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The ProductionTest 
Bottleneck Smasher! 

You've never seen a faster, more accurate way 
of measuring frequency response from 30Hz to 11OMHz 

Slash your production -test dimes and divert your skilled 
engineers to more important work with our TF 2370 
Spectrum Analyser. It will reduce to s mple operations, 
complicated measurements such as response, level, gain, 
signal purity, modulation and many more. with a speed and 
degree of accuracy that has to be seen to be believed. Forget 
everything you have heard about spectrum analysers. 
The TF 2370 is unique. It employs advanced technology to 
make it reliable and as easy to operate as a multimeter,. The 
facts speak for themselves. 
* Flicker -free display of frequency response from 30 Hz to 
110 MHz on a high- brightness c.r.t. 
* Electronic graticule, with a 15% variation of horizontal 
divisions for pin -point positioning against waveform display. 
* Press- button selection of three amplitude scales: one 
linear and two logarithmic with expansion to I dB/div. with 
an accuracy of j 0.1 dB/dB. 
* 9 -digit electronic counter automatically gives centre 
frequency, reads any other frequency corresponding to 
manualy-adjusted 'bright line' position on display, or the 

difference frequency between the two, at the press of a 

button. All to an accuracy of 2 Hz 1 reference frequency 
accuracy on high resolution and manual. Internal reference 
frequency provided with setting accuracy of I in 107. 

* Internal generator supplies synchronous signal source for 
measuring such items as networks and filters. 
* For comparative measurements, unique memory storage 
system will retain one display indefinitely as required, for 
simultaneous display with waveform produced by items 
under test. 
* Automatic adjustment of amplifier gain to give optimum 
lowest -noise performance with full protection against input 
overloading. 
* Automatic selection of optimum sweep speed. 
* With the 5 Hz filter, signals 100 Hz from a response at 
0d B can be measured to -70 dB. 

Now ask for a demonstration. It could prove that the 
TF 2370 is a better cure for your headaches than aspirin. 
We are standing by for your call. 

m1 : THE INNORATORS 
MARCONI INSTRUMENTS LIMITED, 

Longacres, St. Albans, Hertfordshire, AL4 OJN, England. Telephone: St. Albans 59292 Telex: 23350. 
A GEC- Marconi Electronics Company 
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LOW COST TESTERS 

INSULATION TESTER 

LEVELL 
PORTABLE INSTRUMENTS 

A logarithmic scale covering 6 decades is used to display 
either insulation resistance or leakage current at a fixed 
stabilised test voltage. The current available is limited to a 

maximum value of 3mA for safety and capacitors are 

automatically discharged when the instrument is switched 
off or to the CAL condition. The instrument operates from a 

9V internal battery. 

RESISTANCE RANGES 
10M f2 to 1 0T f2 (10" Q) at 250V, 500V, 750V and 1 kV. 

1M f2 to 1T O at 25V, 50V and 100V. 

100k Q to 100G at 2.5V, 5V and 10V. 

10kQto10GQat1V. 
Accuracy ±15% +800 on 6 decade logarithmic scale. 

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

Fall of test voltages < 2% at 10µA and < 20% at 1004A. 

Short circuit current between 504A and 3mA. 

CURRENT RANGE 
100pA to 100µA on 6 decade logarithmic scale. 

Accuracy of current measurement ±15% of indicated value. 

Input voltage drop is approximately 20mV at 100pA, 200mV 

at 100nA and 400mV at 100µA. 

Maximum safe continuous overload is 50mA. 

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

< l Os for resistance of 10G O across 1µF on 50V to 500V. 

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

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

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

type 
TM1 4 8 8 

TRANSISTOR TESTER 

Tests bipolar transistors, diodes and zener diodes. Measures 
leakage down to 0.5 nA at 2V to 150V. Current gains are 

checked from 1 µA to 100mA. Breakdown voltages up to 
100V are measured at 10µA, 100µA and 1 mA. Collector to 
emitter saturation voltage is measured at 1 mA, 10mA, 30mA 
and 100mA for IC!I B ratios of 10, 20, 30. The instrument is 

powered by a 9V battery. 

TRANSISTOR RANGES (PNP OR NPN) 

1 C B O Et 'E B O 1 
OnA, 100nA, t A, 101A and 10011A f.s.d. 

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

10V or 100V f.s.d. acc ±2% f.s.d. +1% at 
currents of 10µA, 100µA and 1 mA ±20 %. 

1 OnA, 100nA, 1 µA ...10mA f.s.d. acc. ±2% 
f.s.d. +1% at fixed I E of 1 µA, 10µA, 100µA, 
1 mA, 10mA, 30mA, and 100mA acc. ±1%. 

3 inverse scales of 2000 to 100, 400 to 30 and 
100 to 10 convert I B into h F E readings. 

1V f.s.d. acc. ±20mV measured at conditions 
on h F E test. 

1V f.s.d. acc. ±20mV at collector currents of 
1 mA, 10mA, 30mA and 100mA with I C/I B 

selected at 10, 20 or 30 acc. ±20 %. 

DIODE it ZENER DIODE RANGES 

D R 
As I 

E B O transistor ranges. 

Vz : Breakdown ranges as BV C Bo for transistors. 

VD F: 1V f.s.d. acc. ±20mV at 
I 

co F 
of 1 µA, 10µA, 

100µA, 1 mA, 10mA, 30mA and 100mA. 

BVCBO 

IB: 

VBE. 

CE(sat)' 

type 
TM12 £88 

al 

LEVELL ELECTRONICS LTD. 
Moxon Street, High Barnet, Herts. EN5 5SD 
Tel : 01-449 5028/440 8686 

Prices include batteries and U.K. delivery, V.A.T. extra. 

Optional extras are leather cases and mains power units. 
Send for data covering our range of portable 

WW -07 I FOR FURTHER DETAILS 
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The keenwood gwde to 
professiond soldering. 

The Ersa Multitip. A top -quality 
iron that's ultra -light, offering 
reliability so necessary to achieve 
constant production flow. A range 
of different shaped tips simply 

push onto the stem of the iron. It 
has the unique advantage that you 
can change the element in 
seconds. 

oi 

The !so-Tip. A safe, high - 
powered iron which works 
anywhere without a mains 
lead. The breakthrough? 
Nickel Cadmium cells that 
are re- chargeable. 
(A charging stand is included 
for 240v or 115v A.C.) 
Each charge gives at least 
60 soldering joints. Weight? 
Only 6oz. 

The Oryx 50. A temperature controlled mains 
soldering iron. (Temperature control within ± 2%.) 
Adjustment (200 " -400 -C) can be made whilst iron is 
operating using the same tip. Light, compact and easy 
to handle. A large 50W element loading gives rapid 
heating and high performance with constant tip 
temperature. 
Also available: Oryx 
safety stand. 

The Ersa Sprint. Unique - it heats up to 
maximum temperature in only 10 seconds, 
and is the lightest gun on the UK market. 
Ideal for the service -man. With its 
lightweight (only 7oz.) and compact 
construction, it can be manoeuvred 
in even the most 
awkward areas. 

With the Oryx adjustable 
bench vice you can handle 
soldering, drilling, and 
cutting on even the most 
delicate components. 
Positioning is easy and 
quick, with 90 vertical and 
360` horizontal adjustment. 

Oryx SR3A desoldering tool. Ideal where components 
are tightly grouped. Instantly removes unwanted solder from 
printed circuits etc. Accurate, reliable, speedy, and safe. 

Due to expansion we are seeking 
additional distributor /stockists. 

Greenwood Electronics offer a 
range of highly advanced products 

specifically for professional 
soldering applications. 

For more detailed information 
about the comprehensive Greenwood 

range, write to address below. 

Greenwood 
Electronics 

Pnrtman Road, Reading RG3 1NE. 
Tel: Reading (0734) 595844. Telex: 848659. 

WW-056 FOR FURTHER DETAILS 
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News of the Decade 

a3 

RESISTANCE 
CAPACITANCE 
INDUCTANCE 

over 60 different models 

available,manyfrom stock 

CONTACT US IF YOU NEED MORE INFORMATION OR DEMONSTRATION 

DECADE BOXES 
"Junior "Series- Resistance -1 

Decades Ohms Range Ohms Resolution 
J1 5 0- 1,111.100 10 
J2 5 0- 111,110 1 

J3 4 0- 111,100 10 
J4 4 0- 11,110 1 

J5 3 0- 11,100 10 
J6 3 0- 1.110 1 

J60 6 0- 1,111,110 1 

J70 7 0- 11.111,110 1 

"Junior" Series -Capacitance -1 % 
Decades pF Range pF Resolution 

JC1 3 100- 111,000 100 
JC2 2 +var 30- 11,140 "Infinite" 
"Point One" Series- Resistance -0.1% 

Decades Ohms Range Ohms Resolution 
R3 4 0- 1 ,1 T1 0.1 
R4 4 0- 11,110 
R5 4 0- 111,110 10 
R7 5 0- 1,1 1 1,100 10 
R9 5 0- 111,110 1 

R10 5 0- 11,111 0.1 
R 1 1 5 0-11,111,000 100 
R20 6 0- 1 .1 1 1 ,1 10 1 

R21 6 0- 111.111 0.1 
R22 6 0- 11,111.1 0.01 
R30 7 0- 11,111,110 i 

R31 7 0- 1,111.111 0.1 
R32 7 0- 111,111.1 0.01 
R41 8 0 -1 1,1 1 1 ,1 1 1 0.1 
R42 8 0- 1.111,111.1 0.01 

£ 

30.83 
30.49 
25.09 
24.75 
20.51 
20.42 
37.13 
43.65 

£ 

22.20 
23.20 

£ 
47.25 
46.97 
46.13 
57.38 
57.94 
58.50 
66.71 
69.42 
70.31 
76.50 
87.75 
81.56 
82.13 
99.56 
95.63 

DECADE BOXES continued 
R803 8 0- 1,111,111.1 0.01 
High Dissipation-Resistance-1% 

Decades Ohms Range Ohms Resolution 
HD 5 0- 1,111,100 10 
HD1 /L 5 0- 111,110 0.2 Approx. 
"Point One" Series -Inductance -5% 

Decades mH Range mH Resolution 

L1 3 0- 1,110 1 

L2 2 0- 110 1 

L3 2 0- 1,100 10 
"Hundred" Series -Inductance -0.3% 

Decades mH Range mH Resolution 
L300 3 0- 1,110 1 

L400 4 0- 1 1,1 10 1 

CAPACITANCE BOXES 
Decades 

Decades pF Range pF Resolution Accuracy 
C3 3 tÓ0- 111,000 100 1% 
PC3 3 100- 111.000 100 5% 
C4 4 100 -1,111,000 100 1% 
PC4 4 100- 1,111,000 100 5% 

Decade plus Variables 
Decades pF Range pF Resolution Accuracy 

VC4 3 50- 111,150 INFINITE 1% 
VC5 4 50- 1.111,150 1% 
PVC5 4 50- 1,111,150 ,. 0.5% 
SVC5 4 50- 1,111,150 0.05% 
C500 4 50- 1,111,150 0.2% 
SVC5 special. Details on application 

162.75 

£ 
104.63 
110.25 

£ 

83.25 
82.33 
69.30 

£ 
277.00 
360.00 

£ 
48.30 
66.70 
73.80 

103.50 

£ 
60.95 
88.25 

128.80 
552.00 

238.501 

"Hundred" Series -Resistance -0.03% Variables 

Decades Ohms Range Ohms Resolution f pF Range Accuracy £ 

R400 4 0- 111,100 10 87.15 PVC1 Mk, 2 5- 200 0.5% 101.20 
R401 4 0- 11.110 1 91.35 PVC Mk.2 20- 1,120 0.5% 92.00 
R402 4 0- 1,111 0.1 92.40 VC2 20- 1,130 1% 42.55 
R403 4 0- 1 1 1 .1 0.1 98.70 PVC4 0- 10 1% 70.15 
R600 6 0- 11,111.100 10 118.65 PVC1 /S 20- 120 0.5% 60.98 
R601 6 0- 1 ,1 1 1,1 10 1 120.75 Switched 
R602 6 0- 111,111 0.1 122.85 
R603 1- 6 0- 1 1 ,1 1 1 .1 0.01 128.63 uF Range uF Resolution Accuracy £ 

R701 7 0- 11,111,110 1 140.70 C140 0- 140 1.0 5% 156.001 
R702 7 0- 1,111,111 0.1 142.80 C100 0- 100 1.0 5% 132.001 
R703 7 0- 111,111 1 0.01 148.05 C60 0- 61 0.1 5% 117.601 
R802 8 0 -1 1 ,1 1 1 ,1 1 1 0.1 160.65 C60P 0- 61 0.1 1% 239.001 

INSTRUMENTS 

t Packing and Handling extra. Prices do not include VAT 

I.1. Lloyd 
Instruments ltd 
Brook Avenue, Warsash, Southampton S03 614P 
Tel: Locks Heath 4221 

WW -611 FOR FURi...::::E"fAILS 
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Do you really 
need a 
synthesiser 

Wireless World, October 1975 

The Eddystone 1830 series of general purpose H F/M F 

communication receivers is widely used in marine, military, 
police, broadcasting and other professional applications. 
Using the optional crystal control facility, stability is almost 
up to synthesiser standard - at a fraction of the cost ! 

Economy, simplicity and reliability are characteristics of the 
1830 series. Continuous coverage is provided from 120 kHz to 
30 MHz in 9 ranges, with reception facilities for CW, MCW and 
AM signals. Variants are available providing SSB reception, 
modified coverage, and 50- channel crystal capability. 

Eddystone Radio Limited 
Member of Marconi Communication Systems Limited 

Alvechurch Road, Birmingham B31 3PP, England 
Telephone : 021 -475 2231 Telex : 337081 
A GEC -Marconi Electronics Company 

WW -081 FOR FURTHER DETAILS 

Introducing the Heathkit 2700 Series. 
There are lots of ways of looking at it. 

The new Heathkit range of power supplies. 

Not contentwith giving you a choice of four 
I)C ranges,the new Heathkit 2700 Series Power 
Supplies can have either digital or analog 
readout. 

And naturally, being Heathkit, each model 
is available either factory assembled or as 
a complete kit. 

But,whatever one you choose, you'll still get 
an exceptionally high degree of sophistication. 
With features like a remote sensing connection 
to compensate for voltage drops when 'using 
long leads. 

Post the coupon and well send you a 
catalogue and complete technical data 

And youll soon find the Heathkit 2700 Series 
has a lot to offer. Whatever way you look at it. 

Heath (Gloucester) Limited Dept. WW -105, 
Bristol Road Gloucester,GL2 6EE. 
1'eí:(0452) 29451 i To`Heath (Gloucester) Limited. Dept. \1'W- 1115, 

Gloucester. GL2 6EE 
Please send me a catalogue and 2700 Series 
technical data. 

Name 

Address 

L. 
Postcode 

HEATH 

Schlumberger 

1 

J 



ion out your 
quality control problems 

The AVO Breakdown and Ionisa- 
tion Tester RM215 -L /2 is specifically 
designed to help solve all manner 
of quality control problems. 

It measures resistive leakage 
current under both AC & DC voltage 
testing conditions as well as total 
AC leakage current. Test voltages up 
to 12 kV DC and 6 kV AC are con- 
tinuously variable and breakdown 
current level is adjustable up to 
1 mA. A built -in loudspeaker gives 
audible detection of ionisation and 
there are connections for earphone 
or an oscilloscope. 

The circuit features low internal 
resistance yet at the same time 
limits the maximum output current, 
even at short circuit. 

With the RM215 -L/2 you can 

carry out general flash testing, 
measurement of breakdown voltage 
-even after breakdown -and the 
detection (and counting) of spurious 
flashovers. 

Equally suited to both destruc- 
tive and non -destructive testing, 
the RM215 -L /2 is a piece of test 
equipment you cannot afford to be 

without. If you have some problems 
that need to be 'ioned' out, get in 

touch for full details. 

APPLICATIONS 

Rash testing Df electrical components. 
Measurement of breakdown voltage on electrical 
components and materials. 
Measurement of insulation resistance at high 
voltage. 
Measurement of d.c. leakage current. 
Measurement of a.c. leakage current and total 
current. 
Non -destructive insulation testing of materials 
and components. 
Detection of ionisation in electrical assemblies. 

Designed to meet B.S., V.D.E. and 
I.E.C. Safety Requirements. 

WW-064 FOR FURTHER DETAILS 

Avo Limited, Dover, Kent. 
Tel: Dover(0304) 202620. 

1 Thorn Measurement Control 
Moroi and Automation Division. 
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BARB & STROUD 
ELECTRONIC FILTERS 

The 3 aspects of ou r service 

1. System EF3 

A flexible system of filter instrumentation 
using a modular approach to give plug -in 
interchangeability. The mainframe carries 
a power unit and accepts up to two filter 
units of either Low Pass or High Pass 
function. Integral switching allows indi- 
vidual or cascade operation and can give 
Band Pass, Band Stop, Band Separate or 
Band Combine modes. 

2. Active Filter Modules 
These are compact, solid state, encap- 
sulated units providing basic filter func- 
tions to be customer set for cut -off 
frequency and characteristic. The present 
range contains Low Pass and High Pass 
types with cut -off frequency coverage 
from 1.0Hz to 30kHz in overlapping 
ranges, with attenuation rates up to 
24dB /octave /module. Universal modules 
specifically for Band Pass and Band Stop 
operation are part of the range. 

BARR & STROUD LIMITED 
London Office: 1 Pall Mall East, London SW1Y 5AU 
Telephone: 01- 930 1 541 Telex: 261877 

WW-067 FOR FURTHER DETAILS 

3. Custom Build Service 
If our standard filter range does not meet 
your specification we welcome the 
opportunity to study your requirement. 
Broadly our capability stretches from d.c. 
to 25MHz with experience in passive and 
active designs. We can work to normal 
commercial standards or strict defence 
requirements and construction can be as 
dictated by the environmental conditions 
of your application. 

Glasgow and London 
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IC's CONNECTORS 

Use DORAM components for your project 

`The door-144y to Amateur Electronics 

Ng 
CApp 

Ep111 
H 
ONLY 

INC POST AND PACKING 

* DORAM'S NEW CATALOGUE OFFERS THOUSANDS UPON THOUSANDS OF 

QUALITY ELECTRONIC COMPONENTS AND AUDIO ACCESSORIES FROM 

TRUSTED BIG NAME MANUFACTURERS. 

ALL COMPONENTS ARE INDIVIDUALLY CODED AND PRICED - MANY NEW 

COMPONENTS ADDED FROM CUSTOMER REQUESTS. 

16 EXTRA PAGE DATA SECTION. 

UNIQUE FREE UP -DATE PRODUCT NFORMATION SERVICE DURING LIFE 

SPAN OF CATALOGUE. 
ALL COMPONENTS SENT BY RETURN OF POST. 

POST AND PACKING FREE (only applies for Great Britain, N. Ireland and 

B.F.P.O. Nos. - overseas orders F.O.B.) 

ilk NO QUIBBLE REPLACEMENT PART SERVICE 

PLEASE PRINT BLOCK CAPITALS TAr doOnwY b tm erscr electronics cim NAME 

I DORAM ELECTRONICS LIMITED 
P. O. Box TR8 

I Leeds LS12 2UF 

I enclose 60p. Please send me by return my 
new Doram Catalogue. (Overseas orders 
except for B. F.P.O., please add 30p for 
post and packing surface only). 

ADDRESS 

Post Code 
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SHEER SIMPLICITY! 
Tuner 

Gram 
Tape 

Half H95 

-O«-O 
-O O 
-O !O 

Tape o p 

4- 
VOLUME 

BASS 

TREBLE 

4- BALANCE 

O 
Stereo.Mono switch 

Ov 

Mono electrical circuit diagram with interconnections for stereo shown 

The HY5 is a complete mono hybrid 
preamplifier, ideally Ski !led for both 
mono and stereo applications. Internally 
the device consists of two high quality 
amplifiers the first contains frequency 
equalisation and gain correction, while 
the second caters for tone control and 
balance. 
TECHNICAL SPECIFICATION 
Inputs 

Magnetic Pick -up 3mV.RIAA 
Ceramic Pick -up 30mV 
Microphone 10mV 
Tuner 100mV 
Auxiliary 3 -100mV 
Input impedance 471,0 a! 1kHz 

Outputs 
'Tape 100niV 

Main output Odb (0.775 volts RMS) 
Active Tone Control: 

Treble 12db at 10kHz 
Bass 12db at .100Hz 

Distortion 0.05', at 1kHz 
Signal /Noise Ratio 68db 
Overload Capability 40db on !Hot 

sensitive input 
Supply Voltage ' 1G- 25 volts. 
PRICE £4.75 + £1.19 V.A.T. P & P free. , 

TWO YEARS 

I.L.P. Electronics Ltd, 
Crossland House, 
Nackington, Canterbury, 
Kent CT4 7AD 
Tel (0221) 63218 

The HY50 IS a complete solid state hybrid 
Hi- F i amplifier incorporating its own high 
conductivity heat sink hermetically sealed 
in black epoxy resin. Only five connec- 
tions are provided: Input, output, power 
lines and earth. 
TECHNICAL SPECIFICATION 
Output Power 25 watts RMS into 851 
Load Impedance 4 -16t1 
Input Sensitivity Odb (0.775 volts RMS) 
Input Impedance 47k0 
Distortion Less than 0.1 °'o at 25 watts 

typically 0.05 
Signal /Noise Ratio Better than 75db 
Frequency Response IOHz- 50kHz 3db 
Supply Voltage ' 25 volts 
Size 105 x 50 x 25 min. 

PRICE £6.20 + E1.55 VA P & P free 

PSU50 -N 

The PSU50 incorporated a specially designed 
transformer and can be used for either mono or 
stereo systems. 

TECHNICAL SPECIFICATIONS 
Output voltage 

Input voltage 

Size 

50 volts 125 -0--25) 

210 -240 volts 

L.70. D.90. H.60 mm. 

PRICE £6.25 + Et. 56 V.A.T. P & P free 

GUARANTEE ON ALL OUR PRODUCTS 

Please Supply 
Total Purchase Price 
I Enclose Cheque Postal Orders Money Order 
Please debit my Access account Barclay card account 
Account number 
Name & Address 

Signature 

WW -044 FOR FURTHER DETAILS 



Wireless World, October 1975 

New Course in Digital Design 
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 814" 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. 

After completing this course you will have 

broadened your career prospects and 
considerably increased your fundamental under- 
standing of the changing technological world 
around you. 

Digital Computer 
Logic and 
Electronics 
sn..rIo.. co. 

Book 

8's 

£3.95 

Also available - a more 
elementary course assuming 
no prior knowledge except 
simple arithmetic. 

In 4 volumes: 

1. Basic Computer Logic 
2. Logical Circuit 

Elements 
3. Designing Circuits to 

Carry Out Logical 
Functions 

4. Flip flops and Registers 

Offer Order this together 

Plus 50p 
with Design of Digital 
Systems for the bargain 

P &P price of £9.25, plus 50p p &p 

Design of Digital Systems contains over twice as much 
information in each volume as the simpler course, Digital 
Computer Logic and Electronics. All the information in the 
simpler course is covered as part of the first volumes of 
Design of Digital Systems which, as you can see from its 
contents, also covers many more advanced topics. 

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. 

Design of Digital Systems 

A Self- Instruction Course in 6 Volumes 

ComputerArithmetic 

2 Boolean Logic 

3 Arithmetic Circuits 

4 Memories & Counters 

5 Calculator Design 

6 Computer Architecture 

r 

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

Payments may be made in 
foreign currencies 

Quantity discounts available on 
request. 

Total packaged weight does not 
exceed 41b. Please allow 
enough extra for air mail. 

VAT zero rated. 

To: Cambridge Learning Enterprises 
FREEPOST, St. Ives, Huntingdon, Cambs PE1 7 4BR 

'Please send me . . . set(s) of Design of Digital Systems at £6.45 
each, p & p included 
or .. . set(s) of Dig tal Computer Logic and Electronics al £4 45 each 

p & p included 
or ... combined set(s) at E9.75 each, p & p included 

Name 

Address 

a9 

-I 

delete as applicable 
Ne need to use a stamp - just print FREEPOST on the envelope. 

-- `'o-J 
WW -009 FOR FURTHER DETAILS 
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NEW!...the 
decondalo 
33PC 
Quick 

etch 
resist 

marker 
A unique drafting aid for the 

electronics engineer enabling him 
to prepare in minutes a perfect PCB. 
A fine- tipped marking pen charged 
with free -flowing etch -resist ink - 
new formulation QUICK -DRI ink 
is ready for etching in just two 
minutes! 
Simply draw the desired circuit 
onto copper laminated board - 
etch - clean. 
The circuit is ready to use 

NO MESS- NO MASKING 
A perfect circuit every time ! 

Still only £1.08 for one -off, £4.42 for six, £8.80 for 
twelve, post and VAT paid! Available now in every country in Europe. 

Decon Laboratories Ltd., Ellen Street, 
Portslade, Brighton BN4 1 EQ Phone: 0273 414371 

Please send me further details on the 33 PC Quick -Dri 

Name 

Address 

Post to: DECON LABORATORIES LTD. 
FREEPOST 
PORTSLADE,BRIGHTON,ENGLAND 
(No Stamp Needed) Phone 0273 414371 

WW -054 FOR FURTHER DETAILS 
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FREQUENCY COUNTERS 
HIGH PERFORMANCE REASONABLY 
PRICED ELECTRONIC INSTRUMENTS 

CRYSTAL OVEN 

TWO TONI- RLI 1E CASE £370 520 MHz 
Sensitivity 10mV. Stability 5 parts 1010 

301M 32MHz 5 Digit £75 
501 32MHz 8 Digit £175 
801A /M 300MHz 8 Digit £285 
8018/M 250MHz 8 Digit £260 

Start /Stop versions plus £12 

401 32MHz 6 Digit £118 
701A 80MHz 8 Digit £195 
901M 520MHz 8 Digit £370 
Memory versions available if not 

suffixed M £25 extra 

Type 101 1MHz 100KHz 10KHz Crystal Standard £80 
Type 103 Oft /Air Standard £78 

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

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

Telephone: 01 -572 0933/4 

WW -065 FOR FURTHER DETAILS 

GRO OVAC 
ON STAND Ala 

AUDIO FAIR 

Istk** 
r 

vacuum record cleaner 
Vacuum cleaning is the best way to remove dust, 
especially fine dust. Now with the Groovac, 
vacuum cleaning is available for extracting the 
particles from inside record grooves which are 
responsible for record and stylus wear - while 
your record is playing. 

For full details please write to:- 

wapx AUDIO Kernick Road, Penryn 
Cornwall TR10 9DQ, England 
Telephone 032 -67 2753 

WW -019 FOR FURTHER DETAILS 
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S-2020TA STEREO TUNER/AMPLIFIER KIT 
I NEW PRODUCT I . _ SOLID i /1F. MAHOGANY' 
A high -quality push - button FM Varicap ) 1 4'.j i0 `)')') ''' " -' CABINET 
Stereo Tuner combined with a 20 W r.m.s. 
per channel Stereo Ampl¡fier. 
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. 30dB mono S/N @ 1.8pV.THD typ. 0.4 %. 

PRICE: £47.95+ 99p p &p+ VAT, 

NELSON -JONES STEREO FM 
WV .Hlu -au IWl 

r f i 4 á - TUNER 

A very high performance tuner with Brief Spec. Tuning range 88- 104MHz. 20dB mono quieting @ 0.75pV. Image 

dual gate MOSFET RF and Mixer rejection -70dB. II= rejection -85dB. THD typically 0.4 %. 

front end, triple gang varicap IC stabilized PSU and LED tuning indicators. Push- button tuning and AFC 

tuning, and dual ceramic filter /dual unit. Choice of either mono or stereo with a choice of stereo decoders. 

IC IF amp. 
PRICE: Mono £25.46+ 85p p &p+ VAT; 

With Portus- Haywood Decoder £31.96+ 85p p &p+ VAT; 

With ICPL Decoder £29.73+ 85p p &p+ VAT. 

! NEW PRODUCT I 

S -2020A AMPLIFIER KIT t 
g- mid 

Developed 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 vr.m.s. into 8 -ohm load at less than 0.1% THD. Mag. PU input S/N 60dB. Radio input S/N 72dB. Head- 

phone output. Tape In /Out facility (for noise reduction unit, etc). Toroidal mains transformer. 

PRICE: £29.95 + 99p p &p+ VAT. 

STEREO MODULE TUNER 
J O O c c -- - A low -cost Stereo Tuner based on the Mallard LP1186 RF module 

T requiring no alignment. The IF comprises a ceramic filter and high- ' 

performance IC. Variable INTERSTATION MUTE. PLL stereo decoder IC. 
Typ. Spec. Sens. 30dB S/N mono @ 1.8pV. Tuning range 88- 104MHz. LED sig. strength indicator. LED Stereo indicator. 

THD typically 0.4 %. 

PRICE: Stereo £26.32+ 85p p &p+ VAT. Mono £22.40+ 85p p &p+ 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. 

SUB ASSEMBLIES 
BASIC NELSON -JONES TUNER 
Supplied as a printed circuit board with all components and screening box to build a varicap tuner module. Performance 

spec as above for complete N -J Tuner. For suitable stereo decoders see below. (Illustrated without screening box.) 
PRICE: L12.88+ 25p p&p+ VAT. ' 

BASIC MODULE TUNER 
Supplied as a printed circuit board with all components ana screened Mullard LP1186, to build a mono or stereo tuner module. 

Performance spec as above for Stereo Module Tuner complete kit. 
PRICE: Mono L11.11+ 25p p&p+ VAT; Stereo £I3.89+ 25p p &p+ VAT. - 

PORTUS- HAYWOOD PHASE -LOCKED STEREO DECODER 
Mk II version of this design (WW Sept. 1970). The lowest distortion phase- locked stereo decoder kit available (Typ. 

0.05% @ N -J Tuner 0/P level). Separation 40dB up to 15KHz. ° ` 
Complete kit comprises PCB and all components, inc. stereo LED. 

PRICE: £7.68+ 25p p &p+ VAT. 

PHASE- LOCKED IC DECODER 
Integrated circuit phase -locked stereo decoder based on the MC 1310. THD typically 0.3 %. Separation 40dB @ 1KHz. 

PRICE: £4.27+ 20p p&p+ VAT. 

PUSH -BUTTON UNIT ` 

The six -position push -button unit used in our tuners and tuner /amp. Each track has the required diode law for stability of 

tuning. There are approx. 40 turns on each button and there are six separate moving pointers. An AFC disable switch is 

incorporated with each button. The unit is finished in black with red pointers. 
PRICE: f3.00+ 20p p &p+ VAT. 

Please send SAE for complete lists and specifications. 
Portwood Industrial Estate, Church Gresley, Burton -on- Trent, Staffs, DE1 1 9PT. 

INTEGREX LIMITED Tel. Swadlincote (0283 87) 5432. Telex 377106. 

WW-045 
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Modular Width 1.8" 
Length 18" 

MONO 
OUTPUT 
PPM { 

Alice Broadcasting AM 82/B 
Stereo Morelot 

P. P. M.S. 

LEFT R ,OHT 

TRANSMITTING 
STEREO I BEACON 

Aux Mehr 
input select 

AUX METER TEN STEREO INPUT 
MONITOR SELECT 

Constant level 
(a.g.c. system) 

TALKBACK MIC. 

Reverse Telkbeck 
Light. Illuminates when cell 
connected 
and speeker(s) muted. 

Reverse Telkback 
Speaker 

Limiters Fitted 
tort J. Mike 
channels 

3 Position Slum 
Mika Key 
Red On Air 
Amber OH 
Gruen Cue 

Power Supply on 
Lights 

Sr. Station 
Talkback Select 

lime up O.cilletor 

Talk to Tape 
Talk to Foldbeck 

L.sa f.rssi, 

h m n ,11 II 1 lr rxa...i imrí Yoae 41lewi NSSIÌ larw..i itt1 rrKrei ..:o.m'tseraaa r_r ®. e.e 

I 

Cu. Light 
Button 

Penny B. Giles 
Faders 

Mono Channels ILEUM. CUE Stereo Channel. 
BUTTON 

A few reasons for using Alice 

CLEANFEEi li 
Itk.rn. Machine 
Start /Stop REO LIGHT 

SWITCH 

ECHO SEND & FOLOBACK 
OUTPUTS 

MIXER STEREO/ 
MONO SWITCH 

TEAK 
CABINET 

Alice Broadcasting (Stancoil Ltd.) 38 Alexandra Rd., Windsor, Berks., England WINDSORL51056 /7 

WW - 040 FOR FURTHER DETAILS 

Soldering Irons? 
These we can supply , on good deliveries, from 
our tremendous range of specialist tools. At 
very attractive prices. 

Seventeen different models and 71 different 
bits to choose from. All backed by 
LITESOLD's 25 years of experience. 

Whatever the application, we probably have 
exactly the right iron. 

Low voltage. Mains. Miniature to large sizes. 
Special temperatures. Copper and Long -Life 
bits. Electronically controlled irons. Models 
with burn -proof leads, indicator lamps. Plus a 

useful rangè of accessories. 

Please send for FREE DETAI LS, or give us a 

call to talk about your problem. 

LIGHT SOLDERING DEVELOPMENTS LIMITED 
97 -99 Gloucester Road, Croydon CRO 2DN. 01 -689 0574. _. 

WW -013 FOR FURTHER DETAILS 
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PHILIPS 
PHILIPS 

`Cash and Carry' 
comes to 

TV test gear 
New Philips PM55oI 

Colour Bar Pattern Generator 
Philips new portable 5501 is specially designed for B & W and 

Colour TV service at your customer's home! It offers push- 
button selection of five essential test patterns ... for installations, 
fast checks and repairs on TV and CTV receivers. Extremely 
light and portable - small enough to be carried in a small case or 
tool kit. And not too heavy on price, either. 

This new generator is strong and well- designed. It comes 
complete with the Philips promise : continuity cif development 
with world- wideservice and guaranteed spares back -up. A 

promise Philips is big enough to keep ! 

Test Signals 
8 bars, linearized, grey scale 
Cross -hatch pattern 
i00% white pattern (with burst) 
Red pattern (5o% saturation) 
Standard Colour bar with white reference 
(internally changeable to full bars) 
Interlaced signal 
Output iom V 

RF output on UHF and VHF 
(PRE- SET CHANNELS - 
ADJUSTABLE) RF SIGNAL 
INCLUDES SOUND 

*Price in the U.K. 

exclusive of VAT 

For full details, contact : 

Pye Unicam Ltd 
Philips Electronic Instruments Dept., 
York Street Cambridge England CB1 2PX 
Tel: Cambridge (0223) 58866 Telex: 817331 

A member of the Pye of Cemb ldye Group 

WW-063 FOR FURTHER DETAILS 

analogue 
instruments 
TM2 
A.C./D.C. MILLIVOLTMETER 
1 mV to 300V f.s.d. 
10Hz to 5MHz frequency range 
10M C1 input impedence 
Mains or battery operated 

TM4 
A.C. MILLIVOLTMETER 
3001.I.V to 100V f.s.d. 
20Hz to 18MHz 
10M1.1 input impedence via probe 
H.F. spurious and noise filter 

PMI 
PHASEMETER 
Meter indicates phase difference 
0 -180'. Lamps indicate leading 
or lagging phase 10Hz to 100kHz 
PM11B operates from mains or 
rechargeable batteries 

TM6 
R.F. MILLIVOLTMETER 
1 mV to 300V r.m.s. f.s.d. 
50kHz to 1,500MHz 
Accuracy 3 % of f.s.d. 
Mains or battery operated 

TM39 
D.C. MICROVOLTMETER 
± 1 00 12V to 30V f.s d. 

Log. mode for null detection 
Excellent zero stability 
Mains or battery operation 

Ask for details 

from U Furnell 
FARNELL INSTRUMENTS LIMITED INSTRUMENTS DIVISION 

SANDGECK WAY WETHERBY YORKSHIRE LS22 4DH TEL. 0937 -3541 

WW -055 FOR FURTHER DETAILS 
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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 Limited 
Telephone: Kennel Lane, Billericay 51155 Billericay, Essex. 

WW -027 FOR FURTHER DETAILS 

sound equipment 
by ¿Çjrampiaj 

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

WW -052 FOR FURTHER DETAILS 
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Make your 
optical system 

really work 
Try this convincing test with OCLI's HEA* 

visible anti -reflection coating. 

If you study the disc above, you. will see just 
how much H EA ( High- Efficiency Anti -reflection) 
could improve your optical system. 

The central portion is coated with HEA and 
the remainder of the disc is left uncoated. 

Viewing the lettering through the disc, as for a 

typical instrument presentation, the tremendous 
difference in reflected glare between the coated 
and uncoated parts of the disc is immediately 
apparent. In fact, HEA gives over ten times less 
reflection than an uncoated surface. 

If you would like personal proof of HEA's 
effectiveness, we would be pleased to send a 

disc for examination. 

'HEA is a Registered Trademark. High performance anti -reflection 
coatings are also available in the infrared. 

OCLI OCLI Optical Coatings Ltd., 
Hillend Industrial Estate, 

Dunfermline, Fife, Scotland KY11 5JE. 

Tel. Inverkeithing 3631 (038 -34 3631). 
Telex. 72307. 

SPANNING EUROPE 

WW -006 FOR FURTHER DETAILS 
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Oil! mini 
,,, (11.1, 

PROTECiI 

ANGE 

N 

Hso 
STABILISED TWIN POWER 

SUPPLIES TO 30V AT 2AMP 

LINSTEAD 
ELECTRONICS 
flOSLYX BO, LONDON N15 5JB 

01.802.5144 
IRELAND: 

DENMARK 

SWEDEN: 

NORWAY: 

MALAYSIA: 

SOUTH AFRICA 

MAIN AGENTS 

LENNOX LTD P.O. BOX 212A DUBLIN 2 

SCANFYSIK AB 13/15 HJORRINGADE 

DK -2100 COPENHAGEN 

EMI SVEINSKA AB TRITONVAGEN 17 FACK 

S -171 19 SOLNA 1 

EMI NORSK AS POSTBOKS 42 

KORSVOLL OSLO B 

LEC Sdn Bhd P.O. BOX 60 BATU -PAHAT 

PROTEA (PTY) 

38 FARADAY STREET 

JOHANNESBURG 

WW-068 FOR FURTHER DETAILS 



Audio 
Test Set 

for amplifiers, mixers 
tape recorders 

Checks ... frequency response 
signal /noise ratio 
distortion 
cross -talk 
wow &flutter 
drift 
erasure 
sensitiviy 
output power 
gain 
in one compact unit. 

Auxiliary Unit provides extra 
facilities for Studio testing. 

Send for leaflet RTS2 

Ferrograph Company Limited Auriema House 442 Bath Road 

Cippenham Slough Buckinghamshire SL16BB 
Telephone Burnham'062 86'62511 Telex: 847297 

FERROGRA PH 
A member of the Wilmot Breeden group 

WW -043 FOR FURTHER DETAILS 
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METER PROBLEMS? 

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: 01/837/7937 

WW -029 FOR FURTHER DETAILS 

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 

Hybrid Relays AZ1435...1441 
AZ 1435 Voltage monitor (9... 30 V) 
AZ 1436 Pick -up retarder (1...30 s) 

AZ 1437 Drop-out retarder (1... 30 s) 

AZ 1438 Pulse time limiter 
(50...1500 ms) 
AZ 1439 Pulse shaper (monoflop) 
(50...1500 ms) 
AZ 1440 Pulse generator (multiflop) 
(0.1... 30 s) 

AZ 1441 Pulse- operated relay 
(flip -flop) 
(24V +10 % -15 %, 

approx. 30 mA max.) 

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

ZETTLER UK Division 
Equitable House, Lyon Road 
Harrow, Middx. HA.) 2DU, Tel. (01) 8636329 

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

Please look us up at the INTERNEPCON Exhibition, Brighton, 
14-16 OCT., 1975. STAND No. 3314, Red Hall, Metropole 
Convention Centre. 

WW -007 FOR FURTHER DETAILS 
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TEAC. 
TEAC A3340 (S) 
4- CHA \ \EL 
RECORDER 

Industrial version upgraded to studio requirements, 
with Increased signal to noise performance and 
improved reliability. Four totally independent channels 
each with sel sync. 'input mixing, switchable VU's and 
all the facilities for easy multitracking. This industrial 
model is in more studios than any other version. 

Available only from ITA 
(Semi -pro version also available) 

IMMEDIATE DELIVERY 

ÁIEMOx 
REVOX A-700 SERIES 

r V 
The new big 
Revox - 
afeal for all 
studio re- 

Highly 
uvements. 
Highly so- 
phisticated 
design fea- 
tures in- 
clude servo 
tape tension. 
full deck 
logic. crystal 
controlled 
servo elec- 
tronics. 3 
speeds. tape 
footage 
counter. £595 IDE EVERYE 

AI7e7 
famtóas A-77 SERIES Mk4 

been consis- 
tently im- 
proved over 
the past 8 
years and 
is now avail -., 
able in the 
latest Mk. 4 
version. 
The wide 
choice of 
specifications 
includes 
versions for 
duplicating 
and logging 
applications. 
Backed by 

Hire service UK's latest 
Check our prices fastest ser- 

from £275 
vice. ' IMMEDIATE DELIVERY 

I 

Industrial Tape Applications 

ITA 10 4 
MODULAR MIXER 

Ten balanced inputs: four output groups. 4 limiters. 
bass mid and treble EQ. modular construction. 
headphone monitoring. Extremely high quality 
construction only matched by mixers costing around 
El .000. 

10-4 £647 
20-4 £990 

EIGHT OUTPUT £1260 
IMMEDIATE DELIVERY 

Also available for hire 

PRICES EXCLUSIVE OF V.A.T. 

5 Pratt Street, London NW1 OAE 
Telephone: 01 485 6162. Telex: 21879 

WW - 083 FOR FURTHER DETAILS 

Whiteley 
Acoustic 
Hoods 
These strongly made hoods for 
both outdoor and indoor use are 

designed to specifications which 
meet Post Office approval. Suitable 

for desk, shelf or wall mounting, 
they are available with or without 
internal light fittings and 

doors if required. 

WHITELEY ELECTRICAL RADIO CO. LTD., Mansfield, Notts, England. Tel. Mansfield 24762. London Office: 109Kingsway.W.C.2.Tel.01- 4053074 

WW -066 FOR FURTHER DETAILS 
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impex motors 
and drive systems 

off the shelf 
A new division of McLennan Engineering 

Ltd has been formed to stock the full range of 
Impex Small Electric Motors and drive 
systems together with a wide range of 
standard industrial servo components and 
electronic control systems. 

Motors include DC, Uni- directional and 
Reversible Synchronous and Stepping types 
offering a comprehensive spectrum of 
specifications suitable for a wide variety 
of applications. 

In addition to offering an off -the -shelf 
supply facility for motors and components, 
McLennan have considerable experience in 
the solution of actuator and servo problems 
using synchronous, stepping and DC motor 
techniques. 

. So whether you require one motor or one 
hundred; or you simply have a problem 
about which you would like a second opinion, 
contact 

McLennan Engineering Ltd. 
Kings Road, Crowthorne, Berkshire. 
Telephone: Crowthorne 5757/8 

Imolennon 
Pease send me further details 
of lmpex motors and drive systems 

Nance 

Position 

Company 

Address 

Tel 

Wireless World, October 1975 

TAKE A CLOSE LOOK 

at a professional recorder that offers high performance, 
excellent reliability and is very easy to maintain. Ask 
yourself why so many commercial radio stations and 
recording studios are doing their best to wear them out, 
and not having much success. Decide if you need mono 
or stereo, console transportable or rack mounting versions 
and then inquire about prices. 
We are sure you will be very pleasantly surprised. 

BIAS ELECTRONICS LTD. 01 -540 8808 
572 KINGSTON ROAD, LONDON SW20 8DR 

WW -031 FOR FURTHER DETAILS 

THE S3 PRESSURE UNIT has been 
designed to meet the growing demand 
for considerably increased power 
handling capacity without the sacrifice 
of either efficiency or frequency 
response. It features a powerful cera- 
mic magnet and a strong but light 
diaphragm and voice coil assembly 
with many new features. It is a robust, 
reliable unit of exceptional quality. The 
S3 is one of the units of the Vitavox 
Power Range. 

Please send me further u,formano I 
on your product range 
Name I 

Company . 

Address I 
Westmoreland Road 
London NW9 9RJ 
Telephone: 01 -204 4234 
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FAST RESPONSE STRIP CHART RECORDERS 

Type H320 -1 

Single pen 

Made in USSR 

Specification 

Basic error 2.5% 

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 H320 -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: 285x384x16.5mm 
H320 -3: 475x384x 16.5mm 

PRICE: H320 -1 £80.00 
H320 -3 £130.00 
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 -005 FOR FURTHER DETAILS 

NOW IT'S THE AMCRON M600 
M600 POWER AMPLIFIER 

Coupling two M600s together through a socket 
provided at the back of each amplifier produces a 140 
Volt balanced output. This configuration is called an 

M2000, and produces 2 kilowatts into an 8ohm load. A 

peak catching meter, and threshold lights provide 
convenient front panel output monitoring. 

1350 watts 
DC- Coupled 

The M600 amplifier is a new high-power amplifier capable of providing 
1,350 watts RMS over a bandwidth of DC to 20 kHz. 70 volts RMS at the 

output terminals, very low noise and cistortion. AC /DC selector switch, 

plug -in front panel circuit board built -in fan for cooling and the ability to 

connect two M6COs together to double the power and output voltage, are 

lust some of the features which place the Amcron M600 in the forefront 
when considering power amplifiers. 
Driving shakers and vibrators, motors and difficult speaker systems, 
providing power for material or components testing or used as a large 

distribution amplifier, the M600 is equally at home. 

Brief specifizations: 

RMS power out 

DC output 
Power bandwidth 
Phase response 
Slew rate 
Damping factor (80) 
Hum & noise 
THD 
Dimensions 

750 watts into 8 ohms 
1,350 watts into 4 ohms 
20 amps (supply fuse limited) 
DC to 20 kHz + 1 db -, 0 db 600 W into 80 
+ 0 db - 15 db DC - 20 kHz 
TE V /µsecond 
greater than 400 DC -1 kHz 
120 db below 600 Watts 
less than 0.05% DC -20 kHz, 600 W into 8O'. 
19" std rack, 83/4" H, 161/2" deep. Wt. 92 lb. j MACINNES LABORATORIES LTD 

MACINNES HOUSE, CARLTON PARK INDUSTRIAL ESTATE, 

SAXMUNDHAM, SUFFOLK IP17 2NL 

TEL 10728) 2262 2615 

WW -051 FOR FURTHER DETAILS 
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A message for dealers 
in exclusive high quality 
audio equipment - 
everywhere. 
It is now proposed to expand the distribution of 
RADFORD products by supplying from the 
factory in BRISTOL direct to franchised dealers 
outside the United Kingdom. 

If you have a discriminating clientele looking 
for the finest audio equipment and loudspeaker 
components available, you could profit from a 

direct RADFORD franchise. 

Write today for details and leaflets. 

Radford Audio Ltd 
Ashton Vale Road 
Bristol BS3 2HZ England 

RADFORD` 

ZD22 
Stereo Pre -amplifier Control Unit 
A stereo pre -amplifier of virtually zero distortion. 
Inputs for disc, tuner, and two tape machines. 
Size 17" x 4 ¡" x 10" deep. £145.00 

HD250 Stereo Integrated amplifier 
Incorporates ZD22 pre -amplifier with low distortion 
power amplifier of 50 watts per channel into 4 -8 ohms 
load. Headphone output. Illustrated above. 
Size 17" x 41" x 11". £195.00 

ZD100 Power amplifier 
Power output 120 watts in 4 ohms and 75 watts into 
8 ohms. Distortion less than 0.004% up to clip level. 
Size 17" x 4á" x 13 ". £175.00 

ZD200 Power amplifier 
Power output 250 watts into 4 ohms and 150 watts into 
8 ohms. Distortion less than 0.004% up to clip level. 
Size 17" x 7" x 13 ". £295.00 

WW -091 FOR FURTHER ? ETAILS 

when reliability 
and quality count 

Magnetrons, Klystrons, T.W. Tubes, Transmitting 
Valves, Industrial Valves, T.V. Picture Tubes, 

Cathode Ray Tubes, High Reliability Valves and a full 
range of Receiving Valves always available. 

Professional import and export 
enquiries welcomed. 

EDICRON LIMITED 
Redan House, 1 Redan Place, London W2 4SA 
Telephone: 01 -727 0101 Telex: 265531 
Cables: Edicron London W2 

WW-069 FOR FURTHER DETAILS 

Problem 
Where to obtain a low -cost device to use as a linear 
output stage for mobile and marine radio under 
SSB 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 -OV 
know how. 
LAP 80 

THE M -O VALVE CO LTD, Hammersmith. Lond& England W6 7PE. 
Tel: 01 -603 3431. Telex: 23435 Grams: Therm,onic London. gar 

WW -050 FOR FURTHER DETAILS 
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CASED TRANSFORMERS 
Houeee in smart ream cooled sled cases with 3 core 

power ctle and outlet social. used primary winding 

Ieolstion typos are Iifeel with 3 -pin outlet sockets and 

are available wild I ID roll or 240 roll output IPkease 

stolti. Selo types 

r 

a tilled wind 2 -pin 1111 style 

sockets up la 500 VA 3 pin sockets Isom 750 lo 31700 

VA See Auto and Isolallon sections for prices. Plugs 

SAFETY ISOLATING 
Prom 120/240V Sec 120/240V Centre Tap with screen 

PRICE 

VA REf PRICE Pops 
(WATTS' R4 Cued 2 Po o. 1 INN 

E E 

00 49 1.35 048 
100 50 9.11 OAS 

200 51 11.45 0.88 
250 52 12.90 038 
350 53 15.50 038 
500 54 17.25 038 
750 55 27.10 1.10 

Imo 56 35.40 1.10 
1500 57 42.00 1.10 
2000 58 49.75 2.64 
3800 59 73.15 2.64 

TRANSFORMERS 

MINIATURE & EQUIPMENT 
Primary 240V with Screen 

VOLTS MWMPPS 

Sec. 2 Sec. I 

383 
06 

94 -9 

04 
0-8-9 
049 
15815 
Ois 
25420 
0 -20 

015-20 
020 
C -20 

20-12-0 
1220 

01520 
0.1527 
0 -1521 

0-0 

0-0 

0-- 9 

0-0-9 
0-04 

0- 15 

0 -20 

0-15 -20 
0-20 

0 -15-20 
045 -27 
015-21 

Sec.l Sec .2 
200 
000 

1000 
100 

330 
500 

1000 
40 

200 
30 

150 

500 
300 

3500 
100 

ID.CI 

1000 

500 

1000 

TYPE 

Re. 

PRICE 

O,ae Post 
E E 

4,37 056 
3'90 0.64 

91l4 0.80 
9.80 0.88 

11.98 0.95 
1332 1.13 

2059 OA 
29.15 O.A. 

33.37 0.0 
37.10 0.8. 
58.55 O.A. 

PRICE 

E 

Post 
E 

238 1.50 0.25 
500 234 1.30 0.25 

1000 212 1.90 0.47 

- 13 1.40 -025 
330 235 1.50 0.25 
500 201 1.93 0.34 

1000 208 2.75 0.47 
240 1.35 0.25 

700 235 1.30 0.25 
241 1.35 025 

100 217 1.30 025 
500 205 2.73 056 
300 214 1.93 0.47 

de Screed 

- 

1116 

221 

330 
220 

0.64 
0.41 

1000 200 350 556 
500 203 3.00 0.56 

1000 204 385 0.55 

12 and 24 VOLTS PRIMARY 200 -240 Volts 
TYPE PRICE 

241 Re. E 

0.15 242 1.58 

0.25 III 1.30 

05 213 1.74 
71 2.30 
18 2.96 
70 4.18 

1013 4.56 
72 520 

116 5.51 
lb 17 7.00 

10 I 115 1042 
30 1 

187 13.25 
m) 232 14.05 

e0 226 16.13 
20 
30 

Post 
E 

0.34 
0.34 
SAI 
0.47 
0.56 
056 
0.64 
0.12 
072 
030 
088 
1.01 
O.A. 

O.A. 

30 VOLTS 
PRIMARY 200 /2409 
SECONDARY 12. 15. 20. 24. 309 
AMPS Rel. Price Peal 

No, E E 

05 112 1.90 047 

I 79 2.40 0.56 

3 350 0.56 

20 4.50 0.64 

21 5.15 072 

51 6.40 072 
117 7.16 088 

88 9.55 005 
89 9.67 0.95 

50 VOLTS 
PRIMARY 200/2409 
SECONDARY 19. 25. 33. 42 505 

ARPS Rel. Price Pod 

05 02 2.56 047 

I 03 3.48 0.56 
2 04 5.03 064 
3 05 5.01 072 
4 06 7.58 0.88 

6 07 12.30 0.95 

8 18 13.20 1.13 

10 19 17.02 O.A. 

60 VOLTS 
PRIMARY 200/2400 
SECONDARY 24. 30 WE 609 

AMPS Rol. hice Pea 

0.5' 124 2.30 0.56 

I 126 3.41 0.56 

2 127 5.09 072 

3 125 7.52 0.80 

123 8.75 0.95 

5 40 9.75 0.95 

6 120 11.20 1.01 

'121 15.00 I.19 

10 122 18.20 0A 

12 189 8.50 0A- 

BRIDGE RECTIFIERS 

ONE AMP 
50 PIN. 

100 P.I.Y. 

200 PTV. 

600 P.I.V. 

FOUR AMP 
100 P3.9. 

200 P.I.Y. 

400 P.I.Y. 

500 P.I.Y. 

TWO AMP 
SD P.I.V. 

100 P.I.V. 

200 P.I.V. 

400 P.I.Y. 

SIS AMP 
50 P.I.Y. 

100 P.I.V. 

200 P.I.Y. 

400 1.1.11. 

Price 
0.20 
0.20 
0.28 
0.30 

0.55 
0.59 
0.65 
0.75 

0.35 
0.40 
0.45 
0.50 

0.65 
0.70 
000 
0.90 

POWER UNIT 
TYPE 
CCI2-05 

WON sm1NAd 3. 45. 6. 75. 9 ad 12 VAle al 

500 64 D.C. Operaes Irom 240 0 esos. sd1e61e 

*Radios Tape IeoMers. Mord Php e. etc 

Size 7.5 x 53 k 14.0 cm. hies E3.95 Pool 

25p 

AUTO TRANSFORMERS 

VA Ref 
(Watts) No 

PRICE 
Cased 

PRICE 
Plugs 

2 & 3 pm 

Tapped at 115. 220. 240 Volts 

20 113 325 0.20 

Tapped at 115. 200, 220, 240 Volts 

150 
200 
300 
500 
750 

1000 
1500 
2000 
3000 

4 
65 
66 
67 
83 
84 
93 
95 
73 

6.38 
7.04 
8.00 

10.99 
13.82 
1 7.27 
21.87 
33.11 
47.94 

0.20 
0.20 
0.20 
0.20 
0.85 
0.85 
0.85 
1.60 
2.10 

PRICE 
Open 

C 

Post 
E 

1.71 047 

4.12 
4.95 
5.81 
8.85 

10.80 
13.88 
18.31 
24.25 
35.10 

0 56 
o 64 
0 72 
0 88 
0 95 

1 13 
0A 
O A 

WM 
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NEW! 21311. LMETERS 

2" 
Sill: 60e1. Wide x 456e1 1005 

x 4066 Deep. 

4ee 

SIZE: I IOmm Wide s 82mm High 

X 4366 Deep. 

Mowmed LR Moeaeee I.R. 

Ohms 0Ams 

0.50 micro A 1250 050 micro A 1400 

0.100 micro*. 580 0100 micra A 730 

0500 Mcro A III 0500 due A 200 

01 64 170 0164 200 

0564 170 0564 200 

01064 6 0 -10 64 

D -50 M 
010064 
0.50064 

05 
05 
05 

050 64 
010064 
0-900 64 

0.5 
0.5 
0.5 

0.1 AMP 05 0.1 AMP 05 

0 -2 AMP 05 02 AMP 05 

0 -25 401 15K 025 6111 15K 

050 Yo11 5011 050 Ydl 50K 

0100 Vell 30016 0300 VAI 300K 

"I" Meter 110 "g' Meter 200 

VU Meter 9250 VU Melee 5250 

VU Meters are complete with deleclers. Modern wide view. Price 2" E3.20 

Pete 10p. hice 4" E4.00 Pool 10 Lamps bap per set. 

C1000 MULTI -METER 
Compact General Purpose Mel Multnmele, 

Input Resistance 1000 ohms per volt 

Ranges AC Von 0.15 50 250 1000 Volts 

DC Vous Galo 50 250 1000 Vous 

DC Correll 81 64 11 100 mA 

Ocultancl 8150K lores 

Sue 60 x 20 x 90 me 

Complete sola Bateri15. Teal Prods. laalraebens 

Special price £3.30 Post 25p 

'/4 -WATT CARBON FILM RESISTORS 
also available '4 well at 722 CE 12 range 100 - 1 M() 5`5. toi above 

470K0 10% sol at 95p per 100 

MINIATURE NEONS 
6mm Als 12mn length leads length epprox 20mm. Recommended 

ballast resistor s 50K ohms for 240 Volt operation Price Packet of 

10 for 80p. Pos *age 15p - - 

PLEASE ADD VAT 

Send 25p for Catalogue A.. 3E1. L 10 

(DEPT. WW9). SIMMONDS ROAD, WINCHEAP 

CANTERBURY. KENT. Tel (0227) 52436 

MAKE YOUR OWN 

PRINTED CIRCUIT BOARDS 
7Ae 

4Pr 

IN PLANT OR AT HOME, SIMPLY RUB DOWN, ETCH AND WASH OFF. WE OFFER 
A COMPLETE SYSTEM OF ACID RESIST TRANSFERS THAT GIVES A PROFES- 
SIONAL FINISH QUICKLY AND AT LOW COST. 

11111111111111111 

ON. 
Gee 

11 
111111 

feas 
4911 

T 

r- r 

et- 

000oe00000000000000000000 

0oe00000000000000 Oil 000000 

0 0 0 0 0 

., r ° ° ° :. a 

1 

Acid resistant transfers for direct application to P.C. Board I nis 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 8-10-12. T.0.5 Cans, 3 -4 lead transistors, ett.. etc., 
which only require pressing into the required positions onahe' printed circuit 
board before etching. 

Send stamped addressed envelope for FREE sample and instructlolaa. 

* NO ARTWORK 
* NO PHOTOGRAPHY 
* SAVE TIME 
* SAVE MONEY 
* GUARANTEED 

The printed circuit transfer system is a genuine offer to the public and 

industry. A full money back guarantee is sent with each order. 

Complete system including post and VAT £2.50 

Overseas order £1 .00 extra 

Printed circuit board PCB transfer system patent applied for 

P.M.S. NAMEPLATES. BROOK STREET, HIGHER HILLGATE, STOCKPORT, CHESHIRE 
TELEPHONE NUMBER: 061 -480 -0959 
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*Use economical 35mm film. 

*Pulse operation up to 4f.p.s. 

*Optional large capacity 

Oscilloscope film magazines. 

*Clockwork or electrical cameras operation. 

More complete details available on request from 

Telford PRODUCTS LTD. 
WADSWORTH ROAD PERIVALE GREENFORD MIDDX. ENGLAND Telephone:01-9981011 Telex:935514 

A MEMBER COMPANY OFBENTIMA INDUSTRIES LIMITED 

WW -016 FOR FURTHER DETAILS 

THE INSIDE STORY - 1 
FOOLPROOF F.M. 

Illustrated here is 

the heart of the F.M. 
tuner system which 
has set new standards 
of performance; stan- 
dards which consider 
the needs of the user 
first, and then pro- 
vides those needs with 
technically sound and 
well engineered 
design. 

Features include a 

pre -aligned front end, 
integrated circuit i.f. 
amplifier, 3 stage cer- 
amic i.f. filter, inte- 
grated mute system, 
varicap tuning by ten 
turn pot, plus 1 7 other 
semiconductors. 

How is it different? Well, to begin with the tuning is temperature compensated 
against drift, and provided with a powerful a.f.c. which holds stations firmly but 
does not prevent you tuning to a new programme. Then there is a single lamp 
tuning indicator allowing very accurate adjustment, and this same circuitry also 
mutes the audio output when stations are out of tune. In addition, a new system of 
interstation noise suppression is also included, to ensure that only wanted stations 
are heard and no spurious noises are produced, and this circuitry, in turn, 
extinguishes the tuning lamp so that it only indicates when a station is received. 

All our kits are fully guaranteed, and backed by a complete after sales service, 
ensuring your satisfaction. 

IN KIT FORM £24.55 
READY BUILT £27.00 

Postage 30p UK + 25% VAT 

Full details of our complete tuner kits and 
assembled modules available (s.a.e.) from 

ccn g) es c n' 
33 RESTROP VIEW, PURTON, WILTS SN5 9DG 

FANTASTIC OFFER- DIGITAL CLOCK KIT SAVE £££s 
Fast building 
Easy to follow instructions 
No knowledge of electronics required 

The most comprehensive kit and 
instructions you have ever seen 

NOW ONLY £1 2.50 
+ £1.50 VAT & p &p 

OR READY BUILT & FULLY TESTED 

£18 + £1.90 VAT p&p 

COMET CLOCK 
DATA 

Size 61/4x3x21/2 
Mains Operation 

50 /60HZ 
12/ 24 hour mode 

KIT COMPRISES or separately at. - 
1 MOS Clock Chip 12-24 hr option 

1 95 
4 0.63" LED Displays (latest HI BRI Type) 4.60 
1 Segment Driver Chip 0 50 

1 Pack Resistors, Caps., Transistors, switch 1 60 
1 Double Sided Glass Fibre P.C. Board o 95 
1 Double Wound Mains Transformer 

1 50 
1 Circuit /Assembly Manual 0 50 
1 Futuristically styled Case (state colour) Yellow. 

Orange, Red, Black. White, Mauve. Green Blue 
'NB All Prices INCLUDE VAT & p &p 

C.W.O. to 

4.40 

Pulse Electronics Ltd rill Dept. WW2, 202 Shefford Road, Clifton, Beds. 
Tel. Hitchin 0462 814477 
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wavzoilivea 
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Ferranti now make high quality tuner diodes 
for domestic radio and TV app'ications. Low cost 
production quantities arc available for immediate 
delivery. 

ZC100 comes in the proven E -line pack that 
gives you reliability with economy. Selections on 
parameter tolerances and matched sets available 
on request. 

Also in the series - Tuner diodes ZC700, 800 
and 900 with different Q and tuning ranges to suit 
all needs. 

Phone 061 -624 0515 for prices, data and 
stock details or write to 
Ferranti Limited, Discrete Components Marketing, 
Electronic Components Division, Gem Mill, 
Chadderton, Oldham, Lanes., OL9 8NP 

Distributors 
Semicomps Ltd., Wembley. 01 -903 3161. Telex: 935243 
Keighley. 05352 65191. "Telex: 517343; 
Kelso, 2366 & 2369. Telex: 72692 

Edmundson Electronic Components Ltd., 
Birmingham. 021 -359 2410; London. 01 -237 0404 

Swift -Hardman Ltd., Rochdale. 
0706 47411. Telex: 63237 

LW H 1 , 

Mercia Electronics, Coventry. 
0203 24091. Telex: 311243 

SDS Components Ltd., Portsmouth. 
0705 6531 1. Telex: 86114 

J. McKcevcr Ltd., Dublin. 
764869 & 760589. Telex: Dublin 5608 

WW-078 FOR FURTHER DETAILS 

1123 
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FERRA\TI 
semiconductors 

End piece Bezel Unlit character Anodised aluminium housing MODULAR DISPLAYS & 

COUNTERS AT NEW 

a LOW PRICES! 

Anh,plare filter Decimal point Threaded tee -rods 

electroplan 

The Spectra -Tek 2500 CLD is a modular solid -state counter with one inch 
high numerical display. Each module is sell contained with counter, latch 
and driver IC's and provides one decade of display in seven segment form, 
together with a B.C.D. output. Since the units utilise standard TTL they are 
compatible with other logic elements to form complete counting and display 
systems with batching and totalising facilities. The 2500 D is a simplified 
version of the CLD without counter and latching circuits being driven from 
a B.C.D. input. The panel mounting modules can be assembled into multi 
decade arrays with end cheeks and red or amber polarising filters. These 
versatile modules have distinct advantages over the more conventional 
displays and counters:- 

`k SPECIALLY AGED, LONG LIFE FILAMENT BULB DISPLAYS 

LOW VOLTAGE DC OPERATION 

TTL COMPATIBLE INPUTS AND OUTPUTS 

P.O. Box 19, Orchard Road, Royston, Herts,SG85HH. 

Telephone: Royston 41171 o a,,E. ,u, C,llua,ly 

EASY ASSEMBLY OF MULTI DECADE DISPLAYS 

BANKING KITS AND FILTERS AVAILABLE FOR ANY NUMBER 
OF DIGITS 

Up to and including December 31st, 1975 these units are available at 
the special low prices shown below. This represents up to a 40% 
saving. Offer subject to availability from current stock. 

SPECIAL OFFER PRICE 

2500 CLD - £9.99+ VAT per digit (electroplan order code (18 -11) 
2500 D - £8.20 + VAT per digit (electroplan order code (18 -22) 

DELIVERY SAME DAY DESPATCH BY POST 

WW -090 FOR FURTHER DETAILS 
AIN J 
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DEMA 
ELECTRONICS 
INTERNATIONAL 

ELECTRONIC COMPONENTS DISTRIBUTOR 
FOR INDUSTRY AND HOBBYIST 

MONTHLY SPECIALS - Free Data included on Calculator and Clock Chip. 

CT 5001 40 Pin 12 Dig 4 Funct. Chain up Fix Dec Cal. E 1.49 3/3.95 
CT 5002 Same as 5001 only Battery Operated 1.49 3/395 
CT 5005 28 Pin 12 Digit 4 Function w /Memory 2.25 3/695 
5314 Pin Clock Chip 3.45 3/8.95 
ICL 8038 Funct. Gen. Volt Controlled Oscill, Sinc. Sp Tri Output 

Oscillator, Sine, Square, Tri Output 14 Pin 1.95 
1101 256 Ba Ram Mos. 1.25 3/2.95 
1103 1024 Bit Ram Mos. 2.25 3/5.95 
2102 1024 Bit Static Ram 3.50 
555 Timers E 0.40 556 Dual £ 0.70 

TTL 7400 S RIES 
7400 £ 11 7440 £ 0.11 7485 f 0.85 74155 £ 0.59 
7401 11 7441 0.60 7486 0.24 74156 0.59 
7402 11 7442 0.55 7488 2.50 74157 0.70 
7403 11 7443 0 75 7489 1.50 74158 0 70 
7404 13 7444 0.75 7490 0.73 74160 0.85 
7405 13 7445 0.70 7491 0.71 74162 0.85 
7406 24 7446 0.85 7492 0.39 74163 085 
7407 24 7447 0.75 7493 0.39 74164 0.25 
7408 .12 7448 0.69 7494 0.42 74165 1.25 
7409 12 7450 0.11 7495 0.51 74166 1.15 
7410 11 7451 0.12 7496 0.55 74170 1 65 
7411 16 7453 0.12 74100 125 74175 085 
7413 26 7454 0.12 74107 0.25 74180 0.85 
7416 .25 7460 0.11 74121 0 25 74181 2.95 
7417 .25 7470 0.26 74122 0.35 74182 0.85 
7420 11 7472 0.21 74123 0.49 74192 090 
7426 .22 7473 0.26 74145 0.85 74193 0.90 
7430 11 7474 0.26 74150 0 75 74194 0.95 
7432 22 7475 037 74151 0.57 74195 0.80 
7437 24 7476 0.26 74153 0.59 74198 1 70 
7438 .24 7483 0.65 74154 1 15 74199 1 70 

HIGH SPEED 74H00 
741400 E0.16 74H20 £ 0 16 74H52 E016 74H72 £0.26 
74H01 0.16 74H21 0.16 74H53 0.16 74H74 0.28 
74H04 016 74H22 0 16 74H55 0.16 741476 0 28 
14H08 0.16 74H30 0 16 74H60 016 
74H10 016 74H40 0.16 74H61 0-16 
741411 0 16 74H50 016 74H62 0.16 

CMOS 4000 SERIES 
4000A £021 4014 E 1 10 4028 E 0.95 4073 £ 0.29 
4001 0 21 4015 1 10 4030 0 50 4075 0.29 
4002 0 21 4016 0 55 4042 0 95 4078 0 29 
4006 0.90 4019 1 10 4049 0.48 4081 0 29 
4007 0 29 4020 1 15 4050 0 48 4082 0 29 
4008 1.30 4021 1 10 4066 0 75 4528 0 85 
4009 0.49 4023 021 4068 0 29 4585 1 25 
4010 0.49 4024 0 85 4069 0 29 
4011 0 21 4025 021 4071 0 29 
4013 029 4027 0.75 4072 0 29 

DTI 
930 £ 0 10 E 0 10 £ 0 10 962 £ 010 1936 
932 0 10 937 

1944 
0.10 946 010 963 

I 

010 

LIN EARS 
LM300 TO99 £ 0 45 340U 7092 E 1 25 739 A DIP £065 
301 V DIP 0 25 380 A DIP 80 741 V DIP 0.22 
302 1099 045 546 V DIP 051 747 A DIP 0.44 
304 T0100 0.50 550 A DIP 0 55 748 V DIP 0 25 
305 TO99 0 60 555 V DIP 0.45 5556114561 V DIP 0.65 
307 V DIP 038 556 B DIP 0.75 5558114581 V DIP 065 

1099 045 560 B DIP 2.55 ULN 2111 A DIP 0.95 
308 A DIP 065 561 B DIP 2.55 LM3900 A DIP 0.35 

T099 0.90 562 B DIP 2.55 75450 V DIP 0 45 
309K TO3 1.45 565 A DIP 1 45 75451 V DIP 0.45 
311 V DIP 0.90 566 V DIP 1.50 75452 V DIP 0 45 
320K TO 3 NEG 567 V DIP 1.60 75453 V DIP 045 

5 2,12.15 1.25 709 A DIP 0.22 75454 V DIP 0 45 
324 A DIP 1.07 710 A DIP 0.25 
340K 103 2.10 711 A DIP 0.30 

12V 1 AMP 723 A DIP 0.38 
V Mini Dip A = 14L Dip ' B = 4L Dip 
Data sheets supplied on request Add 20 ea excepted as noted 

MEMORIES w /DATA 
1101 256 Bit Ram Mos £ 1.95 
1103 1024 Bit Ram Mos 2 70 
7489 182251 64 Ba Ram TTL 1 50 
8223 Programmable ROM 2.50 
5260 1024 Ba Ram Low Power 1 95 

LEDS 
MV 5020 Jumbo Red or Clear E 0.15 
MAN I Red 7 Sog..270" 1.30 
MAN 3A Red Seg..127 35 
MAN 5 Green 7 Seg..270 1.75 
MAN 6 .6 Solid Seg. 2.50 
9 Oigit Array Fairchild 37 

with clear magnifying lens 2.95 

MIN 
ORDER 

£ 2.5 

CALCULATORS 8, CLOCKS w /DATA 
5001 Cal Chip £ 1.95 
5002 Cal Chip 1 95 
5005 Cal Chip 2.95 
5311 Clock Chip 2 95 
5312 Clock Chip 2.95 
5313 Clock Chip 2.95 
5316 Clock Chip 3.95 
Data only for any of above 0.50 
Refundable Against Purchase 

10% Discount on 
orders over E 10 

15% Discount on 
orders over £ 25 

TRANSISTORS 
2N 2219A TO5 
2N 2222 T018 
2N 2369 TO18 
2N 2905A TOS' 
2N 3227 T018 

£ 0.37 
0.15 
0.10 
0.38 
0.32 

2N 4124 T092 0.10 
2N 4126 1092 0 10 
2N 4401 TO92 0.10 
2N 5225 TO92 0.10 
2N 5226 1092 0.10 

ALL ITEMS NEW BRANDED SUBJECT TO 
MANUFACTURER'S GUARANTEE. 

TERMS: 

WuWtuula 

a 
PRICES AS LISTED ARE IN BRITISH POUNDS & 
PENCE. SEND BANK CHEQUE OR PERSONAL 
CHEQUE WITH ORDER. ENCLOSE RECEIPT IF 
INTER. POSTAL MONEY ORDER IS USED. 
MASTERCHARGE, BANKAMERICARD 
ACCEPTED. CABLE DEMAFLINTL. 

DEMA Electronics International 
P.O. Box 407A San Ramon, CA 94583 U.S.A. 
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\ BLOWTORCH 
with the maxi uses 

A high quality tool designed for precision work; that 
puts the heat exactly where its wanted with its 

pencil point flame. 
Invaluable for electricians, technicians, 

engineers, electronic engineers etc., in the 
manufacturing, servicing and repair 

industries. 
'PIN POINT FLAME UP TO 3500'F. 'LIGHTWEIGHT 

'EASY AND SAFE TO USE '4 -5 HOURS LIFE 
'BUTANE GAS 'REFILLS READILY 
AVAILABLE 'ADJUSTABLE HEAT 

INTENSITY 
1. SPECIAL COOLING FINS 

2. BRASS NOZZLE 

3. PIN POINT FLAME 

4. DETACHABLE 

SOLDER PENCIL 

NLY 

£625 
(Intl. VAT P 6 P) TRADE TERMS 
AND QUANTITY DISCOUNTS ON 
REQUEST 

Fill in this coupon now 
and send for your Mini Blow 
Torch. Money back guarantee 
if not satisfied. 

Longs 
Reg England 68496. 
longs Ltd.. 
Hanworth Lane 
Trading Estate, 
Chertsey, 
Surrey KT16 9L2 
Tel: Chertsey 61241 
Telex: 929811 

----- 
Please send me Mini Blow Torch /es at f6.25 each.' 
I enclose cheque /postal order for f 
NAME 

COMPANY 

ADDRESS 

POSITION 0 

I 

SIGNED ww 

______J 
WW -080 FOR FURTHER DETAILS 

HOOP UDUPilOIS MHO 
incase... 

special quality industrial 
tool kits and cases 

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

Write for free Jensen catalogue to: 

SPECIAL PRODUCTS DISTRIBUTORS LTD, 
81 Piccadilly, London W1V OHL. Tel: 01 -629 9556. Cables: Speciprod London W1. 

WW -070 FOR FURTHER DETAILS 
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This new frequency multi- 
plier produces an output 
frequency which is either 
60X or 100X the input 
frequency. Thus LF e.g., 
low audio, can be resolved 
without counting for ages. 

60X range converts Hz to 
RPM with any 1 sec. gate 
counter. NO WAITING 

NO RECIPROCALS 

Shdron 

NEW LOW 
PRICE due 

to CMOS 
CUTS 

FREQUENCY 

MULTIPLIER 

FX -1 
RESOLVE 0.01Hz IN ONLY FOUR 

SECONDS OR READ RPM 

DIRECTLY. 

WORKS WITH ANY FREQUENCY 
METER. 

inc p &p 
ONLY £27.50 ex vat 

INSTRUMENTS LTD., 24 Copenhagen Street, LONDON N1. Tel: 01 -278 6273 

WW -009 FOR FURTHER DETAILS 

NEON 
FILAMENT 
AND LED 
INDICATORS 

dC=0 
ASSOC ATES 

LIMITED 

52 Silver Street, 
Stansted, 
Essex. 
Tel: (0279) 814929 
Telex :81675 Jaylamps 

Ww -042 FOR FURTHER DETAILS 

ELECTRONIC 

INDUSTRIAL THERMOMETER 

THE MODERN WAY TO MEASURE TEMPERATURE 
A Thermometer designed to operate,as an Electronic Test Meter. Will 

measure temperature of Air, Metals, Liquids, Machinery. etc.. etc. 

Just plug in the Probe. and read the temperature on the large open 

scale meter. Supplied in zippered vinyl case with transparent front 

and carrying loop, Probe. and internal 1 ; volt standard size battery. 

Model "Mini -On 1" measures from - 40 °C to + 70°C, price f 17.50 

Model "Mini -On Hi" measures from + 100 °C to + 500 °C, price 

£20.00 (VAT. EXTRA) 

Write for further details to 

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

('Phone 01' -837 7937) 

WW -020 FOR FURTHER DETAILS 

Diameter 33mm 
Weight 160g 
Length 125mm 
Torque 105cmg 
RPM 
approx. 3000 
at 12V DC 
Power 9/14V DC 
Batteries 
or AC /DC 
transformer 

PETITE PRECISION! 
A 12V DC POWER TOOL FOR THE DESIGN AND RESEARCH ENGINEER 

AVAILABLE IN KIT FORM OR SEPARATES 
EXAMPLE OF FRENCH PRECISION ENGINEERING 

- See our Stand 

at the 23rd 
International DIY 

Drill. £7.00 P &P 25p 

Flexible drive. 
£5.00 
P &P 22p 
Now in use by the following: 
GPO, BBC, Atomic Ene-gv 
Authority. British Nuclear 
Fuels. Weekend TV, Ministry 
of Defence. Hospitals. 
Opticians. etc. 

Handicrafts & 

EXHIBITION Stand £3.76 
Empire Hall. Olympia, Aug 23 -Sept 6. 1975 

P&P 411p 

UK DISTRIBUTOR 
PRECISION PETITE LTD 

(Les Applications Rationelles Paris) 
119A HIGH STREET 

TEDDINGTON, MIDDX. UK 
TEL. 01 -977 0878 

SAE for leaflets, price list and order form 

WW 056- FOR FURTHER DETAILS 
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PROTECT YOUR EQUIPMENT WITH 

STOPCIRCUIT MINIATURE CIRCUIT BREAKERS 

THESE ATTRACTIVELY DESIGNED CIRCUIT 
BREAKERS OF HIGH QUALITY FRENCH 
MANUFACTURE ARE NOW AVAILABLE IN THE U.K. 
FROM STOCK AT COMPETITIVE PRICES 

* Ratings from 0.04 amps to 25 amps. 
* Thermal, thermal magnetic, magnetic 
* 1, 2, 3 or 4 pole all with one pair of buttons. 
* Fixings by single nut, 2 screws, plug in or din rail. 
* Terminations can be screw, amp or solder 
* Optional extras include signal contacts, tropicalisation and temperature 

compensation. 
* Dimensions of single pole 19 x 59 x 36 mm. 

RILTON ELECTRONICS LTD. 
BLAIR HOUSE, WHITEHALL ROAD 
CROWBOROUGH, SUSSEX 
Tel. 08926. Crowborough 4489 

MODEL 
U -50DX 

WW-.088 FOR Ft IRTHFR DFTAII.S 

sanwa 
MULTI TESTERS 

USED THROUGHOUT THE WORLD. SANWA 'S EXPERIENCE OF 30 YEARS ENSURES 
ACCURACY. RELIABILITY. VERSATILITY. UNSURPASSED TESTER PERFORMANCE 
COMES WITH EVERY SANWA. 
6 Months' Guarantee 
MODEL P2B 

MODEL JP50 
MODEL BX 505 
MODEL YX360TR 
MODEL U500X 
MODEL A303TRD 

MODEL K30 ND 

Excellent Repair Service 
£11.75 MODEL FRITH 
£12.80 MODEL ÁT45 
F22.90 MODEL 380CE 

£14.90 MODEL NI01 
£16.10 MODEL 460ED 

E19.15 MODEL EM800 
£24.20 MODEL Riming 

THESE PRICES DO NO INCLUDE V.A.I. 
Cate extra. available for most meters, but not sold separately 

Please write for illustrated leaflet of these and other specialised Sanwa meters 

£26.40 
£23.15 
E29.12 
£31.85 
E35.I3 
E74.50 
F75 27 

SOLE IMPORTERS IN UK 

QUALITY ELECTRONICS LTD. 
47 -49 HIGH STREET, KINGSTON-UPON-THAMES , SURREY. KT1 1LP 

Te1:01 -546 4585 
WW -048 FOR FURTHER DETAILS 

QUARTZ 

CRYSTALS 

-FAST! 
AEL- 

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

WW -035 FOR FURTHER DETAILS 

O 

Nos 

T 

JES AUDIO INSTRUMENTATION 
Illustrated the Si453 Audio Oscillator 
SPECIAL FEATURES: 
* very low distortion content -less than 0.03% * an output conforming to RIAA recording characteristic 
* battery operation for no ripple or hum loop 
* square wave output of fast rise time 

£50.00 

also available 

Sí451 Millivoltmeter Si452 Distortion Measuring Unit * 20 ranges also with variable control permitting easy reading of * low cost distortion measurement down to 0.01% with corn prel en- 
relative frequency response £50.00 sive facilities including L.F. cut switch, etc. £40.00 

ALL PRICES PLUS VAT 

J. E. SUGDEN & CO. LTD., CARR STREET, CLECKHEATON, W. YORKS. BD19 5LA. Tel. 09762 -2501 

WW -008 FOR FURTHER DETAILS 
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i 
TURNER- 

STEREO POWER AMPLIFIERS 

MODEL A300 /VU 

A range of professional stereo power amplifiers designed and manufactured to a very 

high standard. 
The A Series (Professional Studio Monitor) amplifiers feature dual power supplies to 

maintain full RMS power on both channels. 

The B Series (Professional) amplifiers feature single power supplies suitable for most 

music applications. 
STANDARD WITH VU"s 

MODEL A500 250 +250 watts RMS. 4 ohms E380.00 £440.00 
MODEL A300 150 +150 watts RMS. 4 ohms £262.50 E322.00 

MODEL B300 150 watts RMS per channel £210.00 £250.00 

MODEL B200 100 watts RMS per channel £170.00 £210.00 

The above prices are list and exclusive of VAT. 

Overseas Import Agents are invited to make their final applications for allocation of 

areas for 1976 exports. 

TURNER ELECTRONIC INDUSTRIES LTD. 
175 Uxbridge Road, London W7 3TH 

Tel. 01 -567 8472 

WW -047 FOR FURTHER DETAILS 

meteronic 

OSCILLOSCOPES 
BATTERY PORTABLE 

10 MHz BANDWIDTH 

0.1 uS -0.l Sec. TIME -BASE 

SINGLE AND DOUBLE BEAM 

PRICES FROM £95 

meteronic ltd. 
114/116 Shipbourne Road 

Tonbridge, Kent 
Tel. Tonbridge 61448 

WW -025 FOR FURTHER DETAILS 

SHEET METAL 
PUNCHES 

for quick,clean holes 
Easiest and quickest way of punching holes 

in sheet metal (up to 1 625mm) 
Simple operation 100% British 
Burr -free holes -no jagged edges 
57 Metric and Linear sizes 

appl' fllionl 

Used by all Government Services 
and most industries 
Wholesale and Export enquiries to 

"O-MAX" ( ELECTRONICS) LTD 
44 PENTON STREET LONDON N1 90A Tel 01ß782500 

WW -061 FOR FURTHER DETAILS 
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i 
Acclaimed as the Word's leading 

telescopic tiltover tower in the 

field of radio commJnication 
Models from 25' to 120' 

Look for the name 

ErTillUIVEIC14 
Strumech Engineering Co Ltd 

Coppice Side, BrownhillS, Walsall. Staffs. 

WW-023 FOR FURTHER DETAILS 

METAL 
INSTRUMENT 
CASES 

ac Simple to Assemble 
4 Endless Variety of Uses 

/ 1 . 

IIII' 

111 
, \ 9 `o-O° 

l 

. 

_ 

III . IV 

Dimensions in mm. 
y,I 

t 

VAT at 8% to be added to al I prices. 

Model W H D PRICE 
150 £5.80 
150 £5.63 
200 £6.47 
150 £5.60 
150 £5.95 
200 £6.80 

3009-00 295 130 
3009 -10 235 130 
3009 -20 295 130 
3009 -30 235 96 
3009 -40 295 96 
3009 -50 295 96 

AMTR ©N (UK )LTD. 4/7 CASTLE ST. HASTINGS. SX 
TELEPHONE 0424)437875 

TRADE ENQUIRIES INVITED - ASK FOR QUANTITY 
DISCOUNT DETAILS. (ORDERS UNDER f25.00 - P. &P. EXTRA). 
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QUARTZ 
q CHRONOMETER 

The range of Electro Systems and Timing 

th ñ?:^" electronic chronometers Is now available in kit 
form. 
Send S.A.E. for full details. 
Telephone PENN 4661 (STD code 

' 049481). 
Trade and overseas enquiries welcome. 

PRICES KIT ASSEMBLED & TESTED 

401 -4 (Hours, minutes) 
401 -6 (Hours, minutes, seconds) 
401 -4 -R (As401 -4, with Ni-Cd battery) 
401 -6 -R (As 401 -6, with Ni -Cd battery) 

£38.75 
£43.75 
£52.50 
£57.50 

£49.40 
£54.60 
£63.70 
£68.90 

No VAT reouired for overseas orders. but add 10% fug parcel s. pus r 
Add 8% VAT U.K. only; postage and packing ncluded 

OUTSTANDING FEATURES OF THE MODEL 401 DIGITAL CHRONOMETER 
* One second per month accuracy at 20 C 
* 3 MHz AT cut quartz crystal used for best possible temperature stability * All versions provide security against timing inaccuracies caused by mains -borne 

interference and short term mains frequency variations * Rechargeable nickel- cadmium battery versions offer not only portability but also 
protection against outright mains failure; may be left on charge continuously * Rugged mechanical design ensures reliability for portable use * Large. bright and easy to read LED display; 24 hour or 12 hour modes optional 

* 220/240V mains or external battery operation. 1 10V version also available 
* Weight 0.5kg. Width 1 3cm, depth 5cm, height 10cm (12cm with stand) * No -cost extras include precision engineered adjustable metal stand and power 

unit / battery charger 
* 12 -month guarantee for correctly assembled kits and ready -built chronometers. 

Low cost -Get-you-going- service for kits, if required 
* All components needed are supplied in kits, including wire, screws and case 

COMPREHENSIVE INSTRUCTIONS SUPPLIED WITH KITS 
r 

To ELECTRO SYSTEMS AND TIMING CO. 
48 Robinson Road, Loudwater, High Wycombe, Bucks., HP13 7BJ 

ENGLAND 
Please supply: 

401-4 kit 401 -4 -R kit 401 -4 assemb. & tested 401 -4-R assemb. & tested 
O 401 -6 kit e 401 -6 -R kit 401 -6 assemb. & tested 8 401 -6 -R assemb. & tested 

lU K residents add 8% VATI 

Name 

Address 

LI ENCLOSE CHEQUE /P 0 FOR I 

TRANSDUCER and RECORDER 

AMPLIFIERS and SYSTEMS 

I 2 

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 -028 FOR FURTHER DETAILS 
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rim 
WHY LISTEN TO YOUR 

FLOORBOARDS? 

LET YOUR 

SOUND ESCAPE 

with 

EUROSTANDS 
What other stands have all these necessary 
features? ? 

* Rubber Mounts for enclosure protection. 
* No messy screwing. 
* Made from attractive high impact ABS. * Available in BLACK or WHITE. 
* Hollow square section for hiding wires. 
* Assembled in only a few minutes. 
* 8" high unless otherwise specified. 
To Europhonic Colour 
Please rush me pair(s) stands. 

