyde Green, , 

Marlow, Bucks. 
Studio Craft, Acoustico Enterprises Ltd, 

Unit 7, Space Waye, North Feltham 
Trading Estate, Feltham, Middlesex, 
TW14 OTZ. 

Tannoy Products Ltd, Norwood Road, 
West Norwood, London SE27 9AB. 

Telefunken, AEG Telefunken (UK) Ltd, 
Bath Road, Slough, Bucks. 

Yamaha, Natural Sound Systems Ltd, 
Strathcona Road, North Wembley, 
HA9 8QL. 
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It's all in your hands now. 
These essential music -making tools let you get in, around, and behind your 
music. One part, one track at a time.Then when all the elements are the best 
they can be, you blend them togetrer and geneeate the finished product 
A process that involves your innermost sensitivities and perceptions. A 

personal statement. 
The 3340 has undoubtedly helped more people make more demos and 

masters than any other tape recorder. Our new model, A- 334CS, Was 

extended high end frequency response in the sync mode, pus manual 
cueing.The Model 2 is about the best value going in small mixers- 6 -in, 
4 -out with full panning and multiple patch points. Plug in a few h +h quality 
TEAC ME- Series electret condenser micas, and you could be quite literally 
in business 
When you have 
the right tools, 
the work 

T EAC 

is more 
productive. 

TEAC 
The leader, Always has been. 

For further deta.i 

1PTELEDYNE 
ACOUSTIC RE£`xEARCH 

Hf n 17F;-_ ( ! . 

1)11 7 .! . :;! !'IF!v- IU55í1O, 
F..NC,i_ ' Ci 

TFLEPtdON(. DtSfvr>TltiLLE '(1322} tY3151 
TELEX ARUKINT DELE :C,. 
CAF3i_ES. ARUKINT DILE 

WW - 009 FOR FURTHER DETAILS 
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YOU'VE NEVER HEARD ANYTHING 
LIKE THIS BEFORE. 

Our sensational new Stereo 
Cassette Deck combines,the designing 
expertise of both Ja pa. i and Italy. 
Mario Bellini designed the outside so 
the deck can sit at 45? You can place it 
high or low on your shelving and still 
easily see the meters and controls. 
Yamaha designed the inside for 
superb sound.And you'll find it. 

irresistii;l. .,t .:.... 
Uniglte _ , .. 

46dBmeters with peak level L.E.D.'s 
that flash green at -3 peak level and , 

flash red at +3 level. 
And listen to all the 
other 

things it has: a Memory.A Limiter so 
you dontover-record.Dolby' noise 
reduction. Switchable bias and 
equalisation for chrome, ferric and 
ferric hrome tape.Pitch Control and 
full mike -line mixing facilities. 

It also has a headphone outlet. 
Inputs for two microphones.And it's 
portable with a built -in mains 

f tt:: ,.Yrrr can even record 
L , ot:'r Out by putting the deck 

inuo the record mode, 
and 

connecting it to a simple time switch. 
When Martin Colloms measured 

the TC 800GL, he got figures of 0.06% 
din wow and flutter and 64dB weighted 
signal to noise ratio.From this he 
concluded: "performance equals, and in 
some respects exceeds,the highest 
standards currently available:'Qíi Fi 
News,July 1975.) 

For rno'e details write or 
tnl l,i x)11( J()Lrrid 
Systems Ltd,Strathcona Road, 

Wembley, Middx. 
01-904 0141 

()YAMAHA 
MAKERS OF FINE 

MUSICAL INSTRUMENTS 
SINCE 1887 

YOU'VE NEUER SEEN ANYTHING 
LIKE THIS BEFORE. 

®Dolby is a registered Trade Mark of Dolby Laborato es Inc_ TC800GL Stereo Cassette Deck, £222 including VAT. 
ww - 092 FOR FURTHER DETAILS 
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The "wailtenna" 
Foil antenna array hidden by wallpaper 

by Ray Schemel and Dennis Brown 

For f.m. stereo, long- distance TV, or 
improving reception in marginal areas, 
one's first temptation is to install the 
largest and most elaborate fishbones, 
wire mesh reflectors, and other pieces'of 
aluminium- mongery at the highest and 
most eye -offending part of a house. It is 
odd, but more time, effort, and money is 
expended on extracting the last decibel 
of gain from an antenna than almost 
any other part of the receiver chain. 
After six months' exposure to the 
weather, those precious decibels may 
well have been lost and the extra signal 
level might better have been obtained, 
for example, by paying attention to the 
antenna matching. In fact an excellent 
location for an antenna could well be in 
the same room as the receiver - it goes 
without saying that the room should 
have walls of paper and be in the attic! 
The antenna structure is not exposed to 
the elements, water cannot enter the 
feeder, feeder losses are minimized, and 
the appearance of our towns and 
villages would be much improved. 

The "wailtenna" was conceived as a 
method of receiving the Wrotham and 
Norwich f.m. transmitters at a location 
near the coast of Holland at distances of 
180 and .135 miles respectively. At this 
range the transmitters are well below 
the normal horizon, but a weak signal is 
almost always present. Signals from the 
"wailtenna" fluctuate over a wide 
range, and in good weather conditions, 
presumably when sufficient refraction 
or ducting takes place, stereo reception 
is perfectly possible. Estimates of quali- 
ty tend to be very subjective, but the 
signal is well above a significant degree 
of quieting for a high proportion of the 
time, although not necessarily of enter- 
tainment value because of the rapid 
fading. The estimates are quoted, not 
because this article is about f.m. recep- 
tion, but to give some idea about the 
pick -up properties of the finished 
antenna. 

The basic principle behind the an- 
tenna is simple. Why not make a large 
array essentially two dimensional, and 
then hide this behind wallpaper or some 
other decorative medium? The large 
size of the array would compensate for 
the losses of the walls, and the bother of 

mounting antennas on the roof would 
be avoided. Various alternative 
schemes were considered, including 
multi -element Yagi and rhombic arrays 
on the ceilings and floors, but the 
arrangement described here was found 
to be the most suitable because it was 
not overly directional in the horizontal 
plane. 

It consists of a vertical array of 
dipoles mounted broadside to the 
direction of propagation; the greater the 
number of dipoles, the greater the signal 
pick up. It is often overlooked that the 
signal power extracted from a given 
field strength is broadly independent of 
the wavelength, being only a function of 
the area of the antenna. An elaborate 
20- element beam used for u.h.f. TV 
probably picks up less power than a 
piece of wire connected to a medium - 
wave radio. To increase the power 
available one has no real alternative but 

Fig. 1. Series impedance of 1.5 metre 
dipole mounted on a wall (measured 
values). 
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to use the largest capture area practi- 
cable. 

A dipole in free space is resonant 
when it is almost one half wavelength 
long. It then has a gain of about 2.2dB 
relative to isotropic. As the length is 
increased, the familiar figure -of -8 polar 
diagram narrows, and when the dipole 
is a full wavelength long and is centre 
fed, the gain increases by a further 
1.8dB. Of more importance is that the 
antenna is inherently a good radiator 
(or receiver) as the length increases 
beyond a half wavelength. 

Four such dipoles, suitably phased, 
could give a gain of up to 10dB, and if 

one were fortunate enough to be able to 
place a plane wire mesh reflector behind 
the dipoles, the gain could go as high as 
16dB, not allowing for mutual coupling 
losses. A reflector is scarcely possible in 
a living room, but even so, a gain of up 
to 10dB is quite promising. Four dipoles 
fit nicely into an average height of 
living room, and so this particular 
design was adopted. In practice the gain . 

will depend on the wall characteristics. 
The situation when dipoles are placed 

adjacent to a lossy wall is complicated 
in that the impedance and the resonant 
frequencies are markedly altered. The 
resonant frequency is always decreased, 
and the radiation resistance is also 
altered for a given electrical length. In 
addition, radio waves must penetrate 
what amounts to a lossy dielectric. 
Reflection and refraction occur at each 
wall -air interface and attenuation 
occurs in passing through the brick- 
work. Complicated conduction and 
displacement currents are set up in the 
wall. In spite of this, the signal pick up 
properties "of the antenna are not 
necessarily degraded provided that full 
account is taken of the changed impe- 
dance of the dipole. Fig. 1 shows the 
impedance of a 11/2-metre dipole mount- 
ed on an 18 -in thick breeze block and 

capacitive reactance - inductive reactance 
resistance 

.4 ----- / 
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brick wall. The antenna was made of 
1'/2-in wide aluminium foil taken from a 
capacitor, and would normally be 
resonant at about 97MHz in free space. 
Notice that the half -wave resonance 
has shifted to 62MHz and the full -wave 
resonance occurs at 115MHz. An alter- 
native measurement is shown in Fig. 2, 
where the frequency is held constant at 
92MHz and the length of 'the dipole is 
varied. In this case the dipole was 
placed along an 18 -in thick reinforced 
concrete beam; notice again the length 
at which the half and full -wave reson- 
ances occur. 

Most Wireless World readers will not 
have the facilities for measuring anten- 
na impedances, which in any case vary 
in a complex manner with frequency 
and with the type of wall. Fortunately, 
it is not necessary. An antenna does not 
have to be resonant, and neither does it 
have to be any particular length. 
Provided that it is long electrically, i.e., 
greater than, say, one half wavelength, 
and that some suitable impedance 
matching to the receiver is performed, it 
will exhibit reasonable pick up pro- 
perties. A good rule of thumb is to make 
an antenna a full wave -length long. It 

It-1 5m-->I 

N/2 or )t 

%/2 or % 

525 

/ 

492 
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140 160 180 

Fig. 2. Series impedance of a dipole 
mounted on a wall at 92MHz 
(measured values). 

then yields useful gain and is not too 
directional or large in size. For average 
brick walls this corresponds to it being 
about one half wavelength long in free 
space. 

Constructional details 
The configuration of four vertically - 
stacked dipoles referred to earlier will 
be found the most convenient for an 
average eight -foot living room. Details 
of this are shown in Fig. 3(a), and its 
construction is largely self -explanatory 
except for the feeders. Figs. 3(b) & (c) 
show other arrangements which may be 
found more suitable, and in these cases 
the general rules for combining any 
number of elements are as follows: 

Fig. 3. Four vertically- stacked dipoles 
(a) most convenient for average living 
rooms; alternatives are (b) and (c). 
Electrical lengths of feeders shown. 

14 1 5m - - - - 

- When n/2 wavelengths of feeder 
are terminated in an impedance Zr, 
the input impedance of the feeder is 
also 4. The signal is shifted in phase 
by 180n degrees. Usually n = 1. 

- Balanced feeders can always be 
reversed to give a fixed phase shift of 
180 degrees. 

- When (n /2 + 1/4) wavelengths of 
feeder are terminated in an impe- 
dance Zr, the input impedance of the 
feeder is Z20 /Zr, where Zo is the 
characteristic impedance. Usually 
n =0. 

- When dipole elements are not 
mounted above one another, there is 
a relative phase shift caused by the 
difference in time of arrival of the 
received signal. The phase difference 
is 360Dsin8, where D is the antenna 
spacing in wavelengths and O is the 
angle of arrival relative to the line 
joining the elements. 

- The phase difference of two groups 
of dipole elements may be compen- 
sated for by using unequal feeder 
lengths, provided that the sum 
length of both feeders is n/2 wave- 
lengths. 

- The electrical length of feeders is 
longer than their physical length. 
Because of this, the phase shift is 
360/v degrees per wavelength of 
feeder, where- v is the velocity 
factor. 

- Dipoles should be spaced no closer 
than a quarter of a free -space 
wavelength apart, otherwise mutual 
coupling effects reduce the potential 
signal pick up. 

An excellent material for the antenna 
is the foil from large paper or electroly- 
tic condensers. Aluminium baking foil 
or one of the proprietary aluminium - 
backed wallpapers can also be used. The 
width is not critical, but to make the 
antenna reasonably wide band, it 
should be 2in or more. After cutting the 
foil it may be pasted directly onto the 
wall, leaving a small amount free at the 
centre for making connection to the 
feeders. 

Feeders present a small problem if 
they are to be invisible. A surprisingly 

( c ) 
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low -loss feeder suitable tor the purpose 
of v.h.f. can be made from aluminium 
foil and ordinary newspaper. Lay a long 
strip of aluminium foil on a flat surface 
and tape down the ends. Then paste a 
similar width of newspaper onto the foil. 
When it is dry, lay two lengths of thin 
wire, say 36 to 40 s.w.g., along the 
middle of the newspaper about 0.25in 
apart, and tape down the ends. Finally, 
paste a second strip of newspaper on top 
to hold the wires in position. 
Alternatively, those who are a little 
more adventurous could try dispensing 
with the top layer of newspaper and 
instead building up the feeder directly 
on the wall. 

A feeder made in this way had .a 
velocity factor of 0.5 and an impedance 
of 170 ohms, but these figures will be 
dependent on the dielectric constant of 
the paper used. For short runs of feeder, 
say up to one wavelength, the approxi- 
mations involved are not likely to give 
significant effects, but to remove the 
uncertainty connected with the velocity 
factor it is hoped that a manufacturer 
will be found to produce a standard type 
of strip line. There are other alterna- 
tives: ordinary screened balanced 
75-ohm feeder can be channelled into 
the wall, or unscreened twin feeder can 
be placed in plastic conduit. 

Connect feeders to the antennas by 
bending over the aluminium foil, press- 
ing down firmly over the join and then 
folding a second time at 45° to the first, 
and finally placing adhesive tape over 
the join to hold the foil in position. 

The special feeder described above is 
only required down to the skirting 
board, and for convenience it should be 
made an integral number of quarter 
wavelengths long if possible. At the 
skirting board it should be matched into 
ordinary coaxial cable or a balanced 
feeder. 

The impedance matching makes use 
of a pi network and a balun as shown in 
Fig. 4 (the balun is not required if the 
receiver has a balanced input). To 
obtain the maximum range of adjust- 
ment, inductance LI should be wound 
on a former that accepts brass and 
ferrite slugs. Also, some obstinate 
antennas may still need additional 
encouragement to match, in which case 
an extra quarter wavelength of feeder 
can be inserted on the receiver side to 
give a further impedance transforma- 
tion. The pi network could, with 
advantage, be placed on the unbalanced 
side of the balun as it makes the two 
adjustable capacitors earthy on one 
side. However, 3 -30pF trimmers are 
easy to obtain whereas ones four times 
this value are not, and the balun always 
works at the correct impedance level. 

Baluns are available but you may 
wish to make your own. A satisfactory 
balun can be made by winding 10 turns 
of bifilar wire onto a coil former, about 
' /ain diameter with a ferrite slug. The 
two windings are then placed in series 
as shown in Fig. 4. 

to 
antenna 

Cl C2 
3-3oD 3 -300 

to 
antenna 

Fig. 4. Impedance matching unit (a) 
requires a balun (b) for receivers with 
unbalanced input circuits. L, is 5 to 10 
turns on a 025in dia. former about 
0.3in long. L2 is 10 turns of close -wound 
bifilar wire on 0.25in dia. former wire 
gauge can be around 28 -30 s. w.g. 

Measurements and setting up 
Before constructing the "walltenna ", 
make a folded dipole as shown in Fig. 5, 
remembering to include a balun. This is 
most important, as unscreened twin 
feeders can pick up appreciable 
amounts of signal which may upset 
measurements. If the receiver nor -. 
mally operates with a balanced input it 
is well worth using a twin screened 
feeder to overcome the pick up problem, 
or even considering the use of two 
baluns and ordinary coaxial cable. The 
temporary antenna should be moved to 
different points on the wall to find the 
best positions, and these should be used 
for the finished dipole elements. 

After the antenna is finished, the pi 
network will require adjusting for 
maximum signal transfer. To do this a 
meter is really required, perhaps placed 
on the a.g.c. line of the receiver, but an 
acceptable alternative is to use a 
weaker station and to tune for mini- 
mum noise on stereo. First adjust C2, 

Fig. 5. Temporar) antenna is used to 
find best position on wall. 

=t -5Ie 
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(b) 

then LI, and finally C,. Remember that 
C2 and CI are live as far as the signal is 
concerned and must not be touched, as 
opposed to adjusting, when measuring. 

If the antenna of Fig. 3(c) is being 
used, the tapping point along the feeder 
must first be optimized. This can be 
done by calculation; the displacement 
from the centre point away from the 
dipole nearest the transmitter is 
'i4Dvsine as per the points made 
earlier. Alternatively, a temporary 
sliding connection can be made along 
the feeder and then this is adjusted 
together with the pi network. 

Follow the above procedure before 
wallpapering, because, in spite of its 
simplicity, difficulties which cannot be 
rectified afterwards may occur. In 
principle, every element added to those 
existing should increase the total signal, 
after an impedance adjustment has 
been carried out. In practice it may be 
found that adding further elements 
gives no increase or even a decrease in 
signal, and better results are obtained 
by reversing the feeder connections. 
Such effects need not be unexpected. 
They result from differences in the pick 
up capabilities of each array element 
and the variable impedance of the wall. 
In these cases it is simply a question of 
cut and try methods, and if all else fails, 
of experimenting with fresh positions. 

The "walltenna" principle is applica- 
ble to a wide variety of antennas and it 
is hoped to be able to give construc- 
tional details for u.h.f. TV at a later date. 

piece of Stout card 
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300/75fí 

coaxial lead 
to receiver 

75f1 

www.americanradiohistory.com

www.americanradiohistory.com


60 

Letters to 
the Editor 

CITIZENS' BAND 
IN THE UK? 

Recent discussion in your correspondence 
columns over the merits of a Citizens' Band 
in the UK are, I fear, of mere academic 
interest. I am prepared to bet anyone that the 
chance of the introduction of Citizens' Band 
facilities in this country have about as much, 
hope as a snowflake in hell. 

Why, it may be asked, do I take such a 
gloomy view of its chances? Well, the cards 
are well stacked against it because there are 
too many vested interests that oppose it - 
and will oppose it vigorously, using all the 
spurious technical arguments that can be 
dreamed up. Let me take just two. Contrary 
to any opinions otherwise, in the UK the 
airspace is owned by the Government and its 
agencies - and for a start, I cannot see the PO 
agreeing to anything that would take away 

`its monopoly of communications. The radio 
amateurs will oppose it violently, since they 
will see it as a threat to them, taking away 
"their" precious rights to a share of the 
airspace. For my part - and there must be 
many others, the usefulness of a Citizens' 
Band is beyond question; and it could be a 
valuable fillip to the radio industry in this 
country, who could gear themselves to meet 
the inevitable heavy demand for equipment 
to a tightly controlled specification - which 
indeed, it would have to be. 

But alas, it will never be. The only area for 
vox populi to have any effect is through one's 
parliamentary representative. I failed in my 
particular search for a champion for the 
cause. He never ever understood the argu- 
ments I gave him and took as gospel the 
bland technical arguments fed back to him 
by the Home Office. Still, some technically 
minded M.P. may read this and do something 
about it - but don't put your money down 
yet. 
Reg Williamson, 
Norwich. 

I have noted with interest the recent 
correspondence regarding the possibilities of 
a Citizens' Band in the UK. I wholeheartedly 
agree with Mr Webber's comments, and wish 
to add that if, as the gentlemen from the 
Home Office frequently say "any form of CB 
in the UK would soon get out of hand and 
lead to chaos, regarding the infringing of the 
conditions of ones licence, including the 
allowed power, the gain of the antenna, etc.," 

it would be relatively easy and not too costly, 
to detect infringements, summon, and finally' 
revoke an operator's licence, so clearing the 
band of any bootleg operators. 

Finally, to answer the Home Office's 
probable remark regarding the above opin- 
ion, it most definitely is not costly to track an 
illegal operator down, as costs are awarded in 
court in the majority of cases; this is drawn 
from rather unfortunate past experiences. 

I would very much like to contact anyone 
interested in forming a CB Association 
whose responsibility it would be to look into 
all the possibilities of the setting up of 
licenced CB in the UK. Please write, 
enclosing an s.a.e. 
P. Jenkins, 
30 Gainsborough Road, 
North Finchley, 
London N12 8AG. 

News of the Month in the March issue makes 
mention of the Home Office's reluctance to 
license Citizens' Band radio in the UK. It 
should not take the Home Secretary more 
than five minutes to make up his mind. 

If a schoolboy can pay £1 and then blaze 
away for five years on 27MHz at his toy 
aeroplane, on the edge of an airfield or a city 
playground, with a black -box transmitter 
made in Hong Kong and bought by his auntie 
in a toyshop, why cannot remotely sited 
citizens be given facilities to call assistance 
when in dire need? 

The farmhouse in which I live is connected 
to civilisation by a mile -long farm road at 
1400ft altitude and two thin telephone wires, 
on poles, over the fields and hills for miles. 
Most winters we are snowed in for days and 
weeks, then come the floods. Even if the 
doctor, ambulanceman or vet could not get 
through, at least we could, with radio, get 
advice, or neighbour's help. (Try feeding 200 
beasts and digging sheep out, with one's 
helpmate ill in bed.) This story could be 
repeated right through the South -West, 
Wales, Yorkshire and the North. 

The Home Secretary need not worry about 
television interference with neighbours 
over the horizon and, as for his frequency 
allocation worry, I could set my communi- 
cation receiver on any one of a hundred 
channels and not hear more than static from 
one year to the next. 

All we would need is a frequency modified 
trawler -band transmitter -receiver. The 
depressed radio industry would like that. 
R. J. Leeves, 
Simonsbath, 
Somerset. 

I have followed, with increasing anxiety, the 
correspondence in your columns concerning 
the possible opening of 27MHz as a Citizens' 
Band. 

Whilst I am not against a Citizens' Band in 
principle, it would be the height of folly to put 
it on 27MHz. This band is already occupied, 
and very busily too, by radio- control model 
enthusiasts. Even though CB equipment is 
illegal in this country, there is enough of it in 
use to cause considerable aggravation to the 
modelling fraternity. I have lost at least one 
model, representing several months' hard 
work, not to mention a fair bit of hard cash 
because of this kind of interference. Even 
aside from the financial side of it, the dangers 
must be apparent to all. A model aeroplane 
sent out of control in this manner would be 
bad enough, but of recent years radio control 
helicopters have become practical proposi- 
tions. 

Wireless World, May 1976 

The thought of a model 'copter weighing 
some 11 lb, powered by a 11 h.p. motor, rotor 
diameter 5ft, tip speed of rotors 250 m.p.h. 
chasing me round my local flying site in 
response to "smokey bear" messages is 
almost enough to make me give it up! 
Normally this sort of model can be operated 
in complete safety because (a) modern digital 
R -C gear is virtually 100% reliable, and ít) 
27MHz is a very clear frequency. CB on 
27MHz would end all that! 

Countries that operate CB on 27MHz 
appear to appreciate this difficulty, and move 
model control elsewhere, usually around 
72MHz, but tentative enquiries have shown 
that this is not possible in England. however 
if the CB was put on some frequency other 
than 27MHz this could have considerable 
benefits for our domestic mánufacturers. The 
Japanese would be unable to swamp the 
market with their enormous stocks of 27MHz 
gear. Who knows, they might even decide 
that such a small market is not worth 
retooling for, and leave the field open for our 
own manufacturers. How about using one of 
the Band 1 or Band 3 television channels for 
CB when 405 line television finally dies? 
P. Christy, 
South Harrow, 
Middlesex. 

In New Zealand, CB radio is restricted to 
seven channels and an output power of one 
watt maximum. When I left New Zealand 
there were somewhere near forty thousand 
people on the bands, and the only time it does 
get a bit confusing is when the "skip" season 
is on during the summer months. We have a 
calling channel which we call 4, and when the 
contact is made we shift to another channel. 
If there is any trouble the local radio 
inspector locates and jumps on whoever is 
causing it. Every operator pays a licence fee 
and is issued with a callsign which he or she 
retains until cancelled. - 

I use my CB sets car- mobile, hand -held, 
and back -pack mobile, and there are also a 
few people who Use CB a marine mobile. 
We have sports clubs and small businesses 
also on the band. The reason that I take a set 
back -pack mobile is because it is a fully 
mobile unit, especially in a part of the world 
which is prone to earthquakes, etc. I can be 
on the road with the civil defence organisa- 
tion. 

CB is really an ideal system for the average 
man in the street who cannot afford to go 
into the world of amateur radio. 
P. H. Inwood, 
Hungerford, 
Berks. 

I have noted the comments in your journal 
and the current wave of speculation about 
Citizens' Band in the UK. As one of the many 
thousands of licensed users of 27MHz 
equipment whose interests would most 
certainly be threatened by CB operation, I 

would appreciate the opportunity to register 
a protest and to comment on the situation. 

First, it is estimated that there are between 
70 and 80,000 users of 27 MHz equipment in 
the UK; admittedly they are not all licensed 
but at least the equipment itself is legitimate., 
In round figures this total accounts for about, 
£9,000,000 worth of gear in regular use. The 
bulk of the equipment is not compatible with 
the operation of CB systems; in fact there 
would be a direct conflict on the 27MHz 
band. 

Any proposal to establish CB on, or 
adjacent to, this band shows a total and 
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blatant disregard for existing, legitimate 
users and their investment in equipment. 
Even in these days of selfish commercialism 
the proposals show an appalling lack of 
sensibility. 

It is the same thoughtlessness, coupled 
with a disregard for discipline, that has made 
CB operators the menace they are in other 
countries. They have- brought upon them- 
selves the present round of threats, restric- 
tions and, in one case, a clamp -down on 
operation. This situation, along with the.now 
reported saturation of the Japanese home 
market, gives an additional incentive to the 
establishment of a CB in this country. The 
current market "stimulation" exercise (for 
that's what in truth it is) together with the 
pressure on the Home Office for a Citizens' 
Band looks very like an attempt to open up 
the UK as a dump for more foreign -made 
equipment; or a remarkable coincidence of 
events. 

So far the Home Office had tended to resist 
the current exhortions. May its officials 
continue to show their wisdom. They have 
noted for themselves the reasons for the 
clamp -down on CB operations in Holland. 

They will not have been as impressed as Mr 
J. R. Brinkley (March issue, p61/62) with its 
progress in the States either. Let me quote 
from the report: "F.C.C. says that the 
violation of CB rules is rampant and the band 
is chaotic. In 1975 it received 31,000 corn- 
plaints, 55% about radio interference from CB 
operators." 

The Home Office is obviously hard pressed 
now to execute its statutory duties. To think 
it had a cat -in- hell's chance of containing a 
CB on any frequency in the UK is just being 
totally naive. 

Sir, it has already been sufficiently 
demonstrated in several countries that 
Citizens' Band brings little but conflict and 
trouble. At the best it is an abused public toy 
- my advice is that we keep this cancer out of 
the radio frequency spectrum in the UK. 
D. L. Martin, 
Newthorpe, 
Nottingham. 

PHASE AND SOUND 
QUALITY 

James Moir tossed off a few words at the end 
of his most informative article about phase 
and sound quality (March issue) by saying 
that phase was of considerable importance in 
a two- channel system, and I would venture 
to suggest any multi- channel system. 

To have shown, as he did, gross differences 
in a waveform as between points a few inches 
apart, is also to show that two sounds from 
two speakers, while deriving from electrical- 
ly identical inputs, will as like as not have two 
grossly different sound waveforms at the 
listening point. This poses the very interest- 
ing question as yet unanswered - how do 
the ears' work and what is the real value of 
stereo? 

But one ought to look back further and 
consider whether the two channels of a 
stereo system can even provide electrically 
identical signals. Does not practical equip- 
ment contain large numbers of components 
with 20% tolerances and many sources of 
phase shift including deliberately introduced 
tone controls? Thus by Mr Moir's comment 
one may wonder if there are many equip- 
ments capable of producing theoretically 

correct audio outputs at the speaker cone, i.e. 
before the room adds its distortion of the 
waveform. 

Since more reproduction stems from 
records one may even consider - it seems to 
be rarely if ever tested - whether records and 
pickups do reproduce each channel in correct 
phase relationships. In fact I suspect there is 
evidence to show that they do not. As Mr 
Moir points out, varying phase shifts can 
produce peak amplitude changes, and in fact 
'there is nothing surprising about this or the 
thought that the process applies to the 
interaction of the two channels of a stereo 
record when the outputs of a stereo pickup 
are electricaly combined and applied to a 
single channel amplifier. My comment is that 
some stereo records suffer, when so repro- 
duced, from intermittent low frequency 
effects which are not rumble and are not in 
my experience to be found on mono records. 

It would be interesting if, somebody could 
unravel the further significance of phase in 
multi- channel reproduction before we are 
again taken for a ride on the bandwaggon of 
alleged technical obsolescence. In view of the 
enormous quantity of recorded material at 
present available it would surely be of 
enormous public benefit to show how this 
can be reproduced to yield the most pleasing 
results. Even the makers of mono records 
and stereo equipment combine in saying two 
loudspeakers sound better than one - rather 
odd in view of the modern doubts about the 
effect of phase! 
C. Streatfield, 
Poole, 
Dorset. 

In the never- ceasing game called Higher 
Fidelity, we are now about to be deluged with 
facts and not -so- audible figures about linear 
phase equipment. 

John Bowers, in his letter (February issue) 
declares that his company has spent two and 
a half years and some £75,000 developing a 
linear -phase loudspeaker. We may safely 
presume that part of this sum was for 
sophisticated measuring equipment. And 
may we also presume that these lengthy tests 
were made in the usual anechoic chamber? 
The point seems to be that unless you have a 
very good pair of ears (worth at least £75,000) 
plus digitally encoded material, a 
linear -phase amplifier and linear -phase 
speakers you can't be expected to hear the 
difference. Michael Gerzon (letters, March 
issue) goes even further - phase distortions 
can't be appreciated until you get yourself 
sophisticated electronics -including micro- 
phones. Just imagine the horrors that the 
BBC have been perpetrating with their mixer 
desks, their seedy Post Office lines and even 
their transmitters! They've been pulling the 
wool over our ears for years - and nobody 
suspected it! 

It was fortunate that the March edition of 
your journal contained some realism. We 
have, rightly, been increasingly aware of 
greater fidelity to the original sound source, 
and this includes "surround sound" and 
ambisonics in addition to the four channel 
gang - because we do not hear direct sounds 
only, but reflected sounds as well. The 
concert hail is a mass of direct sounds and 
indirect sounds; nobody has yet complained 
of sitting in an out of phase seat to my 
knowledge. As J. Moir stated in his paper 
"Phase and sound quality ": "Sounds arrive at 
every point in an auditorium by direct 
transmission ... and also by a magnitude of 
indirect paths that include multiple reflec- 
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Lions (and so) arrive delayed in time, and in 

consequence, with their phases radically 
changed." 

Again, in that same issue, P. L. Taylor 
states, with some conviction in his letter: 
"the consensus of opinion among my 
colleagues is that the tonal quality of sound 
depends solely on the amplitudes of the 
harmonic components and not on the 
phases." I hope my name may be added to 
that list, because, although I do not listen to 
my stereo in concert hall acoustics, neither 
do I listen in an anechoic chamber. I have 
listened to "conventional" speakers and 
linear phase (including B & W DM6s) and I 

believe I'm still happy with what I have 
already. I may be out of phase with the 
boffins - but I'm still solvent! 
J. C. Nuttall, 
Worthing, 
Sussex. 

During the second world war a popular 
wireless magazine (not Wireless World) 
published a reader's letter describing a circuit 
claimed to slow down the reception of 
broadcast news bulletins, enabling the text to 
be taken down at dictation speed. Having 
regarded the original letter as a leg -pull, I 

recall observing with increasing incredulity 
the ensuing correspondence from readers 
reporting success with the circuit, and in 

some cases claiming improved performance 
resulting from their own modifications to it. 
The series ended with a sheepish editorial 
note closing the correspondence and I was 
left to reflect on the ability of tie human ear 
to detect what it is predisposed to hear. 

I find myself with similar feelings after 
reading some recent contributions on the 
audibility of phase non -linearity in loud- 
speaker systems - not least that of Mr, 

Michael Gerzon, whose letter claims a 
detectable difference on reversing the phase 
of a mqpaural signal in a high -quality system. 
Mr H. D. Harwood's temperate reply to this 
letter is a model of the polite patience 
demanded from an employee of a state 
organisation addressing a member of the 
public! The audible effect of a phase response 
having various forms of non -linearity with 
frequency is certainly a debatable topic, but 
the audibility of a total phase reversal is 

surely ludicrous. To be charitable to Mr 
Gerzon, if he is not attempting to pull the 
editorial leg, one might assume that his phase 
reversal experiment introduced an associat- 
ed effect resulting in a detectable change of 
quality; otherwise I am back to reflecting on 
the ability of the ear to detect what it is 

predisposed to hear. 
More seriously, the published experimen- 

tal evidence suggests the postulate that the 
human auditory system responds to the 
energy content of each frequency compon- 
ent of a complex recurrent waveform. 
Amplitude changes of any component 
(which affect the waveshape) are thus 
readily detectable, while phase -angle 
changes of any component (which also affect 
the waveshape) have no effect. It would be 
interesting to have the comment of a 

specialist in the physiology of human hearing 
on this suggestion. 

If that were so it would resolve the issue for 
recurrent waveforms, but still leave open the 
question of audible effects of phase non - 
linearity on the true transient, that is a single 
impulse or the leading edge or trailing edge of 
a wave- train, as distinct from the recurrent 
edges of a 1kHz square -wave as used for 
demonstration by Mr James Moir. It is 
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significant that Mr Moir quotes reports 
indicating phase non -linearity to be audibly 
more perceptible with speech material than 
with music. Speech contains far more 
discontinuities and explosive consonant 
sounds than does a typical music programme 
and would thus be more susceptible to 
leading -edge and trailing -edge degradation. 
With music the audible effects would be 
confined to the attack and decay of indivi- 
dually-sounded notes or percussion - effects 
which might well combine to degrade the 
reproduction of certain classes of programme 
material more than others. 
'J. H. Haslett, 
Haywards Heath, 
Sussex. 

HIGH -QUALITY F.M. 
TUNER 

Having relied upon Dr K. R. Sturley's 
excellent design of an f.m. receiver, which 
was published as an Electronic Engineering 
monograph as far back as 1942, I am 
somewhat disillusioned with the perfor- 
mance of the high -quality f.m. tuner 
described by Mr J. B. Dance in the March 
issue of Wireless World. I wonder how many 
readers have encountered difficulties. 

In the first place, I would question the 
design of the power supply, in particular the 
value of the reservoir capacity. The ripple on 
the output of the TBA625B regulator is about 
1.5 mV r.m.s. and this gives rise to an audible 
hum at 100Hz. I found that the performance 
of the regulator followed expectations based 
on the information in the SGS data sheet. The 
device's supply voltage regulation, that is the 
ratio of the input /output ripple, is typically 
46dB. I increased the value of C 13 from 250 pF 
to 1250µF and reduced the output ripple to 
125 pV r.m.s., whereupon the hum disap- 
peared. 

Turning to the Signetics NE563 phase - 
locked demodulator, I have to admit that I 

had instability with the first lay -out that I 
attempted, but soon overcame this difficulty 
by constructing the circuit to the p.c.b. 
lay -out which the manufacturer very kindly 
supplied. I decided not to use the printed 
wiring, but arranged the physical disposition 
of the components on a piece of Vero board 
so that they were in identical positions to 
those on the p.c.b. The signal from the i.c. is 
taken from the mono output and fed directly 
into the pre- amplifier of a mono reproducer. 

I have two observations to make regarding 
the performance of the NE563. Firstly, 
judged subjectively the distortion is slightly 
more perceptible than with Dr Sturley's 
receiver and secondly, the hiss, or white 
noise, is noticeably worse. For example, with 
the volume set at concert level the quiet 
passages of "Nimrod" in Elgar's Enigma 
Variations are comparable with the hiss 
power. With the valve receiver the hiss is 
imperceptible. Signetics make no claim for 
the signal- plus -noise to noise ratio on their 
otherwise very comprehensive specification 
for the NE563. They did advise me, however, 
of possible cross -over distortion in the 
phase -detector and suggested a remedial 
procedure, but I have had no cause to 
implement this advice. 

To sum up, I believe that the performance 
of Mr Dance's receiver would probably 
satisfy a large number of readers. For other 

than orchestral music, which has a large 
dynamic range, the residual noise would 
remain un- noticed, but for the ultimate in s/n 
ratio, paradoxically, my twenty -year old 
valve receiver still remains supreme. It only 
goes to show that a good job Dr Sturley made 
of his design. 
J. M. Reid, 
Shepperton. 

Mr Dance replies: 
I understand that there is a mis -print in the 
TBA625B data sheet; it seems that the typical 
ripple rejection should be quoted as 54dB. I 
measured the ripple on my receiver positive 
line as 630µV r.m.s. with a digital meter when 
using a capacitor for C 13 with a marked value 
of 250µF. If, as Mr Reid states, an increase in 
the value of this capacitor by a factor of five 
results in a decrease in the 100Hz ripple by a 
factor of twelve, this suggests his 250µF 
capacitor is low in value or his 1250µF high. 
Variations in the regulator ripple rejection 
and actual capacitor values can give varia- 
tions in the ripple level of up to about 20dB. 
This is no real problem, since if audible hum 
occurs due to ripple on the Varicap line, one 
merely increases the value of C13. 

I have heard from two readers who have 
experienced instability in the receiver owing 
to the use of circuit boards with copper strips. 
Clearly the use of parallel strips of copper is 
inappropriate with a high gain device at the 
frequencies concerned even if the strips are 
quite short. I employed a "Lektrokit" board 
of the type into which one inserts metal pins; 
a miniature co -axial lead was used to pass the 
signal from the front -end to the 563 and no 
instability was found. Although this type of 
construction is not the neatest, it has the 
advantages that stray capacitance is mini- 
mised and one can easily add extra compon- 
ents. 

Mr Reid is not correct in his implication 
that Signetics have not published (s +n) /n 
data for the 563. In the preliminary data sheet 
a nominal value of 70dB was quoted. The 
subsequent data sheet presents the (s + n)/n 
data graphically, the value being 65dB for 
input levels above about 800µV r.m.s. if a 
low -pass filter is used at the output (such as 
the de- emphasis filter in the monaural 
output). As stated in the "Letters" column of 
the July 1975 issue, the bandwidth and noise 
can be reduced somewhat by reducing the 
value of R6 of Fig. 1, but the 65dB figure 
reported by Signetics was obtained with the 
wide -band, 22kS2 value. 

Unfortunately it is not possible to deter- 
mine the origin of the noise from the 
information given by Mr Reid. If Dr Sturley's 
receiver was designed in 1942 before stereo 
was available, it may have had a relatively 
narrow i.f. bandwidth and this would reduce 
the effect of any noise coming from the aerial 
or from the front -end. If the signal provided 
by the aerial is inadequate, a wide -band i.f. 
unit for stereo reception may produce more 
noise at its output than an earlier type of 
valve receiver. It would be interesting to take 
an i.f. signal from Mr Reid's valve receiver 
and feed it to the 563 before blaming the noise 
level on the 563 circuit. The noise at the 
output of the 563 varies somewhat from one 
device to another, whilst one might expect 
that noise and distortion could be greatly 
increased by any significant amount of 
spurious coupling. 

The 563 device has been temporarily 
withdrawn from the Signetics /Philips pro- 
duct list as from December 1975, but it is 
understood that some retailers still have the 
device in stock. The manufacturers intend to 
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re- introduce it again when they have made 
some changes in their production processes. 
In my view, it is no mean achievement to 
produce a complex chip which provides f.m. 
detection of broadcast quality without the 
use of any inductors. 
Brian Dance, 
Alcester, 
Warwickshire. 

THERMISTOR AND 
THERMOCOUPLE 
ACTION 

Mr Budd, in his article on thermistors and 
thermocouples, seems to have solved a 
problem which has faced engineers for many 
years that of having to run thermocouple 
leads in expensive compensating cable. 
Closer examination of his circuit, Figure 10, 
reveals, however, that he has all three 
junctions at the same temperature, which he 
shows quite correctly in Figure 8, will give an 
output of zero. 

Perhaps Mr Budd is a little out of touch 
with the industrial use of thermocouples as I 

cannot agree that they have been neglected 
in favour of thermistors. I believe that the 
thermocouple is still by far the most widely 
used temperature measuring element and it 
certainly lends itself much more readily to 
fail -safe type circuits than do any of the 
resistive devices. 
M. McAlevey, 
King's Lynn, 
Norfolk. 

Mr Budd replies: 
The point that Mr McAlevey makes is quite 
correct and I apologise for the error. Of 
course, as he says, the situation of Fig. 10 
reduces to that of Fig. 8 if the "additional" 
junctions are at the same temperature as the, 
main sensing junction and the output will 
then be zero. 

Regarding the question of whether or not 
the thermocouple has been neglected in 
favour of the thermistor; judging from his 
letter Mr McAlevey has had far more 
industrial experience than myself and so I 

would not presume to argue with what he 
says. Nonetheless, I feel that, from the 
constructor's point of view, the thermocou- 
ple could be used much more widely and with 
advantage. 
C. Budd, 
21 Rushes road, 
Petersfield, 
Hants, GU32 3BW. 

OUR DAILY BREAD 

Your citing, in your March leader, of a 
contemporary's designation of degrees in 
technology as "passports to poverty" raises 
the even wider issue of the cost of being a 
professional of any kind. As a teacher and 
research unit leader in a polytechnic, I have 
in recent years seen this trend for the better 
technician /technologist to acquire some of 
that magic ( ?) aura of the teacher that has 
put the latter in his present situation as a man 
who is blandly told by his paymasters: "But 
you enjoy your work, so you shouldn't expect 
to be paid highly ". 

Twice, recently, we have had to advertise, 
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to your columns and elsewhere, . for an 
electronics engineer to work in my own unit; 
the second advert was necessitated by the 
first appointee's emigrating after a 
two /three -year stint with us, which he 
greatly regretted terminating, and for purely 
financial reasons. 

In both cases, our advertisements con- 
tained offers of design opportunities, not 
because we were seeking to get better men 
than we were paying for, but because I and 
my colleagues believe that a job without 
such opportunities has no real appeal. Both 
appointees welcomed this aspect, both were 
aware of being in a sense exploited thereby, 
but both accepted that to work4s a colleague 
in a team and not as a serviceman for a team 
is worth some financial sacrifice, as long as it 
can be afforded. 

I am not sure where our world goes from 
here. Research is, of course, an expensive 
mistress for all those involved in her upkeep, 
and when it is in an academic institution 
where funds are low and cost -benefit 
relationship may be hard to demonstrate, one 
has to be thankful for whatever crumbs of 
finance can be garnered to gain her favours 
with. Maybe the cachet of "white- collared. 
intellectual" by which you designate us, has 
to be paid for in this way. Maybe we should 
be glad of the chance to go on serving man 
instead of Mammon, as so many sections of 
society now do! 
W. B. Broughton, 
The Athenaeum. 
London, S.W.1 

ELECTRODYNAMICALLY 
INDUCED e.m.f. 

The question posed by Messrs Taylor and 
Todd in the July letters column asked "Can 
an induced e.m.f. be measured in a loop 
moving through a constant flux density if 

parts of the loop (e.g. the meter leads) are 
screened with a high permeability material ?" 

The basic circuit for an unscreened loop is 

as Fig. I. If, by any mechanism, the quantity 
of flux threading the loop is changing, then a 
high impedence voltmeter would measure an 
e.m.f. E volts numerically equal to d4v /dt (4> is 

in webers). If the loop moves through a 
constant flux density B, then E = 0 since 
d4v /dt =0. (The movement assumed is trans- 
lational not rotational.) 

If we now screen the leads of the meter 
(Fig 2) but otherwise keep the loop dimen- 
sions the same, the same total flux 4> links the 
wire /meter leads loop ABCD, and if this flux 
changes, E =d<hdt as for Fig. 1. The metal 
screen (whether high permeability or not) 
does not affect the flux linking the loop and 
hence has no effect on the circuit voltages. 
Therefore a system such as Fig. 2 moving en 
bloc through a constant flux density will give 
no measured e.m.f. (and no circuit currents 
either), irrespective of the presence of 
screening since d44 /dt for the loop is zero. 

This example illustrates the use of the 
"flux linking" concept, which is more basic 
and more valuable than the concept of "flux 
cutting ". If "flux cutting" were invoked one 
might argue that in Fig. 2 A -B sees an e.m.f. 
generated by movement through a region of 
flux density B, but C -D is screened. The 
fallacy in this argument is not difficult to 
unravel if it is appreciated that flux cutting is 

a special case of flux linking and implies 
assumptions about the remainder of the 
circuit. Flux linking is the more fundamental 

and should be used in all "difficult" problems, 
and will generally yield the correct answer. 

A small point about the effectiveness of 
screening is worth stating. The screening 
provided by braided copper, solid copper and 
aluminium tube, or solid high permeability 
tube, does not differ in principle, only in 
relative effectiveness. The screening is a 
function of conductivity, permeability and 
thickness of the material; hence for most 
purposes (particularly r.f.) the high conduc- 
tivity of Cu and Al makes for effective 
screening, although µfor both metals is only 
1. 

total magnetic flux 
threading (or "linking") 

loop = / webers 

Basic unscreened Idop. 

st).tota flux= B x area of loop 
B Tux density 

A 

E 

Similar loop with screened leads. 

V will only be zero when (P attempts to 
change if S, is closed, thus allowing the 
screen to carry a circulating current which 
opposes the change in 41 and so reduces the 
d(I)/dt. 

metal screening 
tube 

Iflux density = B 

V will be small for fast B changes for an 
unbonded screening tube since skin effect 
prevents currents and flux penetrating the 
tube, hence within the tube dN /dt -00. 
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Interesting practical demonstrations of 
many of the problems of flux linking and 
induced voltages have been obtained in the 
course of a research programme being 
undertaken at the UKAEA Culham Labora- 
tory. The research programme is concerned 
with the effects of lightning on aircraft, one 
aspect of which is the problem of lightning 
currents causing voltage transients on 
internal wiring in the aircraft. The 
mechanisms of induced voltage generation 
are being investigated theoretically, compu- 
tationally and experimentally and good 
agreement between theoretical prediction 
and experimental measured results has been 
achieved. Among other experimental inves- 
tigations, the usefulness of screening has 
been investigated and some simple genera- 
lisations may be stated: For screening to be at 
all effective in preventing voltages due to 
magnetic flux changes either (a) the screen 
must be able to carry net current 
longitudinally, or (b) both wires of the loop. 
must be inside the screen. These points are 
illustrated.in Figs. 3 and 4. 

The importance of effective screening 
stems from aircraft design trends. These 
trends are: (a) the use of solid -state avionics 
systems which could be more susceptible to 
transients, and (b) the increased transpar- 
ency to magnetic flux of the aircraft wings 
and fuselage owing to the use or non-con- 
ducting materials (glass fibre etc.). 

The loop e.m.f. effects described above do 
not say however that electric fields are not 
produced by motion at a speed V through a 
magnetic field $(V and flare vectors). In fact 
an electric field E is produced equal to the 
vectorial cross product of V and B. Magnetic 
deflection of electron beams (as in a c.r.t.) 
relies on this effect; the motion of the 
electron in the magnetic field produces a 
transverse electric field (V x B) and the 
electric field acts on the electron to deflect it. 
B. J. C. Burrows, 
Culham Laboratory, 
Oxfordshire. 

Objections in principle are invited on a 
proposed airborne ground -speed indicator 
based on E'= v x B. If B is the field of 
magnetised rocks on a flat earth surface, 
then v is the unambiguous speed of the 
aircraft relative to those rocks. This would be 
a useful adjunct to the air -speed indicator, 
which needs correction for wind. 

However, if the magnetised rocks are in 

layers under the curved surface of a spinning 
earth, each layer has a different linear 
component of velocity relative to the aircraft. 

Some trials of the suggested rotating 
dipole have been made. (G. S. Watt "A 
Phase -locked Loop Amplifier System," 
Diploma Thesis, Electronic Engineering 
Department, University of Hull.) The dipole 
has an active conductor with amplifier input 
connected to the centre through slip rings; 
the tips of the dipole are loaded by capacitor 
plates, which project along the axis of 
rotation at the side opposite to the slip rings. 

Responses are detected to movement of 
the apparatus in the non -uniform magnetic 
field of a laboratory. But an objection to this 
version is that the active conductor and the 
asymmetrical capacitor form a loop, which 
confers sensitivity to i14) /ílt. 

A new attack on the problem might have a 
non -rotating active conductor, which 
transfers charge into the rotating capacitor 
plates by making brief central contact. 
D. Midgley, 
University of Hull. 
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Wireless World Teletext decoder 
7 - Construction and interfacing with the television receiver 

by J. F. Daniels 

Construction techniques 
Many different methods of construction 
are possible because the circuit is fairly 
non -critical in terms of i.c. layout. 
High -frequency decoupling should be 
used on the power supply rails, and 
about one 0.047µF capacitor for every 
ten i.cs should be adequate. Extra 
decoupling should be employed close to 
the two clock oscillators and also on the 
plus and minus five volt rails close to 
IC81, the dual difference amplifier. 

For those constructors who intend 
to use the p.c. boards available from 
Catronics Ltd, the following hints on 
construction may be useful. The first 
thing to do is to make up the through 
connection holes using tinned copper 
wire. As there are a great many of these 
to do, the following method will prob- 
ably be found to be the quickest. Support 
the board, component side down, about 
' /,in above a flat surface. Take a long 
length of suitable tinned -copper wire 
and push it through a hole that requires 
connecting through until it rests on the 
surface under the board. Solder it on 
the upper surface of the board and cut 
off with side cutters. Continue by 
soldering all the wires on the same side 
of the board, and then turn it over and 
solder the other side. The underside of 
the board is done first because it is 
easier to differentiate between con -, 
necting holes and i.c. holes on this side. 
Holes for capacitors and resistors are 
distinguished by the fact that they have 
larger "roundels ". 

After the connecting process has 
been carried out on the two digital 
boards, the i.c.s. may be mounted, and 
care should be taken here to ensure that 
no pins are left unsoldered. Only some 
pins require soldering on the upper 
surface of the boards and these are 
indicated by roundels. Where space 
permits these roundels have extra tabs 
to increase the soldering area. Great 
care should be taken when soldering the 
m.o.s. random -access memories on 
board one, and similarly the read -only 
memory on board two. Although all the 
inputs are protected to a certain extent 
'against static charges, care should be 
taken to ensure that the soldering iron 
tip is adequately earthed. The printed- 
circuit boards have been designed in 
such a way that i.c. holders may be used 
for the m.o.s. devices to avoid soldering 
on the top surface of the board and this 

is probably the safest, if slightly more 
expensive solution. 

Capacitors, resistors and preset 
potentiometers can then be added. 
Some of these components may requi {e 
soldering on both sides of the board and 
the best rule to follow is: wherever there 
is a roundel, solder it! 

When both of the digital boards have 
been completed they should be joined 
together by wire links along the rear 
edge of the boards. These links are best 
made from lengths of insulated strand- 
ed wire, each one being about two 
inches long. This enables the boards to 
be "opened out" if access is required to 
the i.cs on the lower board. At this 
stage the four power supply leads may 
be connected to the lower board. (Note 
that the two leads for the -5 and -12 
volt supplies only go to the lower board, 
and no links are used to the upper 
digital board at this point.) 

The analogue board may now be 
constructed. This is only a single sided 
board and a number of wire links are 
required as shown on the layout 
diagram. The analogue board is intend- 
ed to be mounted above the upper 
digital board at the right hand end. 
Three wire links are neeaea at the upper 
(short) edge to the lower digital board, 
for the plus 5, minus 5 and 0 volt rails, 
and five more links at the top end of the 
right hand edge are connected to 
adjacent pads on the uppermost digital 
board. These links to the analogue 
board should be long enough to allow 
removal of this board, to allow "unfold- 
ing" of the two digital boards. 

Connections to all the decoder func- 
tion switches are made to the right - 
hand edge of the lower digital board and 
this board projects further than the 
other boards at this end to facilitate 
connection of the leads. The suggested 
method of connecting the function 
switches as shown in Fig. 5 (April). 

If lower -case characters are being 
included in the decoder the extra board 
should be made up in a similar way to 
the two larger boards. The extra board 
is intended to be mounted above the 
upper digital board at the left -hand end, 
opposite the analogue board. Wires 
should then be connected from this 
board to the underside of the lower 
digital board. It is advisable, however, 
to get the decoder working and lined up 
before adding the lower case board, as 

any faults will be located more easily if 
the lower case board is not present. 

Video switching and interface 
This board is mounted in the TV 
receiver and must be capable of switch- 
ing the red, green and blue outputs of 
the Teletext decoder into the receiver in 
place of the TV picture. Before describ- 
ing some typical receiver and video 
switching circuits, it would be as well to 
examine the problems which will arise, 
and describe ways of overcoming them. 

Let us assume that we have an "ideal" 
receiver which we wish to modify. This 
receiver will have three identical video 
amplifiers for the red, green and blue 
signals and the amplifiers will have 
capacitor -coupled inputs, i.e., the 
amplifier will be internally biased and 
clamping of the three signals will take 
place at the c.r.t. cathode. The ampli- 
fiers will require an input of about 4V 
pk -pk and have a flat amplitude 
frequency response up to at least 
5.5MHz. 

If a receiver with this type of amplifier 
were being modified, a simple method 
would be to use a three -pole changeover 
relay to disconnect the amplifier inputs 
from the red, green and blue picture 
information and connect the outputs of 
the Teletext decoder. Although this 
method would produce a perfectly 
acceptable Teletext display, it would 
have the disadvantage that newsflashes 
and subtitles could not be shown in 
boxes, as intended. 

In order to display boxed information, 
the video switches must operate very 
rapidly, preferably with a switching 
time of less than about 300ns. This 
however, is not the complete answer, 
because if switching is attempted 
between the decoder output and capa- 
citor- coupled or "floating" picture 
information, the background brightness 
and colour of the display box will 
change, depending upon the average 
level of each of the three picture 
waveforms. This can be overcome fairly 
easily by clamping the three TV wave- 
forms and the three Teletext output 
waveforms to the same potential prior 
to switching. The output of the video 
switches can then be capacitor -coupled 
into the output amplifiers as before. 

Figure 1 shows a basic video switch- 
ing circuit, and this will be described 
initially. Alterations to the basic circuit 
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will then be considered in conjunction 
with different TV receiver designs. The 
actual switching elements are con- 
tained in IC1,2, and these are c.m.o.s. 
CD4016 analogue switches, each with 
its own control input. When the control 
input is at the 0 level, the input and 
output terminals are effectively openi 
circuited, and when at a 1 level, the 
input and output terminals represent a 
resistance of approximately 300 ohms. 
The device will pass frequencies up to 
about 10MHz, which is ideal for our 
purpose, and as long as a fairly high 
supply voltage is used, it is quite linear 
in operation. The slight disadvantage is 
that, being an m.o.s. device, the switch 
time is not particularly fast, and this can 
cause slightly coloured edges on the 
inserted box. However the advantages 
of simplicity and cheapness outweigh 
this slight disadvantage. 

The typical switch arrangement 
showñ in Fig. 1 uses two CD4016 i.cs. 
The control inputs are fed from the 
outputs of two high -voltage open -col- 

+15V 

capacitor 
In tv. set red from tv. 

IN 

i- r.---- 
Yu 

red output 
from 

teletext 
decoder 

50l 
25V 

C4 
r 
I 
I I 

lector t.t.l. gates, because \correct» 
operation of the switches requires that 
the control -input voltage must 
approach the supply voltage. The input 
from thé decoder function switches is 
normally held at 0 by a 47052 resistor, 
ensuring that the switches are left in the 
TV position if the decoder is not 
connected to the switch board. Resis- 
tors R4,5,6 are chosen to reduce the 
amplitude of the Teletext signals to the 
same as that of the TV signals, and 
capacitors C4,5,6 may be added to boost 
the h.f. response if this is found to be 
necessary. (Because of the high fre 
quency components contained in the 
verticals of the alphanumeric char- 
acters, some commercial receivers may 
not have a sufficiently good h.f. 
response to display them adequately. 
Later in this article a simple modifica- 
tion to the Teletext circuit will be 
described which reduces the h.f. 
requirement of the video amplifiers by 

Fig. 1 The basic video switching circuit. 

15 -30V 
from 
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see 
tex t 

+15V 
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effectively increasing the width of 
character_ verticals.) 

The three capacitor -coupled videos 
signals are clamped to the potential 
which is set by R VR1 and R3. Similar, 
the Teletext signals are clamped to a 
voltage set by R7, R8 and VR2. In this 
particular arrangement the actual 
clamp voltage is arbitrary but would 
probably be best set to about 3V. Two 
separate potentiometers are used so 
that the black level of the Teletext 
signals can be varied independently of 
the picture brightness, and thus the 
background brightness of the inserted 
box may be adjusted. The reason for not 
clamping to 0 volts is that the c.m.o.s. 
switches are not particularly linear 
when the input signal approaches the 
extremities of the supply voltage, and 
raising the potential of the signals 
ensures linear operation of the switches. 
After the video switches, capacitors C1, 

2, 3 remove the d.c. component of the 
waveforms before they are fed into the 
receiver video output amplifiers. (It 
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SL9O1 
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insert video 
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Fig. 2 Video output circuitry of the Bush 
CTV182S, CTV184S and CTV187CS. 
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Fig. 3 The BRC 8000 shown above, while 
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should be noted that the polarity of 
these and the input electrolytics will 
depend on the individual receiver 
design and may. not be as shown.) 
Figure 1 shows a fourth pair of switches 
which are not required when modifying 
a receiver of the type described. They 
are useful, however, when modifying a 
set which has colour -difference ampli- 
fiers (R -Y, G -Y and B -Y), as they can be 
used to switch off the luminance signal, 
which would otherwise be present while 
watching the Teletext display. 

Figure 2 shows the circuit of one of 
three identical output amplifiers used in 
Bush models CTV182S, 184S, 187S, 192, 
194, 196, 197C, 199 and 1026. For sets 
which have output amplifiers of this 
type, i.e., capacitor -coupled, positive - 
going R, G and B video inputs of less 
than about 5 volts peak to peak, the 
circuit just described will be adequate. 
Other receivers using similar amplifiers 
are: Murphy CV 1916S, 1917, 2211S, 2212, 
2213, 2610, 2611 and CT2516CS; Alba 
CS1919; Decca CS1910, 2211, 2213, 2611; 
ITT/KB CK600, CK500, CK701, CK822, 
CVC5, Colourscope 20 and Studio 100, 
and probably quite a few others. 

Next will look at some receivers 
which differ from those just described 
by virtue of the fact that the output 
amplifiers are directly- coupled. The 
amplifiers still carry the R, G and B 
signals, but instead of being clamped at 
the tube cathodes, the signals are 
clamped earlier in the circuit and 
directly- coupled from this point 
through to the tube cathodes. Two 
circuits are shown in Figure 3; the first 
is a type used in the BRC8000 chassis, 
which is used by a number of different 
manufacturers, and the second is a 
circuit using Mullard i.cs used in the 
Philips G8 chassis, which is also quite 
widely used. 

Because these sets have directly - 
coupled amplifiers, the easiest course of 
action is to remove the capacitor 
coupling in the original video switch 
circuit (remove C1, 2, 3) and this means 
that in the TV mode the only change in 
operating conditions will be the addi- 
tion of the effective resistance of the 
c.m.o.s. switch, about 30052, which will 
almost certainly be negligible. Since the 
TV signal is effectively clamped at this 
point in the circuit, we no longer require 
Tr1, Tr3 and Try. The Teletext input 
circuitry can remain unchanged and 
VR2 should be adjusted to make the 
Teletext signal black level about the 
same as that of the TV signal at this 
point. VR2 effectively forms a Teletext 
brightness control. 

It should be noticed that three 10k52 

resistors are required on the output pins 
of the matrix i.c. in the BRC8000 circuit. 
These resistors form the emitter load for 
the output transistors in the i.c. when 
Teletext is selected, to prevent the 
signal voltage at this point rising 
towards the positive supply rail and 
upsetting the operation of the c.m.o.s. 
switches. (The input signals to the 

c.m.o.s. switches must not.be allowed to 
go outside the limits of the supply 
voltage to the i.c., as incorrect operation 
will result, with possible breakthrough 
on switches which are supposed to be in 
the off condition.) 

Other receivers using the BRC8000 
chassis are the Ferguson 3712, Alba 8000 
and Marconiphone 4712 to name a few. 
Similar output stages are also used in 
Decca models CS2030, 2230, 2630 and 
2631. 

The three types of output stage just 
described cover the majority of the 
more modern British -made sets. How- 
ever, there are still many older types of 
receiver giving good service and it was 
the tendency until fairly recently to 
drive the grids of the TV tube with 
colour- difference, valve video output 
stages. (All the circuits so far described 
feed the cathodes of the tube with the 
red, green and blue signals.) 

This older type of circuit had three 
identical valve output stages, each one 
usually consisting of a triode -pentode 
valve of the PCL84 type. The pentode 
section was used to drive the tube grids 
with either the R -Y, G -Y or B -Y 
signals, and the triode section was used 
to clamp this signal at the tube base. 
The cathodes of the tube were effecti- 
vely joined (sometimes potentiometers 
were used to vary the amount of drive 
to each cathode), and fed with the 
luminance output signal from a separ- 
ate pentode valve. 

A typical circuit used in the Pye CT70 
series chassis is in Fig. 4. All three 
output stages are identical, and they are 
fed from three transistors, two of which 
are used as R -Y and B -Y amplifiers, the 
third being used to derive a a G -Y signal 
from the other two. Although it might 
be possible to drive the basis of these 
transistors, the three circuits are not 
identical at this point and trouble might 
be experienced with the green channel. 
The best place to feed the signal in is 
almost certainly at the grid of the 
pentode valve as shown in the diagram. 
The only disadvantage of feeding in 
here is that the Teletext signal must be 
negative -going at this point to produce 
the correct display. 

There is no reason why )the Teletext 
signals should not simply be inverted, 
using three ordinary t.t.l. inverters, 
prior to the attenuating resistors R4, R5 
and R6. The six capacitor- coupled 
signals can then be clamped using Tr1_6 
as before, but the clamp potentials 
should be greater than before, at about 
6V, as the signals are now negative - 
going at this point. Capacitors CI, C2 
and C3 should be used to couple the 
switch outputs as before, and these 
capacitors can be considerably smaller 
than before as they are feeding valve 
grids. The Teletext tisplay will now 
appear on the screen, but it will be 
superimposed on a black and white TV 
picture because the luminance signal is 
still connected to the tube cathodes. 
Some means must be found of switching 
off the luminance signal and for this 
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purpose we can use the two remaining 
c.m.o.s. switches. By connecting them 
as shown in Figure 1 it is possible to 
insert the switch in series with the 
luminance chain at some suitable 
low- voltage point. VR3 may be used to 
adjust the d.c. conditions during 
switching to keep the black -level cor- 
rect. 

Other sets using this type of output 
stage are as follows: Bush CTV25 and 
C1W167; Murphy CV2510 and CV2511; 
Baird 700 series and 710 series; Decca 
CTV25; Pye CT79, CT152 and CT153; 
Dynatron CTV1, CTV1CH and CTV2; 
Ekco CT102 and CT104; Ferranti 
CT1166 and 1167; Invicta CT7050; GEC 
2040, 2041, 2073, 2100, 2103 and 2107. 

Before leaving the subject of modify- 
ing TV receivers, the BRC2000 -3000 
series of receivers, which do not really 
fall into any of the previous categories, 
should be examined. Figure 5 shows a 
video amplifier used in the earlier 
2000 -series chassis, but the later 3000 - 
and 3500- series used a configuration 
very similar to this and for our purposes 
can be considered the same. The three 
video amplifiers are basically identical, 
with one important difference. The R -Y 
and B -Y circuits are both as shown in 
the diagram, but the input capacitor of 
the G -Y amplifier is connected to the 
+30V rail, effectively earthing this 
point to a.c. and turning the first 
transistor into a common -base stage. 
The emitter of this transistor is fed with 
different amounts of R -Y and B -Y 
signals to form the G -Y signal. 

The best approach to modifying this 
type of receiver is to treat the three 
amplifiers as identical capacitor - 
coupled amplifiers and put the three 
video switches in the base circuit of the 
input transistors. Extra capacitors 
should be used in series with the inputs 
to the video switches, since the colour - 
difference signals are close to the 30V 
rail at this point and outside the range of 
the 15V supply rail permissible for thé 
c.m.o.s. switches. The luminance chain 
must also be broken before it feeds the 
bases of the output transistors and this 
can most easily be done at the input to 
the luminance emitter follower (not 
shown in the diagram). As it stands, this 
circuit will then produce reasonably 
acceptable results although, because a 
certain proportion of the red and blue 
signal is still being fed into the G -Y 
amplifier, the green Teletext display 
appears rather too bright in relation to 
the red and blue signals. The solution to 
this problem is to use two extra c.m.o.s. 
switches, one in the R -Y feed to the 
G -Y amplifier and the other in the B -Y 
feed to this amplifier. These switches 
should be wired so that they are in the 
open- circuit condition during the Tele- 
text mode of operation. Resistors R4, 5,6 
on the switching board will need to be 
about 10k52 for this type of receiver, and 
C4, 5, 6 about 10 -15pF. 

The 12 -15 volts required for the 
c.m.o.s. switches can easily be obtained 
from the video amplifier power rail in 
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4 Video output stage of the Pye +225V 
C770/71. I 
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the TV set, using a simple zener diode 
stabiliser if the rail is higher than 15V. 
Most sets have a supply of between 12V 
and 30V and the current drawn by the 
switching circuit is minimal. 

This concludes the description of 
colour -receiver output stage modifica- 
tions, but there remains the problem of 
obtaining suitable video signal from 
the set to feed into the Teletext decoder. 

There should be no serious problems 
here, but since the signal that is fed into 
the decoder will determine whether or 
not it operates correctly, it is rather 
important to get this bit right. The 
signal into the decoder should be a 
positive -going video signal of between 
about 1V and 5V peak to peak, not 
limited in frequency by chrominance, or 
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other filters. The signal should 
preferably be taken from á low -impe- 
dance point in the circuit, to reduce any 
losses in the coaxial cable feeding the 
signal to the decoder. A large number of 
modern receivers employ i.c. synchron- 
ous demodulators of the MC 1330 type; 
these are ideal, providing around 2V of 
positive -going video output signal. 
Some older sets such as the BRC 3000 
series employ separate luminance and 
chrominance detectors and in this type 
of receiver the luminance detector 
output should be used. This is not 
normally restricted in bandwith suffi- 
ciently to upset the operation of the 
decoder. If a suitable positive -going 
video signal does not exist, then a small 
transistor invertor may be needed. 

to other 
cathodes 

to other 
screen grid 

circuits 

To round off the series of articles, the 
final part will include a description of 
setting -up the decoder and a suggestion 
for reducing the effects of restricted 
bandwidth in the television receiver. We 
also hope, at a later date, to publish a 
modification to allow a new, combined 
upper- and lower -case character gener- 
ator to be used. In addition, we will try 
to include information on modification 
to the circuit to enable it to be used with 
the Post Office Viewdata service. 

Lack of space will prevent the publi- 
cation of printed -circuit board layout 
and component disposition, but we have 
them at this office and will send copies 
to anyone who cares to write and ask 
for them. Please send a large, stamped 
and addressed envelope. 
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E.h.t. staircase generator for 
colour receivers 
New line- output transformer needs no h.v. capacitors 

by A. W. Lee, M.I.E.E. 

General Instrument (UK), Ltd. 

In the 1930s Blumlein pioneered the 
flyback transformer with its energy -re- 
covery circuit, since which time the 
continuous pressure on television set 
designers to reduce costs and improve 
performance have resulted in only a few 
major changes. Ferrite cores have been 
introduced, as have winding techniques 
to make harmonic tuning possible, and 
transistors capable of withstanding 
reverse collector- emitter pulses of more 
than 1000 volts 'are obtainable. 

With the coming of mass colour -tele- 
vision reception, came the need to 
increase the display -tube anode voltage 
and beam current. In Europe, voltigé 
multipliers, fed with a comparatively 
low pulse voltage obtained from the line 
output transformer, became accepted 
as the normal way to obtain a d.c. 
output of 25kV from the 6 -7kV pulse 
voltage. 

In the second half of 1975 a new 
component from both European and 
Japanese component suppliers started 
to reach set -makers. This is a line 
output transformer which not only 
generates the horizontal deflection 
current, but also the direct voltages 
required by the display tube focus and 
anode electrodes without using any 
additional high- voltage capacitors. 

There is very little new in the 
techniques used in the assembly of this 
component. It is a combined line output 
transformer and a voltage multiplier. It 
uses, as already stated, no additional 
high- voltage capacitors, but it does 
have diodes which are connected 
between its secondary windings, as 
shown in Fig. 1. These secondaries 
start at the same side, are wound in the 
same direction around the same core on 
top of each other and have the same 

Fig. 2. The formation of a d.c. staircase. 
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Fig. 1. Connexions of secondary coils and 
diodes. 

number of turns. The flyback pulse 
voltage generated per turn depends on 
the magnetic flux changes which occur 
in the core and is, therefore, the same 
for all turns. Thus, the pulse voltage 
generated in a turn of an upper 
secondary is the same as that in a turn 
of the lower secondary upon which it 
sits. The pulse voltages generated 
between such turns, and therefore 
along the whole width of the paired 
secondaries, are virtually zero. 

The use of wide, single -layer, wind- 
ings keeps the self capacitance between 
each pair of secondaries high. By 
connecting the finish of a lower secon- 
dary to the start of the secondary 
immediately above it, via a diode, the 
lower coil charges the self capacitance 
Cs, which exists between the two 
windings, to the peak flyback voltage of 
the lower secondary. The upper secon- 
dary, therefore, sits on a direct voltage 
level set by the peak voltage generated 
in the lower secondary. Figure 2 shows 
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that a voltage staircase is built up, the 
number of steps being set by the 
number of secondaries and diodes. This 
technique means thát a direct output 
voltage can be obtained, which is a 
multiple of any one secondary winding 
peak pulse voltage. If there are only four 
secondaries and diodes, each with a 
peak flyback voltage of between 6 and 
7kV, an output voltage of 25kV can be 
obtained. 

The reliability of the new components 
is yet to be determined. Set makers are 
currently evaluating samples, with 
particular reference to faults .which 
could be caused by encapsulation and 
the handling of fine wire. The diodes are 
internal and cannot be changed. 

Saks Received 

TV Sound Operations by Glyn Alkin. This 
book is concerned with the art and practice 
of television sound operation, and is intended 
for the guidance of people involved in all 
types of audi -visual systems. The text is 

divided into sections covering a general 
introduction to the sound medium, types of 
microphone, methods of applying micro- 
phones in various circumstances, hardware 
following the microphone, methods of 
tackling speech and music, and, finally, 
peripheral equipment. Price £2.25. Pp.176. 
Focal Press Ltd, 31 Fitzroy Square, London 
WI. 

The Story of Radio by W. M. Dalton. This 
story is divided into three books, called How 
radio began, Everyone an amateur, and The 
world starts to listen. The first volume deals 
with the history of radio up to the first War. 
The second volume is devoted to the pioneers 
of radio. These amateurs, many of them 
ex- servicemen, compelled governments to 
provide public broadcasting services and 
developed the long distance, low -power short 
wave communication as we know it today. 
The final volume continues with the deve- 
lopment of radio in an era when people 
started to listen to BBC transmissions, and 
the quality of sound broadcasts was being 
improved. Price £4.50 per volume. Pp.160, 168 

and 168. Adam Hilger Ltd, Rank Precision 
Industries, 29 King Street, London WC2E 
8JH. I 
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Instruments, Eiectronics and 
Automation 

IEA exhibition at 

the new National 
Exhibition Centre 

Aerial view of the National Exhibition Centre 
and its environs. On the left is the adjacent 
specially built railway station. 

For the first time the IEA Exhibition is to 
be held at the new National Exhibition 
Centre, Birmingham, and as it is the first 
time, this preview contains details of 
how to get there and what to expect. 
The show will take place from May 3 to 
7, 1976, opening times being 10.00 to 
18.00. On display will be a vast range of 
electronic equipment, systems and 
basic components. The length of the 
exhibitors' list on page 72 gives an 
indication of company participation in 
the show, many firms coming from 
overseas. Entrance price to the i l th IEA 
exhibition (which also includes admit- 
tance to Electrex '76, the 18th Interna- 
tional Electrical Exhibition, combined 
this year with the IEA show) is £1.00. 

The accompanying road map and list of 
train times should provide visitors with 
a guide to the travel services available 
for reaching the exhibition centre. 

Viewdata and Teletext 
A special demonstration at the show 
will be on the Wireless World stand 
which is shared with Electronics Week- 
ly. This is a demonstration of Teletext, 
and, possibly, the Post Office's Viewdata 
system of transmitting pages of written 
information for reception on a domestic 
TV set. Teletext information is 
broadcast along with the normal tele- 
vision programme signal whereas 
Viewdata is transmitted over the exist- 
ing domestic telephone line (see "View- 
data on trial soon ", November 1975, 
p.532). A full public service of Viewdata 
could start in 1978 -9, say the Post Office, 
if present trials show that it is a 
commercially viable system. 

Wireless World, May 1976 
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Your train services 
London Euston to Birmingham International 
Sundayst 
07.40 then 10 and 40 minutes past each hour until 11.40 then 40 minutes past each hour 
until 21.40. 

Weekdays 
07.40 08.10(a)08.40 then 10 and 40 minutes past each hour until 14.10 then at 15.10 
16.10 17.20(a) 18.10 19.10(a) 19.40 20.40 21.40 23.10 00.10. 

Birmingham International to London Euston' 
Sundayst 
08.28 then 28 minutes past each hour until 13.28 then 58 and 28 minutes past each hour 
until 19.28 then at 19.59 20.59. 

Weekdays 
07.28 08.28 09.28 10.04 10.28 then 28 minutes past each hour until 14.28 then 58 and 
28 minutes past each hour until 15.58 then at 10.13 20.59 22.01. 

Journey time approximately 1 hour 20 minutes 
Notes 

There may be some slight variations in the final timings 
t Sunday morning and early afternoon journey time approximately 1 hour 45 mins. 
(a) Saturdays excepted. 

New Products at the show 
Gould Advance instruments on show 
include new products in the oscillos- 
cope, digital multimeter, signal genera- 
tor, timer- counter and chart recorder 
ranges produced by the company. 
Oscilloscopes inclUde the recently 
launched 0S4000 digital storage 'scope 
which combines a conventional 10MHz 
performance with a digital memory 
system capable of storing signals up to 
450kHz, together with the new 4001 
"hard- copy" output module. 

First showing will be made of Avel- 
Lindberg's system 520 static no -break 
power supply system which can provide 
up to 45kVA of emergency power if the 
mains supply fails. The equipment 
automatically senses an a.c. mains 
failure and by means of a solid -state 
static switch changes over the supply 
source instantaneously and draws 
power from a d.c. battery bank. 

The Computer and Instrumentation 
Division of Westinghouse will be dis- 
playing the following new items: the 
Veritrak 75 range of process control 
instrumentation; the model 215 Oxygen 
Sentinel; model 2570 process control 
computer packages; and the New World 
computer numerical control systems, 
together with the series 100 solid -state 
numerical control units which are for 
sequencing and motion control of a 
range of machine tools. 

Hinchley Engineering double bobbin 
transformers now include ratings from 
IVA to 150VA - which has enabled 
them to provide class II designs meeting 
the requirements of the Consumer 
Protection Act. Portable transformers 
Of "all- insulated" construction (up to 
1500VA) are being shown for the first 
time. These will be available with a 
range of socket outlets to BS196, BS4343 
and also BS1363. 
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Four -channel recording oscilloscope, the 
FOR-4 produced by Medelec, can be used as a 
strip chart recorder, an X -Y plotter or as an 
alternative to a conventional oscilloscope. A 
modified version to be shown for the first 
time includes an automatic repriming circuit 
which operates in the single shot mode to 
allow the recording of random transients. 

Included in the range of Watanabe recorders 
are: the new Microservo single pen recorder; 
the improved Mk III Linearcorder and 
Miniwriter, 1 to 12 -pen, fast response recorders;. 
the A3 size X -Y recorder, supplementing the 
A4 size high speed recorders which have a 
writing speed up to 100cm /s; the model 
WX625 digital drum plotter and WX511 
digital flat bed plotter, both designed for use 
with computers to produce fast recordings of 
graphs, designs, maps, etc; also the standard 
range of . Multicorder and Servocorder 
multi -pen potentiometric recorders. 

Custom designed resistor networks may be 
either laser or air abrasive trimmed. The_ 

picture on the left shows RIFA equipment for 
laser trimming. 
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List'of exhibitors 
'A.R.O. Machinery Co. 
Adcola Products 

' AEI Semiconductors 
AGA Infrared Systems 
Aktiebolaget Rifa 
Alcon Instruments 
Allotrope 
Alma Components 
Ampex GB 
Amphenol 
Anacon (Instruments) 
Analysis Automation 
Analytical Devl. Co. 
Anderman & Ryder 
Anglo Weld Equip. 
Anopoint 
Appliance Components 
Arca Controls 
Arcolectric Switches 
ARI Industries 
Arkon Instruments 
Arrow -Hart (Europe) 
Astralux Dynamics 
Aughton Automation 
Austen, Charles, Pumps 
Automated Quality. Lathe Parts 
Automatic Oil Tools 
Avdel 
Avel- Lindberg 
Avery, W. & T. 
Avo 

B.H.S. Electronics (Sales) 
Bafco 
Bahco Tools 
Bailey Stamp & Sons 
Barr & Stroud 
Batley Valve Co. 
Bauch, F.W.O. 
Belix Co. 
Bell & Howell 
'Berger Lahr 
B & K Laboratories 
Blakeborough, J., & Sons 
(Bopla) Bundaplast 
Bowthorpe 
Bristol Automation 
British Brown -Boveri 
British Central Electrical Co. 
British Physical Laboratories 
Buchanan Electrical Products 
Budenberg Gauge Co. 
Burgess Micro Switch Co. 
Burr -Brown International 

Calex Electronics 
Cambion Electronic Products 
Carlo Gavazzi (UK) 
Cassinelli & Co. 
Cetronic 
Chemical & Thermal Controls 
Chessell 
Chinaglia UK 
Circuit Automation 
Clare, C.P. Electronics 
Clarke -Hess Communications 
Colstar 
Com Dev 
Consolidated Products 
Continental Disc Corporation 
Controls and Automations 
.Courant Electronics 
CRC Equipment 
Critchley Brothers 
Crump, A.E. Spectronics 
CSM (Engineering) 
Custom Component Switches 
Custom Synthetics 

b.G. Controls 
Data General 
Data I/O UK 
Data Technology Corp 
Davon Electronics 
Datum 
Datwyler AG 
DB Products Inc. 
Delta Controls 
Derby Automation Consultants 
Digital Equipment Corporatiòn 
Digitron 
Dowty Hydraulic Units 
Dunegan -Endevco 

'Dynamco(AOT) 
Dyson Diecastings 

E.L.D.R.E. 
E & D Manufacturing 
Educational Measurements 
Electrical Contracts 
Electro-Craft Corporation 
Electrohome 
Elektromodul 
Electronic Flo- Meters 
Electronic Instruments 
Electronic Services & Products 
Elgenco 
Emerson & Cuming (UK) 
Endevco 
Endress & Hauser (UK) 
English Glass Co. 
Engineering Suppliers Associates 
Environmental Equipments 
Erma 
ESPA 
Evans, F.W. 
Evershed & Vignoles 

F.W. Components 
Fabrique Nationale de Ressorts 
Famell Instruments 
Feedback Instruments 
Ferranti 
Ferrograph 
Filhol, S.J. 
Foreign Trade Company Metronex 
Formby, John & Co. 
Foster Cambridge 
Foster Transformers 
Fothergill & Harvey 
Foxall, T. & Sons 
Foxboro -Yoxall 
Frequency Devices 
Frost, N.T. 
Furnace Instruments 
Eduard Fussinger 
Future Film Developments 

Gam Rad 
Gauges- Bourdon (GB) 
Gay -Misuratori Elettronici 
GEC 
General Automation 
General Radio Co. (UK) 
Goldring 
Gore, W.L. & Associates 
Gresham Lion 
Grundig (GB) 
Guest International 
Guildline Instruments 

H.I.D.B. 
Handy & Harman Tube Co. 
Hartmann and Braun (UK) 
Hawnt Electronics 
Healey Meters 
Heat Trace 
Hellermann Electric 
Hengstler G.B. 
Hepworth Electronics 
Hepworth Group 
Herga Electric 
HES Electronics 
Hinchley Engineering Co. 
Hitachi Electronic Components (UK) 
Hoke International 
Howaldtswerke Deutsche Werft AG 
Hunter Equipment Sales 
Hutson Industries 
Hybrid (Component) Systems UK 
Hymatic Industrial Controls 

I.E.R.C. 
Imhof -Bedco 
IMO Precision Controls 
Industrial Pyrometer Co. 
Inovan- Stroebe KG 
Insa Divison, Sen Electronique 
Instem 
Institut Dr. Ing Reinhard Straumann 
Instrument Links 
Insuloid Manufacturing 
Interelectric 
Interlevel Control 
International Instruments 
International Rectifier 
Introl 

ITT Controls 
ITT Instrument Services 
No Counters 

Kager 
KDG Instruments 
Keighley Instruments 
kelor 
Kempston Electrical Co. 
Kent, George 
Kerry Ultrasonics 
Keyswitch Relays 
Kirsten, G. & A. 
Klaus Schaefer 
Klippon Electricals 
Kogyo, Rikadenki, Co. 
Kovo Foreign Trade Corp. 
Krohn Hite Corp 

Laaser U. Co. Nachf 
Landis & Gyr 
Lan- Electronics 
Lectromec Controls 
Leeds and Northrup 
Lee Engineering 
Lemosa S.A. 
Lemo (UK) 
Licon Electronics 
Lindstore, F.E. 
Litre Meter 
Littex 
Lloyd, J.J. Instruments 
LNR Communications 
Londex 
London Instrument Repair Centre 
Lucas Electrical 
Lyons, Claude 

Magnetic Polymers 
Marconi 
Markem 
Markovits, I. 

McMurdo Instrument Co. 
Measurement Technology 
Medelec 
Meko Instrument 
Mentor Electronic 
Mentor Inc. 
Metronic AG 
Meyer, Wm. A. 
Micanite & Insulators Co. 
Micro Computer Systems 
Micro Consultants 
Mid -West Instrument 
Millivac Instruments 
Mine Safety Appliances Co. 
Miteq 
Mitsui Machinery Sales (IK) 
Monroe Calculator Co. 
Mullard 
Multi- Contacts 

N.V. CRC Chemicals Europe 
National- Standard Co. 
Neff Instrument Corp. 
Negretti & Zambra 
Newport Instruments 
NF Circuit Block Co. 
NH Research 

. Non Linear Filters 
Nova Electric Manufacturing Co. 
NRDC 
Nuclear Chicago Division 

Ormiston, P. & Sons 
Osram (GEC) 

P.S.I. 
Parmeko 
Parsonage, W.F. & Co. 
Pearl, A.B. Mikrofonlaboratorium 
Pepper) & Fuchs (GB) 
Perkins, E. & Co. 
Phenix Electronics 
Plasmoulds 
Platon, F.A. 
Portescap (UK) 
Precision Relays 
Prefag 
Printed Motors 
Proper Equipment 
Pye of Cambridge 
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Racal Instruments 
Radio Resistor 
Ralcon EMC 
Ramseyer 
Record Electrical Co. 
Redpoint Associates 
Rendar Instruments 
Rhodes, B. & Son 
Riam S.A. 
RKB Precision Products 
Rojon Technical Services 
Rosemount Engineering Co. 
Bothwell (AOT) 
Bothwell Valve Company (AOT) 
Roxburgh Electronics 
Ryaland Pumps 

S.E.B.S. 
S.E.C.M.E. 
Saft (UK) 
Sangamo Weston Controls 
Schroff KG 
Scopex Instruments 
Semiconductor Specialists UK 
Sensors and Systems 
Sescom 
Shackleton Systems Drives 
Siegert Widerstandsbau KG 
Sifam 
Sigma Instruments 
Signal -Anlagen Peter Brockskes K.G. 
SIMA 
Sirco Controls 
Smith, A.O., Meter Systems UK 
Sonicstore 
Souriau 
Stafford King (Engraving) 
Stanley Palmer, G.A. 
Steatite Insulations 
Sturge Automation 
Sullivan, H.W. 
Superior Electric B.V. 
Swiss Instruments & Components 
Symonds, R.H. 
Symot 
Syntest Corporation 
Synton 

T.E.C.O. 
T.E.M. Sales 
Taylor Electrical Instruments 
TCS Eurotherm 
TEC 
Tektronix UK 
Telefonbau und normaizeit 
Teradyne Components 
Thermo Electric International 
Thomson -CSF 
Thom 
Topper Cases 
Transmission Lines 
Transmitton 
Treston OY 
Trident Engineering 
Trimm 
Triskelion 
Trump -Ross Industrial Controls 

Unicell 
Unimatic Engineers 
Unit Controls 

Varta (GB) 
Vectron Laboratories 
Vero Electronics 
Volkseigner Aussenhandelsbetrieb 

W. Controls 
Walsall Electrical Co. 
Wandel & Goltermann 
Watson's Anodising 
Wayne Kerr Co. 
Weller Electric 
West Hyde Developments 
Westinghouse Electric 
Weyfringe 
Whiteley Electrical Radio Co. 
Widney Dorlec 
Wika Pressure Gauges (UK) 
WilmQtt Breeden Electronics 
Wireless World 

Zettler UK Division 
Zorn KG 
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Communication theory 
2- Redundancy and the exchange rate 

by D. A. Bell, 

University of Hull 

In the April issUe we considered the 
finite nature of selective information, 
moved on to an entropy measure of 
information in the presence of uncer- 
tainty and cited Shannon's formula for 
the communication capacity of a noisy 
channel. But we omitted any mention of 
redundancy, which is perhaps the most 
difficult concept in communication 
theory. The dictionary account of 
"redundant " is 

"Superfluous (freq. of workers in 
industry), excessive, pleonastic; 
copious, luxuriant, full." 

In a single, more colloquial phrase it 
means "More than the minimum neces- 
sary to do the job." But first one must 
ask what job is to be done in what 
conditions. Secondly although one may 
regard something superfluous or exces- 
sive as wasteful, one may sometimes 
feel inclined to pay a little extra for 
.something, which is copious, luxuriant 
or full; so has redundancy anything 
positive to offer in communication 
theory? 

In answer to the first question, the job 
is to communicate information in the 
presence of noise. If the information is 
originally in discrete form, such as 
numbers or written characters, the 
minimum number of digits which will 
represent it unambiguously can be 
obtained from formula (7) in the April 
issue and if more digits or characters are 
employed than this the extra ones are 
redundant. For example, we think of an 
average English word as being made up 
of 5 letters from a 26 letter alphabet. 
Applying the formula we get 5 x 
log226 =23.5 bits. But it seemed in part 1 

that an average English word could also 
be identified by 4 decimal digits plus one 
binary symbol, giving I =4 loge 
10+ 1 =14.3 bits. Finally we said that by 
repeated binary division of the diction- 
ary any word could be represented by 
not more than 16 binary digits. Any 
form other than the direct use of binary 
decisions thus requires more bits, in 
other words it introduces some redun- 
dancy. 

But before condemning redundancy 

5 

o 
I 

1 2 3 4 5 

BANDWIDTH UTILISATION (0 /W) 

Fig. 1. Required signal /noise ratio, P /N, 
as a function of bandwidth utilisation: 
C/W=bits/s per hertz of bandwidth. 

as wasteful, consider the possible 
effects of noise. If due to noise a signal 
transmitted as 509 R 4 (in our dictionary 
code April issue) were received as 508 R 
4 the end result would be the world 
"gemmule" instead of "generation ", 
which would make the phrase mean- 
ingless. On the other hand the result of 
changing one letter in "generation" say 
to " generption" would probably appear 
as a mis- spelling for which the recipient 
could guess the appropriate substitu- 
tion. The redundancy in the spelling of 
English words has then served a useful 
purpose in making it possible to correct 
errors. If we are handling a passage in 
English language, as distinct from 
isolated English words, the context also 
helps. Experiments have shown* that in 
a passage in English about half the 
letters can be deleted before it becomes 
impossíble to guess what the words 
were. 

Words have to be pronounceable, 
which eliminates a large number of 
combinations. As a simple example, 
there are 263 = 17,576 different 
combinations of three letters; but if we 
require one of the three to be a vowel 

C. E. Shannon, "Prediction and Entrgpy of Printed 
English.'' Bell Syst. Tech. Journ. vol. 30 (1951), 
p.50. 

the number comes down to 5 x 
262 =3,800 and we should have to 
include some combinations of four 
letters to cover as many as 17,576 words. 
Thus the exclusion of some combina- 
tions leads to an increase in average 
length of words which we recognize as 
redundancy. If conditions for spoken 
communication are very bad one may 
need to add further redundancy by 
spelling on a basis such as "A for apple, 
B for baker . . ." Years ago, when 
telephone lines were not always good, a' 
telephone directory contained a list of 
such alphabet words headed "Aids to 
clarity of speech." What was meant, of 
course, was "aids to overcoming lack of 
clarity in speech." 

So we see that redundancy has value 
in making it possible to detect or correct 
errors which may be caused by noise in 
the communication of information. The 
redundancy in English words is spread 
in rather an irregular way, so that it 
does not give the greatest possible 
error- protection in return for the extra 
length of signal involved. Over the last 
couple of decades a great deal of effort' 
has been put into the design of codes for 
binary signals to allow the detection or 
correction of errors automatically. The 
redundancy of English words is nor- 
mally utilised by a human operator at 
the receiving end of the channel, who 
mentally compares the received "word" 
with what he "knows to be right." A 

computer replacing the human operator 
would have to search the dictionary 
every time to find the nearest match of 
what it had received to an English word, 
and this would be a very slow and 
cumbersome business. The simplest 
error- detecting code for mechanised 
telegraphic use is the Van Duuren code, 
which represents each letter by a 
combination of seven binary digits 
instead of five. With the two extra digits 
providing redundancy one uses only the 
35 combinations of the seven digits (out 
of a possible 128) which contain 3 mark 
and 4 space digits. Any single error (and 
in fact any odd number of errors) will 
upset the count of 3 mark digits and so 
will be detected, as will some combina- 
tions of multiple errors. 
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Among the more complicated and 
powerful codes are the Hamming codes 
for correcting single errors, the BCH 
codes which can be designed for cor- 
recting any number of errors and 
various others which have special 
properties for special purposes. The 
common feature of all of them, how- 
ever, is that they employ more digits 
than would be necessary if one did not 
need error -protection. The increased 
number of digits is usually described as 
increasing the length of the signal, but 
this can be taken in two ways. If the 
bandwidth of the channel, and therefore 
the digit rate, is left unchanged, the 
larger number of digits will occupy a 
longer time; but if the digits are sent at a 
faster rate, so that the longer string of 
digits is sent in the same time, the 
channel will have to be increased in 
bandwidth. Either way the product TW 
will have been increased by the redun- 
dancy. One has to be careful, since 
increasing the bandwidth usually 
increases the noise; and unless the 
signalling power is increased in propor- 
tion, the capacity of the channel will be 
reduced through the P/N factor. It is 
simplest to assume that the signalling 
power is increased with the bandwidth 
to keep P/N constant. The signalling 
energy (power x time) is then increased 
in exactly the same ratio whether one 
allows T or W to increase to accommo- 
date the redundancy. 