I enclose cheque/ PO at £14.50 payable to 
Europhonic 

Name 

Address 

My 

speakers 
are 

Make 

Model 

Width & Depth 
Dept. WW 

SUPERB 
VALUE AT 
ONLY 
£13.75 inc. VAT 
per pair + 75p p &p 

CWO payable to: 
Europhonic 
92 Aldershot Rd. 
Church -Crookham 
Hampshire 
Fleet (02514) 22055 
Trade enquiries wel- 
come 

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 -034 FOR FURTHER DETAILS 

ELECTRONIC POWER UNITS 
FOR XENON ARC AND MERCURY ARC LAMPS 
UNITS AVAILABLE FOR LAMPS RANGING FROM 75 TO 6500 WATTS. 

Lamp housings and lens systems, manufactured as standard off the shelf models or to 
specific design. 

K. T. Manners Design Ltd. 
33 Percy Street, London W IP 9FG Telephone: 01 -580 6361. Telex: 28604 
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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 £365 for the basic 
10/2 + VAT @8 %. 

MAGNETIC TAPES LTD. 
Chilton Works, Garden Road, Richmond 

Surrey TW9 4NS - 01 -876 7957 

ANADEX CF-700 

1 GHz COUNTER 
FOR £475 

ANADIX 
.. 

., .. .... ... ,.... .,::.. .., ._.. .,,.. 

111 Ilili 
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 
HÁ61 BN 

TELEPHONE NORTHWOOD 27688 

Ww -040 FOR FURTHER DETAILS 
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410410 
nairn cuco 
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 10722) 3746 

WW -026 FOR FURTHER DETAILS 

Audio Connectors 
Broadcast pattern jackfields, jackcords, plugs 
and jacks. 

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

Hirschmann Banana plugs and test probes 
XLR compatible in -line attenuators and 
reversers. 

Low cost sl.der faders by Ruf. 

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

WW -032 FOR FURTHER DETAILS 

fault finding- 
no fiddle 
With the AVO TT 169 in- circuit transistor tester. 
Go /No Go tests almost any transistor, diode or 
thyristor without de- soldering, without damage. 
Find out how it can save you time, save you 
money. 
You'll find the price is no fiddle either. 
Contact your local wholesaler, or us: 

AVO Limited, Dover, Kent CT17 9EN. 
Telephone: Dover (0304) 202620 

I horn Measurement Control and Automation DViS.Cn 

WW -036 FOR FURTHER DETAILS 
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The 
new 
Rank 

WOW& FWTTER Meter 
Type 

1742 

4-ß 

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 BS-4847: 1972 DIN 45507 
CC I R 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 91-IR 

rel: 01 -568 9222. Telex 24408 Cables Rankaudio Brentford 

SINCLAIR PROJECT 80 
AFU £8.31 FM Tuner £14.91 
Z40 £6.55 Stereo Decoder E9.69 
Z60 £8.31 Transformer for PZ8 £5.16 
Q16 £9.71 Stereo 80 £14.91 
PZ5 £6.21 Project 805 £38.22 
PZ6 £9.69 Project 805SQ £46.65 
PZ8 £9.45 Proj. 80 Quad. Decoder 

E20.97 

iczo to +low stereo amp. 

SINCLAIR kit with tree booklet and 

I 2U PZ20 power supply kit tar 

printed circuit E8.58. 

AMPLIFIERS above E5.91. 

VP20 volume. tone control 
and preamp kit E6.20. 

SEND S.A.E. FOR FREI DATA 

BATTERY ELIMINATORS Ic12 Amplifier 

6 -WAY SPECIAL 

The most versatile 
battery eliminator ever 
offered Switched M- 

6W audio amp with 
free data and printed 
circuit E4.10. 

"'1n rlr 

ein of 3. 4V 6. 7'n, 9 . 
and 12V N 500ÁA ¿ S -DECS AND T -DECS 
E5A5 . SDeC E2.34 -- 

T-0eC £4.15 _ 

. DeCA E4.55 - ._ II 

MODEL .DeCB £7.85 

Switched of 6. 
IC carriers.- 1 

Tr and RV at 250mA 
with unique 4 way jack - 

16 di: plain E1.18 
With socket £2.21 

plug and socket output 
connector £3.55. 

I0T05: plain E1.09. With socket £2.08 

RADIO MODELS 
50mA with poppali 
battery terminals tor 
radios. etc. 1S 
dl E386 

e6 

SINCLAIR 
CALCULATORS 
Cambridge £9.95 

- ^ Double 4'r +4'et Cam. Memory £14.10 
Scientific £14.10 

£4.43 ` Oxford 100 £9.95 
9 +6V £4.43 Oxford 200 £15.90 
9 +9Y £4A3 -'- Oxford 300 £22.98 
CASSETTE MAINS UNITS 
7VaV output complete with 5 pin DIN plug 
to run cassette tape recorders from the AC 
mains £4.61. 

MAINS UNITS 
For Oxford 
models £3.89 

HEAVY DUTY MODELS 
500mA. British made to very high 
standards. Our best buy suggestion. 

For Cambridge, 
Cam. Memory and 
Scientific £3.65. 

6V £4.90. 71/2V £4.90. 9V £4.90 

Pr:o include post and VAT. Official credit orders front schoors. etc.. welcome. No VAT 
charged on overseas orders. All prices are special offers. 

SWANLEY ELECTRONICS 
P.O. BOX 68, SWANLEY, KENT BR8 8TQ 

WW-058 FOR FURTHER DETAILS 
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High Voltage Precision Resistors 
for Monitoring and Control 

Constructed with high stability Micronox resistance films fired on to a 
solid cylindrical core, these high voltage resistors are ideal for use in high 
voltage power supplies and voltage control and monitoring applications 
where their temperature stability and Tong -term operating stability can 
provide immediate improvements in the specified performance of the 
equipment. 

Resistance range to 2000 Megohms, non inductive if required. 
Continuous operation as high as 30,000 Volts per section. 
Selection tolerance, ratio matching and stability within 0.1 %. 
Temperature Coeff. below 80 ppm / °C. Voltage Coeff. below 1 ppm /v. 
Matched Coefficients to 2 ppm / °C even for ratios of 10,000 : 1. 

Tantalum Nitride Thin Film 
Chip Resistors to .015" square 

The passivation layer on these micro -miniature chip resistors is more 
durable than the glass used to protect other thin film resistors and yet it 
allows perfect reliable bonding. 

Resistance ranges from 10 Ohms to 51 Megohms. All standard values. 
Sizes from 0.015" square to 0.040" square, 0.008" thick. 
Substrate 0.008" thick gold back pure silicon, 100v proof. 
Pads of aluminium or gold for eutectic /ball or ultrasonic bonding. 
Tolerances 20% to 1 %, low tcr, close tracking. 
Power dissipation 1/4-watt (250mw) when mounted. 
Networks comprising several resistors custom made. 

Contact Sole U.K. Agents: 

BROOKES & GREEN LTD. 
GOMSHALL, GUILDFORD, SURREY 

Tel. Shere (048 641) 2956 

WW -089 FOR FURTHER DETAILS 

8 DECADE RESISTANCE BOX 

DECADE RESISTANCE MODEL 8000 TIME 
ELECTRONICS LTD 

C 

if 

* 1 0-100M0 * 0.1% Accuracy 
* Colour coded digits, 4 yellow, KO white, MO red 

TIME ELECTRONICS LTD. 
Botany Industrial Estate Tonbridge, Kent 

Tel. Tonbridge (07322) 5993 (3 lines) 
WW -039 FOR FURTHER DETAILS 

STEREO IC DECODER 
HIGH PERFORMANCE PHASE LOCKED LOOP 

(as in 'W W.' July '72) 

MOTOROLA MC1310P EX STOCK 
DELIVERY 
SPECIFICATION 

Separation 40d8 50H,-15kHz Distortion; 0.3% 
I/P level: 560mV rms 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 Potter & 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.'i. to all prices 

FI -COMP ELECTRONICS 
PORTWOOD INDUSTRIAL ESTATE, CHURCH GRESLEY 

BURTON -ON- TRENT, STAFFS. DE11 9PT 
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POWER AMPLIFIER 
1 20 watts RMS into 4 ohms 

For full details on our range of mixers, amplifiers and 
light control units, contact: 

ICELECTRICS LTD 
15 ALBERT ROAD, ALDERSHOT 

HANTS. TEL: 0252 28514 
4W - 030 FOR I URTIIER DETAILS 

Servodata Limited 
Advanced Technology 
in Servo Control Components 

Technology 
in Servo Control Components 

DC Torque Motors and Tachometers 

High performance, brush and brushless versions and 
complementary tachometers. 

* 840 Standard Models ranging from 15 oz -in to 120 
lb-ft. * Military, Industrial or Space Qualified models are 
already used by most European Nations. 

Servodata 
Is able to offer a technical design service utilising 
these devices in control systems as well as 
supplying amplifiers, solid state synchro /resolver 
to digital convertors, readouts and other servo 
control transducers. 

Servodata Limited 
Highclere,Newbury 
Berkshire RG15 9PU 
Telephone Highclere (STD 0635) 253579 
Telex. 847054 

WW 086 FOR FURTHER DETAILS 

. Lover -cost 
phasemeter 

The A200 is an analcgue phasemeter which 
directly displays the phase difference between 
two inputs - both input channels are carefully 
matched internally so that phase shift within the 
instrument is nenligible. Lead /lag indicators 
automatically register polarity. 

Prosser Scientific Instruments Ltd 
Lady Lane Estate Hadleigh Suffolk 
Tel Hadleigh (0473 -38) 3005 

WW -012 FOR FURTHER DETAILS 

ROG ERS 
AUDIO TEST 
EQUIPMENT 
A comprehensive, versatile range 
of test equipment primarily 
designed for the measurement of 
high quality audio equipment but with. 
additional applications in the 
electronics industry in general. The 
equipment is of particular interest 
to the professional audio engineer. 
recording studios, broadcasting 
authorities and educational 
establishments. 

DM344A Distortion Factor Meter. Designed to make accurate and rapid 
measurements of total harmonic distortion generated within high quality audio 
amplifiers, recording and transmission equipment Selling Price: c/w Bench 
Case (225.00 + VAT. 

S324 Low Distortion Oscillator. Generates a pure sine wave and has been 
designed as a general purpose low distortion signal source. The primary 
application, used in conjunction with the DM344A. is the measurement of total 
harmonic distortion. Selling Price: c/w Bench Case £94.00 + VAT. 

AM324 AF Millivoltmeter. Designed for voltage measurements in the audio 
and low RF ranges and principally for measuring low level signals in high 
impedance circuits. Selling Price: c/w Bench Case £92.00 + VAT. 

PS1A. Regulated Mains Power Supply. Selling Price: £22.50 + VAT. 

r 

Model 'A' Noise Generator. A 
portable battery operated unit designed 
for carrying out listening tests on 
loudspeakers. 'Pink' or 'White' noise 
can be selected and output can be 
continuous or burst. Output is contin- 
uously variable. Selling Price: £47.50 
+ VAT. 

Full Co /our Literature describing the complete range may be had on request 

ROGERS DEVELOPMENTS (Electronics) LIMITED 
4/14 Barmeston Road, London SE6 3BN, England 
Telephone 01-697 851 1 (3 lines) 

WW -0I5 FOR FURTHER DETAILS 
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21s' EXHIBITION 

COMPONENTS 

MEASUREMENTS 

CONTROL 

REGULATION 

INSTRUMENTS 

SYSTEMS 

BRUSSELS - HEYSEL 
HALL 8 

25th to 29th november 1975 
from 10 a.m. to 6 p.m. 
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Distributors of TOKO coils, tunerheads, filters for AM,FM etc. 

arn It INTERNATIONAL. 
Ambit are the wireless specialists. We supply a comprehensive 
range of coils, filters, ICs, modules etc for AM /FM radio. We have 
systems for voltage tuned radio at ALL frequencies, available as 
components, kits, or ready built assemblies. A comprehensive 
folder of product information and prices is available for 40p., inc. 
PP. Alternatively, a complete shortform pricelist is available free 
of charge - to all requests accompanied by an SAE. 

Tuners, tunerheads( IF modules 
Larsholt 7252 tunerset. 1uV for 
26dB S /N. Scan, AFC, AGC, 
muting, dual MOSFET input 
4 twin varicap tuned stages. A 
complete 88.108MHz receiver 
system for HiFi /Monitor uses. 
Built and tested .. .. £24.00 . 

Ambit ET8000: As described 
for the ETI international FM 
tuner. A kit, with TOKO tuner, 
3089/1310 IF and decoder, cer- 
amic IF filters, PSU with stab- 
ilizer, pilot tone filter. 
Kit price (with EF5603) £28.00 
EF5600 tunerhead .. .£10.00 
FF5603 tunerhead .. .. £9.05 
EC330Z tunerhead .. £5.00 
L.arsholt 8319 tunerhead £9.00 
All the above are varicap tuned 
MT3302 FM tuner with AM 
gang capacitor and 3:1 drive 
(3 stage FM tuning) .. £5.00 
993090 deluxe MPX decoder - 
40mV composite input, AF pre - 
amps, 19 &38kHz filters. £7.60. 

Wireless system components. 
Varicap tuning accessories: 
WS150: 150mm WW slider pot 
for direct scale readout. £3.00. 
9932: 6 preset 40 turn pots for 
fixed station selection. £3.40. 
Edgewise meters for frequency, 
tuning, sig.strength. £2.50 ea. 
(Includes 12v bulb at 50mA). 
78series voltage regs for tuning 
voltage 12, 15, 18v @ 1A £1.55. 
%A versions for 20, 24v £1.20. 
Varicap AM wireless systems: 
EC720:Ant, RF and Osc. tuned 
by MVAM varicap diode. IC 
signal processing system, ceram- 
ic IF filter. For ferrite rod or 
loop antenna. Kit .. .. £8.00 
MVAM1 3x300pF varicap di- 
ode. £2.75, or MVAM2 2 di- 
ode version £1.05. (2% match) . 

All prices exclude VAT. PP 

is 20p per order. Minimum 
invoice £7.50, min. cwo £2. 

37 High Street, Brentwood, Essex. CM14 4RH. 
tel: 227050 telex: 995194 (Ambit Brentwood). 

INTEGRAL SYSTEMS 
PRESENT THE 

A1679 PULSE GENERATOR 

7 71.,.., 
.. !,. + 

: 4ik 

-... 
Contains features previously found only on instruments FIVE TIMES the 
price. 

Wide Frequency Range - 10Hz to 10MHz. 
Wide Pulse Width - 50mS to 50nS. 
Single Shot Facility. 
Exceptionally Fast Rise and Fall Times. 
LED Indicator 
Battery Operated or Mains Operated (Al 679M) 

Taking advantage of integrated system techniques Integral Systems present 
one of the most versatile low cost pulse generators ever produced. 
Ideal for development, laboratory, amateur or educational requirements, it 
can be used for 

checking ICs 

computers 
oscilloscope testing 
pulse responses of amplifiers 
signal injection for medical research 

Price A1679 £36.00 A1679M £40.00 
incl. VAT + P &P 

Manufactured by 
INTEGRAL SYSTEMS 
2-4 HUNGER HILL, DURSLEY 
tiLOUCESTERSHIRE. Tel. Dursley 3851 

WW -084 FOR FURTHER DETAILS 
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Audio Laboratory 
Instruments 
To expand the distribution of Audio Laboratory 
Instruments RADFORD are looking for new 
dealer /agents outside the United Kingdom. If 
you are a supplier of laboratory instruments to 
professional and industrial end users it could be 
to your advantage to learn more about 
RADFORD audio measuring equipment. 

Write today for leaflets and details of franchised 
dealership. 

Radford Laboratory Instruments Ltd 
Ashton Vale Road 
Bristol BS3 2HZ England 

RADFORD 

LD03. Low Distortion Oscillator 
Frequency range: 10Hz - 100kHz. 
Distortion: Distortion less than 0.002% over audio band. 
Size: 17" x 7" x 8; ". £275.00 
LDO3B. Low Distortion Oscillator 
As LD03 but additionally fitted with output amplifier and 
transformer providing a 600 ohm floating balanced output. 
Unbalance: -80dB. 1 kHz. -60dB 10kHz. £375.00 
DMS3. Distortion Measuring Set 
Frequency range: 5Hz - 50kHz. 
Measurement down to 0.001%. 
Size: 17" x 7" x 8 ". £225.00 
HSV1. High Sensitivity Voltmeter 
Average reading: 10µV to 300V f s.d. £1 25.00 
HSV2. High Sensitivity Voltmeter 
True r.m.s. reading. 10µV to 300V f.s.d. £175 00 
ANM1. Audio Noise Meter and High Sensitivity 
Voltmeter 
Average reading: 10µV to 300V f.s.d. 
Includes Wide band, Audio band, IEC curve 'A' and CCIR 
weighting networks. Illustrated above. £150.00 
ANM2. Audio Noise Meter and High Sensitivity 
Voltmeter 
As ANM1 but true r.m.s. reading. £200.00 

WW -092 FOR FURTHER DETAILS 

SO IS ATRAOEMARK OF CBS INC 

t4 

SU QUADRAPHONIC DECODERS 
SO the leading guadraphoni, dr r;RS ,il,r . ,11... rely 4 channel ambiophony from the 
fast expanding range of SO , r,_oiten but .I.r, .mmrn.ely increased depth and fullness of sound from 
standard stereo recordings inn 
Feed 2 channels 1206 1000mV as obtainable from most pre amplifier-al into your choice of any of our 3 decoders 
and take 4 channels out with no overall signal reduction On the logic enhanced decoders Volume. Front 
Back LF OF L& -RB and Dimension controls can all he implemented by simple single gang potentiometers no 
need for exotic 4 gang units, 
These state of the art cocoas used under licence from CBS are offered in kit form comprising first grade 
components only -fibre. glass circud boards of professional quality designed for edge connector ,n all 

resstors 2% metal oxide all polystyrene and polycarbonate capacitors 5% or better and in decoder U 
insertion 

low 
noise IMPS A18-0 5dB 'ye) transistors used in each amplifying stage 
M1 Baste m x decoder with fixed 10 40 blend 10 Resistors 14 Capacitors 1 Integrated C,rcu,l Printed 
Circuit Board [884 
L1 Full logic controlled decoder with wave 

matching 
and front bark logic for enhanced channel separation using 

three spec, ally designed Integrated Circuits 24 Resstors 42 Capacitors 3 Integrated Circuits Panted Circuit 
Board [1888 
L2 More advanced full logic decoder with v nable blend extended frequency response increased front hack 
separation 43 Resistors 44 Capacitors 3 Integrated Circuits 9 Tr ansstors. 6 Diodes Printed Circuit Board [28.20 
Ail kits include IC sockets andcnnstruchon notes Prices include CBS licence fee 
Please write for fonher details in FREE LIST 
United Kingdom Post Free Please add 25% VAT Overseas No VAT Please add per kit) E2 00 p 14 p 

AIR MAIL or E1 00 p 8p SLITFACF MAIL 

A1BIENTACC ousjI cg PO BOX 3000 
ANDOVER, HANTS SPIO 3EQ 

WW -033 FOR FURTHER DETAILS 

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 H13250. 

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% at 
rated output (Typically 0.01% at 1 Khz) 

Hum and noise: Disc, -83dBV measured flat with noise band width 23 Khz (ref 
5mV); -138dBV "A" weighted (ref. 5mv) 

Line -85 dBV measured flat (ref 100v) 
-88d BV "A" weighted (ref 100v) 

Hear the HD250 at 

SWIFT OF WILMSLOW 
o, t AA 

5 Swan Street, Wilmslow, Cheshire (Tel. 26213) 
Mail Order and Personal Export enquiries: Wilmslow Audio, Swan Works, Bank 
Square, Wilmslow (Tel. 29599) 

In stock: All Radford speaker drive units and crossovers, ZD22 preamp, Low 
Distortion oscillator 1003 and Distortion Measuring set DMS3. 

W W -046 FOR FURTHER DETAILS 
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Telequipment's new dual trace 10 MHz battery operated oscilloscope 

...and that's about the size of it 

4 x 9 x 11 inches! Weight, less than 101b! 

Price, only £275'. 

Small in all but specification, Telequipment pack 

into the tiny frame of the D32 features normally 

associated with instruments twice its size. 

Easily carried on any assignment the D32 is 

probably the smallest and least expensive scope of 

its kind in the world. 

Exdustr 
of vá7 

Priced at £275' (including re- chargeable batteries) 
this dual trace scope offers 10MHz bandwidth 
at 10mV /div sensitivity; automatic selection of 

chopped or alternate modes; automatic selection of 
TV line or frame displays; and the choice of 
battery or mains operation. 

Size up the D32 for yourself and write or phone 

for a demonstration of this truly remarkable 
instrument now. 

Telequipment gives you more scope for your budget 

TELEQUIPMENT 
Tektronix U.K. Ltd., 
Beaverton House, P.O. Box 69, Harpenden, Herts. 
Telephone: Harpenden 63141 Telex: 25559 

WW -060 FOR FURTHER DETAILS 
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Teletext decoder. First in 
a series of articles on 
constructing a unit to show 
Ceefax /Oracle pages on a 
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service? A frank report 
based on investigations in 
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for car c.d. ignition avoids 
deterioration of engine per- 
formance due to mechani- 
cal wear and play 

SIXTY -FIFTH YEAR 
OF PUBLICATION 

ibpa 



¡;h Wireless World, October 1975 

microphoner matter mort. 

Never have so few words said so much 
about sound system installations. The truth 
is that a carefully chosen, top -quality mi- 
crophone makes a measurable difference 
in sound system quality -regardless of 
the other components in the system. It is 
false economy at its worst to be a micro- 
phone miser. Install Shure Unidyne or Uni- 
sphere microphones -for installations 
with a marked superiority in voice intelli- 
gibility (and fewer service calls due to mi- 
crophone problems). For the name of your 
local sound specialist, write: 

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

WW -010 FOR FURTHER DETAILS 
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Broadcasting and communications 

There is no doubt that broadcasting is becoming inextricably mixed up with 
telecommunications. This is largely in the sharing of the technical means, such as 
the electromagnetic spectrum for transmission and the coaxial cables for 
distribution. The actual function of broadcasting is on the whole separate from 
that of telecommunications, although broadcasting also conveys information and 
there may be some overlap in the future with such services as Teletext. An 
awareness of the engineering interdependence is probably what prompted the 
National Electronics Council to offer evidence to the Annan Committee, through 
a working party, on ". . . . the future technological development of 
telecommunications and electronics services in the United Kingdom, as they 
affect broadcasting . . . ", and its report* is worth studying as an appraisal of the 
situation in a highly developed country such as the UK. It shows up some conflicts 
of interests, and different views on how things should be managed, between some 
of the organizations concerned, and recommends the setting up of a 
Telecommunications Council to be responsible for the integration of all 
telecommunication services. 

The Post Office, with its monopolistic hold on telecommunications and the 
distribution of programmes, considers that to achieve economical operation there 
is a need for unification in meeting the needs of the public and that there should be 
a corresponding integration of the technical means for conveying information 
throughout the country. In practice this implies the "total systems approach" or 
"national electronics grid" that has been much under discussion - probably a 
wide -band v.h.f. and u.h.f. cable network, complementary to the broadcasting 
system, that would be capable of supplying a mixture of information services 
(some two -way) and television and sound programmes directly to people's homes. 

One of the attractions of such a cable network is that it might take off some of 
the demands on the electromagnetic spectrum at present imposed by 
broadcasting and leave more space for such things as mobile communications (for 
which radio is the only possible medium). But it would be a vast and expensive 
network to set up and might take, according to some estimates, about 20 years to 
complete. Some objections from the cable television companies' point of view are 
made in a letter in this issue. The major problem, however, is that such a network 
would require long -term planning, and this implies some measure of inflexibility. 
How could we plan now for the information and entertainment requirements of, 
say, 20 years ahead? Society is changing rapidly and so is electronics and 
communications technology. There is a danger of being overtaken by events. 
Nobody knows this better than the Post Office, so it is to be hoped that in any 
large -scale plans for an integrated network they will succeed in keeping their 
engineering options as open as possible. 
*Published in the National Electronics Review, Vol. 11, No. 3, May- June'1975. 
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Television tuner design 
Gives quality sound as well as vision signals 

by D. C. Read, B.Sc. 

Using a varicap u.h.f. front -end, this tuner design provides quality sound and vision 
outputs for connection to a separate sound reproduction system and to a monitor -type 
receiver. It provides a group -delay corrected signal and proper black -level registration. 
Sound information is removed prior to the video demodulator, overcoming the problem 
of sound and colour subcarrier interference. Two modifications, to be described in a 

subsequent article, enable it to be used with a conventional u.h.f. tuner and with a domes- 
tic -type receiver and the option of a simplified sound -only unit. 

Perhaps it is an unfair comment to say 
that sound has always been regarded as 
the Cinderella of the television world. 
But, certainly, set manufacturers have 
had good economic reason for getting 
the picture and the price right first; their 
customers demand it. The advent of 
colour also tended to push sound 
further down the priority list. Today's 
receivers are necessarily more complex, 
so that stability of operation and ease of 
control are harder to achieve at reason- 
able cost and in the achievement there 
is understandably little room left for 
more than the basic necessities of sound 
recovery. 

With many households now equipped 
for hi -fi reproduction, however, and 
with integrated circuits more than 
adequate - and cheap enough - to 
provide the necessary extra circuitry, 
the essential ingredients for good -qua- 
lity television sound reception are to 
hand; if we were to complete the earlier 
analogy, ßáe might say that Cinderella's 
glass slipper is ready, waiting, and 
requires only the final fitting. 

Considering the received signal itself, 
this carries a sound component which 
differs from the f.m. radio transmissions 
only in that there is (as yet) no provision 
for stereo and that the maximum 
deviation used is 50 instead of 75kHz; it 
is, therefore, reasonably 'hi -fi'. A further 
important point about the transmitted 
television sound signal, and one not 
generally known, is that for all the main 
U.K. stations, the two sets of informa- 
tion - vision and sound -- are fed to 
separate transmitters and then com- 
bined for radiation from a common 
aerial. This reduces the risk of interac- 
tion between the two signals at the 
sending end and for the user to obtain 
the greatest benefit from such isolation, 
separate receiving chains might be 

considered worthwhile. But such a 
provision would make station changing 
unnecessarily complicated and there 
are, in any case, certain advantages 
(mentioned later) to keeping part of the 
receiving system common to both 
signals. 

The tuner design to be described has 
evolved from these thoughts. During 
many months of experiment, various 
circuits were tried until the right 
combination was found. The eventual 
outcome of these investigations shows 
refinements not only on the sound side 
but also to the video circuitry. Some of 
the changes to the vision circuits were 
necessary in support of the different 
sound- recovery arrangements being 
used, and some simply because 
improvement was called for, and could 
be obtained, by using with appropriate 
modification, circuits suggested in 
manufacturers' application notes and 
ideas culled from the technical press. 

Accompanying these ideas was the 
purely practical intention to build a 
self- contained unit which could be 
installed in any convenient living -room 
position such as a book shelf and which 
would produce standard -level feeds: a 
1 -volt composite video signal for driving 
the decoder and display circuits of a 
conventional television receiver or 
monitor -type set, and a 0.5 -volt r.m.s. 
audio signal. 

The block diagram of Fig. 1 shows 
main circuit functions in the tuner, 
numbered and divided into the three 
principal sections. The following list, 

numbered for ease of reference to the 
diagram, gives brief outlines of these 
functions. 

Video, i.f. and r.f. circuits 
1. The u.h.f. tuner used is the well -tried 
Mullard ELC1043 module which: 

-employs varicap diode tuning (chan- 
nels 21 to 69) 

-has two r.f. stages with the aerial input 
stage untuned for optimum noise 
performance 

- accepts a delayed a.g.c. voltage 
between 4 and 8 volts giving a control 
range of 40dB. 
The carrier level at the first varicap 

tuned circuit is kept well below the 
intermodulation threshold. Excessive 
carrier levels in voltage- diode -tuned 
circuits can cause spurious phase 
modulation of the received signal. If 
simple synchronous demodulation is 
used, as in this tuner, the video is not 
affected but the recovered sound signal 
will contain unwanted in -band com- 
ponents which cannot subsequently be 
removed. (In more complex demodula- 
tors, such as those using a phase - 
locked -loop re- generated carrier for 
switching, phase modulation of the i.f. 
signal also affects the video.) 

As a useful protection against tern - 
perature drift, the tuner module in this 
installation is mounted in the bottom 
corner of the circuit board away from 
heat- producing components. Other 
precautions have been taken to give 
good oscillator stability and the unit has 
operated satisfactorily in normal 
household use over long periods 
without a.f.c. connected. 

An alternative version of the tuner 
has been built using a conventional 
mechanically- adjusted u.h.f. module 
instead of the varicap type. Apart from 
possible economic benefit to the con- 
structor, mechanical tuners have some 
advantages in performance over their 
more modern counterparts. An impor- 
tant one is that they do not suffer from 
spurious f.m. sound -carrier phase 
modulation under the influence of the 
a.m. vision carrier in the way that 
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varicap tuners do with high r.f. level. 
Details of this option will be given 
subsequently. 
2. The output circuit of the u.h.f. module 
forms part of the first of two band -pass 
coupled circuits which together give a 
well -defined i.f. characteristic with a 
shape nearly that of the required ideal 
(see Figs. 6 and 8). 
3. The i.f. gain is provided by a single 
a.g.c. amplifier which, together with the 
following grounded -base stage, oper- 
ates in a cascode -type configuration. 
Because the controlled transistor works 
between low impedances (it is fed from 
an emitter -follower stage), it gives 
maximum gain and. a large control 
range which can be covered with 
negligible adverse effect on the i.f. 
response shape. 
4. The second of the two band -pass 
coupled circuits surrounds the 
combined own -sound trap and sound 
carrier take -off circuit. Because separa- 
tion and rejection are obtained here by 
means of inductive coupling and can- 
cellation, there is little unwanted in- 
band loss for either carrier. 
5. The Motorola MC1330 is a 
synchronous demodulator giving a 

u.h.f. tuner 
Mul and 
ECL 043 

vision carrier rejection of at least 60dB 
and a conversion gain of about 35dB. 
Typical figures quoted give expected 
line linearity and differential gain of 
about 3%, and differential phase of 3° 
the performance realised here is of this 
order. 
6. Instead of a 5.5MHz low -pass filter 
following the demodulator, two simple 
notch circuits - one each at the 
sound -carrier offset and twice colour - 
subcarrier frequencies - give sufficient 
protection against out -of -band 
interference. In practice, because of the 
high efficiency of the sound trap /take- 
off circuit mentioned in 4 above, the 
6MHz trap has little work to do except 
during the temporarily disturbed condi- 
tions which can exist for short periods 
e.g. when first switching on the tuner. 
Additionally, the trap is included 
because its lower skirt completes the 
shaping of the video response, as 
will be illustrated later. 
7. The correct trap- circuit termination is 
given by the following directly coupled 
amplifier which produces two outputs 
each of 4 volts pk -pk composite video. 
One of these feeds the a.g.c. circuit; the 
other is passed after impedance match- 

delayed 
d g r 

a g C A 

vision carrier 
39. 5 M Hz 

=100 mV pk-pk 

O 

b.p.filter 
sound 
trap 

2V6 pk-pk 

T. P. 

sound 
carrier 

33.5 MHz 

demod. 
(Mc 1330) 
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ing to a two -stage group -delay correc- 
tor and thence to the video output 
amplifier. Direct coupling is used from 
the MC1330 demodulator onwards so 
that true -black -level registration can be 
achieved. For this reason, the directly - 
coupled stage mentioned above also 
provides a necessary d.c. shift so that 
signal blanking is at the required 
potential to suit following circuit con- 
ditions. 
S. The tuner output circuit used will 
depend on the particular needs of a 
given installation. The complemen- 
tary-pair amplifier shown in the full 
circuit diagram (see Fig. 2) provides one 
output at 75 ohms and one at higher 
impedance (about 270 ohms; this is 
specifically intendéd for a short link to 
the receiver decoder). If more than one 
75 -ohm output is required, larger tran- 
sistors than those used in the suggested 
circuit will be necessary. 

Sound circuit 
9. From the sound take -off point, the 
33.5MHz carrier is fed through a 
low -input impedance buffer stage to a 
band -pass pair filter and thence to a 
cascode amplifier which gives a gain of 

Blk.level 
5V5 

4V pk-pk 

T.P. 
BIk level 
z14V8 

1V pk-pk 

T. P. O 

T. P 0 O 

5MHz 
886MHz 

traps 

-41 r 
tuning 8 a t c 

group 
delay 

o 
2Vpk-pk r.f. 

( limiter \ 
\disconnected) 

± 10 V pk -pk 

T P. O-^V/- 
500 mV 

r. s. 
T P. 

b. p. 
filter limiter 

a 

nom 
(140 mA) 

+24`J 

f 
on -board 
regulator 
(8024) 

d.c. supply 
8 switching 

for 
station 

selection 

video 

p. ter Ip 

Fig. I. In this television tuner design sound information is removed 
prior to the video demodulator to avoid interference with colour 
subcarrier. As well as providing sound output a group -delay 
corrected video signal is available with proper black level 
registration. Numbering in this diagram corresponds with 
numbers used in description. 

clipped video 
T.P 

15V5-16V i.f. 
a.g.c. 

blk. level 
sample 
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a.g.c . 
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i.f.(r.f. 
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crossover 
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sync 
. 
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invert 
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,gen 
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O 
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.n_- 16 V 
3µs 
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station selector 
(break before make) 

OVO 

about 35dB. Response shaping is com 
pleted by two single -tuned circuits 
before the signal is applied to a 
long -tailed pair limiter. Only one stage 
of limiting is necessary because the 
transmitted sound and vision carriers 
are maintained at a fixed difference in 
level and therefore a.g.c. action on the 
vision is effective in keeping the sound 
carrier reasonably constant. This is the 
main reason for' keeping the two 
carriers together in this part of the 
circuit where signal amplitude is relati- 
vely low. 
10. The sound signal is recovered by 
means of a Foster- Seeley discriminator 
circuit using discrete components. In 
terms of the a.f. output from the 
discriminator, the circuit is 'floating' so 
that the d.c. off -tune error voltage also 
produced by the circuit can be added to 
whichever of the pre -set tuning 
voltages (developed elsewhere) has 
been selected and then returned to the 
u.h.f. tuner module as a combined a.f.c. 
station -change control feed. 

A.G.C. circuit 
11. The positive -going composite video 
feed obtained as outlined earlier is taken 
through a simple low -pass filter to 
remove high -frequency video, particu- 
larly the coldur bursts. An emitter -fol- 
lower buffer stage feeding a diode 
clipper slices the signal at a point just 
above blanking level. Two feeds of the 
resulting inverted mixed syncs are used; 
one is processed to generate a back - 
porch pulse which then operates a 
blanking -level sample- and -hold circuit 
carrying the other feed. 
12. The remaining two stages develop 
the d.c. outputs with appropriate levels 
and time constants for gain control of 
the i.f. amplifier and the u.h.f. tuner 
module. The two stages include pre -set 
controls for adjustment of the main 
video output level and for selecting the 
r.f. /i.f. a.g.c. crossover point. 

Circuit description 
A full circuit diagram of the tuner is 
given in Fig. 2; as in the outline of 
functions given above, for convenience 
the following detailed description is 
divided into the same three sections. 

Power supply arrangement for circuit of 
Fig.2 using varicap u.h.f. front end. 
Transistors Tr19 and Tr20 are BCY70 or 
2N3906. 

Aerial input to video output 
The Mullard ECL1043 front -end module 
is connected in a standard manner 
taking a 75 -ohm aerial input and 
producing a 39.5MHz vision i.f. output 
with the sound carrier at 33.5MHz. The 
12 -volt d.c. feed to the r.f. stages is 
stabilized by a single zener whereas the 
oscillator supply is taken through a pair 
of 5.6 -volt diodes which have a zero 
temperature coefficient and therefore 
give a measure of protection against 
frequency drift. Independent supply 
feeds are necessary because current 
consumption in the r.f. stages varies 
with a.g.c. action. 

The module i.f. output circuit is 
combined with C5 and L2 to form a 
'bottom -C' coupled pair of tuned cir- 
cuits giving part of the i.f. pass -band 
shaping; a small amount of in -band 
slope correction is carried out by C7. Fig. 
2 also shows a pair of conventional 
adjacent- channel traps at this point. 

Emitter follower Tr1 provides a low - 
impedance source of i.f. signal to the 
a.g.c. stage Tr2 which feeds into the 
low- impedance offered by grounded - 
base amplifier Tr3. The circuit arrange- 
ment is the outcome of a considerable 
amount of experiment tó overcome the 
problem of obtaining adequate i.f. gain 
and control range without the atten- 
dant change in pass -band response. 
Because of the wide difference in input 
loading given by transistors working 
variously between maximum and mini- 
mum gain, it has usually been necessary 
to swamp the changing impedance of an 
a.g.c. stage by means of surrounding 
fixed low impedances. But although this 
arrangement represents a fairly effec- 
tive cure, it necessarily causes loss of 
overall i.f. gain and of control range (for 
maximally -flat signals). 

In the circuit used here, Tr1 provides a 
source of constant signal voltage, Tr3 is 

o 

a 'virtual -earth' amplifier, so that Tr2 
and Tr3 together effectively act as a 
cascade pair. Thus a higher maximum 
gain can be obtained from the combin- 
ation and, as there is minimal signal 
voltage swing at the collector of Tr2, the 
effect of Miller feedback on this stage is 
removed. The output impedence of Tr3 is 
then matched by the following band -pass 
circuit to give an overall maximum gain of 
38dB and an optimum signal of 30 to 35mV 
r.m.s. at the MC1330 demodulator input. 
Similar .results can be obtained from a 
dual -gate f.e.t. (e.g. the RCA 40673), but 
these components are fragile, and the 
more robust circuit used here was chosen 
in preference. 

The form of the network which 
completes the i.f. band shaping is that of 
a 'bottom -L' coupled pair; in Fig. 2, L4 
with self and stray capacitance added to 
the output capacitance of Tr3 represents 
the 'input' tuned circuit, and L8 is the 
coupling component. There are no 
components representing the 'output' 
tuned circuit; this is because they were 
deliberately computed to zero and 
do not have practical existence. 

The combined sound trap /sound 
take -off circuit comprises inductors L19 

to L21 wound on a common former and 
capacitors C19 to C21. This circuit is 
another departure from the conven- 
tional - again the result of development 
in devising a simple but effective way of 
achieving total sound channel separa- 
tion so that there is minimum subse- 
quent interaction between the two sets 
of information and little in -band loss for 
either. 

Operation of the circuit is as follows. 
The series combination of C19 and L19 is 
tuned to 33.5MHz and therefore, in the 
normal sound -trap manner, offers a 
low- impedance shunt path to earth for 
i.f. signals at this frequency. Also, L21 is 
coupled to L20 which is tuned to 
33.5MHz by C20/C21 and thus acts as a 
'suck -out' trap. The induced voltage is 
proportional to the by- passed sound 
carrier, which is then routed to the 
sound processing circuits to be 
described later. Note that the tuning 
capacitance for L20 is split as shown in 
Fig. 2 to give a low- impedance source 
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Semiconductor devices 

BF1 73 
BF167 
2N3904 
2N3906 

Tr, , Tr3, Tr8.12 
Tr2 
Tr4, Tr6, Tr-16 

Tr5, Tr7, Tr13, Tr14, Tri 7, 

Tr18,Tr19, Tr20 
2N3819 Tri 

ICI MC1330 
IC2 SN72747 
regulator MC7824 

AAZ13 D5, D6 

1 N916 D7, D8, D15, D16 . 

Zener diodes - see Fig.2 for voltages 

for the input to the sound i.f. circuit; the 
loss of signal voltage caused by the 
capacitor step -down is easily made up in 
the following amplifier which, of course, 
matches the low feeding impedance. 

A 33.5MHz signal is also induced in 
L19 where it is in phase opposition to the 
sound -carrier component of the total i.f. 
signal passing through this inductor 
and hence aids the action of the sound 
trap circuit already described. On 
tuning the two circuits, total phase 
cancellation can be achieved in the 
video path so that the combined effect is 
a notch in the overall response of at 
least 55dB at 33.5MHz. 

Apart from the main function of 
producing good separation with negli- 
gible in -band loss, two further points of 
practical interest are illustrated by the 
way in which the circuit diagram and 
the assembly detail have been drawn. 

First, L21 is wound at the most 'earthy' 
end of L20, i.e. at the lowest voltage and 
impedance point as far as the sound 
carrier is concerned; this arrangement 
offers the best condition for maximum 
rejection. Second, two inductance tun- 
ing slugs are fitted into the common 
former and, as shown in the drawing, 
are positioned so that the one affecting 
L20 and L21 is screwed fully in to give 
maximum coupling between these 
windings, whereas only part of the slug 
for L19 is enclosed by the winding - i.e. it 
is withdrawn towards the top of the 
former. In this way, the position of the 
L19 slug determines the tuning fre- 
quency of the series circuit but has little 
influence on the degree of coupling 
between L19 and L2O which is then a 
function simply of the specified spacing 
between these two windings. The 
method of tuning adjustment for this 
circuit will be given in a later article 
together with other lining -up details. 

(To be continued) 

Books Received 

Radio Servicing Pocket Book by Vivian 
Capel. This is essentially a practical book for 
the radio service engineer and as a result 
much of the space is devoted to workshop 
planning and practice, test equipment, repair 
techniques, and fault diagnosis. The book 
contains information on aerials, car radios, 
interference and modern radio equipment 
but a section on some of the older radio sets 
likely to be encountered is included. A data 
section is also provided which contains 
useful formulae and tables together with a 
directory of over 140 manufacturers, 
importers, and service depots. Price £1.95. Pp. 
230. The Butterworth Group, Borough Green, 
Sevenoaks, Kent TN15 8PH. 

The White Noise Book - Multichannel 
communications systems and white noise 
testing by M. J. Tant. Multichannel f.d.m. 
systems have experienced a large growth in 
recent years and as a result this book has 
been published to aid the understanding of 
technologies associated with these systems, 
with particular reference to the practice of 
white noise testing. The history of f.d.m. is 
summarised and the various transmission 
techniques in cable and radio systems are 
described. The book then deals with current 
noise objectives for multichannel systems 
together with past and present recommen- 
dations for white noise testing. Price £2. Pp. 
104. Publicity Department, Marconi Instru- 
ments, Longacres, St. Albans, Herts. 

Basic Electrical & Electronic Construction 
Methods by G. M. Allen is a handbook 
intended for use in schools. The text provides 
comprehensive advice and guidance on a 
variety of construction methods and general 
principles for electronic projects. No elec- 
tronic theory is dealt with but certain 
procedures affecting design and layout are 
discussed. The text is supplemented with 
diagrams, photographs, tabular information 
and covers circuits and symbols, compon- 
ents, electrical wiring, motors and solenoids, 
power supplies, testing, tools and techniques, 
concluding with a page of reference books. 
Price £1.80. Pp. 119. Heinemann Educational 
Books Ltd, 48 Charles Street, London W1X 
8AH. 

Elements of Transistor Pulse Circuits by T. D. 
Towers (second edition). This book is based 
on a series of articles which appeared in 
Wireless World 1964 by the same author. The 
text has been kept practical with a minimum 
of mathematics and is aimed at engineers or 
students with a limited knowledge of 
transistor pulse circuits. Chapters include 
linear pulse amplifiers, waveform shaping. 
blocking oscillators, gates, counter /timers 
and timebases. The book also incorporates a 
section on transistor and diode data. Price 
£3.50. Pp. 198. Butterworth & Co. Ltd.. 
Borough Green, Sevenoaks, Kent TN15 8PH. 

Guglielmo Marconi 1874 -1937 by Keith 
Geddes is a Science Museum booklet 
describing the life and times of the Italian 
pioneer. His early experiments with "Hert- 
zian waves," which led to the first wire -less 
telegraphy system, are described as well as 
the formation of the Marconi Company and 

the influence of the war years. The book 
concludes with an account of Marconi's last 
years in which he joined the Italian Fascist 
party, re- married and finally on 20th June 
1937 died after several heart attacks. The 
booklet is well illustrated with photographs 
and is priced at 60p. Pp. 40. Her Majesty's 
Stationery Office, Atlantic House, Holborn 
Viaduct, London EC1P 1BN. 

Advanced Communication Systems edited 
by B. J. Halliwell, comprises six chapters 
written by five independent authors. The aim 
of the book was to provide a comprehensive 
coverage and background to modern com- 
munication networks as well as systems of 
the future. Chapters are titled history and 
growth, f.d.m. systems, p.c.m. and digital 
networks, microwave radio systems, com- 
munication satellite systems and optical 
communication. Price £8.20. Pp. 276. The 
Butterworth Group, Borough Green, Seven - 
oaks, Kent TN15 8PH. 

Electronic Equipment Reliability by J. C. 
Cluleyo. Attention to the reliability of 
electronic equipment has escalated during 
the past twenty years due to the develop- 
ment of more complex electronic systems 
and our increasing dependence upon them. 
This book provides an introduction to the 
subject and then deals with the mathemati- 
cal background, reliability prediction, com- 
ponent failure data and finally a chapter on 
designing for reliability. Many of the 
calculations in the book involve simple 
application of the laws of probability 
statistics. These topics are summarised in an 
early chapter. Apart from this the only 
mathematics required are elementary alge- 
bra and integration. Price £2.50, paperback. 
Pp. 161. Macmillan, 4 Little Essex Street, 
London WC2R 3LF. 

What goes on in Telecommunications? by 
Paul Roberson is an abridged story concern- 
ing the past, present and future of "at a 
distance" communications. The book adopts 
a non -technical explanation and is well 
illustrated with photographs making it 
suitable for budding Marconis and those 
with a general interest in telecommunica- 
tions. Chapters include telegraphy, the 
telephone, radio, television and worldwide 
communications. The text concludes with a 
chapter on careers in telecommunications 
and sources of information. Price 90p. Pp. 80. 
Woodhead -Faulkner Ltd, 7 Rose Crescent, 
Cambridge CB2 3LL. 

The OECD, Organisation for Economic 
Co- operation and Development, has just 
published Energy Prospects to 1985 vol. I & 
II, an assessment of long -term energy 
developments and related policies. This 
report has been prepared by an inter- disci- 
plinary team of OECD experts under the 
guidance of Professor Hans K. Schneider, 
Director General of the Institute for Energy 
Economics of the University of Cologne. 
Price $11.25. Pp. 436. Her Majesty's Station- 
ery Office, P.O.B. 569, London SEl 9NH. 

Towers' International Transistor Selector by 
T. D. Towers gives tabular information on 
ratings, characteristics, package and lead 
identification, application, manufacturers, 
and equivalents of over 10,000 transistors. 
The transistors are a selection of current or 
popular obsolete types from the UK, USA, 
Japan and Europe. Price £2.95. Pp. 142. W. 
Foulsham & Co. Ltd, Yeovil Road, Slough 
SLI 4JH. 
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Nervs of 
the Month 

A telegram a second 

Savings of over £11/2M a year are 
expected by the Post Office from a new 
£41/2M centre now open in London 
which automatically routes telegrams 
into and out of the United Kingdom. 
The largest telegram system of its kind 
in the world, the new London trans- 
mission centre handles a telegram each 
second of the working day. It directly 
links 13 international telegraph area 
offices in the UK, six in London and the 
others in Belfast, Birmingham, 
Bradford, Bristol, Glasgow, Liverpool 
and Manchester, with 67 countries 
using 77 different international routes. 
Telegrams may be sent through the 
centre anywhere in the world, either 
direct or by way of a distant terminal. As 
an example of how the centre operates, 
outgoing telegrams for delivery abroad 
are received at the 13 telegraph area 
offices in Britain from customers, 
mostly by telex or telephone, but also by 
hand or from the sender's local post 

Technical control position in the PO's 
new telegram retransmission centre 
(see news item) from which the opera- 
tion of the processing computer can be 
supervised and controlled. 

office. Operators at the area offices 
forward them by teleprinter to the 
telegram retransmission centre. Here, a 
computer automatically checks that 
each telegram is in the correct interna- 
tionally agreed format, works out the 
route it has to take to its destination (its 
memory holds 10,000 overseas destina- 
tion towns for this purpose), extracts 
accounting and billing information, 
adds the destination indicator and then 
directs the telegram to the outgoing 
circuit for the destination office, all in 
under a minute. 

The centre is equipped with three 
drum stores, each with a capacity of 
212M characters for use as brief 
memories, eighteen magnetic tape 
stores which will be used for recording 
telegrams and a variety of other func- 
tions plus 24 disc packs each with a 
capacity of 25M characters which are 
used for storing telegrams for rapid 
retrieval, the town name files, the 
registered telegraphic address and so 
on. Joint development work on the 
preparation of software for the system 
has been between the Post Office, Pye 
TMC and Philips. 

Integrated circuit in 
stitches 
One of the latest domestic sewing 
machines introduced in the United 
States is controlled electronically by an 
m.o.s. l.s.i. system. This operates in 
conjunction with touch . contact con- 
trols to replace up to 350 mechanical 
parts including the manual levers and 
dials conventionally used for the selec- 
tion of the various machine functions. 
Pattern selection, for example, is effect- 
ed simply by touching the relevant 
contact and the appropriate machine 
settings are then made automatically by 
the m.o.s. control system. This facility 
also allows one unit of a selected 
pattern to be sewn, after which the 
machine automatically stops. Machine 
settings under control of the device can 
also be made for selected stitch length 
and width and the fabric in use. The 
machine, called the Athena 2000, has 
been introudced by Singer in the United 
States and was developed by AMI 
Microsystems. A version of the machine 
for Europe is currently under develop- 
ment. 

Breakthrough in quartz 
oscillators 

Quartz crystal controlled oscillators 
have been produced which have funda- 
mental operating frequencies of 1GHz. 
This breakthrough has been achieved 
by using surface waves on quartz 
crystal substrates rather than bulk 
acoustic waves employed in traditional 

crystal oscillators. Although the pro- 
duction process is technically advanced, 
the reduction in active multiplying and 
phase -lock loop circuits can produce 
substantial overall unit cost and size 
reductions. The claimed high spectral 
purity obtained by using the high 
fundamental frequency coupled with the 
overall ruggedness of the devices could 
permit their use in applications which 
cannot be undertaken by bulk crystals. 
The s.a.w. oscillator is capable of being 
frequency modulated making it suitable 
for telemetry. It is also expected to be 
applied in signal processing systems. 
Measurement of short term stability of 
the s.a.w. units have shown them to be 
comparable with bulk crystal 
oscillators, stabilities of 1 in 109 for a 
one -second time sample being obtained. 
The devices exhibit parabolic frequen- 
cy /temperature characteristics and the 
zero frequency temperature coefficient 
point of these characteristics has been 
varied between -20° C and + 70° C by 
using different cuts of quartz crystal. 

Marconi Research Laboratories who 
have produced the oscillators had 
previously demonstrated the feasibility 
of using s.a.w. oscillators in the 
microwave range up to 720MHz. The 
laboratories are currently offering 
research samples for system evaluation 
purposes. 

Satellite interference 
suppressed 

A new system for the suppression of 
unwanted signals which can interfere 
with transmission from communication 
satellites has been installed at the 
Satellite Earth Terminal Station, Goon - 
hilly Downs, Cornwall. This station 
forms part of the INTELSAT satellite 
communications network which links 
virtually every major country in the 
world via satellites maintained in fixed 
positions over the Atlantic, Indian and 
Pacific Oceans. The Indian Ocean 
satellite appears at a low angle from 
Goonhilly, just above the horizon and 
the PO aerial working to it has to be 
aimed across France nearly in direct line 
with a French radio -relay station which 
transmits on frequencies in the 
4,000MHz band which, unfortunately, 
can interfere with signals received from 
the satellite. During periods of anoma- 
lous propagation the power of the 
unwanted signals has sometimes 
exceeded the power of the wanted 
signals by as much as 30dB. 

Under .a preliminary study contract, 
Plessey proposed that the Post Office 
should consider use of a cancellation . 

technique which had bèen used experi- 
mentally. This receives a significant 
level of the interfering signal only. By 
feeding a controlled amount of the 
signal from the auxiliary aerial into the 
main aerial receiver, the interference 
can be cancelled. This proposal was 



Wireless World, October 1975 

acceptable to the Post Office and 
Plessey believe that this is the first time 
that such a system has been applied to 
civil radio communications and foresees 
considerable potential for its further 
application in all fields of communica- 
tion where interference is a growing 
problem. 

Standstill brake tester 

Coaxial displacement transducers are 
being used on a brake analyser which 
has been developed to test the braking 
system of motor vehicles. The analyser 
enables garage mechanics to simulate 
moving conditions without taking the 
car out of the workshop. This type of 
test is being stipulated by the Depart- 
ment of the Environment for vehicle 
examination and all garages undertak- 
ing this work should be equipped with 
such a device by the end of 1979. Two 
Pye Ether series PD20 co -axial dis- 
placement transducers are mounted 
either side of a roller which is free to 
rotate under no -load conditions, i.e. 
with the wheel of the car under test 
unbraked and the gears in neutral. The 
roller is driven by a separate motor and 
gear box. When the brakes of the car are 
applied the roller is brought to rest and 
the system collapses against a force 
retaining spring arrangement. The 
transducers compress and a direct 
reading of the brake force is read out on 
a meter. The equipment will also 
indicate other braking defects such as 
oval drums. 

The transducer is a potentiometer 
type with versions having up to 12in of 
travel. It is designed for severe operat- 
ing conditions such as those found in 
garage workshops and is available in a 
number of standard resistance values. 
The brake analyser was developed by 
Crypton Triangle. 

Perth to Adelaide by 
microwave 
The 2,400km transcontinental 2GHz 
microwave -radio system between Perth 
and Adelaide is to be expanded to 
include the provision of additional 
telephone lines over the whole route 
which will effectively treble the tele- 
phone capacity of the system and also 
add a two -way television bearer over a 
section of the system. The route, which 
is equivalent to the distance between 
London and Moscow, crosses the 
continent between Northam, Western 
Australia, and Port Pirie, South Austra- 
lia. As well as catering for through 
traffic between east and west, the 
system provides additional telephony 
circuits for towns and settlements along 
the route. 

In this 60 -hop system the low 
power- consumption of the 2GHz semi- 
conductor equipment is particularly 
important since in many places there is 
no mains power supply and diesel fuel 

Crypton brake 
analyser before 
installation (see 
news item). At 
the bottom 
left -hand corner 
can be seen one 
of the Pye Ether 
coaxial 
displacement 
transducers. 
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has to be transported up to distances of 
650km. Power consuming air- condi- 
tioners have been eliminated at unat- 
tended repeater stations where the 
equipment is installed in a convection - 
cooled shelter which keeps the inside 
temperature within acceptable limits 
in spite of large diurnal variations 
outside of up to 22 °C. 

Colour TV deliveries 
down 

Deliveries to UK distributors of UK 
made and imported colour television 
receivers reached 88,000 in June, a fall of 
49% compared with June 1974 (174,000), 
according to the latest statistics 
compiled by the British Radio Equip- 
ment Manufacturers' Association. This 
brought the total for the year to 824,000, 
a fall of 28% compared with the same 
period in 1974 (1,147,000). Of this total 
for the year, 123,000 were from abroad, 
which represents a 15% share of the 
market compared with 24% for the same 
period last year. Total monochrome 
television deliveries for June were 
81,000, an increase of 47% compared 
with June 1974 (55,000) bringing the 
year's total to 448,000, an 8% increase on 
the same period last year. 

Briefly 
Incoming President of the IEE. On Oct. 
1st 1975, Mr Robert J. Clayton, CBE, MA 
will take office as President of the 
Institution of Electrical Engineers. 

Irish exhibit electronics. Ireland's first 
electronics exhibition which is being 
presented under the title ITRON will 
take place at Dublin's Burlington Hotel 
Convention Halls from November 4 -6 
this year. Altogether it is expected that 
about 50 firms will be represented on 
the total exhibition area of 12,000 sq. ft. 
Delay on safety regulations. The Elec- 
trical Equipment (Safety) Regulations 
1975 were laid before Parliament on 21st 
August 1975 and are due to become part 
of the law of the land from that date. 
The date of effectiveness has, however, 
been delayed to 1st April 1976 with a 
further period of grace being given to 
manufacturers of electric light fittings, 
until 1st October 1976. 

IERE 50th anniversary. The first meet- 
ing of the British Institute of Radio 
Engineers was held in Oct. 1925. The 
name was changed shortly afterwards 
to the Institute of Wireless Technology 
until 1941 when it merged with a smaller 
but similar organization and took the 
name of British Institution of Radio 
Engineers. The Institution was granted 
the Royal Charter in 1961 and in 1964 
the title again changed to its present 
one of Institution of Electronic and 
Radio Engineers. Our congratulations 
and best wishes for the future. 
Cablevision goes commercial. From 
September 1 1975 Sheffield and Green- 
wich local television stations are carry- 
ing advertising. This follows an 
announcement on July 23 that the 
British Relay organization which owns 
and operates Sheffield Cablevision, the 
largest of Britain's experimental com- 
munity TV stations, has decided to take 
up the amended Home Office licence 
to carry advertising. 
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Progress i 

Use of more than 

by J. H. Asbery, B.S.c., M 

n multiphonic organs 
one wave shape and more than one pitch 

I.E.R.E. 

Many constructors of electronic organs 
make the mistake of thinking that if the 
output from a waveform generator is 
taken to the correct filter the desired 
tone will result. This is far from the 
truth. For example, some generators 
produce a square waveform and some a 
sawtooth. A square waveform contains 
only odd harmonics. The open diapason 
sound requires a predominance of even 
harmonics. No filter will produce miss- 
ing harmonics. For a second example, a 
sawtooth contains both odd and even 
harmonics. For the closed diapason 
sound and for the clarinet sound a 
predominance of odd harmonics is 
required. A filter which severely atte- 
nuates the 2nd, 4th, 6th etc. harmonics 
will also attenuate the 3rd, 5th, 7th etc. 
harmonics. The open diapason sound 

cannot be produced from a square wave 
nor the closed diapason sound from a 
sawtooth. As well as the correct filter 
the correct input waveform is required. 

In the more expensive organs a 
number of different waveforms are 
provided. In the medium priced organs 
the designer has to decide which 
waveform to use, as the price will not 
allow more than one. This restriction 
results in some tones not being provid- 
ed. 

In addition to different waveforms 
,being provided, signals of different 
pitches for the same note are required to 
give the sound the "fullness" associated 
with organs. The most important addi- 
tional pitch is one octave above the note 
being played. The second most impor- 
tant additional pitch is one octave 

Components list Capacitors -C 
polystyrene or 

Resistors -R 1 right hand side 100n' polycarbonate 
left hand side 400n matched sets 

1 3k3 metal fim film 33 3k3 2 70p 
2 3k3 metal film 34 22k 3 220p 
3 500k1% 35 22k 4 220p 
4 100k 5% carbon film 36 22k 5 1.5p 
5 10k 5% carbon film 37 10k 6 1.512 16 2.2n 
6 100k 1% 38 15k 7 1.512 17 100n 
7 100k metal film 39 47k 8 18n 18 2.2n 
8 2k7 metal film matched set 40 22k 9 100n 19 2.2n 
9 5k6 metal film matched set 41 1MB 10 100n 20 330p 

10 100k1% 42 15k 11 100n 21 2.2n 
11 1k 5% carbon film 43 15k 12 47n 22 2.2n 
12 1M 5% carbon film 44 22k 13 220n 23 18n 
13 33k 5% carbon film 45 1MB 14 18n 24 220p 
14 3k3 5% carbon film 46 100k 15 100n 25 18n 
15 10k 5% carbon film 47 220k 
16 470 ohm 5% carbon film 48 220k 
17 15k 5% carbon film 49 47k Integrated circuit 
18 1 k 5% carbon film 50 47k ICI op -amp 741 
19 2k2 51 470k 
20 3k3 5% carbon film 52 470k 
21 3k3 5% carbon film 53 220k Variable resistors - RV 
22 10k 
23 10k 
24 2k2 

54 
55 
56 

1MB 
1MB 
220k 

5 220k vibrato depth control 
6 50k melodic bass 16ft control 

25 68 ohm 57 220k 
26 2k2 
27 10k 

58 
59 

470k 
470k Transistors - Tr 

28 10k 60 220k 1, 2 BC149 
29 10k 61 1MB 3 BC307 
30 10k 62 470k 4, 5, 6 BC149 
31 10k 63 470k 7, 8 BC307 
32 470k 9, 10 BC149 

below the note beiñg played, particu- 
larly at the lower end of the keyboard. A 
separate complete switching system is 
usually provided for each pitch.' 

The first difference between a, multi - 
phonic2 organ and a polyphonic organ 
is that in a polyphonic organ the 
number of generators is related to the 
number of keys on the keyboard, 
typically 49, whereas in a multiphonic 
organ the number of generators is equal 
to the number of keys one wishes to 
press at one and the same time, typically 
six. This results in a substantial reduc- 
tion of cost and time to construct. 

The second difference is equally 
important. In a polyphonic organ the 
switching system is usually connected 
to the output of the generators, but in a 
multiphonic organ the switching sy- 

Fig. 1 (right). Circuits for adding and 
subtracting different waveforms pro- 
duced by the waveform generator; also 
for frequency dividing and producing 
vibrato. The letters (a), (b) and (d) on the 
generator indicate the circuit positions 
of the waveforms (a), (b) and (d) in Fig. 2. 
On the extreme right are shown various 
stop filters. 

Inductors - L 

1, 2, 3 600-700mH (Eagle LT700) 

Preset resistors - RV 

1 4k7 octave balance 
2 3k3 flute balance 
3 3k3 unison balance 
4 200 ohm vibrato loop gain 

All components are available from J. 
H. Asbery; 87 Oakington Manor Drive, 
Wembley, Middx. Where component 
types are not specified, viz. all capaci- 
tors except C, and resistors R19, R22 
upwards, any type may be used. 
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stem is connected to the input to the 
generators. The consequence of this is 
that if an extra waveform or extra pitch 
is required this can be added to an 
existing multiphonic organ without any 
extra switching. 

Generating triangular waveforms. 
Tr1,2 & 3 and their associated compo- 
nents in Fig. 1 constitute a typical basic 
generator. The waveform on C 

1 
is 

shown in Fig. 2(a) and the waveform on 
R11 is shown in Fig. 2(b). By subtracting 
2(b) from 2(a) a triangle wave 2(c) 
results. This has low harmonic content 
and is suitable for driving the flute stop. 
A transistor is required to reverse one of 
these outputs to enable the subtraction 
to take place. To avoid loading the 
frequency determining components, C 
and the keyboard resistor, a buffer 
transistor is required. An economy can 
be made by combining these two 
functions in the one transistor, Tr4. The 
result of subtracting a waveform we 
shall call Al from waveform B1, wave- 
form A2 from B2 etc. and adding the 
differences is the same as adding Al, A2 
etc., adding BI, B2 etc. and subtracting 
the two totals. The outputs from all the 
generators can be added together by 
resistors and a single transistor used to 
subtract the totals. One transistor will 

N 

/ / \/.\ (c ) 

(e) 

= (a) (b) 

(d)- (2) -(61 

v 1 1 (f) _ (d)(2)-ibl 

Fig. 2. Principle of combining different 
waveforms from the generator: (a) 
waveform on C1; (b) waveform on R11; 

(d) waveform on Rs. Triangle waveform 
(c) results from subtracting (b) from (a), 
while the sawtooth waveforms (e) and 
(f) result from the manipulations shown. 

produce the new waveform, e.g. the 
triangle wave, for all the generators and 
hence for the entire keyboard. 

Generating sawtooth waveforms. The 
waveform on R5 is shown as Fig. 2(d). 
By subtracting 2(d) from a half of 2(a) 
and a proportion of 2(b) the sawtooth 
2(e) results. By changing the proportion 
of 2(b) the sawtooth 2(f) results. It can 
be seen that the frequency of 2(f) is 
twice the frequency of 2(b). This is 
equivalent to providing a second rank of 
generators at twice the pitch of the 
unison note, or one octave above 
unison, as well as providing the extra 
waveform, the unison sawtooth, from 
only one additional transistor. 

Pedal board and solo manual simula- 
tors. A further advantage of the multi - 
phonic organ compared with a poly- 
phonic organ is that the lowest note 
played in the left hand side of the 
keyboard always comes from the same 
generator regardless of what the note is. 
To give extra body to the sound a 
conventional divider, Tr, & g, can be 
connected to the "lowest note genera- 
tor" to give pedal -board simulation. The 
pitch of this note will be one octave 
lower. Stops controlling this are con- 
ventionally labelled 16ft. 

Similarly the highest note played in 
the right hand side of the keyboard is 
always from the same generator. The 
output from this can be controlled by 
separate stops and a two- manual solo 
and accompaniment arrangement sim- 
ulated. 

Vibrato. Any low frequency sinewave 
oscillator can be used to produce 
vibrato, such as the circuit of Tr9 and 
Trio- A diode DI is required to apply the 
vibrato. Without this the vibrato 
increases the time of one half cycle and 
decreases the time of the other half 
cycle by about the same amount. 

References 
1. "Transistor electronic organ" by T. D. 
Towers. Wireless World, May 1966, pp. 
219 -224. 
2. "Multiphonic organ" by J. H. Asbery. 
Wireless World, June 1973, pp. 303 -305. 

Books Received 

Component technology and standardization 
by the General Electric Co. (USA). This 
publication is three loose-leaf binders corn - 
prising 24 sections covering virtually every 
type of passive /active component used in the 
electronics industry. The information is 
presented in a standardised format and each 
component is described under 13 sections 
dealing with everything from cost factors to 
circuit applications. Although the manual 
was compiled by GEC the material was 
checked and revised by 43 electronics 
companies to produce an unbiased publica- 
tion. The three binders, which are updated 
twice a year, have a total of 2,026 pages and 
represent one of the most comprehensive 
component encyclopaedias available to date. 
Price £197.80. London Information Ltd, Index 
House, Ascot, Berks SL5 7EU. 

Gordon King has written two new books 
entitled Colour Television Servicing (second 
edition) and The Audio Handbook. Both 
publications are clearly written with many 
diagrams and photographs supplementing 
the text. The first book explains how a colour 
television system works and deals with each 
section of a receiver separately. Faultfinding 
and servicing are described with circuit 
diagrams used wherever possible. At the end 
of the book there is a large fold -out 
fault -procedure chart arranged as coloured 
block diagrams with a cause and effect 
notation. 

The second book explains the confused 
world of audio. Most aspects of the subject 
are covered including amplifiers, loud- 
speakers, headphones, f.m. radio, tape 
recording microphones and surround sound 
systems. Both books are priced at £4.90 and 
are available from Newnes -Butterworth, 
Borough Green, Sevenoaks, Kent TN15 8PH. 

Sixty Years Ago 

In October, 1915, the generation of radio -fre- 
quency signals was still largely done by 
shock -excited LC circuits producing damped 
oscillations. There was considerable interest 
in the production of "single- frequency 
oscillations" and the British Association 
(Section G) meeting of September.10th was 
the occasion of a paper on the subject by Dr 
W. Eccles and A. J. Makower. - "Electric 
Oscillations in Coupled Circuits -a Class of 
Particular Cases ". "The paper . was of a highly 
mathematical character, and Dr Eccles 
apologised for presenting it to the Engineer- 
ing Section of the Association. He pointed 
out, however, that the paper gave several 
formulae not to be found in text books, and 
he felt that these would be of assistance to 
designers, of wireless telegraph installations. 
The investigations which formed the subject 
of the paper arose during an examination of 
the methods of coupling that might give rise 
to single frequency oscillations. 

"Professor Gisbert Kapp, who was in the 
Chair, remarked that the author had judged 
the mentality of his audience rather too 
highly. He confessed that the subject was 
beyond him." 
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Facsimile scanner 
Minimal -cost design for weather- satellite pictures 

by J. M. Osborne 

959 

A surplus windscreen wiper is pressed into service as a mechanical scanner for the 
reception of satellite weather pictures. The control and drive electronics are described 
and a description is included on an unusual method of synchronizing a d.c. motor with an 
a.c. signal. 

The mechanical -facsimile method of 
printing weather satellite pictures on 
special paper has obvious attractions 
over photographic techniques. Profes- 
sional users, such as the Meteorological 
Office, normally use Mufax recorders, 
while amateurs have successfully 
devised and built drum recorders at a 
fraction of the cost of a Mufax 
machine. In general, definition and 
contrast are lower and mechanical 
problems are more difficult to solve and 
contain than electronic or photogra- 
phic ones. However, as the NOAA 
satellite scan gives lower resolution 
than the earlier APT satellites' while 
still presenting the relevant meteorolo- 
gical information, the mechanical sys- 
tem is entirely adequate. 

In essence, the satellite picture - like 
facsimile processes in general - 
involves a slow -scan raster. At slow 
speeds, mechanical raster systems 
compete favourably with thé cathode - 
ray tube, both for transmission and 
reception. The Mufax machine scans a 
"spot" by means of a one -turn helix on a 
rotating cylinder pressing sensitive 
paper against a straight edge parallel to 
the axis, as shown in Fig.1(a)._ One 
:revolution of the cylinder scans the 
point of contact across one line of the 
picture; it then starts the next line from 
the other end of the helix on the next 
revolution, the paper being moved 
forward at an appropriate "frame scan" 
speed. It would not be easy for amateurs 
to emulate this technique and an 
alternative scan is obtained by a stylus 
scribing on a paper- covered drum, as in 
Fig.1(b). This rotates at the line fre- 
quency, while the stylus moves slowly 
parallel to the axis, as in a screw cutting 
on a lathe. Again, the next line starts as 
one finishes. 

The variable density of the scanned 
spot is achieved by using the picture 
signal to vary current through the paper 
used. In the Mufax, an electrochemical 
process is used; the paper passes 

edge of\ paper 

helix on cylinder 

(a) 

Fig. 1. An outline of the two 
mechanical scanning systems in use for 
facsimile recorders. 

( b) 

Fig.2. This photograph shows the 
quality obtainable on home made 
apparatus as outlined in Fig. 1(b). This 
is a picture taken from ESSA 8 by Mr J. 
A. Watts of Christchurch. 
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between the helix and the straight edge 
at a slow speed such that a series of 
close spaced lines (one per revolution of 
the helix) form the picture. The elec- 
trochemical paper is supplied damp and 
is fed from a humidity- sealed container, 
which poses a problem for the amateur. 
The rotating -drum method uses a dry 
white electro- sensitive paper' in which 
a current passing through a stylus 
marks the paper black. The current 
breaks down the white surface and 
partially exposes a black layer in the 
paper just below the surface. In this 
system a lead screw, or its equivalent, 
drives the stylus parallel to the drum 
axis at the frame scan speed. The 
picture, shown in Fig.2, from the ESSA 8 
satellite was made by Mr Watts of 
Christchurch, Hants on his home made 
drum recorder. . 

A third mechanical scanner system 
occurred to me, while in a traffic jam on 
a rainy day. A windscreen wiper sweeps 
an arc of 100° or so at about 48 sweeps 
per minute, the NOAA satellite's line 
frequency. Now Fig.3 shows that the 
satellite line scan is based on a mirror 
rotating at 48 r.p.m. sweeping from 
horizon to horizon at right angles to the 
satellite orbit. Forward motion of the 
satellite provides frame scan. Since the 
active part of the line scan (horizon to 
horizon) occupies less than half the time 
for a revolution of the mirror, the 
flyback interval is greater than the line 
time. A stylus on the arm of a wind- 
screen wiper will scribe an arc corre- 
sponding to a single scan line, leaving 
over 50% time for the flyback. 

It was this fact which made the 
windscreen wiper product possible. 

orbital path 

satellite 

(a) 1 

Fig.3. (a) shows diagrammatically the 
satellite's rotating scanning mirror; (b) 
shows the useful scanning angle swept 
by the mirror in the plane at right 
angles to the path of the satellite. 

What follows shows that this concept is 
workable. Much can still be dcne to 
improve and extend this: some such 
suggestions will be mentioned later. 
While an extended period of operation 
should produce more interesting pic- 
tures, my object in presenting these 
preliminary results is twofold. Firstly, 
"projects" are never complete and are 
seldom suitable for direct copying. 
Secondly, the evidence supports an 
important general point about school 
projects. Except for those with .consi- 
derable workshop facilities and 
advanced mechanical engineering faci- 
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lities, imaginative and creative project 
work is most practicable in electronics, 
leaving mechanical work to the adap- 
tation of existing machines and mater- 
ials. A mechanical approach to the 
problem might well have started with 
adapting synchronous motors to drive 
home -made mechanisms. This would 
have entailed far more time -consuming 
mechanical development, with, in my 
estimation, less chance of success. In 
this case, the "mechanics" are provided 
by a junk windscreen wiper assembly, 
"free for the taking" from a motor 
scrap yard, and standard "Handy An- 
gle" components. 

The most rewarding, yet in practical 
terms perhaps the most useless, result 
of this project has been the successful 
synchronizing of a d.c. motor. The idea 
and its execution is electrical. It is 
obviously necessary to get the right 48 
r.p.m. line speed and equally obvious 
that the answer won't be in any 
standard text book on d.c. motors, or, at 
least, not in most of them'. Initially a 
simple scribe on the end of a wiper arm 
was lashed up using the wiper motor. 
This showed that a scan could be 
obtained, pulling the paper below the 
stylus by hand. Unless the motor speed 
could now be controlled to give a 
synchronised sweep of 48 r.p.m. there 
was no point in going on. The original 
hope had been that the motor speed 
could in some way be controlled by 
manually or electronically lining up 
sync pulses from the satellite signal 
with pulses generated by the sweeping 
arm. A possible source of the latter was 
from the "self parking" switch mechan- 
ism already built into the motor unit. 

Fig.4. The square wave pulse drive for 
the armature enables the windscreen 
wiper motor to be driven 
synchronously. 

Fig.5. The quartz crystal oscillator and 
divider circuits to produce the required 
a.f. of 364.05Hz for synchronising the 
windscreen wiper motor. 
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A better idea developed when it was 
realised that in a commutator motor, 
the armature ripple superimposed on 
the direct current contained precise 
information, in the "ripple frequency ", 
of armature and hence, sweep speed. 
This frequency is best observed across a 
speed control resistor in the field circuit. 
The armature a.c. ripple component is 
superimposed on the d.c. field current 
by transformer coupling between field 
and armature within the motor. While 
considering ideas of phase -lock loops, 
servo controls and the like, a simple 
experiment was first tried. A small -am- 
plitude sinusoidal a.c. from a signal 
generator was fed in series with the 
armature d.c. supply. A weak tendency 
to "lock on" was observed when the 
ripple and generator frequency were 
sufficiently close. To exploit this phen- 
omenon, a square wave drive was 
contrived (see Fig.4) to give the arma- 
ture about twice the current for half the 
time. The armature torque remains 
about the same as for 12Vd.c. but the 
drive frequency takes significant con- 
trol of the motor speed. Lock is held 
over substantial changes in field cur- 
rent. This may be observed by compar- 
ing the traces on a double beam 'scope 
from points CRO1 and CRO2 in Fig.4. 
The explanation of the phenomenon 
seems to lie in the armature segments 
acting like the teeth of a synchronous 
clock motor. 

The next requirement was the precise 
frequency source to lock on to 48 r.p.m. 
By counting the commutator segments 
and gear ratios, the frequency was 
calculated on a pocket calculator to be 
364.0519 Hz. (Not the most convenient 
figure, but hardly the fault of Lucas 
Ltd!) From a selection of quartz crystals 
and, again, with the aid of a pocket 
calculator4, the circuit of Fig.5 was 
arrived at. The crystal was marked 2096 
kHz (1944). This vintage being 
demountable, it proved possible to grind 
it with fine carborundum and turps on 
plate glass to near 2097 kHz. The 
frequency was checked every 5 or 10 
minutes during grinding by using the 
circuit of Fig.65. After 30 minutes of 
grinding, the correct output count could 
be bracketed by adjusting the series 
trimmer. The l.f. source of Fig.5 is 
cheaper, simpler to construct, more 
versatile and more reliable than its 
predecessor, the electrically maintained 
turning fork. Using this source to drive 
the circuit of Fig.4, no problem was 
encountered in getting the synchronous 
48 r.p.m. sweep, although the field 
current has to be adjusted to get the 
approximate speed before lock is 
obtained. As the motor warms up 
during the first five or ten minutes of 
running, further adjustment of field 
current is required to maintain lock. 
The scribing of picture information on 
to the paper depends on the choice of 
the sensitive paper. The paper used was 
surface conducting, Type SC41 (8'/2 in) 
supplied by Electrosensitive Coatings 
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to be set at 
36405 Hz counter 

--+ 
0tt050s 

belt driven 
roller 

1i1 

2/2 r.p.m. 
motor 

Fig.6. The circuit used for testing the 
precise frequency from the circuit of 
Fig.4. The 0.1Hz is derived from the 
Droitwich 200kHz transmission by the 
apparatus previously described'. The 
divide -by -two part of the SN7490 must 
follow the divide by five to give the 
accurately measured 50- second control 
for the gate (part of SN7400). 
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Fig.7. The diagram shows the 
mechanical layout of the apparatus. A 
general view of the apparatus is shown 
in the photograph. 

Fig.8. The detail shows how the stylus 
is mounted on the wiper arm. 

Ltd.' Three metal roller -skate wheels, 
loaded by gravity, make surface con- 
tact, as in Fig.7. The pen stylus is a "V" 
obtained by cutting in half a normal 
stationery staple. This is fixed by 
clipping into a small bulldog clip (see 
Fig.8), mounted on, but insulated from, 
the wiper arm. No wiper arm spring is 
used as the weight of the arm gives 
adequate stylus pressure. A current, up 
to 15 mA, is supplied to the pen from a 

120 V neon -stabilized supply with a 
2.2k0 limiter. The current is controlled 
by a transistor between the rollers and 
ground. The transistors has a high 
collector /emitter rating of 250V. 

The audio signal is derived from the 
apparatus originally described in Wire- 
less World Nov. 1971 page 539 Fig.20. 
Briefly, at the present time a NOAA 
satellite on 137.5 MHz f.m. broadcasts 
continuously a 2.4 kHz a.m. subcarrier 
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Fig.9. The circuit used to mark the 
sensitised paper with the signal from 
the satellite. SW1 and SW2 are 
microswitches operated by the "self 
parking" cam on the windscreen wiper 
motor assembly. They operate the 7400 
latch circuit to blank the sweep in one 
direction while allowing the signal 
through in the other direction. 

TAPE RECORDER 
CHANNEL II 

TRII 
in 

I c filter tuned 
to 364 Hz 

Tp 

paper 

'/4 7400 

Fig.10. To interface the square wave' 
pulses used for synchronising with the 
second channel on the tape recorder an 
LC circuit turned to 364Hz is used. On 
record it filters the high harmonics, 
giving an approximate sine wave input 
to the recorder. On play -back the filter 
cleans up the signal before it is used to 
gate the 7400 to recover the square 
wave sync. Channel one is used to 
record the signal from the satellite for 
subsequent replay. 

Fig ll. Part of a picture showing how 
phasing of the picture with the sweep 
of the wiper arm is achieved by 
deliberately throwing the motor off 
lock for brief intervals of a couple of 
seconds or so. Whether the motor runs 
fast or slow depends on the direction 
that the speed control is altered (see 
Fig.3). Nir 
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with picture information of the cloud 
cover below plus various synchronizing 
pulses. The amplitude modulation of the 
2.4 kHz a.f. subcarrier is demodulated to 
give a negative -going picture signal. 
Since each point of the earth passes 
through the plane of the orbit around 
0945 and 1945 local time e.g. G.M.T. in 
the U.K. each day, two or three orbits 
are observable at just under 2 hour 
intervals, roughly between 0800 and 
noon each morning and again between 
1900 and 2300 in the evening. The signal 
is used to drive the pen and mark the 
paper as shown in Fig.9. The 10kQ bias 
potentiometer is set to give a full black 
line in the absence of a signal. The 
signal gain is then turned up to give full 
white (zero paper current) on cloud 
cover. 

Blanking is achieved by grounding 
the base of Tr5 through Tr4, which is 
switched by two gates of an SN7400 
connected as a latch. Micro -switches 
are mounted on the wiper motor casing 
so that each is momentarily closed at 
the end of the travel of the cam 
mechanism. This cam mechanism 
already exists for providing the wiper 
self -parking facility. The switches cause 
latch up for one half ofthe sweep and so 
blank off the signal, but latch down and 
let the picture signal through for the 
return sweep. It should be mentioned 
that to avoid erratic scanning due to 
mechanical backlash, a long weak 
spring applies a permanent mechanical 
bias in one direction to the wiper arm. 
This spring stretches across the width of 
the baseboard just below the wiper arm 
to which it is attached by a string over a 
pulley fixed to the wiper motor casing. 

Apart from running the motor in 
sync, the sweep must start as the signal 
line starts. So far no thought has been 
given to achieving this automatically. 
The motor is unlocked and allowed to 
run fast or slow by controlling the field 
current. By throwing the motor off lock 
for a few seconds at a time repeatedly, 
correct phasing can be obtained man- 
ually soon after the signal is acquired. A 
typical illustration of the consequence 
of this procedure is shown in the 
photograph Fig.11. In the NOAA 3 
system an infra -red scan signal is 
transmitted during the visible flyback 
interval so either can be plotted by 
suitable phasing of the scan. The gain 
control has to be adjusted for suitable 
contrast which differs between the 
infra -red and visible scans. 

A tape- recording of the signal is a 
very convenient technique for re -play 
to get both visible and infra -red pic- 
tures. Sync is obtained by recording the 
364Hz on the second channel of the 
stereo recorder. The fundamental is 
filtered, on record and play -back, by the 
LC turned circuit as shown in Fig.10. By 
the nature of the satellite scan and the 
arc of the wiper sweep, two considera- 
ble sources of geometrical distortion are 
apparent. The arc distortion is mini- 
mised by reducing the throw of the 
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Fig.12. Pictures taken by the apparatus 
of two successive orbits of NOAA3. The 
overlap of cloud formation in the two 
pictures is not difficult to see. 

Fig.13. A general view of the Facsimile 
project. Note the wiper arm, and 
contact rollers as shown in the top view 
layout of Fig.7 and the circuit of Fig.9. 
The circuitry of Fig.9 is mounted on a 
small aluminium plate in the top right 
corner of the photograph. The wiper 
motor is on the right. 
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reciprocating mechanism. This is 
achieved by resiting the big end bearing 
as close as convenient to the centre of 
the final drive wheel, resulting in an arc 
of 36° . In spite of distortion, the overlap 
between successive orbits is clearly 
demohstrable as seen in the photo 
Fig.12. If satellite predictions from the 
Appleton Laboratory, Radio & Space 
Research Station, Ditton Park, Slough, 
are available and if real time marks are 
put on the paper (or tape), the latitude 
and longitude can be deduced for points 
on the centre line of the picture. 

The paper drive is obtained by 
turning the Handy Angle roller (R in 
Fig.9) by a belt drive from a 21/2 r.p.m. 
synchronous motor (50p on the surplus 
market). The smallest available pulley 
was fitted to the motor spindle to drive 
the rubbér belt (supplied as spares for a 
tape recorder). The resulting paper 
speed is about 50% too fast. The correct 
paper speed (to give an undistorted 
aspect ratio in the central region of the 
picture) can be calculated for a given 
pen speed taken at centre of the sweep. 
Firstly, we know the speed, say in km /s 
at which the satellite mirror scans the 
subpoint (see Fig.3(b)). At 48 r.p.m. and 
1470 km high this is 7400 km /s. Next, we 
know the satellite subpoint speed - 5.8 
km /s - from its period (115 minutes) 
and the circumference of the earth. This 
ratio, 1300, gives pen writing speed to 
paper speed. The pen writing speed can 
be deduced from the system geometry 
or more easily by feeding a known audio 
frequency signal to the pen and mea- 
suring the average dot spacing. 

In conclusion, may I repeat, the 
project may never be concluded. The 
paper speed must be reduced and an 
automatic phasing devised. Perhaps 
then automatic start on receipt of the 
signal might be considered. This might 
be followed by two wipers, side by side, 
sweeping in opposition, printing both 
visible and infra -red pictures. 

Acknowledgements are due to J. 
Campbell, of Westminster School, for 
designing the layout and building all but 
the electronics of the apparatus shown 
in the photograph; to Mr Eatwell of 
Sensitised Coatings Ltd for advice and 
samples of papers; to Mr J. A. Watts of 
Christchurch, Hampshire for the 
photograph; and to Mr D. B. Read of 
Bradfield College for suggesting the 
crystal oscillator circuit used in the 
circuit of Fig. 4. 
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Meetings 

LONDON 
1st IEE -Seminar on "High speed analogue to 

digital conversion" at 10.00 at Savoy PL, WC2. 
1st IERE -"Service experience with the Trident 

automatic flight control system" by S. J. Collins, R. 
Taylor and P. E. Ryan at 18.00 at 9 Bedford Sq., 
'WC1. 

2nd IERE - Development and evolution of 
colour television display systems" by Ir. P. G. J. 
Barten, at 18.00 at The London School of Hygiene 
and Tropical Medicine, Keppel St., WC1. 

7th IEE -"Some developments in computer -aid- 
ed information services for the blind" by Prof. J. L. 
Douce at 17.30 at Savoy Pl., WC2. 

8th I.Phys. -"Teach In," on electronic compon- 
ents at 10.00 at Imperial College, SW7. 

8th IERE -AGM and presidential address by 
HRH the Duke of Kent at 18.00 at The London 
School of Hygiene and Topical Medicine, Keppel 
St., WC1. 

9th IEE - "Computers in road traffic control," by 
D. C. Gazis at 17.30 at Savoy Pl., WC2. 

9th RTS- "Underwater low -light television" by 
M. Johnson and C. Trapmore at 19.00 at Conference 
Suite, London Weekend Television, South Bank TV 
Centre, Upper Ground, SEl. 

13th IEE -Discussion on "Development and 
application of high power transistors" at 17.30 at 
Savoy Pl., WC2. 

13th IEE -Discussion on "Detectors for thermal 
imaging" at 17.30 at Savoy Pl., WC2. 

14th Royal Soc.- Discussion on "Scientific 
results from the Ariel -5 satellite" at 10.00 at 6 
Carlton House Terrace, SW 1. 

15th IERE- Colloquium on "Adaptive array 
processing" at 14.00 at 9 Bedford Sq., WC1. 

16th IEE- Colloquium on "Microwave instru- 
mentation" at 10.30 at Savoy Pl., WC2. 

21st IERE /IEE- Colloquium on "Airborne 
computer systems" at 14.00 at 9 Bedford Sq., WC1. 

21st IEE -"Telephone services in Japan" by Dr 
M. T. Hills at 17.30 at Savoy Pl., WC2. 

22nd I.Phys -One -day meeting on "Molecular 
beam- surface interactions" at 10.00 at Imperial 
College, SW7. 

22nd IEE -Colloquium on "Compact cassette 
systems for instrumentation" at 14.30 at Savoy Pl., 
WC2. 

22nd IERE -Colloquium on "Training profes- 
sional electronics engineers for tomorrow" at 14.30 
at 9 Bedford Sq., WC1. 

23rd RTS- "Teletext - the editorial angle" by 
Colin McIntyre, Geoffrey Hughes and Peter Fiddick 
at 19.00 at the Conference Suite, London Weekend 
Television, South Bank TV Centre, U pper Ground, 
SE1. 

18th I.Phys - One -day meeting on "Acoustic 
emission" at 10.00 at the Geological Society, 
Burlington House, WI. 

28th IEE- Colloquium on "Computer aided 
learning in secondary and further education" at 
10.30 at Savoy Pl., WC2. 

28th IEE -"Computer generated images" by Dr 
A. M. Spooner and P. M. Murray at 17.30 at Savoy 
Pl., WC2. 

29th I. Phys -Half -day meeting on "Lasers in 
medicine" at 14.00 at the Geological Society, 
Burlington House, WI. 

29th IEE- "Electronics and the aeroplane" by I. 
L. Davies at 17.30 at Savoy Pl., WC2. 

30th IEE- Colloquium on "Reduced order 
models and their use in design of dynamical 
systems" at 14.30 at Savoy Pl., WC2. 

BATH 
14th IERE /IEE -"Automobile electronics" by C. 

S. Rayner at 18.00 at Lecture Room 2E3.1, 
University of Bath. 

BELFAST 
7th IERE- "Integrated circuit applications" by 

speaker from Texas Instruments at 19.00 at 
Cregagh Technical College, Montgomery Road. 

BLANDFORD 
14th IERE /IEE /R. Sigs. Inst. - "Digital signal 

processing with application to speech and radar" by 
Prof P. C. J. Hill at 18.30 at School of Signals, 
Blandford Camp. 

BOLTON 
29th Sept. IEETE /IEE - "The influence of TEC 

on electrical engineering education" by A. C. 
Normington at 18.15 at Bolton Institute of 
Technology, Deane Road. 

BRIGHTON 
23rd SERT- "ITT 110 deg colour chassis" by A. E. 

Thomas at 19.30 at Brighton Technical College. 

BRISTOL 
9th. IEE.- "Modern trends in hi fi" by J. Linsley 

Hood at 19.30 at Queen's Building, Bristol 
University. 

CAMBRIDGE 
30th IERE/ 1Ef- "Some aspects of modern 

loudspeaker design" by G. Bank at 18.00 at the 
University of Engineering Laboratories, Trum- 
pington Street. 

CARDIFF 
8th IERE. -"Quadraphonic broadcasting" by J. 

H. Brooks at 18.30 at Dept. of Applied Physics and 
Electronics UWIST. 

CHATHAM 
22nd IERE- "The semiconductor story" by Dr K. 

J. Dean at 19.00 at Medway and Maidstone College 
of Technology, Maidstone Road. 

CHELMSFORD 
7th IERE /IEE -"Noise reduction in high quality 

audio" by K. J. Gundry at 18.30 at the Civic Theatre. 

COLCHESTER 
16th IERE -"Fibre optics" at 19.00 at the 

University of Essex. 

COVENTRY 
29th. IEETE - "The numerical control of 

machine tools" by M. S. Parkinson at 19.00 at 
Herbert Machine Tools Ltd, Edgwick Works. 

EVESHAM 
16th IERE -"Charge- coupled devices" by E. W. 

Williams and Dr J. Mayor at 19.30 at BBC 
(Evesham) Club. 

FARNBOROUGH, Hants 
30th IERE -"Electro- magnetic compatibility -a 

perspective" by L. J. Fountain at 19.00 at 
Farnborough College of Technology. 

HATFIELD 
16th IERE -"Prospects for radio communica- 

tions" by Prof W. Gosling at 19.45 at The Hatfield 
Polytechnic. 

29th I.Phys. - One -day meeting on "Stress 
analysis - what should be taught ?" at 10.00 at 
Hatfield Polytechnic. 

HULL 
8th SERT "Oracle- broadcasting the written 

word" by D. Wood at 19.30 at Hull College of 
Technology. 

LEEDS 
9th IERE /IEE -"Solar cells" by R. Davies at 19.00 

at Leeds Polytechnic. 
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LEICESTER 
15th IERE. -"Electronic aids for medical studies" 

by Dr E. T. Powner and P. G. Best at 19.00 at Lecture 
Theatre "C" Chemistry Dept, Leicester University. 

LINCOLN 
14th SERT -"Quadraphonics" by Dr K. Barker at 

19.30 at the refectory, Lincoln Technical College. 

LIVERPOOL 
15th IERE -"Electronics by numbers" by Dr K. J. 

Dean at 19.00 at Dept of Electrical Engineering and 
Electronics, University of Liverpool. 

LOUGHBOROUGH 
15th SERT -"Digital techniques for television" 

by R. S. Roberts at 19.30 at room J001, 
Loughborough University of Technology. 

NEWCASTLE- UPON -TYNE 
14th IERE. -"Frequency domain measurement" 

by R. S. Titmarsh at 19.30 at room JOOI, 
Theatre, Ellison Place. 

PORTSMOUTH 
22nd IERE /IEE. -"Solid state transmitter power 

amplifier - modern design techniques" by R. 
O'Reilly at 18.30 at Portsmouth Polytechnic. 

PRESTON 
29th Sept. IEETE - "Is your hearing reliable? - 

can you recognise hi -fi ?" by T. G. Izatt at 19.15 at 
Preston Polytechnic, Corporation Street. 

READING 
8th IERE -"Microprocessors - recent technolo- 

gical advances and applications" by N. Carruthers 
at 19.30 at Caversham 'Bridge Hotel, Caversham 
Road. 

REDHBL 
8th. IEETE - "Special effects in television" by B. 

Wilkie at 19.30 at Redhill College of Technology, 
Gatton Point. 

SOUTHAMPTON 
8th IERE /IEE - "Transistors by the million - 

high frequency technology with practical design" by 
J. H. Tuley at 18.30 at Lanchester Theatre, 
University of Southampton. 

20th. IEETE - "The bionics of physical 
medicine" by Prof. T. Shelley at 20.00 at the 
Polygon Hotel, Cumberland Place. 

SWANSEA 
30th IERE /IEE -"Computer graphics" by A. J. 

Davies at 18.30 at University College. 

SWINDON 
21st. IEETE - "Ambisonic surround reproduc- 

tion" by Prof. P. B. Fellgett at 19.30 at the Kings 
Arms Hotel, Wood Street, Old Town. 

TEDDINGTON 
30th I.Phys- One -day meeting on "Vacuum 

standards and traceability of vacuum 
measurement" at 10.00 at the National Physical 
Laboratory. 

WEYMOUTH 
16th IERE -"Processing techniques for the 

speech of divers breathing an oxy- helium gas 
mixture" by N. G. Kingsbury at 18.30 at South 
Dorset Technical College. 

Tickets are required for some meetings: readers are 
advised therefore to communicate with the society 

concerned. 

Digital wristwatch 
Mr D. D. Clegg, designer of the digital 

wristwatch published in our July and 
August issues, wishes to acknowledge 
the assistance with advice and compon- 
ents given to him by Motorola Ltd, Solid 
State Scientific, Inc., Photo -Etch Ltd, 
Browr Boveri Company and Mallory. 
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Letters to 
the Editor 

PERIL OF PUBLISHING 

I am in full agreement with the senti- 
ments expressed in Mr Henniker's letter 
in the June issue regarding fearing to 
publish ideas for fear of having them 
destructively criticised. Perhaps some 
erroneous ideas do get published, 
perhaps some circuits are badly 
designed or "re- discoveries" of already 
discarded ideas. Publication of these 
ideas may still be justified if there is a 
possibility that they will stimulate 
someone with greater knowledge into 
thinking and into looking for a kernel of 
usefulness, rather than thinking and 
looking for a destructive criticism. 

Perhaps some people would gain by 
reading Dr Edward de Bono's works on 
"lateral thinking." If my interpretation 
of the concept of lateral or non- Aristo- 
telian thinking is correct its precepts 
are: observe from every viewpoint, look 
for alternative uses if it does not fit its 
stated use, do not discard until it is 
proven by all means to be of no use, now 
that you know it will not work can you 
conceive of an idea that will work? 
Basically, no data, idea or concept 
should be discarded until it is proven to 
be of no use even as a stimulant for 
further thought. 
D. A. Bailes, 
London, S.E.5. 

WIDE -BAND LOCAL 
NETWORKS 

If the Annan Committee says that the 
public ought to be allowed to enjoy the 
wider choice of entertainment and the 
vastly increased flow of information 
and education which cable television 
could bring them, then the government 
of the day will have to decide who is to 
be given access to the medium and who 
is to design and install the communi- 
cation system. 

The first question is not primarily a, 

matter of engineering but it may 

.,.,..m.. . 

greatly affect the design of the system: 
One may hope, against all the odds, 
perhaps, that the aim will be to make 
the access to cable as free as it is to the 
printing press, so that anyone wishing 
to communicate with the public, who 
has the means to pay the distributor, is 
free to do so and free to set what price 
he likes on his publication. Some will 
offer it free because of the advertising 
it contains, some on a regular sub- 
scription basis; but others, and no 
doubt the great majority, on the logical 
and obvious basis of a separate price 
for each item like most ordinary 
economic transactions. This would be 
entirely in conformity with the princi- 
ples enunciated by the Labour Party in, 

"The People and the Media ", thus: 

"Seek, wherever possible, to move away 
from concentration of power over printing 
and broadcasting outlets and to decentra- 
lise responsibility and diversify outlets. 

Make possible the widest practicable 
access to the media by community groups 
and by individuals. 

Improve the opportunity to publish and 
broadcast a diversity of views so as to 
eliminate any risk that the system might 
lead to government or commercial 
censorship." 

Nobody knows how many different 
simultaneous services the public will 
require or, still less, what they will be 
prepared to pay for, as they learn over 
the course of many years to make full 
use of the potential. 

There will be two alternative ways of 
tackling the second question, the auth- 
oritarian or the pragmatic. In the 
authoritarian way "big brother" will try 
to decide on a fully integrated com- 
munication system capable of meeting 
all possible requirements and looking 
hopefully to the day when all signals are 
in digital form. "Big brother" will insist 
that the new system, whatever it is to 
be, must be applied universally so that 
nothing at all can be allowed to happen 
until its design is decided upon. That . 

decision must be made in the face of 
continually ohanging requirements 
arising from practical experience in 
other countries and constantly chang- 
ing estimates of the profitability of 
various services. Since the decision will 
set the form of the national telecom- 
munications network for a long time 
ahead, "big brother" will take years to 
reach it and, being as fallible as the little 
brothers, will be just as certainly wrong. 
The pragmatic alternative is to harness 
the immense experience and entrepren- 
eural flair of existing cable operators 
and to allow them and any other 
competent parties to work out the right 
methods, both.commercial and techni- 
cal, for serving the public requirements 
in the market place. 

The Post Office, with extraordinary 
folly, has asked the Annan Committee 
to accept the authoritarian way and has 
cast itself as big brother. The inevitable` 
result will be that nothing will happen 
for years and, when it does, the decision 
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will be another disaster in the long 
series of over -ambitious proposals 
which come to nothing. The decision on 
electronic exchanges is the outstanding 
example of this. It was taken in the 
1950s and has now disappeared out of 
sight in the mists of system X. Then 
there was the postal code to enable the 
electronic machines to sort right down 
to the postman's walk, announced 
several years ago and now virtually 
abandoned. There are many others only 
too well known to those whose fate it is 
to earn their living by supplying the 
Post Office with equipment to its ever 
changing requirements. 

There is plenty in the Post Office 
evidence to Annan to support this 
contention. For example, it says "the 
means of taking responsible judgement 
on returns on investment are not yet to 
hand ". It has the commercial success' of 
the 1966 experiment Pay -TV Limited 
in this country and the evident success 
and rapid growth of pay television in the 
USA to go on. What more does it want? 
Since the Post Office Act of 1969 it has 
had all the powers it needs to distribute 
sound and vision programmes of every 
conceivable kind on a pay television or 
any other basis; but it has done nothing, 
nothing at all except to install a few 
highly conventional communal aerial 
systems under contract to new town 
authorities. 

It is also very clear from its evidence 
and other of its publications= in which 
numerous mutually exclusive technical 
proposals are mentioned, that, although 
much concerned with the virtues of 
standardisation in the abstract, it has no 
real idea of the standards which it 
would put forward for immediate 
adoption on a national scale. The 
scheme which it appears to prefer, a 
conventional v.h.f. trunk and branch 
network of a single coaxial cable with 
final distribution at u.h.f., has the wrong 
design objectives for the immediate 
future and, by reason of its limited 
capacity, cannot grow naturally into a 
full acommunication network enabling 
subscribers to have individual access to 
central audio- visual libraries or a full 
videophone service. The immediate 
design objectives are wrong; firstly, 
because pay television is left out of 
consideration and it is, of course, the 
only service likely to show an adequate 
return on investment in new cable 
networks. Secondly, it neglects the 
economy and rationality which can be 
achieved by including the home terminal 
as an integral part of the system. Of 
course, one must take into account the 
initial need for the system to serve, 
simply and cheaply, the conventional 
television receivers designed for off -air 
reception which exist in such large 
numbers; but to take as the 
primary objective that the cable system 
is to take the place of an aerial, 
particularly a u.h.f. aerial, is to accept' 
severe and quite unnecessary restraints 
which stultify the design, reduce its 
flexibility and increase its costs. It is 
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clear that the Post Office is really quite 
well aware of the point from the 
reference in its submission to Annan to 
its future involvement in the technical 
specification of television receivers; but 
no doubt it is anxious not to stir up the 
opposition of the television set manu- 
facturers and dealers and it does its best 
to cover it up. 

For the last fifty years the Post Office 
has been considering its entry into the 
programme distribution business and, 
from time to time, making the decision 
to start. In practice, what it has done is 
to license private operators and this 
policy was quite effective since, until 
about ten years ago, this country led the 
world in cable services and would still 
do so if it were not for the appallingy 
severe restrictions imposed by grand- 
motherly governments in an effort to 
protect the monopolies of the estab- 
lished broadcasters. How much wiser it 
would be if the Post Office were to 
continue this policy of licensing others 
to operate; it could watch - or partake 
itself if it wished - while the best 
commercial and technical methods are 
evolved at other people's expense, while 
retaining overall control of the situation 
through its licence. When the time was 
ripe for standardisation, which it is 
certainly not today, the question of 
nationalisation might be considered and 
so might long -term licences to the 
operators on similar principles to those 
which now form a basis for the excellent 
telephone service enjoyed by the citi- 
zens of Hull. 

As you said in the leading article in 
April, we are all agreed that the Post 
Office is the proper organization to 
handle the bulk transmission of signals 
of all kinds on the trunk routes between 
cities; but the arguments are over- 
whelming for a more adventurous and 
flexible approach to the local distribu- 
tion of television programmes. 
Ralph Gabriel 
Rediffusion Ltd 
London, SW1 
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INSULATION TESTERS 

Referring to Mr Fox's letter "American 
Insularity" in the March issue, there are 
several aspects which deserve correc- 
tion. 

First, the instrument reviewed in 
Electronics was not "an ordinary hand - 
cranked Megger". Supporting literature 
indicates that it is identical to a 
Japanese -made instrument modelled on 
the lines of an obsolete Evershed 
product. 

Second, Megger insulation testers are 
made solely by Evershed & Vignoles Ltd 
or under licence by our American 
associates, the James G. Biddle Co. The 
word "Megger" may be a generic term, 
but it has been a registered trade mark 
since 1903 and as such can be associated 
only with our products. 

Third, the use of hand generator 
testers is by no means an out -moded 
practice. On a world -wide basis, there is 
clear evidence that the popularity of the 
electro- mechanical device is undimin- 
ished despite the technological 
achievements made in solid -state cir- 
cuitry. 

I trust that Mr Fox would not suggest 
that d.c. testing of a.c. installations as 
called for in IEE Regulations is equally 
ridiculous. 
E. A. King, 
Evershed & Vignoles Ltd, 
Dover, 
Kent. 

LOW -COST PRACTICE 
ELECTRONIC ORGAN 

My letter in the April issue gave rise to 
comments from several readers. Two 
manuals are preferred, though some 
would accept a single manual split at 
middle C. Some would accept one 
monophonic manual provided the other 
were polyphonic or had at least four 
selectable tuneable notes for chords. 
"Straight" organists need a 30- or 
32 -note radiating and concave pedal 
board to RCO dimensions, and this 
could well be monophonic. Reader K. 
Lawrence of Bristol has applied Asbery 
methods successfully, and points out 
that use of a monophonic or Asbery- 
type system affects the style of playing, 
e.g. exaggerated legato could lead to 
momentarily spurious results. As plenty 
of two- manual electronic instruments 
are on the market, but only one 
completely separate full -range elec- 
tronic pedal board, I think a really cheap 
full electronic pedalboard would be 
worth developing, but this would take 
time and expense as some features still 
need consideration. For a monophonic 
board frequencies would range from 
approximately 262Hz to 698Hz (F), all 
calculations being based on A = 440Hz. 
This would give the 2ft pitch, dividers 
giving the 4, 8 and 16ft pitches. Three 
tone filters for stops might suffice, e.g. 
diapason, flute and reed, but these 
might need duplication to cover the full 
range. No conclusion can be reached 
about plastic pedals without actual trial. 
A phone jack for inaudible practice 
appears worthwhile, subject to the 
usual safety precautions. Spacing 
between the lowest manual and the 
pedalboard is important. 
K. J. Young. 
Derby. 
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CONTROLLING STAGE 
LIGHTING 

The letter from Peter D. Hiscocks 
(August issue) concerning problems 
with triacs for stage lighting should be 
read by any amateur before even 
thinking of building stage dimmers. I 
should like to add a few thoughts based 
on many frustrating years with both 
triacs and thyristors in this country. 

A stage lighting dimmer is a very 
different creature from the dimmer 
switch for the simple reason that its 
load is radically different - class T 
theatre lamps have substantially higher 
switch on surges, on a watt -for -watt 
basis, when compared with other 
lamps; and when T class lamps end 
their all too short lives they go with a 
far bigger wallop than an ordinary 
bulb! Therefore, a very substantial 
margin is needed between the steady 
current rating of the triac and the 
maximum load. I have found a ratio 
just above 3 to 1 sufficient, i.e. a 16 -amp 
triac for a 1kW class T load; this will 
also allow the satisfactory use of 
relatively inexpensive Belling-Lee or 
Reyrolle fuses (provided of course that 
the triacs have a sufficiently high p.i.v. 
of at least 600V because the 240V 
supply is the r.m.s. value and its peak is 
340V). 

But at this point the British amateur 
must stop, for at the moment he cannot 
construct a 2kW dimmer - the most 
useful stage size - which he can 
completely rely on. A recently pub- 
lished design in a popular magazine 
actually suggested the use of a 15 -amp 
triac to control a 3.25kW load - five 
minutes of a 2kW CP /12 lamp reduced 
that triac to a glorifed nut and bolt. But 
given a 25- or 40 -amp triac, and a 
maximum load of 2kW, the circuit 
would stand a fighting chance, and an 
8- or 10 -amp fuse could protect the 
device even from the death throes of 
the 2kW lamp. The catch is that in 
Britain, unlike Canada, these high 
power triacs are just not available to 
the amateur. Of course dimmers are 
made to handle 2 or even 2.5kW with 
little 16 -amp triacs, and they employ 
very sophisticated trigger circuits and 
chokes (yes, even they are critical but 
they cost over £70 each. In France 25- 
and 4 -amp triacs can be bought singly 
over the counter (at £12 each they are 
expensive, but then so too are the 
16 -amp devices at £5). Why can't these 
devices be made available to the 
amateur in Britain? 

Now a final checklist for the 
would -be constructor of a stage 
lighting board. Can your dimmers 
1. Maintain their maximum load at full 
setting for 4 hours and then smoothly 
fade down to true zero? 
2. Withstand a direct short circuit or 
lamp blow? 
3. Fade up smoothly from a true zero 
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without an irritating and, to the 
audience, distracting rush of light? 
4. Withstand hot -patching - that is 
the addition of an extra load to a 
partially loaded dimmer? 
5. Genuinely not interfere with radio 
reception and audio equipment in the 
area? 
6. Fade without an undue buzzing 
sound from the chokes? 

If your dimmers meet these demands, 
congratulations, they have every right 
to be in a theatre or hall; if not then 
relegate them to domestic service 
(though do try and meet condition 5 

above) and start on the long road of 
saving for a professional board. 
Paul M. Hodgson 
London, SW19 

ELECTRONIC COMPON- 
ENT RETAILERS 

About five years ago we formed a 
buying group among the small elec- 
tronic component retailers. The main 
object is to buy goods at cheaper prices 
by bulk buying. In addition, as we have 
nobody to represent us over such 
thorny questions as VAT we do this 
also. Our membership is at present 
twenty -five but for obvious reasons we 
would like to enlarge it. We have 
insufficient funds to advertise as our 
total revenue is derived from a modest 
£6 a year subscription. 

I am confident there are several 
hundreds who would join us if they 
knew we existed. 

If you think the continuance of the 
small electronic component retailer is a 
worthwhile object I wonder if you 
would be so kind as to give us a little 
publicity, perhaps by publishing this 
letter? Would those interested please 
write to me at the address below? 
Alan Sproxton, 
c/o Home Radio (Components) Ltd, 
240 London Road, Mitcham, 
Surrey CR4 3HD (Telephone 01- 
648- 8422). 

ACTIVE NOTCH FILTERS 

In the article "Active notch filters" in 
the July issue, the author states that 
"No passive RC notch network, how- 
ever complex, is capable of achieving 
Q0 higher than 0.9." This is presumably 

based on Ramachandran's theoretical 
limit' of '/2' /e = 0.8243, derived for a 
restricted form of response. However, 
the author has overlooked a subse- 
quent contribution2 which relaxes the 
conditions on the zero of the transfer 
function, thereby allowing 
transmission gains and enabling the 
maximum selectivity of an unbalanced 
RC network to reach a value of 1/2 e 

1.359. Of course, this is still a low 
selectivity and extravagant in numbers 
of components; even a Q of 0.8875 
requires as many as 31 passive 
components of large spread. 

It is more practicable to resort to 
distributed RC null structures which, 
when exponentially tapered, can 
achieve gain slope and classical selec- 
tivities of 0.6585 and 0.860 respectively 
using only two integrated compon- 
ents'. Higher Qs are possible by 
resorting -to other inhomogeneitïes and 
configurations. 

Finally, with regard to activated 
notch sections, it is worth mentioning 
the reduction in sensitivity to amplifier 
bandwidth afforded by more recent 
GIC- derived and allpass -pair circuits. 
P. Bowron 
University of Bradford 
Yorkshire 
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ELECTRODYNAMICALLY 
INDUCED E.M.F. 

Concerning the question of measuring 
the voltage across aircraft wings, the 
suggestion by D. C. E. Todd and N. G. 
S. Taylor (Letters, July 1975) of 
employing ferromagnetic sheathing 
would, of course, work. The field across 
the wires could readily be reduced by a 
factor of a thousand or more with 
Mumetal sheathing, reducing the force 
on the electrons by the same factor. 

However, two lengths of ordinary 
insulated wire would suffice to make 
the measurement. Pass each through' 
the inside of the two wings; aircraft 
wings will provide little or no magnetic 
shielding and the full voltage developed 
across the wings will be measured 
between the inside ends of the two 
wires, which will be oppositely charged. 

The e.m.f. generated will be quite 
significant; for example, at the latitude 
of the British Isles, with a 20 -metre 
wing span and a speed of 220 m/s (500, 
m.p.h.) the e.m.f. will be about 26 volts, 
varying in proportion to speed. With 
aircraft in contact with beacons for half 
a transatlantic journey, however, the 
question is whether such a measure- 
ment would be more useful as a 
wind- independent measure of speed or 
as a measure Of the variations in the 
Earth's field along the route. 
C. S. Evans 
University of Reading 
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TRANSMISSION LINE 
IMPEDANCE 

In the April 1975 issue (Letters), after 
providing the graphical solution to the 
problem of finding the length and 
characteristic impedance of a loss -free, 
uniform transmission line which trans- 
forms a given complex impedance into 
another, Mr Day stated that the 
solution he gave " . . . must exist 
somewhere in the technical literature." 
In fact, Mr Day is correct I have 
given the solution in 1960 in the IEEE 
Trans. on Microwave Theory and 
Techniques, vol. 8, p. 463, July, 1960. 
P. I. Somlo 
National Measurement Laboratory 
CSIRO 
Sydney, Australia 

MUSIC WITHOUT 
MOVEMENT? 

I wonder if Mr Young did any sums 
before he wrote to you ( "Music without 
movement," Letters, August issue). 
Mine go something like this: For hi -fi 
performance a recorder should have, 
say, 15kHz bandwidth and 60dB 
signal /noise ratio among other things. 
These imply a sampling frequency of 
32kHz and a resolution of 10 bits per 
sample, giving a data rate per channel 
of 320k bits /sec. Therefore to store a 
one hour stereo programme would 
require 320,000 x 3600 x 2 = 2304 
megabits. 

A look at the latest m.o.s. random 
access memory prices suggests that 
0.05p /bit is a reasonable large quantity 
price, which gives a memory cost of 
£1,152,000! If one used type 2102 1 -kbit 
m.o.s. r.a.ms, which have a power 
consumption of 350mW each, the total 
power required for the memories would 
be 787kW (157,000 amps at 5V!). 

Somehow, Mr Young, I don't think 
your solid -state tape recorder has been 
built just yet! 
John C. Sager 
Ipswich 
Suffolk 
We have received other letters making 
similar points. -Ed. 

Mr Young replies: 
I had done some figuring, though 
admittedly some of my assumptions 
were a little different from those of Mr 
Sager. 

I assumed a practical sampling rate of 
20kHz, on the point that current hi -fi 
practice ignores waveform distortion 
above 10kHz. If you disbelieve this, try 
tape recording a 12kHz wave and 
observe the resultant waveform. 

I also assumed mono. Would twice as 
many digits be needed for stereo? I 

think not. So, at 10 samples per data 
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point, this gives 20 x 103 x 10-x 3600 = 
720 megabits. 

Since 1 megabit per cm2 is now a 
commercial viability, this means 720cm2 
for a "feasible" (sic) one hour playback. 
Curiously, this is almost the same as one 
side of an l.p. record. 

Cost? Admittedly computer quality 
.comes high, but if storage recording for 
audio becomes the norm, prices would 
drop rapidly. If such a recorder exists, it 
will have been assembled from "reject" 
chips totally unsuited for calculations 
but perfectly satisfactory for audio 
purposes. Most of the cost is due to high 
scrap anyway. 

Even now an equivalent to a "45" 
could be no larger than a cassette. 

As for power consumption, only a 
tiny part of the array would be ener- 
gized at any given moment. It may well 
be possible to run it off a battery. 
Certainly not kW! 

DIGITAL FREQUENCY 
SYNTHESIS 

I read with interest in the May issue the 
article "Digital frequency- synthesis -a 
new approach" by D. C. Ayre and K. G. 
Woodard, and it occurred to me that an 
integrated circuit manufactured by 
Consumer Microcircuits Ltd may be of 
importance to those designing wide 
pull -in range frequency- synthesisers. 

This i.c. (FX -401) covers a 2 x 104:1 

frequency range and has three out- 
puts, input frequency high, low and 
inband. The high and low outputs are 
suitable for the coarse control of a 
voltage -controlled oscillator within a 
phase- locked loop and could bring the 
output frequency to within less than 1%. 
When the frequency was within this 
band the inband output would indicate 
approaching phase -lock and allow a 
conventional narrow band phase com- 
parator (implying low residual f.m.) to 
complete lock, since the other two 
outputs would be off. 

I will be pleased to arrange for a 
detailed datasheet to be sent to those 
interested. 
George Bates, 
Consumer Microcircuits Ltd, 
WheatonRoad, 
Witham, Essex. 

dB TO RATIO ON A 
CALCULATOR 

Recent correspondence in your 
columns on dB conversion on a slide - 
rule has been followed with deserved 
interest. There are, however, some of us 
who prefer to use an electronic calcula- 
tor during the course of our work, 

mainly because of its greater conven- 
ience and accuracy. 

Although in recent months calculator 
prices have fallen considerably, very 
few of moderate price have an "antilog" 
key for base 10. This means that there is 
no direct, easy -flow way of converting 
decibels back to ratios. The answer to 
this problem is to be found in the 
following standard analysis: 

logex = log, b x logbx 
If a = e and b= 10, then 

logez = loge 10 x logiox = 2.302585 log lox 
Thus x = exp.(2.302585 log10x) 
To convert decibels back to a voltage 
ratio: 

Ratio = exp.(2.302585 x 2 
= exp.(0.1151293 dB) 

Thus, on a moderately -priced calcu- 
lator, to convert dB to a voltage ratio, 
we enter the decibels, multiply by 
0.1151293 and operate the ex key. 

It is hoped that this will usefully 
supplement the ingenious slide -rule 
method. 
R. J. Isaacs, 
Clinical Research Centre, MRC, 
Harrow, 
Middlesex. 

PEAK READING LEVEL 
METER 

We were most interested to read the 
article by S. F. Bywaters and J. E. West 
on the design of a peak reading audio 
level meter, published in the August 
issue. In view of our own experiences in 
designing and building similar meters 
for professional and commercial use, 
we would like to raise a number of 
points. 

We were most surprised by the 
complexity and relatively high cost of 
the authors' design. With a small 
number of audio channels, where 
digital multiplexing does not offer a 
significant price advantage, we believe 
a wholly analogue display system to be 
preferable for several reasons. A 
resistive divider chain /comparator 
technique, for example, is cheaper, 
easier to calibrate, far more compact 
and generates less heat and electrical 
interference than a digital system. 
Analogue methods also allow the 
designer to vary the dB- increments 
along the scale, so that he may use 1 or 
2 dB steps at the highest levels and 4dB 
steps at the bottom, for example. The 
temperature drifts of such an analogue 
system may be made negligible when 
compared with the capacitor, zener and 
clock frequency drifts inherent in the 
Bywaters and West circuit. 

We were particularly concerned 
about the large amount of power 
dissipated in their design. Assuming a 
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single 20V power supply we calculated 
that the heat dissipation was about 
16W, which is as great as a 
20W /channel amplifier running flat 
out! We fear that constructors 
attempting this project may literally 
get their fingers burnt! As well as 
lowering overall reliability it is worth 
noting that high temperatures may 
reduce the light output of red l.e.ds by 
as much as half for a temperature rise 
of 50 °C. Although inconvenient, a 
separately derived 5V supply for the . 

logic would help here. The power 
consumption could be further reduced 
by arranging the l.e.ds in qne or more 
series chains driven from current 
sources attached to the positive rail; 
changing the source current then 
varies the I.e.d. brightness in a 
predictable manner. If this modification 
were used the 74154 outputs could 
drive the 7407 buffers directly (7417s 
would have to be used for 15 -30V rails), 
each buffer acting as a current sink to 
turn off the appropriate number of 
l.e.ds in the chain. This would save four 
7408s and 15 resistors per channel. 

In spite of the lack of any disclosed 
specification it is clear that the meter 
does not meet the BBC specification 
ED1477 in several respects. Firstly, one 
cannot obtain a flat enough h.f. 
response from 748s used in precision 
rectifier circuits; instead high speed 
op -amps must be used, although a 
transistor /diode rectifier may be 
employed if care is taken to compen- 
sate for low level errors and drifts. 
Secondly, a moving coil meter has 
inertia (which a light column does riot!) 
and to make a 1.e.d. meter read the same 
as a p.p.m. on tone -bursts necessitates 
the use of a complex attack character- 
istic after the rectifier. If a simple 
attack time constant must be used then 
the best compromise is 4 -5ms rather 
than the 2.2ms adopted by Bywaters 
and West. 

In user trials of l.e.d. meters we have 
found that a combination of green I.e.ds 
below 0dB and red above is the most 
acceptable format and that those l.e.ds 
which indicate overload should be 
brighter than the rest. Luckily, because 
of the greater efficiency of most red 
l.e.ds, this brightness difference may be 
automatically achieved by running 
them from the same current source as 
the green ones. We have also found it 
easier to use these meters vertically 
and to place them quite close together 
(typically 2 to 3 cm) in order to observe 
the channel balance most effectively. 
Happily this coincides with the 
cramped. space available on most 
modern studio mixers, where modular 
l.e.d. meters shoal a considerable space 
saving when compared with conven- 
tional p.p.ms or VUs. 
John Dawson and Chris Evans 
Amplification & Recording 
Cambridge 

A reply to this letter will be published later. - 
Ed. 
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RADIO WAVES 
What makes them go 

by "Cathode Ray' 

Someone who read what I had to say in 
the September and October 1974 issues, 
on magnetism being a side effect of 
electricity (and it's nice to know that at 
least one person did so) asked me if I 

would care to go on and deal with 
electromagnetic waves, and in 
particular to derive from first principles 
their velocity and "the impedance of 
space." 

There are three approaches to 
electromagnetic (or radio) waves. 
Those of you who are well versed in 
vector analysis and three -dimensional 
differential equations will no doubt 
follow in the footsteps of Clerk 
Maxwell, with the advantage over him 
of being able to see and hear the 
multifarious practical results now 
obtained with the waves that Maxwell 
predicted mathematically. Others will 
be content to enjoy those results, 
without any overwhelming urge to 
inquire into their theory. Members of 
these two classes may now disperse and 
employ their time more profitably 
elsewhere, as I am about to address 
myself exclusively to any who do wish 
to know what makes electromagnetic 
waves go, but lack the mathematical 
expertise needed for taking Maxwell's 
way. 

Electromagnetic (e -m) waves consist 
entirely of electric and magnetic fields. 
Most of us are more at home with 
circuits, amps and volts than with fields. 
Transmission lines (or high- frequency 
cables) offer themselves as a bridge 
from one to the other. So let us adopt 
that way of approach to free -travelling 
e -m waves. 

In ordinary circuits, resistance, 
inductance and capacitance are 
regarded as if they were confined to the 
places indicated by their symbols in the 
circuit diagram - the components. The 
rest of the circuit - the wiring - is there 
just for connecting up the components, 
and not for contributing any R, L and C 
of its own. In so far as these qualities are 
inevitably present to some extent in the 
wiring, they are just unwanted 
complications which we hopefully 
neglect. 

If transmission lines are regarded in 
this way, as they well might be by an 
electrician, they look like just wiring, 

needed to connect units that 
unfortunately have to be installed at a 
distance from one another; the 
radio -frequency counterpart of the flex 
needed to connect the TV set to the 
mains socket. It is true that in both of 
these types of electrical link we would 
like the resistance to be small enough to 
neglect. If the resistance of the flex is 
enough to cause a noticeable loss of 
volts at the appliance, a heavier gauge 
of wire is indicated. Transmission lines, 
beingin general much longer than flex 
leads, their resistance usually does 
cause appreciable loss en route. But at 
least they do not (as would too -resistive 
a flex) constitute a fire risk! 

At the mains frequency the 
inductance and capacitance of a few 
yards of flex are truly negligible. But at 
the multi -million times greater 
frequency of the incoming signals, and 
with the greater length of the cable, one 
would quite rightly estimate that the 
capacitance between its two conductors 
would be very far from negligible, and 
perhaps expect this capacitance to be 
almost a short- circuit for the signals, 
allowing very little to reach the 
receiving end. But in spite of the two 
conductors being so close together - in 
the common coaxial type, one actually 
surrounding the other - so that the 
magnetic effects of currents in them 
tend to cancel out, there is enough 
inductance to have a profound effect. 
Just as the total capitance is distributed 
in parallel all along the line (assumed to 
be uniform), so the total inductance is 
distributed in series. Electrically, the 
line can be represented as in Fig. 1, 

L L L L L L L 

TTcTTc? 
Fig.1 An ideal transmission Une can be 
considered as a circuit in which the 
distributed capacitance and 
inductance are represented as a very 
large number of very small capacitors 
and inductors. 
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where L and C are respectively the 
inductance and capacitance per (very 
small) unit length of the cable. 

Next, let us consider the effective 
resistance of the TV set or whatever the 
cable is feeding into, R in Fig. 2(a). It 
probably won't be a pure resistance, but 
it can always be made so by tuning; and 
that gets rid of one complication. Now 
we connect to it one of our very short 
unit lengths of cable, Fig. 2(b). It is so 
short the series inductive reactance 
XL, which is 274, is very small 
compared with R; and the parallel 
capacitive reactance Xc, which is 
1 /2vrfC, is very large compared with R. 
That being so, the series capacitance C' 
in Fig. 2 (c) is (near enough) electrically 
equivalent to C in (b) if its reactance, X'g 
is equal to R2 /Xc. * XL and being 
respectively positive and negative reac- 
tances, cancel out if X¿ = XL. Fig 2(c), 
and therefore very nearly (b) also, is 
electrically the same as (a). For this to 
be true, R2 /Xc must be equal to XL, so 

R2=XLXc= 

L 
SoR =NI C 

217f1., L 

2wfC C 

(1) 

Notice that frequency doesn't come into 
this at all, except that if it is very high 

(a) (b) 

L C' 

(c) 

Fig.2 By selecting a suitable value of 
load resistance R, a pair of the small 
units of L and C in Fig.1 connected to it 
(b) can be made of nq effect, because 
the series'equivalent of C (C' at (c)) 
cancels out L. This process can be 
repeated until any length of line 
terminated by R is found to be 
equivalent, as an impedance, to R 
alone. 

then L and C have to very small indeed 
to fulfil the condition that Xc 'R 'XL 

The process of finding a Fig. 2(b) 
equivalent to (a) can then be repeated 
indefinitely, so that any length of cable 
terminated by a resistance is electrically 
the same as the resistance alone, 
provided that eqn.(1) is true, subject to 
the approximation we used. The smaller 
Xc and XL are, the smaller is the error in 
assuming Xc' = R2 /Xc, so by making 
them smaller and smaller and 
increasing their number 
correspondingly, ultimately making 
Fig. 1 equivalent to a real cable, we can 
make the error as near zero as we like. 

So to make a line or cable ideal for 

'Foundations of Wireless & Electronics, 8th 
edition, M. G. Scroggie; Sec. 8.16. See also Sec.16.2. 
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conveying radio signals from one place 
to another we have to ensure that its 
inductance and capacitance per unit 
length (not necessarily small at low 
frequency) are related to the load 
resistance R thus: R = 1((L /C). L and C 
depend on the cross -sectional 
dimensions of the cable, and there is 
only a limited range of practical values 
of these, so it is usual to fit R to them, 
rather than v /L /C) to R. The resistance 

(L /C) ' is usually called the 
characteristic resistance of the cable 
and denoted by Ro, (It is also called 
characteristic impedance and denoted 
by ZZ; this covers the fact that the effect 
of resistance of the line conductors 
introduces reactance along with R0.). 
Owing to the . way in which it was 
derived with the help of Fig. 2, Ro can 
also be regarded as the input resistance 
of an infinitely long line. 

How does one find L and C? Well, of 
course, they can be measured. 
Calculating them for practical lines and 
cables (parallel -wire or coaxial) is 
rather complicated. But although not a 
very practical form, there is no 
theoretical reason why a transmission 
line should not consist of two parallel 
metal strips as in Fig. 3. This is much 
easier for calculating L and C at least 

Fig. 3A simple, if unusual, form of 
transmission line is a pair of parallel 
metal strips. 

approximately, and, as we shall see, it is 
a very convenient form for studying the 
whole subject. 

Although thinking a thing out from 
fundamental principles is usually 
harder work than remembering a handy 
formula or looking it up in a book, it 
should be worth it in this case. So we 
start with the standard definition of the 
capacitance between two conductors as 
the electric charge (positive on one 
conductor; negative on the other) per 
volt needed to put it there: 

C= Q (2) 

(Until further notice I'm going to use 
the symbols C and L in a general sense; 
not per unit length as in Figs. 1 and 2.) 
And the inductance of a circuit or part 
thereof is defined as the voltage induced 
in it per amp -per- second variation in the 
current flowing through it: 

V 
L 

dI /dt (3) 

Although defined thus, capacitance and 
inductance are really effects of electric 
and magnetic fields respectively, and 
we won't be able to get far without 

Fig.4 A short length of the Fig.3 type of 
line can be treated as a .capacitor. 

accepting that fact. Electric field is 
denoted by E, and is the voltage per 
metre between two points at different 
potential (Fig. 4). So 

E -d (4) 

That connects with the V in (2). 
Associated with E is what is called 
electric flux density or displacement, D, 
which is equal to the charge on the plate 
per unit area: 

D = Q (5) 

(This equation is a form of Gauss's 
theorem.) D and E are related to one 
another by a property of whatever 
material or non -material fills the space 
between the plates - its permittivity, e: 

D= E E (6) 

So, substituting for Q and V in (2), from 
(4) -(6), we get 

C= dE = dE farads (7) 

which I hope you will recognise as the 
well known formula for the capacitance 
of a parallel -plate capacitor in SI units. 
It would be very inaccurate for a 
capacitor like the one in Fig. 4 because 
there would be a lot of stray field 
besides that directly between the plates; 
this is usually referred to as edge effect, 
and is much less if (as in practice) the 
plates are very close together. 
Obviously we can apply (7) to 
calculating the capacitance between 
the strips in Fig. 3, per small length, or 
per metre, or for the whole 

But now let us go back to inductance, 
eqn. (3). A coil has an inductance of 1 

henry if 1 volt is induced in it when the 
current is changing at a steady rate of 1 

amp per second. But what induces the 
e.m.f. is not the varying current itself 
but the varying magnetic flux due to the 
current and linked with the coil. In SI 
units the voltage induced is equal to the 
rate at which the flux is changing, so if 1 

amp in the coil causes units of flux 
the inductance is equal to cp . In other 
words, the inductance is equal to the 
flux per amp: 

L= (8) 

We can make a sort of coil of Fig. 3 if 
we short- circuit a length W at both ends 
and circulate a current I around this 
"coil ". The flux passes through the 
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"core" of this coil and doubles back to 
complete a loop around the current, as 
indicated in Fig. 5 by only two dotted 
lines, which represent the continuous 
flux filling the whole core. Its 
conventional direction, for a clockwise 
current, is inwards as shown 
(corkscrew rule). The flux density, 
denoted by B, is equal to CD divided by 
the cross -sectional area A of the 
"window" inside the coil: 

B = A (9) 

This A is not the same as in (5) of course, 
but in this case is equal to Wd. The 
current itself is also involved because 
the magnetic field strength H inside the 
coil is equal to the encircling current per 
unit length of the path (Ampere's 
law): 

H=1 (10) 

But B and H are related to one another 
by a property of the material or 
non -material in which they occur - its 
permeability,µ : 

B =µH (11) 

So, substituting for 43 and I in (8) we get 

L= Aµ (12) 

Strictly, except where H is constant 
all the way I around its loop (which is 
very rarely) HI in (10) must be f H.dl; 

Fig.5 By adding short- circuiting pieces 
at the ends, the bit of line in Fig.4 can 
be made into an elementary coil. 

but in Fig. 5 the external path of H (and 
c,) is so much fatter than the internal 
one that, provided d/w is small, the only 
part of I that need be counted is the 
internal part, w. So approximately in 
this case. 

L= Aµ henries (13) 

This is analogous to (7), but we must 
remember that A means different things 
in (7) and (13). Incidentally, the 
approximation error ( "end effect ") in 
(13) due to w not being the whole path 
of B is analogous to the "edge effect" in 
(7); but whereas (7) gives too low a 
value for C, it should be fairly obvious 
that (13) gives too high a value for L. 

Now at last we can combine (7) and 
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(13) to find approximately the 
characteristic resistance R. of the Fig. 3 

form of line. To simplify matters and get 
rid of the ambiguity of the symbol A we 
shall take a section of line 1 metre long, 
so that A in (7) is equal to w, and A in 
(13) is equal to d. If you object that 1 

metre is not short enough to be valid in 
the argument based on Fig. 2, my reply 
is that it is good enough for relatively 
long waves (low frequencies) and to suit 
high frequencies you can reduce the 
scale. And if you point out that the line 
doesn't have short- circuits every metre 
along its length as in Fig. 5, the answer 
is that it doesn't need to, as current can 
flow freely along both strips, and is 
equal and opposite in them, just as in 
Fig: 5. So for Fig. 3, remembering that L 

and C are now per unit length again, 

Ro= C// d w É (14) 

The values of and E for air are almost 
the same as for a vacuum, µo and a o, 

which are 4w x 10' and 8.854 x 10-12 

respectively. So (µ /e) = 377. For 
example, if the width of the strips in Fig. 
3 was 10 times their separation, R. for 
this line would be 37.7$2approximately 
(owing to edge and end effects it would 
be rather less). 

The R. of a line or cable terminated 
by a resistance equal to R. being 
equivalent to that same resistance so far 
as any generator connected to it is 

concerned, R. is also the ratio of voltage 
to current at the point of connection 
and (as will be clear from the argument 
illustrated by Fig.2) at every point along 
the line, right up to the load. This is 

practically so even if the line loss 
moderately reduces the actual values of 
V and I between generator and load. 

The fact that a low -loss line with 
suitably chosen L and C is electrically 
equivalent to the resistance connected 
to the far end does not, of course, mean 
that the generator signal arrives at the 
far end instantaneously. When the 
generator (such as an aerial) feeds the 
first positive half -cycle into its end of 
the line, it starts to charge the 
capacitance of that end, say one of the C 

units in Fig.l, but the current that tries 
to go on from there to charge the next 
unit is delayed by the first series 
inductance L. And so on. So the signal 
waveform travels along the line at a 
certain speed, rather like the wave one 
can make by waggling the end of a long 
stretched rope. 

What speed? 
We can look again at Fig.3 and, 

denoting the voltage and current at the 
start by V and I (V /I being R0) we 
calculate the charge on the upper strip 
(the lower one being assumed earthed) 
per unit length, from (2) and (7): 

E WV 
Q =CV= 

The current I along the line is the 
amount of charge passing any fixed 
point per second, so if we call the 

velocity of the charge along the line y, 
we have 

e wVv I=Qv= 

therefore v - Id d 
EwV ewR, 

and substituting from (14) 
I 

eµ (15) 

In space, where f and are to and µo, 

this works out at nearly 3 x 108 metres 
per second, which is the speed of light, 
usually denoted by c. Together with 
much other convincing evidence, this 
discovery led to the conclusion that 
light is electromagnetic, differing from 
radio waves only in its much higher 
frequency. 

In air, a and are very slightly 
greater than to and µo, so the wave 
speed is very slightly (negligibly for 
most purposes) lower. But practical 
lines have to rely on solid insulating 
spacers with values of a several times 
greater than co, so the wave speed 
therein may be much less than c, and 
the wavelength along the line, at a given 
frequency, much less than in air. 

Note that as V /I =Ro everywhere 
along the line, voltage and current are 
everywhere in phase, so they carry 
energy along the line, stored in the 
travelling electric and magnetic fields. 
Comparing Figs. (4) and (5) we see that 
these fields must be at right angles to 
one another and to the direction of 
wave motion. I don't want to get 
sidetracked here by the subject of 
polarization but just mention in passing 
that the direction of polarization is 
conventionally that of the electric field; 
vertical in Fig.3. That is why receiving 
dipoles for vertically polarized waves 
should be vertical. But e-m waves don't 
have to be like this, polarized in one 
direction ( "linearly polarized "); they 
can be all mixed up. 

Fig.6 shows diagrammatically the 
electric (E) and magnetic (H) field 

H 

direction of 

wave motion 

Fig.6 Plane, linearly -polarized 
electromagnetic waves consist of an 
electric field pattern, shown here in the 
vertical plane, accompanied by a 
similar magnetic field at right angles to 
it and to the direction in which the 
whole pattern is moving. 

strengths in three -dimensional space 
between the conductors of a 
transmission line when vertically - 
polarized sinusoidal waves are going 
along it from left to right. If either E or br 
were reversed in phase, the waves 
would be going from right to left. 
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All this may be all very well, you may 
say, but when are we going to get free 
from lines and cables? How can the 
waves exist without charges or 
currents? Well, we know (I hope) that 
alth9ugh each of the imaginary flux 
lines between the capacitor plates in 
Fig.4 begins on a positive charge and 
ends on a negative charge, and E is 
inevitably present around any charge, 
charges are not the only cause of E. The 
other cause is variation of a magnetic 
field (Faraday's law of e-m induction) *. 

It happens in every power station and 
transformer. The basic principle of 
electric generators is V= Bvl, V being 
the voltage generated in a straight 
conductor of length l cutting a 
magnetic field of flux density B at 
velocity v. But even if the conductor 
were not there the potential difference 
in space would be, and p.d. is a measure 
of the electric field between the ends of 
the length 1, because over a length 1 it 
adds up to V. So a more fundamental 
equation is E =Bv. Or in terms of 
magnetic field strength H, E = 1Hv. 

But how does a magnetic field come 
into existence where there are no 
electric currents? Even the field around 
a permanent magnet is caused by 
electric currents on an atomic scale in 
the magnet material. We go back to 
egn.(10) for the basic principle 
(Ampere's law). Put more correctly it 
says that the magnetomotive force 
(m.m.f.), f H.dl, is equal to I, the current 
enclosed by an H loop of length 1. Now 
look at Fig.7, which shows a capacitor C 

m.m.f. 

Fig.7 Although the space between 
capacitor plates çarries no current in 
the ordinary sense, there is a 
"displacement current" which 
produces the same magnetomotive 
force around it as every other part of 
the circuit. 

in process of being charged. The 
charging current is flowing in the 
direction conventionally shown by the 
arrow I, and of course is diminishing as 
time goes on. Exactly proportional to 
this current at all times, and 
numerically equal to it in SI units, is an 
m.m.f. everywhere around the current, 
indicated at one point in the circuit by a 
ring. The arrow head on this ring is 
conventionally related to the current 
arrow by the corkscrew rule. Having 
recapped on the familiar circuit 
situation, let us shift our attention to 
the space between the plates, which are 

'Discussed in "What is e.m.f. ? ", August 1974 issue. 
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wider apart than usual in order to make 
this easier. 

It will be generally agreed that no 
current, in the ordinary sense, is flowing 
across the space between the plates. 
There is, as one would say, a break or 
gap in the circuit. But is there a gap in 
the m.m.f.? I've never done the 
experiment, but I'm sure that if a 
magnetic needle were to be suspended 
near the plates, with precautions to 
prevent it from being affected by the 
rest of the circuit, it would respond to 
this non -existent current. For I trust 
James Clerk Maxwell, who decided 
theoretically (and, for all I know 
without being able to look it up, 
experimentally) that there is indeed an 
m.m.f. around the space between the 
plates, caused by what he called 
displacement current. We have come 
across displacement already, in eqn.(5), 
as the electric flux density between 
opposite charges. The total 
displacement or flux over an area A is 
therefore AD, and, as (5) said, this is 
equal to Q, the total charge on either 
plate. The circuit current I is equal to 
the rate at which charge is moving 
along, but in the capacitor this charge is 
not moving along but is accumulating 
on the plates. However, it makes the 
displacement increase. The rate of 
increase of total displacement being 
equal to the rate of increase of charge, it 
is also equal to the circuit current, I. So 
if displacement current is defined as the 
rate of change of total displacement, it 
is always equal to I. So the m.m.f. ring 
around C is the same amount as around 
I anywhere else. 

At a fixed point PI in Fig.6, E is at this 
moment at a positive maximum and H 
likewise (if positive is towards us). At P2 
they are both maximum negative. The 
rapid change from E at P1 to -E half a 
cycle later was supposed to be due to a 
negative charge on the upper metal 
strip being replaced by a positive 
charge, brought about by current along 
the strip between P2 and P1. But if we 
remove the strips and join up the 
opposite E lines at P1 and P2 into 
complete loops as in Fig.8, the 

Fig.8 Although Fig.6 was based on the 
existence of electric charges moving 
along conductors (Fig.3), waves 
continue when the conductors are 
removed, because the fields join up to 
replace them, as far example this 
electric line of force at the PI-P2 section 
in Fig.6. 

movement of this loop rightwards for 
half a cycle is accompanied by a 
displacement current in space where 
the conduction current used to be. This 
rapid change in displacement D causes a 
magnetic field H just as any ordinary 
current would. We have already noted 
that E = By= µIv. Without going into 
the full derivation we can now be pretty 
sure (by the principle of duality I so 
often cite) that the counterpart is true: 
H' =Dv =E Ev. I have called the 
generated magnetic field H' to 
distinguish it from H, as in general the 
two are not necessarily equal. But for 
the two fields to keep one another 
going, H' must be equal to H, which in 
the first equation is equal to E /µv. 
Substituting this in the second, we get 

from which 

E Ev = E 
µv 

1 

v= µf 
(16) 

which is the same as (15) derived from 
currents and charges. 

Since e-m waves are thus able to get 
along quite nicely without currents and 
charges,what exactly is the role of the 
hardware, especially as its resistance 
weakens the waves by a few dB per 100 
metres? The quick answer is that it 
guides them from A to B, when that is 
what is wanted rather than 
broadcasting. But how? 

An air -cushion -shaped wave like 
Fig.8 has parts at top and bottom that 
are not wholly vertical. These will 
therefore expand upwards and 
downwards as well as forwards. In three 
dimensions it will expand sideways as 
well, and in fact all around. (The same 
applies to the magnetic field, not even 
suggested in Fig.8 but there in real 
waves.) If (say) an electric wave front 
expanding upwards hits a horizontal 
conducting surface, the field lines will 
not be at right angles to it. So they will 
have a component parallel to it, along 
the surface of the metal. But it is 
impossible for two points in or on a 
perfect conductor to be at different 
potentials. So where an electric field 
ends on a conductor the direction of the 
field must be wholly at right angles to 
the conductor. 

That being so, the wave front inside a 
transmission line must be a plane at 
right angles to the conductors and to 
the direction of wave travel. Which, not 
surprisingly, is why the waves are called 
plane waves. The conductors eliminate 
all field components of the waves that 
are not directly forward. (I have said 
nothing about the magnetic field, 
because it is obvious that if any part of 
the electric field is eliminated the 
corresponding part of the magnetic field 
has nothing left to keep it in existence.) 

It is not essential to have two 
conductors for this guiding action; in 
certain circumstances an empty tube 
will do, called a waveguide. But that is 
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too long a story to start on now. If 
anyone asks me kindly I might tell it 
some other time. But I do just have 
room to fulfil my promise about the 
impedance of space. We found that a 
transmission line or cable that is 
loss -free and infinitely long has an input 
resistance that is 

L d 
R0 = C =W É (14 again) 

The awkward bit about being infinitely 
long can be got round by substituting 
any length you like provided that the far 
end is connected to a resistance equal to 
R., nobody will notice the difference at 
the input end because there won't be 
any difference there. If we imagine 
ourselves inside an enormous line of the 
Fig.3 type, looking towards the. far end, 
we can consider one metre square of the 
cross section of space confronting us. 
By thus making d= w =1 so far as the 
space is concerned, we get V(µ /f) 
as the resistive impedance of 
space (since it is not concerned at all 
with the dimensions of the line). Let us 
call this resistance Rs. In fact, the line 
can be removed and, provided the 
waves stay plane, which they will then 
not do, but will very nearly do at a great 
distance from a radio transmitter, the 
same applies. We have already noted 
that the value of I/ (µ/ E ) for empty 
space is 3770. Within dielectric 
materials is hardly affected, but will 
be greater, so the resistance of the 
material to plane waves will be less than 
3770. 

If we work back from R s= (µ/ E ) by 
using equations (14), (4) and (10) (with 
1= w) and R.= /I, we get 

E 
Rs=- 

H 
which is analogous to 

Ro V 

I 

The dimensions are right, because E is 
in volts per metre and H is in amps per 
metre, and the metres cancel out. 
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Circuit 
Ideas 

Constant amplitude 
sawtooth generator 
This sawtooth generator is designed to 
give a constant -amplitude output over a 
range of frequencies when driven by an 
external periodic waveform. The ampli- 

tude of the output is sensed and a 
corrective voltage is applied to the base 
of a transistor used as a constant -cur- 
rent source. The exponential current - 
voltage relationship of such a source 
renders it particularly useful for this 
purpose. 

An MC3401P is the op -amp package 
used. This contains four single -supply 
internally- compensated amplifiers 
sharing common biasing circuitry, and 
operating over +5 to + 18V. Each 
amplifier has a common -emitter type 
inverting input, and a current- mirror 
non -inverting input, often used to set 
quiescent output voltage. 

Transistors Tr, and Tr2 form the basic 
sawtooth generator, Tr, being driven on 
at the input frequency by a 300ns pulse. 
The resulting waveform is amplified by 
ICI and fed to IC2 which acts as a 
comparator - the amplitude sensing 
element. The threshold is set by the 
25kO potentiometer which should be 
adjusted for maximum output -ampli- 
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tude versus frequency linearity. Rec- 
tangular waves at IC2 output are filtered 
to give a control voltage; this is shifted 
in levelby IC3 and D1 to meet the input 
voltage requirements of Tr2. Capacitor 
C, acts as a reservoir to smooth out any 
voltage fluctuations at Tr2 base during 
each cycle. 

Values shown are for a range from 
2kHz to 100kHz. If a faster response is 
desired it may be obtained by altering 
filter values at the expense of frequency 
range. An output appears at the source 
of Tr3, and may be amplified to the 
desired value. For optimum stability, 
the power supply should be stabilized. 
The unit may be employed as a fre- 
quency multiplier by adding compara- 
tors set to fire at various ramp levels. 

The pin diagram for the 14 -pin d.i.l. 
version of the 3401 is shown. This device 
may be obtained from Jermyn, 
Sevenoaks, Kent. 
J. N. Paine, 
Oxford. 

10k 

10k 

+vcc 9V 

?00k 

Thyristor protection 
circuit 
When different pieces of equipment are 
being interconnected by a signal inter- 
face, he danger exists of high voltages 
appe'ring on the interface lines as the 
result of a malfunction. These can be 
dangerous, e.g. mains, or nuisance 
voltages which will damage delicate 
components. A protection circuit which 
will provide very little signal degrada- 
tion is shown. The components may be 
selected to meet a wide variety of 
conditions. Suppose there is a voltage 
VAB>0. If VAB> VD3 + VDi ^e VD3 then 
thyristor SCR, will latch and VAB will 
reduce to ---1V within 1 to 2µs. If F1 is a 
suitable value it will blow, and isolation 
will result between AA'. 

When VAB <0 and if VBA> VD4 + 
V,DZ . VD4 then thyristor SCR2 will latch 
and F2 will blow: By suitable selection of 
Z, and Z2 suitable voltages may be 
catered for. 

Capacitors C, and C2 guard against 
spuriois triggering, or triggering on 
signal spikes transmitted through the 
diode capacitance, and D, and D2 

prevent forward voltage drops across D3 

and D4. 

With the following values: 
Z1, Z2 CV7144 10V zener 
D,, D2 CV9637 small -signal silicon 

diode R R2 10kä2 
CI, C2 0.047µF 
Tr,, Tr2 2N4147 

the circuit will operate with pulses of 
2Ons with no noticeable degradation, 
and the circuit will latch if VAB exceeds 
11V. 

Higher powered thyristors may be 
used where necessary with consequent 
slowing down of edges. Typical com- 
ponent cost is £1.10 for values as shown. 
S. G. Pinto, 
A. P. Bell, 
Ipswich. 
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Stereo rumble filter 
On cheaper turntables and records 
audible rumble can extend to fre- 
quencies above 100Hz. This rumble can 
be resolved Into mono rumble, corre- 
sponding to horizontal displacements of 
the stylus on the record, and stereo 
rumble, corresponding to vertical dis- 
placements. The last mentioned is 
disconcerting to the listener because it 
gives rise to out -of -phase loudspeaker 
signals. This is easily demonstrated by 
switching the amplifier from stereo to 
mono on a quiet passage of a mono 
record with the listener not equidistant 
from the loudspeakers. (I suspect that 
some surround -sound enthusiasts who 
feed difference signals into the rear 
speakers think that the stereo rumble is 
part of the ambience.) 

Fortunately, as the human ear is not 
sensitive to directional information 
below about 400Hz, it is possible to 
remove the stereo (L -R) signal at low 
frequencies without losing stereo 
separation, thus also removing the 
stereo rumble, and reducing the total 
rumble. This is done by the circuit 
shown. Emitter followers feed two 
two -pole Sallen & Key high -pass filters, 
with 200Hz break -point frequencies and 
Butterworth characteristics, but with 
R3 and R4, which would normally be 
joined to earth, connected together at 
the point P. 

If identical signals are applied to the 
inputs (a mono signal), no current flows 
through P (P -Q acts as an open 
circuit), no filtering takes place, and the 
signals are unchanged. Resistors R1 and 
R2 provide low frequency paths around 
the capacitors and biasing to Tr3 and 

left channel 
in 
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right channel 
in O -- 

µ 

1B0k 

Tr2 
Bc1B41_ 27k 

O +20V 

.11.._o left out 
1p. 

I -- .Oright out 

Tr4. However, if signals of equal ampli- 
tude but opposite phase (a stereo signal) 
are applied to the inputs, then, by 
symmetry, the voltage at P does not 
vary, and P becomes a signal earth. The 
filters then attenuate the difference 
signal below 200Hz. The filter chosen 
gives 12dB attenuation at 100Hz, with 
channel crosstalk of -11dB at 500Hz 
rising to -31dB at 51d-lz. 

The author has used one of these 
filters for some time. With loudspeakers 

O +2ov 

there is an appreciable reduction of 
rumble without perceptible reduction of 
stereo separation. With headphones, 
there is an added bonus because the 
effective bass -blending of the circuit 
removes the highly unrealistic sensa- 
tion of sometimes having bass in only 
one ear. The filter can be disabled by 
wiring a switch between P and Q. 
M. L. G. Oldfield, 
Dept of Engineering Science, 
Oxford University. 

Stereo dynamic noise 
limiter 
Stereo reception of f.m. stations is often 
accompanied by a slight noise signal. 
This signal is only heard at weak 
passages; in this case a noise limiter will 
help to produce a pseudo- stereo sound, 
which has reduced noise. 

In practice both audio channels are 
short- circuited, depending on the audio 
signal strength. The short circuit is 
realized by a field effect transistor 
2N4417, whose gate is controlled by the 
output voltage. If this voltage is not 
sufficient to drive the f.e.t, an amplifier 
or transformer must be used. 
J. W. Richter, 
Eindhoven. 

power 
amp 
left 

channel 

power 
amp 
right 

channel 

OE includes; volume. balance and tone controls) 
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Electronic circuit calculations 
simplified 
5 - RC combinations in a.c. circuits 

by S. W. Amos, B.Sc., M.I.E.E. 

This article is concerned with RC 
combinations in analogue or linear 
circuits. It shows how the values of 
resistance, and capacitance required to 
give a particular type of frequency 
response can be simply calculated. 

So far in the series we have used three 
formulae, namely I= V/R (Ohm's law), 
Q =It and C = Q/ V. In this article we 
shall use a fourth formula, the expres- 
sion for the reactance of a capacitor 

1 
reactance = 

27rfC 

which shows that the reactance is 
inversely proportional to frequency and 
to capacitance. 

Fundamental frequency response of an 
RC circuit. Fig. 1 shows a combination 
of series capacitance and shunt resist- 
ance commonly encountered in elec- 
tronic circuits. Because the reactance of 
C is inversely proportional to frequency 
such a combination gives a response in 
which the loss increases as frequency 
decreases. It is possible for particular 
values of R and C to calculate the loss 
introduced by the circuit, and by 
repeating the calculation for a number 
of frequencies the response curve for 
the circuit can be deduced. This is, 
however, a laborious and unnecessary 
operation because the response can be 
calculated very simply as explained 
below. 

At the frequency for which the 
reactance of C equals R, the loss of the 
circuit is 3dB. At double this frequency 
(i.e. one octave higher) the loss is 1dB 
and one octave higher still it is only 
0.25dB. At half the frequency for 3dB 
loss (i.e. one octave below this frequen- 
cy) the loss is 7.5dB and' one octave 
lower still it is 12.5dB. A further halving 
of frequency increases the loss to 18dB 
and below this frequency the loss 
increase at the rate of 6dB per octave. 

These loss figures are plotted against 
frequency in Fig. 2 which shows that the 
frequency response becomes at each 
end a straight line, à horizontal straight 
line at high frequencies and a straight 
line with a slope of 6dB per octave at 
low frequencies. These two lines, if 
extended to the centre of the diagram, 

output S R input 

Fig. 1. Combination of series C and 
shunt R commonly encountered in 
electronic circuits. 

o 

-25 

level 
I straight line 

slope of ti _ 6dB /octave/ 
// 

frequency 
at which 
reactance of C 
equals R 

FREQUENCY (octaves) 

Fig. 2. Universal frequency response 
curve for all RC combinations. 

input 

o 

R 

C output 

o 

Fig. 3. Combination of series R and 
shunt C also commonly used in 
electronic circuits. 

meet at the 3dB loss frequency, i.e. the 
frequency for which the reactance of C 
equals R. Thus if the 3dB loss frequency 
is known, it is possible to indicate it on 
graph paper and then to put in the 
straight line for zero loss and that for 
the 6dB -per- octave loss. With these as 
guides the response curve can now be 
drawn easily and rapidly yet with 
accuracy. Because of the low- frequency 
loss introduced by the circuit of Fig. 1, 

this is usually known as a bass -cut 
circuit. 
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If in the circuit of Fig. 1 the output is 

taken from across the capacitor instead 
of the resistor, the loss of the circuit is 
very low at low frequencies where the 
reactance of C is large but increases as 
frequency is raised. The loss is again 
3dB at the frequency for which the 
reactance of C equals R, decreases to 
zero at lower frequencies and increases, 
reaching 6dB per octave, at higher 
frequencies. Such a response is usually 
described as a top -cut characteristic 
and the RC combination giving it is 
usually drawn in the form shown in Fig. 
3. The frequency response is defined by 
precisely the same loss figures as for the 
network of Fig.. 1 and the response 
curve is as given in Fig. 2 provided that 
frequency is taken as increasing from 
right to left. Once the 3dB loss frequen- 
cy is known the response curve for the 
circuit of Fig. 3 can be rapidly drawn 
using the two straight lines as guides as 
for the circuit of Fig. 1. 

The curve of Fig. 2 thus applies to all 
RC combinations and it gives the 
response no matter whether the RC 
combination is in the main path or the 
negative feedback loop. The curve is 
plotted from the figures 0.25dB, 1dB, 
3dB, 7.5dB, 12.5dB, 18dB, 24dB, 30dB 
etc. which are the losses at octave 
intervals of frequency. These figures are 
extremely useful to the electronic 
engineer and are repeated in the 
accompanying table. What Calais was 
to Mary, this table should be to the 
electronic engineer! The usefulness of 
the table will now be illustrated by a 
number of practical numerical exam- 
ples. 

Frequency response of RC circuit 

Frequency for Frequency for Loss 
top -cut cct. bass -cut cct. in dB 

f/4 4f 
f/2 2f 
f' f' 

2f f/2 
4f f/4 
8f f/8 

16f f /16 
32f f/32 
etc. etc. 
etc. etc. 

0.25 
1 

3 
7.5 

12.5 
18 
24 
30 
etc. 
etc. 

'f is the frequency for which the reactance of C 

equals R 
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Coupling circuit. Perhaps the most 
familiar application of the circuit of Fig. 
1 is in coupling the output of one valve 
or transistor to the following stage. Fig. 
4 shows the circuit in use between two 
f.e.ts. If these form part of an a.f. 
amplifier then a uniform frequency 
response is required from the coupling 
circuit over the range say 30Hz to 
15kHz. We can achieve this by arrang- 
ing that the coupling circuit has a small 
acceptable loss, say 1dB, at the lower 
limit of the band. The loss will then be 
less at higher frequencies. It would be 
satisfactory, for example, if CgRg intro- 
duced 1dB loss at 30Hz. From the table 
or Fig. 2 we know that the loss will be 
3dB one octave lower, i.e. at 15Hz, 
and this is the frequency at which 
the reactance of Cg is equal to Rg. A 
likely value for Rg is 1 megohm and from 
this we can calculate the value of Cg 
from the relationship: 

1 

2TrfCg 
-R 

g 

from which ' 

1 

Cg= 27rfR 
g 

1 

6.284x 15 x 106F 

= 0.01µF approx 

If there are many stages in an amplify- 
ing chain, each of the type shown in Fig. 
4, then a loss of 1dB per stage at the 
low- frequency limit could be excessive 
and a lower loss should be arranged. For 
example a loss of 0.25dB per stage can 
be obtained by doubling the value of Cg 
(to 0.02µF) or of Rg (to 2megohms). 

If, in the bias circuit for the f.e.t. the 
gate is connected to a potential divider 
across the supply, then the loss of the 
coupling circuit is 3dB at the frequency 
for which the reactance of the coupling 
capacitor is equal to the parallel resist- 
ance of the two arms of the potential 
divider. Some information on calculat- 
ing this was given in an earlier part of 
this series. 

If a bass cut is required, Cg can be 
made smaller. For example, if a loss of 
12.5dB at 50Hz is required, Fig. 2 or the 
table shows that the loss will be 3dB two 
octaves higher, i.e. at 200Hz. A repeat of 
the above calculations shows that Cg 
should be 800pF if Rg is lmegohm. 

The circuit of Fig. 4 can also be used 
at radio frequencies, e.g. for coupling a 
tuned circuit to a valve or f.e.t., and a 
repeat of the above calculation for a 
frequency of say 1MHz shows that Cg 
should be less than 1pF!. If however 
such a small value is used the coupling 
circuit would give a considerable loss 
because C forms with the input capa- 
citance of the valve or transistor a 
capacitive potential divider (see Part 3). 
The input capacitance is likely to be 
many times 1pF and thus the potential 
divider gives a substantial loss. To 
minimise this effect Cg should be large 
compared with likely values of input 

bias 

Fig. 4. The circuit of Fig. 1 used to 
couple two fe.ts. 

Fig. 5. The circuit of Fig. 1 used to 
couple two bi -polar transistors. 

Fig. 6. The circuit of Fig. 3 used as an 
r.f. filter following a diode detector. 

R3 

Fig. 7. The circuit of Fig 3 used as an 
a.g.c. filter following a diode detector. 

capacitance: 100pF is a commonly -used 
value. Thus the type of calculation 
given above is confined to low frequen- 
cies at which the effects of input 
capacitance can be neglected. 

Suppose now that Tr, and Tr2 are 
bipolar transistors as shown in Fig. 5. 
The value of Cb required for an a.f. 
amplifier is quite different from those 
just calculated. The input resistance of a 
biólar transistor is low (2 kilohms is 
typical for a collector current of 1mA) 
and the coupling circuit must be 
designed to ensure that as much of the 
output current of Tr, as possible enters 
the base of Tr2. The current leaving Tr, 
collector splits at the junction of Re and 
Cb and that which flows through Cb can 
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be assumed to enter Tr2 base. (R, and R2 
are usually large compared with Tr2 
input resistance and so absorb very 
little of the signal current.) The current 
division at RcCb junction is analogous 
to the potential division in RgC in Fig. 4. 
Thus R, and Cb determine the frequency 
response of the coupling circuit in Fig. 5 
and, as an approximation, we can say 
that the loss is 3dB at the frequency for 
which the reactance of Cb equals R, 
losses at other frequencies being, of 
course, as indicated in Fig. 2 or the table. 

We saw in the section on resistive 
circuits that a likely value for Rc in a 
current amplifier is 18 kilohms and if the 
response is required to be 1dB down at 
50Hz then the reactance of Ch should be 
18 kilohms at 25Hz. This gives the value 
of Cb as 

Cb 
2irfRc 

1 

6.284 x 25 x 18 x 103F 

= 0.35µF 

R.F. filter circuit. One application of the 
circuit of Fig. 3 is as a filter to attenuate 
r.f. signals in the output of an a.m. 
detector. A typical circuit is given in Fig. 
6 in which R1C, are the diode load 
components (see Part 4) and R2C2 form 
the r.f. filter. R2C2 should attenuate r.f. 
signals as much as possible but should 
not, of course, attenuate the upper 
audio frequencies significantly. In a 
medium- and long -wave receiver it 
would be satisfactory to make the 
attenuation 3dB at 5kHz: at this fre- 
quency therefore the reactance of C2 
should equal R2. 

Before we can calculate C2, however, 
we must know the value of R2. If R2 is 
small C2 must be large and this would 
effectively increase the value of C1 
causing possible distortion at the upper 
audio frequencies. On the other hand if 
R1 is large it forms with the following 
shunt resistor (normally the volume 
control) a potential divider with a large 
step -down ratio. A compromise value 
for R2 is 3 kilohms if R1 is 5 kilohms. We 
can now calculate C2 from the relation- 
ship 

1 

C2- 
2TrfR2 

1 

6.284x5x 103x3x 103 
F 

= 0.01µF approximately 

A.f. filter circuit. Diode detectors are 
generally used as a source of a.g.c. 
voltage and this voltage should be free 
of r.f. and a.f. signals. The circuit of Fig. 
3 is therefore used to attenuate these 
unwanted signals: a typical circuit is 
shown in Fig. 7 in which R3C3 are the 
a.g.c. filter components. A loss of at 
least 12.5dB is required at the low -fre- 
quency limit, say 50Hz. Thus, from Fig. 2 
or the table, the 3dB loss frequency is 
12.5Hz. R3 should be large enough not to 
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shunt the detector components se- 
riously but low enough to provide 
effective base bias for the controlled 
transistors. A typical value for R3 is 
15 kilohms and the reactance of C3 must 
equal this value at 12.5Hz. The value of 
C3 is thus given by 

1 

2gfR3 
C3- 

=6.284 
1 

x12.5x15x103 

=1µF approximately 

Top cut circuit. A shunt capacitor such 
as C in Fig. 8 is often used to give top 
cut. Suppose, as a numerical example, a 
cut of 12.5dB is required at 10kHz. If Tr2 
has a high input resistance (e.g. is an 
f.e.t. or an emitter follower) then the 
current leaving Tr1 collector effectively 
splits between R, and C. R1 and R2 are 
normally large compared with R, Thus 
R, and C determine the frequency 
response and Fig. 2 or the table can be 
used to determine the value of C in the 
usual way. The 3dB loss frequency is 
2.5kHz and if Reis 10 kilohms we have 

1 

C= 
24rfR, 

1 

6.284X2.5X103X10X103 

= 0.007µF 

The circuit of Fig. 8 is not of the 
L- shaped form of Fig. 3. In effect R, and 
C are in parallel and are fed with current 
by Tri. Nevertheless Fig. 2 and the table 
still apply. 

Suppose now that Tr2 is a common - 
emitter amplifier with a low input 
resistance, say 2,000 ohms. Current 
leaving Tri collector now splits between 
C and the input resistance of Tr2 so that 
this is now the RC combination which 
determines the frequency response. 
Since the input resistance is one fifth of 
R, the value of C will be five times the 
former value to give the same frequency 
response. Thus C should now be 
0.035µF. 
Top lift circuit. As already shown the 
circuit of Fig. 1 gives a loss which 
increases at the rate of 6dB per octave 
as frequency is reduced. 1f, however, a 
resistor R1 is connected in parallel with 
C, as shown in Fig. 9, the loss of the 
circuit is limited to that of the potential 
divider R1R2. The frequency response of 
the circuit is now bounded by two 
horizontal lines as shown in Fig. 10. One 
line corresponds to zero loss and the 
loss to the loss of the potential divider 
R1R2. If the curve connecting the two 
lines corresponds to a low frequency, 
the circuit gives bass cut: if, however, it 
corresponds to a high frequency the 
effect of the circuit is to give top lift. 

Suppose, for example, we want 12dB 
lift at 10kHz. 12dB corresponds to 
a voltage ratio of 4:1 and, as shown in 
Part 1, Ri should be three times R2 to 

Fig. 8. Shunt capacitor C gives top cut 

C 
input R2 output 

Fig. 9. Modification of the circuit of 
Fig. 1 to give top lift. 
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Fig. 10. Frequency response for Fig. 9. 
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Fig. 11. Modification of the circuit of 
Fig. 3 to give bass lift. 
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Fig. 12. Frequency response for Fig. ll 

Fig. 13. RC circuit in feedback path 
of a voltage amplifier gives top lift. 
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give this ratio. Before the value of C can 
be calculated we must decide a value of 
R, or R2 and the values to be assigned to 
these resistors are in practice dictated 
by the requirements of the circuit to 
which the network is connected. If R2 is 
connected to a high resistance e.g. the 
input of an emitter follower, then R2 
could be 10 kilohms. This gives R 1 as 
30 kilohms. Provided R 1 is large com- 
pared with R2, the 3dB loss frequency is 
still approximately that for which the 
reactance of C is equal to R2 and this 
frequency should, from Fig. 2 or the 
table, be about 2.5kHZ to give 12dB lift 
at 10kHz. 
C is thus given by 

1 
C = 

2rfR2 

1 

6.284x2.5x 103X 10 103F 

= 0.0064µF 

Bass lift circuit. The circuit of Fig. 3 

gives a top cut characteristic and the 
loss increases at the rate of 6dB per 
octave as frequency increases. By 
including a resistor R2 in series with C as 
shown in Fig. 11 the maximum loss can 
be held to that of the potential divider 
R1R2 as shown in the frequency re- 
sponse curve of Fig. 12. Such a charac- 
teristic would be described as top cut if 
it is located at the upper end of the audio 
band but as bass lift if located at the 
low- frequency end. 

As a numerical example suppose a 
bass lift of 12dB is required at 50Hz. As 
before R1 must be three times R2 to give 
this degree of lift and the values of R 
and R2 will depend on the circuit to 
which these resistors are connected. 
Suppose the input of the network is 
required to be about 100 kilohms. Then 
R1 can be made 75 kilohms and R2 
25 kilohms. Provided R 

1 
is large com- 

pared with R2 the 3d$ loss frequency is 
approximately that for which the 
reactance of C is equal to R 1: a suitable 
frequency for this example is, from Fig. 
2 or the table, 200Hz. C is thus given by 

1 

C 2TrfR 1 

1 

6.284x200x75x103F 

= 0.011µF 

Negative feedback circuits. The RC 
circuits of Figs. 1 and 3 give bass cut and 
top cut when used in the main path of 
an amplifier: when used in the. feedback 
path they give bass lift and top lift. A 
typical example of an RC circuit in a 
feedback path is given in Fig. 13. Tr1 and 
Tr2 are cascaded common -emitter am- 
plifying stages but, for simplicity, the 
coupling components are omitted. As 
shown in Part 1 the potential divider 
R1R2 determines the voltage gain of the 
amplifier which is given approximately 
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by R1 /R2 provided R1 is large compared 
with R2. C shunts R2, reducing feedback 
at high frequencies and so giving a top 
lift characteristic. The frequency -re- 
sponse- determining components are 
thus R2 and C and their relative values 
can be calculated as shown earlier in 
this section. For example to obtain a lift 
of, say, 12.5dB at 15kHz the lift must be 
3dB at 4kHz and at this frequency the 
reactance of C must be equal to R2. A 
likely value for R2 is 500 ohms and thus 
C is given by 

1 

C-27rfR2 

1 

6.284x4X103X500 F 

= 0.08µF 

Another example of an RC circuit in a 
feedback path is given in Fig. 14. This is 
based on the circuit of Fig. 17 in Part 2. 
At low frequencies where the reactance 
of C is large, the feedback circuit 
consists effectively of the current 
divider R1R2 and the current gain of the 
amplifier is given approximately by 
R1 /R2 provided R¡ is large compared 
with R2. At high frequencies where the 
reactance of C is negligibly small R1 and 
R3 are effectively in parallel and their 
net resistance (call it RI') is less than R 1. 

The current gain at these frequencies is 
Ri' /R2 which is less than R1 /R2. Thus 
the low- frequency gain is greater than 
the high- frequency gain and the circuit 
can be used to give a bass -lift character- 
istic. For example suppose a lift of 12dB 
is required at 50Hz. For 12dB difference 
in gain R1 must be four times R1' and 
this requires R1 to be three times R3. So 
if RI is 15 kilohms, R3 must be 5 kilohms. 
The frequency- response- determining 
components are R3 and C, and to give a 

lift of 12dB at 50Hz the lift must be 3dB 
at 200Hz and at this frequency the 
reactance of C must equal R3. Thus the 
value of C is given by 

1 
C 

27rfR3 

1 

6.284 x 200 x 5x 103 
F 

= 0.17µF 

Decoupling. So far this article has been 
devoted to RC combinations in sig- 
nal- frequency circuits but Fig. 2 has a 
common and essential application in 
good amplifier design which is not 
concerned with signal frequencies. This 
is its use as a decoupling circuit which is 
necessary in a multi -stage amplifier to 
avoid instability caused by the imped- 
ance of the power- supply circuit. A 
typical example of a decoupling circuit 
is shown in Fig. 15. 

The decoupling circuit is required to 
introduce substantial attenuation at 
very low frequencies and the 3dB loss 
frequency must therefore be very low. 
As a numerical example let the 3dB loss 
frequency be 5Hz. A typical value for 
the resistance is 600 ohms (as shown in 
Part 1) and thus the reactance of C must 
be 600 ohms at 5Hz. From this informa- 
tion we can calculate C as follows: 

1 c- 
2.7fR 

1 

6.284x5x600 

=50µF approximately 

Fig. 14. An RC circuit in the feedback 
path of a current amplifier giving bass 
lift. 

Fig. 15. Use of a decoupling network in 
a multi -stage amplifier. 

power 
supply 
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HF predictions 

Circuit reliability is the product of the 
probability of ionospheric reflection and 
the probability of achieving a desired 
signal to noise ratio and is thus at a 
maximum somewhere between FOT 
and LUF. The term FOT, which is the 
French equivalent of OWF (optimum 
working freqency), is thus a misnomer 
since it relates only to skywave proba- 
bility. However since LUF is dependent 
on many factors which cannot be 
generalised it is found satisfactory in 
practice to take FOT as being what it 
says it is. 
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Model X25 Point l 
Near -perfect insulation 
Breakdown voltage 1500 A.C. 
Leakage current 3 -5 uA 

Point 2 
Top -efficiency in heat 
transfer. 
Element slides inside the 
soldering bit 
25 watts but equivalent in 
heat capacity to 60 watts 

Point 3 
Highgrade phenolic handle 
(own moulding!) 
Stainless steel shaft 
-3 core 0.4 mm flexible lead. 

Point4 
Iron -coated bits that do 
not stick to the shaft but 
slide on and off easily. 
3 tip sizes 2.4, 3.2 and 4.7 mm. 

Point5 
Price with standard (3.2 mm) bit 
£2.67 (0.22)' 
Spare elements £1.30, 
Spare bits £0.47 incl. VAT 

Point 6 
A well balanced tool - 
length 22 cm, weight 50 gr. 

The Antex Range 
All prices includeVAT P &P in brackets 

_. 
, 

MODEL C -15 watt miniature soldering iron 
Bits slide on and off stainless steel shaft. 
Elementsfitted inside steel shaft for efficient 
heat transfer. Length 16 cm. Complete iron 
with 2.3 mm. iron -coated bit £2.67 (0.22) 
Spare elements £1.20 Spare bits £0.35 
(nickel) £0.45 (iron -coated). 

MODEL G- 18 watt miniature soldering iron 
Looks exactly like model C, but because of 
the extra 3 watts should be kept going all 
day on repairs or production. Stainless steel 
shaft fitted with standard iron-coated 
bit 2.3 mm. £2.94 (0.22) Spare elements 
£1.47 Spare bits 2.3, 3 or 4.7 mm. £0.45. 

MODEL CCN - 15 watt miniature soldering 
iron 
Unique - ceramic shaft - no measurable 
leakage - capacitance 30 pf. Tested at 2000 
volts A.C. Length 16 cm. Complete with 
standard iron -coated bit 2.3 mm. £3.15 
(0.22). 4 other slide -on and -off bits available 
from £0.45 Spare. elements £1.69. Suitable 
for the most delicate soldering job imagin- 
able. 

MODEL X.50 T.C. -- 50 watt temperature 
controlled soldering iron 
Leakage current negligible - Temperature 
controlled to 2 °C either way. Ceramic shaft 
inside stainless steel shaft. Tested at 2000 
volts A.C. Complete with 3 mm. iron -coated 
bit £9.6910.27) Normally set at 370 °C 
Length 20 cm. Aleight 50 gr. 

MODEL SK.1 - SOLDERING KIT 
Fitted with model C miniature iron (see 
above), 2 spare ;^ bits 2.3 and 

4 mm., 
heat 
sink, 

reel of 
solder. 
Plastic 

base serves as 
stand. Booklet "How 

to Solder gives useful tips 
for beginners. Price £4.25 (0.42) 

MODEL MLX - 14 volt - 12 watt Soldering 
iron with 

- - 41/2 mtrs. lead and 
o ,_ 1:*" crocodile clips 

Useful for repairs 
on motor cars, 
boats, model 
trains, etc. Can 
be worked off 
car- type battery. 

Complete with 3.2 mm. bit 
£3.27 (0.30) Two other bits available 2.4 
and 4.7 mm. £0.47 each. Packed in a plastic 
wallet with guide "How to Solder ". 

STAND S.T.3 
High grade insulation 
material, chromium 
plated steel spring. 
Suitable for 
all our models. 
Replaceable 
sponges, 
space for spare bits. 
Complete £1.21 (0.24) 

Gét to 
the point 

quickly- 
with ANTEX 

Soldering Irons 
For dual -in -line de- soldering 

the model X.25 can be fitted with special 
bits 14A and 14B. 

For other de- soldering jobs, we can supply 
our models ESS and GSS de- soldering irons 

working on compressed air (or with a footpump). 
Our catalogue gives further particulars. 

Please send the following: 

Please send the 
ANTEX colour catalogue. 

From radio or electrical dealers, car accessory shops or in case of difficulty direct from: 
ANTEX LTD. FREEPOST, PLYMOUTH PL1 1BR (no stamp required) Tel. 0752 67377. 

I enclose cheque /P.O. /Cash 
(Giro No. 258 1000) 

NAME 

ADDRESS 
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From Canada's largest manufacturer of video monitors, Bell & Howell present 
the extensive Electrohome range. 

Questions to ask 
before buying a video monitor 

It's an impressive number of models but what 
about the performance? 
The performance /price ratio is equally impressive - perhaps 
the best in the CCTV business. More than 800 o of the screen 
has a resolution capability greater than i,000 lines and on the 
large monitors the minimum brightness in the white area is 
i3oft lamberts (under accepted test conditions). Other features 
include high video input impedance and external sync input. 

I need a large screen. For what application has 
Electrohome's 23 in monitor been designed? 
The long -term reliability of the EVM23 and EVM23AG make 
either ideal for surveillance systems in banks, factories and 
department stores. They are equally at home in the message 
centres of the world's airports, in schools and broadcast 
studios. Both models have a durable outer casing and the 
EVM23AG has a special tube face to reduce reflections - 
important where lights or windows may reflect on to the 
screen. Lockable front panels make them ideal for unattended 
locations. 

What about mounting? I need the utmost 
flexibility. 
There is no problem. Electrohome have wall and ceiling mount 
assemblies that allow a monitor to be swivelled or tilted about 
its centre of gravity. For mobile work like presentations and 
exhibitions there is an adjustable stand to support the EVM23 
at four different heights - 63in, 551in, 54in, and 461in. If your 
requirement is for rack mounting versions, all sizes below 23in 
are available in rack mount options. 