When dealing with analogue signals 
there is no obvious datum from which 
to measure redundancy. One can only 
say that an increase in TW (or in P /N) 
for the communication of nominally the 
same information must represent an 
increase in redundancy. It is implied 
that if TW is to be increased then P/N is 
to be kept constant, or vice versa. 
Indeed one of the major consequences 
of Shannon's mathematical theory of 
communication is that signal -to -noise 
ratio can be traded against bandwidth, 
though in practice the terms of trade are 
rather one -sided. The channel -capacity 
formula 

C, W log,(1 + P/N) bits / s (1) 

tells us that for a given communication 
rate C we can vary W and P/N to any 
extent we like provided we keep the 
product of W and log (1+ P/N) con- 
stant. It is now seen to be untrue that 
the minimum bandwidth of a channel is 
fixed by the highest Fourier component 
at the input to the system: W can be 
made arbitrarily small provided we are 
willing to pay the price in increased 
P /N, but the price many be high. On 
transforming (1) to give a direct 
expression for P /N, instead of the 
logarithm of 1 + P/N, we find 

P/N.2c1w-1 (9) 

Now C/_ W is the communication raté 
in bits per second divided by the 
bandwidth in hertz, which is the 
number of bits per cycle. It could 

therefore be called the specific com- 
munication rate in bits /second per unit 
bandwidth. 

Fig. 1 is a graph of P/N against C/W 
and shows that if we want to commun- 
icate at a rate of more than about two 
bits per cycle the signal -to -noise ratio 
required increases rapidly. It might be 
asked whether we should not plot P/N 
in decibels, whereupon the graph would 
approximate to a straight line for 
large values and the values of 
P/N in a range up to 13dB do 
not seem particularly high. In 
answer to the second point, it must 
be remembered that this graph rep- 
resents the maximum performance 
which could be achieved with ideal 
coding, and any fairly simple practical 
system may need as much as 20dB 
better signal -to -noise ratio. The best 
reply to the first point is the comment of 
a radio engineer that decibels improve- 
ment in signal -to-noise ratio which are 
obtained by increasing transmitter 
power are "gold- plated decibels." An 
improvement of 10dB or 20dB may not 
sound impossible from the point of view 
of a receiver, but increasing the power 
of a radio transmitter from 1kW to 
10kW or 100kW is not to be undertaken 
lightly. In some cable communication 
systems it is even more difficult to 
increase the input signalling power 
because of such limits as the insulation 
strength of the cable or the power -han- 
dling capacity of repeaters using solid - 
state devices. 

However, Fig. 1 does not tell the 
whole story. In most systems the noise 
power increases in proportion to the 
bandwidth but Fig. 1 relates overall 
signal -to -noise ratio to channel utilisa- 
tion in bits per hertz. A different picture 
results from relating signalling power to 
bandwidth at constant communication 
rate, and it is this which is relevant to 
constdenng bandwidth expansion or 
contraction schemes. The modified 
formula is derived in the Appendix and 
Fig. 2 is a graph showing change of 
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RELATIVE BANDWIDTH (2W /C) 

Fig. 2. Actual noise power is usually 
proportional to bandwidth. = ' ndwidth. Nonoise 
power per hertz; 0= bandwidth 
needed for communicating C bits /s 
by binary signalling. With bandwidth 
W and rate C the relative bandwidth is 
represented by 2W /C. 
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necessary signalling power with change 
of bandwidth relative to binary 
signalling. This is, of course, consider- 
ing only random channel noise and 
ignoring any effects such as quantizing 
noise which may be involved in any 
coding of signals for change in band- 
width. 

It is clear from Fig. 2 why systems 
involving bandwidth expansion (for 
example f.m.) have been popular but 
there has been little genuine use of 
bandwidth compression. There was an 
early attempt to use f.m. with a very 
narrow frequency swing, with the 
mistaken idea that the bandwidth 
occupied would be limited to the narrow 
swing, regardless of the modulating 
frequencies. This was shown mathema- 
tically to be incorrect, as can easily be 
deduced in a non -rigorous way as 
follows. Any practically realisablet 
waveform which repeats at regular 
intervals can be represented by a 
Fourier series consisting of a funda- 
mental frequency corresponding to the 
repetition rate and harmonics of thàt 
frequency. A wave modulated in fre- 
quency by a modulating frequency of n 
hertz repeats every 1/n seconds 
(neglecting the minor effect of carrier 
phase if the carrier frequency is not an 
exact harmonic of n); therefore all 
Fourier components must be multiples 
of n and the first sidebands must be 
distant from the carrier by amount n. 
The minimum bandwidth occupied is 
thus determined by the modulating 
frequency, and the actual bandwidth 
may be more if other sidebands are 
present in appreciable magnitude. We 
know, in fact, that the amplitudes of 
carrier and 1st, 2nd ... sidebands are 
proportional to - Bessel functions 
Jo(x), J1(x), J2(x) ... where x is the ratio 
of frequency swing to modulating 
frequency. Thus the first idea of using 
f.m., for reduction of bandwidth, was 
erroneous. 

Then Armstrong introduced wide - 
band f.m. as a means of improving the 
received signal -to -noise ratio, but again 
on a fallacious argument, namely that 
noise consisted of changes in amplitude 
and could therefore be rejected by 
a limiter in a system using phase or 
frequency modulation. In fact the 
combination of a noise voltage with a 
signal voltage will change the phase as 
well as the amplitude in the resultant 
and the phase change due to the noise 
cannot be removed by a limiter. The 
explanation of the noise advantage of 
f.m. which is usually given is that its 
demodulation is a non -linear process; 
and this accounts correctly for all the 
facets of f.m. performance. It is, how- 
ever, legitimate to point out that f.m. 
provides a form of redundancy, in that 
modulation by a single tone may 
produce several significant pairs of 

tFunctions which cannot be Fourier- analysed are 
mathematical monstrosities such as those having 
an infinite number of discontinuities or an 
unbounded range of variation which could not be 
realised in practice. 
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sidebands, whereas a.m. would produce 
only one pair. Since it also produces an 
increase in bandwidth for the same rate 
of communication (however the latter 
may be defined in the case of speech or 
music), it represents a move to the right 
on the graph of Fig. 2 so that the 
expansion in bandwidth should make it 
possible to reduce transmitter power. 

Another aspect of redundancy, and 
one much nearer to the everyday use of 
the word, comes into play when one 
asks whether all the detail of a message 
is really necessary. Phoneticians reckon 
that there are only 38 distinct speech 
sounds or phonemes in European 
languages. The codes for the phonemes 
could be transmitted through a much 
narrower band than the full range of 
voice frequencies and a device for 
transmitting speech on this narrow - 
band basis is called a vocoder. It has the 
disadvantage that the reconstructed 
speech is very flat and impersonal and 
therefore it has never been put to much 
use. But it does raise the question 
whether in speech communication one 
wants only intelligibility of words or 
also shades of meaning conveyed by 
intonation and the details of voice 
sounds which are individual to each 
speaker * *. This is a case for the 
customer, not the engineer, to decide 
what is redundant; and the customer's 
view is that nothing is redundant in a 
telephone conversation. 

However, there are times when the 
engineer makes compromises which 
reduce the transmission of information 
without the customer being aware of it; 
and television naturally has the best 
examples of this sleight of hand. First of 
all there is interlaced scanning. The eye 
notices changes in the brightness of 
large areas as flicker if the changes 
occur at 25 per second, yet it cannot 
take in picture details in less than 
1 /25th second. So if the picture were 
scanned at 50 times per second half the 
information would not be taken in by 
the eye and to that extent would be 
redundant. 

The scanning frequency is also relat- 
ed to the reproduction of motion in the 
picture, and a closer look at the 
structure of the video signal provides 
half the explanation of the miracle of 
colour television. (I call it a miracle, 
because if there were no redundancy in 
the system the transmission of the 
information needed to construct a 
colour picture of the same definition as 
a monochrome picture would need 
three times the bandwidth - yet colour 
pictures are being transmitted in the 
same bandwidth as monochrome.) A 
picture devoid of motion would produce 
a periodically repeating waveform 
consisting of harmonics of the picture 
frequency, though there is usually so 
little difference between odd and even 

In some military radiotelephone systems it is 
considered essential to provide enough bandwidth 
for a speaker to be immediately recognized as a 

particular person (e.g. Captain Smith or Lieutenant 
Brown). - Ed. 
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FREQUENCY SPECTRUM (HARMONICS) 

Fig. 3. Part of the spectrum of a typical 
television signal, showing the nth and 
(n +1)th harmonics of line frequency. 
Each of these is accompanied by 
"sidebands" corresponding to field 
frequency and these overlap halfway 
between line harmonics. 

lines that only harmonics of the field 
frequency are significant; and the 
separation of lines by synchronising 
pulses means that the harmonics which 
coincide with harmonics of the line 
frequency are much stronger. In fact it 
appears as though the spectrum con- 
sisted of line harmonics, each accom- 
panied by its own sidebands spaced at 
field frequency. As shown in Fig. 3, 

these sidebands decrease in amplitude 
With distt ce from the line harmonic; 
and although the separation within 
each group is the field frequency, the 
groups associated with neighbouring 
line harmonics interleave, showing that 
all harmonics of the picture frequency 
are present. If, as commonly happens, 
movement affects only a minor part of 
the picture, the intensity of the spectral 
components between the lines is small. 
But if a spectrum consists only of 
narrow lines most of it is empty and it is 
very tempting to try to put something in 
between. 

The second criticism of the television 
spectrum, from the point of view of 
communication theory, is that it is not 
flat across the bandwidth occupied. 
Taken -In the average for any reasona- 
ble waveforms, the amplitudes of the 
Fourier components are inversely 
proportional to their harmonic order, 
so that the video spectrum of a 
television signal almost always has an 
approximately inverse- frequency 
shape. This is obviously inefficient, 
because it means that if the signal -to- 
noise ratio is just sufficient at the top 
end of the band it will be much greater 
than necessary at the bottom. In the 
days of monochrome television this 
seemed to call for a top boost before 
transmission and a corresponding cut 
in the receiver, but this was never done. 
I believe the difficulty is that while 
theory can say "Taken on the average 
for any reasonable waveforms ..." the 

I 
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television engineer must be prepared to 
handle the exceptional waveforms 
which produce strong high- frequency 
components, even though they occupy 
only a minute fraction of the pro- 
gramme time. Experience with the very 
modest amount of top boost which is 
normally employed in f.m. sound 
broadcasting (pre- emphasis) has 
shown that it very readily brings the 
danger of over -modulation. 

However, tnis weakness of the 
monochrome spectrum has also been 
exploited in the transmission of colour 
pictures, since the colour information is 
placed near the top of the video band 
and with a subcarrier placed exactly 
half -way between line harmonics. The 
use of a subcarrier which is doubly 
modulated (with I and Q components) 
is an ineresting variant on the Ny- 
quist -Gabor theorem that one can 
transmit two independent signal ele- 
ments per uflit of time -bandwidth. If 
one identifies sine waves of different 
frequencies by counting cycles over a 
time T the number of possible different 
frequencies within a band W is WT. But 
it is possible to distinguish between sine 
and cosine waves; so, when using both, 
the number of distinguishable signals is 
2WT. If you think about superimposing 
sine and cosine carriers, both indepen- 
dently amplitude- modulated, you will 
see that it comes to the same thing as 
modulating a single carrier simultan- 
eously in both amplitude and phase, 
which is what one first thinks of as 
double modulation of a single carrier. 

The rest of the trick of colour 
television depends on the engineer 
deciding that some of the colour 
information is redundant because the 
eye would not respond to it. The eye 
has maximum acuity for changes in 
brightness but less for changes in 
colour, so the high frequencies in the 
colour signal are redundant. The 
brightness or luminance signal must 
therefore be transmitted with full 
bandwidth, exactly as for a 
monochrome picture; while the colour 
information is transmitted with 
reduced bandwidth which confines it to 
thai part of the spectrum which is left 
comparatively empty in the mono- 
chrome signal. 
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There is also a great deal of 
redundancy in television signals due to 
correlation between different areas of 
the picture. This has been known for 
many years, but it has not been 
practicable to make use of it until the 
recent developments in digital tech- 
niques which look like revolutionising 
all forms of communication. But that is 
the subject for a future article. 

To summarise, an absolute measure 
of redundancy can only be obtained by 
comparing the communication rate 
which is actually achieved with the 
channel capacity which is calculated as 
a function of T, W and P /N. But more 
often a change in relative redundancy 
is thought of as a change in the TW 
product for a given amount of infor- 
mation, with P/N as an independent 
variable. It is in this sense that an 
increase in redundancy can be used to 
give protection against noise, as in the 
use of error -correcting codes in digital 
transmission or wideband f.m. for 
analogue transmission. 

Appendix 
If W is changed by a factor x, then N is 
also changed by a factor x and both can 
be expressed in terms of their standard 
or normalised values and x. It is usual to 
normalise N to noise per unit band- 
width, so that N= W No. Remembering 
that we want to work in terms of a 
constant communication rate it is 
convenient to take Wo, the normalised 
value of bandwidth, as that bandwidth 
which would accommodate C by binary 
signalling at the Nyquist rate. The noise 
power in this band, which is No Wo, is 
taken as the reference value for signal 
power. We now re -write formula (9) as 

P 
NoW 

2c "`" -1 (i) 

Next put W=x W0 and Wo = C/2 so that 
C /W =2 /x. 
Formula (i) then becomes 

P ; x(22/x -1) (ii). 
NoW 

In this formula x is the factor of 
bandwidth expansion or contraction 
relative to binary signalling and with 
the equality sign this is plotted in Fig. 2. 

(Next article: the digital revolution) 

Addendum 
Part 1 of "Communication theory" in the 
April issue should have included a footnote 
on p.44, middle column, referring to the 
quotation from Francis Bacon. The footnote 
should read: This was brought to the author's 
attention by a letter in Computer Bulletin, 
March 1968, by M. G. Farringdon. 

Festival of sound 
Seen and heard at the 
Festival International du Son, Paris, 

March 8 -14 

The most striking impression received 
from the Festival du Son was that the 
French audió market is far from being in 
a state of depression - if one judged 
from the attendance during the first two 
days and the remarkable range of new 
products on display. The Festival du 
Son is not really a show of equipment, 
although this does form a major part. 
The core of this six -day event was 
sound, not just reproduced sound but 
real, live sound, and this very strong 
influence made itself felt even in some 
of the demonstrations arranged by 
some equipment manufacturers. 

This year, the Festival was held in the 
impressive exhibition, hotel and shop- 
ping complex of the Centre Interna- 
tional de Paris at Porte Maillot in the 
17th arrondissement. This modern, pur- 
pose -built structure consists of a 
three -floor exhibition area, divided into 
a number of rooms of varying size, 
coupled to a large hotel at the rear and 
an indoor shopping precinct in several 
levels of basement beneath. If one can 
resist the temptation of sightseeing in 
Paris, there is therefore no necessity to 
leave the area during the entire visit to 
the show! 

Loudspeakers. With the topic of 
"linear phase" loudspeakers still cur- 

- rent in the pages of this journal, it may 
be apposite to remark that models with 
staggered front baffles were to be seen 
everywhere in the exhibition. The 
French firm Elipson, who were well 
known for their curious spherical 
design of loudspeaker, have added 
several rather more conventional 
cabinets to their range, all of which' 
have a staggering of the units, presu- 
mably to correct for the time delay 
effects accompanying the normal 
arrangements of drive units in a loud- 
speaker. Technics showed additions to 
their range of loudspeakers with two 
systems labelled "linear phase ", the 
models SB3000 and SB5000. The last - 
mentioned is illustrated, and consists of 
a bass reflex cabinet in which is 
mounted a 25cm woofer, surmounted by 
a 6cm dome tweeter loaded by a 
separate infinite baffle enclosure. 

A particularly interesting extension 
to the principle of the motional feed- 
back loudspeaker was demonstrated by 

KM Servo Sound. Two models were on 
show, the KM30, which contained two 
drive units and an integral 30W ampli- 
fier. and the KM50, also having two 
drive units but with an amplifier rated 
at 50W. The real novelty of these 
designs lay in the application of the 
motional feedback loop to a passive 
piston, which loaded theport of the bass 
cabinet, as well as to the bass radiator 
itself. The manufacturers claimed that 
up to 20 times normal efficiency was - 
obtained between 35Hz and 60Hz in the 
former enclosure, with a similar 
improvement obtained between 30Hz 
and 60Hz in the larger KM50. The KM50 
was accompanied by an extra unit 
which, to quote the manufacturers, ".. . 

from the gathered stereophonic signals, 
supplies the information on the acous- 
tical reflection characteristics of the 
listening room." It would seem the KM 
Processor PR5 /6 is a device which 
enhances the ambience information 
contained in the original recording. 

One particular demonstration was 
noted as a real return to what the 
subject of high fidelity is all about. It 
was found in the Esart room, where that 
(French) company had arranged for a 

Technics type SB5000 loudspeaker 
system. 
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jazz quartet- to play a selection of 
musical items live, in conjunction with a 
recorded version reproduced by a bank 
of their loudspeakers. This difficult 
exercise was made more impressive by 
certain solo passages being taken up by 
the loudspeakers and counterpointed 
by the live instrument. The results must 
have gone a long way to convincing the 
audience that Esart were producing 
extremely realistic sounds from their 
loudspeakers. 

Electronic equipment. Impres- 
sive though the new loudspeakers were, 
they were somewhat overshadowed by 
the electronic equipment appearing at 
the Festival. In some instances, such as 
the KM loudspeakers, there was an 
inseparable interface, and this was also 
to be seen in a curious piece of modern 
art called "les structures lumineuses" 
originating from a company called 
Cyberson. This consisted of large metal 
and plastic panels concealing a loud - 
,speaker and variable -colour light 
sources. Used in conjunction with a 
level and frequency sensitive switching 
circuit, the displays showed pulsating 
light patterns related to the composi- 
tion of the sound signal being repro- 
duced by the loudspeaker. The princi- 
ples are well known and are frequently 
used in disc -jockey shows. The novelty 
appeared to be in the incorporation of 
the ideas into a single display which 
could be mounted on a wall as an item of 
art décoratif. 

Several amplifiers using valves were 
noted, and there were others with 
numerical indication of mean output 
signal power on liquid crystal and l.e.d. 
displays. Observing the trend towards 
higher output powers in amplifiers (e.g. 
up to 400W per channel), the Festival 
organizers commented, memorably, 
"La course aux watts continue ". 

Also on show was the new Thorens 
TD126 turntable, featuring a semi -au- 

Toshiba a.m. /f.m. tuner, type ST220 
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Akai type GXC -570D stereo cassette deck. 

tomatic pickup arm (automatic stop 
and lift) and a choice of 33'/2, 45 or 78 
r.p.m. speeds. The suspension of the 
platter and arm is a completely new 
design, as is the arm itself. 

Bang & Olufsen showed yet another 
example of brilliant cabinet styling in 
their new Beomaster 1900 tuner-ampli- 
fier. The f.m. tuner offers a choice of five 
pre -set stations, selected by touch 
sensitive pads, or continuous tuning by 
a concealed control under a plate on the 
top panel. Touch sensitive controls are 
used to raise or lower the volume level 
and also to switch to the various 
alternative inputs. The power output 
rating of the tuner -amplifier was speci- 
fied as 30W into 4S2. 

On show were two of the latest 
products from Nakamichi. These were 

the model 600 cassette deck, a high 
quality machine based on an inclined 
plane front panel design, and the model 
610 mixing console. The last- mentioned 
has similar dimensions to the cassette 
deck and is obviously intended to be 
used in conjunction with it. Three 
stereo inputs, "line ", " phono" and 
"micro" (for moving coil cartridges) are 
offered, together with two outputs to 
"line" and to cassette recorder. 

The cassette recorder is designed to 
be used in conjunction with two types 
of tape, the controls being labelled with 
the mysterious letters SX and EX. Since 
the specified frequency response is 40Hz 
to 18kHz, ±3dB, some explanation 
regarding the tapes seemed to be 
necessary. In a separate announcement, 
Nakamichi explained the basis of the 
new tapes and, although not directly 
stated, it would appear that the EX tape 
corresponds to Maxell UD -XL and the 
SX tape to the TDK Super -Avilyn. Both 
of these tapes utilise cobalt in one form 
or another and were introduced in the 
UK during the past year. 

Headphones on show included the 
Koss Phase 2 +2, which provide four 
transducers, for stereo and quadra- 
phonic reproduction, together with a 
pocket -calculator type of keyboard for 
selecting different combinations of 
these and of phase relationships 
between them. Altogether 127 modes of 
listening are claimed to be available. 

One thing that can be said in conclu- 
sion is that the French seem to have 
arrived at exactly the right formula for 
attracting the public. If this is due in 
large part to the co- operation of the 
broadcasting organisations and the 
musicians, who were present in 
strength, then this can only be a lesson 
for the organisers of our own audio 
shows. B.L. 
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(Circuit 
Ideas 

Digital sample and hold 
To hold a sampled voltage for long 
periods, a process of digital 
approximation provides negligible drift. 
This circuit is t.t.l.- compatible and 
provides an analogue -to- digital conver- 
sion facility. 

The basic element is an 8 -bit binary 
counter using two cascaded 7493s. This 
provides 256 discrete voltage levels 
from the op -amp A2. The input voltage 
provides a varying reference voltage to 
comparator A1. 

Applying a 0 at the reset input clears 
the counter for a period determined by 
the monostable. The counter now 
provides a staircase waveform, via A2, 

to A1. When the staircase is equal or 

vino 

+5V 

logic 'O'_ 
offset adjust 

High -speed picoammeter 
This highly stable picoammeter takes 
advantage of a chopper- stabilized 
operational amplifier, the Valvo CSA 70, 
and enables accurate measurements to 
be made which are stable over a wide 
time period. The requirement for an 
extremely high feedback resistance is 
accomplished by the voltage divider R1, 
R2 incorporated in the feedback loop. 
For the circuit shown; 

AR tl 
Va I 1 exp 

1 +RZ /RI +A T 

where the amplifier ga'n A is Val V1, 
and the time -constant, -r, is given by 

R,(C,+ CT) 

1 +R2/R,+A 

Under the assumption that R,, C1 and C2 

are of the same order, it is approxima- 
tely 1/A: Components values for the 
circuit are: R,'= 1MS2, R2 = 1M52, R, = 

R;. 

100 thus Rr= 1011Q, C1= C2 = C3 = 
0.1µF. 
Kandl Kraus, 
Rokycany, 
Czechoslovakia. 

greater than Vi the comparator goes 
high and disables the counter clock. The 
count is held and a sample voltage 
appears at the output. The reset state 
has to have a period greater than the 
sum of the monostable period and 256 
clock periods. The speed of the clock is 
limited by the response of the op amps. 

6M4 
A A 

3M2 .-Nw- B B 
1 M6 SN7493 - C RO 
800k 

D R1 

400k 

200k 0-VV\-- 
100k --/- 

50k 

A A 

B E1 

SN7493 

Ro 

D R1 

8 -BIT BINARY 
COUNTER 

10k 

2k 

Greater accuracy may be obtained by, 
cascading more counters, but at the risk 
of increasing the period between vol- 
tage transitions at the output. Digital 
conversion is available directly at the 
outputs of the counters. 
N. Macdonald, 
Northampton. 

O Vout 

summing 
amplifier 

MONOSTABIE 

z 
reset 

clock 
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Single balanced mixer 
Most i.cs that can be used as balanced 
mixers have poorly defined conversion 
gains and are prone to carrier balance 
variations caused by drift. The CA3080 
transconductance amplifier can be used 
as a precise low frequency single 
balanced mixer with inherent carrier 
balance and with an accurately defined 
conversion gain. 

In the circuit shown the oscillator 
frequency is halved by the binary 
divider to give a carrier waveform with 
an accurate mark /space ratio of unity. 
This is used to switch the amplifier on, 
as a unity gain voltage follower, and off. 
The output capacitor provides fre- 
quency compensation but limits the 
frequency at which the carrier can 
switch the mixer without degrading the 
performance. The conversion loss is 
4dB. 
R. J. Harris, G3OTK, 
Binegar, 
Bath. 

o 
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loµ 
modulating 

input 

oscillator at 
twice 0 - 

carrier frequency 
CK 

1/2 SN1474N 

k 

t 
output 

+15V 

k 

3k3 

6V2 

Pan -routing switch 
This routing switch was designed to 
facilitate panning between any two 
output groups on a multichannel four - 
output group audio mixer. By pressing 
any two switches in a square formation 
a graphical indication is produced of the 
six panning combinations. By pressing 
three, or even four, a further five 
combinations can be obtained. To give 
visual indication of these pan -paths the 
circuit can be duplicated to switch 
suitable 1.e.ds as shown. This eliminates 
the need for joystick controls used in 
quadraphonic mixdown..It should be 
remembered that for normal routing the 
balance should be set to normal. 
Q. A. Rice, 
Mitcham, 
Surrey. 

input 
from fader 

to virtual 
earth busbars 

o 

switch 
IN 

o 

switch 
'IN* 

1 2 

3 4 
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Low frequency a.c. 
amplifier 
This circuit is designed to amplify a.c. 
down to low frequencies in the presence 
of large d.c. input offsets. The main 
amplifier has a gain of 101 while the 
NE536T has a d.c. gain of unity and 
forms part of a low -pass Sallen & Key 
network. This applies the d.c. input 
offset as a common -mode voltage to the 
inverting input of the main amplifier. 

input 

C 

For direct currents the 540L has unity 
gain, and for alternating currents the 
gain rises to 1 + R3 /R4. The corner 
frequency is defined as' 
1 /(21r\/R,R2C,C2) so with R, = R2 = 
1MS2, C, = C2 = 0.6811F it is about 
250kHz. Because of these high resistors 
the main amplifier should have a f.e.t. 
input to reduce input- offset current 
effects. This amplifier should also be 
provided with zero offset compensation 
as its output will be amplified 100 times. 
Capacitor C3 is sometimes needed to 
ensure high frequency stability. 
A. Royston, 
Durham. 

Adjustable voltage - 
switching regulator 
Voltage regulators such as the LM109 
and 7805 may be arranged in a simple 
circuit to provide an output voltage 
higher than the rated output of the i.c. 
The circuit shows an arrangement for 
combining two circuits to provide an 
adjustable voltage -switching regulator. 
A voltage pedestal is developed across 
R, and R3 which is added to the normal 
regulated output voltage of the i.c. The 
new output is adjusted by varying the 
ratio of R4 to R2 + R3. Positive feedback 
is also provided through the potential 
divider R, and R, into the regulators' 
pedestal circuit. This feedback allows 
switching of the i.c. and transistor. 
V. R. Krause, 
Johannesburg, 
South Africa. 
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Low,frequency triangle wave generator 
A simple low- frequency triangle wave 
generator may be designed around a 
pair of operational amplifiers. The 
passive components form a bridge; IC2 
is the active element in the integrator 
CI R3, and IC, is a level detector with 
positive feedback, its output switching 
between positive and negative limits as 
the bridge passes through the balanced 
condition. -Resistors R, and R2 define 
peak output voltage as a function of 
amplifier IC, output. 

In practice, the amplifier output has 
not been symmetrical. For more precise 

applications the output of IC, may be 
clamped by two, back -to -back zener 
diodes either via a limiting resistor or by 
making use of the amplifier's con- 
stant- current output characteristic. The 
upper frequency limit may be set by the 
slewing rate of IC,, and its effect on the 
linearity of the generated triangle. For 
an output voltage linearity of better 
than ±5% an upper frequency of about 
3kHz is suggested, and for linearity of 
± 1%, an upper limit of 600 Hz. 
A. Bishop, 
London NW8. 

recommended limit values :- R, 0.8 R2 

R2 /R3 > 10k 
R, 30k 

IC2 
output 

IC1 
output 

ok 
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Diode model of the m.o.s.f.e.t -2 
Conclusion of an insight into device operation 
By B. L. Hart 

North East London Polytechnic 

Considering a horizontal section taken 
along a plane defined by the line AA' in 
Fig. 9, at a level down the side -walls of 
the S and D diffusion well removed from 
the region where a channel can exist, 
shows that this part (at least) of the 
structure constitutes a lateral n.p.n. 
b.j.t. Its symmetrical nature is indicated, 
here, by two arrows on the otherwise 
conventional b.j.t. symbol. Irrespective 
of any field -effect action at the sub- 
strate surface, normal b.j.t. action is 
possible, viz, the injection of minority 
carriers from S into the substrate and 
their collection at D (or vice - versa), but 
the length of the base region in compa - 
rison with the diffusion length means 
that the coupling between the emitter - 
base and collector -base diodes is very 
stnall. In most applications this n.p.n. 
transistor is regarded as a nuisance -a 
parasitic element - and the effects of its 
existence are minimized by ensuring 
that it is always cut -off. (VBS >0,. 
VBG >0). Because of its long basewidth 
the transistor can then be represented 
as two diodes in series opposition, as 
mentioned earlier in the section on 
m.o.s.f.e.t. operation, and minority 
carriers play no significant role in 
normal unipolar device operation. 

A point to bear in mind, when 
arranging for the lateral n.p.n. to be 
cut -off, is that VT iS somewhat depen- 
dent on V. This is because of modula- 
tion in width of the induced p.n. 
junction depletion layer. The details 
need not concern us here. Suffice it to 
say that for IVBsI >0.8V, 

VT"'VTO +KV IVBSI (6) 

where VTO is that VT for which VBS = 0, 
and K (typically about 0.5) is constant 
for a given device type. In passing, it is 
worth noting that by arranging for 
VBS <0, b.j.t. action can be exploited (in 
signal mixing circuits) though the 
common- emitter d.c. current gain of the 
lateriál device is less than unity, 
normally, because of the comparatively 
large values of L used in m.o.s.f.e.t. 
design: this hybrid -mode operation of 
the m.o.s.f.e.t. is dealt with elsewhere°. , 

The bulk resistances of the S and D 
diffusions can be allowed for by includ- 
ing resistances rs, r0X, in our final d.c. 

n± 
A~ 

\ \ \ \\\ \ \ \ \ \ \ \ \\ 
n+ 

Fig. 9. Showing the existence of an 
inherent lateral n.p.n. transistor 

model (Fig. 9), which has been used in . 

computer -aided design'. It would be a 
very unusual circuit problem which 
required the use of the complete model. 
A reduced form is usually sufficient in 
any given problem. Thus rsx, rDX can 
nearly always be ignored because they 
are usually some two orders of magni- 
tude less than the resistance offered by 
the intrinsic active device in any of its 
operating modes. 

Determining módel parameters 
Ignoring rsx, rDX, the model is complete- 
ly defined once the conductance coeffi- 
cient X, and the threshold voltage, VT, 
are determined. Reference to Fig. 8 will 
show that strapping G and D together 
automatically guarantees VDG >0 with 
the result that IR =0, operation is in the 
pinch -off mode, and IDS = X[ Vcs- VTj . 

Thus a useful practical arrangement 
for parameter evaluation is shown in 
Fig. 10. When the switch, Sw, is at 'A' 
the digital voltmeter monitors Vcs for 
values of Rs and V suitable for the 
current level desired: at 'B' the p.d. 
across current- monitoring resistor RD 
(conveniently 1k12, or 10k2, etc) gives 
the actual operating Ins. A plot of VIDs 
against VGS yields a straight line of slope' 
\/X and the extrapolated intercept on 
the Vcs axis gives the value of VT to be 
used in our model. (This is not the 
Threshold Voltage given by manu -' 
facturers. The latter, for measurement 
convenience, specify VT as that V05 for 
which IDs is a low value, typically 10µA.) 

Mosfet 
under 
test 

S 

Fig. 10. Test circuit for determination 
of model parameters 

Fig. 1I shows such a plot for one 
n- channel device of a CD4007 array to 
which later photographs and measure- 
ments refer. For testing a large number 
of devices repeated plotting can be a, 
laborious process and an automatic, 
display technique such as that described 
by Storms is preferable. It permits a 
rapid assessment of the effect of 
substrate bias and tetperature varia- 
tion. Basically, increased temperature, 
T, implies: decreased electron mobility 
leading to a decrease in X with T; a 
change in VT of a few mV / °C due, 
mainly, to contact potential changes. 

One implication of the model shows 
up well with a swept display - the 
electrical symmetry. Fig 12(a), obtained, 
by double exposure of the curve tracer 
film, shows a plot of IDS against Vcs for. 

www.americanradiohistory.com

www.americanradiohistory.com


82 

.VDG =O for the device in the forward . 

connection and inverted connection (S 
and D interchanged), the potential 
difference between the substrate and 
the region functioning as source being 
maintained at zero in both cases. 

The basically similar shape and 
location of the two curves reflects the 
symmetrical geometrical design of the 
device. Such small differences as are 
apparent can be explained by slight 
differences between the substrate dop- 
ing levels in the vicinity of S and D. (it 
must be remembered that the measure- 
ments refer to points well in the 
pinch -off region not at the edge of 
pinch -off). Further observations 
showed the IDS, VDS curves to be 
identical over the major part of the 
pre -pinch -off region. 

Fig. 12(b) shows the effect of non- 
zero VBS on the transfer characteristic 
and permits the estimate of K in 
equation (5). 

Summary and conclusions 
This article has attempted to clear up 
some of the difficulties encountered in 
an initial study of m.o.s.f.e.ts, and to 
introduce the Gibson -Wedlock square - 
law diode model which gives more 
insight into device d.c. operation than 
the usual purely mathematical descrip- 
tion. The model is most accurate when 
the channel stretches the whole way 
from source to drain; this mode of 
operation encompasses a large number 
of applications. 

Two final points: by the addition of 
appropriate capacitances the model can 
be adapted to cope with dynamic 
behaviour; an n- channel enhancement 
mode m.o.s.f.e.t. has been considered 

Fig. 12. (a) Superimposed 
transconductance traces for: (i) 
VD, = 0; VBS =0; (ii) Vcs = 0, VBG = 0 (b) 
Device in forward connection with 
VBS= 0 (left) and VBS= -12V (right) 
Scales for both photographs: 
vertical 0.2mA /cm, horizontal 1 V /cm 

Fig. 11. Measured characteristics of an 
n- channel m.o.s.f.e.t. on CD4007A 
(RCA) c.o.s.m.o.s. chip: VBs= O 
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throughout but the model can also 
handle other device types. Thus, 
reversing the battery in the gate lead of 
Fig. 7 (c) gives the model of an 
n- channel depletion -mode device. 

Appendix 
Simple derivation of basic m.o.s.f.e.t. 
d.c. equation. For drift -controlled car- 
rier transport the current density J(x) is 
the product of carrier density, a(x), and 
carrier velocity v(x), 

Thus, J(x) = a(x)v(x)= I(x) /W (Al) 
where, 1(x) = channel current 
Now, from equation (1) of the text, 

a(x) = -Co Vcs- VT -V(x) 
} 

(A2) 
Also for electron transport, 

v(x) = -NE(x) =µe {dV(x) /dx (A3) 

where, E(x) = x- directed field in the 
channel 
Combining (Al), (A2) and (A3), 

1(x) = N[ -Co V-VT-V(x)i. 
[dV(x) /dx] (A4) 

or ,f c 1(x)dx = -NpC0 .f 
avDs 

{ V- VT -V(x)I dV(x) (A5) 
By virtue of current continuity, -I(x) 
= constant = IDs = (conventional) 
current flow into D. 
Hence, integrating each side of (A5) and 
substituting the basic parallel plate 
capacitor relationship for Co i.e. Co 
= (ccx /tox) gives, 
IDs = [Iteccx /2Ltox] [2 V 

(Vcs- VT) -V0s2] (A6) 
Equation (A6) contains equations (2) 
and (3) of the text. 
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Control and Instrumen- 
tation goes regional 
The organizers of the Control and Instru- 
mentation series of exhibitions Iid in 
London every other year since 1971 
announce details of a long -term e'hih,nen 
programme in which logy -cost 
events will alternate with the L..... , ,I)41w. 
The rira regional event. Contra (I! : instru- 
mentation - North East 1976. will be held at 
the Newcastle Centre Hotel, Newr,,st I. upon 
Tyne. on October 13 and 14. 19-il. i urther 
information may be obtained from holds. 
worth Smith Ltd, 39 Victoria Street, London 
SWI. 
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High performance voltage regulator 
A new simple and practical technique 

by K. W. Mitchell, B.Sc. 

The Royal Victoria Infirmary 

Design criteria for linear voltage regulators and the factors affecting the performance of 
these circuits are discussed. A relatively simple and cheap circuit is given which uses only 
three transistors and a reference element. l t features improved performance over that 
achieved by monolithic i.c. regulators and comparable performance to the latest combined 
discrete and monolithic circuits. 

In conventional transistor voltage 
regulators (Fig. l') a reference voltage, 
which is obtained from an unregulated,. 
smoothed input, is compared with a' 
feedback signal derived from the regu- 
lated output. The error signal produced 
is amplified and drives a bipolar tran- 
sistor which in turn feeds the power - 
pass transistor. Such designs have 
inherent limitations in that a.c. ripple 
is imposed upon the reference voltage 
and is fed -through to the regulated 
output; and also fluctuations in supply 
current to the reference element, due to 
transformer regulation and line varia- 
tions, cause variations in the magnitude 
of the reference, usually tens of milli- 
volts, which are fed through to the 
output. 

In order to minimize ése q i tities 
the reference element must be driven 
from the regulated output voltage. This 
solution in itself poses a significant 
problem, i.e. with reference and feed- 
back elements being driven by the 
output voltage provision must be made 
to initially start the regulator after 
switch on, or the output voltage will not 
rise. 

In Fig. 2 a general design of feedback 
controlled regulator is shown. This has 
improved performance over the first 
design, but resistor R is necessary to 
;start the regulator and also feed Try and 
'Tr2. Some ripple feedthrough from the 
input through R will be present, and line 
variations will vary the current passing 
through Tr2. The performance is limit- 
ed therefore by the necessary inclusion 
of R. This should be replaced ideally by a 
constant current source, to reduce the 
above effects, but this means at least 
two extra active devices, thus increas- 
ing cost and complexity. 

In Fig. 3 a further improvement is 
shown. Transistor Trt is changed to a 
p.n.p. device. This now introduces extra 
gain into the circuit with appropriate 
inversion of the reference and feedback 

Fig. 1. Conventional transistor voltage 
regulator. 

Fig. 2. General design of a feedback 
controlled regulator. 

Fig. 3. Further improvement to 
introduce extra gain and improve line 
and load current regulation. 

voltages to the output. Line and load 
current regulation is improved but once 
again a resistor, R, must be included to 
provide the necessary current drive to 
Tr2 and thus facilitate "starting ". This 
circuit is representative of present' 
techniques and has one possible draw- 
back in that IC, must be able to operate 
from a single supply rail. Care must also 
be taken in the choice of the zener 
reference potential V, in that this must 
lie within the common mode voltage 
input range of the operational amplifier 
for the circuit to function satisfactorily. 

A circuit having similar performance 
to that shown in Fig. 3 but which is 
much cheaper to build is shown in Fig. 4. 

The circuit is completely feedback 
controlled and the output voltage given 
by. 

Vout - VzD + VBE 

Any load connected to the output tends 
to make it fall, and this drop is 
transmitted to the base of common 
emitter amplifier Trt. Thtis the collector 
of Trt will rise, Tr2 will conduct harder 
and the current drive to Tr3 will 
increase. The result of this is that the 
collector of the series transistor Tr3 wilt 
tend to rise and the circuit regulates. 
Capacitor Ct is included to reduce r.f. 
noise on the output and also to prevent 
high frequency oscillations under load. 
If very high gain transistors are used, 
oscillation may still occur, but this can 
be prevented by decoupling the collec- 
tor of Trt with a capacitor value of 
0.111F. This will limit the high frequency 
response of the regulator and the value 
of the capacitor should be selected as 
that required just to prevent oscillation 
under maximum load. 

When the regulator is switched on Tr2 
is driven hard via R1 and a large pulse 
current of approximately 50mA is 
driven through the emitter -base diode 
of Tr3, transistor Tr2 and R2. This only 
occurs at switch on and ceases as soon 
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as D conducts, hence driving Tr1 and 
stabilizing the feedback loop. 

A practical design is shown in Fig. 5. 
This circuit can supply lA at 5V. It uses 
two low cost, high gain transistors, type 
BC109, and a plastic series transistor, 
TIP 32A, although many types have 
been tried with the circuit still working 
satisfactorily. Extra ripple rejection is 
achieved by the inclusion of C2 (100µF) 
which introduces more a.c. feedback 
into the loop. Foldback short- circuit 
protection is included by introducing 
Tr4 and associated drive resistors. 
Foldback occurs at a value of current 
given by 

1,,, z0.6 /R 

When 'max is reached, Tr4 begins to 
conduct thus making Tr1 conduct 
harder. The drive to Tr2 reduces, and 
hence Tr3 begins to switch off. The 
output begins to fall, and this drives Tr4 
harder through the 15kS2 feedback 
resistor. When Tr1 is saturated, Tr2 and 
Tr3 are switched "off" and hence output 
voltage and current will be virtually 
zero. The foldback characteristic is 
programmable depending on the 
magnitude of the feedback resistor. 

The performance of the circuit is as 
follows: 

Load regulation 0.01% 
Line regulation 0.05% 
Ripple rejection 0.1% 
Output ripple and noise lmV 
Speed (i.e. time to respond to 
a 500mA pulse) 10µs 

Vim Voi1(at lA load) 0.5V 

Fig. 4. Similar circuit to that in Fig. 3, 
but cheaper to build. 

Fig. 5. Practical design of the regulator 
circuit. 

It can be seen from the above table that 
the regulator will work with a very 
small input- output differential voltage. 
This, obviously improves the efficiency 
of the unit and reduces the effect of 
transformer regulation. It also means 
that Tr3 does not dissipate much power, 
and therefore it can be mounted on a 
small heat sink capable of dissipating 
two to three watts. 

The temperature coefficient of output 
voltage drift can also be minimized by 
selecting a suitable zener reference 
current so that the temperature drift of 
zener voltage is compensated by the VBE 

temperature drift of Tr1. (These two 
devices should be mounted in close 
thermal contact if optimum perfor- 
mance is desired.) 

It is suggested that if the regulator is 
driving a logic circuit and is separated 
from it by a long lead length, remote 
sensing should be adopted ie. points X 
and Y should be directly attached to the 
load via separate wires. 

I have found the design to be very 
flexible and have constructed various 
circuits to give up to 2A at 40V, all 
circuits being equally satisfactory. 
However, if currents in excess of 2A are 
required Tr3 should be replaced by a 
Darlington pair in the usual series pass 
mode to give extra current gain. 

O 

T SR 

V 

D2 

C1 out 

R3 

O 

General Radio Company (UK) Ltd has changed its 
name to GenRad Ltd, Boùrne End, ,Bucks. The 
change, which reflects similar changes by all GR 
companies throughout the world, has been brought 
about to avoid future possible misinterpretation of 
their role in the international electronics industry. 

Intersil Inc. have appointed the London based 
microprocessor and memory specialist distributors 
Rapid Recall Ltd, 9 Betterton Street, Drury Lane, 
London WC2H 9BS as their franchised distributors. 

Redifon Telecommunications Ltd, Broomhill road, 
Wandsworth, London SW18 4JQ, has secured a 
£200,000 contract with the Ministry of Defence, 
Malaysia, for the supply and installation of their 
solid -state 643 /CJP naval communication stations 

' on board warships of the Royal Malaysian Navy. 

Hoeschst U.K. have appointed Kent Insulations Ltd 
as main UK distrbutor for their Hostaphan 
polyester film, which is used by the electrical 
industry in the manufacture of transformers. 
electric motors and cables. 

Impectron Ltd, 23 -31 King Street, London W3 9LH, 
a member of the Barlow Group, have been 
appointed by Fairchild Semiconductor Ltd as sales 
representative for the UK consumer market. 

AMI Microsystems Ltd haue appointed Apex 
Components Ltd, 396 Bath Road, Slough, Berkshire; 
as distributor for the AMI range of m.o.s. /l.s.i. 
digital integrated circuits. 

Sixty Years Ago 
The battles of electronics today are well 
known. We refer to the actions and 
counter -actions taking place in the design of 
defence and espionage electronics. Missiles 
are confused by anti -missile devices, which in 
turn are counteracted by jamming devices. 
Telephone systems are bugged, and in turn 
bugging devices are jammed. The story 
continues. From an article in the issue of 
Wireless World May 1916 we can see that this 
has been a long and lingering battle: 

"Wireless plays an important part in every 
operation at sea, and this fact recently 
received a most striking illustration on the 
occasion of the battle between the Alcantara 
and the Greif. It will be remembered that the 
Alcantara was a converted liner taken over 
from the Royal Mail Steam Packet Co. and 
fitted out as an auxiliary cruiser. Her wireless 
apparatus, unless it had been replaced by 
fresh fittings since her conversion, was only 
of that power which was settled by the Berne 
Convention as not to be exceeded by 
merchant vessels. German ships notoriously 
evade these regulations, and it is quite plain 
that the apparatus employed on the Greif 
was of a far more powerful nature than that 
of the English vessel. As soon as the 
concealed enemy disclosed her true char- 
acter and started to jam the signals of the 
Alcantara, she cut the latter's wave- length 
with remarkable readiness, so that a stub- 
born action was fought between the wireless 
rooms as well as between the guns. With 
regard to the latter, the weight of metal- 
appears to have been on the side of the 
Germans, but the superiority in gunnery 
combined with more skilful seamanship, 
enabled the British to Outclass and overcome 
the enemy." 
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Now from EMI- 
the future cable television 

Now from EMI, hybrid'VHF /UHF 
systems, combining all the proven advantages 
of our VHF trunk equipment - long reach, low 
distortion, high channel capacity - with those 
of UHF distribution. 

And EMI's hybrid is the system to install 
now, whether as a new project or to update an 
existing VHF system, because it ensures 
complete compatability whatever the future 
trends in receiver design. 

The key to the system is our new, RE 1037 *, 
a unique VHF/UHF distribution converter 
utilising remote generation of the master . 

oscillator at the head end location. Up to 
seven VHF trunk channels can be converted 
into the UHF bands for local distribution 
together with unconverted VHF channels. 

Then there's the ME 670, an ultra 
wideband distribution amplifier covering the 
range 40- 860MHz and incorporating its own 
line or mains power supply, also covering the 
same range are the new RE 1022 Subscriber 
Tap and RE 1032 Splitter. 

These are just some of the new 
developments you can expect from EMI, who 
cover virtually every requirement for VHF and 
UHF distribution networks .We have - 

unriv'alled technological and design resources 
and the most efficient and comprehensive 
service facilities in the business.. 

So when you're planning for cable 
television contact EMI, the specialists. 
*The RE 1037 is manufactured by EMI under licence from the 
British Post Office. 

EMI 
EMI Sound & Vision Equipment Ltd., 
252 Blyth Road, Hayes, Middlesex, England. 
Tel: 01-573 3888. Telex: 25145. Cables: EMISOUND. 
A member of the EMI Group of Companies. 
International leaders in music, electronics and leisure. 
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The Black Watch kit 
£14.95! 

* Practical -easily built by 
anyone in an evening's 
straightforward assembly. 

* Complete -right down to 
strap and batteries. 

*Guaranteed. A correctly - 
assembled watch is 
guaranteed for a year. It 
works as soon as you put the 
batteries in. On a built watch 
we guarantee an accuracy 
within a second a day -but 
building it yourself you may be 
able to adjust the trimmer to 
achieve an accuracy within a 
second a week. 

The Black Watch by Sinclair is unique. 

Controlled by a quartz crystal, and 
powered by two hearing aid 
batteries, it uses bright red LEDs to 
show hours and minutes, and 
minutes and seconds. And it's 
styled in the cool prestige Sinclair 
fashion: no knobs, no buttons, 
no flash. 
The Black Watch kit is unique, too. 

It's rational - Sinclair have 
reduced the separate 
components to just four -and 
it's simple: anybody who can 

use a soldering iron can assemble 
a Black Watch without difficulty. 

From opening the kit to wearing the 
watch is a couple of hours' work. 

Touch and tell 
Press here for hours and minutes... here for minutes and seconds. 

12 15 

The specialist features of the Black Watch 
Smooth, chunky, matt -black case, 
with black strap. (Black stainless - 
steel bracelet available as extra - 
see order form.) 

Large, bright, red display -easily read 
at night. Touch -and -see case - 
no unprofessional buttons. 

Batteries easily replaced at home. 

Runs on two hearing -aid batteries 
(supplied). Easily re -set using special 
button -no expensive jeweller's 
service. 
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The Black Watch -using the unique 
Sinclair- designed state -of- the -art !C. 
The chip... 
The heart of the Black Watch is a 
unique IC designed by Sinclair and 
custom -built for them using 
state -of- the -art technoiogy- 
integrated injection logic. 

This chip of silicon measures only 
3 mm x 3 mm and contains over 
2000 transistors.The circuit includes 

a) reference oscillator 
b) divider chain 
c) decoder circuits 
d) display inhibit circuits 
e) display driving circuits. 

The chip is totally designed and 
manufactured in the UK, and is 
the first design to incorporate 
all circuitry for a digital 
watch on a single chip. 

...and how it works 
A crystal -controlled reference is used 
to drive a chain of 15 binary dividers 
which reduce the frequency from 
32,768 Hz to 1 Hz.This accurate 
signal is then counted into units of 
seconds, minutes, and hours, and on 
request the stored information is 
processed by the decoders and 
display drivers to feed the four 
7- segment LED displays. When the 
display is not in operation, special 
power -saving circuits on the chip 
reduce current consumption to only 
a few microamps. 

LED display 

Trimmer 

Batteries 

Take advantage of this 
no- risks, money -back 
offer today! 
The Sinclair Black Watch is fully 
guaranteed. Return your kit in original 
condition within 10 days and we'll 
refund your money without question. 
All parts are tested and checked 
before despatch -and correctly - 
assembled watches are guaranteed 
for one year. Simply fill in the FREEPOST 
order form and post it- today! 
Price In kit form: £14.95 (inc. black 
strap, VAT, p & p). 
Price in built form: £24.95 (inc. black 
strap, VAT, p &p). sin=Iaii- 
Sinclair Radionics Ltd, 
London Road, St Ives, 
Huntingdon, Cambs., PE17 4HJ. 
Tel: St Ives (0480) 64646. 

Complete kit 

£14.95! 
The kit contains 
1. printed circuit Board 
2. unique Sinclair- designed IC 

3. encapsulated quartz crystal 
4. trimmer 
5. capacitor 
6. LED display 
7. 2 -part case with window in 

position 
8. batteries 
9. battery-clip 
10. black strap (black stainless - 

steel bracelet optional extra 
see order form) 

11. full instructions for building 
and use. 

All the tools you need are a fine 
soldering iroi and a pair of cutters. 
If you've any queries or problems in 
building, r ng or write to Sinclair 
service departmer t for help. 

Quartz crystal 

2000 -transistor silicon integrated circuit 

ro: Sinclair Radionics Ltd, FREEPOST, St Ives, Huntingdon, Cambs., PE17 4BR. 
Please send me 

(qty) Sinclair Black Watch 
kit(s) at £14.95 (inc. black 
strap,VAT, p &p). 

(qty) Sinclair Black Watch(es) 
built at £24.95 (inc. black 
strap, VAT, p &p). 

(qty) black stainless -steel 
bracelet(s) at £2.00 
(inc.VAT, p &p). 

Name (please print) 

Total £ 

l enclose cheque for £ 
made out to Sinclair Radionics Ltd 
and crossed. 

'lease debit my Barcla,rcard /Access/ 
American Express account number 

Address 

Signature VVW/5 

Reg. no: 699483England .VATReg.no:213817088. FREEPOST -no stamp required. *Delete asrequiree 
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CT Series 
3A 250V AC 
5A 29V DC 
Single and double 

pole, 2 and 3 

position lever 
and rocker 
switches with 

ll solder lugs. 

Your Dopy? 

T Series 
5A 115V AC 

A 29V DC 
Special Duty. Single l and double pole, 2 

and 3 position lever 
switches with 
solder lug or 

printed circuit 
i' terminals 

-444041/4 

t aY: 

vre 

PM Series 
1A125VAC 
2A 29V DC 
Single, double and 

triple pole push 

button switches with 
momentary 
action. Solder 

or PC terminals 
WW -097 FOR FURTHER DETAÏLS 
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It's the 
idé 

to the 
ARROW 

miniature 
erstars See 

us on 
Stand 4316 

IEA /ELECTREX 
and ask for 
a brochure 

I II 

Arrow -Hart (Europe) Limited, 
Plymbridge Road, Estover, 

Plymouth, PL6 7PN 
Tel: Plymouth (0752) 701155 

r 

For the musician who 
wants the best in recording. 

10XD - Our Studio Class, 15 IPS, Cross Field, Dolby B 

Recorder. At 15 IPS, the advantage of Tandberg Cross 
Field recording and the Dolby B Noise Reduction System 

must be heard to be believed. You don't have to be a 
perfectionist to appreciate this quality, but it may make 

you into one. 

1. 101/2" spool capacity, 3 speeds and remote control. 
2. A, B Monitoring with easy editing facility. 
3. Sound on Sound, add -a- track, echo, mixing, etc. 
4. Peak level record /playback meters 
5. Balanced microphone inputs. 
6. Superb logic control circuits. 
7. Electronic servo controlled speed regulation. 

See the 10XD and other Tandberg recording equipment 
at REW's new professional department. 

REI4' Audio 
Visual Co., 146 Charing Cross Road, London WC2.Tel. 01 240 3064/5 

WW - 016 FOR FURTHER DETAILS 
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Audio 
Brief notes 
Convention, 

in Zürich 
from the 53rd Audio Engineering Society 
March 2 -5 

Each year, the European and British 
Sections of the Audio Engineering 
Society hold a convention in one of the 
European cities. This year the event was 
held at Zurich and consisted of an 
exhibition, commercial demonstrations 
and a papers session. 

The Acoustic Research demonstra- 
tion was of particular interest, though 
of indeterminate value. It arose from an 
interest in recreating the original 
concert hall.ambience and consisted of 
a 16- channel delày line in which the 
delay for each channel was indepen- 
dently programmable. The output of the 
delay lines fed 16 power amplifiers and 
16 loudspeakers. The loudspeakers 
were disposed around the walls 
of the room, in a carefully 
spaced array that included height as 
well. Thus each vertical array of three 
loudspeakers was arranged on a series 
of separating columns with the lowest 
speaker near the floor, the next at about 
ear height and the top one at about ten 
feet. The chain was driven from a stereo 
signal which also fed the main stereo 
pair of loudspeakers in the front. 

From computer analysed data, 
obtained from recording the impulse 
response of some famous halls, it was 
possible to programme the delay lines to 
simulate the pattern of early reflections, 
existing in that concert hall. It was 
stated that the experimental apparatus 
was at an early stage in its development 
and perhaps that explained the uncon- 
vincing results heard. 

The exhibition contained a number of 
new products, among them a digital 
frequency analyser from Bruel and 
Kjaer, offering actave or 'iá octave 
real -time analysis, together with an 
independent memory to store a second 
spectrum for comparison. Studer 
showed the long- awaited Unisette 
broadcast cassette recorder. Using a 
special cassette loaded with ' /a -in tape, 
this offers a source for inserts of up to 30 
minutes of programme, together with 
an extremely fast rewind time. . 

A particularly interesting paper was 
presented by Fritz Winckel entitled 'A 
quick test method for the diagnosis of 
speakers' and singers' voices under 
stress'. 

Dr Winckel noted that with an 
increasing number of untrained voices 

appearing professionally in pop -group, 
there had also been an increase in the 
number ,of cases of lost voices. It was 
felt that voice training must offer some 
way of increasing the efficiency of the 
sound producing process and so 
research was commenced using highly 
trained voices and also including an 
analysis of the listening process. Tests 
were concentrated at first around the 
value of the singing formant which, at 
about 3kHz, appears to coincide with an 
outer ear canal resonance occurring at 
about 2.8kHz. Tests made at the 1975 
Berlin Funkausstellung using several 
thousand visitors as test subjects 
showed that the piercing or penetrating 
power of the voice.appeared to reside in 
the 3kHz region and the more energy 
concentrated there, the better the voice 
appeared to carry. 

Vibrato, which is well -developed in 
professional singers, also seemed to be a 
method used to raise the efficiency of 
sound production and further tests 
confirmed this thought. The author 
concluded by describing a simple 
metering device which could quickly 
analyse an artist's voice and give an 
immediate indication of the degree of 
efficiency and thus, presumably, the 
likelihood of serious strain occurring. 

Two papers, one from Matti Otala, the 
other from T. Jelsing of Bang & Olufsen, 
summarised different aspects of 
transient intermodulatiori distortion in 
amplifiers. Otala's paper was largely 
concerned with discussing the various 
forms of test signal which might be 
suitable for obtaining a quantitative 
analysis of t.i.d. whilst Jelsing's paper 
discussed the design criteria which 
ensured its elimination. 

Jelsing demonstrated mathematically 
that the origin of t.i.d. was non -linear 
limiting in early stages of power 
amplifier - before the final stage has 
run into a limiting situation itself. The 
simple design rule was thus to ensure 
'that the output stage limited before any 
other stage of the amplifier. He also 
demonstrated that an amplifier which 
suffered from t.i.d. could be improved 
by the simple addition of a band -pass 
filter designed to limit the frequency 
range of the input signals. Jelsing 
pointed out the futility of trying to 
measure the value of t.i.d. when it was 

so easy to eliminate. and proposed 
instead a simple methód of testing to 
establish an amplifier's freedom from 
t.i.d. 

If the test proved negative, it unfor- 
tunately did not automatically prove 
that t.i.d. was present - just that it was 
likely. The test was conducted as 
follows: a low- frequency sine wave is 
fed to the amplifier input and the 
amplitude increased to a level just 
below output stage limiting. With no 
other change being made, the signal 
frequency is swept over the full band- 
width of the amplifier. while plotting 
the harmonic distortion in the output. 

An amplifier can be regarded as being 
free from t.i.d. if there is no sharp 
increase in distortion at frequencies up 
to the -3dB point of the amplifier. 
Jelsing added that the sine wave signal 
used was quite satisfactory for testing 
the amplifier's response to a step input, 
since it' limiting did not occur for the 
sine wave, it equally could not occur for 
the step signal input. 

A paper sought a solution to the 
well -known problem with the conven- 
tional four -corner array of loudspeakers 
for "quadraphonic" reproduction, that 
it is impossible to obtain a satisfac- 
tory phantom image immediately to the 
left or right of the listener when using 
pair -wise mixed material. 

The authors. Theile and Plenge, 
sought a loudspeaker arrangement that 
solved this problem. Extensive experi- 
ments left them with only one solution, 
and that was to use six loudspeakers. 
the extra set being located at the sides. 
These loudspeakers were to be fed with 
a signal derived from an additional 
matrix decoding of the left side and 
right side signals. 

Ted Trendell of EMI Research Labor- 
atories dealt with the problems of 
tracing distortion correction. He argued 
that the origins of this form of distortion 
lay in the inability of the replay stylus 
to accurately follow the modulations 
cut in the record groove by a chisel 
shaped stylus. 

The paper demonstrated that the 
distortions arising from this error on 
playback could be precisely calculated 
and then compensated for by introduc- 
ing an opposing distortion in the 
recorded signal. He pointed out that the 
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success of the original experiments had 
been encouraging, but that the correc- 
tion was based on a single type of replay 
stylus shape and that as yet it was still 
not known how much deterioration 
would occur as a result of using other 
forms of stylus shape. 

Another paper was concerned with 
the design of modern, low inertia pickup 
arms, and was presented by Peter 
Rother of Thorens. This must stand as a 
definitive explanation of the criteria of 
good tone arm design and is a model of 
clarity. One of the main features of the 
introductory paragraphs is a plea to 
cartridge manufacturers to consider 
more carefully the relationships 
between stylus compliance, cartridge 
mass and the practicable values of 
effective mass for the modern pickup 
arm. 

He suggested that effective masses 
for modern arms can now be realised in 
the region of 5gm, but even with this 
very low mass, a consideration of the 
compliance and masses of several 
popular high quality cartridges showed 
that an ideal low -frequency resonance 
of 10Hz for the pickup arm and car- 
tridge combination was impossible to 
realise with at least two of the examples 
selected. 

P. J. Bloom of University College, 
Cardiff, investigated the phenomena 
associated with localization in height. 
Prior work had indicated that a princi- 
pal factor was the spectral modification 
found in the pinna. Bloom's work led 
him to discover that there is a distinct 
interaction between the pinna and the 
incident signal, resulting in marked 
filtering effects above 4kHz. The effect 
Was to produce a "suck -out" in the 
frequency response of the perception 
thresholds of the ear. 

From this Bloom produced a 
hypothesis "That a signal produced 
from a stationary source and having 
only its spectrum altered in accordance 
with data ., .. carried sufficient infor- 
mation to elicit the impressions of 
diverse source elevations. Furthermore 
these impressions should correlate with 
each subject's own pinna transforma- 
ti<ms." An experiment was set up to 
determine a quantitative relationship 
between the phantom elevation of a 
signal presented on a level with one or 
other ear and the location of the notch 
frequency which evoked it. The noise 
band, with notch, was fed to a loud- 
speaker located in an anechoic chamber 
and the subject seated to one side of the 
loudspeaker in darkness. A second 
transducer could be located at any 
'angle between -6° and +45° in a 
vertical plane at the side of the listener. 
The frequency of the notch in the noise 
ignal could be adjusted to move the 

phantom source to a location similar to 
that of the real source. Results of the 
test showed a close correlation between 
the frequency of the notch and the 
vertical elevation of the phantom 
signal. 

Bloom concluded that it was possible 
to produce the sensation of elevation in 
a noise signal simply by the introduc- 
tion of a notch in the spectrum of the 
signal. The auditory system decoded 
that signal as if the shaping of the signal 
had occured naturally. An effective 
demonstration of such a phantom signal 
was given in the lecture theatre, with 
about 75% of the audience experiencing 
the sensation of a phantom signal 
moving up and down. 

A surprising paper, at least to this 
author, was presented by J. J. Geluk of 
Radio Nederland who discussed the 
advantages of enhancing the diffusivity 
of the sound field in the living room. He 
argued that the previous circuits 
adopted for this purpose, notably the 
Hatler and Gerzon types, suffered from 
the disadvantage of direct connection 
with existing stereo equipment, a 
possible reduction in frontal 
localization, and that the overall effect 
is seldom accompanied by an improve- 
ment in acoustic quality. 

Dr Geluk's proposal is to pick up the 
output of the front two loudspeakers 
with microphones, add electrical delay 
and, if desired, some reverberation and 
feed this to two rear loudspeakers to be 
radiated at equal power to the front 
pair, but toward the ceiling. 

Two papers dealing with loud- 
speakers are selected. The first, by S. K. 
Pramanik of Bang & Olufsen, was a 
proposal for describing the terminal 
characteristics of the loudspeaker -am- 
plifier interface. In essence, the sugges- 
tion is to describe amplifier outputs, not 
in terms of watts, but in volts across a 
specific minimum load. It would then be 
a simple matter to express the load 
characteristics in terms of the maxi- 
mum voltage required to drive the load, 
together with the minimum resistance 
over the operating bandwidth. This 
would suggest a 20V, 412 amplifier, say, 
being suitable to drive a loudspeaker 
requiring 20V and having a minimum 
resistance of 412 over its operating 
range. 

The other paper, originated from the 
Victor Company of Japan, represented a 

repeat and extension of a paper pre- 
viously read at the 52nd Convention 
entitled "A technique for observing 
loudspeaker wavefront propagation." A 
loudspeaker drive unit was fed with a 
series of pulses and the acoustic output 
measured by a microphone at various 
points on an imaginary plane in front of 
the drive units. The results are stored 
and on completion of the test, the 
pattern of instantaneous sound pres- 
sure distribution displayed on an oscil- 
loscope at a speed which makes the 
progression of sound field easily 
observed. The tests had been extended 
to demonstrate the sound pressure field 
from two drive units, coupled with 
either minimum phase or non -minimum 
phase networks, and showed the rapid 
reconstitution of the original signal in 
the case of the former example. BL. 
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Railways use p.c.m. 
A commercial 30- channel pulse -code 
modulation system to go into service 
with British Rail has been handed over 
by GEC Telecommunications Ltd. The 
system connects New Street Station in 
Birmingham with Birmingham Interna- 
tional, the new main -line station built at 
the National Exhibition Centre (see IEA 
preview, this issue). The system oper- 
ates in the proximity of the 250kV 
overhead electrification, so engineers 
havé had to overcome the interference 
problems created by this environment. 
The equipment suppliers will also be 
training British Rail staff in digital 
transmission techniques. The 
30- channel p.c.m. railway contracts also 
include a system between Didcot and 
Reading in the Western Region - part 
of a re- signalling scheme associated 
with the new 125 m.p.h. high speed 
trains - and a system for the East Coast 
re- signalling scheme in the Scottish 
Region. This last -mentioned (to connect 
Edinburgh with Drem, Dunbar, Grants - 
house and Tweedsmouth) will include 
a standby line system which will be 
switched in automatically if the work- 
ing line system fails. The equipment 
enables 30 high -quality speech channels 
carrying telephony and data signals to 
be put on two pairs in an ordinary 
telephone cable which would normally 
carry only two circuits. In the New 
Street to Birmingham International 
system, special units have been 
designed and supplied to British Rail to 
enable remote subscribers to operate, 
over the p.c.m. system directly into a 
central automatic exchange. 

The second edition of a book on memories, 
published by Intel, is now available. It is entitled 
"Memory Design Handbook" and its three sections 
are concerned with the background to memory 
devices, memory components of various types, 
system design data, and interface and refresher 
circuit design. Intel Corporation (UK) Ltd. 
Broadfield House, 4 Between Towns goad, Cowley, 
Oxford OX4 3NB. W.W. 405 

Packaged amplifiers and systems are Lully 
described in Burr -Brown's new catalogue, which 
lists devices for data acquisition, conversion, 
isolation and instrumentation, operational ampli- 
fiers and linear devices for multiplication, division, 
etc. Burr -Brown International Ltd, Permanent 
House, 17 Exchange Road, Watford W D 1 

7EB. WW411 

Earth- leakage circuit breakers with a trip sensiti- 
vity of 30mA are made by Groveland Electronics 
and a leaflet is available. Load contacts have a 

short- circuit capability of 1500A and the unit 
cannot be held on in a fault condition. The firm is at 
5/6 Hale Wharf, Ferry Lane, Tottenham, London 
N17. W W 412 
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Introducing non -linear circuits 
Logarithmic, power and r.m.s. laws 
by J. Carruthers, J. H. Evans, J. Kinsler & P. Williams 

Paisley College of Technology 

A growing need for a variety of 
mathematical function generations has 
led to a variety of circuit solutions. The 
problems range from the use of 
resolvers in servo systems in which 
sine /cosine function generation is 
'needed, to the measurement of the true 
r.m.s. value of non -sinusoidal wave- 
forms. 

If we restrict ourselves to one or two 
variables, then Fig. 1 shows a sample of 
the functions that might occur in 
practical systems - either because the 
output of a system is required in some 
particular form such as a decibel 
representation of a voltage gain, or to 
correct for some non -linear property of 
a transducer. Few of these functions 
can be obtained directly from existing 
devices and circuits unless limited 
accuracy is acceptable. For example, 
the field -effect transistor has a square - 
law term in its Io/ Vcs characteristic and 
this has been exploited to provide such 

. functions as X2 and XY. 
However, the circuits have been tairly 

complex, have resulted in significant 
departure from the ideal law or have 
drifted badly with change in tempera- 
ture and /or supply. 

Some of these functions can be 
obtained by indirect means such as the 
parametric. techniques of Hall- effect 
devices or varactor diodes. Others can 
be obtained via modulation processes as 
in the multiplier /divider circuits 
of Circards Set 29. The most valuable 
tool available to the designer in this area 
is the transistor, not because of its 
amplifying properties, but because the 
Ic /Vbe characteristic follows a particu- 
lar non -linear law precisely and over a 
wide range of currents. 

In its simplest form that law can be 
written as: le =k exp Vbe. This hides a 
number of inconvenient factors such as 
its dependence on temperature, but is 
an accurate representation of the shape 
of the characteristic. As indicated in the 
previous article this is the basis of 
logarithmic amplifiers in which the 
output voltage is a logarithmic function 
of the input voltage. 

From the basic properties of logar -. 
ithms various power -law operations can 
be implemented. 

one variable two variables 

X2 XY 

X 

1/X Y 

aX2 +bX +c 
YZ 

IogeX 
e 1X2 +Y2 

cos X 

sin X 

1X2 Y2 

/72 

Fig. 1. Common functions that can be 
obtained by passing X, Y through 
circuits with corresponding transfer 
functions. 

V 
O-- log 

Fig. 2. Logarithmic circuits are based 
on natural logarithms rather than log ,a 
because of the way diode/ transistor 
characteristics are expressed. 

Va 

Vb 

Va 

-Vb 

KXY= 

K(Va-Vb)(Va+Vb)= 

K(Va2-Vb2) 

Fig. 3. Circuit produces an output that, 
after filtering and passing through a 
square -rooting circuit, would give the 
vector difference between two input 
variables. More elegant solutions are 
available using 
feedback / feedforward. 

Let V. =K loge VI and Vb =K loge V2. 

Then Va+ Vb =K loge (VI V2) 1 

Va -Vb =K loge (VI/ V2) 2 
nVa= nK loge Vj= K loge (VIn) 3 

Thus adding, subtracting or amplify- 
ing the input variables all of which are 
within the scope of normal linear circuit 
'design, result in outputs that involve 
the product, ratio or powers of those 
variables. The remaining problem is 
that the output is still a logarithmic 
function; if it is succeeded by an antilog 
circuit then the process is completed. A 
typical configuration is shown in Fig. 2. 

A second family of circuits makes use 
of existing functional blocks such as the 
multiplier (XY) or the multiplier /divider 
(XY /Z). Using various feedback and 
feedforward configurations, a number 
of the other functions such as square, 
square root and division can be per- 
formed. As an example, consider the 
circuit of 6Fig. 3. It illustrates how 
complex functions can be built up 
piecemeal_ With care and ingenuity 
elegant and efficient solutions to such 
problems can be found using various 
interconnections to remove the need for 
additional functional blocks. 

A group of four transistors in which 
the base -emitter voltages have a rela- 
tionship of the form V1 + V2 = V3 + V4 

must result in a corresponding collector 
current relationship Ií12 =1314 once the 
log characteristics are taken account of 
(see previous article). This leads directly 
to the implementation of a multiplier by 
making, say, I2 constant and forcing I3, 
I. to be proportional to the two input 
variables. Other interconnections of 
these transistors can yield functions 
such as square, vector sum, and 
division. 

Some novel solutions demand devices 
not readily available to the average user 
- devices developed by manufacturers 
for use in their own instruments. 

One such that shows an old idea 
brought very firmly up -to -date is given 
in Fig. 4. It uses what is effectively a 
balanced bridge to determine the true 
r.m.s. value of an input voltage. If two 
identical transistors are separately 
heated by equal resistors then they will 
remain in balance only if the flow of 
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heat to each is equal. Any unbalance is 
amplified by the operational amplifier 
forcing the direct output voltage to 
deliver the same power to the right - 
hand resistor as the input delivers to the 
other. Hence the r.m.s. values of the two 
voltages are equal. A neat idea, though 
one that requires a very carefully 
constructed chip if the sensing transis- 
tors are each to respond to only one of 
the heat sources. 

A severe problem in many of these 
ideas is that of identifying and neutra- 
lizing the error sources. Because of the 
non- linear equations involved, the 
relative errors are different at all parts 
of the range. Manufacturers of modules 
and i.cs directed at these applications 
devote a great deal of effort to this topic, 
and readers would be well- advised to 
consult them if high -precision functions 
are needed. 

Circuits based on these principles are 
described in Set 30 of Circards, under 
the following headings: 
Root -law array 
Voltage divider circuit 
Ramp -sinewave converter 
R.m.s. -d.c. converter 
Delta -sigma converter 
Cube -law generator 
Logarithmic amplifier 
Resolvers 
Applications of is multipliers 
Computation of (x2 + y2)'' 

How to get Circards 

Order a subscription by sending £18 for 
a series of ten sets to: 

Circards 
IPC Electrical- Electronic Press Ltd 
General Sales Department, Room 11 

Dorset House 
Stamford Street 
London SEI 9LU 
Specify which set your order should 

start with, if not the current one. One 
set costs £2.00, postage included (all 
countries). Make cheques payable to 
IPC Business Press Ltd. 

Fig. 4. Two identical transistors are 
heated separately by resistors supplied 
from an unknown input voltage and 
the output of an op -amp. High gain 
forces the transistors into balance by 
increasing Vo until the power it 
supplies matches that delivered by 

Vr.m,s. 

Topics covered so far in Circards are: 
1 active filters 
2 switching circuits (comparator and 

Schmitt circuits) 
3 waveform generators 
4 a.c. measurement 
5 audio circuits (equalizers, etc.) 
6 constant -current circuits 
7 power amplifiers (classes A, B, C, D). 
8 astable multivibrator circuits 
9 optoelectronics: devices and uses 

10 micropower circuits 
11 basic logic gates 
12 wideband amplifiers 
13 alarm circuits 
14 digital counters 
15 pulse modulators 
16 current -differencing amplifiers - 

signal processing 
17 c.d.as - signal generation 
18 c.d.as - measurement and detec- 

tion 
19 monostable circuits 
20 transistor pairs 
21 voltage to frequency converters 
22 amplitude modulators 
23 reference circuits 
24 voltage regulators 
25 RC oscillators -1 

26 RC oscillators -2 
27 Linear c.m.o.s. -1 
28 Linear c.m.o.s. -2 
29 Analogue multipliers 
30 Non -linear circuits 
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(HF predictions 
H.F. predictions have two basic sources of 
error. First, that arising from the associated 
forecast of solar activity and secondly that 
arising from the methods used to determine 
monthly median values of HPF, FOT and 
LUF for a given level of solar activity. 
Measurement of these parameters would. 
constitute in statistical terms a single trial 
with a fairly small sample, so there will 
inevitably be some deviation from predicted 
values. Additional trials to determine predic- 
tion accuracy could only be made in the same 
month of following years, by which time 
solar activity may have changed considera- 
bly. The problems are therefore treated 
statistically, with the outcome in simple 
terms that prediction error is unlikely to be 
greater than ±5% when the effects of solar 
and magnetic disturbance are removed. 
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SUNCR news 

Maritime satellite 
to aid shipping 

The world's first commercial maritime 
communications satellite, designed to 
provide instant ship -to -shore 
communications for merchant vessels 
and American naval forces was 
launched by NASA from Cape Cana- 
veral, Florida on February 19. The 
satellite, called Marisat, is the first in a 
new series of synchronous orbit 
communication satellites designed to 
relay high quality voice, telex, facsimile 
and other data over the Atlantic and 
Pacific oceans for the international 
maritime industry. A second Marisat, 
scheduled for launch in May, will be 
stationed over the Pacific. 

Ship -to -shore communications serv- 
ing vessels over thousands of square 
miles of ocean have until now relied 
primarily on h.f. radio transmissions, 

/v. 
t.7, 

which are subject to fading and 
atmospheric interference, while delays 
of 4 to 24 hours in the delivery of 
messages are common. The new 
satellite is designed to operate in three 
frequency bands. These are u.h.f. for 
the US Navy, L -band for merchant 
vessels and offshore platforms and 
C -band between shore stations and the 
satellite. (An earlier maritime satellite 
navigation system, using the Transit 
non -synchronous satellites, was 
described in our February 1975 issue, 
pp. 52 -57). 

UK researchers 
celebrate 

Ten years of research at the Mullard 
Space Science Laboratory were cele- 
brated during March by a retrospective 
exhibition at University College, Lon- 

Marisat, built by 
Hughes Aircraft 
Company in 
California (see 
news item). 
Technicians are 
adjusting a 
theodolite to 
determine 
horizontal and 
vertical 
alignment. 

don. The research group, which today 
makes up a UCL laboratory at Holm - 
bury St. Mary, Surrey, grew up under 
Professor R. L. F. Boyd at University 
College over the ten years 1956 to 1966 
before its move to the MSSL in 1966. Its 
growth became rapid with the start of 
the collaborative US /UK Ariel 1 satel- 
lite project in 1960, and work on this 
historic undertaking opened the way to 
participation-in a large number of space 
projects being planned then by the US 
National Aeronautics and Space Ad- 
ministration and somewhat later by the 
European Space Organisation, now the 
European Space Agency. 

Attention of the laboratory has 
recently turned to studies of the mag- 
netosphere and of magnetospheric- 
ionospheric interactions. 

With three X -ray astronomy instru 
ments in orbit, data can be expected to 
flow to the laboratory for at least 
another eighteen months, but the 
analysis and exploitation of the results 
will go on even longer. In 1977, two new 
satellite projects on which the labora- 
tory is currently expending much effort, 
the ESA geo- stationary satellite Geos 
and the UK X -ray astronomy satellite 
UK -6 will mature. Geos will supply data 
on low -energy particle fluxes taken on a 
field line intersecting the Kiruna rocket 
range, related low -altitude measure- 
ments being made from rockets as part 
of a high latitude rocket campaign 
there. UK -6 will permit study of chosen 
X -ray sources at lower energies than 
before, using detectors with windows of 
a material so thin that gas systems have 
to be provided to replace the constant 
diffusive loss of counter gas. 

Two further major projects now in 
hand will result in satellite launches in 
subsequent years. The NASA "solar 
maximum mission" will carry two 
instruments, built jointly by Lockheed's 
Palo Alto Laboratories, the astrophysics 
research division of the Appleton 
Laboratory and the MSSL, for making 
X -ray measurements of the solar corona 
that meet the demanding requirements 
of spatial, spectral and time resolution. 
The ESA Exosat spacecraft will carry 
two X -ray observing systems for which 
MSSL will provide the, detectors, one 
being a position- sensitive detector. This 
provides positional information so that 
an X -ray image created by the newly - 
available focusing X -ray optical sys- 
tems can be realized electronically and 
transmitted from satellite or rocket to 
ground station. A similar system, but 
which uses a larger X -ray reflector than 
hitherto, will be flown jointly by the 
Lockheed and MSSL groups on an Aries 
rocket. This payload will be one metre 
in diameter, as compared with the 40cm 
Skylark payload diameter, and will 
represent the kind of instrument pack- 
age that in the 1980s will be carried into 
orbit by the Shuttle vehicle. Shuttle and 
the use of Spacelab will gradually 
become very important in the work 
programme of the MSSL over the next 
ten years. 
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World of 
Amateur 
Radio 

L.. 
Vanishing ionosphere? 
The recent public debate on the possible 
effects of aerosols containing fluoro- 
carbons on the protective ozone con- 
tent of the upper atmosphere has 
caused William W. Lamb, W8BJ, to 
speculate whether. long before we may 
be affected as human beings, we could 
conceivably suffer loss of h.f. long -dis- 
tance transmissions. Another amateur 
has suggested that one solution might 
be to go back to "ozone creating" spark 
transmission! 

During the remarkable Sporadic -E 

opening of June 1, 1975 the amateur 
station 9H1CD on Malta was able to 
contact OZ10F in Denmark, a distance 
of 2400km, and just failed to contact a 

station in Finland. Both paths represent 
exceptional distances for Sporadic E 

propagation, although transatlantic 
contacts on 28MHz seem to indicate 
that double -hop Sporadic -E contacts 
are occasionally possible. 

Modes and band -plans 
For several years there have been 
efforts to persuade the Home Office that 
the amateur licence should include 
facilities for fascimile transmissions 
using the A4 and F4 modes. It has now 
been announced that such transmis- 
sions can be made by licensed amateurs 
in the 3.5, 7, 14, 21, 28 and 144 MHz 
bands provided that the bandwidth does 
not exceed 6kHz. No special application 
need be made. 

The RSGB Repeater Working Group 
has proposed channel frequencies in the 
432MHz band as a basis for orderly, 
planned n.b.f.m. operation, and it is 
hoped that equipment suppliers and 
crystal retailers will co- operate in 
developing this band -plan.. Channel 
RB2, 433.05MHz output and 434.65MHz 
input repeaters; Channel RB4, 
433.10MHz output and 434.70MHz input 
repeaters; Channel RB6, 433.15MHz 
output and 434.75MHz input repeaters; 
Channel SUB, 433.20MHz simplex 
channel; Channel RB10, 433.25MHz 
output and 434.85MHz input repeaters; 

Channel SU12, 433.30MHz simplex 
channel; Channel RB14, 433.35MHz 
output and 434.95MHz input repeaters; 
Channel SU16, 433.40MHz simplex 
Channel; Channel SU18, 433.45MHz 
simplex channel; Channel SU20, 
433.50MHz calling channel. 

The Raynet amateur emergency 
network, in agreement with other 
RSGB committees, has proposed that 
144.8, 144.825, 144.850 and 144.875MHz 
should be classified as emergency 
channels and is appealing to other 
amateurs not to use these channels for 
normal contacts. 

Under a reciprocal licence agreement 
with the Republic of Cyprus, holders of 
Class A licences can now obtain exa- 
mination -free licences in Cyprus. Those 
with Class B licences have to take a 12 

w.p.m. Morse test. 

Frank Hennig presents ... 
Frank Hennig, G3GSW, a well -known 
freelance broadcaster (for sonic years 
he recorded the weekly gardening chats 
with the late Fred Streeter), has become 
the presenter of the BBC's "World 
Radio Club" where he joins Henry 
Hatch, G2CBB. During the war, Frank 
Hennig was a member of Royal Signals 
and during 1944 -45 commanded a No. 
10 microwave equipment signals unit in 
Normandy, Belgium and Holland, and 
later occasionally operated the club 
station VS1BU in Singapore. He is 
currently active on h.f. with a trans- 
ceiver and four -band ground -plane 
aerial. 

. Listeners in the USA, Central and 
South America will benefit 'from the 
opening shortly of the joint BBC - 
Deutschewelle Carribean relay station 
on Antigua equipped with four 250kW 
transmitters. Programmes will be 
relayed from Europe either by direct 
re- broadcast, by special s.s.b. point -to- 
point link, or via ocean cable circuits. 
The associated receiving station is 
equipped with two rhombic aerials but 
is not expected to employ diversity 
techniques. 

Here and there 
The next reunion of the Radio Amateur 
Old Timers' Association will be held on 
Saturday, May 1 (not May 8 as original- 
ly announced) at the Cora Hotel, Upper 
Woburn Place, London WC1. Member- 
ship details of RAOTA, open to ama- 
teurs who have held their licences for 25 

years, are available from Miss May 
Gadsden, 79 New River Crescent, Lon - 
don N 13 5RQ. 

The Southampton University Radio 
Club (G3KMI) celebrates its 21st anni- 
versary in September and the present 
committee is planning a special reunion. 
Former members of the club are invited 
to contact the Secretary, Southampton 
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University Radio Club, Students Union, 
The University, Highfield, Southamp- 
ton 509 5NH, for further details. 

Lord Wallace of Coslany who while a 

Member of Parliament took considera- 
ble interest in amateur radio licence 
matters and whose son is an active 
amateur is to be RSGB president 1977. 

"At the present time the only 
countries where amateur radio is com- 
pletely prohibited are those associated 
with China - and even there, I Under- 
stand. there is some hope of a change in 
the not to., distant future" - Dr John 
Allaway, RSGB president, said recently. 

The RAF Gibraltar Amateur Radio 
Society (ZB2A) is celebrating its 30th 
anniversary by a special burst of on -air 
activity from May 25 to June 1 when it is 
hoped to contact many of those who 
have served on The Rock. 

In the first six months of its current 
financial year, the RSGB had a financial 
deficit of about £7,000. It is currently 
considering buying an IBM32 mini - 
computer to improve handling of the . 

membership records. The Society 
recently received a legacy of over £4,000 
from the estate of Mrs Sherley- Price, 
widow of the former G8SP. 

The problems underlining enforce- 
ment of Citizen Band regulations in the 
United States are indicated in a recent 
report of the US General Accounting 
Office. This supports FCC suggestions 
that additional legislation is needed to 
assess fines against unlicensed opera- 

. tors and to make it a crime to "kill, 
assault or intimidate" FCC personnel 
making station checks. FCC has 
reported , that its enforcement agents 
are increasingly being subjected to 
vocal and physical abuse but that at 
present when violence occurs the only 
recourse is through local and state 
courts. There have been instances of 
Post Office inspectors investigating, 
"pirate operation" in the UK being 
threatened with physical violence. 

In brief 
Membership of the G -QRP -Club, devot- 
ed to low power radio communication, 
has increased to 195 members (George 
Dobbs, G3RJV, 8 Redgates Court, 
Calverton, Nottingham, NG14 6LR for 
details) ... Following the earthquake 
in Guatamala on February 4 an amateur 
radio emergency link was quickly 
established through TR9LW and 
TG9GF to the United States on 
14,325kHz and provided communica- 
tions for the stricken area for several 
weeks, winning Red Cross praise . . . A 
survey made by J. H. Brazzill, G3WP, a 

sub -manager of the RSGB QSL Bureau 
showed that of 3055 QSL cards received 
by him recently, only 1696 were collect- 
ed by amateurs ... An American 
amateur is reported to have copied 
Morse code at 80 w.p.m. . . . The 
satellite OSCAR 6 is now available for 
use during descending orbits on Satur- 
day mornings. 

PAT HAWKER, G3VA 
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New 
Products 

Phase -controlled 
soldering iron 
The ORYX super 30 iron is a general 
purpose tool which offers phase control 
circuitry incorporated in the handle. 
This circuit limits the power and 
therefore the temperature of the iron, 
which in turn extends the life of the 
element. The handle also has a mains 
neon. A range of ten bit sizes is available 
for the iron which is rated at 27W and 
has a tip operating temperature of 
365 °C. The unit is priced at £2.95 + 
v.a.t. and is available from Greenwood 
Electronics, Portman Road, Reading, 
RG3 1NE. 
WW 301 for further details 

Instructional 
electromagnetics set 
A system known as LoSAID includes 
magnets, coils, slip rings and commuta- 
tors which can be rotated slowly to 

produce outputs for a three channel pen 
recorder which is also in the set. Using 
this system, low frequency electromag- 
netics can be studied, from a simple 
moving coil meter to motors, attenua- 
tors, generators, 3 phase supplies, 
synchronous motors and positional 
servo systems. The complete set is 
housed in a wooden cabinet and is 
available from Educational Measure- 
ments Ltd, Brook Avenue, Warsash, 
Southampton, SO3 6HP. 
WW 302 for further details 

Thin film strain gauge 
The series C cantilever strain gauge has 
a thin film device deposited onto the 
cantilever surface using a radio fre- 
quency sputtering technique. This is 
claimed to provide a strong bond 
without using adhesives. The sensing 
element comprises a Wheatstone bridge 
circuit in which two of the elements are 
active. Alma Components Ltd, Park 
Road, Diss, Norfolk 1P22 3AY. 
WW 303 for further details 

Power dividers 
A series of four -way power dividers 
which are claimed to be capable of 
withstanding rigorous environments 
has been introduced by Merrimac 
Industries. The PDF -4E series of power 
dividers provides broadband coverage 
over the frequency range of 50kHz to 
500MHz. These "flat pack" devices were 
designed for mounting on stripline and 
printed circuit boards, particularly in 
situations where high- density packag- 
ing is required. The model PDF -4E -50 is 
representative of the series and covers 

WW 301 for further details 

the 2 to 100MHz range, with -6dB 
coupling and 30dB isolation. Other 
characteristics of this model include: 
amplitude balance 0.2dB, phase balance 
1 °, insertion loss 1dB, impedance 5052, 
rv.s.w.r. 1.3:1, and power 1W with 
'matched loads. Merrimac Industries, 
Inc., 41 Fairfield Place, West Caldwell, 
N.J.07006, U.S.A. 
WW 304 for further details 

Frequency counter 
A 1.2GHz frequency counter has been 
added by R.C.S. to their range of 
instruments for laboratory use. The 
instrument uses a silicon -on- sapphire 
thin -film hybrid input amplifier and has 
a sensitivity better than 10mV over its 
range from 4Hz to 1.2GHz. An automa- 
tic decimal point facility is provided. 
The RC.S. 1001 counter has a short - 
term stability of 5 parts in 101°. The 
directly -gated range of this instrument 
is 4Hz to 80MHz at an input impedance 
of IMO in parallel with 20pF. Two scaler 
inputs are provided, 80- 150MHz and 
120MHz- 1.2GHz with an input impe- 
dance of 5052. R.C.S. Electronics, Na- 
tional Works, Bath Road, Hounslow, 
Middlesex TW4 7EE. 

WW 305 for further details 

Plotting system 
The Gould Plotmaster, designed to run 
in conjunction with an IBM 360/370 
computer, is available from Nanotek 
Ltd. The system, which has a high- 
speed electrostatic printer /plotter, can 
generate alphanumeric information at 
speeds of up to 3000 lines per minute as 
well as displaying engineering, scienti- 

WW 304 for further details 

WW 302 for further details 

WW 305 for further details 
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fic or business information in graphical 
form. 

A feature of the Plotmaster system is 
its intended ease of use in business 
applications where it can be incorpor- 
ated into existing systems. A business 
graphics package known as DISPLAY is 
used to generate line, bar and pie charts. 
Because DISPLAY has the ability to 
recover from input coding errors and 
produce an acceptable chart, repro- 
gramming is minimized. A PLOT gra- 
phics package can generate back- 
ground grids, variable line weights, 
automatic stripping, text annotation 
and erasure of previously programmed 
line segments. Gould Advance Ltd, 
Raynham Road, Bishop's Stortford, 
Hertfordshire. 
WW 306 for further details 

Wire bundle mount 
Panduit Ltd has announced an inex- 
pensive aluminium mounting base for 
harnessing cable ties. The mount, which 
is available with or without adhesive 
backing, can be screw mounted if 

necessary and measures 1.0 x 0.5in 

providing an effective means for secur- 
ing bundles to flat metal or non -porous 
surfaces. Panuit Ltd, Sittingbourne 
Industrial Park, Unit 22a, Crown Quay 
Lane, Sittingbourne, Kent. 
WW 307 for further details 

Chip inductors 
Aladdin Components have announced a 

family of chip inductors for use in the 
hybrid and thick film circuits. Series FC 
fixed -value inductors are shielded and 
have welded internal connexions capa- 
ble of withstanding reflow solder tem- 
peratures. Moulded in a case 3.05 x 3.18 
x 3.81mm, the inductors are suitable 
for resonant circuits and decoupling 
and are available in the range 0.01µH to 
1mH. Type VC tunable inductors also 

WW 307 for further details 

incorporate internally -grounded 
gold -plated brass tuning adjusters and 
are available in the range 0.111,H to 1mH. 
Both the FC and VC types have gold 
contact pads. Aladdin Components, 
Aladdin Building, Western Avenue, 
Greenford, Middlesex UB6 8UJ. 
WW 308 for further details 

Inductance meter 
The model 62A 1MHz inductance meter 
has full scale ranges from 1µH to 3mH 
with an accuracy of 5 %. A digital 
version, the model 62AD, has program- 
mable range functions or an autorang- 
ing capability. Analogue and b.c.d. 
outputs are provided for driving peri- 
pheral equipment and the unit is said to 
be suitable for systems applications. 
Euro Electronic Instruments Ltd, Shir- 
ley House, 27 Camden Road, London 
NW1 IYE. 
WW 309 for further details 

Automatic distortion 
meter 
The model DM -153A distortion meters 
offers automatic fine frequency- tuning 
and balance adjustment over the fre- 
quency range 6Hz to 600kHz, and 
distortion ranges from 100% to 0.1% 
f.s.d. Fundamental and harmonic out- 
puts are also available for the display of 
Lissajous figures. The instrument is 
priced at £540 + v.a.t. and is available 
from Lyons Instruments Ltd, Hoddes- 
don, Herts. 
WW 310 for further details 

Resistance deviation 
bridge 
Nine resistance ranges on the model 506 
deviation bridge from Electro Scientific 
Industries Inc allow measurements 
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from 0.152 to 50M12 with 51/2 decades per 
range for setting nominal resistance 
value and percentage. Deviation can be 
measured in p.p.m. and up to 200% 
respectively. The basic accuracy of the, 
model 506 is 50 p.p.m. Facilities include 
thermal e.m.f. cancellation, automatic 
compensation for lead resistance and 
measurement of resistors in closed -loop 
and buried -node circuit configurations. 
Primarily designed as a production tool,' 
the unit can be used in conjunction with 
a sorting fixture and /or comparator for 
rapid sorting or checking. Tranchant 
Electronics (UK) Ltd, Tranchant House, 
100a High Street, Hampton, Middlesex. 

WW 311 for further details 

Circuit breakers 
A range of miniature circuit breakers 
from Belling & Lee covers load current 
ratings from 300mA to 15A in two series. 
Devices in the L5400 series are thermal- 
ly operated for use where a time lag is 
required. The L5500 series employs a 
thermal- magnetic trip mechanism 
which provides a faster action. The 
units are reset by a push button, and an 
additional set of change over contacts 
can be included for remote signalling. 
Belling & Lee Ltd, Great Cambridge 
Road, Enfield, Middlesex EN1 3RY. 
WW 312 for further details 

Ultrastable Gunn 
oscillators 
Series 6901 -1200 Gunn oscillators deve- 
loped by Trak Microwave Corporation 
are claimed to be virtually unaffected by 
voltage, v.s.w.r. and temperature shifts. 
The oscillators are mechanically tuna- 
ble over ± 0.5% of a centre frequency, 
selectable between 8GHz and I6GHz, 
for a thermal stability of ± 0.05% from 
-54 °C to +71°C. Radio frequency 
output is between 13dBm and l9dBm. 

W\ì' 309 for further details 
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Harmonics are greater than 50dB down 
with non -harmonic spurs measured at 
greater than 80dB down. REL 
Equipment and Components Ltd, Croft 
House, Bancroft, Hitchin, Herts, SG5 
1 BU. 
WW 313 for further details 

Microwave signal 
generator 
The model 399/X is a solid -state signal 
generator variable between 8.2 and 
12.5GHz. The instrument uses a high Q 
broadband coaxial cavity with a plug in 
Gunn diode. Operating frequency and 
relative power level are displayed on 
digital displays. Internal pulse and 
square wave modulations are applied 
via a pi.n. modulator in the r.f. output 
circuit, while internal sawtooth modu- 
lation is applied directly to the Gunn 
diode supply. 

Other models in the series provide 
coverage from 7.5 to 18GHz in overlap- 
ping bands. Flann Microwave Instru- 
ments Ltd, Dunmere Road, Bodmin, 
Cornwall, PL31 2QL. 
WW 314 for further details 

Synchro /digital display 
The synchro /digital display type 
RDD100 is supplied with synchro, 
hybrid synchro -to- digital converter, 
0.6in character display, b.c.d. output 
and connecting cable. Available as a 
three or four decade display with 
standard readings, 0 -360, 0 -360.0 ± 179 
or ± 179.9 degrees. Custom scale factors 
can also be supplied, e.g. 0 -1000. Total 
system accuracy is 1 part in 1000. 
Incremental systems with counts up to 
5000 per revolution are also available. 
Moore Reed and Company Ltd, Wal- 
worth Industrial Estate, Andover, 
Hampshire. 

WW 315 for further details 

Voltage controlled 
oscillator 
A voltage controlled crystal oscillator, 
type QC1308D, has an operating fre- 
quency of 2048kHz which can be 
divided to produce the discrete fre- 
quencies for communications systems. 
The device is compatible with t.t.l. 
circuitry and requires a 5V supply. 
Frequency adjustment is by varactor 
diodes and a control voltage between 0 
and 8.5V. Once the required frequency 
has been selected the oscillator stability 
is around ±2 p.p.m. over the first year. 
Salford Electrical Instruments Ltd, 
Times Mill, Heywood, Lancs. 
WW 316 for further details 

Tunable L -band 
magnetrons 
The MCV1352 and MCV1353 tunable 
L -band magnetrons from Thomson - 
CSF deliver a minimum peak output 
power of 2.2MW and together cover the 
1270- 1370MHz band. Both magnetrons 
are suitable for air -search radars, and in 
particular moving target indicator 
systems which require stable radio 
frequency pulses. The magnetrons are 
cooled by simple tap water circulating, 
systems. Thomson -CSF Electronic 
Tubes Ltd, Ringway House, Bell Road, 
Daneshill, Basingstoke, Hants RG24 
OQG. 

WW 317 for further details 

Linear displacement 
transducers 
A range of d.c. /d.c. linear displacement 
transducers with stroke lengths up to 
150mm has been introduced by Jackson 
Brothers (London) Ltd. Standard 
models are available in three stroke 
lengths of 50, 100 and 150mm and an 
output sensitivity of up to 100mV per 

WW 314 for further details 
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mm is available. The devices can-6i 
custom built to meet individual 
requirements. Jackson Brothers (Lon- 
don) Ltd, Kingsway, Waddon, Croydon. 

WW 318 for further details 

Low noise toroid 
transformer 
Avel- Lindberg have designed a toroid 
transformer for use in data -processing 
video monitors. The toroid construction 
has no air gap, and is shielded by the 
winding which go completely around 
the core. This, say the makers, keeps 
unwanted magnetic radiation to a 
minimum. The transformer has a 
0- 110 -120V primary winding and 
17- 0 -17V, 8.5- 0 -8.5V secondary wind- 
ings rated at lA and 3A per side 
respectively. Dimensions of the toroid 
are 115mm outside diameter by 52mm 
high. Avel- Lindberg Ltd, South Ocken- 
don, Essex RM15 5TD. 
WW 319 for further details 

Relay for amusements 
A relay designed specifically for vend- 
ing machine and amusement equipment 
applications has been introduced by 
Magnetic Devices Ltd. Designated, 
series 270C, a push- button, press -to- 
operate key provides a quick means of 
checking correct operation without . 

removing the relay from the circuitry 
under test. Mechanical life is better than 
ten million operations and electrical life, 
is 100,000 operations at full load. The' 
series 270C is available in two- and 
four -pole, same polarity switching, 
versions with coils rated at 1.4VA, 50V, 
a.c., or 0.9W, 24V d.c. Ambient operat- 
ing temperature is up to +55°C and 
insulation between coil and contact isi 
proof voltage tested to earth at 1,500V 
r.m.s, 50Hz. Magnetic Devices Ltd, 
Exning Road, Newmarket, Suffolk CB8 
OAX. 

WW 320 for further details 

WW 215 for further details 
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Solid State 
Devices 
Names of suppliers of devices in this 
section are given in abbreviation after 
each entry and in full at the end of the 
section. 

Power transistors 
The BUX46 -47 -48 switching power 
transistors are triple diffused devices 
rated at 850V, lice sac at less than 1.5V for 
up to 9A collector current and a typical 
fall time of 0.3µs. High voltage power 
transistors are also available: 
BU142 -3 -4, intended primarily for 110° 
precision -in -line tube applications; 
BU126 for switching mode power 
supplies; BU207 -8 -9 for very high vol- 
tage horizontal deflection circuits in 
colour TV applications. Voltage ratings 
are up to 1700V, Vice sa, current ratings 
are up to 12A and a typical fall time is 
less than 11.Ls at up to 8A collector 
current. The BUX37 power Darlington 
transistor is designed specifically for 
high voltage electronic ignition appli- 
cations. 

Thomson CSF 
WW 321 for further details 

Limiter diodes 
Limiter diodes claimed to handle pulses 
of up to 4kW peak power and reduce 
leakage power to as little as 10mW have 
been announced by Alpha Industries, 
Inc. for protecting sensitive receivers. 
CLA3131, CLA3132 and CLA3133 series 
are p -i -n silicon diodes providing pas- 
sive receiver protection over a range of 
frequencies from 100MHz to beyond 
20GHz. Peak input power range (for a 
pulse of 1µs maximum duration) is 50 to 
66 dBm. The diodes are supplied in basic 
chip form or encased in a variety of 
glass or ceramic packages. 

Impectron 
WW 322 for further details 

Memory for v.d.u. 
A 512 -line, 512 elements- per -line video 
image can be stored by the in -477 4k 
r.a.m., announced by Intel. The memory 
is intended to replace the usual shift 
register, allowing both sequential and 
random access at 20M bits /sec. A single 
4k memory, contained on one 15in 
square board, will suffice for a monoch- 
rome, alphanumeric or graphic display 
of any size or shape, while coloured or 
tonal images will require several 
memories in parallel. Board selection is 
built in. The memories require +5V, 

-5V and + 12V, dissipate less than 25W, 
and are t.t.1.- compatible. An 18 -bit 
address code is used and the standard 
time for access to the data is 600ns, 
which can be reduced by arrangement 
with the makers. 

Intel 
WW 323 for further details 

High voltage rectifiers 
A range of rectifiers from Amex have 
voltage ratings from 3kV to 50kV and 
power ratings up to 1W. The devices are 
housed in moulded cases or standard 
epoxy packages. 

WW 324 for further details 
Amex 

Timekeeping circuits 
The TA6779 and TA6930 are 4.194MHz 
c.m.o.s. clock circuits designed for 
operation at low voltages (1.1 to 2.2V for 
the TA6779 and 1.2 to 2.2V for the 
TA6930). The circuits, developed by 
RCA, can be driven by standard quartz 
crystals and are suitable for use in both 
clocks and watches. For a drive voltage 
of 1.6V the maximum operating current 
is 100µA for no load. The TA6779 has a 
32Hz output (50% duty cycle) and a 
frequency stability of 1 in 106 per 0.1V 
change in drive voltage, while the 
TA6930 has a 1Hz motor output and a 
stability of 0.2 in 106 per 0.1V change. 

RCA 
WW 325 for further details 

Multi- decade counters 
An integrated circuit, the MM74C925, 
from National Semiconductor com- 
bines a four -digit counter, data latches 
and a seven- segment multiplexed 
output capable of directly driving a 
four -digit l.e.d. display. The multiplex- 
ing circuit has its own free -running 
oscillator and requires no external 
clock. Several other versions of the 
counter are available with different 
options. The MM74C926, for example, is 
similar to the 925 but has a carry -out 
connexion that is employed for cascad- 
ing counters in systems with more than 
four digits, and a display select line that 
allows either the data in the latch or 
the data in the counter to be displayed. 

National 
WW 326 for further details 

Power Darlington 
transistors 
Six power Darlington transistors in 
n -p -n and p -n -p types rated at 100W, 
150W and 225W at a Viceo of 100V have 
been introduced by Lambda Electron- 
ics. Peak current ratings for the three 
.power levels are 16A, 20A and 40A 
respectively. Power de- rating is effec- 
tive above case temperatures of 50 °C: 
hFE minimum is 1,000 at 4A, 6A and l0A 

respectively and continuous ratings are 
8A, 12A and 20A. Designated 
PMD -10K -100, 11K, 12K, 13K, 16K, and 
17K, these devices are 100% tested for 
leakage current stability at 200 °C junc- 
tion temperature and are temperature 
cycled from -65° to +200°C. Each 
device is tested for secondary break- 
down current and they are hermetically 
sealed in TO -3 packages. 

Lambda 
WW 327 for further details 

Microwave power 
transistor 
Characteristics specified for the Motor- 
ola MRF 835 at 870MHz using a 12.5V 
d.c. supply are output power 15W, 
minimum gain 7dB and efficiency 50%. 
A gold metallization system has been 
used instead of aluminium so that 
current migration within the device is 
reduced and the mean time between 
failures if increased 1,000 to 10,000 
times. 

Motorola 
WW 328 for further details 

Instrumentation 
amplifiers 
Two i.c. amplifiers, claimed to be 
suitable for thermocouple, strain gauge, 
bridge, and other low -level transducer 
applications, have been introduced by 
Burr- Brown. The 3662JP is continuously 
rated at 96dB and has a maximum gain 
non -linearity of 0.1% with a drift of less 
than 6µV / °C at a gain of 1000. The 
3662KP, rated at 104dB, has a maximum 
non -linearity of 0.05% and a, drift of less 
than 2.5µV / °C at a gain of 1000. Both 
amplifiers have typical common -mode 
impedances of 2 x 101052 in parallel with 
3pF and require an input bias current of 
less than 300nA. The 14 -pin d.i.l. 
packages include all network resistors, 
with the exception of the gain setting 
resistor. 

Burr -Brown 
WW 329 for further details 

Suppliers 
Thomson -CSF UK Ltd, Ringway House, 
Bell Road, Daneshill, Basingstoke, 
Hapts RG24 OQG. 
Impectron Ltd, 23 King Street, London 
W3 9IH. 
Intel Corporation UK Ltd, Broadfield 
House, 4 Between Towns Road, Cowley, 
Oxford OX4 3NB. 
Motorola Semiconductor Products Ltd, 
York House, Empire Way, Wembley, 
Middx. 
National Semiconductor UK Ltd, 19 

Goldington Road, Bedford MK40 3LF. 
Lambda Electronics, Abbey Barn Road, 
High Wycombe, Bucks HP11 1RW. 
RCA Solid State Europe, Sunbury - 
on- Thames, Middx TW16 7HW. 
Amex Electronics Inc., 3198 H. Air- 
port Loop Drive, Costa Mesa, Califor- 
nia, 92626, U.S.A. 
Burr Brown International Ltd, 17 Ex- 
change Road, Watford, Herts WD1 7ED. 
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ELECTROnK 
DIGITAL CLOCK 
with alzum and 
snooze features 

99 

FEATURES: 0.7 -inch high digits Variable intensity 24 -hour alarm 5- minute repeating, snooze alarm Alarm set indicator Snooze 

indicator Pulsing second indicator Power interrupt indicator Alarm cancel features -- tilt operation Alarm tone output AM. PM. 

Indicator. 

Weight 
Power Supply 

130mm x 90mm x Manufactured to high standards by a major American electronics corporation this superbly styled 

95mm solid -state timepiece is made available to all readers fully guaranteed. 
10oz. 
230 VAC a 10 °/ 50Hz Mail order customers: Please enclose 55 pence for postage and packing. 

+ 99 pence VAT 
FREE TRIAL IN YOUR HOME. Try out the clock in your 
home. If digital time is not for you return it in orginal' 
condition within ten days and we'll refund your money 
without question. 

TI ME MICROELECTRONICS 
33 WATERIDGE ROAD, BASINGSTOKE 
HANTS RG21 2RA. Phone (3256) 66961 

rPlease send electronic clocks as illustrated. 

II enclose cheque postal order money order 7 
IName 

I. Address 

I Signature 

The name that means a wider range of electrical 
instruments. 

With P.I.L. fast becoming the most comprehensive instrument stockist in the U.K., offering instruments 
manufactured by over 60 established world -wide companies, and the expertise of I.E.C. in the repair of 
virtually any type of electrical as well as many types of electronic measuring instrument, you-will see why 
you are dealing with companies that are experts in the field of electrical measurement. 

So remember, the next time you need our kind of help - take a generous measure of P.I.L. or I.E.C., 

you can rely on it - always. 

Precision Instrument Laboratories 
Instruments Electrical Company Limited 
Instrument House. 212 Ilderton Road, London SE15 1NT 
Tel: 01 -639 0155 Telex: 8811854 

WW -086 FOR FURTHER DETAILS 
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co WEBT HYDE 

3 
Offer Instrument manufacturers low,cost cases exstock, Blue PVC coated 
steel strength and 'Tidily PVC alumullurn grey front and rear panels are 

removable PCB and PSU mounting system available. Also available In 

black. .301 -price of 302. Bk 302 303, Bk 304 305 

COIiITIL 

Olibir lea 
A r,rvp of eyebrow cases In blue textured acrylic Front panels normally 
w VC,aluml mum, also available unpainted up to 1277 size 

Instrument cases 
All dunenuuns are W,dlhxHelghl,Depth 
PRICES 1 all Inc. P & P but net VAT. 

MOD 3 1,ncludmg chasusl C 4.5 10. 6 5" 7.61 
301 7x3 x5'e" 5.23 0 9 3. 6 5" 7 81 
302 7x4 Y,x5''4 5.81 E 9 7, 65" 8 64 
303 7x6 x5'4" 7.t5 F 9 10e 6.5 10.18 
304 11x3 x5 1 " 0,44 G 13 3x 6.5" 8.64 
305 14x4:5+51: 7,85 H 13 7. 6.5" 10.18 
306 11x6 x5.4- 4.05 1 13 10x 6 5" 11.50 

J 18 3. 6 5" 10.1 
CONTIL TEXTURED 8 

755 7.5x5" 7.25 K 18 7x 6.5" 14,03 
867 8x7+6" 8.50 L 

18 10x 6.5" 17.33 

875 9+5x7" 8,80 M 4.5 3x13" 8.38 
1277 12+7xie 0,50 N 4.5 0.13" 81.84 

1277 unpainted 7,30 O 
4.5 10+13" 11.50 

16127 16+702" 13.85 Pot 

9 3x13" 8.54 
191010 19,10,10" 10.74 0 9 7x13" 11.50 

9 10.13" 14.08 
ELF CASES Grey line. chass,sl S 13 3x17" 11.50 
Elf 6 +4x4" 2,40 T 13 7x13" 14.05 
Bara Elf (less h, ch. poll 1.95 U t3 70.13" 17.33 
Giant Elf 8x5'r,x5" 3.80 V 18 3x)3" 14.03 
Long EIS 9x4,7" 1,90 W 18 7x13" 17.33 
JuesboEH 101:55'455'/C 4.80 X 18 10x13" 20.35 

Mod2 tn Woodgraln or Black 
brush in Ires A L& N MO0'2 CASES 

(ncluding Chassas) 
A 4.5e 3x 6.5" 
B 45x 7x 65" 

Wireless World, May 1976 

WEST HYDE 

ANINIe? 
Mod'2 cases over 24 sizes. Front and back panels grey PVC. Aluminium 
chassis Included. Packed flat. Outer casing blue PVC steel or up to size L 
also available in wood gram and black. (Price as for next price higher le A 

Black is B pncel 

Pricer as for one price up on These tough little cases add very little to the cost o a fob. Front panel 
1.50 MotT2, e.g. Mod2A Woodgraln 
5.35 tir Black is LS 80 as Mod 2B. mould,d lass polyester all n gray glass . panels, feet and chassis Included 

. 

aluminium with protective cual Ell cases are available an 4 sizes, all dough. 

,1 three pr.cr breaks on Cases unir 

BUY A CASE FROM A SMALL RANGE, YOU GET A CASE -BUY A CASE FROM A BIG RANGE, YOU GET A SOLUTION 

Instrument cases 

A prestige anodised case, black PVC steel top and bottons which can be 

supplied louvred a1 'In ext,;, fosl Free standing or rack mount,ng, avall,,blc 
in rack or half -width assembled In special polystyrene pack for safe postage 

MINOS 
1 

Smart miniature ARS cases in tough rigid high gloss black Front panels 
either ah or PVC steel Built-in slots for PC cards. divider-3 etc Chassis or 
PC boards can be supported on 'P' clips from internal pillars 

THE INSTRUMENT 

BRIGHTCASE MARK II 'SAMOS 
BC21213'6" Full Rackl 15.01' S1 IOOx 50.50mm 
8C222 13Y," Halt Rackl 74,70152 100.100.50mm 

S3 100x150+50mm 
54 I 25 5075mn, 
55 12bx100,75mm 
SG 125+150, 75mm 
S7 125+200+75mm 

BC31215'4" Full Hack) 17.33 
BC322 15'u Hall Rackl 16,01 
Rack Brackets ava,labin 
No exlrn In' Louvres add L 

MINOS 
M2 65x100x5Omm 041 
M3 100n130x50mm 0.77 
M2 Bare 0.40 IOs10k7" 
M3 Bare 0.45 12.10.7" 

HEAVY DUTY CASE 
8x 875" 

1.10 
1,20 
1,44 
1.62 
1,55 
2.17 
2.41 

14.18 
16.10 
18.00 

OVER 250 DIFFERENT 
CASES IN STOCK- -SIZE RANGE 

OVER 5000:1 IN VOLUME 

Send for catalo!ue 

WEBT HYDE 
DEVELOPMENTS LIMITED 

Ryeteld Cres., Northwood Hills, Nor thwood. Madd +., HA6 INN 
Telephone -. Northwood 14941/76732/77051 

Telex 923231 West Hyde Ndrwd. 

WW-082 FOR FURTHER DETAILS 

NW( SAMOS 
Miniature instrument cases in blue and white PVC steel. Assemble in the 
lower half, cllpIn feet, 2 screws allow the cover to hinge off cases, 2 more 
lo fix, PC feet are available to hold up to 4 PC boards horizontally in caso 

Available in 3 sizes. Heavily constructed In rintec steel, welded corners 
with heavy hinges. 2 screw fixings and foam around She door In the base 
15 a gland plate with gasket and a chassis with screws provided 

CASE SPECIALISTS 

IS CHILTON'S MIXER THE BEST FOR 
YOUR USE? 

Magnetic tapes ltd make the 10/2 above as well as 
a 16/2 and a 12/4 with all the inherent flexibility 
and quality customarily found in big studio mixers. 
Most of our mixers are constructed to meet the 
varying demands of the customer, perhaps we can 
do one for you. Prices start at £400 for the basic 
10/2 + VAT @ 8%. 

MAGNETIC TAPES LTD. 
Chilton Works, Garden Road, Richmond 

Surrey TW9 4NS - 01 -876 7957 

STEREO IC DECODER 
HIGH PERFORMANCE PHASE LOCKED LOOP 

(es in'W.W.' July '72) 

MOTOROLA MC1310P EX STOCK 
DELIVERY 
SPECIFICATION 

Separation: 40d8 50Hz -15kHz Distortion: 0.3% 
I /P level: 560mV ems 0 / P level: 485mV rms per channel 
Input impedance: 5ok0 Power requirements: 8 -14V at 16mA 

Will drive up to 75mA stereo 'on' lamp or LED. 

KIT COMPRISES FIBREGLASS PCB ONLY WHY PAY 
(Roller tinned), Resistors. I C.. Capacitors, MORE? 
Preset Fotm. & Comprehensive Instructions £3.98 post free 
LIGHT EMITTING DIODE RED 29p 
Suitable as stereo 'on indicator for above GREEN 59p 

MC1310P only £2.15 plus p.p. 10p 
NOTE 
As the supplier of the first MC1310P decoder kit. of which we have sold literally 
thousands, our customers can benefit from our wide experience. 

V.A.T. 
Please add V.A.T. to all prices 

FI -COMP ELECTRONICS 
PORTWOOD INDUSTRIAL ESTATE, CHURCH GRESLEY 

BURTON -ON- TRENT, STAFFS. DE11 9PT 

ANALOGUE & HYBRID COMPUTERS 

Illustrated is the C180, one of our standard range of 
analogue and hybrid computers which offer high 
performance and extremely good value for money. This 
model has 18 I.C. operational amplifiers all of which 
may be switched for use as integrators, automatic 
function selection and meter switching, 3 -Four 
-quadrant Multipliers, Individual Pot -Set Facilities, 1% 

accuracy, built -in Stabilised Power Supplies, D.V.M. 
optional extra. Many other features at this very low price 
of £ 1 ,1 50 complete with patching leads and instruction 'Jt 
IBook, 

We are specialists in producing computers designed for your own specific research or 
engineering requirements at prices which are very little more than those for our standard 
range. 

Phone or write for details of our Analogue or Hybrid apparatus. 

PHYSICAL & ELECTRONIC LABORATORIES LTD. 
MANUFACTURERS OF PRECISION ELECTRONIC EQUIPMENT 

28 Athenaeum Road, Whetstone, London N20 9AE. Tel. 01 -445 7683 
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PRINTED CIRCUIT BOARD TRANSFER SYSTEMS 
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Acid resistant transfers for direct application to P.C. Board. This is a 

new approach to printed circuit board manufacture, giving a 

professional finish with all details that an electronics engineer would 
require, including all drilling positions automatically marked. 
Ideal for single unit boards or small quantities. All at a very low 
cost -for example an average 6" x 4" layout would cost less than 
30p, and the time taken under one hour, including etching to 
complete. 
The system is simple, briefly it consists of 10 sheets of self adhesive 
acid resistant transfers made in required shapes - i.e. edge 
connectors, lines, pads, dual in line I.C.s, 8 -10 -1 2. T.O.5 Cans, 3 -4 
lead transistors, etc., etc., which only require pressing into the 
required positions on the printed circuit board before etching. 

The printed circuit transfer system s a genuine offer to the public and 
industry, A full money back guarantee is sent with each order, trade 
prices on application. 

List of Prices 

Complete system including post and VAT £2.95 
Individual sheets 30p 
Sample sheet 30p 
Ex. U.K. Post Extra £1.00 

Printed circuit board PCB transfer systems patent applied for 

E. R. NICHOLLS, 46 LOWFIELD ROAD, STOCKPORT, CHESHIRE 
TELEPHONE NUMBER 061 -480 2179 

The Semicon 
International 
Transistor Index 

6th EDITION 
(1975/61 

Easy alpha -numeric reference to the ratings and characteristics 

of some 24,000 transistors of international origin. European, 

U.S.A. Japanese. Essential guide for all Engineers, Technicians, 

and Buyers. Over 45o pages of basic information. By far the 

best manual of its kind available anywhere to -day. 

* EXTENSIVE SUBSTITUTION GUIDE 
* CV & BS DEVICES & EQUIVALENTS 

* TERMINATION DRAWINGS 
* ALTERNATIVE SOURCES OF SUPPLY 

Remit with order 
price. UK only. £9.60 Elsewhere £10.90 

Surface mailing 

Please send 

Naine 

Address 

copies of the Semicon Transistor Index, 6th Ed. to. 

1 enclose cheque /postal orders for £ 
My Access /Barclay /interbank Card No. is 

1 1 I I I I I 

Refund it not sat islieil and 1,00k is returned within 14 clays. 

Semicon Indexes Ltd. 2 Denmark St. Wokingham. Berks. RG11 2BB. 
TEL WOKINGHAM 10734) 786161 

WW - 027 FOR FURTHER INFORMATION 

HART ELECTRONICS 
Audio Kit Specialists since 1961 

STEREO BAILEY 30 WATT TUNER AMP. 
This complete tuner /amp unit is of the very highest quality and is the amalgam of our 
Compact FM Tuner. Bailey 30watt power amps and the Bailey /Burrows /Ouilter pre 
amp. The wooden sleeve is available in en'her teak or sapele finish to blend with existing 
equipment or furnishings. 

s 
The combination of our excellently designed printed circuits and the high quality 
components used makes this unit unequalled on the kit market and approached in 

quality of performance and durability by few made up tuner amps. 
Full details are in our free lists. 

STUART TAPE CIRCUITS. Our printed circuits and components offer the easy way to 
convert any suitable quality deck into a nary high quality Stereo Tape unit. Input and 
output levels suit Bailey pre amp. Total cost varies but around E35 is all you need. We 
can offer tape heads as well if you want new ones. 
All above kits have fibreglass PCB's ['notes exclude VAT but P &P is included 

FURTHER INFORMATION ON ALL (KITS FREE if you tend us s 9 in. x 4 in. 
S.A.E. 

REPRINTS Post free. no VAT 

Bailey 30W 18p. 

STUART TAPE RECORDER. All 3 artidles under one cover 30p. 

BAILEY /BURROWS /QUILTER Preamp circuits, layouts and assembly notes 15p. 

All paces exclude VAT 

Penylan Mill, Oswestry, Salop 
Personal callers are always welcome. but please note we are closed all day Saturday 
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TAUT SUSPENSION 

ß 

MULTIMETERS 
Made in USSR 

U4312: 41 ranges 0.3mA - 6A 
D.C., 1.5mA - 6A A.C., 0.3 -900v 
A.C. /D.C., 0.2- 50kí); Mirror scale. 
Sensitivity 0.2-5 /v; Accuracy 1e. 
D.C.; 1.5% A.C. t1 1 .50. 
U4313: 4O ranges O.O6mA - 1.5A 
D.C.; 0.6-1.5A A C.; 1..5-600v 
A.C. / D.C.' 0.06 -60k0 ; Mirror scale. 
Sensitivity 20k0 Iv D.C.; 2k0 /v 
A.C. Accuracy 1.5% D.C., 2.5% A.C. £14.90.', 
U4315: 43 ranges 0.05mA -2.5A 
D.C.; 0.5mA -2.5A A.C.; 1 -1 000v 
D.C. /A.C.; 0.3 -500k0 ; Sensitivity 
20k0v D.C., 2k0 /v A.C. Accuracy 
2.5% D.C., 4% A.C. t1 1 .25. 

U4324: 33 ranges 0.O6mA - 3A 
D.C., 0.3mA - 3A A.C., 0.6 -1200v 
D.C., 3 -900v A.C., 0.5 -500k0 ; 

Sensitivity 20,0000 /v D.C., 
40000 /v A.C. Accuracy 2.5% D.C., 
4% A.C. Re- chargeable cadmium cell 
operation. 110.85. 

OSCILLOSCOPE CI -5 
Made in USSR 

Extremely simple and easy to use single beam 
oscilloscope Well proved design based on standard 
octal valves makes servicing and maintenance 
straightforward and inexpensive. Because of its 
bandwidth of 10 MHz the instrument is suitable for 
general electronic applications and educational 
purposes where a sophisticated instrument would be 
both too expensive and delicate. 3 -in. tube giving a 50 

1. x 50mm clear display. Amplitude and time base 
calibrations. Sensitivity 30mm /v max. Triggered and 
free- running time base, suitable for displaying pulses 
from 0.1p sec. to 3 m sec. A.C. mains operation: 

Price £55.00 ex. works 
, Packing and carriage (U.K. only £.2.507 

* a 

® 
44 
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EDUCATIONAL METERS 
Made in USSR 

A range of small portable free -standing meters suitable 
for experiments and demonstration work. Moving coil 

rS 
movements with centre -pole pieces. 69mm long open 
scale. Basic calibration accuracy 4 %. The following 
ranges are available: 1, 2, 5. 10 Amps D.C.; 6, 1 5, 30. 
Volts D.C. Overall dimensions: 80 x 100 x 48mm. 

Price £1.90 ex. works 
Packing and postage £0.20 per meter 

LINEAR I.C. AMPLIFIERS 
'TAA263 - 3 stage low level amphfien. 
'Bandwidth DC to 600kHZ. Supply 
'voltage 6-8V. Output power 10mW. To 
72 4-lead £0.65. 

,TÁ0293 - Med. freq. amplifier up to 
600kHZ. Supply voltage 6V. Output 

t10mW into 1500. TO 74 10 -lead case' 
£0.65. 

TAA320 - Most stage followed by a 
9 Power dis. Gate-to-source 

n 
source 

current 
Power 

TO 
18 

3-lead 
200mW. Drain 

cúrrent 1µA. TO 18 3 -lead E0.60. 

DIGITAL 7400 SERIES I.C. 
Made in USSR 

7400 £0.14 7440 £0.14 
7401 £0.14 7450 £0.14 
7410 í0.14 7453 £0.14 
7420 £0.14 7455 £0.14 
7422 £0.20 7460 £0.14 
7430 £0.14 7472 íO.30 

7474 £0.25 

TEXAS BC51 i 
Silicon Darlington pair m three -lead plastic 

Average current gain 3 
Max 

Max V 
4UV. Max 1 4UUmA x 1 co- 10 

£0.80 £0.80 

SPECIAL TELEVISION 
BARGAINS 

FIRST GRADE TRANSISTORS 

R20088 f0.95 
R20106 £1.65 
BU126 £1.55 
Bu 133 f 1.55 
BU208 í2.O0 

Have you already got our illustrated 1975 catalogue /price 
list of valves, semiconductors, test equipment and passive 
components? If not. please send E0.20 for your copy now 

Prices are exclusive of VAT and unless stated otherwise, 
packing and postage. When remitting cash with order Pa 9 P 9 9 
Please add £1 00 per multimeter, or £0.20 in E for other 
items. as well as VAT (25% for valves, semiconductors and 
linear I.C.s and 8% for other equipment). eq P ). 

Z& I A E R O SERVICES LTD. Retail Branch: 

Head Office: 44A WESTBOURNE GROVE, LONDON W2 5SF 85 Tottenham Court Road 
London W1. Tel: 580 8403 

Tel.: 727 5641 Telex: 261306 

WW-079 FOR FURTHER DF.TAII.S 

RADFORD HD250 
High Definition Stereo Amplifier 

A new standard for sound reproduction in the home! We 
believe that no other amplifier in the world can match the 
overall specification of the HD250. 

Rated power output: 50 watts ay. continuous per channel into any impedance 
from 4 to 8 ohms, both channels driven. 

Maximum power output: 90 watts ay. per channel into 5 ohms. 

Distortion, preamplifier: Virtually zero (cannot be identified or measured as it is 
below inherent circuit noise.) 

Distortion, power amplifier: Typically 0.006% at 25 watts, less than 0.02./0 at 
rated output (Typically 0.01 % at 1 Khz) 

Hum and noise: Disc, -83dBV measured flat with noise band width 23 Khz (ref 
5mV); -88dBV "A" weighted (ref. 5mv) 

Line -85 dBV measured flat (ref 100v) 
-88d BV "A" weighted (ref 100v) 

Hear the HD250 at 

SWIFT OF WILMSLOW 
Deft WW 

5 Swan Street, Wilmslow, Cheshire (Tel. 26213) 
Mail Order and Personal Export enquiries: Wilmslow Audio, Swan Works, Bank 

ISquare, Wilmslow (Tel. 29599) 
Also in stock: All Radford speaker drive units and crossovers, ZD22 preamp, Low 
Distortion oscillator LD03 and Distortion Measuring est DMS3. 

Wem' -047 FOR FURTHER DETAILS 

The CSP200 offers a good 
tough and versatile method of 

housing electronics at a very low cost. 
The case is constructed from moulded 
glass fibre with a detachable aluminium 
front panel & chassis. A choice of colour 
is also available i.e. Grey, Red or Blue. 
Size 103/4" x 51/2" x 5" Available ex- 
stock direct 
from our 
factory SUPER PROFESSIONAL 

Designed for professional use but now also 
offered direct to the amatuer enthusiast, and at a 
fantastically low price. The main feature of the 

cases, are the moulded glass fibre side /handle, this 
being a major safety factor. The cases are all standard 
sizes and are 31" high x 11'4" deep. Widths are 

CS101.93/4 (E5.25), CS102.12" (E6.25), CS103.17" (E7.25) 
which when fitted with brackets 8103, fits in 19" G.P.O. 
rack size. All available ex -stock direct from our factory. 

Send C.W.O. 
adding 60p carriage 

per case. 

To: All prices + 8% VAT 
Case Systems, 20 Hunt Lane, Chadderton, Lance England. 

Trade Enquires welcome 

WW - 025 FOR FURTHER DETAILS 
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CATRONICS-First with WW 

TELETEXT 
DECODER 

The design is being described in a series of articles being 
published by 'Wireless World' (from last November). All 

components are available from Catronics Ltd. 

..irelw,+ wab iNwte=+ aw<eee. 

1 2 3 9 

The approved Catronics kt contains all the printed circuit boards and components 
necessary to build the complete decoder. Signal Input required is a minimum of 0.5V 
detected video. The output is approximately 4V of R. G and B drive suitable for driving 

most types of colour Television sets, PLUS a luminance output for black and white 
sets. 

The power supply and video switching circuitry are normally installed within the 

television cabinet and the main decoding control and memory circuitry in a separate 
cabinet positioned on top of the television PCBs are now supplied for the power supply 

and video switching circuitry. Prices. 
Set of 5 PCBs only (inc. PSU and video switching) E16.00 +VAT (£4.00) 
Component Kit (inc. PCBs) - for upper case only E91.45 +VAT (E9.70) 
Add -on Kit for lower case characters £12.95 +VAT (£1.35) 
Cabinet and Front Panel (styling may vary) £11.60 +VAT (E2.90) 

Ready -built and Tested Decoders add E44.00 + VAT (E11.00) 
PCBs are post free - but add £1.50 for Insured Post & Pkg. for component kit and /or 
cabinet. Orders dealt with in rotation. Due to big demand despatch may take up to 3 

weeks. 
A wide range of other components are also available. including SL1300 series i.c.s. KVG 
and MURATA filters. AERIALS for Commercial Mobile and Radio Amateur bands 
IGNITION Interference Supression Components plus. of course. the famous Catronics 

Frequency Counters and Prescelers -- including an exclusive 500MHz version. 

Send S.A.E. for current price lists (stating requirements) 

CATRONICS LTD. (Dept. 625) 

moi. 
atronics 39 Pound Street 

Carshalton, Surrey 
Tel: 01 -669 6700 

WW -625 FOR FURTHER DETAILS 

Wise buyer's first choice 

CATALOGUE 8 

Catalogue 

ISSUE No. 2 
144 pages 

UP -DATED PRODUCT 
& PRICE INFORMATION 

40p POST PAID + 
40p REFUND VOUCHER 

We have made it just about as comprehensive and up-to- the -minute as possible 
Thousands of items from vast ranges of semi-conductors inclúding I.C.s to components 
tools, accessories, technical information and diagrams are included as well as a refund 

voucher worth 40p for spending on orders list value £5 or more. SEND NOW FOR YOUR 
COPY OF CATALOGUE 8, ISSUE No. 2 BY RETURN. Its an investment in practical 
money -saving and reliability! 

+E.V. PRICE STABILIZATION POLICY 
This Is one of reviewing prices every 3 months rather than trying to keep up with clay 11, 

day changes as they occur. We have on the whole held prices better than anlictpateci ri 

following this plan. Next review period starts July 1st 

+E.V. DISCOUNT PLAN 
Applies to all items except t) eTew where prices are shown NETT 5 /e on orders from t_!) 

to £14.99. 10% on orders value El 5 or more. 

+FREE POST & PACKING 
Tñ UK for pre -paid mail orders over £2. 1i under there is an additional handling charge of 
15p. 

+QUALITY GUARANTEE 
All goods are sold on the understanding that they conform to makers' s¡Secifications. No 
rejects, seconds or sub -standard merchandise. 

ELECTROALÚE LTD 
All communications to Dept 4/ 3 

28 ST. JUDES ROAD. ENGLEFIELD GREEN. EGHAM. SURREY TW20 OHS 

Telephone Egham 3603. Telex 264475. Shop hours: 9 -5.30 daily, 9-1 p.m. Sats 
NORTHERN BRANCH: 680 Burney' Lane. Surnage, Manchester M 19 I NA 

Telephone 0611 432 4945. Shop hours: Daily 9 -5 30 p m., 9- 1 p en Sass. 

In U.S.A. you are invited to contact EtECTROVALUE AMERICA. PA. 331 Peterborough NH03458 
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DEMA 
ELECTRONICS 
INTERNATIONAL 

ELECTRONIC COMPONENTS DISTRIBUTOR 
FOR INDUSTRY AND HOBBYIST 

MONTHLY SPECIALS 
- Close out Sale Special Purchase While They Last - 

CT 5001 12 Digit 4 Funtt. .59 CT 5005 12 Digit 4 Funct. w /Mein .79 

CT 5002 Batt Oper 5001 69 . CT 7001 4 or 6 Digit Alarm 3.50 

- Memories Are Made of These Specials - 
1101 256 - Bit Ram Mos. 29 5262 2048 Bit Ram 
1103 1024 Bit Rem Mos. 1.45 1702A 2048 Bit Prom. 
5260 1024 Bit Ram 1.45 5103 2048 Bit u /Violet Prome 
5261 1024 - Bit Ram L /power 1.45 2102 1024 - B9 Status Ram 

3.95 
9.95 
8.95 
2.75 

TTL 
7447 
7475 
7490 .3 

59 
29 

74123 .39 & Oigit LEO display Comm. 74145 .49 Cathodes Comp w/8 digit 
CM Chips 12" Char 

ICL 8038 Funct. Gen Volt Contr 
Ottilletw Sine S9. 1.95 

1.95 

TTL 7400 S 

7400 E 

7401 
7402 
7403 
7404 
7405 
7406 
7407 
7408 
7409 
7410 
7411 
7413 
7416 
7417 
7420 
7426 
7430 
7432 
7437 
7438 

HIGH SPEE 

74H00 L 
74H01 
74H04 
74H05 
74H08 
74H10 
74H11 

CMOS 4000 
4000A L 

4001 
4002 
4006 
4007 
400e 
4009 
4010 
4011 
4013 

RIES 
11 

n 
11 

11 

13 
13 

22 
22 
14 
14 

11 

16 
26 
22 
22 
11 

23 
12 

22 
25 
25 

74H00 
16 

16 

16 

21 
16 

.16 
16 

ERIES 
19 
19 

19 

90 
19 

30 
0 49 
0 49 
0 19 

0 39 

DTL 
93(1 £ 0 10 
932 0 10 

L IN EA RS 

k M300 7099 
301 V DIP 
302 1099 
104 10100 
305 
307 

308 

309K 
310 
311 
320K 

324 
339 
340K 

7440 
7441 
7447 
7443 
7444 
7445 
7446 
7447 
7448 
7450 
7451 
7453 
7454 
7060 
7470 
7472 
7473 
7474 
7475 
7476 
7483 

E0.11 7485 
1.60 7486 
055 7488 
055 7489 
060 7490 
0.75 7491 

0.85 7492 
0 75 7493 
065 7494 
0.12 7495 
0 13 7496 
0.13 74100 
014 74107 
011 74121 
024 74122 
021 74123 
0.25 74145 
025 74150 
037 74151 
0.26 74153 
069 74154 

74,120 £ 
74H21 
74H22 
74H30 
74H40 
74H50 
74451 

4014 
4015 
4016 
4019 
4020 
4021 
4023 
4024 
4025 
4027 

16 
16 
16 
16 

16 
16 
71 

L110 
1 l0 
0 55 
067 

1 15 

1 10 

0 19 

0 85 
0 19 
0 75 

I936 £010 
10 937 O 

E045 
029 
0 45 
0 50 
0.60 
038 
0 45 
059 
0 79 
1 45 
065 
0 90 

1099 
V DIP 
1099 
A DIP 
1099 
103 
T pkg 
V DIP 
TO 3 NEG 
57.12,15 
A DIP 
A DIP 
103 
I2V 1 AMP 

74H52 
701153 
74454 
74H55 
741160 
741161 
74462 

4028 
4030 
4042 
4043 
4044 
4049 
4050 
4066 
4068 
4069 

1944 946 

E 0.85 
0.24 
250 

1 50 
040 
0.55 
0.43 
0 43 
0 49 
049 
0.55 
0 89 
0 27 
027 
0.37 
049 
0 57 
0 59 
0 59 
0 69 

1 05 

E 16 
16 

21 
16 

16 
16 

16 

E095 
050 
095 

1 20 
1 20 
048 
048 
0 75 
023 
023 

74155 
74156 
74157 
74158 
74160 
74162 
74163 
74164 
74165 
74166 
74170 
74175 
74180 
74181 
74182 
74192 
74193 
74194 
74195 
74198 
74199 

E 0.69 
069 
0.89 
0.69 
0.89 
0.89 
0.89 
1.05 
1.05 
t 05 
1.65 
0.90 
0.80 
250 
0.80 
0.90 
0.85 
0.85 
0.80 

1 70 
170 

74H71 E0.21 
741472 0.26 
74H74 0.18 
74H76 028 

4077 
4072 
4073 
4075 
4078 
4081 
4082 
4528 
4585 

E0 962 
010 

10 
I963 

340U 1092 E 1 25 739 

380 A [nil 80 741 

381 A DIP 1 05 747 
546 V GIP 0.51 748 
550 A DIP 0 55 5556 114561 

555 V GIP 0 45 5558 114581 

556 BDIP 075 ULN211I 
560 B CI 2.55 LM3900 
561 B DIP 2.55 75450 
562 BDIP 2.55 15451 
565 A GIP 1 25 75452 
566 V DIP 120 75453 
567 V GIP I 25 75454 

1 25 709 A DIP 0 22 75491 
1 07 710 A COP 0 25 75492 
149 711 A DIP 0.30 CL8038 Funct Gen 1.95 
210 723 A DIP 038 Volt Contr Oscillator, Sine. S9 

8864 22 Pin pkg. 1 45 

L 0.23 
025 
0 25 
0 25 
0 25 
025 
029 
0.85 
1 25 

E01Ú 
010 

A DIP E065 
V DIP 0.22 
A DIP 044 
V DIP 027 
V DIP 065 
V DIP 0.65 
A DIP 095 
A DIP 0.35 
V DIP 045 
V DIP 045 
V DIP 045 
V DIP 045 
V DIP 045 
A pkg 065 
A pkg 0 75 

V Mini Dip A = 14L Dip e - 16L 011' TO99 8 Pm Header TO100 10 Pin Header 

Data sheets supplied on request Add 20 ea_ excepted as noted 

MEMORIES w /DATA 
1101 256 Bit Rant Mos L 1 79 
1103 1024 Bit Ram Mos 2 25 
7489 182251 64 8i1 Rarn TTL 1 50 
8223 Programmahle ROM 2 50 
5260 1024'8ií Rant Lbw Power 1 95 

LEDS 
MV 5020 Jumbo Red or Clear E 0 15 
MAN I Red ?Sag 270" 1.30 
MAN 3A Red Seg. 127 
MAN 5 Green 7 Sag .270 
MAN 6 6 Solid Seg 

9 Digit Array Fairchild 37 
with clear magnifying lens . 295 

35 
1 75 
2.50 

CALCULATORS A CLOCKS w /DATA 
5001 Cal Chip 
5002 Cal Chip 
5005 Cal Chip 
5311 Clock Chip 
5312 Clock Chip 
5313 Clock Chip 
5314 Clock Chip 
5316 Clock Chp 
Data only for any of above 
Refundable Against Purcha 

E 099 
1 19 
1 49 
2.95 
295 
2 95 
3 45 
3.95' 
0 50 

TRANSISTORS 
2te 2219A 005 E 0.37 
2íJ2227 T018 015 
256 2369 7018 0 10 

24 2905A 105 038 
256 3221 0018 032 

29 4124 1092 0 10 
2N 4126 1092 0 10 

2N 4401 1092 0 10 

1N 5225 1092 0.10 
2N 5226 1092 0.10 

DISCOUNTS. 
10% on orders wer L 10 
15% on orders war L 25 

MIN 
ORDER 

E 2.5 

All Items New Bra ded 
Guaranteed Be DEMA ELECTRONICS 

PRICES LISTED ARE BRITISH POUNDS & PENCE. 
SEND CHEQUE WITH ORDER. MASTERCHARGE, 
BANKAMERICARD, BARCLAY CARD ACCEPTED. 
(Card # and expiration date requested). TERMS 
OFFERED TO SCHOOLS & INSTITUTIONS. 
POSTAL AND HANDLING CHARGES 
SHIPMENT VIA AIR MAIL 
under 4.99 add .45 
5.00 -9.99 add .35 

£ 10 and over 
No Charge 

DEMA ELECTRONICS INTERNATIONAL 
P.O. Box 407 San Ramon, Ca. 94583 USA 

Cable DEMAELINTL 
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LYNX ELECTRONICS (LONDON) LTD. DIGITAL DISPLAYS & LED'S 
DL704 99p DL747 11.76 2 RED LEO ONLY 13p 
01707 99p DL760 C1.78 GREEN CLEAR 15p, 

AC128 0.16 BC301 0.32 BY206 0.15 154003 0.08' 
AC127 
AC128 

0.18 
0.13 

BC323 
BC327 

0.60 
0.18' 

8V207 0.20' 
8Y038-300 0.12' 

154004 
154005 

0.07' 
0.08' THYRISTORS 

AC128K 
AC141 
AC141K 
AC142 
AC142K 
AC178 
AC178K 
AC187 

0.25 
0.18 
0.28 
0.18 
0.28 
0.16 
0.25 
0.18 

8C328 
BC337 
BC338 
BCY70 
8CV71. 
BCY72 
80115 
BD131 

0.16' 
0.17' 
0.17' 
0.12 
0.18 
0.12 
0.55 
0.36 

8VX38-800 0.15' 
BYX38-900 0.18' 
8YX38-12000.21' 
8YX38-300 0.60 
8YX38-800 0.56 
6YX38.900 0.80 
8VX38-12000.65 
8ZX61 Series 

154008 
154007 
214698 
25697 
25708 
25929 
26930 
251131 

0.09' 
0.10' 
0.14 
0.12 
0.10 
0.14 
0.14 
0.16 

`;4 

50 20 
100 25 
200 27 
400 30 
600 

14 3A BA BA l0A 
17051 (0106 hipes (102201 (702201 

26 35 41 42 47 
29 40 47 48 54 
36 46 58 60 68 
40 50 87 88 98 
65 70 1.09 1.19 1.28 

AC187K 0.25 80132 0.40 Zenerr 0.20 2N1132 0.18 
AC18B 
AC188K 
AD140 

0.18 
0.26 
0.50 

80135 
80138 
BD137 

0.36 
0.39 
0.40 

8103 or BZX88 , 

. Series 
Zeners 0.11 

251304 
2N1305 
251711 

0.20 
0.20 
0.18 TRIACS (PLASTIC TO -220 PKGE. ISOLATED TAB) 

40142 0.60 BD138 0.48 C1084 0.40 
. 

2N2102 0.44 .1a 6 5A 8.5A 10A 154 
40143 0.46 8D139 C1088 0.45 252389 0.14 el Al fas (b) 19) (b) sal (b) (s) (b) 

AD149 0.45 BD181 0.38 C108D 0.50 252389A 0.14 100V 0.60 0.80 0.70 0.70 0.78 0.78 0.53 0.83 1.01 1.01 

A0181 0.35 80182 0.92 C108F 0.35 252484 0.19 200V 0.84 0.64 0.78 0.78 0.87 0.87 0.87 0.87 1.17 1.17 
40182 
41102 

0.35 
0.96 

BDI 83 
80232 

0.97 
0.60' 

CRS1/05 0.25 
CR51/10 0.25 

252848 
252905 

0.60 
0.18 

400V 0.77 0.78 
800V 0.96 0.99 

0.80 483 0.97 1.01 1.13 1.19 1.70 1.74 
0.87 1.01 1.21 1.28 1.42 1.60 2.11 2.17 

AL103 
AF114 
AF115 

0.93 
0.20 
0.20 

80233 
80237 
80238 

0.48' 
0.65' 
0.60' 

CRSt/20 0.35 
CRS1 /40 0.40 
CRS1/80 0.65 

2529054 
2529289 
2529260 

0.22 
0.10' 
0.09' 

N.B. Trim without internal trigger disc are priced under column p) Trim with internal trigger 
disc are priced under column lb) When ordering please indicate clearly the type required. 

AF118 0.20 80184 1.20 CRS3-06 0.34 2529287 0.09' 
AF117 0.20 80V20 0.80 CRS3-10 0.45 252928G 0.10' 
AFI 18 0.50 BDY38 0.60 CRS3.20 0.50 253053 0.16 74 TTL r, .ed pr cae 
AF139 0.33 BDY80 040 CRS3.40 0.60 263054 0.40 
AF239 0.37 801081 0.65 CRS3-80 0.86 253055 0.60 i 24 25-99 100* 1.24 25.99 100+ 1.24 2599 100+ 
BC107 0.14 1313Y82 0.66 MJ480 0.80 2N3440 0.66 7400 14p 12p 10p 7445 86p 71p 67p 7493 46p 40p 32p 
8C1078 0.16 BF178 0.28 MJ481 1.05 2N3442 1.20 7401 14p 12p 10p 7447 81p 75p 65p 7495 67p 56p 46p 
BC108 0.13 8E179 0.30 MJ490 040 253525 0.78 7402 14p 12p 10p 7448 75p 62p 60p 74100 L1.08 89p 72p 
BC109 0.14 8F194 0.10' MJ491 1.15 263570 0.80 7403 15p 12 72p 10p 7447A 95p 83p 67p 74107 36p 28p 22p 
BC109C 0.18 0F195 0.10' MJE340 0.40' 2N3702 0.10' 7404 16p 13p 11p 7470 30p 25p 20p 74121 34p 28p 23p 
BC117 0.19' 8F198 0.12' MJE371 0.80 253703 0.10' 7405 16p 13p lip 7472 25p 21p 17p 74122 47p 39p 31p 
BC126 0.18' BF197 0.12' MJE520 0.45 2N3704 0.10' 7409 16p 13p lip 7473 30p 25p 20p 74141 78p 63p 53p 
8C128 0.20' 8F224J 0.18' MJE521 0.65 253705 0.10' 7410 16p 13p tlp 7474 32p 26p 21p 74145 6813 58p 48p 
BC141 0.28 BF244 0.17' 0A5 0.50' 253708 0.10' 7413 29p 24p 20p 7475 47p 39p 31p 74154 E1.62 [1.48 86p 
BC142 0.23 0F257 0.30' 0A90 0.08 253707 0.10' 7417 27n 224zp 20p 7475 32p 26p 21p 74174 C1.00 83p 67p 
BC143 0.23 BF258 015 0A91 0.08 253714 1.06 7420 16p 13p 11p 7482 76p 62p 50p 74180 E1.06 88p 71p 
BC144 0.30 8F337 0.32 0C41 0.15 2N3715 1.16 7427 27p 22'/2p 16p £1.30 51.09 67p 74181 [3.20 E2.60 E1.90 
BC147 0.09' BFW60 0.17' 0C42 0.15 253716 1.26 7430 tóp 13p 11p 7455 32p 26p 21 74192 E1.35 51.14 90p 
BC148 0.09' BFX29 426 0C44 0.12 253771 1.60 7431 27p 22 1/2p 18p 7489 [2.92 E2.80 [2.10 74193 E1.35 [1,14 90p 
BC149 0.09' BFX30 0.30 0C45 0.10 253772. 1.60 7437 27p 22 Vip 18p 7490 49p 40p 32p 74198 E1.64 E1,34 99p 
8C152 0.25' 8FX84 0.23 OC70 0.10 2N3773 2.10 7441 76p 82p 50p 7491 65p 55p 45p 
BC153 0.18' 8FX85 0.25 0071 0.10 253819 0.28' 7442 86p 65p 43p 7492 57p 46p 36p 
BC157 0.09' BFX88 0.20 0072 0.22 2N3904 0.19' 
BC158 0.09' BFY50 0.20 0084 0.14 253908 0.16' 

LINEAR IC'S BC159 
8C180 

0.09' 
0.32 

8FY51 
13FY52 

0.18 
0.19 

SC40A 0.73 
5C408 0.81 

2N4124 
2N4290 

0.14' 
0.12' 

BC181 0.38 5FY64 0.36 SC400 0.98 254348 1.20 301A 8 pin DIL 38p 3900 14 pin OIL. 70p' 585 14 pin DIL 12.00' 
BC188B 0.09' BFV90 0.96 SC4OF 0.65 254870 0.38 307 66p' 709 8/14 pin DIL 35p' 588 8 pin OIL 11.80' 
BC182 0.11' 85100 0.20 SC41A 0.65 254871 0.36 309K L1.80 741 8 pin OIL 28p' 587 8 pin Dll L2.00' 
BC1821 0.11' BRY39 0.40 5C41 B 0.70 254919 0.70' 380 14 pin DIL 90p 741 14 pin OIL CA3046 14 pin DIL 50p' 
BC183 0.10' BSX19 0.19 SC41D 0.85 2N4920 0.60' 381 14 pin OIL E1.90' 748 8 pin OIL 35p' CA3045 86p' 
BC183L 0.10' BSX20 0.19 SC41F 0.60 254922 0.68' 555 8 pin DIL 45p 
BC184 0.11' 50X21 0.20 ST2 0.20 2N4923 0.64' 
BC1841. 0.11' 5SY954 0.12 TIP29A ' 0.44 265050 0.20' 
BC2078 0.12' 51106 1.00 TIP30A 0.62 255081 0.26' 
BC212 0.11' BT107 1.60 TIP31A 0.64 255082 0.27' 
BC212L 0.11' BT108 1.60 TIP324 0.84 255084 0.30' 
BC213 
BC213L 

0.12' 
0.12' 

BT109 
BT118 

1.00 
1.00 

T1P34 1.05 
TIP41A 048 

2N5496 0.88 
HIGHAM MEED, CHESHAM, BUCKS. Tel. (02405) 75151 

BC214 0.14' 13U105 1.60' TIP42A 0.72 
BC214L 0.14' 8U105/ 152069 0.14 
8Ç237 0.19' 02 1.90' 152070 0.16 VAT - Please add 8% except items marked which are 25% 
BC238 0.19' BU 1 26 1.60' 154001 0.04' 
BC300 0.34 154002 0.05' 

MIME. IRMEC FREQUENCY METER TYPE 285: 0 -6000 rpm and 0- 100Kc /s £35. Carr. 
£2. 
RACAL L.F. CONVERTER UNIT RA-37B : £35. Carr. £1. 
RACAI. LS.R. ADAPTOR R A -95A: £65. Carr. £2. 

MUIRHEAD ATTENUATORS: 75 ohms 0 -8 Mc /s 3V MAK 3 ranges 0 -5, Ö -25, 
0 -50 DB £3.00 + 75p post. 
CREED MODEL 54 TELEPRINTER: £37.50 each. Carr. £4. 
CREED MODEL 75 TELEPRINTER: Receiver only £30.00, Carr. £3. 
MULLARD VALVE VOLTMETER: E/7555/3 A.C. /D.C. 2 ranges 0 -5 and 0 -500v. 
£35. Carr. £2. 
EDDY' TONE TELEPRINTER ADAPTOR TYPE 937: £45. Carr. £1 
WAVEMETER CLASS 'D' NO. 2: 1.2 to 20Mc /s 12 volts d.c. input or 240v a.c. 
£12.50. Cß_£3__ 
WILD 'BARFIELD ELECTRIC FURNACE MODEL CCI.22X: With ether 
indicating temperature controllers Model 990. 0-1400° C. £250. Carr. £5. 
METROVAC IONIZATION GAUGE MODEL V.C.3: £55. Carr. £3 
AVO VALVE TESTER CT.100: (Portable) similar to Avo Mk. 3 Characteristic 
meter. Good condition, £45.00. Carr. £2.00. 
ANTENNA MAST: 30ft. consisting of 10 x 3ft tubular screw sections (7/4" dia.) 
with base, guyropes and stays, etc. £7.50 each. Carr. £2.00. 

REDIFON TELEPRINTER RELAY UNIT No. 12: ZA -41196 and power supppp -W 
200 -250V a.c. Polarised relay.type 3$EITR. 60- 0V25MA, Two stabilised valves 
CV 286. Centre Zero Meter 10-0-10. 'Size 8in. x 8in. x 8in. New condition. EGG' 
Carr. 75p. 

SOLARTRON PULSE GENERATOR TYPE G1101 -2: £75.00 each. Carr. £2.00. 
TELEPRINTER TYPE 7B: Pageprinter 24V d.c. power supply, speed 50 bauds per 
min. second hand cond. (excellent order) no parts broken. £20 each. Carriage £3. 
AUTO TRANSFORMER: 230V 50c /s, 1000 watts fount -d- strong steel case 
5" x 61/2" x 7 ". Bitumen impregnated. £12,00. Carr. £1.50. 
BRIDGE MEGGER: 250V. (Evershed Vignoles) series 2. £30 each. Carr. £1. 
BRIDGE MEGGER: 2,500V, series f. U0 each. Carr. £1. 
CRYSTAL TEST SET TYPE 193: used for checking crystals in freq. range 
3000- 10,000KHz. Mains 230V 50Hz. Measures crystal current under oscillatory 
conditions and the equivalent resistance. Crystal freq. can be tested in 
conjunction with a freq. meter. £25. Carr. £1.50. 

. SOLARTRON VARIABLE POWER UNIT S.R.S. 1535: 0 -500 volts at 100 1nA and 
6.3 volts C.T. 3 amps d.c. 110/250 volts a.c. input. E18.50. Carr. £1.50. 
CLASS 'D' WAVEMETER 1VÓ. 1: Crystal controlled heterodyne frequency 
meter covering 2 -8 MHz. Power supply 6V d.c. Good secondhand condition. 
£8.50. Carr. £1.50. 
PRECISION PHASE DETECTOR TYPE 205: Freq. 0.1 -15MHz in 5 ranges 
Variable time dela microseconds 0 -0.Ic, 115V input. £55 each. Carr. Æ1 

1_ .r.E85. Carr. £ y.1,.7. , 

ALL CARRIAGE QUOTES GIVEN ARE FOR 50 -MILE RADIUS OF LONDON 
ONLY. 

AU. U.K. ORDERS. SUBJECT TOS VALUE ADDED TAX. 

RACAL RA17 Front Panels: £5. £1 post. 
METER: 30MHz- 200MHz. £55. Carr. £_l . 

MUIRHEAD PHASEM1'ER TYPE D729: A-. M. £95.00. Carr. £3.00. 
CT.420 SIGNAL GENERATOR: 200- 8000c /s Variable tuning. Two fixed 
frequencies 9000 and 10,000. Internal calibrator 100 & 500 c /s. £75 each carr. E2. 
NOISE GENERATOR TF -1108: Frequency 1 to 200 Mc /s Direct noise factor 
calibration. Output impedance 70 ohms £65 each. Carr. £1.50. 
MW-59 UNiVE_RSAL KLYSTRON POWER SUPPLY: Ç85. Carr. £3. 
TF-1278/1-TRAVELLING TUBE WAVE AMPLIFIER: £125. Carr. £2. 
BPL A.C. MILLIVOLTMETER TYPE VM.348 -D Mk. 3: 2 millivolts -2 volts, 6 
ranges. £30. Carr. £1. 
CAWKELL REMSCOPE TYPE 741 : Memory scope, 'as new' cond. £150.00. 
MANSON SYNTHESISER Q115 -URC: 2230 me /s. £175.00. 
FIREPROOF TELEPHONES: £25.00 each, carr. £1.50. 
POWER UNIT: 110/230 volts a.c. input. 28 volts d.c. at 40 amps output. E30.00 
each, carr. £3.00. 
SMOOTHING UNIT (for the above): £10.00 each, cary. £2.00. 
X -BAND MODULATOR CALIBRATOR TYPE MC- 4420 -X: Mnfr. James Scott. 
£125 each.Carr. £1. 
BACKWARD WAVE OSCILLATOR TYPE SE -125: 6.3 heater, 105V Anode, 
7.9mA. Mnfr. Watkins & Johnson. £85 each. Carr. £1. 
TEKTRONIX TIME MARK GENERATOR TYPE 180 -51: 5;10, 50 MHz. £65. 
Carr. £2. 
ROTARY INVERTERS: TYPE PE.218E - input 24 -28V d.c., 80 Amps. 4,800 rpm. 
Output 115V a.c. 13 Amp 400 c /s. 1Ph. P.F.9. £20.00 each. Carr. £2.50. 

FREQUENCY METER BC -221: 125 -20.000 Kc /s complete with original 
calibration charts. Checked out, working order £20 + £1.50 carr. 
COMPUTER STABILISED POWER SUPPLY: 19" rack fitting. Input 200 -240v 
a.c. Output 6 volts at 25 amps. 4" meter 0 -8 volts 0 -25 amps. £35.00 each, carr. 
£3.00. 

SORENSEN VOLTAGE REGULATOR: Input 190/260 volts a.c. Output 220 /240 
volts a.c. 1000 watts. £40.00, carr. £3.00. 

EVERSHED SAFETY OHM. METER: Max 10Ma. Test pressure 30v. Complete 
in leather case. £25.00 each, post £1.00. 

AVO SIGNAL GENERATOR: 200/250 volts a.c. Frequency range 6 bands 50Hz 
to 80MHz. £25.00, carriage £2.00. 
FYLDE AMPLIFIERS TYPE 154 BDM: Rack mounted 3v d.c. and power supply 
FE.500.TP. £65.00, carr. £2.00. 

STC ATTENUATORS 74600A & B: Push-button .selectors 0 -9 db 75ohm. and 
0-90 db 75 ohm. Housed in steel case 11" x 8" x 7 ". £25.00 each, carr. £1.50. 

AUTOMATIC VOLTAGE STABILIZERS: Input 207 -242v a.c. Output 230v a.c. 
at 2.80 amps. £17.50, carriage £1.50. 

wlsn;ng = / '3 & 3a ' L 10 K STREET, WAR , T S. S 12 9DT 
stores, please telephone ILLb WARE 66312 (STD 0920) 
fat appointment ll A7 and at ELSTOW STORAGE DEPOT. Phone: Bedford 740605 (ST13'0234), 
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Designed by 

TEXAS 
Featured by PRACTICAL WIRELESS 

SOLE U.K. DISTRIBUTORS - HENRY'S 

Build the Texan stereo amplifier, then you can be doubly proud !For a start, 
you'll own a superb home entertainment 
unit. And have had all the pleasure of 
doing It yourself, with the Henry's kit. 

Look at the Texan specification 
Incorporating fully integrated stereo preamp 
and power amp, with 6 IC's, 10 transistors, 
e rectifiers and zener diodes. Plus stabilised, 
protected circuitry, glass Pb pcb: Gardeners 
low -field low -line mains transformer; all 
facilities and controls. Slim design, chassis 
141" R 6" a 2" overall. 20 watts per channel 
RMS, less than 0.1 % distortion at t kHz. 

* Can be built Stage by stage 
Ask for leaflet 20. * Everything necessary 
supplied. Full alter sales service 
anti guarantees. 

KIT PRICE 

£35.00 
Inc. VAT r f1 fiep 

Built and tested 
£45.00 inc.VAT 

+ MOO Pep. 

THE NATURAL FOLLOW -ON -THE TEXAN FM TUNER KIT! 

KIT PRICE 

£25.95 
Inc. VAT+ 
60p p &p. 

Build the matching Texan stereo tuner ! Features 
advanced vancap tuning. Phase lock loop decoder 
Professionally designed circuit. Everything you need is 
in the kit. From the glass fibre pcb to the cabinet itself. 
Excellent spec :2.5 uV aerial sensitivity. 500 mV output 
(adjustable). Tuning range 87 -102 MHz. Mains 
powered. 

Built and tested £30.95 inc. VAT +50p p &p. 

VIDEO SPORT 
. all the electronic excitement 

you could wish for! 
An up -to- the -minute game. Plugs 
into your own TV aerial socket 
Switch on. And you're away ! 

Choose your game - football. tennis 
or hole -in -the -wall Absolutely 
safe. For you. Your children. And 
your TV. Mains powered. 
Lct Puce f42 -50 

inc. VAT + 
HENRY'S PRICE -ONLY £29.50 50p p &p. 

WHATEVER YOU DO, DON'T FORGET 

r! . 

}Ji 

YOUR LATEST 
HENRY'S CATALOGUE! 

For this new edition, we have made 
hundreds of changes and additions. 
It has over 200 pages, containing 
virtually everything for amateurs and 
professionals. And you'll have no 
bother at all finding everything you 
want, because there's a complete 
alphabetical index as well as a section 
index. Together, they put you right on 
course for the items you need. From 
Sinclair projects to educational kits. 
Oscilloscopes to panel meters. Coils to 
capacitors. Transistors to valves. 
Loudspeakers to microphones - all at 

competitive prices. Over 200 
LY pages of vital statistics - just for 

you! So send now for your copy. 

+ 20p Carr ' pack 

Every 

Over 00 items inside, 

contains py 
a free 
50p voucher, 

msny new 

Over 200 
ages. 

FREE to Educational Establishments when 
ordered on official headed notepaper. 

SELF- SERVICE 
CENTRES 404 and 

a 
309nEDGWARE 

ROAD, LONDON 
W2 galore Carr e, antl see ro, YOYI 

404/6 EDGWARE ROAD, LONDON W2 01- 402 8381 set,. 

LOWER SALES FLOOR, 231.TOTTENHAM CT. RD., LONDON W1 01 -636 6681 

NEW 94/96 UPPER PARLIAMENT STREET, NOTTINGHAM. 0602 -40403 MIDLANDS 

STORE ALL MAIL TO HENRYS RADIO, 303 EDGWARE ROAD. LONDON W2 

WW - 076 FOR FURTHER DETAILS 

105 

TRANSFORMERS 
ALL EX -STOCK - SAME -DAY DESPATCH 

MAINS ISOLATINß 12 and /or 24-VOLT 
PRI 120/240V SEC 120/240V VwT 8% PRIMARY 220 -240 VOLTS 

CENTRE TAPPED AND SCREENED . pH. . AMPS E P&P' 
Ref. VA P&P 14. 12v 24v 
No. (Wtme) E P 

111 0.6 0.26 1.54 
07 20 

60 
E3.10 58 213. 1.0 0.6 1.SS 

149 4.69 72 
71 2 1 2.41 

150 100 5.33 85 t8 q 

3 

2.97 
151 200 8.54 1.12 70 6 4.43 
152 260 10.32 1.41 108 B 4 5.00 163 350 12.47 1.41 72 10 5 8.80 BE 
164 600 14.33 181 

1 12 6 6,50 16 166 750 21.94 BRS 
17 

16 g 7.45 
168 1000 30.51 BRS 115 20 10 10.91 

30 16 167 1600 34.89 BRS 
oz 158 2000 38.92 BRS 226 60 30 17.67- FIRS 

15 Qom_ 48 BRS 

- 
2E 
56 
5E 
72 
72 
8E 

97 
97 

1.61- 
14.20 1.41 

'11b or 240 sec only 

60 VOLT RANGE 
SEC. TAPS 0.19 -25.33- 40250V 

Amps. E PaP 

58 
72 
86 
97 
1.12 
1.26 
1.61 
SRS 

102 0.5 `.2.71 

103 1.0 3.55 
104 2.0 4.95 
105 3.0 8.10 
106 4.0 7.98 
107 6.0 12.71 
118 8.0 13.63 
119 10.0 .17.75 

60 VOLT RANGE 
SEC. TAPS 0- 24- 30 -40- 48 -60V 
Ref. 
No. 

Amps E P&P 

124' 0.5 2.45 72 
126 1.0 3.88 72 a 

127 2.0 5.33 85 
125 3.0 7.90 97 
123 4.0 9.19 1.41 
40 5.0 10.24 1.25 

120 6.0 12.07 1.41 
121 8.0 15.75 BRS 
122 10.0 19.40 BRS 
189 12 0 20.25 BRS 

HIGH VOLTAGE 
MAINS ISOLA TING 

PRI 200/22.0 OR 400/440 
SEC-1-00 / OR 200/240 

.ftp 
VA Rat. E p 

60 243 4.37 97 
350 247 10.93 1.41 

1000 250 28.31 BRS 
,2000 252 44.12 BRS 

ON -SITE TOOL ISOLATORS 
240v to 110v (To BS35351 
Ref. VA E 

277 500 29.96 
278 750 34.47 
279 1000 37.63 
280 1500 41.55 

P &P BRS Send for details. 

30 VOLT RANGE 
RSEC. TAPS 0- 12.15.20.25 -30V 

Ne.. 'Amps NP 
-112 0.5 

79 1.0 
3 2.0 

20 3.0 
21 4.0 
61 5.0 

1 1 7 6.0 
88 8.0 
89 10.0 

E p 
1.90 - 6B 
2.52 72 
3.77 72 
4.70 86 
5.56 85 
6.73 97 
7.52 r 1,12 

10.20 1.25 
10.38 1.41 

AUTO TRANSFORMERS 
Ref. VA AUTO TAPS P&P 
No. ;Watet 

113 20 0-115-210-240 1.75 
64 75 0- 115 -210 -240 3.08 72 
4 150 0 -115- 210 -220.240 4.33 72 

66 300 6.11 86 
67 500 ' 9.36 1.25 
84 1000 .. 14.36 1.51 
93 1500 19.02 BRS 
95 2000 25.41 BRS 
73 3000 36.84 _ BRS 

SCREENED MINIATURES 'PAP 
Ref. mA Volts 
238 200 3 -0 -3 
212 1Á1A 0.6, 0.6 1.93 46, 

13 1C0 9.09 1.56 25 
235 330.330 0 -9, 0 -9 1.64 25 
207 5C0.500 0 -8- 9.08 -9 2.02 51 

208 1A IA 0-8 -9, 0 -8 -9 3.07 58 
236 2C0. 200 0 -15, 0 -15 1.56 26 
214' 3CO3 300 0.20, 0.20 2.03 58 
221 7C0 (DC) 20-12-0-12-20 2.38 58 
206 1A 1A 0- 15-20, 0 -15 -20 3.83 72 
203 500, 500 0-15 -27, 0 -15 -27 3.15 72 
204 LA 11 015 -27, 0 -15 -27 .4.14 72, 
5112 500 12. 15. 20. 24 30 1.97 58. 

E p tif 

BRIDGE RECTIFIERS' 
50v 2A 35p 

100v 2A 40p 
100v 6A 70p 
200v IA 35p 
200v 2A 45p 
400v 2A 50p 
400v 4A 65p 
600v 2A 55p 
500v 10A PM7A6 

£2.35 
P &P 15p VAT 25% 

METERS 
AVO8 Mk. 5 E55.88 
AV072 £21.72 

P &P f 1.10 VAT 8% 

STEREO F.M. TUNER 
4 Pre -selected stations 

Switched AFC 
Supply 20.35v 9OMa Mac 
£19.95 P &P 25p VAT 25% 

MAGNET! T 
CERAMIC 

CARTRIDGE CONVERTER 
Opereting Voltage 20í45v 

ONLY £2.65 P &P 18p 
VAT 25% 

BSR MINI -DECK 
4 speed autochanger £6.00. 

BSR P128R 
i speed single or auto - 

chassis £16.25 
Garrard SP25 Mk. IV (Chassis) 

E17.20 
P &P 72p. VAT 25's 

CASED AUTO. TRANSFORMERS 
240v mains lead input and USA 2 -pin outlets 
20VÁ _3.29. P &P 72p. Ref. 113W 

-150VA £8.37e P &P 85p Ref. 4W 
500VA £10.97. P &P E1.25p Ref. 67W 
1000V> £18.39 BRS Ref 84W 
20001A £28.71 BRS Ref. 95W 

HIGH QUALITY MODULES " 

3 wan RMS Amplifier £2.30 
5 wan RMS Amplifier £2.65 
10 wet RMS Amplifier £2.95 
25 wat RMS Amplifier E3.95 
Pre-Amp for 3.5 -10w (new) E6.50 
Pre -Ani for 25w E13.50 
Power supplies for 3 -5 -10w E1.20 
Power ìupphes for 25w £3.00 
Transformer for 3w E 

Transforme- for 5 -1 Ow £2.30 
1.90 

Transforme- for 25w E2.60 
P &P Amps /Pre- Amps /Power Supplies 18p 
.r&P Transformers 37p 

VAT 25% 

NEW STEREO 30 
Compbre chassis, inc. 7 +7w rms amps. pre -am a, 
power supply. front panel, knobs (needs mains 
trans., £15.75. Mains trans. E2.45. Teak 
veneered cab. E3.65. P &P 88p. VAT 25 %, 

POWER UNITS 
CC12 -05. Output switched. 

3- 4- 5- 6- 7.5 -9 -12v at 500mA 
£4.05. P &P 40p VAT 8% 

ANTEX SOLDERING IRONS 
13W £2.88. 18W £2.46. 25W E2.26. 

Soldering iron kit E3.61 
Sund for above £1.13. P &P 25p VAT 8% 

PLEASE ADD VAT AFTER P &P 
SLECTROSIL AND SEMICONDUCTOR 

STOCcISTS AUDIO ACCESSORIES & BARGAIN 
PAKS CALLERS WELCOME (MON. -FRI ) OR 

SEND STAMP FOR LISTS 

Barrie Electronics Ltd. 
3,THE MINORIES, _ONDON EC 3N 1BJ 

TELEPHONE: 01 -488 3316/8 
NEAREST TUBE STATIONS ALDGATE & LIVERPOOL ST. 

WW -060 FOR FURTHER DETAILS 

www.americanradiohistory.com
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Marshall's 
A. Marshall (London) Ltd Dept: WW 
42 Cricklewood Broadway London NW2 3ET Tel : 01 -452 0161/2 
Telex:21492 
& 85 West Regent St Glasgow G2 200 Tel : 041 -332 4133 
& 1 Straits Parade Fishponds Bristol BS16 2LX 
Tel: 0272 654201/2 
& 27 Rue Danton Issy Les Moulineaux Paris 92 Tel: 644 2356 

Catalogue price 25p Trade and export enquiries welcome 

OUR RANGE COVERS OVER 7,000 ITEMS 
THE LARGEST SELECTION IN BRITAIN 

TOP 200 IC'S TTL, CMOS & LINEARS 

CA3020A 1.80 CD4050 0.45 NE561 4.48 SN7448 0.90 SN74160 0.88 
CA3028A 0.79 CD4510 1.26 NE565 4.48 SN7450 0.18 5N74161 0.88 
CA3035 1.37 CD4511 1.94 SL414 2.35 SN7451 0.16 SN74162 0.88 
CA3046 0.70 CD4516 1.25 SL610C 2.35 557453 0.16 SN74163 0.88 
CA3048 2.11 CD4518 1.87 SL611C 2.35 SN7454 0.16. SN74164 1.60 
CA3052 1.62 CD452o 1.87 SL612C 2.35 SN7460 0.16 SN74165 1.60 
CA3089E 1.96 LM301A 0.48 SL620C 3.50 557470 0.29 SN74167 3.30 
CA30900 4.23 LM308 1.17 SL621C 3.50 SN7472 0.21 SN74174 0.99 
CA3130 0.88 LM309K 1.88 SL6230 5.24 SN7473 0.31 SN74175 0.70 
cD4000 0.18 LM380 .98 SL640C 4.00 SN7474 0.31 5574176 1.14 

ICD4001 0.18 LM381 2.07 SN7400 0.16 SN7475 0.45 SN74180 1.10 
CD4002 0.18 LM702C 0.75 SN7401 0.16 SN7476 0.30 SN74181 1.95 
CD4006 0.99 LM709 SN7401AN 0.29 SN7480 0.42 SN74190 1.86 
CD4007 0.18 1099 0.38 SN7402 0.18 597481 1.00 SN74191 1.86' 
CD4008 0.82 8011 0.45 SN7403 0.16 SN7482 0.65 SN74192 1.15 
CD4009 0.52 14011 0.38 557404 0.19 SN7483 0.82 SN74193 1.15 
CD4010 0.52 LM710 0.47 SN7405 0.19 SN7484 0.95 SN74196 1.60 
CD4011 0.18 LM723C 0.66 SN7406 0.36 557485 1.00 SN74197 1.58 
CD4o12 0.18 LM741C SN7407 0.36 SN7486 0.29 SN74198 1.80 
CD4013 0.45 T099 0.40 SN7408 0.19 SN7490 0.42 SN74199 1.80 
CD4014 0.89 EDIL 0.40 557409 0.18 SN7491 0.75 SN76003N 2.92 
Co4015 0.89 14DIL 0.38 SN7410 0.16 SN7492 0.45 SN76013N 1.95 

',CD4016 0.45 LM747 1.05 557411 0.20 SN7493 0.45 SN76023N 1.60 
CD4017 0.88 LM748 SN7412 0.22 SN7494 0.75 SN76033N 292 
CD4018 0.88 SOIL 0.44 SN7413 0.28 SN7495 0.68 TAA263 1.20 
CD4019 0.52 14011 0.41 SN7416 0.28 SN7496 0.68 TAA300 1.84 
CD4020 0.98 1M3900 0.61 S97417 0.28 S974100 1.10 TAA350A 2.10 
CD4021 0.88 LM7805 1.88 SN7420 0.16 SN74107 0.30 TAA550 0.32 
CD4022 0.85 LM7812 1.99 557423 0.23 SN74118 0.85 TAA611C 2.18 
CD4023 0.18 LM7815 1.99 SN7425 0.23 SN74119 1.75 TAA621 2.03 
CD4024 0.72 LM7824 1.99 SN7427 0.23 SN74121 0.32 TAA661B 1.03 
CD4025 0.19 MC13031 1.50 SN7430 0.15 SN74122 0.42 TBA641B 2.25 
CD4027 0.43 MC1310P 2.50 SN7432 0.22 SN74123 0.85 TBA651 1.69 

2.44-222-81_83 9 1.08 
MC1330P 
MC1351P 

0.90 
080 

SN7437 
SN7438 

0.28 
0.28 

5N74141 
5574145 

0.76 
0.72 

T8A800 
TBA810 

0.89 
0.98 

CD4O30 0.52 MC14661 3.50 SN7440 0.16 SN74150 1.20 TBA820 0,80 
.CD4031 0.98 MC1469R 2.75 SN7441AN 0.68 51174151 0.68 TBA920 1.79 
.004037 0.88 MC14553, 4.07 SN7442 0.65 SN74153 0.68 14DILSKT 0.12 

CD4041 0.70 NE555V 0.70 SN7445 0.78 5574154 1.20 16DILSKT 0.13 
034042 1.83 NE556 1.30 SN7446 0.84 SN74155 0.78 
CD4049 0.45 NE560 4.48 SN7447 0.80 $574157 0.76' 

LONDON, GLASGOW, PARIS - AND NOW 

BRISTOL 
IT'S OUR SERVICE THAT MAKES US GROW 

POPULAR SEMICONDUCTORS 

2N696 0.22 2N3906 0.19 AFJ39 0.65 80139 0.71 MPSA56 0.31 
2N697 0.16 2N4037 0.42 AF239 0.65 80140 0.87 OC28 1.48 
25698 0.82 2N4036 0.67 AF240 0.90 0E115 0.29 0C35 1.16 
25699 0.59 2N4058 0.18 AF279 0.70 8E117 0.55 OC42 0.50 
2N706 0.14 2N4062 0.15 AF280 0.79 13E154 0.20 0C45 0.32 
25708 0.17 254289 0.34 AL102 1.00 BF159 0.27 TIP29A 0.49 
25916 0.26 254920 1.10 BC107 0.14 BF180 0.36 TIP29C 0.80 
29918 4.32 2N4921 0.83 BCr08 0.14 8E181 0.36 TIP314 0.62 
251302 0.185 254923 1.00 BC109 0.14 10184 0.30 TIP32A 0.74 
251304 0.26 2N5245 0.29 BC147B 0.10 8E194 0.12 TIP33A 1.01 
2N1306 0.31 255294 0.48 801488 0.09 8E195 0.12 Ti P344 1.51 
2N1308 0.47 255296 0.48 BC1490 0.11 8E196 0.13 T10354 2.90 
251711 0.27 255457 0.29 BC157A 0.16 8E197 0.15 TIP36A 3.70 
252102 0.60 255458 0.26 BC158A 0.16 8E198 0.18 TIP41A 0.79 
2N2147 0.78 2N5459 0.29 BC1678 0.15 BF244 0.21 TIP42A 0.90 
252148 0.94 256027 0.46 BC168B 0.15 BF257 0.47 1102955 0.98 
2522188 0.47 .'JN128 0.73 BC169B 0.15 8E258 0.53 TIP3055 0.50 
2N2219A 0.52 3N140 1.00 BC182 0.12 8E259 0.55 TIS43 0.28 
252220 0.26 3N141 0.51 BC1821 0.12 6E561 0.27 ZTx300 0.13 
252221 0.18 3N200 2.49 BC183 0.12 8E598 0.25 Z1x301 0.13 
292222 0.20 40361 0.40 BC1831. 0.13 BFR39 0.24 210500 0.15 
252369 0.20 40362 0.45 BC184 0.13 eFR79 0.24 ZTx501 0.13. 
2N2646 0.55 40406 0.44 BC1841 0.13 13E929 0.32 ZTx502 0.18 
2N2904 0.40 40407 0.35 BC212A 0.16 10930 0.34 1N914 0.35 
252905 0.47 40408 0.50 BC212LA 0.16 8E984 0 30 153754 0.15 
252906 0.33 40409 0.52 BC713LA 0.15 8E985 0.30 154007 0.10 
252907 0.22 40410 0.52 BC214L8 0.18 0Fx88 0.30 154148 0.04 
257924 0.20 40411 2.00 BC2379 0.16 BFY50 u 30 154504 0.22 
252926G 0.12 40594 0.74 BC238C 0.15 BFY51 0.28 1N5408 0.30 
253053 0.25 40595 0.84 BC239C 0.15 8F1'52 0.205 58119 0.08 
253054 0.60 40636 1.10 13C2574 0.18 BRY39 0.48 58102 0.25 
253055 0.65 40673 0.73 BC2585 0.16 ME0402 0.20 BA145 0.18 
253391 0.28 AC126 0.20 812596 0.17 ME041: 0.18 8A154 0.12 
253392 0.15 AC1?7 0.40 BC301 0.34 Mt41112 0.11 BA155 0.12 
253393 0.15 AC128 0.35 BC30/0 0.17 MJ4M) 0.95 551036 0.23 
253440 0.59 AC151 0.27 8C3084 0.15 NJ4H1 1.20 851048 0.45 
2N3442 1.40 AC152 0.49 BC309C 0.20 MJ490 1.05 80126 0,12 
253638 0.15 AC153 0.35 BC327 0.23 MJ491 1.45 01127 0.15 
2N3/02 0.12 AC176 0.41 BC328 0.22 MJ2955 1.00 BV711 0.51 
253/03 0.13 AC187K 0.35 BCY70 0.17 MJE340 0.48 85212 0.61 
2N3704 0.15 AC188K 0.40 BCY71 0.22 M.rL370 0.85 OA47 0.06 
293706 0.15 AD143 0.88 BCY72 0.18 MJE371 0.75 0861 0.18 
253708 0.14 40161 0.69 130121 1.00 MJE520 0.80 0A90 0.06 
2N3714 1.38 A0162 0.69 BD123 0.82 MJE571 0.70 0491 0.06 
2N3716 1.80 AF106 0.40 BD124 0.67 MJE2955 1.20 08200 0.08 
253771 2.20 AF109 0.40 BD131 0.40 MJE3055 0.75 81164 0.57 
2N3773 2.66 AF115 0.35 BD137 0.50 MP8113 0.47 ST2 drac 0.20 
253789 2.06 AF116 0.35 BD135, 0.21 MPF102 0.39 40669 1.00 
2531119 0.37 AF117 0.35 BD136 0.22 MPSA05 0.25 11C44 0.29 
253820 0.29 AF11R 0.36 80137 0.24 MPSA06 0.31 C106D 0.65 
253904 0.19 AF174 0.30 50138 0.26 MPSA55 0.21 00612 0.60 

Paces correct at April 1_9 /fi but all exclusive of V A T Post & Packing 25p 
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P. F . RALFE Phone H0 
T. LONDON NW1. 
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SIGNAL GENERATORS 
MARCONI TF80ID!IS. 10 -480 mHz P.O.A. 
MARCONI TF80IB 2S. 10 -480 mHz E225. 
HGN MS3 /11. 9. 7 -1 1 .9 and / 1-109 mHz. AM / FM 
ADVANCE SG63D. AM /FM 7.5- 230mHz £125. 
RACAL /AIRMEC 201A. 30kHz- 30mHz. As new. P.O.A. 
ADVANCE SG2I VHF Square -wave generator 9kHz-100mHz. E25. I 

.1 

OSCILLOSCOPES 
SOLARTRON CD1400 DC -1 5mHz. . 
COSSOR CDU110. DC- 80mHz. 411'.; r TEKTRONIX 545A with CA unit. DC- 30mHZ. Price >.' ' 

only £295.00 ; , E 

TEKTRONIX 531 DC -15mHz with L type plug -in 
TEKTRONIX 535 DC -15mHz with L type plug -in 
TEKTRONIX 545B DC -30mHz with 'CA' plug -in. 
TEKTRONIX 585A. DC -80mHz with type 82 plug -in. 
TEKTRONIX 654B. Storage oscilloscope. 
TEKTRONIX 502. 200uV. Sens. X -Y. 
TEKTRONIX C27 Polaroid Camera. Series 125 with 560 series adapter.` 

CO -AXIAL CHANGE OVER 
RELAYS. Terminated in 'N' -type 
sockets (3 off). Suitable for frequencies 
up to 1GHz. 48.V.D.C. coil. Plugs 
available at 50p each. Relay only 
£5.50 each. 

PRINTED CIRCUIT MOTORS. 
Manufactured in U.S. by.Photocircuits 
Corp. 24.V.D. C. 2,000 rpm. 14 cms 
diameter. These are quality made. high 
precisromotors offered at a fraction of 
list price. Only E8.50 each. 

MARCONI TF995A2 /M AM /FM 
R.F. SIGNAL GENERATORS. 
1.5- 220mHz. 0- 100kHz Deviation. 
1 pV -10omV output. Sold in excel -' 
lent condition. P.O.A. - -- - 
METRIX 210 WOBBULATORS. 
o 25mHz. Sweep width 0.5 - 20mHz. 
Output 100mV attfew ofe in steps of 
10 to 10uV. Last few of these left at 
only £15.00 each to callers only. 

E.M.I. oscilloscopes model WM 16 with 
B.A. W 1 type 77 plug -in unit. Sup- 

plied in perfect condition complete with 
trolley. £125.00. "WEE MEGGERS ". 250V. Insulation 

Testers. Good working condition. 
£8.50. 20-way BPO Jack strips to accep 

316 type Jack plugs. Also quantity 
of 316 plugs available. All good, 
Condition. - - . 

'MUFFIN' INSTRUMENT FANS. 
Manufactured in Holland by Rotron. 
Duns 4.5x4.5x1.5 ins. This is a 
precision cooling fan, very quiet 
runnthg specially designed for the 
cooling of electronic equipment, 
amplifiers, etc. 115V. 50Hz operation. 
drawing only 11 Watts The list price 
from Rotrons is over ìl0 each Our 
price, brand new, only E4.50 each 

Centrifugal blowers by WOODS. 8 inch 
snail type. Outlet 2'A x 2in. 24V DC 
2 8A. 2400 r p.m. Grey stove finish. 
All brand new Price is £10.50 + 
carriage. 

GENTS /FRIEDLAND fire alarm 
bells. Operating voltages 12v dc/ 24v 

MINIATURE DEAC 141- CADMIUM 
batteries, type 70DK 3 cells in package 
making 3.7 Volts. 25o17x15mm only 75p 
post paid. 

dc. All in as new condition and tested - 

before despatch. Sizes 6/8/12 inch. 
Prices £4.80, £5.20 and £8.50 resp. 