How do I decide the screen size to suit my 
application and do Electrohome have a 
complete range? 
Screen size depends largely on viewing distance and available 
space. If the minimum viewing distance is loft then you 
should use a large monitor - i7in or above. At closer distances 
or where space is limited a in or i tin screen may be more 
suitable. If you intend TV to teach or persuade, avoid the 
mistake of sacrificing visual impact for the sake of economy. 
Electrohome's range is one of the most comprehensive 
available with seven different sizes from in to 25in (two in 
colour). 

What facilities do Electrohome's small screen 
monitors offer? 
To complement this outstanding specification we have not 
forgotten the importance of switchable A -B inputs, switchable 
underscan, DC restoration and good geometry. Also the wide 
input sensitivity range and the input ground (which can be 
`floated') will look after less favourable operating conditions. 
Input power requirement is also tolerant within 
95 -130V /185 -265V, 50/60Hz. 

When should I use a colour monitor? 
We'll ask a question which will help you decide. Everything 
you show on TV will be shown with a purpose. Will colour 
help to achieve that purpose ? If so, use colour - and choose an 
Electrohome colour monitor because, simply, you cannot make 
a better choice. (This is only part of the answer to a complex 
question which we would enjoy discussing with you in proper 
depth.) 

What about audio? You have convinced me that 
the video signal is first- class, but I need to hear 
the sound. 
Electrohome haven't overlooked audio, like some 
manufacturers. For large- screen monitors, both colour and 
monochrome, they produce an add -on audio pod with a 
combined 3W RMS amplifier plus speaker unit. It has tone and 
volume controls and can handle all common audio inputs. 

Bell & Howell A -V Ltd., 
Freepost, Wembley, Middlesex HAo 1BR 
(no stamp required). 

ri BELL EHOWELL 

More questions ? Write to us for the address of your nearest 
Bell & Howell Video Centre. You'll get the answers in the most 
convincing way possible - by seeing and hearing how 
Electrohome's monitors perform. 
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Specifications: 
the Elect rohome monitor range 

from Bell & Howell 

a:ì9 

Models Screen size Specification Individuall features 

EVM -9to 
(freestanding) 
EVM -9toR gin (21.7cm) 
(rack mounted) 38in" (245cm ") 
EVM -9toRz 
(double rack mounted) 

EVM -t t to 
(free standing) I1in (26.3cm) 
EVM -I t toR 6tin2 (393.5cm") 
(rack mounted) 

EVM -1410 
(free standing) 14in (32.2cm) 
EVM -I4IoR 82in2 (529cm2) 
(rack mounted) 

EVM -1710 
(free standing) 17ín (41.3cm) 
EVM -17toR 149in2 (961cm") 
(rack mounted) 

EVM-23 
23in (57.5cm) 
282i112 (1819.3cm2) 

EVM-23AG 
23in (57.5cm) 
282in2 (1819.4cm2) 

Input sensitivity o.35V - 2V 
pp composite or separate 
sync. signal (sync. negative). 
Resolution in excess of 
t,000 lines in central 8o " 
of display area at 5ft 
lamberts; more than 86o lines 
at Soft lamberts brightness; 
capability 55t lamberts in 
white area of test pattern 
(23in monitor 15oft 
lamberts). 
EHT regulation, switchable 
scan size, DC resto_ation 
and 15Mhz bandwidth 
+3dB. 

2 video inputs or I video 
blanked input plus sync. 

Lockable control cover 

Special tube face to reduce 
reflections. Lockable control 
cover 

ECV-19P 
(colour) 

19in (48.26cm) 
185in2 (1193.25cm2) 

ECV-25P 
(colour) 25in (62.5cm) 

315cm" (2o32cm2) 

Input sensitivity o.5V - 2V 
pp composite or separate 
sync. signal (sync. negative). 
D.C. restoration: keyed 
clamp back porch maintains 
black level shift to less than 
2 " of peak luminance from 
lo" to 9o() APL. 
Colour temperature: 
65oo' K. Continuously 
adjustable to 9300 K. 

I.ockable control cover 

Accessories 

ECM -z 

EWM-i 

EVSA -2 

Ceiling mount 

Wall mount 

Speaker /amplifier pod. 3W 
RMS amplifier available for 
large monochrome and 
colour monitors. 

EPC-t Pulse -Cross kit. Allows 
VTR users to optimise 
tracking and tape tension (EVM -23 only). 

,, BELL EHOWELL 
WW -075 FOR FURTHER DETAILS 
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PERFECT MATING 
with 

Sy 11?,06.7tA 

AUDIO CONNECTORS 
EASY TO WIRE 

The easy -open deisig a. 

larger, uniquely designed 
solder cups cut wiring time 

in half. 

NO EARTHING PROBLEMS 
Extra earth terminal ele' c :aiiv integral 
with shell automatically n earth 
contactor of the 
mating shell. 

NO LOST 

SCREWS 
Captive design 

insert aCn'-1'.' fr.,r fajt 
simple assembly and 

-can't drop out and get lost 

MODERN STYLING 
Compact modern shape 
made of durable die cas 
zinc with satin nickel 
finish compatible with 
other makes. 

IMPROVED FEATURES 
BIFURCATED CONTACTS 
3 -pole contacts ensure extra positive grip on mating 
contact pins, even under severe conditions of shock and 
vibration. 

LATCHLOCK 
Now made of die -cast zinc for exceptionally long life & 
reliable operation. 

INSERT STRENGTH 
New design grub screw and tougher plastic eliminates 
breakage problems. 

F.W.O. Bauch Limited 
49 The ûbald Street,BoreharnWood, Hertfordshire.WD64RZ 
Tel:01953 0091 Telex :27502 

rSend now for the new Switchcraft brochure and ask 
about the attractive quantity discounts available 

NAME 

COMPANY 

ADDRESS 

F.W.O. BAUCH LIMITED, 49 Theobald Street, Boreham Wood, 
Hertfordshire WD6 4RZ Tel: 01 953 0091 Telex: 27502 

WW-094FOH 1-G[(MLR UL7AILS DDL 5567 
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Transmitter power amplifier 
design -2 
Design considerations for f.m., a.m., pulse operated and linear 
amplifiers for mobile radio 

by W. P. O'Reilly, M.Sc., M.I.E.E. 

The Plessey Company Ltd 

In part 1 of this series on transmitter 
design power amplifiers were classified 
according to the type of modulation and 
the frequency band to be used. In part 2 

the design of v.h.f. power amplifiers is 
considered with a discussion of some 
special design considerations for the 
four most commonly employed 
modulation processes. 

Power amplifiers for f.m. 
The most common type of v.h.f. power 
amplifiers utilizes the common emitter 
configuration with Class C zero bias. 
The majority of power transistors are 
characterized for this mode of operation 
which is ideally suited to f.m. 
transmitters. The presence of only a 
single time -varying frequency in the 
f.m. signal means that the non -linearity 
of the input to output power 
characteristic is of no consequence 
since intermodulation distortion cannot 
be generated. The transistor may be 
operated into its saturation region and 
hence the maximum output power is 
much greater than could be obtained 
from the same device in a linear circuit. 
The saturated output power is given by: 

z 

P 1.25. VSAT 
SAT- (Vcc- 

2RL (1) 

and using typical values of VsAT for 
present day devices simplifies to 

z 

PSAT`0.4 RL (2) 

The efficiency and power gain are 
higher if an output power 
approximately 20% less than PSAT is 
acceptable. 

Power amplifiers for a.m. 
These transmitters may be classified as 
either high level or low level modulation 
systems. In the former the audio 
frequency modulation is impressed 
upon the supply voltage to the output 
and driver stages of the power amplifier. 
The output stage is driven to voltage 
saturation so that the power output is 
determined by the instantaneous value 
of the supply voltage. In some 
amplifiers the supply voltage to earlier 
stages is modulated in the upwards 

direction only in order to provide a 
greater increase in drive on peaks of 
modulation and compensate for the 
reduced gain of the output device as it 
nears current saturation. To achieve a 
depth of modulation approaching 100% 

the collector supply voltage must swing 
between zero and twice the average (or 
"carrier ") voltage. Devices used for 
high level a.m. thus require a Viceo in 
excess of twice the maximum "carrier" 
voltage. Devices having VOEO > 35 volts 
are generally selected for 12 volts 
nominal "carrier" supply. 

The output power at the peak of the 
envelope is four times the carrier power 

-r.f. saturation locus 

0 12 

VCE (V) 
Fig. 1. Typical load line under carrier 
and peak modulation conditions for an 
eight -watt carrier power design (a) 
carrier conditions (b) peak modulation. 

24 
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s- 
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o 10 15 20 
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Fig. 2. Loci of constant fT for a 100W 
power transistor. 

and to avoid excessive envelope 
distortion the output transistor must be 
capable of providing this power without 
heavily saturating. Fig.1 shows a typical 
load line under carrier and peak 
modulation conditions for an eight -watt 
carrier power design. 

The modulation may be impressed 
upon the supply line by means of an 
audio power amplifier with an output 
transformer. The secondary of this is 
connected in series with the carrier 
supply line, or by a series regulator the 
reference voltage of which is made to 
vary with the modulating signal. The 
former solution is often bulky and 
expensive but can provide very high 
efficiency. 

Low level modulation implies that the 
amplifier is fed with an already 
modulated drive signal. A linear 
amplifier is sometimes used, or, more 
commonly, a Class C amplifier with 
overall envelope feedback. The Class C 
amplifier would produce a distorted 
replica of the drive signal, but the 
output envelope is monitored by a 
detector and compared with the drive 
signal. The error signal so derived is 
used to pre -distort the drive signal so as 
to obtain an output with very little 
distortion. Using this technique very 
compact a.m. transmitters can be built 
with envelope distortion as low as 1% 

and efficiency approaching that of a 
high level modulation system. For these 
reasons this type of a.m. transmitter is 
rapidly gaining popularity. 

Pulse operated power amplifiers 
When operated from the same supply 
voltage the pulsed output power 
capability of a transistor is only slightly 
greater than the f.m. or c.w. capability. 
This is because the limiting factors are 
current and voltage saturation of the 
transistor. Where the pulse duration is 
much shorter than the thermal time 
constant of the silicon chip and the 
duty cycle is sufficiently small to 
provide a very low average output 
power, some improvement results from 
running the transistor much cooler than 
it would be under c.w. conditions. 
Improvements of between 1 and 2dB 
have been reported.' The reduced 
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saturation voltage, VsAT at low 
temperatures may account for much of 
the improvement. 

A significant increase in output 
power is obtained if the transistor is 
operated from a higher supply voltage 
under pulsed conditions. Provided the 
duty -cycle and pulse width are suitably 
small 'a supply voltage approaching 
VCBo may be used. Power transistors are 
not normally characterized for pulsed 
operation and the manufacturers 
should be consulted to determine the 
safe ratings for a particular application. 

Linear v.h.f. power amplifiers 
Linear high power amplification at v.h.f. 
using transistors is a relatively new 
concept and to date there are no power 
transistors specially characterized for 
this mode of operation above about 
15W. Those which exist are generally 
intended for Class A operation in 
applications such as c.a.t.v. It is quite 
feasible to use certain devices which 
have Class C characterization in Class 
AB and to obtain very good linearity. 
Unfortunately, however, the majority 
of Class C devices do not give 
particularly good performance, and so it 
is as well to present a few notes which 
should help in selecting suitable 
devices: 

The maximum linear output in Class 
AB is usually about 20% to 35% of the 
Class C rating of the transistor. 

Transistors having high gain at the 
required operating frequency generally 
provide best performance in linear 
amplifiers but are less tolerant of load 
mismatch. 

If possible use the transistor at a 
slightly reduced supply voltage for 
improved ruggedness. 24- or 26 -volts 
supply is ideal for 28 -volt c.w. devices. 

Select transistor types showing least 
variation of fT over the required 
operating loadline. Fig 2 shows 
contours of constant fTfor a v.h.f. power 
transistor rated at 100W c.w. in Class C. 
This device is ideal for linear operation 
and can supply up to 30W p.e.p. in the 
two -metre band with two -tone 
intermodulation products better than 
-30dB. 

A low impedance, temperature 
compensated' bias network must be 
used. (The subject of. biasing Class AB 
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amplifiers was discussed in part 1 of this 
series where some suggestions for 
suitable circuitry were made.) 

Provide an adequate heat sink. The 
gain obtained by Class AB operation at 
reduced output power is typically 4 to 
6dp above the gain obtained in Class C 
at full rated output. The efficiency 
usually achieved, however, is much 
lower (typically 45 to 55%) and due 
allowance must be made in calculating 
the thermal performance of the heat 
sink. The linear power output falls with 
increased temperature and the 
reliability is greatly reduced. 

Note that transistors having the same 
type number from different 
manufacturers often have quite 
different performance in linear circuits 
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Fig. 3. Variation of input impedance 
with frequency for a typical 25W v.h.f. 
transistor. 

Fig. 4. Lumped element Tow -pass ladder 
matching network. 

Fig. 5. Matching network (Fig. 4) 
bandwidth /impedance ratio for one, 
two- and three -section networks for 
different values of maximum v.s.w.r. 
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even though they may be similar in 
Class C performance. 

In certain instances the linearity 
obtainable using Class AB operation is 
inadequate and Class A bias must be 
employed. Amplifiers capable of 
producing up to about 15W from a 
single device are feasible at the present 
time. Many devices designed for Class C 
operation will give very good 
performance in Class A provided the 
operating point is selected correctly. 
The following points should be given 
careful attention when designing this 
type of amplifier stage. 

The maximum supply voltage which 
a transistor should be operated from in 
Class A bias is: 

Vmax- 
V2EO +VSAT (3) 

A reasonable guide to the safe supply 
voltage is 18V for Class C 28 -volt 
transistors and 8V for Class C 12 -volt 
devices unless specifically quoted 
otherwise by the manufacturers. 
The maximum standing current is not 
usually limited by total dissipation or 
secondary breakdown considerations. 
Due to a phenomenon known as 
electro- migration the aluminium 
metalization which interconnects the 
cells of the transistor is gradually 
transported away from the contacts by 
a mechanism similar to electrolysis. The 
rate of erosion is a complex function of 
temperature and current density in the 
aluminium. To achieve a very high 
mean time to failure (m.t.t.f.) the 
transistor should be kept as cool as 
possible and very high standing 
currents must be avoided. As a general 
rule the power dissipated should not 
exceed 25% of the permissible power 
dissipation for Class C operation. If this 
rule is followed m.t.t.f. figures in excess 
of ten years can be obtained. Aware of 
the electro- migration problem - which 
becomes much more severe where very 
fine conductors must be used as in 
microwave transistors - some 
manufacturers are introducing gold 
metalization which offers a significant 
improvement over aluminium in its 
resistance to electro- migration, and in 
the near future as the problems of this 
new technology are solved we may 
expect v.h.f. transistors to use gold 
metalization and be capable of higher 
Class A power output. 

The input impedance in Class A is 
much lower than in Class C, and the 
manufacturer's data should not be 
used in design calculations unless the 
device is specifically characterized for 
ultra- linear operation. 

Power transistor impedances 
One of the most critical factors in v.h.f. 
power amplifier design is the matching 
of the input and output impedances of 
the r.f. transistor to the source and load 
between which it must operate. The 
input impedance is generally low and 
complex while the required load is 
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determined by the operating supply 
voltage and output power, not by the 
output impedance of the transistor 
itself. Radio frequency power 
transistors are far from unilateral, the 
input and output impedances being 
functions of the load and source 
impedances respectively. For this 
reason it is advisable to measure the 
input impedance under actual operating 
conditions if the transistor is to be used 
at a power much below its rating or with 
a different class of bias, since the input 
impedance may then be quite different 
from the value quoted by the 
manufacturer. 

Most v.h.f. power transistors have an 
output shunt capacitance of between 1.5 
and 2.0 times the collector -base 
capacitance, Cob. The optimum load 
admittance presents an equivalent 
inductive susceptance to resonate the 
output capacitance and a conductance 
determined by the required output 
power and class of bias. For maximum 
gain the input impedance must be 
conjugately matched by the source. In 
the case of a.m. transmitters, minimum 
envelope distortion is usually obtained 
by optimizing the input and output 
matching for maximum gain at the peak 
output power. Fig. 3 shows the variation 
of input impedance with frequency for a 
typical v.h.f. power transistor. The 
capacitance generally associated with 
the input of small signal transistors is 
swamped at v.h.f. by the inductance of 
the wire bonds and metalization of the 
base circuit. As a result, the input 
impedance passes through a resonance 
the frequency of which is lower for 
larger devices. It is the Q factor of the 
base circuit which presents the ultimate 
limitation to the maximum bandwidth 
over which the transistor may be 
matched. 

Matching networks 
The impedance transforming networks 
which are used to match the power 
transistor to its source and load 
generally fall into one of four 
main categories: transmission -line 
transformers; lumped element ladder 
networks; distributed networks; and a 
combination of these. 

The design of broadband 
transmission -line transformers was 
discussed briefly in part 1 of this series 
and is well documented2. At v.h.f. 
octave bandwidths may be achieved 
without using ferrite cores. Suitable 
choice of core material may extend the 
frequency coverage to a decade or 
more. One serious limitation is that only 
impedance ratios of n2, where n is an 
integer, can be obtained, and it is rare 
that an accurate match can be obtained 
between a transistor and its source 
without the use of additional 
components. 

A very popular type of matching 
network using lumped elements - i.e. 
discrete capacitors and inductors - is 
the low -pass ladder of Fig. 4. The 
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Fig. 6. Typical microstrip transmission 
line. 
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Fig. 8. Ratio X /Xo versus characteristic 
impedance for microstrip lines on 
1.6mm substrate. 

number of sections necessary to achieve 
the required impedance ratio and 
bandwidth may be determined from Fig. 
5, in which curves for three values of 
voltage standing wave ratio have been 
prepared based on the work of 
Matthaei3. In practice due to 
component tolerances and especially 
the variation of input impedance 
between one sample and another of the 
same transistor type an input v.s.w.r. of 
less than 1.25 can rarely be achieved 
without individual adjustment of the 
matching components. The low -pass 
nature of these networks is useful in 
providing a degree of harmonic 
rejection. Lumped element networks 
can also be realised in high -pass or 
bandpass form if desired, and Motorola4 
have published tables of element values 
for various circuit configurations. For 
very wide band amplifiers the natural 
gain roll -off of the transistor may be 
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compensated by using networks having 
a matching accuracy which improves 
progressively through the frequency 
band. Tables of element values for 4, 5 
and 6dB per octave slopes have been 
computed5. The slope is obtained by 
controlled reflective mismatch and as a 
result stages using such networks are 
best driven through unilateral coupling 
networks such as circulators or 3dB 
couplers. 

In order to understand more fully the 
behaviour of distributed components it 
may be useful to summarize briefly the 
behaviour of an r.f. wave travelling 
along a transmission -line. Upon 
reaching the load the forward voltage 
wave, Vr, is partly absorbed by the load, 
the remainder of the power being 
returned as a reflected wave, VR, 
towards the source. The two waves on 
the line interact to cause a standing 
wave pattern with voltage maxima of 
VF + VR at points on the line where the 
waves reinforce one another and 
minima of VF - VR at points of partial 
cancellation. The voltage standing 
wave ratio is 

VF+ VR 
v.s.w.r. = 

VF-VR 

1+VF/VR 1+1 p 
1-VF/VR 1-1P 

(4) 

where p is the voltage reflection 
coefficient. At all points along a lossless 
line p is constant in magnitude and 
varies in phase 

P=Iplexp(i(0-21r1)/X) (5) 

where O is the phase angle of the 
reflection at the load and i. is the 
distance along the line from the load. 
The impedance at any point on the line 
is related to the reflection coefficient, by 

1 -u2 -v2 2v 
R +jX= (1- u)2 +v2 +1(1- u)2 +v2 (6) 

From this relationship it may be seen 
that loci of constant values of R and 
circles on the P plane have centres 
(R/1+R, 0) and radii 1/1 + R. Similarly 
constant values of reactance, X, 
correspond to circles centre (1, 1/X) and 
radii 1 /X. The mapping of R and X on 
the p plane is called (after the inventor) 
the Smith Chart. Any point on the chart 
corresponds to both an impedance and a 
reflection coefficient. Impedances are 
normalized to the characteristic 
impedance of the line such that Z = 1 + 
j0 corresponds to a matched load, P= O. 

The Smith chart, in either its 
impedance or admittance form, is an 
invaluable tool in the design of stripline 
components. 

Designing in microstrip 
Fig. 6 shows the construction of 
microstrip transmission lines. The field 
pattern on such lines is predominantly a 
transverse electromagnetic wave; that 
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is, the electric and magnetic fields are at 
right angles to one another and to the 
direction of propagation. Microwave 
integrated circuits use microstrip lines 
on high purity alumina substrates. The 
high relative permeability of alumina 
(typically a r =9) results in a small 
guided wavelength and so aids 
miniaturization. The very large alumina 
substrates which would be required at 
v.h.f. are not cost effective but 
microstrip techniques may still be used 
to advantage with conventional 
materials such as epoxy -glass or p.t.f.e. 
glass. Wheeler6 has determined the 
relationship between substrate 
permeability, thickness, conductor 
width and line characteristic but the 
equations are tedious to solve for each 
application. Fig. 7 has been prepared so 
that conductor width may be readily 
determined for a particular 
characteristic impedance for the most 
popular thickness of printed circuit 
board (1.6 mm or 1/46 inch) and dielectric 
materials. Good quality epoxy -glass 
board may be used in most amplifier 
designs up to about 200MHz, above 
which frequency the loss may not be 
acceptable, while p.t.f.e. -glass is 
suitable for use up to several gigahertz. 
Fig. 8 shows the ratio of guided to free 
space wavelength for each of these 
materials as a function of characteristic 
impedance. Note that this ratio is not 
simply 1 /I/Ér. This is because some of 
the field extends into the air above the 
line and thus travels at the free space 
velocity. On wider lines (those having 
lower characteristic impedance) an 
almost pure t.e.m. wave propagates and 
the velocity ratio approaches 1 /1 ". 
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The following acknowledgement should 
have been included at the conclusion of S. L. 
Silver's article "How speech can be corn - 
pressed and expanded" in the September 
issue: "Copyright 1975 by Sagamore Pu- 
blishing Company Inc. Reprinted by permis- 
sion." 

Phase shift 
in loudspeakers 

Recently several manufacturers have 
announced plans to market loud- 
speakers with phase shift taken as one 
of the design parameters. Loosely 
described as "linear phase" loud- 
speakers, these represent the practical 
evolution of engineering ideas which 
have been the subject of some contro- 
versy in the past. With this in mind 
Wireless World recently held a private 
conference, attended by 56 of the 
country's leading loudspeaker 
designers, to discuss the validity of the 
principles involved. 

Papers were read, exploring various 
points of view, and some of these will 
appear as articles in Wireless World. In 
the discussion which ensued some new 
and interesting ideas were expressed, 
and a selection of these will appear in 
the letters'columns in subsequent issues 
of the journal. 

A conference on "Electronic Systems - Pilot 'A' 
Level" is to be held at The City University, St John 
Street, London EC1V 4PB on October 10th from 
2.00 to 5.30 p.m. The aims are to describe the nature 
and content of the AEB "A" level syllabus in 
Electronic Systems and to make widely available 
the experiences of those schools teaching the 
course. Further information can be obtained from 
The Secretary, National Electronics Council, Abell 
House, John Islip Street, London SW 1 P.4LN. 

"Electronic Calculators" and "Integrated Circuits" 
are two new short courses to be held at South 
London College commencing on Oct. 7 and Oct. 9 
respectively. Applications should be made to the 
Senior Administrative Officer, South London 
College, Knight's Hill, London SE27 OTX. 

The RAE classes which have previously been 
offered by Slough College of Technology will be 
taken over by the new Langley College of Further 
Education from September. The courses will 
continue to use accommodation at Slough College 
during the Autumn term. Full details of the courses 
can be obtained from E. C. Palmer, G3FVC, Langley 
College of Further Education, c/o Education 
Offices, 48 High Street, Slough, Berks SL1 IEN. 

The Polytechnic of North London, Department of 
Electronic and Communications Engineering, 
Holloway, London N7 8DB is offering a range of 
courses on audio engineering and acoustics in 
1975/76. For full -time students a new B.Sc degree in 
Electronics and Communications Engineering with 
audio engineering as a specialization starts this 
year. Part -time students can attend for one year on 
a course of Sound Studios and Recording. Fee for 
this course is £15 and it begins on October 28. Full 
details can be obtained from the Head of 
Department. 

Wireless World, October 1975 

Communication and its consequences is an 
external studies course of nine lectures that has 
been organized at the University of Kent, 
Caterbury. The first talk will be at 7.00 p.m. on Oct. 
16. The fundamentals of modern electronic 
communication systems and techniques will be 
discussed and demonstrated during the course. For 
further information contact Dr A. T. Barbrook, 
External Studies Office, Rutherford College, 
University of Kent. 

Bedford Audio Club, 8 Emerton Way, Wooton, 
Beds, hold monthly meetings and are arranging a 
Winter programme and demonstrations. The club 
would be pleased to hear from enthusiasts in the 
area who wish to join or attend meetings. 

The first class for the City & Guilds Radio 
Examination Course (No 765) to be held at the 
North and West Farnborough Further Education 
Centre, St Johns Road, Cove, Farnborough will be 
on Oct. 2nd, beginning at 7.30 p.m. There will also 
be a Morse Proficiency course beginning on 
September 29th at 7.30 p.m. at Oak Farm School, 
Farnborough, Hants. 

Bury and Rossendale Radio Society will be holding 
RAE classes during 1975/76. The classes will be held 
at the Society HQ and full details of enrolment fees 
etc, can be obtained from Mr J. Marrow, 12 
Holcombe Road, Tollington, Nr Bury, Lancashire. 

A Radio Amateur Examination course will be held 
on Thursday evenings from 7.30 to 9.30 at the 
Technical College Annexe, Tamworth Road, 
Croydon, Surrey commencing on Oct. 2nd. 
Enrolment will be at the College Annexe on 
September 20th (10 a.m. -3 p.m.) or on the first 
evening. Further details may be obtained from P. L. 
A. Burton, Tel. 01-669 6700 (day) or Downland 51413 
(evenings). 

Two new companies have been set up to market 
Redac software and services in the German Federal 
Republic and the U.S.A. They are CADE, Laichin- 
gen, Nr Stuttgart and Redac Interactive Graphics 
Inc, Littletown, Mass., USA. Redac Software Ltd is 
the computer aided design division of the Racal 
Electronics Group. 

On July 18, the share capital of Jaybeam Ltd, 
Moulton Park Industrial Estate, Northampton NN3 
1QQ was transferred to Jones Stroud Ltd of 
Nottingham and consequently the Group of 
Campanies is now a subsidiary of Jones Stroud 
(Holdings) Ltd. 

A weekly bulletin which lists all published UK 
patents relating to electronics and associated 
technologies is available from PATINEL, 13 North 
Avenue, Gosforth, Newcastle upon Tyne NE3 4DT. 
The bulletin is despatched within one week of the 
original publication of the patents by the Patent 
Office. 

Integrated Circuit Design Workshop is a weekly 
afternoon laboratory design course of 12 weeks 
duration beginning on November 12, 1975 at the 
North East London Polytechnic, Department of 
Electrical Engineering, Barking Precinct, Long - 
bridge Road, Dagenham, Essex RM8 2AS, tel: 
01 -599 5141. 

As from September 1st, D.D. Electronics, 42 
Bishopsfield, Harlow, Essex becomes Rock Elec- 
tronics operating from the same premises. 

The Autumn lecture meeting of the Society of 
Cable Television Engineers will be held on Oct. 14 
at 2.15 p.m. in the Faraday Room at the IEE, Savoy 
Place, London WC2, when EMI Sound & Vision 
Equipment Ltd present a paper on "Hybrid v.h.f. to 
u.h.f. Cable Television Systems ". 

The Library and Information Services, IEE, Savoy 
Place, London WC2R OBL are offering a literature 
search service covering the fields of electrical and 
electronic engineering, computers, control engin- 
eering and physics. Costs to users vary according to 
search method and /or length of search. Short 
manual searches are free of charge and all manual 
searches are subject to a discount for Institution 
members. For more information contact Hugh 
Wilman, Head of Library and Information Services, 
tel: 01 -240 1871. 
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RC oscillators 
Tested circuits for a 

25 & 26 of Circards 

J. Carruthers, J. H. Evans, J. 

Paisley College of Technology 

wide variety of oscillators are given in sets 
. This article summarizes the various kinds 

Kinsler and P. Williams 

Amplifiers oscillate; oscillators may not. 
These guiding principles have been 
developed and confirmed over many 
years of patient experimenting, not 
least during the preparation of Circards. 
Early versions of operational amplifiers 
were particularly critical of the source/ 
load /supply impedances and were 
prone to oscillate at high frequencies 
unless carefully used. Early transistors 
had low values of current gain and 
cut -off frequencies making it difficult to 
produce controlled oscillations. 

These properties point to a dividing 
line between oscillators and amplifiers 
with feedback viz that they are of the 
same kind, differing only in the quantity 
and nature of the feedback. The point 
can be illustrated by Fig. 1 in which an 
amplifier of gain A has a portion of its 
output volage Q subtracted from the 
signal at the input. The gain of the 
amplifier with feedback can be greater 
or less than A, and the output will in 
general differ in phase. For well -con- 
trolled characteristics, the phase -fre- 
quency response has to be such that the 
feedback does not become regenerative 
until the magnitude of the OA term is 
below unity. 

Feedback theory is formally 
expressed in many different ways, but 
one graphical approach that is helpful is 
to consider the root locus (Fig. 2). The 
graph plots the locus of the system 
transfer function as the frequency 
varies. Points on the horizontal axis 
correspond to phase shifts of zero (to 
the right of the origin) and 180° (to the 
left). Points on the vertical axis repre- 
sent phase shifts of + 90° and -90° . 

The distance of a point from the origin 
represents the magnitude of the 
transfer function. Thus in many ampli- 
fiers the region of the locus near the 
horizontal axis would represent a very 
wide range of frequencies since the gain 
remains constant and the phase -shift is 
zero or 180' over this range. 

An important point on this graph is 
the point 1 L 0 °. A general criterion, due 
to Bai Knausen, udggests that if the 
locus of the system response does not 
enclose this point then the loop may be 
safely closed and the feedback will not 
cause the amplifier to become unstable. 
An exceptional state of conditional 

stability can result where the ampli- 
fier /feedback network has multiple 
reactive elements producing a complex 
locus which would enclose the point in 
the event of a fall in the magnitude of 
the gain. 

When the locus passes through the 
point we have OA =1 L 0° commonly 
called positive feedback and this con- 
stitutes an oscillator of constant but 
undefined amplitude, i.e. the signal 
feedback is just sufficient to sustain the 
output unchanged and without the need 
for an input signal. Alternatively we 
may view it as an amplifier of infinite 
gain, the denominator of the expression, 
1- /3 A, having gone to zero. 

The inevitable small variations in (3 

and A caused by temperature, supply or 

(-s)+f3v0) A=do 

'Jo(t-ßA)=Av 
T _ ;° _ A. 

Fig. 1. A fraction of the output is added 
to the source at the input in deriving a 
standard form of the basic feedback 
equation. Positive feedback occurs 
when ßA is positive. 

Fig 3. These three networks have an 
identical transfer function and can be 
used interchangeably in oscillators. 

( a ) 

load conditions as well as by long term 
drift in component values, cause the 
amplitude either to decay away 
(/3A >1) or to increase (ßA <1). The 
limit is set by non -linearities in the 
system either inherent to the amplifier 
or deliberately added externally in the 
feedback network(s). These reduce /3A 

and the oscillations settle down to a 
stable situation in which the mean value 
of RA over the cycle is unity. 

For good frequency stability a 
number of precautions have to be 
observed (1) the amplifier should have 
negligible or very closely controlled 
phase -shift at the frequency of oscilla- 
tion. (2) Amplitude of oscillation should 
be controllled to minimize distortion, 
since harmonics are fed back to the 

Fig. 2. If the in -phase and quadrature 
components of the overall loop gain are 
used as axes, the locus as the 
frequency is varied indicates the 
stability of the system. 

( (c) 
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Fig. 4. Some oscillators use 
temperature- dependent resistors 
heated by the amplitude of the 
oscillation. 

input and the resulting intermodulation 
reduces the frequency of oscillation 
below that predicted from the simple 
theory. (3) Input and output 
impedances of the amplifier must not 
load the RC networks significantly. 

A major class of oscillators which 
includes the Wien bridge circuits, uses 
networks as in Fig. 3. Using equal values 
of R, C throughout, the transfer func- 
tion of each of these circuits is the same, 
with the output reaching a maximum of 
one third of the input when the phase 
shift is zero. Frequency is 1/2 irRC. 
Each can be used with an amplifier of 
gain +3 to produce sustained oscilla- 
tion. Many other combinations of these 
networks and amplifiers can be devised, 
by using current, transconductance and 
transresistance amplifiers. 

Amplitude control may be via a 
gain -controlled amplifier whose gain is 
reduced as the output exceeds a given 
value, usually via a peak- or mean -rec- 
tifier and f.e.t. or similar controlled 
resistor. The classical solution is to use 
the RC network as part of a bridge 

configuration with a high -gain 
amplifier monitoring the bridge unba- 
lance. One of the bridge resistors is 
made amplitude sensitive, e.g. a fila- 
ment lamp or thermistor arranged so 
that increasing amplitude of oscillation 
increases the amount of negative feed- 
back thus stabilizing the oscillation 
amplitude Fig. 4. 

These oscillators are controlled in 
frequency over a very wide range 
commonly by switching in pairs of 
capacitors as the coarse control or 
range- setting, with ganged resistors for 
fine control. The reverse is possible with 
high input- impedance amplifiers where 
high resistances allow the use of ganged 
tuning capacitors. Single -element con- 
trol has obvious advantages of simplici- 
ty and economy, as well as the possibi- 
lity of remote control via light 
dependent resistors and the like. Most 
solutions to this problem require a 
larger number of amplifiers to provide 
separate feedback paths by splitting the 

Fig. 6. Adding another amplifier at 
appropriate points in various oscillators 
allows a single control to change the 
frequency without varying loop gain. 

r 

Fig 5 (a). A standard configuration uses 
an operational amplifier to activate the 
bridge. (b) Circuit partitioned to show 
an amplifier of gain +3 with the 
frequency -dependent network 
providing positive feedback. (c) 
Removing one section of the network, 
the impedance across the port is found 
to be negative, leading to Negative 
Impedance Converter interpretations. 
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passive network in some way, and in 
addition there is an effective loss in Q of 
the system that results in increased 
distortion. One example out of many 
that have been designed is shown in Fig. 
6. Frequency ranges of up to three 
decades have been reported, while the 
amplitude control mechanisms are 
similar to those above. 

T, phase- shift, and two integrators 
Since both inverting and non -inverting 
amplifiers are obtainable, circuits can 
be designed in which the phase- shifts in 
the external networks are 180° and zero 
(or 360° ) respectively. An example of 
the former is the classical three section 
phase -shift circuit shown in Fig. 7. 
Using equal values of resistors and 
capacitors the network attenuation is 
rather large, the output being 1 /29th of 
the input at the frequency where the 
overall phase -shift is 180° . It is usually 
preferred to the alternative form using 
interchanged Rs and Cs, because the 
increased attenuation at high fre- 
quencies reduces the harmonic distor- 
tion and with it the corresponding shift 
in frequency. 

If the RC values are scaled, then with 
n large each section can be analysed 
separately since the loading effects of 
the following section can be ignored. 
The phase shift of each section is then 
close to 60° at the critical frequency 
with a halving of the signal level. The 
amplifier then needs a voltage gain of 
-8 but the demands on input and output 
impedances are more severe (the cur- 
rent that can be drawn from the 
network without loading it becomes 
very small while the current needed to 
supply it increases). Alternative meth- 
ods are to separate the phase -shift 
networks, using one amplifier of gain 
-2 between each section. Fig. 8 shows a 
related circuit that combines the gain 
and phase- shifting sections. Variants 
such as this are convenient for three - 
phase oscillators particularly as gain 
required from each stage is minimal. 

A separate class of oscillators is 
based on null /notch /band -stop RC 
networks in which the signal transfer 
function tends to zero or a low value at 
a particular frequency (Fig. 9). These 
can give improved sharpness of tuning 
with lowered distortion, but interaction 
between the impedances can make 
them less tolerant of component drift. 
More important is the difficulty of 
tuning such circuits since several 
components need to be changed 
simultaneously. Separating the paths 
through these networks and driving 
them with individual amplifiers can 
allow control of the frequency without 
change in the amplitude condition. 

There is a very close relationship 
between active filters and oscillators. 
They share common passive networks 
and in many cases one can be converted 
simply into the other by adjusting the 
damping factor (sharpness of tuning). A 
very important configuration which has 
wide application in both fields is the 
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two- in)egrator loop (Fig. 10). Well - 
known in analogue computing, it and its 
near relatives appear under a number of 
names including `bi- quad,' `triple,' 
`state- space,' `gyrator' etc. For ideal 
amplifiers the circuit Q is infinite 
without the need for positive feedback 
and it is particularly suited to the design 
of high -Q active filters by the addition 
of a small amount of negative feedback. 
In practice the net feedback will depend 
on internal phase- shifts as well as 
finite- amplifier gains, and both positive 
and negative feedback may be used to 
produce controlled oscillations. 

If a single resistor or capacitor is 
varied then with ideal amplifiers, the 
circuit is still on the edge of oscillation, 
but the frequency at which oscillation 
can be sustained is varied. Single -ele- 
ment control of frequency is of consi- 
derable advantage in simplifying the 
construction of oscillators, since dual - 
gang controls are difficult to keep in a 
well- matched condition over a wide 
range. The feedback needed remains 
small under these conditions, being 
sufficient only to overcome amplifier 
imperfections and the finite Q of the 
capacitors. 

Because the amount of feedback 
required is small it can be introduced via 
a clipping network that comes into 
action sharply at a particular amplitude 
without bringing in significant distor- 
tion. This gives instantaneous control of 
amplitude without the time delay due to 
heating effects with thermal control. In 
addition there are three separate out- 
puts with 90° phase differences and the 
addition of another inverting amplifier 
gives the fourth phase if required. Again 
there are a number of combinations of 
amplifiers and network which share 
these desirable properties as in Fig. 11. 

In all of them there is a tendency to 
instability at high frequencies where the 
slew -rate limiting of the amplifiers 
produces a jump phenomenon that 
locks the oscillator into an output 
oscillation of higher frequency and 
uncontrolled amplitude. 

Some of these networks are more 
usually interpreted as forms of impe- 
dance inverters /converters, in particu- 
lar the gyrator, viz, a circuit that with a 
capacitor across one port synthesizes a 
purely inductive reactance across a 
second port. If that port has a second 
capacitor placed across it, a resonant 
circuit is established which sustains 
oscillation if a small amount of positive 
feedback is introduced. It is instructive 
to draw out the passive networks in 
such circuits since this clarifies the 
interrelationships between the various 
forms of oscillator and filter (Fig. 12). 

n=1 :- Av -1 
n -m:- Av --8 
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Fig. 7. If the impedances are graded to 
minimize loading of each section on the 
preceding one, each contributes 60° to 
the overall phase -shift at the frequency 
of oscillation. 

Fig. 8. Three amplifier stages with 
defined gain /phase characteristics 
comprise a three -phase oscillator. 

I I 

r=>+ } 
Fig. 9. T- networks can have 
zero- transmission at a particular 
frequency. Oscillators utilize positive 
feedback with the T- network in a 
negative feedback path. 

Fig. 10. Two integrators plus an 
inverter form the nucleus of a number 
of oscillators and filters. 

Fig. 11. Gyrators are a class of circuits 
that synthesize an inductive reactance 
from a capacitor. An oscillator results 
from resonating the reactance with a 
second capacitor. 

Fig. 12. The previous two oscillators 
share a common passive network and 
can be shown to be functionally 
identical. 
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World of 
Amateur 
Radio 

Typewriters rampant 
Recently, on 3.5 MHz, I was in touch 
with Ian Trusson, G3RVM, near Swin- 
don. A few minutes later, switching to 7 
MHz, the next contact was with DL2QB 
in Cologne. Nothing very unusual about 
that - except for an interesting coinci- 
dence. Both of these c.w. stations, it 
transpired, were not using any of the 
usual froms of Morse key. Instead the 
operators were typing their messages 
on a typewriter keyboard - and 
electronics was doing the work of 
converting the letters into perfect 
international Morse. While still unusual 
enough to make two successive con- 
tacts surprising, this approach is clearly 
gaining ground. Although the keyboard 
encoders used by these stations were 
apparently home constructed, such 
equipments are now marketed. For 
example the DKB -2010 dual mode 
keyboard provides an output encoded 
either as r.t.t.y. (radio teleprinter) or 
c.w. and is claimed by Hal Communica- 
tions Corporation as "one of the most 
sophisticated products ever offered to 
radio amateurs ". It permits r.t.t.y. at the 
various standard rates up to 100 words 
per minute (or optionally 132 w.p.m.) or 
c.w. between 8 and 60 w.p.m. Normally 
it is used with a 3- character memory, 
but 64- character memories are avail- 
able. 

Another use of electronic keyboards 
is reported by Richard Thurlow, 
G3WW. Fór several months he has been 
using one for slow -scan television 
(s.s.t.v.). His unit, the first in Europe, 
was constructed by Howard Watson, 
G3GGJ to a design by WoLMD, first 
demonstrated in the United States in 
1973. Two Swiss amateurs and several 
others outside the USA are now using a 
commercial version of this design, made 
by Sumner Electronics. 

Slow -scan continues to attract grow- 
ing interest and a special s.s.t.v. con- 
vention is being organised by the British 
Amateur Television Club at Aston 
University, Birmingham on Saturday, 
October 11 (1000 to 1800 hours), open to 
all interested in the .subject. One 
possible demonstration will be of a 
Robot slow -to -fast and fast -to -slow 
storage tube converter capable of 
giving a "frozen" s.s.t.v. picture on a 

normal domestic TV set. Details and 
tickets (50p) from Mike Crampion, 
G8DLX, 16 Percival Road, Rugby CV22 
5JS. 

A transatlantic link 
severed 
With the death of 82- year -old Fred 
Schnell, W4CF (formerly W I MO etc) all 
three participants (Delroy, Schnell and 
Reinartz) on the first amateur two -way 
contact across the Atlantic in Novem- 
ber 1923 are now with us only in 
memory. The significance of that histo- 
ric contact was not just that it happened - but that it happened on about 100 
metres, rather than the 200 metres on 
which all earlier amateur transatlantic 
tests had concentrated. It was this 
contact, more than any other single 
event, that started the rush to shorter 
wavelengths and so heralded the open- 
ing of the short waves. 

Schnell was the original "traffic 
manager" of ARRL and a little later 
vividly demonstrated to the American 
navy the effectiveness of compact 
short-wave radio equipment during a 
famous voyage of the battleship U.S.S. 
Seattle. The British pioneer, Gerry 
Marcuse, G2NM, used to tell the story of 
how, during the time when he main- 
tained regular contact with the Seattle 
in the Pacific, an American reporter 
woke him early one morning by throw- 
ing stones at his window. He had come 
to Caterham because of widespread 
disbelief in America that such com- 
munication was really possible and 
insisted on Marcuse obtaining from 
Schnell the answers to five questions. 
Marcuse successfully obtained these 
and the American returned to London 
to report to the United States that these 
incredible contacts were really happen- 
ing! 

American opinions 
The American Radio Relay League 
received no less than 56,000 replies to a 
detailed questionnaire seeking mem- 
bers' opinions on the FCC "re= structur- 
ing" Docket 20282. These replies provi- 
de perhaps the most detailed "snap- 
shot" of opinions, activities and 
interests of amateur opinion ever 
compiled. 

Almost half of the 56,000 were aged 50 
years or over; only 11% less than 25; 
only 5% under 20. Half had taken out 
licences between 1950 and 1970; 18% 

before 1939; 19% since 1970. Almost half 
held the two most difficult -to- obtain 
licences; extra class (12 %), advanced 
(36 %). There was very strong support 
for the American system of "incentive" 
licensing which encourages amateurs to 
qualify for more difficult licences by 
offering extra privileges (81% either 
strongly agree or agree with this 
approach; only 10% oppose). 

At present all classes of American 
licence impose a Morse code require- 
ment (Technician and Novice classes at 
5 w.p.m.) and the analysis shows that 
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generally American amateurs oppose 
the institution of a new "Communica- 
tor" class of licence for v.h.f. -only 
without a code requirement (51% disag- 
ree, 39% agree this would be a good way 
to bring in more amateurs). 

And while most of those replying 
agree that there is a need to change the 
existing structure to encourage growth 
there is strong dislike of the idea of 
code -less licences with Novice -level 
technical requirement: 60% believing 
this would "bring in more undesirable 
than worthwhile new amateurs" com- 
pared with 26% who favour the idea. 
Almost exactly half disagree or strongly 
disagree with the suggestion that 
knowledge of Morse is not as important 
as it once was, compared with 43% who 
believe this to be true. But it is clear 
from the replies that American ama- 
teurs are not particularly knowledge- 
able about what happens in other 
countries: 64% replying "don't know" to 
the question whether other countries 
have issued no -code licences. 

Some 39% of the 56,000 are active on 
h.f. only; 13% on v.h.f. only; 36% on both 
h.f. and v.h.f., giving a breakdown of 
75% h.f. compared with 49% v.h.f. 

One has the impression looking at the 
detailed analysis that amateur radio in 
the United States is an ageing hobby, 
still based primarily on h.f. and that the 
participants are aware of this and 
anxious to encourage growth among 
youngsters, but not at the risk of 
making fundamental changes to the 
hobby that has retained their interest 
over many years. 

Moonbounce 
Moonbounce (EME) communication 
between G3LQR and ZE5JJ, Rhodesia 
was achieved first during pre- arranged 
tests this Spring. During EME tests 
arranged by the Stanford Research 
Institute using a 150ft dish aerial some 
55 contacts were made on 144MHz and 
11 on 432MHz. An s.s.b. moonbounce 
contact has been made between 
VK5MC and W8PKY on 144MHz, the 
Australian station using rhombic ae- 
rials. The French amateur F9FT has 
made moonbounce contacts with sta- 
tions in Europe and North America on 
432MHz. 

In brief 
The annual Amateur Radio Retailers 
Association's "Fourth Midlands Natio- 
nal Amateur Radio Exhibition" is at the 
Granby Halls, Leicester on October 30, 
31 and November 1 ... Overall winner of 
the 1975 National Field Day was the 
Channel Contest Group and the leading 
single- station entry was once again the 
East Barnet Amateur Radio Contest 
Club with the Racal group as second in 
this section. Band leaders were: 1.8MHz 
Mansfield; 3.5MHz Reigate; 7MHz Ariel; 
14MHz Channel; 21MHz Glenrothes; 
and 28MHz Channel. 

PAT HAWKER, G3VA 
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The world's 
most universal 
audio bridges 

a41 

Each of these bridges has ten decade ranges 
and can be used to measure any type of 
component or complex impedance. 
Transformer ratio -arms are used to cover 
a very wide range of measurement using a 

minimum number of standards which are 
set digitally. The three terminal facility 
provided by this type of bridge enables 
small values of capacitance or high values 
of resistance to be measured at the end of 
long lengths of cable. Components can also 
be effectively isolated electrically from a 

complex netvvork allowing individual 
measurements to be made without 
disconnection from the circuit being 
necessary. 

Wayne Kerr's B224 and B642 

The B224 is a manually operated bridge, 
the resistive and reactive terms being independently set 
to a null indicated on the meter. A rechargeable 
battery is fitted in order to make the instrument portable. 

For more information,telephone Bognor Regis on 
(02433) 25811 or write to the address below: 

The B642 balances itself automatically. 
The meters read real and quadrature terms and 
highly stable analogue outputs are provided which 
are directly proportional to capacitance and 
conductance above 100 impedance and also 
to inductance and resistance below 100. one or 
two decades can be set to provide the first 
significant figures of the measurement, thereby 
increasing the meter sensitivity by 10 or 100 times. 
If a chart recorder is connected to the output of 
either term, drifts in component values to at least 
four significant figures can be observed. 

SPECIFICATION 

WAYNE KERR 
Durban Road, Bognor Regis, Sussex P022 9R2 

Telex: 86120. Cables: Waynkerr Bognor 
A member of the Wilmot Breeden group 

C 
d 
7 
Q 

B224 (Manual balance) B642 (Autobalance) 

1592Hz (internal) 
200Hz -50kHz (external) 

1592Hz (internal) 
200Hz- 20kHz' (external) 

Ranges for specified accuracy 

c 
G 
L 

R 

0.1% 

100fF - 1OLF 
1n0 - 100m0 
1mH- 10kH 
100 - 1G0 

0.3% 

10NF - 10mF 
100mO- 1k 

100nH - 1mH 
1m0 - 100 

0.1% 

1pF - 10NF 
10n0- 100m0 
1mH - 10kH 
100 - 100M0 

0.3", 

10NF - tOmF 
10GmO- 100n 

1NH - 1mH 
10m0 - 100 

NOTE: 0.1% accuracy relates to parallel component 
measurements above 100 impedance. 0.3% accuracy 
relates to series component measurements below 100 
impedance. 
'Manual operation only. 

AGENTS: PARIS: TEKELEC- AIRTRONIC 626- 02- 35LORRACH: BRINDI GMBH 07621 -10742 STOCKHOLM: SCANTELE AB 24 58 25 OSLO: FEIRING INSTRUMENTS AS 686360 
BRUXELLES: ETABLISSEMENTSMIRAVOX S.P.R.L. 35.41.73 MILAN: BELOTTI 54 20.51 KOBENHAVN NV: HANS BUCH &COA /S TA 5170 RIJSWIJK(Z.H.): C ROOD N. V.996360 

WW -053 FOR FURTHER DETAILS 
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VTM(UK)Ltd Metal Film Resistors 

Low noise, low temperature coefficient and high stability are some of the parameters which make 
the metal film resistor a valuable tool for the circuit designer. 

ECM (EUROPE) ELECTRONICS LTD. DISTRIBUTE VTM TYPE 471 METAL FILM RESISTORS 
FROM VAST STOCKS OF E96 VALUES AVAILABLE FOR SAME DAY DESPATCH 

Series 471 17. 50ppm 1/4 Watt 
SIZE: 6.6mm x 2.5mm diam. RANGE: 10 ohm -499K 
DATA SHEET AVAILABLE ON REQUEST 

geM rgVIMeAMI gMCTQeN'cS LT. 
GRAPHIC HOUSE 
PANGBOURNE, BERKS. 

Telephone: 07357 4611 
Telex: 847544 

WW-005 FOR FURTHER DETAILS 

System 

Vero 
Module Racksto ous 
Circuit Boards & Compone 

International Rack Mounting, 3u, 4u, 
5u heights. 
10" and 13" deep end plates, 
1', 2', 4', 5', 6' and 8' wide Modules., 

Vero Electronics Limited Indus 
Tel: Chandler's Ford 2952 Telex 

All modules cari be `idly screened 
Verolock 1ifstem retains rill modules 
with one pushipuil' action. 
Extremely rigid construction: 

,Estate. 6handler's Ford, Eastleigh, I44r s ,$05 3ZR 
51 'World Leaders in Packaging Technology 

WW -072 FOR FURTHER DETAILS 
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Resistors 
A survey of current resistor technology and applications 

by R. A. Fairs, B.Sc. 

Rank Radio International 

This survey, a sequel to "Capacitors" by the same author published in Wire less World, 
December 1974, describes the circuit analysis of simple equivalent circuits, the physics and 
significance of noise in resistors, the construction and properties of different resistor types 
and gives notes on their application. An applications chart relates the different proper- 
ties and parameters. 

Resistors are the most commonly 
used components in electrical 
networks. Their presence in circuits is 
often taken for granted -a demand for 
a 470 -ohm half -watt resistor is met by 
going to the appropriate box, selecting 
the component, placing it in circuit and 
usually forgetting about it. 

Perhaps the first curious fact that 
would manifest itself to a newcomer to 
electronics would be the "odd" values 
that resistors take, for instance 4.7 and 
680 ohms. These values are in answer to 
a problem. One requires to fill a certain 
band, say one to ten ohms with resistors 
manufactured to a particular tolerance 
in the most practical way. A good 
method is to use a logarithmic sequence 
(eqn. 1) which generates the E series of 
preferred values when Rn is rounded to 
two significant figures. 

V10"=Rn 

é = 
100 

(1+0.2)(0.8)m 

(1) 

(2) 

Where =E number, n= integerU and 
in (2), t= tolerance of resistors in per- 
cent, m =0 for 5 <t <20 =1 for 
0.5<t<2. 
For 10% tolerance resistors equations 
(1) and (2) give the E.12 series of 
preferred values. For 5% tolerance 

R 

'000 
L,s 

Cp 

Fig. 1. Equivalent circuit for a resistor 
where LS is the equivalent series 
inductance due to leads and 
construction, R is the apparent d.c. 
resistance and Cr, is the parallel 
capacitance. 

resistors the E.24 series result. The two 
series are shown schematically below 
where (3) is the E.12 series and (3) + (3a) 
is the E.24 series. 

1.0 1.2 1.5 1.8 2.2 2.7 3.3 3.9 4.7 5.6 
6.8 8.2 (3) 
1.1 1.3 1.6 2.0 2.4 3.0 3.6 4.3 5.1 6.2 
7.5 9.1 (3a) 

Equivalent circuit 
By virtue of its construction, a practical 
resistor will include phenomena diffe- 
rent from pure resistance. Fig. 1 shows 
an equivalent circuit for a resistor. If we 
take C as proportional to the magnitu- 
de of the resistor and constant along its 
body (to a first approximation) then we 

1 

Z -(X+ IT) +Xi 

i 

R 

\ 
Fig. 2. Impedance of the equivalent 
circuit shown in Fig. 1. 

have an impedance, Z, described by eqn. 
(4), and having the form of Fig. 2 when 
plotted against frequency, f, (on log -log 
graph paper). 

Z= (+) +X1 (4) 
c 

From this we can make the following 
observations. for large R ( >500 ohms) 

L =1c. For small R (<100) 
ohms) Xi »A,, Z1R +X. 

Some cancellation of X, and X, will 
occur if: 

Xi, XI »R 
c 

For practical resistors (carbon corn - 
position type) variations of resistance 
with frequency are shown in Fig. 3. 

w 
v z 

w so 
cc 60 
ci 40 
ci 20 

0i 10 
1' (MHz) 

100 

Fig. 3. Frequency characteristics for 
carbon composition types of resistor. 

The curves shown are not entirely 
explained by eqn. (4). One may regard 
cp as varying along the body of the 
resistor and not just as the simple sum 
of distributed capacitances. A more 
accurate interpretation of Cr, is obtained 
by considering the body of the resistor 
as a distributed transmission line with 
capacitive and resistive elements *. 
From this theory one may show that for 
each value of 2vrf there is a parallel 
combination of resistance R,.f, and 
capacitance, C,f which is an equivalent 
circuit for the resistor at a given 
frequency, f, provided the effects of 
inductance are negligible. In this case 
C, f may change in sign as indicated in 
Fig. 4(a). The variation of R, f/R is 
shown in Fig. 5. 

Frequency effects are most pro- 
nounced in carbon composition and 
wire -wound resistors. In the latter type 
the variation of Cif is extremely complex 
due to inductance effects which occur 
in the windings, however special wind- 
ing techniques have been devised to 
improve the high frequency perform- 
ance. Carbon film resistors have good 
stability at frequencies of 500MHz and 
over but in this instance mounting and 
connection become of importance. 

* Due to Howe 1933 (this theory also holds to 
some extent for film type resistors). 
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+ 

Crt 

04 

Crf02 
(pt) 

(a) 
Fig. 4. Variation of Cy with resistance 
at a fixed frequency. 

Fig. 5. Variation of the ratio R,f /R with 
resistance. 

+ 

Rrf 
R 

100 

RATED LOAD 
( ° /o) 50 

R 

ft Mfl carbon 
C film resistor 

BO 

60 

t (t)4o 

20 

t(MHz) 

( hl 

resistors 

111--- ..- Ii0/ 
1/4 1/2 1 

DISSIPATION (watts) 

Fig. 6. Wattage curves for typical 
carbon film resistors. 

70 130 Fig. 7. Typical derating curve for a 
AMBIENT, TEMPERATURE ( °C) carbon film resistor. 

The temperature at which a resistor is 
operated affects its stability (the ability 
of the resistor to keep to a particular 
resistance), and to a lesser degree its 
impedance characteristics. For resist- 
ance value a temperature coefficient 
(t.c.) is defined by: 

r x 108 
t.c.= R.t 

change in resistance x 108 

orig. resistance x change in temp. 

= a ppm/ ° C where ppm = parts per 
million 

By defining the temperature coeffi- 
cient in this manner it is independent of 
the units of resistance, and thus com- 
parisons between resistors of differing 
magnitude may be made, as the change 
of resistance with temperature is rarely 
linear. 

The wattage rating of a resistor is 
uniquely determined by the amount of 
power dissipated within it that creates a 
given long term stability of resistance 
value. The practical method of deter- 
mining the wattage rating is to limit the 
body temperature to a certain quantity 
(see Fig. 6), but it is of importance that 
this will also depend on the ambient 
temperature of the surroundings, since 
this will affect the amount of heat 
transfer. For operation of resistors in 
high ambient temperatures a derating 
curve must apply; this curve is of the 
form shown in Fig. 7. 

An excessive amount bf power dissi- 
pated within a resistor causes violent 

changes in resistance and ultimately 
thermal limitation occurs when the 
resistor breaks down. 

For carbon film resistors definite 
observable changes manifest themsel- 
ves during this type of overload. Firstly 
the resistor begins to emit a steady 
stream of smoke with a characteristic 
odour, it then glows cherry red and 
finally breaks down with three possible 
results: the resistor becomes open 
circuit, the resistor becomes short 
circuit or the resistor splutters hot 
carbon particles and eventually flames. 

In practice the fact that the second 
case occurs means that detrimental 
effects could happen to other compo- 
nents (especially semi- conductors) in 
the circuit not necessarily responsible 
for the stress condition imposed on the 
resistor. Similarly, because of case 
three, components adjacent to the 
resistor may be permanently damaged 
by fire, and the risk of fire in the circuit 
as a whole is not to be dismissed lightly, 
particularly in consumer electronics. 

For convenience it is desirable to 
select, where possible, a resistor which 
under extreme overload becomes open 
circuit and non -flammable. 

In high resistance values there is a 
maximum permissable voltage which, 
rather than the maximum wattage, 
limits the use of a resistor. This is due to 
the dielectric of the resistor breaking 
down under the extreme electric fields 
created by the applied voltage. Local 
voids occur within the material and 
observable sparking becomes apparent 
in most cases. 
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Pulse ratings 
The response of resistors to transient 
effects is also of importance in circuit 
design. The same basic limitations of 
steady state conditions still apply here 
although the considerations are 
somewhat different. 

In the transient case we have the 
form of Ohm's Law given by eqn. (5). 

Vea WpR (5) 

where: V= pulse voltage, Wp =peak 
wattage and R = resistance. The peak 
wattage is related to the maximum 
continuous wattage, W, by: Wp= W/ ft 

(6) 
where: f =frequency of the pulse and 
t =duration of pulse. Combining (5) and 
(6) we get 

V2= fR (7) 

From thermal considerations eqn. (7) 
suggests that there is no limitation on 
the pulse voltage, provided it is applied 
for a sufficiently short time. However, 
the reaction of the resistor to voltage 
stresses is almost instantaneous and 
there is a distinct stress region below 
which the resistor will not fail. Thus 
there is no gain achieved by pulsing the 
voltage. 

Catastrophic failure by the spreading 
of voids in the material will increase 
with the frequency of the pulse since 
neutralization of the external field by 
space or surface charges cannot always 
take place (due to this being a time 
dependent process). Experience with 
the Corona effects in carbon film 
resistors limits the safe pulse voltage to 
twice the normal rated d.c. voltage. 

Noise considerations 
Noise in an electrical circuit is an 
unwanted parameter. Being by far the 
most worrisome factor, resistors must 
be selected to give the lowest possible 
noise for a given application. Metal 
oxide resistors can be used at the input 
of audio amplifiers to promote low noise 
performance, if cost is not a prime 
consideration. 

An intrinsic property common to all 
types of resistor is the generation of 
noise due to thermal agitation (Johnson 
Noise, J). In any resistor we have three 
types of transport phenomena, viz: (a) 
random motion of free electrons, (b) 
thermal motion of molecules and (c) 
electron drift current due to the p.d. 
across the resistor. In order that the 
laws of physics be satisfied, equilibrium 
between (a) and (b) must exist. This 
causes a noise voltage, e, whose magni- 
tude is (intuitively) dependent on 
temperature and the magnitude of the 
resistance to be superimposed on (c). 

An exact expression for Johnson 
Noise has been given by Nyquist, i.e., 

é` = 4KRT.Sf (8) 

where: K = Boltzmann's constant 
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=1.38 x 10- 23WK -1. T= temperature in 
degrees kelvin (K), R = resistance in 
ohms, 8f= bandwidth of measuring 
equipment (Hz), ë = mean noise voltage 
(volts). 

Carbon composition resistors also 
exhibit noise due to the current flowing 
through the resistor. In this instance the 
noise is generated by random changes 
in the constituent material caused by 
the current flow. This noise (see appen- 
dix), termed current noise, E, is different 
in character from Johnson Noise, J, in 
the following ways: E2alog(f2 /fl) 
where f2-f1= óf (for d f = const E ail); 
E2aV where V= direct voltage across 
resistor; and E J (see Fig. 8). 

It should also be mentioned that low 
noise in resistors can be obtain- 
ed by operating the component well 
below its rated wattage (see Fig. 9). The 
noise figures for resistors are quoted in 
µV /V or in dB referred to a fixed figure 
(usually 1µV /V); a comparison between 
types is given in the Applications Chart. 

Solderability 

Solderability can, by virtue of 
overheating, cause a change in resi- 
stance. In miniature resistors the 
change can be excessive if the soldering 

time is not limited. Soldering time can 
be shortened by the cleaning of 
soldering surfaces (particularly 
important for resistors that have been in 
stock). The tinning of leads will also 
reduce the soldering time, and the latter 
can often be seen to have been done by 
the manufacturer if the leads have a 
bright, clean appearance. A soldering 
time of two seconds at a temperature of 
240 °C is a maximum for flow soldering. 
For hand soldering, fifteen seconds at 
the same temperature is a safe 
maximum for the component. 

The most important considerations in 
choosing a resistor for particular appli- 
cations are: rated wattage, working 
voltage and resistance value; frequency 
characteristics and noise; environmen- 
tal conditions (temperature and humid- 
ity considerations) and stability; physi- 
cal size and cost. 

It should be noted that a manufactu- 
rer cannot achieve a specific life or 
failure rate, but is able by quality of 
materials to ensure that the resistor is 
not subject to any known wear -out 
mechanism. Information such as resist- 
ance drift with respect to applied load, 
ambiant temperature and time will be 
important in circuit application and 
thus individual manufacturers' data 
must be consulted. 
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A survey. of the various types of fixed 
resistors now follows. 

Carbon composition resistors 
Carbon composition resistors were used 
extensively in the radio and television 
industries for power ratings of up to two 
watts during the valve era, and to some 
extent in the early days of transistors. 
Commercially the resistors were cheap 
and hence the detrimental effects of 
poor stability, large temperature coeffi- 
cient, and high noise levels were to 
some degree offset. 

The construction of carbon composi- 
tion resistors falls into two basic types. 
In the first (uninsulated) the resistive 
element consists of finely ground car- 
bon particles dispersed by a refractory 
filling, and bonded together with a syn- 
thetic resin binder. The resultant black 
powder (whose proportion of consti- 
tuents determines the value of the resi- 
stance) is then compressed into shape 
and solidified in a kiln. The end con- 
nections are made by either forcing a 
metal end cap onto the carbon rod (Fig. 
10) or by spraying the ends with metal 
and the leads soldered (Fig. 11). Alter- 
natively the enlarged ends of the con- 
necting leads may be moulded directly 
into the carbon rod. 

The second type of resistor (insula- 

current noise 

10 100 1k 10k 
FREQUENCY (Hz) 

Fig. 8. Comparison of Johnson and 
current noise for carbon composition 
resistors. 

paint coating 
resistive carbon composition 

100k 

solder contact 

Fig. 10. Carbon composition resistor 
with the end connections made by 
forcing a metal end -cap onto the 
carbon rod. 

moulded thermoplastic cover 

embedded connection 
wire 

resistive 
carbon composition 

Fig. 12. Insulated carbon composition 
resistor construction. 

10 

5 

VOLTS ACROSS RESISTOR 

Fig. 9. Noise figures for carbon film 
resistors of differing wattage. 

paint coating 

embedded connection resIstIve 
carbon composition 

Fig. 11. Carbon composition resistor 
with the end connections made by 
spraying the ends with metal and the 
leads soldered. 

end sealing cement ceramic tube 
end cap 

ends of rod metal sprayed 
resistive carbon composition 

rod 

Fig. 13. Assembly of a ceramic tube 
type insulated carbon composition 
resistance. 
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ted) is constructed by encapsulating the 
carbon rod in either a thermoplastic 
insulation (Fig. 12), a moisture resistant 
silicone lacquer, or a ceramic tube. With 
the latter, construction is by placing the 
rods in ceramic tubes and fitting brass 
caps over the copper sprayed ends, 
which are then cemented with a 
moisture resistant cement. A typical 
assembly is shown in Fig. 13. Another 
method of constructing an insulated 
composition resistor is by dispersing the 
carbon granules and filler in a varnish 
which is applied to a glass tube. Leads 
are then projected into the tube and the 
whole assembly encapsulated by a 
moulded case. 

The uninsulated form of carbon com- 
position resistors are smaller than the 
insulated type for a given wattage. This 
is due to their open construction per- 
mitting good heat dissipation. However 
due to the necessity of preventing short 
circuits to adjacent components the 
insulated type of composition resistor is 
more widely used. 

Carbon composition resistors have a 
large voltage coefficient which means 
that there is a change in resistance due 
to the applied voltage. This coefficient is 
insignificant in film types. Failure in 
composition resistors is rarely catastro- 
phic, but on account of a large negative 
temperature coefficient the hotspot of 
the resistor is at the centre and will 
exhibit failure if overloaded by way of a 
reduction in resistance value in the first 
instance. 

Abnormally high noise is generally 
due to poor terminations on the end cap 
which causes poor contact with the 
resistive element. Microphony may also 
be caused by the modulation of the 
noise voltage on the signal passing 
through the resistor. 

The demand of transistor circuits 
caused high stability resistors to be- 
come dominant in electronics. On 
account of the initial investment of con- 
tinental designers in their use of 
carbon film resistors during the post 
war boom in consumer electronics, 
manufacturing techniques caused the 
price gap between carbon composition 
and film to narrow and it is chiefly this 
reason that has caused carbon film 
resistors to be widely used in many 
branches of electronics. 

Carbon film resistors 
In a cracked or pyrolytic film resistor a 
hydrocarbon vapour at a temperature 
of about 1000 °C is decomposed onto a 
ceramic rod to produce a thin carbon 
film. The thickness of the film is a 
compromise between good electrical 
properties and detrimental temperature 
effects as indicated by Fig. 14. 

The inherent value of the resistor is 
increased by spiralling the film to form a 
long continuous path thus yielding a 
typical gain in resistancd value of 
10- 10000. The final resistor is thus com- 
pact in size and values of up to 108ohms 
can be obtained. 

-750 
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-250 - 

o 

o Pti mom 

(3,000, 0.350) 
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102 103 104 
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Fig. 14. Variation of the temperature 
coefficient with resistivity (thickness of 
carbon film). 

silicon lacquer coating ceramic rod 

collodial graphite 

spiralled track end cap 
force fitted 

Fig. 15. Construction of a carbon film 
resistor. 

tinned 
lead 

high temperature soldered 
connection between end cap 

and wire 

ceramic tormer 
resistance 
winding vitreous enamel 

coat ing 

Fig. 16. One construction example of 
wirewound resistor. 

terminal lead 
of resistor 

low temperature 
soldered joint 

cement coating 

Fig. 17. Fusible type wire wound 
resistor. 

Fig. 18. Equivalent noise circuit where 
e is the noise voltage generator, R is a 
noiseless resistor and C is the parallel 
capacitance. 
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Terminations may be metal end caps 
pressed over the carbon film, or alter- 
natively the ends of the ceramic rod 
may be metallized and the leads solde- 
red to them. Owing to the delicate na- 
ture of the carbon film, protection 
against moisture and handling is neces- 
sary, hence apart from enclosing the 
resistive element in a ceramic or glass 
tube numerous varnishes are applied. 

Construction pf a carbon film resistor 
is shown in Fig. 15, and it is noted that 
this figure is representative of all types 
of film resistors as are the noise and 
failure considerations that follow. 

The noise, n, in carbon film resistors is 
much less than in their composition 
counterparts. Its general properties are 
summarised by eqn. 9. 

(i) n=f(v,1/t) 

(ii) nal/IZ 
(9) 

where v = voltage stress, t = thickness of 
film and l= length of film. 

Typical noise figures are given in the 
application chart. Carbon film resistors 
are available in ratings of up to two 
watts, and in the latter case may be 
flameproofed for safety. 

Failure is more common in the higher 
value resistors and is often caused by 
irregularities in the spiralled track and 
film. In the former a shallow groove 
causes an intermittant bridge between 
tracks whilst a çleep groove will produce 
isolated sections of film along its edge 
resulting in instability and noise. 

Of particular interest in carbon film 
resistors is the dependence of the tem- 
perature coefficient of resistance (t.c.r.) 
on the resistance value and rated wat- 
tage of the resistor due to the amount of 
effective carbon film involved in cons- 
tructing the resistor. This is another 
instance where manufacturer's data is 
to be consulted. 

Metal oxide film resistors 
The resistive film for these resistors- is 
formed by the chemical reaction of 
acqueous stannic chloride on a glass or 
ceramic rod at red heat. A resulting hard 
glass -like oxide varying in thickness 
between 10-9 and 10-' metres is produ- 
ced. This oxide film is electrically con- 
ducting and inert to common chemicals. 
Its resistivity (typically 103ohm /sq.) and 
temperature coefficient of resistance 
(usually ±250ppm /° C) may be 
modified by the addition of small 
amounts of antimony or boron added to 
the original chloride solution. 

The final resistance value of the film 
is adjusted by cutting a helix along the 
ceramic rod. Terminations are similar to 
those of carbon film resistors but with 
more attention paid to detail to improve 
noise and reliability considerations. En- 
capsulation of the resistive element is 
usually by means of a suitable epoxy. 

The noise and t.c.r. vary little with the 
value of the resistor and are a good deal 
lower than in carbon film types. The 
t.c.r. may be either positive or negative 
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Application chart 
carbon 
comp. 

carbon 
film 

metal 
oxide 

1 !pA 

metal glaze 

service commercial 
metal 
film 

491 

wirewound 

commercial precision 

Resistance range (Q) 10 -22M 1 -10M 10 -1 50k 10 -150k 10 -150k 100-1M 100-1M 10 -500k 
Selection tolerance ( %) 5 -20 5 1 -5 0.5 1 0.2 -1 5 -10 <0.5-0.1 
Max d.c. voltage (V) 500 500 500 350 350 350 dependent 

on type 
350 

Insulation resistance (Q) 104 107 108 109 109 109 10' 109 
Voltage coefficient (ppm /V) 3000 100 negligible negligible negligible: negligible negligible negligible 
Average size (lengthxdiam) (mm) 15x6 10x3 7x2.5 7x2.5 7x2.5 7x2.5 dependent on type 
Cost low low fair fair fair fair fair high 
Noise (µV /V) 3 0.15 0.03 0.4 1.0 0.015 negligible negligible 
Average frequency range (MHz) ^ 10 --50 X50 ",50 X50 -'50 
Stability after 1000 hours ( %) <20 <1 <0.5 <0.5 <1.0 <0.2 <2 <0.05 
Max operating temp (ambient+ load) 110 150 150 95 120 150 350 150 
Temperature coefficient' of resistance 

(ppm /° C) <1200 250-1200 50 -250 100 100 15 -100 <200 <5 
Max wattage (VV) at surface temp of 70° C 2 2 10 1 5 1" 50 1" 

Absolute value. High power types also available. 

due to the semi- conducting nature of 
the oxide film. Most resistive films used 
in the construction of resistors are se- 
mi- conductive; the limit of precision in 
the composition of the film results in the 
t.c.r. being a positive or negative 
quantity for a given value and type of 
resistor. 

Metal oxide resistors are used in cir- 
cuit applications where stability and 
low noise are of importance. There is an 
increasing tendency to use metal film 
types. 

Another application of metal oxide 
film is in power resistor developments. 
In this instance tolerance is typically 5% 
and the resistors are coated with a 
non -inflammable silicon cement and 
exhibit fusing characteristics. The con- 
siderations of cost and stability render 
this component competitive. High 
power types (up to 5000W) are also 
produced. 

Metal film resistors 
The film used in these resistors is 
achieved by the vacuum evaporation of 
nickel chromium alloys (surface resi- 
stivity 103ohm /sq.) or by the chemical 
deposition of nickel alloys (surface resi- 
stivity 105ohm /sq.) onto a cylindrical 
ceramic substrate. The metal film is 
eroded rapidly in humid conditions with 
a light d.c. load, and for this reason the 
resistive element is protected by encap- 
sulation in one of the three following 
ways: lacquering and encapsulation in a 
moulded plastic case, sealing in a resin 
filled tube and lacquering and hermetic 
sealing in a ceramic tube with soldered 
ends. 

The general construction of metal 
film resistors is similar to the types of 
film resistor already discussed, the dif- 
ference being that the terminations may 
be made via forced metal caps which are 
in good contact with the resistive ele- 
ment by vacuum deposited terminating 
bands. Current noise level of metal film 
resistors is determined only by the cut 
of the helical groove (c.f. appendix). The 
t.c.r. may be as low as ±20ppm / °C. The 
stability of metal film is good; results in 

laboratory test conditiohs have given 
failure rates of 0.0012% for 1000 hours of 
life test. 

From these considerations metal film 
resistors are becoming widespread in 
military and scientific applications 
where reliability and close tolerance are 
of importance. Power types are also 
available. 

Metal glaze resistors (cermet) 
In these resistors an organic suspension 
of metal and glass particles is applied to 
a ceramic rod and fired. As a result a 
thick resistive film remains on the rod. 
The firing process causes the ceramic to 
fuse with the thick film, thus the type of 
ceramic used influences the physical 
properties of the resistive element. Un- 
suitable thermal characteristics of the 
ceramic rod will cause an expansion 
effect with the film, as in a bimetallic 
strip of two dissimilar metals. 

The construction of metal glaze resi- 
stors is similar to film resistors and 
shown in Fig. 15. The resistive film can 
be varied from l0ohm /sq. to 106ohm /sq. 
depending on the glaze used. An excess 
of glass in the suspension causes the 
metal particles to be disjointed, and 
hence produces a high but uncontrolla- 
ble resistance. 

Due to the high initial firing tempe- 
rature, metal glaze resistors may be run 
at high temperatures and loads, in this 
instance conduction of heat away from 
the resistive element is via the termina- 
tions and the ceramic rod. 

The noise level of metal glaze resi- 
stors is intermediate between film resi- 
stors and carbon composition. The t.c.r. 
is low (± 100pprn /° C) and stability is 
excellent on account of the body.tetn- 
perature of the resistor being low for the 
amount of power dissipated. 

Wirewound resistors 
In resistors of this type a length of 
resistance wire is wound on a bobbin 
(usually ceramic) and its ends anchored 
to terminal leads. A coating or case 
protects the wire from damage or cor- 
rosion. A suitable wire for general pur- 

pose wire wound resistors is nickel 
chromium since it has good stability, a 
low t.c.r., and a high operating tempe- 
rature. Encapsulation of the wirewound 
resistive element may be by cement, 
lacquer or vitreous enamel. Open 
wound resistors may be used in high 
power applications. 

General purpose wirewound resistors 
are supplied to tolerances of 5% and 10% 
with wattage ratings of up to 50 watts. 
In the latter case a cement coating is 
used for the lower wattage types (up to 
20 watts) which is not impervious to 
moisture but has the advantage of 
cheapness. 

Vitreous enamelled types are usually 
of 5% tolerance but a 0.1% tolerance 
may be selected. Excellent protection 
against moisture is afforded by the 
vitreous enamel, and one general 
example of construction is shown in 
Fig. 16. In precision resistors the resi- 
stance wire is Eureka, which has a low 
t.c.r., but a relatively low operating 
temperature. In this case certain varia- 
tions exist, viz: hermetic sealing in an oil 
filled tube, sealing in a ceramic tube, 
moulded plastic casing, and various 
kinds of lacquer. In the latter, protec- 
tion against moisture is satisfactory but 
the working temperature is limited to 
around 170c C. 

In the use of wirewound resistors 
particular care must be taken concer- 
ning the high ambient temperature 
from affecting surrounding compo- 
nents. Power resistors of tubular cons- 
truction convect heat through the hole. 
The operating temperature of the resi- 
stor may be used to effect a fusible 
resistor an example of which is shown in 
Fig. 17. 

Frequency characteristics of wire - 
wound resistors may be improved by 
special winding techniques, such as 
winding in anti -phase. Exact analysis of 
the effects encountered is impossible 
due to the number of variables, e.g., 
physical size, wire size differences, spa- 
cing etc. At around 2.5MHz low value 
resistors become capacitive so non -in- 
ductive windings are not of value. 
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Failure in wirewound resistors may 
be due to the following: (1) in high value 
resistors the wire may be blemished, (2)' 
in vitreous enamel types expansion dif- 
ferences between the ceramic substrate 
and the enamel coating may cause cra- 
cking and penetrating of moisture, (3) 
corrosion of the wire due to d.c. load 
conditions can induce an excess of al- 
kali in the enamel. 

In order to eliminate (2) in their pre- 
cision wirewound resistors, one manu- 
facturer uses the same material for 
encapsulation as for the bobbin. 

Special types 
High value resistors are composed of a 
carbon composition film resistive ele- 
ment in an evacuated glass envelope, 
the assembly strongly resembling a 
glass thermistor. Values of resistance 
up to 1013ohm may be obtained. 

Ceramic carbon resistors are able to 
withstand high voltages (typically 
25kV) and are used as current limiting 
resistors in voltage multiplier circuits in 
television sets. Standard resistors are 
constructed as precision wirewound 
types, the wire used being manganin. A 
small adjusting resistor in parallel with 
the main resistive element gives trim- 
ming of the exact value. The range of 
ohmic value is between 10 -* and 
10sohm. 

Precision power resistors (0.5%) may 
be constructed by mounting a suitable 
wirewound resistor or power metal film 
resistor in an extruded aluminium ca- 
sing. With additional heat sinking this 
type of encapsulation is capable of dis- 
sipating 200 watts. 

Recent developments in resistors 
include the encapsulation of an array of 
high stability resistive elements (15% to 
2% tolerance) in a dual -in -line package 
similar to the micro -circuits already 
available. One immediate advantage 
here is that in low power applications 
repetitive resistors such as in current 
limiting for l.e.d. displays, assembly and 
overall cost are reduced. 

Two types of resistive ink are used in 
the manufacture of resistor arrays gi- 
ving rise to the terms plane film 
(sometimes referred to as thin film) and 
thick film. 

In plane film typés two inks are prin- 
cipally used, nickel /chromium (t.c.r. 
3Oppm /° C) and tantalum /aluminium 
(t.c.r. 150ppm /° C). The substrate is 
alkali free glass and the method of 
manufacture is by vacuum deposition. 
The geometry of resistors is achieved by 
selective etching which may be laser 
trimmed. Evaporated gold film is used 
for the patterns of the conductors, ex- 
ternal connection being by soldering or 
thermocompression. Encapsulation 
may be d.i.l. or in an inert gas filled 
metal can. 

Thick film types are constructed in a 
similar manner to plain film. The ink 
used is the same as for metal glaze 
resistors and this consists of an organic 
suspension of metal or metal oxide with 

fine glass powder. The ink is screen 
printed onto the ceramic substrate, 
dried and then fired, insulating pastes 
are applied next and are in turn dried. 
Three or four printings may be required 
to build up the resistive network and the 
complete assembly (including terminal 
leads) is then passed through a furnace 
under a controlled process as some 
reaction with the ink may occur. In 
thick film circuits encapsulation is in 
d.i.l. form. Whole circuits including 
small capacitors may be designed into 
the package and most manufacturers 
offer a design service. The tolerance of 
the resistors produced may be as low as 
2%. 

Further reading and acknowledge- 
ment 
Many manufacturers provide excellent 
information on fixed resistors, among those 
of particular interest are technical literature 
by Mullard, Electrosil, VTM, Allan Bradley, 
Utronix, Dale, Welwyn, and ITT. 

A short list of further reading and referen- 
ces includes: 

1. Dummer, Fixed Resistors, Pitman, 1956. 
2. Dove, K. L. Metal Glaze Resistors, Wire- 
less World, June 1970. 
3. Dearden, J. Development of oxide film 
resistors, Electronic Components, Vol. 9, No. 
2. 
4. Boswell, D. & Russel, R. F. Thick and thin 
film resistors: performance and reliability 
comparison. Microelectronics, Vol. 1, No 1. 

5. Browning, J. Film Resistors, Electronic 
Components, Vol. 16, No. 2. 
6. B.S.9000 for methods of test and interpre- 
tation of information and results. 

The author wishes to thank Rank Radio 
International for permission to publish this 
article, and in particular Mr. G. Botwright for 
his help with its preparation. 

Appendix 

Noise in resistors 
The noise voltages that appear across 
the terminals of any resistor are attri- 
buted to the random motion of free 
electrons in the material of the resi- 
stance. Electrons in a conductor are free 
to move by virtue of their thermal 
energy, and at a given instance more 
electrons may be directed toward one 
terminal of the resistor than the other. 
The result is a small p.d. across the . 

resistor, and this p.d. will fluctuate as 
the electrons move. 

Since the noise voltage across the 
resistor fluctuates randomly, it has 
Fourier components covering a wide 
range of frequencies. It is thus conve- 
nient to specify the noise voltage in 
terms of bandwidth as given by eqn. (8), 
viz: 

2=4KRTSf (Al) 

Eqn. (Al) may be derived as follows: 
consider the equivalent circuit shown in 
Fig. 18. We have: 

e2 

V2` 1 +( RC)2 
(A2) 

The condition of Fig. i6 is completely 
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determined by V, In thermodynamic 
terms the circuit is a system with one 
degree of freedom. According to the 
equipartition theorem in themodyna- 
mics the total energy of the capacttgf 
must be equal 1 /2KT, thus: 

°O ezdf 
1+(wR 

1 /2KT= 1 /2CV2c= (A3) 

The integration extends over all fre- 
quencies f due to the random nature of 
the noise. Assuming that the noise vol- 
tage is independent of frequency, we 
have: 

00 
KT=Ce2J df =e2/4R 

ol+(wRC)2 
i.e. e2=4RKT (A4) 

Eqn. (A4) shows that the noise volt- 
age of resistances is independent of fre- 
quency, and accordingly, is termed 
"white" noise in analogy with the uni- 
form spectral distribution of white light 
energy. This noise in resistors is also 
called Johnson or Nyquist noise after its 
discoverers. For a given bandwidth, b f, 
eqn. (A4) assumes the form of eqn. (A2). 

Noise voltages in excess of Johnson 
noise are observed experimentally in 
certain resistances when a direct cur- 
rent is present. Although the physical 
origins of this additional noise are un- 
certain, an empirical expression for the 
effect is given by (c.f. eqn. (8)): 

e2= a 8f (A5) 

where a = constant (dependent prin- 
cipally on the geometry and material of 
the resistor), I= d.c. current and f = fre- 
quency. 

The magnitude of the noise shown by 
eqn. (A5) (termed current noise, E) 
varies markedly with the material of the 
conductor and its physical form. It is 
entirely absent in metals and hence is 
not observed in wirewound resistors. 
Composition resistors generate a large 
current noise dué the intergranular 
contacts in such resistors as shown by 
Fig. 8 in the main article. 

Peak- reading level indicator 
The following notes are related to 
"Peak- reading audio level indicator," August 
issue. The value of Rn quoted in the 
components list applies to R 11 con- 
nected to Tra gate and Rle in Fig. 3. The 
second resistor marked Rn connected to Tra 
source and C8 should be 47k0. The latter 
R11 is that mentioned on p.357, column 3. 

Left -hand side of the logic equation (p.359, 
column 3) should be Y, not X... On page 360, 
VR2 should be R13. Under the heading of 
"Construction" the second sentence should 
begin "Three types of board were used" not 
"Three boards were used." Finally, in Fig. 10 

a diode 0A202 should be included connected 
from the inverting input of the second op. 
amp. to the base of the 2N2905 transistor. 
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New 
Products 

Low profile i.e. socket 
Known as the Ultra Low Profile Socket, 
this i.c. socket is available in 6, 8, 14, 16, 
18 and 22 pin, 0.3in pitch versions. When 
fully inserted, the i.c. is 0.16in from the 
p.c.b. Contacts first grip the flat of the 
i.c. pin and also make contact with the 
wider surface area at the top, reducing 
contact resistance to typically Emil. 

The socket confirms to the vibration 
requirements of BS2011 and DEF5011, 
and beneath the socket are four 0.02in 

WW 301 for further details 

high feet acting as a moisture barrier, 
thus conforming to the BS9500 specifi- 
cation for i.c. sockets. Jermyn Manu- 
facturing, Sevenoaks, Kent. 
WW 301 for further details 

Cooling fans 
Designed for forced cooling applica- 
tions where space is at an absolute 
premium, the Rotron Piccolo fans are 
80mm square by 38mm deep. From 9 to 
13 litres per second of air flow are 
provided by the fans which are double 
insulated and protected. 

Versions are available with either 
sleeve bearings for use up to 55 °C, or 
ball bearings for use up to 75 °C. Both 
versions can be supplied with either 
115V or 240V motors. G.D.S. Sales Ltd, 
Michaelmas House, Salt Hill, Bath 
Road, Slough, Bucks. 
WW 302 for further details 

Vibration analyzer 
A Mark 2 version of the VM3C portable 
vibration analyzer is being offered by 
Vibro -Meter Ltd. Designed for use, even 
in hazardous environments, with signal 

supplied from both piezo -electric and 
magnetic transducers, the read -out may 
be made in one of three modes. These 
are velocity, displacement or accelera- 
tion, shown as a deflection on a built -in 
meter. 

Narrow band analysis is possible 
using the variable filter which ranges 
from 10Hz to 10kHz. Powered from 
mains or internal, re- chargeable Ni -Cd 
batteries the unit is 300mm x 130mm x 
310mm. Vibro -Meter Ltd, Newby Road, 
Hazel Grove, Stockport, Cheshire. 
WW 303 for further details 

Sweep /function 
generator 
The model 121 Exact is a portable swept 
function generator with a frequency 
range from 0.002Hz to 2MHz and a 
range of waveforms with variable time 
symmetry. Outputs may be sine, square 
or triangle and have a swept range from 
zero to 1000:1 with a sweep rate 
continuously adjustable from lms to 
10s. 