...- 
COMPUTER PERIPHERALS. Tape 
punches. 8 hole by Westren and other 
well known manufacturers. Tape 
readers by Elliot. All virtually brand 
new. Prices are better than one halt the 
maker's Write or 'phone for quotation. 

DAWE Svobotnrch type 1202L Excellent 
condition 685.00 
MARCONI TF2700 Universal Bridge LCSR 
1100 
PYE Electrostatic Voltmeter, reads up to 40KV 
RMS 6120.00 
TEKTRONIX type 575 Transistor curve. 
tracer excellent condition 

An exceptional buy enables us to offer 
stabilised and regulated power supplies 
by APT at a very cheap price 16.24v 
dc @ 10 Amps. and 8 -1 Ov dc @ A 
Both supplies are extremely stable win, 
low ripple voltage. Price each £18.50 
+ carriage. 

ADVANCE type 63A AM /FM R.F. Signa 
generators. 7.5-230mHz. Deviation 0 -22.5 
and 0.75 kHz. X -sweep output. Crystal 
calibrator. 'scope output. £75.00. 

MISCELLANEOUS TEST EQUIPMENT 1 

MARCONI TF1400S double pulse generator with TM6600 /S secondary 
pulse unit £105. 
MARCONI TF791D deviation meter, 4- 1024mHz. 0- 100kHz deviation. 
MARCONI 455E Wave Analyser £120. 
MARCONI TF2600 Valve Voltmeter 1 mV -300V. Excellent. £75. 
ROHDE & SCHWARZ USVD calibrated receiver 280- 940mHz (4600mHz) 
.LEVELL TG200 DM. RC Oscillator, c/w case, £65. 
ROHDE & SCHWARZ URV milli -voltmeter 8N10913 (late type) 
1 mV 1()V With T' type insertion unit. free probe and attenuator heads. 

'1 kHz I 600m,i2 £1 75. 
COSSOR 1453 True RMS mill' voltmeter. Excellent. £75. 
AIRMEC TYPL 210 in ridulation meter Excellent condition. 
ROHDE & SCHWARZ -SCR V.H.F. Signal Generator 1000 -1900 mHz. 
MARCONI type 'F936 Impedance Bridge. E85.00. 
GERTCH Phi :sr, Angle V Meters. Range 1 mV -300V, in 12 ranges. 
SOLARTRON iiscdlutui type CO 546. 25Hz- 500kHz. £30.00. 
GAMBRELL Precision 4 Decade Resistance Box. 1 -11, 110 ohms. 
£24.50. 
MARCONI TF329G 0- Meter. £95. 

PLEASE ADD 8% Y.A.T. TO THE TOTAL AMOUNT 
WHEN ORDERING. INCORRECT AMOUNTS WILL 
CAUSE DELAY IN DESPATCH. THANK YOU. 
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RST VALVE MAIL ORDER CO. 
16a Weilfield Rd., London, SW16 2BS 
Tel: 01 -677 2424 Telex: 946 708. 

VALVES ECH42 0:i 50 
EZ80 0.30 PEN45DD 
EZBI 031 075 

A2331 I. ECH81 0.35 EZ90 0.45 PFL2000.70 
AZ4I 0.70 ECH83 0.50 GY501 090 PL36 0.63 
CBL31 1.40 ECH84 0.50 GZ30 0.65 PL38 125 
CL33 1.50 ECL80 0.60 GZ32 0.65 PL81 0.55 
CY31 1.00 ECL82 0.42 GZ34 0.75 PL82 0.50 
DAF9I 0.40 ECL86 055 H63 0.90 PL83 0.50 
DAFq6 0.60 ECLL800 HL41DD PL84 0.50 
DCC901.35 3.50 0.70 PL500 0.85 
DF91 040 EF37A 1.50 HN309 1.50 PL504 0.85 
DF96 010 EF39 1.25 KT61 3.40 PL508 0.90 
DK9I 0.50 EF41 075 KT66 345 PL509 1.55 
DK92 1.00 EF55 1.50 KTBI (71251 PL801 1,00 
DK96 0.75 EI-180 035 2.00 PI.802 2.00 
DL92 0.50 EF85 0.45 KT88 305 PY32 0.63 
DL94 0.48 EF86 0.50 KTW'61 1.501 PY33 0.63 
DL96 0.55 EF89 0.35 KTW62 1.50 PY81/80) 
DM70 0.70 EF9I 0.40 N78 510 0.50 
DY86/7 0.45 EF92 0,50 .OA_ 0.45 PY82 045 
DY802 0.47 EF98 0.80 OB2 045 P583 0,50 
EABC80 EF183 0.40 0Z4 0.55 PY5(yl 1.10 

0.38 EF184 0.40 PC86 0.65 PY801 0.55 
EAF42 0,70 EH90 0.60 PC88 0.65 SP4 I 3.00 f 4F8(ll EL33 300 PC9O 0.55 SPEI 0,85 

0.75 EL34 0.79 PCC'84 0.45 741 1.50 

EBC33 1.00 EL37 3.40 PCC89 0.55 U25 1.00 
EBC4I 075 EL41 0.110 PCC 1890.65 1126 0.85 
EBCBI 0.40 EL42 1135 PCI'81) 0.40 1.19I 0.75 
EBFSO 0.40 EL84 8.88 PC E86 0.65 (404 0,75 
EBF83 0.40 EL9I 2.w RCM! 0.60 U8U1 1.18 
EBF89 032 EL95 0.60'PCF8020.55, UABC80 
EBL31 2,00',7:Lii1' ) 775 PCF8Ú50.90 0.40 
ECC40 1.00 P6180 0.55 

PCF8160.80 UAF42 0.75 
ECC81 045 PCF8081,00 UBC4I 0.60 
ECC82 0.38 F.MBI 060 PCL82 0.45 UBF80 0.50 
ECC83 0.38 I[V'51 045 PCL83 0.70 UBF89 0.50 
ECC 85 0.45 PCL84 0.50 UCC85 0 50 
ECC88 0.50 

(.y86 OSO PCL85 0.60 UCH42 0.80 
ECF80 0.45 1/40 0.60 pCL86 0.50 UCH81 0.50 
ECF82 0.45 EZ41 075 PD500 1.50 UCL82 0.40 

UCL83 0.70 
UF4I 075 
UF89 0.50 
UL41 0.85 
UL84 0.50 
UY4I 0.55 
UY85 045 
VP4B 125 
VR'.S'30 

0.55 
V R 105/30 

040 
VR 150'30 

0.45 
Y63 1.25 
IRS 0.50 
155 0.40 
IT4 040 
3S4 0.50 
3V4 0.85 
5R4(iY 1.20 

5U4(i LOO 

5V4(i 0.85 
5Y34.iT 015 
5Z4G 0.95 
6 30L2 0.90 
6AL5 030 
6AQ5 0.50 
6A 07G 1.00 
6A 16 0.60 
6AU6 0.40 
5A V5 0.50 
6BA6 008 
681:6 0.45 
613116 075 
6816 0.75 
6BQ7A 0.56 
60127 1.20 
60W6 1.00 
fiBW7 1.00 
6C4 0.40 

6CD6G 1.60 
OCHO 2.20 
6E5(JT 150 
65-73 0.80 
635G 0.45 
615GT 055 
6J7GT 0.45 
6K6GT 0.80 
6K7GT 035 
6K8GT 0.50 
6P25 3.00 
6Q7GT 0.43 
6SG7 0.50 
6SJ 7GT 030 
65L7GT 

055 
6SN7GT 

0.55 
6U4GT 0.75 
6U50 1.50 
6V6GT 060 
6X4 045 
6X 5GT7G 

0,55 
766 0.80 
767 0.80 
7C5 210 
7C6 1.00 
7117 0.80 
7S7 2.25 
7I'4 0.80 

2ACh 0.80 
2A D6 0.80 
2A16 0.75 
SATO 0.45 
2AT7 045 
2A U6 050 
2AU7 0.38 
2AX7 038 
28A6 0.50 
265-6 0.60 

I2BH7 0.60 
30C15 1.00 
30C 17 1 -00 
30C 18 0.90 
30E5 1.00 
30FL1 1.00 
30FL141.00 
30L15 0.95 
30L17 0,95 
30P12 1.00 
ì0P19 0.95 
36PL1 0.95 
30PL 13 1.10 
30PL 14 1.10 
35L6GT 0.80 
35W4 0.60 
35Z3 0.80 
35Z401 0.70 
5005 070 
:0:0601.20 
80 0.75 
8117 100 
6080 3.80 
6146 380 
6146A 3.80 
61465 420 

TUBES 
26131 4.00 
?BPI 4.50 
3UPIA 400 
31:(ìI 8.00 
3FP7 200 
3GPI 500 
5BP1 8.011 
5CPI 500 
88D 1500 
C V429 27.50 
1)0' 5 12.00 
VC Rí38 

1000 
VCR Iì9,\ 

l 00 

TRANSISTORS & ICs 
0C42 AA 119 

AAZ 13 
AAZ15 
AC107 
AC 126 
AC 127 
AC 128 
AC 176 
AC 187 
AC 188 
ACY2I 
ACY39 
AD140 
AD 149 
AD 161 
AD 162 
AFI15 
AFI 16 
AF117 
AF 106 
AF239 
ASY27 
ASY 28 
BA 102 
BA 115 
BC107 
BC 108 
BC 109 
BC 113 
BC 17 
BC 143 
BC 147 
BC 148 
BC 169C 
BC 182 
BC 182L 
BC 1134L 
BCY32 
BCY3J 
BCY34 
BCY70 
BCY7 1 

BCY72 
BCZ I I 

BD121 
130124 
BD 131 
BD 132 
BF! 15 
BF167 
8E173 

07 8E179 0.33 
012 i BF 180 0.36 0C44 
0.10 BF 181 035 0C45 
0.51 BFI94 0.10 0071 
0.25 BF195 0.13 0072 
025 8E197 0.15 0076 
015 BF200 0,32- OC 77 
0.25 BFS61 025 OC81 
0.21 ' BF59R 0.25 008 ID 
020 BFW10 0.61 OCSIZ 
035 BFX29 028 0081 
0.78 BFX88 0.24 0C140 
050 BFY50 0.21 OC 170 
0.50 BFYSI 0.20 0CI71 
044 BFY52 020 0C200 
0.44 .BR10(1 0.40 OC201 
0.25 BVIW 0.27 0C2112 
025 BY126 014 (K'203 
0.24 BY127 0.12 OCP71 
0.48 B7.X6I sacs 0RP12 
0.44 0.20 061'60 
0.33 BZY88 sent. 11C'44 
025 010 Tl( 2260 
0.25 CRSI 1)5 0.35 TI1.209 
0.10 CRSI 40 0.50 /TX 107 
0.14 CRS3 05 0.40 TI'XI08 
0.13 CRS3 4l1 0.65 I Z.TX301 
0.14 M.11340 0.47 ZTX301 
0.15 M1E370 0.68 Z1X3112 
0.21 MJE520 0.63 7TN3114 
0.30 MJF.2955 1.27 
0.10 M.Qi3055 077 7 I X>lll 

0.8 MPF102 040 ZTX503 
015 MPF103 0.36 1TX531 
0.12 MPFIOt 0.35 LTX550 
0.12 MP!' 105 036 IN914 
013 N KT404 1.00 I N 4110 I 

0,85 0A5 0.72 IN40(12 
0,38 OAIO 0.ao IN4003 
0.45 0A79 0.10 IN4004 
018 0A8 0,18 IN4005 
022 0A91 0.7 IN40)6 
015 0A200 0.08 IN4O07 
0,65 0A202 0.06 I194009 
1.00 OC 16 1.00 IN4148 
0.65 0C20 200 171131 
0.42 0C23 1.25 I5421 
0.50 0C25 0.40 102033 
0.20 OC28 1.00 IS2051A 
025 OC35 152100A 
0.28 0C36 0.60I IS3010 

2N696 0.15 2N4289 
. 21'0697 0.16 3N141 

0.40 219706 0,12 4036() 
0.20 2N706A 0.12 40361 
0.20 2N 1131 0.25 40362 
025 2191132 024 40410 
0.28 2N1302 0.18 SN7400 
0.30 2N1303 0.18 SN740 I 

0.54 2N1304 028 SN74(12 
029 2191305 022 SN -403 
0.20 2N1306 028 SN-404 
0.45 2N1307 028 SN'405 
an 2N1308 0.28 5\--106 
0.14 2N 1309 030. SC 
030 2N1613 0.21 S\vus 
0.30 2N1614 045 57.-409 
0.75 751214' 070 5\"-110 
150 '57160 078 S\-411 
1.50 : \ 2ì69A 0 16 S5 '4 

1 .' 

0.75 '\2546 050 5\'413 
120 7914 020 5v 116 
0.60 .;'nu.V 025 
0.55 1 .19U5 0.32 
0.29 '\1405A 025 
I.50 '\79116 020 
020 2\p126 0.12 
0.12 
010 
013 
0 14 
0.18 

0,24 
013 
0.15 
0.16 
0.25 
0.18 
0.0k 
0 06 
0.7 
0,8 
0.0 

0.10 
0.12 
0.12 
0.06 

0.06 
0.13 
0.07 
0.20 
0.20 
0.20 
0.25 

051 018 
3055 045 

]\3525 091 
2\3614 065 
2\.1615 065 
2N3702 0.11 
2N3703 012 
2193704 014 
2N3705 0.15 
2N3706 011 
2N3707 013 SN 7442 
2193708 0.07 SN 7450 
2193719 0.10 5197451 
2N3710 0.11 SN7453 
2N371 I 0.11 5197454 
2N3819 0.38 SN7460 
2N3020 0,50 .SN7470 
2N3823 050 S197472 
2N3903 015 SN7473 
2N3°I4 0.20 SN7474 
2N3905 025 SN7475 
2N3906 0.25 
2N4050 0,15 
2194059 0.10 
2N4060 0.11 
2N4061 0.13' 
2N4062 0.14 

0.30 SN7476 045 
S`:74811 0.60 
5,N74N2 0-87 
SN7483 1.10 
5'07484 1.00 
5N7486 0.47 
5N7440 0.55 
SN749IAN 

1.00 
0.70 

O7fi 5N7491 0.70 
0.22 SN'494 0.80 
042' SN7495 0.80 
042 SN7496 0.95 
O.IB SN7497 3.87 
028 SN74100 1,89 

0.16 SN74H)7 0.45 
0,25 0N74110 0.58 
0,30 SN'4111 0.86 
0.36 SNNIIB 090 
0,36 SN74119 1,68 

". 41" 0.36 51974171 050 
SN 4122 0.70 

SS. '422 075 SS/7.1123 1.00 

037 SNVI4I 0.90 

0.3] SN74145 1.26 
SS 4 2' 0.37 SN 74 I 50 1.75 

5\ 747_8 0.40 SN74151 1.00 
95 74 0.16 SN:4154 2.00 
S\"437_ 0.37 SN74155 1.00 
519-433 0.37 S19'74156 1.00 
8,\'137 037 SN74157 0.95 
S\yi8 037 SN74170 2.52 

S\'l10 027 5N74174 1.57 

SS744IAN SN74175 1.10 

0.92 5N74176 1.26 

0.79 SN74I90 200 
0.16 SN74191 2.00 
0.16 SN74192 2.00 

0.16 SN74193 2.00 

0.16 SN74194 1.30 

0.18 SN74195 1.10 
0.36 5N74196 1.20 

0.38 SN74197 1.20 

0.41 SN74198 2.77 

042 SN74 199 252 
7.59 

0.81 
0.40 
045 
0.40 
085 
0 16 
0.18 
0.16 
016 SN749' 

S\-1'3 

OIL 14 pin 15p 
SOCKETS 16 pin 17p 

INDUSTRIAL VALVES 6060 
6061 

CV 130 
CV13_ 

CV3986 
CV3988 

EF54 
EF55 

OD3 
003 

RIOT 58/255M 6062 CV 133 C V 3991 EF804 OZ4 
B24 50;256M 7ISA 6063 CV I 35 CV3998 EFP60 OZ4A 
B35A 50'25761 715B 60)64 CV 36 CV4001 EL9 I 

B63A 5C12 723/5 13 6065 CV I 3' CV 4002 EN30 PT15 
N21 51121 725A 6067 CV 138 CV 4003 EN3I 
N2IB 5R4GY 6072 CV 140 CV4004 EN32 QÁ2400 
N23B 5(!4(7B 801 6073 CV 144 CV4005 EN91 QA2403 
N23CR 5Z3 803 5074 C V I6(1 C V4006 ESU74 A 2404 
X'A 5246 805 6080 CV17_ CV4007 ESU 76 A 2406 
X2B 807 6097C CV'187 C V4008 ESU 77 QA2407 

1,1 808 6130 (' V' 185 CV4009 Q63/3W I,AI ';\i 91.,,1 811 6136 l'V 140 CV4010 F6057 QB35750 
7.5015 1115 811A 6184 V' 120 CV401 I 66060 Q84 1100 

2C''6A ,, 1\I6 812A 1,197 C V 251 CV4012 66061 QF4 1 

2C34 i, \N'5 813 6201 ( \'113 CV4013 F6063 QF45 
2C39A 6AN8 815 6'_(11 1'\'184 CV4014 6X219 V02-6 
21.'43 VR5 578 6203 CS 286 CV4015 F X225 QQV03 10 

2021 6:\5t, 8291-1 6 205 cV28' CV4016 F X227 QQV03 20 
2D21W 6A1 01I \ 531111 6360 CV'iI5 CV4017 

QQVO4 Ì 2E26 6AL501 860 6442 CV32u CV4018 G1371K 
OA 

2131 6AUI, 556 6463 CV3; CV4014 GI 2011B QQV06 40 
2133 6AV5(I 866A 6550 C V 34' CV4020 G150'28 QOV06 40A 
1150 6AW8:\ 5661-: 6601 CV345 CV'41121 G 180-2M QS70 20 
7154 6\X50 --I 872A 6923 CV354 CV'4023 G.240 2D QS75/20 
11.6A 604(7 exlR 643`I CV354 C V'4l1'4 04105.1 K QS75/40 

6BA8A x91R CV'i6n ('V4(1_25 (ìN4 
7K 6 6BK4 7194 CV4U28 (IT IC Q583/30 
2K20 66K7A 954 "7113 l_V.3., CV40?1 GTR 120W 592/10 
'K45 1,81.7GTA 955 3611 C\ I'S CV4035 GTR15pMS S95/10 
2X A 66196 951. -556 (+i CV4Ú38 G('18 5105/45 

6 H `'V 
457 V'Lr_ CV4039 GU2012I QS150/40 

3A 107A 6057 8013 ,' 1 CV4041/ 01750 QSI50 /45 
3A 108:\ 514X7(/1 . 1675 8112_S \ C V4'-8 CV4056 (ìX111 QSI50/80 
3A 1088 611L6 V4;J CV4059 KT6fi S1200 
3:\ 11)96 OCHS 'n5Ú 11111 CV'44' CV-1060 KT67 'QS1202 

3 V 110A 6('116 2l51.4 9001 CV 449 C VJ061 KT88 QS1207 
1 9 11011 6('I 6 7051 ('V466 CV'4063 SI 205 
L\ 1461 6( VW CV4064 M8Ú79 U37 
3.5 16761 (9DK6 4003,5 ('V'408 C V4074 M8080 VO} 12 
iqt 6DQ611 1212F nr II unn, 1-V49 1 CV4501 M8081 VO4-7 
30 24034 61 AS 4742.1 CV'492 CV4502 M 8082 OVOS 25 
ß 24151 6F-33 4113C 112016 ('51493 CV4503 M8083 QVO6-20 

31)24 6HOlmetaU 4110.5 CV71'. CV4504 M8091. QY3 125A 
3 02 6K7s:T 4687 A1834 CVB(18 CV4507 M8096 QY4 250A 
31129 6('xA 5544 A2087 CV 11172 CV4508 M8097 QY4-400A 
3('21 6V'6GT 5545 A2134 CV In'6 C V 50611 m8098 
3C23 

I A2393 CV1092 CV6014 61x100 RIO 
3C 24 14(i 111'3 :V2426 CV1219 CV6008 61<136- R17 
3('45 11113 51,.1.1 .1_`21 CV 1343 CV6045 M5117 RI8 
?( XIIIIIAS 
31 7.1 

12AY7 
I7H475 

5651 .1'91M1 CV 1475 
5670 ACT6 CV 1475 

115140 
),130 611141 S1 II IT 

I IF I281'7A \(T9 CV 1477 ):\41 118142 S130 
11 099 121 1 5i,",, CV 1478 I:\42 M8144 51301' 
U 1704 11111 HIC 11 CV 1704 ) 11011 M8149 STV 280 411 

3O 15111 131.1 nvn 15911 CV 148(1 11 r_2 M8157 ST V 2007x0 
3Q 1451 1xl)7 "0_ íS156 CV'I481 M8161 SÚ41 
354 s,l(- i 5"15 SI5 ('V 1482 'lJL M8162 SÚ42 
3V 341111 53K(' "Iv t 135 C\ ns' í81K'C M8163 
3V 3411A -5Ii I íT15 ('V Ix?1 '.BÚF'C M8167 TU03 10 
3V 39111) -5C I 675$6 W 11 '9 (7 1'Ix_: EBUF 548179 11 15 

3:\ I 
57_'1, 

I 81 CV 1835 E8OL M8190 TT2 I 

4 115A 6A1.5W C V 1944 DOT M8196 TTR3IMR 
4 '-50A 8511 5727 CV'21NK) E81CC M8204 TZ40 

4 400:1 40.\G 2D21W I CV'_131 5-.81 L M+i2l_ 
4113_ 411A \' 5749 (511)4 F82CC M8214 U17 
li15 90C I 

5750 CV'25 CV2I5S MCC M5123 1.) 19 
X2_5(10 9ÚC G 5751 CV26 CV'_160 E8.31, M8224 1127 

41 27 90C V 5502 CV28 CV2I79 E88CC M8215 
41511 95A1 ,811 CV31 CV2235 E90CC M3232 VLSO ?I 
4151- 100TH C'V32 CV223' E9OL M8237 
4152_A 
4.153 

x-3 
ISÚB2 84ñ Cc 5 CV1_2_38 e 
15l)H3 5463 ('V53 CV7253 

E91H 
E92CC 

M3245 
MF 1400 

Z 3(N1T 
Z759 

4X 15OA I5U('I 5,465 73 ('1 2289 E 180CC ME 1401 Z803Ú 
4X15011 S0C2 6005 CV 74 C V 2520 EA50 
4X25011 I 5l1(' i )AQ5W' CV 5 CV2522 F.AS2 0A2 

15íN 4 60.'! (-V 115 ('V'2721 EA 76 0753 
513 751M '50T H 6u5- ('\.171 3-V240 I F('C35 OA4G 

511 25751 128 ('V 'I .-9 ;: 
r` 5H 25451 329 (' \ 1' 

I'C I 0111 0112 
51) 11111 

VAT 
VALVES & 

TRANSISTORS 25% 
INTEGRATED 
CIRCUITS 8% 

THIS MONTH'S 
OSCILLOSCOPE TUBES 

TYPE DG 7 -5, VCR 139A, CV 1526 

Price £8.00 P & p 25p add VAT 8% 

SPECIAL OFFER 
Terms of Business: Mon. to Sat. Open for callers 9 a.m. to 5 p.m. Closed Sat. 1 p.m. to 3 p.m. Express postage 12p for one vs ve; 2p each additional valve. Express postage: 1 2p per 
order for transistors. Prices on application for any type not listed. Obsolete valves a speciality. Prices correct when going to press. This applies to the U.K. 

LINSLEY HOOD designed EQUIPMENT 

AUDIO OSCILLATOR 
(distortion "''01 5 I 

£ 14.00 Kit as shown 

75 WATT WW DISTORTION 
(<._01 %) 

HI -FI AMPLIFIER 
£64.00 

(lower power versions 
available) 

F.M. TUNER P.L.L. with stereo 

£40.00 Decoder 

Tax extra 1_ Except instruments . 1 

Also available. F.M. Sig /gen Wobbulator. Stabilized PSV (0 /60v 1A) 
Third Harmonic Distortion Analyser 

Send S.A.E. for full details of any of the abdve which are also 
supplied in 'pack" form 

TELERADIO ELECTRONICS 
325 FORE ST., EDMONTON, LONDON N.9 01 -807 3719 

AC /DC MULTIMETER 
TYPE 04324' 

With taut band suspension 
movement 

High sensmvny movement 
and lull coverage of AC 
a14 DC current and 
voltage ranges 

14111 1,-I II 611 SWrn4 1 Amps DC 
.111 1OÚrnA 1 AAA, AC 

:.- 31160í2u6110 -1200 
uci 

1,1 
15.0. 150 - 300.600 900 

20 000 H trey Hangs 
li k' I 

\.. 

-- 
.. mmI11 

i10011111111111 

11101101110'l'1111 
-°.;° pti4 

A - ¡¡ 
7 1 %0 -; ' ̀

 

i 
. / 1 

£9.95 Price 
+ 8% VAT 

*STAR OFFER 
BC 207 

50 for E2.50 + 25% VA? 
Plastic BC 107 

*STAR OFFER 

201 3055A 
8 for £2.50 + 8% VAT 

STAR OFFER 
IN 4002 

100 for £2.50 + 8'',. TA t 

Silicon rectifier 
1 amp 100 volt 

PNre add VAT 
and 20p P. &P. 

Send Stamped Addressed ÁJ 
ORCHARD WORKS, 

Envelope for FREE Catalogue of over 
2,000 items 

CÓM.PoNENTS 
CHURCH LANE,WALLINCTON, SURREY SM6 7NF 

www.americanradiohistory.com

www.americanradiohistory.com


THE new WORLD OF AUDIO 

Wireless World, May 1976 

1976 INTERNATIONAL AUDIO FESTIVAL & FAIR OLYMPIA LONDON 

13th -19th September (inclusive) 

There is a whole new deal for exhibitors at the 
1976 Audio Festival & Fair. A new deal designed to ensure 

that participation spells success in every way. 
The formula has been created by a new management 

team comprising people with a real understanding 
of Hi -Fi and people possessing deep experience and 

expertise in staging / " 1 \major exhibitions. 

Plans 
for the 
1976 
Audio 
Fair 
include:- 

new - earlier dates 

new - extended trade 
only period 

new -floor plans 

new - cost structure 

new - Biggest ever 
all -media 
promotion 

plus - 
T he backing of 
all the key 
IPC Business 
Press 
publications 

IT'S SOUND SENSE FOR YOUR COMPANY TO BE THERE 

Complete and post the coupon below for more details - 
Please send me a brochure with details for intending exhibitors at the 1976 Audio Festival & Fair. 

Name 

Address 

Company 

Telephone number 

Complete and post to: Audio Festival & Fair, Iliffe Promotions Ltd., 
Dorset House, Stamford Street, London SE1 9LU. 
Tel : 01 -261 8000 

www.americanradiohistory.com

www.americanradiohistory.com
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BOOKS 
MOTOROLA 

Diodes Transistors. etc . over 3500 Pegee 1:10.50 
CMOS over 400 Pages 11.50 
Unear rc. over 800 Pages 12.00 
Motorola M6800 Progrsmmmg Manual E3 50 
Motorola M8800 Applications Manual 07.00 
from Minicomputers to Microproceeeora it 00 

SIGNETICS 

Data/Applications ppllubons book, over 1600 Papas i4 00 
DMOS, 74LS: Consumer: shift raw RAM S, PROM -s 20p 
each 

FERRANTI 

E -lane Applications 50p 
Complete range of data end applications notes evaileble 

NO VAT THIS SECTION 

SPECIAL OFFERS 
14 pan 741Cop- emp(Motorola) 1Op 
IN4148 Diodes 12 for 50p 

30 for £1.00 
1000 for 125.00 

0127" Display IMAN3 M) 35p 
- 5% Discount orders overC5.00 

10% Discount orders over i10,00 
Discount not applicable to kit ors special oilers 

Munard 
Transistors 

-25 %VAT 

ACI78/128 61p 
AD181 /162 ì1.2O0 
Ác126 32 p 

AC128 
l9p 

AC153 tOp 
AC176 25p 
ÁC176 /181 25 P 
Áç187 /18B 01 95p 
AC188 47P 
ACY19 43p 
ACY20 23p 
ACV22 10p 
ACY22D 10p 
AD140 50p 
ÁD1 35p 
qF 114 35p 
AF115 30p 

AF116 26p 
AF121 

3217 

2p 

AF126 30p 
AF139 42p 
AF178 60p 
AF239 
BAT10 

_.,9,,,°P 

BAVIO '1P 
BC107 1ß p 
13C107B I9n 
901078 I Sp 
BC1o8 isp 
BC108A 17p 
BC108C 23p 
801080 21p 

BC 1090 
21p 

p 
130147 9p 
BC14B 7p 
801488 120 
80149 7p 
6C158 10 
BC159 14p 
90327 27p 

6C337 26P 
BCY72 24p 
BD115 3lp 
BD124 80p 
130131 Sop 
80132 
80133 68p 
80135 42p 
80136 44p 
80138 52p 
80139 56p 
80140 6Bp 

- 

All prices 
8% except items 

&P UK, ì1.O0 EEC 
Callers 

BD144 i 1.80 8E751 48p 11R100 33p 
80160 0.00 8E752 36p BR100-1 39p 
80181 ì1.O0 BFY90 ì1.70p 139101 62p 
SDI 82 ì1.O0 BRlO0 33p BY126 15p 
80183 £1.00 8R1001 39p 138127 13p 
110201 LI.30 BRIO1 80p 87128 95p 
80203 C1.30 BRY39 50p BY184 59p 
80232 ì1.1O BRY58 52p 138182 11.30 
80234 6Bp BSXI9 96p 137106 41p 
80235 70p BSXt 9 32p BY201 p 
BD231 70p BSY9E 42p BY207 27p 
60237 BOp B1102Á 370 BVX30 23p 
802311 BOD 137702 ì1.d0 88X38.160 12p 
BF116 21p BÚ126 ì2.2O BYX36 -800 17p 
13F187 27p BÚ205 £2 60 BYX38.600 41p 
6E173 29p BU206 1300 BYX38 -BOOR 59p 
8E177 63p BU208 ì4s00 BYX49 -8OOR 43p 
8F178 47p 0E7103 8p 0A95 7p 
8E179 54p GE1887 Bp 0A200 13p 
8F180 44p 0028 01009 0A202 9p 
BF181 42p 0075 6p OAZ223 89p 
BF183 44p 0075 li 
BF183 48p OC171 D - 25% Bp 
BF184 28p VAT 
BF185 28p 
8F194 9p MULLARD BZVIO 59p 
8F1958 14p BZSN1C27 730 
8F196 13p - 25% BZX61C12 15p 
BF197 12p VAT ß0(6167I 25p 
BF197 13p 80(700 33p 
BF240 300 ÁA115 11 p BZX19 33p 
BF240 20p ÁA215 10e 82X79- 
BF26'i 27p AAZ17 22p 4 78.758 10p 
8F262 56p ÁÁ1h 235 BZYBBC13 12p 
0133.3 56p BÁ154 23p BZV9IC13 12p 
BF33F 42p BA155 tip B2y91C15 1:5 74p 
BF337 42p 8Át 55 110 BZV93C18 74p 
BF338 47p BAT82 21p 8ZV93C68 74p 
BFRS4 £3.00 84X13 23p BZY93C88 74p 
BF 84 ì7.W BAx13 Bp BZY95C18 68p 
BFx85 41p 68X07 13p BZV95C24 68p 
BFx86 40p 881068 33p BZY96C24 6Bp 
BFV50 48p ß8105G 29p BZY95C68 ß8p 

I.C. SOCKETS 
4 pan 12p 28 pan 270 

16 on 15p 40 On 300 
24 pin 26p 

CAPACITORS 

Electrolytic, paper. Non polar Tent 
Pack of 25 Mixed our choice SOp 
Metal Tant 6v - 1: 3 3, 4 7. 56. 88, 180. 

10v -- 150. 

10v -- 15 
20v -- 0 1: 1: 39: 68 
35v -- 0.47. 0 56, 0.68. 0.82, 1.2 
11; 2.7: 3.3: 4 7, 10. 1,5, 33 
50v -- 3.3. 3.9, 10, 15. 22: 27, 50 

Plastic Tent 6v -- 47 

Tubular 20v -- 15 
35v 2 2 3 3 4 7 6 8 

Ai.l viii,.., r.,rrol,iarls 
your cnooce 10p eaLh 

Pack of 20 rooted our choice i1 00 
Polystyrene -- Peck of 25 muted 50 P 

- -- - 
RESISTORS 

'p Wan Carbon Munard CR37 IO for ZO 
p 

h Watt Metal F,lm Welwyn 101or 50p 
8 Wen Wuewound Welwyn W22 37p 

12 Wen Wvewountl Welwyn W23 39p 
20 wen Warewound Welwyn W24 4lp 
CR37 and MR5 min quantity any one value 10 pas 
Ell Series available to 1 MO except W23 and W24 up to 27K 
only 

POTENTIOMETERS 
Moulded Track - Panel Mounting 
Lan - 1w - 250k, 2M 
Log -V w - 10k: 500k 
Mon Moulded Track Unear - Panel Mtg 
`Ave - 22k, 100k, 220. 2M2 
Open Min Preset Yew Linear 
100r 2209. 250R. 3308: 4706 500R. I k. 10k, 25k, 100k. 
500k. 500k) IM 
Sealed Min Preset '4w Linear 
33R. 100R: 220R. 3308: 500R 4k7: 5k. Bk. 22k. 25k. 50k. 
t00k, S 

Your Choice tOp each -panel mtg. 5p each preset 
Pack of 10 One 2 panel mlg 130p 

Wirewound helical pots (10 turn/ 100R. 5k, 50p each 

WW, Wellington Road VAT 
Colney, St. Albans Add 30p P 

LINEAR ICs 
LM301AV Ext. comp. operational amplifier 36p 
LM307V Int. comp, operational amplifier 45p 
MC1458v Dual comp operation/ amplifier 80p 
NE610A Video amplifier iI 58 
'NE540L Audio power driver t:1 17 

NE555V Timer 44p 
NE556A Dual 565 14 pin 95p 
NE5165 Phase locked loop with A.M demode £2 70 
NE562B Phase locked loop with V C 0 02 70 
NE5668 Phase locked loop function yen o 1 50 
'PA239A Duel low noise stereo pre.amp 95p 
pA741CV Op, erne. 42p 
.,A747CA Owl op. em 90p P P 

MC1303L Dual Stereo pre -amp í1.47 
'MC 1301P 'hW audio amp 64p 
MC1304P F M. multiplex stereo demodulator i 1 12 
'MC1301P Stereo demodulator 11.92 
'MC1312jjj i 1 94 
'MC 1314dlCemdro hone: decoder kit ï3 31 
'MC1316 D E3 59 
'MC1330 Low level video detector 67p 
MC1498G Double Balanced mute' 77p 
MFC6040 Electronic. anenuator 

__MOS I.C.B 
AV- 5- 1224 127 4 14 'hour digital clock circuit 14 25 
AY- 5.3510 3'h digit DVM circuit £6.10 
'AY.1 -0212 Metter lone generator £5.55 g 
'41-1,5051 4 stage divider £ 1 20 
AY- 16721 / 5 5 stage divider i 1 30 
'AY-1-8721/6 8 stage divider £1.46 
'AY- 1.5050 7 stage divider i l 75 
05508 digit calculator chip £6.50 
C500 8 digit calculator chap £3.25 
21028 MOS 1024 bit static RAM £3 00 

FERRANTI 
ZN1034E Universal 

timer 
/display CCT £12.99 

ZN1034E Precision lamer CCT i2 99 
2N41A A.M. 'echo circuit L 1 00 
Dam and Circuits on ZN414 Sp f CCOMPONEN 

Dept. 
London S Herts 

AUDIO AND RADIO MODULES 
'LP14CD Stereo Decoder Module ìa,02 
'LP Audio Amp có.46 
'LPI 173 IoW Audio Amp £7 54 
I.P1'SI RFIF Module i4 46 

'LP1 ^a2 /2 Stereo pre -amp. 44 00 
'LPL 183/2 Stereo pre-amp 14.92 
'LPl1M /2 Low distortion stereo praamp ì8.1B 
'LP11 as FM IF Amplifier i8 28 .LP1186 FM Tuner Module i 7 78 
.LPL 194 40 Voltage Multiplier IEHT gaol ì8s I O 

SPECIAL OFFER 
111 10 Wan stereo ampbher comprising.- - 

1 o LP1182k 2 end 2 e LP1173 
'Normal price it500 0co p 'Offer 

121 FM tuner comprising - 
1 s LP1185 1 o LP1166 1 e LP14W 
n,,,,-al I, ,.a 77 08 'One' erica 18 00 

of VAT which must be added 
25% or specified. Cash with order 

Countries no other export orders acceptable 
by arrangement only 
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SINCLAIR CALCULATORS* 
Cambridge £7.95. Cambridge 96 Eß.95. 
Scientific E11.95. Cambridge Scientific 
E14.95. Oxford 100 £9.95. Oxford 300 
E15.55. Programmable Scientific £25.95. 

SINCLAIR BLACK 
WATCH* 
Fully assembled 
with black 
pap £20.95. 

Mains adaptors for programmable and Bracelet £2. 
Oxfords £3.19 for Cambridge and - 

DIGITAL CLOCK KIT* Scientific £3.15. 
24 Hr. display. Includes pcb. mains power 

S -DECS AND T -DECS* supply, attractive case, 0.5in. jumbo green 
S -DeC E2.24 display. clock chip and all other parts 
T -DeC E4.05 -.. Displays hours and minutes separated by 
u -DeC A E4Á8 ulcating colon Kit £12.50. Built £13.50. 
u -DeC e E7.85 Ra STN-CLAIR IC20 
N -DeC E10.415 i - J IC20 10W +10W stereo amp kit with 
IC carriers: -- 

printed circuit E4.95. 
16 dd. plain E1.07 --- P220 Power supply for above E3.95. 
With socket E2.21 VP20 Volume. tone control and preamp kit 
10 T05' plain 99p. With socket £1.95. £7.95. 
SSTI BOp. SSUI 80p. SSNI 80p. SP20 10W 4 Ohm speaker £2.95. 

CS20 Case for IC20 £2.95. 
BATTERY ELIMINATORS Sands * for fro * leaflet. 
8 -WAY SPECIAL SINCLAIR PROJECT 80 
1 41/2. 6, 71/2, 9. 12V FM tuner £13.25. Q16 E10.95. PZ5 
at 500mA with E3.95. PZ6 E8.70. PZ8 £9.10. Trans for 
unique 4 -way PZ8 £5.60. Z40 E5.75. Z60 discontinued 
multi -jack but we stock a similar 30W equivalent amp 
connector and E10.30. Stereo 80 £11.95. Project 8050 
free matching 
socket £0.80. 

£18.95. Quadraphonic decoder £14.95. 

5 -WAY DOUBLE RADIO MODEL 
Similar to above. but with press stud battery JC12 AMPLIFIER 
connectors. 3 +3. 41/2 +4Va. 6 +6. 6W IC audio amp ' - 

7th + 71/2, 9 +9. 12 +12V at 250mA. Can with free data 

also be used to give 1 5. 18 and 24V single. and printed 

£5.80. circuit £1.95* -¡pi- 
3 -WAY MODEL* 87 -(A- 

Switched output of 6. 7'/2 and 9V at DELUXE KIT FOR JC12 
250mA with 4 -way multi-jack connector Includes extra parts for the pcb and volume 
and free matching socket £2.95. and tone controls Mono £2.29. Stereo 
RADIO MODELS £4.95. 
50mA with press -sied battery connectors 
for radios. etc 6V £2.95. 98 £2.95. JC12 POWER KIT 
41/2+4VxV £4.45. d. 6' £4.45. 9 +9V Supplies 25V 1 Amp. E3.25 
£4.45. Also 9V 300mA £3.95. JC12 PREAMP KITS 

Type 1 for magnetic pickups. miles aim 
71/2V output !o run cassette tape recorders tuners. Mono £1.55. Stereo £3.0. Type 2 
from the mains. Complete with 5 pin L'IN for ceramic or crystal pickups Mono 85p. 
plug. 50mA model E3.45, 300mA 
model E3.95. 

Stereo E1.70. 

CAR CONVERTORS LOUDSPEAKERS FOR JC12 
Input 12V DC Output 6/7'/2/9V DC 1A 8in. x 5in. 8 Ohms. 5W E2.50. Send 
regulated. £3.95 *. - SAE for free leaflet. 

Post 30p on orders under t2, otherwise free Prices include VAT. (Overseas customers 
deduct 7% on items marked *, otherwise 20 %.) Official orders from schools. etc. 
welcome. 

ELECTRONICS 
DEPT. WW, PO BOX 68, SWANLEV, KENT BR8 8TQ 

Off, T9ffT)p5 
F7,® EIECT9f11SElo 

SB 60 ESOSE BO., 
WINO SON,REROS. 
SU IBS. 
TEL.54525. 

1ro ;14:T 
ipJel,tae aTm. o, AP COWIN, POT 

91110 P.II.0 OOP II 

NAIICLATOPPD WINO OP 

MIST .,éiirt ü`' 

y0Ú WONT RELIEVE OUR PRICES 

1HE HE 13IIRTOGII 
NORMALLY 24 HOURS 
ON EX STOCK ITEMS. 

FULL SPEC. DEVICES, 

QUALITY PRODUCT 1)9 FLOOR SWEEPINGSS 

IC's LOW PRICES TRANSISTORS 

REG LEGS lip 

CIPOS LOGIC 1411 seti ®TTL IC'S 

nonsaiL. o.1 PITCH 1,0 
+r.1 v. r -.n- ., 

°60p 
noun 11TC11 

v , , 
'.' 

P sa Noe 

CASSETTE YEC1013191 

Nor AVAILABLL ?OP LO..113 

TILIPBOBI 54525 

ODD AU' 
70 PR/CES 

2130SS 77' 

BE I09 Sp 

BEM 14p 

EE73016 14P 

741 ióñ 
NE555 szp 

70OOD Pp 

110/0ES 

matait 

, 
451111011 

hep 117 

SCR 

2 

TRI ACS 

611LF )FFEOS Pr., a 

14001 ..50 INIO011 13 50. 

!nEIEPS 

vraa,r c 

O1Enl 
o- 

14 

ss.1n,1 s,.eralrnal ap ..' t7te. I a I 11,rc. 

=ISLE xMaL& SLEEPER 'n, 

T S 4S 1,L eECfORS Nt 91l MSS ALL 17p SOCIOrrS 1/0. 

71E rnc rrr cs n n,p ,r c ev,.. Lxl. 
1gassm'te+sal . . i. ,,. OIL sockeiS 

TnC1SIS11't JESTER cn/n,n 

cassettes 
WI H,PLY P1078 L., 11013{ HOT 11,1ERS. 
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KINNIE COMPONENTS 
10, NÉLMES WAY, HORNCHURCH 
ESSEX RM11 20Z 
HORNCHURCH 45167 

CIRCUIT BOARD 
P C.B. 1/16. 1 oz. COPPER 

FORMICA 
Dim. 8.4 x 7.7 in 3 pcs.. 80p 
Dim. 9.4 x 8.1 in 3 pcs., 90p 
Dim. 10.1 x 7.9 in 3 pcs., £1.00 
Dim. 13.1 x 9.4 in 3 pcs., £1.20 
Dim. 17.0 x 9.0 in 2 pcs., £1.20 
Post & Packing 35p each pack. 

BARGAIN PACK 
10 pcs. 10.1 x 7.9 in. Plus free '/21b etching 
Xtals £3.10 P.P 65p. 
FIBRE GLASS P.C.B. 
Dim. 6 x 6 in. 50p each 
Dim. 12 x 6 in 75p each 
Dim. 12 x 12 in. £1.30 each 
Equals less than 1p sq. in. 
Post & Packing 15p per sheet. 

RESIST COATED P.C.B. FORMICA 
10 1 x 7.9 in 65p ea. 

13 1 x 9.4 in 75p ea 

RESIST COATED P.C.B. FIBRE GLASS 
6 x 6in. 65p ea 

12 x 6 in. £1.35 ea. 

12 x 12 in. £2.00 ea. 

Post & Packing 10p per sheet. 

BLUE P.C.B. INK 
Etch resist use with any pen. Much cheaper 
than ready loaded pens. 
50 c.c. 55p. P.P. 10p. 

FERRIC CHLORIDE ETCHING XTALS 
1 lb - 1 litre pack, 70p P.P. 35p. 
5 lb - 5 litre pack, £2.20 P.P. 65p. 

UNISELECTORS 
(New) 25 way. 12 Bank (Non bridging), 68 
ohms. £6.50 P.P. 50p. 

MINIATURE UNISELECTOR 
(Ex. Equip. 6 Bank (5 non bridging. 1 

bridging) 100 ohms 24 -30 V.D.C. £1.50 
P.P. 50p. 

1,000 TYPE KEY SWITCHES 
Single 2 x 2 c/o Locking. 50p. P.P. 10p 
Bank of 4 -2 x 4 c/o each switch (one biased), 
£1.20 P.P. 25p. 

MULTICORE CABLE 
6 -core (6 coiours) 14/0076 Screened P.V.C. 
30p per yard; 100 yards at £16.50 P.P. 2p 
a yard, 7 -core (7 colours) 7/22 mm. 
Screened P.V.C. 30p per yard; 100 yards 
£16.50 P.P. 4p per yard. 

RIBBON CABLE 
(8 colours); 10m. £1.65. P.P. 25p. 100m. 
8 -core x 14/0.19mm. Bonded side by side 
£11.50PP.£1. 

P.T.F.E. CONNECTING WIRE 
1/20 Black or White 100 m. Drum £2.50 
P.P. 30p. 

H.D. ALARM BELLS 
6in. Dome. 618v,d.c. Heavy cast housing 
for exterior /interior use. £3.75 P.P. £1. 
Connecting wire (twin /twisted) 220yd. reel 
£3 P.P. 75p. 

MINIATURE METERS 
500 micro -amp (level stereo 
scaled half back /half red. Size 1 

P.P. 15p. 

PANEL METERS 

beacon, etc) 
x 1 in. 65p. 

23/8 in. x 1' /e 18 500mÁ 
T1 504A T9 lAmp 
T2 1004A T10 50v.a.c. 
T3 5004A T11 300v.a.c. 
T4 1mA T12 50/0/501A 
T5 lOmA T13 100 /0/1004A 
T6 50mA T14 500 /0/5004A 
T7 100mA All at £3.75. P.P. 15p. 

PANEL METERS 
41/2 ins. x 31/4 D3 200uA 
D1 50uA D4 5004A 
D2 100uA All at £4.60. P.P 15p 

S.T.C. CRYSTAL FILTERS 
(10.7Mhz) 445 - LQU -901A (50 Khz spac- 
ing), £3. P.P. 20p. 
445-LQU-901B (25 Khz spacing). £4. P.P. 
20p. 10.7 Mhz Canned I. Fs. Size 1 x 1/2 x 1/2 

in. (with data) 65p. P.P. 10p. 

3 GANG TUNING CAPACITOR 
8.5 PF, to 320 P.F. 80p. P.P. 20p. 

V.H.F. /U.H.F. POWER TRANSISTORS 
(type BLY 38) 3 watt output at 100 -500 
Mhz £2.25. P.P. 10p. 

EDGE CONNECTORS. 54 WAY 
1 Vero size etc. Can be cut to any length, 
55p P P. 10p 

HIGH CAPACITY ELECTROLYTICS 
250mfd/63 volt, 20p P.P. 8p. 
1,000mfd/ 100 volt, 70p P.P. 25p., 
2,200mfd /100 volt, 90p. P.P. 25p. 
4,700mfd/25 volt, 65p. P.P. 20p. 
6,800mfd /16 volt, 50p. P.P. 15p. 
10,000mfd/25 volt, 75p. P.P. 25p. 
25,000mfd /40 volt, £1.25. P.P. 30p. 
47,000mfd /40 volt, £2.00. P.P. 50p. 
100,000mfd/10 volt, £1.50. P.P. 50p 
160,000mfd /10 volt, £2.00. P.P. 50p. 

BARGAIN PACK FIBRE GLASS P.C.B. 
200 sq. in all usable pieces £1.75 P P 25p. 

PRINTED CIRCUIT KIT 
The no frills all value kit. Containing 4 pcs 8 x 

7 Formica laminate. 1 pce 6 x 6 Fibre glass 
laminate, 1 lb Etching Crystals, 50 c.c. 
Resist ink, with instructions. 
£2.40 Ft.P. 65p. 

OVERLOAD CUT OUTS 
Panel mounting 800 M/A 1.8 amp. 10 
amp. 55p ea. 

SMITHS GEARED MOTORS 240V AC 
3 rev. per min. £1.50. P.P. 25p. 
4 rev. per min. £1.50. P.P. 25p. 
6 rev. per min. £1.50. P.P. 25p. 
2 rev. per hour. £1.50. P.P. 25p. 
6 rev. per hour. £1.50. P P. 25p. 

SIEMENS MINIATURE RELAYS 
6v.4 c/o 65p. 24v.2 c/o 50p. 

MINIATURE RELAYS 
(13/8 x 11/4 x' /2) 24 v.4 c/o 35p. P.P. 5p. 

MAINS RELAY 240v.a.c. 
3 c/o 10 amp. contacts 80p. with base P.P. 
2Op 

24v a.c. RELAY (PLUG IN) 
3 pole c/o 75p. P.P. 1 5p. 
2 -pole c/o 55p. P.P. 15p. 

S.C.R. 
1 amp. 400 P.I.V. 35p 
5 amp. 400 P.I.V. 40p 

MINIATURE "ELAPSED TIME" 
INDICATORS 
(0.5000 hours) 45 x 8mm 75p. P P 15p 

TELEPHONE DIALS 
(New) £1 P.P 25p 
EXTENSION TELEPHONES 
(Type 706) Various colours. 
£3.95 P P 75p 
12V MINIATURE 
UNISELECTOR 
11 ways. 4 bank (3 non bridging, 1 homing), 
£2.50 P.P. 35p. 

H.T. TRANSFORMERS. Prim. 1 1 0. 240v. 
Sec. 400v. 100 m/a £3. P.P. 65p. 
L.T. TRANSFORMER. Prim. 240v. Sec. 
27 -0-27 at 800 m /a. £2.35. P.P. 50p. 
L.T. TRANSFORMER. Prim. 110/240v. 
Sec. 50v-at 10 amp. £10. P.P.'El .50. 
L.T. TRANSFORMER. Prim. 240v. Sec. 18v. 
at 1.5 amp. & 12v. at 1 amp. £2.25. P.P. 
65p. 
L.T. TRANSFORMER. Prim. 240v. Sec. 18v. 
1 amp. £1.10 P.P. 35p. 
L.T. TRANSFORMER. Prim. 240v. Sec. 12v 
at 1 amp. £1 P.P. 25p. 
L.T. TRANSFORMER. Prim. 110/240v. 
Sec. 23/24/25v. at 10 amps £7. P.P. £1 . 

L.T. TRANSFORMER. Prim. 110/240v. 
Sec. 20/21/22v. at 8 amp. £6. P.P. £1 . 

HIGH -SPEED MAGNETIC 
COUNTERS 
4 digit (non reset) 24v or 

l 
(state which) 

.41 4 x 1 x 1 in. £1. P.P. 20p. 
5 digit (non reset) 24v £1.50. P.P. 20p. 
3 digit 12v (Rotary Reset) 2'/4 x 13/4 x 1'/4 

£1.40. P.P. 15p. 
6 digit (Reset) 220v. a.c. £3.50. P.P. 25p. 

RESET COUNTER (BRAND NEW) 
6 digit 24v. 25 I.P.S. £5 P P. 25p 

BULK COMPONENTS OFFER 
Resistors /capacitors 600 new components 
£2.75. P.P. 36p. 
Trial order 100 pcs 75p. P.P. 20p. 

D.C. SUPPLY 
Input 240v. a.c. giving 171/2v d.c. at 11/2 

amp (unsmoothed) 22/4 x 2'/2 x 21/4 in. 
£2.25. P P 45p. 

MINIATURE REED RELAY 
(1 x 1/4) 12v 1 c, o 50p. P.P. 10p. 

S -DECS AND T -DECS 
S -DEC £1.90. T -DEC £3.60. 
U -DEC A £4.20. U -DEC B £6.90. 
Post & Packing 25p. 

TRANSFORMERS 

L.T. TRANSFORMER. Prim. 110/240v. 
Sec. 0/24/40v. at 11/2. amp. (Shrouded). 
£1.95. P.P. 5Op. 
L.T. TRANSFORMER. Prim. 200/250v. 
Sec. 20/40/60v. at 2 amp. (Shrouded). £3. 
P.P. 70p. 
L.T. TRANSFORMER. (H.D.) Prim. 
200/250v. Sec. 18v. at 27 amp; 40v. at 
9.8 amp; 40v. at 3.6 amp; 52v. at 1 amp; 
25v. at 3.7 amp. £17.50. P.P. £2.50. 
L.T. TRANSFORMER. Prim. 240v. Sec. 20v. 
at 2.5 amp. £2. P.P. 65p. 
L.T. TRANSFORMER ( "C" CORE). 
200/240v. Secs. 1- 3 -8 -9c. All at 1.5 amp. 
50v. at 1 amp. £2.50. P.P. 50p. 

MAIL ORDER ONLY. PERSONAL CALLERS 

L.T. TRANSFORMER ( "C" CORE) Prim. 
120v/ 120v SECS. 1- 3- 9 -20v. 10 amps 
£7.50. P.P. £1.25. 
L.T. TRANSFORMER ( "C" CORE) 
200/240v. Secs. 1- 3- 9 -27v. All at 10 amp. 
£7.50. P.P. £1.50 
L.T. TRANSFORMER ( "C" CORE) 
200/240v. Secs. 1- 3- 9 -20v. All at 4 amp. 
£5.50. P.P. 75p. 
L.T. TRANSFORMER ("C" CORE) 
120/120v. Secs. 1- 3 -9 -9v. All at 10 amp. 
£6.50. P.P. £1.50. 
L.T. TRANSFORMER ( "C" CORE) 
110/240v. Secs. 1 -3 -9v. 10 amp. 35v. 1 

amp; 50v. 750 M /A. £6.50. P.P. £1.50. 

BY APPOINTMENT 
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BIPREPAK 
Bargains in Semi -Conductors, components, modules & equipment. 

BPP Packs 
Originated in 1959 by the Company's managing 
director, his were the first semi- conductor and 
component packs to be marketed in this country, and 
indeed, the company's name grew out of "British 
Industrial Pre- Packed Components". Today, Bi- Pre -Pak 
continues to occupy a position of pre -eminence in the 
supply of packs as well as a vastly extended range of 

,products detailed in our latest 24 -page A.4 size free 
catalogue. Send 10p stamped large addr d 
envelope for your copy by return. 

IT'S ALL IN OUR FREE CATALOGUE 

Component Packs 
CP1 150 Capacitors, mixed bag of paper. silver mica. electrolytics. 

etc. Approx quantity. counted by weight Epp 
CP2 200 Resistors, mixed bag of different types values wattages. 

etc Approx quantity, counted by weight 6Op 
CP3 40 Wirewound resistors, mixed types, values and wattages 

60p' 
CP4 12 Potentiometers. pre -sets, w / wound carbon. etc Mixed 

types and values 60p 
CP5 5 Earphones. single low impedance for transistor radios. 

cassettes. etc Less plugs, for suitable plugs see PAKs CP9 
and CP10 60p 

i.P6 50 TO-5 mounting pads. fits between transistor and board for 
that pro finish 60p 

"P8 500 Cable clips for G P 0 Viii" dia cable Nylon with hardened 
steel pin (probably tungsten) per sealed box of 500 60p 

CP9 5 3.5mm plugs, miniature tack. to fit earphones in PAK CP5 
60p' 

CP10 5 2 5mm sub miniature jack plugs. to lit earphones in PAK 
CP5 BOP 

CP11 6 Screwdrivers. 1 e moms neon tester, 5 x grub screwdrivers. 
Bop' 

CPI2 10 Reed relay inserts. 1" long 'h" dia These will operate from 
an external magnet or coil For magnets see PAK 
CP13 60p' 

CP13 10 Magnets of various es for operating reed switches on 
PAK CP12. Ideal for burglar alarms or doors and 
windows. etc 60p' 

CP14 40 Potentiometers. presets wirew unds carbons. dual gangs. 
with and without switches etc Mixed values and 
wattages E1.20 

CP15 12 Standard crocodile clips. screw fixing, good quality 60p 
CP16 5 PC boards each containing a 8E180 UHF amplifier 

transistor A good basis for building a T V aerial pre -amp 
as various pans Inc 80p 

CP17 25 Electrolytic Capacitors. various values and voltages. many 
useful types, from T V to transistor radio and Hr FI 60p 

CP18 1 Light activated SCR 50 volts 1 6 amps type 19F Ready 

mounted on PC board with gate resistor and leads fitted 
Full data and circuit diagrams for 14 protects. includes 
slave photo flash unit, burglar alarm etc. 

CP19 3 Micro switches 1 pole change over standard model l v." x 

80p' 
' CP20 10 Relays assorted types. Ex -G P 0 and others. mixed 

coltages E1.20 
CP21 200 Square inches of copper !animate P C board. in approx 8 

pieces 60p' 
CP22 3 Fibreglass plain printed circuit boards approx 2'ii" x 14" 

60p' 
CP7'1 4 Swnrhes miniature push to make single pole 60p 

YOUR SUPPLIERS FOR: 
Semiconductors - all popular types. Opte- electronic 
devices inc. Nixie Tubes. Solder Tools, Terminals. 
Switches. Knobs, Es- C.P.O. items. Aluminium Sees, 
Trims. Thyristor., Zener Diodes and much more in our 
cmdogue and shop. 

Bf'p QFp 
'PRE-PAK 1 

Pak No 

\^y` 

AK 

POWER TRANSISTORS 

Semi - Conductors Vea Watts le Amps 

40P1 15 20 .1 

4052 40 
40P2 40 
9051 15 

40 
40 
45 

4 

4 
TESTED AND GUARANTEED PACKS 

TP4 3 SN7490 integrated circuits, 14 pin dual in line TTL type 90P1 15 45 4 

Decade counter Get one FREE these are 60p each in 9052 40 90 
singles E1.2Op 90P2 40 90 

ALL THE FOLLOWING ARE AT 60p EACH PACK 

TP9' 5 SN7400 integrated circuits. 14 pin dual in line TTL type. 
Quad 2 -input NAND gate. Get one FREE, these are 15p 
each 

TP10 2 Light dependant resistors. 400 ohms light. 1 megohm 
dark, 'Ai' dia 

TP11 10 Transistors XB102 and XB112 equivalent to AC126. 
AC156. 0081 /2, 0072 etc. 

TP12' 4 BSI 27 Silicon rectifiers 1000 phi 1 amp Plastic T V, 
rectifier 

TP13' 5 OCP71 Light sensitive transistors. 
TP14 20 0071 germanium PNP audio pre amp transistor. black 

glass type 
TP, 5 20 OCBI Germanium PNP audio output transistor. white glass 

type 
TP16 20 00200/ 1 /2/3 transistors, PNP silicon TO -5. unmarked 
TP1 7 20 1 watt tener diodes, mixed voltages, 6.8 to 43 volts. 
TP18 20 2N3707/8/9/ 10 transistors, NPN silicon plastic, 

unmarked 
TP19 100 Diodes, mixture of germanium. gold bonded. silicon, e t c , . 

useful selection of many types, marked and unmarked 
TP20 10 Mullard 0C45 transistors. I F amp PNP germanium. 
TP23 20 BFY50/1/2, 2N696/7. 2N1613, etc. NPN silicon 10.5 

uncoded COMPLEMENTARY TO PAK TP24 
TP24 20 BFY64,2N2904/ 5. etc, PNP silicon TO -5 uncoded 

COMPLEMENTARY to PAK TP23 
TP30 20 NPN silicon planar transistors, TO -18 similar to BC108, 

etc, uncoded 
TP31 20 PNP silicon planar transistors. TO -18 similar to BC178. 

etc., uncoded. 
TP32 20 2N2926 silicon plastic transistors uncoded and ungraded 

for colours 

UNTESTED PACKS - 60p each 
Specially for keen bargain hunters 
UT I SO PNP germanium iarsistors. AF and RF Very good yield 
UT2 150 Germanium diodes, miniature glass type 
UTS 40 Zener diodes, 250 mW 042240 range. average 50% 

good 
UT6 25 Zener diodes. 1 -11/2 watt top hat type, mixed voltages 
U1'9 40 NPN silicon planar transistors. of the 2N3707 -11 range. 

low noise amp 
UT10 15 Power tr.,ns,snin PNP germanium and NPN silicon, 

mostly TO -3 but some plastic and some marked 
UT13 15 Integrated circuits, experimenters pak. dual in line. TO -5, 

TTL. DTL. marked and unmarked. some definitely good 
but old types 

FOR FULL RANGES - SEE CATALOGUE 

Singles 
BRIDGE RECTIFIERS Plastic encapsulated 
P.I.V 50v 100v 400s 
lamp 2bp 35p' 45p 
2 amp 35p' 45p' 55p' 
4 amp 45p 50p' 80p' 
6 amp 50p* 4 90p 
BY 1 64 argue/ SKB2 02 400v 1 5 amp sp" 
FETs 
2N3919 
254416 
NOS F.E.T. 
35141 /MEM616 

18p 
20p 

50p 

Also Power Diodes, Thyrio 
tors, Triesa, Dic-Zner 
Diodes, Opto-Electroniee, etc. 

UNI-JUNCTION 
TRANSISTORS 
2N2160 65p' 
2N2646 48p' 
TIS43 31p' 

PUTs 
2N26027 50p 

LEDs 
TIL209 -Red 18p 
TIL211 -Green 33p' 

X -44 POCKET SIZE R.F. 
CROSS HATCH GENERATOR 
improved version of our famous Mk 2 

model of which thousands are tegula 
use Size 150 x 75 x 50mm, strong plastic 
case with handle /stand, 4 push button 
operation. 4 patterns Selfcontained line 
and frame generator and synchro pulse 
Pre -set adjust for R F output and line /frame 
synch Uses 4 alkaline type 1600 baits 
Blank raster facility. FOR COLOUR AND 
MONO. (PIP add 35p1 

£25 £27.500 wißt 

LOOK OUI NEXT MONTH 
FOR THE NEW 
STERLING 
SOUND MODULES 

B1- PRE-PAK LTD 
Co Reii No 820m4 

222 224 WEST ROAD,WESTCLIFF -ON -SEA, ESSEX SSO 9DF. 

TELEPHONE: SOUTHEND (07021 46344. 

FIRS L IN U.K. WITH PACKS FOR ELECTRONICS USERS 

Many other types available from 3 to 115 watts 

Price 

30p' 
30p' 
30p' 
25p' 
25p' 
35p' 
35p' 

INTEGRATED CIRCUITS 
MM5314 Dual in line clock chip 
LMS380/SL60745 Dual in line 2w audio amp with data etc 
Dual in line I C sockets 8 pm 14p; 14 pin 15p'; 16 pin 16p'. 

E3' 
75p ' 

Sundry 
SIGNAL GENERATOR 
Far MW and IF Covers 550 KHe to 1 6 MHz for MW and 400 to 
55OKHt fm IF Fully portable Invaluable In AM repair and alignment 
pbs Ip /p 40p1 E4.25' 

POCKET SIGNAL INJECTOR 
Fountain -pen type Invaluable for fault tracing in radio sets, amplifiers, 
TVs tape recorders etc Takes one HP7 battery E2.00' 

E%- G.P.O. Sin SIDECUTTERS 
Not new but in pedal order, per pair S0p 

Ex- O.P.O.B" LONG NOSE. PLIERS 
Not new but in perfect order. per pair Sop' 

MAINS TRANSFORMERS 
MT6 By 0 6v 100mA 

12v 0 12v 50m.A 
9v lamp 
12v lamp 
18v lamp 
25v 2amp 
30e 2amp 
35v 4amp 

MT12 
SST9/ 1 

SST12 /1 
SST18 /1 
SST25/2 
SST30/ 2 

SST35 /4 
IP P 50p any ore) 

PC EDGE CONNECTORS 
Type Sias 
SSEC 6 -wav 1iTx" 
SSEC 10 ilk" 
SSEC 12 
SSEC 16 -. 21/2" 
SSEC 18 
SSEC 22 _. a 31/2t' 

UHF TUNUR UNITS 

Pitch 
156" 
156" 
156" 
156" 
156" 
156" 

E1.22' 
E1.22' 
E1.87' 
E2.05' 
E2.50' 
E3.00' 
E4.25' 
E5.50' 

150P 

80p 
75p 
85p 

1.00 

lot usenas fti sofúnd recr verf%ti daté25 
lines Channels 21 -651 AO 

BOOKS 
All free of VAT. We cony very large stocks of technical 
books by Babani & Bernard Publishers, by Newnes and' 
Butterworth as well as reference books from the Common 
Market in English /German /Italian. All detailed in our 
catalogue 

MONEY SAVER FOR CAR OWNERS - 

The "Super Spark Capacity Discharge Ignition Unit developed out of 
our original ETI model (of which we have sold well over 9.0001 enables 
you to anion this system at a truly economic price Facilities include 
simple adaption to pos or neg earth. immediate switch back to 
conventionelogrption. anti -burglar immobilisation with all parts in totally 
enclosed strong metal case Very easy to fit and install With lull 
instructions IP'n add 50p) 

KIT £7.95 READY -BUILT £10.505 

B -P -P SECURITY CHECK POINT 
e Write your o name and address MAKE SURE GET OUR NAME 

clearly in block capital letters. AND ADDRESS RIGHT WHEN 
ORDERING. 

Check thet your order re coned for rash !cheque. money or postal order) descnpaon, quantity and price with your order please Made out to 
Dort forget VAT at 25% of total value BI PrePali Ltd 
of order unless otherwise marked' or Mention this )oumal when ordering if you 
B'c.l don't want to cut out the coupon 

TERMS OF BUSINESS: VAT rates subject to alteration if decreed by 
Government 
VAT at 25% must be added to total value of order. except for items marked ' or (8 %). when 
VAT is to be added at 8% No VAT on overseas orders. POST S PACKING Add 30p for UK 
orders except where shown otherwise Minmum mail order acceptable - r:1 Overseas orders, 
addhi for postage. And difference will be credited or charged PRICES Subject to alteration 
without notice AVAILABILITY All items available at time of going to press when every effort 
is made to ensure correctness of information. 

To: BI- PRE -PAK, 220/222 WEST RD. 
I WESTCLIFF -ON -SEA, ESSEX SSO 9DF 

1 

, 
16 111 M IIIIIII M M IIIIN IM M =NM MIMEO 

\M 

M EO 
W hA 

Please send , . 

for which I enclose 

NAME 

ADDRESS 

inc. VAT 
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HIGH POWER DC-COUPLED AMPLIFIER 

1111111111101111121111 

* UP TO 500 WATTS RMS FROM ONE CHANNEL 

* DC- COUPLED THROUGHOUT 

* OPERATES INTO LOADS AS LOW AS 1 OHM 

* FULLY PROTECTED AGAINST SHORT CCT, 
MISMATCH, ETC. 

* 3 YEAR WARRANTY ON PARTS AND LABOUR 

The DC300A Power Amplifier is the successor to the world famous DC300 which is so widely used in 

Industrial, and Research applications in this country. It is DC- coupled throughout so providing a power 
bandwidth from DC to over 20,000Hz.The ability of the DC300A to operate without fuss into totally 
reactive loads while delivering its full power, and maintaining its faithful reproduction of Pulse or complex 

waveforms has established the DC300A as the world's leading power amplifier. Each of the two channels 
will operate into loads as low as 1 ohm, and the amplifier can be rapidly connected as a single ended 
amplifier providing over 650 watts RMS into a 4 ohms load, and still providing a bandwidth down to 
DC. Below is a brief specification of the DC300A, but if you require a data sheet, or a demonstration 
of this fine equipment please let us know. 

Power Bandwidth DC -20kHz u 150 watts -- 1 db, Odb. Stewing Rate 8 volts per microsecond 
Power at clip point 11 chan) 500 watts rms into 2.5 ohms Load impedance 1 ohm to infinity 
Phase Response +0. - 15' DC to 20kHz, 1 watt 81? Input sensitivity 1.75 V for 150 watts into 8f1 

Harmonic Distortion Below 0.05% DC to 20kHz Input Impedance 10K ohms.to 100K ohms 

Intermod. Distortion Below 0.05% 0.01 watt to 150 watts Protection Short. mismatch & open cct. protection 
Damping Factor Greater than 200 DC to 1 kHz at 811 Power supply 120- 256V.50 -400Hz 
Hum & Noise (20- 20kHz) At least 1 10db below 150 watts Dimensions 19" Rackmount, 7" High, 91" Deep 

Other models in the range: D60- 60 watts per channel D150 - 150 watts per channel 

MACINNES LABORATORIES LTD 
MACINNES HOUSE, CARLTON PARK INDUSTRIAL ESTATE, 

SAXMUNDHAM, SUFFOLK IP17 2NL 

TEL 107281 2262 2615 

WW -056 FOR FURTHER DETAILS 

EF3 -04 Low Pass 
Cut -off frequency vananle from 0 1 Hz to 100kHz 

EF3 -03 High Pass 
cut-off Requenrv can.tble from 0 1 Hz to 100k Hz 

EF3 -02 Low Pass 
C,.1 off , from 0 0t Hz to 101.Hz 

EF3 -01 High Pass 
Cut-oft frequcn, v vanaùle from O MHz to 10kHz 

BARB &STROUD MODULAR 
FILTERING 

Now FOUR Modules - 
and more to come! 
The introduction of our EF3 Electronic Filter 
System was a breakthrough in electronic filtering, 
a System with options and interchangeability. 

Now we introduce two additional modules to 
extend the scope and versatility of the EF3. To 
appreciate fully the technical and economic 
merits of the EF3 System you ought to have our 
detailed literature which we will be pleased to 
send. Continuing development of the EF3 System 
means that we will be announcing yet more 
modules in the near future 

Send now for full details to 

BAR FR ANCIO 

EF3 Basic Main Frame 
WW -061 FOR FURTHER DETAILS 

Glasgow and London 

Barr & Stroud Limited, 
1 Pall Mall East, London SW1Y 5AU. 
Tel : 01 -930 1 541 Telex : 261877 
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Against fierce competition from 
American, Scandinavian and German 
products, Celestion won the Grand 
Prix award -which is given to only one 
product in the entire hi -fi component 
field each year -in the overseas 
products category of the 5th Japanese 
Stereo Components Grand Prix 
Contest with the new "UL 6" speaker 
system. 

UL 6 is the smallest speaker in the range 
of three, which has been developed to offer 
visual appeal, for those who wish to 
complement the "true" state -of- the -art 
experience that the Celestion sound brings, 

113 

with an appropriately attractive shape. 
UL -which means Ultra Linear and 

represents unlimited quality -gives the 
generous, open, expansive and "natural" 
sound that the Celestion Sound 
reproduction technology and precise 
engineering capability achieves for the 
enthusiast who strives for perfection. 

Celestion 
Nola Cele;bbn Lanite't1 Orton Works. Foxhall Road. Ipswich. Suffolk lP38JP 

Telephone Ipswich (0473) 73131 

Cables Volcecoll Ipswich Telex 98365. 

Celestion UL6 beats 
the world's best 
in the Japanese 

Grand Prix Contest! 

SEE NS"EMI° 

FndNPprl 3Oi 11 F.4.M 
_ 

t,':: v Mn Z11e 

,G 

law 

Please send me lull details of UL 6 O UL 8 .- UL 10 . 

Name 

J 
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ireless work! 

Wireless World, May 1976 

ALSO AVAILABLE AT 
LEADING BOOKSTALLS 

The big four from 
Wireless World 

Wireless World High Fidelity Circuit 
Annual 1976 Designs Designs (I) 
I The world of electronics, 

television, radio /audio is on 
parade in the second great 
Wireless World annual. Con- 
structional articles include mak- 
ing a photographic timer. Surveys 
cover video, magnetic tape corn - 
patability, electronic ignition and 
radio astronomy in schools. 

H i -Fi Year 
B ook 1976 
2 This is the book that tells 

you everything you need to 
know about the hi -fi equipment 
on the market. Separate illus- 
trated sections cover every major 
category, together giving prices 
and specifications of over 2,000 
products. 

3 In response to demand for 
reprints of Wireless World 

constructional projects, we have 
collected fifteen of the most 
popular designs in one book. 

Order coupon 

To General Sales Dept. Room 11, 
Dorset House, Stamford St., SE1 9LU 

4 A compilation of the first 
ten sets of Wireless World 

Circards and including addi- 
tional circuits. Each set in this 
hard back book is preceded by an 
explanatory introduction. 

Please send me books as indicated below (state number of copies of each) 

Hi -Fi Yearbook 1976 £2.35 incl 

High Fidelity Designs ,f £1.35 incl 

Circuit Designs (1) a £10.40 incl 

I enclose remittance value £ 

(cheques payable to IPC Business Press Ltd) 

Name 

Address 

Regd. in England No. 677128 Regd. Office: Dorset House, Stamford St. 

SE1 9LU 
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LOW PRICEI) 

Top Quality 
Components 

VALVES 
Qty Type 

DY87 
Price (p) 

37.0 
Qty Type 

PCL84 
Price (p) 

46.0 
DY802 37.0 PCL85 52.0 
ECC82 37.0 PCL86 50.0 

EF80 34.0 PFL200 65.0 
EF183 39.0 PL36 63.0 
EF184 39.0 PL84 30.0 
EH90 40.0 PL504 75.0 
PCC89 46.0 PL508 78.0 
PCC189 47.0 PL509 E1.35 
PCF80 38.0 PL802 £1.00 
PCF86 44.0 PY88 43.0 
PCF801 46.0 PY500A E1.00 
PCF802 48.0 PY800 42.0 
PCL82 46.0 

SEMI CONDUCTORS 
Qty Type Price (p) 

AC127 20 
AC128 15 
AC141K 25 
AC142K 25 
AC151 20 
AC154 18 

AC155 18 

AC156 20 
AC176 22 
AC187 20 
AC187K 30 
AC188 18 

AC188K 30 
AD142 62 
AD149 45 
AD161 38 
AD162 38 
AF114 25 
AF115 22 
AF116 22 
AF117 20 
AF118 45 
AF139 35 
AF178 45 
AF180 40 
AF181 40 
AF239 45 
AF240 20 
BC1o7 10 
BC108 10 
BC109 12 

BC109C 14 
BC113 15 
BC116A 25 
BC117 14 
BC125B 18 
BC132 15 

Qty Type Price (p) 

BC135 15 

BC137 20 
BC138 30 
BC142 20 
BC143 25 
BC147 8 
BC147A 11 

BC148 9 

BC149 10 
BC153 20 
BC154 20 
BC157 11 

BC158 10 
BC159 11 

BC173 15 

BC178B 20 
BC182L 12 

BC1B3L 12 
BC187 25 
BC214L 15 

BC328 28 
BC337 19 

BD124 75 
BD131 35 
BD132 39 
8D160 £1.65 
BD235 50 
8D237 60 
BDX32 £2.40 
BF115 24 
BF160 35 
BF167 24 
BF173 25 
BF178 33 
BF179 38 
BF180 31 

BF181 33. 

1:11: 
Extend Life 
Tubes Limited 

Around the 

World Export Service 

BF184 29 
BF185 30 
BF194 8 
BF195 8 
BF196 10 
BF197 11 

BF198 23 
8F200 25 
BF218 40 
BF224 20 
8E258 26 
BF336 27 
BF337 35 
BF355 50 
BFX86 28 
BFY50 19 
BFY52 20 
BSY52 30 

6T106 £1.20 
BU105/02 

£1.60 
BU108 £1.80 
BU208 £2.20 
E1222 38 
MJE340 45 

0071 18 

0072 18 

R2008B E1.90 

R2010B E1.90 

RCA16334 80 
RCA16335 80 
TIP31A 52 

TIP32A 62 
TIP41A 60 
TIP42A 75 

2N3055 55 

DIODES 
Each 

Qty Typa Price (p) 
BA115 7 

BA145 16 

8A148 16 

BA154/201 12 

BY126 11 

8Y127 10 

BY199 25 

Each 

Qty Typa Price (p) 

BY206 17 

8Y238 25 

0A90 6 

0A202 8 

IN60/0A91 7 

IN914 6 

IN4002 5 

INTEGRATED CIRCUITS 

Each 
Qty Type Price (p) 

ETTR6016 
£2.00 

MC1351P 70 
SN76003N 

E2.35 
SN76013N 

E1.43 
SN76013ND 

£1.25 
SN76023N 

E1.43 
SN76023ND 

£1.20 
SN76033N 

£2.15 
SN76227N 

£1.45 
SN76532N 

E1.45 
SN76660N 60 
SN76666N 90 
TAA550 32 
TAA700 E3.80 

Each 

Qty Type Price (P) 
TBA120AS 60 
TBA120SQ 

£1.00 
TBA480Q 

£1.40 
TBA520Q 

£2.40 
TBA530Q 

E1.75 
TBA540Q 

£1.25 
TBA550Q 

E2.30 
TBA560CQ 

£2.40 
TBA800 £1.10 
TBA920Q 

E2.90 
TBA990Q 

£2.50 
TCA270Q 

£2 90 

EHT MU_TIPLIERS MONOCHROME B.R.C. 

Qty Type 

2TQ 950MK2 1400 

20AK 1500 (17" x 19 ") 
2TAK 1500 (23" x 24 ") 

Price (p) 

12.05 

f1.85 
f2.05 

HT MULTIPLIERS COLOUR 
Qty Type 

11 TAQ ITT CVC 1, 2 

Price each 

& 3 £5.10 
ITN GEC Sobel! £4.50 
IITAZ GEC 2110 £4.50 
IITAM Philips G8 E4.50 

£4.65 IITBD Philips 550 
3TCW Pye 691/693 £3.49 

11H Decca 30 Series £4.60 

3TCU Thorn 3000/3500 £5.00 
11HAA Thorn 8000 £1.99 
111HAB Thorn 8500 £4.31 

Iircp Bush 823 £5.50 

ro BLACK & WHITE TUBES 
with Full Years Guarantee 

Qty Type 
20"' CME 2013 
24 " CME 2413 

Pric. each 

£13.90 
f15 95 

TOSHIBA TUBES 
with 12 months in service guarantee 

Qty Type 

19" A49 -191X equivalents 
A49 -192 and A49 -120X 

20" 510DJB22 equivalent 
A51 -110X 

22" A56/120X 

Price each 

£52.00 

£54.30 
£55.40 

* All goods subject to 
settlement discount of 5% 

7 days and 2 °. monthly. 

* Prices subject to 257. VAT 

* No Postal Charges 

* C.P.C. - Price Quality Service 

* No Minimum Orders 

C.P.C. supply many large Multiple Organisations in the U.K. Contact our J 

Export Division for special prices NOW. Or send your order with this page. 

I enclose cheque /PO to the value £ p for the goods as specified above. 

Name Position 

Company 

Address 

Tel No 

Send this coupon NOW to 
C.P.C.. Dept.w,194 -200 NORTH ROAD, PRESTON, LANCASHIRE, ENGLAND. 
Phone Preston (STD 0772) 55034. Telex 677122 New price list 1.4.76 
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U-50DX 
High performance circuit tester of 44 micro ampere 
sensitivity The protein circuit incorporated safeguards 
the movement Acrylic front admits full light on the 
mirrored scale dial for easy and accurate reading. 
SPECIFICATIONS 
Measurements ranges available 
DCV 0 1 0.5 5 50 250 1000 (20k0/V1 

25k (w/ HV probe) 
ACV 2.5 10 50 250 1000 (8k0 /V) 
DCmA 0 05 0.5 5 50 250 

Range - RX1 RX10 RX100 RX1k 
Midscale - 500 500t) 5k0 50kt) 
Maximum - 5k0 50kt) 500k0 5M0 

dB --20 - + 62 
uf 
MO 

01 

-0600 
-0 

2} Using external power 

LV 
LI 0 -60mA 

3V 
Using graph 

Allowance: Within +3% f s.d. for DC ranges 
Within +4% f s.d. for AC ranges 
Within s 3% of scale length for t) ranges 

17 39 
:22 52 

U50DX 
U50DX in case 

Shunt Adaptor to read 
PA, SA25A 16.21 

HV Probe (25kV) 
CLIP Adaptor 

WW 121 

1544 
£0 54 

JP-5D 
Brief and neat scale for fundamental measurements. 
Very suitable for educational purposes Diode 
protection safeguards movement against overload. 

Off position on switch protects movement against 
shock in transit Solid quality is maintained by use of 
high -grade components 

JP5D t13 82 
JP5D in case F18 95 
8X505 (124. 73 
8)(505 m case 36 72 
N101 34 40 
N 101 m case 44 39 

WW 122 

Q 

U 

A 

L 

1 

YT 

F 

R 

Sanwa 
MULTI TESTERS 

ii, íÌ 
High quality competi vely priced Knobs in production 
quantities only. Min. order 1000 Pcs of any one of 266 types' 

NDI MOTORS 
We can now offer a range of 
Mini and Micro Motors with 
or without gear heads for 
AC and DC operation. 

MOTORISED ZOOM 
LENSES FOR TV & CCTV 

USE 

DC pulse driven Turntable 
Units of especially high 
performance. 

WW -125 FOR FURTHER DETAiLS 

BX-505 
Viewed from the point of circuit design. the BX -505 is a 
standard multitester to measure voltage, current and 
resistance. What makes this tester distinguished from 
average Instruments is the equipment of a high 
sensitivity indicator of 24,4 which has remarkably 
improved the resolving factor of the meter to obtain 
highly accurate and efficient measurement imposing all 
but no loss of current on the circuit being checked. 
SPECIFICATIONS: 
Measurement Ranges: 
DCV (t) 0.12, 3, 12, 30. 120, 300, (33 3k0 /V) 

1200 (8.Bkt) /V), 30k (w /HV probe) 
Allowance - + 3% fs 

DCA ( +) 30u. 3m. 30m. 300m, 12 (300mV drop) 
Allowance - + 3% fs 

ACV 6, 30, 120, 300. 1200 (8k0 /V) 
Allowance - 

T 4% fs 
Frequency - 30Hz -20Hz; within + 1dB 

50Hz- 20kHz; within +.3% 
ACA 12 (300mV drop) 

Allowance - ` 5% fs 
0 Range -x1, x10. x1k. x10k 

Midscale - 20. 200. 20k. 200k 
Maximum - 2k, 20k, 2M, 20M 
Minimum - 0.2. 2. 200, 2k 
Allowance - +3% of arc 
Batteries -15Vx1 & 9Vx1 

dB --10 -+ 17 - + 63 
(OdB --1mW through 6001)- 0.775V) 
Allowance -4 L fs 

Dimensions and Weight. 170x116x67mm and 
64ogr 
Accessories supplied: Test lead pair. Operators 
Manual. Batteries, Fuse (1A) w/ spare) 

WW 123 

N-101 
Dual range circuit for two -fold voltage and current 
readings in 33 measurement ranges with output 
voltage lack, off range. LI /LV and dB scales Pocket 
size portabaihty Special protection device safeguards 
meter movement against overload. Spring -backed jewel 
bearings protect meter movement circuit against shock. 

Measurement Ranges: 
DCV (Lo) 0.3 1 2 6 30 120 600 (50kt) /V) 

(Hi) 0.6 2.4 12 60 240 1200 (25k0/V) 
ACV (Lo) 6 30 120 600 (iOkt) /V) 

(Hi) 12 60 240 1200 (5k0 /V) 
DCmA (Lo) 0,03 3 30 300 (240mV) 

(Hi)0.06 6 60 600 (480mV) 
DCA 6 (105mV) 
'.). Range -X1 X10 X100 X10k 

Midscale 43t) 430t) 4 3kt) 430k t) 
Maximum - 5k0 50k0 500kt) 50Mí) 
35.nA 3 5mA 0 35mA 
1 5V 1 5V 1 5V 
--20 - +57 

LI 

LV 
dB 

WW 124 

QUALITY ELECTRONICS LTD. r! 54 HIGH STREET, LYDD, KENT TN29 9AJ 
TEL. LYDD 20252. TELEX 965265 

All prices inclue P.P. (U.K.). VAT AT 8% Full catalogue on receipt of s.a.e. 

Batteries. 1 5V (UM -31x 1 9V (006P) x 1 

Size & Weight. 150x 140x 51 5mm & 600 or 
Allowance. DCV & A Within - 3% f s d 

ACV & dB Within _ 4% f s d 
-ì Within - 3 % of arc 

SOLE IMPORTERS IN U.K. 

ENVIRONMENTAL TEST 
EQUIPMENT 

A Standard Range offering 
the following facilities: 

High temperatures to 500° C 
Low temperatures to -75° C 

Humidity Cycling 
Thermal Shock 
Vibration 
Pressure Cycling 
Sand and Dust exposure 
Corrosive Gas exposure 
Explosion Test 

TABAI INFO.: WW126 FOR 

LABORATORY 
TYPE 
SA65E 

100.,A E7 00 
Other ,auger 

available 

FURTHER DETAILS 

LEMANIA AIRCREW 
CHRONOGRAPHS 

with .c 

w 
tat: k luminous 

hands d,kinys 0,1,1,191 $e, sweep hand 
Controlled and independently of main movement 
by press to start stop and return to zero button 
15jewel movement Many of these watches are 
as new but all have been completely overhauled 
and checked for accuracy Fitted strap White lace 
E18.80. Black lace E19.751nc P &P 

LEMANIA STOPWATCHES 
Fined with one red and one black sweep hands independently 
controlled enabling elapsed periods forming part of the main 
period to be measured separately without stopping the 
measurement of the main time period. Absolutely mint 
condition but cleaned and checked. E16 Inc. P. &P. & VAT. 

GS WATCHES 
All with n as hed stain iess steel case with screw 
back ana black laces Manufactured by TIMOR. 
ETERNA LEMANIA. VERTEX RECORD CYMA 
etc to a standard specification Completely 
overhaul,' Fitted strap E9.05 (Inc P &P ) We 
also have emited quantities of these watches by 
BUREN. HAMILTON and IWC at E15.30 inc 

P &P SWIMS GS watch with sweep second 
hand C9 25 Inc P &P & VAT AR wenches: 
Inspection against remittance. 

TYPE SA 

TYPE TAD 
umn de 66 85 IIB 150 

me 42 50 7D 106 110 
50.4 E3.73 13.91 E4.10 E5.00 0555 
500.4 13.44 13.61 E3.82 E4.72 0.42 
imA E3.37 E354 03.74 E463 E5.33 
15v01C E3.40 6359 E3.77 6467 E5.36 
3004AC 1357 13.76 1394 04.83 65.40 

Bims 43 51 61 82 

in 

mm 43 51 61 78 

50 A 63.62 E3.69 03.97 0,22 
500 A £3.31 £3.36 E353 E3.86 

Ima 03.21 63.28 £353 E3í12 

15i0C 0325 0332 E360 03.86 
330v6C 0349 O56 1377 1402 

VU METERS AVAILABLE 

VU METERS 
AVAILABLE 

FOR YOUR PRODUCTION REQUIREMENTS USE 

ALPS PANEL METERS 
Substantial quantity discounts to manufacturers 

Remember! We are the sole importers! 

SPECIALIST STOCKISTS OF SERVOMOTORS. SYNCHROS. TEST EQUIPMENT, METERS AND CONNECTORS 

erve and è'/e(Ircnje dales 12/c! 
E stzhi.shen 1953 

24 HIGH ST., LYDD, KENT TN29 9AJ. Tel. Lydd 20252 (STD 0679) VAT No. 
201 -1296 -23. TELEX 965265 

. 
r j 

Gc TYPE SSP. 

/. 73 78 9< 

A 

Bim4 

m" 

50-A 
5110.. A 

ImA 

ISrOC 

33rAC 

56 63 7.: 

6403 fen 1752 
E3.68 E3.93 t4 18 

0358 f3.83 f408 
03.70 E3.94 t4.19 
E3.83 E3.97 £432 
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TTß electronics 
Dept. 5, 56, Fortis Green Road, 

Muswell Hill, London, N10 3HN. 

telephone: 01 -883 3705 

1 -24 25-99 100.p 

k1.LS1AL= 

371/2 DECADE DYM I.C. 

nput 

This staterof- the -ont MOS 151 chip contains 
ail the logic necessary for a 31 decade, duo! 

slope integrating, automatic polarity detecting 
DVM Supplied with free data and circuit 
booklet. AY -5 -3507 

OUR PRICE ONLY £6.59. 
(Dota and Circuit Booklets alone 20p 

The AY51224 ticktock 
Another morvel from G.I. A 16 pin 
12 -24 hr. Clock I.C. with 25 pin capability 

and low external porn taunt. Supplied with 
manufacturers derailed leaflet E3.95p(inc.- 
VAT) (Leaflet alone 20p.) Full Kit 
(excluding cose) ovoilable towords 

end of 1975. Phone Clive for details. 

Pin Sackers, pins in snips 
of 100. Jus. snip off what 
you need. 65p per strip 
pal in Iinp fl 
8 pin 13p. 24 pin 26p. 
ld pin I5p 28 pin 30p. 
16 pin l5p 36 pin 39 p. 

T0_5 

8 pin 319. 
)3pin 35p. 