Two output levels are available, 20V 
pk -pk open circuit, dropping to 10V 
pk -pk into 500, and 632mV pk -pk open 
circuit, dropping to 316mV pk -pk into 

WW 304 for further details 

WW 303 for further details 

WW 302 for further details 
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5012. An invert switch is provided to 
reverse the polarity of the pulse and 
ramp outputs, a ± 10V of d.c. offset and . 
an external frequency control socket. 
The sweep waveform is available from a 
rear mounted socket. Price is £155, or 
the model 121A, with a 20dB step 
attenuator, is available at £195. Dana 
Electronics Ltd, Collingdon Street, 
Luton, Beds. 
WW 304 for further details 

Static meter 
With static becoming a serious problem 
in industry and the medical world, the 
model 703 non -contact static meter 
from 3M Nuclear Products can be useful 
to examine suspect surfaces. 

It can be set to read at distances of 2, 6 

or 12 inches and will detect potentials 
from 50V to 2000kV. The meter is 
battery operated from two 9V dry 
batteries, giving up to 100 hours con- 
tinuous service. 

The instrument operates on the 
principle of the discharge of a metal 
sensor plate in,the muzzle, using a weak 
beta ray source. The small current thus 
generated is measured by means of an 
amplifier connected to the meter. The 
value and polarity of the charge is 
indicated. 

A free "static analysis service" is also 
offered on industrial premises. Product 
Public Relations, 3M United Kingdom 
Ltd, 380 Harrow Road, London W9 2HU. 
WW 305 for further details 

Test set 
A hand -held test set designed for 
fault- finding in data transmission sys- 
tems, has been announced by IAL Data 
Communications. The Data Monitor Set 
PDMS 9801 shows, on a "go -no go" 
basis, the signal states on the ten most 
frequently used data and control cir- 
cuits of a CCITT V24 interface. It is Post 

WW 305 for further details 

WW 307 for further details 
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Office approved for connexion to their 
modems and other approved modems in 
series with the modem -to- computer 
interchange cable. 

The test set imposes negligible load- 
ing on the system being tested and is 
powered by readily available dry cells. 
International Aeradio Ltd, Aeradio 
House, Hayes Road, Southall, Middx. 
WW 306 for further details 

Multipurpose instrument 
Digical is a precision voltage and 
current generator, v.o.m. and constant 
voltage or current power supply. De- 
signed to provide a calibration source 
for d.c. instrumentation or other equip- 
ment, it offers five functions and 25 
ranges. 

An 8mm, 31/2-digit l.e.d. display 
indicates the instrument's output 
which can be from 10µV to 100V at up to 
100mA or 10nA to 100mA at up to 100V. 

WW 306 for further details 

WW 308 for further details 
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It will also measure external voltages or 
currents of a similar range and addi- 
tionally measure resistance from 
10mS2 to 100kSl. Delresistor Ltd, 21 

Windsor Street, Uxbridge, Middx. 
WW 307 for further details 

Standard frequency 
receiver 
One of a range of frequency standards 
manufactured by R.C.S., the type 103 
receiver operates from the Droitwich 
signal and provides two outputs at 3V 
pk -pk square wave into 30052, of 10MHz 
and I MHz. 

The short -term stability is 1 part in 108 
and the long term stability, that of 
Droitwich itself. Manual controls are 
eliminated by the use of an automatic 
lock taking up to 20s from switch -on to 
operate. 

A remote ferrite rod assembly is 
supplied for use as an aerial and the 
power requirements for the receiver are 

220/250V, a.c. 50 -60Hz. R.C.S. Electron- 
ics, National Works, Bath Road, 
Hounslow, Middx. 
WW 308 for further details 

Portable tachometer 
The Philips PR 9131 is a portable 
tacho -meter for direct measurements 
between 1 and 9999 r.p.m. An extension 
of the range above this is obtained by 
contactless measurement, from 100 to 
999,900 r.p.m. 

Accuracy is claimed to be ±0.2% (± 1 

digit) of the true speed, the display 
being a 4 digit l.e.d. indicator. Power is 
provided from either mains or battery, 
the latter giving 180 minutes con- 
tinuous use. Recharging takes ap- 
proximately 10 hrs. 

Price with case and accessories, but 
without batteries is £295. Pye Unicam 
Ltd, York Street, Cambridge. 
WW 309 for further details 

WW 310 for further details 

WW 311 for further details 
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Frequency synthesizer 
Additional components are being 
offered to extend the range of the basic 
WJ -1250 modular synthesizer by Wat- 
kins- Johnson. These consist of a chassis 
(WJ- 1253A) which can house up to 
three WJ -1251 r.f. sources, with auto- 
matic interfacing with the WJ -1250 
microwave synthesizer main frame. 

Two double -band r.f. sources using 
fundamental y.i.g. -tuned oscillators, 
one of which (WJ- 1251 -7) provides 
from 8 to 18GHz at 5mW (min), the 
other supplying 20mW (min) from 1 to 
4GHz. 

Various options and auxiliary 
modules are also available. Watkins - 
Johnson International, Shirley Avenue, 
Windsor, Berks. 
WW 310 for further details 

Soldering iron 
A 24V soldering iron suitable for 
continuous production usage has been 
introduced by Light Soldering Develop- 
ments. Called the Conqueror, it weighs 
35g and is supplied with a range of five 
bits from 1.6mm to 6.3mm and a spiral 
spring holder mounted on a Bakelite 
base. The base is fitted with a wiping 
sponge and can be fitted directly onto 
many existing 24V power units. Light 
Soldering Developments Ltd, 97 -99 
Gloucester Road, Croydon, Surrey. 
WW 311 for further details 

Injection moulded 
capacitors 
High humidity protection is claimed for 
the 8017 series of capacitors from 
Advance Filmcap. The process elimin- 
ates voids occurring in normal resin 
encapsulation and ensures the accurate 
central location of the axial leads. 

The range of values available 
matches the existing Filmcap polycar- 
bonate and polyester ranges and has 
received British Post Office approval. 
Advance Components Ltd, Rhosy- 
medre, Wrexham, Denbigshire. 

WW 312 for further details 

Etch and wash unit 
This is a heated p.c.b. processing tank 
with a spray wash bath, designed as a 
bench top unit 16 x 22 x 20ins. Heating 
and agitation is by a patented integral 
wall heater with air agitation. The wash 
tank contains two spray bars. 

All controls, thermostat and air pump 
are part of the units which only require 
connection to the 240V mains supply, 
mains water and drainage. 

Other units with develop, etch, tin or 
strip tanks each combined with a wash 
tank are available. Circuitape Ltd, 33 
New Street, Aylesbury, Bucks. 
WW 313 for further details 
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Real and 
Imaginary 
by "Vector" 

ON COMMITTEES 
There's this friend of mine, see, who's 
the proud father of a seven -year -old 
son. One day, junior returns from school 
bursting with exictement and 
announces that his class is working on a 
new project, to wit, the manufacture of 
a papier -maché cow: You know - 
wire netting framework and that kind of 
lark. Pa, suitably impressed, asks ques- 
tions, and in particular what son's 
contribution is going to be. 

"Well, actually," says junior, voice 
trembling with pride, "teacher's 
appointed me chairperson of the crum- 
pled horn committee!" 

In these troubled times it's reassuring 
to know that our educational system is 
solidly behind us, nurturing our tender 
plants so that in the fullness of time the 
young idea will emerge completely 
meeting -orientated and ready to pull 
their full weight in British Industry. 

I feel sorry for our forebears. I just 
don't know how they managed to cope 
in the B.C. (Before Committee) era. For, 
incredible as it may seem, Graham Bell, 
Edison, Marconi et al. seemed to have 
functioned on a bull -at -a -gate, suck -it- 
and -see basis and entirely without 
benefit of committees. That they got 
anywhere at all can only be attributed 
to beginner's luck. Fluking their way 
through, you might call it. 

Yes, it's a great pity that the old - 
timers hadn't latched on to the corn - 
mittee apprbach, which, as all thinking 
men agree, was the greatest single 
invention since the wheel and girls. For, 
properly employed in industry, it 
confers two major boons; it's an almost 
foolproof safeguard against getting the 
sack and it creates an intense eager - 
beaver atmosphere without actually 
getting anything done. 

Consider the instance of Bludswet 
and Teeres Ltd, electronic equipment 
manufacturers in a smallish way of 
business. In days of yore if one of their 
engineers had an idea (and they some- 
times did) he'd wheel it along to the 
Chief Engineer. If the Chief liked it, he'd 
say go ahead and if it, subsequently 
proved to be a success - well, Chief 
Engineers were paid to spot winners. If 

it didn't, another C.E. was appointed 
sharpish. Each position of high respon- 
sibility carried a built -in chopper; that 
was what it was all about. 

How primitive! Thank goodness we 
have none of that barbarism nowadays! 
In the interim period Bludswet and 
Teeres have prospered and now consti- 
tute a democracy by committee. Their 
Research Dept. dream up an idea and, 
after lots of meetings, pass it to 
Development who hold a lot more and 
tag every electron involved so that 
they'd know it again if they met it in the 
street. The prototype is then processed 
through various channels and is even- 
tually offered to the Commercial 
Manager; by this time it's not nearly 
such an original idea as it once was 
because a lot of water has gone under 
the bridge and those fiendish Japanese 
are believed to have got something 
similar up their kimonos. 

In short, the new equipment is a 
dodgy potato and the Commercial 
Manager has been too long in the 
business to stick his neck out. So he sets 
up a committee of senior executives to 
brood over the project and eventually to 
advise him on a straightforward digital 
yes -no basis. 

Naturally, they do nothing of the sort. 
They have serious responsibilities like 
week -end cottages, cabin cruisers and 
Mercedes cars to think about and they 
know just as much about hedging bets 
as the Commercial Manager. So they 
promptly appoint another set of com- 
mittees at the next level below them. 
Thus, if we start off with a top -brass 
committee of ten (a reasonable figure) 
and each of these appoints a coven of 
similar size to advise him on his own 
peculiar interests in the equipment, we 
already have 110 good men and true 
involved in committee work. 

But that's only the start. The lower 
(but still quite senior) stratum have no 
intention of facing a firing squad either, 
so they in turn delegate subordinates to 
... but I needn't go on because you 
know the picture anyway. And natural- 
ly, everybody on a committee has to 
hold a prior meeting with a few 
immediate colleagues in order to estab- 
lish what he's got to say at the meeting. 
So, in no time at all, half the personnel 
at Bludswet and Teeres are involved in 
reporting to somebody or other. There 
are steering committees, whose 
members are specially selected for their 
complete lack of a sense of direction, 
and there are also things called working 
parties. Nobody has yet discovered 
what a working party is supposed to do. 
Nevertheless, momentous issues are 
being solved all the time. Somewhere in 
the morass a sub -committee has been 
haggling for months as to whether the 
chassis should be stoved in baby blue or 
a crackle finish. 

The immediate consequence of 
decision -by- committee is that a mass of 
paper ascends to high heaven and 
flutters down to the IN -trays beneath. 
These memoranda require the utmost 
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care and deliberation in their composi- 
tion; they must be verbose enough to 
impress the committee conveners but at 
the same time they mustn't actually say 
anything; particularly anything that 
could be construed as a recommenda- 
tion one way or another. This contin- 
uous interdepartmental to- and -froing 
of memos has been unkindly described 
as a closed oscillatory circuit using 
paperwork coupling. 

But at long last the moment of truth 
can no longer be delayed and, from the 
information dredged up, the Commer- 
cial Manager reluctantly decides that 
the new equipment shall go into pro- 
duction. The lengthy business of tooling 
up, buying in components and produc- 
ing working drawings begins, and, of 
course, this necessitates a whole lot of 
new committees. Then, just after the 
point of no return, those perfidious Japs, 
who have no sense of the correct 
procedures, bring out something better 
on immediate delivery. But do heads roll 
at Bludswet and Teeres? They do not. 
The buck is passed down and down and 
you can't sack a committee complex 
consisting of half the factory, with at 
least three trade unions behind them. 

There are, broadly speaking, two 
distinct categories of meeting - 
attenders. There are the dedicated 
committee -men and those who 
have been co -opted protestingly from 
their lawful occasions to pronounce 
judgement on a technical issue. The 
latter are the sacrificial lambs who can 
(and assuredly will) be put on the altar 
should appeasement be demanded from 
on high. 

Professional committee men come in 
various types. There is the Chairman, 
born with an agenda in his hand, who 
has an inexhaustible fund of Rabel- 
aisian anecdotes with which to jolly the 
meeting along but who is known to 
have the ear of Sir upstairs, so watch it. 
Then there are at least two members of 
any given meeting who like to hear the 
sound of their own voices and are 
adepts at saying nothing at intermina- 
ble length. There is Terribly Ernest, a 
junior executive from Trends and 
Tendencies Department; it is his first 
meeting and he's anxious to make a 
good impression upon his seniors. 

Another well -known frequenter is 
Humpty Dumpty, so adept at sitting on 
the fence. There's the Doodler who 
spends the meeting sketching positions 
from the Kama Sutra on his pad. And 
then there's the Ancient, in his prime 
when the new -fangled triode was 
ousting the crystal detector; nobody is 
at all sure who he represents. He just 
sits in dour silence until the meeting's 
over and then totters off to a blue 
movie. And then there's - but you 
know them, anyway. 

Meanwhile, back on the Works Floor 
the machines are on short time and the 
pound's taken yet another turn for the 
worse. H'm; it looks as though we'd 
better convene another meeting. 
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The Dymar 971 radiotelephone. 

So many savings, you'd think your 
accountant had designed it. 

Dymar's 971 mobile radiotelephone offers fleet opera- 
tors a whole series of super- saving features - 

Plug -in transceiver units. With the 971 the 
vehicle mounting cradle carries all power and aerial 
services. The transceiver simply plugs in, and can be 
switched from vehicle to vehicle without disconnec- 
tion or reconnection of wires or cables. 

Rugged construction. The 971 is built to 
take the knocks, and has proved it over hundreds of 
thousands of miles of overseas operation. Should 
something go wrong, instant testing is also a simple 
plug -in operation. You save, again, on equipment 
down -time. 

For full details, use the Reader Enquiry Service, or 
contact Dymar direct. 

a43 

Base and transportable versatility. That's 
right, more plug -in economies. The 971 simply slots 
into a mains power supply speaker unit for base 
station use, or into a portable shoulder pack (with 
rechargeable batteries) if the need arises to use it.away 
from the vehicle. 

Top efficiency VHF -AM communication. 
Improved contact with vehicles saves in all direction ... on fuel ... on driver time ... and in gained 
business opportunities. 

Economy pricing. 971 prices come as a pleasant 
surprise in these days of rising costs - the 
final argument to convince your accountant, or bank 
manager. 

Designed by experts to provide the answer to just 
some of the problems facing fleet operators in the 
mid -Seventies, the 971 is the newest' product from 
Dymar, producers of the world- famous Lynx range 
of AM and FM VHF mobile radiotelephones. 

DYMAR ELECTRONICS LIMITED, 
Colonial Way, Radlett Road, Watford, 
Herts. WD2 4LA. Tel: Watford 37321 
Telex : 923035 Cables : Dymar Watford. 

WW-057 FOR FURTHER DETAILS 
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More than 
just a catalogue! 
PROJECTS FOR YOU TO BUILD 
4 -digit clock, 6 -digit clock, 10W high quality power 
amp., High quality stereo pre -amp., Stereo Tuner, 
F.M. Stereo decoder, etc., etc. 

CIRCUITS ... Frequency Doublers, Oscillators, Timers, 
Voltmeters, Power Supplies, Amplifiers, Capacitance 
Multiplier, etc., etc... . 

Full details and pictures of our wide range of components, 
e.g. capacitors, cases, knobs, veroboards, edge connectors, 
plugs and sockets, lamps and lampholders, audio leads, 

adaptor plugs, rotary and slide potentiometers, presets, 

relays, resistors (even 1% types! ), switches, interlocking 
pushbutton switches, pot cores, transformers, cable and 

wire, panel meters, nuts and bolts, tools, organ components, 
keyboards, L.E.D.'s, 7- segment displays, heatsinks, 

transistors, diodes, integrated circuits, etc., etc., etc.... 
Really good value for money at just 40p. 

The 3600 SYNTHESISER 
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The 3600 synthesiser includes the most popular features of the 
4600 model, but is simpler. Faster to operate, it has a switch 
patching system rather than the matrix patchboard of the larger 

unit and is 

particularly 
suitable for live 
performance 
and portable 
use. 

S.A.t. please 
for price list 

The 4600 
SYNTHESISER 

GRAPHIC EQUALIZER 
A really superior 
high quality stereo 
graphic equaliser .. 

as described in 
Jan. 1975 issue r 1kr 
of ETI. stock 
all parts (except { 

1 1 

woodwork) I . 
including all the , 

metal work . 

drilled and 
printed as required to 'suit our components and PCB's. 

Complete reprint of article - price 15p 

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 in advance for 

just 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 we'll 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 the 

prices are implemented! plus details of any new lines, special offers, interesting projects - and coupons to spend on components to 

repay your 30p .MMIIIMEIMIIIIMIIMMIE111' 
NOTE: The price list is based on the Order Codes shown in our . 'I enclose Cheque /P.O. value 

For copy /copies of your Catalogue 

Name 
Address 

We stuck all the parts for this brilliantly designed synthesiser, 
including all the PCB's, 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 £1.50, or S.A.E. please 
for specification 

ELECTRONIC ORGAN 
Build yourself an exciting electronic 
Organ. Our leaflet MES51, price '15p, 
deals with the basic theory of electronic wA 
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 ranga are shown in 
leaflet MES53, price 35p. 

catalogue so an investment in our super catalogue is an essential 

first step. 

Call in at our shop, 284 London Road, Westclitt on Sea, Essex. 

Please address all mail to 

MAPLIN ELECTRONIC 
SUPPLIES 
P.O. Box 3 Rayleigh EsSéx SS6 8LR MAPLIN ELECTRONIC SUPPLIESE55ee SS68,Lir'y - . . 1.1.1.111.11.111111V 
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p s 0 C electroníes 
Dept .5, 56. Fortis Green Road, 

Muswell Fill, London, N10 3HN. 

telephone: 01 883 3705 

C - MOS 74 TTL LINEAR 

CD4OOOAE 

CD4001AE 
C04002AE 
CD4006AE 
CD4007AE 
CD4008AE 
CD4009AE 
CD40I0AE 
CD401IAE 
CD4012AE 
CD4013AE 
CD4014AE 
CD4015AE 
CD4016AE 
CD4o17AE 
CD40l8AE 
CD4019AE 
CD4020AE 
CD402IAE 
CD4022AE 
CD4023AE 
CD4024AE 
CD4025AE 
CD4026AE 
CD4027AE 
CD4028AE 
CD4029AE 
CD4030AE 
CD4035AE 
CD4040AE 
C04042AE 
CD4049AE 
CD4050AE 
CD4051AE 
CD4052AE 
CD4056AE 
CD4060AE 
CD4066AE 
CD4068AE 
CD4069AE 
CD4070AE 
CD407IAE 
CD4077AE 
CD4081AE 
CD4082AE 
C04085AE 
C04086AE 
CD4093AE 
CD4099AE 

1 -24 

23p 
23p 
23p 

E1.59 
23p 

E1.75 
Use 
Use 

23p 
23p 
69p 

£I.75 
£1.75 

69p 
EI.75 
£2.51 

80p 
E1.97 
E1.75 
£1.83 

23p 
EI.26 

23p 
E2.79 

98p 
E1.53 
£1.12 

71p 
£1.75 
£2.01 
E1.49 

69p 
69p 

E2.78 
£2.78 
£2.12 
E2.51 
EI.13 

28p 
28p 
28p ' 

28p 
71p 
28p 
28p 

EI.28 
E1.28 
E1.56 
£2.95 

25 -99 10)1 

19p 

19p 

19p 

£1.33 
19p 

E1.46 
CD4049 
C04050 

19p 

19p 
58p 

El .46 
£1.46 

58p 
E1.46 
E2.09 

66p 
E1.64 
E1.46 
EI.53 

19p 

E1.05 
19p 

£2.33 
82p 

E1.78 
El .76 

59p 
£I.46 
£1.68 
£1.24 

58p 
58p 

£2.32 
£2.32 
E1.76 
£2.09 

94p 
24p 
24p 

24p 

24p 
59p 
24p 

24 
El .06 
E1.06 
El .20 
£2.46 

SIEMENS LCD's 

15p 
15p 
15p 

£1.06 
15p 

E1.17 

15p 

15p 
46p 

£I.17 
£1.17 

46p 

£1.17 
£1.67 

53p 
El .31 
El .17 
El .22 

15p 

849 

5p 

£1.86 
65p 

E1.02 
E1.41 

47p 
E1.17 
E1.34 

99p 
46p 
46p 

EI .85 
E1.85 
E1 .41 

EI.67 
75p 
19p 
19p 
19p 
19p 
47p 
19p 

19p 

85p 
85p 

£1.04 
E1.96 

I-24 25-99 100 s 

7400 14p 14 10p 
7401 14p 12p IOp 
7402 14p 12p 10p 
7403 15p 12}p 10p 
7404 16p 13p Ilp 
7408 16p 13p Ilp 
7409 14 13p Ilp 
7410 16p 13p lip 
7413 29p 24p 209 
7417 27p 22ip 20p 
7420 16p 13p Ilp 
7427 27p 22ip 18P 
7430 16p 13p lip 
7432 27p 22áp 18p 
7437 27p 22zp I8p 
7441 75p 62p 50p 
7442 65p 55p 43p 
7445 85p 71p 57p 
7447 95p 83p 67p 
7447A 95p 83p 67p 
7448 85p 71p 57p 
7470 30p 25p 20p 
7472 25p 2Ip 17p 
7473 30p 25p 20p 
7474 32p 26p 2Ip 
7475 47p 39p 31p 
7476 32p 26p 2Ip 
7482 75p 62p 50p 
7485 E1.30 E1_09 87p 
7486 32p 26p 2Ip 
7489 E3.56 £2.80 £2.10 
7490 49p 40p 32p 
7491 65p 55p 45p 
7492 57p 46p 36p 
7493 49p 40p 32p 
7495 67p 55p 45p 

74100 £1.08 89p 72p 
74107 35p 28p 22p 
74121 34p 28p 239 
74122 47p 39p 31p 
74141 78p 63p 53p 
74145 68p 58p 48p 
74154 £1.75 E1.48 86p 
74174 E1.00 84 67p 
74180 £1.06 84 7Ip 
74181 £3.20 £2.50 E1.90 
74192 £1.35 £1.14 909 
74193 E1.35 £1.14 0p 
74196 E1.64 £1.34 99p 

L/NE-0-L/GHT 
LIQUID CRYSTAL DISPLAY complete wins 

socket and removable ref lec'ive backing, 
Ref AN4132R 13mm chorocter height . Can 

be directly driven by National Semiconductors 
Alorm Clock chip MM5316. £13.99 

I 
I t 

/ 7/ 

NEW LED Linea, Crsas 
eock de. ice no'oH, 10 I.gl,, ma diodeti. a 209i., dual- 

ne package. Ideal fa solid 
nalogke mere s a dials. 

Type 101 RED E2. 26 

555 (8 pin dip) V 55p 
555 (10-99) T 81p 
556 (14 pin dip) E1.29 

703 (Rf /IF Amp) 689 
709 (8 pin dip) 38p 
709 (50 -99) 45p 
709 114 pin dip) p 

710 18 pin dip) p 

710 (10 -99) 45p 
710 114 pin dip 44p 
711 ITO -991 51p 
711 114 pin dips 44p 
720 (A .M. Radio` El .76 
723 110 -991 £1.09 
723 114 pin dipl 749 

741 (8 pin dip' 36p 
741 ITO -991 43p 
741 114 pin dop' 36p 
747 114 pin dip' £1.04 
748 l 8 pin dip' 42p 
748 (90-991 46p 
748 I14 pin dip' 49F 
753 F.M. , Io. I.F.) E1.08 

75491 88p 

75492 E1.10 

Regularas 100 mA 
78105WC Ìg0 -921 60p 
78L12WC (TO-92, 60p 
78L15WC IT0 -92 60p 

Reguloras IOOmA 
78LOSAWC ,TBA625A,90p 
78L12AWC ,TBA625B 90p 
78L15A'NC'TBA625C'90p 

Regularas 500mA 
78M059C 
78 MI lHC 
78M1 59C 
78M18HC 
78M24HC 

Regularas lA 
7805KC ,T0-3, 
7812KC TO-3, 
7815KC IT0-3` 
7818KC ,T0-3J 
7824KC To-31 

Reguletas IA 
7805ÚC T0-220' 
78I2UC ,T0-220 
7815UC T0-220, 
7818UC ,T0-220 
7824UC .TO Q20 

ICL8038 

A"-I-0212 
AY-I -5051 
AY-5-1724 
AY-5-3500 
AY-5-3507 
AV-5-4007 

El .35 
E1.35 
E1.35 
E1.35 
El .35 

£2.09 
£2.09 
£2.09 
£2.09 
£2.09 

i1.72 
El .72 
El .72 
El 72 

£1.72 

E3 52 

£6.93 
E1.44 
£3.95 
£6.5 
£6.59 
E7.04 

BHA0002 f3.01 

CA2111 £1,19 
CA3045 £1.69 

' CA3046 88p 
CA3053 59p 
CA3065 £1.60 
CA3075 £1.64 
CA3078 £1,26 
CA3080 59p 
CA3081 £1.86 
CA3082 £1,86 
CA3089E ITDA12C0) E2.43 
CA3097E £1.67 
CA3123E £1.76 
CA3401E LM39001 68p 

CA3600E E1.44 

CT7001 £5.34 

100511 ,T0.3) 
L036TI 170.3) 
1037T1 IT0-3) 
L129 (50T-321 
L130 ISOT-321 
1131 (5OT-321 

MC1358 ..A3065) £1.16 SN76544N £1.81 
SN76550-2 (TAA550) 89p 
51976552-2 8lp 
SN76660N (TBA120) 759 

5N76666N (CA3065) £1.12 

MC1375 £1.48 

MC1455 ß55T) 
MC 1456L..+ 
MC1458CP1 
MC 1468G 
MC14951 
MC 1496G 

MC3302P 
MC3401 P 

MF C40006 
MFC4060A 
MFC6030A 
MFC6040 
MFC6070 

MM5314 
£1.46 MM5316 
El .4o 
£1.46 

85p 
85p 
85p 

161301 T (0^ -991 65p 
LM301 SIE. pin dipl 59p 
LM30IA TIT0-991 67p 
1143010 5 (8 pin dip 59p 
LM307 TITO -99, 59p 
114307 S t8pin dip' 57p 
1M308 T £1.96 
L14308 S 18 pin dial 989 
LM308A T fT0- 99;£7.92 
LM308A S '8 pin dip: 

£6.90 
£2.34 
£2.25 
£2.85 
£2.08 
£1.99 
E2.99 
£2.71 
E1.25 
£1.85 
£1.66 

68p 

LM309K 
LM339 

LM370N 
LM371 
LM372N 
LM373N 

'LM377N 
LM380 
LM381 
1M382 
LM703 

LM1820 
LM21 I I 

LM3900 

MC1303L 
MC 1306P 

MC1310P 
MC1312 
MC1314 
MC1315 
MC 1327 

MC 13309 
MC1339P 
MC 1350 
MC 135' 

MCI'. 

£1.03 
£1.12 

69p 

E1.84 
809 

£2.39 
£2.42 
£4.13 
£4.62 
£1,12p 

83p 
£1.52 

64p 
889 
88p 

E1.52 

MVR5V (T0-3) 
MVRI2V TOvI 
MVRI5V J0-31 

NE540L 
NE546A 
NE555V 
NE556 
NE560B 
NE56I B 

NE562B 
NE563 
NE565N 
NE566V 
NE567V 

îL414A 
SL415A 
51437D 
51440 

51610C 
5L61IC 
51612C 
SL613C 
SL620C 
SL621C 
SL622C 
51623C 
SL624C 
SL630C 
5L640C 
5L641C 
51645C 
5L650C 

62p 
E1.68 

84p 
£2.18 
£4.24 

94 

£1.50 
740 

87p 
79p 
79p 
96p 

£1.66 

TAA263 
TAA300 
TAA310A 
TAA320 
TAA350 
TAA370 
TAA550 
TAA570 
TAA700 

TBA1205 
TBA23I 
TBA281 (723) 

E4.80 TBA5000 
£9.99 TBA5200 

TBA5300 
£1.45 TBA5400 
E1.45 TBA5500 
E1.45 TBA560C0 

£1.25 TBA625A 
£1.16 TBA625B 

73p TBA625C 
f1.29 
£5.06 
£5.06 
£5.06 
E2.96 
£2.63 
£1.87 
£2.63 

£2.09 
£2,75 
£7.50 
£2.84 

£2.03 
E2.03 
£2,03 
£4,31 
£3.06 
E3.06 
£7.62 
£5.57 
E2.84 
£1,87 
£3.75 
£3,75 
E3.75 
E9,85 

SN7549IN 88p 
SN75492N f' .10 

SN76001I-J fTAA6I 1 £1.82 
SN76003N E3.30 
SN76013N £1.92 
SN76023H £1.98 
SN76227M IMC13271 £1.89 
SN76532M £1.8b 

TBA65I 
TBA7200 
T BA 7500 
TBA800 
T808105 
TBA810A5 
TBA820 
TBA9200 
TBA9900 

TCA2700 
TCA760 
TCA8000 
TCA830S 
TCA940 

TDA1054 
TDAI 200 
TDAI 405 
TDAI 412 

TDA1415 
TDA2010 £3.00 
TDA2020 £3.75 

£1.50 
£2.16 
£1.87 
E1.44 
£2.43 
£3.45 

7 

£2.74 
£5.03 

£1.25 
£1.02 
£2.59 
£3.16 
£3.85 
E3.27 
£3.72 

£5.29 

Cl .03 
£1.03 
£1.03 

£1.87 
£2.79 
£2.79 
£1.11 
E1.24 
EI .24 

86P 
E4.71 
£4.71 

£5.24 
£2.16 
£7.24 
£1.04 
£2.25 

E1,50 
£2.43 

80p 
ElOp 
80p 

U1N2111A E1.52 

ZN414 El .26 

M/N/IRON 

Minirron Filament Display 
bi-iirecdonel 0.36" 
3015F 079 L'Mt d. pr. 
3015G - I E1.08 

PHOTO-DARLINGTON SEVEN SEGMENT DISPLAYS 

2N5777 
Viceo, Vcbo 25v, Vebo 8v 

Viceo, Vcbo 25v, VERO Bv 

hfe 2500, Ic 250 mA 33#. 

I.C. SOCKETS 

Dual -in -line TO5 

Pins 8 14 16 24 28 36 40 8 10 

Pricel3p 15p 15P 24 30p 39p 44p 319 35p 

Free snap -an plastic retainer 

..°"."11114,4 

1 11 I_l, 

0.1251 C16 s` 2 

dia. lens dia. leas dia. lees 
11 5.209- \,A .MLED 650 

I- IO- 100 1- IO- ISO , 

Red 16p 15p I3p 
Green 27p 24p 22p 
Orange 27p 24p 22p 
Yellow 34p 31p 29p 

low Cos' Red GaAtP ` 
Moraola MLED 500 
in a TO92 pan -age ISP 

27p 24p 22p 
33p 309 27p 
33p 30p 27p 
35o 32p 29p 

18p 159 14o 

30p 27p 25p 

30o 27o 25p 
350 33p 30p 

NEW rp'o-isolo,,,s 
ILI (4N25 u TIL116) 
6 pi, s`o.,da,d paca,:e 
2 5e' lo i 

NE N 

Lirroni. Double Digit Displays 
0.5 ", Commas Anode 2 R 71-1 

51721 gives ' 1.9 
DL727 gives 0.0. ro 9.9 
Suitable for Clocks, Instruments 

T .V . Chan,' Indicato, 
Our Price E4.75 each. 

NCT ICE 
Postage d Pacl bap Charge; 

V'f.o.he,ecc r,.aas 
I,us01 c a, da 

v.e Iwve bat, íor.ed 
00, pokc, 
Hencef o. s. a,d 
I. O -des :a i s ed a' E5 o 

m s 

- I l be res` Lae. 
2. All I) F 'small package' 

odes +.ill go (i,s class mail 

3. Mi- i m pos 8 pack 

yemoill 
e 

ir._ ease to 20p. 

litronix 

MCBIOfB 

Monsanto 

0.3" 

046" 

CIC MMC N CGMM. N 
ANC DE ANODE 
P" L'H 
Dec Pr Dec. P, 

RED 017078 DL707 

CREEr1 MAN52 
RED MANTI MAN72 
YELL; W MAN81 MAN82 
^°ANGE MAN3610 MAN3620 

C°EEN XAN5I KAN52 
XAlJ7I XAN72 

VELL SANAI XAN82 

C-51 EN 17u'sN45I( MAN4520 
'ED MAN47I,^ MAN4720 
VELLCYk MAN481C MAN482C 
"',ANGE MAN4610 MAN4620 

L C A 

Dec 

'E0 DL747 0174r 

COMMON 
ANODE 
- 1 

01701 

MANS3 
MAN73 
MAN83 
MA N3630 

MAN4530 
MAN4730 
MA N 4930 
MAN 4030 

C C L H 

Dec P' 

DV50 

COMMON Our 
CATHODE Price 
R 'H 

Dec. Pr. 

D1704 El .82 

MAN54 E1,82 
MAN74 El .82 
MAN84 £1.82 
MA N3640 El .82 

XAN54 E1.49. 
XAN74 El 49 

XAN84 El 49 

MAN4540 £2.32 
MAN4740 E2 32 
MAN4840 £2.32 
MAN464C £2.32 

C C. 
- 

D1749 E2 47 

sore as MAN50;70 A 80 se,ie'. 

`''l' INCLUDED 
Items marked with a include 8% VAT 
Items unmarked include VAT or 25% 

ADVERT. No.1. of Series B. 
Ct1LI ERS WELCOME 

WW-062 FOR FURTHER DETAILS 
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10okT00 for 
high voltage 
air dielectric 
capacitors? 

Turn to Jackson's 
for versatility 
The Jackson's range of high voltage 

air dielectric capacitors has been specially 
developed for modern transmitting and 
aerial tuning applications. 

It's a versatile range. Some give a 

capacity of up to 1,000pF. Others accept 
up to 6Kv. d.c. Proof Voltage. 

It's a smooth range. Plain bearings 
for high torque. Ball bearings for low 
torque. Single stator, differential and 
split stator configurations. 

All backed by 50 years' experience 
in the communications field. Highly 
skilled men. And Jackson Brothers' good 
name. 

Write for further information to 

JACKSON BROTHERS 
(LONDON) LIMITED 

Kingsway. Waddon. Croydon CR94DG 
Tel: 01- 6812754 7 Telex 946849 
U.S. Office. Swedgal Electronics,lnc.. 
258 Broadway. New York, N.Y. 10007 

B. S. 9000 Approved 

WW -017 FOR FURTHER DETAILS 

Wireless World, October 1975 

MMNICASES 

,5 ̂  

made from 20g. mild steel 
finished in silver grey hammer - 

panels made from 18g. steel, 

O LSO N 

ÿÿ. 

Standard minicases are 
sheets zinc- coated and 
tone stove enamel. Front 
finished in light grey high gloss enamel. 

Overall Dimension Case Case Chrome 

Type Width Height Depth no vents with vents leg 

21 61" 41" 41" - 3.92 0.90 
22 81" 51" 51" - 4.40 0.90 
23. 102" 61" 61" - 5.25 0.95 
24 121" 71" 71" - 5.74 0.95 
25A 61" 41" 41" 3.80 4.28 0.90 

' 25B 61" 41" 61" 4.00 4.48 0.90 
26A 811" 5111" 6 -4" 5.37 5.85 0.95 
26B 81" 51" 811" 5.62 6.10 0.95 
27A 121111" 71 ", 51" 5.75 6.35 0.95 
27B 121111" 71" 8" 6.35 6.95 0.95 
28A 14" 101" 61" 6.95 7.55 - 
28B 14" 101" 81" 7.55 8.15 - 
29A 10" 4" 6" 4.85 5.33 0.95 
29B 10" 4" 8" 5.15 5.63 0.95 
30A 12" 5" 6" 5.25 5.85 0.95 
30B 12" 5" 8" 5.56 6.16 0.95 
31A 14" 6" 6" 5.75 6.35 0.95 
31B 14" 6" 8" 6.05 6.65 0.95 
61 151" 71" 91" - 8.75 - 
62 171" 81" 91" - 10.15 - 
63 152" 91" 91" - 10.15 - 
64 151" 71" 121" - 10.15 - 
65 171" 81" 121" - 11.60 - 
66 161" 91" 121" - 11.60 - 
Types 21, 22, 23 and 24 are finished in olive green 

hammertone with front panels in light straw gloss 

enamel. Fitted with ventilated rear panels only. No 

louvres in the base. 

PORTABLE POWER DISTRIBUTION 
COMPLETE WITH 6FT CABLE 
AND 13AMP PLUG 

_... -, __... 4 SOCKETS 13A. £8.80 
6 SOCKETS 13A. £10.45 
4 SOCKETS 13A /SW £10.06 
6 SOCKETS 13A /SW. £11.11. 

Please add for postage and packing and VAT @ 8 %. 

Trade Counterisapenfor personalcallersfrom 9 a.m. to 5.00 p.m. Monday- Friday 

OLSON ELECTRONICS LTD., ELL01 7G392340NDON,E.2. 

WW -041 FOR FURTHER DETAILS 



Celestion Dittons get the best 
out of any system 

Buy a really gooc set of speakers and you've got 
yourself a better hi-ti system ... but a set of Celestion 
Dittons and you've &ot one of the best! 

Whether you tatrendy own or are thinkirg of buying 
either a'package' hi -ti system 
or are selecting yon 0,. n 

individual units, pair of good 
speakers wiil pay di .idends in 
terns of sound qual tv. 

Some people pay Least 
attention to selecting the 
speakers. Given first priority 
they will vastly improve the 
performance of most systems. 

Celestion Dittons have a long stat d ng reputation 
among enthusiasts for their outstanding achievements 
in high quality sound reproduction. 

From left to righ.,the Dittos 11, 44 and 33. 
-Visit your Celestion dealer. 

See the beautiful appearance 
and fear the new sounds 
of the very latest Dittons. 

Full details on request. 

Celestion 
Rola Celestion Limited, Ditton Works. 
Foxhall Road, Ipswich, Suffolk IP3 8JP. 
Telephone: Ipswich (0473) 73131. 
Cables: Voicecoil Ipswich. Telex: 98365. 

r 
Please send full details of Ditton I I Ditton 33 Ditton 44 El 

( tick appropriate Zoos hoses) 

Name 

Address 
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BUYAT L 
Wireless World, October 1975 

< 1 F 
KAMODEN 360 MULTIMETER 
Hih 

IO0kohnI i 
AC 10kohmN 

y mirror c l a 

W. R 7H 205/ 
50/ÚV DC. 5/10/ 
50/250/1000V 

'0.0 Current. 
01mÁ /0 5/5/50/ 

R0pnance.0 
1/1 0 

ohms/ 
1/10/1001. 
10/í00M ohms. 

-20 to 
i0 eB. Battery operated. Sue: 18, 

140 e BOmm. 5ulaplied compte wins, tit leads etc. 

OUR PRICE f18.90 p P&Ina65p 

KAMOBEN1T35 
TRANSISTOR TESTER 
HO quality 
instrument to 
IM reverse leak 
currant and DC 
current. Ampli- 
fication factor of 
NPN, PNP, diode, 
tansistore. SCR's 
etc. 4" equate 
clear ale mate.. 
Operates from 
internal batteries. es 
Complete with 
instructions, leads 
canyrne handle 

OUR PRICE £18.90 
P PA 
Ins 60p 

TE22 SINE SQUARE WAVE 
AUDIO GENERATOR 
Silty 2ocp. 
to 200kH. 
on 4 bands. 
Square 20 q to 
kil.. O30 ulput 

5000 Ohio. 
200/250V 
AC operation. Supplied brand new 

gue led.d, 
with instruction manual 

and 

OUR PRICEf26.90 pip6ins0op 

Model HT100B4 MULTIMETER 
Overload profited. 
stock proof circuits. 
9.5uA Meter with 
mirror . a. N Sensitivity 

Polarity on 
wh. 5+p00 

1oß0/250/600/1,000 
Volts DC. 2.5/10/50/ 
260 /1,000 Volts AC. 
DC k/2/20ci 0 -20/ 

/20 Meg. ohms. 
DC current 10/250uÁ/2.5/25 /250 
mA /t0Á0 AC current -0 -IDA. -20 
to 
batteries. SO 134 s 79mm. 

OUR PRICEE21.50p P a, Ins 60P 

MODEL C7080EN 
Giant 6" mirror 
iw1. 20000 op. 
0/0.25/1/35/10 / 
50/250 /1000/ 
5000V DC. 
0/2.5/10/50/250 / 
1000 /5000V AC. 
0/SOuA/1 /10/ 
'100/500mA/10A 
OC. 0 /2k /200k/ 
20 Mi. -20 to a50dB 

OUR PR I CEf 21.50P' p a, ins sop 

KAMODEN 72200 Multitaster 
Hid+ itivity titer. 200.000 opt 
Overload protected 
Mirror scale. 
R. -0/.08/.3 

3/ /120/600/ 
1 V DC. 0/3 
12/60/300/11200 
V AC. 0/6uA/ 
1.2etA/120mA/ 
600mA/12A DC 
0/12A AC. -20 to 

2 Meg/200 Merin. 
OUR PRICE f24.30P/P a In. 60P 

S100TR MULTIMETER 
TRANSISTOR TESTER 
IOOe0 0cp . Mirror 

protection. 0 /0.12/ 
0.6/3/12/30/120/ 
800V DC. 0/6/30/ 
120/500V AC. 
0 /12/6OOuA/12/ 
300mA/6 /12A DC 
0/10k/1 Meg/ 
100 Meg. 
-20 to [50/80 
0.01 -0.2 MFD 
Transistor titer mead r es Alpha, Beta M ICO. Complete with instruction, 
banana end lead. 
OUR PRICEf22.65p P & Ins 50p 

SINCLAIR 0M2 DIGITAL 
MULTIMETER 

CI5 PULSE OSCILLOSCOPE 
Fa display of pulsed 
nd periodic wave- 

forms in elaetronb 
circuits VERT. AMP. 
Bandwidth: 10MHt. 
Sensitivity at 1001.11. 
V RMS/mm: 0.1-26 
HOR. AMP. Band. 

500kHr. 
Sensitwity ay 1001./15 
VRMS /mm: 0.3 -25 
Preto triggered sweep 
1- 3000cí sac. rile Fr irq 20 -200 
kHz ranges. Calibrator pips. 
220 e 360 e 430mm. 115 -230V AC. 
OUR PRICE E47.50 "6 is' El .50 

Will m AC and DC volts. AC 
and DC current. and resistance in . 
total of 20 ranges The lerge light 
emitting diode display will read up 
to 1999 and automatically indicate 
polarity Indication of positive and 
negative overload is also provided 
The instrument is fitted with a 
combined vino handle and 
bench stand end sockets are 
provided for the connection of an 
eternal power supply 
RANGES 
DC VOLTS:, 1v.10,100v.1000v. 
AC VOLTS - 1v.10v. 100v.1000o 
DC CURRENT 1rnA,10mA. 
100mÁ. 1OrlifFn A 
AC CURRENT - imA,lOmA. 
100mA.1000mA. 
RESISTANCE 1k.10h. 1000. 1000k. 

OUR PRICE f63.70$ P A Ins SOp 

SUPERB QUALITY 
PRICES 

AUDIOTRONIC DIGITAL 
CLOCK RADIOS 

ADC22 
24 -hour 

ccovering 
k red. 

MW FMmene 
- 

bands. 180 -minute dleep timer 
timer Choice of Grey or White 
cabinet 
OUR PRICE £17.50 In. C1 00 

MINIATURE ORGAN 
MUSIC MASTER AM100 

Spanning 
newly two 

oeuves, 
including 

SWISS 
This instrument 

will give hours of enjoyment 
to all the family. Beautifully 

finished. The Keyboard range can 
be adjusted to be in tune with any' 

instrument. 0 from 
internal 9V battery Fitted with 
on of switch. vibrato switch. 
earphone socket and .eternal 

8V D _Csoek.t. 
ISire 2 m 29m a 1 e4 J 

OUR PRICEE9.95 wP61n.50P Dsluee 
21 notar 

clock radio covering MW FM 
wavebands 180- nute sleep 
tim timer Buzzer alarm Ton. control 
OUR PRICE E19.95 lnf é ó0 

CATALOGUE 
LASKYS 32 PAGE 
CATALOGUE AND PRICE LIST - 

bsolutely free and available from.11 
or by post (see coupon below) stores or 

catalogue provides 
ompaheowv selection from the 

largest Hi Fr Retailer on Europe - MUS 
for every H Fi end electronics specialist 

KAMODEN 11M7208 FET VOM 
Input imp.dn c 10 

Rrqs 
/1/2.5/10/50/ 

1000V DC. 0/2.5/10 
50/250/1000V AC. 
0/25uÁ/2.5/25/250 
mA DC. 

5500 
h 001. /S M 

OUR PRICE 
(24.30 P P 6lrae sop 

U4341 Multimeter 8 
Transistor Tester 
Ovreload.16,700d- 
Oanges: geo.5/ Riga/: 0.3/1.5/6/ 

1.5/7.5/30/150/ 
300/750V 

AC0/150/ 
Current 

0.06/0.6/ 6/60/60 
0.3/3/30 mÁ DA. 

/900.09/ AC. 
Heartened. 0/2/ 
0.6/2/6 /operate S 

Supplied 
M 

watery .al eil. 
and 

eompta 
ewe. 

leis and neat carrying 
So. .115. 215e90mm. t 

OUR PRFCEE11.85P PA Ins 6bn 

e 

ARF 300 AF /RF SIGNAL 
' GENERATOR 

All wanestoneed 
impact fully 
ppen able. AF tira. 

181n to 220 
kHz. AF square 
were 113He to 100k 
Ht. Output Squad 
Sin wave 1 

P -P RF 1001.11z to 
200MHz. Output 
1V maximum. 
220/240V AC operation. Complete 
with iMrucwons and leads. 

OUR PRICE (40.50e P 6lneaop 

AUDIOTRONIC HEADPHONES 
LSH2O Individuel 

fume controls 
Mono /stereo switch 
40.19.00 He 8 ohms 

OUR PRICE £6.25 
P PA Ins 50p 

LSH30 Individuel 
tone and volume 
controls Mono 
stereo switch. 
30- 20,000 Hz Bohms. 
OUR PRICE f8.95 r p e. 1 S 30p 

LSH40 Twoway 
speakers 

Individual volume 
controls. 2020,000 Hz. 

8 ohms 
OUR PRICEf10.75 

AUDIOTRONIC AHA101 
Stereo Headphone Amplifier 
All silicon, 

*moldier r open 
ates 
net, fro: amp 
inputtuner 

upon cult ho 
stereo headphone outputs : and 

volume 
c annel. Operates from 9V battery. 
INPUTS'. 5mV and 100mV. 
OUTPUT: 50mV per channel. 

OUR PRICEf10.65p P &Ins 30p 

° PiPaIns30p 

SWR METER Model SWR3 
Handy SWR meter for 
treremitter antenna align 
ment, with bust -in fiats 
strength meer. Accuracy 
5 %, Impeder+. 52' Indic- 
ator 100uA DC. Full 
wale 5 action eollepalble 
antenna. Sire 145 d 50 
60mm. 
OUR PRICE £4.55 P P 61n.60p 

TE-200 OF SIGNAL 
GENERATOR 
Accurate wide rang. 
enmill generator 
covering 120 kne.600 
MHO on 6 bands 
Directly ultbratad 
Vermont. R F 

ettienisame stadia output. Kral .eclat 
for calibration 

w 
2n..' 240V Bid n ra w ho vac . 

Sim 140mm a 216mm 170mm 
OUR PRICE £24.30 P P 6 ins60p 

0 

TRANSISTORISED L.0 R A C 

BR. 8 MEASURING BRIDGE 
A new portable 
Midge offering 
scellent range and 

dey et low 
colt. Resistance 6r anges 01 

ohm -11 1 megohm fi 1% Induct. 
s 6 }anges. 1 microhenry -111 

henries 2% Capacity' 6 ranges - 

10pf -1110 mfd n 2% Turns Ratio: 
.6 ranges. 1.1 1000.1 11100 x 1% 
Bridge Voltage it I.000cps Operas 
red from 9 -volt battery. 100 micro - 
amp meter indication. Size 75" 
s e 2 

OUR PRICE f29.7P0,n. sop 

T.T.C. SPRITE / 
STEREO 
HEADPHONES 4' 
Feather weight 
I Sox) Dynamic 
stereo headphones 
providing high Humbly 
r produceron at budget price 
Soft removable ear pads and 
adlustebleheadband. Speaker 

e 28mm Impedance Bohms sr. 
response 30 13000 Hz 

OUR PRICE E2.40p PA Ins 30p 

RANK AUDIO 

RA 2101 STEREO AMPLIFIER 
7 na '. watts rms Inputs for 
magnetic phono. tuner. tape and 
au Separate base. treble. 
balance and volume controls , 

Headphone socket Teak case 
Unrepeeta ble offer P P 6 
OUR PRICE (21.85 Ins f1 00 

MODEL TE15 
GRID DIP METER 
TranNatoriad. Oper. 
ata as Grid Dip, 
Oscillator. Absorb. tin Wwe Meter and 
Oscillating Detector. 

44 280MHz 
rn es coils. 500+A 
maer. 9V battery 
operation. sisa. 
190 d 80 e'41Lmre- P. P 15 

OUR PRICE E18.90Ins30p 

MODEL TE20 RF SIGNAL 
GENERATOR 
Sie bard. 120kHz- 

RF terminal. ep Siam. 
variable audio output. 
Aecur.ey 2 2%. Audio 

but to 8V. Power raaWW 

i 

m n: 
106 -125V, 220 -240V AC.Site:193 

265 e 150mm. Compere with tit 
leads eta. 
OUR PRICE E20.45P :p g Ins 60p. 

SINCLAIR Project 80 Modules 
240 Power Amp C5 60 I P ê us 15e 
260 Power Amp C5 95 PA Us 151 

SIei.oSOPreAmp C1310P PSI. ill, 
ActiveFilt.r Unit í7401 PS Ins ISP 
FM Tuner C13101P11ns ISP 

Star. Decoder C8 40 P P a Len 15. 
P25 Powe, Supply C4 65 P P a ins res 
P26 Power Supply C8 40 p p alas 70P 
P28 Power Supply [7 au / P a In zee 
Transformer for pz CS 10 P PG Ins 30. 

L 84 TRANSISTOR TESTER 
TMs PNP or NPN 
transistor. Audio 
indication. Operates 
on two 1.5V 
batterie Compere 
with instructions etc. 
OUI] PRICE 
£4.85 P4'00.201+ 

AUDIOTRONIC 
LOW NOISE CASSETTES 
TYPE 5 10 25 
C60 CI 70 0324 r7 ss 
C90 C2 02 C4 59 CIO 80 
C120 r2.95 CS59 [13 22 

P P & Ins 4p each 
3 10p 4 and over 15p 

CENTRAL LONDON (01) 
481 Oxford Street. WI 493 8641 
lOTottenham Court Rd WI 637 2232 
33Tottenham Court Rd WI 636 2605 
42 /45TottenhamCt Rd WI 6360845 
257/8Tottenham Ct Rd WI 580 0670 
3 Lisle Street WC2 437 8204 
118 Edgware (toad, W2 723 9789 
193 Edgware Road, W2 723 6211 
207 Edgware Road, W2 723 3271 
311 Edgware Road, W2 262 0387 
346 Edgware Road. W2 723 4453 
382 Edgware Road, W2 723 4194 
109 Fleet Street. EC4 353 5812 
152/3 Fleet Street, EC4 353 2833 

BIRMINGHAM 
116 Corporation Street 021 -236 3503 

BRISTOL 
16 -18 -20 Penn Street 20421 

CROYDON 
1046 Whltgle Centre 681 3027 
KINGSTON 38/40 Eden St 546 1271 

LEIÇESTER 45 Market PI - 537678 
NORTHAMPTON 
78 Abington Street 

NOTTINGHAM 
5 -7 Lower Parliament St 48987 

OXFORD 16 Westgate Centre 722870 
READING 6 Friars Walk, Friar Street 

RICHMOND 32 Hill Skeet 948 1441 

ROMFOR° 86 South Street 20218 
SOUTHEND 
205/206 Churchill West 612241 
TUNBRIDGE WELLS 
53/57 Camden Road 23242 
WOLVERHAMPTON 
30 Wulfrun Way 23384 

35753 

All prices correct at 23/7/75 but subject 

to change without notice E. & 0. E. 

L 

WALKIE TALKIES 
SKYFON NV7 
Super low cost 
transmitter 
receivers 100MW 
with call buzzer and 
on off volume 
control 7 transistors 
Toloecoprc rod 
antenna 

OUR PRICE (43.60 
Per PAIRP PA Ins SOP 

NOT LICENSABLE 
IN THE U K 

ELIZABETHAN DCR26 DIGITAL 
CLOCK RADIO 
A smaller than usual digital clock 
AM /FM radio, measuring only 
61 w 3f d 4'h The OCR is 
finished in simulated teak 
end is fitted with pr.-ut sleep 
time, switch that will torn on the 
i.rediti al the precise time chosen 
(Mns operate4) List Price [24.25 

OUR PRICE £14.90 P/P f 1 36 

HANIMEX HDC 1900 DIGITAL 
ALARM CLOCK 

240V operation 
th I g I b , 'ght 

light and 'snooze' switch 
Attractively finished in white and 

silver 
OUR PRICE E8.10P PA Ins El 00 

ELIZABETHAN 8/12 -1 
8 Track Stereo Player Home 

8 -Track player with automatic and 
manual 
rllum neteticr 

change 
channel indicators for 

use system your hi li syste Size 7iw a 12 D e 21 h List Price 
E28 90 

OUR PRICE £14.90 c. 35 Ins 

ALL PRICES 
INCLUDE VAT 

Ctititii 
JOSTT oil 

PRICES 
AL DUCE 

To 
D 

CI-Ell 
MITED STOCKS ALTI 

OefordS . 426 
21577 TOanhakm Co Road. 

. FItNI Seet, 
tan 

311 Edgware Road, CROYDON 
BIRMINGHAM KINGSTON 
LEICESTER NORTHAMPTON 
SOUTHEND TUNBRIDGE WELLS 
WOLVERHAMPTON branches. ór 
by M.,lprder 

All kits are complet. with compsa. 
benaive Hwy to follow instruction. and 
covered by h0 gu 

PM and Packing ans. 15p per kit. 

AF20 Mono amplifier C5.05 
AF25Mieer... £290 
ÁF30 Mono pre amplifier £340 
AF3S Emitter amplifier C2 SS 

AF80 0.5W mie. amplifier 0510 
ÁF305 Intercom Cl 4S 

ÁF310 2 Mono Amplifier 0195 
'M160 MuIi.4 /8aó £3 

M792 

95 
M1302 Tamrstor tester £705 
M192 VU Mata, £545 

Stereo balance meter £110 
L F380 Quadraphonic device :1. 45 
AT5 Automatic light control C17 65 

AT30 Photo cell switch unie CS 65 
A i so 400111 trio. )fight 

dimmer /ssppeedcontrit 0000 £0435 
ÁT56 2.200W trio. light 

dimmer/speed hn sol C 82 
AT60 1 channel light CB control.. C4 a5 
ÁT65 3 channel light control.. C4 

GU330 Tremolo unit C3 40' 
HF6t Diode detector £3 e5 
HF65 FM transmitter ter £17 30 

receiver HF75 FMMcio E2795 
HF310 FM tuner E11 15 
HF325 Decode FM tune, CS 35 
HF30£2acoder IHF31O/325i £220 
0'3110 Stereo preamplifier 

Iw usa with2e AF 310 Es90 
GP312 Circuit board [2 26 
GP304 Crrcun board es as 
HF380 iw /MI aerial amplifier ES 2S 

HF395 broadband aerial amp. Cs IO 

NT10 Stabilised power wpply 
tOOmA, 9V CO SO 

NT300 5tabrl,sed p. supply Er 3 03 
NT310 Power Supply 240 V AC 
or2.18VDC at2amps ES95 
N T305 Voltage convener.. CS 95 
NT315 Power supply 240V AC 

to4,5 /15V DC, 500.nA 010 75 

Amateur Electronics by bony Kit, 
the professional book for the amateur 

the wblect from basic pre 
cipal% to advanced electronic technic; 
ues Complete w it 

c 

irc t board for 
AE 1 to AE 10 listed below. 

HI H 

CONSTRUCTION 
KITS 

OUR PRICE £3.30 INo VATI 

AE1 100mW output stage 0000 Et 40 
AE2 Pre ampl ofier.. El 40 
AE3 Diode receiver [218 
AE4 Flasher. El 30 
AE5 Astable mutt. vibrator Cl 1S 

AE6 Monoslable multi vibrator CI 10 
AE7 RC generator CI10 
AE8 Bass filter Et 10 
1E9 Treble later Et 10 
AE10CCIR fate, [I 10 

TO LASKYS CUSTOMER SERVICES DIVISION Audiotronic House, The Hyde, 

Please send me the following items 

Name 

Address 

Signature 

7 
London NW9 6JJ. Tel : 01-200 132T 

TOTAL 

PURCHASE PRICE IIncPJPBIns I 

Please send me your Free 32 page HI -FI catalogue price list 
I enclose cheque O postal order O money order O 

I wish to pay by Barclaycard /Access and my number 1s 

1.: 7v./ 7 a1 2 Lower Grosvenor Place London SW1 OEX WW10 
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IT MAKES SENSE TO 
HIOKI 730X 
30,000 opv. Over- 
load protection. 
6/30/60/300/600 / 
1200V DC.12/60/ 
120/600/1200V AC 
60 /pA/ 
30mA /300mA. 
2K /200K/ 
2 Meg Ohm. 
-10 to 63dB. 
OUR PRICE f8.10 
P/P & Ins 30p 

U4323 MULTIMETER 
20,000opv. Simple ._- 
unit with audio /IF 
oscillator. Suitable 
for general receiver 
tuning. Range 
0.5/2.5/10/50/250 / 
500 /1000V DC. 
2.5/10/15/250/500 / 000V AC. 0.0.5, 
0.5 /5 /50 /b00mA DC. eslstence: 
x 10, x 100, x 1,000, x 10.000 (500. 
5000. 5k0. 50kO centre scale) 
Battery operated. Size: 160 x 97 x 

40mm. Suppliedin carrying case com- 
plete with test leads. 

OUR PRICE f8.60,P -P & Ins6oP 

U4312 MULTIMETER 
extremely sturdy 
instrument for 
general electrical 
use. 667opv. 
0/0.3/1.5/7.5/30 / 
60/150/300/600/ 
900V DC & 75mV. 
0/0.3/1.5/7.5/30 / 
60/150/300/600/ 
900V AC. 0 /300u A/ 
1.5/6/15/150/60 / 
600mA/1/1.5/6A 
DC. 0/1.5/6/15/ 
60 /150 /600mA/ 
1 5/6A AC. 0/200/3k/30k ohms. DC 
accuracy 1 %. AC 1.5 %. Knife edge 
pointer, mirror scale. Complete with 
sturdy metal carrying case, leads and 
instructions. 
OUR PRICE f 11.60P/P & Ins 60p 

MODEL AS.100D VOM 
100,000 opv. 
Mirror scale. 
Built -in meter 
protection. 0/3/ 
12/60/120/300/ 
600/1200V DC. 
0/6/30/120/300/ 
600V AC. 0/1 opA/ 
6 /60 /300mA/ 
12 Amp. 0 /2K/ 
200K/2M/200 Meg 
Ohm. - 20to 17dB. 
OUR PRICE£18.90P P& Ins 60p 

KAMODENI HM720B FET VOM 
Input impedance 10 
Megohms. Ranges 
0/.25/1/2.5/10/50 / 
1000V DC. 0/2.5/10 
50/250/1000V AC. 
0/25uA/2.5/25/250 
mA DC. 
0/5k/50k/500k/5 M 
500 Megohms 

OUR PRICE 
£24.30 P/P & Ins 60p 

TMK 200 MULTIMETER KIT 
Build yourself a 

quality 20000 opv. 
multimeter and 
save money. 
Complete kit with 
meter scale, 
movement and 
rotary range 
selector ready 
mounted in 
cabinet. All parts, 
batteries, test prods and 
instructions. Ranges:0 '0.6-6.'30 
120/600/1200V D.C. 0'6: 30120 
600/1200V A.C. Current: 0 /0.6,6 
60 /600mA. Resistance: 0;10/ 
100Kí1 /10 Meg ohms. Decibels: 
- 20 to +63db. Size: 90 x 150 x 

35mm 

OUR PRICE £9.65 P/P & Ins 30p 

HIOKI 750X VOLT -OHM- 
MILLIAMETER 
43 ranges: 0- 0.3/0.6/ 
1.5/3/6/12/30/60/150/ 
300 /600 /1,200V DC. 
0-3/6/15/30/60/120/ 
300/600/1,200V AC. w 
Current: 0- 30/60uA/ 
1.5/3/15/30/150 /300 
mA /6/12A. Resistence: 
0- 3 /300k /3 /3oMohms. 
Decibels: -10 to +17dB. Output: - 
0 3/6/15/30/60/120/300V. Accur- 
acy t 3% DC, i 4% AC. Sensitivity: 
50,000 opv DC, 5,000 opv AC.4 inch 
meter. Built in protection. Size: 57 x 
102 x 153mm. 

OUR PRICE £12.90P P & Ins 60p 

sl 

KAMODEN 360 MULTIMETER 
HAC h sent vt 

AC 10kohmN 
5" mirror scale, 
overload protect- 
ed. Ranges: 0.5/ 
2.5/10/50/250/ 
1000V DC. 5/10/ 
50/250/1000V 
AC. Current: 
0.01mA/0,5/5/50 / 
500mA /10A. e_1 
Resistance: 0.1/ O 
1/10/100 ohms/ 
1/10/100k ohms/ 
10 /100M ohms. 
Decibels -20 to 
+62dB. Battery operated. Size: 180 e 

140 x 80mm. Supplied complete with, 
test leads etc. 

OUR PRICE £18.90PP & Ins 60p 

SWR METER Model SWR3 
Handy SWR meter for 
transmitter antenna align- 
ment, with built -in field 
strength meter. Accuracy 
5 %, Impedence 52' Indic- 
ator 100uA DC. Full 
scale 5 section collapsible 
antenna. Size 145 a 50 
60mm. 
OUR PRICE £4.55 P, P & Ins 60p 

184 TRANSISTOR TESTER 
Tests PNP or NPN 
.transistors. Audio 
indication. Op irats 
on two 1.5V 
batteries. Complete 
with instructions etc. 

OUR PRICE 
£4.85 P/P & Ins2Op 

MODEL TE15 
GRID DIP METER 

'Transistorised. Oper- 
ates as Grid Dip, 
Oscillator, Absorb - 

lion Wave Meter and 
Oscillating Detector. 
Frequency rannggea 

440kHz- 280MHz 
in six coils. 500uA 
metar. 9V battery 
operation. Size: 
180x80 x'40mrp P/P & 

OUR PRICE £18.90 'Ins 361, 

TMK MODEL TW5OK 
46 ranges, mirror -- - 
scale. 50k /V DC 
50kN AC. 
DC Volts: 0.125/ 
0.25/1.25/2.5/5 /10/ 
25/50/125/250/ 
500/1000. AC Volts 
1.5/3/5/10/25/50 / 
125/250/500/ 
1000. DC current 
25/50u A/2.5/5/25/ 
50/250/500mA/5/ 
10A. Resistance: 
10k /100k/1 Meg/ 
10 Meg ohms. -20 to +81.5dB. 
OUR PRICE £13.50P; p & Ins 60p 

MODEL C7208FM 
30.000 opv DC. 
15.000 opv AC. 
6/3/15/60/300 600'' 

1200 V. DC. 6/30/ 
120/600.1200 V. AC 
DC Resistance x 1, 
x10. x100. x1000 
(500 centre scale) 
DC Current 30uA 
3 /30 /600mA. --20 to +63dB. 

OUR PRICE£9.65 P P & Ins 30p 

MODEL AF.105 VOM 
50.000 opv. Mirror 
scale. Meter 
protection. 
0/-3/3/12/60/120: 
300í600/1200V DC. 
0/6/30/120/. 
300/600/1200V DC 
0,3opA /6/ 
60/300 mA.' 
12 Amp. 0 /10K. 
1 m/10m100 

'Meg Ohms. 20 to 17 dB. 

OUR PRICEf 13.50'P P & Ins 60p 

Model HT100B4 MULTIMETER 
Overload protected, 
shock proof circuits. 
9.5uA Meter with 
mirror scale. Sensitivity 
100kV. Polarity change 
switch. Ranges: 0.5/2.5/ 
1- /50/250 /500/1,000 
Volts DC. 2.5/10/50/ 
250/1,000 Volts AC. 
DC resistente' 0 -20/ 
200k/2/20 Meg. ohms. 
DC current:- 10/250uA/2.5/25/250 
mA /10A. AC current:- 0 -10A. -20 
to *62dB. Operates from 2 1.5V 
batteries. Size: 180 x 134 o 79mm. 

OURPRICEf21.50p P &Ins sop 

U4341 Mu'ltimeter & 
Transistor Tester 
27 ranges. 16,70oopv. 
Overload protected. 
Ranges: 0.3/1.5/6/ 
30/60/150/300/900V 
DC. 1.5/7.5/30/150/ 
300/750V AC. 
Current: 0.06 /0.6/ 
6/60/600mA DC. 
0.3/3/30/300mA AC. 
Resistance: 0.08/ 
0.6/2/6/20/60/200k ohms/2 Mohms. 
Battery operated. Supplied complete 
with probes, leads and steel carrying 
case. Size: 115 a 215 x 9omm. 
OUR PRICEf11.85P /P &In:6op 

SINCLAIR DM2 DIGITAL 
MULTIMETER 

U4324 MULTIMETER 
High sensitivity, 

20. 0p0op Ranges 
O.ó./1.2/3/12/30 / 
60/120/600/1200V 
DC. 3/6/15/60/150/ 
300/600/900V AC. 
Current: 0.06/0.6/ 
6/60 /600mA /3A DC. 
0.3/3/30/300mA/ 
3A AC. Resistance: 
25/500 ohms /0.5/5/50/500k ohms /5 
Mohoss. Decibels: -10 to +12dB. Size 
167 x 98 x 63mm. Supplied comp- 
lete with test leads, spare diode and 
instructions. 
OUR PRICE f 10.60P/P & Ins 60p 

MODEL 500 
30,000 opv with 
overload protect - 
tion. Mirror scale. 
0/0.5/2.5/10/25 / 
100/250/500/ 
1000V DC. 
0/2.5/10/25/100 / 
250/500/1000V 
AC. 0/50uA/5/50/ 
500mA. 12A DC. 
0 /60k /6 meg /60 megohms. 

OUR PRICE í15.05P P &"Ins60p 

370WTR MULTIMETER 
Features AC current 
ranges. 20,000opv. 
0/0.5/2.5/10/50 / 
250/500/1000V DC. 
0/2.5/10/50/250 / 
500 /1000V AC. 
0 /50uA /1/10/100 
mA /1/10A DC. 
0 /100mA /1/10A 
AC. 0 /5k /50k /500k/ 
5 Meg /50 Meg. 
Decibels: -20 to +62dB. 

OUR PRICE £21.50p e & Ins 60p 

KAMODEN TT35 
TRANSISTOR TESTER 
High quality 
instrument to 
test reverse leak 
current and DC 
current. Ampli- 
fication factor of 
NPN, PNP, diodes, 
transistors, SCR's 
etc. 4" square 
clear scale meter. 
Operates from 
internal batteries. 
Complete with 
instructions, leads 
carrying handle. P, P & 

OUR PRICE £18.90 Ins 60p 

Will measure AC and DC volts. AC 
and DC current, and resistance in a 
total of 20 ranges. The large light 
emitting diode display will read up 
to 1999 and automatically indicate 
polarity. Indication of positive and 
negative overload is also provided. 
The instrument is fitted with a 

combined carrying handle and 
bench stand and sockets are 
provided for the connection of an 
external power supply. 
RANGES: 
DC VOLTS:, 1v,10,100v.1000v., 
AC VOLTS: 1v, 10v.100v.1000v.. 
DC CURRENT: 1mA,10mA.' 
L OOmA. 1000mA. 
AC CURRENT: 1mA,10mA.. 
100mA. 1000mA. 
RESISTANCE. 1 k.10k, 10ok. 1000k. 

OUR PRICE £63.70 P/P & Ins 50p 

U91 Clamp VOLT 
AMMETER 
For measuring AC volt - 
age and current without 
breaking circuit. Ranges: 
300 /600V AC. Current: 
10/25/100/250/500A. 
Accuracy 4%. Size 283 x 
94 x 36mm. Complete 
with carrying case, leads 
and fuses. 

OUR PRICEf15.10p P & Ins 60 p 

U4317 MULTIMETER 
High sensitivity 
instrument for field 
and laboratory work. _ . 
Knife edge pointer. 
86mm. mirror scale. -s'- -fi 
Overload protection.. 
Ranges: 100m V / 
0.5/2.5 /10/25/50/100/250 /500/1000 
V DC. 0.5/2.5/10/25/50 /100/250/ 
500 /1000V AC. Current: 50uA/0.5/ 
1/5/10/50/250mA/1/5A DC. 0.25/ 
0.5/1/5/10/50/250mA/1/5A AC. Res- 
istance: 0.5/10/100/200 ohms /1/3/ 
30/300k ohms. Decibels: -5 to +10dB 
Battery operated. Size: 210 x 115 x 
90mm. Supplied in carrying case com- 
plete with leads. 

OUR PRICE E18.35 P P & Ins 66p 

MODEL C7080EN 
Giant 6" mirror 

oscale. 20.000 opv. 
0/0.25/1/2.5/10 / 
50/250/1000/ 
5000V DC. 
0/2.5/10/50/250 / 
1000 /5000V AC. 
0 /50uA /1/10/ 
100 /500m A /10A 
DC. 0 /2k /200k/ 
20 Meg. -20 to +50dB. 

OUR PRICEf21.50p P & Ins 60p 

S100TR MULTIMETER 
TRANSISTOR TESTER 
100,000opv. Mirror 
scale. Overload 
protection. 0/0.12/ 
0.6/3/12/30/120 / 
600V DC. 0 /6/30/ 
120/600V AC. 
0/12/600u A/12/ 
300mA/6 /12A DC 
0/10k/1 Meg/ 
100 Meg. 
-20 to +50d8. 
0.01 -0.2 MFD 
Transistor tester measures Alpha. Beta 
and ICO. Complete with instructions, 
batteries and leads. 

OUR PRICEf22.65P /P &Inseop 

TRANSISTORISED L.C.R. A.C. 

BR /8 MEASURING BRIDGE 
A new portable 
bridge offering 

Qexcellent range and 
accuracy at low 

.40 I cost. Resistance: 
-- -_ -- - 6 ranges: 0.1 

ohm -11.1 megohm + 1% Induct- 
ance: 6 ranges: 1 microhenry -111 
henries 3 2% Capacity: 6 ranges: 
10pf -1110 mfd ± 2% Turns Ratio: 
6 ranges: 1.1 /1000- 1:11100 x 1% 
Bridge Voltage at 1 .000cps. Opera- 
ted from 9 -volt battery. 100 micro - 
amp meter indication. Size 7t" x 
5 x2- 

OUR PRICE f29,70ú,,, 6op 

I 

KAMODEN 72.200 Multitester 
High sensitivity 
tester. 200,000 opv 
Overload protected 
Mirror scale. 
Ranges-0/.06/.3 
3/30/120/600/ 
1200V DC. 0/3 
12/60/300/11200 
V AC. 0 /6uA/ 
1.2mA /120mA/ 
600mA /12A DC 
0 /12A AC. -20 to 

ô 
+63dB.0 /2k /200k/ 
2 Meg /200 Megohms. 

OUR PRICE E24.30P -P & Ins 60p 

LAPIILY a service that 
makes sense! 

CI5 PULSE OSCILLOSCOPE 
For display of pulsed 
and periodic wave- 
forms in electronic 
circuits. VERT. AMP. 
Bandwidth: 10MHz. 
Sensitivity at 100kHz 
V RMS /mm: 0.1 -25; 
HOR. AMP. Band- 
width: 500k Hz. 
Sensitivity ay 100kHz 
V RMS /mm: 0.3 -25 
Preset triggered sweep 
1- 3000usec. Free running 20 -200 
kHz in nine ranges. Calibrator pips. 
220 x 360 x 430mm. 115 -230V AC. 

OUR PRICEE47.50 P ,/P &Ins 
El .50 '. 

TE -200 RF SIGNAL 
GENERATOR 
Accurata wide range 
signal generator 
covering 120 kHz -500 
MHz on 6 bands. 
Directly calibrated. 
Variable R.F. 
attenuator audio output. Xtel socket 
for calibration. 220/240V .c. 
Brand new with instructions. 
Size 140mm 215mm 170mm. 

OUR PRICE £24.30 P/P & Ins 60p 

ALL PRICES 
INCLUDE VAT 

EXPORT Personal exports arranged for 
overseas visitors. Goods specially packed, 
insured and despatched to all parts of the 
world at minimum cost exclusive of VAT. 
Payment by bank transfer, certified cheque, 
postal order or money order in any currency. 

CUSTOMER SERVICES Our 
Customer Services Division at Head 
Office will answer all your enquiries 

just ring 01- 2001321 
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Barciayycerd accepted. C.W.O. only. 

P.&.P. 20p on orders below £5 
Discount E10 - 10% (xcpt net items) 

Export Order enquit... welcome (VAT free) 
Official Orders accepted from 

Educational 6 Government Departments 
ALL PRICES INCLUDE VAT AT 8 
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VAT 
Please add 15% extra VAT to total order. except for test meters and Vero Board. We 
would appreciate separate listing of 8% and 25% Items to avoid delay. 
SPECIAL RESISTOR KITS. (Prices include post and packing). 
10E12`á WKIT. 10 of each E12.value. 22 ohms -IM. a total of 570 (CARBON FILM 
5 %). E10.99 net 
25E12KW KIT. 25 of each E12 value, 22 ohms -IM, a total of 1425 (CARBON FILM 
5 %) E4.60 net 

MULLARD POLYESTER CAPACITORS C280 SERIES 
250V P Mounting. 0.01µF. 0015µF 0022µF. 3' /2p; 0033µF. 0.047µF, 4p; 
0.0680F, 0 1µF, 4 / p; 0.15µF. 6p; 0.22µF. Bp; 0 33µF, 8p; 0 470F. 10p: 0.680F, 
13p; 1µF. 17p; 1 50F, 26p; 2.20F, 28p. 
MULLARD POLYESTER CAPACITORS C296 SERIES 
400V. 2.001µF. 2.0015µF. 00022µF. 00033µF, 0.0047µF, µ.00680F, 0.01µF. 
00150-pF, 0.022µpF, 0033µF. 4p; 0.047µF, 0.0680F. 0.1µF. 116; 0.150F. Sp; 0.22µF 
10p; 0.33µF, 15p; 0 47µF. 111p. 
160V 0.01µF. 0.15µF, 0022µF. 0.0470F, 0.068µF. 4p; 0.1µF, Sp: 015µF. Sp; 
0.22µF, 7p; 0.33µF, Sp; 0 47µF 10p: 0.68µF, 14p; lµF, 17p. 
MINIATURE CERAMIC PLATE CAPACITORS 
50V: (pF) 22, 27, 33. 39. 47, 56. 68. 82, 100. 120. 150. 180. 220. 270, 330, 390, 
470, 560, 680. 820. 1K, 1K5. 21(2. 3K3. 4K7, 6K8, (yF) 0.01. 0.015. 0.022. 0.033. 
0.047. 2 the each: 0.1. 30V, 6p. 
POLYSTYRENE CAPACITORS 160V 5% 
IpF1 10, 15. 22 33. 47. 68. 100. 150, 220, 330. 470, 680. 1000, 1500. 2200. 3300. 4700 

RESISTORS CF - High Stab Carbon Film, 5 %. MF - High Stab Metal Film. 5% 
W. Type Range 1 -99 100-499 500 -999 1000+ Size mm 
5 CF 12 -1M 1 090 085 080 2 4 x 7 5 

22.2M2 1 090 0.85 080 3.9x105 
10 -2M72 1 7 1.4 1.2 3x7 
10 .2M22 1.6 1 3 1.1 4.2 x 10 8 
10-10M 3 1.98 1 81 1.65 66x13 
10-10M 45 3.52 308 275 8x17.5 

`A CF 
A MF 
15 MF 
1 MF 
2 MF 

(Price m pence each) 
VALUES AVAILABLE - E12 Series only (Net price above 100) 

PRESET SKELETON POTENTIOMETERS 
MINIATURE 045W Vertical or horizontal 7p each. 1K. 2K2. 
4K7. I0K. etc., up to 1M O 
SUB -MIN O 05W Vertical. 1000 to 220K O 7p each. 

...we soma 

MULTIMETER 04324 
34 Ranges High sensitivity. 
20.0000Nolt. Overload protected 
Vdc- 08 -1200V In 9 ranges. 

Vac- 3 -900V in 8 ranges. 
Idc -0.06 -3A in 6 ranges 
lac- 0 :3 -3A in 5 ranges 

Resistance-250-5M0 in 5 ranges 

Accuracy-de and R- 2'7 %of F.S.D. 

ac and db-4% of F.S D 

Sue -167 x 98 x 63mm. 
Supplied complete with storage case. test leads. spare 

diode, and battery PRICE 610.14 net + P 5 P 50p 54324 

MULTIMETER 114313 
33 ranges Knife edge with mirror scale 

20.0000Valt High accuracy. mVdc -75mV 
Vdc -- 1 5 600V in 9 ranges. 

Vac -1 5 -600V in 9 ranges. 
Idc -60-120 microamps in 2 ranges 

Idc -O6- 1500mÁ in 6 ranges. 

lac- 06- 1500mA in 6 ranges. 
Resistance 1KO IMO n 4 ranges 
dh scale- -10 to + 12dh. 
Accuracy-dc-11%. ac -21%. 
Sae-115x 215x 90mm. 
Complete with steel carrying use. 
test leads and battery 
PRICE (14.90 nei P 6 P 50p U43 I3 

B. H. COMPONENT FACTORS LTD. (W.W.I, LEIGHTON ELECTRONICS CENTRE, 
59 NORTH STREET, LEIGHTON BUZZARD 
LU7 7EG. Tel. Leighton Buzzard 2316 IStd. Code 
05253). 

Miniature Milliard Electminics 
I.OyF 63V 7p 68yF 63V 
FSyF 63V 7p 1000 I OV 
2 2p 63V 7p 100yF 25V 
3.38E 83V 7p 100pF 83V 
4:00 40V 7p 150yF 16V 
47pF63V 7p 150yF63V 
6:8pF 63V 7p 220pF 84V 
10pF 16V 7p 220yF 10V 
100 25V 7p 220pF 18V 
1013F 63V 7p 220pF 63V 
15pF 16V 7p 3300 16V 
15yF 83V 7p 330pF 63V 
IBpF 409 7p 470yF 6-4V 
22pF 25V 7p 410yF 40V 
22pF 83V 7p 680yF 16V 
32pF 10V 7p 
33pF 16V 7p 
33yF 40V 7p 
47yF IOV 1p 
47pF 25V 7p 
47yF 63V 

680 16V 7P 

BP 

680{+F V 

1000pF 
40 

IBV 
1000yF25V 
1500pF 64V 
1500pF 16V 
2i00yF 10V 

3300pF 64V 

14p 
7p 
7P 

17p 
7p 

17p 
1p 
7p 
8p 

15p 
14p 
28p 
8p 

25p 
17p 
28p 
25p 
28p 
t7p 

28p 
25p 

VEROBOARD U I O 15 
20:x5" 45p 46p 
24x33/4" 41p 30p 
315x5" 51p 53p 
314x315" 45p 45p 
21/2X1" 11p 10p 

2'15 +5" (Plain) 22p 
2'15x314" (Plain) 20p 
5x311" (Plain) 37p 
Insertion tool 87p 87p 
Track cutter 68p 68p 
Pins, Pkt 25 25p 25p 

TRANSISTORS 
AC127 13p 
AC128 13p 
BC107 18p 
BC108 12p 
BC109 13p 
BC148 17p 
BC149 29p 
BC182L 34p 
BC183L 13p 
BC1841 14p 

BC212L 21p 
BC213L 22p 
BC2141 12p' 
0C44 12p 
0071 13p 
0081 13p 
0C170 13p 
T1543 45p 
292926 13p 
2N3702 14p 

POTENTIOMETERS 
Carbon Track 5K 1; to 2M 0 log or lin land 1K lin). Single. 17 Vs p. Dual Gang 48p. Log single with 
switch 26p. Slider pots, 60mm. 5K to 500K log or Sn. 46p. Dual 65p. Knob 10p. 

DIODES 
64001 
N4002 
N4003 
N4004 
N4005 
N4006 
N9)4 
N916 
BÁ100 
055 
0547 
0581 
05200 

j1p 

811 

gP 
12 
14p 

17; 

I Op 
42p 

17p 

10 

PLUGS 
Din 2 Pin 12p 

3 Pin 13p 

SPin 180` 16p 
Std. Jack 20p 
2imm lank 13p 
Phono 7p 
SOCKETS 
Din 2 Pin 10p 

3 Pin 10p 
5 Pin 180 12 

Std. Jack 18 
2.5mmJack 13p 
Phono 7 

ELECTROLYTIC CAPICITORS. Tabular sad Law Cars 
IpFM: 1/25, 2/25. 4/25. 47/10. 5/25. 8/25. 10/10. 10/50. 16/25. 22/63. 
25/25, 25/50. 32/25. 50/25. 100/10. 100/25. 7p. 50/50. y 100/50. 
200/25. 106 250/50. 18p. 500 /ID, 106. 500/25. 17p. 500/50. 250-. 
1000/10. 17p. 1000/25. 25p. 1000/50, 44.2000/10.20p. 1000/100. £1.18. 
2000/25. 35p. 2000/100. E1.20. 2500/25.31p. 2500/50. 885.5000/25. 69p. 
5000/50, £120. 

HI -VOLT: 4/350. 20p. 8/350, 23p. 100/103. 20p. 16/350. 35p. 16/450. 38p. 
32/350, 384.50/250, 27p. 100/250.40p. 
METALLISED PAPER CAPACITORS 
250V. 0.05pE 0.1yF. gag. 025, 5p. 0.5pF. 77'p. lyF, 96. 500V 
0025. 005 6p 0.1 lip. 025, 7}r.. 95. 9p. 1000V 001. 12p. 0022 
13p. 0 :047.01 19p. 0 22. 211p. 0 :47, 311p. 

LEIGHTON ELECTRONICS CENTRE 
N w Electronics C ntre is now open in Leighton Buzzard ano an callers 
ar welcome. As we I es our normal stock of over 2,000 products, we 
ha e s large range f wrplus bargains and calculators, etc. Open six 
da s. 9- 12.30, 1.3 - p.m. 

t 

MULTIMETER 04323 
22 Ranges plus AF4F Oscillator 
20.0000/Vo11 
Vdc -O 5 -1000V in 7 ranges 
Vac-2:5-1000V in 6 ranges 
Idc- 0 :05 -500mA in 5 ranges 
Resistance-50-IM 0 in 4 ranges 
Accuracy-5% of F SD 
OSCILLATOR -1 KHz and 
48566. IA. MI at appros I Volt 
Sue -160 x97 x 40mm 
Supplied complete with carrying case. test leads and 

battery PRICE 61.64 net + P 6 P 50p U4323 

MULTIMETER 114341 

27 Fanges plus Transi for Tester. 
16.700090. Overload protected 
Vdc -0'3 -9000 in 8 ranges. 
Vac -1 5 -75µV in 6 ranges. 
Irk- 0'06 -600mA In 5 ranges 
lac -0.3- 300105 In 4 ranges 

Resistance- 2K0 -2M0 in 

4 ranges. Accuracy- do -21%. 
ec -4% ol F.S.O. 

hie -10 -350 in 2 ranges. 
Size -115 x 2155 90mm 
Complete with steal carrying case, test leads, and 

Sanely PRICE [11.88 net + P 6 P 50p 54341 

NEW CAPACITOR KITS 
C260 Kit -PC Mounting polyester 250V 5 of each value 0.01. 0022 

0047. 0 t. 0 22pF 2 of 047.1 pF £1.40 net 
C296 Kit -Tubular polyester. 400V 5 of each value O 01. 0022.0041.0 -I. 

O 22yF. 2 of 0.47pF E1.40 net 
Ceramic Kit- square plaquette 50V 5 of each value. 22. 33. 41. 100, 220. 

330.470. 1005pF 2200. 4700pF. 01)F 61.40 net. 
250V Paper Kit- Tubular metal case. 3 of each value: 0.05. 0.1. 045. 0.5. 

1pF 61.00nel 
500V Paper Kit -Tubular metal case 3 of each value 0-025, 0 :05, 0.1 

0025, 0 SyF. 61.00 net 
1000V Paper Kit -Tubular metal case 3 of each value. 0 :01. 0025. 0.05 

a l yF. í1.20 net. 

HAVE 
YOU 
GOT 
YOURS? 

66 PAGES 

a.' 3000 ITEMS 
600 PICTURES 

CATALOGUE NO. 4 
FULLY 
ILLUSTRATED 

COMPLETE WITH 
DISCOUNT 

VOUCHERS 
WORTH 20p 

* DISCOUNTS 
* ALL NEW 

STOCK 
* SATISFACTION 

GUARANTEE 
* DEPENDABLE 

SERVICE 

YOUR 

COMPLETE 

ELECTRONIC 

STORES 

MAIL 

ORDER 

AND 

SHOP 

II 

TRANSISTORS 
type Price(9' ' 

AC107 0.35' 
AC117 0.24 
ÁC126 0.25 
AC127 0.25 
AC128 0.26 
AC141 0.26 
AC141K 0.27 
AC142K 0.79 
AC153K 0.25 
AC154 0.20 
AC176 0.25 
AC178 0.27 
AC179 0.27 
AC187 0.25 
AC187K 0.26 
AC188 0.25 
AC188K 0.26 
AC 193K 0.30 
AC194K 0.37 
ACV28 0.25 

A0140 0.50 
AD 142 0.62 
ÁD143 0.61 
Á0149 0.48 
AD161 0.48 
:40162 0.48 
AF114 0.25 
AF115 0.25 
AF116 0.25 
AF117 0.20 
'ÁF118 0.50 
ÁF721 0.32. 
1,0124 0.20 
AF125 0.26 
AF126 0.25 
ÁF127 0.21 
ÁF139 0.35 
AF147 0.35, 
AF149 0.45 

0.55 
0.60 

ÁF180 0.65 
AF181 0.50 
AF186 0.40 
ÁF239 0.40 
AF279 0.84 
ALISO 1.10 
AL102 1.10 
AL103 1.10 
AL113 0.95 
ÁU103 2.10 
ÁU110 1.90 
511113 2.40 
BC107 0.12 

BC1076 0.40 
ßC108 0.12 
tBC108A 0.12 
601086 0.13 
BC108C 0.14 
BC109 0.13 
BC109C 

0.13 
ßC114 0.20 
13C11 0.20 
BC116 0.20 
BC1 17 0.20 

A 

Type ft. 
13C119 
BC125 
BC726 
BC132 
BC134 
BC735 
BC136 
6C137 
BC738 
BC142 
BC143 
601478 
BC148 
C149 

8C1491 
BC152 
60153 
BC154 
ßC157 
6C158 

BC161 
907679 
6C168B 
BC169C 
BC770 
801714 
BC172. 
BC173 
60176 
BC177 
6C178 
801788 
00179 
BC179B 
BC182L 
6C183 
BC183K 
6C183L 
BC184L 
60186 
60187 
60208 
BC212L 
BC213L 
6C214L 
BC238 
9C2614 
9C2624 
6C2636 
BC267 
BC268C 
6C294 
BC300 
.60301 
60303 

.(9 
0.29 
0.22 
0.20 
0.15 
0.20 
0.19 
0.20 
0.20 
0.20 
0.30 
0.35 
0.13 
0.12 
0.14 
0.15 
0.2 
0.20 
0.20 
0.15 
0.13 

0.45 
0.15 
0413 
0.13 
0.16 
0.15 
0.14 
0.20 
0.22 
020 
0.22, 
0.22 
0.20 
0.21 
0.11 
0.11 
0.12 
0.11 
0.13 
0.25 
0.27 
0.12 
0.12 
0.12 
0.16 
0.12 
0.28 
0.1$ 
0.25 
0.16 
0.14 
0.37 
0.60 
0.35 
0.60 
0.12 
0.14 
0.16 
OAS 
0.22 

1.58 
0.16 
0.22 
4.65 
2.42 

Type Poce(9. 

BD115 
00123 
60124 
60130Y 
60131 
60132 
80135 
BD136 
60137 
60138 
50139 
60140 
60144 
00145 
60163 
50183 
8 02 34 
BD519 
BD520 
60X18 
BDX32 
90V164 

BDY20 
6F115 
6F117 
6F120 
6F121 
BF123 
ßF125 
8F127 
BF158 
BF1 59 
6F160 
ßF161 
8E162 
6F163 
ßF167 
0F173 
Bí177 
8F178 
ßF179 
ßF180 
ßF181 
BF182 
BF183 
BF184 
BF185 
6F194 

F195 
8F196 
BF197 
6F198 
BF199 
8F200 
8F218 
6F222 
BF224J 
6F240 
6F241 
6F244 
6F254 
8F255 

6F257 6F257 
BF258 
6F259 
BF262 
BF263 

0.65 
0.05 
0.80 
1.42 
0.45 
0.60 
0.40 
0.46 
0.48 
0.50 
0.66 
0.62 
2.19 
0.75 
0.67 
0.56 
0.75 
0.76 
0.76 
1.45 
2.55 
0.35 

0.55 
0.20 
0.45 
0.65 
0.26 
028 
0.26 
0.30 
0.25 
0.22 
0.22 
0.45, 
0.45 
0.45 
0.26 
0.25 
0.30 
0.33 
0.33 
0.35 
0.33 
0.44 
0.44 
0.26 
0.24 
0.15 
0.1# 
0.16 
0.12 
0.20 
0.26 
0.36 
0.36 
1.06 
0.16 
0.20 
0.22 
0.15 
0.45 
0.45 

0.49 
0.66 
0.13 
0.70 
0.70 

Type Price(9 

BF273 0.111C106F 
BF336 0.36 
BF337 0.35 
BF458 0.60 
6F459 0.63 
6F596 0.70 
BF597 0.15 
13FR39 0.24 
BF941 0.30 
BF661 0.30 
13F979 0.24 
BFT43 0.65 
BFWIO 0.55 
BFW11 0.56 
BFW16A 1.70 
BFW30 1.35 
BFW59 0.19 
BFW60 0.20 
BFW90 026 
BFX16 2.55 
BFX29 0.30MPSA05 
8FX30 0.35 

BFX85 0.26MPSUO5 
BFX86 0.26 
BFX87 0.26 
0FX88 0.24 
8FV18 0.53 
BF'40 0.40 
BFY41 0.43.0035 
6FY50 0.25 
BP/51 0.23.0C42 
BFY52 0.23 
BFY57 0.32 
0FY64 µ.42,0070 
BFY72 0.31 
8FV90 0.70 
BLY15A 0.75 
6PX25 1.90 
BPX29 1.70 
BPX52 1110 
BRC4443 O.45, 
69X39 0.4 
BRV56 0.40 
69101 0.47 
BSW64 0.36 
'80X19 0.13 
BSX20 0.19 
BSX76 0.15 
65X82 0.62 
8SX19 0.62 
BSY41 0.22 
BSY52 0.46 
BSY54 0.50 
6SX56 0.10 
8SV65 0.16 
8SY78 0.40 
BS)/91 0.211 
BT106 1.24 
07116 1.20 
6U105/021.9 
But 08 3.26 
6U126 229 

1.91 
813207 3.00 
BU208 3.15 
ßU209 2.66 
811X77 2.50 

Type Poce/9 
0.43, 

'CI 11E 0.6 
CASI /40 0.7 
CRS3 /40 055 
04091 0.45 
E1222 0.55 
E5024 0.20 
ME6001 0.16 
ME6002 0.17 

Type Price 19 

ZTX310 0.10 
3X7313 -6. 
ZTX500 0.17 
Z7X502 0.17 
ZTX504 0.42 
ZTX602 0.24 
2Ná25 0.84 
26696 0.23 
2N697 0.15 
2N706 0.12 
2617064 0.15 
2N708 0.35 
2N744 0.30 
2N914 0.19 
2N916 0.20 
2N918 0.42 
2N930 0.35 
2N1304 0.21 
2N1305 0.21 
2N1306 0.31 
2N1307 0.22 
2N1308 0.26 

0.34 
261711 0.46 
2N1890 0.46 
2N1893 0.45 
292102 0.61 
292217 0.36 
292218 0.60 
292219 0.50 
2N2221Á 0.41 
292222A 0.50 
2N2369Á 0.42 
262401 0.60 
2N2484 0.41 
2N2570 0.18 
292646 0.53 
262712 0.12 
262904 0.22 
2929045 0.26 
292905 0.26 
2929055 0.28 
292926G 0.13 
2N2926Y 0.12 
2929260 0.12 
263019 0.75 
2N3053 0.21 
2N3054 0.55 
293055 0.60 
263133 0.54 
2N3134 0.60 
2N3232 1.32 
2N3235 1.10 
293254 0.28 
263323 0.48 
2633914 0.23 
263702 0.13 
2N3703 0.15 
293704 0.15 
2N3705 0.11 
2N3706 0.10 
293707 0.13 
263715 2.30 
263724 0.72 
263739 1.11 
2N3771 1.70 
263772 1.90 
263773. 2.90 

Type Price0 
2N3790. 4.16 
'2N3794 0.201 
,263819 0.369µp119 
2N3620 0.49 
2N3823 1.06 
2N3866 1.70 

-2N3877 0.25. 
2N3904 0.16 
263905 0.16, 
263906 0.16', 
294032 0431 
2N4036 0.621 
2N4046 0.35. 
2N4058 0.17' 
2N4123 0.13' 
2N4124 0.15 
2614126 0.20 
264236 190 
2N4248 0.12. 
294284 0.19 
264286 0.10., 
2942813 0.13' 

2N4290 0.14 
264291 0.16 
2N4292 0.20 
264871 0.24 
264902 1.30 
295042 1.05 
2N5060 0.32 
295061 0.30 
295064 0.46, 
2N5087 0.32 
2N5294 0.36 
265296 0.67, 
295298 0.56 
2N5322 0.66 
265449 1 -90 
295457 0.3e 
265458 0.35 
2N5494 0.66' 

295496 1.061 

2N6027 0.66 
2N6178 0.711 
2N6180 0.92 
2SC643A 1.36 
2SC 1172Y 

2.80 
36140 1.21 
40250 0.10 
40327 0.67 
40361 058 
40362 0.60 
40429 0.80 
40439 2.67 
AC128/ 
5C176 0.51 
ACtdt K/ 
AC142K 0.66 
AC187/ 
AC188 0.60 
AC187K/ I 

AC188K 0.61 

AC194K/ 0.71 
50161/ 
ÁD162 0115 
60142/ ' 

BC143 0.70 

DIODES 
a Pnce L? 

44113 0.16 
0.05 

q41 Zg 0.20 
44143 0.10 
AA213 0,30 
44217 0.12 
ßq100 0.16 
64102 0.26 
0q11µ5 0.30 
65115 0.12 
65141 0.17 
84145 0.17 
6A148 0.17 
65154 0.13 
84155 0.18 
65156 0.15 
84157 0.26 
ßp7(13 004 
05x16 0.07 
BAY72 0.11 
061056 0.62 
ß8110B 
BR100 0,80 
ßy100 0.16. 
BY103 0.22 
0Y126 0.16 
08127 0.17 
6X133 0.23 
6X140 1.40 
6X164 0.56 
08176 1,0- 
8)/179 0.70 
8X206 0.31 
8VX10 0,16 
0447 0.07, 
OA81 0.12. 
O490 0.04 
0491 0.07 
0595 0.07 
05200 0.1G 
04202 0.10 
0A210 0.29 
N914 0.07 
N916 0.10 
94001 006 
64002 0.05 
94003 0.07 
64004 0.05 
N4005 0.09 
94006 0.11 
N4007 0.14 
N4148 0.05 
N4448 0.10 
65400 0.16 
N5401 0.17 
N5402 0.20 
65403 0.22 
65404 0.25 
55404 0.27 
N5406 0.30 
N5407 0.34 

ZENERS 
1400mW 
3.33V 0.12 
1W 
3.3 -100v 0.18 

THYRISTORS. TRIACS 

WITH TRIGGER 

IIF VRM: 500 
311 -/ -/- 
4A 26/ -/- 
6A 29/ -/- 
BA 32/ -/- 
l0Á 36/ -/- 
16A - / -/- 
Note.: All prices are 
second is mac, third 
rating and device type. 
enquiries welcomed 

AND 

100V 
-/28/30 
30/ -/- 
33/44/46' 
'38/50/52 
42/60/63 
-/82/90 

m pence per 
is triac with 

Connection 

TRIALS 

200V 
-734/36. 
38/ -/- 
42/56/58 
47/64/61 
51/74/78 
-/88/95 

unit. First 
trigger. Encapsulation 

data supplied 

400V 
-/50/52 
60/ -/- 
68/80/84 
76/92/97 
84/104/109 
-/132/140 
price in each g 

depends 
with each 

600V 
-/66/70 

75/ -/- 
80/100/105 
90/114/120 
100/128/13 

oup is thyristor, 
on current 

device. Quantity 

ME8001 0.16 
MJE340 0.65 
MJE341 0.72 
MJE370 0.55 
MJE520 0.85 

,MJE521 0.95 
IMJE2955 1.20 
MJE3000 1.55 
MJE3055 0.74 
MM721 0.70 
MPF102 0.40 

0.47 
MPSA55 0.50 

0.21 
0.662N161µ3 

MPSUO6 0.70 
MPSU55 1.26 

'MPSU56 1.26 
j0C26 0.38 
0C28 µ.6S 

0.55 
0C36 0.54 

0.66 
oC44 0.25 
0C45 0.32 

0.32 
0071 0.32 
'.0072 0.32 
0073 0.61 
0075 0.25 
0081 0.53 
0081D 0.67 
OC139 0.76 
0C140 0.80 
OC170 0.26 
0C171 0.30 
OCP71 0.92 
05168 2.19 
052364 0.11 
ORP12 0.5 
920086 2.05 
92010B 2.96 
1503 /400 

1,54 
TIC44 0.29 
1IC46 0.44 
TIC47 0.59 
71C294 0.45 
71P30Á 0.65 
TIP31A 0,66 
TIP325 0.57 
TIP33A 0.99 
TIP34A 1.73 
T111415 0.50 

0.91 
715430- 0.30 
TIS73 1.38 
27x109 0.12 
z7x300 0.i6 
ZTX304 0.22 

- 

INTEGRATED 
Type Pn1.40 
CA3045 1.70 
CÁ3046 0.70 
CA3065 1.90 
MC1307P 1.19 
140131µP 254 
MC1327P0 

1Á1 
MC1330P 0.71 
MC1351P 0.76 
MCI 352P 0.12 
140135ßP0 

1.56 
14014962/ 0,57 
MC3051P 0.51 
MFC4000B 

0.43 
MFC4060A 

0.70 
MFC6040 0.91 
NE555 0.72 
NE556 1.34 
SL414A 151 
SL901B 3.84 
5L9176 6.12 
SN76003N 

2.52 
5676013N 

199 
5676013N0 

1.72 
SN76023ND 

1.72 
06760236 

1.95 
S6760336 

2,92 
SN76530P1.06 
5976533 1.20 
TAA300 1.76 
75Á320 0.94. 

2.02 
TAA435 0.55 
7ÁA450 2.70 
TAA550 0.55 
T44570 2.02 
TAA6110 1.86 

CIRCUITS 

- Type Pnce r i 
TAA6300 

4.18 
7ÁÁ6306 

4.16 
TAA700 4.15 
7ÁÁ8d0 2.02 
TAA861A 

' 0.49 
TAO100 2.66 
7951205 0.99 
T8A2404 

2.97' 
7954800 

1.90 
784500 1.99 
TBA5500 

2.00 
7BÁ510 1.99 
TBA520Q 3.34 
TBA530 2.71 
TBA5300 2.71 
185540 3.21 
7845400 3.21 
TBA5500 4.10 
T6A560C 4.09 
78456000 

4.10 
TBA570 1.17 
T84641 0.76 
765673 2.28 
T6A700 2.59 
7947200 2.45 
T6A7500 2.33 
TBA800 1.75 
TBA810AS 

1.75 
19Á9200 4.23 
TBA990 4.10 
T9Á990.3 4.10 
7C42700 4.18 
ZN414 1.25 
u64995159 

2.25 

THIS MONTH'S 
SPECIAL OFFERS: 

741 DIL 8 
£35/100 

£105/500 
555 Timers 

£55/100 
£205/500 

ADD 25% FOR 

E0.12 PER ORDER. 
AT COST_ 

ex -stock 
prices subject 

catalogue is now 

A 'C 23 532 4000 

PL1 7 8PZ 
Stoke Climsland 
45uor A/B 

PLEASE 

P&P; U.K. 
SEAS AIR MAIL: 

- All items advertised 
copy date. All 
ty. Our new 
30p (refundable). 

GIRO 

EAST 
CORNWALL 

COMPONENTS 
CALLINGTON 

CORNWALL 
Telephone: 
439. Telex: 
CALGTON. 

VAT 

OVER - 

magazine on magazine 
to availabili- 
available at 

(05797) 
MERCURY 

BC307B 
9C308Á 
8C309 
BC323 
6C377 

BC 61 
80Y42 
6CY71 
0CY87 
80X88 
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Don't miss your copy of 
HENRYS 
NEW1975 
ATAL 

P&P 
DRYS 

50p 
Plus 2 0 p 

j==, 

' /¡ I 

* OVER 5,000 ITEMS - largest UK range o 
electronic components for home 
constructors. 

* 200 PAGES - every aspect of electronics and 
components for amateurs and hobbyists - 
kits, projects, test gear. 

* DOZENS of new lines and new ranges. 
* MANY price reductions throughout the new 

Catalogue. 
* A Discount Voucher with every copy, worth 

50p. 

ALL HENRY'S PRICES NOW INCLUSIVI 

OF VAT 

Write for your copy, enclosing 70p remittance 

ELECTRONIC FOOTBALL & TENNIS 
WITH THE FABULOUS 

VIDEO SPORT 
ON YOUR OWN TV 

Play three exciting electronic ball 
games. FOOTBALL TENNIS. HOLE 
IN THE WALL on your own TV! Just 
plug Video Sport into the aerial 
;ockst of your TV and away you go. 
Zompletely safe for you. your 
,hildren and your TV. Mains 
operated. 

OUR INCREDIBLE PRICE 

BUILD THE TEXAN + FM TUNER 
TEXAN 20 + 20W STEREO AMP. 

Featuresgiass flore PC board, Gardners 
Sow field transformer, 
b.If'a 1 it- ualSiStors 

oms dindes. eu. 
Designed by Texa! 

instruments engineers 
for Henry a end. 

P W O tveralm size 
151 2At "e 64á" Bins 

noerated Free teak sleeve 

£29.95 ¡CARRIAGE 5Oo1 won every lot 

(also built and tested 639.95) 

£29.50 inc. VAT 
DEMONSTRATIONS 
NOW IN ALL CENTRES! 

t 

AM /FM MODULES 
LP1179 LP1171 

Combined AM /FM tuner 
modules. together with a small 
number of R.C.s Ferrite Aerials, 
make up a sensitive 
FM /MW /LW tuner. 
6 Volts supply. supplied with 
data and circuit sheets. 

LP1171 combined IF strip 
£4.50. 
LP117S. FM front end and AM 
gang E4.60 
£6.62 the pair. 
Suitable Ferrite aerial 57p 

UHF TV TUNERS 
625 -line receiver UH transistore tuners operation 
Bland new )Post /packing 25p aaeh). 
TYPE A variable tuning slots motion drive E3.50 
TYPE B 4-button push button (adjustable) £4 60 
TYPE Cl/aride tuning £2.10 
¡TYPE á T3-button UHF tuner £5.20 

Stereo FM Tuner 
'eatures capacity diode tuning. lead and tuning meter 
indicators mains operated. 
Hgn performance and sensitivity. Overall size in teak sleeve 
8" r 244" x 616". Complete kit with teak sleeve. 

£26.25 (CARRIAGE SOp).i 
'¡also built and tested 01.20) 

JOIN THE LARGE BAND OF 
CONSTRUCTORS! 

SPECIAL OFFER. GARRARD CT4 
STEREO CASSETTE TRASPORT 

MECHANISM 
FEATURES 
* STEREO HEADS 
* BUILT -IN MOTOR STABILISOR 
* AUTO STOP + EJECT 
A PAUSE CONTROL 
* 12v DC OPERATION 
Hob.st precis on engineered mechanism based on 
the "' STARR" patented design. Ideal for use in car 
stereo cassette players, hi -fi stereo cassette 
recorders, industrial and many other applications. 
Suitable for the 'NV' Ascot Stereo Cassette Dock. 

£13.50 inc. VAT P &P 35p 
FREE: - 
SEND NOW FOR OUR FREE 
LIST NO. 36 FOR OUR COM- 
PLETE RANGE OF OVER LAI 
10,000 SEMI -CONDUCTOR 
DEVICES AT NEW LOW I 
PRICES. 

Now Open Supermarket, 
Browse Round The New 
Supermarket at 404 
Edgware Road 

HENR5s 
ectronic en res 

404 -406 Electronic Components & EGUroment 01 -402 8381 
354 PA .Discn-Lighting High Power Sound 01 -402 5854 
303 Special afters and bar gams store 
All mall to 30.3 Edgware Road. London W2 t 8W 

Ht Ft and 
Electronics 
Centres Open 
9 am - 6 pot 

Prices correct at time of preparat ion Subject to change without notice E bOE 

TAUT SUSPENSION MULTIMETERS 

r 
Made in USSR,. 

41 ranges - 6A 
D.C., 1.5mÁ - 6A A.C., 0.3 -900v 
A.C./D.C., 0.2 -50k0 ; Mirror scale. 
Sensitivity 6670 Iv; Accuracy 1% 
D.C.; 1.5% A.C. £10.75. 
U4313: 40 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. 

- . Sensitivitÿ 20k0 /v D.C.; 2k0 Iv 
A.C. Accuracy 1.5% D.C., 2.5% A.C. 

t r £13.80. 
U4315: 43 ranges 0.05mA -2.5A 
D.C.; 0.5mA -2.5A A.C.; 1 -1000v 
D.C. /A.C.; 0.3 -500k0 ; Sensitivity 
20k0 v D.C., 2k0 /v A.C. Accuracy 
2.5% D.C., 4% A.C. £10.00. 
U4324: 33 ranges 0.06mA - 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., 
2.5% 40000 /v A.C. Accuracy D.C., 

r. o 4% A.C. Re- chargeable cadmium cell 
operation. £9.85. 

` 1 

ate,° 

a 

d - .. 

- 

OSCILLOSCOPE CI -5 
' Made in USSR 

Extremely simple and easy to use single beam 
oscilloscope. Well proved design based on standard 
octal values 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 
x 50mm clear display. Amplitude and time base 
calibrations. Sensitivity 30mm /v max. Triggered and 
free- running time base, suitable for displaying pulses 
from 0.1m sec. to 3 m sec. A.C. mains operation. 

Price £44.00 ex. works 
Packing and carriage (U.K. only £2.50 

4 - -- EDUCATIONAL METERS 
Made in USSR 

w 
r 1', d A range of small portable free -standing meters suitable 

for experiments and demonstration work. Moving coil 
1 ' movements with centre -pole pieces. 69mm long open 

...e scale. Basic calibration accuracy 4 %. The following 
ranges are available: 1, 2, 5, 10 Amps D.C.; 6, 15, 30 
Volts D.C. Overall dimensions: 80 x 100 x 48mm. 

Price E1.80 ex. works 
Packing and postage £0.20 per meter LINEAR I.C. AMPLIFIERS 

TAA263 - 3 stage low level amplifier. 
Bandwidth DC to 600kHZ. Supply 
voltage 6 -8V. Output power 10mW. To 
724- lead£0.65. 
TAA293 - Med. freq. amplifier up tc 
600kHZ. Supply voltage 6V. Output 
10mW into 1500. TO 74 10 -lead case 
ì0.65. 
bAA320 - Most stage followed by a 
bi -polar transistor. Gate- to-source voltage 
9 -14V. Power dissipation 200mW. Drain 
current 1 yA. TO 18 3 -lead L0.60. 

DIGITAL 7400 SERIES I.C. 
Made in USSR 

7400 £0.14 7440 E0.14 
7401 E0.14 7450 £0.14 
7410 £0.14 7453 £0.14 
7420 £0.14 7455 £0.14 
7422 £0.20 7460 £0.14 
7430 £0.14 7472 £0.30 

7474 £0.25 

A minimum of 
of for 

I.C. mix, be 
ordered. Discount of 10% for any mix, up 
to 25 and 20% for larger quantities. 

SPECIAL TELEVISION 
BARGAINS 

FIRST GRADE TRANSISTORS 

R20088 £0.95 
R2010B £1.55 
81.1126 

£1.55 BU 1 33 £1.55 
BU208 £2.'30 

Have you already got our illustrated 1975 catalogue /price 
list of valves, semiconductors, test equipment and passive 
components? If not, please send £0.20 for your copy now. 

Prices are exclusive of VAT and unless stated otherwise, 
packing and postage. When remitting cash with order 
please add £0.80 per miltlmeter, or £0.20 in £ for other 
items, SS well as VAT (20% for valves, semiconductors and 
linear LC.s, and 8% for other equipment). 

Z& 1 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 -004 FOR FURTHER DETAILS 
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THE NEW SEMICONDUCTOR SOURCE 
1 

ALL PRICES ARE VAT EXCLUSIVE. PLEASE ADD THE APPRO- 
PRIATE AMOUNT OF VAT TO YOUR ORDER 

AA119 
AA213 
AC126 
AC127 
AC128 
AC128K 
AC141 
AC141K 
AC142 
AC142K 
AC176 
AC176K 
AC187 
AC187K 
AC188 
AC188K 
AF114 
AF115 
AF116 
AF117 
AFI I8 
AF124 
AF125 
AF126 
4F139 
AF239 
AF279 
AF367 
AFZ11 
AFZ12 
54108 
BA115 
54130 
BA141 
BA144 
BA145 
BA148 
54154 

BA156 
BA157 
54158 
64159 
BC107 
8C1078 
BC108 
BC109 
8C109C 
BC117 
BC119 
BC125 
BC126 
BC140 
BC141 
BC142 
BC143 
5C144 
5C747 
BC148 
BC149 
8C152 
BC153 
BC157 
BC158 

0.10 
0.10 
0.15 
0.16 
0.13 
0.25 
0.18 
0.28 
0.18 
0.28 
0.18 
0.25 
0.18 
0.25 
0.18 
0.25 
0.20 
0.20 
0.20 
0.20 
0.50 
0.25 
0.25 
0.25 
0.33 
0.37 
0.85 
0.65 
0.99 
1.05 
0.40 
0.08 
0.14 
0.31 
0.14 
0.14 
0.13 
0.12 
0.13 
0.12 
0.22 
0.22 
0.25 
0.14 
0.1! 
0.13 
0.14 
0.20 
0.19 
0.26 
0.16 
0.20 
0.32 
0.28 
0.23 
0.23 
0.30 
0.09 
0.09 
0.06 
0.25 
0.18 
0.09 
0.09 

ALL 
BC159 
BC160 
BCt61 
BC1688 
BC171 
BC171A 
BC182 
8C182L 
BC183 
8C183L 
BC184 
8C1841 
BC786 
BC187 
8C2078 
BC212 
BC212L 
BC213 
BC2131 
BC214 
5C214L 
BC237 
BC238 
BC300 
BC301 
BC303 

ITEMS IN THIS SECTION RATED AT 25% VAT 
0.09 BF220 0.28 BYX22-200 0.20 0075 0.12 25966 0.48 
0.32 5F224J 0.18 BYX22-800 0.28 0081 0.14 2N995 0.84 
0.35 BF244 0.17 85X36-600 0.16 0083 0.14 251131 0.15 
0.09 8F245 0.30 BZX61-C10 0.20 0084 0.14 2N1132 0.16 
0.11 8F257 0.30 81<61-C12 0.20 0C122 0.69 251302 0.15 
0.11 8F258 0.35 8ZX61-C13 0.20 0C170 0.23 2N1303 0.15 
0.11 8F259 0.50 BZX61-C15 0.20 0C206 1.35 2N1304 0.20 
0.11 BF336 0.30 BZX61-C16 0.20 2N1305 0.20 
0.10 8F337 0.32 BZX61C18 0.20 2N1306 0.24 
0.10 8F338 0.40 BZX61-C20 0.20 2N1307 0.24 
0.11 BFT42 0.40 8ZX61C22 0.20 MULLARD 251308 0.28 
0.11 BFT43 0.36 BD(61-C24 ' 0.20 251309 0.26 
0.20 8FW30 1.10 BZX61-C30 0.20 00P71 0.90 2N1613 0.18 
0.24 BFW59 0.16 8Z561-C39 0.20 RAS310AF0.55 2N1711 0.18 
0.12 BFW60 0.17 BZX61-C43 0.20 TAA550 0.40 252102 0.44 
0.11 BFX29 0.26 BZ%61-C47 0.20 TM611 1.49 252217 0.30 
0.11 BFX30 0.30 132561051 0.20 TAA861 0.50 2N2270 0.28 
0.12 BFX52 0.40 811(61-C68 0.20 T8A530 2.64 2N2368 0.18 
0.12 BFX81 1.40 6ZX61-C72 0.20 784570 1.15 252369 0.14 
0.14 BFX84 0.23 BD(70-C30 0.30 11C44 0.32 2523694 0.14 
0.14 BFX85 0.25 8Z)(83 Series 0.11 71C45 0.38 2N2401 0.44 
0.16 BFX86 0.20 or 7IC46 0.48 252405 0.72 
0.16 BFX87 0.20 BZY88 Series 0.11 TIC47 0.89 2142487 0.16 
0.34 BFX88 0.20 3 3-33V 0.11 TIP29A 0.44 2N2484 0.18 
0.32 BFY11 1.50 82X79C5V1 0.15 TIP30A 0.52 2N2613 0.30 
0.48 BFY18 0.36 BZY96-C8V2 0.10 TIS26 17.00 252711 0.10 
0.10 8FY40 0.40 C1035 0.30 U235 2.50 252712 0.10 
0.60 8F541 0.40 C103F 0.36 ZTX109 0.12 2N2800 2.70 
0.16 BFY50 0.20 C1034 0.40 ZTX313 0.20 2N2894 0.30 
0.16 BF551 0.18 C10313 0.46 ZTX504 0.36 2N2894A 0.40 
0.17 8F552 0.19 CRS1/05 0.25 1N542 0.06 2N2904 0.18 
0.17 BFY53 0.25 CRS1 /10 0.25 15645 0.18 2N2905 0.18 
0.23 BFY53 0.25 CRS1/20 0.35 1N746A 0.12 2529054 0.22 
0.45 BFY57 0.30 CRS1/40 0.40 157504 0.12 2N2925 0.12 
0.52 8F564 0.35 CRS1/60 0.65 1N914 0.04 25292613 0.10 
0.90 BFY81 1.10 032(31AC) 0.20 159144 0.06 2N29260 0.09 
0.40 BF590 0.85 E1222 0.30 I 51199 0.40 2529265 0.09 
0.48 88101 0.40 GET885 0.30 1512004 0.48 2N2926G 0.10 
0.45 B8Y39 0.40 LM301 0.55 151201A 0.52 2N3053 0.15 
1.10 BSV68 0.40' L51307 0.55 1512024 0.68 253133 0.20 
0.70 BSX21 0.20 LM309K 1.80 1512044 0.90 253134 0.24 
0.22 BSX76 0.15 MJE340 0.40 1N1206A 1.10 2N3440 0.56 
0.85 BSX77 0.20 MJE370 0.55 1N1208A 1.80 2N3415 0.12 
0.12 135X78 0.25 MJE371 0.60 1N2069 0.14 2N3570 0.80 
0.18 BSY41 0.20 MJE520 0.45 1N2070 0.18 2N3702 0.10 
0.12 BSY52 0.38 MJE521 0.55 154001 0.04 253703 0.10 
0.55 BSV53 0.39 NE555 0.40 1N4002 0.05 253704 0.10 
0.60 BS554 0.44 0A5 0.50 1N4003 0.06 2N3705 0.10 
0.60 BSY55 0.74 OAG 0.30 154004 0.07 2N3706 0.10 
0.83 BSY56 0.75 0A9 0.20 1N4005 0.08 2N3707 0.10 
0.21 BSY65 0.16 0410 0.40 1 54006 0.09 2N3708 0.09 
0.25 BSV76 0.20 0485 0.10 1N4007 0.10 2N3709 0.09 
0.28 BSY78 0.24 0A90 0.08 1N4148 0.04 2N3710 0.10 
0.30 BSY95A 0.12 0A91 0.08 1N4454 0.09 253711 0.10 
0.30 85100 0.17 0A95 0.08 155060 0.20 2N3724 0.50 
0.30 55103 0.20 0C41 0.15 1558374 0.12 253725 0.52 
0.30 55133 0.20 0C42 0.15 25404 0.20 253819 0.28 
0.20 55142 0.20 0C43 0.30 25696 0.14 254032 0.40 
0.20 55184 0.30 0044 0.12 2N697 0.12 2N4123 0.14 
0.10 BY198 0.20 0C45 0.10 25706 0.10 294124 0.14 
0.10 55199-4000.20 0C46 0.20 2N718 0.24 254290 0.12 
0.12 6Y206 0.15 OCIO 0.10 2N731 0.52 254291 0.12 
0.12 8Y207 0.20 0071 0.10 2N929 0.14 254856 0.70 
0.28 BYX10 0.20 0072 0.22 2N930 0.14 294918 0.90 

254919 0.70 
2N4921 0.50 
254922 0.58 
255060 0.20 
2N5308 0.20 
2N5257 1.40 
2SC643A 1.49 
2SC117252.98 
80X32 2.30 
BU105 1.80 
BU105/021.90 
BU108 3.00 
BU126 1.60 
BU133 1.60 
8U204 1.90 
BU205 1.90 
8U206 2.60 
BU207 2.80 
8U208 3.00 
8U209 2.40 
CRS1 /05 
CRS1/10 
CRSt/20 
CRS1 /40 
254044 0.28 
2N505 0.50 
25709 0.48 
2N722 0.70 
25743 0.36 
25731 0.76 
25910 0.50 
251595 1.00 
2N1596 1.20 
2N2218 0.30 
252219A 0.32 
252221A 0.20 
2N2222 0.20 
2N2222A 0.24 
2N2324 2.20 
252324A 2.70 
2N2590 0.60 
253019 0.70 
2N4427 1.08 
2N5023 1.50 
2N5039 2.60 
2N5042 1.40 
2N5108 6.30 
2N5308 0.30 
2N5322 0.96 
2N5323 0.72 
2N5757 1.60 
2N6107 0.64 
25304 1.50 
0C200 0.90 
T1 C44 0.30 
T1C45 0.32 
T1C46 0.40 
71C47 0.60 
40264 0.48 
40310 0.50 
40324 0.52 
40361 0.40 
40695 1.20 

ITEMS IN THIS SECTION 
RATED AT 8 % VAT 

A0140 0.50 BD182 0.92 BT108 1.60 CR53-60 0.85 
AD142 0.50 8D183 0.97 13T109 1.60 FCH101 0.70 
AD143 0.46 BD184 1.20 8T116 1.00 FCH141 0.70 
AD161 0.J5 8D510 0.97 B5%3&31700.50 FW101 0.70 
AD162 0.35 80511 1.03 B5X38-6000.55 MJ480 0.80 
AL100 0.95 80520 0.80 85538-9000.60 MJ481 1.05 
AL102 0.95 8D539 0.60 8Y%38-12000.85 1111314 0.54 
AL103 0.93 BDY60 0.60 5Y210 0.30 TIP32A 0.64 
13D118 0.85 BDY81 0.65 BYZ11 0.28 TIP41A 0.68 
8D124 0.60 B0462 0.55 8YZ12 0.24 TIP42A 0.72 
80130 0.80 8FX34 0.90 BYZ13 0.20 151190A 2.10 
BD131 0.36 BLY15A 0.70 C1065 0.30 2N457A 1.20 
8D132 0.40 BRC4443 0.65 C106F 0.35 2N3054 0.40 
130133 0.60 BSV64 0.66 C106A 0.40 2N3055 0.50 
BD135 0.36 BT701-300R1.60 C7068 0.45 2N3233 1.00 
613136 0.39 87101.500R 1.110 C106D 0.50 2N3442 1.20 
BD137 0.40 8T102-30051.30 CRS3-05 0.34 2N3772 1.60 
80138 0.48 137102-500R1.40 CRS3-10 0.45 2N3773 2.10 
50144 2.20 BT106 1.00 CRS3-20 0.50 2N4347 1.10 
BDt81 0.86 137107 1.60 CRS3-40 0.60 2N4348 1.20 

2N5496 0.85 

THYRISTORS (PLASTIC TO-220 PKGE) 

3 Amp 6 Amp 8 Amp 10 Amp 
50 V 0.35 0.41 0.42 0.47 

100 V 0.40 0.47 0.48 0.54 
200 V 045 0.5B 0.60 0.68 
400 V 0.50 0.87 0.88 0.98 
600 V 0.70 1.09 1.19 1.26 

TRIACS (PLASTIC TO-220 PKGE. ISOLATED TAB) ) 
4A 6.5A 8.5A 10A 16A 

(a) (b) (a) (b) (a) (b) (a) (b) (a) (b) 
100 V 0.60 0.60 0.70 0.70 0.78 0.78 0.63 0.83 1.01 1.01 
200 V 0.84 0.64 0.75 0.75 0.87 0.87 0.87 0.87 1.17 1.17 
400 V 0.77 0.78 0.80 0.83 0.97 1.01 1.13 1.19 1.70 1.74 
600 V 0.96 0.99 0.87 1.01 1.21 1.26 1.42 1.50 2.11 2.17 

N B Trims without internal trigger dim are priced under column (a). Triacs with 
internal trigger dim are priced under column (b). When ordering please indicate 
clearly the type required 

Mav.hmri char, 20n pe pa,I P &P (U Knly) 201, P F.P IOvereeasl 80p 

130307 
BC323 
BC327 
BC328 
8C337 
BC338 
BC377 
BCY30 
BCY31 
8C532 
BC533 
BCY34 
8CY38 
6C539 
BCY40 
BCY42 
BCY54 
BCY7r0 
BUY71 
BCY72 
80115 
80157 
80410 
BF120A 
8F157 
BF177 
5F178 
BF179 
5F180 
13F181 
8F182 
BF184 
8F185 
13F194 
BF195 
BF196 
BF197 
13F219 

LYNX ELECTRONICS LTD. 
92 BROAD SYREET 
CHESHAM, BUCKS 
TEL: 024-05 75151 

TTLs by 
7400 13p 
7401 1 

7402 lap 
7403 rev 
7404 18p 
7405 16p 
7406 38p 
7407 
7408 

36p 

7409 20p 
7410 13p 
7412 23p 
7413 32p 
7414 80p 
7416 33p 
7420 14p 
7422 18p 
7423 34p 

7427 37p 37p 
7430 14p 
7432 25p 
7437 25p 
7440 14p 
7441 65p 
7442 bop 
7447 75p 
7448 70p 

15p 
7451 16p 
7453 16p 
7454 16p 
7460 15p 
7470 27p 
7472 25p 
7473 30p 
7474 30p 
7475 45p 
7476 3Op 
7480 5op 
7481 95p 
7482 70p 

TEXAS 
7483 80p 
7484 95p 
7485 12op 
7486 30p 
7489 270p 
7490 40p 
7491 75p 

7493 40p 
7494 75p 
7495 65p 
7496 78p 
74107 30p 
74121 30p 
74122 46p 
74123 68p 
74141 65p 

74153 asp 
74154 150p v 
74155 76p 
74156 76p 
74160 99p 
74161 99p 
74162 99p 
74163 99p 
74164 120p 
74166 126p 
74174 120p 
74175 85p 
74180 1OOp 
74181 259p 
74182 -82p 
74185 135p 
74190 144p 
74191 144p 
74192 120p 
74193 120p 
74194 lOBp 
74195 75p 
74198 198p 
74199 150p 

COMOS LOGIC 

ICS NEW 

LOW PRICES 

CD4000AE 19p 

004002ÁE 19p 
CD4009AE 67p 
CD4011AE 19p 
CD4012AE 19p 
0040134E 55p 
CD4016AE 50p 
0040174E 120p 
004018ÁE 175p 
CD4020AE 250p 

C134Ó2 AE 
1í5p 

CD4024AE 120v p 
CD4025AE 19p 
004026ÁE I96p 
CD40274E IOOp 
CD4028AE 140p 
C040294E 175p 
0040304E 55p 
C04042AE 137p 
CD4043AE 202p 
C04046AE 160p 
CD4047AE 154p 
CD4049AE 63p 
0040544E 196p 
CD4055AE 1980 
CD4056AE 135p 
CD4060AE 229p 
CD4069AE 37p 
CD4071AE 27p 
C04081/11 27p 
0040824E 27p 
CD4510AE 160p 
CD45114E 236p 
0045284E 120p 

OP- AMPS 
iwotl LA. Up Amp Int Comp 8 pin DIL 70p 
301A Ext. Comp. 8 pin DIL 36p 
3130 COSMOS /Bi-Floc MosFet 8 pin DIL 100p 
3900 Quad. Op. Amp 14 pin OIL 75p 
5367 op Amp TO -99 275p 
709 Ea. Comp s/lapin Da Sop 
741 Int. Comp. 8/14 pin OIL 25p 
747 

e Et Comp 
14 pin 

á9p 
776 Programmable Op Amp TO -5 A 40 

AC126 11p 
ÁC127 11p 
AC728 11 p 
AC141 18p 
AC142 18p 
AC176 Ilp 
AC187 12p 
AC188 11p 
ÁD149 4391 
ÁD161 36p 
AD162 36p 
AF114 13p 
ÁF115 13 P 
AF116 13p 
AF11 7 13p 
AF139 33p 
AF239 38p 
BC107 
BC108 9P 
BC109 10p 
..CI 09C 12p 
130147 7p 
80148 7p 
BC149C 8p 
BC157 10p 
BC158 8p 
SC159 9p 
801690 12p 2P 
BC177 lap 
BC178 17p 
BC179 189 
BC182 10p 
BC183 1 °P 
BC184 llp 
BC187 30p 
BC212 11p 
BC213 10p 
BC214 14p 
80478 30p 
BCY70 18p 
BCY71 22p 
B0123 7 

613124 65p 
BD131 36p 
BD132 40p 
BD135 43p 
BD139 630 
613140 70p 
BF115 22p 
BF167 23p P 
SF170 23p 
BF173 25p 
BF177 26p 
BF178 28p 
BF179 33p 
BF180 33p 

TRANSIS1uisS 
BF182 sop 
BF184 22p 
BF785 22p 
BF194 10p 
BF195 9p 
BF196 14p 
BF197 15p 
BF200 32p 
BF257 32p 
BFR39 30p 
BFR40 30p 
BFR79 30p °P 
BFR80 30p 
BFR88 30p 
BFX3O 30p 
8FX84 26p 
BFX85 25p 
BFX86 25p P 
BFX87 20p 
BFX88 24p 
BFY5O 16p 
BFY51 15p 
BFY52 16p 
BRY39 34p 
6$X19 16p 
BSX20 18p 
BU 1 40 105 P 
MJE340 45p 
MJE295599p 
MJE305565p 
MPSA0630p 
MPSA12 5°P 
MPSA5632p 
MPSUO662p 
MPSU5678p 
0C26 40p 
0C28 55p 
0C35 48p 
0C36 58p 
OC41/2 15p 

0071 
17 p 

OC71 20p 
TIP29A 40p 
TIP30A 48p 
TIP31A 52p 
TIP32A 58p 
71P33Á 90p 
TIP34A 115p 
71P35Á 290 P 
TIP36A 370p 
71P414 65p 
TIP42A 70p 
TIP295570p 
ZTX300 13p 
27X500 15p 

25698 30p 
2N706 12p 
25708 18p 
2N918 40p 
2N928 20p 
2N930 18p 
251137 18p 
2N1132 18p 
2N1304 21p 
2N1305 21p 
2N1306 28p 
2N1307 28p P 
2N1308 28p 
2N1309 28p 
2N1613 20p 
251711 20p 
2N1893 30p 
252218 21 P 
2N2219 20p 
2N2220 19p 
2N2221 20p 
2N2222 20p 
2N2369 14p 
2N2484 30p 
2N2904 20p 
2N2905 20p 
2N2906 20p 
2N2926R 7p 
2N2926B 7p 
2N29260 Sp 
2N2926Y 9p 
2N2926G 9p 
2N3053 18p 
2N3054 40p 
2N3055 50p 
2N3439 87p 
2N3442140p 
2N3702 11p 
2N2703 /1p 
2N3704 11 p 

2N3705 11 p 
2N3706 top 
2N3707 11p 
2N3708 9p 
2N3709 9p 
2N3773 

220p 
2N3866 90p 
2N3903 18 p 
2N3904 1Sp 
2N3905 18p 
2N3906 18p 

' 2N4058' 15p 
2N4059 top 
2N4060 13p 

2N4347130p 
2N4348160p 
40360 40p 
40361 38p 
40362 40p 
40364 120p 
40409 55p 
40410 55p 
40411 225p 
40594 75p 
40595 85p 

FETE 
BF244 36p 
MPF102 30p 
MPF703 3ÓP 
MPF704 3Op 
MPF705 30p 
2N381 9 25p 
2N3820 57p 
2N3823 50p 

2N5458 S P 
OP 

2N5459 30p 

MOSFETs 
351 28 75p 
3N140 85p 
3N141 75p 
40603 58p 
40673 58P 

WTB 
T1S43 27p 
2N2160 80p 
2N2646 35p 
2N4871 30p 

PUJT 
256027 48p 

DIODES 

SIGNAL 
OÁ47 7p 
0470 
0A81 GP 
0A85 10p 

0A90 7p 
0Á91 7p 
0A95 7p 
0Á200 8p 
0Á202 10p 
1N914 4p 
1N4148 4p 

RECTIFIER 
BY100 15i 

BY126 12p 
135127 12p 
BYZ10 45p 
BYZ11 45p 

p 

BYYZZ13 45p 
1N4001 5 5p 
1N4004 Bp 
1N4007 7p 

3 
3.3V to 33V 
400mW 9p 

p 1W 18p 

TUNNEL 
AEY11 50P 

VARICAP 
25p 08105 25 

LOW NOISE 
ZIJ 90p 

BRIDGE 
RECTIFIERS 

25A 100V 20p 
to 50V 22p 

1A 
100V 24p 

lA 600V 3 
2A 50V 3 

p 

2A 100V 35v 
p 

BAV e p 

6A 100V 65p 

LINEAR LC.s - 

CÁ30[8 Din. (:estade Amp. 8 pin DIL Sop 
CA3046 5 Transistor Array 14 pin OIL 50p 
CA3048 Quad. Low Noise Amp. 16 pin DIL 200p 
CA30896 FM IF System 16 pin OIL 200p 

t 3098CC 
Stereo 

n. Gm.ti. 
Dec. 

la 
pin OIL 1275p 

LM380 2W Audio Am to DIL p pin L 90p 
LM381 Stereo Preamp 14 pin DIL 160p 
MC131OP -, FM Stereo Dec. 14 pin DIL 775p 
MC1312 ) 
MC1314 } SO Quad. Dec 14 pin DIL 1100p 
MC1315 11 

MFC B Electronic 
Audio Amp 

PCB 90p P 
NE555 Timer 8 pin DIL 45p 
NE556 Dual 555 14 pin OIL 100p 
NE561 PLL with AM Demod. 16 pin DIL 325p 
NE562 PLL with VCO (6 pin DIL 325p 
NE563 PLL FM /IF Demod 16 pin DIL 300p 
NE565 PLL 14 pin DIL 250p 
NE566 PLL Fun. Gen. 8 pin DIL 150p 
NE567 PLL Tone Dec. 8 pm OIL 250p 
2567 Dual 567 14 pm OIL 370p 
SN72733 Video Amp. 14 pin DIL 120p 
7BÁ800 5W Audio Amp OIL 90p 
T8Á810 7W Audio Amp GIL 100p 
T6Á820 2W Audio Amp GIL Sop 
XR 2240 Prog. Timer /Counter 16 Din OIL 370p 
ZN414 TRF Radio Receiver TO -18 I10p 
Basic data sheets on above at lop each +S.A E 

VOLTAGE REGULATORS FIXED PLASTIC -3 Terrninliile 
l emu - -_ -.e 200mA (705) 

s 7805 140p 7905 200p 
12V 7812 140p 7912 200p 7812 99p 
15V 7815 140p 7915 200p 7815 98p 
18v 7818 7 

24V 7824 140p 7924 200p - - 
VARIABLE Data sheets on rags 
723 14 PIN UIL 45p at 10p each + s.a.e. 

TRIALS OTHER 
iLrOV 400V 500V 

3 Amp 85p 99p 120p 40430 99p 
6 Arnp BBp 12 Op 150p 40486 99p 
10 Amp 109p 154p 185p 40669 95p 
15 Amp rasp 1809 22Op 58100 

°ac 21P 
BT106 

SCR- THYRISTORS 14 /700V stud loop 
C106O lA 50V 705 4Op 3A/400V Plastic 55v 

14100V 705 42p MCR101 
14400V TOS 52p 0 5A/15V TO-92 25p 
14600V T05 70p 
34100V Stud 49 2N3525 
34400V Stud 75p 5A /400V 0 -66 90p 

7Á100V 5N,d 75p 2N4444 
Plastic 185 

7Á400V TO5 +HS 00p BA /600V P 

BA 50V Plastic taov ó8A 30V TO -92 34p 
124400V Plastic 160P 255062 16,4100V Plastic 160p 

0 8A , 100V TO -92 37p 
16Á400V Plastic 180p N5064 
,61600v Plaso<_ 220p 

OPTO- ELECTRONICS 
OCP70 30 SEVEN SEGMENT DISPLAYS D 
OCP71 90p 3015F 03 in DIL 120p 
ORP12 50p MAN3M 0.127 in. PCB 11Op 
ORP60 60p DL704 0 3 m. DIL 135p 
ORP61 60p DL707 0 3 in. DIL 135p 
2N5777 40p DL747 0 bin DIL 225p 
LEDS: IIL209 Red 14p; IILL11 Green 35p VAT RATES 

6g-, TTLs. GMOS. VRs, OPTO 
DEVICES. SCRs. TRIACS. ma, 

LIN -I.0 s. and DIL SOCKETS 

LOW PROFILE OIL SOCKETS BY TEXAS 
8 pin í3p, 14 pin í4p, 16 pin í5p, 24 Vin sup. 

II 

Full branded devices Sy Texas RCA Mnt^r Ma 
Y 

National Mullard etc 

C.SA 200V T092 40p 

Minimum Order £2 All first grade devices 
P by appointment. 

Please add VAT to total Govt .Colleges. 

8F181 33p 

welcome 
etc orders accepted 

2N697 13p 

54 
Tel: 

2N4289 2t Z. 
T E C H N 

SANDHURST 
41. 704 4333 

25 %ALL OTHERS. 

O M AT I C LTD. 
ROAD, LONDON, NW9 
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XR-2206 K 
The XR -2206 Function Generator Kit extends the capabilities of a single 

XR -2206 function Generator IC to a self -contained generator system 

using a very limited number of external components. It provides the 

engineer. student. or lobbyist with highly versatile laboratory 

instrument for waveform generation at a very small fraction of the cost 

of conventional function generators available today. 

The function generator üs fesigned to operate with either a single I2V 

supply or with ± 6V split supplies. 

The XR -2206 Function Generator Kit provides three basic waveforms: 

sine, triangle and square Nave. There are four overlapping frequency 

ranges which give an overall frequency range of IHz to 100 kHz. In 

each range. the frequency may be varied over a 100:1 tuning range. 

The total harmonic distortion of a sine wave is typically 0.5 %. 

The sine or triangle output can be varied from 0 to over 6V )peak to 

peak) from a 600 ohm source at the output terminal. 

A squarewave output is available at the sync output terminal for 

oscilloscope synchronizing or driving logic circuits. 

The Function Generator Kit features sine. triangle and square wave: 

THD 0.5% typ.: AM /FM capability. 

XR- 2206KA: Includes Monolithic function generator IC, PC board. and 

assembly instruction manual. £11.50. 

XR- 2206KB: Same as XR-2206KA above and includes components for 

PC board. £16.00. 

The Kit requires some additional parts and hardware for complete 

assembly in a laboratory equipment form. 

7400 Series TTL 
1 25 100+ 

SN7400 0.14 0.13 0.12 
SN7401 0.14 0.13 0.12 
SN7402 0.14 0.13 0.12 
SN7403 0.14 0.13 0.12 
SN7404 0.15 0.14 0.13 
SN7405 0.15 0.14 0.13 
SN7406 0.30 0.29 0.28 
SN7407 0.30 0.29 0.28 
SN7408 0.15 0.13 0.12 
SN7409 0.15 0.13 0.12 
SN7410 0.14 0.13 0.12 
SN7411 0.23 0.22 0.21 
SN7412 0.19 0.18 0.17 
SN7413 0.30 0.29 0.28 
SN7414 0.71 0.70 0.89 
SN7415 0.30 0.29 0.27 
SN7416 0.28 0.27 0.28 
SN7417 0.28 0.27 0.26 
SN7420 0.14 0.13 0.12 
SN7421 0.95 0.94 0.93 
9N7422 0.25 0.24 0.23 
SN7423 0.29 0.25 0.22 
SN7425 0.26 0.25 0.22 
SN7426 0.28 0.25 0.22 
SN7427 0.26 0.25 0.22 
SN7428 0.39 0.38 0.37 
SN7430 0.14 0.13 0.12 
SN7432 0.25 0.24 0.22 
SN7433 0.36 0.35 0.34 
SN7437 0.27 0.28 0.22 
SN7438 0.27 0.28 0.22 
SN7439 1.10 1.08 1.08 
SN7440 0.14 0.13 0.12 
SN7441 0.70 0.69 0.68 
SN7442 0.63 0.80 0.53 
SN7443 1.00 0.99 0.90 
SN7444 1.08 1.07 1.05 
SN7445 0.85 0.83 0.70 
SN7446 1.03 1.00 0.85 
SN7447 1.03 1.00 0.85 
SN7448 0.85 0.83 0.70 
SN7450 0.14 0.13 0.12 
SN7451 0.14 0.13 0.12 
SN7453 0.14 0.13 0.12 
SN7454 0.14 0.13 0.12 
SN7455 0.40 0.39 0.38 
SN7460 0.14 0.13 0.12 
SN7462 0.45 0.44 0.42 
SN7464 0.45 0.44 0.42 
SN7465 0.45 0.44 0.42 
SN7470 0.30 0.27 0.25 
SN7471 0.80 0.59 0.58 
SN7472 0.25 0.24 0.21 
SN7473 0.30 0.27 0.28 
SN7474 0.31 0.29 0.26 

SN7475 0.40 0.39 0.38 SN74145 1.15 1.10 1.05 
SN7476 0.31 0.29 0.26 SN74147 2.95 2.90 2.85 
SN7478 0.65 0.63 0.81 SN74148 2.30 2.25 2.20 
SN7480 0.43 0.41 0.36 SN 74150 1.35 1.30 1.25 
SN7481 1.00 0.95 0.90 SN74151 0.68 0.62 0.55 
SN7482 0.75 0.70 0.62 SN 741 52 1.55 1.50 1.45 
SN7483 0.81 0.80 0.68 SN74153 0.68 0.82 0.55 
SN7484 0.90 0.86 0.85 SN 741 54 1.55 1.50 1.45 
SN 748 5 1.25 1.15 1.00 SN74155 0.88 0.62 0.55 
SN7486 0.31 0.28 0.25 SN74156 0.68 0.62 0.55 
SN7489 3.50 3.20 3.00 SN74157 0.90 0.85 0.80 
SN7490 0.45 0.42 0.35 SN 741 58 1.50 1.46 1.40 
SN7491 1.00 0.95 0.90 SN74160 0.95 0.90 0.80 
SN7492 0.45 0.42 0.35 SN74161 0.95 0.90 0.80 
SN7493 0.45 0.42 0.35 SN74162 0.95 0.90 0.80 
SN7494 0.48 0.45 0.40 SN74163 0.95 0.90 0.80 
SN7495 0.80 0.56 0.50 SN 741 64 1.60 1.55 1.50 
SN7496 0.70 0.67 0.60 SN74165 1.60 1.55 1.50 
SN7497 0.70 0.69 0.88 SN 741 66 1.40 1.30 1.15 
SN74100 1.35 1.30 1.25 SN74170 2.40 2.30 2.20 
SN74104 0.31 0.29', 0.26 SN 741 7 3 1.85 1.60 1.55 
SN74105 0.31 0.29 0.26 SN74174 1.15 1.10 1.00 
SN74107, 0.31 0.29 0.26 SN74175 0.97 0.90 0.80 
SN74109 1.00 0.97 0.95 SN74176 1.10 1.05 1.00 
SN74110 0.55 0.50 0.45 SN 741 7 7 1.10 1.05 1.00 
SN74111 0.81 0.80 0.75 SN 74180 1.10 1.05 1.00 
SN74114 1.00 0.97 0.95 SN74181 3.50 3.45 3.35 
SN74115 1.00 0.97 0.95 SN 74182 1.10 1.05 1.00 
SN74118 1.00 0.95 0.90 SN 741 84 1.60 1.55 1.50 
SN74121 0.31 0.29 0.25 SN74185 2.30 2.25 2.20 
SN74122 0.44 0.41 0.37 SN74188 4.90 4.85 4.80 
SN74123 0.62 0.58 0.50 SN 741 90 1.75 1.70 1.65 
SN74125 0.70 0.65 0.60 SN 741 91 1.70 1.85 1.60 
SN74126 0.75 0.70 0.65 SN 741 92 1.25 1.05 1.00 
SN74128 1.40 1.35 1.30 SN 741 93 1.25 1.05 1.00 
SN74132 2.10 2.05 2.00 S N 74194 1.10 1.05 1.00 
SN74136 0.95 0.90 0.85 SN74195 0.90 0.85 0.80 
SN74140 2.50 2.45 2.40 SN74196 1.05 1.00 0.95 
SN74141 0.75 0.70 0.82 SN74197 1.05 1.00 0.95 

SN74198 2.05 2.00 1.70 
SN74199 2.05 2.00 1.70 
SN74200 6.00 5.95 5.80 
SN 74221 1.80 1.75 1.70 
SN 74251 1.80 1.75 1.70 
SN74278 3.00 2.90 2.80 
SN 742 7 9 1.20 1.15 1.10 
SN74293 1.00 0.95 0.90 
SN74298 2.60 2.55 2.50 

Also Available: 
Low -Power Schottky TTL, 
Schottky TTL, Low -Power TTL. 
Complete range of EXAR IC's. 
AUGAT Sockets and IC inter. 
connection products, SMC LSI 
Communication ICs, broad -line 
industry- standard linear IC's, 
diodes, transistors. Bentron 
heaisinks. NSI Peltier coolers, 
MCG Circuit protectors, etc. 

C -MOS Types 
1 25 

40004E 0.24 0.19 
40014E 0.24 0.19 
40024E 0.24 0.19 
40044E 4.90 4.80 
40064E 1.55 1.50 
40074E 0.24 0.19 
40084E 1.60 1.55 
40094E 0.35 0.34 
40104E 0.50 0.48 
40114E 0.24 0.19 
40124.E 0.24 0.19 
40134E 0.59 0.47 
40144E 1.65 1.33 
40154E 1.85 1.33 
40164E 0.62 0.50 
4017AE 1.62 1.31 
40184E 2.45 2.40 
40194E 0.62 0.50 
40204E 1.82 1.46 
40214E 1.65 1.33 
40224E 1.65 1.33 
40234E 0.24 0.19 
40244E 1.13 0.91 
40254E 0.24 0.19 
40264E 8.50 6.40 
4027AE 0.42 0.41 
40284E 1.41 1.14 
40294E 1.95 1.57 

100+ 40304E 0.62 0.50 0.41 
0-18 40334E 2.80 2.70 2.60 
0-16 40354E 1.71 1.38 1.14 
0-18 40404E 1.82 1.46 1.21 
4.70 40414E 0.90 0.85 0.80 
1.45 40424E 1.00 0.90 0.80 
0.16 40434E 1.00 0.90 0.80 
1.50 40444E 1.00 0.90 0.80 
0.30 40474E 1.50 1.45 1.40 
0.46 40484E 1.30 1.25 1.20 
0.16 40494E 0.54 0.44 0.36 
0.18 40504E 0.54 0.44 0.36 
0.39 40514E 1.77 1.43 1.18 
1.10 40524E 2.00 1.90 1.80 
1.10 40534E 2.70 2.60 2.50 
0.41 40554E 2.60 2.50 2.40 
1.08 40564E 1.35 1.09 0.90 
2.30 40604E 2.25 1.82 1.50 
C.41 40664E 0.95 0.90 0.85 
1.21 40694E 0.38 0.30 0.25 
1.10 40714E 0.34 0.27 0.23 
1.10 40764E 1.45 1.40 1.35 
0.18 4081AE 0.34 0.27 0.23 
0.75 45104E 1.75 1.70 1.65 
0.16 45164E 1.76 1.42 1.18 
6.30 45184E 2.17 1.75 1.45 
0.40 45204E 1.85 1.80 1.50 
0.94 49014E 0.37 0.35 0.33 
? .30 49114E 0.37 0.35 0.33 

AUGAT 
Products include High- Density wire -wrap IC packaging 
panels and pluggable cards, precision 

machined -contact ultra -low profile IC sockets, component clips, crystal 

sockets, and a wide range of accessories. 

ROSTR8 ELECTRONICS LTD. 
275 -281 King Street Hammersmith London W6 9NF 
Tel. 01-748 3143 /2960 Telex 24443 

All goods brand new, to full manufacturers spec. No substandard parts sold. 
Visitors welcome, by appointment. Colleges, Govt. and Account orders 
welcomed. 

TERMS: Non Account Customers, Cash with Order. Standard P &P 
40p. Please add VAT to overall total. 
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Marshall's 
A. Marshall (London) Ltd Dept: WW 
42 Cricklewood Broadway London NW2 3ET Tel . 01- 4520161/2 
Telex. 21492 
& 85 West Regent St Glasgow G2 20D Tel 041 -332 4133 
& 1 Straits Parade Fishponds Bristol BS16 2LX 
Tel 0272 654201 /2 
& 27 Rue Danton Issy Les Moulineaux Paris 92 Tel: 642 2985 

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 & UNEARS 
CA3018A 0.86 
CA3020A 140 
CA3028A 0.79 
CA3035 1.37 
CA3046 0.70 
CA3048 2.11 
CA3052 1.62 
CA3089E 146 
CA30900 4.23 
CD4000 0.36 
CD4001 036 
CD4002 0.36 
CD4006 138 
CD4007 0.36 
CD4008 1.63 
CD4009 1.18 
CD4010 1.18 
CD4011 036 
CD4012 0.36 
CD4013 O.Si 
CD4014 1.72 
CD4015 1.72 
CD4016 0.66 
CD4017 1.72 
C04018 2.55 
CD4019 036 
CD4020 1.91 
CD4021 1.72 
CD4022 1.66 
C04023 036 
C04024 1.24 
CD4025 0.32 
CD4027 0.43 
CD4028 1.50 
CD4029 3.50 
CD4030 0.87 
CD4031 5.18 
CD4037 1.93 
CD4041 146 
CD4042 1.38 

CD4043 1.90 5E585 448 SN7448 0,50 SN741t7 045 
CD4044 190 SL474 1.80 SN7450 0.16 SN74160 1.10 
CD4045 246 SL610C 1.70 SN7451 0.16 SN74161 1.10 
CD4046 2.84 SL611C 1.70 SN7453 0.16 SN74162 1.10 
C04047 1.66 SL812C 1.70 SN7454 0.16 SN74163 1.10 
CD4049 0.81 SL620C 2.60 SN7460 0.16 SN74164 2.01 
CD4050 04S SL621C 2.80 SN7470 0.33 SN74165 2.01 
LM3014 0.48 SL623C 4.59 557472 026 SN74167 4.10 
LM308 2.50 SL640C 3.10 SN7473 0.36 SN74174 1.215 
LO05T1 1.50 SN7400 0.16 SN7474 0.36 SN74175 0.90 LM380 1.10 -SN7401 0.16 SN7475 0.50 SN74176 1.44 
LM381 2.20SN7401AN 038 SN7476 0.35 SN4180 1.40 
LM702C 0.76 SN7402 0.16 SN7480 0.60 66174181 1.96 
LM709 038 SN7403 0.16 SN7481 1.25 SN74190 2.30 
BDIL 0.45 SN7404 0.19 SN7482 0.76 SN74191 2.30 
14011 0.40 SN7405 0.18 SN7483 0.96 SN74192 1.16 
LM710 0.47 SN7406 0.45 SN7484 0.85 SN74193 1.16 
LM723C 0.90 SN7407 0.45 557485 1.25 5574198 1.60 
LM741C 0.40 SN7408 0.19 SN7486 0.32 SN74197 1.68 
801L 0.40 557409 0.22 557490 0.45 SN74198 2.25 
14DIL 0.38 .557410 0.16 SN7491 0.86 SN74199 2.25 
LM747 1.05 SN7411 0.25 SN7492 0.45 S5760035 292 
LM748 0.60 SN7412 028 SN7493 0.45 S5760135 1.95 
LM14DIL 0.73 SN7413 035 SN7494 0.82 SN76023N 1.60 
LM3900 0.70 SN7416 0.35 SN7495 0.72 S5760335 2.92 
LM7805 2.00 SN7417 0.35 SN7496 0.76 TAA263 1.10 
LM7812 2.50 557420 0.16 SN74100 1.21 TAA300 1.80 
LM7815 2.50 1557423 0.28 SN74107 0.36 TAA3504 2.10 
LM7824 2.50 SN7425 0.29 SN74118 1.00 TAA550 0.60 
MC1303L 1.60 5N7427 0.29 SN74119 1.92 TAA611C 2.18 
MC1310P 249 SN7430 0.16 SN74121 0.37 TAA621 2.03 
MC1330P 0.90 SN7432 028 SN74122 0.60 TA486113 1.32 
MC1351P 0.80 SN7437 036 5N74123 0.60 1BA6418 2.25 
MC1352P 040 SN7438 0.35 SN74141 0.66 784651 1.69 
MC1466L 3.50 SN7440 0.16 5574145 0.90 TBA800 1.40 
MC1469R 2.75 SN7441AN 045 SN74150 1.60 TBA810 140 
NE555V 0.70 SN7442 0.65 SN74151 045 TBA820 1.15 
NE556 1.30 SN7445 040 SN74153 0.85 TBA920 4.00 
NE560 448 SN7446 0.96 SN74154 1.50 DlLsockets 0.17 
NE561 4.441 SN7447 0.95 SN74155 1.50 1 

BRISTOL 
10% discount for callers at our new shop 
at 1 Straits Parade, Fishponds, Bristol 
5816 2LX during August. Tole: Bristo' 
654201/2. 

POPULAR SEMICONDUCTORS 
2N696 0.22 2N3906 0.27 AF)39, 046 BD139 0.71 MPSA56 0.31 
2N697 0.15 2N4037 042 AF239 0.66 80140 047, 0C28 0.765 
2N698 0.52 2N4036 d.87 AF240 0.90 BF115 0.36 0C35 0.80 
2N699 049 2N4058 0:18 AF279 0.70 8E117 0.56 0C42 0.60 
2N706 0.14 2N4062 0.15 AF280 0.79 8E154 0.20 0C45 0.32 
2N708 0.17 2N4289 0.34 AL102 1.00 BF159 027 TIP29A 0.49 
2N916 0.29 2N4920 1.10 BC107 0.14 BF180 036 TIP29C 0.58 
2N918 0.32 2N4921 0.83 8C108 0.14 BF181 0.34 TIP31A 0.62 
2N1302 0.165 2N4923 1.00 BC109 0.14 BF184 0.30 TIP32A 0.74 
2N1304 026 2N5245 0.47 BC147B 0.14 8E194 0.12 TIP33A 1.01 
2N1306 0.31 2N5294 0.45 8C1488 0.15 BF195 0.12 TIP34A 1.51 
2N1308 0.47 2N5296 0.48 6C1498 0.16 8E196 0.13 TIP35A 2.90 
2N1711 045 2N5457 048 BC1574 0.16 BF197 0.15 TIP36A 3.70 
2N2102 0.60 2N5458 0.46 BC158A 0.16 8F198 0.18 TIP42A 0.90 
2N2147 0.78 2N5459 048 8C16713 0.15 8E244 0.21 TIP2955 0.98 
2N2148 0.84 2N6027 0.45 BC1888 0.15 8E257 047 TIP3055 0.50 
2522184 0.22 3N128 0.73 9C1698 0.16 13E258 0.63 TIS43 0.28 
2522194 025 35140 1.00 BC182 0.12 BF259 0.66 ZTX300 0.13 
2N2220 0.25 3Ñ141 0.81 'BC182L 0.12 6E561 0.27 ZTX301 0.13 
2N2221 0.18 3N200 248 BC183 0.12 BFS98 0.26 ZTX500 0.15 
2N2222 0.20 40361 0.40 BC183L 0.12 BFR39 0.24 ZTX501 0.13 
2N2369 0.20 40362 0.46 8C184 0.13 ZTX502 0.18 
2N2646 0.66 40406 0.44 BC184L 0.13 BFX29 030 1N914 0.07 
2N2904 0.22 40407 0.35 8C2124 0.16 BFX30 0.27 153754 0.15 
2N2905 025 40408 0.50 BC212LA 0.16 BFX84 0.24 154007 0.10 
2N2906 0.19 40409 0.52 BC213LA 0.16 BFX85 0.30 154148 0.07 
2N2907 0.22 40410 0.52 8C214LB 0.18 BFX88 026 1N5404 0.22 
2N2924 0.20 40411 2.00 8C2378 0.16 BFY50 0.225 155408 0.30 
2N2926G 0.12 40594 0.74 BC238C 0.16 BFY51 023 44119 0.05 
2N3053 0.25 40595 0.84 BC239C 0.15 BFY52 0.205 BA102 026 
2N3054 0.60 40636 1.10 8C2574 0.16 BRY39 0.48 BA145 0.18 
2N3055 0.75 40673 0.A5 BC258B 0.16 ME0402 0.20 BA154 0.12 
2N3391 0.28 AC126 0.20 BC259B 0.17 ME0412 0.15 BA155 0.12 
2N3392 0.15 AC127 0.20 BC301 0.34 ME4102 0.11 881038 0.23 
2N3393 0.15 AC128 0.20 BC307B 0.17 MJ480 0.85 81310413 0.45 
2N3440 0.69 AC151 0.27 BC308A 0.15 MJ481 1.20 8Y126 0.12 
2N3442 1.40 AC152 0.49 BC309C 0.20 MJ490 1.06 8Y127 0.15 
2N3638 0.16 AC153 0.35 BC327 0.23 MJ491 1.46 BYZ11 0.51 
2N3702 0.12 AC176 030 BC328 0.22 MJ2955 1.00 BYZ12 0.51 
2N3703 0.13 AC187K 0.311 BCY70 0.17 MJE340 0.45 0A47 0.06 
2N3704 0.15 AC188K 0.40 BCY71 0.22 MJE370 0.65 0481 0.18 
2N3706 0.15 AD143 '0.68 BCY72 0.15 MJE371 0.75 0A90 0.06 
2N3708 0.14 AD161 0.60 80121 1.00 MJE520 0.60 0A91 0.06 
2N3714 1.38 AD162 0.50 BD123 0.82 fv1JE521 0.70 W02 1 A200 0.32 
2N3716 130 AF106 0.40 8D124 0.87 MJE2955 1.20 BY164 0.67 
2N3771 2.20 AF109 0.40 80131 0.40 MJE3055 0.75 ST2 diac 0.20 
2N3773 2.65 AF115 0.36 BD132 0.50 MP8113 0.47 40669 1.00 
2N3789 2.06 AF116 036 80135 0.43 MPF102 0.39 TIC44 ' 0.29 
2N3819 0.37 AF117 0.35 130136 0.47 MPSA05 0.25 C106D 0.66 
2N3820 0.64 AF118 0.35 BD137 064 MPSA06 0.31 ORP12 0.60 
2N3904 0.27 AF124 0.30 130138 0.63 MPSA55 0.31 
Prices correct at July, 19/0, but an exclusive of V.A T. Post & Package 25p 
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HART ELECTRONICS 
Audio Kit Specialists since 1961 

BAILEY /BURROWS /QUILTER PRE AMP This is the tone control section of the best pre -amp kit currently available. Consider the advantages:- First quality fibreglass 
printed circuits with roller tinned finish and all component locations printed on reverse. 
'Low noise carbon film and metal film resistors throughout. 'Finest quality low -noise 
ganged controls with matched tracks and shafts cut to length. 'Well engineered layout for total stability. 'Special decoupling and earthing arrangements to eliminate hum loops. *Controls. switches and input sockets mount directly on the boards to TOTALLY 
ELIMINATE wiring to these components. (We know of one pre -amp kit which claims its 
controls mount directly on the board -and so they do. by their shaft bushes! You still have 
to wire them up! ,1 

*We incorporate the Quitter modification which is most important as it reduces distortion 
and increases the bass and treble control range. 
As can be seen from the photograph the tone control unit is very slim (only 11" from front to back) and may therefore be used in many other applications than our Bailey 
metalwork which it is designed to fit. 
METALWORK AND WOODEN CASES These have been under review for some time: 
please send for latest information. 
F.M. TUNER This latest addition to our range is designed to offer the best possible 
performance allied to the ease of operation given by push button varicap tuning. We 
have taken great care to look after the constructors point of view and there are no 
coils to wind. no RF circuits to wire and no alignment is required. in fact the whole unit 
can be easily completed and working in an evening as there are only 3 transistors one IC 
and two ready built and aligned modules comprising the active components. We have 
abandoned the concept of having a tuner as large as the amplifier and this new unit has a frontal size of only 1 in. x 4 in. It can be mounted on the side of our Bailey amplifier 
metalwork thus turning it into a tuner /amplifier whilst only increasing its,width by 11 in. 
Cost of tuner chassis (no case) is £22 for mono, £25.45 for stereo. Metal case 03.55. 
An extended wooden case to fit tuner and amplifier will be offered shortly. 
STUART TAPE CIRCUITS Our printed circuits and components offer the easy way to 
convert any suitable quality deck into a very high quality Stereo Tape unit. Input and output levels suit Bailey pre amp. Total cost varies but around £35 is all you need. We can offer tape heads as well if you want new ones. 
All above kits have fibreglass PCB's. Prices exclude VAT but P &P is included. 
FURTHER INFORMATION ON ALL KITS FREE if you send us a 9 in. x 4 in. S.A.E. REPRINTS Post free. no VAT. 
Bailey 30W 18p. 
STUART TAPE RECORDER All 3 articles under one cover 30p. 
BAILEY /BURROWS /QUILTER Preamp circuits. layouts and assembly notes 15p. 
A/I prices exclude VA T 

Penylan Mill, Oswestry, Salop 
Personal callers are always welcome. but please note we are closed all day Saturday 

£10 

Oh Off MEMOREX tiiTDK 
/t' '' 

BASF SCOTCH 

OF CASSETTES - REPLACEMENT GUARANTEE eees 

TO Uli CD 
POST FREE ON 
ORDERS OVER 

EADING BRANDS 

PLASTIC BASF LH 
BASF 

SUPERS /M 
BASF 
Cr 02 

SCOTCH 
DYNARANGE 

SCOTCH 
Cr02 SNAP PACK 

ONE 10 ONE 10 ONE 70 ONE 1C ONE 10 

C60 £0.44 £4.35 £0.57 15.8Q £0.88 E8.70 E0.45 E4.50 E0'.88 E8.70 
C90 £0.84 £8.20 £0.79 E7.80 E1.16 £11.55 E0.55 E6.45 E1.18 E11.70' 
C120 £0.80 E7.90 E1.08 E10.50 £1.47 E14.65 £0.87 E8.60 £1.47 £14.65 

PLASTIC AGFA LH AGFA G02 MEMOREX MRX MEMOREX CRQ2 TOE DYNAMIC 
SNAP PACK 

ONE 10 ONE 10 ZONE 10 ONE 10 ONE 10 

C60 £0.38 E3.70 £0.71 Ea.90 £0.61 E8.00 £0.84 E8.30 E0.43 E4.25 C90 £0.49 £4.86 £0.94 E9.35 E0.87 E8.80 E1.11 E11.00 E0.68 £6.35 C120 £0.86 £8.50 £1.27 E12.50 E1.17 E11.20 - - E0.88 £8.60 

s +see LEADING BRANDS OF TAPES - FULLY GUARANTEED 

- BASF LH 
AGFA 

REEL TO REEL TAPES LH LOW NOISE 
SCOTCH MEMOREX LOW NOISE 

in plastic 
HI -FI boxed LOW NOISE in in nlasbc 

libra.y box plastic library box i,tva, box 

LONG PLAY 10 ONE 10 ONE 10 ONE 10 ONE 

5" 900' E1.55 E15.00 E1.84 E17.80 £1.34 E12.90 E1.22 E12.10 
51a" 1200' £1.78 £17.60 E2.40 £22.76 E1.50 1:15.00 
7" 1800' E2.32 £23.00 E2.60 E25.50 E2.10 £20.50 E2.18 E21.00 

DOUBLE PLAY ONE 10 ONE 10 ONE 10 ONE 10 

5" 1200' E1 80 Et 7.75 E2.40 E2236 ' E1.48 E14.00 E1.52 E14.49 
514" 1800' E2.57 E25.00 £3.00 E28.52 £2.20 E21.00 7" 2400' E2.55 E28.00 £3.31 E32.50 E2.60 £25.00 E2.60 E25.50 

TRIPLE PLAY ONE 10 ONE 10 ONE 10 ONE 10 

5" 1800' £2.52 £25.00 E3.00 £28.52 - - E2.30 E22.20 514" 2400' E3.20 E31.00 E3.66 £35.95 - - E2.85 E27.75 7" 3600` C3.90 £38.00 -£5.25 E51.62 - - £3.50 E34.50 
101" 3800' LP NAB 
101" 4200' LP NAB or CINE E4.82 E46.00 15.20 E49.00 

Phces shown include VAT at 8 %, but are subject to change w thout no ice. Mail Order On y - Cash with 
order. Offers apply to U K. Mainland only Add 15p for postage & packing for orders undo E 10 

CITY AUDIn 
STRAND HOUSE, GREAI WEST ROAD,BRENTFORD,MIDDX. 

TEL: 01 -c60 4191 
SPECIAL AUDIO 6 VIDEO TAPES SUPPLIED - PRICES ON REQUEST 
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ÈLECTRÖ VAI. 0E 
Why hunt 

around 
when there's 

Catalogue 7 
issue no 3? 

UP -DATED PRODUCT 
& PRICE INFORMATION 

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 including I.C.s to components. 
tools, accessories, technical information and diagrams are included as well as a refund 
voucher worth 25p for spending on orders list value £5 or more. SEND NOW FOR YOUR 

COPY BY RETURN. It's an investment in practical 3 money- saving and reliability! P post paid 

+E.V. PRICE STABILIZATION POLICY 
This is one of reviewing prices every 3 months rather than trying to keep up with day by 

day changes as they occur. We have in fact held prices for two such periods (Jan. 1 J my 1) 

and our next price review is due October 1st. 

+E.V. DISCOUNT PLAN 
Applies to all itemsexcept the few where prices are shown NETT. 5% on orders from £5 

to £14.99; 10% on orders value E15 or more. 

+FREE POST & PACKING 
In UK for pre -paid mail orders over £2 (except Baxandall cabinets). If under there is an 

additional handling charge of 10p. 

+QUALITY GUARANTEE 
All goods are sold on the understanding that they conform to makers' specifications. No 

rejects. seconds or sub -standard merchandise. 

ELECTRO ALUS LTD 
All communications to Section 2/8 
28 ST. JUDES ROAD. ENGLEFIELD GREEN, MAN, SURREY TW20 OHB 

Telephone Epham 3603. Telex 264475. Shop hours: 9 -5.30 daily, 9-1 p re Sars 

NORTHERN BRANCH: 680 Bumage Lene, Bereags, Manchester 1419 INA 

Telephone 10611J 432 4945. Shop hours Daily 9 -5.30 p.m., 9- I p.m. Sat., 
U.S.A. CUSTOMERS are invited to coaled ELECTROVALUE AMERICA. P.O. Box 27. Swarthmore PA 19081 

THE RADIO SHOP 
16 CHERRY LANE 

BRISTOL BSI 3NG 

TR TACS 

TELEPHONE 
0272 -421196 

1.8AMP PLASTIC 
TO5 

6AMP ISOLATED 
TAB 

10AMP ISOLATED 
TAB 

NAS0161 W 100v 
NAS0161X 100V 
NASO162W 200V 

.2: 
.26 
.30 

NASO651W 
NASO651X 
NAS0652W 

100V 
100V 
200V 

.46 
44 
.58 

NAS1001W 
NÁ510015 
NAS1002W 

100V 
100V 
200V 

.83 

.60 

.78 

NAS0162X 200V .28 NAS0652X 200V 56 NAS1002X 200V .74 
NASO164W 400V .40 NAS0654W 400V .84 NAS1004W 400V 1.06 
NAS0164X 400V .38 NAS0654X 400V .80 NAS 10045 400V 1.04 
NAS0166W 600V .55 NAS0656W 600V 1.05 NAS1006W 600V 1.34 

NA5O168X 800V .63 NAS0656X 600V 1.00 NAS1006X 600V 1.28 

3AMP "CLIPPED 5.6AMP ISOLATED 16AMP ISOLATED 
TAO" TAU METAL 
NA50301W 100V .30 NAS0851W 100V .52 NAS1601W 100V .90 

NAS03O1X 100V .2U NAS0851X 100V .50 NAS1601X 100V .82 
NAS0302W 200V .35 NAS0852W 200V .87 NAS1602W 200V .95 
NAS0302X 200V .34 NAS0852X 200V .64 NAS1602X 200V .88 
NAS0304W 400V .52 NAS0854W 400V .97 NAS1604W 400V 1.40 
NAS0304X 400V .60 NAS0854X 400V .92 NAS1604X 400V 1.32 
NAS0306W 600V .70 NA50856W 600V 1.20 NAS1606W 600V 1.85 
NAS0306X 600V .66 NASO856X 600V 1.14 NA51606X 600V 1.75 

DMMar with IeMeel Trigger haw "W" suffix. "X" denotan Standard Trlac. 

THYRISTORS 
1.SAMP MIN. TOS 
NAS006P 5OPIV .26 
NAS0060 100PIV .28 
NASOO6R 200PIV .31 
NA5006S 400PIV .40 
NAS006T 600PIV .52 

CAMP ISOLATED 
TAS 
NAS306P SOPIV .41 
NAS3060 100PIV .47 
NAS306R 200PIV .56 
NA53065 400PIV .55 

4AMP ISOLATED 
TAU 
NAS106P 50PIV 
NASIO6Q 100PIV 
NASIO6PR 200PIV 
NAS106S 400PIV 

SAMP ISOLATED 
TAU 

.26 NAS206P 

.30 NAS206Q 

.36 NAS206R 

.66 NAS206S 

STAMP ISOLATED 
TAU 
NA5806P 50PIV .50 
NAS8O60 100PIV .55 
NAS806R 200PIV .73 
NAS806S 400PIV 1.15 

Quantity Prlaaa on appleaaon. U.A.E. 

50PIV .37 
100PIV .42 
200PIV .50 
400PIV .77 

CLOCK CHIP CT7001 £4.55 
The unique 7001 represents e major breakthrough in Clock Chip design. Incorporating many features 

available for the lint time. 
365 DAY CALENDAR - 12/24HR. OPERATION - ALARM - SNOOZE ALARM - SIX DIGIT 

CAPABILITY - DIRECT DRIVE TO LED DISPLAY - CONTINUOUS OPERATION DURING MAINS 

FAILURES 
... Socket Sip 

Copy of data available - please send 10p stamp. 

Special kit comprising 1 7001 5 4 LED 7 segment displays and data sheen and socket £10 

707 LED 7 seg..3" ............................. ... 110p 

704 LED - 7 sp. display .3" E1.10 each 

Near add 25% VAT to all Sows snow. Rsetalndsr 5 %. Poeuge sad packing 20p pa, order. 
Sand 15p for latest eatelogue. Callers wsleame. 

a55 

TRANSFORMERS 
ALL EX -STOCK -SAME DAY DESPATCH 

MAINS ISOLATING 
PRI 120/240V SEC 120/240V 

CENTRE TAPPED AND SCREENED 
P &P 

p 
38 

Ref. VA 
No. (W.1u). E 
07' 2u Z. 

149 60 4.37 
150 100 4.89 
151 200 8.13 
152 250 9.83 
153 350 11.88 
154 500 .13.85 
155 750 20.51 
156 1000 29,15 
157 1500 33.23 
158 2000 37.07 
'115 or 240 sec only 

45 
45 
53 
73 
73 
91 
BRS 
BRS 
BRS 
BRS 

12 and /or 24 -VOLT 
PRIMARY 22 1 240 VOLTS 

Ref. 
No. 

AMPS 
12v 24v E P 

P&P 

-1' 0$ 0.2a. 1.35 
213 1 0 0.5 1.74 

7 2 1 2.29 
1E 4 2 2.88 
70. 3 3 4.12 

'OE 8 4 4.56 
72 10 5 5.14 

1E 12 6 5.52 
17 16 8 7.28 

' 15 20 10 10.39 
187 30 15 13.59 
226 60 30 18.83 

23 
30 
38 
38 
45 
45 
53 
53 
60 
73 
83 
BRS 

30 VOLT RANGE 
SECONDARY TAPS 

Ref. 
No 

0- 12- 15- 

Amps 
20 -25 -30 

o P&P 

11. u.b 1.81 30 
79 1.0 2.40 38 

3 2.0 3.49 38 
20 3.0 4.53 45 
21 4.0 5.13 53 
51 5.0. 8.41 53 

117 6.0 7.18 60 
88 8.0 9.87 67 
89 100 9.90 73 

60 VOLT RANGE 
SECONDARY TAFS 

Ref. 
No. 

0- 24- 30-40 -48 -60 

Amps P &P 
E 

D 

1 Z4 0.5 2.33 38 
126 1.0 3.41 38 
127 2.0 5.08 45 
123 3.0 7.52 60 
123 4.0 8.75 67 
40 5.0 9.75 73 

120 6.0 11.30 85 
131 8.0 15.00 BRS 
122 10.0 17.52 BRS 
189 12.0 19.98 8RE 

Ref. 
No. 

132 
133 
1 34 
135 
136 
137 
118 
119 

50 VOLT RANGE 
SECONCARY TAPS 
0- 19- 25- 33 -40 -50 

Amps. 

0.5 
1.0 
2.0 
3.0 
4.0 
6.0 
8.0 

10.0 

£ 

2.58 
3.38 
4.68 
5.81 
7.60 

12.10 
12.98 
1 6.99 

P&P 
P 

30 
38 
45 
53 
67 
67 
85 
BRS 

AUTO TRANSFORMERS 
Ref. VA AUTO TAPS No. (Wets, 

113 
64 

4 
66 
67 
84 
93 
95 
73 

20 
75 

150 
300 
500 
1003 
1503 
2003 
3003 

0-115-210-240 
0-1 15- 210 -240 
0-11E-210-220-240 

1.67 
2.90 
4.12 
5.82 
8.82 

13.68 
18.11 
24.20 
35.09 

P &P 
P 

30 
38 
45 
53 
67 
91 
BRS 
BRS 
ARS 

HIGH VOLTAGE 
MAINS ISOLATING 

PRI 3nn/77n no 40^'440 
SEC 100/120 OR 200,240. 

P &P 
VA Ref. E P 

60 243 4.37 63 
350 247 10.41 75 

1000 250 27.08. BRS 
7000 252 41.07 BRS 

SPECIAL OFFER 
Cased Isolator & Transformer. 

1 KVA. PRI 240v, sec. 115v. 
Few only £33.50. BRS. 

SCREENED MINIATURES 
P&P 

Ref. mA volts £ p 

238 200 3-0-3 1.54 10' 
212 1A1A 0-6, 0-6 1.84 30, 

13 100 9-0-9 1.41 13' 
235 330.330 0-9, 0-9 1.56 

207 5C0.500 0-8-9, 0-8-9 -92 
208 1P. 1 A 0-8-9, 0.8-9 1.30 

236 2CO3 200 0-15, 0-15 1.43 

214 3CO3 300 0.20, 0.20, 1.93 

221 7COIDC) 20.12-0.12-20 2.17 
206 1A 14 0-15-20, 0-15-20 3.46 
203, 500. 50C 215-27, 0-15-27 3.00 
204, 12. 1 A 215-27. 0-15-27 .3.85 

S112 501 ' 12, 1 b, 20, 24, 30 .8 - 7 

19 
30 
38 
19 
30 
38' 
38! 
38 
38 

PLUS 
BRIDGE 

RECTIFIERS 
50v 2A 35p 

100v 2A 40p 
200v 1A 45p 
400v 4A 65p 
600v .2A 5Op 

PM7A6 500v 10A £2.35 
P&P 15p 

METERS 
NV08 Mk. 5 ES17.00 
AVO72 £19.75 
U4313" £13.85 
U4315* £11.80 

USSR), inc steel carryng case 

P &P 95p 

MAGNETIC TO 
CERAMIC 

CONVERTOR 
Operating Voltage 20 45v 

ONLY E2.65 p &p 8p 

CASED AUTO- TRANSFORMERS 
eCusi mains lead input ano vom 2 -pin outlets 
20VA E3.23, P &P 38p. 
150VA £8.07, P&P Slap. 
500 VA L' 0.45, P&P 80p. 
1000 VA E17.51 BRS. 