FREE CIRCUITS 
Our 8 Poge A4 Audio I.C. Booklet 
is supplied FREE with purchases of 
Linear I.C.', worth £1. or mon 
(35p. if sold olone) Contains circuits 
and pin connection 
15 Amplifiers 250 rnW to m watts 
5 Audio Pt-Ampl ifien 

Tope Pre-Ampl iffier 
Power Driver 
Instrument Amplifier (Bifer) 
General Purpose Mini Amplifier 
D.C. Controlled Gain Control 
Micro -reni radio (2 I.C'i) 

PHOTO -DARLINGTON 
Viceo 25v 2N5777 
Vcbo 25v 
Veba 8v / c 

Il 250 mA c/ 
Pd 200 m W 

Hfe 2500 

L/NE-O-LIGHT 

MOLLARD MODULES 
Stil! make the simpler, highly 
,nhable F.M. tuner 

LP1186 Varactor Iront end 18.60 
01185 I F Stop L6 95 
LP1400 Multiplet decoder L9.02 

`'t'l' INC 

NEW LED Linear Canons 
each device contains 10 light 
emi trirg diodes in a 20 pin dual- 
in-line package. Ideal for solid 
_rote analogue metes or dials 
Type 101 RED £2.26. Complets 
with leoflet. ç 74 TTL 

1=21 25-99 100+ 

7400 
7401 
7402 
7403 
7404 
7408 
7409 
7410 
7413 
7417 
7420 
7427 
7430 
7432 
7437 
7441 
7442 
7445 
7447 
7448 
7447A 
7470 
7472 
7473 
7474 
7475 
7476 
748? 
7485 
7186 

7489 
7490 
7491 

7492 
7493 
7495 

74100 
74107 
74121 

74122 
74141 
74145 
74154 
74174 
74180 
74181 
74192 
74193 
74196 

14p 
14' 
14p 
I5p 
l6p 
16p 
16p 
16p 

2p 

2p 

24 
317* 

10p 
10p 
10p 
10p 

lip 
3p lip 

lip 
Ilp 
2. 
209 
lip 
14 
Ilp 
18p 

18p 

50p 

65p 
50p 
67p 

3p' 

3P' 
299' 24p 
27p 22 
16p 139 
27p 224 
16p 13p 

279' 224 
279' 22p 
759 62p 
65p 55p 
85p 71p 
81p 75p 
75p 62p 
95si 83p 
30p 25p 
25p 21p 17p 

30p 25p 
329' 26p 21p 
47p 39p 31p 
329 269' 21p 
75p 62p 50p 

£1.30 E1.09 87p 
32p 26p 21p 

E2.92 E2.80 E2.10 
49p 409' 32p 
659' 55p 45p' 
579' 469 36p 
45p' 40p 32p 
67p 55p 45p 

El .08 89p 72p 
34' 289' 22p 
349 289' 23p 

47p 39p 31p 
78p 63p' 53p 
68p 58p 48p 

E1.62 £1.48 84 
£1.00 83p 67p 
£1.06 889 71p 
£3.20 £2.50 El .90 
£1.35 £1.14 90p 

£1.35 E1.14 90p 

£1.64 E1.34 99p 

20p 

20p 

Items followed by a 
lm. VAT at 8% 
all other, include 25% 

555 (8 pin dip)V 55P 

555 (TO -99)T 81p 

556 (14 pin dip) f129' 

703 (RF/IF Amp) 689 

709 (8 pin dip) 389 
709 (T0 -99) 45p 
709 (14 pin dip) 39P 
710 (8 pin dlp) 39P 

710 (10 -99) 459 

710 (14 pin dip) 449 
711(10 -99) 519 

711 (14 pin dip) 440 

720 (A.M.Rodio) El .76 

723 (10 -99) E1.09 

3 723 (14 pe dip) 55p 
2 74118 pm chia) 30p 

741 (T0-99) 43p 
741 (14 pin dip) 36p 

747 (14 pin dip) £1.04 

748 (8 pin dip) 42p 

748 (T0 -99) 469 

748 (14 pin dip) 49p 

753 (F.M. 1st.I.F) 
£I .OB 

75491 88p 
75492 El .10 

Regularon 100 mA 
78105WC (T0 -92) 60p 
78L I2WC 1T0 -921 64 
78L15WC (T0 -92) 60p 

AY-1-0212 
AV-1-5051 
AY-5-1224 
AY-5-3500 
AY-5-3507 
AY-5-4007 

£6.93 
£1.44 
E3.95 
£6.59 
£6.59 
£7.94 

BHA0002 £3.01 

CA2111 El .19 
CA3045 £1.69 
CA3046 88p 

CA3053 59p 

CA3065 £1.60 
CA3075 £1.61 
CA3078 E1.26 
CA30B0 59p 
CA3081 E1.86 
CA3082 £1.86 
CA3089E (TDAI200) £2.43 
CA3097E El .67 
CA3123E £1.76 
CA3130 84p 
CA340IE (LM3900) 68p 
CA3600E £1.44 

L005T1 (70.3) £1.46 
103671 (10.3) £1.46 
L037T1 (T0 -3) £1.46 
L129 (S07-3?) 85p 
L130 (SOT -32) 85p 

Regulators 100mA L131 (SOT -32) 85p 
78L05AWC (7BA625A) 90p 
78117ÁW0 (78Á6258) 909 LM3017 (70 -99) 65o 
78L15AWC (TBA625C) 90p LM301S (8 pin dip/59p 

LM301AT170 -99) 679 
Rep loran SOOnA LM301A 5(8 pin dip) 59p 
78M05HC El .35 LIM307 T (T0 -99) 599 
78M12HC £1.35 LM307 5 (8 pindip) 579 
78MI5HC . 

78M18HC f 
LI 

I .35 
35 

S (8 

LM308 T (70-99) £1.96 
p 

78M24HC 51.35 1M308LM308 Á T (TO-99) 
Din dip) 

£7.9892 

LM308A S (8 pin dip/£6.90 
Rula eg ron IA 
7805KC 00 -3) 
7812KC (T0-3) 
7815KC (T0 -3) 
7818KC (T0 -3) 
7824KC (T0 -3) 

£2.09 
£2.09 
E2.09 
£2.09 
£2.09 

RRpp laron IA 
u3$áf(Ñ220)£1.72 

7812UC (T0-220) £1.72 
78151K (70-220) El .72 
7818UC (T0-220) £1.72 
7824UC (T0-22011.72 

ICL8030 £3.52 

LM309K £2.34 
LM339 E2.25 

LM370N E2.85 

LM371 £2.08 
LM372N £1.99 
LM373N £2.99 
LM377N £2.71 
LM380 E1.25 

LM381 £1.85 
LM382 £1.66 
LM703 68p 
LMI820 E1.03 

LM2111 
LM3900 
LM3909 

£1.12 
69p 
660 * 

MC 1303L t1,94 
64C 130P 85p 
MC1310P E2.IC 

E2.52' 
E434 
E4.85 
E1.48 

89p 
81p 

1:1 80 
68p 

MC1351 92p 
MC1352 92p 
MC1357 E1.60 
MC1358(CA3065) E1.23 
MC1375 E156 
MC.1455 (5551) 65p 
MC1456CG L1 77 

MC1458CP1 89p 
MC1468G L2 30 
.MC1495L E4 48 
MC1496G El 01 
MC3302P E1.65 
MC3401P 81p 

MC13129 
MC13149 
MCI 315P 
MC1327P 

.MC1330P 
MC3401P 
MC 1339P 

MC 1350 

MFC4000B 
MFC 4060A. 
MFC6030A 
MFC6040 

MM5314 
MM5316 

MVRSV (T0-3) 
MVR12V (T0-3) 
MVRI5V (T0-3) 

NE5401 
NE54M 

ÿ'NES55V 
NE556 
NE560B 
NE56IB 
NE5628 
NE563 
NE565N 
NES66V 
NE5A7V 
S06000 

5L414A 
5L415A 
514370 
51440 

SN75491 N 
SN75492N 

87p 
85p 
85p 

L101 

£4.80 
E9.99 

E1.45 
£1.45 
£1.45 

E1.25 
E1.16 

69p 
£1.29 
£5.06 
E5.06 
E5.06 
£2.96 
£2.63 
£1.87 
£2.63 
L 1 22 

£2.09 
£2.75 
£7.50 
£2.84 

88p 
El .10 

ZN414 Leaflet free wdh dewces(lOp ebne 1 

MC 1310; 2, 4 & 5 Leaflet fm with devices (10p olor') 

SN76001 N (TAA611) EI .82 

SN76003N 13.30 
SN76013N E1.98 

5N76023N £1.98 

SN76227N(MC1327) El .89 

SN76532N £1.86 

SN76544N £1.81 

SN76550- 2(TAA550) 89p 

SN76552-2 41p 

SN76660N(TBA120) 75p 

SN76666N (CA3065) El .12 

TAA?63 
TAA300 
TAA310A 
TAA320 
TAA350 
TAA370 
TAA550 
TAA570 
TAA700 

TBA120S 
TBA231 
78A281 1723) 
TBA5000 
TBA5200 
T8A5300 
TBASl00 
TBA5500 
TBA560C0 
TBA6?5A 
TBA6?5B 
TBA625C 

TBA651 
TBA7200 
TBA7500 
TBA800 
TBA8105 
TBA810A5 
TBA820 
TBA9200 
TBA9900 

TCA2700 
TCA760 
TCA8000 
TCA830S 
TCA940 

TDA 1054 

T0A1200 
TDA1405 
TDA1412 
TDAII15 
TDA2010 
TDA2020 

ULN2111A 

ZN414 

£1.50 
£2.16 
El .87 
El .44 
£2.43 
E3.45 

75 

£2.75 
£5.03 

EI.25 
£1.02 
£2.59 
E3.16 
£3.85 
0.27 
£3.72 
£5.29 
E5.29 

E1.03 
£1.03 
£1.03 

£1.87 
£2.79 
E2.79 
£1.11 
£1.24 
£1.24 

86p 
£4.71 
£4.71 

£5.24 
£2.16 
£7.24 
£1.04 
£2.25 

E1.50 
£2.43 

80p 
80p 
80p 

E300 
C3 75 

£1.52 

E1.26 

input Scaling etc. 

1 to 9. £1 .49 each 4 á V 

0000 
,r [ all E1.82 each (Red only) 

oll El .82' Each (Red, green, yellow, Orange) f all El .49' Each (Red Green, yellow) 

.1.11/: all £2.3 Rach (Red, Green, Yellow, Orange) 

all £242 Each (Red amyl 
Common Cathode as Common Anode (Red only) 

NOTE: MAN 4000 Series pin Oct. are 14 pin dil the some os MAN 50; 70 and 80 series. 

L/CIIT 

LED DISPLAYS DIGITAL SWITCH 

Lirronix Double Digit Displays 

0.5" Common Anode; 2 R/H 

Decimal Points 

D1721 j 1.9 
DL727 0.0 to 9.9 
Suitable for Clocks, Meters, 
Instruments, Channel Indicators 

Our price £4.75 each 

Low cost Red G0ASP 
Motorola MLED 500 

in o 7092 package 

15p. 

NEW 

_ 1 1=1 
s 1e 14s1 

0.33" Lirronix DL 707 Series 

0.33" Monsanto MAN 50/70/80/3600 
0.33" Xciton XAN 70 Series 

0.43 Mansonto MAN 4000 Series 

0.63 Litronix D1747 'Jumbo' Sertes 

BCD encoded digital switch 
Rending 0 to 9. Suitable for 
digi rol clock 'loan setting 
DVM input Scaling etc. 

1 to 9. £1 .49 each 4 á V 

0000 
,r [ all E1.82 each (Red only) 

oll El .82' Each (Red, green, yellow, Orange) f all El .49' Each (Red Green, yellow) 

.1.11/: all £2.3 Rach (Red, Green, Yellow, Orange) 

all £242 Each (Red amyl 
Common Cathode as Common Anode (Red only) 

NOTE: MAN 4000 Series pin Oct. are 14 pin dil the some os MAN 50; 70 and 80 series. 

L/CIIT EMITTING DIODES Coned 

Red 

Green 
Oronge 
Yellow 

Free snap-on plastic retainer 

0o.l ns' 0.16" 
dialers dio. loro 
(T IL209) 
l' 10' 100' i. IO' 

EMITTING DIODES Coned 

100' 

Free snap-on plastic retainer 

0o.l ns' 0.16" 
dialers dio. loro 
(T IL209) 
l' 10' 100' i. IO' 

dia. lens 
(MLED 650) I 10' 100' 

169 15p 13p 
27p 249 22p 
27p 249 22p 
34p 3lp 29p 

ia. lens 
(MLED 650) I 10' 100' 

27p 24 22p 
33p 30p 279' 
33p 30p 27p 
35p 32p 29p 

169 15p 13p 
27p 249 22p 
27p 249 22p 
34p 3lp 29p 

Secondaries 

6-0-6V 100 mA 97p. 
9-0-9V 100 mA 97p. 
12-0-12V 100 mA 97p 

20-0-20V I A £4.55 
24-0-24V 500 mA £2.48 
28-0-28V 1 A £6.18 

27p 24 22p 
33p 30p 279' 
33p 30p 27p 
35p 32p 29p 

Ovens Customers 
deduct 2/27 free 
items. 1/5 from others 

Secondaries 

6-0-6V 100 mA 97p. 
9-0-9V 100 mA 97p. 
12-0-12V 100 mA 97p 

20-0-20V I A £4.55 
24-0-24V 500 mA £2.48 
28-0-28V 1 A £6.18 

18p 169 14p 

30p 27p 25p 
30p 27p 25p 

35p 33p 309 

Ovens Customers 
deduct 2/27 free 
items. 1/5 from others 

Our Bulk Buying Power enables a 

repeat of our Special Offer: 

0.33: (LIT 707) 90p.(inc . VAT) 
0.63 (LIT 747)£1.99 ..(inc . VATI 

18p 169 14p 

30p 27p 25p 
30p 27p 25p 

35p 33p 309 

OPTO ISOLATORS 
0' 

Our Bulk Buying Power enables a 

repeat of our Special Offer: 

0.33: (LIT 707) 90p.(inc . VAT) 
0.63 (LIT 747)£1.99 ..(inc . VATI 

MA /NS TRANSFORMERS 

OPTO ISOLATORS 
ILI 4N25 or 711116 
6 pin industry standard package 
2.5KV isolation E1.00 

d 

MA /NS TRANSFORMERS 
A- IA 2A 

0-9-17 V - £1_95 * £2.27 
0-12-15-20-24-30V - £2.48. £4.15. 
0-24-30-40-48-60V - £5.18 ' £7.02 
0-19-25-33-40-50V £2.70 * £3.40 * £4.53 

ILI 4N25 or 711116 
6 pin industry standard package 
2.5KV isolation E1.00 

p.p on 

A- IA 2A 

0-9-17 V - £1_95 * £2.27 
0-12-15-20-24-30V - £2.48. £4.15. 
0-24-30-40-48-60V - £5.18 ' £7.02 
0-19-25-33-40-50V £2.70 * £3.40 * £4.53 

postage 6 packing SOP. 

Orders for over E6. post 
fre. Except transformen 

p.p on 

WW - 006 FOR FURTHER DETAILS 

postage 6 packing SOP. 

Orders for over E6. post 
fre. Except transformen 

transformers 10 %of price min. 20p 

WW - 006 FOR FURTHER DETAILS 

4A 

transformers 10 %of price min. 20p 

£2.64 

4A 

Doto Sheet and photocopy service available 10p. per pope 

£2.64 

Doto Sheet and photocopy service available 10p. per pope 

k1.LS1AL= 
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Wireless World DoIbynoise reducer 
Trademark of Dolby Laboratories Inc 

We are proud to announce the latest addition to our range of matching high fidelity units. 

Featuring: 

switching for both encoding (low -level h.f. compression) and decoding 

a switchable f.m. stereo multiplex and bias filter 

provision for decoding Dolby f.m. radio transmissions (as in USA) 

no equipment needed for alignment 

suitability for both open -reel and cassette tape machines 

check tape switch for encoded monitoring in three -head machines 

The kit includes: 

- -complete set of components for stereo processor 

-- regulated power supply components 

- -board -mounted DIN sockets and push- button switches 

- -fibreglass board designed for minimum wiring 

--solid mahogany cabinet, chassis, twin meters, front 

Typical performance 
Noise reduction better than 9dB weight- 

ed 

Clipping level: 16.5dB above Dolby level 
(measured at 1% third harmonic 
content) 

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

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

Dynamic Range > 90dB 

30mV sensitivity. 

panel, knobs, mounting screws and nuts 

PRICE: £34.40 +VAT 

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

Single channel plug -in Dolby( - 'PROCESSOR BOARDS (92 x 87mm) with gold plated contacts are available with all 

Price £1.80 +VAT 

components Price £6.50 +VAT 

Single channel board with selected fet Price £2.00 +VAT 

Gold plated edge connector Price £1.27+ VAT' 

Selected FET's 54p each +VAT, 96p +VAT for two, £1.76 +VAT for four 

Please add VAT at 25% unless marked thus', when 8% applies 
We guarantee full after sales technical and servicing facilities on all our kits 

INTEGRER LTD. 
Please send SAE for complete lists and specifications 
Portwooù Industrial Estate, Church Gresley, 
Burton -on- Trent, Staffs D E 11 9PT 
Burton -on -Trent (0283) 215432 Telex 377106 

E. 
master charge 

www.americanradiohistory.com

www.americanradiohistory.com


lSOLID MAHOGANY CABINET 

INTEGREX 
S- 2020TA STEREO TUNER /AMPLIFIER KIT 

A high -quality push- button 
FM Varicap Stereo Tuner combined 
with a 20W r.m.s. per channel Stereo 
Amplifier. 
Brief Spec. Amplifier: Low field Toroidal transformer, Mag. input, Tape In /Out facility (for noise reduction unit, etc), 

THD less than 0.1 % at 20W into 8 ohms. All sockets, fuses, etc., are PC mounted for ease of assembly. Tuner 

section: uses Mullard LP1186 module requiring no RF alignment, ceramic IF, INTERSTATION MUTE, and 

phase -locked IC stereo decoder. LED tuning and stereo indicators. Tuning range 88- 104MHz. 30áB mono S/N @ 

1.8MV.THD typ. 0.4% 
PRICE: £48.95 +VAT 

NELSON -JONES STEREO FM TUNER KIT 
A very high performance tuner 
with dual gate MOSFET RF and 
Mixer front end, triple gang 
varicap tuning, and dual ceramic 
filter /dual IC IF amp. 

Brief Spec. Tuning range 88- 104MHz. 20dB mono 
quieting @ 0.75uV. Image rejection - 70dB. IF 

rejection -85dß. THD typically 0.4% 
IC stabilized PSU and LED tuning indicators. Push -button 
tuning and AFC unit. Choice of either mono or stereo with 
a choice of stereo decoders. 

Compare this spec. with tuners costing twice the price 

irow;ror so akft. gram VollgitWarAA 

Sens. 30dB S/N mono @ 1.811V 
THD typically 0.4% 
Tuning range 88- 104MHz 
LED sig. strength and stereo indicator 

Mono £26.31 +VAT 

With ICPL Decoder £30.58 +VAT 
With Portus-Haywood Decoder 

£32.81 +VAT 

STEREO MODULE TUNER KIT 
A low -cost Stereo Tuner based on the Mullard LP1186 RF 

module requiring no alignment. The IF comprises a ceramic 
filter and high -performance IC Variable INTERSTATION MUTE. 

PLL stereo decoder IC 

PRICE: Mono £25.55 +VAT 
Stereo £28.65+VAT 

S -2020A AMPLIFIER KIT 
Devefbped in our laboratories from the highly successful 

"TEXAN" design. PC mounting potentiometers, 
switches, sockets and fuses are used for ease of 

assembly and to minimize wiring 

Typ. Spec. 20 +20W r.m.s. into 8 -ohm load at less than 0.1% THD. Mag. PU input S/N 60dB. Radio input S/N 
72dB. Headphone output. Tape In /Out facility (for noise reduction unit, etc.). Toroidal mains transformer. 

PRICE: £30.94 +VAT 

ALL THE ABOVE KITS ARE SUPPLIED COMPLETE WITH ALL METALWORK, SOCKETS, FUSES, 
NUTS AND BOLTS, KNOBS, FRONT PANELS, SOLID MAHOGANY CABINETS AND 

COMPREHENSIVE INSTRUCTIONS 

BASIC NELSON -JONES TUNER KIT 
BASIC MODULE TUNER KIT (Mono) 
BASIC MODULE TUNER KIT (stereo) 

£13.13 +VAT PHASE -LOCKED IC DECODER KIT . £4.47 +VAT 
£13.25 +VAT PUSH- BUTTON UNIT £3.50 +VAT 
£15.25+ VAT 

PORTUS- HAYWOOD PHASE -LOCKED STEREO DECODER KIT £7.93 +VAT 

Ww- 042 FOR FURTHER DETAILS 
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The 3001 pocket 
thermometer. 

Mae 
(Just a little h ess for your money.) 

Big thermometer capability in 
a diminutive, take it anywhere, 
300gms package.That is what's 
so special about the 3001. 

Accuracy at better than 
2 °C over the range -50 °C to 
+800 C. 

Bright- green, 8.2mm display 

Simple front panel thumb 
switch selection of either 
continuous or flash display. 

Designed for use with 
mocouples. 

Operates up to 7 hours 
with either dry batteries or 
rechargeable cells. 
Our full colour brochure tells 
all. Please use our enquiry 
number for your free copy. 
You'll see how much more 
you get for your money. 

Cum.irk tire( I_InuleEi. 
Brookside Avenue. Rusttngt_r Comar ssse.y BNI 31 F. tngldlIk1 

rei Rustiiyl[on (090 62) 71911. 
877317. sigh 

.WW -107 FOR FURTHER DETAILS 

Wireless World, May 1976 

IJI]PF!JEI 
Plecfronims 

TRANSISTORS 

AC125 
AC126 
AC127 
AC128 
AC132 
AC141 
AC142 
AC151 
AC153 
AC176 
AC188 
A0161 
AD162 
AF114 
AF115 
AF116 
AF117 
AF118 
AF124 
AF125 
AF126 
AF139 
AF186 
AF239 

D 
20 
20 
20 
20 
36 
20 
17 
24 
27 
20 
20 
42 
42 
24 
24 
24 
24 
47 
30 
30 
28 
34 
50 
37 

P 
ASY26 30 
ASY27 34 
ASY28 30 
ASY29 34 
ASV87 70 
BA145' 16 
BÁ154 10 
BÁ155 12 
BAX12 10 
BAX13 4 
BAX16 6 

BC107 11 
BC107A 12 
BC1oB 10 
BC108B 11 
BC109 11 
BC109B 12 
BC109C 13 
BC115' 15 
BC116' 16 
BC117' 16 
BC118' 10 
BC119 28 
8C125 14 

BC132' 11 
BC135' 12 
8C138' 16 
SC137' 15 
BC138 16 
8C139 36 
8C142 22 
BC143 24 
BC147A' 6 
BC147B' 10 
8C148' 9 
BC148B' 10 
BC149B' 11 
BC149C 11 
8C153' 18 
BC154' 18 
BC157B' 12 
BC158A 12 
BC159A' 12 
BC167A 11 
8C1688' 14 
BC171A 14 
BC172A' 16 
8C1738' 16 
8077 17 

BC1788 18 
BC1798 19 
BC182B' 10 
BC182L' 11 
BC1B38' 10 
BC183L' 10 
BC184B' 12 
BC184L 11 
BC186 25 
8C187 25 
BC204A 16 
BC205A IS 
BC206A 15 
BC207A 11 
8C208A' 11 
BC2098' 13 
BC212A' 13 
BC212L' 15 
8C213B' 12 
BC213L' 14 
8C214' 15 
8C214L' 17 
8C237A' 16 
BC238A' 15 
BC7395 15 

BC261A 18 
BC262A 16 
BC266A 16 
BC267A 14 
8C268B 13 
BC269 13 
BC287 20 
8C300 27 
BC301 26 
8C302 24 
BC303 30 
BC304 27 
8C307A' 16 
BC308A 14 
8C309B' 16 
8C317A' 12 
8C3198' 12 
BC3228 16 
BC327' 20 
BC328' 18 
8C337 18 
BC338' 15 
BC461 35 
BC557' 9 
BC558' 9 

BC559' 
BCV70 
BCV71 
BCY72 
80115 
BD121 
130123 
80124 
80131 
80132 
BD133 
BD135' 
60136' 
80137' 
50138' 
80139' 
B0155' 
80185' 
80232' 
BDV20 
8E115 
BF154 
BF158' 
BF159' 
BF160' 

p9 

16 
15 
14 
60 
90 
90 
86 
36 
38 
85 
37 
39 
44 
47 
54 
76 
34 
70 
80 
22 
20 
20 
26 
20 

8E166 38 
8F167 21 
BF173 20 
6E178 24 
6E179 25 
BF180 30 
BF181 30 
BF183 34 
13E184 25 
8E185 28 
BF194' 10 
8E195' 10 
BF196' 12 
13E197' 12 
BF200 38 
BF257 30 
BF268 50 
BF259 52 
BF271 50 
BF336 28 
BF337 30 
BF338 34 
BFW10 68 
BFW11 68 
BFX13 55 

SILICON 
RECTIFIERS 
50V 3A 13p 
100V 3A 15p 
200V 3A 18p 

THYRISTORS 
60VIA 20p 
100V 1A 30p 
200V 1A 40p 
BOOV 1A 60p 
BT106 120p 

RESISTORS 
(E 12) Vey * 

-lOm: 
Diodes 
OA 47 Sp 
0A202 7p 
IN 914 6p 
154001 Sp 

4002 Sp 
4006 10p 
4148 Sp 

Cs 
7400 
7401 
7402 
7403 
7404 
7405 
7406 
7407 
7408 
7409 
7410 

FIL [kg 
18p 
20p 
18p 
180 
23p 
23p 
40p 
40p 

18p 

BRIDGE REC 
100V 14 
200V 14 
400V 14 
200V 24 
600V 2A 

24p 
26p 
26p 
78p 
97p 

OIL 
SOCKETS 

B pin 13p 
14 pin 15p 
16 pin 17p 

C MOS. CAPACITORS 
POTS I. PRESETS 

POTS PRESETS, PLUGS & 
SOCKETS 

ICs LINEAR ZENERS 400mw1 VOLTAGE LD 709 ¡SPIN (310.40p* 82X83 BZ788 REGULATORS 
125 

Red pike TIL) 
74118 PIN DILI.33pw 3V3 SV6 3V9 (7031 20p 
LM 380 1.28 4V3 4V1 5V1 SV 'hA 1.35 125 Gm (209 
NE 555 .60p* SV6. 6V2 6V5 12V `hA 1.35 0 125 "1 27p 
55760135 1.57p* 775 8V2 9V1 15V'5Á 1.35 TIL 200 Red 25p 
SN 760235 1.57pw 10V. 12v 13v 5V to 175p TIL 200 Gm 290 
7BÁ 800 1.35p* 15V 18V 30v 12V IA 1750 12511 Rea 209 
ZN 414 1.35pw All at 12p' each i sv l A 178p I25Á Amber 27p 

VAT - Items marked add 25% Rest at 8 'h, 
S A E for full list of components Same day despatch to Mail Order Customers 

Min Order L 1. P &P 25p Callers Mon Sat Intl 

Flint House, High Street, Wallingford, Oxon, 0X10 ODE 
Tel. Wallingford (0491) 35529. Telex: 4SPWALFRD 849349 

WW -068 FOR FURTHER DETAILS 

The SECOND -USER Computer Specialists 
Peripherals and Systems for Data Processing 
Systems, Equipment and Components 

Mini-Computer 
- Exchange 

PDP11 20 24K Processor with RF1 1 . RS1 1 Disk 
Drive and Control and Remex High Speed 
Reader /Punch & Control. 
Tektronix Graphics Display & Control (for PDP11 
series) 
PDP81 16K Processor, rack -mounted, with 
Teletype Control. 
PC81 High Speed Reader Punch. 
RK05 Disk Drive (no controller). 
DF32 Disk Drive and Control (for PDP8E serles). 

TU60 DUAL Cassette Drive and Control (for PDP8E 
series). 

RT02 Single -line Alphanumeric Display and 
Control (for PDP8E series). 

DEC 6ft. Cabinets. 

IMMEDIATE EX STOCK DELIVERY OF ASR33 
TELETYPES, ALSO ASR35 and KSR33. 
NOVA 2/10 32K Processor with Hardware 
Multiply /Divide, Floating Point, Real Time Clock 
and Paper Tape Reader. 
NOVA 1200 16K Processor with Real Time Clock. 
Twin Cassette Unit and Matrix Printer. 
Also available. Nova 4K Memory Module 8103, a 

few only 8K 8115. 

IBM PUNCHEDCARD EQUIPMENT 
EX STOCK DELIVERY OF IBM 024, 

Paper Tape Punches and Readers 

TELETYPE BRPE 110 cps Synchronous Punch 
5 7 8 channel Self.contarned mains operated uno 

resisting of punch unit base motor and tape 
supply spool Price E145.00 Sound reducing 
cabinet available at E25.00. 
FACIT 4080 rack.mounting heavy -duty punch. 5 8 
channel maximum operating speed 150 cps 
Complete with supply and take up spools tape 
low out se and d large bull, chad bon 

- -r E595.00. Control unit also available 

TALLY P.120 panel -mounted perforator Asynchronous operation up 
to 120 ups Integral tape supply and takeup spools Price E150.00. 
TALLY 420 Rack -mounting perforator Asynchronous operation up to 
60 cps Integral supply and take -up spools Complete with Model 5088 
transistorised drive package E495.00 r 

WELMEC LOW -SPEED PUNCH. Magnetically driven up to 1 7 cps 
Ideal for data logging Large chad box E45.00. 
FACIT 4001 Rack.mounting highspeed reader A very high quality 
unit with dielectric reading and capstan drive Reading speed up to 500 
cps for 1000 cps using separate spooler) Can be stopped between two 
consecutive characters E650.00. 
TALLY R150A READER. 150 cps Fast rewind Suoable 1oi 
rack mounting Complete with supply and take -up spools E200.00. 

424 rack -mounting starwheel reader Bidirectional operation up 
yo 600 cps. Complete with supply and take up spools. Price E125.00. 
WELMEC R82 solenoidoperated mechanical reader Low -cost 
Ipw -speed reader for spends up to 17 cps Compai t free standing un,i 
E45. 00. 

DIGITAL PRINTING MECHANISM 
TYPE EP 101 

Capacity 21 columns lb pr.i r P -- ''''' 
envy Column spacing 3 5nuo Loe 
spacing 5 imm Character dimen- 
sions 1 8mm wide x 2 9mm high 
Power requirements 15V DC. 

t 150mA nom printing up to 
:IOrnA maximum printing load 
Vriry compact unit measuring 6 
5 x 4 OUR BARGAIN PRICE 
E49.00 (P&P a 11 

056, 0.26, 077 put Output connector also 
ahc ;ii . E2.00. 

Add PG VAT to all 
prices Shown. 

P.rran,,I d.rt,I 

New Economy 80 Column 
Hand Punch 

Completely redesigned with many important 
new features - send for brochure 

from £69.50 

NEW STOCK JUST 
RECEIVED: 
Ib -Key Japanese Keyhaard BRAND NEW SURPLUS! Magnetically operated read relay 
switches mounted on PC8 9 write keys. 4 black. 2 yellow t red. UMenpans 3':- x 7'- 
x r". Price f3501POP 3091. 

Keyboards 
4 BANK HONEYWELL ALPHANUMERIC KEYBOARD - BRAND NEW 
MuutIled on io hired circuit t board ud 

a 
edl 53 r bar - r keys t 10 

instruction keys and 2 space bars Layout can be re arranged as 
required Ideal for prototypes and special application r Hall -effect 
switches Power requirement + 5V 420 rnA Price E20.00 (P &P t:1 

REED -SWITCH 4-BANK ALPHANUMERIC KEYBOARD mounted 
an printed circuit board with ASCII coded output. 43 character keys + 2 
shift keys and 12 instructional keys Ideal for data displays computer 
programming, etc (a) Exequipment housed in metal case E30.00 + 
13 00 P &P (b) Brand new mounted on PC board only E30.00 + 

rlr) P &P 

COMPUTER SALES & SERVICES (EQUIPMENT) LIMITED 
Cordage extra - 49/53 Pancras Road, London NW1 2QB. Tel. 01 -278 5571 stalls on request. 

MonAewelcome - 
v ru Friday 9 a m 
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RETURN OF POST MAIL ORDER SERVICE 
BSR HI -FI AUTOCHANGER 
STEREO AND MONO 
Plays 12" 10" or 7" records. Auto or -" 

Manual. A high quality unit backed by 
'BSR reliability with 12 months' A 
guarantee. A.C. 200/250V. 
Size 11/4 in., 3 speeds. 
Above or board 3ein. 
'Below motor board 21/2in. 
with STEREO and MONO 
CARTRIDGE £ 10.95 Post 75p 

PORTABLE PLAYER CABINET 
Modern design. Rexine covered. 
Vynair front grille. Chrome fittings 
Size 17 x 15 x 8in- approx. £4.50 Post r,nh 

Motor board cut for BSR or Garrard deck 

HEAVY METAL PLINTHS 
With.P V L l-over Got out t o most 8 S H or 
Garrard decks Silver grey finish. Model A 
Size 121/2 X 143/4 X 7'/ in. £5.95 
Model "B ". Size 16 x 133/4 x Tin £6.50 Post 75p 

COMPLETE STEREO SYSTEM 
Two full size loudspeakers 133/4 x 10 x 3 % in. Player unit 
dips to loudspeakers making it extremely compact. overall 
size only 133/4 x 10 o 8' /in. . 3 watts per channel, plays all 
records 33 r p.m. , 45 r. p.m. Separate volume and tone 

Attractive controls £25 
Teak finish 240V a.c. 

mains. L1 carnayi 

FEW ONLY 

MI 
SPECIAL OFFER! 
SMITH'S CLOCKWORK 15 AMP 
TIME SWITCH 
0 -60 MINUTES £2.50 Post 35p 
Single pole two-way. Surface mounting 
with fixing screws. Will replace existing 
wall switch to give light for return home, ®' 
Variable 

automatic 
Turn 

anti-burglar 
on 

liar 
full 

etc 
Variable knob. Turn on of off at full or 
intermediate settings. Brand new and 
fully guaranteed. 

FEAKWOOD LOUDSPEAKER GRILLES will easily fit to 
baffle board. Size 101/2 x 7Yein -45p, 

WEYRAD P50 - TRANSISTOR COILS 
RA2W Ferrite Aerial 85p Driver Trans LFDT4 65p 
I.F. P50 /2CC 470 kc /s 40p Printed Circuit, PCA1 65p 
3rd I.F. P50 /3CC 40p J.B. Tuning Gang . £2.00 
P50 /1AC 60p OPT1 85p 

Ferrite Rod 8 x 3 /ein 20p. 6 z 5/16M . 20p. 3 o hein 10p 

VOLUME 
CONTROLS 

5k;) to 2MO LOG or LIN. 
L/S 25p. D P 40p. STEREO 
L/S 55p. D P 75p. Edge 5K. 
S P Transistor 30p. 

80 Ohm Coax 8p yd. 
BRITISH AERIALITE 
AERAXIAL -AIR SPACED 
40 yd £3; 60 yd: £4.50 
FRINGE LOW LOSS 15p 
Ideal 625 and colour yd. 

ELAC HI -FI SPEAKER 
8in. or 10 x 6in. 
Dual cone plasticised roll surround. Large 
ceramic magnet. 50- 16,000 c,s. Bass 
resonance 55 c /s. 8 ohm impedance. 
10 watts. music power. £4.35 Post 35p 

E.M.I. 131/2 x 8in. 
SPEAKER SALE! 
With tweeter and 

Bass Woofer. 
1 5 watts, 

crossover 10 watt. 8 of 16 ohm 
State 3 or 8 ohm. 
As illustrated £6.60 
£5.25,s, 35p Post 4/I 

With flaied tweeter cone and ceramic 
magnet 10 watt, 
Bass res. 45 -60 c /s. 
Flux 1O000 gauss. 
'Bohm. 40 to 11.000 c /s. Post 35p 

£3.45 
Bookshelf Cabinet 
Teak finish 16 x 10 x 9in 

For EMI 13 e 8 speakers. 
£6.95 
Post 75p 

THE "INSTANT" BULK TAPE ERASER 
AND HEAD DEMAGNETISER. Suitable for 
cassettes, and all sizes of tape reels. A C 

mains 200/250V. Leaflet S.A.E. £4:35 Will also aemagnetise small 
tools. Post 30p 

BLANK ALUMINIUM CRASS- 70p; 8 x 6 -90p; 
10x 7- £1.15; 12 z 8- E7.35; 14 x 9 £1.50; 16x6- E1.45; 
16 x 10- £1.70. 
ALUMINIUM PANELS. 6 x 4 -17p; 8 x 6 -24p; 14 x 

3 -25p; 10 x'- 35p; 12 x 8 -43p; 12 e 5 -30p; 16 e 

6 -43p; 14 x 9- 52p; 12 x 12- 68p, 16 x 10 -75p. 

ELAC 9 x 5in HI -FI SPEAKER TYPE 
59RM 

This famous unit now available, 10 watts. 8 ohm 

£3.45 Post 

RCS LOW VOLTAGE STABILISED 
POWER PACK KITS 
All parts and instructions with Zener diode, printed £2.95 
circuit rectifiers and double wound mains 

Post 45 transformer Input 200/ 240V a c Output 45p 

voltages available. 6 or 7.5 or 9 or 12V d.c. up to 100mA or 
less Size 3 e 21/2 x 1 V2 in Please state voltage required 

RCS POWER PACK KIT £335 Post 

12 VOLT. 750mA. Complete with printed 30p 
circuit board and assembly instructions 
12 VOLT 300mA KIT, £3.15. 9 VOLT 1 AMP KIT, £3.35, 

R.C.S. GENERAL PURPOSE TRANSISTOR 
PRE -AMPLIFIER - BRITISH MADE 

Ideal for Mike. Tape. P,U., Guitar. etc. Can be used with Battery 
9 -12V or H.T. line 200 -300V d.c. operation. Size 13/4 x 11/4 x 

Vain Response 25 c/s to 25 kc /s. 26 dB gain. 
For use with valve or transistor equipment Post 

Full instructions supplied. Details S.A.E. £1 .45 30p 

ELECTRO MAGNETIC 
PENDULUM MECHANISM 

1.5V d.c. operation over 300 hours continuouson SP2 
battery, fully adjustable swing and speed. Ideal displays, 
teaching electro magnetism or for 
metronome, strobe. etc. 95p ;oP 

R.C.S. "MINOR" 10 watt AMPLIFIER KIT 
This kit is suitable for record players, guitars, tape playback 
electronic instruments or small P A. systems. Two versions 
vailable. Mono. £12.50; Stereo, £20. Post 45p. Specification 
,OW per channel: input 100mV; size 91/2 x 3 x tin. approx. 
S.A.E. details. Full instructions supplied. AC mains powered, 

MAINS TRANSFORMERS 
ALLPOST 

250 -0-250V 70mA, 6.5V, 2A £3.45 
250 -0 -250 80mA. 6.3V 3.5A. 6.3V 1A or 5V 2A E4.60 
350 -0 -350 80mA, 6.3V 3.5A, 6.3V 1A or 5V 2A E5.80 
300- 0 -300V 120mA, 6.3V 4A C.T.: 6,3V 2A E7.00 
MIDGET 220V 45mA, 6.3V 2A E1.40 
HEATED TRANS 6.3V '/ amp £1; 3 amp £1.40 
GENERAL PURPOSE LOW VOLTAGE. Tapped outputs at 2 

amp. 3. 4, 5, 6. 8, 9. 10, 12. 15, 18. 25 and 30V £4.60. 
1 amp. 6. 8, 10. 12, 16. 18, 20. 24, 30, 36. 40. 48, 60 
£4.60. 2 amp. 6. 8. 10. 12, 16, 18, 20, 24, 30, 36. 40.- 
48, 60 E7.00. 3 amp. 6. 8. 10, 12, 16, 18, 20, 24, 30, 
36, 40. 48. 60 E8.70. 5 amp. 6, 8, 10, 12, 16. 18, 20. 
24, 30, 36. 40, 48, 60 £11.25. 6.06V 500mA £1, 9V 1 

amp. £1, 12V 300mA, £1, 12V 500mA, E1, 12V 750mA. 
£1, 10V, 30V, 40V. 2 amp.. £2.75, 20V, 3 amp.. £2.45, 
40V, 2 amp., £2.95, 22- 0 -22V. 4 amp. d.c., £3.45, 16V, 
'/ amp. £1, 16V, 2 amp.. E2.20, 0, 5, 8, 10. 16V, 1/2 

amp.. £1.95, 20V 1/2 amp . £1.75, 20V, 1 amp.. £2.20. 
AUTO TRANSFORMERS, 115V to 230V or 230V to 1 1 5V 
150W £5; 250W £6; 400W E7; 500W Ell 
FULL WAVE BRIDGE CHARGER RECTIFIERS 
6 or 12V outputs, 11/2 amp 40p; 2 amp 55p; 4 amp 85p. 
CHARGER TRANSFORMERS 11/2 amp £2.75; 4 amp. £4.60. 
12V. 11/2A HALF WAVE Selenium Rectifier, 25p. 

GOODMANS 8 -inch 
HI -FI BASS WOOFER 
8 ohm. IoW Large ceramic magnet Special 
Rubber cone surround. Frequency response. 
30-8000 c /s. £6.75 Ideal HI -FI Enclosure Systems. 

NEW ELECTROLYTIC CONDENSERS 
2/350V 20p 250/25V 20p 50 +50 /300V 50p 
4/350V 20p 500/25V 25p 900/350V 95p 

8/350V 28p 100 +100 /275V 65p 32 +32/2508 20p 
16/350V 35p. 150 +200 /2758 70p 32 +32/45011 80p 

32/500V bap 8 +8 /3508 50p 350 +50 /325V 85p 

25/25V 15p 8 +16/3506 50p 100 +50 +50 /3501 85p 
50 /50V 15p 16 +16/350V 60p 32 +32 +32/350V 65p 
100/258 15p 32 +32/3501 60p 4700/63V 95p 

LOW VOLTAGE ELECTROLYTICS 
1, 2. 4, 5 8, 16, 25. 30, 50, 100, 200mF 15V 10p. 
500mF 12V 15p; 25V 20p; 50V 30p. 
1000mF 12V 17p; 25V 35p; 50V 47p; 100V 70p. 
2000mF 6V 25p; 25V 42p; 50V 57p. 
2500mF 50V 62p; 3000mF 25V 47p; 50V 65p. 
5000mF 6V 25p; 12V 42p; 25V 75p; 35V 85p; 50V 95p. 

SHORT WAVE 100pF air spaced gangable tuner, 95p. 
TRIMMERS 10pF. 30pF, 50pF 5p. 100pF. 1500. 15p. 
CERAMIC, 1 pF to O O1 mF. 5p. Silver Mica 2 to 5000pF, Sp. 
PAPER 350V -0 1 7p; 0.5 13p; 1mF 150V 15p; 2mF 150V 
15p; 500V -0.001 to 0.05 5p; 0 1 10p; 0.25 13p; 0.47 26p. 
MICRO SWITCH SINGLE POLE CHANGEOVER 20p. 
SUB -MIN MICRO SWITCH. 25p. Single pole change over. 
TWIN GANG, 0 -0 208pF + 176pF E2.00 ;500pF standard 
75p; 365 + 365 + 25 + 25pF. Slow motion drive 50p. 
120pF TWIN GANG, 50p; 365pF TWIN GANG, 50p. 
NEON PANEL INDICATORS 250V AC /DC. Amber or red, 30p. 
RESISTORS. Ii W. 1/2W, 1W, 20% 2p; 2W, 1Op; 10t] to 10M. 
HIGH STABILITY. 1/2W 2% 10 ohms to 6 meg , 12p. 
Ditto 5 %. Preferred values 10 ohms to 10 meg_ 5p. 
WIRE -WOUND RESISTORS 5 watt. 10 watt. 15 watt, 10 
ohms to 100K 12p each. 
TAPE OSCILLATOR COIL Valve type. 35p. 
BRIDGE RECTIFIER 200V PIV '6 amp 50p. 

RADIO COMPONENT SPECIALISTS 
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BAKER MAJOR 12" £11.50 
` 

30.14, 500 c /s. 12m. double cone, 
t woofer and tweeter cone together 

with a BAKER ceramic magnet 
-- - i assembly having a flux density of 

14,000 gauss and a total flux of 
145.000 Maxwells. Bass resonance 

' z 40 c/s Rated 25W. NOTE. 3 or 8 or 
15 ohms must be stated. 

' Module kit, 30- 17,000 e.s with 
tweeter, crossover. baffle and 
instructions. 

£14.50 Post 6Op each 
Please state 3 or 8 or 15 ohms. 

BAKER 'BIG- SOUND'- SPEAKERS. Post 50p each. 

'Group 25' 'Group 35' 'Group 

30W £8.95 40W £ 1u. 50 15m. 
50/15' 

3 or 8 or 15 ohm 3 or 8 or 15 ohm 75W £ 19.50 
8 or 15 ohm 

NEW MODEL BAKER LOUDSPEAKER, 12 -1nch 60 WATT. 
12. 8 GROUP 

FULL RANGE PROFESSIONAL QUALITY. £14.5b 
30- 16,000 CPS MASSIVE CERAMIC MAGNET. Post 80p 
ALUMINIUM PRESENCE CENTRE DOME. 

TEAK VENEERED HI -FI SPEAKERS AND CABINETS 
Foi 121n. or 10in. speaker 200 3o12in E12.50 Post 95p 
Foi 13x8in or Bin, speaker 16x1 Ox7in E6.95 Post 75p 
For 8x5in. speaker 12x8x6in. . £4.95 Post 50p 
LOUDSPEAKER CABINET WADDING 18ín. wide . 20p ft. 

R.C.S. 100 watt 
VALVE 
AMPLIFIER 
CHASSIS 
Four inputs. Four way mixing. master volume, treble and bass 
controls. Suits all speakers. This professional quality amplifier 
chassis is suitable for all groups. disco, P.A., where high quality 
power is required. 5 speaker outputs. A/C mains operated. Slave 
output. Produced by demand for a quality valve amplifier. 
Send for leaflet. Price £85 cary. £2.50 

SPEAKER COVERING MATERIALS. Samples Large S.A.E.' 
Horn Tweeters 2 -16kc/ s, 10W 8 ohm or 15 ohm £3.60 
De Luxe Horn Tweeters 2.18kc /s, 15W. 15 ohm, £4.50. 
CROSSOVERS. TWO -WAY 3000 c/s 3 or 8 or 15 ohm 
£1.90. 3 -way 960 cps /3000 cps, E2.20. 
LOUDSPEAKERS P.M. 3 OHMS. 7x4in. £1.50; 61/2in.. 
£1.80; 8x5m.. £1.90; 8in £1.95. 
SPECIAL OFFER: 80 ohm. 23/4in., 2 % in., 35 ohm, 2in., 3in., 
25 ohm. 21/2in dia 3in. dia., 5in. dia.. 8 ohm, 21/2in . 3in., 
31/2in., 15 ohm, 3'i in dia, 6x4m., 7x4in., 8z5in. 
3 ohm.. 2'/m., 23/4in., 3' /in., Sin. dia. £1.25 each. 
PHILIPS LOUDSPEAKER, 8in., 4 ohms. 4 watts, 
ceramic magnet E1.95 
RICHARD ALLAN TWIN CONE LOUDSPEAKERS 
8in. diameter 4W E2.50. 10in. diameter 5W £2.95; 
12in diameter 6W £3.50. 3/8/15 ohms. please state. 
VALVE OUTPUT TRANS. 40p; MIKE TRANS. 50 1. 40p. 
',like trans- mu metal 100 1 £1.25. 

Loudspeaker Volume Control 15 ohms 10W with one inch lorry 

threaded bush for wood panel mounting. '/din. spindle. 65p 

3AKER 100 WATT 
ALL PURPOSE 
AMPLIFIER 
All purpose transistorised. 
Ideal for Groups, Disco and P.A. 
4 inputs speech and music. 4 way 
mixing. Output 8/15 ohm. a,c. Mains 
Separate treble and bass controls. £65 Carr. 

Guaranteed. Details S.A.E. E1.00 each 

NEW MODEL MAJOR -50 watt. 4 input 2 vol £49.95 Treble and bass. Ideal disco amplifier 

100 WATT DISCO AMPLIFIER CHASSIS 
volume. treble, bass controls. 500 M.V. input. £52 Four loudspeaker outputs 4 to 16 ohm. 

BARGAIN 4 CHANNEL TRANSISTOR MONO MIXER 
Add musical highlights and sound effects to recordings 
Will mix Microphone. records, tape and tuner £5.20 with separate controls into single output. 9V. 

TWO STEREO CHANNEL VERSION £6.85 
BARGAIN 3 WATT AMPLIFIER. 4 Transistor 
Push -Pull Ready Built with volume treble £4.50 
and bass controls 18 volt d c Mains Power Pack £3.45 

COAXIAL PLUG 10p. PANEL SOCKETS 10p. LINE 18p. 
OUTLET BOXES, SURFACE 40p. FLUSH 60p. TWIN 85p. 
BALANCED TWIN RIBBON FEEDER 300 ohms. 7p yd. 
JACK SOCKET Std. open -circuit 2Op, closed circuit 25p; 
Chrome Lead- Socket 45p. Mono or Stereo. 
Phono Plugs 8p. Phono Socket 8p. 
JACK PLUGS Std. Chrome 30p; 3.5mm Chroms 15p. 
DIN SOCKETS Chassis 3 -pin 10p. Spin 10p. 
DIN SOCKETS FREE Spin 25p; 5-pin 25p. DIN PLUGS 
3-pin 25p: 5-pin 25p. VALVE HOLDERS, 10p; CANS, 10p. 

L 

IR.C.S. SOUND TO LIGHT KIT 
Kit of parts to build a 3 channel sound to light unit 
1,000 watts per channel. £12.50. Post 35p. 
'Easy to build. Full instructions supplied, cabinet. E3. 
As featured in December Practical Wireless. 

E.M.I. TAPE MOTORS. 240V a c 1,200 
a 

r p m. 4 pole 185mA. Spindle 0. 1870 .75w. 
Size 31/4 x 21/2 x 2' /ein £2. Post 40p 
120V Model, £1 

337 WHITEHORSE ROAD, CROYDON 
Open 9.6. Wed. 9 -1. Sat. 9 -5 (Closed for lunch 1.15-2.30) 

Redio Books and Components Lists 10p. (Minimum posting charge 30p) All prices include VAT (We accept Access or Barclaycard) Tel. 01 -684 1665 
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Tas by TEXAS 
7400 -13p 7482 70p 
74H00 20p 7483 80p 
7401 14p 7484 95p 
7402 14p 7485 120p 
7403 16p 7486 30p 
7404 16p 7489 270e 
74H04 22p 7490 40p 
7405 16p 7491 75p 
7406 38p 7492 45p 
7407 38p 7493 40p 
7408 16p 7494 75p 
7409 20p 7495 65p 
7410 13p 7496 78p 
74H10 20p 7497 270p 
7411 22p 74100 108p 
7412 23p 74107 30p 
7413 32p 74110 40p 
7414 60p 74118 84p 
74f6 33p 74121 30p 
7417 30p 74122 46p 
7420 14p 74123 68p 
7421 40p 74126 70p 
7422 18p 74132 70p 
7423 34p 74136 75p 
7425 30p 74141 65p 
7427 37p 74145 70p 
7428 36p 74148 160p 
7430 14p 74150 125p 
7432 25p 74151 72p 
7437 25p 74153 85p 
7440 14p 74154 150p 
7441 65p 74155 76p 
7442 60p 74156 76p 
7443 140p 74160 99p 
7444 140p 74161 99p 
7445 90p 74162 99p 
7446 90p 74163 99p 
7447 75p 74164 120p 
7448 70p 74166 126p 
7450 15p 74174 120p 
7451 16p 74175 85p 
7453 16p 74176 120p 
7454 16p 74177 100p 
7460 15p 74180 100p 
7470 27p 74181 298p 
7472 25p 74182 82p 
7473 30p 74185 135p 
7474 30p 74190 144p 
7475 45p 74191 144p 
7476 30p 74192 120p 
7480 50p 74193 120p 
7481 95p 74194 108p 

74195 75p 
74196 100p 
74197 100p 
74198 198p 
74199 180p 
C-MOS I.Cs 

CD4000AE 16p 
CD4001AE 16p 
CD4002AE 16p 
CD4007AE 16p 
CD4009AE 67p 
CD4011AE 16p 
C04012AE 16p 
CD4013AE 55p 
CD4016AE 50p 
CD4017AE 120p 
CD4018AE 175p 
CD4020AE 250p 
CD4022AE 170p 
CD4023AE 19p 
CD4024AE 120p 
CD4025AE 19p 
CD4026AE 196p 
CD4027AE 75p 
CD4028AE 140p 
CD4029AE 175p 
CD4030AE 55p 
C04042AE 137p 
CD4043AE 202p 
CD4046AE 140p 
CD4047AE 154p 
CD4049AE 63p 
CD4054AE 196p 
CD4055AE 196p 
CD4056AE 135p 
CD4060AE 229p 
C04069AE 37p 
CD4071AE 27p 
CD4072AE 27p 
CD4081AE 19p 
CD4082AE 27p 
CD4510AE 130p 
CD4511AE 200p 
CD4518AE 100p 
CD4528AE 120p 

TEXAS 75 

SERIES 
75107 160p 
75450 120p 

72p 
72p 
72p 
72p 

75451 
75452 
75453 
75454 

MEMORIES 
2602B 1024 bit RAM 
2513(UC) Character Generator 
2513(LC) Character Generator 

£2.50 
£8.50 
E8.50 

MULLARD MODULE 
-LP1186 Vancap FM Tuner E6.75 

LOW PROHLE DIL SOCKETS BY TEXAS 
8 pin 13p, 14 pin 14p, 16 pin 15p, 24 pin 50p. 
40 pin 75p. 

INSULATORS'. Mica +2 Bushes for 103 & T066 5p 

OP. AMPS 
1458 . Dual Op. Amp tnt. Comp 
301A Est Comp. 
3130 COSMOS /Br -Polar MosFet 
3900 Ouad. Op Amp. 
536T FET Op. Amp. 
709 Eat Comp. 
741 Int Comp 
747 Dual 741 
748 En. Comp. 
776 Programmable Op. Amp. 

8 pin DIL 
8 pin DIL 
8 pn DIL 
14 pn DIL 
T0 -99 
8/ 14 pin DIL 
8/14 pin DIL 
14 pn DIL 

8/14 pn DIL 
T0.5 

70p 
35p 

100p 
70p 

275p 
30p 
22p 
70p 
36p 

140p 

LINEAR I.C.s 
*CA30284 . DM Cascade Amp T05 
ICA3046 5 Transistor Array 14 pin DIL 
*CA3048 Quad Lo, Noise Amp 16 pn DIL 
K'Á3053 Oft Cascade Amp T05 
*:43089E FM IF System 16 pin DIL 

. *CA30904Q FM Stereo Multi. Den 16 pin DIL 
ICL8038BC VCO Fun Gen 14 pin DIL 
ICLB038CC VCO Fun. Gen 14 pin DIL 

*LM380 2W Audio Amp 14 pin DIL 
*LM381 Stereo Preamp 14 pn DIL 
*M2S2 Rhythm Generator 16 pin DIL 
*MC131OP FM Stereo Dec 14 pin DIL 

MC1495 Multiplier 16 pin DIL 
*MC1496L Bel Mod /Demod 14 pin DIL 
*MFC40008 1/4W Audio Amp PCB 

MFC6040 Electronic Anenualor PCB 
NE555 Timer 8 pn DIL 
NE556 Dual 555 14 pin DIL 
NE561 PLL vnth AM Demod 16 pin DIL 
NE562 PLL with VCO 16 pin DIL 
NE565 PLL 14 pin DIL 
NE566 PLL Fun Gen 8 pin DIL 
NE567 PLL Tone Dec 8 pin DIL 
2567 Dual 567 16 pn DIL 
SN72710 DO Comparator 14 pn DIL 

*SN72733 Video Amp 14 pin DIL 
*SN76013N Pwr Aud Amp with inl HS 
*SN76023N Pwr Aud Amp with int HS 
TÁ46618 FM IF Amp- Limder /Del COL 

*TBA641B Audio Amp OIL 
*T04800 5W Audio Amp OIL 
*184810 7W Audio Amp OIL. 
*105820 2W Audio Amp OIL 
*TDA2020 20W Audio Amp (DL 

X52240 Prog Tinter /Counter 16 pin DIL 
*ZN414 TRF Radio Receiver 10-18 
Basic data sheets on above al lop each t-S A E 

90p 
50p 

200p 
45p 

200p 
400p 
550p 
275p 

90p 
160p 
800p 
175p 
300p 
100p 

70p 
140p 
40p 

í00p 
325p 
325p 
200p 
150p 
200p 
370p 

50p 
120p 
140p 
140p 
120p 
250p 

90p 
100p 

80p 
325p 
370p 
110p 

VOLTAGE REGULATORS 
FIXED -- Plasbc 3 Terminals 

1 Amp Positive 1 Amp Negative 
5V 7805 140p 5V 7905 200p 

12V 7812 140p 12V 7912 200p 
15V 7815 140p 15V 7915 200p 
18V 7818 140p 18V 7918 200p 
24V 7824 140p 24V 7924 200p 
LM309K 1 Amp 5V T03 140p 
DUAL VOLTAGE REGULATOR 
1468 -15V 100mA 16 pin DIL 300p. 
(Adjustable by resistors from BV min. to ` 20V 
max.) 

VARIABLE VOLTAGE REGULATOR 
723 2V to 37V 150mA 14 pin DIL 45p 
LM305H 4.5V to 30V 20mA TO5 120p 
Basic Data Sheets on Vol. Regs. at 1 Op each + SAE. 

OPTO -ELECTRONICS 
Phototransistors 
0CP70 30p 
OCP71 120p 
2N5777 40p 

LEDS 
TIL209 Red 
TIL211 Green 
TIL32 Infrared 

14p 
30p 
75p 

0.2" 
Red 
Green 
Yellow 

L D Rs 
ORP12 
ORP60 
ORP61 

SEVEN SEGMENT DISPLAYS 
3015F Minibon 0.3 In 
DL704 Corn. Cathode 0.3 in 
DL707 Corn Anode 0.3 in 
DL747 Corn. Anode 0.6 in 

50p 
75p 
75p 

16p 
28p 
30p 

120p 
140p 
140p 
225p 

OPTO- ISOLATORS 
Phototransistor. TIL 112 (IL 12) 6 pin DIL 140p 
Photodarlington.. ILCA -55 6 pin DIL 250p 

DRIVERS 
75491 Quad. Segment Driver 14 pin DIL 72p 
75492 Hex Digit Driver 14 pin DL 90p 

SCR -THYRISTORS 

1A 50V 
1A100V 
1A400V 
1A600V 
3A100V 
3A400V 
7A100V 
7A400V 
BA 50V 

12A400V 
16A100V 
16A400V 
16A600V 

TO5 40p 
105 42p 
T05 45p 
105 70p 
Stud 49p 
Stud 75p 
T05 +HS 84p 
TO5 +HS 90p 
Plastic 130p 
Plastic 160p 
Plastic 160p 
Plastic 180p 
Plastic 220p 

BT106 
1A/ 700V 

C106D 
4A/400V 

*MCR101 
0.5A/15V TO-92 25p 

2N3525 
5A/400V TO-66 90p 

2N4444 
8A/600V Plastic 185p 

*2N5060 
0.8A/30V TO-92 34p 

*2N5062 
0.8A/100V TO-92 37p 

*2N5064 
0.8A/200V TO-92 40p 

Stud 140p 

Plastic 55p 

Fully Oranoed devices by Texas, RCA 
Motorola, National, Mullard, etc. 

Mmfinlum Ordo/ L2 
P&P 20p 
Please add VAT to total 

AC125 
AC126 
AC127 
AC128 
AC141 
AC142 
AC176 
AC187 
AC188 
AD 149 
AD 161 
AD162 
AF114 
AF115 

l6p 
12p 
12p 
llp 
18p 
18p 
11p 
13p 
12p 
43p 
36p 
36p 
18p 
18p 

AFttO l8p 
AF117 18p 
AF139 33p 
AF239 45p 
BC107 9p 
BC108 9p 
BC109 10p 
BC7o9C 12p 

*BC117 22p 
*BC147 7p 
*8C148 7p 
*8C149C 8p 
*BC157 11p 
*BC158 10p 
*8C159 1 1 p 
*BC169C 12p 

BC177 18p 
BCne 17p 
8C179 18p 

*61182 10p 
.BC183 10p 
K3C184 11p 
BC187 30p 

*BC212 1 l 
*8C213 10p 
*eC214 14p 
BC478 30p 
BC170 18p 
BC171 22p 
50124 65p 
00131 36p 
00132 40p 

*80135 43p 
.00139 63p 
*BD140 70p 
BF115 22p 
8E167 23p 
BF170 23p 
8E173 25p 
BF177 26p 
8E178 28p 
8E179 33p 
BF180 33p 
0E184 22p 

*BF194 1op 
.ßF195 9p 
*ßF196 14p 
BF197 15p 
6E200 32p 
8E257 32p 
0E258 36p 

*8FR39 30p 
*BFR40 30p 
BFR79 30p 
.BFR80 30p 
BFR88 3op 

BFX30 30p 
BFX84 26p 
BFX85 25p 
BFX86 25p 
aFX87 2op 
BFX08 24p 
6E150 16p 
8E151 15p 

TRANSISTORS 
8E952 
BRY39 
BSX19 
BSX20 

3U105 
BU108 

MJE340 
MJ2955 
MJE2955 
MJE3055 

MPS6534 
*MPSAO6 
MPSA12 
*MPSA56 
*A1PSU06 
MPSU56 
OC28 
0C35 
0C36 

wC71 
*TIP29A 
*TIP29C 
*TIP30A 
*TIP30C 

TIP31 A 
TIP31C 
TIP32A 
TIP32C 
TIP33A 
TIP33C 
TIP34A 
TIP34C 
TIP35A 
TIP35C 
110364 
TIP36C 
TIP41 A 
TIP41 C 

TIP42A 
TIP42C 
TIP2955 

*ZTX 108 
rrZTX300 
*ZTX500 
*ZTX502 

219697 
29698 
29706 
29708 
29918 
29930 
291131 
291132 
291304 
291305 
291306 
291307 
291308 
291309 
291613 
291711 
2N1893 
292219 
2N2222 
2N2369 
2N2484 
292904 
2N2905 
292906 

*2N2926R 
*2N2926B 
*2929260 
.2N29261 
*2N2926G 

293053 
293054 
2N3055 
'Nt.lin 

16p 
34p 

20p 
140p 
250p 

45p 
75p 
99p 
65p 
18p 
30p 
50p 
32p 
62p 
78p 
65p 
55p 
60p 
20p 
40p 
55p 
48p 
60p 
52p 
lop 
58p 
82p 
90p 

115p 
115p 
í60p 
225p 
290p 
270p 
34op 
65p 
75p 
70p 
82p 
70p 
top 
13p 
15p 
lap 
13p 
30p 
16p 
lap 
40p 
18p 
lap 
18p 
32p 
32p 
36p 
36p 
36p 
36p 
20p 
20p 
30p 
20p 
20p 
14p 
30p 
20p 
20p 
20p 

7p 
7p 
8p 
9p 
9p 

lep 
45p 
50p 
67p 

75:3442 
*293702 
*293703 
*293704 
*293705 
*2N3706 
*2N3707 
*293708 
*2N3709 

293773 
293866 

*293903 
*2N3904 
*293905 
*293906 
*2 N4058 
*254059 

í2N4060 2614123 
*294124 
*294125 
*294126 
*2N4289 
294347 
294348 

*294401 
*294403 
*295089 
*295401 
40360 
40361 
40362 
40364 
40409 
40410 
40411 
40594 
40595 

FETs 
*8F244 
*MPF102 
M PF 103 
*AtPF104 
*MPF105 
2N3819 
*2N3B20 
;93823 

*2N5457 
.2N5458 
*2N5459 

14Úp 
lip 
lIp 
tip 
lip 
lop 
1 1 p 
9p 
9p 

22op 
90p 
18p 
16p 
tep 
16p 
15p 
10p 
13p 
lap 
18p 
18p 
18p 
20p 

130p 
160p 

27p 
27p 
27p 
SOp 
4op 
38p 
40p 

t20p 
55p 
55p 

225p 
75p 
85p 

25p 
30p 
30p 
30p 
30p 
22p 
57p 
50p 
30p 
30p 
30p 

MOSFe l s 
35128 85p 
36140 85p 
39141 85p 
39187 18Op 
39202 12op 

406773 sap TRIALS 
Amp Volts 

3 400 
6 400 
6 500 

10 400 
10 500 
15 400 
15 500 
40430 
40486 
40669 

PUJT DIAC 
*296027 48p 58100 25p 

DIODES 
SIGNAL 
0447 7p 
0A70 9p 
0481 Bp 
0485 10p 
0490 7p 
0A91 7p 
0495 7p 
04200 80 
04202 lop 
1N914 4p 
1N916 9p 
194148 

RECTIFIER 
*81100 
BV126 
*81127 
194001 
IN4002 
194004 
1614005 
194007 

4p 

25p 
12p 
12p 

5p 
5p 
6p 
6p 
7p 

ZENER 
2 7V to 33V 
400mW 9p 
1W 18p 

TUNNEL 
AEY11 70p 

VARICAP 
*98105 25p 

NOISE 
Z5J 110p 

BRIDGE 
RECTIFIERS 

25A100V 
14 50V 
1A 100V 
1A 200V 
MA 400V 
*14800V 
*24 50V 
2A 100V 
*2A 200V 
2A 400V 
*4A 100V 

6A 50V 
64 100V 
SA 200V 
6A 400V 

UJTs 
*TIS43 

292160 
292646 

*294871 

27p 
8op 
38p 
30p 

20p 
20p 
22p 
24p 
25p 
30p 
30p 
35p 
40p 
4sp 
bop 
65p 
72p 
78p 
84p 

120p 
150p 
180p 
185p 
195p 
210p 
250p 

99p 
99p 
95p 

SEMICONDUCTOR KITS 

1) Teletext Decoder 
U.C. £47.00 inc. VAT and P & P 

L.C. £11.00 inc. VAT and P & P 

2) Time -Code Receiver Clock 
£26.inc. VAT and P & P 

(extra £6 includes 45 DIL sockets. 

Please send S.A.E. for details. 

VAT RATES. All Items at 8% EXCEPT where marked 
which are at 25%. 

Mail Order Only TECHNOMATIC LTD. 
Govt., Colleges, etc., orders accepted. 54 SANDHURST ROAD, LONDON, NW9 

Tel: 01-204 4333 

WilkI JSOnS RELAYS 
POST OFFICE TYPE 3000 AND 600 BUILT TO YOUR 
OWN SPECIFICATIONS ANO REQUIREMENTS. THE 
BEST KNOWN OF ALL RELAYS WITH A LARGE 
VARIETY OF CONTACT ARRANGEMENTS. KNOWN 
THROUGHOUT THE WORLD. COMPLETE BANKS OF 
CONTACTS MADE TO ORDER AND COMPONENT 
PARTS SUPPLIED. HIGHEST QUALITY AT COMPETI- 
TIVE PRICES WITH A QUICK DELIVERY SERVICE. 
QUOTATIONS BY RETURN HOME AND OVERSEAS. 
WE ARE SPECIALISTS IN EXPORT ORDERS. 

Exehrilra elfe of a large number of relay sets and selector units with a v nely of 3000 type relays and 
associated c mponenls mounted In cases with cover used primanly n BPO 2000 and 4000 -tepe 
telephone exchange equipments and nclusbial control systems Prices on request 
Five -Digit Matent BP0 type 150A 500 ohms operating current 35mA E3 aa. 
Single and Double Pole High Speed relays available. various resistances 
We have a vety extensive range of electronic goods to be sold at very low paces. for example Meters. 
Switches. Rectifiers. Resistors. Blower Motors. etc Start up your own business Why not come and see 
us 

HIGH SPEED COUNTERS E1.75 (Iaveh 
31/2in X 1n 10 counts per second with 4 figures The following D C 

voltages are available 6 v 12 v . 24 v . 50 v or 110 v Auxiliary contacts, 
normally open. 40p extra 

TUNING FORKS 125 He for 45 50 band teleprinter speeds. E2.50 each 

L. WILKINSON (CROYDON) LTD., LONGLEY HOUSE 
LONGLEY ROAD, CROYDON, CRO 3LH - Phone 01 -684 0236 Grems: WILCO CROYDON 

All puces shown are carriage paid U K only but subteen to VAT at the standard rate 

WW -100 FOR FURTHER DETAILS 

PDP 8L, 4K, with TTY, Software £1,150 
DF32, 32K Disc Unit £275.00 
Texas 960A with 1 2K x 16 store, Remex 5 -speed 
Reader /Punch, TTY interface, extended arithmetic option, 
ROM loader option £1695 
Honeywell 120 with 1 6K £140 
G.E. Printing Card Punches, Model P112, all codes, from 

£60 
Facit 4001, 1,000 cps Tape Reader £390 
Honeywell 9 -track Tape Units from . £100 

COMPUTER APPRECIATION 
CASTLE STREET, BLETCHINGLEY, SURREY 

RH1 4NX 

Tel. GODSTONE (088384) 3106 
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¡NSCO ELECTRONICS SCOLAB 
POWER SUPPLY & TEST EQUIPMENT 
MANUFACTURERS 

78 WHITECRAIGS ROAD 
WHITHEHILL IND. ESTATE 
GLENROTHES, FIFE 

TELE (0592) 771959 

SCOLAB -100 series to provide 
designers with a complete laboratory 
capability in one instrument. 

0 -30V lA Adjustable Current Limit 

±0 -30V 0.5A Dual Tracking (Fixed 

Current Limit 0.5A /Output). 

Sine /Triangular /Pulse Waveform Generator 
adjustable between 10Hz and 1MHz. THD 2.5% Output 0 -10V. 

Pulse output variable from 200 N Sec Via 50 OHM B.N.C. connector 
Sine /Triangular continuously variable via 600 OHM. terminals £148.00 

SCOLAB -200 as above but also contains a digital 16 bit serial word generator. The word selectable 
from front panel controls and can be supplied internally by a 1 0MHz clock or by an external clock 

£194.00 

WW 110 FOR FURTHER DETAILS 

¡.tc:IIT1 
ITAM 805 (8TRAC<) 
MASTER RECORDER 

- *. 

- Fully modular elec- 
tronics using plug - 

in PCB's through- 
out. Separate sync 
and replay amps 
give identical 
levels. - Switchable 
vu s with slow 
decay. Individual 
oscillator for each 
channel. Dolby A 
switching facility 
Comprehensive 
facilities include 
sync on all than- 
nets, servo con- 
trolled capstan 
modular electron- 
ics, variable speed 
loptional), relay 
solenoid operation 
Compact presenta- 
tion for easy porta- 
bility. 

£1790 + VAT Full console optional extra 

Compatible 8- output Mixer available 
£1260 + VAT 

OTARI DP -4050 

CASSETTE COPIE 

so- 

r Ideal for one copy 
or ten thousand. 
Eight times copy 
speed. foolproof 
operation for non - 
skilled personnel., 
modular construc- 
tion, servo-con- 
trolled direct cap- 
stan drive. 

Immediate delivery 

THESE ITEMS ARE INDUSTRIAL PRO- 
DUCTS AND SUBJECT TO 8% VAT 

Industrial Tape Applications 6162. Telex: 
5 Pratt London NWT OAE 

Telephonne: 01 1 -48'5 21879 
WW-10:t FOR FURTHER DETAILS 
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siarrain 
Singapore Thailand Iceland Brazil Sweden 

POWERTRAN 

Wireless World. May 1976 

Germany Iran Jamaica St. Kitts Tunisia 

INCORPORATING 

ELECTRONICS 
HI -FI NEWS 75W /CHANNEL AMPLIFIER 

By J. L. Linsley Hood 

Pack Price 
I. Fibreglass printed- circuit board for power amp £0.85 
2. Sel of resistors. capacitors. pre -sets tor power 

amp E1.70 
3. Set of semiconductors for power amp E6.50 
4. Pair of 2 drilled. finned heal sinks £0.80 
5. Fibreglass printed- circuit board for pre -amp E1.30 
6. Sel of low noise resistors. capacitors. pre-sets for 

pre-amp E2.70 
7. Sel of low noise. high gain semiconductors for pre-amp 

E2.40 
8. Sel of potentiometers [including mains switch] E2.05 
9. Sel of 4 push -button switches. rotary mode 

switch £3.70 
10. Toroidal Iransformer complete with magnetic 

screen /housing primary 0 117234 V: secondaries. 
335-33 V. 25.525 V £9.15 

Pack Price 
11. Fibreglass printed-circuit board for power 

supply £0.65 
12. Sel of resistors. capacitors. secondary fuses. 

semi- conductors for power supply E3.50 
13. Set of miscellaneous parts including DIN skis. mains 

input ski fuse holder. interconnecting cable, control 
knobs E4.25 

14. Sel of metalwork parts including silk screen printed 
lascia panel and all brackets. fixing parts. etc. E6.30 

15. Handbook £0.30 
16. Teak cabinet 18.3" a 12.7" x 3.1" E9.85 

2 each of packs 1.7 inclusive are required for complete 
stereo system. Total cost of individually purchased 
packs £72.25 

Designed in response to demand for a tuner to complement the world -wide 
acclaimed Linsley Hood 75W Amplifier. this kit provides the perfect match 
The Wireless World published original circuit has been developed further for 
inclusion into this outstanding slimline unit and features a pre -aligned front 
end module, excellent a.m. rejection and temperature compensated vancap 
tuning, which may be controlled either continuously or by push button 
pre -selection. Frequencies are indicated by a frequency meter and sliding LED 
indicators, attached to each channel selector pre -set. The PLL stereo decoder 
incorporates active filters for "birdy' suppression and power is supplied via a 
toroidal transformer and integrated regulator. For long term stability metal 
oxide resistors are used throughout. 

Wireless World Amplifier Design 
Full kits are not available for these projects but component packs and PCBs are stocked for 
the highly regarded Bailey and 20W class AB Linsley Hood designs. together with an 
efficient regulated power supply of our own design. Suitable for driving these amplifiers is 
the Bailey Burrows preamplifier and our circuit board. for the stereo version of it features 6 
inputs. scratch and rumble filters and wide range tone controls which may be either rotary of 
slider operating. 
For those intending to get the best out of their speakers, we also offer an active filter system 
described by D. C. Read, which splits the output of each channel from the pre -amplifier into 
three channels each of which is fed to the appropriate speaker by its own power amplifier 
The Read /Texas 20W, or any of our other kits are suitable for these. For tape systems a set 
of three PCBs have been prepared for the integrated circuit based, high performance stereo 
Stuart design. Details of component packs are in our free list. 

30W Bailey Amplifier 
BAIL Pk 1 Fi Glass PCB 
BAIL Pk. 2 Resistors. Capacitors, Potentiometer set 
BAIL Pk 3 Semiconductor set 
20W Linsley Hood Class AB 
LHAB Pk 1 F /Glass PCB 
LHAB Pk 2 Resistor, Capacitor, Potentiometer set 
LHAB Pk 3 Semiconductor set 
Regulated Power Supply 
60VS Pk 1 F /Glass PCB 
60VS Pk 2 Resistor. Capacitor set 
60VS Pk 3 Semiconductor set 
60VS Pk 6A Toroidal transformer for use with Bailey). 
60VS Pk 6B Toroidal transformer (for use with 20W LH) .. 
Bailey Burrows Stereo Pre -Amp 
BBPA Pk 1 F /Glass PCB 
BBPA Pk 2 Resistor, capacitor semiconductor set 
BBPA Pk 3R Rotary Potentiometer set 
BBPA Pk 3S Slider Potentiometer set with knobs 
Active Filter 
FILT Pk 1 F /Glass PCB 
FILI Pk 2 Resistor, Capacitor set (metal oxide 2 %. polystyrene 21/2 / 1 

FILT Pk 3 Semiconductor set ....... 
2 off Pks 1, 2. 3 rqd for stereo active filter system 

Read/ Texas 20W Amp. 
READ Pk 1 F /Glass PCB 
READ Pk 2 Resistor, Capacitor set 
READ Pk 3 Semiconductor set 
6 off pks 1, 2, 3 required for stereo active filter system. 

Stuart Tape Recorder 
TRRP Pk 1 Replay Amp F /Glass PCB 
TRRC Pk 1 Record Amp F /Glass PCB 
TROS Pk 1 Biasi Erase /Stabilizer F /Glass PCB 

AMBIENIAC TICS 
In Hi -Fi News there was published by Mr Linsley -Hood a series of four 
articles (November. 1 972-February 1973) and a subsequent follow -up 
article (April. 1 974) on a design for an amplifier of exceptional 
performance which has as its principal feature an ability to supply from a 
direct coupled fully protected output stage. power in excess of 75 watts 
whilst maintaining distortion at less than 0.01 / even at very low power 
levels The power amplifier is complemented by a pre -amplifier based on a 
discrete component operational amplifier referred to as the Liniac which is 
employed in the two most critical points of the system. namely the 
equalization stage and tone control stage. positions where most 
conventional designs run out of gain at the extremes of the frequency 
spectrum. Unusual features of the design are the variable transition 
frequencies of the tone controls and the variable slope of the scratch filter. 
There is a choice of four inputs, two equalized and two linear, each having 
independently adjustable signal level The attractive slimline unit pictured 
has been made practical by highly compact PCBs and a specially designed 
Toroidal transformer 

FREETEAK CASE WITH FULL KITS 

KIT PRICE ONLY £62.40 
WIRELESS WORLD FM TUNER 

Further details of above and additional 
packs given in our FREE LIST 

£1.00 
E2.35 
£4.70 

£1.05 
£3.20 
£3.35 

£0.85 
£1.95 
E3.10 
£7.95 
£7.25 

E2.35 
E6.10 
E2.40 
E2.70 

Pack Price 
I. Fibreglass printed board for Iront end IF strip. 

demodulator. AFC and mute circuits E2.I5 
2. Set of metal oxide resistors. Ihermistor. capacitors. 

cereal preset for mounting on pack I £4.80 
3. Set of transistors. diodes. LEO. integrated circuits for 

mounting on pack I £525 
4. Pre- aligned front end module. coil assembly. three 

section ceramic filler £8.80 
5. Fibreglass printed circuit board for stereo decoder 

E1.10 
6. Set of metal oxide relators. capacitors. term et preset 

for decoder E2.60 
7. Set of transistors LEO. integrated circuit for decoder 

£3.45 
8. Sel of components for channel selector switch. module 

including fibreglass printed circuit board. push -button 
switches. knobs. LEDs. preset adjusters. etc. £8.30 

Pack Price 
9. Function switch. 10 turn tuning potentiometer. knobs 

E5.30 
10. Frequency meter. meter drive components. fibreglass 

printed circuit board £8.60 
II. Toroidal transformer with electrostatic screen. 

Primary: 0- 117V -234V £4.45 
12. Sel of capacitors. rectifiers. voltage regulator for 

power supply £2.95 
13. Set of miscellaneous parts. including sockets. fuse 

holder. fuses. interconnecting wire. etc. EI.50 
14. Sel of metal work parts including silk screen printed 

facia panel. acrylic silk screen printed tuning 
indicator panel insert. infernal screen. fixing parts. 
etc E6.50 

15. Construction notes (free with complete kill £0.25 
16. Teak cabinet 18.3" x 12.7" a 3.1" E9.85 

One each of packs 1 -16 inclusive are required for complete 
stereo FM tuner. Total cost of individually purchased 
packs £76.85 

FREE TEAK CASE WITH FULL KITS 

KIT PRICE only £66.75 
PRICE STABILITY! 

E1.05 Order with confidence! Irrespective of any price changes we will honour all 
£4.20 prices in this advertisement for two months from issue date provided that this E2.65 advertisement is quoted with your order E &OE VAT rate changes excluded. 

All components are brand new first grade full specification devices. All resistors 
(except where stated) are low noise carbon film types. All printed circuit boards 

£0.70 are fibre -glass, drilled, roller tinned and supplied with circuit diagrams and 
E1.10 construction layouts. 
£2.40 U.K. Orders: Subject to 25% 'Surcharge for VAT. Carriage free MAIL ORDER 

ONLY ('or at current rate if changed). 
Securicor Delivery: For this optional service (Mainland only) add £2.50 VAT 

£1.10 inc. per kit. 

£1.70 Overseas Orders. No VAT. Postage charged at actual cost plus 50p packing and 
E1.20 handling. 

DEPT. WW 05 

POWERTRAN ELECTRONICS 

rand Portugal Mozambique Belgium Sumatra 

PORTWAY INDUSTRIAL ESTATE 
ANDOVER, HANTS SP10 3NN 
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Hong Kong Jersey Australia St. Lucia India Barbados Antigua Jordan Spain Israel Mauritius St. 

AUDIO KIT SUPPLIERS TO THE WORLD 

Peck 

1 Set of low noise resistors 
120 
0.95 

T30 
1.05 

Pack 

B. Toroidal Transformer - 240V prim. 

2. Set of small capacitors 1 50 2.10 5.5. screen 

3, Sal of power supply capacitors 1 40 2.05 9. Fibreglass PCB 

4, Set of miscellaneous parts 1.90 1.90 10. Set of metalwork. fixing parts ..... 
5. Sel of slide. mains. P.B. swltchea 1.20 1.20 II. Set of cables. mains teed .... ...... 
6. Set of polo. selector switch 2.00 2.00 12. Handbook (free with complete kllj 

7. Set of semiconductors. ICs. side 7 25 7.75 13 Teak cabinet 15.4" s 6.1" s 2.r .. 

2 NEW TUNERS! 
WW SFMT 11 

Following the success of our Wireless World FM Tuner kit we are now 

pleased to introduce our new cost reduced model, designed to 

complement the T20 and 130 amplifiers. The frequency meter of the 
more advanced model has been omitted and the mechanics simplified, 
however the circuitry is identical end this new kit offers most exceptional 
value for money. Facilities included are switchable afc, adjustable, 
switchable muting, channel selection by slider or readily adjustable pre -set 

push- button controls end LED tuning indication. Individual pack prices in 

our free list. 

POWERTRAN SFMT 
This easy to construct tuner using our own circuit design includes a 

prealigned front end module. PLL stereo decoder, adjustable, switchable 
muting, switchable etc and push -button channel selection. As with all our 

full kits, all components down to the last nut and bolt are supplied 
together with full constructional details. 

125 

T20+20 and our new T30+30 
CD 

20W, 30W AMPLIFIERS a 
Designed by Texas engineers and described in Practical Wirees6 the Texan was an immediate success D 
Now developed further in our laboratories to Include a Toroidal transformer and additional U) 

improvements the slimline 720 + 20 delivers 20W per channel of true Hi-FI at exceptionally low cost C) 

The design is based on a single F7 Glass PCB and features all the normal facilities found on quality CD 

amplifiers, including scratch and rumble filters. adaptable input selector and head phones socket. In a = 
follow up article in Practical Wireless further modifications were suggested and these have been V) 

incorporated into the 730 + 30. These include RF interference filters and a tape monitor facility 0' 
Power output of this new model is 30W per channel. 

T20 730 

4 95 8.80 
2 50 2.90 

. 4.20 4.80 
0.40 0.40 
0.25 0.25 

. 4.50 4.50 

KIT PRICE 

FREETEAK CASE WITH FULL KITS 

KIT OPRIOCE only £28.25 
PRICE KIT PRICE only 

£47.40 
} ux Ittilltllllllllitf 

,.'1C 

I I`' Tf1111111111It1 
.... 

. árw -° . L !* * M 
1 

CONVERT NOW TO QUADRAPHONICS 

KIT PRICE £37.15 

SEMICONDUCTORS 
as used in our range of quality audio equipment. 

25699 £0.20 BC212K £0.12 MPSA65 £0.35 
251613 00.20 BC1821 £0.10 MPSA66 £0.40 
751711 £0.25 BCi84L £0.11 MPSUO5 £0.60 
252926G £0.10 BC212L £0.12 MPSU55 £0.70 
253055 E0.45 BC214L £0.14 584750A £2.50 
2N3442 E1.20 130'72 E0.13 51.301 £1.30 
253711 0.09 80529 £0.85 513045 £1.60 
253904 £0.17 BD530 E0.85 5572741P £0.40 
253906 £0.20 130556 01.e0 S572748P (0.40 
254062 £0.11 BF257 E0.40 TIL209 E0.30 
254302 £0.60 BF259 £0.47 TiP29A 00.50 
255087 (0.42 BFR39 £0.25 TIP30A (0.60 
255210 £0.54 0 (0679 £0.25 TIP29C (0.71 
255457 £0.45 0Fy51 £0.20 TIP300 00.78 
255459 00.45 BF552 £0.20 TiP41A E0.74 
255461 £0.50 CA3046 £0.70 TiP42A £0.90 
2N5830 E0.35 LP1186 E5.50 01,41B £0.82 
40361 £0.40 MC1310 E2.90 11P4213 £0.98 
40362 £0.45 MC1351 01.05 15914 E0.07 
BC107 E0.10 MFC4010 E0.95 15916 E0.07 
BC108 £0.10 MJ481 E1.20 15920 £0.10 
BC109 E0.10 MJ491 £1.30 5B05 E1.20 
BC109C 00.12 MJE521 £0.60 - 

BC125 £0.15 MPSA05 £0.25 FILTERS 

BC126 £0.15 MPSA12 E0.55 FM4 £0.80 
13C162 £0.10 MPSA14 00.35 SFG10 7MA E2.80 
8C217 £0.12 MPSA55 £0.25 
BC182r. £0.10 

With 100s of titles now available no longer is there any problem 

over suitable software. No problems with hardware either. Our 

new unit the SQM 1 -30 simply plugs into the tape monitor socket 

of your existing amplifier and drives two additional speakers at 

30W per channel. A full complement of controls including 
volume, bass. treble and balance are provided as are 

comprehensive switching facilities enabling the unit to be used 

for either front or rear channels, by- passing the decoder for 

stereo -only use and exchanging left and right channels. The SO 

matrix decoder is based upon a single integrated circuit and was 

designed by CBS whilst the power and tone control sections are 

identical to those used in our 130 + 30 amplifier which the 

SQM1 -30 matches perfectly. Kit price includes CBS licence fee. 

Spacial offer to T20 + 20 and Texan owners! 
Owners of 720 + 20 and Texan amplifiers, which have no tape 

monitor outlet, purchasing an SQM1 -30 will be supplied, on 

request, a free conversion kit to fit a tape monitoring fac.lity to 

the existing amplifier. This makes simple the connection to the 
highly adaptable SQM1 -30 quadraphonic decoder/ rear channel 
amplifier. 

SQ QUADRAPHONIC DECODERS 

Feed 2 channels (200-1 000mV as obtainable from most pre -amplifiers or amplifier 
tape monitor outlets) Into any one of our 3 decoders and take 4 channels out with no overall signal level 

reduction. On the logic enhanced decoders Volume. Front -Back. LF -RF balance. LB -RB balance and Dimension 

controls can all be implemented by simple single gang potentiometers. 
These state-of-the-art circuits used under licence from CBS are offered in kits of superior quality with close tolerance 

capacitors, metal oxide resistors and fibre -glass PCBs designed for edge connector insertion All kit prices include 

CBS licence fee. 
M1. Basic matrix decoder with fixed 10 -40 blend All components. PCB .. ..... ... £5.90 
L1. Full logic controlled decoder with "wave matching" and 'front back iogic for enhanced channel separation All 

components PCB .. £77.20 
L2A. More advanced full logic decoder with "variable blend' extended frequency response, increased front back 

separation. All components. PCB £24.60 

EXPORT NO PROBLEM Our Export Department will be pleased to advise on postal costs to any country in 

the world. Some of the countries to which we sent kits in 1975 are shown 

surrounding this advertisement. 

Kenya France St. Martin, Java New Zealand Borneo South Africa Denmark Nigeria Anguilla 

cn 
o 

a 

,\ 
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MORE THAN JUST 
A CATALOGUE! 

Just add transtorrtKr 
and switchast 

Really good 
value for 
money at 

lust 40p. 

Wireless World, May 1976 

. 
P'INDICATe^ 
.VOWtAFp.wuNE 

This is a lolly constructed 

ele sc 
as Illustrated 

Data sheet suppled 
with module 

shows how simple it ou o 
connect 

t 
audible alarm, and will be 

s radio. A smart cese 
et available 

maro Data she 

available 
shortly send s.a e. 

separately 

1r4r'` ;. 

ONLY 

°Uo 
PP 

132 pages! 

The 3600 SYNTHESISER 
The 3600 synthesiser includes the most popular features of the 
4600 model, but is simpler. Faster to operate, it has a switch 
patching system 'ather than the matrix patchboard of the larger 
unit and is 

particularly 
suitable for live r V el sa s. V u w V w r 
performance " - w . 
and portable 
use. 

S.A.E. please 
for price list 

GRAPHIC 
EQUALIZER 

A really superior high 
quality stereo graphic 

equaliser as described in 
Jan. 1975 issue of ETI. 

We stock all parts (except 
` ¿r woodwork) including all 

the metal work drilled and 
printed as required to suit our 

components and PCBs. 
Complete reprint of article - price 15-p. 

NO MORE DOUBTS ABOUT PRICES 
Now our prices are GUARANTEED (changes in VAT excluded) for two month periods. We'll tell you about price changes ui advance for 
lust 30p a year (refunded on purchases). If you already have our catalogue send us an s.a.e and we'll send you our latest list of 
GUARANTEED prices. Send us 30p and well put you on our mailing list you'll receive immediately our latest price list then every 
two months from the starting date shown on that list you'll receive details of our prices for the next GUARANTEED period before toe 
prices are implemented' plus details of any new lines, special offers, interesting protects and coupons to spend on components to 
repay your 30p 
NOTE: The price list is based on the Order Codes shown in our 
catalogue so an investment in our super catalogue is an essential 
first step. 

Call in at our shop. 284 London Road, Westclitf on Sea, Essex. 
Please address all mail to 

MAPLIN ELECTRONIC 
SUPPLIES 
P O. Box 3 Rayleigh Essex SS6 8LR 

The 4600 
SYNTHESISER «,rr. 
We stock all the parts for this 
br illlantly designed synthesisers 
including all the PCBs, 
metalwork and a drilled and 
'printed front panel, giving a 

superb professional finish. 
Opinions of authority agree the ETI International Synthesiser is 

technically superior to most of today's models. Complete 
construction details available now in our booklet price E1.50, 
or SAE. please for specification 

ELECTRONIC ORGAN 
Build yourseli an exciting electronic 

. Organ. Our leaflet MES51, price 15p, 
deals with the basic theory of electronic 
organs and describes the construction of 
a simple 49 -note instrument with a single 
keyboard and a limited number of stops. 
Leaflet MES52, price 15p, describes the 
extension of the organ to two keyboards 
each with five voices and the extension 
by an octave of the organ's range. 
Solid -state switching and new footages along with a pedal board 
and a further extension of the organ's rangy are shown in 
leaflet MES53, price 35p. 

ww 
I enclose Cheque/P.O. value 
For copy /copies of your Catalogue 

111 Name 
Address 

MAPLIN ELECTRONIC SUPPLIES E55 . s;sb 3L`H 
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Collect wireless world Circards. 
And build a valuable dossier on 

Circards is a unique and comprehensive 

circuit design. provide professional engineers and 
system, launched by Wireless World, to 

enthusiasts with valuable and 
up -to- the -minute data on circuit design - 
data not available from any other single 
source. 

Each Circard is 8" x 5" and usually shows a 
specific tested circuit, a description of the 
circuit operation; component values and 
ranges; circuit limitations and modifications; 
performance data and graphs. 

The double -sided format enables the 
Circard to be filed in standard boxes for easy 
reference. And the plastic wallet provided 
keeps the cards well protected. 

Circard sets (10 cards) come in wallets and \ cost £2.00. A subscription for 10 consecutive 
-:s '4 \ sets costs £18. 

Start your personal dossier on circuit design 
by completing and returning the coupon 

2 below. 
'4 

wireless 

w+r°A et 

:.:.. Y+4°' 

-_, .._-. 

1 -= 

Subjects already covered by Circards 
1. Basic active filters. 2. Switching circuits 
comparators and schmitts. 
3. Waveform generators. 4. AC measurements. 
5. Audio circuits: preamplifiers, mixers, filters and 
tone controls. 
6. Constant current circuits. 7. Power amplifiers. 
8. Astables. 9. Opto- electronics. 
10. Micropower circuits. 11. Basic logic gates. 
12. Wideband amplifiers. 13. Alarm circuits. 
14. Digital counters. 15. Pulse modulators. 
16. Current differencing amplifiers - signal 
processing. 
17. Current differencing amplifiers - generation. 
18. Current differencing amplifiers - 
measurement and detection. 
19. Monostable circuits. 20. Transistor pairs. 
21. Voltage to frequency converters. 
22. Amplitude modulators. 23. Reference circuits. 
24. Voltage regulators 
25. RC oscillators - I. 26. RC oscillators - II. 
27. Linear C.M.O.S. -I. 
28. Linear C.M.O.S. -11. 
29. Analogue multipliers 
30. Non -linear functions 

To: General Sales Dept., IPC Business Press Ltd., Room 11 

Dorset House, Stamford Street, London SEI 9LU 

Please send me set no(s) @ £2.00 each E* 
@ £18.00 D. 

I wish to subscribe, starting with no 

I enclose cheque /money order for £ 
*Tick as required /Cheques to be made payable to IPC Business Press 
Ltd. 

Name 

Address 

Company registered in England. Registered address, Dorset House 
Stamford Street, SEI 9LU, England. Registered Number 677128 
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4 Pole c/o Slid* Switch. American make, size 11/4" . 5/16 
'h" deep -- p c board mounting, black side metal cased. Pr 
32p + Bp 
Mercury Ontario.. Each made up of 7 cells to give total of 10 
volt cells very easily separated for operating portable squipme 
These batteries have very good shelf fife. Eap.nswe batter 
normally but we are offering at an extremely low price of leu th 
5p per battery. namely E1 per canon of 25 batteries VAT Bp. P 
40p + 4p 
Auto Treneformwe 230/240v, 210/215v. We carry e f 
range of these from 30w to kw All et standard prices ranging fr 
12 for 30. to 120 for 1K plus VAT. However. we often 
bargains and have three such bargains this month, firstly a 1 

wan auto transformer. beautifully made. We believe originally 
the Post Office, with adjustment tapping for um voltage come 
Price only CIAO '+ 16p Post 60p + 6p. Secondly 150 w 
model £2.150 + 20p Post 80p + 8p. Thirdly a 5kw giant at E 
+ E6 carriage and con 
Constant Voltage Auto -Transformer. made for open tr 
American made computer equipment off our standard 230-24 
mains Input voltage can be plus or minus 20 %, output vole 
would be a study 115v They are beautifully made regardless 
cost. We have two models. one 500w. price L45 + E3.60 
750w model price 170 + £4.80. Carriage depending on distant 
Battsry Eliminator. Japanese made. and has everything requir 
to operate popular imponed cassettes. radios. etc It uses 
transformer for mains isolation Its output can be switch 
between 6. 7 5 or 9v at up to 250mA Its output lead is raversib 
for quick polarity change and the output lead terminates with 
multi-plug to push straight in the radio, cassette calculator, et 
Price 13.25 + 80p. Pat 40p + 10p 
Regulated Power Swollen. These c e p so s o b 'Ito sto t 

metal chassis using only first class components, all suitable for 
normal mains voltage. all using high Clan transformer with mane 
isolation Ste different models are available Simply order by 
output specification. 
225mA a, 100v 110 + 80p Post C1 50+12 
20OrnA ip 150v 111 + BBp Post El 50 +12 
200mA IV 200v 112 + 96p Poet C1 50+ 12 
150mA ip 175 & 225DC . 112 + 98p Pon E 1.50+ 12 
150mA ijl 225 8 275DC 112 + 96p Post E 150 + 12 
Venous 8 4v. 28v. 40v. 300v, 

450v EIS + E 1 20 Post E1 50 +12 
Reversible and Variable Speed Motors suitable for AC or D 
these motors are quite powerful and would certainly seam ve 
suitable for opening and closing curtains. ventilators, doors a 
similar applications They operate from AC voltages balm/ 
12.50. higher the voltage the faster the drive. Speed control c 
be veer 3 amp verree or 50v transformer suitably tapped. Revere 
Is done by double pole changeover switch Motor si 
afsproumately -- body length 4i'. diameter 3 ". '4" spindle SS 

long. Price of motor is 13.10 + 28p. Post 30p + 3p. Renerain 
watch 71p + 8p. vertu CS + 72p. or tapped ta d transformer 13. 
+ 28p Post 90p +8p, topping switch 71p. 
Panel Meter 0-1 arA, lull vision flush mounting, Eagle Regular 
pries ver L3 Our price 12 each plus 16p Post 15p ce 
Panel Met 0.250 9A, 3" square British made by Ernest Turner 
made for GPO but unused Price 12.10 + 18p 
MuNMum Pets "NIL". Values now wadable, 100. 500 8 20 
Ohm 11 each + 25p 
Carrying Lights. Two new 12v camping lights have errwed this 
week. ell made up ready to oin to your car battery. 2 models -- 
21i' 13w Price 13.71 + 30p. Pon 85p + 7p And 12" Bw 
Price tl.50 + 24p. Pon 76p + 8p. 
New Power Pak Kit. We have on numerous occasions been 
inked to supply a power peck for rsdlca which use two separate 
batteries, usually PP1 or PPgl These should be completely 
isolated which means our stenderd power pack is unsuitable 
Howeve, the new power pock uses two separate secordhe and Is 
in fact two power puke with lust a common mains primary. Price 
_-:w + g2p Post 30p + 80 (Order "double' power pack lot,) 
[nenrdled Copper Winding Wire. We stock this on 'Alb reels, 
all gauges from 1440 (even numbers) The price cerise from 
7op -g5p per '41b reel However. a special offer this month, on 
catch weight reels of approa 21b weight. we have some 20010s of 
very thin wire namely 058mm. These reels ere generally too 
much for home constructors. but you may know an industrial user 
who would be glad to hear of this offer. which will save him about 
half the norms cost We offer this at E2 per lb or pro rate plus the 
normal 8% and postage 
Air Operated Berewddvere. This a another item which most 
home constructors cannot use because they have no compressed 
err. however. you may have used one end if so you will know how 
useful they are We have 3 models and offer all at less half maker's 
price. made by Black end Decker Industrial 
Rd BD 215 

adjustable 
reversible screwdriver with 

ble clutch, 2000 pm Price £21 + 
E2.32 Post 60p + 6p. 

Ref BD 2410 Straight screwdriver with adjustable clutch 
900 rpm. Price £29 + £2.32. Post 60p + 
6p 

Ref. BD 2411 As 2410 but for 1400 rpm Price £29 + 
E2.32. Post 60p + 6p 

Self Adhesive Paper Insulator.. One of the items which we 
offered last year was a sell- adhesive paper disc, ideal for marking 
wires and components. also for making a temporary insulation 
during hookups. Further big purchase of these enables us now to 
bring the price down to 30p + 3p per 1000 or 11.20 + 10p per 
box of 5000 
More Cable Swgeins. In January you will remember we offered 
7.029 flat 3 core cable at a remarkably low price. We have 
negotiated the purchase of other sizes of cable There is a bet below 
and all prices are very much below your regular wholesaler's prices 
and with the price of copper going up. it will ay you to put some 
of this into stock, it's definitely better than money Please If you 
intend to collect. telephone us loi -688 18331 if possible the day 
before in use we have to get supplies from our store 
Type Price 100 metes Carriage Amps Slam 
Single c c U.50+ 20p 80p. 16A 1 5mm 
Single double ins 13.50+ 28p 90p+ 16A 1 5mm 
Flat twin E.5.50+ 44p el 25. 15A 1.5mm 
Flat loon S E 16.50 + 52p .1 50+ 15A 1.5mm 
Flat 3 core E5.95+ 56p .1 75+ 13A 1 5mm 
Flat 3 core 8 E E9.5O+60p .2 00+ 13A 1 5mm 
Single c c £7.50 +60p x.2.00+ 30A 4mm 
Single double ins E7.95 +64p E2 00+ 30A 4mm 
Flat twin E12.00 +96p .2 00+ 27A 4mm 
Flat three core 114.50 +E 1 16 r 2 50+ 24A 4mm 
Flat three core 8 E 1111.50 +L 1 48 .2 50+ 24A 4mm 
Single c c E9.5O+ 76p .2 00+ 3BA 6mm 
Flat three core £23.00 +E 1.84 r3 00+ 3BA 6mm 
Twin B E 122.50 +E 1 80 .3 00+ 38A 6mm 
Twin 8 E E35.00 +E2 80 E4 00+ 48A 10mm 
Tmn 8 E E55.00 +E4 40 e 5 00+ 64A 16mm 
More Deco Switches. These are similar to the Honeywell!, 
which we regularly stock, except that they are by a Swiss maker 
and not new but in good working order, covered by our normal 
ex- equipment guarantee Two models available, 2 switch driven by 
mains-operated motor with gear boa giving 20 rpm Price E2 
+16p. Post 30p + 3p Other is 12 changeover switch model 
dnvon by mains-operated motor of 15 rpm Price 13.50 + 28p 
Post 40p + 4p 
Two Valve Haider gargeine. Most valve holders are not required 
Ouse days as valves have gone out of fashion However. two 
which do seem to be useful In other applications are B7G and B9A 
We have good stocks of both these types, BIG we offer at E1 for 
20. post 30p + 3p Insulating material used on this as fluron 
which is an extremely low loss plastic material considered even 
better than nylon, also has very high melting point 89A we offer 
at 25 for El. Post 30p + 3p. These have ceramic insulation and 
have metal skin 
Laud Spanker Wire. 13 stranded copper, figure of eight 
constructors, but one side is red and the other side black for 
polarisation Good wire offered at only Bop + 5p for 10 metres 
Post 20p + 2p. 
Time Daley. Thermal. made by A.E.I. The delay can be adjusted 
by internal screw or by raising or lowering volts to coil, r e with 
coil volts of 30v delay is 1 min . with 25v. 2 mete., with 20v 10 
mans this should be ideal for keeping landing light on only whilst 
going upstairs - or for keeping on extractor tan for few minutes 
after use of toilet - or as simple flasher Price 11.50 + 12p Post 
15p + 1 p This is a sturdy device, capable of switching 15 amps 
AC 
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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 any one. 
In easy -to- assemble modular forni and complete 
with a pair of Goodmans speakers this should sell 
at about £30 -- but due to a special bulk buy and 
as an incentive for you to buy this month we offer 
the system complete at only E15.80 including 
VAT and postage. 

CENTRIFUGAL BLOWER 
Miniature mains driven blower centrifugal type blower unit by 
Woods. Powerful but specially built for quick running -driven by 
cushioned induction motor with specially built low noise bearings. 
Overall size 44" x 41/2" x 4" When mounted by flange, air is blown 
into the equipment but to suck air out, mount from centre using 
clamp. Ideal for cooling electrical equipment or fitting into a cooker 
hod. film drying cabinet or for removing flux smoke when 
soldering, etc., etc. A real bargain at 13.30 + 60p post & VAT. 

DISTRIBUTION PANELS 
Just what you need for work bench or lab. 4 x 13 amp sockets 
In metal box to take standard 13 amp fused plugs and on /off 
switch with neon warning light. Supplied complete with 6 feet 
of flex cable. Wired up ready to work. E2.75, VAT. & postage 
65p. 

at normal mains voltage. 

ISA ELECTRICAL PROGRAMMER 
G Loam m your sleep Have redro playing end kettle boiling as you awake - V- 1 -y r switch pit lightt to ward 011 intruders -- have a warm house to come home lo 

All these and many Other things you con do it you Invest in an electrical o programmer Clock by famous maker with 15 amp on oll switch Switch on 
tome can be set anywhere to stay on up to 6 hours Independent 60 m nine 
memory logger A beautiful unit Price 12,85. VAT B Postaye 60p or with 
glass frnnl Chrome betel 11.50 extra 

HONEYWELL PROGRAMMER 
This u a drum timing device the drum being calibrated 
to equal divisions for switch setting purposes with trips 
which are infinitely adjustable for position They are 
also arranged to allow 2 operations per switch per 
rotation There are 15 changeover microswnches aeon 
of 10 amp type operated by the trips. thus 15 circuits 
nay be cnangrd per 

i 
volution Drive motor is mains 

operated 5 revs per min Some of the many uses of this 
tinter ere Machinery control, boiler firing dispensing 
and vending machines Display lighting animated end signs Signalling etc Price Iron makers prohabl 
rni r : 20 each Special snip price 19.95. i 100 Oust and VAT Don 1 miss this ternlic bergein 

wan Transformer 
THIS MONTH'S SNIP 

Is a very versatile transformer Which an be used lot merry 
I ,ens Rated at 250 watts n is very well built with frames for upright mourning end is varnish domed Its printery is for 230 240 volt 50 cycles it has four secondaries each I 0v very high 

,.1 windings Just a few of the circuits it ten power are 10.0.10v at up to 12 amps. 20.0.20v at up mp, single 10v at 25 amps single 20v of 12':, amps. single 30v at g mope single 40v at 6 5 . The transformer can be used for power circuits (charging etc 1 or for amplifiers (here being an own screen between primary end secondaries A transformer like this today would cost at least .15 from 
the makers however, we are making a special offer et E3.50 + 28p poser 1 + Bp Inch Grab some While ynii can our Stock may not last I0h11 

INFRA RED BINOCULARS 

SWITCH TRIGGER MATS 
Sn Thin is undetectable under Carper but Will switch on with slight 
pressure For burglar alarms shop doors etc 
24in a 18in El .90. post & VAT 30p 13m x 1 Oin E1.50, post B VAT 25p 

THERMOSTAT WITH THERMOMETER 
Made by Honeywell for normal air temperatures 40 -80 F 1525 CI- This is a 
precision instrument with a differential which can be adjusted to better than 
1.5 F A mercury switch breaks on temp rise Elegantly styled and encased 
in an ivory plastic case with clear plastic windows thermometer above and 
switch setting scale below - sae approa 3 8" x 3 2 "x 1 4" deep - can be 
mounted on conduit box or directly on wall Price E2.25 plus 50p Post 8 
VAT 

MAINS MOTOR 
Precision made - as u d in record decks and tape recor ders - ideal also for 
extractor fans. blowers heaters. etc New and peeled Snip at 95p+ VAT B 
Postage 2Op Postage 20p for first one then 10p for each one ordered 1" tackmranr E1.50 +VAT B Postage 35p 1'i,i' stackmoroi £2.00 +VAT h P"srage.. p 

6 DIGIT COUNTER 
Made by famous American Company 
operated by 24V DC or mains through 
resistor. 1 9 . 16" x 1 "x 21/4'i deep 80g Post & VAT 20p each 

CENTRIFUGAL FAN 
Mains °Petaled bleb,, Nov,' type Picrosrn clevl iiuusang contains motor and 
impeller Motor is 1 10th h p giving considerable air flow but virtually no 
noise Approx dimensions 10'4 "x4'4" E9.50 plus Post 8 VAT 

12 VOLT 1 Y2 AMP POWER PACK 
This comprises double -wound 230' 240V mana transformer ansformer with full wave 
rectifier and 2000 mid smoothing Price E3.75 plus B post I 1 

Heavy Duty Maine Power Peek. Output voltage adjustable from 15-40V in 
steps - maximum load 250W - that is from 6 amp at 40V ro 15 amp at r 5V 
This really ma high power heavy duty unit with dozens caf workshop uses Output 
voltage is very quick - simply interchange push on leads Silicon rectifiers and 
smoothing by 3 000mFPrice E10.50 plus El 25 VAT 8 post s- - 

MONTHLY LIST FREE 
Every month we print a list of the new 
bargains that have arrived. This and 
the left -hand columns are some of the 
items on our March List. If you would 
like the complete list just send SAE. 
Better still, send several. We will then 
post future lists same day as they are 
printed which is usually 4 to 5 weeks 
before our advertisement appears. 
SPECIAL NOTES: The sign after the amount Mows the 
amount of V.A.T. The postage item shown is bend upon the 
amount an article costs to send if this urns article formed a pan of 
a larger parcel. Where one or only few items are ordered 
however, the minimum posts) charge is 40p + VAT and the VAT 
rate would be 8% or 25% depending upon whether the article 
ordered was rated at 8% or 25% (that re the Customs and Excise 

eel F ally, all items subject to discount if ordered in lots of ten 
or over 

Plug end Socket. 18 substantial pins on moulded former. Price 
SOp +4p per pair. Ditto but 25 pins. Price Sop + 5p per pair Bulgln 3-pie Mug and Socket The popular one used on equipment. the plug which fits to the end of the lead, is fully 
insulated so it may be used to bring live mains to the equipment 
All brown construction 1" hole fining Price BOp + 5p per pair Twin Feeder 300 ohm Um, not the usual flat type but a very robust polythene filled oval covered white PVC.15 metres for E1 
+ Bp Post 30p + 3p 
Vender 'Drive' DIN for precision instruments of all types, 21/4" 
dial, this mounts on front panel and couples to I. spindle Price £1.75 + 14p Pat 20p + 2p. 
12v. Slower. Complete unit ready to mall into car or caravan 
etc size aperos. 3" diameter by 5" long - made for services so 
good quality, quiet in operation - low current consumption Price 12.00 + 18p. Post 40p + 4p 

opposing coils 
Out. 
- as fitted to0vehiclee 

switch 
Should cdynamo 

operated 
be functioning the cut out will keep II dieconnected from the batteries 

ee.service item Price 22.00 + 18p Post 20p + 2p. 
¡rends. Instnument Motor with Omer Ilex. 2 wan motor for working off mains 230/ 240 Final speed Is 60 rpm. Size eppros 
21/2i' dia a 2" thick. li.i' spindle. Price 12.25 + 18p Post 10p + Ip 
Solenoid Valve. ASCO for water - normally cloud. opens when energized by 240 AC For vr" pipes Price 14.10 38p Pon 
20p + 2p 
30 amp O.P. Changeover Switch. These are very heavy duly in 
solid cast iron boxes sprayed silver and intended for switching from mains to emergency supply or from one transformer or 
generator to another for maintenance. Hand -operated by lever on 
the side Price 22.75 + 22p each plus carriage Cl 50 + 12p - 

E 1 50 Note These are .-equipment Ditto but 60 amp £3.71 + 
300 Carriage E700 + 18P. 
Pyrometer. This is unusual Instrument. It is in s metal carrying 
case with battery compartment. It has two modes of operation 
First there is thermal probe. on an extension lead, directly the 
temperature of this reaches firs level, the relay within the instrument operates and the high pitched buzzer Wood.. Secondly 
there is a light operated switch with a cover When this cover in 
removed if e light as allowed to shine through then again the relay 
vorhin the unit °parstes and the high pitched buzzer sounds When 
the alarm sounds light also comes on, se presumably the unit 
could be made to operate almost anything through a suitable relay 
Price 27.50 se + 60p Post E 1 + 8p 
RedievNer, Infrared Pre/eater and Detect. Very solid 
well.burlt unit. made to stand a lifetime of weer Projector is 
motorized to give a flickering infrared beam The receiver has a 
fixed lens photo cell amplifier and relay This is meinuoperated 
equipment Protectors 210 + 80p. Post E1 50 + 12p Receivers Mee +.1 20 Post E1 00 + Bp 
D.I.Y. Burglar Alarm BM No. 1. This is simple enough for the 
average householder to instal and maintain. It will give protabtion 
against intruders coming through any of four windows and /or two 
doors - intended to frighten intruders away n will start loud 
ringing bell which will not stop until reset by owner. Kit consists of 
6 large trigger mats. 1 loud bell. 1 relay for latching. 1 secret 
switch, diagram and notes Price 114.00 + E3.50 Post C1.00 + 
25p 
Miniature Matching Teamformer, Mu -metal core. primary 18 
ohms split into 11 and 7 ohms secondary 23 ohms Price 10p + 
20P 
Moving Coil Stick Microphone. Very good quality. continental 
made for use with educational equipment These are not new but 
very good and are covered by our ex- equipment guarantee Price 
E1.50 + 12p Post 30P + 3p 
1000w Dimmer er a Switch Plane. Uses Than and Mac Good 
quality product by famous maker with control knob mounted on 
standard site plate Depth behind the plate is 1 / " so this will lit 
into normal deep type electrical box Price 13 + 24p Post 20p + 
2p. 
10/20 H.P. Motor Speed Centrolmr made by Mollard 
subsidiary REL Thrs Is floor standing controller to which the AC 
is led This is then converted to pulsed DC to give positive speed 
control of a DC motor of up to 20 h p One only of these, complete 

th ha dbook unused Price E171 + C14.60 + carriage and 
cost 
Soldering Iron. Thermostaic irons are expensive and often 
troublesome All that is open required as a current limiting resistor 
which is automatically switched in whenever the iron is not 
actually in use Our kit comprises resistor and special switch with 
lever upon which the soldering iron can hang The weight of the 
iron automatically cuts in the heat saving resistor Result - no 
more burned up irons and small saving of electricity Price Sop + 
4p 
4 Pole Motor. We understand this was made for use in EMI Tape 
equipment Very well made. has a 3/16" spindle. runs at 1200 
rpm intended for normal 230v mains. also has additional winding 
for fine speed control Size approximately 31/4" x 21/4'i x 21/4i'. 
Price £3.50 + 28p. Post 40p + 4p. 
25v 11/2 Amp Imtrument Mains Teensfenner. Extremely well 
made Intended for upright mounting and impregnated for quiet 
operation Price 11.75 + 14p Post 15p -e 2p. Ditto but drop 
through chassis type wish top cover Price £2.00 + 16p Post 15p 
+ 2p 
Twin Screened Flexible Cable covered overall white PVC, 
circular diameter Vs" approa 70 metres for El + Op Post 20p + 
2p 
Lead Through Insulator suitable for high voltage or high 
frequency or both. Thrs consists of two porcelain cones approa. 
11/4" diameter by 1" high These fit through 11/." hole and a OBA. 
stud holds the whole thing together and would carry the current 
through the panel use or cabinet The original use we believe. 
was for taking the transmitter aerial through the metal cabin Price 
E1 each Bp Post 15p + 1 p 
Twin Relay. Providing you are nor too exacting with your cu,:oil 
requirements we Can almost always supply a suitable relay at only 
a fraction of its proper price, always contact us before paying big 
prices This month we are offering two relays in one Each relay 
has double wound coil and mullrcontacts Full specification is as follows 

Coils Comma 
Relay 1 600 + 900 ohm 3 pair changeover one pair open 
Relay 2 850 + 700 ohm 1 pair changeover 2 pairs open. 

1 pair close 
Probable cost of this relay from the makers we estimate to be 
s3 00 Our special relay offer of the month only SOp + 5p 

Terms When order under E5 please add 40p to 
offset handling and packing charges Cash with 
order except Institutions and Public Companies. 

i 

J. BULL (ELECTRICAL) LTD. 
(Dept. W.W.)a 103 TAMWORTH ROAD 

CROYDON CRO 1XX 
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Drsplays from major manufacturers backed by our no- quibble guarantee CMOS from the leading manufacturers only 
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FND500 
Oustand,ng Value 
Only ì 1 02 each for 
this high quality display 

Part No Manufacturer Colour Type Size Price 

FND500 Fairchild Red Common Cathode LED 0.5" E1.02 
TL322 Texas Inert Bed Common Cathode LED 1 3mm (1.20 
TIL321 Texas Insu Red Common Anode LED 13mm. E1.30 
XAN654 Solon Green Common Cathode LED 0.6" E1.75 
XAN652 Solon Green Common Anode LED 0.6" £1.75 
MAN3M Monsanto Red Common Cathode LED 0.13" 48p 
51.701 Futaba Green 4 dig Phos. Diode 0.5" E6.80 

Note TIL322 s the Texas Instrument pimlor.prn equivalent of the FND500, may be supplied instead 

of FND5013s - please state if you would not want this substitution. e g If you want FND50(3s to 

match a prevrou5 purchase 

DISPLAY PCB's (wood for multiplexed output - each PCB his neatly intb Verocase J) 

For FND500 or TIL327 0500 -6 I6 digo clock) E1.35; 0500 -4 (4 digit clock) 90p: 13 500 -8 lup to 8 

digits. counter etc 1E1.35. 

For DL704 D704 -6K (6 digit clock) E1.36; 0704 -8C (up to 8 digit, counter) E1.35. 
ADD VAT at standard rate now 8%) - 25p p &p on all orders Price Lost sent woh orders. or on 

request Data 
aae Europe for r quest 

Export 
a no AT 

50p (Europe). ( 1 )Onemeas) for Aar Marl p &p no 

Export 

SINTEL TEL 
ASTON STREET, OXFORD 

CÚ4000 
CD400 1 

CD4002 
CD4006 
CD4007 

C04008 
CD4009 
CD4010 
CD4011 
CD4012 
CD4013 
CD4014 
CD4015 
CD4016 
CD4017 
CD4018 
C04019 
CD4020 
CD4021 
CD4022 
CD4023 
CD4024 
CD4025 

0.17 
0.17 
0.17 
0.97 
0.17 

ex 
0.79 
0.46 
0.46 
0.17 
0.17 
0.48 
0.83 
0.83 
0.46 
0.83 
0.83 
0.46 
0.92 
0.83 
0.79 
0.17 
0.64 
0.17 

CD4026 
034027 
CD4028 
CD4029 
CD4030 
CD4031 
CD4032 
CD4033 
CD4034 
CD4035 
C13403 
CD4037 
CD4038 
CD4039 
CD4040 
CD4041 
CD4042 
CD4043 
CD4044 
CD4045 
CD4046 
CD404 7 

CD4048 
CD4049 

1.42 
0.46 
0.74 
0.94 
0.46 
1.82 
0.88 
1.14 
1.56 
0.97 
1.82 
0.78 
0.88 
2.86 
0.88 
0.69 
0.69 
0.83 
0.77 
1.15 
1.10 
0.74 
0.48 
0.46 

CD4050 
CD4051 
00405 
CD4053 
CD4054 
CD4055 
CD4056 
CD4057 
CD4059 
CD4060 
CD406 1 

CD4062 
CD4063 
CD4066 
CD4067 
CD4068 
C04069 
CD4070 
CD407 1 

CD4072 
C04073 
C04075 
CD4076 
CD4077 

0.40 
0.77 
0.77 
0.77 
0.95 
1.08 
1.08 

20.35 
3.64 
0.92 

16.43 
7.33 
0.90 
0.58 
2.95 
0.18 
0.18 
0.18 
0.18 
0.18 
0.18 
0.18 
1.27 
0.10 

CD4078 
CD4081 
CD4082 
CD4085 
CD4086 
CD4089 
CD4093 
CD4094 
CD4095 
CD4096 
CD4097 
C04099 
C04 502 
CD4510 
CD4511 
CD4514 
CD4515 
CD4516 
CD4518 
C045 20 
C04527 
CD4532 
CD4555 
C04556 

0.18 
0.18 
0.18 
0.59 
0.59 
1.27 
0.86 
1.53 
0.86 
0.86 
2.95 
1.50 
0.98 
1.12 
1.28 
2.56 
2.66 
1.12 
1.03 
1.03 
1.30 
1.16 
0.74 
0.74 

MC14528 0.86 
MC14543 6.04 
MC 14553 4.07 
MC14566 1.21 
MCM 14552 

8.05 

CLOCK CHIPS 
MK50250 5.00 
MK50253 6.60 
MK5030M 

12.50 
AY1202 4.76 
AY51224 3.86 

FLAT CABLE 
20 WAY Im 

1.00 
10 metres 3.50 
10 WAY Im 

0.60 
10 metres 4.80 
CA3130 0.88 

RCA 1976 CMOS Oorabook - 400 pages of data sheets and 200 pages col (no-rots. apphcahons 

and other useful Information E2.67 No VATI 

Motor's MCMOS Detehook Vol j 5 Series A) E2.77 No VATI 

IC SOCKET PINS. Lowest Cost Sockets for CMOS. "TL. IC's. Drsplays Strip of 100 pins for SOp. 

400 for E2. 1000 for £4. 3000 for £10.50. 
Veroe8see: White ABS Cases with PCB guides. etc . Bent and rear aluminium panels 75 -1410) 
205 x 140 x 40 mm E2.64. 7 5 - 1 4 1 1 D 205 x 140 x 75 mm £2.94. 
3-wey BOSS Switch for programming. BCD. etc.) 8 ultra -mm toggle switches rn 16 pin DIL 

E2.60 
31704E 0 3" Common Cathode Red LED Now only 75p 

ADVANCED CLOCK KIT. Complete kit including attractive slim case for 6 digit alarm clock with 
bleep alarm. snooze and automatic intensity control. Mgh brightness display driving - with 
optional touch switch controls and crystal control /battery back -up (both extra) using MK50253 and 

Jumbo 0 5" LED displays Kit also includes PCBs, active and passive components. IC socket. 
miniature cool transformer. switches. flat cable. loudspeaker. perspex panel, and full instructions 

E26.80 
CRYSTAL TIMEBASE KIT. All components including PCB (47 x 59mm) to provide 50 cps for 

clock IC's, giving time accurate to a few seconds a month Kit includes PCB. 32768 kHz miniature 
watch crystal. trimmer. 3 CMOS IC's and sockets. C's R s E9.23 
32 768 kite. Mon Watch Quartz Crystal E3.60. 5.12 MHz Quartz Crystal E3.60. 
Advanced Clock Krt 3- Crystal Timebase Kit + Battery Backup Kit E33.58 
The clock will keep correct time if mains power rs disconnected 
PE CAR CLOCK with Jeurn.y Timor. 6 digit clot. for use in any car with 1 2V battery with an 

Independent 6 digit. 24.hour. tourney timer incorporated Jumbo LED display comes on with 
Ignition - automatic intensity control Complete kit of all parts needed including case. PCB and all 

components E39..50 

Easy to Build EE DIGITAL CLOCK (Jan 761 Kit of all components including case. PCB min 
transformer. etc to build this attractive 4 digit clock wrath 0 5" green display E15.70 

SINTEL 
Official OrdR Welcomed. Terms 30 days for written or 

phoned orders from Companies. Govt. Depts. Nat 
Industries Unvs . Polys. etc. Festwt delivery for R&D. ' 

BENTLEY ACOUSTIC 
CORPORATION LTD. 

7A GLOUCESTER ROAD, LITTLEHAMPTON, SUSSEX. Tel 
ALL PRICES SHOWN INCLUDE V.A.T. AT 26 

082 0.45 6AX4 0.88 6L1 2.34 

6B8G 0.35 6L6G(' 0.68 

6BA6 0.41 6L7(M) 0.59 

6BC8 090 6012 0.47 

613F.6 0.41 6138 0.64 

6806G 1.23 67.19 2.00 

6BH6 0.75 61.012 0.45 

6876 0.64 611320 0.88 

6BK7A 0.85 6N70T 0.70 

613Q5 0.36 6PL12 0.45 

66Q7A 0.64 6PI5 0.36 

6BR7 1.20 6Q717 0.50 

SBRB 1.25 6Q7GT 0.60 

6BS7 1.64 6Q7(M) 0.64 

6BW6 1.00 6070 0.70 

8BW7 0.65 607(M) 0.88 

6BX6 0.30 6SA7 035 
6BY7 0.40 6S('7GT 0.50 

687.6 0.57 673;7 0.52 

604 0.47 601-17 055 
6C'5G 0.59 6377 9.64 
6C6 0.47 63K7GT 0.52 
61'9 200 6SQ7 0.50 
OCIO 0.80 6U4GT 0.82 

6C86A 0.47 6U7G 055 
6C'12 0.40 6V60 0.30 
6C'17 2.34 6V6GT 0.53 
6CD66 1.60 6X4 0.47 
6CGBA 0.38 6X56T 0.50 
60L6 0.76 6Y6G 0.94 

6CL6A 0.94 6Y7G 1.17 

6C'M7 0.88 7A74 1.00 

6005 0.88 7136 0.88 
6CW4 1.17 787 0.82 

6D3 0.75 7136 2.00 
613E7 0.98 7F9 1.76 

6DT6A 0.88 7H7 0.88 

6EW6 0.80 7R7 2.00 

6F:5 1.17 7V7 1.76 

6E1 0.00 7Y4 0.80 

OZ4 055 
IA3 0.65 
IASGT 059 
IA7GT 0.60 
183GT 0.59 
IC2 1.15 

1D6 0.75 
166 1.17 
1 H5GT 0.80 
I L4 0.25 
ILD5 0.70 
ILN5 9.70 
IN50T 0.76 
IR5 050 
1S4 0.39 
ISO 0.40 
IT4 0.30 
IU4 0.70 
IU5 0.911 

21313(' 1.00 

21321 0.60 

20K5 0.75 

2X2 0.70 
:3A4 0.60 
3B7 0.33 
306 0.47 

3Q4 905 
3Q5GT 0.70 
3S4 0.47 

3V4 0.02 
4CBfi 0.75 
5C1;8 0.75 
5R4GY 0.94 
5T4 9.47 
3 '4l; 0.50 
.5 'II; 059 
.'sGT 055 

0.35 
/x43;7 0.55 

o; 31112 0.110 

6ABG 1.46 

6AC7 0.60 
6A05 0.35 
6AH6 0.90 
6ÁJ5 0.76 
SAJS 0.40 
SAK5 047 
6AK6 0.70 
6AKI 0.43 
6ALS 0.23 
6AM6 0.30 
6AM8A 0.70 
SANS 0.82 
6AQ5 0.53 
6AQ8 0.47 
6AR5 OJO 
6AR6 1.17 

6A57 1.17 

6AT6 053 
ONUS 0.40 
6AV6 0.33 
6AWIA 0.90 

6F66 0.60 7Z4 0.90 
6FI2 0.50 8138 0.50 

6F13 0.90 96W6 0.88 

6F14 0.88 9D7 0.70 

6F15 0.76 10C2 0.76 
6F1 0.64 IODI 002 
6123 0.80 I0DE7 0.89 

6F24 1.00 10FI 0.08 

6E25 1.17 1011 1.17 
6F'26 0.40 1013 0.76 

6F28 0.78 10E18 0.60 

6132 0.70 101.14 0.33 

806(; 0.60 'OLD' I 0.92 

6GH8A 0.99 10113.12 045 
60K5 0.76 IOP13 0.88 
6UU7 0.88 IOPI4 2.34 

6H6GT 0.29 10P18 0.49 

61501 0.53 12A6 0.75 
6J6 0.35 12AC6 0.90 

6.176 0.35 12AD6 0.90 
677(M) 0.63 12AE6 0.90 

OJOSA 0.98 12AT6 0.47 
667(; 0.35 12AT7 0.40 
61(80 0.53 I2AU6 0.53 

12AÚ7 
12AV6 
)2AX7 
12AY7 
12BA6 
1213E6 
1213117 

12BY7 

0.39 
0.59 
0.39 
0.94 
0.53 
039 
0.59 
0.85 

12E1 3.51 
12750T 0.39 
127767 0.70 
12K5 1.17 
12K7UT 050 
12K8 0.85 
12Q7GT 050 
12SA7GF 0.70 

12307 0.50 
1251)7 0.35 
125117 0.50 
12617 090 
12SK7 0.64 
125N7GT 675 
12SQ7 0.76 
12SQ713T 0.76 

12SR7 0.75 
14137 0.64 
1457 1.10 
x 1.17 

19AQ5 065 
19BG6G 1.17 

1906 7.00 
19H1 4.00 
201/1 0.80 
2004 2.34 
2012 088 
20L1 1.29 
2uPl 1.00 
20P3 0.94 
20P4 1.17 
20/15 130 
25A6G 0.70 
250.613 0.70 
25Y5 0.80 
25Y5U 0.60 
25Z4G 0.50 
25Z5 0.73 
25Z60 0.90 
28137 2.00 
30A5 0.76 
30C1 0.47 
30(15 0.80 
300'17 005 
30018 0.85 
30E5 0.73 
30FL1 1.10 
30112 1.10 
30FL12 1.05 
3011.13 064 
30E04 0.82 
30L1 0.40 
30L15 0.82 
30L17 0.76 
30P4MR 1.05 
30P12 0.80 

30P4 0.88 
30PI9 0.88 
30P16 0.43 
30P18 0.50 
30PL1 1.00 
3011.12 0.45 
30PL13 1.20 

30PL14 1.29 

30PLI5 0.90 
35A3 0.76 
3505 005 
3505 090 
35L6GT 0.88 
35W4 0.60 
35Z1 0.88 
35Z4GT 0.82 
35Z5GT 0.90 
42 1.00 
5085 1.00 
5oC5 0.70 
500366 1.46 

50E115 0.88 
50L6GT 1.00 
72 0.70 
77 0.70 
85A2 0.75 
85A3 0.75 
90AG 293 
90CG 2.81 
90CV 2.81 

90C I 0.88 

15082 1.00 

2155(; 059 
301 1.17 

302 1.17 
303 1.17 
305 1.17 
807 1.17 

956 0.60 
1821 1.17 

4033X 7.61 
5702 1.20 
5763 1.76 
6057 1.00 
6060 1.00 
6067 1.00 

7193 092 
7475 1.17 

9002 039 
9006 0.50 
A1834 1.17 

A2134 3.00 
A3042 6.00 
AC2PEN 1.17 

AC2PENDD 
1.00 

AC6/PFTI 0.® 
AC/P4 5.50 
AC/PEN(7) 

1.17 
AC/THI 1.00 
AL60 1.17 
ARP3 0.60 
ATP4 0.50 

AZI 050 
AZ31 060 
AZ4I 0.50 
BL63 2.34 
CL33 1.85 
CV6 0.62 
CV63 1.00 

CV988 0.29 
CYIC 1.00 
CY31 0.70 
01 0.50 
1363 0.30 
DAC32 0.80 
DAF9I 0.40 
DAF96 0.60 
i)C90 0.70 
1304 0.80 

DF33 0.76 

DF91 0.30 
DF96 0.65 
DH63 0.50 
DH76 0.50 
DH77 053 
DH81 0.88 
DK32 0.60 
DK40 082 
DK91 0.50 
DK92 1.15 

D1(96 0.70 
D1.92 0.47 
DL94 082 
01.96 0.64 
DM70 0.80 
DM71 1.76 

DW4/350 1.17 

DY87/6 0.41 
DY802 047 
EBOCC 2.57 
Ee0CF 5.00 
E9)F 2.20 
E83F 1.60 
E91CC 1.20 
E9200 0.70 
EI80CC 0.82 
E180F 1.17 

E182CC 3.00 
E198CC 2.50 
E 280 5.00 
F1148 0.62 
EA50 0.40 
EA76 1.40 
FABCB) 045 
EAC91 065 
FAF42 088 
FAF801 080 
F1D4 035 

13391 

FBC41 
FBC81 
FJ3(90 
®(81 
®180 
EBFH3 

023 
OBR 

545 
053 
033 
540 
1150 

. 6743 

EBFE9 
FBL21 
0(52 
E(53 
EC51 
ECAB 
EC+B 
0092 
FCfa 
ECC31 
EOC35 
0E040 
ECC81 
ECCIS2 

ECCKi 
ECC84 
EC085 
ECC86 
ECC93 
ECCI® 
ECC89/ 
FLC807 
ECF80 
ECFffi 
ECM 
E0}105 
F17121 
ECHS 
ECHR 
60181 
ECH83 
Eof84 
EQ00 
EOM 
rot 83 
ULM 
FL1A5 
FLLJS 
EF22 

EF41 
FF42 
EF73 
EF9D 
FFL3 
EF85 
EF06 
EFB9 
E}JI 
FF92 
EF9i 

ts 
EF99 
EF183 
EF184 
EFBDI 
F}19D 
FJ(0 
ELM 
Eí34 
E13i 
FLT7 
EL41 

0.40 
234 
000 
190 
100 
090 
090 
055 
I.00 
200 
200 
140 
040 
039 
039 
040 
0.47 
1.00 
9.40' 
080 
080 
1.41 

050 
050 
088 
263 
234 
LOf 
080 
040 
052 
050 
050 
045 
582 
570 
570 
047 
LOO 

018 
502 
080 
1.76 

030 
1.45 

040 
50 
033 
5.30 
060 
0.41 

1740 

094 
096 
040 
O) 
1.75 

544 
044 
000 
1.00 

100 
300 
OBa 

ELM 570' 
E183 070 

6704 036 
0106 9.60 
EL00 0.53 
EOM 0.70 

F1.3® 100 
F1316 120 
E1v1® 03 
F1/131 0.76 

E-M8t 064 
F54ß4 047 
ET9.5 120 
EMS] 1.10 

1E504833 250 
EY51 0.50 
EY81 0.50 
EY83 0.70 
EY84 0.92 
EY87/6 0.40 
EY08 0.60 
EY91 0.50 
EZ35 0.50 
EZ40 0.55 
EZ41 0.55 
ELM 0.35 
EZ81 035 
EZ90 047 
FC4 1.00 
1W4/500 LI7 
FW4/810 1.17 

GY501 0.82 6 Z3 035 
1)132 0.59 
GZ33 1.46 

GZ34 0.80 
6737 1.20 
IfABC70 080J 
HLI3C 0.60 
HL23 070 
HL23DD 080 
HL41 1.00 
1041DD 1.00 

014200 1.00 
HN309 1.76 

HVR2 1.00 
HVR2A 1.17 

KT2 0.88 
KT8 2.93 
KT41 1.17 
10144 1.17 
KT63 060 
KT66 293 
KT88 5.75 
ICI'8I 2.10 
KTW6I 1.76 
KTW62 5.76 
KTW63 1.17 

M8162 1.00 
ME1400 2.50 
MHL4 1.00 
MHLD6 1.00 
MKT4 1.17 

MU12/14 1.17 
N308 1.05 
N339 1.29 
71379 0.50 
P61 0.60 
PABC80 0.45 

PC86 0.70 
PC88 0.70 

PC95 0.70 
PC97 0.42 
PC900 0.30 
PCC84 0.40 

PCC85 0.50 
PCC88 0.65 
PCC89 030 
PCCl89 060 
PCC805 0.82 
PCC806 0.76 
PCF80 0.47 
PCF82 0.50 
PCF94 070 
PCF736 0.50 
PCF87 0.90 
PCF200 1.00 

PCF201 1.05 

PCF800 0.82 

PCF801 0.65 
PCFIO2 0.50 
PCF905 0.85 
PCF806 0.60 
PCF808 0.82 
PCH200 1.00 
PCL82 0.45 
PCL83 0.50 
PC104 050 
Pc1.86 0.55 
PC108 1.29 
PC1000 1.11 

PCL805/ 
PCL85 0.70 
PF744013 2.00 
PEN25 1.00 
PEN45 1.00 
PFN45DD LOD 

PEN46 060 
PEN453DD 

200 
PENA4 1.17 
PENDD- 
4020 1.00 
PFL200 0.82 
PL33 0.50 
PL36 0.70 
PL38 1.76 
PL81 0.53 
PL81A 0.60 
PL82 0.43 
P103 0.50 
PL84 0.50 
PL302 0J38 

14504/500 0J0 
PL505 1.65 

PL508 1.10 
PL509 1.65 

PL801 000 
PM84 0.76 
PY31 0.52 
PY33/2 0.50 
PY80 0.47 
PY81 0.40 
PY82 0.40 
PY83 0.45 
PY88 0.47 
PY301 059 
PY500 1.11 

PY500A 1.11 

PY800 0.45 
PY801 0.45 

PZ30 0.50 
QP21 1.10 

QQV03/ IU 
2.10 

Q575/20 1.00 
Q695/10 1.00 
06150/15 1.90 
QV03/12 136 
QV04/7 1.17 
QV06/20 3.50 
RII 0.80 
RI6 2.05 
R17 1.00 

RIO 0.92 

R19 0.75 
R20 0.65 
R52 055 
RK34 1.00 

SP13C 0.74 
II-14B 1.00 
TH233 1.00 
TP2620 1.00 
TP22 1.00 
TP25 1.00 

iJABC9) 047 
UAF42 0.75 
UBC4I 0.60 
UBC8I 0.60 
UBF80 0.47 
UBF89 047 
UBL21 2.34 
UC92 0.60 
UCC84 0.90 
UCC85 0.53 
UCF80 090 
UCH2I 2.34 
UCH42 0.80 
UCHBI 0.47 
UCL82 0.45 

UCL83 0.64 
UF41 0.82 
UF42 0.82 

MO 0.41 

UF85 0.52 
UF89 0.47 
UL41 0.75 
ULM 0.49 
UM90 0.60 
URIC 1.00 
UU5 1.17 
71719 055 
UU12 0.35 
UY4I 050 
UY42 060 
ÚY85 030 
UIO 1.17 

0112/14 1.17 
U16 1.17 
U17 0.80 
0118/20 1.17 
U19 4.00 
U22 0.85 
U25 0.70 
U26 0.65 
U31 0.50 
U:33 1.75 

035 1.75 2143053 0.42 

U37 2.05 2N3121 3.22 

U45 1.17 263.703 0.25 
U47 070 2N3709 0.26 

U49 n.65 263866 1.29 

U50 (055 2N3998 0.64 

U76 002 25323 0.64 

U78 0.47 AAI19 0.20 

U81 0.80 AAI20 020 
U153 0.40 AA129 020 
U191 0.50 .AAZ13 0.23 
UI92 0.40 AC107 0.20 

U193 0.45 ACII3 0.33 

U251 0.94 ACI 14 0.52 

U281 0.75 AC126 0.16 

73752 0.70 AC127 0.22 

11291 0.50 AC128 0.26 
L301 0.65 AC132 0.26 

0329 0.94 AC154 0.33 

U339 0.50 AC156 0.26 

U381 0.50 AC157 534 
U403 090 AC165 0.33 

01404 0.75 ACI66 0.33 

12801 080 ACI67 0.77 

04020 0.75 ACI68 0.49 

VPI3C 0.60 AC169 0.42 

VP23 0.65 AC176 0.71 
VP41 0.88 AC177 0.36 
VRI05 0.59 ACY17 053 
VT61A 0.76 ACYIB 
V71111 OJO ACYI9 0.25 
VU120 1.17 ACY20 023 
VUI20A 1.17 ACY21 025 
VU133 0.80 ACY22 0.20 
W76 0.50 ACY20 0.23 

WBIM 1.17 AD140 0.47 
W107 0.75 AD149 0.64 
W729 1.17 A13161 0.59 
X03 5.85 ADI62 059 
XFYI2 0$0 AF102 1.16 

XH15 0.56 AF106 0.64 

X41 1.09 AF114 0.33 
X61 1.46 

AFI 
AF115 

17 0.25 
020 

X65 1.46 

X66 146 AF121 0.39 
X76M 0.85 AF124 0.33 
ZSGI5 1.17 AF125 0.22 

Z145 0.88 AF126 0.23 

Z152 0.30 AF139 0.84 

7329 0.75 AFI78 0.88 

Z719 030 AF180 0.62 

7.729 0.50 AF186 0.71 

- Z749 009 AFZ39 0.49 
Z759 5.83 ASY27 0.55 

ASY28 0.42 
ASY29 064 
BA102 059 
BA115 0.18 

Transistors 
and Diodes 
IN1124A 0.68 
1 N4744A 0.18 
1N4952 0.64 
2N491 0.23 
2N966 0.68 
2N1756 0.64 
2N2147 1.10 
2N2297 029 
2N2369A 0.18 
2N2613 050 

BA116 023 
BA129 0.16 
BAI30 0.13 
BA153 0,20 
BCYIO 0.59 
BCYi2 0.64 
BCY33 0.26 
BCY34 0.29 
BCY38 0.29 
BC107 0.16 

BCI08 0.16 
BC109 0.16 
BC113 0.33 
BC 115 0.20 
BCII6 0.33 
BC118 029 
8E154 0.33 
8E158 0.23 

6E159 033 
8E163 026 
8E173 0.49 
8E180 0.39 
BFISI 052 
8E185 0.52 
BFY50 0.29 
BFYSI 025 
13FY52 0.26 

BTX34'400 
2.57 

BYI00 0.23 
BYIOI 0.20 
BYI05 023 
BY114 023 
BY126 0.20 
8YI27 0.23 

BYY23 11.29 

BYZIO 0.33 
BYZII 0.33 
BYZ12 033 
BYZI3 9.33 
BYZ15 2.26 
CGI2F 0.26 
0064H 0.26 
FSYIIA 0.29 
FSY4IA 0.29 
0134 042 
GD5 0.36 
GD6 0.36 
GDB 0.26 
GD9 026 
GDII 0.26 
6012 0.26 
0014 0.64 
GDI5 0.52 
GD16 0.26 
(3011 13 0.26 
GET110 0.26 
GETI 19 0.33 

GET573 0.49 
GE.T587 0.55 

CrFT872 1.23 

GET873 0.20 
GET982 0.64 
0ET987 0.29 
6E1169 029 
GET890 0.29 
6E1996 029 
GET897 029 
GETIBS 0.29 
GEXI3 0.23 
GFX35 029 
0FX36 0.64 
GEX45 0.42 
GEX55 0.97 
GT3 033 
MI 0.20 
MATIOO 0.50 
MATI01 0.55 

MAT120 0.50 
OA9 0.16 
OAIO 0.55 
0A47 0.13 
OA70 0.20 
OA73 0.20 
0A79 0.12. 
OASI 0.12 
OA85 0.12' 
OAA6 0.26 
0A90 0.16 
0A91 0.12 
OA95 0.12 
0A200 0.12 
OA202 0.13 
OA210 0.62 
0A2)I 0.88 
Oc 19 1.62 

(X'22 0.49 
0023 0.49 
(X'24 0.49 
OC25 0.49 
()020 0.77 
0C29 0.81 

OC36 0.55 
(X3S 055 
0041 0.64 
0042 0.81 
(X43 1.52 
O('44 0.13 
0045 0.14 
0046 0.20 
0095 1.45 
0075 0.16 
0071 0.14 
0072 014 
0074 0.29 
0075 014 

0076 0.20 
(1C77 0.35 

OC78 0.20 
OC78D 0.20 
0079 0.52 
(X81 0.14 
OC81D 0.14 
OC82 0.14 
()CUD 0.14 
OCIO 0.26 
0054 0.31 
00123 0.29 
0('140 1.23 

(X;169 0.29 

00172 0.46 
00310 0.59 
0C33 0.59 
00202 0.55 
OC203 0.39 
00204 039 
00205 0.55 
0X'206 1.17 
00812 052 
ORP12 0.69 
5E7237 0.50 
SM 1036 0.64 
ST1276 0.64 
SXI/6 0.23 
0114706 033 
X730 0.33 
Y543 0.211 

Y-101 0.'13 

ALL 
PRICES 

INCLUDE 
Y.A.T. 

NOTHING 
EXTRA 

TO 

PAY 

MATCHED TRANSISTOR SETS 
LP15 (AC 113. AC 154. AC157. AA 120). 68p per pack. 
1 /0081 D and 2/02.81.559. 
1 /0X'44 and 2/0045.55p. 
1 /00620 and 2/0002.62p. Set of 3/0083. 840. 
I watt Zenners. 2.40.. 2.7v.. 3v., 3.6v., 4.3v. . 4.7v.. 5.1v., 
13v.. 15v., 16v.. 18v.. 20v. , 24v.. 30v.. 23p each. 

All goods are unused and subject to the manufacturers' guarantee. Business hours Mon.Fri. 95.30 
p.m. Closed 1.2 p.m. 
Terms of business. Cash or cheque with order. Despatch charges: - Orders below EIO in value, add 

25p for post and packing. Orders over CI0 post and packing free of charge. All orders cleared someday 
Any parcel insured against damage in transit for 5p extra per parcel. Conditions of sale available on 

request. Many others in stock too numerous to list. Please enclose S.A.E. for reply to any enquiries. 
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El-PAK 
TRANSISTORS '74 SERIES T.T L. I.C.s 

SEMICONDUCTORS 
J SUPER UNTESTED PAKS VOLTAGE 

REGULATORS BRAND NEW. FULLY GUARANTEED 
TYPE PRICE BC170 0.10 BEXBS *0.22 2Ñ718A *0.51 
AC107 *A26 BC171 0.10 BFY50 +020 2N728 *029 
AC113 *419 BC172 0.10 BFY5I *0.20 2N727 *029 
ACII5 *626 BC173 0.15 BFY52 *0.20 2N743 *d20 
AC117K *A26 BC174 0.15 BFY53 *0.18 2N744 0.20 
AC122 *Al2 BC175 *0.35 05X19 *0.16 2N914 *0.15 
AC125 *0.18 BC 177 *0.19 BSX20 .0.16 2N918 *0.31 
AC126 *0.18 BC178 *0.19 BSY25 *0.18 2N929 *021 
AC127 *0.19 BC179 *0.19 BSY26 *0.16 2N930 *0.31 
AC128 *0.19 BC180 0.25 BSY27 .0.16 2N1131 *0.20 
AC132 *0.15 BC181 0.25 BSY28 *0.16 2N1132 *0.22 
AC134 *0.15 BCI82 0.15 BSY29 0.18 2NI302 *0.15 
ACI37 *0.15 BC182L 0.15 BSY38 *0.19 2N1303 *0.15 
AC141 rr0.19 8C103 0.15 BSY39 *0.19 2N1304 *0.18 
AC141K *0.30 BC183L 0.15 BSY40 *029 2N1305 *0.18 
AC142 *0.19 BC184 020 BSY4I .0.29 2N1306 *021 
AC142K *0.26 BC184L 0.20 BSY95 *0.13 2N1307 *021 
ACI51 *0.16 BC186 *029 BSY%A 0.13 2E11306 *0.21 
AC154 *0.20 BC187 *0.29 BU105 2.04 2N1309 024 
AC155 0.20 BC307 0.11 CIIIE *0.51 2NI613 *020 
ACI56 *0.20 BC208 0.1i C400 *021 2N1711 *020 
AC157 *0.25 BC209 0.12 C407 *0.28 2N1889 *0.32 
ACI65 .0.20 BC212L 0.13 C424 *0.26 2N1090 .0.46 
AC166 *0.20 BC213L 0.13 C425 *0.51 2N1893 *038 
AC167 .020 BC214L 0.17 C426 *0.36 2N2147 *0.73 
AC168 *0.25 BC225 026 C428 *020 2N2148 *0.58 
AC169 *0.15 13C226 036 C441 *0.31 2N2160 *0.61 
AC176 *0.20 BC301 .0.28 C442 *0.31 2N2192 *0.36 
AC177 *025 0C.302 *0.25 C444 *0.36 2N2193 *036 
AC178 *0.29 0C303 *0.31 C450 *0.22 2N2194 *0.36 
AC179 .0.29 8C304 *037 MATI00 *0.19 2N2217 *0.22 
AC180 *020 BC440 *031 MATIOI *0.20 2N2218 *0.20 
ACIIIOK *030 BC460 *0.37 MATI 20 *0.19 2N2219 *0.20 
AC181 *020 BCY30 *0.65 MAT121 *0.20 2N2220 .0.22 
ACIBIK *0.30 BCY31 *0.65 MJE521 .*0.56 2N2221 *0.20 
ACI87 *022 BCY32 *0.70 MJE2955 0.88 2N2222 020 
ACI87K *0.23 BCY33 *0.60 MJE3055 *0.57 2N2368 *0.18 
AC188 0.22 BCY34 *0.65 MJE3440 051 2N2369 *0.15 
AC188K *0.23 BCY70 0.15 MPFI02 *0.43 2N2369A *0.15 
ACY17 .026 BCY71 *020 MPF104 .038 2N2411 0.25 
ACY18 *024 BCY72 0.15 MPF105 *0.38 2N2412 *0.25 
ACY19 *0.24 BCZ10 *050 (X'19 036 2N2646 0.48 
ACY30 *0.24 BCZ11 *0.50 0C20 *0.65 2N2711 0.21 
ACY2I .0.24 BCZI2 .0.50 0C22 *0.47 2N2712 021 
ACY22 *0.24 BD115 *0.63 0C23 *0A9 2N2714 0.21 
ACYT7 *0.19 BD116 .0.81 0C24 *0.57 2N2904 .0.18 
ACY29 0.19 BD121 *0.61 0025 *0.39 2N2904A *021 
ACY29 *0.36 BDI23 *0.67 0C26 .0.30 2N2905 *021 
ACY30 *029 BD124 0.70 0028 .051 2N2905A *021 
ACY31 *029 BD131 0.51 0C29 0.51 2N2906 *0.16 
ACY34 *0.21 80132 0.81 0C35 *0.43 2N2906A *0.19 
ACY35 *0.21 130133 *0.67 0X'36 .0.51 2N2907 *020 
ACY36 029 BDI36 0.41 0041 .0.20 2N2907A *0.22 
ACY40 *0.18 BD137 0.46 0C42 025 2N2923 0.15 
ACY41 *0.19 BD138 031 0C44 *0.16 2N2924 0.15 
ACY44 *0.36 BD139 056 0045 .0.13 2N2925 0.15 
AD130 *039 BDI40 0.61 0070 0.15 2N29266 0.13 
AD140 *0A9 BD155 *081 0071 *0.15 2N2926Y 0.11 
AL/142 *0.49 BD175 *0.61 0072 *0.15 2N29260 0.10 
ADI43 *030 BD176 *0.61 0074 *0.15 2N2926R 0.10 
AD149 *0.51 130177 .0.67 0075 *0.16 2N29266 0.10 
AD161 .0.36 130178 *0.67 0076 *0.16 2N3010 *0.71 
AD162 *0.36 BDI79 *0.71 OC77 *0.26 2N3011 *0.15 
AD161 & 8D180 .0.71 0081 *0.16 2N3053 0.18 
AD162(MP) 13DI85 .0.67 OC81D .0.16 2N3á54 *0.47 

*0.69 BD186 0.67 OCS! 0.18 2N3055 *0.42 
ADT140 *051 BD187 *0.71 OC82D .0.16 2N33I9 0.15 
AF114 *0.25 BD188 *0.71 OCBi .020 2N339IA 0.17 
AF115 *0.25 BD189 *0.77 0C139 020 2N3392 0.15 
AF116 *0.25 BDI% *0.77 0X'140 *0.20 2N3393 0.15 
AF117 *0.25 BD195 .0.87 0C169 026 2N3394 0.15 
AF118 .0.36 00196 *0.87 (7C170 *0.26 2N2295 0.18 
AF124 931 BD197 *092 00171 *0.26 2N3402 0.29 
AF125 *0.31 130198 0.92 0C200 *0.26 2N3403 *0.29 
AF126 0.29 BD199 *0.98 dC201 *0.29 2N3404 *0.29 
AF127 *0.29 130200 *0.98 0C202 *0.29 2N3405 034 
AF139 *0.31 BD205 .0.81 0C203 .0.26 2N3414 0,16 
AF178 *051 BD206 *0.81 0C204 *0.26 2N3415 0.16 
AF179 .0.51 130207 0.98 00205 0.36 2N 3416 029 
AF180 *0.51 13D208 *0.98 OC300 0.41 2N3417 0.29 
AF181 0.51 BDY20 .1.02 ()21'71 *0.44 2N3525 *0.77 
AFI86 051 BF115 .025 ORPI2 *060 2N3614 0.69 
AF239 0.38 136117 *0.46 ORP60 0.60 2N3615 0.76 
ALI02 *068 BF118 *0.71 ORP6I *0.60 2N3616 *0.76 
AL103 *0.68 BF119 *0.71 620 *0.51 2N3646 0.00 
ASY26 *0.26 BFI21 0.46 P346A 0.20 2N3702 0.12 
ASY27 031 BF123 0,51 P397 *0.43 2N3703 0.12 
ASY28 *0.26 0F125 0.46 ST140 *0.13 2N3704 0.13 
ASY29 *0.26 BFI27 0.51 ST141 0.18 2N3705 0.12 
ASY50 *0.26 8F152 0.56 TIP29 0.44 2N3706 0.12 
ASY5I *0.26 BF153 0.46 TIP30 0.52 2N3707 0.13 
ASY52 026 BFI54 0.46 TIP3IA *0.56 2N3708 0.08 
ASY54 *0.26 BF155 *0.71 TIP32A *0.68 2N3709 0.09 
ASY55 *0.26 BFI56 *0.49 TIP41A 0.68 2N3710 0.09 
ASY56 026 BF157 0.56 TIP42A 0.81 2N371í 0.09 
ASY57 *0.26 BF158 0.56 TIS43 *0.31 2N3819 *0.29 
ASYSB 0.26 BF159 0.61 UT46 0.28 2N3820 *0,51 
ASY73 *0.26 BF160 0.41 ZN414 *1.11 2N3821 *0.60 
ASZ21 0.41 BF162 0.41 26301 *0.19 2N3823 *0.29 
BC 107 *008 BF163 0.41 2G302 *0.19 2N3903 0.29 
BC108 *O.OS BF164 0.41 26303 *0.19 2N3904 031 
BC109 .0.08 BF165 0.41 26304 0.25 2N3905 0.29 
BC113 0.10 BF167 *0.22 26306 041 2N3906 0.28 
BCI14 0.16 0F173 .0.22 20308 0.36 2N405í4 0.12 
BCI15 016 BF176 0.30 23)309 0.37 2N4059 0.10 
BC116 0.16 0F177 *0.38 2G339 0.20 2N4060 0.12 
BCI17 0.19 BF178 031 26339A 0.17 2N4061 0.12 
BC118 0.10 BF179 *0.31 2G344 0.19 2N4062 0.12 
BCII9 *0.31 BF180 *0.31 26345 0.17 2N4284 0.18 
BC 120 *0.81 BF181 *0.31 26371 0.17 2N4285 0.18 
BC125 012 BF182 *0.41 2G371B 012 2N4268 018 
BCI26 025 BF183 *0.41 20373 018 2N4287 0.18 
BC132 0.12 e6184 026 26374 0.18 2N4288 0.18 
BCI34 0.19 BF185 0.31 26377 0.31 2E14289 0.18 
BC 135 0.12 0F107 *0.28 26378 0.17 2N4290 0 18 
BCI36 0.16 BF188 041 26381 0.17 2N4291 0.18 
BC137 0.16 0F194 0.12 26382 0.17 2N4292 0.18 
BC139 .0.41 BF195 0.12 26401 0.31 2N4293 0.18 
BC140 *031 0F196 015 26414 0.31 2N5172 0.12 
BC141 *031 BF197 015 2G417 0.26 2N5194 056, 
BC143 *031 136200 *0.46 2N388 0.36 2N5294 0.56 
BC145 0.46 13E222 *0.98 2N386A 0.56 2N5296 .0.56 
BC147 0.10 BF257 046 2N404 020 2N5457 *0.32 
BC148 0.10 BF258 *0.61 2N404A 0.29 2N5458 .032 
BC 149 0.12 13E259 .0.87 2N524 0.43 2N 5459 *0.41 
BCI50 0.19 8F262 0.56 2N527 0.50 2N6122 .0.69 
BC15I 020 BF263 056 2N598 0.43 25301 *0S1 
BC152 0.18 BF270 *0.36 2N599 0.46 255125 *0.43 
BC 153 0.29 00271 *031 2N696 0.13 25302 *0.43 
BC154 021 13F272 *091 2N697 0.14 25303 *0.56 
BC157 0.19 130273 0.36 2N6318 0.25 25304 *071 
BC158 012 BF274 036 2N699 0.36 25:05 .0,80 
BCI59 0.12 BFWIO *0.61 2N7016 0.11 25306 *0.80 
BCI80 0.46 BFX29 *0.28 2N706A 0.12 25307 *080 
BC161 *0.51 BFX84 *0.22 2N708 0.14 25:(21 *0.75 
BC 167 0.12 BFX85 .031 2N711 0.31 25322 0.43 
BCI68 0.12 BFX86- *022 2N717 0.36 
BC169 012 BFX87 0.25 2N718 *0.25 

BI -PAK STILL LOWEST IN PRICE. FULL SPECIFICATION 
GUARANTEED. ALL FAMOUS MANUFACTURERS 

Type Quantities 
r 

Type Quantities 
I 25 100 + I 25 If10+ 

7400 
7401 
7402 
7403 
7404 
7405 
7406 
7407 
7408 
7409 
7410 
7411 
7412 
7413 
7416 
7417 
7420 
7422 
7423 
7425 
7426 
7427 
7428 
7430 
7432 
7433 
7437 
7438 
7440 
7441 
7442 
7443 
7444 
7445 
7446 
7447 
7448 
7450 
7451 
7453 
7454 
7460 
7470 
7472 
7473 
7474 
7475 
7476 
7480 
7481 
7482 
74197 
74198 
74199 

014 
0.14 
0.14 
0.14 
0.14 
0.14 
036 
0.36 
023 
0.23 
0.14 
0.23 
026 
0.30 
0.28 
028 
0.14 
0.28 
037 
0.37 
0.37 
037 
0.42 
014 
0.37 
0.39 
0.32 
0.32 
0.14 
0.69 
069 
1.11 

1,11 

1.48 
1.11 
1.02 

1.02 
0.14 
0.14 
0.14 
0.14 
0.14 
0.30 
0.30 
0.38 
0.38 
0.56 
041 
0.56 
1.02 
0.83 
1.11 
2.55 
2.31 

0.13 0.12 
0.13 012 
0.13 0.12 
0.13 0.12 
0.13 0.12 
0.13 0.12 
031 0.29 
0.31 0.29 
0.22 0.21 
0.22 0.21 
0.13 012 
0.22 0.21 
025 0.24 
029 0.28 
0.27 
0.27 
0.13 
0.27 
0.36 
036 
0.35 
035 
0.39 
0.13 
0.35 
0.37 
0.30 
0.30 
0.13 
0.66 
0.66 
1.06 
1.06 
1.44 
1.06 
099 
0.99 
013 
0.13 
0.13 
0.13 
0.13 
0.27 
0.27 
0.36 
036 
054 
0.40 
0.54 
0.97 
0.79 
1.06 
2.50 
2.21 

0.26 
0.26 
012 
0.26 
0.35 
0.35 
0.33 
0.33 
0.37 
0.12 
0.33 
0.35 
0.28 
0.20 
012 
0.59 
059 
1.02 
1.02 
139 
1.02 
0.87 
0.97 
0.12 
0.12 
0.12 
0.12 
012 
0.25 
0.25 
032 
0.32 
0.52 
039 
0.51 
093 
0.74 
1.02 
2.45 
2.11 

7486 
7489 
7490 
7491 
7492 
7493 
7494 
7495 
75% 
74100 
74104 
74105 
74107 
74110 
74111 
74118 
74119 
74121 
74122 
74123 
74141 
74145 
74150 
74151 
74153 
74154 
74155 
74156 
74157 
74160 
74161 
74162 
74163 
74164 
74165 
74166 
74174 
74175 
74176 
74177 
74180 
74181 
74182 
74184 
74190 
74191 
74192 
74193 
74194 
74195 
74196 
7483 
7484 
7485 

0.32 0.31 0.30 
3.70 147 3.24 
0.60 0.58 0.56 
1.02 0.97 0.93 
0.69 0.66 0.59 
069 0.66 0.59 
079 0.76 069 
0.79 0.76 0.69 
0.89 0.86 0.80 
139 1.34 1.30 
056 0.54 0.51 
0.56 0.54 0.51 
0.41 039 037 
'0.56 0.51 0.46 
0.83 0.81 0.78 
0.93 088 0.83 
1.39 1.30 1.20 
0.46 0.44 041 
0.65 063 0.60 
0.69 0.68 0.65 
0.79 0.76 0.73 
1.20 1.16 1.11 
1.39 - 130 1.20 

093 
0.83 
1.48 
1.02 
1.02 
0.83 
1.20 
1.20 
1.20 
1.20 
1.55 
1.55 
1.39 
1.39 
0.93 
1.06 
1.06 
1.06 
3.47 
1.06 
135 
1.71 
1.71 
1.71 
1.71 
1.11 
0.93 
1.02 
097 
0.88 
1.39 

1.02 
0.93 
1.57 
1.11 

'1.11 
0.93 
1.30 
1.30 
1.30 
1.30 
1.67 
1.67 
1.48 
1.48 
1.02 

1.16 
1.16 
1.16 
3.66 
1.16 
1.67 
1.81 

1.81 
191 
1.81 
1.20 
1.02 
1.11 
1.11 
0.93 
1.48 

0.97 
0.88 
1.43 
1.06 
1.06 
096 
125 
1.25 
1.25 
125 
1.62 
1.62 
1.44 
1.44 

0.97 
1.11 
1.11 
1.11 
3.56 
1.11 
1.62 
1.76 
1.76 
1.76 
1.76 
1.16 
0.97 
1.06 
1.06 
0.90 
1.44 

Devices may be mixed to qualify for quantity price (TTL 74 series 
only) data is available for the above series of I.C.s in booklet form. 
PRICE. 35p. 

*D,T.L. 930 SÉRIES 
Type 

BP930 
B P932 
136933 
BP935 
BPYi6 
B P944 
131'945 
BP946 

Quantities ype 
1 25 100+ 

014 0.13 0.12 P948 
0.15 0.14 0.13 P951 
0.15 0.14 0.13 P962 
0.15 0.14 0.13 P9093 
0.15 014 0.13 P9094 
015 0.14 0.13 P9097 
028 0.26 0.23 P9099 
0.14 0.13 0.12 

Quantities 
I 25 1001+ 

0.28 0.26 0.23 
0.65 0.60 0.56 
0.14 0.13 0.12 
0.42 0.40 0.38 
0.42 0.40 030 
042 0.40 0.38 
0.21 0.40 0.38 

Devices may be nixed to qualif for quantity price. Larger 
quantity prices on application. (DTL 930 Series only.) 

Pak 
UI 
U2 
U3 
U4 
U5 
U6 
U7 
U8 
U9 
U10 
U11 
Ui3 
U14 
U15 
U16 
U17 
U18 
U19 
U70 
U2I 
023 
U24 
U25 
U26 
U29 
U32 
U33 
U34 
U35 
U36 
U37 
038 
U39 
U40 
U43 
U44 
U45 
LI46 
U47 
U48 
U49 

No. Description Price 
120 Glass Sub.min G.P. Germ. diodes 0.60 
50 Mixed Germanium transistors AF RF ,.. 0.60 
75 Germ. gold bonded sub-min like 0A47 0.60 
30 Germ. transistors like 0081. AC128 *0.60 
60 200mA sub -min silicon diodes 0 60 
30 Sil. trans. NPN like BSY95A, 2N706 ... . 0.60 
16 Sil. rect. 750mA up to 1000 0 60 
50 Sil. diodes DO -7 250mA like 0Á200/202 0.60 
20 Mixed'voltages, 1 Watt Zener Diodes *0.60 
20 BAY50 charge storage diodes DO -7 0 60 
20 PNP Sil. trans. TOS like 2N1132. 2N2904 . .0.60 
30 PNP -NPN Sil. trans 00200 &25104 *0.60 

150 Mixed silicon and Germ. diodes 0 80 
20 NPN Si]. trans TO-5 like 2N696 *0.60 
10 3Amp Sil. rect. stud up to 1000 PIV *0.60 
30 Germ. PNP AF trans. TO-5 like ACY I7 -22 *0.60 

8 6Amp sil. rect. BYZ13 up to 600 PIV *0.00 
20 Silicon NPN trans. like BC108 *0.60 
12 15 Amp sil. rect. top hat up to 1000 PIV .. 0.60 
35 AF Germ. trans. 26300 series & (X71.. *0.60 
25 MADTs like MHz series PNP senes .. *0.60 
20 Germ. 1 Amp rect. GJM up to 300 PIV 060 
25 300MHZ NPN sil. trans. 2N708, 05027 *0.60 
30 Fast switching sil. diodes like IN914 0 60 
IO I Amp SCRs TO -5 up to600PIV .. *1.20 
25 Zener diodes 400mW D0.7 3 -33 volts mixed 0.60 
15 Plastic 1 Amp. sil. rect. 1N4000 series 060 
30 Sil PNP trans. TO.5 BCY26, 25302/4 *0.60 
25 Sil. trans. PNP TO-18 2N2906 .0.60 
20 Sil. NPN trans. TO -5 BFY50451/52 0.60 
30 Sil. trans. SO -2 PNPOC200, WS322 .0.60 
30 Fast switch sil. trans. NPN 400MHz *0.60 
30 RF. Germ. PNP trans. 2N1301 5 TO -5. *0.60 
10 Dual trans. 6 lead TO.5 2N2060 .0.60 
25 Sil, trans. plastic TO.IB BC 113. 114 0 60 
20 Sil. trans. plastic TO -5 BC115 .... 0.60 

7 3A SCR T066 up to 600 PI V *1.20 
20 Unijunction trans similar tu TIS43 *0.60 
10 T0220AB plastic tnacs 50V 6A .. *1.20 

9 NPN sil. power trans. like 2N3055 .1.20 
12 NPN sil. plastic power 60W like 2N5294 . o I.20 

Cade Nos. mentioned above are given as a guide to the 
type of device in the pak. The devices themselves are 
normally unmarked. 

PIV 

10 
20 
.9) 

Si 
loo 
150 
200 
400 
600 
800 

*THYRISTORS 

09A 0.8A IA 3A 54 5A 7A 10A 16A 10A 
SOIS TO92 TO5 1066 T066 1064 TO48 TO48 1048 1048 
013 0.15 
0.15 0.18 
0.19 0.22 
0.22 0.28 0.20 0.25 0.36 0.36 0.48 0.51 
0.25 0.30 0.25 0.25 0.48 0.48 0.51 '0.57 
OM-038 
0.39 0.44 0.25 0.30 0.50 0.50 0.57 0.62 - - 0.30 0.39 0.55 0.57 0.62 0.71 - - 038 0.48 0.69 0.69 0.78 0.99 - - 0.58 0.65 0.81 0.81 0.92 1.22 

0.54 1.18 
0.50 1.43 

0,62 1.63 
0.77 1.79 
0.90 - 
139 407 

UNTESTED TTL PAKS* I 

Pak No. ContentsProe Pak \u. Contents Pelee 

UIC00 = 1257400 0.60 U1('70 = Sx747O 0.60 
UIC01 = 1207401 0.60 01072 = 857472 0.60 
U1CO2 = 1207402 0.60 0107.5 = 857473 0.60 
U1CO3 = 1257403 0.60 UIC74 = 4157474 0.60 
U1C04 = 12x7404 0.60 01075 = 8x7475 0.60 
UICOS = 1257405 0.60 UIC76 = 807476 0.60 
01C06 = 857406 0.60 UI080 = 507480 0.60 
01007 = 807407 0.60 UIC81 = 557481 0.60 
UICIO = 12x7410 0.60 01082 = 507482 0.60 
U1C13 = 8x7413 0.60 UIC83 = 5x7483 0.60 
U1C20 = 1257420 0.60 U1C86 = 557486 0.60 
01030 = 1257430 0.60 U1C90 = 557490 0.60 
01040 = 1257440 0.60 U1091 = 507491 0.60 
LIIC41 = 557441 0.60 U1C92 = 507492 0.60 
UIC42 = 557442 0.60 U1C93 = 557493 0.60 
UIC43 = 557743 0.60 1.11094 = 557494 0.60 
UIC44 = 557744 0.60 U1095 = 557495 0.60 
UIC45 = 557745 0.60 U!C% - 5574% 0.60 
UIC46 = 557746 0.60 UIC 100 = 5574100 0.60 
01C47 = 507747 0.60 UIC121 = 5x74121 060 
UIC48 = 557748 0.60 LI1C141 = 5074141 0.60 
UIC50 = 12x7450 0.60 (110151 = 5x74151 0.60 
UIC51 = 12x7451 0.60 0 1C15 = 5x74154 0.60 
UIC53 = 1257453 0.60 010193 = 5074193 0.60 
01054 = 1207454 0.60 01C'198 

= 074199 0.60 
UIC60 = 1257460 0.60 UIC XI .is.v>rted74s 1.50 

V.A.T. 
All prices EXCLUDE V.A.T. 

Please add 8% to all prices 
marked 

Remainder add 25% 

Type 

LINEAR I.C.s 
Quantities Type Quantities 

25 101+ I 25 100+ 
72702 0.46 0.44 0.42 TAA350A 1.71 1.67 1.57 
72709 0.23 021 0.19 uA703C 0.26 0.24 0.22 
72709P 0.19 0.18 0.17 uA709C 0.19 O.IS 0.17 
72710 0.32 0.31 0.28 uA711C 0.32 0.31 028 
72741 018 0.27 0.26 uA712C 0.32 0.31 0.28 
72741C 0.26 0.25 0.24 uA723C 0.45 0.43 0.40 
72741 P 028 0.27 0.26 76003 1.39 134 1.30 
72747 0.78 0.74 0.61 76023 1.39 1.34 1.30 
72748P 0.35 0.33 0.31 76660 0.85- 0.86 0.83 
51.20 IC 0.46 0.42 0.37 LM380 0.93 0.90 0.88 
SL701C 0.46 0.42 0.37 *Ní555 0.45 0.43 0.40 
SL702C 0.46 042 037 *NE556 0.98 0.86 093 
TAA263 0.74 0.65 0.56 TBA801 1.39 1.34 1.30 
TAA293 093 0.88 0.83 ZN414 1.11 - - 

* SILICON RECTIFIERS 

PIV (007) rlniil Plastic (S016)(S010) (3410) (T014ri) 

50 0.05 0.06 IN4001 0.05 0.07 0.14 .0.19 .0.56 
liq 0.05 0.07 1N40(12 0.06 0.09 0.16 *0.21 *0.69 
200 0.06 0.09 IN4003 0.07 0.12 0.20 *0.23 0.93 
400 0.07 0.14 1N4004 0.08 0.14 0.28 *0.35 *0.25 
600 0.08 016 1444005 0.09 0.16 0.33 042 1.76 
800 0.11 0.18 1814006 0.10 0.18 0.35 .0.51 *1.94 

1000 0.13 0.28 IN4007 0.11 0.23 0.44 *0.60 .2.31 
1200 - 0.32 IN4007 028 0.54 .0.69 2.88 

I 
*TRIALS 

Case 
2 Amp 
8 Amp 

IO Amp 

IOOV 
TO5 
TO66 
TINS 

2á1V 4í10V 
031 051 0.71 
0.51 0.61 0.77 
077 0.92 1.12 

I DIACSj 

bR 100 *0.23 
11:12 *0.23 
(These iwo diacs ate 
recommended for use 
with macs.) 

AVDEL BOND 
SOLVE THOSE 

STICKY PROBLEMS! 
with 

CYANOACRYLATE C2 
ADHESIVE 

The wonder bond which works in seconds - 
bonds plastic rubber, transistors. components 
permanently in inirrlialel1I 

OUR PRICE ONLY 70p* 
for 2gm phial 

TO-3 Plastic Encapsulation 
uA.7805/L129 

5V (equiv. to MVR5V) 
uA.7812/L133 

12V (Equiv. to MVR12V) 
uA.7815/L131 

I5V (Equiv. to MVRISV) 
uA 7818 

ISV (Equiv to MVRIBV) 

1.25 

125 

1.25 

125 

SOCKETS 

1 25 100. 
T5724 24 pin Iÿ pe 069 0.64 0.62 
BPS88pintype(Inwcos00.14 012 0.10 
BP514 14 pin type (low cost) 

0.15 0.13 0.11 
BPSI6 16 pin type (low cost) 

0.16 0.14 0.12 

I * DIODES I 

AA119 0.08 0YZI6 0.41 
AA120 008 BTZ17 0.36 
AAI29 0.08 BYZ18 0.36 
55030 0.09 BYZ19 0.28 
AAZ13 0.10 C(462 
135I00 0.10 (OA91 Eq) 0.06 
BA116 0.21 066.51 
BA126 0.22 (0A70-0A79) 0.07 
BA148 0.15 OAS Short 
BAI54 0.12 (-eqds 0.21 
BA155 0.15 GAIO 0.14 
135165 0.14 0A47 007 
BA173 0IS OA70 0.07 
B0104 015 OA79 007 
BYI00 0.16 OA81 0.07 
130101 0.12 0A85 0.09 
BY'I05 0.18 OA% 007 
50114 0.12 0591 007 
BY'l24 0.12 OA95 0.07 
BY I26 0.15 0A200 007 
BYI27 016 OÁ202 0.07 
135128 0.16 SDIO 0.06 
00130 0.17 SD19 0.06 
05,133 0.21 1N34 0.07 
PY'164 051 IN34A 007 
BYX38:30 0.43 IN914 0.06 
BYZIO 0.36 IN916 0.06 
0Y711 021 1N4140 0.06 
13YZ12 0.31 15021 0.10 
BYZ.13 0.26 I5951 0.07 

* SIL G.P. DIODES 
300 mW 40 PIV (min) SUB -MIN 

FULLY TESTED 
Ideal for Organ builders 

30 for 50p, 100 for £I.50, 500 for 5 
1,000 for 19 

G.P. SWITCHING 
TRANS* 

TOI8 SIM. TO 2N706/8 
BSY27/28/95A. All usable 
devices. No open and shorts. 
ALSO AVAILABLE IN PNP 
similar to 2N2906, BC Y70. 
20 for 50p, 50 for El, 100 for £ 1.80, 
500 for E8, £1,000 for £14. 
When ordering please stale NPN 

or PNP 

GP 300 

115 WATT SILICON TO3 
METAL CASE 

Jett() 100V, Vceo 60V, IC I5A, 
Hfe 20 -100 suitable replacement 
for 2N3055, BDYI I or BDY20. 

1 -24 25 -99 100 + 
50p 48p 443p 

Postage and packing 
add 25p. Overseas add 
extra for airmail. Mini- 

mum order £1 

PO BOX 6, WARE, HERTS 
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KHigh quality modules for stereo, mono and 
other audio equipment. 

.. .. ...is 
4; ..?üi:,Y,.. .. .. . 

...... 

OUR PRICE ONLY . 

£19.95 

PUSH -BUTTON 

STEREO 

FM TUNER 
Fitted with Phase 

The 450 Tuner provides instant program selection at the touch 
of a button ensuring accurate tuning of 4 pre -selected stations, 
any of which may be altered as often as you choose, by simply 
changing the settings of the pre -set controls. 
Used with your existing audio equipment or with the BI -KITS 
STEREO 30 or the MK60 Kit etc. Alternatively the PS12 cant 
be used if no suitable supply is available, together with the 
Transformer T461. 
The S450 is supplied fully built, tested and aligned. The unit is 

easily installed using the simple instructions supplied. 

Lock -loop Decoder 
* FET Input Stage 
* VARI -CAP diode tuning 
* Switched AFC 
* Multi turn pre -sets 
* LED Stereo Indicator 

Typical Specification: 
Sensitivity 3µ volts 
Stereo separation 30db 
Supply required 20 -30v at 
90 Ma max. 

STEREO PRE -AMPLIFIER 

A top quality stereo pre -amplifier 
and tone control unit. The six 
push- button selector switch pro- 
vides a choice of inputs together 
with two really effective filters for 
high and low frequencies, plus tape 
output. 
MK. 60 AUDIO KIT: Comprising 
2 x AL60 "s. 1 x SPM80. 1 x 

BTM80. 1 x PA100. 1 front panel 
and knobs. 1 Kit of parts to include 
on switch, neon indicator, 
stereo headphone sockets plus 
instruction booklet. COMPLETE 
PRICE £27.55. plus 62p 

TEAK 60 AUDIO KIT: postage. 
Comprising Teak veneered cabinet 
size 161/4"x111/2"x33/4", other 
parts include aluminium chassis, 
heatsink and front panel 
bracket plus back panel 
and appropriate sockets 
etc. KIT PRICE £9.20 
plus 62p 
postage. 

Frequency Response + 1dB 20Hz 
20KHz. Sensitivity of inputs 
1 Tape Input 100mV into 100K ohms 
2 Radio Tuner 100mV into 

100K ohms 
3. Magnetic P.0 3mV into 

50K ohms 
P U. Input equalises to R1AA curve with 
1dB from 20Hz to 20KHz. 
Supply - 20 -35V at 20mA. 

Dimensions 
299mm x 89mm x 

35mm. 

PA100 
OUR PRICE 

£13.50 / 

MPA 
30 

131 

Enjoy the quality of a magnetic cartridge with 
your existing ceramic equipment using the new 
M.P.A. 30, a high quality pre -amplifier enabling 
magnetic cartridges to be used where facilities 
exist for the use of ceramic cartridges only. 
It is provided with a standard DIN 
input socket for éase of connection. 
Full instructions supplied. 

VAT 
ADD 
45% 

AUDIO I 20 -30 
AMPLIFIER MODULES 

The AL10. AL20 and AL30 units 
are similar in their appearance and 
in their general specification. 
However, careful selection of the 
plastic power devices has resulted 
in a range of output powers from 3 

to 10 watts R.M.S. 
The versatility of their design 
makes them ideal for use in record 
players, tape recorders, stereo 
amplifiers and cassette and car- 

SPECIFICATION: fridge tape players in the home. 

Harmonic Distortion Po =3 watts f =9 KHz 02.5% 
Load Impedance 8 -16ohm Size: 75mm x 63mm x 25mm 

Frequency response ±3dB Po =2 w atts 50Hz -25Hz 
Sensitivity for Rated 0/P - Vs= 25v. RL =8ohm f =1KHz 75mV.RMS 

AL10 AL20 AL3f 
3w R.M.S. £2.30 5w R.M.S. £2.65 l Ow R.M.S. £2 e 95 

AL6O 25 Watts,(RMS) 
* Max Heat Sink temp 90C. * Frequency response 
20Hz to 100KHz * Distortion better than 0.1 at 1 KHz * 
Supply voltage 15 -50v * Thermal Feedback * Latest 
Design Improvements * Load - 3,4,8, or 16 ohms * 
Signal to noise ratio 80db * Overall size 63mm. 105mm. 
13mm. 
tspectally designed to a sit iet specification Only the 
finest components have been used and the latest 
solid -state circuitry incorporated in this powerful lathe 
amplifier which should satisfy the most critical A F 

enthusiast 3.95 

265 

POSTAGE & 
PACKING 
Postage & Packing add 
25p unless otherwise 
shown. Add extra for 
airmail. Min- £1.00 

AU 

STEREO 30 
COMPLETE AUDIO 
CHASSIS 
7 +7 WATTS 
R.M.S. 

P&P45p 

£15.75.. 
The Stereo 30 comprises a complete stereo 
pre -amplifier, power amplifiers and power supply. This, 
with only the addition of a transformer or overwind will 
produce a high quality audio unit suitable for use with a 

wide range of inputs i.e. high quality ceramic pick -up, 
stereo tuner. stereo tape deck etc. Simple to install, 
capable of producing really first class results, this unit is 

supplied with full instructions, black front panel knobs, 
main switch, fuse and fuse holder and universal 
mounting brackets enabling it to be installed in a record 
plinth, cabinets of your own construction or the cabinet 
available. Ideal for the beginner or the advanced 
constructor who requires Hi -Fi performance with a 

minimum of installation difficulty (can be installed in 30 
mins). 

TRANSFORMER £2.45 plus 62p p &p 
TEAK CASE £3.65 plus 62p p & p. 

NEW PA12 Stereo 
Pre- Amplifier com- 
pletely redesigned 
for use with AL10/ 
20/30 Amplifier 

Modules. Features include on off volume 
Balance, Basa and Treble controls. Complete 

Frequency Response 20Hz -2OKHz with tape output. 
f -3dB). Bass and Treble range 
12dB. Input lmpedence 1 meg ohm. 
Input Sensitivity 300mV. Supply 
requirements 24V .5mA. Size 152mm 

ts-w rtttr .. 50 x 84mm x 33mm. 

Stabilised Power Supply Type SPM80 
SPM80 is especially designed to power 2 of the AL60 Amplifiers, 
up to 15 watts (R.M.S.) per channel simultaneously. With the 
addition of the Mains Transformer BMT80, the unit will provide 
outputs of up to 1.5A at 35V. Size 63mm. 1 05mm. 30mm. 
Incorporating short circuit protection. 
Transformer BMT8O 
£2.60 + 62p postage £3.00 

PS12 
Power supply for AL10/20/30, 
PAl2, SA450 etc 

Input voltage 15-20v A.C. Output voltage 22 -30v D.C. 

Output current 800 mA Max. Size 60mm x 43mm x 26mm. 

Transformer T533 £2.30 OUR PRICE tr I 
s , saga 

guaPA 
P.O. BOX 6, WARE, HERTS. 

www.americanradiohistory.com

www.americanradiohistory.com


132 Wireless World, May 1976 

NEW PRODUCTS 
PROTO BOARDS 
Bode &test orcuns as Ian as you think, - 

P8100 10 IC cap breadboard lit, 4 5 x 60 x 1 3" E17.45 
PB101 10 14 -DIP cap, 5-way post. 940 solderless 

tie points. 5.8 x 4 5" £26.15 
P8102 12 14 -DIP cap, like P5101 with 1.240 be 

points 7 0 x 4 5" E34.90 
P5103 24 14 -DIP cap 4 5-way posts. 2.250 tie 

points. 6.0 x 9 0" E52.35 
PB104 32 14-DIP cap. 3,060 solderless tie points. 

80x976" [69.80 

HIGH -SPEED SN74H51 0.36 0.35 0.33 

TTL SN74H53 ó.3é 0.35 0.33 
1 25 100+ SN74H54 0.36 0.35 0.33 

SN74H00 0.34 0.33 0.30 SN74H60 0.36 0.35 0.33 
SN74H01 0.34 0.33 0.30 SN74H60 0.36 0.35 0.33 
SN74H04 0.38 0.37 0.30 SN74H61 0.36 0.35 0.33 
SN74H05 0.37 0.36 0.33 SN74H62 0.36 0.35 0.33 
SN74H08 0.40 0.39 0.37 SN74H71 0.80 0.75 0.75 
SN74H10 0.36 0.35 0.33 SN74H72 0.74 0.73 0.70 
SN74H11 0.36 0.35 0.33 SN74H73 0.90 0.88 0.85 
SN74H20 0.36 0.35 0.33 SN74H74 0.87 0.85 0.81 
SN74H21 0.36 0.35 0.33 SN74H76 0.90 0.88 0.85 
SN74H22 0.38 0.35 0.33 SN74H101 0.80 0.78 0.75 
SN74H30 0.36 0.35 0.33 SN74H1020.80 0.78 0.75 

SN74H50 0.38 0.35 0.33 SN?4H106 0.95 0.93 0.90 

HIGH -BRIGHTNESS L.E.D.s 
.200" die. .125" d ¡a. 

al 
too+ 100+ 

E[,sf,5.1 - RtG RED 
ED505:31 - yEItON. ?On -. YELLOW 
" 1``(S:iG GREEN =GREEN 

,1 530 r)13Á NGE I:LIP FOR ED5053 , 

STANDARD 
MICROSYSTEMS 

,cap 25 -up 100 -up 
£6.60 , 5 3U £4.62 

C0M2502P £4.65 L3 95 £3.50 
COM2017 £7.05 £6.00 £5.00 
COM2017P £4.75 £4.15 £3.75 
COM2502H £12.80 £11.25 £10.30 
COM2017H £12.80 £11.25 £10.30 
COM2601 £16.40 £14.25 £13.15 
COM5016 £6.7u £.15 £5.60 
KR2376 -ST £11.50 £9.20 £8.19 
KR3600 -ST £12.00 £10.20 £9.25 
NMX5010 £6 70 £6.15 £5.55 .. 