Hef. 113W 
Ref. 4W. 

Ref 67W. 
Ref 84W. 

HIGH QUALITY MODULES 
3 watt RMS Amplifier 
5 watt RMS Amplifier 
10 watt FMS Amp ifier 
25 watt FMS Amplifier 
Pre-Amp for 3 -8-10w 
Pm -Amp for 25w 
Power Su3ples for 3- 5 -10av 
Power Su3pies for 25w 
Transforme for 3w 
Transformer for 5 -10w 
Transformer for 25w £2.80 
P &P Amps /PfrAmps /Power Supplies 18p 
P &P Transfo-mers . 37p 

E2.30 
£2.85 
E2.95 
E3.95 
E4.08 

P1 3.20 
88p 

£3.00 
£1.48 
£2.13 

POWER UNITS 
CC12 -05. Outpit switched. 

3- 4- 5- 6- 7.5 -9 -12v at 500mA 
£4.08. P &P 30p 

PLEASE ADD VAT AFTER P &P 
ELECTROSIL AND SEMICONDUCTOR 

STOCK. ST - SEND STAMP FOR LISTS 

Barrie Electronics Ltd. 
3,THE MI ORIES, LONDON EC 3N 1BJ 

TELE' HONE: 01 -488 3316/8 
NEAREST TUBE STATIONS: ALDGATE & LIVERPOOL ST. 
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TRANSISTORS 
AC107 0.16 80158 0.11 0/7464 0.10 2G106 0.21 
AC126 0.16 BC159 0.13 CV7594 0.25 2G306 0.44 
AC127 0.16 BCI71 0.16 0/7648 0.30 2G345A 0.18 
AC128 0.12 BC172 0.16 0/8762 0.40 2G402 0.25 
AC138 0.20 BC173 0.16 MOS33 0.30 2N526 0.16 
AC141 0.20 BC164 0.15 ME4102 0.12 2N697 0.15 
AC142 0.20 BC208 0.12 MJE2021 005 2N715 0.35 
AC153 0.22 BC209 0.13 MJE2955 0.95 2N728 0.25 
AC154 0.22 BC212L 0.14 MJE3055 0.60 2N753 0.55 
AC187 0.21 BC2131. 0.12 NKT162 0.25 2N1303 0.16 
AC168 0.27 BC2I4L 0.14 NKT164 0.25 2N1304 0.19 
AC169 0.16 BC301 0.30 NKT212 0.20 2N1305 0.19 
AC176 015 8C337 0.15 NKT221 0.17 2N1309 0.25 
AC128) 0.25 50131 0.40 NKT224 0.15 2N1754 0.20 
AC128) 0.25 50131 0.40 NKT270 0.15 ,252484 0.30 
AC177 0.26 BD132 0.40 NKT278 0.15 2N2923 0.16 
AC178 0.26 80131) MP 0C22 0.66 2N2924 0.18 
ACY17 0.26 80132) 0.75 OC28 0.50 2N2925 0.15 
ACY18 0.22 50139 0.70 0C35 0.45 2N2926G 0.14 
ACY19 0.22 B0140 0.70 0C36 0.55 2N2926Y 0.12 
41V20 0.20 BD243 0.85 0C44 0.17 2N2926116:11 
ACV21 0.15 BD244 0.65 0C45 0.14 2N29260 0,11 
ACY27 0.20 6F167 0.24 OC70 0.11 2529266 0.11 
ACY28 0.22 BF181 0.33 0071 0.11 2N3053 0.19 
ADt40 0.63 BF182 0.40 0072 0.16 2N2054 0.50 
AD142 0.53 BF183 0.40 OCB1 0.17 2N3055 0.50 
AD149 0.55 8F194 0.12 0C200 0.26 253702 0.12 
AD161 0.43 BF195 0.30 0C201 0.32 253703 0.12 
AD162 0.43 8E196 0.15 OC202 0.27 2N3704 0.14 
AD161) MP -8F197 0.16 0C203 0.29 253705 0.13 
AD162) 0.65 8E200 0.50 OC204 0.28 2N3707 0.14 
AF1 15 0.26 BF274 0.39 0C445K 0.20 2N3710 0.10 
AF116 0.26 BU105 2.00 50526920 .16 2N3711 0.10 
AF124 0.33 BFX29 0.25 SGS26942 .14 2N3713 1.20 
AF125 0.31 BFX84 0.33 SGS26949 ,15 2N3094 0.33 
AF178 0.50 BFXB5 0.33 50527022 .16 2N3905 0,31 
ASY51 0.26 BFY5O 0.20 .SU203 0.66 2N3905 0.31 
ASY52 0.22 BFY51 0.16 TK100 0.75 2N3906 0.30 
BC107 0.11 BFY52 0.20 TIS9OM 0.33 2N4058 0.13 
BC108 0.11 BFY81 0.66 TIS91M 0.33 2N4059 0.15 
BC142 0.11 BSY39 0.20 T6217 0.30 2N42B9 0.20 
BC142 0.30 BSY39 0.31 V10 0.25 2N4291 0.20 
BC147 0.30 BSY41 0.31 21IS 0.40 2N4291 0.22 
BC148 0.10 0111 0.30 7118 0.75 2N4293 0.16 
BC148 0.10 0111 0 -60 2TX107 0.12 25322 0.46 
BC149 0.10 Cl1IE 0.66 ZTX302 0.17 25712 0.46 
BC157 0.11 ZTX502 0.17 25745 0.45 

I-C.s74SERIES 
SN7400 0.14 SN7413 0.30 SN7442 0.73 SN7492 0.75 
5N7401 0.14 SN7416 0.30 SN7450 0.15 SN7493 0.73 
557402 0.14 SN7417 0.29 SN7460 0.15 SN7494 0.60 
SN7403 0.14 SN7423 0.40 SN7472 0.30 .SN74121 0.49 
SN7404 0.14 SN7425 0.39 SN7473 0.41 SN74122 0.70 
SN7405 0.15 SN7430 0.14 5N7474 0.40 SN74123 0.70 
SN7406 0.39 SN7432 0.35 SN7476 0.42 SN74151 1.05 
SN7407 0,37 SN7433 0.40 SN7480 0.16 SN74153 0.95 
SN7408 0.26 SN7440 0.15 SN7486 0.34 SN74195 1.07 
SN7409 0.23 SN7441 0.70 SN7490 0.50 SN74196 1.20 

JETs SUPER BARGAIN PACKS 
No Qty. Contents Price ji 1 Pre -amp component lot plus data 0.65 
J2 3 Transistors AF115 new and marked 0.65 
J4 4 Transistors 2N726 new and marked 0.65 
.15 8 Zener diodes top hat type 75 volt 0.65 
J7 50 Metres con/wire mixed colours 0.65 
J8 25 Metres con/wire 4 Metres 60/40 solder 0.65 
J9 100 Resistors HI /STAB 1w mixed values 0.65 
J10 100 Resistors HI /STAB %w muted values 0.65 
J12 250 Resistors mixed values 0.65 
J14 100 Capacitors miniature mixed values 0.65 
J15 5 Terminal blocks brand new 12 way 0.65 
J15 10 switches 5 push to make 5 off/on 0.65 
J19 12 Standard ri crocodile inc clips 0.65 
J19 12 Screwdrivers 5 inches long 0.65 
J20 1 Pack nuts & bolts self tappers. etc.. etc. 0.65 
J22 20 Volume controls lin & log mixed values 0.65 

MC948 0.25 930 SERIES LOGIC I.C.s MC962 0.15 
MC932 0.15 MC944 0.15 MC946 0.30 MC9097 0.40 
MC932 0.15 MC944 0.16 MC946 0.14 MC9097 0:40 

SN76115 1.20. TCA270B 3.00' I MCI 1031 1.50 

1M380N 0.65 LM 1310 1.25 D.I.L. SOCKETS 14 & 16 p pin 33p J23 75 Syn/ru3er grommets mixed saes 0.65 
J25 20 Screw on rubber feet %inch die approx 0.65 
J26 1 Pack marker sleeve mixed colours & sizes 0.65 
J27 5 lengths ferrite rod mixed flat & round 0.65 
J28 20 Tag strips assorted lengths 0.65 
J29 4 Micro switches brand new 0.65 
J31 20 Preset is en & b pp g mixed 0.65 
J32 20 Capacitors can type mixed values 0.65 
J33 50 Ceramic plate 

clad 
pacdors mixed values 0.65 

J34 1 Pack copper clad pazol ¡n board 0.65 
J35 20 Fuse holders mixed 0.65 
J36 8 Metres multi /core solder 60/40 22swg 0.65 
J37 10 3.5mm Jack sockets chrome 0.65 
J38 8 Sockets 5 pin & 2 pin 0.65 
J39 2 Relays 12 & 24 volt 0.65 
J40 1 Pack of component boards ICs Transistors etc 0.65 

TESTED S -C -Rs- 

50 PIV 1 AMP TO -5 CASE 0.31 
100 PIV LAMP TO -5 CASE 0.31 
200 PIV 1AMP TO_5 CASE 0.32 

_40Ö pry 1AMP TO- CASE 0.37 
600 PIV 1AMP 70.5 CASE O .4f 
500 PIV LAMP 70 -5 CASE 0.76 

TESTED S.C.RS. 

50 PIV 3AMP TO -66 CASE O29 
100 PIV 3AMP 70 -66 CASE p,29 
200 PIV 3AMP 10.66 CASE 0.35 
400 PIV 3AMP 10.66 CASE 0.471 
600 PIV 3AMP 70 -66 CASE 0.67 
800 PIV 3AMP TO -66 CASE 0.70 

THYRISTOR BT109 CON /SRI 
£1 

TRIAC 6AMP 400v CASE 66 
0.55 

BRIDGE RECTIFIERS 
50 RMS PLASTIC CASE 0.40 

100 RMS PLASTIC CASE 0 .45 
200 RMS PLASTIC CASE 0 .49 
400 RMS PLASTIC CASE 0.52 

OPTOELECTRONICS 
ORP 12 BRAND NEW 0.69 
ORP 60 BRAND NEW 0.56 
OCP 71 BRAND NEW 0.54 

ETZty 3819 0.26 
J PACKS ONLY ADD 10% TO TOTAL ORDER PLEASE FOR POST & 
PACK. 

UJT 2N6027 BRAND NEW 
- 026 

- 

TRIAC 6AMPs 66 CASE 200v 
0.80 

PAPST TAPE MOTOR 220v 50HZ E2.50 p &p 25p. 
AMPLIFIER 9 volt 500 Mw 0.96 p &p tOp. 
TELEPHONE DIALS BRAND NEW E1.00 p &p free. 
P.A.R. BISTABLE RELAY LATCHING 24v DC4 C/O CONTACTS 
0.56. 
RELAY KEYSWITCH 24v 1 POLE 2 WAY NEW & BOXED 0.55. 
RELAYT.M.C. MINIATURE 3.300 ohms 2 pole 4 way 0.56 
SWITCH 4 POLE 2 CHANGE /OVER 0.15. 

ELECTROLYTICS 002/250v 4.0164v 4 7 /16v 6.8 /40v 
10 /35volt 33uF/35v 40cF/ l6v ALL ONE PRICE 0.7 each 
471.F/35v 100uF/ l0v 0.Seach. 1250F/16v 22011F/40v 680 

F /165 6.3V /1500uF 0.12each 16- 16uF/500V 32.32uF/275v 
0.25 each 32.320F/450v 0.35 each BARGAIN PRICES. 

OUR BONANZA CAPACITORS PACK IS STILL AVAILABLE ONLY E1.60 
100 MIXED VALUES & TYPES VALUED AT OVER E5 (LATEST TYPES) 

J 
POLYCARBONATE. 0.01uF /25Q 0.033uF/250v1OuF/250v 
01F /250v 0.220F/250v all 0. each, 1uF /250v 0.12 each, 
2 2uF /250v IDEAL CROSS -OVER 0.25 each TWIN V/U METERS PLASTIC APPROX. 40mm BY 80mm BRAND 

NEW READS 20 TO 1 MINUS ZERO TO 3 PLUS, L/R BARGAIN ONLY 
E2.115. 

DIODES BYI00 0.16 0A200 0.07 N4002 0.05 
AAI 19 0.06 BY127 0.12 OA202 0.07 N4003 0.05 

9 0.09 BY164 0.36 N34A 0.06 N4004 0.06 
AAZ15 0.11 BYX38 /300 N202 O.Of N4005 0.07 
BABO 0.10 0.46. 5252 0.10 N4006 0.06 
BA111 0.18 BY2213 0.25 N914 0.06 N4007 0.09 
BA112 0.1$ BZV95 0.15 N9848 0.10 N4151 0.06 
BAX78 /1 0.10 OA10 0.12 N1124 0.09 N4148 0.04 
BAY31 0.14 OA47 0.10 N3064 0.10 N4244 0.07 
BAY74 0.12 OA81 0.06 N4001 0.06 S3036A 0.15 

POLYESTER 0.0015/400v 0.022/160v 0.22/250v 6.8 /400v 
0.03 each. QUOTATION GIVEN FOR 1000 of. 

MINIATURE EDGE LEVEL METER LOTS OF USES ONLY 005 
'METALISED FILM CAPACITORS. 0.047 a0/ 250v 0.15 /250/ 
0.04 each - FREE OFFER ONE J PACK OF YOUR OWN CHOICE WITH ALL ORDERS 

VALUED AT OVER E5 
PLEASE ADD 10p MIN. TO ALL ORDERS WHERE NOT 

FOR P &P 
VAT INCLUDED AT CURRENT RATE 

OVERSEAS POST AT COST 

CAPACITORS 0.0015/350v 0.0047/500v 0047/4005 
0.1 cF/ 160v O.25uF /250v 1250F/ 10v all 0.05 each. 

SPECIAL OFFER 1-Ca 
BULK PURCHASE 
BRAND NEW 14 PIN 
DECADE COUNTERS 2 
SN7490 FOR ONLY 
E1.o0. 

SPECIAL OFFER 
BULK PURCHASE 
BRAND NEW BC337 
TRANSISTORS NPN TO 
e4 CASE 20 FOR 
E1.215. 

LOOK 
50 1 wan Re- 
sstor 
NEW. El .00. MAIL ORDER DEPT. ONLY 

(Callers by appointment) 
J.E.T. ELECTRONICS 

90A MAWNEY ROAD, ROMFORD, ESSEX RM7 7DA 
TELEPHONE: ROMFORD 61486 

SPECIAL OFFERS ARE AVAILABLE ONLY WHILE STOCK 
LASTS 

ZEHER DIODES' ZENER 

- 
400 mW 2.335 ALL 0.9 each 

DIODES ZENER DIODES 

t Wet 1.5 & 2-33v ALL O.ti jaeh 

SPECIAL OFFER RESISTORS 
CARBON FILM CR 25 TYPE 1M2, 2M2. 
10% 10 120 470K etc. 200 mixed for only 
E1 -25- 

SPECIAL OFFER 
10 256027 P U T 
FOR ONLY E1.25. 

LOW LOSS CO /AX CABLE 17p A METRE. TWIN Sí cAKER CABLE Sp 
A METRE. 

PATTRICK ft KINNIE 
191 LONDON ROAD ROMFORD . ESSEX 

ROMFORD 44473 RM7 YOD 

E.H.T. POWERUNIT. 110/240v. 50Hzgiving 5Kv. at 50 m /a. 
METERED OUTPUT. £18.50. P.P. £1.50. 

COPPER LAMINATE P.C. BOARD 
8%z x 6 x ' /n; inch, 3 iggi75p. P.P. 25p 
10 x 4 x Y. inch, 5 förl5p.P.P. 25p. 
101/2 x51x'Yei inch, 3 for 75p.,P.P.25_p. 
10 x 61/2 t'AI: inch, 3 for £1. P.P. 25p 
1 7 992; x I/16 inch. 2 for E1.20. P.P. 25p. 

PRECISION A.C. MILLIVOLTMETER (SOLARTRON). 
1.5mv. to 15v., 60d8 to 20d8. 9 ranges. Excellent condition. 
£24. P.P. £2. 

TELEPHONE DIALS (new) £1. P. P.15p. 
EXTENSION TELEPHONES (Type 

RATCHET RELAYS (310 ohm). Various 
706). Various colours. E3.95. P.P. 75p, 

m 

types £1.20. P.P. 20p. ,\ 

UNISELECTORS (New) 25 way. 1 2 

Bank (Non bridging), 68 ohs. X8.50. -)01 
P.P. 50p, , 

1,000 TYPE KEY SWITCHES. 
Single 2 x 4 c/o Locking. 50p. P.P. 10p Bank of 4 -2 x 4 
c/o each switch (one biased), £1.20. P.P. 15p. / 

OVERLOAD CUT -OUTS. Panel mounting (11/4 x 11/4 x 

800 M /A /1.8 amp. -10 amp. 45p. P P 5p. 

I 

ALL PRICES INCLUDE V.A.T. EXCEPT WHERE 
SURCHARGE IS INDICATED 

QUADROPHONIC DECODER MODULE. C.B.S. /S. Q. Type, 
using I.C. MC 1312P. With slight modification direct substitute 
for P.E. "RONDO" Board. Complete with Data. £4 each. 

15% VAT Surcharga 

S.T.C. CRYSTAL FILTERS (10.7 Mhz). 15% V.A.T. 
445 -LQU -901 A (50 Khz spacing). £3. P.P. 20p. Surcharge 
445- LQU -901 B (25 Khz spacing), £4. P.P. 20p. 
V.H.F. /U.H.F. POWER TRANSISTORS (Type BLY38). 3 watt 
output at 100 -500 Mhz, £2.25. P.P. 10p. 

15 % V.A.T. 
HIGH CAPACITY ELECTROLYTICS 
1,000uf/100v (4 x 11/4in.) 60p- P P. 20p. 1,4000/200v 
(4'/ x 2in. ) £1. P. P. 20p. 2, 200 u f /100v (4 x 1 % in ) 90p- 
P.P. 20p. 2,500A/ 100v (4 x 2in.) 90p. P.P. 20p. 4,000 
+ 3,000uf/70v (41/2 x 2in.) 75p. P.P. 20p. 
10,OOOuf/25v (41/2 x 11/2in,) 75p. P.P. 20p. 
25,0000/40v (41/4 x 21/2in.) £1. P.P. 20p. 

H.D. ALARM BELLS. bin. Dome, 6 /8v. D.C. £2.75. P. 
9 Ili 

MULTICORE CABLE. 6-core (6 colours) 14/0076 
Screened P V C 22p per yard; 100 yards at £16.50. P.P. 
2p a yard, 7 -core (7 colours) 7/22mm Screened P.V.C. 
22p per yard, 100 yards £16.50. P P 2p per yard. 30 -core 
(15 colours) 25p per yard. 100 yards £20. P P 2p per 
yard 

RIBBON CABLE (8 colours). 10m. £1.65. P P 20p. 
100m. 8 -core 7/. mm Bonded side by side £11.50. P.P. 
£i. 

WE REGRET THAT ALL ORDERS VALUE UNDER £5 
MUST BE ACCOMPANIED BY THE REMITTANCE. 

HIGH -SPEED MAGNETIC 
COUNTERS. 4 digit (non reset) 24v. 
or 48v. (state which). 4 x1 x lin. 85p. 
P.P 15p. 

5 digit (non reset) 24v. £1.15. P.P 
15p. 

3 digit 12e. (Rotary Reset) 2% x 15 x 11/4in. £1.30. P.P. 
15p 6 digit (Reset) 240v. A.C. £3.50. P.P. 25p. 

RELAYS. SIEMANS /VARLEY. PLUG -IN. Complete with 
transparent dust cover and base. 2 pole c /o. 45p; 6 -make 
contact 50p; 4 -pole c/o contact 80p each P.P. 10p each. 
6 -12 -24 -48v types in stock. 

MINIATURE REED RELAYS (3/6v). 1 make (30 o 8mm) 
20p; 2 make (32 x 12mm) 30p. 
12v. 2 c/o 5 amp. H.D. RELAY, 65p. P.P. 15p. 

240v. A.C. RELAY (PLUG -IN TYPE). 3 c/o 10 amp. conti 
with base. 85p. P.P 25p. 

10 TURN POTENTIOMETERS (M.P.C.) 10 K ohm. 0.5% 
Lin 38mm x 22mm 14mm Standard Spindle. £2. P.P. 15p. 
(Dials 50p each.) 

rGARRARD PLINTH & COVER. For 'Zero -100' etc. 
beautifully finished in brushed aluminium and black with 
hinged smoke /grey perspex lid.£9.75 P.P. £1. 

24v. A.C. RELAY (PLUG -IN). 3 pole c/o 75p. P.P. 15p. 
2 -pole change over. 55p. P.P. 15p. 
BULK COMPONENTS OFFER. Resistors /Capacitors, 605 
new components. £2.50. P P 35p. Trial order 100pcs. 6Op. 
P P. 20p. 15% V.A.T. 
REGULATED POWER SUPPLY. Input 110/240v., output 
9v. D.C. 1' /, amp., 12v. D.C. 500 m/a £4.75. P P. 75p. 

MINIATURE "ELAPSED TIME" INDICATORS- (0 -5000 
hours), 45 x 8mm. 75p. 

ADVANCE TRANSFORMERS "VOLSTAT ". Input 242v, 
A.C. 
C.V.50. 38v, at 1 amp; 25v. at 100 m /a; 75v. at 200 m /a- 
E2.50. P.P. 65p. 
C.V.75. 25v. at 21/2 amp: £3. P.P. 75p. 
C.V.100. 50v. at 2 amp.; 50e. at 100 m /a, £3.75. P.P. 75p. 
C.V.250. 25v. at 8 amp; 75v. at-1/2 amp. £6.50. P.P. £1.50. 
C.V.500. 45v. at 3 amp; 35v. at 2 amp. £10. P.P. £1.75. 
H.T. TRANSFORMER. Prim, 110/240v, Sec. 400v. 100 
m /á. £2.50. P.P. 65p. 

L-T. TRANSFORMER 'TOROIDAL". Prim. 240v, Sec. 30v. 
at 1 amp, Size 3 in. dia. thick. E1.65. P.P. 20p. 

L-T- TRANSFORMÉR. Prim. 240v. Sec. 27 -0 -21 at 800 m /a. 
7.5 amp. £2.25. P.P. 50p. 

TRANSFORMERS 
L.T. TRANSFORMER. Prim. 110/240v. Sec. 6/24/40v. 1 `L 
amp. (Shrouded) £1.95. P.P. 50p. 
L-T. TRANSFORMER. Prim. 200/250v. Sec. 20/40/60v. at 
2 amp. (Shrouded) £3. P.P. 50p. 
L.T. TRANSFORMER (N.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. E17.50. P P £2.50. 
L-T. TRANSFORMER. Prim. 240v Sec 16-0-16v al 2 amp 
£2. P.P. 50p. 

L.T. TRANSFORMER PRIM. 120- 0 -120v See 125 at i 
amp. 70p. P.P. 20p. 
L.T. TRANSFORMER PRIM. 240v. Sec. 18v. 1 amp £1. 
P.P. 20p. 

POWER UNIT (TRANSFORMER /RECTIFIER). Prim. 
?4Úv.. output 171/2v (unsmoothed) at 1 amp. E1.85. P P. 45p. 
L.T. TRANSFORMER ( "C" CORE). 200/240v. Secs. 
1- 3 -8 -9 -v All at 1 5 amp. 50v at 1 amp. £2.50. P.P. 50p. 
L.T. TRANSFORMER ( "C" CORE). 200/240v. Secs. 
13- 9 -27v. All at 4 amp. E4. P.P. 50p. 
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. 

3- 9.205. All at 4 amp £5.50. P P. 75p. 

L.T. TRANSFORMER ("C" CORE). 120/ 1205. Secs 
1- 3 -9 -9v. All at 10 amp. £6.50. P.P. 75p 
L-T- TRANSFORMÉH ( "C" CÖR1). 110/24Úv. Secs. 
1 -3 -9v. 10 amp. 35v. la..50v. 750 M /A. £6.50. P.P. 75p. 
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Pack Price Pack Price 

1 Fibreglass printed circuit board for front 9 Function switch. 10 turn tuning 

end. I F strip. demodulator. AFC potentiometer. knobs £5.30 

and mute circuits E2.15 10 Frequency meter. meter drive components. 

2 Set of metal oxide resistors, thermistor. fibreglass printed circuit board E8.60 

capacitors. cermet preset for 11 Toroidal transformer with electrostatic 

mounting on pack 1 E4.80 screen. Primary: 0- 117V -234V £4.45 

3 Set of transistors. diodes. LED, integrated 12 Set of capacitors. rectifiers, voltage 

circuits for mounting on pack 1 £8.25 regulator for power supply £2.95 

4 Pre -aligned front end module. coil 
assembly. three -section ceramic 

13 Set of miscellaneous parts. including 
sockets. fuse holder. fuses. inter- 

filter E8.80 connecting wire. etc. E1.50 

5 Fibreglass printed circuit board for 14 Set of metal work parts including silk 

6 
stereo decoder 

-Set of metal oxide resistors, capacitors. 
f 1.10 screen printed facia panel. acrylic 

silk screen printed tuning indicator 

cermet preset for decoder £2.60 panel insert. internal screen. fixing 

7 Set of transistors LED. integrated Darts. etc. £ 6.50 

circuit for decoder E3.45 15 Construction notes (tree with complete 

8 Set of components for channel *kit) £0.25 

selector switch module including 
fibreglass printed circuit board. 
push- button switches, knobs. LEDs 

16 Teak cabinet 
One each of packs 1 -16 inclusive are 

required for complete stereo 

£9.85 

preset adjusters, etc. f 8.30 FM tuner. 
Total cost of individually purchased packs E76 85 

FREE TEAK CASE WITH FULL KITS 

KIT PRICE only £66.75 carriage free (U.K.) 

* * * * * * * * * * * * * * * * 

NOVEL STEREO FM TUNER 

In the April and May issues of Wireless World there was published a 

novel design for an f.m. tuner which combines consistent high 
performance with the elimination of the critical setting -up procedure 
required by too many earlier tuners. This original circuit has been 

developed further and is used as the basis for our new slimline unit. 
The front end is a ready built pre-aligned module which then feeds an 

amplifier driven screened throe section ceramic filter leading to an 

integrated circuit five -stage limiting amplifier providing excellent a.m. 
rejection. This is followed by a single coil integrated balanced 
demodulator from which the audio output may be taken. Temperature 
compensated varicap tuning allows stations to be selected either by a 

ten -turn tuning potentiometer or by a choice of six preset push -button 
controls. Each of the preset controls can be adjusted on the front 
panel with the settings being indicated by six LED lamps behind an 

acrylic silk saeen printed ticia panel insert. Additional circuitry 
includes temperature compensated AFC restricted to less than station 
spacing, inter -station muting. a single-lamp LED tuning indicator and 

a linear scale frequency meter. The stereo decoder. built on a separate 

board, is based on a well -proven integrated circuit phase- locked -loop 

to which has been added active filters to remove sub-carrier 
harmonics and 'birdies'. The power supply, to ensure station holding 
stability, uses an integrated circuit voltage regulator which is powered 
via a low -hum field specially designed TOROIDAL TRANSFORMER. 

STYLED TO COMPLEMENT THE WORLD -WIDE 

ACCLAIMED LINSLEY -HOOD 75W AMPLIFIER 

THE FM TUNER KIT 
YOU HAVE WAITED FOR! 

for further information please write for FREE LIST 

* * * * * * * * * * * * * * * * * 

NEW,POWERTRAN 

FROM ELECTRONICS 

********************************* 
Hi -Fi News Linsley -Hood 75W /Channel Amplifier 
Mk III Version (modifications as per Hi -Fi News April 1 )74) 

MORE 

ON 

NEXT 

PAGE! 

DESIGNER APPROVED KIT 
In Hi -Fi News there was published by Mr Linsley -Hood a 

series of four articles (November 1972 -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. 

Pack 
1 Fibreglass printed -circuit board 

for power amp. 
2 Set of resistors. capacitors. pre -sets 

for power amp. 
3 Set of semiconductors for power 

amp. now using BDY56. 
BD529. 80530) 

4 Pair of 2 drilled, finned heat sinks 
5 Fibreglass printed -circuit board 

for pre -amp. 
6 Set of low noise resistors. capacitors. 

pre -sets for pre -amp. 
7 Set of low noise, high gain semicon- 

ductors for pre -amp. 
8 Set of potentiometers (including 

mains switch) 
9 Set of 4 push- button switches. 

rotary mode switch 
10 Toroidal transformer complete 

with magnetic screen/housing primary 
0-117-234 V. secondaries: 
33.0.33 V. 25.0 -25 V. 

Price 

£0.85 

£1.70 

13 
£8.50 
£0.80 

E1.30 
14 

15 
16 

Pack 
11 

12 

£2.70 

E2.40 

£2.05 

E3.70 

£9.15 

Full circuit description FREE TEAK CASE WITH FULL KITS 
in handbook 

(pack 15 -price 30p) 

KIT PRICE only £62.40 carriage tree (U.K.) 

VAT Please add 25 %* 

to all U.K.. orders 
( *or at current late if changed) 

£3.50 U.K. ORDERS - Carriage free (MAIL ORDER 

ONLY) 
SECURICOR DELIVERY: For Securicor delivery to 

ea.25 mainland -add £2 + VAT per kit. 

OVERSEAS - Postage at cost + 50p 

special packing 

Dept. WW09 
POWERTRAN ELECTRONICS 

PORTWAY INDUSTRIAL ESTATE 

ANDOVER, HANTS SP10 3NN 

Price 
Fibreglass printed -circuit board 

for power supply £0.65 
Set of resistors. capacitors. 

secondary fuses. semicon- 
ductors for power supply 

Set of miscellaneous parts 
including DIN skts. mains 
input ski. fuse holder. inter- 
connecting cable. control 
knobs 

Set of metalwork parts including 
silk screen printed fascia 
panel and all brackets. fixing 
parts, etc. 

£0.30 Handbook E£60.30 

Teak cabinet 
2 each of packs 1 -7 inclusive 

are required for complete 
stereo system 

Total cost of individually 
purchased packs E72.25 

WW-037 FOR FURTHER DETAILS 
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BI-PREPAK 
The people for component bargains ]I 

Wireless World, October 1975 

Makers of 

tírlín and 
audio equipment 

ORIGINATORS OF PRE -PACKED COMPONENTS IN BRITAIN - AND STILL LEADING! 

AUDIO MODULES - today's most challenging values! 
PRE -AMP /CONTROL MODULES 

POWER AMPS 

$5103 
Compact I.C. amp. 3 watts R.M.S. Single channel (mono). 
On P.C.B. size 31/2 "x2 ". Needs 10 -20V supply. £1.75 
$5103 -3 
Stereo version of above. (Two I.Cs.) £3.25 

NEW! 55105 Mk. 2 
A compact all- purpose power amp. Size 31/2"x2 ". Useful 
5w output (mono) into 30 using 12V. Excellent value. Two 
20w at 12V 4 p.a. £2.25 

SS110 Mk. 2 
Similar in size to SS1O5 but will give 10w output into 40 
using 24V (mono). Two in stereo give first -class results, 
suitable for many domestic applications. £2.75 
Now - the SS120 gives 20w V.M.S. into 4 ohms from 
34V. Size 31/2"x2" £3.00 

$$140* 
Beautifully designed. Will give up to 40w R.M.S. into 40 . 

Excellent S.N.R. and transient response. Fine for P.A., disco 
use, etc. Operates from 45V DC. Two in bridge formation 
will give 80w R.M.S. into 80. £3.75 

3 
SPECIAL 
OFFERS 

LM 380 AUDIO IC 
(Marked SL60745) Brand 
new and to spec 3 watts 
R M S out With data 

51.00 
2 X SN 7490. Brand new 

I C to spec decode 
counters -£1.00 
3 X SN 1400 Quad 2 

input Nan gate ICs '50p 

SS 100 
Active tone control to provide Bass and Treble (stereo). With 
full instructions. £1.60 
$5101 
Pre -amp for stereo ceramic cartridges, radio and tape.£1.60 

SS1D2 
Pre -amp for low- output stereo magnetic cartridges, radio 
and tape. £2.25 
BUILD A STEREO F.M. TUNER 
WITH THESE MODULES 
SS201 
Front End assembly. Ganged tuning with well engineered 
slow- motion geared drive in robust housing. A.F.C. facility 
Requires 7 -10V. Excellent sensitivity. 88- 108mHz. £6.25 
$5202 
I.F. Stage (with I.C.). Designed to use with SS201 uses I.C. 
Carefully checked before despatch. For 9 -16V. £5.25 
SS203 
Stereo Decoder. Designed essentially for use with SS201 
and SS202, this excellent decoder can also make a stereo 
tuner of almost any single channel FM tuner. Supplied ready 
aligned. A L.E.D. can easily be fitted. 9 -16V. £5.62 
SAVE £5 ON THE S/S TUNER 
By buying Units SS 201, SS.202 and SS 203 together, the 
price is £12.12 - a genuine saving of £5 on this very 
efficient tuner. £12.12 

SUNDRY 
P,1 PAK - Approx. 170 short -lead 
semi-conductors and components. PNP, NPN, 
diodes, rectifiers, etc. on ex- computer panels. 

.At least .304ír factory marked. Some data 
supplied. '50p. 
UHF 625 line tuner, rotary. £2.50. 
Rev Counter (for cars) (8 %). E1.00. 
Books by Bernard's Publications, Newnes- 
Butterworth's, etc. 

r 
I THE FREE CATALOGUE I 

New edition better than aver- We I 
t'our's for free and well worth getting - only please send large S.A.E. with 
10p stamp if we have to post it to you. 

L_ J 
V.A.T. - IMPORTANT 

Rates quoted in good faith in accordance with 
Customs & Excise rulings. In the event of 
overpayment by customers the difference will 
.be credited. 

TERMS OF BUSINESS: 
VAT at 25. mist be added to tole) value of order. except for Items marked or (8'4). 
when VAT is to be added at 8 %. No VAT on overseas orders. POST & PACKING Add 
22p for UK orders except where shown otherwise. Minimum man order acceptable - 
LI. Overseas orders. add tI for postage. Any difference will he credited or charged. 
PRICES Subpcl to alteration without notice. AVAILABILITY All items available al 
time of going to press when every effort is made to ensure correctness of information. 

TP5 

TP6 

TP7 

NEW RANGE TRANSISTOR & COMPONENT PACKS 
TP SELECTION 
20 Transistors, PNP German- 
ium, Red Spot A.F. 
20 Transistors,' PNP German- 
ium. White spot RF. 
1 2N174 150w 80Vice Power 
Transistor, with mounting 
assembly. 

TP19 100 diodes, mixed Germanium, 
Gold- bonded, etc. Marked /Un- 
marked. 

TP23 Twenty NPN Silicon uncoded 
T05. Similar to 8FY50/2, 
2N696, 2N1613, etc. Comple- 
mentary to TP24. 

TP24 Twenty PNP Silicon, uncoded 
105. Similar to BFY64, 
2N2904/5. 

TP29 8 power diodes 400V. 1.25A 
Silicon FST 3/4. 

UT SELECTION 
UT1 

UT2 

UT4 

UT5 

UT7 

50 PNP's Germanium. AF & RF. 

150 Germanium diodes, min. 
glass. 

100 Silicon diodes, min. glass, 
similar to IN914, IN916. 

40 250mW Zener diodes OAZ 
;240 range; average 50% good. 

30 Silicon rectifiers 750mA, 
mixed voltages, Top Hats, etc. 

UT9 40 NPN Silicon planers. Similar 
to 2N3707 -11 range. Low noise 
amps. 

ÚT12 25 2N3702/3 Transistors, PNP 
Silicon. Plastic to 92. 

CP SELECTION 
1 

Mixed bap of capacitors - 
Electrolytic, Paper, Silver Mica 
(Approx. 150 - sold by weight). 

CP2 200 (approx.) Resistors, various 
types, values, watts. (Sold. by 
weight.) 

CP3 40 Wire -wound resistors, mixed. 

CP4 12 pots - pre -set, w /wound, 
carbon, dual, with /without 
switches - all mixed. 

CP7 Heat sinks, assorted. To fit SO -2 
(0072) TO.1 (AC128). etc 

ALL ABOVE PACKS - 6Op EACH.TP Tested & Guaranteed. UT Untested. unmarked. CP Components 

CAPACITOR DISCHARGE IGNITION KIT 
Simple to assemble and fit. Improves car performance, 
saves on fuel. P/P 30p. £7.50* 
BI- PRE -PAK X -HATCH GENERATOR MK. 2 

Four -pattern selector switch 
3 "x51 /4 "x3" 
Ready -built 
and tested £9.93 * llif - In kit form £7.93 

Please add 33p for postage and packing. 
Is invaluable to industrial and home user alike. Improved circuitry 
assures reliability and still better accuracy. Very compact; 
self- contained. Robustly built. Widely used by TV rental and other 
engineers. With reinforced fibreglass case. instructions, but less 
batteries. (Three U2 type required.) 

TV SIGNAL STRENGTH METER* 
Complete kit is described in "Television" £19.50 plus 40p for P &P 

BI-PREPAK LTD 
Cn pi,i NoH!ii'mt 

222 224 WEST ROAD,WESTCLIFF -ON -SEA, ESSEX SSO 9DF. 

TELEPHONE: SOUTHEND10702)46344. 

FOUNDED IN 1959 

SS300 POWER SUPPLY STABILISER 
Add this to your unstabilised supply to obtain a steady working 
voltage from 12 to 50V for your audio system, workbench, etc. 
Money saving and very reliable. £3.25 * 

PLASTIC POWER TRANSISTORS 
40 WATT SILICON '° 
Type Polarity Gain VCE Price 
40N1 NPN 15 15 20p 
40N2 NPN 40 40 30p 
.40P1 PNP 15 15 20p 
40P2 PNP 40 40 30p 

90 WATT SILICON 
Type Polarity 
90N1 NPN 
90N2 
90P1 
90P2 

NPN 
PNP 
PNP 

Gain 
15 
40 
15 
40 

VC E 

15 
40 
15 
40 

Price 
25p 
35p 
25p 
35p 

if you prefer not to cut coupon out, please mention WW8 when writing 

IIII To BI- PRE -PAK, 222 -224 WEST ROAD I WESTCLIFF -ON -SEA, ESSEX 

1 Please send 

for which I enclose 

NAME 

ADDRESS 

Inc VAr 

wwg `filBlfi, 1111 
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QUALITY AMPLIFIER KITS by POWERTRAN 

I ELECTRONICS WIRELESS WORLD AMPLIFIER DESIGNS 

Component packs for a choice of three outstanding amplifiers are stocked together with packs 

for a regulated power supply suitable for use with a pair of any of them. Also stocked are 

packs for a very well -established pre -amplifier -the Bailey- Burrows design which features six 

inputs. a scratch and rumble filter and wide range tone controls which may be either rotary 

or slider operating. 

30W BAILEY 
Pic 1 F /Glass PCB 
Pk. 2 Resistors. capacitors, pots 
Pk. 3 Semiconductor set 

20W LINSLEY -HOOD 
Pk. 1 F /Glass PCB 
Pk. 2 Resistors. capacitors, pots 
Pk. 3 Semiconductor set 

60V REGULATED POWER SUPPLY 
Pk. 1 FiGlass PCB 
Pk. 2 Resistors, capacitors. pots 
Pk. 3 Semiconductor set 

BAILEY -BURROWS PRE -AMP 
Pk. 1 F /Glass PCB 

Pk. 2 Resistors. capacitors. pre -sets. 
transistors 

20 WATTS /CHANNEL 

£0 80 
f 1.75 
£4.70 

Pk. 3R Rotary potentiometer set 

Pk. 35 Slider potentiometer set 

(with knobs) 

£1.60 

£2.70 

£0.85 STUART TAPE RECORDER 

£2.40 A set of three printed -circuit boards has been 
£3.35 prepared for the stereo integrated circuit 

version of this high -performance Wireless 
World published design. 
TRRP Pk. 1 Reply amplifier F /Glass PCB £0.90 
TRRCPk. 1 Record amp/meter drive cct. 

F /GlassPCB £1 .40 
TROS Pk. 1 Bias/erase /stabilizer cct. 

£2.05 F /Glass PCB £1.00 
For details of component packs for this design 

£4.95 please write for free list. 

£0.78 
£ 1.40 
£3.10 

TOROIDAL T20 + 20 
Developed from the famous Practical Wireless Texan 

Designed by Tesas engineers and published in 

a series of articles in Practical Wireless. The 

TEXAN was a remarkbble breakthrough in 

deliveripg true Hi -Fi performance at excep- 
tionally low cost. Now further developed to 

include a true Toroidal transformer, this 

slimline integrated circuit design, based upon 

a single F /Glass PCB. features all the normal 
facilities found on quality amplifiers, including 
scratch and rumble filters, adaptable input 

selector and headphones socket. 

Pack Price 

1 Set of all low noise resistors £0.95 
2 Set of all small capacitors £1.50 
3 Set of 4 power supply capacitors £1.40 
4 Set of miscellaneous parts including 

DIN sockets, fuses. fuse holders. 
consol knobs. etc. £ 1.90 

5 Set of slide and push -button f 1.20 swit:hes 
6 Set of potentiometers and f2 00 selector switch 
7 Set of all semiconductors f 7.25 
8 Special Toroidal Transformer £4.95 
9 Fibreglass PC Panel f 2.50 

10 Complete chassis work. 
hardware and brackets í4.20 

11 Preformed cable /leads 
£0.25 12 Handbook 

13 Teak Cabinet £4.50 

FREE TEAK CASE and HANDBOOK 
with full kits 

SEMICONDUCTORS AS USED IN OUR RANGE OF QUALITY AMPLIFIERS 

2N699 £0.25 2N5830 £0.30 1B1:214L £0.14 MJ481 £1.20 TIL209 £0.30 

2N1613 £0.20 40361 £0.40 BCV72 £0.13 MJ491 £1.30 TIP29A £0.50 

2N1711 £0.25 40362 £0.45 BD529 £0.85 MJE521 £0.60 TIP30A £0.60 

2N2926G f0.10 BC107 £0.10 BD530 £0.85 MPSA05 £0.25 TIP29C £0.71 

2N3055 £0.45 BC108 £0.10 BDY58 £1.60 MPSA12 í0.55 TIP3oC £0.78 

2N3442 £1.29 80109 £0.10 BF257 £0.40 MPSA14 f0.35 TIP41A £0.74 

2N3711 £0.09 801090 £0.12 BF259 £0.47 MPSA55 £0.25 T1P42A £0.99 

2N3904 £0.17 BC125 £0.1 BFR39 í0.25 MPSA55 £0.35 'TIr'418 E0.8z 

2N3906 £0.20 BC126 £0.15 BFR79 £0.25 MPSA66 £0.40 11P428 £0.88 

2N4062 £0.11 BC182 £0.10 BFY51 £0.20 MPSUO5 £0.60 1N914 £0.07 

2N4302 £0.80 BC212 £0.12 8FY52 £0.20 MPSU55 £0.70 1N916 £0.07 

2N5087 £0.42 BC182K £0.10 .CA3046 £0.70 SBA750A £2.50 1S920 £0.10 

2N5210 £0.54 BC212K £0.12 LP1186 £6.50 SL301 £1.30 5805 £1.20 

2N5457 £045 BC182L £0.10 MC1310 £2.90 SL3045 £1.80 FILTERS 

2N5459 £0.45 8C1841. £0.11 
MC1351 £1.0g SN72741P £0.40 FM4 £0.80 

2N5461 £0.50 80212E £0.12 
MFC4010 £0.95 SN72748P £0.40 SFG10.7MA£2.80 

ACTIVE FILTER CROSSOVER 

An essential and critical component in a high -quality speaker system is the crossover unit convention- 

ally comprising of a series of passive networks which unfortunately. though introdticing reactive 

impedances between the amplifier and the speakers, result in the loss of the advantage of high 

amplifier damping factor and renders the speakers prone to overshoots and resonances. An elegant 

solution to this problem, described by D. C. Read in Wireless World. involves the use of a series 

of active filters splitting the output of the pre -amplifier into three channels. of closely defined band- 

width, each of which is fed to the appropriate speaker by its own power amplifier. A design for a' 

suitable 20 -watt amplifier, based on a proven Texas circuit, was also described by Mr Read. The 

printed- circuit board for this has been designed such that three amplifiers may be stacked and 

mounted together on a common heat sink to achieve a conveniently compact module. 

ACTIVE FILTER 
Pack 
1 Fibreglass PCB (accommo- 

dates all filters for one' 
channel) f 1.05 

2 Set of pre -sets, solid 
tantalum capacitors. 2% 
metal oxide resistors. 2% 
polystyrene capacitors £4.20 

3 Set of semiconductors £2.65 
2 off each pack required for stereo 
system 

SUITABLE ALSO FOR FEEDING 
ANY OF OUR HIGH -POWER 
DESIGNS 

READ/TEXAS 20wamp. POWER SUPPLY 
Pack 
1 Fibreglass PCB £0.70 
2 Set of resistors, capaci- 

tors pre-sets (not includ- 
ing 10/P coupling capa- 
citors) f 1.10 

3 Sets of semiconductors £2.40 
6 off each pack required for stereo 
system 
4 Special heat sink as- 

sembly for set of 3 
amplifiers £0.85 

5 Set of 3 0/P coupling 
. capacitors £ 1.00 

2 off packs 4, 5 required for 
stereo system 

FOR 20W /CHANNEL STEREO 
SYSTEM 

Pack 
1 Fibreglass PCB 
2 Set of rectifiers. zener 

diode, capacitors. fuses. 
fuse holders 

3 Toroidal transformer 

MORE KITS 
ON PAGE 57 

for further information please write for FREE LIST NOW! 

KIT PRICE 
STILL ONLY £28.25 

post free (U.K.) 

* SPECIAL OFFER * 

J i 

SLIDER POTENTIOMETER SALE! 

Most values 10K -1 M lin, 1K-1M log available 

Normal price Sale Price 

Single 35p 25p 
Dual 55p 35p 
Knob 15p 10p 

Pot luck: Mixed begs - our choice 

10 singles 10 duals £3 £2 

V.A.T. Please add 25 %" 

to all U.K. orders 

( *or at carrent rate if changed) 

U.K. ORDERS -Post free (mail order only) 

£0.50 SECURIICOR DELIVERY -for this optional 
service (Mainland only) add £2.00+ VAT per kit 

OVERSEAS-Postage at cost + 50p 
£2.60 special oacking. handling 
£4.95 

Dept WW09 

POWERTRAN ELECTRONICS 

POR?WAY INDUSTRIAL ESTATE 

ANDOVER. HANTS SP1 0 3NN 

WW-03S FOR FURTHER DETAILS 
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RECORD PLAYBACK TAPE HEADS 
Individual prices of these are 
2 track record playback heads 75p each. 
4 track record playback heads E1.10 each. 
Erase heads are also available separately - 
2 track 50p - 4 track esp. 
MV metal mounting shields 60p each 
2 track heads already fixed on heavy mounting plate with shield 
£1.115. 
ALL PLUS 25% VAT. 

DRILL CONTROLLER 
NEW 1KW MODEL 

Electronically changes speed from approxima- 
tely 10 revs. to aximum. Full power at all 
speeds by finger -tip control. Kit includes all 
pans, case, everything and full instructions. 
E2.50 plus 45p post & VAT. Made up model 
also available. E3.50 plus 55p post & VAT. 

NEED A SPECIAL 
SWITCH 
Double leaf Contact Very slight pressure 
closes both contacts. 12p each. Plastic 
pushrod suitable for operating. top each, 
10 for SSp. 

1 R.P.M. MOTOR + GEAR BOX 
Made by the famous Chamberlain & Hookham Ltd. These could be 
made to drive clock or similar. Really robust. reliable unit Price 
£1.50 + 30p post & VAT. 

MULTI -SPEED MOTOR 
. Six speeds are available 500. 850 and 1,100 r.p.m. 

I 

and 8.000. 12.000 and 15.500 r. p.m. Shaft is '!r 
in. diameter and approximately 1 in long. 
230/240v. Its speed may be further controlled with 
the use of our Thyristor controller. Very powerful and 
useful motor. size approx. 2 in. dia. o 5 in long. 

I Price £1.40 + 45p post & VAT 

SLIDE SWITCHES 
Slide Switch. 2 -pole changeover panel mounting by two 68.A. 

screws. Size approx. 1m. a %in. rated 250V lamp. 15p +7p post & VAT Sub Miniature Slid* Switch. 
DPDT 19mm (Non. approx.) between fixing centres. 
zip each + 9p post & VAT or 10 for E1.90. SP 
Change over spring return 250v 1 amp. 25p + Sp post 
& VAT. 

PRESSURE SWITCH 
Containing a 15 amp change over switch operated by a diaphragm 
which in turn is operated by air r pressure through a 
small metal tube. The operating pressure is adjustable 
but is set to operate in approx. 10 in of water These 
are quite low pressure devices and can in fact be 
operated simply by blowing into the inlet tube. Original 
use was for washing machines to turn off water when tub has reached correct level, but no doubt has many other applications. £2.10 each + 25p post & VAT 

SWITCH TRIGGER MATS 
So thin is undetectable under carpet but will switch on with slight 
pressure. For burglar alarms, shop doors, etc. 
24ín. x 18in. £1.50, post & VAT 30p 13in. x 10in E1.50, post & VAT 25p. 
SMITHS CENTRAL HEATING CONTROLLER 
Push button gives 10 variations as follows I1) continuous hot water and continuous central heating (2) - - continuous hot water but central heating off at night (3) continuous hot water but 

central heating on only for 2 periods during the day (4) hot water and central 
heating both on but day time only (5) hot water all day but central heating only for 
2 periods during the day 161 hot water and central heating on for 2 periods during 
the day time only - then for summer time use with central heating off (7) hot water 
continuous (8) hot water day time only (9) hot water twice daily (10) everything off 

A handsome looking unit with 24 hour movement and the switch's and other parts necessary to select the 
desired programme of heating. Supplied complete w,t i wiring diagram Originally sold, we believe, at over EIS - we offer these, while stocks last at E5.95 each, VAT & Postage 85p each. 

AUDIO AMPLIFIER 
Part of the famous Heditune background music system, secondhand. 
but believed in good order. However, no guarantee, we are selling for 
spares value only. These are 6 valve amplifiers, the output valves are 2 
s EL 84 in push /pull, complete with mains transformer, rectifier and 
ample smoothing equipment. The mains transformer alone. today would 
cost at least E4. Size is 91/2" x 51/2" x 41/2". Price only E2.00 + postage 
& VAT C1.50 

15A ELECTRICAL PROGRAMMER 
Learn in your sleep Have radio playing and kettle boiling as you awake - 
switch on lights to ward oh intruders - have a warm house to come home to. 
All these and many other things you can do if you invest in an electrical 
programmer. Clock by famous maker with 15 amp. on /off switch. Switch -on 
time can be sat anywhere to stay on up to 6 hours. Independent 60 minute 
memory jogger. A beautify) unit. Price E2.45. VAT & Postage 60p, or with 
grass front. chrome bezel. E1.50 extra. 

THIS MONTHS'S SNIP 
Smiths 24 hr. timer heart, really the '' Autoset" without its plastic 
case. This is a 24 hr. twice on, twice off, clock switch which will repeat 
until re- programmed. Switches rated at 15 amps. Limited supplies - 
£3.95 each + VAT & post 55p. 

12 VOLT 11/2 AMP POWER PACK 
This comprises double-wound 230i 240V mains transformer with full wave 
rectifier and 2000 mId smoothing. Price E3.75 plus VAT & post ì 1 

Harry Duly Mains Power Pock. Output voltage adjustable from 15-40V in 
steps - maximum load 250W - that is from 6 amp at 40V to 15 amp at 15V 
This really is a high power heavy duty unit with dozens of workshop uses Output 
voltage is very quick - simply interchange push on leads. Silicon rectifiers and 
smoothing by 3,00omF. Price £10.50 plus E1.25 VAT & post. 

TAN¢ENTIAL HEATER UNIT 
This heater unit is most efficient and quiet running Is as fitted in Hoover 
and blower heaters costing El5 and mote. Comprises motor, 
impeller,2kW element and 1kW element allowing switching 1, 2 and 
3kW. and with thermal safety cut -out. Can be fitted into any metal line 
case or cabinet Only needs control switch. £5.52 plus post & VAT El. 
2kW Model as above except 2kW £4.25 plus VAT & post 75p. Don't 
miss this. Control Switch 44p. P. & P 40p. 
INSTANT START FLUORESCENT LIGHTING BARGAINS Stenerless Control gas+. complete with tube ends and tube clips for window lighting signs, fascias. etc. 4h 40w. £1.90: 5h. 65w. £2.00: 5H. 80w. £2.20, 6ft 8Ow £2.45, and for pairs as follows: - twin 2h 20w. E2.55: twin 3f. 30w. £3.55. twin 4h. 40w. £3.25. twin 5h. 65w. £3 -25: twin 5ft. 80w. £3.95: twin 8h. 125w £5.75. These are about one half of maker's current prices and can't be repeated once stocks are cleared Please add 30p per piece to cover postage or carriage and 8% VAT 

MAINS TRANSFORMERS 
All standard 230 -250 volt primaries [ p 

1v . . 1 amp (special) 1.75 
2.4v 5 amp .85 
6.3v .. ... 2 amp 1.25 

3 amp 1.75 
1 amp .95 

12v 
3.5 a p 2.50 

12v . 

l'h amp 1.50 

ó.5w0.6 ov _ 
1 amp 1.50 
1 p 1.50 

18v . 

24v 
2 amp 1.50 

24v 
2 amp 2.25 

120 -12v 
3 amp 3.50 

6.0 -6v 
50mA 1.20 

8.0 -8v am 
a 1.20 

18.0.18v 
p 1.50 

- 2 amp 3.50 
25v 1'h amp 1.95 
50v 2 amp & 6 3v 

1 amp 4.50 
60v 5 amp & 5v 

1 amp 7.50 
27v 8 amp 4.50 
30e 37 amp 22.00 
80v tapped 75v & 70v 4 amp 5.50 
230v-60mA & 6.3v 1 5 amp 1.75 
275- 0.275v at 90mA A 6.4v 3 amp 2.25 
EMT Transformer 5000v (intermittent) 5.50 

23mÁ 
CI a Te*sformen 
6v antl 12v 2 amp 1.50 
6v and 12v 3 2.25 
6v and I 2v 

b 

amp a 50 
Add, 30p par pace to cover postage and VAT 
25%. 
RELAY BARGAIN 
Type 600 relay 2 changeover one open and one closed 
contact. Twin 500 ohm coils make this suitable for 
closing off DC 6v. DC 12v, DC 24v or AC mains using 
resistor and rectifier. 40p each. Resistor and rectifier 
20p extra Post and VAT 70p. 
BLACK LIGHT 
As used in discotheques and for stage effects. etc 
Virtually no white light appears until the rays impinge 
on luminous paint or white shirts, etc. We offer 9" 6w 
tubes complete with starter, choke. lamp -holders and 
starter- holder. Price £2.75 + 30p post Tubes only E2. 
Post & VAT 50p. 
MULLARD AUDIO AMPLIFIERS 
All in module form, each ready built complete with heap 
sinks and connection tags, data supplied. 

Model 1153 500mW n power output. E1.10 + 
40p post & VAT. 
Model 1172 lw power 
output. £7.36 + 45p posy 
VAT 
Model EP9000 4 w 
power output. E2.40 

ail 

50p post & VAT. 
EP 9001 twin channel or 
stereo pre -amp E2.50 + 
50p post & VAT 

MAINS TRANSISTOR PACK 
Designed operate transistor sets and amplifiers 
Adjustable output 6v. 9v. 12 volts for up to 500mÁ 
(class B working) Takes the place of any of the 
following batteries PP1, PP3. PP4. PP6. PP7. PP9 
and others. Kit compris main transformer rectifier 
smoothing and load resistor, condensers and 
instructions Real snip at only E1.50. VAT & Postage 
60p 

9v 

LIGHT DIMMER KIT 
For dimming up to 250w without heat sink or 750w with heat 
sink This comprises quadrac variable control potentiometer. 
condenser. resistors. tag strip for mounting and data Price £1.95 
is 30p post & VAT 

J. BULL (ELECTRICAL] LTD. 
(Dept. W.W.), 103 TAMWORTH ROAD 

CROYDON CRO IXX 

The SECOND -USER Computer Specialists 
Peripherals and Systems for Data Processing 
Systems, Equipment and Components 

Mini - Computer PAPER TAPE PUNCHES & READERS Exchange TELETYPE BRPE 110 INVAC PI35 solenoid - 

cps Synchronous Punch actuated punch, 35 cps, 
5/7/8 channel. Sall -coo- 5/6/7/8 channel. Com- 
(ained, mains- operated pact unit 7/:" x 6's" x 
unit consisting of punch 5a. Power requirements: 
unit. hose. motor and tape Tape transport solenoids 
supply spool. Price 26V DC 2A. Punch salon - 

E145.00. Sound - radix- olds 26V 4.5A. Punch 
ins cabinet available at return solenoids 26V 2A. 

,a E25.00. Minimum pulse width 16 

- mtllisec. Price £69.50, 
DATA DYNAMICS 1114 Rack- Mounted 110 cps Ponce, as new. 
,Mounted in sound -reducing rack cabinet and complete with control and 
nterface electronics and power supply unit with short circuit and' 
overload protection. Asynchronous operation up to 110 cps. Our special 
price E550. 

Our Mini Computer Exchange has systems for immediate 
delivery at greatly reduced prices. A few examples of our 
stock include: 

PDP8L 8K Processor 
PC8I Reader Punch & Control 
PDP8E 8K Processor + ASR33 
PDP 8E 32K Processor + ASR33 
PDP8M 8K Processor + LA30 
l'UI' 1 1 / 1 b 4K Processor 
PDP11 /15 16K Processor 
DEC Eft. Cabinets 
DEC Modules - send for list 
Ring now for prices. Other 
models becoming available all 
the time - let us know your 
requirements. 

Add 8°e VAT L, i.,l prices shown. 
Carriage extra - details on request. 

COMPUTER 

l,aiwia weicom á- Mon- 
day to Friday 9 a. m. to 5 
P m. 

SALES 

JUST ARRIVED - SPECIAL 
PURCHASE OF 
DISK STORAGE 
DRIVES BY 
CDC 
WILL ACCEPT 
6 -SPEED 
DISK -PACKS 
AVAILABLE 
EITHER 2 OR 
4 MEG CAPACITY 
NEVER OFFERED 
BEFORE. PRICES 
FROM £450.00. 

Keyboards 
NEW REED- SWITCH KEYBOARDS BY CLARE- PENDAR WITH 

READ ONLY 
MEMORY 

ASCII - 
COULD OUTPUT 

Ideal for communications equipment. VDUs. prototype designs. etc. 
68-key positions plus 11 instruction keys. Positive logic. Input voltage -12V OC +Su 

OUR INCREDIBLE PRICE £29.50 
DUE TO SPECIAL PURCHASE) + £1.00 P &P 
ELECTRO- MECHANICAL NUMERIC AND ALPHA- NUMERIC KEYBOARDS originally de- 
signed for 80- column card punch and 
verifier machines. Numeric with 12 
character keys and 8 instructron keys. 
Alpha- numeric with 47 character keys and 8 
nstruction keys. Price- Numeric £4.50 + 
£1 00 P &P Alpha- numeric £15 + £3 00 
P &P 
4 BANK IItlNETWflï ALpHAMUNERIC KEYBOARD - -_KEW 
Motmtéd on printed circuit board +I Mon-coded). 53 character keys + 10. 
instruction keys and 2 space bars. LBybufcan be re- arranged as required 
Ideal for prototypes and special applications. Hall -effect switches. Power 
requirement + 5V 420 mA. Price (20 00 (P &P El). 
REED-SWITCH BANK ALPHA- NUMERIC KEYBOARD mounted 
on 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) Ex- equipment, housed in metal case: £30.00 + 
E3.00 PAP: (b) Brand new, mounted on PC board only: £30.00 + 
El 00 P &P 

TA HeNAavy -S duty console -mounted version of ASR33 Designed for 
continuous running with minimum maintenance. £950.00. 
KSR33 Input/ Output Console (hard copy only) £375.00. 
COSSOR DIOS SERIES 402 2 and 402 2A Visual Display Units 
Provide high -speed visual access from computer or other information 
sources Data transfer rate 120 cps The model 402.2 displays 13 lines of 40 characters with a viewing surface of 8" x 41/2", while the 402 2A 
displays 13 lines of 80 characters with a viewing surface of 8" a 6 ". 64 

& SERVICES (EQUIPMENT) LIMITED 
character alphanumeric keyboard Prices from 4325.00. 
HA2ELTInt woe vmeo Display terminal. 64 character ASCII-coded 
alphanumeric keyboard. Display area 12 lines of 80 characters. Data 49/53 Pancras Road, London NW1 2QB. Tel. 01 -278 5571 transmissron rate 110/300 Price Output D 
IBM e from ball' Input/output Typewriters Venous MOMS 
available from £275.00. 
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REED SWITCH INSERTS 

Overall length 1 .85in. (Body length 1 1 in.). Diameter 0.14in. to switch up 

to 500mA at up to 250vDC. Gold clad contacts 74p per doz. £4.15 per 

100. £29.95 per 1.000. 5272 per 10.000. All carriage paid U K. 

Operating Magnera 95p per doz. EIA5 per 100. E87 per 1.000. All 

carnage paid U K 

Operating Coils for 12v supply to accept up to four standard reeds E2.50 

per doz 512.60 per 100. All carriage paid U.K. 

Heavy duty type. (Body length tin) Diameter 0.22in. to switch up to IA 
at up to 250vAC. Gold clad contacts £1.45 per doz.. £8.95 per 100. 

552.00 per 1.000. Changeover Heavy Duty type E2.80 per doz. All 

-age paid U.K. 
Magnat. for HD reeds £1.50 doz_ A very few cods available for HD reeds 

POA. 

C- SCOPE METAL DETECTORS 
Represent today's BEST VALUE in metal detection equipment 

BFO50 integral speaker 524.99 

BF060 integral speaker and meter 531.99 
18100 with headphones £52.59 
18300 with headphones and meter £84.99 
TR200 whh headphones £57.87 

TR400 with headphones and meter £72.79 
Full information on receipt of 10p stamp 

INDUCTION GENERATOR. Requires a supply voltage of 50V 50Hr and 

provides an output of 7V per 1.000 r. p.m directly proportional to speed. 

This instrument has a wide variety of applications. e.g. anemometers, 

measuring shah speed. etc In brand new condition £5.60 post paid 

ITT OFFICE INTERCOM. 20 way with modern manual SWB and 

facilities. Lightweight desk sets. Brand new in cartons £180 inc. P. &P and 

VAT Spare deltaphones £7.60 ea 

TELEPRINTER PAPER. Standard rolls 1 ply £5.00 per doz 2 ply £5.00 
per doe 3 ply E5.40 per doz. 4 ply £5.70 per doz All P. Pd. U K Telex 

your order now 

TAPE STORAGE CANS. Brand new finished steel cans originally 
.mended for 16mm film but ideal for storing lin. reels of tape. Our last 

supply of these items was quickly exhausted at 30p each but as a result of 

a massive new purchase we can now offer a case of 55 at £8.80 me P SP 

and VAT 

SOLAR CELLS. Ferranti silicon MSIIBE. active area 390 sq mm. Open 

CCT voltage 550-W at 3000 lumens /sq. ft Sht Cct Current 60mA. 
Optimum load 90 ohms. Dia. 34e4m. Thickness 6mm. Ex made up panel. 

£1.35 (inc. P. & P. and VAT. 

CONTINENTAL CUSTOMERS - we have a direct link by air from Lydd 

to Beauvais (also Channel Islands) and are 3545 minutes drive from 

Dover.Folkestone with direct hovercraft and sea links with France and 

Belgium 

AIRCREW CHRONOGRAPHS 

hanfheec e(hands a d 
steel 

Oe- ffiits sweep 
luminous 

controlled independently of main movement by 

press to start stop and return to zero button. 15 

jewel movement Many of these watches are as 

new but all have been completely overhauled and 

checked for accuracy. Fined snap- White face 

518.30. Black face 515.26 inc P. SP. All 
watches: Inspection wins, remittance. 

GS WATCHES all with brushed stainless steel 

case with screw back and black face 
Manufactured by CYMA VERTEX RECORD. etc.. 

to a standard specification. Completely 
overhauled. Fitted strap £6.55 (inc. P &P.). We 

also have limited quantities of these watches by 

OMEGA. LONGINES, BUREN. HAMILTON, 
JAEGER LE COULTRE and IWC at 515.30 inc. 

P &.P 

REACH FOR 
THE PEAKS OF 
MEASURING 
INSTRUMENT 
ENGINEERING! ALPS 

UNREPEATABLE SPECIAL OFFER! 
MAINS OPERATED 

HITACHI DESK TOP 
CALCULATORS 

KK 562A 
Ideal for technical 

and commercial 
use 

(+ 53.18 VAT + 189 MF ux.l 

£200 SAVED! 
These fine calculators made available by a company s cash flow problems 

(not ours by the wayi), have a 16 digit display,2 memories. preselected 

decimal point (fully floating during use). performs addition, subtraction, 
n.dtiplic.Uon, division, nines to power, extracts posse roots. chain 
and constant proseseas facilitated. 
Call for a demonstration at Lydd. Hours Mon -Fri. 0800 -1 700 hours. Sat 

0900 -1200 hours Other limes by appointment. Full details on receipt of 

S A 

SPECIALIST STOCKISTS OF SYNCHROS, TEST EQUIPMENT, METERS AND CONNECTORS 

Q and ieCIrs9flh dales ,thJ 
cry(' {vL Eslabüshnii 1953 

24 HIGH ST., LYDD, KENT. Tel. Lydd 20252 (STD 0679) VAT No. 201 -1296 -23 TELEX 965265 

ANALYTICAL EQUIPMENT 
GAS CHROMATOGRAPHY RESEARCH OVEN 
PV4051 /4058 (other GC hens in stock) 
A large capacity oven of low thermal mass for use between 35 and 400 C. 

Provides 
The oven hasr forced 

circulating 
e r 

system 
ooletl outer 

yielding 1000 
surfaces 

changes 
en the 

of air 
internal 

temperature is high 210-240V, 50Hz 2 6KW. £31.50 IC. Pd England 

and Wales). 

IONISATION AMPLIFIER PV4075 
A modern high grade low noise solid sate amplifier to feed a potentiometer 

recorder. 18 input ranges from 10-1" to 5 X 10" A with 5 outputs of 

tmV to 100mV. Linearity 0 196 f.s. Noise less than 0.5% f s at max 

sensitivity 
information 

oft facility 
£28.50. 

Dimensions 
s K 

28 x 10 x 43 cm deep. With 

operating o 

Details of these three and other gas chromatography items. price 25p 
!L W only) Handbooks (complete) available. 

COMPUTER PROCESSORS AND PERIPHERALS 
Printers, Readers. Core Stores. etc In stock 

AIRCRAFT INSTRUMENTS for industrial and educational use. Released 

seems available for flip use 

COMMUNICATIONS RECEIVERS. Hammarcund SP600 JX in superb 

condition 5150. Inn lira. VAT (25 %). 

400HZ ROTARY CONVERTERS. Both DC & AC input available. e 

415v 50Hz 3ph tp Cab 115v 400HZ 1 pr 50w at £27.50. 
Multrway cables in stock up to 50 way or up to 750 amp Also PTFE 

insulated types 

MARCONI SPECTRUM ANALYSERS OA1094A/S Listed at L2700. 
our price E565. Full details available 

ACTUATORS, RELAYS, FLOODLAMPS, POWER UNITS, TRIM - 

POTS. FANS. MICROWAVE 
AOWVE boa 

IIP 
APMENT. 

All 
ex 

stock 
Electronic 

PANEL DISPLAY RECORDING CAMERA. Manufactured A.G.I. 
Specifically for the recording of complex instrument displays on 2i4in x 

2i4in shots Fitted 60mm F3 5 lens Shutter speeds 1 / 100. 1 /50 

1 /25 sec and time cep Focusing at 1 75 to 5011 in 18 steps. Aperture 
viewing 

ground nd 
F3 5 to 

9 ass F Teen 
Prismatic 

Rotating li 
viewfinder for 

r attachment Cord film advance and' 

shutter cock with septe Button control and electrical release facility (24V 

DC) Spool holds 40 exposures Camera may be wall mounted on bracket 

supplied Tripod mounting socket provided In wooden case Two grades 

available as new Grade A £35.50 (inc P and P and VAT) Somewhat 
used but serviceable Grade 8 £25.40 (Inc P 6 P and VAT) 

VARIAC- DURATREK VBH. 240v to 0.270v 50Hz. 3A With' 
Knob dial Shrouded tmnls. 58.25 (inc P. SP. 6 VAT) 

POLAROID SPECTRUM ANALYSER, SA84W. 10 MHz to 40 88HGzi 

With handbon P 0 A ate 
ETHER TRANSISTORISED A.C. MAINS STABILISER. 190 -260v 

50 H/ in output 220 -240v iadiuslable) 1000 VA 1 7" e 7" x 11" £42.50 

(inc cary U K Mainlands at VAT) 

BRUSH CLEVITE 2- CHANNEL RECORDER. 4" sprocketless chart 

Push -button gearbox. 1. 5. 25. 125 mm I min Twin imnl. amphrs. Giving 

10mV -10V range, variable sensy elect. zeroing. twin event markers, 13" x 

13" e 12 ". 115v. 60H: input £82.50 fine. Barr. & VAT). 

MITSUBISHI MEMOPACK MODEL T165, J4rin x 31/2in x 21n.. 

weight 1 4 lbs with baits. 8 transistor circuit with D erase and bias, 

electronic speed control on capstan drive. Powered by 4 X 1.5V penlight 
(HP7) 6V suit .of 2" 11 LI S 3 5.171 lacks for ear/ p and 200 R mic 

(STD cassette impedance). Recording time up to 80 mans. Takes 46mm 

spools NO 2) of %in tape recording at 1 Vain. P/S STD half track. Battery 

life 4 hours Two controls. Volume + play - Record -rewind switch. 

518.80 inc. P &P VAT 

PLESSEY GROUND BASED U.H.F. GROUND /AIR TX /RX 
FOR EXPORT ONLY OR SALE TO LICENSED USERS 
Single Channel Receiver 5820.99- 932 -5694. 
Single Channel Transmmitter 5820 -99- 932.5698 
Single Channel Amplifier 5820 -99. 932 -5701 
Power Unit for Amplifier 5820 -99- 932 -5700. 
Cooler Unit 5820 -99- 932 -3995. 
These assemble into free standing rack unit providing U H F 

communications over 2250 to 399.9MHz. the TX /Amplifier unit giving 

100 Wafts R F output into 50 Ohms. Spare sub -units available. All are 

guaranteed new and unused. Full details on request. 

SOLARTRON OSCILLOSCOPES in stock CD7183. CD1212. CD1220. 

CDI400. P.O.A. and INSTRUMENTS SR151. 152. VP253. 05103, 
C0546, JX641. JX641A. VF252. JX746. LM1420. TD960. JX603. 
JM 1600. etc P O A 

HEWLETT PACKARD SAMPLING 'SCOPE HP185A. 5324 inc cary 

and V T. H01859 E357. 

STAINLESS STEEL VACUUM CONTAINERS FOR LIQUIDS. 
Capacity 2 U.S GALLS FITTED WITH DELIVERY TAPS. Brand new in 

canons -5215 (C. Pd. U.K.) 

PRECISION POTENTIOMETERS 
Numerous inetrurnant types, continuous rotation potentiomeeeee for 
control applications and HELIPOTS in stock 

OVER 300,000 IN STOCK 
MULTIWAY AND R.F. CONNECTORS 

Plessey Mark 4 Stockists 

Metal Oxide Resistors 
(ELECTROSIL & WELWYN) 
Tantalum Capacitors 

(KEMET, ITT, PLESSEY, ETC.) 

ALL AVAILABLE EX STOCK in 

MANUFACTURING QUANTITIES 

.,. SYNCHROS 
AND SERVOMOTORS EX STOCK. 

Diaz . 

mm 

50.A 
500 .6 

reA 

15v0C 

300cAC 

TYPE SA 

TYPE TAD 

Dien 45 65 15 114 150 

a z s x s z r 42 50 70 106 110 

- 51 uA E353 13.61 C400 04.90 05.46 

500 _A, E3.34 12.51 E3.72 £4.62 E5J2 

IaA 027 0.44 E3.64 1453 E523 

15r06 12.30 0.49 13.67 E4.57 E526 

3004115 0,47 0.66 03.64 E4.13 6.30 

43 51 61 62 

s z t z 

43 .51 61 71 

£3,52 E3.59 0.17 E4.12 

0321 £321 0.53 E3.16 

0.11 £3.11 £3.43 0.72 
03.15 03.22 050 0.76 
£3.39 E741 - 057 0.92 

FOR YOUR PRODUCTION REQUIREMENTS USE 

ALPS PANEL METERS 
FULL RANGE PRICE LIST -SAE PLEASE! 

Substantial quantity discounts to manufacturers 
Retnemberl Vie am the w19 Importers! 

TYPE SR 

Net 13 7e 62 

r 56 63 72 

544 1393 04.1e 14A2 

500i.1 051 0311 E4M 
IM 1341 1373 12.96 

15r0C 0360 13.84 (459 
391rAC E3.73 03.17 04.22 

LABORATORY' 
TYPTE SA65F 

Wide da K !Awn 
nee £1.51 

SSA 41 E921 

IM ELM 
IA 0911 
15s0C 11.16 

AMC C5.16 

ALL ABOVE PRICES INCLUDE 

p.LP. and VAI 

NEW ADDITIONS to our range of 
PANEL METERS available at present only 

in MANUFACTURING QUANTITIES 

SE45 64 X 52 mm 
SE52 80 X 60 mm 
SE65 100 X 80 mm 
SE85 120 x 100mm 

SU45 69 X 53 mm 
SU55 87 x 63 mm 
SU65 105 X 77 mm 

Above meter forms are for moving coil movamanta only 
and may Roams Smarter and VU -mater instruments. 

ALL VU METERS 

81100 72 x 68 in et 

SFI04 63 3.60 nn 
SF106 63 x 60 nn 

All meters can be supplied with special or personalised scales. 

internal illumination. coloured front lenses, mirror scales. 

special pointer forms, etc. 

Full details and prices on request 

AUTOMOBILE TEST EQUIPMENT 
SERVO AUTOTESTER No. 1. 0 -3 2 6 0 16v. 0 -80 A -DC & 

0-20K Ohms dwell angle and speed for 4. 6 6 8 cyc. engines and E. H.T. 

SEC. VOLTS A substitute <epee., is incorporated. Size 26.5 x 14 x 

16.5cm. wt 3.25Kg With handbook E30.3finc. P. SP & V A T. 

; o r 4 6 cyc engines Sire 16 0TBS. 1 9 5 6.5 cm Wt 1 x 
80A 

speed 
45K9 

With instils. £51.15inc P &P. & V.A.T. x 

SERVO AUTOTESTER No. 3. Simultaneously separate" 
meters 0-16% 5 0-80A. Sae 17 x 10 x 7 cm. Wt 0.45Kgn Price E5.78 
me P.AP. 6 VAT. 

SERVO AUTOTESTER No. 4. Dwell angle and engine speed t 

Hand held nsn Size 14 x 8 x 5 cm Wt 0.26Kg. Price £6.35 inc. P. 6P 

&VAT 

WW-077 FOR FURTHER DETAILS 
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(ELECTRONICS) LTD. 

9 & IO CHAPEL ST., LONDON, N.W.I 
01 -723 7851 01 -262 5125 

ADJACENT TO EDGWARE ROAD MET. LINE STATION 

STEP DOWN AUTO TRANSFORMERS 
Open type. Terminal block connections. Tapped. 0- 25- 35- 45- 55- 65- 75- 85- 95 -240v 600 warts conservettvely rated. S4e 51/2 x 41x 41/2 E4.71. Carr. 75p. 300 watts E3.00. Cart. 50p. 200 watts £2.00. Cg . 50p. Gardners enclosed type auto transformers. Tapped 0-110.115-210-230.250v conservatively rated 60 watts. Totally enclosed. £2.00. P.P. 50p Partridge moms booster transformer. Tapped 0 -220- 230 -240 250V 500 watts open type terminal block connections £3.00. Carr. 50p. Drake isolation transformer PRI 200 -220 -240v Sec 110v 50 wens. Open type. Terminal block connections £2.75. Carr. 50p. 
Other typa. Available. 80 -1500 watts, fully shrouded. with American socket outlet and 6 5. mains lead. Let us know your requirements. Lists available. 

CURRENT RANGE OF NEW L.T. TRANSFORMERS 
FULLY SHROUDED TERMINAL BLOCK CONNECTIONS 

ALL PRIMARIES 220/240v 
Type 
lA 
18 
1C 
1D 
2A 
2B 
2C 
20 
3A 
3B 

.3C 
4A 
48 
4C 
5A 
56 
5C 
6A 
60 
7A 
78 
7C 
8A 
9A 
10A 
11A 

Sec Taps Amps 
2533 -40-50v 15 
25- 33.40 -50v 10 
2533- 40 -50v 6 
25.33á0.50v 3 
4- 16- 24.32v 12 
4- 16- 24-32v 8 
4- 16- 24-32v 4 
4 -16 -24 -32v 2 

24-30 -36v 10 
24-30 -36v 5 
24 -30-36v 2 
12 -20-24v 20 
12 -20 -24v 10 
12 -20 -24v 5 
3.12.18v 20 
3- 12 -18v 10 
3.12 -18v 5 
48- 56 -60v 2 
48- 56 -60v 1 

6 -12v 20 
6 -12v 10 
6 -12v 5 
17 -32v 8 

12 -24v 1 

9-15v 2 
8-0-8v 2 

Price 
E15.60 
£13.25 
£9.60 
£8.25 

£11.26 
E8.75 
£5.25 
£3.86 

E10.00 
E8.25 
£3.85 

E13.25 
£8.25 
£5.25 

E11.25 
E7.75 
E4.95 
E4.95 
£3.85 
£8.50 
£5.25 
£3.85 
E8.50 
E2.70 
E2.70 
E2.70 

Postage 
£1.00 
E1.00 

85p 
85p 

£1.00 
85p 
65p 
60p 
85p 
65p 
60p 

E1.00 
85p 
65p 

£ 1.00 
85p 
65p 
65p 
60p 
65p 
65p 
60p 
85p 
50p 
50p 
50p 

PARMEKO ISOLATION 
TRANSFORMERS 

Pri. tapped 115- 200 -220 -250v + or - 5% 
and 10% sec. 115v 13-5A. Very conservati 
vely rated. Metal shrouds. Table top 
connections. Size 11 X 9% x 8 inches 
£35.00. Carr, E3. Pri. tapped 200.220 -240v 
+ 10 %. Sec. tapped 90-100-110.120v 7.5A. 
Very conservatively rated. Metal shrouds. 
Table top connections. Size 8 x 8 x 7 inches 
E20.00. Carr. E2. 

HEAVY DUTY UNSHROUDED TYPES 9 INCH FLYING 
LEADS ALL PRIMARIES 240v 

Type No Sec. Volt 

1 24 -30 -35 
2 12 -20-24 
3 3.12.18 
4 6 -12 

Tap Amps 

20 
30 
30 
50 

Price 
£16.75 
£15.75 
£1 5.75 
£16.76 

Can 
E1 25 
E1.25 
E1.25 
E1.25 

CENTRE TAPPED L.T. TRANSFORMERS 
Fully shrouded. Terminal block connections Pri 220 -240v. Screen, Tapped 
sec. 30 -25- 0.25 -30v 2 amps £4.95, arc. bop. 36- 25 -0-25 -36v 5 amps £0.95, art. 85p, 28-0.28v 10a E12.60, art. E1. 

I 

PLEASE ADD 8% V.A.T. TO ALL ORDERS INC. CARR 

HIGH VOLTAGE WORKING 
L.T. TRANSFORMERS 

Pri. tapped 200- 220.240v. Sec. tapped 
4-5 -6.30. 12A and 2.5v. 35A. 10Kv ACwkg 
Open type Terminal connections E10.00. 
Cart. E2. Gardiners encapsulated type. Pr, 
230-240v. Sec. 2 -0 -2v 11A 25Kv DC wkg 
Eó.60. Can El 50 Parmeko potted type pn. 
110v -200- 220 -240v sec. 2.5- 0 -2.5v 30A 
twice 5Kv wigs E8.50. Carr. E1.50. Pri. 
115-200-220-240v sec. 2 -0.2v 24A and 6.4v 
054 E6.00. Carr E1 

3 PHASE TRANSFORMER 
100.105.110.200.220.240v. Sec. 12v 

85A 3ph built in metal case Size 14 x 15 x 
8'h inches One only C25.00, ax- warehouse. 

TEC. HEAVY DUTY AUTO 
TRANSFORMER 

Input 240v. Output 150v 4K. Site 9 x 81/2 
X 7 inches. Terminal block connections 
£15.00. Exwerehouse. Isolation type. Pri. 
240v Sec. topped 265.270-275v, 1400 
watts Size 8 x 8 x 7 inches Terminal block 
connections £20.00. cary E3 

4 
WODEN MULTI- TAPPED L.T. 

Pri 200-n0-240v 
TRANSFORMERS 

Aseparate windings 
31v 7A 26v 5A 16v 4A. 16v 4A. 25v 2A. 
25v 2A open frame type. Table top 
connections £8.50. cary El 50 

H.T. SMOOTHING CHOKES 
Gresham Potted type. 9H 500M /A 5Kv 
working. Sue 9e8e8 inches E8.50, arc. E2. C 
Core types 10H 350M /A E3.10, Parr. El. 
20f 180M /A E2.60, can. 75p. 5H 180M /A 
E1.75, P.P. 50p. Potted types 15H 180M /A 
f2.00, Part. 75p. 10H 250M /A £2.00, carr. 
75p. 20H 40M /A 75p, P.P.25p. Parmeko 
Poned type 10H 180M IA C2.00, cart. 50p. 

PARMEKO L.T. TRANSFORMERS 
Open types. Pri. 110 -220 -240v. Sec. 30v 5.5 
amps and 12v 2.2 amps. Table top 
connections, £4.96, P.P. 75p. Pri. 240v. Sec, 
26v 10 amps and 12v 0.1 amps. Table top 
connections, £6.60, P.P. 75p. Potted types. 
Pri. 115.230v. Sec. 24- 30 -32v 2 amps, 
£2.76, P.P. 35p. Ph. 220 -240v. Sec. 50v0.4 
amps. E1.60, P.P. 35p. Pri. 115.230v tapped 
40-45 50v 5 amps. £6.60, P.P. 75p, Pri. 
115 -220 -230u. Sec. 6,6v twic5, and 5v 6A 
£4.75. Cart. 754. Pri. 110-220-240-250v.. 
Scr. Sec. 2 -0-2v 24 amp, 6.4v 0.5 amp, High 
voltage insulation E5.60, carr. E1.25. 

GREIRAW 
E.N.T. TRANSFORMERS 

Pri. 240v. Sec. 2300 M /A. 6.3v. 1.5A. Table 
top connections. Size. 5x3114 x3% ins. 
£3.00. Carr. 50p. 

L.T. CENTRED TAPPED 
TRANSFORMERS 

Pri 117220 -240v sec. 28 -0 -28v 3A 
30ß30v 100M /A 6v IA open type. Size 4 
x 294 X 3'A inches E3.00. P.P. 65p. Pc 
115 -200- 220 -240v sec 18v 2A. Twice open 
type 336 x 254 X 3'h inches £2.00 P P 

50p 

FERRANTI H.T. TRANSFORMERS 
Encapsulated type. Pc 200-220 -240v Sec 
6500 -650v 277M/A. 6.3v 5A 6.3v 2A 5v 
4A. Size 6% x 5% X 5 inches E7.60, cary 
E1 50. 

L.T. TRANSFORMERS SY 
FAMOUS MAKERS 

No 1 GARDNERS Ported type. Pris 220 -240v 
Scr. Sec. 24v in one volt steps. 4 amps E4.96, 
P P 75p. No. 2 Pri. 220 -240v. Scr. Sec. 24v 

1 Amp and 24v 0.75 amp £3.00, P.P 75p. No. 
3 Pri. 110.220.240v Scr. Sec. tapped 
4.3- 5.3.6.3v- 10- 12- 22- 24 -26v 1 amp and 
55c 1 amp £3,26, P.P. 75p. No. 4 Pri. 
115 -220 -240v Scr. Sec. 4-5v 10 Amps. 
Intermitted E1.60, P.P. 35p. No. 5 OPEN 
TYPES Pd. 110- 220.240 Scr. Sec, 17.0 -17v 
1.2 amps and 36v 50th /A. No. 6 Pri. 
220240v Scr. Sec. 55v 1/2 amp E2.00. P.P. 
50p. C. Core Table Top connections. No. 7 PH. 
220-240v. Sec. 2.65 -0-2.65v 42 amps 
E4.50, P.P. 75p. No. 8 Pri. 110 -220v. Sec. 
2.5v 10 amps and 2.5v 5 amps twice £3.10, 
P.P. 75p. No. 9 Pri. 220 -240v. Sec. 24v 3 
amps £3.00. P.P. 50p. No. 10 pn. 220 -240v. 
Sec 25 -0-25v 154111/A and 7v 1.35 amps 
E1.76, P.P. 25p. No. 11 Pri. 220 -240v. Sec. 
36v 350M /A E1.00, P.P. 25p. No. 12 Pri. 
230v. Sec. 125-0-1.25v 10 amps £2.00, 
P.P. 35p. 
HILGER AND WATTS. Pri. 
200- 210220230240- 250 -270 -32D Scr. 
Sec. 12v 17A open type. Terminal connec- 
tions. E6.95, carr. E1. Well known makes. 
Open type. Terminal block connections. No. 1 

Pri. 110205- 220 -235v Su. Sec. 12v 2.2A 
and 12v lA and 200v 35M /A E2.00, P.P. 
50p. No. 2 Pri. 112 -205. 225 -245v Scr. Sec. 
17v 2A and 6.3v 0.5A £1.76, P.P. 50p. No. 3 
Pri. 220 -240v See. Sec. tapped 30 -31 v 3A 
(2 .50, P.P. 50p. No 4 Pri. 110220 -240v 
Sc, Sec. 1 3v 100M /A and 6.3v 4A and 160v 
80M/AE2.0O.P.P 50p 

GEC L.T. TRANSFORMERS 
Pri. 220 -240v. Sec. tapped. 
51- 61- 65- 67 -69v. 10A. Unahrouded terminal 
block connections. E5.76. Carr. £1.25. Pri. 
220 -240v Sec tapped 58- 63.69.74v 3A 
E3.75. Carr 75p 

POTTED H.T. TRANSFORMERS 
BY FAMOUS MAKERS 

No 1 Pri. 110-220-240v. Scr. Sec. tapped 
408. 200ß200 -408v. High laps 165M /A 
Low taps 500M /A E11.50, art. E1. No. 2 Po 
115- 220 -240v Scr. Sec. 400- 0 -400v 
40OM /A £6.76, Carr. £1. No. 3 Pri 
115- 220 -240v Scr. Sec. 350- 0 -350v 
200M /A, 6.3v 6A, 5v 3A £4.60, cary. E1 
No 4 Pri. 115- 220 -240 Scr. Sec 
330- 0-330v 200M /A 6.3v 04, 5v 3A 
E4.00, arc. £1. No 5 Pri. 220-240v. Sec. 
2500 -250v 320M /A, 0.3v 10A £4.60, arc 
E1. No. 6 Pri. 110-220-240v Scr. Sec. 1875v 
60M /A and 500v 31M /A 08.00, Carr. E1. 
No. 7 Pri. 110 -220 -240v Scr. Sec. 230v 
200M /A, 6.3v 7A E3.00, can. 75p. No 8 
Pri. 220-240v Scr. Sec. 250-0 -250 75M /A. 