LOGIC multMONITOR 
si Simultaneously 

+q state 
states 
CMOS 

.. -i.! LM1 
" 

= 

power 
dynamic 

displays For tray unhandg off 
and dynamic bgic signal tracing Bong IC 
of DTI_ TTL HTL leads up from PC board or 
DIP ICs Pocket s:e s,dace for fast trouble 

E59.95 shooting 
PC14 14 -pin E3.25 
PC16- 16 -pin £3.40 

SOCKETS & BUS STRIPS 
Pn,g , care , , mndily or expand without patch 
cords or solder Snap together to form breadboard 
needed 
PN /Dsacdption Hole -to- Price 
O1593 T.3 62" t 
Socket 6 5" 6 2" 1 18 E2.200 
01598 Bus 6 5" 6.2" 20 [2.20 
OT47S 
Socket 5 3" 5 0" 94 £8.75 

WIRELESS WORLD 

TELETEXT TELETEXT DECODER 
1024 -bit Static Character Generator 

N- Channel RAM 64 x 8 x 5 ROM 
Type 2602 8 Type 2513 UC 

(1000 ns) Type 2513 LC 
16 -pin Moulded DIP 24 -pin Moulded DIP 

£2.75 each £8.65 each 

WAVEFORM GENERATOR KITS 

Here s a highly versatile instrument at 
a fraction of the cost of conventional 

XR -205K um, Kit includes two X13205 IC's 
E12.30 data & applications, PC board (etched 

& drilled, ready for assembly( and 
detailed msvuctmns 

,r "... The Function Generator Kit features sine. mangle -- - -'. and square wave THD 0 5' #, ryp. AM /FM ' ̂ ""-1. capability 
XR-2206KA FUNCTION GENERATOR KIT 

i £11.50 
t 

i 

Includes monolithic function generator IC. PC 

I 
board, and assembly instruction manual. 
%R- 22o6 K6 FUNCTION GENERATOR KIT 

Flaarrtatt, lrtki _M. E16.00 

j components foer PC 

J. Same as X A above and includes 
------ ----- - - - - -C board 

- = 

" 

- 

014,B 
Bus 53" 50" 16 E2.00 

01355 
Socket 41" 38" 70 E7.45 
QT35B Bus 4 1" 3.8" 12 E1.75 
QT185 
Socket 2 4" 2 1" 36 E4.15 
QT125 
Socket 1.8" 7 5 24 .E3.30 
0T85 Socket 1 4" 1 1" 16 
QT7S Socket 13" 

1 0" 14 E2.65 

INTERFACE 
MODULES 
Cy1010 lestr Amp .Bipolar Input £18.98 
CYlO11A Instr Amp. Bipolar Input E31.90 
CY 1020 Instr Amp, FET Input £22.00 
CY1021 InsIr Amp.. FET Input E31.90 
CY1021A Instr Amp Fe! Input E38.50 
CY2137 DAC. 10 Bit. Low Doh £30.80 
CY2218 DAC. 12 Be, 2 Quad Multiplying £96.80 
C12237 DAC. 12 Bn, Low Drift E46.20 
CY2735 Doc 4 Dign BCD. Low Cost £57.75 
CY3035 ACD, 8 &t. Sect Counting Low Cost E57.75 
CY3635 ADC. 3 Doge BCD. Sect. Count Low Cost 077,55 

740 Series TTL 

1 25 100+ SN 7494 0.4$ 0.45 0.40 
SN7400 0.14 0.13 0.12 SN7495 0.90 0.58 050 
SN7401 0.14 0.13 0.12 SN7496 0.70 0.87 060 
557402 0.14 0.13 0.12 SN7497 0.70 0.69 0.68 
SN7403 0.14 0.13 0.12 SN74100 1.36 1.30 1.25 
SN7404 0.15 0.14 0.13 SN74104 0.31 0.29 0.26 
SN7405 0.15 0.14 0.13 SN74105 0.31 0.29 0.26 
SN7406 0.30 0.29 0.28 SN74107 0.31 0.29 0.26 
SN7407 0.30 0.29 0.28 SN74109 1.00 0.97 0,96 
557408 0.15 0.13 0.12 SN74110 0.55 0.50 0.45 
557409 0.15 0.13 0.12 SN741 11 0.81 0.80 0.76 
557410 0.14 0.13 0.12 5574114 1.00 0.97 0.95 
557411 0.23 0.22 0.21 SN74115 1.00 0.97 0.95 
SN7412 0.19 0.18 0.17 SN74118 1.00 0.95 0.90 
557413 0.30 0.29 0.28 SN74121 0.31 0.29 0.25 
S57414 .0.71 0.70 0.89 5574122 0.44 0.41 0.37 
557415 0.30 0.29 0.27 SN74123 0.62 0.58 0.50 
557416 0.28 0.27 0.28 5574125 0.70 0.66 0.60 
SN7417 0.28 0.27 0.26 SN74126 0.75 0.70 0.85 
SN7420 0.14 0.13 0.12 5574128 1,40 1.35 1.30 
SN7421 0.95 0.94 0.93 SN74132 2.10 2.05 2.00 
SN7422 0.25 0.24 0.23 5574136 0.95 0.90 0.85 
SN7423 0.26 0.25 0.22 5574140 2.50 2.45 2.40 
SN7425 0.26 0.25 0.22 SN74141 0.75 0,70 0.62 
SN7426 0.26 0.25 0.22 5574145 1.15 1.10 1.05 
SN7427 0.26 0.25 0.22 5N74147 2.95 2.90 2.85 
557428 0.39 0.38 0.37 5574148 2.30 2.25 2.20 
SN7430 0.14 0.13 0.12 557415G 1.35 1.30 1.25 
SN7432 0.25 0.24 0.22 5574151 0.88 0.62 0.55 
557433 0.36 0.35 0.34 SN74152 1.55 1.50 1.45 
55/437 0.27 0.28 0.22 SN 74153 0.68 0.62 0.55 
557438 0.27 0.28 0.22 SN74154 1.55 1.50 1.45 
SN7439 1.10 1.08 1.06 5574155 0.68 0.62 0.55 
SN 7440 0.14 0.13 0.12 S574156 0.66 0.62 0.55 
557441 0.70 0.69 0.68 SN74157 0.90 0.85 0.80 
SN7422 0.63 0.60 0.53 5N74158 1.50 1.45 1.40 
SN7443 1.00 0.99 0.90 SN74160 0.95 0.90 0.80 

SN7445 
1.08 1.07 1.05 5574161 0.95 0.90 0.80 

SN74a5 0.85 0.83 0.70 5574162 0.95 0.90 0.80 
SN7446 1.03 1.00 0.85 51474163 0.95 0.90 0.80 
SN7447 1.03 1.00 0.85 5N74164 1.60 1.55 1.50 
SN7448 0.85 0.83 0.70 SN74165 1.60 1.55 1,50 

SN74511 0.14 0.13 0.12 SN74170 2.4400 

1.30 
2.2ó 

SN7453 0.14 0,13 0.12 SN74173 1.65 1.60 1.55 
SN7454 0.14 0.13 0.12 5N74174 7,15 1,10 1.00 
5N7455 0.40 0.39 0.38 SN74175 0.97 0.90 0.80 
SN7460 0.14 0.13 0.12 5574176 1.10 1.05 1.00 
SN7462 0.45 0.44 0.42 SN74177 1.10 1.05 1.00 
SN7464 0.45 0.44 0.42 SN74180 1.10 1.05 1.00 
SN7465 0.45 0.44 042 5574161 3.50 3.45 3.35 
SN7470 0,30 0.27 0.25 5N74182 1.10 1.05 1.00 
SN7471 0.60 0.59 0.58 5574184 1,60 1.55 1.50 
SN7472 0.30 0.27 0.21 SN74185 2.30 2.25 2.20 
SN 7473 0.30 0.27 0.26 SN74188 4.90 4.85 4.80 
SN7474 0.31 0.29 0.26 SN74190 1.75 1.70 1.65 
SN7475 0.40 0.39 0.38 5574191 1.70 1.66 1.60 
SN7476 0.31 0.29 0.26 5574192 1.25 1.05 1.00 
SN7478 0.65 0.63 0.61 SN74193 1.25 1.05 1.00 
SN7480 0.43 0.41 0.36 SN74194 1.10 1.05 1.00 
SN7481 1.00 0.95 0.90 SN74195 0.90 0.85 0.80 
SN7482 0.75 0.70 0.62 SN74196 1.05 1.00 0.95 
SN7483 0.81 0.80 0.68 5574197 1.05 1.00 0.95 
557484 0.90 0.86 0.85 SN74198 2.05 2.00 1.70 
SN7485 1.25 1.15 1.00 SN74199 205 2.00 1.70 
SN7486 0.31 0.28 0.25 5N74200 6.00 5.95 5.80 
SN7489 3.50 3.20 3.00 5574221 1.80 1.75 1.70 
SN7490 0.45 0.42 0,35 SN74251 1.80 1.75 1.70 
5N7491 1.00 0.95 0.90 SN74278 3.00 2.90 2.80 
sN7492 0.45 0.42 0.35 5574279 1.20 1.15 1.10 
SN7493 0.45 0.42 0.35 SN74293 1.00 0.95 0.90 

SN74298 2.60 2.55 2,50 

C -MOS Types 

1 25 100+ 4030ÁE 046 0 -37 0.31 
4000ÁE 0.17 0.14 0.12 4033ÁE 1.14 042 0.76 
40014E 0.17 0.14 0.12 4035ÁE 0.97 0.78 0.64 
40024E 0.17 0.14 0.12 4040AE 0.88 0.71 0.58 
4004AE 1.93 1.55 1.29 4041AE 0.69 0.56 0.46 
4006AE0.97 0.78 0.64 4042AE 0.69 0.56 0.46 
4007ÁE 0.17 0.14 0.12 4043ÁE 0.83 0.67 0.55 
4008AE 0.79 0.64 0.53 4044AE 0.77 0.62 0.51 
4009ÁE 0,48 0.37 0.31 4047ÁE 0.74 0.60 0.50 
4010ÁE 0.46 0.37 0.31 4048ÁE 0,46 0.37 0.31 
4011 AE 0.17 0.14 0.12 4049AE 0.46 0.37 0.31 
4012ÁE 0,17 0.14 0 -12 4050ÁE 0.46 0.37 0.37 
4013AE 0.46 0.37 0.31 4051AE 0.77 0.62 0.51 
4014ÁE 0.83 0,67 0.55 4052ÁE 0.77 0.62 0.51 
4015AE 0.83 0,67 0.55 4053AE 0.77 0.62 0.51 
4016AE 0.46 0.37 0.31 4055AE 1.08 0.87 0.72 
401 7AE 0.83 0.67 0.55 4056AE 1.08 0.87 0.72 
4018AE 0.83 0.67 0.55 4060AE 0.92 0.74 0.61 
4019AE 0,46 0.37 0.31 4066AE 0.58 0.47 0.39 
4020ÁE 0.92 0.74 0.61 40O69ÁE 0.18 0 -15 0.12 
4021AE 0,83 0.67 0.55 4071AE 0.18 0.15 0.12 
4022ÁE 0.78 0.64 0.53 4076ÁE 1.27 1.02 0.85 
4023ÁE 0.17 0.14 0.12 4081 AE 0.18 0.15 0.12 
4024AE 0,64 0.52 043 4510AE 1.27 1.02 0.85 
4025AE 0.17 0.14 0.12 4516AE 1.27 1.02 0.85 
4026AE 1,42 1.14 0.94 4518AE 1.82 1.46 1,21 
4027ÁE 0.46 0.37 0.31 4520ÁE 1,82 1.46 1.21 
40284E 0.74 0.59 0.49 4901 AE 0.35 0.32 0.30 
4029AE 0.94 0.76 0.63 4911AE 0.35 0.32 0.30 

PICO -PAC vats ;n. 
THE SMALLEST 5 140 

.- .. REGULATED a 115 -i - AC/ DC POWER 10 too j SUPPLY EVER! 72 
90 

Orly 1 70" x 1 00" x 19 
- ',1rs99i.laasss 0.85 ". output preset 20 35 +5%. 9 models 22 25 

E15.00 each 24 15 

PREMIUM QUALITY 
COMPONENTS 

We've been buying and selling 
top quality components for 
nearly ten years. We handle only FIRST 
original parts, from the world's QUALITY 
leading manufacturers and our 
customers include some of the ONLY 
largest and most 
quality-conscious companies. 
Now you can take advantage Y tage Of 
our rx5t/ponent buying skills and 
power and select from a broad 
range of advanced circuits. 

ADTECH REGULATED POWER 
SUPPLIES Output 

SANKEN HYBRID AUDIO 
POWER AMPLIFIERS 

SI -1010G (10W output) £4.80 
C SI -1020G (20W output) £8.65 

SI-1030G 30W output) £1 2.85 ( p ) 

SI -1050G (50W output) £17.90 
A Price ea Approx 

3" x 2" x' i' 
* Multi- purpose linear amplifiers for commercial and industrial applications. 
* Less than 0.5 °. harmonic distortion at lull power level. 
* I /2dB response from 20 to 100.000H7. 
* Built-in current limiting Nor SI-1030G 8 SI- 105061 and efficient heat radiating 

construction. 

* Single or split 'dust power supply. 

* Rugged. compact and light weight packages. 

SRNKEII Series SI- 10156 amplifiers are self-contained power hybrid amplifiers 
designed for Hi {I. stereo, musical instruments, public address s stems and other 9 R y 
audio applications. The amplifiers have quasi-complementary class B output. The 
circuit employs flip -chip transistors with high reliabilily and passivaled chip 
power transistors with excellent secondary breakdown strength. Built -in current 
limiting is provided for SI -1030G and SI- 1050G. The device can be operated from a 

single or split power supply. 

Vdc Ames Prices 
RED BARON SERIES: 5 to 28V/0.8 to 3.0 Amps. 

qp$5 -3 5 3 

APS12 -1.6 12 1 6 
APS15 -1.5 15 1.5 : -'2 
ÁP$24 -1 24 1 0 i 
APS260 8 28 0 8 

GREEN HORNET SERIES: 5 to 28V/2 to 6 Am Ps- 
PS5 -6 5 6 
APS12 -4 12 4 
APS15-3 3 t.35 
APS24 -2 2 24 4 2 2 
APS28.2 28 2 

IF. LACK BEAUTY SERIES: 5 to 28V /4 to 10 Amps. 
APS5 -10 5 10 
APS12.7 12 7 

APS15 -6' 15 6 £54 
APS24 -5 24 5 
APS28.4 28 4 

BLUE MAX SERIES: S to 28V/9 to 25 Amps. 
APSS.2`' 5 25 
APS6-22 6 22 
APS1 2 1 7 12 17 
APS15 15 15 15 £107 

APS24 1 1 

20 11 
24 10 

Áp$20 11 

APS28 -9 29 9 

' L' , 'LS' and 'S' Series 
TTL also available. 

All goods new, to full manufacturer's spec. No substandard, parts Sold. TERMS: Non -Account Customers, Cash with Order, Standard P &P Visitors welcome, by appointment. Colleges, Govt. and Account orders 50p. Please add VAT to overall total. welcorned. 

z «R2STRa ELECTRONICS LTD. 
.A<r_< 275 -281 King Street Hammersmith ' London W6 9NF Tel. 01-748 Telex24443 

'\' -(19(1 FOR I RTHER DI 1 AILS 
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VALVES 
A1065 1.25 EF36 0.66 GZ34 0.10 
A58 0.60 EF37A 1.10 6237 1.00 
ARP3 0.60 EF40 0.70 KT66 2.90 
ATP4 0.50 EF41 0.75 KT88 3.85 
812H 3.00 EF80 0.35 MH4 1.00 
DAF96 0.60 EF83 1.25 ML6 0.75 
DF96 0.60 EF85 0.40 0A2 0.45 
DK96 0.75 EF86 0.40 0B2 0.45 
DL92 0.50 EF89 0.35 PABC80 0.40 
DL96 0.70 EF91 0.60 PC86 0.65 
DY86/87 0.45 EF92 0.50 PC88 0.66 
0Y802 0.45 EF95 0.45 PC97 0.55 
E88CC/011.30 EF183 0.40 PC900 0.55 
E180CC 1.00 EF184 0.40 PCC84 0.46 
E182CC 3.00 EFL200 0.75 PCC89 0.60 
EA50 0.40 EL34 0.70 PCC189 0 65 
EABC80 0.40 EL35 0.70 PCF80 0.40 
EAF42 0.70 EL37 2.20 PCF82 0.40 
EB91 0.30 EL41 0.80 PCF84 0.66 
E8C33 1.00 EL81 0.60 PCF86 0.66 
EBC41 0.75 EL84 0.35 PCF200 0.90 
EBF80 0.40 EL85 0.60 PCF201 0.90 
E8F83 0.45 E186 0.50 PCF801 0.55 
E8F89 0.40 EL90 0.50 PCF802 0.55 
EC52 0.40 EL91 1.00 PCF806 0.90 
ECC81 0.45 EL95 0.70 P01200 0.50 
ECC82 0.35 EL504 0.80 PCL81 0.60 
ECC83 0.35 EL821 1.80 PCL82 0.40 
ECC84 0.35 EM31 0.70 PCL83 0.70 
ECC85 0.45 EM80 0.55 PCL84 0.60 
ECC86 1.25 EM81 0.60 PCL86 0.50 
ECC88 0.55 EM84 0.40 PCL805/85 
ECC189 0.80 EM87 1.00 0.90 
ECF80 0.45 EV51 0.45 6F1200 0.70 
ECF82 0.45 EY81 0.45 PL36 0.50 
ECF801 0.75 EY86/87 0.45 PL81 0.55 
ECF804 2.50 EY88 0.50 PL82 0.50 
ECH42 0.85 EZ40 0.70 111.83 0.50 
ECH81 0.40 E241 0.75 PL84 0.50 
ECH84 0.60 E280 0.30 P1504 0.86 
ECL80 0.60 E281 0.35 PL508 0.95 
ECL82 0.40 GT1C 5.00 P1509 1.35 
ECL83 0.75 GY501 0.80 PL802 1.85 
ECL86 0.60 G232 0.16 PY33 0.60 

A lot of these v Ives are imported nd prit s vary 
for each delivery. so we resero the right to 
change prices for new stock when nevordable. 

PLUMBICON TUBES TYPE XO 1071 Mullord £150.00 
PV80 0.60 U25 1.00 0CL83 0.70 Z9007 1.50 5R4GY 1.00 6AQ5 0.56 
PY/81 /800 U26 0.80 UF41 0.70 A3 0.55 5U4G 0.55 6AQ5W 0.70 

0.50 U27 1.00 0F80 0.40 L4 0.30 5V4G 0.65 EASE 0.80 
PV82 0.45 U191 0.75 UF85 0.50 R5 0.50 5Y3GT 0.80 6AS7G 1.00 
PY83 0.50 1J801 0.80 UF89 0.50 54 0.35 5Z3 1.20 6AT6 0.60 
PY88 0.50 UABC80 0.46 UL41 0.70 S5 0.36 524G 0.50 6AU6 0.40 
PY500 1.10 UAF42 0.70 UL84 0.50 T4 0.35 524GT 0.65 6AV6 0.50 
PY801 0.66 UBC41 0.60 UV41 0.50 X2B 0.75 6AB7 0.60 6AX4GT 0.75 
00V03-101.60 U8F80 0.50 UY85 0.50 2021 0.50 6AC7 0.50 6AX5GT 1.00 
001/06-40A UBF89 0.50 VR105/30 2K25 9.00 6AH6 0.70 687 0.70 

8.00 UBLI 1.00 0.46 3A4 0.60 6AK5 0.45 6BA6 0.40 
QV03-12 1.50 118121 0.75 VR150/30 306 0.40 6AK8 0.40 68E6 0.40 
SCl/400 3.50 UCC85 0.50 0.45 3S4 0.50 6AL5 0.30 6BG6G 1.00 
SCl/600 5.50 UCF80 0.80 X61M 1.50 3V4 0.95 6AL5W 0.60 66.16 0.75 
SP61 0.80 UCH42 0.80 X66 0.75 58/254M 5.00 6AM5 1.00 61307A 0.60. 
1121 5.00 UCH81 0.50 28000 3.00 513/ 255M 5.00 6AM6 0.50 6BR7 1.30 

UCL82 0.45 2801U 3.00 59/258M 5.50 6AN8 0.70 6BW6 1.10 

VIDECON TUBE TYPE P 863 B English Electric £20.00 

TRANSISTORS 
AAZ 12-BAV 10 
AC113 
AC126 
AC127 
AC128 
AC176 
ACY17 
ACY18 
ACY19 
ACY20 
ACV39 
ACY40 
AD149 
AD161 
AD162 
ADZ11 
ADZ12 
AF114 
AF115 
AF116 
AF117 
AF118 
AF124 
AF125 
AF126 
AF127 
AF139 
AF178 

AF186 
AF239 
AFZ12 
ASY26 
ASY27 
ASY28 
BC107 
80108 
BC109 
BC113 
80116 
BC118 
BC136 
BC137 
BC148A 
BC172 
BC172A 
BC212A 
BCY31 
BCV33 

BCY72 
5E115 
BF167 
8E173 
8E185 
8E051 
8E052 
BSY27 
BSY38 
BSY95A 
80100 
80216 
CR51/20 
CR51/30 
CRS3/10 
CRS3/20 
CRS3/30 
CRS3/40 
CRS25/025 
GET115 

VAT Please add 25% for valves, etc. 
Please wide or phone for current price of any of the transistors 

GET116 
GEX66 
NKT222 
NKT304 
NKT404 
0A5 
0A47 
0P70 
0A71 
0A73 
0A79 
OA91 
0A200 
0A202 
0AZ200 
0022 
0025 
0C26 
0028 
0029 

VALVES AND TRANSISTORS 
Telephone enquiries for valves, transistors, etc 
retail 749 3934 trade and export 743 0899. 

0035 
0C36 
0042 
0C44 
0045 
0070 
0073 
0075 
OC78 
00785 
0081 
0082 
0C82DM 
0083 
OC83B 
00139 
00140 
00170 
00172 
0C200 

00204 
0C206 
ZR11 
ZR21 
ZR22 
2N456A 
2N525 
2N696 
2N708 
2N918 
2N1305 
2N1307 
2N1309 
2N2062 
2N2411 
2N2989 
2N3053 
2N3054 
2N3055 
2N3391 

OTHERS IN STOCK Inc 
integrated wants, CRT & 
special valves. Min. Mail 
Order El UK POSTAGE 
El -C2 20p 02.03 30p 
cl. f3 40p. Over £5 free. 
Casual callers welcome. 

2N3638A 
253730 
2N3819 
2N4038 
254058 
294061 
254172 
2N5295 
35126 
3N128 
35154 
3N159 
5X754 
15303 
T12082 
40235 
40250 
40251 
N23A 
N25 
N38A 
N43 
N70 
N677 
N4148 
N4785 

6BW7 
604 
6C6 
6CB6 
6CH6 
6CL6 
6D6 
6EA8 
6F7 
6FBG 
6F12 
6F17 
6F33 
6146 
6J4WA 
6J5 
6J5GT 
656 
6J7 
657G 
6K6GT 
6K7 
6K7G 
6K8GT 
6L6M 
617G 
6SA7 
6SC7 
6SG7 
6557 
65J7GT 
6SK7 
65L7GT 
6SN7GT 
6507 
6V6GT 
6X4 
6X5G 
6X5GT 
6Y6G 
6Z4 
6 -3012 
787 
704 
902 
906 
11E2 
12A6 
12AT6 
12AT7 
12AU7 
12AX7 
128A6 
128E6 
12BH7 
1208 

1.00 
0.40 
0.50 
0.50 
1.60 
0.75 
0.45 
0.75 
1.10 
0.75 
0.60 
1.00 
3.50 
0.45 
1.25 
0.65 
0.55 
0.35 
0.85 
0.40 
0.80 
0.55 
0.35 
0.55 
1.90 
0.40 
0.55 
0.75 
0.55 
0.50 
0.55 
0.60 
0.55 
0.55 
0.60 
0.60 
0.45 
0.40 
0.55 
0.95 
0.65 
0.90 
0.80 
0.80 
0.60 
0.50 
6.00 
0.60 
0.45 
0.45 
0.35 
0.35 
0.50 
0.55 
0.55 
0.60 

133 

THE VALVE WITH A 
GUARANTEE 

12E1 3.75 
12K5 1.50 
12K7GT 0.55 
12K8GT 0.75 
12Q7GT 0.50 
125A7GT 0.80 
125G7 0.55 
125.17 0.55 
1204 0.40 
1457 1.00 
19AQ5 0.70 
19G3 8.00 
19G6 5.50 
19H5 15.00 
2063 0.60 
2064 1.10 
25L6GT 0.70 
30015 1.00 
30017 1.10 
30E5 1.00 
30FL1 1.10 
30F112 1.10 
30115 1.00 
30117 1.00 
30612 1.00 
30619 1.00 
306E13 1.10 
30PL14 1.10 
3516GT 0.80 
35W4 0.55 
35Z4GT 0.70 
5005 0.65 
50CD6G 1.20 
75 1.00 
75C1 0.75 
76 0.75 
78 0.70 
BO 0.75 
8562 0.75 
803 5.00 
805 18.00 
807 0.75 
813 8.50 
866A 1.60 
931A 8.00 
954 0.50 

955 
956 
957 
1629 
2051 
5933 
6057 
6060 
6064 
6065 
6067 
6080 
6146 
61468 
8020 
9001 
9002 
9003 
9004 
9006 

0.50 
0.50 
0.50 
0.70 
1.00 
3.00 
0.80 
0.70 
0.60 
1.00 
0.80 
2.50 
3.35 
4.00 
5.00 
0.40 
0.55 
070 
0 40 
0.40 

C.R. 
TUBES 

DG7-5 12.00 
DG 7-32 15.00 
DG13-2 18.00 
MW 13-35 

35.00 
VCR 139A 8.00 
3661 7.00 
5FP7 6.00 
88J 9.00 
BBL 9.00 

SPECIAL 
VALVES 

CV2339 45.00 
M503-2J4L 

80.00 
K301 7.00 
KRN2A 6.00 
725A 25.00 
TY4-500 30.00 
2J/19215E1.130 
2J '52A 75.00 

MARCONI 
TF 867 
SIGNAL 

GENERATOR 
Range 15KHZ to 
30MHz Output 
0.4.V to4Vet 13 
or 75 ohms. Itepe. 
dance with termin. 
anon (supplied) 
Built In crystal 
check facility with 
handbook, £138 
including carriage. 

HEWLETT-PACKARD 
AUDIO GENERATOR MODEL 206 -A. Freq 
20c to 20.000v, matching impedance 50. 150 
600 ohms Price E85.00 carriage i4 00 

SPECTRUM ANALYZER TYPE 851/8551. 
Fieg range 10MHz to 10G Hz Price on 
application 

OSCILLOSCOPES 175A with 1750A duel race 
vertically plug-on and 17818 delay time base 
plug -in. 50MHz mini-meter band switch at 50 
My /CM Modes of operation. Single. mixed. 
delaying. Full spec and price on application 

DIVERSITY SWITCH TYPE MA18811. Solid state 
E45.00. 

RACAL RECEIVERS MODELS. RAI 7 in fully 
working and tuned condition Prices on 
application RA98A ADAPTOR E85.00. 

RACAL FREQUENCY COUNTER SA 550. 
Measures free up to 100MHz. also period and 
time 0135.00 corneae E4.00 

524e FREQUENCY COUNTER. Measures 
basically to 10MHz. Display on neon lamp B 

decibels P 0 A 

PHILIPS AUDIO GENERATOR TYPE GM 2308. 
0.16kc /s. Anenuator 00001. 0.0003. 0 001 to 1 

with output asym & sum and matching impedance 5 
250. 600 & 1.000 ohms. Price E75.00 carriage 
t 4 00 

FERRANTI SWEEP GENERATOR LF Mk 2. 0 -2 to 
20 c p s Band sweep 1.5. 10. 15MHz Carrier free 
10- 220MHz E55.00 carriage E5 00 

BOONTON 
AM /FM SIGNAL GENERATOR. 
TYPE 202E & 202H 54- 216MHz 
in 2 ranges £275.00. 
SIGNAL GENERATOR TS. 
497 /URS 2 -5Mz 13MHz. 
30MHz, 78MHz, 180MHz. 
400MHz, 0.1v -1 uy £150 carriage 
t3,00. 

Open Monday to Friday 
9- 12.30. 1.30 -5.30 p.m. 

GRUEL 8. KJOER RANDOM NOISE GENERATOR 
TYPE 1402. Freq rasp 20- 20.000 ci s. time constant 
0.5. 1.5. 5. 15 sec. Matching imped 6. 60. 600, 
6,000 ohms and attenuate,' 0.04. 0.12. 0 4. 1 2, 4. 
4,000 output level I to 10. Price £55.00 carriage 
L3 00 

TRIGGERED VACUUM SPARK GAP TYPE ZR 
7612. Capable of switching 15.000 joules at 45KV 
£50.00 carriage 12.00 

LOW RESISTANCE HEADPHONES TYPE CLR 
E2.50. 40p postage. VAT 25 %. 

SOLOTRON CD 1220 OSCILLOSCOPE with plug -in 
units up to 40MHz single beam or 20MHz double 
beam E275.00 plus 16 00 carriage 

CINTIL TYPE 1873 SQUARE WAVE S PULSE 
GENERATOR. Freq 5c /s to 250KHZ Pulse 0 5 Jsec 
0.3..3. Output to 50v for 10000 & to 5v for 1000 
00A 

RADIOMETER TYPE M8111 SIGNAL GENERA- 
TOR. High quality Danish production 1066, -110M Hz 
E200 carnage L5 00 

Cr480 SIGNAL GENERATOR. 7 KMC/S to 12 
KMC /S mod CW , F.M Pulse E160 carriage ì5.O0 

AVO NOISE GENERATOR CT 410 E30 carriage 
12 00 

BRIDGE IMPEDENCE No 5.0 117.10Mí, 1pF.1 .. F. 

iC EES carriage E4 00 

EDISWAN STABILIZED POWER UNITS. To 100v 
50MA Type R1280 to 300v- 150MA and 
300v -75mA 

TEKTRONIX OSCILLOSCOPES 535 d 545. With 
plug in units CA (33MHz double beam) 
G(20MHu differential 50mV -20v) and 0 (high gain 
differential 1 MV -50v( 
Price on application 

TECHNICAL MATERIAL CORP EXCITER/ 
TRANSMITTER MODE SELECTOR. Freq 
2.32MHz M and 10 crystal positions Vernier 
tuning USB, LSB var carrier insertion etc E200 
carriage 110 00 
FSK EXCITER. Freq 1 -6 5MHz 0 100He 
continued frequency shift up to 600Hz switched 
(req correction Modes FAX, FS, MSC. CW 
£50.00 carriage 15 00 
AMPLIFIER UNIT TYPE 1430. Dynatron 
Production. Pulse amplifier with control 

Differential" and Integration time constant 
0 08.s to 8 Js Attenuation to 20db P O A. 
PULSE ANALIZER. Made by Dynatron with 
discriminator. all meter reads. channel width 
threshold level. P O A. 

RHODE d SCHWARZ. Z -g DIAGRAPH TYPE 
ZDU 30.420MHz 500 Directly measures 
multiterminal net -works. phrase shifl phrase 
angle with complimentary POWER SIGNAL 
GENERATOR TYPE SMLM high free resolution, 
internal external mod up to 3v out E750. 
FREQUENCY SYNTHESIZER TYPE XUA. 
30Hz -30MHz with FREQUENCY INDICATOR 
TYPE FKM 15- 30MHz. 30- 100MHz E1.000. 

SIGNAL GENERATOR NO 15. 8cm -ticm E85 
arriage 4 00 

SIGNAL GENERATOR NO 13. 20MHc.80MHz. AM 
FM. CW. 1 Jv -1 v E65 carriage 14 00 

KAHN SSE ADAPTOR TYPE RSSB - 82 - 15. 
Designed for receivers with 455- 500KHz IF at 100mV 
(meal rnpul Features electronic AFC carrier Iraq 
diversity to combat lading 20 see R C meory to 
maintain tuning during severe lading. Individual carrier 
meters. nuvrshers, IOW distortion production 
demodulator E65 carriage E5 00 

BEST PRICES PAID FOR TEST AND COMMUNICATION 
EQUIPMENT. Single items or quantities. Private or Industrial. 

TF 8O1B/2. Spec as for 801D but minor circuit 
differences Few only leh E120 carriage c 5.00. 

TF BO1D /1 /S SIGNAL GENERATOR. Range 
10- 485MHt in 5 ranges R F output O 1.iV-1V 
Source C M Dial calibrated in volts. decibels and 
power relative to thermal noise. Piston type attenuator 
50tì output impedance Internal modulation at 1K Hz at 
up ro 90% depth also external sine and pulse 
modulation. Built in 5MHz crystal calibrator Separate 
RF and mod. meters P.O A 

TF 1066 SIGNAL GENERATOR. Freq 10- 470MHz 
with attenuator EMF from 5012 square. --6dB. Price on 
application 

TR 1050 SIGNAL GENERATOR 450MHz to 
1200MHz with attenuator Output for 0 i iV to 4V 
CW. lot. A M & Est Pulse E200.00 carriage 15 00 

TF 1014 B VALVE MULTIMETER. General purpose 
measuring DC voltage horn 300mV to 1.000V AC 
voltage from 300n1V to 300V at up tu I.000MHz and 
resistance up to 500Mohnis Price E55 carriage 13 00 

TF 1370 R.C. OSCILLATOR FOR SQUARE d SINE 
WAVE. Frog - -31 6V rms. 1 0Hr. t MHz square wave. 
0-73 2pp. 10Hz- 10066e Attenuator range -517db to 
-n 10db. impedance 75, 100. 60011 £145 carriage 
x500 

EMI OSCILLOSCOPE WM8 AC /DC to 15 me /s. 
Time base 0 15Msec- 15Moec E70 carnage L5 00 

HR 23 TRIPLE DIVERS.. Y SSA RECEIVERS. Freq 
3- 275MHc V F O at 6 Mal positions Reception of 
independent single or double side band transceivers 
Full spec on application £350 carriage 135 00 

TF 885A/1 VIDEO OSCILLATOR. 030KHZ. 5MHz 
1 My -31 6v E85 carriage t4 00 

TF 934 DEVIATION METER. 250MHz C55 carriage 
300 

TF 1400S DOUBLE PULSE GENERATOR WITH 
TM 8800 SECONDARY PULSE UNIT for testing 
rodad nucleonics scopes counters filters etc E175 
carriage c 5 00 

500/250 MEDIUM WAVE BROADCAST 
TRANSMITTERS. Export only Price and details 
on application 

TF 995A/1 or 
A/2 or A /2M or 
AS SIGNAL 
GENERATORS. 
Very high class 
AM /FM 1 5MHz 
to 220MHz De- 
tailed spec and 
price on applica- 
tion 

TF 958 VALVE VOLTMETER. AC voltage 15 150v 
at up to 100MHz DC voltage 1.5 -150v £25 carriage 
L 1 00 

PLEASE NOTE 
Unless offered as rias seen" 

ALL EQUIPMENT 
ordered from us is completely over- 
hauled mechanically and electrically 

in our own laboratories 

SO LA RTR ON 
OSCILLOSCOPE 

DIGITAL VOLTMETERS 
LM 14202 2 -25.vT 1000v in 6 ranges 
Accuracy 0 05% of range e 21 digit. 
sensitivity 2 5.is per digit E320. 
LM 1426 25mV'1000v in 6 ranges Au range 1 

in 0 02% E170. 

Ala. available 
CD 1420 El]O. 

CD 1440.2 £220. 

ARSE D d LF SPARES. We hold the largest stuck it 

UK. write for list 

RF METERS. 0 8 amp 21/4" (USA) brand new E1.50 
P &P 25p 

TELEPHONE TYPE "J" tropicalised 
10 LINE MAGNETO SWITCHBOARDS 
50 LINE AUTOMATIC PRIVATE TELEPHONE 
SWITCHBOARDS 

FOR EXPORT ONLY 
RCA ET 4336 TRANSMIT- 
TERS 

Also modified v 

e 
of increased output to 

700W COLLINS TYPE 231D 4 /5KW TRANS. 
MITTER 
10 channel Autotone and manual tuning 
C13 TRANSMITTERS. 38.62 TRANSCEIVERS 
NO 53 TRANSMITTERS. REDIFON 100W SSB 
TRANSCEIVERS. MULLARD C 1 1 HIGH POWER 
INSTALLATION (1.00090 

VAT FOR TEST EQUIPMENT 
PLEASE ADD 8% 

COLOMOR (ELECTROOIIICS) 

170 Goldhawk Rd., London, W.I2 
Tel. 01 - 743 0899 
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ELECTRONIC BROKERS 
Electronic Brbkers Ltd . 

are one of the leading 
electronic instrumentation 
companies in the UK, 
providing a full range of 
services to Universities, 
Industry, Colleges and 
Governments both at home 
and overseas. 

We have the largest 
stocks of secondhand test 
equipment in Europe as well 

as a selected range of new 
products. These are on display 
at our London showrooms 
where customers can examine 
the equipment of their choice 
and see it working. 

TELEPHONE 
TEST EQUIPMENT 

SIEMENS 
Level Meter 30 332 0 3.1200KHz £250 
Level Meter 3D 335 10KHz -17MHr £300 
Level Oscillator 3W29 0 3- 1200KHz £250 
Level Oscillator 3W518 £300 
Career Frequency Sweep measuring set up Type Rel 
32 M710 (to 15MHD Comprising Level Oscillator 
Rel 3W 518 Level Meter Rel 3D 335 Sweep 
Attachment Rel 3W 933 Tracing Receiver Rel 3D 
346 Used for measurement on carrier telephone 
equipment for coaxial systems (e g V960 V1200 & 
V2700) and wideband radio relay systems (e g 
FM600. FM900 FM18001 P.O.A. 
S.T.C. 
Octave Filter 74143A 37 5 --12 800Hz For 
analysing noise & interference on comms systems 
Particularly useful with Psophometer 74142 P.O.A. 
Selective Level Measuring Set 741848 60 -1364 
KHz 0125.00 
Measuring Set 74831A P.O.A. 
Millman Test Sets 74166 £50- 065.00 
Noise Generator 74126 20R, -41U 0120 -0200.00 
Selective Level Measuring Sets 748328 
SOKHa- 800MHr 03 -3V 0 -600m V & dB scale 
60mV.120mV FSD (adjustable/ on d8 scale Will 
function also as Beat Frequency Indicator & as a Freq 
Deviation Meter Transistorised & Portable operates 
front an internal battery Impodenco 75ohms 0140.00 
White Noise Generator 742628 Measures bask noise 
& intermodulation on mul earcurt telephone systems 
(up to 960 ccts 1 rn terms of Noise Power RatioP.O.A. 
WANDEL & GOLTERMAN 
Level Transmitter TFPS 42 10KHa.14MHz £375 
Level Meter TFPM 43 10KHu -14MHz E375 
Wandel & Gotterman VZM 2 Distortion measuring set 
for phase and amplitude mod For multichannel FM 
Radio Systems up to 12MHz base bands £350 

FUTURE 
ADDITIONS 

The !allowing equipment is becoming 
available to us in the near future should 

you require prices etc .. please contact 
us and then we will reserve your 
specific requirements. 

HEWLETT PACKARD 
334A Distortion Analyser 
5245L Electronic Counter 
626A Signal Generator 
8552B Spectrum Analyser - IF Section 
B616A Signal Generator 
141T Spect. Anal. Display 
211A Crystal Monitored Sig. Gen 
355D Attenuetor 
6920B Meter Calibrator 
5326B Univ. Timer/Counter r D M 
435A Power Meter 

MARCONI INSTS. 
TF 1066B /6 FM Signal Generator 

FLUKE 
8100A Digital Multimeter 
81008 Digital Multimeter 
8300A Digital Voltmeter 
332B Voltage Calibrator 
341A D.V.M. Calibrator 
TEKTRONIX 
465 100MHz D.T. Scope 
465/05/07 TV Scope 
475 200MHz D.T. Scope 
422 15MHz D.T. Scope 
549 Storage Scope 
1140 Spectrum Analyser Plug in 

SIGNAL SOURCES 
ADVANCE 
V H F Square Wave Generalur SO21 
10 KHzi10OMHa Max o p 2V 035.00 

Electronic Brokers Ltd . 

have fully equipped 
workshops on the premises to 
test and report on the majority 
of equipment we sell. 

GENERAL RADIO 
Unit Oscillator 1209C Freq 250.920MHa Accuracy 
1 + Soft 0 2" %% 0 pin to 50oh ms= 150mW supplied 
with Power Supply Type 1201 -0018 as 
d'.ust rated £215.00 
Unit Oscillator 1218A 900.2000MHa Power output 
of 200mW across band £140.00 
Unit oscillator 1363 Spec on request 0495.00 

HEWLETT PACKARD 
F M- A M Signal Generator 202H FM AM CW & 
pulse coverage 54 to 216 MHz R F o, p 0 111V -0 2V 
50ohms Impedance £450 
Unwerter 207H for use with above £100 
V H F Signal Generator 608E 10.480MHz (5 band) 
Accuracy !0 53, o p O lyV.1V (variable) 50ohms 
Int A M 400 & 1000H: Ext A M 20Hz -20KHz 
Superb condition £895 

Signal Generator 614A 900.2100M Hz o,p 
0 1 zv -0 2V (50ohmsl £395.00 

S H F Signal Generator 618C 2 8 -7 6G Hz c l' +: 

50ohms £550.00 
U H F Signal Generator 616A 1 8.4 2GHa £475.00 

MAPCONI INSTS. 
FM /AM Signal, Generator TF 9956 r 3S Ministry 
type No CT402 1 SMHe220MHz R F o p 
2µV -200mV Internal & External Mod Facilities V 
good condition £385 

FM i A M Signal Generator TF 995A '5 1 5- 220MHz 
in5bands O 11,V -200mV FM up to ±120KHz from 
500e -15KHz A M up to 50'x from 100Ha.108Hz 

o p (1) 2µV -200mV (2) with terminating unit 
11iV.100mV Int mod freqs 400Hz 1KHz & 1 5KHz 
Distortion (lion internal F M - 251-Iz (21 on internal 
A M 6% at 30V mod £300 to £450.00 

A M Signal Generator TF801 D' I Frey range 
I0470MHz R F output 0 ir' 1V Piston attenuato 
50ohms Impedance Modulation Int A M 1 KHz Exl 
A M 30 He 2OKHe Low spurious F M & drift 
V S W R 1 2 or less £400 -E800 

AM Signal Generator TF801 Di IS Military Version 
10485MHa £450 -£800 

R C Oscillator TF1370A 10Hz.10MHz Square Wave 
up ro 100KHz High Outputs up to 31 6V £285 
Phase A M Signal Generator TF 2003 
0412MHz £150 
A M Signal Generator TF 801E1.35 12 485MHz 
01uV.1V £195.00 
R C Oscillator TF1101 Frequency range 
20HZ- 200KHz Output Direct into 60011020V 

nable Attenuator Oi6d8 in 10dB steps Impedance 
6001) Distortion Via I KHz Filter less than 0I.. 
Direct or via Attenuator Less than 0 5 , 50Hz-20KHz 
Less than Is 20Ha- 200KHa Superb condition 0175 

U H F & S H F Signal Generator TF 1058 
160(24000MHz 01uV 445mV 50ohms Impe- 
dance £295.00 
FM AM ., ignal Generator TF937 1 CT320 
35KHz -18 3MHz As seen condition £80.00 
Portable Receiver Tester TF888 3 Frey 
70KHz 70MHz Xtal check 500KHz & 5MHz Output 
Phase A M Signal Generator TF2003 
04.12MHz 0150.00 
V H F Mobile Radio Test Set TF 1064B 5M £300 

=El 

Signal Generator TF144H 4 Late models in superb 
medition £500 to £650. 
AM FM Generator TF995B 5 )Brand ne 
unused) £750 
MUIRHEAD 
L F Decade Oscillator D88GA 2 phase 
0 01 6e -11 2KHz £295.00 
Decade Oscillator D890A 1 Hz 11 2KHz 0335.00 
RADIOMETER 
Stereo signal generator SMG1C Full spec on request 
Superb condition £400 
AM FM Generator Type MS27G £315 
RHODE & SCHWARZ 
Frequency Synthesiser Type XUC (054444661 c 

XSU Power Supply & Calibrator (Brand new 
condition) P.O.A. 
WAYNE KERR 
Video Oscillator 0 222 710Hz -6MHz in 6 
ranges £75.00 
Video Oscillator 0 22D 10 KHr I OMHz £150.00 

OSCILLOSCOPES 
COSSOR 
CDU 110 DC - 20MHr c w CAM 111 Plug in £245 
HEWLETT PACKARD 
Oscilloscope 140A c w 1415A time domain 
retlectometer For testing 01 cables connectors ectors 
eriplines & transmission lines £750 
Sampling Scope 1858 DC -3 5 GHz 0395.00 
Oscilloscope 175A DC -50MHz Main Frame £150.00 
Plug -Ins available from E25- E55.00 
50MHz single channel 1751A Trme Mark Gen 1 783 
Aux Plug -In 1780A Display Scanner 1782A Sweep 
Delay Gen 1781B Dual Trace Vert Amp 1750A 
Delay Gen 1781A 
HAMEO 
Compact single beam portable scope bandwidth of 
8MHz Compensated Y - anenuator 12 ranges 
SomV /cm to 30V i cm Timebase sweep range of 10Hz 
to 500kHz and can be triggered from u Ve or -Ve 
externally or internally Y input can be AC or DC 
coupled Display area 6cm x 4an Rise ems 44ns 
Dimensions 203mm o 160mm x 240mm Wt 5Kg 
Brand new Type No. HM207 
MARCONI 
TV Scope TF 2200A 1 i w TV 011 plug in TM 
6457A DC -30MHz 1.190 
Portable Scope TF2203 15MHz Bandwidth DC 
coupled 50mV cm sensitivity E125.00 
SOLARTRON 
Portable Scope DC -6MHz Double Beam GT436 £95 
CD 1014 3 DC -5MHz E90 
Portable Scope CD 1400 DC-1 5MHz Plug ins available 
CX 1441 1443 £180 
Wide Band General Purpose Scope CD -1212 (Min 
Type CT4841 Plug ins CX 1251 & CX1252 0149.50 

HEATHKIT 
10.12 p Scope Single Beam SOMVrcm AC coupled 
B:'W 4 5MHz 5" Tube Assembled Refurbished. Our 
price £49.50 
ROBAND 
25MHz Scope R 050 city 5C Plug in £200 
25MHz Scope R 050A c w 5C Plug in £225 
TEKTRONIX 
Sampling Scope 661 c w plug ins 
453 DC -50MHz Solid state & portable 
TELEQUIPMENT 
D31 R Dual Beam DC - 6MHz 

0450 
0650 

E75 

ELECTRONIC 

BROKERS 

TEST 

EQUIPMENT 

CATALOGUE 

The most comprehensive catalogue of its kind 
ever omptled in the UK. 
Send 50p towards printing, postage, etc. 
(Overseas contornen £1) and a catalogue will 
be sent by retir71. 
Electronic Broken Ltd. will then keep the 
catalogue updated by forwarding revision 
sheets free of charge. 

SWEEP GENERATORS 
HEWLETT PACKARD 

weep Oscillator 692D 2 4GHz Sweeps Iin, start 
to stop trey SPECIAL OFFER £300 
Sweep Oscillator 6938 4 -8GHz 

SPECIAL OFFER £325 
Sweep Oscillator 693D 4 -BGHz £325 
JERROLD 
Sweep Signal Generator 900111 Central Fret's 
500KHz 1200MHz Sweep widths narrow as 10K11z to 
400MHz wide 50ohms o p impedance £400 

Swept Signal Source MH883 7.12 SGHZ £480.00 

ELECTRONIC 
A member of ADD 8% VAT TOALL PRICES theEBgroup 

WW -113 FOR FURTHER DETAILS 
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thetest equipment people 

VOLTMETERS 
HEWLETT PACKARD 
DC Vacuum Tub,. Voltmeter 4124 I MV 111006 1 

Accuracy Can also Ile used as O hmeter & 

Ammeter E75 
VTVM 400D 1mS lo 300V FSD 12 ranges 10Hz lo 
4MHz 2 -a cgs y Input Impedance 0M h s £85 
V1VM 4001 Logerolonic V111510110 4000 Reads RMS 

I sine wave Log voltage scale 0 3 to 1& O 8 to 
3 Linear dB scale Input Impedance 10M h 190 
\01(11L1111 Tube Voltmeter 41()8 Frog Range 
20HZ 70OMHz AC1 000V 16 Lingesi DC 1V IKV 
oholeter 0 2 ohms to 500Mohms (7 ranges) Accuracy 

0 3 [65.00 
Vacuum Tube V'oll ore ter 4000 Erect Range 
10Hz 4MHz Volts 1 On1V300V F S (12 ranges) 
Accuracy _ 1'- (50HZ- 500KHz1 O 2' 120Hí-1 MHz( 

P.O.A. 

AV Voltmeter 400E Solid stare AC volts 1roV 3005 
FS 112 ranged Freil 1111az 10MHz Accuracy 1 _r 

MARCONI 
0 valve Voltmeter IF 1 1110 1U01, V 300V AC 

FreiIi r overage 11)11z 10Mó, Meter has dB scale 
lac Toy E85 

V ,1Ive Voltmeter TF 10418 Genteel Spec 0 200 Ac 

U 1 KV DC Resistance up to 500Mohnrs E80/ E95 
Voltmeter Nu 3 Cl 2011 TF 958 AC 1110niV 150V 

multiplier 
e 

mis AC mye 1 5KV DC 
60nV 100V E'en Ringr 201-0 1 OOMO, 155.00 
I F 111110 , ni ed condition C175 
Valve Voltameter TF2600 AC 25mV -300V (7 ranges) 
DC 10mV- -1000V (8 ranges) Ohms 0 2 to 59M (7 

ranges) 20Hz to 1500MHz Brand new condition 
£175 

PHILIPS 

5H1I)Iir: II n . 

riable 50/O 165.00 
HIFu 

va 
M,Ihvultmeter GM 

1nt5311Un,Vrn6ranges . y 

FSIi Amplitude Char 1KrIz ah.11z nai 
55 00 

. .ir .i r M1,0211 TO.V 11V 1 

.. FSDr D 111() .v 
n I.ii hnr ' 165 U0 

SIGN ELECTRONICS 

SOI ART RON 
I 60 

u v M lulo line,. [345 
I ihi t M t:J MM. \. 301)5 mean reading 

Feq range 10Hz I UKHz P.O.A. 
D V M LM 1480 3 Autorangrng version of LM 
1440 3 Max reading 39999 5_V 21V DC Full spec 

request P.O.A. 

FLUKE 
Differential Voltmeter 0214 For cehbretim, testing 
stability nreasurenrents of regulated power supplies DC 

CaItrneter alibratron U 01 absolute a. corar 
retinae input resistance at rmll over enme 0 500V 

Ìestandard -lI 1 Pol y h 1m. 
n ruin i nt el 1 anal NI. n, 

'onto . . 11. . s m l v t r moll V T; M 

15Th 1165 

1111L11:16 1M1:L*1141M 
ADVANCE 
Hecm rfri Chbiarui 11C10 £15.00 
AVO 
Valve Tester CT I60 For testing of rece,ing 8 low 
pawl. valves Mutual conductance Em,ssrm, 
Electrode insulebon & anode current can be n,zasured 
Ministry approved 160.00 
AIRMEC /RACAL 
Wave Analyser 2413A 5 300MHz (195 -1300 
Wave Analyser 853 3009, 30M11Z Sensitiv,ry 1 .V 
n 1V up to 20 MH, 4 -V Io 4V op to 30MHz 195.00 
Wave Analyser 248 Frey Range 5MHz 
300MHz (90.00 
AIRMEC 
Mndu1 ,11,00 Meier 110 E75 to E100 
AMPEX 
F M D Reriader Reproduier SP 3Hí, d 

Channels Speed l'. 3 I 1' 15 ills F 'ell re 
I nsnum,ntaLni 506140Hí 

a 

I5 ,ps 
50Hí -100Hz at 15 ps Special offer E850 
BECKMAN 
Transfer Oscaletor 75800 DC 1500e with counter 
1 5MHz.15GHz without c 

o 

unter Sensitivity 100mV 
IR M S I SPECIAL OFFER £260 
BELL 

1 ter Type 1.'0 rum Fih.tr war, Probes P.O.A. n. 

n Bridge 1505 P.O.A. 
BUR NDE PT 

130.00 
BPL 

Capacrtance Bridye CB 154 D O 
.r Fier; 506z E35.00 

On these pages you will 
find just the briefest selection 
from the vast range which 
we hold in stock at any one 
time 

If you are seeking a 

specific item and it is not 
listed, it will pay you to ring us 
first - we believe we offer the 
best prices and the best 
service. 
WORLD WIDE EXPORT. 

Enquiries and tenders 
welcome from any part of the 
world. 
HOW TO REACH US 

We are easy to reach, no 
matter where you live. 
Minutes away from Kings 
Cross or St. Pancras main -line 
stations, and a bus ride from 
Euston; only just over half an 
hour from Heathrow Airport. 
Parking is easy too. 

Unir Null Detector 1212A 20Hz -5MHZ Log Resicr 
with 120dB xale P_0 A 

HEWLETT PACKARD 
Distortion Analyser 331A 210 
D,g4al Recorder 560A 1110 
Noel Recorder 5618 140 
MARCONI INSTS. 
Anenuator TF 1073A 2S E85 

Out of Limits Indicator TF 2404. 2M1 Checks 
readings Iront electronic counters and other drgrtal 
nsts Local and remote visual and eleclr cal indication 

suitable for use by unskilled personnel and with A T E 

P O.A. 
Blank & Sync Mixer FF 2908 E90 
Ouantrzation Distortion Teeter TF 2343 P.O.A. 
R F Power Meter TF 1152 1 E75 

O Meter TF 329G £200 
RADIOMETER 
Stereo signal Generator SMG 1 P.O.A. 
RHODE 16 SCHWARTZ 
Stern, Coder MSCBN 4192 1 P O.A. 
Polysc -op Swab!! £1450 
Attenuator type DPR Z =60 ohms BN 18042 P O.A. 
UHF Mlllwoltmeter Type URV £175 
T ELO N IC 
S Generator SM 2000 c w Plug In, E 3M S 6& 

POA 

STROBOSCOPES & 
TACHOMETERS 
STROBOSCOPIC 
TACHOMETER 

Two units in ore 
STROBOSCOPIC FLASH RATE - 201) la 6 0(20 
(lashes per minute 
TACHOMETER 
SPEED RATE - As 
.drove ACCURACY 

3 better 
FLASH DURATION 

Appm. 10 III 
10.1 HIGH 

:MPACI CASE 
WEIGHT 27 ry 

£49.50 
'TOUCH LESS 

RETRO- REFLECTIVE 
TACHOMETER 

... R FM '. rem a, tar a. 

s 

e 
ay Fo. g nes 

' UUO3 e70U 1L ()00 
30 000 R'M Battery 

Hamr ,a1e 

COSSOR ., f.C'. 99 E15.00 
1235.00 DECCA 

P O.A. 

GENERAL RADIO 
A unn,ar.ulalc , d 

P O A 11000 

h,r, n ,tLng 

£89.50 
- 1250 

litera 

MULTIMETERS 
WIICROTEST 80 - I.C.E. 
70.000 OHMS/ VOLT 40 
RANGES 
'i, 000 ohms Volt 4 000 ohms 

t (ACI 2' s, accuracy V DC 
'OUn,V to IKV 16 Ranges) VAC 
' 5V to 1 KV (5 Ranges: I DC 50 -A 
'ro 5A (6 Ranges) 1 AC 250.0 lo 
? 5A (5 Ranges) Ohms Low ohms ohms x I ohms x 

10 ohms x 100 Power Output Measurements 1 5V 
a 1000V 15 Ranges) 4- 6d13 to 62de (5 Ranges) 
Capacitance 25 -F to 75 000 -1 (4 Ranges) 1 000 

rites overload protection On Ohm ranges) Meier 

v 
m diode protection Size (Without c sel 90 x 

70 x m 18 n m Electronic zem non-parallax mirror 
tale Unbreakable carrying case and probes supplied 
Frill Aber Sales Service available 

IPrice £11.95 
Post & Packing 50p VAT S 8' 1 00 SEND TOTAL 

165 SUPERTESTER 
680R - I.C.E. 
20.000 OHMS, VOLTS 80 

RANGES 
20 000 ohms Voll I D C 

AC V DC I00niV to 2KV )13 
Ranges) V AC 2 to 2KV 111 Ranges, 

I DC 50 -A to 10A (12 Ranges) I AC 250 -A to 5A (10 
Ranges) R x1 x 100. x1 000 x 10 000 and Low 
ohms Detector Reactance U 10 M ohms F10(1 

Measurement 0.5 000 Ho (2 Ranges) Power Output 
10 -2 000V (9 Ranges) Decibels -24 -+ 70 dB 110 
Ranges) Capacitance 0.500 000 pF (2 Ranges using 
mains supply) 020 000 -F 14 Ranges using n nal 3 

h1 1 000 times 
diode 

protection on ohms 
-anges and meter movement tl,otle protection 10 
=relds of Measurement and BO ranges Size t 128 x 95 
n 32 nt a Non parallax mirror scale Unbreakable, 
:among :ang ca supplied which contains probes mains 
.ad aocodle clips and shorting link 

Price £18.50 
st & P,arkrml 15p VAT at 8 1 54 SEND TOTAL 

79 

ACCESSORIES FOR 680R 
AND IMICROTEST 80 (EXTRA) 

AMBERCLAMP /. 2 5A to 500A 16 Ranges) 3'. 
.11 95 H.V. PROBE MOD. 18 250V (MAKI I P 

2=S1K) M ohms INoml (5.95 LIGHT METER 
PROBE MOD. 24 2 20 000 Lux £11.95 
-RESISTANCE MULTIPLIER MOD. 25 Mutliplyinl 

x 100 000 R Range Iwrrh 68080 0 I00M 
15.95 'GAUSSMETER PROBE MOD. 27 0.1 S 

Silogauss 111.95 PHASE SEQUENCE INDICATOR 
MOD. 28 100400V IA C 150 60 Ha L5.95 D.C. 
CURRENT SHUNTS MOD. 32 SERIES 10A 25A 
SOA and IODA 14.50 each TEMPERATURE PROBE 
MOD. 36 -50 C to *200 C (11.95 SIGNAL 
INJECTOR MOD. 63 Basie O P Fregs 500KHz and 

1H: (5.95 CURRENT TRANSFORMER MOD. 

Add 50p Post & Packing plus VA I 

113,11 to all above prices 

BROKERS LTD 
Carriage and packing 
charge extra on all items 
unless otherwise stated. 

Please note: All instruments offered are 
secondhand and tested and guaranteed 12 
months unless otherwise stated. 

FURTHER DI I AILS 
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SPECIAL W d 
LOW PRICE 
ARRANGEMENTS 
FOR VISITING 
OVERSEA 
TRAD 

Wireless World, May 1976 

I PC Electrical - Electronic Press Ltd., the world's largest publishers 
of computer, electrical and electronic journals, have made special 
arrangements for readers wishing to visit important overseas trade 
fairs. The cost, in most cases, is little more than the normal air fare 
but includes - travel by scheduled airline from Heathrow and 
Manchester* first -class hotel accommodation * arrival and 
departure transfers * admission to the trade fair * services of an 
experienced tour manager. The current programme comprises the 
following tours. 

To obtain a brochure and booking form, tick the box against the tours in which you are interested, complete the coupon and post to the 
exclusively appointed travel agent, Commercial Trade Travel Ltd., Carlisle House, 8 Southampton Row, London WC1. Telephone 
01- 405 -8666 or 01- 405 -5469. 

International Electrical and Electronics 
Engineers Exhibition - I.E.E.E. ELECTRO. -- 

Boston - May 11-14, 1976.10 nights at 
the de luxe Statler Hilton Hotel. Fully 
inclusive price- £283.00. n 

Compec Europe Exhibition - Brussels - 
May 18 -20, 1976.2 nights at the first class 
Royal Windsor Hotel. Fully inclusive 
price -£108.60. 

National Computer Congress - New York - 
June 7 -11, 1976.10 nights at the de luxe 
Hilton Hotel at Rockefeller Centre. Fully 
inclusive price - £320.00. ![I 

Exhibition of Electrical Equipment - El EE. 
Measurement and Control Exhibition - 
MESUCORA Paris, June 10 -17 1976. Two 
nights at the de luxe Meridien Hotel. Fully 
inclusive price £86.50, extra nights as 
required. 

Consumer Electronics Show and Video 
Expo - Chicago -June 13 -16, 1976. 10 
nights at the de luxe Palmer House Hotel. 
Fully inclusive price £340.00. 

Western Electronic Show and Convention 
-W ESCON - Los Angeles - September 
14 -17, 1976. 10 nights at the de luxe 
Downtown Hilton Hotel. Fully inclusive 
price - £399.00. 

Please send details of the tours indicated above. 

NAME 

ADDRESS 

COMPANY 

International Exhibition of Data Processing, 
Communication and Office Organisation - 
SICOB Pars, September 23- October 1 

1976. Two nights at the de luxe Meridien 
Hotel. Fully inclusive price £86.50, extra 
nights as required. 

Hifi International Exhibition and Festival - 
Dusseldorf - September 24 -29, 1976.2 
nights at the first class Quality Inn Hotel. - 
Ratingen (8 km from the Fair Ground). 
Fully inclusive price - £99.90. 

International Trade Fair for Production in 
the Electronics Industry - ELECTRONICA- 
Munich, November 25-December 1, 1976. 
Two nights at the first class Hotel Der 
Konigshof. Fully inclusive price £118.00, 
extra nights as required. 

Telephone 
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SERVICE TRADING CO 
RELAYS 

2 2 4 

SIEMENS PLESSEY, etc. 
MINIATURE RELAYS 

1 2 3 4 

52 4-8 2c,o 75p 700 16 -24 4 M2B asp 
58 5 -9 6 c.o asp 700 16 -24 4 c/o .11111p* 

185 8-12 6 M ow 1250 18 -38 2 c/o Sip 
230 9-18 2 c /oHD yip- 2500 36-45 6 M aap 430. 15 -24 4 c/o asp 2500 31 -43 2 c /oHD aap 
600 10.20 BM asp 15k 85-110 6 M aap 
700 12 -24 2 c/o 65 
(1) Coll ohms; (2) Working d -c. volts: (3) Contacts; (4) 
Price HD -Heavy Duty. All Post Paid. (including Base) 

OPEN TYPE RELAYS 
6 VOLT D.C. 1 make con 45p. Post 15p 

9 VOLT D.C. RELAY 
3 c/o 5 amp contacts. 70 ohm coil 85p. Post 15p 

12 VOLT D.C. RELAY 
3 c/o 5 amp contacte 120 ohm coil 85p. Post 15p. 

24 VOLT D.C. 
2 HD c/o 700 ohm coil asp. Post 15p 
4 c/o 300 ohm cod 95p. Pon 1 Sp 
100 VOLT a c 2 c/o 75p. 3 cro 85p. Pon 15p 

ENCLOSED TYPE RELAYS 
6 VOLT DC J c o 85p. Poet 15p 

24V DC 3 c /o asp. Post 20p. Base 15p 

24 VOLT A.C. M fg ITT 3 h d c/o contacts Up. 
Poet 20p Base 15p extra 

55 VOLT A.C. 
3 heavy duty err) contacts. Price 55p. Pon 20p Base 1 Sp 

230 VOLT A.C. RELAY 
240V. A C. heavy duty 3 c/o contacts 
Price 85p. Post 2Op Octal bene 15p extra 

220/240 VOLT AC RE LAY 
3 c/o 5 amp coot Seated M g ISKRA 21.35. Post 20p 
Ber 15p extra 

ARROW 230/240V AC 2 c/o 15 amp contacts 
Amp connectors 21.10. Post 20p 

1110 VOLT A.C. 2 c/o 20 limp 21.35. Post 15p 

CLARE- ELLIOTITy 8 
volt 
pe RP 7641 PG 

MANY OTHERS FROM STOCK, PHONE FOR DETAILS 

LATCHING RELAY 
Rem iatcning relay. 'flip -flop 2c /0 each relay_ 
Mans contacts 115 volts A C or 50 volt D C 

'operation or 240 volts A C with 2 5K raedor. Sip. 
Post 20o 

JY 

PRECISION CENTRIOUGAL 
BLOWERS 
Mfg by Smiths Indu.tfies Miniature model Series 
SF, 200 Sim 05mm a B2-mm x 82mm Aperture 
38mm a 31 mm. 12 c f m 22.75. Post 50p 
Mfg by Airflow Developments Ltd 
Precision made, continuously rated, smooth running 230/240v A.0 
motor80c f.m As lluetreted but with round aperture £5.50. Poet 75p 
Setg by Woods 
Extremely powerful 220/ 250v A C 0 3 amp 2.700 rep m Contnuouay 
rated Capacitor start Cast construction Aperture 66mm x 50mm 0,A 
200mm. 212.00. Poet El 00 
Mfg by Pervalux Type 513388 220v A C 50 Hz. o 55wnip Continuously 
Feted 2800rpm 12Oclm Brand new Fraction of makers a re E10.00_ 
Post, 1 00 

230 VOLT FAN ASSEMBLY 
Continuously rated. removable aluminium 
blades Price E1.25. Post 50p, 
VAT 25% 

C/O MICRO SWITCH 
VERY SPECIAL OFFER Mlg by C E M 3 ai, 
250 volt 10 amp 125 von 50 for O. Post t, 
100 for E6. Post 50p t. 000 for E45 Post p 

DOUBLE POLE C,O or 2 make 'break nrscro swoc s 1r 
Veal, detachable rolicr assert ilt v 1 or S £2.50. 00,1 Sou 

AC 
order 10) 

MINIATURE ROLLER 

230 -250 VOLT A.C. SOLENOID 
Similar ir, appearance to illustro Pun 
Approximately 1; lb. pull. Size of feet 1 

1 Price £1.00. Post 25p S 
SOLENOID HEAVY DUTY MODEL 
230. 250v A.C. Apprx. 101b. pull, 4" long x 23/8" wide x 3" high £2.50. Post 50p, 

24 VOLT DC SOLENOIDS 
UNIT ,. not airing 1 heavy duty solenoid approx 25 lb pull 
at 1 in. travel. 2 solenoids of approx. 1 lb. pull at ) in. travel. 
6 solenoids of approx. 4 oz. pull at } in. (ravel. Plus 1 24V D.C. 
1 heavy duty 1 make relay Price E2.50. Post t 1 00 
ABSOLUTE BARGAIN. 

240 V A.C. SOLENOID OPERATED 
FLUID VALVE 

R ,seri 1 will handle up to 7 p s i Forged 
s body stainless steel core and spring 

s p Inlet Outlet Preciso' made. British mfg 
PRICE £2.25. Post 50p NEW original packing 

A.; 
600 WATT DIMMER SWITCH 

Easily fitted. Fully guaranteed by makers. Will 
control up to 600 watts of all lighting except fluor- 
escent at mains voltage. Complete with simple 
instructions. E2.75. Post 25p 
1000 wan model E4.00. Posl : Sp 
2000 watt model E5.00. Post 40p 

VARIABLE VOLTAGE TRANSFORMERS 
Carriage extra INPUT 230 v. A.C. 50/60 

OUTPUT VARIABLE 0 /260v. A.C. 

BRAND NEW. All types. 
200W (1 Amp) £10.00 
0.5 KVA (Max. 2t/2 Amp) £11.50 
1 KVA (Max. 5 Amp) £18.50 
2 KVA (Max. 10 Amp) £30.00 
3 KVA (Max. 15 Amp) £33.00 
4 KVA (Max. 20 Amp) £60.00 

(max. 37.5 Amp) .... E102.50 

LT TRANSFORMERS 
0. 6.12 volt u 10 amp. E11.15 Post 70p 
0 10. 1 7 . 1 8 volt a 1 0 amp. 08.70 Post E 1 00 
0 6 12 volt n 20 amp. E10.90 Poe El 00 
0 12 24 volt n 10 amp. £9.90 Post 11 00 
(1 4 6 24 32 volt rr 12 amp. £10.30 Post a 100 
0 6 12 17, 18. 20 volt n 20 amp. E11.50 Post , 1 00 
Other tunes t , , , . rdo. al short nobne Phono your ennu'v PS 

AUTO TRANSFORMERS 
Step up step down o 1 1 5 200 220 240 volt, 
Al 75 wart E3.00 Post 40p. 150 watt E4.30 Post 50p. 300 
watt £6.20. Post 60p 500 watt £9.20 Post 7511 1000 watt 
£13.50 Post sop 

RING TRANSFORMERS 
Functronar Versatile Educabonat 

These multi purpose Auto Transformers. with large centre 
spenure can be used as Double wound current 
Transformer. Auto Transformer, H.T or L T Transformer, 
by simply hand winding the required number of turns through the centre 
opening E g. Using the RT 100 V A. Model the output could be wound 
to give BV igg 12 M Amp . 4V ® 25,Amp or 2V W 50 Amp . etc Price 
RT 100VA 3 18 turns per volts ti.007Post rbp 
RT 2KVA , 5 turns per volt £21.00. Post a t 50 
PT 3K54 5 ,.,n s per volt E28.00. Post t 150 

STROBE! STROBE! STROBE! 
* HY -LIGHT STROBE Mk. IV * Latest type xenon white light tube Solid state timing and triggering) 

circuit 230/240 volt A C operation. Speed adluatable 1.20 f.p s 
*Designed for large rooms, hells ne Light output grener then many 

So called 4 Joule) strobes Price 215.40. Post 75p. * XENON FLASH GUN TUSSE * 
*Range of Xenon tubes available from stock. S.A E. for full details. 

* * * * * * * * * * * * * * * * * * * * * * * * ** 
* ULTRA VIOLET BLACK LIGHT * FLUORESCENT TUBES 
* 44t. 40 wit (caller. 00101 3W. 20 wan £4 io. °oat BOp 

IFor use in osa, bi pin Lttingil MINI 121'. S watt £1.78. Pon * 25p aine a watt 21.40. Post 26p Complete ballast unit end * 
holders for either g" or 12" tube. £1.70. Post 30p 19" x 12" * measures approx. t 

SQUAD LIGHT 
A new conception in light 
Control. Four chennele each 
capable of handling 750 watts of spotlights, floodlights, or 
dozens of small mains lamps Seven programs all speed controlled 
plus (lash modulation, effectively giving 14 different displays 
Meai sound -to -tight obsolete. Completely electrically and 
mechanically noise tree Price only E58.00 

ost /Sti 4 E (C Oolsca Ot to, tu,the, cleta,l5 

WHY PAY MORE ?! 
MULTI RANGE METER A C volts 2 5-500. D C 
volts 2 5-500 (Sensitivity 20000 V DC S AC). DC 
current 0/ 1,10/100 rnA, Ohms range Sturdy 
compact moving col instrument with 21 ranges, 
dimensions 120e 80x 44mm Weight 0 32 kg. 
SERVICE TRADING CO Price £5.00. Intl leads 
and battery Post 50p. (Total price inc VAT & 
POST E5.94). 

METERS NEW 
flow Diameter. 
Type 65C5 2A D C M /C. 5A D.C. M /C. 10A DC M C 

20ADC M,C 
Type 62T2 1A AC M; I. 20A A.0 M /I. 300V AC M /I. ALL ABOVE 
22.50. Post 30 
Type 65L5 300V AC R . M r C. E2.75. Post 30p 

INSULATION TESTERS (NEW) 
Test to I.E.E. Spec. Rugged metal con- 
struction, suitable for bench or field 
work constant speed clutch. Size L. 8 in., 
W. 4 In H. 6 in., weight 6 lb. 
500 VOLTS 500 megohns £36.00. 
Post 80p. 
1000 VOLTS 100-45 megohms 
Post 80p. E44 00 

VAT 
J 

VAT AT 8% 

MUST BE ADDED 

TO ALL ORDERS 

FOR THE TOTAL VALUE OF GOODS INCLUDING 
POSTAGE UNLESS OTHERWISE STATED 

1,31 

NICKLE CADMIUM BATTERY 
Type V022 1 2V 22AH height 2tOmm width 55mm depth 25mm weight 
1050 gins 21.75, post 50p 4. 25p extra each additional cell 

GEARED MOTORS 
100 R.P.M. 

115 lb. Ins., 110 volt. 5011e. 2.8 amp., single phase, split cepautor motor 
Emense power Continuously rated Totally enclosed Fan cooled. In -line 
gear box Length 250mm Die 135mm Spindle Da. 15 5mm. Length 
145mm es- equiprnent L14.00. Post ìt.50. Suitable transformer 
230,240 voit tested £500. Post 750 16i 

Type SC148 15 r. p. m. 80 lb ms Input 100 / 120 volt A.C. Length Inc! 
gearbox 270mm, Height 135mm, Width 150mm. Shaft drive 16mm 
Weight 8 5 Kilos BRAND NEW Price E10.00, cart. Et 00. 
Suitable transformer for use on 220. 240 von A C. 23.88. Post 5011 

60 R.P.M. REVERSIBLE 
220/240 von A C Small. powerful continuously rated motor Mfg 
BERGER (Germany) Sae BOmm a 65mm x 65mm Spindle die 
6mm Length 15mm. Weight 725 grams. E5.50. Post 50p 

BODINE TYPE N.C.I. 
GEARED MOTOR 
(Type 1) 71 r.p.m. torque 10 lb. in 
Reversible 1 /70th h.p. cycle .38 amp. 
(Type 2) 2$ r.p.m. torque 20 lb. in. 
R Ibis 1/80th h.p. 50 cycle 28 amp. The above two 
precision made U.S.A. motors are offered in as new 
condition. Input voltage of motor 115v A.C. Supplied corn. 
plete with transformer for 230/240v A.C. Input. 
Price. either type 1211.25. Post 75p or less transformer tl.79. Pon 
eóe, 
These motors are ideal for rotating aerials, drawing curtains,, 

,display stands. vending machines. etc. etc. 

20 r.p.m. GEARED MOTOR 
230/240 volt 20 r.p.m. motor. £1.00. Post 20p. 

REVERSIBLE MOTOR 230V A.C. 
Genera Electric. 230v A C 1.600 r p m 0 25 amp Complete with 
anti- vibration mounting bracket and capacitor. 0/A sum t l0mm a 95mm 
Spindle 5/16" die 20mm long Ee.equipment tested 23.00. Peat 50p 

BENDIX MAGNETIC CLUTCH 
A superb example of Elactro- machan,ce The main 
body a In two aaetlons. The coil section is fixed and 
has a Min sleeve. The dnve section rotating on the 
outer perimeter. The uniting plata has %in. ID 
beefing concentric with mein section and 1B-tooth 
cog wheel 
When energized tren.ens.ion Is extremely powerful. 24V d t. at 
240MA OUR PRICE JUST E3.50. Post 45p 

ROTARY VACUUM AIR COMPRESSOR AND PUMP 
Carbon vane. oildos 100/115V A.0 I ' 2 

h p motor, 50/80 cycle 2875/3450 r p m 

20" vacuum 1.25 cf m., 10 p s r (epprox 
figures) New unused surplus stock. with elect 
connection data Fraction of makers price. 
£12.00. Post El 00 Suitable transformer 
£3.50. Post 50p 

TIME SWITCH 
Hartmann Type V Mk II Time Switch. 200/ 250 volt 
A C Two on /two off every 24 hours. at eny manually 
pre-set time 30 amp contacts. 38.hour spring reserve 
in case of power failure Day omitting device. Fined in 
heavy high impact case. with glass obeervation 
window Built to highest Electricity Board spec 
individually tested. Price £7.75. Post 50p (Total inc 
VAT £8 91 1 

A.C. MAINS 
?Ì 

TIMER UNIT1 
Based o , dr, e se - dn,.k with 25 amp - 
single pole switch which cari be preset for 
any period up to 12 hrs. ahead to switch 
on for any length of time. from 10 mins. to 6 - 
hrs. then switch off. An additional 60 min. audible rimer IS 

incorporated. Ideal for Tape Recorders Lights. Electric Blankets 
etc Attractive satin Copper finish Size 135 m 

m 
130 m y 

60 mm Phce E2.25.Pest 400 iTotal Inc VAT 5 pi,.. £2.87.) 

OWER 
HEOSTATS 

New ceramic construction, vitreou . 

enamel embedded winding, heavy Out. 
brush assembly, continuously rated. 
25 WATT 10. 25. 100 150 250. 500. 1k. 1 5k oci 
21.70. Post 200 50 WATT 1. 5 10, 25. 50. 100, 500, 1k one, 
22.10. Post 25p 100 WATT I/10/25,50/10C/250/500,Ik: 1 5k/2 5k /5k ohm. E3.30. 
Post 35p 

Slack SilverSkirted knob calibrated in Nos. I -9. I; 
in dia brass bush. Ideal for above Rheostats, 22p ea. 

PROGRAMME TIMERS 
50 volt A C operation Ea.n can, operates a 

c; o micro switch Ideal for lighting eRects 
d,splays.etc E. equip tested similar to 
4lustmtan 6 am model 20 rep m £3.50. 
Post 60p. 12 cam model 15 rpm E5.00. 
Post 60p Suit transformer 230v operanor. 
E1.00. 

ALL MAIL ORDERS, ALSO CALLERS AT 

57 BRIDGMAN ROAD, CHISWICK, 
LONDON, W4 5BB. Phone: 01 -995 1560 

Closed Saturdays. 

SERVICE TRADING CO. 
SHOWROOMS NOW OPEN 

AMPLE PARKING 

PERSONAL CALLERS ONLY 

9 LITTLE NEWPORT STREET, 
LONDON, WC2H 7JJ. 

Tel.: 01 -437 0576 
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EXCLUSIVE OFFERS 
WORLD -WIDE RANGE 

NEVER BEFORE OFFERED 
COMPLETE TRANSPORTABLE H,F. COMMUNICA- 
TIONS CENTRE housed in Air Conditioned TRAILER 
fitted two COLLINS K\\'T -6 500W B.S.B. Transmitter - 
Receivers and one COLLINS Receiver all fully tuneable 
2 to 30 m /cs digital readout synthesised frequency 
control, with line amplifiers and inputs, operating 
position and remote control facilities and ancillary 
equipment. Power input 115V or 230E A.C. Full details 
on application. 

PHILCO HC -1S0 POINT -TO -POINT STRIP RADIO HF 
RECEIVERS 2/30 mks. Ten folly tuneable channels to 
0.5 kes with synthesisers. Single and diversity reception 
on ISB, DOB, Soil with 4 sub -bands to each channel. 
Full details and prices on application. 

HIGHEST QUALITY 19" RACK 
MOUNTING CABINETS & RACKS 

CABINETS 
Height N1dth Depth Ruch Panel 

'zi't n 
i i 

nches in inches 
i 

n leeches Space in ins. Price 
CR 69 30 20 - E24.00 
FA 85 n 36 160 422.00 
FC 52 25 22 47 £17.00 
FH 15 21 17 II £12.00 
El 15 21 15 12 £12.00 
LL6 11 21 17 9 £15.00 
LL7 16 20 12 14 £15.00 
LL8 lO 20 10 9 £1500 
1.1.9 17 21 17 14 £15.00 
LLIO 52 21 18 46 £15.00 
MM 75 22 26 68 £22.00 

Also Consoles, twin and multi -way Cabinets 
OPEN RACKS 

Height Channel Rack Panel 
Ref m inches Depth Space Bas 

e 
Price 

RG 86 2 51 14 £9.00 

Full details of all above on request 
\Ve have a large quantity of "bits and pieces" 
we cannot list- please send s your requirements 
we can probably help -all enquiries answered. 

Rhode & Schwarz SBK sig gen. 1.6/2.4 gmc £70.00 
Alet ee 702 sig gen 30 cyc 30 ken £26.00 
Belling Lee 751ís Sky Tower. s supporting P.U.R. 
Minehead D669 Analyses £70.00 
S.E. 4000 System Units P.U.R. 
Large Aerial Turning Units P.C.R. 
Muirhead Hydraulic Relays P.U.R. 

Lavoie OS -62 Oscilloscopes 115v 15 in /co £65.00 
S.T.C. Rx 5 Receivers 0.5/30.0 m /cs £45.00 
45 feet Uniradio Co -ax 50 ohms £2.00 
Racal RA66 Pauadaptens £350 
Furzehill Spectrum Analysers' £55.00 
25 ft Telescopic Aerial Masts £24.00 
Advance LI Signal Generator 300/1000 torec £70.00 
Addo 5/8 Track Tape Readers £48.00 
Digital Cassette Recorders '," 1000 dps £250.00 
OS -8 Oscilloscopes 115v £30.00 
1600£1 16m/m Film Spools ally (unused) IO for £4.00 
Quality electric Weather Vanes 8contacts (unused) £15.00 
Large Aerial Rotators for Coaxial £18.00 
B.N.C. Connectors 200 for £42.00 
Video Cross Hatch TV Generators £17.00 
Racal MA -175 I.S.B. Modulators (new) £45.00 
Collins KWT -6 SSB Transceivers 50 watts 2/30 m /es P.U.R. 
Imslide Cabinet Shelf Sliders £3 00 
DG.7/32 and DG7 /5 C R T's £3.00 
Remscope Storage Scope with tracer £115.00 
'MV R Action Replay 20 sec. Videodisc Unit P.U.K. 
Advance HI Signal Generators, 15.50Kcs £18.00 
Varian VAI75EA Backward Wave Oscillators P.U.R. 
Tally 5/8 Track Tape Readers 25 cps £48.00 
Tally 5/8 Track Tape Readers 120 cps £22.00 
2 KVA Auto -Transformers £22.00 
Coulant 40v 30A Power Supplies £30.00 
15 foot 12 inch Lattice Steel Mast Sections £29.00 
Cintel 2 KV Power Supplies - £35.03 
Cawkell Ft) 4 Band Pass Filter Testers £60.00 
Ave Geiger Counters (new) £750 

We have a quantity Of Power Transformers 250 Watts to 
15KVA at voltages up to 40KV. Best quality at low prices. 
List available. 

Racal RA -63 SSB Adaptors, new 
Racal RA -237 LW Converters. new 
19' Blank Rack Panels 834ín high 
Apeco Dial a Copy Photo Copier Electrostatic 
Hewlett Packard 524C Digital Counter 
Portable Mains Battery Floodlights 
400 channel Pulse Height Spectrum Analysers 

£70.00 
£70.00 
£1.00 

£60.00 
P.U.R. 
£24.00 

£600.00 

( Ne lase a Varied -- ,rt t industrial :rod 
I professional Cathode , '1 1 s ..il.d b. List mi 

reyneat. 

INSTRUMENTATION -TAPE 
RECORDER -REPRODUCERS 

Plessey M5500 Digital Unit. 7 tracks 
Ampex FR- 1100.6 speeds. stereo 
Ampex FR600. 4 speeds. 7 tracks'.' 
Ampex FR600.4 speeds, 14 tracks I 

RMI. 4 speeds. 4 tracks' S" 
EMI BTR1. 1 speed 1 track .4" 
EMI R301G. 2 speeds. stereo '0 

Mincom CMP -100. 6 speeds. 7 tracks '4.'a. 
leavers Rich DA,2P. 2 speeds. 2 tracks 
EMI TR90 2 speeds. I track .0" 
Plessey 11333 Digital Units. 7 track 

Prices of above £70 to £400 
Also Transport Decks only available 

COMPUTER HARDWARE 
* LINE PRINTER, High speed 1000 lines 

p.m. 
TAPE READER, High -speed 5/8 track 
800 c.p.m. 

* CARD READER 80 col. 600 c.p.m. 

Prices on Application 

PLEASE ADD CARRIAGE AND V.A.T. AT 
APPROPRIATE RATE TO ABOVE 

P. HARRIS 
ORGANFORD -DORSET 

BH18 BBR 
BO1TRNEMODTH-766051 (0202) 

IRr Nr. i . ccen an 
Barclaycard accepted. C.W.O. only 

Terms of basins as in our catalogua 
Export Order enquiries welcome (£S min. 

Official Orders accepted from 
Educational & Government Departments 

ALL PRICES INCLUDE VAT & P.B.P. 
E. & O. E, Shop hours: 9- 12.30, 1.30 -5 p.m. 5 days 

Except Wednesday 

1976 ISSUE 66 PAGES - 3000 ITEMS 
`FULLyILLUSTRATED 

20p CREDIT VOUCHERS 

+ SATISFACTION 
`. ALL NEW STOCK 
`:` 

GUARANTEE 
DISCOUNTS 

20p 
NEW 

plus top OR PRICE 
LIST - S.A.E. 

I'C 

TRO 
postage TRANSFORMERS 

!tto 4,/ SEMICONDUCTORS 
ONFC MODULES - S -DEC rf ^OHO AUDIO ACCESSORIES 
g¿, TOOLS - TEST METERS 

Sa CALCULATORS - AUDIO 
LEADS -BATTERIES -KITS 

RESISTORS - CAPACITORS 
CASES - COILS - BOOKS OAs CONNECTORS - VEROBOARD 

PC MATERIALS - HARDWARE 
tTO BOXES - SCREWS - KNOBS 

POTS- STORAGE UNITS.. ETC., ETC. 

SPECIAL RESISTOR KITS (CARBON FILM 5 

(Prices include post & packing) 
10E12' /aW or ' /aW KIT 10 of each El 2 value 
22ohms --1 M, a total or 570 £5.29 net 
25E12 1/4IW or ' /aW KIT 25 of each El 2 value. 22 
ohms--1M. a total of 1425 El 2.64 net 

SPECIAL CAPACITOR KITS 
C280 Kil -PC Mounting polyester 250V 5 of each value 0.01. 0.022. 

0.047. 61. 2214. 2 0l 0.47. 114 E1.98 net. 

C296 Kil- Tubular polyester 400V 5 of each value 0.01.0.022.0.047.0.1. 
022pF. 2 0l 0.471 F E2.67 net. 

Ceramic Kit -square plaque 50V 5 al each value 22.33.47. 100.220.330. 

470. 100014. 2200. 4700 e F. 0.01µF £ 1.66 net. 

250V Paper Kit -Tubular metal case. 3 of each value 0.05. 0.1. 0.25. 

0.5 1 pF E1.41 net. 

5105 Paper Kit -Tubular metal case. 3 of each value 0.025. 0.05. 0.1. 

0.025. 0.51'F E1.41 net. 

1000V Piper Kil- Tubular meta case. 3 of each value 0.01. 0.025. 0.05. 

0.I f E1.63 net. 

B.H. COMPONENT FACTORS LTD. 
MULTIMETER U4341 

27 Ranges plus Transistor Testa 
16.7000 Volt. 
Vac - 5 --750V in 8 ranges. ì 
Vac--1 5-7505 in 6 ranges 
Idc -0.06. -600mA in 5 ranges 
lao- 0.3- -300mA in 4 ranges 
Resistance-2K12-2M 0 in 4 ranges .e 
Accuracy-- dc -24'', 
ac -49óof F S a 
hfe. -10- -350 in 2 ranges 
Size- -115 n 21 5 x 90mm 
Complete with steel carrying case. test 
leads and battery PRICE £12.10 net P &P 75p 

U434 '' 

MULTIMETER U4313 
33 ranges Knife edge with mirror scale 
20.00012- Volt. High accuracy, mVdc.-25n,' 
Vdc.-1 5 -600V in 9 ranges 
Vac -1 5 --600V in 9 ranges 
Ide --60- -120 microamps in 2 
Idc -0 6-- 1500mA in 6 ranges 
lac- 0.6- 1500mA in 6 ranges. p 
Resistance-110.1-1M:: in 4 range, 
db scale --10 to + 1 2db. 
Accuracy -dc -t u,a'i .. ac -2'. 
Size- -115 x 215 in 90mm 
Complete with steel carrying case test 
leads and battery 
PRICE £16.09 net P &P 75p 

MULTIMETER U4323 
22 Ranges plus AF IF Oscillator 
20 00012 Volt 
Vde - -0 5- -1000V in 7 ranges 
Vac- 2.5 -1000V in 6 ranges 
Idc- 0.05 -500mA in- 5 
ranges. 
Resistance -5Q -1 M t'2 in 4 ranges 
Accuracy -5% of F S D. 

OSCILLATOR --1 KHz and 465 KHz tia M i at apin,' 
Volt Size- -160 o 97 x 40mm 
Supplied complete with carrying case test leads r'iI 
oanero 
PRICE £9.95 net P &P 75p 

MULTIMETER U4324 
id Ranges High sensitivity 
..0 0001! Volt' 
Vdc -0.6 -1 200V in 9 ranges 
vac-- 3 --900V in 8 ranges 
Ric -0 06 --3A in 6 ranges 
iac -0 3 --3A in 5 ranges 
Resistance -- 2512- -5M!! in 5 i. 
Accuracy -dc and R -2'/z% of I 

ac and db 4% of F S D 

Size -167 x 98 x 63mm. 
Supplied complete with storage case test 
leads, spare diode and battery 
PRICE £11.72 net P &P 75p U4324 

(WW), LEIGHTON ELECTRONICS CENTRE, 59 
NORTH n' ,, LEIGHTON BUZZARD, LU7 7EG. 
Tel Leightnl Buzzard 2316 (Std code 
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Wilmslow 
Audio 

THE firm 
for 

speakers! 
Baker Group 25, 3. 8, or 15 ohm £8.64 
Baker Group 35, 3, 8 or 1 5.ohm £10.25 
Baker Deluxe, 8 or 1 5 ohm £13.75 
Baker Major, 3. 8 or 1 5 ohm £11.87 
Baker Regent, 8 or 1 5 ohm £10.00 
Baker Superb, 8 or 15 ohm £18.12 
Celestion HF1 300 8 or 15 ohm £7.75' 
Celestion MH 1000 horn, 8 or 15 ohm £13.50 
Decca London and X over £39.50 
Decca DK30 and X over £24.06 
EMI 5" Mid range £3.50 
EMI 61,z" d /cone roll surr. 8 ohm .... £4.37 
EMI 8 x 5, 10 watt, d /c, roll /s8 ohm £3.95 
EMI 14" x 9" Base 80 £13.25 
Elac 59RM 109 1 5 ohm. 59RM 1 148 ohm £3.75, 
Elac 6'_ "dicroll /s8ohm £4.25 
Fane Pop 15 watt 12" £5.25 
Fane Pop 33T 33 watt 1 2" £9.25 
Fane Pop 50 watt, 12" £12.50 
Fane Pop 55, 12" 60 watt £15.50 
Fane Pop 60 watt, 1 5" £17.95 
Fane Pop 70 watt 1 5'r £18.75 
Fane Pop 100 watt, 18" £27.95 
Fane Crescendo 12A or B, 8 or 15 ohm . £37.95 
Fane Crescendo 15, 8 or 15 ohm ' £49.95 
Fane Crescendo 18, 8 or 1 5 ohm £67.95 
Fane 807T 8" d/c roll / s, 8 or 15 ohm £5.75 
Fane 801T 8" d/c roll is8ohm £9.95 
Goodmans 8P 8 or 15 ohm £5.95 
Goodmans 10P 8 or 15 ohm £6.25 
Goodmans 12P 8 or 15 ohm £14.95 
Goodmans 1 2P -D 8 or 1 5 ohms £16.95 
Goodmans 12P -G 8 or 15 ohms . £16.50 
Goodmans Audiom 200 8 ohm £14.95 
Goodmans Axent 100 8 ohm' £8.44 
Goodmans Axiom 402 8 or 15 ohm £22.00 
Goodmans Twinaxiom 8" 8 or 15 ohm £10.55 
Goodmans Twinaxiom 10" 8 or 1 5 ohm E10.95 
Kef T27 £5.75 
Kef T15 £6.94 
Kef B1 10 £7.50 
Kef 8200 £8.70 
Kef 8139 £16.75 
Kef DNS £2.31 
Kef DN12 £5.99 
Kef DN 13 £4.50 
Richard Allan HPBB 8" 45 watt £13.25 
Richard Allan CG8T 8" d/c roll /s £8.50 
STC 400 1 G super tweeter .... £6.56 
Baker Major Module, each £14.75 
Goodmans Mezzo Twinkit, pair £47.19 
Goodmans DIN 20, 4 ohm, each .. £14.75, 
Helme XLK35, pair £24.00 
Helme XLK40, pair £35.00 
Helme XLK30, pair E19.00, 
Helme XLK50, pair £56.00 
Kefklt 1, pair £49.00 
Kefklt Ill. each £43.75 
Richard Allan Twinkit, each £14.95 
Richard Allan Triple 8, each £22.50 
Richard Allan Triple, each £27.95 
Richard Allan Super Triple, each £32.50 
Richard Allan RA8 kit, pair £42.00 
Richard Allan RA82 kit, pair £66.00 
Wharfedale Linton 2 kit (pair) £23.12 
Wharfedale Glendale 3 XP kit, pair £53.00 
Wharfedale Dovedale 3 kit, pair .. £66.00 
All Radford, Gauss, Castle, Jordan Watts, Eagle, 

Lowther. Peerless Tannoy units in stock 

Prices correct at 1.4.76 

INCLUDING VAT AT 25% ON HI -FI 
8% ON PRO & P.A. 

Cabinets for PA AND HiFi. wadding. Vynair, etc 
Send stamp for free booklet Choosing a Speaker 

FREE with all orders over £10 - HiFi 
Loudspeaker Enclosures Book 

All units are guaranteed new and perfect 
Prompt despatch 

Carriage Speakers 50p each, l 2" and up 75p each, 
tweeters and crossovers 30p each. kits 80p oach 

(t.1 .60 pair). 

WILMSLOW AUDIO 
Dept. WW 

Loudspeakers & Export Dept Swan Works, 
Bank Square, Wilmslow, Cheshire SK9 1HF. 
Discount HiFi, PA etc: 10 Swan Street, 
Wilmslow. Radio, Hi Fi, TV: Swift of Wilms- 
low, 5 Swan Street, Wilmslow. Tel. (Loud- 
speakers) Wilmslow 29599, (HiFi, etc.) 

Wilmslow 26213. 

N11 -01,, 1 (IR FURTHER DETAILS 
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Appointments 

f 

Advertisements accepted up to 

12 noon Monday, May 3, for the 

June issue, subject to space 

being available. 

DISPLAYED APPOINTMENTS VACANT: £6.50 per single col. centimetre (min. 3cm). 
LINE advertisements (run on): £1 per line, minimum three lines. 
BOX NUMBERS: 45p extra. (Replies should be addressed to the Box Number in the 
advertisement, c/o Wireless World, Dorset House, Stamford Street, London SEI 9LU.). 
PHONE: Owen Bailey on 01 -261 8508 or 01 -261 8423. 
Classified Advertisement Rates are currently zero rated for the purpose of V.A.T. 

d 

Radio Officers -now you can 
enjoy the comforts of home. 

Working for the Post Office Maritime Services really 
makes sense. You still do the work that interests you, 
but with all the advantages of a shore -based job: more 
time to enjoy home life, job security and good money. 
To qualify, you need a United Kingdom Maritime 
Radiocommunication Operator's General Certificate 
or First Class Certificate of competence in 
Radiotelegraphy, or an equivalent certificate issued 
by a Commonwealth Administration or the Irish 
Republic. 

Starting salaries, at 25 or over, are £2905 rising 
to £3704 after three years service. Between 19 and 
24, the starting salary varies from £2234 to £2627 

according to age. You'll also receive an allowance for 
shift duties which at the maximum of the scale 
averages £900 a year and there are opportunities to 
earn overtime. There's a good pension scheme, sick 
pay benefits and prospects of promotion to senior 
management. 

Right now we have vacancies at some of our 
coastal radio stations, so if you're 19 or over, write to: 
ETE Maritime Radio Services Division (L687), 
ET 17.1.1.2., Room 643, Union House, St. Martins -le- 
Grand, London EC1A 1AR. 

Post Office TellecoIn1mNnIICC1LIGo ns 
93 

MEDICAL RESEARCH COUNCIL 
CYCLOTRON UNIT 

WESTERN GENERAL HOSPITAL, EDINBURGH 
The following posts are offered for work on a Nuclear Accelerator in a new Cancer Therapy 
Unit. 

OPERATORto be responsible for routine operation and maintenance of acelerator and ancillary plant and some development work Several years' experience in nstallation and maintenance of electrical plant necessary and an HNC in relevant subject Permanent appointment to Technician grade age 2 3 -2 6 salary :2511 -:2790 (scale to 3738) 

ELECTRONICS TECHNICIAN to be responsible for 
,,,aintenance and developmerii .., rle of equipment associated with accelerator and 
ancillary plant also providing a s ou,r In scientists concerned with the physical aspects of 
the beam. Several years' practical experience in an electronics laboratory essential 
Permanent appointment to Technician grade. age 23 -28 HNC in relevant subject required 
Salary according to age and experience c2511 -ì2988 (scale to 137381 

Apply with personal details to 
Admin. Officer, MRC Cyclotron Unit, Hammersmith Hospital 

Ducane Road, London, W12 OHS 

INSTALLATION MANAGER 
Television and Security Systems 

Due to rapid expansion we have an immediate requirement for a qualified 
experienced and highly competent Installation Manager. In addition to his 
technical skills he will need to be an excellent administrator, flexible in his 
approach to solving problems and good at handling a team of hard -pressed 
engineers. 

The Company which is situated near London is designing and installing many 
complex systems both in the UK and abroad we are a leader in the field of, 
advanced security technology and expect our systems to be installed to the 
highest standards possible. Thereafter we maintain them providing a fast and 
efficient service to our customers 

A pleasant disposition and efficient manner, coupled with a good sense of 
humour will be essential attributes The Company will pay an excellent salary 
provide a car and the usual fringe benefit: to the successful candidate This is a 
long term career prospect and the opportunity to become a member of a young 
and enthusiastic team 
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TEST GEAR 
ENGINEERS 

Rediffusion, a major British company in television manufacture, 
is developing a new, state of the art receiver at its Chessington 
laboratories. To support this project we require additional Test 
Equipment Design and Development Engineers at senior and inter- 
mediate levels to help produce our sophisticated production test 
equipment. Rediffusion test equipment leads the industry and uses 
both analogue and digital techniques along with an up- to-date 
approach to jigging. 

Applications are Invited from well qualified and experienced 
test equipment engineers, who will be offered the opportunity to 
join a young and energetic team. Our work is usually demanding, 
often under pressure but always stimulating, using new ideas to 
speed production testing whilst reducing the demands on our test 
operators. 

Salaries, which will depend on experience, are excellent and 

assistance with relocation will be given where appropriate. Some 
travelling to our production factories in Co. Durham will be 

necessary from time to time to assist in the installation and comm- 
issioning of new equipment since our design engineers are expected 
to be responsible for all aspects of their project. 

S you are a high calibre engineer and wish to have your ability - 
recognised and rewarded, come and join us. 

Write or 'phone to: 

A. J. Litteck, 
Test Equipment Group Leader, 
Rediffusion Consumer Electronics Ltd., 
Fullers Way South, 
Chcsstngton, Surrey. 
Phone 01 -397 -5411 

REDIFFUSION 
15347) 

AUDIO - TAPE - HI -FI 
Service Engineer 

Able to work on own initiative Full range of 
test gear. Good remuneration, excellent 
conditions, interesting and permanent post. 
Regular hours 

JOHN KING 
71 East Street, Brighton 

Telephone 25918/27674 
1531 1) 

C.C.T.V. 
VIDEO 

SYSTEMS 
We think we are the most success- 
ful company in our field and are 
seeking people of the right calibre 
to maintain and increase our 
market share build -up over the last 
10 years. 
To supplement our existing team 
engaged in installations in U.K.. 
Turkey. Saudi Arabia and Nigeria, 
we require exceptional Video Sales 
Engineers, capable of selling at a 

high level and supervising installa- 
tions from conception to commis- 
sioning. We need ambitious men, 
of proved technical ability and 
unafraid of hard work. The rewards 
are high and this is a genuine, once 
in a lifetime opportunity for the 
right people. 

Please contact in full confidence 
Ian Crammond, Managing 

Director 
TELETAPE VIDEO 
76 Brewer Street 

Tel. 01 -439 6336/7/8 ,,5342) 

systems Test 
Engineer 

Crosfield Electronics Ltd are leaders in the field of 
sophisticated electronic equipment for the printing 
industry. We need engineers to work on the final testing of 
systems using analogue and digital circuitry with a degree 
of photographic and optical involvement. 

The right people will be aged 20 to 32 and either up to 
HNC standard with three to five years relevant experience 
or with a service background. Knowledge and experience 
of computer software and hardware would be an important 
advantage. 

Starting salary depending on experience will be attractive 
and benefits are commensurate with those expected of a 

member of an international group of companies. 

For an application form please contact Linda Geers, 
Crosfield Electronics Ltd, 766 Holloway Road, London 
N19 3JG. Telephone 01 -272 7766., 

CROSFIELD 
ELECTRONICS 

Wireless World, May 1976 

UNIVERSITY OF EDINBURGH 

ELECTRONICS 

TECHNICIAN 
Required for the DEPT. OF RESTOR- 
ATIVE DENTISTRY. The work is 

mainly concerned with medica 
electronics and electromyography. 
The successful candidate will be 
concerned with maintenance and 
modification of a wide range of 
medical, electronic and allied equip- 
ment, and with research and deve- 
lopment in electronics as related to 
dentistry. The post offers challenging 
and rewarding work in a new and 
expanding field. Applicants should 
hold HNC or equivalent in appro- 
priate subjects. Salary will be on scale 
£2751 -£3207 p.a. Assistance with 
relocation expenses is available If 

necessary. 

Applications, quoting post reference 
no. A171, and giving full details of 
age and qualifications, together with 
the names and addresses of two 
referees, should be submitted by 
30th April, 1976, to the Personnel 
Officer, University of Edinburgh, 63 
South Bridge, Edinburgh EH 1 1 LS 
Telephone 031.667 101 1 , ext 
4510.3. 

Opportunities in the 
ELECTRONICS 

FIELD 
People with analogue or digital 
qualifications / experience seeking 
higher paid posts in TEST - SERVICE 

- DESIGN - SALES. 

Phone Mike Gernat, Ref W W 

NEWMAN APPOINTMENTS 
360 Oxford Street, W,1. 

01 -629 0501 
1941 

MALLA 
TECHNICAL STAFF 
334 Euston Road 
London NW1 3BG 
01 -387 1043 

ELECTRONICS AND COMPUTER 
PERSONNEL. QUALIFIED AND 
EXPERIENCED ALL SPECIALITIES, 
ALL AREAS. 1524,, 

University of Edinburgh 

ELECTRONICS 
TECHNICIAN 

A qualified electronics technician 
experienced in servicing and design 
modification of sophisticated 
instrumentation, is required by the 
DEPT. OF CHEMISTRY to take 
charge of a workshop and four 
qualified staff from 1st August, 
1976. The successful applicant will 
be expected to advise staff on 
design and data collection problems 
and give technical information on 
new equipment. HNC or equivalent 
qualification required. Salary on 
scale £3156 -£3762 p.a. 

Applications, quoting post refer- 
ence no. A175, should be 
addressed to the Personnel Officer 
University of Edinburgh, 63 South 
Bridge, Edinburgh EH 1 1 LS 
Telephone 031 -667 1011, ext 
4510 -3. 

15345, 
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HER MAJESTY'S 
GOVERNMENT 

COMMUNICATIONS 
CENTRE 

HANSLOPE PARK 
MILTON KEYNES, MK19 7BH 

has vacancies in the following fields for R &D work: 

(a) VHF /UHF COMMUNICATIONS EQUIP- 
MENT DESIGN 

(b) ELECTRO- MAGNETIC COMPATIBILITY 

(c) GENERAL CIRCUIT DESIGN- - 
ANALOGUE, DIGITAL 

(d) OPTICS 

(e) RELIABILITY - FROM COMPONENTS TO 
OVERALL SYSTEMS 

(f) DESIGN AND DEVELOPMENT OF 
SMALL MECHANISMS 

Appointments will be made within the grades of: 

SCIENTIFIC 
OFFICER 

£2149 - £3527 

Qualifications: 

(Candidates under age 27) 

(a) Scientific or engineering 
Degree 

or (B) Degree standard member- 
ship of a Professional 
Institution 

or (c) HNC or HND in a scientific 
or engineering subject or 
equivalent 

HIGHER SCIENTIFIC 
OFFICER 

£3254 - £4454 

Qualifications: 

(Candidates under age 30) 

(a) 

As for Scientific Officer, with 
the following experience since 
qualifying: 
Candidates with 1st or 2nd 
Class honours degree or equi- 
valent qualifications - at least 
2 years" postgraduate exper- 
ience 

or (b) Other candidates - at least 5 
years of appropriate exper- 
ience. 

For application forms please write to 
Administration Officer 
HM Government Communications Centre 
Hanslope Park 
Hanslope 
Milton Keynes, MK19 7BH 

141 Appointments 

Looking 

for 
a 

new 

job? 

Perhaps we can help! 

We have regular contact 
with hundreds of electronics and 

electrical companies needing 
qualified electronics engineers 
and technicians and TV service 

engineers. 
We can, therefore, help you to 

find an interesting and well paid 
job. All you need to do is to 

return the coupon below or give 
us a ring. Our service is 

confidential and costs you 
nothing. 

TJP Electrotechnical 
Personnel Services 
12 Mount Ephraim 

Tunbridge Wells, Kent 
Tunbridge Wells (0892) 39388 

TJB Electrotechnical 
Personnel Services is a 
division of Technical & 
Executive Personnel Ltd. 
and is solely concerned with 
job placement in the 
Electronics and Electrical 
Industries 

Please note that this service is available only for 
engineers who are (or will be) available in the U.K. for 
interview. 

Please send me an "Application for Registration" form 
NAME 
ADDRESS 

(90) 
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Wireless World, May 1976 

Your experience could open the door to a range of interesting and rewarding opportunities in 

the Design, Production or Service departments of a Company whose products complement the 

most advanced modern electronic techniques. 

For more information apply in confidence to :- John Prodger, 

MARCONI INSTRUMENTS LIMITED 
Longacres, St. Albans, Herts. Tel : St. Albans 59292 
A GEC- Marconi Electronics Company l5i 

FEATURES EDITOR 

- ELECTRON 

ELECTRON, leading fortnightly journal for engineers 
and management in electronics, requires a Features 
Editor. Essential requirements are journalistic exper- 
ience, a good working knowledge of the electronics 
industry, and knowledge of the latest technological 
developments in electronic components, equipment 
and design techniques. Principal functions will include 
the commissioning of feature articles from specialist 
experts in industry, and the writing of technical feature 
articles for an engineering audience. As part of a closely 
knit team, the Features Editor will also be required to 
cover press conferences and press visits from time to 
time. An important function of the position is journal 
production which involves close adherence to schedule 
copy dates, and progress of copy through manuscript, 
galley and page -proof stages. 

Salary will be in accordance with NUJ /IPC Business 
Press Ltd. Grade 5 agreement. 

Apply to: W. S. E. Mitchell, Editor, Electron, IPC 
Electrical -Electronic Press Ltd., Dorset House, Stamford 
Street, London SE1 9LU. 

(531 5) 

OMAN 
Dhofar Region Television Service 

Very Good Salary 

Free Family Passage 

No Income Tax payable 
in Oman 

Free Furnished 
Accommodation 

Special End of Contract 
Bonus 

we pay Local Education 
Fees 

Comprehensive Free 
Insurance, Health, Dental. 
etc. 

Hard work is necessary 

We are recruiting on renewa- 
ble one -year contract and have 
a vacancy for 

SOUND 
SUPERVISOR 

FOR 

TELEVISION STUDIOS 

INCLUDING O.B.s 

Let us discuss with you your 
abilities for this interesting 
and important position 

Phone: Tony Owers, 01 -573 8333 for 
more information 

PERSONNEL & ELECTRONICS LTD. 
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AVIONICS 
IN EDINBURGH 

With contracts for a variety of advanced avionic projects in the Tornado 
(MRCA), Sea Harrier, Nimrod Mk2, Mitsubishi FS- T2,Jaguar and the naval Lynx 
helicopter, Ferranti in Edinburgh are in a position to offer career conscious 

engineers a wealth of technological experience. Planned expansion through this 
year and next now requires the appointment of engineers with experience in 

the following areas: 

; 

. 
J./ 1 

At" 

. 

Design /Development 
Opportunities exist for 

electronic and mechanical 
engineers with qualifications 
ranging from HND to 
Honours degree to join our 
design teams involved in 
airborne radars, laser range 
finding and target seeking 
equipments, inertial 
navigation systems and their 
associated test gear. 

b 

Test And Support 
To support our design 

teams we need engineers 
with qualifications from C £t 
G to HNC, preferably with 
Test and Quality Assurance 
experience. 

They will become 
involved in a range of work 
covering automatic test 
equipment, fault diagnosis 
and building special -to -type 
test equipment. 

Technical Authors 
Development across 

all our projects requires 
parallel expansion in our 
Technical Publications Group. 

Experienced technical 
authors will find the close 
association with project 
design particularly stimulating 
and for engineers keen to 
embark on such a career this 
is an opportunity to train in 
one of the most authoritative 
technical writing teams in the 
country. 

Salaries are negotiable. The Company operates a contributory 
pension and life assurance scheme and incoming employees will qualify 
for housing under the Scottish Special Housing Association scheme. 

Apply in writing, quoting reference WW /1, with particulars of 
qualifications and experience to: 

Staff Appointments Officer, 
Ferranti Limited, Ferry Road, 
Edinburgh EH5 2XS. FERRANTI 
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ELECTRONIC 
TECHNICIAN II 

Required for the District Works Department 
based at St. Mary's Hospital, Eastbourne 

Qualifications - HNC Electronics or equivalent 

Salary Scale - £3,558 to £4,581 p.a. 
This is a newly established post offering an exceptional 

opportunity for the establishment of a section responsible for 
the maintenance of Electronic and Bio- medical Equipment 
within this Health District. The holder of the post will be 
responsible to the District Engineer. 

Candidates should possess broad experience of electronics 
together with an understanding of the safety aspects of 
equipment in relation to both the patient and user. 

In addition to a sound technical background, applicants 
should possess the managerial qualities required to organise 
and supervise, both subordinate staff and contracted work, 
and be capable of developing and maintaining successful 
working relationships with all levels and disciplines of hospital 
staff. 

As well as providing a day to day maintenance of 
equipment, the successful applicant will be required to 
introduce and operate a Planned Preventive Maintenance 
Scheme. 

For job description and application form, write to 
The District Personnel Officer, Eastbourne Health 
District, Avenue House, The Avenue, Eastbourne. 
Telephone: 0323 371 21 , ext. 21. 

Further details obtainable by contacting the District 
Works Officer, St. Mary's Hospital, Eastbourne. 
Telephone: 0323 20662. 

Closing date: 26th April 1976. 

HEALTH DtSTRICT ¡53331 

EAST SUSSEX AREA HEALTH AUTHORITY 

Wireless World, May 1976 
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Housing available in Berkshire 
The continuing expansion of Racal Communications 

11.11111 

111 
Equipment Limited has created vacancies for Test Engineers 
and Test Technicians at our Bracknell Factory. 

The positions will involve the testing and auditing of a.wide 111111.11. 

range of sophisticated H.F. Communication equipment, 
alluillill 

including the assessment of new products. 

MI 

Test Engineers 

H. E Communications 
,-,- 

/,-,..ata.."-.-/- < tal 

The Company will be prepared to sponsor eligible candidates 
for housing with the Bracknell Development Corporation. 

We offer excellent terms and conditions, generous holiday 
entitlement, pension scheme and sick pay entitlement. 

If you are interested then : 

Communicate with Racal inn 
miallii 

PisPlease write or telephone for an application forni to 

IA Mr. A. J. Franklin, Personnel Manager, 
Racal Communications Equipment Limited, IIIIIIiiii 

40411.315 

Western Road, Bracknell, Berkshire RG121 RG 
iniallill 

PM 
Telephone : Bracknell 3244 Ext. 44 

(53°1 1t I © ggfa 
The Electronics Group 

7 Opportunities for 
Electronics 
Engineers 

To change to wider fields of electronics 

- join the EMI Service Team at Hayes. 
Vacancies exist on repair and calibration of a wide range of elec- 

tronic test gear including oscilloscopes, DVMs, pulse generators, 

power supplies etc. 

Also 
Servicing and commissioning closed circuit television equipment 

including cameras, VTRs Monitors etc. 

Applicants should have at least 5 years practical experience. 

These positions offer varied and interesting work. Attractive 

starting salaries, subsidised lunches, 4 weeks holiday and excellent 

sick pay and pension schemes. 

For further details telephone or write to M. Ford, 01 -573 3888, 

Ext 2167, EMI Service, 254 Blyth Road, Hayes, Middlesex 

EMI 
The international music. electronics and leisure Group (53201 

North Midland Co- operative Society Ltd. 

require 

SENIOR 
AUDIO ENGINEER 

A grand opportunity for a suitable, capable engineer to 
co- ordinate the activities of our Audio service department, 
which undertake the wide service aspect across the consumer 
spectrum. 
The person appointed will be directly responsible to the Group 
Service Manager, and would not normally be expected to work 
on television or other equipment, but will be capable of dealing 
with customer inquiries and complaints. 
The initial wage rate is £58 per week, and accommodation may 
be available on rental. 

We are situated at the county border of Staffordshire, Cheshire 
and Derbyshire, which is a very attractive residential 
environment. 
If you desire a change with opportunities, and wish to join an 
organisation with sales in excess of £34 million per year, apply 
in the first instance giving details of career to date by letter to 
the 

Personnel Officer 
10 Newcastle Street 
Burslem 
Stoke -on -Trent 
ST6 3QG 
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11) COUNTY COUNCIL 5' 

COMMUNICATIONS 
TECHNICIAN 
£4005 -£4275 (inclusive) Reigate 

For the Surrey Fire Brigade. To be responsible for 
Planning, Repair and Maintenance and general 
administration of the Brigade's Communications Systems 
comprising VHF /UHF Radio Scheme, Electronic Visual 
data Transmission System, Call -out Systems at Fire 
Stations, telephone and teleprinter networks, pocket 
radio alerter system for part -time Retained Firemen. 

Will undertake the maintenance and repair of radio 
equipment and therefore must be an experienced, 
practical engineer 361/2 -hour, 5 -day week 

Application form and Job Description from the 
Brigade Personnel Officer, Surrey Fire Brigade 
Headquarters, St. David's, 70 Wray Park Road, 
Reigate, Surrey RH2 OEJ. Closing date: 12 April, 
1976. 

SURREY 

POWER SEMICONDUCTOR 
SALES OPPORTUNITIES 

International Rectifier is a market -leader in power 
semiconductors, and need two people for their sales 
organisation, who match these job specifications. 

1. TECHNICAL SALES ASSISTANT/ 
JUNIOR INTERNAL SALES ENGINEER 

A young person (20 -25 years) with experience in a 
technical selling position (ideally in an electrical or 
electronics company) is required who can liaise with our 
customers both by telephone and written quotation, and 
generally assist our internal sales staff in promoting our 
product range. A technical qualification would be a 
distinct advantage and promotion to Product Sales 
Engineer or Field Sales Engineer should be the ultimate 
aim of the successful applicant. 

2. PRODUCT SALES ENGINEER 
TRANSISTORS /CONSUMER PRODUCTS 
A qualified engineer (HNC electrical /electronics) aged 
about 25 -35 years, with a commercial bias is required 
to be responsible to our Product Sales Manager, 
specifically for technical sales of high voltage TV diodes 
and other consumer products, and possibly for power 
and Darlington transistors. Experience in design and /or 
sales of these particular products is naturally preferred. 
Customer visits throughout U.K. (and possibly into 
Europe) will be involved. 

If you feel you may fit into our organisation, and can 
convince us, write to or telephone our Personnel 
Manager - Ron Sutton - or Doug Daniel - General 
Sales Manager. 

INTE F NATIONAL 
RECTIFIER [IoRJ 
Hurst Green, Oxted, Surrey. Tel: Oxted 3215 

145 Appointments 

T.V. ENGINEERS 
FOR NEW ZEALAND 

Due to the rapid development of colour T.V. and the 
introduction of a second channel, we are in need of 
experienced T.V. servicemen. Who are we? N.Z.'s 
largest T.V. service company with over 30 branches and 
a staff of approximately 350. 

Single Men: 2 Year Contract - Return Fares 
Guaranteed. 

Married Men: Subsidy provided to cover major part of 
air fares. 

Interested? Then write now enclosing a recent photo- 
graph, details of past experience and any qualifications 
to the Technical Staff Supervisor, Tisco Ltd., Private 
Bag, Royal Oak, Auckland, NEW ZEALAND. 

(5263i 

YOUNG ELECTRONICS LTD. 

We are a manufacturer of lighting 
control systems and signal detection 
equipment, and are looking for a 

WIREMAN- TESTER 
(male or female) for the construction, 
testing and servicing of the equip- 
ment at our works in N.W.1. Very 
varied work. Qualifications: ONC or 
C &G or ex- apprentice (electronics or 
mechanical) or similar desirable. A 
wide practical experience is essential 
involving both electronics and 
mechanical work. We are a small 
expanding company and will offer a 
good salary to the right person. 
Please write for an application form 
to: -Young Electronics Ltd. 1 84 
Royal College St, London NW1 9NN. 

152381 

UNIVERSITY OF SUSSEX 
SCHOOL OF MOLECULAR SCIENCES 

ELECTRONICS 
SENIOR TECHNICIAN 

(Mal. /Female) 

Grade 5 Senior Technician required, from 
1st May for four years, on a grant supported 
by the Medical Research Council for 
construction. maintenance and operation of 
advanced electronics equipment, used by 
the MRC for research on metalloenzymes 

HNC or equivalent required. together with 
at least five yearn experience. 

Salary within range ì2751.03207 Sixteen 
days holiday a year and University closure. 
at Christmas and Easter 

Applicants should write immediately to Mr 
P ,1. Gilliver. Laboratory Superintendent 
School of Molecular Sciences, University or 

Sussex, Falmer, Brighton Sussex. BN t 

9QJ 
i53ó' 

SERVICE 
ENGINEERS 
(Electro- Mechanical) 

The Company manufactures, develops, designs and services a 
wide range of X -ray appliances and we are now seeking to 
appoint two Service Engineers to cover the Cardiff area. Their 
duties will involve the installation, service and maintenance of 
our X -ray equipment. 

Applicants should be educated to ONC level while previous 
experience in closed circuit television, logic circuitry and /or 
electronics will be an advantage. 

An attractive salary is envisaged and a car will be provided 
once an acceptable stage of profiency has been reached. 

Please write or telephone for an application form to. sae 
Medical 

The Personnel Manager 
GEC MEDICAL EQUIPMENT LTD. 
East Lane 
North Wembley 
Middlesex 

Tel: 01 -904 1288 
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Test Engineers 
EMI have all kinds of 

future for you at Hayes 
With several different EMI industries 
concentrated at Hayes, Middlesex, 
the Company offers you work on a 

wide variety of equipments - plus 
opportunities to win promotions in 

one direction or another without ever 

having to move out of the Hayes area. 

And, since the entire EMI Group is 

constantly expanding - and, indeed, 
looks likely to continue to expand for 
years to come - these opportunities 
may be expected to come up 

frequently. 

Recent practical testing and fault 
finding experience, either in industry 

or with HM forces is essential. Ideally, 

it will have-involved work on 

advanced and complex 
electronic devices. Certainly 
you'll need a good technical 

background with knowledge 
equivalent to ONC. 

Given these minimum conditions, Test 
Engineers of all levels are required - 
and you're starting salary will 
faithfully reflect the experience you 
have accumulated to date. 

Terms and conditions of employment 
at EMI are everything you would 
expect of a major international 
organisation, and assistance towards 
relocation expenses will be 

considered where necessary. 

To apply, please write to Bill Clark, 
Personnel Department EMI Limited, 
135 Blyth Road, Hayes, Middlesex. 

Or telephone him on 
01 -573 3888 extension 639 
or Record -a -call anytime on 
01 -573 5524. 

EMI 
The m 

nternattonalmusic. electronics and leisure Group. (5326) 

Wireless World. May 1976 

CLWYD COUNTY COUNCIL 
EDUCATIONAL TECHNOLOGY 

CENTRE 

SOUND SUPERVISOR 
Salary on scale Technical 5 

0825-F4095 per annum 

To be responsible for the sound 
operation in the new television and 
sound studios which are committed 
mainly to the production of educa- 
tional materials for schools and are 
equipped to high standards. Main 
duties involve sound mixing. record- 
ing and editing. Candidates should 
have practical experience with either 
a broadcast organisation, high 
standards E.T.V. Service or a 

recording studio. A knowledge of 
electronics and maintenance tech- 
nique will be an advantage. 
Application forms obtainable from 
the Director of Administration, Shire 
Hall, Mold (Tel. Mold 2121, Ext. 
375) to be returned by 18th May, 
1976. 

M. H. PHILLIPS 
Director of Administration 

5353 

CAPITAL 
APPOINTMENTS LTD. 

FIELD SERVICE ENGINEERS 
(ELECTRONICS) 

youre not earning over £3,500 
p a plus a car - then you had better 

contact us' 
(5300) 

34 Percy Street, London, W.1 
01 -636 9659 (day) or 
550 0836 (evening) 

MANAGER 
Research and Development 

Laboratory (R.D.E.) 
A technical manager is required for an electronic laboratory, primarily 
concerned with cable television development, which embraces the 
reception, transmission and distribution on cable of television signals, 
and the design and development of cable T.V. receivers, and similar 
equipment. 
The laboratory is housed in a modern building and is located on the 
outskirts of Leatherhead, Surrey, in pleasant surroundings. . 

The successful candidate will have 
1. A good knowledge of electronic theory, particularly as 
applied to communications, and a supporting mathematical 
ability would be an advantage. 
2. Good experience in communication and /or colour 
television fields. 

3. Up-to -date experience of the practical design and 
production of electronic equipment. 
4. Some technical management experience. 

5. The ability to motivate technical personnel and provide an 
innovative atmosphere. 

The person selected would be responsible for all the 
operations, both technical and administrative, required to run the 
laboratory with approximately 18 -20 personnel, including 
non -technical support staff, and would be responsible for this directly 
fo the Technical Director. 

Please write in confidence to:- 
The Technical Director 
British Relay Wireless and Television Limited 
Overline House 
CRAWLEY, West Sussex 

enclosing full &tails of education, training, qualifications and 
experience. 

(531 81 

RADIO TELEPHONE Service Engin- 
eer wanted for work -shops in South 
London. Must be reliable and ex- 
perienced with Pye, GEC, and 
other mobile radio equip. Salary 
Neg. 680 -1010. (5329) 

STUDENT REQUIRES work May to 
October. Qualified as a Test En- 
gineer (C &G) Sul1 Tech. Has had 
18 months experience with video 
and audio equipment. London/ 
Surrey area preferred. Box No. 
5;50, Wireless World. (5350) 

ARTICLES FOR SALE 

QUARTZ CRYSTAL 
UNITS from 

I 

I O 300 MHZ 

FAST DELIVERY 

HIGH STAIILm' 

To DEE 62/1 -A 

TEL MYTHE 848961 
STD CODE 0703 

WRITE FOR 

LEAFLET AT ' 

McKNIGHT 
CRYSTAL Co. Ltd. 
HAROLEY INDUSTRIAI 

ESTATE. HYTHE. 

SOUTHAMPTON SO4 87Y 

CONTENTS OF 35mm. MAGNETIC 
RECORDING AND DUBBING 
THEATRE including Simplex pro- 
jector, Strong arc lamp, Rectifier. 
R.C.A. Studio optical soundhead 
with clover leaf take -up, R.C.A. 
Master distributor, 3 Rank cabinet 
magnetic reproducers, 1 Rank 
cabinet recorder, 2 R.C.A. optical 
reproducers. Footage counter, large 
mixer desk with filters, tone con- 
trols, compressor /limiter, echo 
machine. etc. 8 in -put faders, 2 

master faders. Selsyn interlock 
throughout. Also Selsyn control 
panel, jack field. various ampli- 
fiers, microphones. talk back and 
signal lamp system. All in excel- 
lent condition. Ideal for docu- 
mentary film company. May be 
seen installed in London. Bargain 
price £4,750 o.n.o. for quick sale. - Write: M. F. Cooper, 8 North 
Approach, Moor Park, Northwood. 
Middx. (5348) 

SOWTER 
TRANSFORMERS 

FOR SOUND RECORDING ANO REPRODUCING 

many We are suppliers to may ell known companies. Huge: and 

troadcadmg aulharilies and were established in 1911. Early 

delmeries Competitive prices. Lupo of small quintiles. Lai us 

quote 

A recent reMese 
SORTER TYPE 3678 

MULTITAP MICROPHONE 
TRANSFORMER 

Riney meding ler 600 ohm. 200 ohm and 60 ohm with 
Ssoadary loading Irom 2K ohm lo 10 K ohm. Frequency 

rupees. plus minus AB 20 Hl to 25 KHI Contained in weil 
finished Moine, boa Timm diameter by 22mm nigh with colour 

ceded end leads low distortion DELIVERY Ismail quanttnesl 

Ed STOOL HIGHLY COMPETITIVE PRICE FULL DETAILS ON 

REQUEST 

E. A. SOWTER LTD. 
Transhumer Manufacturers and Des,gners 

7 Dedham Pace. Fore Street 
Ipswich IP4 1JP. Tel. 0473 52794 152 151 

60 KHz NSF RUGBY RECEIVERS. 
BCD TIME -OF -DAY OUTPUT. High 
performance, phase locked loop 
radin receiver. 5V operation with 
LED indication. Kit complete £9.50: 
assembled and tested unit £11.12 
(prices include postage and V.A.T.) 
Also available low power receiver 
with signal and audio outputs. Send 
for details Toolex, Sherborne (4359) 
Dorset. (21 

DISCO CONSOLE consisting of two 
100 watt DJ Power Amplifiers with 
SDL mixer Mk II, 2 Garrard SP25 
MKI!I Turntables with Shure. Mag- 
netic cartridges housed in compact 
mobile unit. 4 speaker units: 2 

containing four 12" 50 watt Good- 
man speakers. 2 containing 18" 
EMI speakers. 100 watt Pluto light 
projector, microphone (including 
stand and boom). Speaker leads, 
Bank lights. All perfect and ready 
for use. 01 -805 3898. 
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APPOINTMENTS 

Design/ 
Development 
Engineer 
(H.F. S.S.B.) 

N.W. Kent 
DECCA COMMUNICATIONS 
LIMITED requires to make this 
appointment, at senior level, due to the 
extension of Company activities and 
proposed movement to new premises 
at Sevenoaks. A background of recent 
work in analogue and digital design 
techniques in communications 
equipment is essential. Equally 
important is the need to be able to work 
with minimum supervision in a small 
laboratory. It is envisaged that present 
developments will lead to ultimate 
project leadership with a 2/3 engineers 
team. 
The Company has the dual advantage of 
small unit involvement and the 
conditions of employment which apply 
throughout the Decca Group of 
Companies. 
Interested applicants are invited to 
apply to: 
L.L1. Scourfield, Manager, 
Group Personnel & Training 
Services, Decca Limited, Decca 
House, 9 Albert Embankment, 
London SE1 7SW. 

DECCA 

'ARTICLES FOR SALE 
MONOCHROME TELECINE. The 
C.U.I has fier sale a Marconi tele- 
cine comprising: MkIV camera. 
Philips projectors two Ifimm and 
one :35mm): Westrex interlocked 
magnetic and optical replay units: 
picture and waveform monitor, and 

is complete with handbooks, spare 
valves, vidicon. etc. Viewing by 
arrangement; otters in writing to: 
Room 502. Central Office of Infor- 
mation, Hercules Road London 
SEI 7DU. Phone 01 -928 F2345 Ext. 
682. 15354) 

" MOTIVATOR " Curtain Cord Con- 
trollers. Mains battery models and 
kits for use with corded domestic 
curtains. From f18 -f30. Aid -Us 
Products Dept WW12 R Hillview 
Road, Pinner IIAS 4PÁ. Middlesex. 

5:í2t1 

500 WATT DIMMER 
SWITCH 

(not suitable for fluorescent lights) 
Basic Module with 1" Knob l2 00.. 
Complete on MK switch plate (2 50 

Large 2" knob (BULGINI 25p extra 
P&P ?51, 

Plein, -i. ':A' t,, all Inc P&P 
ERASER-MANNING LTD. 

40 TUDDENHAM ROAD, IPSWICH IP4 
2SL 

FLUKE 302 DC. Volts standard - Dili 
vuteter 175. 4,1in. 100mA meters 
£3.50. 50V i A TXFRS H. P. & p. 
extra. 3 Maple Ave., Fishponds, 
Bristol. (5336) 

LINSLEY -HOOD 75 watt amplifier 
apares by return. Sescosem BDY56 
£1.75, Motorola BD529 65p, BD530 
65p, BF258 35p, 2N5457 4513, 2N5459 
45p. Special offer - four BDY56, 
two BD529, two BD530 and two 680p 
capacitors for only f8.80 - up- 
date your old amp. Filter switch 
click and mains /rf interference 
suppression kit with instruction. 
01.35. Headphone socket kit, with 
instructions. f1.45. Inclusive prices. 
P. & p. 10p. All components brand 
new and guaranteed. List SAE. 
1. G. Bowman (Dept WW). 59 Fowey 
Avenue, Torquay, S. Devon. (5337) 

THE SCIENTIFIC WIRE CO 
Copper - N;ckel -- Chrome -- Eureka 
-- Litz -- Manganin Wires 
Enamelled -- Silk - cotton -- Tinned 
Coverings. 

* No minimum charges or quantities 
*Trade and export enquiries welcome 
*S A E brings List 

P.O. BOX 30, LONDON E4 9BW 
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ARTICLES FOR SALE 

DIRECT COMMUNICATIONS 
Division of Direct Electronics Ltd 

INTERCOMMS & TELEPHONES 
New Italian Designed 2 -Way Telephone Intercomm Wall / Desk with 30 metres 

(,able. £19.95 (E1) Operates on 6 to 9v batt or power supply 
As above. 2- to 6 -way Wall Model. £10.65 Desk model inc. term block. £12 65 per 

post 2- to 11 -way wall model. E11 50 Desk Inc term block. El 3.45 per inst (50p). 
Colours ivory and grey blue 

Superior 2- to 6 -way Siemens & Halske Wall Intercomm with desk conversion kit. 
Pant block and cord Per instrument. E10 (packing and carriage 50p). 

Push- button Intercomms from 2- to 21-way with multi -channel and conference 
f,,nhhes New 6 -way £24. 11 -way £27. 16 -way £30. 21 -way £35 Refurbished at half 
'he above prices. (El each unit) 

Entrance Phones Single unit + Internal Phone + Electric lock release + Twin Power 
supply £39 95 (£3). Add £7 for each additional button and Internal Phone up to 
'O way (+ 50p per way). 

Transistorised 2-way Intercomm with 6v Power Supply and 50ft cable. £ 11 75 (El) 
Transistorised batt -op 3 -way Intercomm I Master - 2 subs). £23 95 (E11. 4 -way 

Master - 3 subs), £28 50 (El). 
Wireless Intercomm (lust plug 2 or more into mains - no wires required), £20 pair 

11 Ideal for baby alarm 
Automatic Instruments Strowger -compatible or PAX working New P 0 Types 706 

,ud 746 £15 722 (Tnmphone). £41 65 Refurbished from £5 00 (E1) Also Special 
,,od Foreign types. 

Ultra Modern Types Gondola (dial in hand seq. £39.95 Charleston (Candlestick). 
moulded black E34 75 Leather covered red, green or brown. £50 95 Electronic- button 
styles from £88 100 other superb Reproduction and Modern styles available in wood. 

.rylic leather. onyx. etc. Come and see 
Plan and Key phones for Home and Expon. New or refurbished 
Telephone amplifier (1 -way) £5.95 (35p) Hands -Free Tele Amp (two -way 

nversatlon) E9 50 (50p). With recording far tidy E 1 2 50 (50p) 
Telephone terminal blocks- 3 -way 45p, 4 -way 75p, 6 -way El 25. 24 -way £2 75. 

.18 -way £3 75 (20p) 
950 Jack Sockets El 50 (20p). 420 plugs El 50 (20p) Less 10% per dozen. 
Telephone cords 4 -way to 9 -way, Eft 75p, 1011 El 1 5. 16ft E 1 65 (15p) 
Telephone cable Per metre. 4 -way 18p, 6 -way 20p. 10 -way 50p. 13 -way 56p 

Add 10 %) Paired cable also available up to 50 parr 
Intruder Alarm Microwave space protector Power Supply. £25 (E 1 ) 

a Mains Adaptors 6 /7.5 /9vdc. switched. ì3 75 (50p). 3/4 5/6/7 5/9/12v, E5 
(rOp) Suit Transistor Radios, Cassette Recorders. Intercomms, etc 

Auto Exchange 10 extension + 1 circuit Power supply incorporated. E 1 75 (carr 
li el 

New Transformers Extensive range in stock or quick delivery Auto. Isolating. H V.. 
Charger Equipment. Output. etc 1 2 va to 6000 va (6Kva) from El 70 Please enquire 

Add VAT = 891, * = 25% on post paid price 

TRADE ENQUIRIES WELCOMED 

Many surplus bargains still available at exceptionally low prices All most be cleared 

34 LISLE STREET, LONDON. WC2H 7110 - Tel: 01 -437 2524 
5324, 

DIOTESTOR TRANS 

CIRCUIT 

TRANSISTOR TESTER 

The DIOTESTOR detects faulty diodes 
and transistors when still in circuit 
without need for unsoldering. 

BRITEC LIMITED 
17 Devonshire Road, London SE23 3EN 
Tel. 01 -699 8844 Telex) 896161 

Prevale enquiries send tOp in stamps for brochure 

U( ( N()Rhs NFIIIV(:t(i\ CRFti('FNT. 
tiFN M11t)L \. SI BB! l' - . - -- 

MICROPHONE PREAMPLIFIER 
000 

0.,ppi,:d) Jr. has pie s for gain 1 5dB 
ru I,ge,e Supply + 24V Board built and rested 

STEREO DISC AMP 
FOR BROADCASTING AND DISC MONITORING 

irl line 
s 

with RF and LF 

. of peifor 
. MEETS IBA SPECIFICATION E)e5. 

10- OUTLET DISTRIBUTION AMP 
. .. output,. 

- MULTIPLE 
..NL FOLDBACK 

HEADPHONES 
Meel., IBA signal pari, ,IA anon 

Q,n,phmi and ho.,-1 E100 
Set p.iiis nxr.luding c aw hnecrors 

E62 

PEAK PROGRAM METERS TO BS4297 
also 2001x Hz version fur high speed copying 

Dnvee c , can +S Hi)nn I i I ))!A L f ' r, o 
ii, 

, h., rc, 

BBC FD14ou Gild B -way edge con e,ippled 
i.l,li..i. Or £13. Built and aLgned E19.00 

r RN( 0 PPM ,regs 1 

u- a 642 it , 
meter, 

£14; 643 102. 
ers 70; Twin movcmeip arale B6 . h.1mm 

La! no 

STABILIZER 
FOR HOWL REDUCTION. BALANCED AND 

UNBALANCED VERSIONS BOXED 
OR RACK MOUNTING 

PUBLIC ADDRESS : SOUND REINFORCEMENT 

+5Hz Fixed Shitt Circuit Boards for WW 
July 1973 article. 
Small enough ro he built inside the cabmen of many 
-,mpd,ers 

zompiele kit and board F24 indiuding PS0 8 dengner DESIG N i r: 

Good bull and aligned (71 mains Iransfermer approved. A PPP OS L L 

SPECTRUM SHIFTER 
yanaLle'hits 0 1 - 1000Hz lui wend spe.i.n check 
un speech or music 

SURREY ELECTRONICS 
The Forge. Lucks Green. Cranleigh 
Surrey GU6 7BG (STD 04866) 5997 

www.americanradiohistory.com
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Classified 

PRECISION 
POLYCARBONATE 

CAPACITORS 
All High Stability - L.xvrmelp Low 

Leakage 
140V 

RANGE: DIMENSIONS 
AI t. 1. (mm) PRICE. 63 Range I% 24, 5'b 
1') L U EACH: 

I 27 12.7 51p 0.47uF87p 50p 43p 
u.22eF 33 16 61p 1DuF 82p 62p 52p 
o.25!F 33 16 67p 2.2pF 96p 75p alp 
0 47a 33 19 SOP 47uF 11.8211.1:1 Wp 
0518 33 19 87p 6.8pF 01.96 11.38 01.13 
0,68/ IF 50.8 19 93p 100 12.40 11.95 11.64 
1.0aE 50.8 19 11.03 15pF 13.22 12.79 £2.24 
2.0PF 50.8 25.4 C1.44 221,F 64.28 13.68 03.08 

1ANTAl.IM BEAD CAPACITORS - Values 
available: 0.1. 022. 0.47. 1.0. 22. 4.0, 6 ipF at 
15V'25V or35V; 1018 at IBV i2OV or 25V; 22.0/F at 
6V or 16V; 33.OpF at 6V or 10V; 47.0íF at 3V or 6V: 
I000,ß at 3V. ALL w 10p each 10 for 950,50 for LI. 

TRANSISTORS IC.s 
AC126 14p BC260A 384 1 (1071 Ilp 
AC176 16p -BC547 558Al2p 2N29266 12p 

AD149 40p BC'Y72 12p 2N2926(0 Ilp 
AFI78 30p BDI31 13239p '2N29261 lip 
AF239 380 BF115.167 22p 2N3054 - 65p 

0C107,8'9 Op BF173 24p 203055 50p 

BC114 12p 13í178 26p 203702 
BC147 8,9 10p BFI84 22p 3704 tip 
BC153 154 12p '8F194 195.12p TIP30A 32p 

'BC157 8,912p -BF16,197' 12p TIP3IA 55p 
l(C177 I8p BF200 27p TIP32A 6.1p 

'13C182 182LI1p 13E262 '263'60p T1P3055 55p 

-BCIKI I8:4L1Ip BFY50. 51, 5220p MPU131 49p 

0C164 184L12p BFX84 X86 8820p NE555 alp 
0C212.212L14p BFXH5 26p 741C 32p 
'BC213.213LIlp BRIO) 4Ip ZN414 11.13 

'BC214,214LIIp GET872 25p SN76OI3ND 
BC267 12p (X:44 0C45 14p 11.30 

POPOLAR U10 ES -1N014 Op, 8 or 43p. 18 for 
90p: 1N916 hp, 6 for 45p. 14 for 900: 1544 5p. 11 for 
50p, 24 for £1.00; 1814148 3p. 6 for 27p, 12 for 48p: 

IN4001 3'.p; 002 6p; 003 8'rp: 004 7p; (816 8p; 067 

e'rp. 
EOM PRICE ZENER DIODES -404MW Tol. a5% 
at 5mA. Values available: .4V. 3.3 V. 3.6V. 4.7V. 5.1 V. 

5.6V. 6.2V. 6.11V. 7.5V. 8.2V 9 I V. I0V. I I V. 12V. 

I3V. 13.5V, I5V. I6V. 16V. 20V. 22V. 24V. 27V. 30V. 

All at 1p each: 5 for 33p; 10 for 65p. SPECIAL 
OFFER: 100 Zeners for 66.00. 
RESISTORS-Htgh stability. low noise carbon 

film 5%. ',W at 40' C. ',W at 70- CEIS Ceres 
only-from 2211 to 2.2M12. ALL at 1p each.8p for 10 

if any one value. 70p for 100 of any one value. 
SPECIAL PACK. IO of each value 2.211 to 22M11 

(730 resistors) £5. 

SILICON PLASTIC RECTIFIERS -1.5 ampp brand 
new wire ended 0027; 100 P.I.V. 7p (4 tor 26p), 4011 

P.I.V. 8p (4 for 30p). 
BRIDGE RECTIFIERS -2'. amp. 2000' 40p, 350V 

45p,11o11V 35p. 
SIBSIIN1AILR1. VER I IC AL PRESETS -0.1W 

,oily. ALL at 5p each: 50 :2, 1(x11.22011.47012.6601!. 
Ikit. 2 2011. 4.7102. 6.14k11, 10111. 15111. 22011. 47k11, 

86111, 10012. 250k11. 680011. 1M:2, 251411. 5M11. 

PIEn,E ADD 15p POST AND PACKING ON ALL 
ORD. RS BELOW 15. ALL EXPORT ORDERS 
ADD i.,OST OF SEA AIR MAIL. 
PLEASE ADD 8% VA'r to all items except those 

marked with which are 25% 

Send S.A.L. fur fiats of additional ex -stock Rents 
Wholesale price lists availel,l, 0 . bona tide 

comport , 

MARCO TRADING 
(Dept. D1 ) 

The Old School, Edstaston, Nr. 
Wem Shropshire 

Tel. Whixall (Shropshire) (STD 
094872) 464/5 

(Proprs- Vlimcnv Trading Ltd i 1511 71 

TELERADIO HI FI 
OFFER 

L. LINSLEY HOOD 
HIGH QUALITY AMPLIFIERS AND TEST 

EQUIPMENT 
30.75 Wall Amplifier Kit 612.00 Made 615.95 
Pre- /0991;4r Kit E7.50 Made 610.00 
Power Supply Unit Kit £13.70 Made 615.30 
F.M. Tuner Istereol Kit £40.00 

Low Distortion Audio 

Oscillator Kit £14.00 Made 618.00 
Milli Voltmeter Kit Kil 615.25' 
T.H.O. Analyser Kit 618.50 
Reg. P.S.U.O. -608 I A Kit 617.30° 

Frequency meter. Price to be announced 

`Tax 8'.. Other items 25% 

FOR DETAILED AND ILLUSTRATED LISTS SEND S.A.E. 

FM Tuner 

Mlllrvoltmeler 

HI 0 A 75 watt 

325 Fore St.. Edmonton, London 11.9 

01407 3719 Closed Thursdays 152101 
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ARTICLES FOR SALE 

IBM GOLFBALL 
735 I/O 

TYPEWRITERS 
Coding similar to EBCDIC 

will accept normal or sprocketed paper 
Supplied in working order with photo copy 
of IBM interface manual. Each machine 
serviced and tested. 

£100 + 8f0. VAT 
As above but modified to take office range 
of golfballs El 18 + 8% VAT (including new 
golfball). UK delivery by Securicor + 

packing E7.50 Overseas air freight or 
surface at cost. 

RELAYS 
Varley 2p c/o 1850 85p (12p) 
Varley 2p c/o 2809 65p (1 2p) 
PXB 2p c/o 15000 40p (12p) 
BNC Free SKT BL L1339/J. 35p (10p) 
BNC Chassis SKT SCRND L1339/FS 35p 
(10p) 

PAPST (or similar) Fans 41/2 x 41/2 x 2 in 
100 c.f.m. 50/60 £3.50 (65p) c/s 

ELECTROLYTICS 
10,000 63v £1 (30p) 2,8004 100v 70p 
(25p) 2240., 100v 70p (25p) 4,000.. 35v 
50p (20p) 2.000.. 50v 35p (11p) 4.000.. 
70v 80p (25p) 10.000.. 16v 50p (20p) 

EX COMPUTER PC PANELS 2 x 4" 50 
boards £2.40 (62p) 
OH bulbs 12v 55w 60p (10p) 
'250 mixed resistors BOp (18p) 
"250 mixed Capacitors 60p (18p) 
"Small electrolytcs 
2.24 10v. 104 35v, 50u 40e. 100. 40v. 
1004 6v, 150., 10v, 64u 10v, 300u 10v 
2004 10v 12 for 45p (12p) 

-PIHER PRESETS 100mw 
220. 470. 1K. 447. 10K. 47K. 100K. 
220K, 12 for 50p (12p) 
Reed relays 6v coil hid contacts 5 for E1 

(20p) 
Reed inserts h/d contacts 10 for £1 (12p) 

TRANSFORMER 6v 500mA 75p (18p) 

TRANSFORMER 31v 330mA 60p (30p) 

Add 25% VAT to items marked others 
8% 

KEYTRONICS 
Shop open Monday to Saturday 

9.30 a.m. -2 p.m 

01-553 1883 
153441 

LAFAYETTE PF 200a VHF /FM 
RECEIVER. Dual Band fully solid 
state monitor tunes 30 -50 MHz and 
144.174 HHz plus any 2 crystal 
controlled frequencies in each 
band. Integral speaker, tape re- 
corder socket. headphone and ex- 
tension speaker sockets. Sensitivity 
betters 1µV /20dB (0.5 typical), 
240v AC or 120v AC and 12v DC 
supplies for fixed or mobile opera- 
tion, optional 24v DC convertor, 
Size: 135 x 70in x Sin approx 
Stockton Partners, 20 Dudley St., 
Grimsby. Tel: (0472) 3740. Cables: 
Stopart. Importer and Distribu- 
tors. (5313) 

WE INVITE ENQUIRIES from any- 
where in the World. We have in 
stock several million carbon resis- 
tors Ath, t. ¢, and 1 watt. I million 
wire wound resistors 5 and 10 watt - 1 million capacitors - 1 million 
electrolytic condensers - 1 million 
transistors and diodes, thousands of 
potentiometers, and hosts of other 
components. Write, phone or call 
at our warehouse - Broadfields & 
Mayco Disposals Ltd., 21 Lodge 
Lane. N. Finchley, London, N.12. 
01 -445 0749, 445 2713. (5097) 

16MM B & H 631 Sound projectors 
c/w speaker and transformers £135. - Hilton Cine, 9 West Hill. Dart- 
ford -T. 20009. (15 

ENAMELLED COPPER WIRE 
S.W.G. 1 lb reel 1 /2 lb reel 

r 10 to 19 2.40 1 35 
20 to 29 2.45 1 40 
30 to 34 2.60 1.50 
35 to 40 2.85 1.60 

All the above prices are inclusive of postage- 
and packing in UK 

COPPER SUPPLIES 
102 Parrswood Road, Withington, 

Manchester 20 
Telephone 061 -445 8753 

Wireless World, May 1976 

Economise on Semiconductors 
All prices include VAT - by return service 

* Lower price 741 C * Lower price CMOS 

723C + dell 14 pin DIL 

741C + data 8 pin OIL 

7480 + data 8 pin Dll 
114308 + data 8 pin OIL 

CA3046 14 pin gil 
TOA 1415 15V 450m4 

8C107, 108, 109, 109C 

0C182,104 
BC212. 214 

HP 0.2" LED red + clip 

HP' í' LED red 

OIL low profile 8 pin 

Sockets 14 pin 

16 pin 

HP 5082.1740 red cc Mph 

MT 242CS 12 -612 Transformer 

1+ 
70 
21 

34 
95 
80 
70 
10 
12 
13 

20 
19 
12 

13 

14 

170 
130 

10+ 25+ 
68 U 
21 20 
33 31 

89 85 

68 65 
10 9 
11.5 11 

12.5 12 

19 18 

18 17 

11 10 

12 11 

13 12 

TTl Mind prkn 
1+ 25+ 

7450 11 10 

7402 12 11 

7403 12 11 

7404 13 12 
7405 13 12 

7410 12 11 

1413 28 24 
7420 12 II 
7430 11 10 

7447 80 

7473 28 
7474 30 
7476 30 
7486 28 
7490 45 
7492 55 
7493 42 
74121 32 

75 
24 
26 
26 
24 
38 
50 
39 
27 

BC177 21 2113702 

8C179 22 203704 

BF2448 30 293708 

BFY51 15 203055 

BZYB8G3V3" 15 11 1N914 

194001 

11 

12 

8 
49 

4 
4 

104002 4.5 
104004 6 

101008 7 

114148 4 . 

I04148110etQ 33 

AY -5-1224 16 pin digital clock IC + data + circuit 4.00 

Clock IC + 4 HP 0.3" digits 10.00 

Clock IC + 4 digits + Transformer + transistors 11.50 

TCA940 IOW audio amp + data + circuits 1.90 

TADI00 radio IC + IF filter + circuii 1.65 

Carbon tifs kph slab resistor 'AV 5'a 012 values Sobs 2M2: I.Ip ea IO for 

10p, 100 90p same value 

CMOS Mixed 
Prices 

4000 
4001 

4002 

4008 
4007 

4008 
4009 
4010 
4011 
4012 

4013 
4014 
4015 

4016 
4017 

4023 
4024 

4025 
4027 
4028 
4030 
4040 
4045 
4049 
4050 
4068 
4071 

4078 

4081 
4507 
4511 

4520 

1+ 25+ 
ID 15 

15 14 

15 14 

100 90 
16 15 

95 88 

45 42 

15 

15 

42 
90 
8o 
48 

83 
15 

65 
15 

45 
78 
45 

90 
110 
45 

45 
16 

15 

16 

15 

50 
130 
112 

14 

14 

39 
82 
75 
44 
78 
14 

so 
14 

42 
71 

42 
84 

102 
42 
42 
15 

14 

15 

14 

45 
120 
103 

All prices include VAT. P &P (UK) 1 5p. Overseas at cost. All goods new. Full 
spec. devices from Motorola, Mullard, TI, SGS, etc. Schools, colleges supplied 
on credit. By return service 

SILICON SEMICONDUCTOR SERVICES 
41 Dunstable Road, Caddington, Luton LU1 4AL 

401 

DIGITAL CLOCK CHIP, AY-5-1224, 
with data and circuit diagram, 
£3.66 plus VAT, ' Jumbo ' LED digits 
( 16mm high) type economy DL//47 
only E2.04 each plus VAT, post free. 
Greenbank Electronics. 94 New 
Chester Road, Wirral, Merseyside 
L62 5AG. (83 

C.R.T. REGUNNING PLANT. New 
and secondhand reconditioned 
training, demonstration, colour or 
B /W. Barretts, Mayo Road, Croydon, 
Surrey, CRO 2QP. (36) 

WIDE BAND OSCILLOSCOPE, 2 plug 
,in amplifiers, D.C. to 40 Meg, Dual 
trace, Dual timebase, bright up, 
Delay, single shot £280. Technical 
manual included. Higgs, 15 Carlisle 
Avenue, Swindon. 0793 34633. (5335) 

DISCO UNIT, consisting of two, KF 
speakers, output 100w, two turn- 
tables, one Garrard the other BSA 
plus D.J. Disco amplifier with 
microphone and headphones, £250 
for quick sale. Also comprehensive 
record sellection available with 
unit. Tel: 01 -440 4153 or 01 -586 
7026. (5284) 

FOR SALE: All as found. three 
radar equipments. AEI Escort type 
601 -604. Suitable for operation from 
200 vDC supply. Two complete In- 
cluding 1.2 foot scanners and one 
complete without scanner. Also mis- 
cellaneous spares and handbooks. 
Can be seen by arrangement with 
the Depot Supervisor. Lighthouse 
Depot, 22 West Harbour Road, Gran - 

ton Harbour, Edinburgh E115 1PN 
(031 552 4239). Removal to be the 
responsibility of the purchaser. 
Offers should be submitted to the 
Secretary, Northern Lighthouse 
Board. 84 George Street, Edin- 
burgh, EH2 3DA by 3 May 1976. 
The Board do not bind themselves 
to accept the highest or any offer. 

(5327) 

MICROPROCESSORS 
This book gives you a general 
overview of the Technology Design 
Ideas and Practical Applications. 
by L. Altman PRICE £9.25 

THE ELECTRONIC MUSICAL 
INSTRUMENT MANUAL by A. 
Douglas PRICE £8.00 

THE RADIO AMATEUR'S 
HANDBOOK, 1976 by A R R L 

PRICE. £4.80 

WORLD RADIO TV HAND- 
BOOK, 1976 PRICE: £4.00 
TTL COOKBOOK by D. Lancaster 

PRICE £5.80 

ELECTRONIC FUNDAMEN- 
TALS & APPLICATIONS: FOR 
ENGINEERS & SCIENTISTS by 
MlllmanfHalkiss PRICE £9.55 

110 COSMOS DIGITAL IC 
PROJESTS FOR THE HOME 
CONSTRUCTOR by R. M Mar- 
ston PRICE £3.00 

99 WAYS TO KNOW & USE 
YOUR ELECTRONIC CALCULA- 
TOR by L.E Frenzel PRICE £3.80 

HANDBOOK OF DATA COM- 
MUNICATIONS by Post Office 

PRICE £9.00 

ELECTRONICS ENGINEER'S 
REFERENCE BOOK by L W 
Turner PRICE £25.60 

*PRICES INCLUDE POSTAGE w 

THE MODERN BOOK CO 
SPECIALISTS IN SCIENTIFIC 

& TECHNICAL BOOKS 

19 -21 PRAED STREET 
LONDON W2 1NP 

Phone /23 4 7 e5 
Closed Sat. .1 p.m. 

www.americanradiohistory.com
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ELECTRONIC DIGIT ALARM CLOCK 
MODEL EC3 

THE TIME HAS ARRIVED 
FOR YOU TO JOIN THE 
DIGITAL REVOLUTION 

THE MISTRAL Mk 1 

DIGITAL CLOCK 

* Large 4 digit display * Power interrupt indicator * Pleasant green display * 12/24 hour readout 
* Variable display intensity * Tilt operation alarm cancel * Pulsating colon * Fully electronic 
* AM /PM indicator * Pulsing seconds indicator * Building time 1 hour * Push- button setting 
* 24 -hour alarm * Attractive white case 
* 5 minute repeating snooze alarm KIT PRICE £11.07 inc. VAT 

COMPLETE BUILT CLOCK PRICE £14.00 inc VAT COMPLETE BUILT CLOCK PRICE £14.95 

Wireless World, May 1976 149 Classified 
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Electrotime 

CONTINUOUS LIQUID 
CRYSTAL DISPLAY 
MODEL TLC4 

RHODIUM £39.95 
inc VAT 

GOLD £41.50 
inc. VAT 

FEATURES 

* Hours 
* Minutes 
* Seconds 
* Date 

WITH UNIQUE 
BACKLIGHT FEATURE 
FOR NIGHT READING 

LED MODEL TLE5 
***fmm..met 

40NANSWIlmetor!* 

4.**1",11110$1W 

£29.50 
inc. VAT 

FEATURES 
* Hours 
* Minutes 
* Seconds 
* Date 
* Day of week 

GOLD OR RHCDIUM PLATED 

LED MODEL TLE3 

FEATURES 
* HOURS 
* MINUTES 
* SECONDS 

£19.95 
inc. VAT 

JET BLACK 
STAINLESS STEEL 

CASE AND BRACELET 

MODELS FEATURE ELECTRONIC ACCURACY 
TO WITHIN SECONDS PER MONTH 

Money back if not completely satisfied 
One -year guarantee with all models 

Electrotime, Dept. 1/5 
111 Storforth Lane Trading Estate 
Chesterfield, Derbyshire. Tel: 35804 

Please supply 

I enclose cheque /pDstal order 

Name 

Address 

i5332, 

www.americanradiohistory.com
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ARTICLES FOR SALE 

i 

MARX -LUDER 

STACKABLE EPICYCLIC 

GEARED ELECTRIC MOTORS 

A range of mgh ehciency reversible 

O.C. motors we now catered 

camping with stackable 

epioyciic gears 
giving 

z 
II the 

gear lige 

3.4, 
5.6.12 

15. 18. 20.24 
30. 60. 72. 90. 

120. 360 by combining 

them as shown Extra gear sets 

extend the range to lit most requirements 
Four suns of motor each with pile gears 

and 6v windings are available as under 

48136? I': width: 5000ep: sire 24s24x14mm Max. gearbox 

torque 2kg.cm [6.55 
EMI36P I Spore gear sel telb 34.5.6 nUa5 E1.95 
EM 141 P 6 wall: SOOOrper sae 3511351109mm. Max. gearbox 

torque 5kg.em [7.40 
EM 141 P i 1 Span gear set with 3.4.5 6 roles E2 10 

EMI45P 20 watts. size 52x52e180mm. Max 

gearbox torque Iokg.cm E9.55 

EM146P3Owatts. 4000rp. size 52x52x200am Max gearh0x 

ands I011g.cm . El E.ß0 

SPECIAL OFFER 

'Gearbox pack . AN tlems above (3400 
MOTORS "tithed gearboxes 

EM131: 0.8 vase- 20q sea 8000rpm. . 17mm E4.65 
EMI 30 1.2 watts:40g.ce, 500trp. o21wn E4.35 

EMI39 4.2 web: 1601. cm: 5000rpm . 30mm C4.15 

EMI41: 8 wets: 320p.ca. 4500rpm. 30mm E485 
SPECIAL OFFER 

"MOlorpade -. All motors above [16.00 

546 Ipe DATA SHEETS. All prices are Inclusive as U M 

Marl Order Only From 

AID -US PRODUCTS 
Dept. WW11. 8 Hlllview Road. Pinner 

HA5 4PA, Middlesex 

PHOTO ETCH 
LIMITED 

9 LOWER QUEEN STREET 
PENZANCE, CORNWALL 

TR18 4DF 

Prototype or long run - we will 
supply your printed circuit require- 
ments. 
Also facilities for Design, Assembly 
and Test 

Prompt and efficient service assured 

e...4..C ,07311 4471 

ERNIE 
MINICOMP series random number 
selectors use modern logic techniques to 
generate purley random numbers within 
any specified range. All units are built to 
meet customer requirements for range 
and mode of operation which may be 

LOCAL and or /REMOTE with or without 
TTL outputs. The display uses 0.63 ". 
747 L.E. D 's. Some of the existing basic 
ranges are given. 
' MINICOMP DECIMAL 0 -9 

' MINICOMP CENTURIAN 099 
' MINICOMP RAFFELITE 0-999 
' MINICOMP BOOKMAKER 09999 
' MINICOMP SWEEPSTAKE 099999 
' MINICOMP MILLIONAIRE 0999999 
' MINICOMP GALAXY 0- 9999999 
' MINICOMP POPULATION 

EXPLOSION) 0-99999999 
240V 50HZ or 110V 60HZ operation. 
Full one year's guarantee. 
For your particular requirement. please 
write 
MICROELECTRONICS 
51 Maxfield Road, London SW15 
2RG (53211 

CRYSTALS 
fad AKeery al prolo1Tpe sod production qualifies lo your 

spaiircaloe. EG 

100 x13 0005. 9C1310 E2.50 sd EI,900 per I.0120 

I MHz 0.005'. ICBM E2.50 each El .600 M 1.000 

2097152 IMO 0.0025'. IC6/U E305 Mob E1.550 pr 1.000 

3 2768 MO 00025'. MN E2.70 Fach EI.S00 per I.Wo 
10044 0.002. Nç18N E2.00 sch E1.100pct 1.000 

Also Statek LF crystals in TO-5 package 
na nck frequencies in the range 10.240 KHo egv 

10 12 8. 16.384, 32 768 6 100 KHr pares from 
2 55 each s 1 400 per 1 000 

Please send for further details 
INTERFACE QUARTZ DEVICES LTD., 29 
Merket Street. Crew kerne, Somerset. Tale. 
phone: (046031) 2578 Telex: 46283 

UNUSED SEALED RELAYS GEC 
M1100 and M1092 2 x c /o, 4 x c /o, 
4 x c /o. 670 Ohm coil 40p each. 
postage Sop any quantity. 15314) 

COLOUR UHF and TV SPARES. 
Lists available on request "Wireless 
World" TV tuner project. by D. C. 
Read. Kits of parts available. New 
cross hatch kit, Aerial input type. 
No other connections. Battery 
operated, portable. Incl. Sync & 
UHF Moderator units. 111.00 p/p 
45p. CRT Reactivator kit for colour 
and mono £17.48 p/p 70p. Signal 
strength meter kit £18.00 p/p 60p. 
625 TV I.F. Unit, suitable for Hi-Fi 
amp on tape recording £6.80 p/p 
60p. Bush CTV 25 new convergence 
panels + yoke and blue lateral 
£3.60 p/p 65p. New Philips single 
standard convergence panels com- 
plete incl. 16 controls, coils P.B. 
switches, leads £3.75 p/p 65p. New 
colour scan coils, Mullard or Ples- 
sey, plus convergence yoke and 
blue lateral £9.20 p/p 70p. Mullard 
at 1023/05 convergence yoke £2.50 

p/p 50p. Mullard or 
BRC 

Plessey Blue 
laterals 75p p/p type 

coils £2.00 p/p 60p, Bush 
CTV25 scan coils, new £2.50 p/p 
60p. Delay lines DL20 £3.50, DL40 
£1.50. DLIE, DLI £1.00 p/p 35p. Lum 
Delay Lines 50p p/p 20p. EHT colour 
quadrupler for Bush /Murphy CTV25 
3/174 Series £8.50 p/p 60p. Special 
offer, colour tripiers: ITT TH25/ 
ITH E2.00 p/p 40p. GEC 2040 tripler 
£ 1.75 p/p 40p, Philips G8 panels, 
part complete, surplus /salvaged: 
decoder 12.50, IF, incl. 5 modules 
12.25. T -Base 11.00 p/p 50p, CRT 
base 75p p/p 20p. G.E.C. 2040 
panels for spares. Decoder £3.59, 
Timebase £1.00 p/p 55p. VARICAP 
TUNERS, UHF ELC 1043, new £4.20. 
ELC 1043/05, £5.00. VHF ELC 1042, 
new 15.00. Salvaged VHF and UHF 
Varicap tuners £1.50 p/p 25p. 
SPECIAL OFFER: RBM 6psn. Vari- 
cap control units £1.00 p/p 25p. 
UHF tuners, new, transistorised, 
incl. slow motion drive. £3.80. 41 

position and 6- position push- 
button transistorised, £4.20 p/p 
60p. Philips, Bush, Decca integrated 
UHF /VHF transe, tuners £4,50 p/p 
65p. Thorn 850 dual Standard time 
base panel 50p p/p 50p. Philips 
626 I.F. amp. incl. CCT 50p p/p 50p. 
VHF turret tuners at 7650 Incl. 
Valves for K.B. Featherlight, Philips 
19TG170. GEC 2010 ETC. £2.50. Pye 
miniature incremental for 110 to 
830, Pam and INVICTA £1.00. New 
Fireball tuners, Ferguson, HMV, 
Marconi. £1.00 p/p all tuners 50p, 
Mullard 1100 Mono scan coils, new, 
suitable all standard Philips, Stella. 
Pye, Ekco, Ferranti, Invicta £2.00 
p/p 55p. Large selection. LOPTs, 
FOPTs available for most popular 
makes. 200 4- 200 = 100 MFD 350V 
Electrolytic £1.00 p/p 30p, MANOR 
SUPPLIES, 172 West End Lane, 
London, N.W.6. Shop Premises. 
Callers welcome. (No, 28, 159, 59 

buses or W. Hampstead- Bakerloo 
and Brit. Rail)- Mail Order: 64 

Golders Manor Drive. London NW11. 
Tel: 01 -794 8751. VAT, Please ADD 
25% TO ALL PRICES (EXCEPT 
KITS. VAT 8 %). 

VACUUM is our speciality, new 
and secondhand rotary pumps, dif- 
fusion outfits, accessories. casters, 
etc. Silicone rubber or varnish out - 
gassing equipment from £40. V. N. 
Barrett (Sales) Ltd.. 1 Mayo Road. 
Croydon. Ui -684 9917. 124 

BOOKS 

START YOUR OWN BUSINESS 
REWINDING ELECTRIC MOTORS 

This unique instruction manual shows step 
by step how to rewind motors, working part 
or full time, without previous experience 

Everything you need to know easily 
explained including where to obtain mater- 
ials, how to get all the work you need, etc , 

etc. 

A goldmine of information and knowledge. 

Only Li 65 + 25p P & P from 

Magnum Publications Dept. WW 5 

Brinkswey Trading Estate 
Brinksway, Stockport SK3 OBZ 

LOGIC. Reliable step -by -step design 
techniques for the non -specialist 
are described in :a new Oxford 
book, ' Problems and Solutions in 
Logic Design ' by D. Zissos (1976). 
Over 50 problems with fully worked 
out solutions demonstrate the 
design steps. Obtainable from 
booksellers £3.50, paper covers 
£1.75. (5323) 

Wireless World, May 1976 

CAPACITY AVAILABLE 

DESIGN, development, repair, test 
and small production of electronic 
equipment. Specialist in production 
of printed circuit assemblies. 
YOUNG ELECTRONICS LTD., 184 
Royal College Street- London NW1 
9NN. 01 -267 0201. (20 

AIRTRONICS LTD., for Coil Wind- 
ing - large or small production 
runs, Also PC Boards Assemblies. 
Suppliers to P.O., M.O.D., etc. Ex- 
port enquiries welcomed, 3a 
Walerand Road, London SE13 7PE. 
Tel: 01-852 1706. (61 

PRINTED CIRCUIT BOARDS - 
Quick deliveries, competitive prices, 
quotations on request, roller tin- 
ning, drilling, etc., speciality small 
batches, larger quantities available 
Jamiesons Automatics Ltd, 1 -5 
Westgate, Bridlington, N. Humber- 
side for the attention of Mr. J. 
Harrison, Tel: (0262) 4738/77877. 

(18 

DESIGN DEVELOPMENT and small 
production of electronic equipment. 
No job too small. - Holts Elec- 
tronics, 223 Pole Lane Court, Uns- 
worth, Bury, Lancs, BL9 SQD. 

(5281) 

CAPACITY available to the Elec- 
tronic Industry- Precision turned 
parts, engraving, milling and grind- 
ing both in metals and plastics. 
Limited capacity available on 
Mathey SP33 jig borer. Write for 
lists of full plant capacity to C.B. 
Industrial Engineering Ltd., 1 

Mackintosh Lane, E9 6AB. Tel: 01- 
985 7057. (14 

T.W. ELECTRONIC CONTRACTORS. 
Wiring and assembly specialists. 
For instrument assy, Sub assy, 
P.C.B. assy, Cableforms etc. For 
service, Tel. 01-500 1705. (5334) 

From drawings 
to completed product 
For quality. service and a 

keen price, 
contact Mr Price -Smith _ Multiform - Electronics ---=== Limited 

'2 Portugal ROJd Woking Surrey GU215JE 
T: :lephone Woking 104862) 70248 (53081 

A.A.A. SERVICE. Small batch pro- 
duction wiring, assembly to sample 
or drawings. Specialists in printed 
circuit assembly. Cableforms to 
order. Rock Electronics Ltd., 42 
Bishopsfield, Harlow, Essex, Tel. 
Harlow (0279) 33018. (19 

ELECTRONICS manufacturer has 
capacity available for PCB assem- 
bly, Harness /Cable forms equip- 
ment wiring Electro /Mechanical 
assembly, etc. Large or small pro- 
duction runs. At extremely com- 
petitive rates. Taylor -Howells Ltd., 
Avondale Road, Industrial Estate, 
Cwmbran, (Gwent- TO: 0633 -5220. 

(5351) 

CAPACITY AVAILABLE for assem- 
bling large or small quantities of 
P.C.B.'s Electronic and Electro- 
Mechanical equipment from draw- 
ings or prototype. Overseas en- 
quiries welcome, Horizon Elec- 
tronics, 100 Sandfield Road. Arnold. 
Nottm. Tel: 0602 -606980. (5357) 

BATCH Production Wiring and As- 
sembly to sample or drawings. 
Deane Electricals, 19B Station 
Parade, Ealing Common, London, 
W.5. Tel: 01 -992 8976. (23) 

ARTICLES WANTED 

WANTED, all types of communica- 
tions receivers and test equipment. 
Details to R. T. & I. Electronics 
Ltd., Ashville Old Hall, Ashville 
Rd., London, E -11, Ley 4986. 163 

B -D ELECTRONICS offer prompt 
settlement for your surplus com- 
ponents. Our main field of interest 
is consumer electronics. Please 
telephone our Miss Hughes, Sandy 
(0767) 81616. (22 

REQUIRED from Ministry of 
Defence and other sources Plessey 
models P.T.R. 371 also 691, 692 
and 693. Please post fullest details 
to John F. Learney, 16 Pine Walk, 
Carshalton Beeches, Surrey. (5226) 

TAPE RECORDING ETC 

RECORDS MADE TO 
ORDER 

DEMO DISCS 
MASTERS FOR 

RECORD COMPANIES 

VINYLITE 
PRESSINGS 

Single disc. 1.20, Mono o Stereo, delivery 
4 days from your tapes. Quantity runs 25 
OD 1,000 records PRESSED IN VINYLITE IN 

OUR OWN PLANT Delivery 3 -4 weeks 
Sleeves /Labels Finest quality NEUMANN 
STEREO/ Mono Lathes. We cut for many 
studios UK /OVERSEAS SAE list 

DEROY RECORDS 
PO Boa 3, Hawk Street, Carnforth 

Lanes 
Tel: 2273 (82) 

EQUIPMENT WANTED 

BROADFIELDS AND 
MAYCO DISPOSALS 

21 Lodge tane, N. Finchley 
London, N12 8JG 

Telephone: 
01-445 2713 

01-0150749 01- 9587624 

MAY WE ASSIST YOU TO DIS- 
POSE OF YOUR SURPLUS AND 

REDUNDANT STOCKS? 

We will call anywhere in the 
British Isles, and pay SPOT 
CASH for Electronic Compon- 
ents and Equipment. 

(5330) 

* MINICOMPUTERS 
* PERIPHERALS 
* INSTRUMENTATION 

Foe fastest, best CASH offer phone 

COMPUTER APPRECIATION 
Godstone (088 384) 3106 

WANTED: Solid state oscilloscope 
DC -25 Mhz minimum B /W. Full de- 
tails inc. age condition + price. 
Box No. 5306. 

WANTED: Operating manual for 
Mullard high speed valve tester, 
also test cards for above. Write: 
F. Murphy, 10 Upton Court, Upton, 
Wirral. (5304) 

WANTED. Agent to purchase Mono 
and Colour T,V's transistor radios, 
vacuum cleaners, washing mach- 
ines, cookers, etc. New and second- 
hand. Box INp. 5328. 

SURPLUS COMPONENTS, Equip- 
ment and Computer panels wanted 
for cash. Ring Southampton 772501) . 

WANTED - ITT radio telephones 
type M5, AM7 and SF1. Good prices 
paid, any condition considered. 
Please telephone Rownhams (042 
123) 4255. 15277) 

TENDERS 

TENDERS 
FOR SALE BY TENDER 

SURPLUS 
RADIOTELECOMMUNICATION 
LOW BAND F.M. EQUIPMENT 
3 Storno Type CQF 33C 
Trigger Stations 
1 Storno Type CQF 31 Base 
Station 
42 Storno Type CQM 39 
Mobiles 
For further details write 
to: -The County Surveyor, 
Northumberland County 
Council, Phoenix House, Queen 
Street, Newcastle -upon -Tyne 
NE1 3AT. (53381 
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SERVICES 

Classified 

and NOW / from ONE source 

SEENSEE 
If you are an Engineer 
or Buyer in any of 
the following,write 
for our Catalogues 

Manufacturing, 
Public Authorities 
Laboratories, 
Universities, 
Contracting, 
Maintenance. 

SERVICE, you can obtain many other Technical 
Products including Electrical, Mechanical and Tools 
in addition to the Electronic components that we have 
been distributing to Industry for over 30 years. 

Large duplicate stocks are kept in LONDON and 
SCOTLAND to give you quick service. 

SERVICE AND REPAIRS 

TUBE POLISHING, mono, £5.63, 
colour £5.94. C.W.U. Return car- 
riage and VAT paid. Phone: N.S. 
300. Retube Limited, North Somer- 
cotes, Lough, Lincs. (27 

LABELS, NAMEPLATES, FASCIAS 
on aluminium or plastic. Speedy 
delivery G.S.M. Graphic Arts 
Ltd.. 1 -5 Rectory Lane, Guis - 
borough (02873 -4443), Yorks, U.K. 

(5305) 

AUDIOMASTER BACKGROUND 
MUSIC . service, sales. Tape 
programmes. P. J. Equipments, 3 

Onslow Street Guildford 4801. (12 

THOR -HOLE CONVENTIONAL 
P.C.B.'s gold plating, roller tinning, 
prototypes, silk screening, drilling. 
All or part service. - ELECTRO- 
CIRCUITS (P.C.) LTD., Delamare 
Road C'heshunt, Herts. Tel. Wal- 
tham' Cross 38600 or 20344. (84 

RECEIVERS AND AMPLIFIERS 

HRO Rx5s, etc., ARMS CR100, 
BRT400. G209, S640, etc.. etc., in 
stock. R. T. & 1. Electronics, Ltd.. 
Ashville Old Hall, Ashville Rd., 
London, Ell. Ley 4986. (65 

SIGNAL Generators, Oscilloscopes, 
Output Meters, Wave Voltmeters, 
Frequency Meters, Multi -range 
Meters. etc.. etc., in stock. R. T. 
& I. Electronics Ltd., Ashville Old 
Hall, Ashville Rd., London E.11. 
Ley 4986. (64 

RING YOUR 
CLASSIFIEDS 

TO 
OWEN BAILEY 

ON 01 -261 8508 
OR 01 -261 8423 

CABLES D COMPONENTS LTD 
Park Avenue, London NW10 7XN 

PRINTED CIRCUITS 
and HARDWARE 

Readily available supplies of Constructors. 
hardware. Aluminium sheet and sections. 
Printed circuit board top quality for 
individual or published designs 

Prompt service 

Send 15p for catalogue 

RAMAR CONSTRUCTOR 
SERVICES 

Masons Road, Stratford -on -Avon 
Warwicks. Tel: 4879 

EURO CIRCUITS 
Printed ( ircurt Boards - Master 
layouts - Photography - Legend 
printing - Roller tinning - Gold 
plating - Flexible films - Convention- 
al fibre glass - No order too large or too 
small - Fast turnround on prototypes 
All or pan service available NOW 

EURO CIRCUITS TO. 
Highfield House 
West Kingsdown 
Nr. Sevenoaks. Kent. WK2344 

COURSES 
RADIO and Radar M.P.T. and 
C.G.L.I. Courses. Write: Principal. 
Nautical College, Fleetwood, FY7 
8.I 7.. 125 

VALVES WANTED 
WE BUY new valves, transistors 
and clean new components, large 
or small quantities, all details, 
quotations by return. - Walton's. 
55 Worcester St., Wolverhampton. 

AGENTS WANTED 
AGENTS required to sell quality 
electric soldering instruments and 
ancillary equipment to Industry. 
Commission only basis. Suit per- 
sons selling allied products who re- 
quire additional income. Good 
potential. Box No. 5227. 

Instruments 
well worth servicing 

and worth 
servicing well 

And now Its even easier because 
you can bring or send your AVO, 
MEGGER or SULLIVAN instruments 
for service or repair direct to the 
manufacturers' joint service and 
spares centre. In -house BCS 
certification facility. 
London Instrument Repair Centre, 
Repairs 
Cunnington Street 
Acton Lane Works 
Chiswick, London W4 5HJ 
Tel. 01 -995 921 2. Telex. 22583 
Enquiries 
Archcliffe Road 
DOVER, Kent CT1 7 9EN 
Tel. 0304 202620. Telex: 96283 

AVO -M EGG ER-SULLIVAN 

LONDON 
INSTRUMENT 
REPAIR 
CENTRE 

NEW GRAM EQUIPMENT 

GLASGOW. Eli Fi, Cassette Decks, 
Tape Recorders, Video Equipment, 
always available we buy, sell and 
exchange for Hi Fi sets and photo- 
graphic equipment. VICTOR 
MORRIS Audio Visual Ltd., 340 
Argyle Street, Glasgow, GI, 8 /10 
Glassford Street, Glasgow. Gl, 8/10 
Sauchiehall Street. Tele: 041-221 
8958. (11 
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Available from 
Selected Stockists. 

Write or phone 
for list. 

90 

Wireless World, May 1976 

INCREDIBLE VALUE IN PRECISION TEST METERS 
MICROTEST 80 - I.C.E. 

20,000 OHMS /VOLT 40 RANGES 
70.000.ohms /Volt. 4,000 ohms /Volt (AC) 2% accuracy 
V DC 100mV to 1 KV (6 Ranges) I. DC 50uA to 5A (6 Ranges) 
V AC 1 5V to 1 KV (5 Ranges) I.AC 250í.A to 2.54 (5 Ranges) 
Ohms low ohms. ohms x 1. ohms x 10. ohms x 100 
Power Output Measurements 1 5V to 1000V (5 Ranges) 

+ 6de to 62dB (5 Ranges) 
Capacitance 25í.F to 25,000 uF (4 Ranges) 
1000 times overload protection on OHM ranges) 
Meter movement diode protection 
Size (without case) 90 x 70 x 18 m m 

Electronic zero, non -parallax mirror scale Unbreakable carrying case and probes supplied. 
Full After Sales Service available 
Price £11.95. Post & Packing 50p VAT i 8%1.1 00. SEND TOTAL ì 13 45 

SUPERTESTER 680R - I.C.E. 
20,000 OHMS /VOLT SO RANGES 

20.000 ohms /Volt 1% D C 2% A C. V. DC IOOmV to 2KV (13 Ranges) V AC 
2 to 2KV (11 Ranges). I. DC 50uA to 10A (12 Ranges) I. AC 250.A to 5A (10 
Ranges) R sí..100. x1000. x10.000 and Low ohms. Detector Reactance 
0-10 M ohms Frog Measurement. 0 -5000 Hz (2 Ranges) Power Output 
10 -2000v (9 Ranges). Decibels -24 - + 70 dB (10 Ranges). Capacrcence. 
0- 500.000 pF (2 Ranges using mains supply). 0- 20,000 uF (4 Ranges using 
internal 3 Volt battery) 1000 times overload protection on ohms ranges. and 
meter movement diode protection 10 Fields of Measurement and BO ranges 
Size 128 x 95 x 32 m m Non parallax mirror scale. Unbreakable carrying 
case supplied which contains probes, mains lead crocodile clips and shorting 
link. s...- 

ACCESSORIES FOR SSOR AND MICROTEST SO ¡EXTRA) (' denotes item not usable on Microt.Mt 50) 
AMPERCLAMP A C 2.5A to 500A (6 Ranges) 3% Ell 95 H.V. PROSE MOD. IS; 25KV (MAX) I/P Z = 500 M ohms (Nom) 
45 95 LIGHT METER PROSE MOO.24: 2 - 20.000 Lou Ell 95 'RESISTANCE MULTIPLIER MOD. 25: Multiplying Factor 
x 100.000 R Range with 680R) 0 - 100M 1.5 95 'GAUSSMETER PROSE MOD. 27: 0 -15 Kilogauss L11. 95. PHASE 
SEQUENCE INDICATOR MOD. 28: 100 -400V (A C 1 50 -60 Hz E5 95 D.C. CURRENT SHUNTS MOD. 22 SERIES: 10A. 
25A. 50A and 100Aì4 50 each TEMPERATURE PROSE MOD. 315: --50 C to +200 C ì 11 95. SIGNAL INJECTOR MOD. 
5.3: Bask 0/P Freels 500KHa and 1 KHc E5 95. CURRENT TRANSFORMER MOD. SIS: 250mA to 100A 47 00 TRANSISTOR 
TESTER 6621.C. E. hFe 5- 500.000 ill 95. Measures Icbo. labo, Icen. Ices. Icer, Vice. sat. Vbe, hFe. VF and Ir ELECTRONIC 
VOLTOHMETER NOS: Full spec. request E35 00. 
Add 50p Post 5 Packing. plus VAT (8 %) to all above prices 

ELECTRONIC BROKERS LTD. 49 -53 Pancras Road, London NW1 2QB 
Tel: 01 -837 7781 

DETAILS WW-080 FOR FURTHER 

Price £18.50. 
Post & Packing 75p 
VAT T 8% 11.54. 
SEND TOTAL 420.79. 
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Wireless World, May 1976 

ltr a mod. mod. modular world. 
Simplify, simplify! Instead of paying more for bigger, bulkier audio control 
components, pay less for compact Shure modular components that - 
singly or in combination -handle critical functions flawlessly. Cases in point: 
(1) the M67 and M68 Microphone Mixers, the original high -performance, 
low -cost mixers; (2) the M610 Feedback Controller, the compact component 
that permits dramatically increased gain before feedback; (3) the M63 Audio 
Master, that gives almost unlimited response -shaping characteristics; (4) 
the M688 Stereo Mixer, for stereo recording and multi- source audio -visual 
work; (5) the M675 Broadcast Production Master, that works with our M67 
to create a complete production console (with cuing!) for a fraction of the 
cost of conventional consoles; and (6) the SE30 Gated Compressor /Mixer, 
(not shown above) with the memory circuit that eliminates "pumping." For 
more on how to "go modular," write for the Shure Microphone Circuitry 
Catalogue. 

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

WW-002 FOR FURTHER DETAILS 
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The life and efficiency of any piece of electronic 
equipment can rest entirely on the solder used in its 
assembly. That is why for utmost reliability leading 
electronic manufacturers in the USA and in 106 other 
countries throughout the world insist on using Ersin 
Multicore Solder. It's the solder they have depended on 
for consistent high quality for more than 30 years. 

If you are not already using Ersin Multicore Solder it 
must be to your advantage to investigate the wide range 
of Specifications which are available. Besides achieving 
better joints - always - your labour costs will be reduced 
and subsequently savings in overall costs of solder may be 
possible. 

There are well over 1,000 Specifications, made to all 
International Standards to choose from, and here are just 
a few of the special solders that we manufacture: 

Savbit Alloy- dramatically reduces erosion of copper 
wires and printed circuits and also reduces the wear of 
soldering iron bits. 

96S Silver Solder - highest strength soft solder. 
Melting point 221 °C. Bright and non -toxic. Replaces 
high temperature brazing alloys. 

95A alloy - Melting range 236-243"C. For electrical 
connections subjected to peak temp. of approx. 240 °C. 

Wireless World, May 1976 

H.M.P. alloy - Melting range 296- 301 °C. Highest 
melting point soft solder for high service temperature 
applications. 

T.L.C. alloy - Melting point 145°C. Lowest melting 
point Ersin Multicore solder for making joints on top of 
other solders and for heat sensitive components. 

L.M.P. alloy - Melting Point 179 °C. For soldering 
silver plated surfaces such as ceramic capacitors and 
soldering gold. 

Alu -Sol Multicore Solder-for soldering aluminium. 
Arax acid -cored solder - for non -electrical 

applications or pre- tinning of parts of difficult solder- 
ability (flux residue must be removed) which can then 
be assembled with Ersin Multicore Solder. 

Write for Technical Bulletins, on your Company's 
letterhead, for products which interest you to: 

Multicore Solders Ltd. 
Maylands Avenue, 
Hemel Hempstead, Hertfordshire, HP2 7EP 
Tel: Hemel Hempstead 3636 Telex : 82363 

Why have leading 
USA manufacturers specified 
British made Ersin Multicore 
solder for over 30 years? 
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