6 3v 2A. 6.3v 1A, 6,3v 1A E3.00, art. 75p 
No 9 Pri. 220 -240v Scr. Sec. tapped 
170 -180- 190 -200- 210 -220- 230 -240v 
175M /A, 6.3v 3A. 6.3v 2A, 6.3v 2A £3.75, 
cart 75p. No 10 Pd. 220 -240v. Scr. Sec 
2500 -250v 100M /A. 6 3v 3A, 6 3v 3A 5v 
2A E3.00, can 75p 

L.T. SMOOTHING CHOKES 
C core type 15 M/H 3.8A E2.00, P P. 50p. 
50M /H 2.5ÁE2.00, P.P. 50p. 12 M/H 7A 
E3.00, P.P. 60p. 140 M/A 140 M/H 5A 
E3.60. Carr. 85p. 10 M/H 25A. E8.76. Carr. 
E1.25. Open type top panel connections. 4.8 
M/H 10A £3.00. P.P. 50p. Potted type 100 
M/H 2A E3.10. P.P. 75p. C core swinging 
types 7.5 M/H 6A -75 M/H 0.5A £3.96. P.P. 
75p. 10 M/H 4A- 100 M/H 0.5AE3.0o, PP 
50p SOM/HSAIOOM /HO5AE2.75.PP 

150p 
AEI AC 240V CONTACTORS 

Type LS6- L11 -02. 2 make, 2 break contacts, 
20 amps E1.25,PP 20p Type LS6.L11.01, 

3 make. 1 break contacts E1.25. P P 20p. 

GENTS ALARM BELLS 
6 voll DC 6 inch dia Gong Overall sue 
41/2 x6 x6 inches E3.50. P P 50p 

VIM 

SMITHS CLOCKWORK 
TIMERS 

30 ms D P 15amp 250v switch contacts 
Overall size 2in dia x 2 thin Less control 
knob 79p. P P 25p 

I 

ITT LEVER SWITCHES 
Type 661 AA0 72 -42 4 CO contacts overall 
sire l'' /, x 2 x !/t ins White lever gold flash 
contacts 60p. Three for £1.50, post paid 

ALL MAIL ORDER BY 
RETURN, C.O.D. SERVICE 

WELCOME 
C. T. 

We are open from 9.30 a.m, -6.00 p,m., Monday -Sat 

All mail order and enquiries to 270 Acton Lane, Chiswick, London W4 

ELECTRONI 

SEMICONDUCTORS 
AA/12 25p BC183L 12p 
AC107 35p BC184 12p 
AC125 25p. BC184L 12p 
AC126 25p BC185 35p 
AC127 25p BC186 27p 
AC128 26p BC212 12p 
AC176 25p r")12t. 14p 
AC187 27p BC213 12p 
_AÇ18Q 279 BC213L 12p 
ACY17 26p, BC214 14p 
ACY18 26p'. 8C214L 15p 
ACY19 25p 14C238 15p 
ACY20 25p BC239 15p 
ACY21 26p BC300 30p 
A0140 605 8C301 30p 
AD142 80p BC302 30p 
AD161 46p 90303 40p 
A0162 46p BCY31 55p 
AF114 26p BCY32 95p 
AF115 26p BCY33 Bop 
AF116 26p BCY34 85p' 
AF117 25p BCY38 85p 
AF118 50p BCY39 95p 
AF124 30p BCY55 £1.50 
AF239 50p BCY70 20p 
6A102 30p BCY71 20p 
BA112 50p BCY72 20p 
BA114 16p .80121 75p 
04155 lip BD123 85p 
BA156 16p BD124 70p 
BC107 13p BD131 40p 
BC108 12p BD132 50p 
BC109 14p 130135 50p 
BC109c 16p 00136 50p 
BC113 13p 00139 75p 
BC114 13p BD140 lip 
BC115 15p 130153 50p 
BC116 15p BD156 80p 
BC117 20p BDY17 £1.50 
BC118 15p BDY18 E1.75 
BC119 30p BDY19 E1.90 
BC143 25p BDY20 E1.20 
BC147 12p 0E152 20p 
BC148 12p 8F166 30p 
BC149 12p. 
BC149c 14p 
BC157 14p 
BC158 14p 
BC159 16p 
BC167 14p 
BC168 14p 
BC169 14p 
BC169c 15p 
BC172 13p 
BC182 ljg 

.8C182L 12p 
BC183 12p 

13F13Ú 36p- 
6E194 18p 
0E105 l8p 
6E196 18p 
8F197 lBp 
0E200 35p 
8E224 18p 
13F244 18p 
8E245 45p 
;BF259 55p 
'BFX29 30p 
BFX34 30p 

8E585 
BFX86 
BFX88 
8E510 
0E544 
8E550 
0E551 
6E551 
8E552 
6E553 
8E590 
BSV45B 
BSV 68 
BSW63 
B5W68 
85X21 

30p 
30p 
30p 
35p 
50p 
25p 
25p 
25p 
25p, 
25p 
65p 
85p 
40p 
65p 
sop 
2sp 
20p. 

135164 65p 
15100 15p 
15103 15p 
MJ340 50p 
MJ461 95p 
MJ2801 E1.25 
MJ2901 E1.95 
MJE340 5op 
MJE370 75p 
MJE371 90p 
MJE520 65p 
MJ2955 £1.20 
MJE3O55 75p 
MM1613 45p 
MM1712 60p 
MPF102 45p 
MPF103 
(2N5457) 35p 
MPF104 
(2N5458) 35p 
M PF 105 
(255459) 40p 
0A47 1op 
0A70 10p 
0A79 10p 
0481 lOp 
0A90 lop 
OA91 l0p 
0A200 lOp 
04202 lOp 
0A210 35p 
0A211 35p 
OM 90p 
0C19 85p 
OC22 55p 
0C26 65p 
0C28 60p 
0035 BOp 
0C36 65p 
0C42 40p, 

0044 
OC45 
0070 
OC 71 
0072 
0075 
OC 76 
0077 
0081 
0083 

.0084 
0C139 
0C170 
0C171 
OC200 
00201 
OC202 
TIP29A 
TIP30 
T1 P31 A 
TIP32A 
TIP33A 
TIP34A 
TIP35A 
TIP41A 
TIP42A 
TIP42A 
TIP298 
TIP30B 
TIP31 B 
TI P32 B 
T1P338 
TIP348 
TIP35B 
TIP358 
TI1'368 
TIP418 
TIP428 
TIP29C 
TIP30C 
TIP31 C 
TIP32C 
TIP33C 
TI P34C 
TIP35C 
TIP38C 
TIP41C 
11 P42C 
TIS50 
ZTX 107 
2TX300 
ZTX500 
7TX 501 
21X504 
ZTX531 
51X550 
15659 
15914 
15916 

20p 
25p 
15p 

20p 
26p 
25p 
40p 
25p 
25p 
25p 
30p 
26p 
30p 
g0p 
8 
76p 
46p 

p 57p 
69p 

£1.00 
£1.40 
E3.20 

70p 
86p 
85p 

60p 
66p 
77p 

£1.00 
£1.82 
£1.62 
E2.71 
£3.50 

7/p 
95p 

72 P 
w P 

E7.00 
£1.20 
E1.80 
E3.00 
E3.70 

90p 
E1.00 

40p 
15p 
15p 
16p 
2op 
50p 
30p 
25p 
8p 
8p 
S p 

IN4UU1 
154002 9p 
IN4003 9p 
154004 lOp 
154005 126 
154006 14p 
154007 16p 
1N4148 7p 
25696 25p 
25697 25p 
25698 25p 
2N706 12p 
2N706A 14p 
2N708 15p 
25929 22p 
2N930 20p 
251132 25p 
2N1302 3Op 
2N1303 30p 
251304 30p 
2N1305 30p 
2N1306 30p 
251307 3op 
2N1308 30p 
-251309 30p 
2N1613 3Op 
251711 30p 
251890 80p 
252146 15p 
2N2147 90p. 
2N 218U 80p' 
252217 25p 
2N2218 25p 
252219 25p 
252222 20p 
2N2222A 25p 
2N2306 70p 
2N2369A 50p 
252477 30p 
252646 50p 
252846 £1.56 

BP 2N2904 25p 
2N2905 30p 
252906 25p 
2N2907 25p 
252926 13p 
2N3053 26p 
2N3055 50p 
2N3232 £1.35 
3N3442 [1.29 
253525 E1.10 
2N3553 £1.40 
253643 30p 
253702 12p 

.2N3703 12p 
-.N3704 12p 
253705 12p 
2N3706 12p 
253707 12p 
3N3708 14p 
2N3709 14p 
3N3771 E1.50 
2N3772 1.60 
2N3792 £1.80 
2N3794 30p 
2N3819 35p, 
253820 56p 
`2N3823 70p 
2N3866 85p 
2N3904 22p 
2N3905 25p 
2N3906 25p 
2N4014 80p 
254036 82p 
2N4037 14p 

12N4058 14p 
2N4059 14p 
2N4060 12p 
2N4061 12p 
254062 12p 
2N4126 18p 
2N4286 26p: 
2N4287 25p' 

27pí 
2N4289 30p 
.2N4290 25p 
2N4291 32p 
2N4302 45p 
2N4444 E1.00 
2N4871 35p 
2N4903 E1.80 
254919 90p 
2N5063 E1.30 
2fí5191 96p 
2N5192 £1.20 
255194 E1.10 
2N5195 E1.40 
2N5245 48p 
2N5296 55p 
2N5298 ó0p 
2N5457 35p 
2N5Á58 35p 
2N5459 40p 
2N5485 65p 
2N5490 gyp 
2N5555 85p 
255777 40p 
256027 45p 
256028 45p 

-TOS VOLTAGE REGULATORS 
L005 5V 65OrnA 
L036 12V 600mÁ 
L037 15V 450,nA E1.60 ee 

BRIDGE 
RECTIFIERS 

W02 lA 200v 38p 
85164 1 4A 200V 

57p 
MDA952/2 6A 

100V SOo 
2ENER DIODES 

8Z588 Series 
40omW 

3.3V -33V, 5% tip 
1.5W range 25p 
10W range 45p 

LE -D. 
TIL20938p 
HP5082 28p, 
MA2082R 20p 

L.D.R. 
ORP12 60p 
NE555 Taner lOp 
BNC PLUGS at 351; 
each 
UHF (N) PLUGS at 
50p each 

UHF VSWR probes 
a UHF 

'tanmitters E6 each 
+ 8 %VAT 

'All the above am new 
in original packets. 
Please add 8% VAT 
P &P 30p 
GToflOM ETERI 
Linear or Log 
Rosary Pots 
Rotary Switched 

Sergle Double 
17p 45p 
25p 

CS 
urday 

5DG. Tel: 
LINEAR I,C.. 

LM304 Neg Voltage 

LM3 9K 5V. 1A,, 
Vohage Reg. 

£2.20, 
LM 723C 2.37V. 

150mA 
Voltage Reg. 

£1.06, 
MFC4000 250mW 

Audio 75p. 
TBA800 SWan 

Audio 99p 
7090 Op Amp 

D.I.L. /7099 35p I 
741C Op Amp 8/14 

DALE. /7099 35p 
747C Dual Op 

Amp E1.20 
7480 Op Amp 

D.I.L. 75p 
2N414 Radio I.0 

E1.25 
TAD100 Radio I.C. 

inc. Filter £1.90. 
CA3014 E1.55 
CA3018 E1.00 
CA3028 E1.20 
CA3036 E1.00 
CA3046 95p 
CA3048 E2.35 
CA3075 E1.60 
CA3089E £1.90 
CA30900 E4 85 
MÇ1303L E2.20 
MC1310P E2.80 

,SN76023N 5 wat 
Texas IC £1.60 

SN76660 ED 
TBA120 65p 

Unless otherwise stated all prices are exclusive of 
VAT. Please check whether the goods you are 
ordering are 25% or 8 %. Carriage. orders under 
£5 please add 33p. Orders over £10 post free in 
U K. only This to be at our discretion 

01 -994 6275 
** SPECIAL OFFERS ** 

MINIATURE MAINS TRANSFORMER. PRI24OV. 
SEC. 12V 100Ma Manut. Hinchley Sae 36 a 45 a 

'40mm. F C 53mm. 
Price 1.85. 100 110p ea 1,000 50p a.. 10.000 40p 
es. 8 %VAT. 
MINIATURE MAINS TRANSFORMER. Primary 
115/240v Sec. 18v/250 Ma at 80p a.. + VAT & 
postage 33p. 8% VAT. 
NULLARD POT CORE TYPE FX2241 d SOp s.. + 
33p pp. 8 %VAT. 
24V O.C. SOLENOID by MAGNETIC DEVICES 60p 
each 2'h long a % s %in. + 8% VAT. 
240VAC. SOLENOID. Reversible operetion; twin 

Sim approx. 2% x 1% e l %in. 90p. 
30 unmarked OC71 transistors E1.00 
25 Unmarked 250mW Zener diodes, 4.7V, 5.1V, 
6.2V, 7 5V. 9.1V, 10V, Measured and tested E1.00 
Please stage voltage required. 
50 GE Diode 0A47 equivalent E1.00 
80F 600V WKG PAPER CAPACITORS, deal for 
Strobe Constructors £1.50 each + 8 %VAT + 33p 
post. 
Many other velues of PAPER CAPACITORS in stock. 
Phone for details. 
JACKSON AIRBPACED CAPACITORS ro suit ',Lin. 
spindle: 

100pF Two Gang at 55p + 25% 
500pF Two Gang at 76p + 25% 

MULLARD TUBULAR CEREAMIC UHF TRIM- 
MERS (PROFESSIONAL) 

Type 092 08 -2.2p 

) 
801 0.8 -2.2p Price lop ea. 
991 0.5 -1.3p 

25% VAT, QTY. DISCOUNTS: 12 +10 %; 25+ 15 %; 100+ 20 

** SPECIAL OFFERS ** 
M ULTICORk CABLE. 10 way 14/0076 +Screen at 70p per yard +postage by 
weight. 
MULTICORE CABLE. 25 -way, intliwduelly 
screened. 14/0076. E1.00 per yard +VAT. 
Postage by weight. 
3 CORE PVC INSULATED MAINS CABLE. 
GREY ML6650. 3x7 /0.2mm. Price 
100 m E4.ú0. 1.000m-E35. 10.000m-E330. 
METAL OXIDE RESISTORS TR4 /6 /6 in 
sock. All values. 1-off price 3p each. Discount on 
quantity 

10 TURN TRIMPOTS by Bourns, Mec. Painton. 
All values in stock. 50p each. Discount on 

KOKUSAI MECHANICAL FILTER. 455 Kc/ S. 
6 Kc /S overall. Ideal for A £5 each INC VAT. 
Postage 33p each. 

TRANSFORMER 240V A C. Primary 
.1185-0-1185V at 360Ma Secondary £12 +8% 

VAT +E1.50 postage. 

OMRON OCTAL RELAY 240V A.C. 3P c/o 
75p each +8 %VAT. 

SLEEVINO 2000 pieces approx. sere %" a 

2mm. Price E1 +33p P &P +VAT 8 %. 

c%lquanety. FREE beam short Form lint avmmum..,ae 

METAL BOXES :8% VAT 
ALUMINIUM BOXES IDEAL FOR VEROBOARD 

WITH BASE O P.K. R(NFW$ 
AO/ 236" Long 5" Wide 11/2" high 55p 
AB8 4" 4" 11/2" 55p 
489 4" 21/4" l' /" 55p 
AB10 4" 5'A" 1'h" 55p 
AB11 4" 2'h" 2" 65p 
A812 3" 2" 1" 5op 
A513 6" 4" 2" 77p 
A1314 7" 5" 21/2" 90p 
AB15 8" 6" 3" E1.16 
4616 10" 7" 3" E1.32 
A817 10" 41/2" 3" E1.10 
Á818 12" 5" 3" E1.32 
ÁB15 -17" g'. 3" E1.80 

ALUMINIUM BOXES WITH SLOPING TOP 
PANEL -IDEAL FOR PRE -AMPS, ETC., USING 
SLIDER-CQNTROLB 
A82013" Long 9" Wide 31/2" High at back E2.20 .2 High at front 6" Slope to front 

With P.K. Screws 
AB21 As above but 10" Long E2.20 
ÁB22 As shove but 12" Long E2.60 
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SERVICE TRADING CO 
RELAYS 

1 2 4 

SIEMENS PLESSEY, etc. 
MINIATURE RELAYS 

1 2 3 4 

52 
58 

185 
230 
430 
700 

4-8 2c /o 70p 
5-9 8 c/o 80e 
8-12 6 M 60p' 
9-18 2c /oHD 80p. 
15- 244c/o BOpr 
12 -24 2 do BOW . 

700 
700 

1250 
2500 
2500 
9000 
15k 

16-24 4 M2B 60p- 
16-24 4 c/o 80p 
18-36 2 c/o 60p' 
36-45 6 M 60p' 
31 -43 2 c /oHD6Op 
40-70 2 c/o 60p 
85-110 6 M 60p 

Coil Working 
(*including iPiceHO =Heavy Dut All Post Pald. Base) 

OPEN TYPE RELAYS 
. 6 VOLT D.C. 1 make con. 35p. Post 15p. 

9 VOLT D.C. RELAY 
3c o 5 amp contacts. 70 ohm coil 75p. Post 15p. 

12 VOLT D.C. RELAY 
3 c/o 5 amp contacts. 120 ohm coil 75p. Post 15p. 

24 
HD 700 oh OC D..l c/ Post 

ohm coil 75p. Post 15p. 

2 
4 c/o 300 ohm coil 85p. Post 15o. 

ENCLOSED TYPE RELAYS 
24V D C 3 c/o 75p. Post 15p. Base. 15p 

24 VOLT A 
extra. 

.0 ,g. ITT 3 h.d c/o contacts 55p 
Post 1Fp. 

55 VOLT A.C. 
3 heavy duty c/o contacts. Price 55p. Post 15p. Base 15p. 

100 VOLT A.C. 
2 do sealed type. octal base 75p. Post 15p. Base 15p 

240 VOLT A.C. RELAY 
240V. A.C. heavy duty 3 do contacts. 
Price 75p. Post 15p. Octal base 15p extra. 

220/240 VOLT AC RE LAY 
3 c/o 5 amp cont. Sealed M,f,g. ISKRA. £1.25. Post 15p 
Base 15p extra. 

ARROW 230/P40V AC 2 c/o 15 amp contacts 
Amp connectors E1.00. Post 15p. 

110 VOLT A.C. 2 c /o. 20 amp. £1.25. Post 15p. 

CLARE- ELLIOTTVPe RP 7641 G8 
Miniature relay. 675 ohm coi . 24 volt D.C. 2 c'o. 70p. P.P 

MANY OTHERS FROM STOCK, PHONE FOR DETAILS 

I 

PRECISION CENTRIGUGAL 
BLOWERS 

Mfg by Smiths Industries 
Miniature model. Seses SF/ 200. Sae 95mm a 82mm a 82mm Aperture 
38mm x 31mm t2 c .m. £2.75 Post 25p. 

Mfg. by Airflow Developments Ltd - 

Precision made, continuously rated. smooth running 230/ 240v A C 

motor 80 c.f.m. As illustrated but with round aperture. E8.50. Post 50p 

Mfg. by Woods 
Extremely powerful 220/250v A C 0 3 amp 2,700 r p m continuously 
rated Capacitor Stan Cast construction Aperture 66mm . 50mm 0 
200mm E12.00. Post 1.1 00 

230V FAN ASSEMBLY 
Continuously rated, removable aluminium 
blades. Price E1.26. Post 25p. 
VAT 25% 

SUB -MINIATURE REED RELAY 3-9 VOLT D.C. mn ohm rail 

Single make. sue i'A" K 14" x 54" 

OUTSTANDING VALUE ONLY E1.00 for s 
x £1.50 for ten. Post 15p. (Min. order six). 

LATCHING RELAIE 
Twin latching relay. 'flip -flop' 2c /o each relay 

Mains contacts. t 1 5 volts A.C. or 50 volt D C 

operation or 240 volts A.C. with 2.5K resistor. 85p. 
Post 15p 

COIN MECHANISM (Ex- London Transport) 
Unit containing selector mechanism for 1p. 2p 8 5p corns 

Micro switches. relays. solenoid-operated hopper 24 volt D.0 
Precision built to high standard, Incredible VALUE at only 

£2.50. Post 70p. VAT 25 %. 

230 -250 VOLT A.C. SOLENOID 
Similar in appearance to illustration. 
Approximately 11 lb. pull. Size of feet 1r 

1 ,6" Prece E1-00 Post 153 

SOLENOID HEAVY DUTY MODEL 
230/ 250v A.C. Approx 1 415. pull, 4" long x 2%" wide x 3" 
high. £2.50. Post 30p. 

24 VOLT DC SOLENOIDS 
UNIT containing 1 heavy duty solenoid appro, 25 Ile pull 

at 1 in. travel. 2 solenoids of approx. 1 lb. pull at j in. travel 
6 solenoids of approx. 4 oz, pull at l in. travel. Plus 1 24V D.0 
1 heavy duty 1 make relay Price £2 50 Post 75p ABSOLUTE 
BARGAIN. 

600 WATT DIMMER SWITCH 
Easily fitted. Fully guarantee by makers. Will 
control up to 600 watts of all lighting except fluor- 
escent at mains voltage. Complete with simple. 
instructions. £275. Post 25p 

1000 wan model £4.00. Post 25p 
2000 watt model £3.00. Post 30p 

ALL MAIL ORDERS, ALSO CALLERS AT 

57 BRIDGIVIAN ROAD, CHISWICK, 
LONDON, W4 5BB. Phone: 01 -995 1560 

Closed Saturdays. 

VARIABLE VOLTAGE TRANSFORMERS 
INPUT 230 v. A.C. 50/60 
OUTPUT VARIABLE 0/260 v. A.C. 

BRAND NEW. All types. 
200W (1 Amp) £10.00 
0.5 KVA (Max. 21/2 Amp) £11.50 
1 KVA (Max. 5 Amp) £16.50 
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) £102.50 
1 Amp OPEN TYPE 

(Panel Mounting) £10.00 

Carriage extra 

LT TRANSFORMERS 
O. 6 12 volt a 10 amp £5.60 Post 70p. 

O. 10. 17. 18 volt e 10 amp. £7.90 Post 70p. 

O. 6. 12 volt ii 20 amp. £9.00 Post 70p. 
O. 12 24 volt n 10 amp. 09.20 Post 70p. 

O. 4. 6 24. 32 volt n 12 amp. £9.90 Post 70p 

O. 6. 12, 17. 18. 20 volt a 20 amp. £10.40 Post 70p. 

Other types to order at short notice - Phone your enquiries 

AUTO TRANSFORMERS 
Step up step down o- 1 15 200 220240 volts. 
At 75 watt £2.84 Post 40p. 150 watt £3.50 Post 50p. 300 watt 
£6.20 Post 60p. 500 watt £9.20 Post 75p. 1000 watt £12.00 
Post 90p. 

STROBE! STROBE! STROBE! 
* FOUR EASY TO BUILD KITS USING XENON WHITE 

LIGHT FLASH TUBES, SOLID STATE TIMING + 
4t TRIGGERING CIRCUITS, PROVISION FOR EX- * 

TERNAL TRIGGERING. 230 -250v. A.C. OPERATION. 

* HV.LITE STROBE Mk IV 

. Designed for use in large rooms. halls and utilizes a silica tube 

printed circus. Speed adjustable 1.20 f.p. s. Light output grease 

* than many (so relied 4 Joule) strobes. Price £14.00. Post 500. 

* RANGE OF THREE OTHER STROKE KITS FROM STOCK. * 
FROM £6.30 to £22.00 S.A.E. (Foolscap) for details. 

4( BIG BLACK LIGHT 
400 Watt. Mercury vapour ultra Violet lamp 

K Extremely compact and powerful source of u.v. 

Innumerable industrial applications also ideal for 

* stone. display. discos etc. P.F. ballast is essential 
with these bulbs Price of matched ballast and bulb 

£21.00. Post £1 Spare bulb E8.00. Post 40p 
* * * * * * ** * * * * * * * * * * * * * * * * * * * ** 

BLACK LIGHT FLUORESCENT U.V. TUBES 
. 4ft. 40 wan E5.50 (callers only) 2h. 20 wan E4.25. Post 40p. * 

(For use m Slats brpin linings(. MINI 12ín. 8 wan E7 .60. Post * 25 a am. a wan £1.30. Post 25p Complete ballast unit and * 
holders fm either 9)" or 12" tube. £1.70. Post 25p. (gin. X 12in 

es appro. I 

4t * * * * * * * * * * * * * * * * * * * * * * * *d* 
* U.D.I. SINGLE CHANNEL. 750 watt * 

MANUAL /AUTO DIMMER 
750Wu Solid State Faller. with three functions. Manual lade; Auto 

fade -up; Auto fade down. Automatic cycling up and down 
Functions selected with 'three postren' rocker switch. Two ranges * of cycling for'Flashing' or'Slew blending'. Ready built module 6" 

*x 3" glass fibre board incorporating 10 amp TRIAC. Two or more * 
modules for top quality colour blending and fleshing effects. * PRICE £16.00. Post 45o 

* 4 * 4 * * * * * * * * * 4 * 

SQUAD LIGHT 
A new conception in light 
control Four channels each 

capable of handling 750 watts of spotlight s. noodliyhts, or 

dozens of small mains lamps. Seven programs all speed controlled 

Plus flash modulation. effectively giving 14 different displays. 

Makes sound -to -light obsolete. Completely electrically and 

mechanically noise free. Can be used on same circuit as radio 

mikes or sensitive amplifiers. A whole new range of lighting effects 

possible with astounding results. Already on use in London's 

foremost theatres. night clubs and discos. Conforms to all R. F.I 

tests. including Common Market regulations. Supplied in tough. 

well designed case with embossed front panel Price only £80.00. 
Post 60p S A E 

1 

Foolscap) for further details 

'GENTS' 6" ALARM BELL 
200/250 volt AC DC Brand New. Price 

£5.00. Poet 60p (Illus.) VAT 26% 

'STC' 6" RED ALARM BELL 
Brand New. Price £4.00. Post 50p. 24/48V DC. VAT 25% 

INSULATION TESTERS (NEW) 
Test to I.E.E. Spec. Rugged metal con- 
struction, suitable for bench or field 
w irk, constant speed clutch. Size L. 8 in., 
W. 4 in., H. 6 In., weight 6 Ib. 
500 VOLTS. 500 megohms £30.00.. 
Post 80p. 
1000 VOLTS 1000 megohms £35.00. 
Post 80 

VAT VAT AT 8 °o 

MUST BE ADDED 

TO ALL ORDERS 

FOR THE TOTAL VALUE OF GOODS INCLUDING 

POSTAGE UNLESS OTHERWISE STATED 

METERS NEW 
94nm Diameter. 
Type 65C5. 2A D.0 M /C, 5A D.C. M /C. 10A D.C. M /C, 
20A D.0 M /C; 50A D.C. MIT 
Type 6272. 1A A.C. M /I: 20A A.C. M /I; 300V A.C. MIL ALL ABOVE 
E2.50. Post 20o 

ype65L5. 300V A,C. R /M /C. E2.75. Post 20p 

a63 

64mm e 8ómm RECTANGULAR 
Type85C1 5ADC.M /C.20AnC. M/r 
Type 85L1.5AA.C. R /M /C: 10A A. C. R /M /C: 300VA.0 R /M /C; All 
at £3.00. Post 2Op 

'CARTER 230 VOLT A.C. 
GEARED MOTOR jF` 
230. 240 voll A C smooth. powerful. continuously rated I. i 
Two ruts / iom or nOrpm 
Euter type E4 50 pos' 50o- 

REVERSIBLE MOTOR 
General Heroic 230. AC 1.600 r. p.m. 0.25 amp Complete with 
anti vibration mounting bracket and capacitor O /A site 110mm a 95mn, 
Spindle 5 16" ma 20nim long. E.- equipment tested E3.00. Post 50p 

20 r.p.m. GEARED MOTOR 
230 240 volt 20 , p m mot t, £1.00 Post 1511 

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) 28 r.p.m. torque 20 Ib. in. 
Reversible 1 /80th h.p. 50 cycle -28 amp. The above two 
,recision made U.S A. motors are offered in 'as new 
londition. Input voltage of motor 115v A.C. Supplied com- 
plete with transformer for 230/240v A.C. Input. 
Price. either type £5.25 Post 65p. or less transformer £3.75 
Post 5Op. 
These motors are ideal for rotating aerials, drawing cunains. 
display stands, vending machines. etc. etc. 

! 
4/* 

BENDIX MAGNETIC CLUTCH 
A superb example 07 ciectro.mechanicsit The mam 

body is m two sections. The mil section rs fixed and 
has a %ín. sleeve. The drive section rotating on the 
outer perimeters. The uniting plate tres %in. ID 

bearing concentric with main woven and 18 -tooth 
cog wheel. 
When energized trarsmossior is extremely powerful. 24V d c at 240 
MA. OUR PRICE JUST E2.50. Post 30p 

ROTARY VACUUM AIR COMPRESSOR AND PUMP 
Carbon vane, oils -less. 100/ 1 15V A.C.. 1 / 1 2 

h.p motor, 50/60 cycle- 2875 /3450 r.p.m.. 
20" vacuum. 1 25 c f.m., 10 ps i (approx 
figures) 

data Fraction pof maker 
lest. 

s price 
£12.00. Post 50p Suitable trarsformer 
E3.50. Post 50p 

UNISELECTOR SWITCHES -NEW 
4 BANK 25 WAY FULL WIPER 25 ohm coil, 24v, D.0 
operation L6.90. Post 30p. 

BANK 25 WAY FULL WIPER 25 ohm 
coil, 24 v. D.C. £7.90. Post 30p. 
8 BANK 25 WAY FULL WIPER 
24 e. D.C. operation L9.50. Post 40p. 

TIME SWITCH 
Horstmann' Type V Mk II Time Switch. 200/250 volt 
A.C. Two on /two oil every 24 hours. at any manually 
pre -set time. 30 amp contacts. 36 -hour spring reserve 
in case of power failure. Day omitting device. Fined in 

heavy high impact case. with glass observation 
window. Built to highest Electricity Board spec 
individually tested Price £7.75. Post 50p. (Total Mc. 
VAT E8.91 I 

A.C. MAINS 
TIMER UNIT S(", rrr 
Based on an electric clock. with 25 amp. 
single -pole switch. 'which can be preset for d 

any period up to 12 hrs. ahead to switch 
on for any length of time, from 10 mies. to 6 

hrs. then switch off. Ar additional 60 min, audible timer is also 

incorporated. Ideal for Tape Recorders Lights Electric 
3 

Blankets 

etc. Attractive satin copper 135 
60 mm. Price E2.00. Post 40p. ITotal im: VAT A Post £2.59 

PROGRAMME TIMERS 
230)240 Volt A.C. 15 RPM Motors. 
Each cam operates a cio micro 
switch. Ideal for lighting effects, 
animated displays etc. Ex equip- 
ment tested similar rat illustration 
2 cam model 15 r.p:m. E2.00 post 35g 
4 cam model 15 r.p.m. £2,50 post 35p 
8 cam model 20 r.p.m. E4.75 post 40P 

8 cam model. each cam fully adjustable. 6 r.p.m. M,f.g. by 
Magnetic Devices. £7.50 Post 35o. 

4,12 
POWER 
RHEOSTATS 
New ceramic construction, vitreous. 
enamel embedded winding, heavy duty 

brush assembly, continuously rated. 
25 WATT 10 25. 100 150 250 500. tk. 1.5k. 2.5k ohm 

ohm0 £2.10.1 Ppost520p 
WATT 

1001 WATT 151 0 2 5/5001 00 2 50' 

500 1k 1 51C/2.5k/5k ohm £3.30 Post 25p 

Black SllverSkirted knob calibrated in Nos. I -9. I 

in dia brass bush. Ideal for above Rheostats, 22p ea. 

TRIAC 
Raytheon Tag symmetrical Triac. Type TAG. 250/500V. 
10 amp, 500 p.l.v. Glass passivated plastic triac. Swiss 
precision product for long -term reliability. £1.00 Post 10p. 
Incl. data and application sheet. Suitable Mac. 18p. 

SERVICE TRADING O. 
SHOWROOMS NOW OPEN 

AMPLE PARKING 

PERSONAL CALLERS ONLY 

9 LITTLE NEWPORT STREET, 
LONDON, WC2H 7JJ. 

Tel.: 01 -437 0576 
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RST VALVE MAIL ORDER CO. 
16a Weilfield Rd., London, SW16 2BS 
Tel: 01 -677 2424 Telex: 946 708. 

VALVES ECH42 0.85 

AZ41 0.70 ECH83 0150 
CBL31 1.40 ECH84 0.50 
CL33 1.50 ECLSO 000 
CY3I 060 ECL82 0.42 
DAF91 0.40 ECL86 0.55 
DAF96 0.60 ECLL800 
DCC901.35 3.50 
DF91 0.40 EF37A 1.20 
DF96 060 EF39 1.25 
DK91 0.50 EF41 075 
DK92 1.00 EF55 1.50 
DK 96 0.75 EFBO 0.35 
DL92 050 EF85 045 
DL94 0.48 EF86 050 
DL96 0.55 EF89 O35 
DM70 0.70 EF91 040 
DY86ï70.45 EF92 050 
DY802 0.47 EF98 080 
EABC80 EF183 0.40 

0.38 EF184 0.40 
EAF42 070 EH90 0.60 
EAF801 EL33 2.50 

0.75 EL34 070 
EBC33 1.00 EL37 2.50 
EBC41 0.75 EL4I 090 
EBC81 0.40 EL42 1.65 
EBF80 0.40 EL84 0.35 
EBF83 0.40 EL91 1.00 
EBF69 0.32 EL95 
EBL31 2.00 EL360 1.60 
ECC40 100 ELL80 200 
ECC81 045 EM80 0.55 
ECC82 038 EM81 0.60 
ECC83 0.30 EM84 040 
ECC85 0.45 EYS I 0.45 
ECC88 0.50 EY86 045 
ECF80 0.45 EZ40 0.60 
ECF82 0.45 EZ41 0.75 

LZiiO 0.30 
EZ8I 0.31 
EZ90 0.45 
GY501 090 
GZ30 0.66 
GZ32 0.66 
GZ34 0.75 
H63 090 
HL4I DD 

0.70 
HN309 1.50 
KT61 
KT66 

55pp 

KT81(7C5Ì 
1.30 

KT88 3.25 
KTW61 1.50 
KTW621.50 
N78 3.50 
0A2 045 
OB2 0.45 
OZ4 055 
PC86 065 
PC88 0.85 
PC900 0.55 
PCC84 0.45 
PCC89 0.55 
PCC I890.65 
PCF80 0.40 
PCF86 0.65 
PCF801 0.60 
PCF802 0.55 
PC F805 0.90 
PC F806 0.80 
PCF8081.00 
PCL82 0.45 
PCL83 0.70 
PCL84 0.50 
PCL85 0.80 
PCL86 0.50 
PD500 1.50 

PEN45DD UCL83 070 6CD6G 1.60 
075 UF41 075 6C H6 1.50 

PFL200070 UF89 0.50 6E5GT 0.75 
PL36 0.13 UL41 085 6F23 090 
PL38 1.25 UL84 0.50 6150 0.45 
PL81 055 UY4I 0.55 615GT 0.55 
PL82 0.50 UY85 0.45 617GT 0.45 
PL83 0.50 VP4B I26 6K6GT 080 
PL84 0.50 VR75/30 6K7GT 0.35 
PL500 095 0.65 6K8GT 050 
PL504 015 VR105/30 6P25 250 
PL508 0.90 0.40 6Q7GT 0.43 
PL509 1.66 VR /50/30 6SG7 0.50 
PL801 1.00 046 6517GT 0.30 
PL802 121 Y63 125 6SL7GT 
PY32 083 IRS 050 055 
PY33 063 155 0.40 6SN7GT 
PY81/800 IT4 0.40 0.55 

050 3S4 0.50 6U4GT 0.75 
PY82 0.46 3V4 085 6U5G 1.50 
PY83 0.50 5R4GY 1.00 6V6GT 0.60 
PY500 1.10 5U4G 0.55 6X4 0.45 
PY801 0.55 5V4G 0.60 6X5GT'G 
SP41 3.00 5Y3GT 0.65 0.55 
SP6I 0.05 5Z4G 0165 7B6 080 
T41 1.00 6/30L2 0.90 7B7 0.80 
U25 1.00 6AL5 0.30 7C5 1.30 
U26 085 6AQ5 0.50 7C6 1.00 
U191 0.75 6AS7G 1.00 7H7 0.00 
U404 0.75 6AT6 0.60 7S7 2.25 
U801 1.18 6AU6 0.40 7Y4 0.80 
UABC80 6AV6 0.50 2AC6 580 

0.40 6BA6 038 2AD6 080 
UAF42 0.75 6BE6 045 2AE6 0.75 
UBC41 0.00 68H6 0.75 2AT6 045 
UBF80 0.50 66J6 0.75 2AT7 045 
UBF89 0.50 6BQ7A 0.55 2AU6 0.50 
UCC85 050 66R7 1.20 2AU7 0.38 
UCH42 0.10 68W6 1.00 2AX7 0.38 
UCH8I 0.50 60W 1.00 2BA6 0.50 
UCL82 0.40 6C4 040 213E6 0.60 

12BH7 0.90 
30C 15 1.00 
30C 17 1.00 
30C18 0.90 
30F5 1.00 
30FL1 1.00 
30FL14 1.00 
30L15 085 
30L17 0.95 
30P12 1.00 
30P19 0.85 
30PL1 0.95 
30PLI3 1.10 
30PL14 1.10 
35L6GT0.80 
35W4 0.60 
35Z3 080 
35Z4GT0.70 
5005 070 
50CD6G 

1.20 
80 0.75 
807 1.00 
6080 2.50 
6146 3.00 

TUBES 
28P1 4.00 
3BP1 4.50 
3DPIA 4.00 
3EG I 8.00 
3FP7 2.00 
3GPI 5.00 
5BP1 890 
5CP1 5.00 
88D 15.00 
CV429 27.50 
DG7 -5 12.00 
VCR 138 

10.00 
VCRI39A 

L00 

TRANSISTORS & ICs 
AA 119 0.7 8F179 0.33 0C42 0.40 
AAZ13 0.12 8F180 0.36 0C44 0.20 
AAZ15 010 8F181 035 0C45 0.20 
AC107 0.51 8F194 0.10 0071 0.18 
AC126 0.25 _13F195 0.13 0072 0.20 
AC127 0.25 8F197 015 0076 0.30 
AC 128 0.15 8F200 032 0077 0.54 
AC 176 0.25 13F561 025 0081 029 
AC187 0.21 BFS98 025 OC81D 021 
AC188 0.20 BFWIO 081 OC81Z 045 ACY2I 0.22 BFX29 0.21 0083 027 
ACY39 0.78 BFX88 024 OC140 4.14 
AD140 0.50 BFY50 0.21 OC170 -030 
AD149 0.50 BFY51 0.20 0C171 0.30 
ADI61 0.44 BFY52 0.20 0C200 0.54 
AD162 0.44 BR100 0.40I0C201 1.00 
AF115 0.25 BY100 0.27 0C202 080 
AF116 0.25 BY126 0.1410C203 0.56 
AF117 0.24 0Y127 012 OCP71 120 
AF186 0.40 BZX61 series ORP12 0.50 
AF239 0.44 020 ORP60 055 
ASY27 0.33 BZY88 series TIC44 028 
ASY28 0.25 0.10 T1C226D 1.50 
BA 102 0.25 CRSI.05 0.35 TIL209 0.20 
BA115 0.10 CRS I40' 050 ZTX107 012 
BC107 014 CRS3.05 0.40 ZTX108 0.9 
BC108 073 CRS3.40 0.85 ZTX300 013 
BC109 014 MJE340 0.47 ZTX301 014 
BC 113 0.15 MJE370 0.88 ZTX302 0.18 
BC117 0.21 MIE520 063 ZTX304 0.24 
BC143 0.30 MJE2955 1.27 ZTX500 013 
BC 147 010 MJE3055 0.77 ZTX501 0.15 
BC148 0.8 MPF102 040 ZTX503 016 
BCI69C 0.15 MPF103 0.36 ZTX53I 026 
BC182 0.12 MPF104 035 ZTX550 011, 
BC182L 0.12, NKT404 1.00 1N914 005 BCI84L 0.13 NKT404 0.85 IN4001 0.00 
BCY32 0.85; OAS 012 IN4002 0.7 
BCY33 0.38 OA10 040 IN4003 0.9 
BCY34 0.45 0A79 010 1N4004 00 
BCY70 0.10 oA81 0.18 1N4005 0.10 BCY7I 022 0A91 0.7 1N4006 0.12 
BCY72 0.151 0A200 0.08 IN4007 0.12 BCZII 0.65 0A202 0.06 1N4009 0.06 
B D 121 1.00 OC 16 1.00 1144148 006 
BD124 0.65 0C20 2.00 15131 0.13 
BD 131 0.42 0C23 1.25 15921 0.07 
BD132 0.50 0C25 040 IS2033 0.20 
8F115 0.20 OC28 086 1S2051A 0.20 
8F167 0.25 0C15 055 IS2100A 0.20 
8F173 028 0C36 0.60 IS3010 025 

2N696 
2N697 
2N706 
2N706A 
2N 1 131 
2N1132 
2N1302 
2N1303 
2N 1304 
2N 1305 
2N 1306 
2N 1307 
2N 1308 
2NI309 
2N 1613 
2141614 
2N2147 
2N2160 
2N2369A 
2N2646 
2N2904 
2N2904A 
2N2905 
2N2905A 
2N2906 
2N2926 
2N3053 
2N3055 
2N3525 
2N3614 
2N3615 
2N3702 
2N3703 
2N3704 
2N3705 
2N3706 
2N3707 
2N3708 
2N3709 
2N3710 
2N3711 
2N3819 
2N3820 
2N3823 
2N3903 
2N3904 
2143905 
2143906 
2144058 
2144059 
2144060 
2N4061 
2144062 

O.1S 

0.16 
0.12 
0.12 
0.25 
0.24 
0.19 
0.18 
0.28 
0.22 
0.28 
0.28 
0.20 
0.30 
0.21 
045 
0.78 
078 
0.16 
050 
0.20 
015 
0.32 
0.25 
0.20 
0.12 
0.18 
0.45 
0.91 
0.65 
0.65 
0.11 
0.12 
0.14 
0.15 
011 
0.13 
0.07 
0.10 
0.11 
0.11 
0.38 
0.50 
050 
0.15 
0.20 
0.25 
025 
0.15 
0.10 
0.13 
0.13 
0.14 

2N4289 0.30 
3N 141 0.81 
40360 0.40 
40361 045 
40362 040 
40430 0.85 
SN7400 0.16 
SN740I 0.18 
SN7402 0.16 
SN7403 0.18 
SN7404 0.28 
SN7405 022 
SN7406 042 
SN7407 042 
SN7408 029 
SN7409 028 
S147410 0.18 
SN7411 028 
SN7412 0.30 
SN7413 0.30 
SN7416 0.38 
SN7417 0.31 
5147420 0.1S 
SN7422 025 
SN7423 0.37 
SN7425 0.37 
SN7427 0.37 
SN7428 0.40 
SN7430 0.16 
SN7432 0.37 
SN7433 037 
SN7437 0.37 
SN7438 0.37 
SN 7440 0.22 
SN744 IAN 

0.92 
SN7442 019 
SN7450 0.18 
SN7451 OIS 
SN7453 0.18 
SN7454 0.15 
SN7460 0.11 
SN7470 038 
SN7472 0.39 
SN7473 041 
SN7474 0.42 
SN7475 0.59 

SN7476 0.45 
SN7480 0.60 
SN7482 0.17 
SN7483 1.10 
SN7484 1.00 
SN7486 0.47 
SN7490 0.55 
SN 749 IAN 

1.00 
0.70 
0.70 
0.80 
0.80 
0.95 
3.87 
1.89 
0.45 
0.58 
0.86 
0.90 
1.68 
0.50 
0.10 
100 
0.90 
1.26 
1.75 
1.00 
200 
1.00 

SN7492 
SN 7493 
SN7494 
SN7495 
SN7496 
SN 7497 
SN 74100 
SN74107 
SN74110 
SN74111 
SN741 18 
SN74119 
SN74121 
SN74122 
SN74123 
SN74141 
51474145 
SN74150 
SN74151 
SN74154 
SN74155 
SN74156 1.00 
5N74157 0.95 
SN74170 2.62 
SN74174 1.57 
SN74175 1.10 
SN74176 1.21 
514 74190 2.00 
SN74191 2.00 
SN74192 2.00 
SN74193 2.00 
SN74194 1.30 
SN74195 1.10 
SN74196 1.20 
SN74197 1.20 
SN74198 2.77 
SN74199 2.52 

OIL 14 pin 15p 
SOCKETS 16 pin 17p 

INDUSTRIAL 
IB3GT 
1624 
I 035A 
1B63A 
IN21 1 N211 
IN238 
IN23CR 
IX2A 
I X2B 

2A3 
2ASI5 
2C26A 
2C34 
2C39A 
2C43 
2D2 I 
2D21W 
2E26 
2131 
2133 
2350 
2154 
2156A 
2K25 
21(26 
2K 28 
21(45 
2X2A 

3A/107A 
3A/1 08A 
3A/108B 
3A/1 09B 
3A/1 10A 
3A/110B 
3A/146J 
3A/167M 
3A5 
3B/240M 
38/241M 
3B24 
31328 
3829 
3C22 
3C23 
3C24/24G 

.3C45 
3CX 100A5 
3E29 
31/121E 

3J/160E 
31/170E 
3Q/150E 
3Q/195E 
3S4 
3V/3408 
3 V/390A 
3 V/390B 

4-125A 
4 250A 
4 400A 
4832 
4C35 
4CX2508 
4E27 
4.150 
4152 
4152A 
4.153 
4X150A 
4X150D 
4X2508 

5B/251M 
58/252M 
56,'254M 

VALVES 
511 255M 
5B7256M 
5B/257M 
5C22 
5D21 
5R4GY 
5U4GB 
5Z3 
5Z4G 

6AF4A 
6AK5 
6AM5 
6AM6 
6AN5 
6AN8 
6AR5 
6AS6 
6AU9GTA 
6AU5GT 
6AU6 
6AV5GTA 
6AW8A 
6AXSGT 
684G 
6BA8A 
6BK4 
6BK7A 
6BL7GTA 
6BN6 
6BR7 
6657 
6BX7GT 
6BZ6 
6CB6 
6CH6 
6CL6 
6CW4 
6DK6 
6DQ6B 
6EA8 
6F33 
6H6(mela0 
6K7GT 
6U8A 
6V6GT 

11E3 
11E13 
12AY7 
1264A 
12BY7A 
12E1 
12E14 
13E1 
28D7 
29C 
53KU 
7513 1 

75C1 
83A 1 

85A1 
85A2 
90AG 
90AV 
90C1 
90CG 
90CV 
95A I 

00TH 
5082 
5003. 
SOCI 
50C2 
50C3 
50C4 

250TH 
328 
329 

TOSA 
7ISA 
715B 
723A/B 
725A 

801 
803 
805 
807 
808 
811 
81 IA 
812A 
813 
815 
828 
829B 
830B 
860 
866 
866A 
866E 
872A 
881R 
891R 

954 
955 
956 
957 

1625 

2050 
2050W 
2051 

4003A 
4212E or H 
4242A 
4313C 
4328A 
4687 
5544 
5545 

5642 
5644 
5651 
5670 
5672 
5676 
5687 
5696 
5702 
5718 
5719 
5725/ 

6AS6W 
5726/ 

6AL5W 
5727/ 

2D21W 
5749 
5750 
5751 
5802 
5814 
5823 
5840 
5963 
5965 
6005/ 

6AQ5W 
6021 
6057 
6058 
6059 

6060 
6061 
6062 
6063 
6064 
6065 
6067 
6072 
6073 
6074 
6080 
6097C 
6130 
6136 
6189 
6197 
6201 
6202 
6203 
6205 
6360 
6442 
6463 
'6550 
6807 
6923 
6939 

7193 
7203 
7360 
7586 

8013 
8025A 

9001 
9002 
9003 
9004 
9005 
9006 

13201A 

A1834 
A2087 
A2134 
A2293 
A2426 
A2521 
A2900 
ACTO 
ACT9 

BIC IE 
BS90 
65156 
BT5 
8T35 
BT45 
BT79 
BT83 

CIC 

CV5 
CV25 
CV26 
CV28 
CV3I 
CV32 
CV45 
CV53 
CV73 
CV74 
CV85 
CVI18 
CV121 
CV124 
CV12R 

C V131 
CV 132 
CV133 
CV 135 
CV 136 
CV 137 
CV138 
CV 140 
CV 144 
CV160 
CV173 
CV 187 
CV 188 
CVI90 
CV220 
CV261 
CV273 
CV284 
CV286 
CV287 
CV315 
C V 329 
CV337 
C V 342 
CV345 
CV354 
CV359 
CV360 
CV371 
CV372 
CV378 
CV391 
CV 395 
C V 397 
CV428 
CV434 
CV447 
CV449 
CV466 
CV469 
CV488 
CV491 
CV 492 
CV493 
CV717 
CV808 
CV 1072 
CV 1076 
CV 1092 
CV 12I9 
C V 1343 
CV 1475 
CV 1476 
CV 1477 
CV 1478 
CV 1794 
CV 1480 
CV 1481 
CV 1482 
CVI787 
CV 1832 
CVI833 
CV 1835 
CV 1994 
CV2000 
CV2131 
CV2154 
CV2155 
CV2160 
CV2179 
CV2235 
CV2237 
C V2238 
CV2253 
CV 2289 
C V 2520 
CV2522 
C V 2721 
C V 2901 
CViS_3 

C V 3986 
C V3988 
CV3991 
C V 3998 
CV4001 
CV4002 
CV4003 
CV4004 
C V4005 
C V4006 
CV4007 
CV4008 
C V4009 
CV4010 
CV401I 
CV4012 
CV4013 
CV4014 
CV4015 
CV4016 
CV4017 
CV4018 
CV4019 
CV4020 
C V 4022 
CVd023 
C V 4024 
CV4025 
C V4028 
CV4033 
CV4035 
CV4038 
C V4039 
CV4040 
CV4056 
C V4059 
C V4060 
CV4062 
CV4063 
CV4064 
C V4079 
CV4501 
CV4502 
C V4503 
CV4504 
CV4507 
C V 4508 
CV5060 
CV6004 
C V6008 
CV6045 

DA30 
DÁ41 
DA42 
DA 100 
DET22 

E55L 
E8OCC 
E8OFC 
E8OF 
E8OL 
E80T 
ES ICC 
E81L 
E82CC 
E83CC 
E83F 
EB8CC 
E9OCC 
E9OL 
E9IH 
E92CC 
E 1 80CC 
EA50 
EA52 
EA76 
ECC35 
EC FRO4 
tI F5r1 

EF54 
EF55 
EF804 
EFP60 
EL9I 
EN30 
EN3I 
EN32 
EN91 
ESU74 
ESU76 
ESU77 

F6057 
F6060 
F6061 
F6063 
FX219 
FX225 
FX227 

GI/371K 
G120/IB 
G 150/2B 
G 180/2M 
G240/2D 
G400/ I K 
GN4 
GT IC 
GTR I20W 
GTR 150MS 
GU 18 
GU20/2 I 

GU50 
GXUI 
KT66 
KT67 
KT88 

M8079 
M8080 
M8081 
M8082 
M8083 
M8091 
M8096 
M8097 
M8098 
M8100 
M8136 
M8137 
M8140 
M8141 
M8142 
M8144 
M8149 
M8157 
M8161 
M8162 
M8163 
M8167 
M8179 
M8190 
M8196 
M8204 
M8212 
M8214 
M8223 
M8224 
M8225 
M8232 
M8237 
M8245 
ME1400 
MEI401 

0A2 
OAS 
OA4G 
OR2 
)H3 

VAT 
VALVES & 

TRANSISTORS 25% 
INTEGRATED 
CIRCUITS 8% 

OD3 
OG3 
OZ4 
OZ4A 

PTI5 

QA2400 
QA 2403 
QA2404 

A2406 
A2407 

QB3/300 
QB3-5-750 

B4-Ilao 
F41 
F45 

V024í 
V03-10 
V01-20 

QQV03.20A 
QQV04-15 

V06-40 
V06-40A 

rS70/20 
575/20 
575/40 

QS75/60 
QS83/3 

S92/10 
S95/10 
5105/45 

15I50/40 
S 150/45 
5150/80 
51200 
SI202 

S1205 
U37 
V03-12 
VO4-7 
VOS-25 
V06-20 
Y3-125A 
Y4-250A 
Y4-400A 

RIO 
R17 
RI8 

SIIE12 
S130 
S I 30P 
STV280/40 
STV280/80 
SU41 
SU42 

TD03- 10 
TT 15 
TT2 I 

TTR31MR 
TZ40 

U17 
U19 
U27 

VLS63 I 

Z300T 
Z759 
Z803U 

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 10p for one valve; 2p each additional valve. Express postage: 10p per order for transistors. All orders over E5 post free. (Full valve availability list on request, S.A.E.). Prices correct when going to press. This applies to the U.K. 

FREE Brochure 
on New KITS 
Whether professional, 

student. teacher or amateur, 

the field of electronics can open 

up a new world for you. 

B 
CROFTON don't lust sell kits, we offer 
you a technical back up service to ensure 
your success 

The following is a selection of some of the 
more popular kits - 

* MollarO CCTV Camera * PE CCTV Camera * PE Rondo Quadraphonic Four Channel Sound 

* Electronic Igmtrigner 
Approved 

* Electronic Flash * P W Tele Tennis Game * UHF Modulator * Bench Power Supply * Wobbreamr * An ETI Top Protects * Many of the Elekinr Boxer's 
NOTE V(. 63 for i.rost puhiishr.d pruier is totTit,Ir' Iii rr rlrr 

CROFTON ELECTRONICS LTD 
Dept.D,124Colne Road,Twickenham, 
Middx. 0 898 1569 

WW -067 FOR FURTHER DETAILS 

411111111,. 

Wilk//1SOJffS RELA YS 
POST OFFICE TYPE 3000 AND 600 BUILT TO 
YOUR OWN SPECIFICATIONS AND REQUIRE- 
MENTS. 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. 

MINIATURE U- NISELECTOR P.O. Type 2201a. 12 outlets. 2 bridging. 1 non -bridging wipers This 
compact ratchet- driven 3 -level selector is of unique design and occupies no more space than a standard 
3000 type Relay E1.50 m. Available from stock a complete range of G.E.C. fill-nit-taws Sailed and 
Ericsson cylindrical type relays. Post Office type 88 and 89 series and Type 100 AM 2 a 53 ohms. 
P.O. TYPE 4071 Terminal Strips. these strips consist of rows of soldering tags. fated on insulating strips. 
and providing accommodation for a large number of soldered wire connections in the minimum amount 
of space. 6 x 25 and 5 x 20 evadable from stock. 

INTERNAL TELEPHONE extensions Delteline Interphone Bestymed by S.T.C. for instant 
communication. latest type of handset and push button unit. EL.1T0 -ea Master station available 
BATTERY CHARGERS for 6v batteries. input 200/250v AC output up to 6v 1 5 amps DC. E15 ea. 
STROBOSCOPE FORKS. 125 C.P.S. E2.50 ea two for E4.50. 

All prices shown are carriage paid UK only but subject to VAT at the standard rate 

L. WILKINSON (CROYDON) LTD.. LONGLEY HOUSE 
LONG LEY RD., CROYDON, CRO 3LH. Phone 01 -884 0235. Grimm WILCO CROYDON 
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BENTLEY ACOUSTIC 
CORPORATION LTD. 

7A GLOUCESTER ROAD, LITTLEHAMPTON, SUSSEX. Tel. 6743 
ALL PRICES SHOWN INCLUDE V.A.T. 

062 
OZ4 
IM 
IASGT 
1A7GT 
IB3GT 
IC2 
IG6 
IH5GT 
11A 
ILD5 
lLN5 
1N5GT 
IRS 
154 
IS5 
1T4 
1U4 
IU5 
2D21 
2GK5 
2X2 
364 
3B7 
3828 
3136 
3Q4 
3GT 
354 
3V4 
4CB6 
5CG8 
5R4GY 
5T4 
5U4G 
5V4G 
5Y3GT 
5Z3 
5Z40 
52AGT 
6/3012 
6A8G 
6AC7 
6AG5 
6AH6 
6625 
66J8 
6AK5 
6AK6 
6AK8 
6615 
136148.4 
6AN8 
6ÁQ5 
6AQ8 
6AR5 
6AR6 
6657 
6AT6 
fiAU6 
6AV6 
6AW8A 

6.6AX4 

0.45 6B8G 0.35 6LI 2.34 12AX7 0.39 30P4MR 
0.55 6066 0.41 61.OGC 0.08 12617 0.94 1.05 

0.65 68C8 0.90 6L7(M) 0.58 1213M 0.53 30P12 0.80 
0.59 60E6 041 6L12 0.47 128E8 059 30P19/ 
0.60 6806G 1.21 OLIO 0.64 120117 059 3p.4 
0.59 
1.15 

6131-16 0.75 
6816 0.64 

6L19 200 
6LD12 045 

12017 0.85 
12E1 3.51 30PI6 0.4t 

1.17 6BK7A 005 OLD20 0.08 121501 019 30P18 0.30 

0.80 6BQ5 036 6N7GT 0.70 121701 070 30PL1 1.05 

015 6BQ7A 0.64 6PLI2 0.50 12K5 1.17 30PL12 0.45 

0.70 6BR7 1.25 6P15 036 I2K7GT 0.50 30PL13 1.20 

070 OBRO 1.25 6Q7G 0.50 12K8 085 30PL14 1.29 

0.76 61367 1.64 6Q7GT 060 12Q7GT 050 30PL15 090 

0.50 6BW6 1.00 6Q7(M) 0.64 12SA7GT 35A3 076 

0.39 6BW7 065 -687G 070 070 35C5 085 

0.40 60X6 9.30 6R7(M) 088 125C7 0.50 3505 010 

0.35 68Y7 0.40 13SA7 0.55 125G7 0.55 35L6GT 088 
0.70 BBz6 0.57 6SC7GT 050 12SH7 0.50 35W4 060 

0.88 OC4 047 , 6SG7 052 125J7 0.60 35Z3 0.88 

0.60 
0.75 
0.70 
0.80 
0.53 

6C5G 0.59 
6C6 0.47 
OC9 2.00 
OC10 0.95 
6CB6A 0.47 

6SH7 0.55 
65.17 0.64 
6SK7GT 0.52 
6SQ7GT 0.50 
6U4GT 082 

125K7 0.64 
125N7GT 

0.75 
12SQ7GT 

0.76 

35Z4GT 012 
35Z5GT 0.90 
42 1.00 

50B5 1.00 
5005 0.70 

4.50 OC12 0.40 6117G 055 125R7 075 50CD6G 1.46 

0.47 OC17 234 6V6G 030 14/17 0.64 50EH5 088 

0.85 OCD6G 1.60 6V6GT 033 1457 1.10 50L6GT 1.00 

0.70 OCGOA 088 0X4 047 18 1.17 72 0.70 

0.47 OCL6 076 6X501 0.50 19AQ5 065 77 070 
0.82 6CL8A 0.84 616G 0.94 19006G 85A2 0.75 

0.75 OCM7 0.88 617G 1.17 1.17 85M 075 
0.75 6CU5 0.88 7A7 1.00 19G6 7.00 90AG 293 
0.94 6CW4 1.17 7B6 088 19011 400 90CG 281 

0.47 6133 0.75 7B7 082 20D1 0.80 90CV 281' 

0.50 6DE7 0.88 7F8 1.76 2004 2.34 90C1 0.88 

11.511 6DT6A 0.88 7117 0.88 20F2 088 150B2 1.00 

055 
0.88 

6EW6 0.88 
6E5 1.17 

7V7 1.76 
7Y4 0.80 

20L1 129 
20P1 0.64 

2155G 050 
301 1.17 

0.55 6F1 0.00 7Z4 080 20P3 0.84 302 1.17 

0.55 6F6G 0.60 98W6 088 20P4 1.17 303 1.17 

0.80 6F12 0.50 9D7 0.70 20P5 1.50 305 1.17 

1.48 6F13 0.90 1002 0.76 25A6G 0.70 807 1.17 

0.60 6F14 0.88 10D1 '082 251.60 0.70 956 0.00 

0.35 6F15 0.78 IODE7 0.88 251,5 0.80 1821 1.17 

0.80 6E18 0.64 1881 0.88 25150 0.60 4033X 7.61 

0.76 6F23 0.80 10E3 1.17 25Z4G 0.50 5702 1.20 

040 OF24 1.00 10F9 0.76 25Z5 0.75 5763 1.76 

0.47 6F25 1.17 10E18 0.60 25Z6G 0.80 6057 1.00 

0.70 10L14 053 2807 2.00 6060 1.00 

0.45 6E28 0.78 101.011 0.82 34.8.5 076 6067 1.00 

0.23 6832 0.70 10PL12 0.45 30C1 047 7193 0.62 

0.70 6GOG 0.60 10P13 0.88 30C15 0.80 7475 1,17 

0.82 6GH8A 0.88 10814 2.34 30C17 085 9002 058 
0.53 6GK5 0.78 IONS 0.49 30C18 085 9006 0.50 

047 6GU7 088 12A6 0.75 30F5 0.75 A1834 1.17 

080 6H6GT 020 12AC6 0.90 30FL1 1.10 A2134 3.00 

1.17 6J5GT 0.51 12AD6 090 30FL2 1.10 A3042 800 

1.17 616 0.35 12AE6 0.90 30FL12 1.05 AC2PEN 
0.53 617G 035 12A16 0.47 30F113 0.64 1.17 

040 637(M) 0.65 12AT7 0.40 30FL14 082 AC2PENDD 
0.53 61UBA 088 12AU6 0.53 30LI 0.40 1.00 

0.90 6K7G 0.35 12AU7 0.39 301.15 082 AC6/PEN 
080 ` gKBG 033 12AV6 0.50 30117 0.76 0.60 

AC/PEN(7) 
1.17 

AC/T/1I 1,09 
AL60 1.17 
ARP3 0.80 
ATP9 0.50 
AZ1 0.50 
AZ3I 095 
AZ41 0650 
B1.63 234 
CL33 1.85 

CV6 0.62 
CVO3 1.00 

CV988 029 
CYIC 100 
CY3I 0.70 
D63 030 
DAC32 0.80 
DAF91 0.40 
DAM 0.80 
DC90 0.70 
DD4 0.80 
DF33 0.78 
DF91 0.30 
DF96 0.65 
DH63 050 
DH76 0.50 
DH77 0.53 
DH81 0.88 
DK32 0.80 
DK40 0.82 
DK9I 050 
DK92 1.15 
DK96 0.70 
DL92 0.47 
DL94 0.82 
DL96 0.64 
DM70 880 
DM71 1,76 
DW4/350 

1.17 
DY87/6 0.41 
DY802 0.47' 
EBOCC 2.57 
E80F 2.20 
E83F 110 
E88CC 1.20 
F92CC 070 
E180CC 082 
EIBOF 1.17 
E182CC ZW 
E1148 0.62 
EA50 0.40 
EA76 1.40 

EABC80 

EAC91 
EAF42 
EAF801 
E834 
EB91 
F.BC41 
EBC81 

0.45 
0.65 
0.88 
0.80 
0.35 
0.23 
088 
0.45 

EBC90 0.53, 

tBC91 0.53 

E138110 045 
EBF83 0.50 
E8Ft9 040 
EBI.2l 7..34 

ECS2 1.00 

ECS3 1.00 

EC54 1.00 

EC86 0.10 
EC88 080 
EC92 0.55 
ECC32 1.00 

ECC33 2.00 
ECC35 2.00 
ECC40 1.20 

ECCBI 0.40 
ECC82 039 
ECC83 039 
ECC84 040 
ECC85 0.47 
ECC86 1.00 

ECC88 0.55 
ECC189 0.80 
ECC804 0.80 
ECC807 1.41 

ECF80 
ECF82 00.50 50 
ECF86 0.88 
ECF804 2.63 
ECH21 234 
ECH35 1.60 
ECH42 080 
ECH81 040 
ECH83 052 
ECHM 0.50 
EC180 050 
ECIB2 045 
ECL83 082 
ECLM 0.70 

'ECL15 0.70 
ECL86 0.47 
EF22 1.00 

EF40 088 
EF41 0.82 
EF42 0.90 
EF73 1.76 

EF80 630 
EF83 1.45 

EF85 040 
EF86 0.50 
EF89 035 
EF91 0.50 
EF92 0.60 
EF93 041 
EF94 040 
EF97 0.94 
EF98 0.95 
EF183 0.40 
EF184 040 
EF804 1.75 
EH90 044 
E.K90 0.41 

EL32 000 
E1.33 3.00 

EL34 1.00 

E435 3.00 
E137 3.00 
EIA1 0.60 
E1.131 0.70 
ELM 0.70 
E184 0.36 
EI86 0.60 
EI90 0.53 
ELM/ 1.80 
E1.506 1.20 

EI180 2.50 
EM80 053 
EM81 076 
EM83 664 
EM84 0.47 
EM85 1.20 

EM87 1.10 

EMM803 
2.50 

EY5I 0.50 
EY81 0.50 
EY83 070 
EYM 0.92 
EY87/6 0.40 
EY88 0.60 
EY91 OSO 

EZ35 0.50 
EZ40 0.55 
EZ41 655 
EZ80 0.35 
EZ8i 0.35 
E.Z90 0.47 
FC4 1.00 

FW4/500 
1.17 

FW4/800 
1.17 

GY501 0.82 
GZ30 055 
GZ32 059 
0233 1.44 

GZ34 080 
GZ37 1.20 
HABC80 

0.80 
HL13C 000 
HI.23 070 
Fü23DD 

ago 
FRAI 1.00 

HIAIDD 
1.00 

HL42DD 
1.00 

HN309 1.76 

HVR2 1.00 

HVR2A 1.17 

KT2 0.88 
ICTB 291 
KT41 1.17 

KT44 1.17 

KT63 0.60 
KT06 2 93 

KT81 2.10 
KTW61 1.76 
KTW62 1.70 
KTW63 1.17 
M8102 1.36 
MHIA 1.00 
MHLD6 1.00 

MKT4 1.17 

MU12/14 
1.17 

N308 . 1.05 

N339 129, 
N379 0.50 
POI 0.60 
rABC80 0.45 
PC86 0.70 
pC88 0.70 
PC95 0.70 
pC97 0.42 
PC900 0.30 
PCC84 0.40 
PCC85 050 
PCC88 0.65 
PCC89 0.50 
PCC189 0.60 
PCC805 0.82 
PCC806 0.76 
pCF80 0.47 
PCF82 0.50 
PCF84 0.70 
PCF86 0.50 
pCF87 090 
PCF200 1.00 
PCF201 1.05 

pCF800 082 
PCF801 065 
PCF802 0.50 
pCF0o5 015 
PCF806 0.60 
PCF808 002 
PCH2O0 1.00 
PCL82 0.45 
PC1.83 0.50 
PCL84 0.50 
PCL86 035 
PCL88 129 
PCLBW 1.11 

PCL800/ 
PCL85 0.70 
PEN4DD 

2.00 
PEN45 1.00 
PEN45DD 

1.00 

PEN46 0.60 
PEN453DD 

2.15 

PENA4 1.17 
PENDD/ 
4020 1.00 
PFL.20O 082 
81.33 0.50 
81.36 0.70 
pL38 1.78 

PI81 0.53 
PLSIA 0.60 
PL82 0.43 
81.83 0.56 
PL84 0.50 
P1.302 088 
P1504/500 

082 
pl 4415 1.85 

P1508 1.10 UU5 1.17 

P1509 185 U119 955 
P1801 0.86 UU12 635 
PM84 0.74 UY41 650 
PY31 632 U'a4 0.88 
PY33/2 8.50 UY85 OSO 

PY80 0.47 U10 1.17 
PY81 0.40 U12/14 1.17 
pY82 0.45 U16 1.17 
PY83 0.45 U17 an 
PY08 0.47 U18/20 1.17 

PY301 055 U19 4.00 
PY500 131 U22 0.05 
PY500A LII U25 0.70 
PY800 0.45 U26 0.85 
PY801 045 U31 0.50 
PZ30 050 U33 1.75 
QP21 1.10 U35 1.75 

QQV03/l0 U37 205 
218 1145 1.17 

QS75/20 LM U47 0.79 
QS95/10 1.00 U49 0.65 
QSI50/151 

U76 0.82 

QV03/12 1.76 0278 0.47 
QV04/7 1.17 U81 0.80 
RII 0.80 U153 0.40 

RI8 205 U191 050 
R17 1.09 U192 0.40 
818 0.02 U193 0.47 
R19 0.75 U251 0.94 
R20 005 U281 0.75 
R52 555 U282 070 
RK34 1.00 U291 0.50 
SPI3C 074 U301 0.65 
TH4B 1.00 U379 0.94 
TH233 1.00 U339 0.50 
743620 1.00 U381 0.50 
TP22 1.00 U403 0.90 
TP25 1.00 U404 075 
UABCeD 047 U801 0.80 
UAF42 0.75 U4020 0.75 
UBC41 0.60 VPI3C 0.80 
UBC81 000 VP23 065 
UBF80 0.47 VP4l 0.88 
UBF89 0.47 118105 0.59 

081.21 2.34 VT61A 076 
UC92 000 VT501 059 
UCC64 090 VU111 0.80 
UCC85 0.53 VU120 1.17 

UCF80 090 VU120A 1.17 
UCH2I 2.34 VU133 580 
UCH42 0.88 1N76 550 
UCH81 0.47 Vy81M 1.17 
UCL82 045 W107 0.75 
11CL83 0.64 IA1729 1.17 

UF41 082 XE3 5.65 
UF42 082 XFYI2 0.56 
UF80 041 XH15 050 
UF65 052 X41 1.00 

UF89 0.47 X81 1.46 

UL41 0.75 X65 1.46 

UL84 049 X66 1.46 

UM80 060 X76M 085 
URIC 100 XSG15 1.17 

Z329 5.75 4.1115 0.20 BYZI2 0.33 

Z749 D80 AF117 0.25 8YL13 0.33 

Z759 585 AF121 0.39 BYZ15 226 
AF124 0.32 CGI2E 0.28 

AF125 0.22 CG64H 026 
AF126 0.23 FSYl1A 0.29 

AF139 084 FSV41A 0.20 

AF178 088 004 0.42 

AF180 0.82 GD5 038' 
AF186 0.71 GD6 0.38 

AF239 0.49 GD8 0.36 
ASY27 0.55 GD9 0.28 
ASY28 0.42 GDII 028 
ASY29 0.64 GDI2 028 
BA102 0.59 GD14 0.64 

5A115 0.18 GDI5 0.52 
BAI16 0.23 GD16 0.28 
BA129 0.16 GEI'113 026 
BA130 0.13 GE1'118 628 
BA153 0.24 GET 119 0.33 

BCYIO 0.59 GET573 045 
BCY12 0.64 GEL587 055 
BCY33 026 GEL872 1.23 
BCY34 029 GEr873 0.241 

BCY38 029 GET882 084 
0CY39 0.33 GEr887 0.29 
BC107 0.16 GET889 0.39 
BC108 0.16 GE1890 020 
BC109 0.t4 GE1986 029 
BC113 031 GET897 0.29 
13C1 15 020 0E1(0.98 0.20 

0.28 RC' 16 031 GE)L13 0.23 

0.36 BCi18 0.36 GEX35 029 
0.3t BCZ11 0.49 GEX36 0.64 

020 8E154 0.33 GFX45 042 

033 BFI58 0.23 GEJC55 0.87 
GS3 BFI59 0.33 GT3 0.33 

0.33 8F163 928 MI 020 
0.n 0F173 0.49 MATI00 0.50 

a.49 BF180 039 MATIOI 055 
S42 8E181 932 MATIZO 0.50 

0.71 8F185 652 0A5 036 

030 8F194 5.20 0A9 0.10 

ACYI' 4.33 BFY50 0.29 OAIO 0.55 

ACY11 1.T8 BFY51 025 0M7 013 

ACY19 025 BFY52 026 0A70 020 

ACY20 023 B77C34/400 0673 0.20 

ACY21 025 3,SS''11 0A79 0.12 

ACYffi 0.20 BYI00 6t1 OA81 0.12 

ACY28 023 BY101 010 OA85 0.12 

ADIM 0.47 BY105 0.23 0A86 026 

ADI4'A 0.81 BYII4 023 0A90 0.36 

ADI64 0.59 BY126 0.20 0A91 0.12 

AD162 0.59 BY127 423 0A95 012 

AFIO:° 1.18t BYY23 129 0A200 0.12 

AFI08 0.84 BY210 0.33 0A202 0.13 

AFIIJ n.13RYZ11 0.33 0A210 083 

MATCID.D RANSISIOK Sc IS 
1215 (AC 113, AC154, AC157 AA120), 88p per pack. 
1/OC81D and 2/0081, 5Sp. 
1/0C44and /0C45,55p. 
1 /0082D and 2/0082. 02p. Set of 3/0083, 84p. 
1 watt Zenners, 2.4v., 2.7v., 3v., 3.6v., 43v., 4.7v., 5.1v., 

13v- 15v.. 16v.. 18v.. 20v.. 24v. 30v 23n sch. 

Tranelsters 
and Diodes 
IN 11246 0.08 
IN4744A 0.18 
1N4952 004 
2N404 023 
2N900 0.68 
2NI756 064 
2N2147 1.10 

2N2297 019 
2N23696 0.18 
2912613 050 
253053 0.42 
2N3121 312 
2N3703 0.25 
2N3709 0.26 
2913866 1.29 
2N3%8 0.04 
25323 0.64 

ÁA119 020 
AAI20 0.20 
ÁA129 020 
AAZI3 023 
ÁC107 020 
AC113 033 
AC114 052 
Á0R6 
AC 127 
AC128 
ACI22 
ACI54 
ACI56 
AC 157 

AC IOS 
ACI66 
AC 167 
AC108 
AC 109 
AC176 
AC 1777 

0.10 
022 

(1A211 088 
OC19 1.62 

OC22 049 
0C23 0.49 
0C24 0.49 
0C25 0.49 
0C28 077 
0C29 081 
0C36 055 
0C38 0.55 
0C41 0.64 
0C42 0.81 

0C43 1.52 

0C44 0.13 
0C45 014 
0C96 020 
OCOS 1.45 
0070 0.16 
13C71 0.14 
OC72 014 
0074 0.29 
OC75 0.14 
OC76 020 
Odi 035 
OC78 0.20 
OC78D 010 
OC79 0.52 
OC81 0.14 
OC81D 0.14 
0082 0.14 
OC82D 0.14 
0083 026 
0084 0.31 

OC123 0.29 
0C139 0.29 
OC140 1.23 

OC189 0.29 
OC172 0.46 
0C200 039 
0C201 0.59 
0C202 0.55 
0C203 0.39 
0C204 039 
OC265 055 
OC206 1.17 

OC812 052 
ORP12 068 
S6M 1 033 
SM1036 0.64 
ST1276 0.64 
SX1/6 0.23 
U14706 033 
X230 033 
Y543 0.23 
Y728 0.23 

Hu goods are unused and subject to the manufacturers' guarantee. Business hours Mon.-Fri. 9 -5.30 

p.m. Closed 1 -2 p.m: 
Terms of business. Cash or cheque with order. Despatch charges: -Orders below 410 in value. add 25p 

for post and packing. Orders over E10 post and packing free of charge. All orders cleared same day. 

Any parcel insured against damage in transit for 5p extra per parcel. Conditions of sale available on 

request. Many others in stock ton numerous to Est. Please enclose S.A.E. for reply to any enquiries. 

VAL VES 
A1065 1.25 
ARA 0.55 
ATP4 0.50 
612H 3.00 
CY31 0.50 
DAF96 0.50 
DF96 0.55 
DK96 0.55 
DL92 0.40 
DL96 0.6C 
DY86/87 0.4C 
DY802 0.45 
E68CC/011.20 
E180CC 0.70 
F182CC 1.25 
EA50 0.40 
EABCBO 0.4C 
EAF42 0.75 
1091 0.30 
EBC33 1.00 
EBC41 0.75 
FBF80 0.40 
EBF83 0.50 
EBF89 0.40 
FC52 0.35 
ECC81 0.40 
ECC82 0.35 
ECC83 0.35 
ECC84 0.35 
ECC85 0.40 
ECC86 0.90 
ECC88 0.50 
ECC199 0.70 
ECF80 0.40 
ECF82 0.40 
ECF801 0.75 
ECH42 0.80 
ECHO, 0.35 
ECH83 0.45 
ECH84 0.45 
ECL80 0.55 
E082 0.35 
ECL83 0.70 
ECL86 0.50 
EF36 0.65 
EF37A 1.20 
EF40 0.75 
EF41 0.65 
EF80 0.30 
EF83 1.25 
EF85 0.31 
EFe6 0.35 
EF89 0.30 
EF91 0.45 
EF92 0.50 
EF95 0.40 
EF183 0.35. 

CFI 84 0.35 
EFL200 0.75 
0134 2.56 
0134 0.70 
EL36 0.60 
6141 0.00 
EL81 0.80 
EL82 0.55 
81.134 0.30 
EL85 0.00 
EL86 0.45 
0190 0.45 
EL504 0.80 
EM31 0.60 
EM80 0,55 
EM84 0.40 
EM87 1.00 
EY51 0.45 
EY81 0.45 
EV86 0.40 
EY88 0.50 
EZ40 0.70 
EZ41 0.75 
E280 0.30 
EZ81 0.30 
GY501 0.75 
GZ34 0.70 
GZ37 1.00 
KT66 2.50 
KT88 3.20 
MH4 0.75 
ML6 0.85 
0A2 0.45 
062 0.45 
PABC80 0.40 
PC97 0.50 
PC900 0.50 
PCC84 0.40 
PCC85 0 40 
4CC89 0.54 
PCC189 0.60 
PCF80 0.4C 
PCF82 0.40 
PCF84 0.60 
PCF89 0.60 
PCF200 0.75 
PCF201 0.75 
PCF801 0.55 
PCF802 0.50 
PCF805 0.90 
PCF806 0.75 
PCF808 0.90 
-PCH200 0.80 
PCL81 0.55 
PCL82 0.40 
PCL83 0.65 
PCL84 0.45 

PCLA6 
P0.805 
PFL200 
PL36 
0.111 
PL82 
171133 

P184 

0.50 
0.60 
0.70 
0.60 
0.50 
0.46 
0.46 
0.45 

Z8() I U 

Z900T 
163 
114 
364 
105 
1 S4 
114 

2.70 
1.20 
0.55 
0.25 
0.60 
0.40 
0.30 
0.30 

6AK 5 

6ÁK8 
6615. 
6A15W 
6ÁM6 
6658 
6605 
6AQ5W 

0.40 
0.40 
0.30 
0.55 
0.45 
0.45 
0.45 
0.70 

Many of t ese valves are imported and 
prices vary or each delivery. so we reserve 
the right to change prices for new stock 
when unavoidable. 

'PL504 0.50 
PL508 1-00 
PL509 1.36 
PL802 1.76 
PY33 0.60 
PY80 0.40 
PY81 0.40 
PY82 0.40 
PV83 0.40 
PY88 0.46 
171500 1.00 
PY800 0.45 
PY801 0.50 
QOV03-10 

1.40 
R19 0.75 
SC1/400 3.00 
SC1/600 5.00 
Oro I 0,76 
7721 5.00 
U25 0.86 
U26 0.75 
U27 0.65 
U191 0.75 
U801 0.76 
UABC80 0.40 
UAF42 0.60 
U8C41 0.6( 
UBF80 0.40 
UBF89 0.40 
UBL7 1.00 
UBL21 0.70 
UCC85 0.45 
UCF80 0.75 
UCH42 0.75 
UCH81 0.45 
UCL82 0.45 
UCL83 0.65 
UF41 0.70 
UF80 0.35 
UF85 0.45 
UF89 0.50 
1.11.41 0.70 
UL84 0.40 
UY41 0.45 
UY85 0.40 
VR105/300.45 
NA 150/ 300.45 
X66 0.65 
Z8000 2.70 

152. 0.60 
1X28 0.75 
2021 0.50 
2025 9.00 
'3136 0.40 
354 0.40 
3V4 0.85 
SB/754M 4 50 
513255M 4.50 
,5R4G'2 0.90 
5V4G 0.50 

6656 0.80 
6676 0.46 
641.16 0.40 
6AV6 0.45 
6AX4GT 0.75 
6AX5GT 1.00 
667 0.70 
69A6 0.35 
68E6 0.40 
6BG6G 0.00 
6836 0.65 

6C.6 
6D6 
6E68 
6F7 
6F8G 
6F23 
6F32 
6033 
6116 
6J4WA 
6J 5 
6J5GT 
6J6 
6J7 
6J 7G 
6K6GT 
6K7 
6K7G 
6KBGT 
6025 
8L6 
6L6G 
6L7G 
6567 
6SA7GT 
6SC7GT 
65C7 
6S 17 

0.75 
0.55 
0.85 
1.10 
0.75 
0.90 
0.75 
3.50 
0.36 
1.25 
0.85 
0.50 
0.30 
0.60 
0.40 
0.80 
0.55 
0.30 
0.50 
1.00 
1.50 
0.60 
040 
0.50 
0.40 
0.40 
0.50 
0.55 

6X5GT 0.50 
6V6G 0.90 
6Z4 0.65 
6-3012 0.90 
787 0.80 
7Y4 0.00 
9D6 0.40 
902 6.00 
12AG 0.55 
1 266 0.45 
1 267 0.40 
12AU7 0.35 
12AV6 0.50 

VAT 25 %, 
EXTRA 

VALVES AND TRANSISTORS 
Telephone enquiries for valves, transis- 
tors, etc., retail 749 3934, trade and 

export 743 0899. 

óv40 
5Y3GT 
5Z3 
5Z4 
524TG 
6607 
6AC7 
6686 

0.56 
0.55 
0.50 
0.50 
0.56 
0.60 
0.60 
0.70 

613076, 
6807 
66W6 
6BW7 
6C4 
6C6 
6C86 
!6CH6 

0.60 
1.20 
1.00 
1.00 
0.40 
0.50 
0.60 
C.45 

6SJ7GT 
6SK 7 

BSL7GT 
6SN7GT 
6507 
.6V6GT 
6X4 
6X5G 

0.35 
0.55 
0.50 
0.50 
0.55 
0.50 
0.40 
n.40 

128X7 0.35 
12666 0.45 
128E6 0.50 
1 2E01 0.50 
12C8 0.55 
12E1 3.50 
12K5 1.10 
12K7GT 0.50 
12K8GT 0.70 
1207GT 0.70 
12SA7G1 0.70 
12SG7 0.66 
125.17 0.55 
12Y4 0.40 
1457 1.00 
1 9201 0.05 
19G3 6.00 
1906 6.60 
19H5 14.00 
20P3 0.60 
20P4 1.10 
25L6GT 0.70: 

ELM. 
THE VALVE WITH A 

GUARANTEE 

30C15 1.00 76 0.76 
30C17 1.00 78 0.7C 
30C18 0.60 80 0.78 
30F5 1.00 8 5A 2 0.75 
30FL1 1.00 723a/6 5.00 
JÚ0112 1.10 803 6.00 
30FL14 .0.60 805 14.00 
30L15 0.68 807 0.85 
30117 0.66 813 6.50 
30P12 1.00 866A 1.20 
30419 1.00 931A 11.0 
30411 0.95 954 0.50 
304113 1.10 955 0.50 

956 0.50 
957 0.50 
1629 0.70 
2051 1.00 
5933 3.00 
'6057 0.75 
6060 0.70 
6064 0.80 
6065 1.00 
'6080 2.30 
6146 3.35 
61468 3.85 
8020 5.00 
'9001 5.00 
9002 0.50 
9003 0.70 
9004 0.3S 
9006 0.35 

TELEPHONE 

TYPE J 

10 LINES 

MAGNETO 

SWITCHBOARDS 

.30PL14 1.10 
35L6GT 0.75 
35W4 0.60 
35Z4GT 0.70 
5005 0.06 
5DCD6G 1.10 
75 1.00 

,7 5C1 0.75 

Open 9- 12.30, 1.30 -5.30 p.m. 
Closed Saturdays 

AC1,3 
AC1 26 
AC1 27 
AC1 28 
AC1 76 
AC'218 
ACY19 
ACV2O 
ACY28 
ACV39 
ACY40 
AD149 
AD161 
60162 
ADZ11 
40212 
AF114 
AF115 
AF116 
AF117 

ÁF124 
ÁF125 
ÁF126 
AF 127 
ÁF139 

TRANSISTORS 
Please write or phone for current price of any 
of the transistors. diodes shown below. 

ÁF178 
AF186 
AFZ12 
ASV26 
ASY27 
ASV28 
BC1 08 
BC.118 
BC119 
BC136 
8C137 
BC1 48A 
BC1 72 
BC1 72A 
BC212A 
BCY31 
BCY33 
BC'272 
BF115 

60167 
0E185 
0E551 
BEy52 , 

R v4n 
BSV27 
95V38 
BSY95A 
13'2216 
CRS1/10 
CRS1/20 
CRS1/30 
CRS1/40 
CR53/10 
CR53/20 

3 

GET116 
0E566 
NKT222 
0A5 
0647 
'0670 
!OA 71 
0673 
10679 
.0691 
66200 
0A202 
062200 
0C22 
0C26 

0C36 
0C42 
0C44 
,OC45 
OC70 
1OC73 
tOC78 
OC78D 
008 
0082 
IOC82D 
0C82DM 
OC83 
OC1 39 
OC140 
0C170 
OC172 
0C200 

'OC206 

252062 
2N2147 
252411 
2N2989 
253053 
253054 
2N3055 

55754 253390 
ZR11 253391 
ZR21 253730 
1N23A 253731 
1525 253819 
1 532 2N4038 I 538 254058 
1543 2N4061 
1N70 254785 
15277 2N5295 
1N415C 35128 
1 541 48 35154 
254566 35159 
2N708 25303 
2N918 404 
251304 2082 
251305 40250 
251307 40251 
.251309 40668 

CRS3/ 
.0028 

I CR525/ 10C29 

025 OC39 

C. R. TUBES 

DG7-5 12.00 
DG13-2 15.00 
D67-32 15.00 
NW 13.3535.0C 
VC0139A 0.00 
38P1 4.50 
880 0.00 
801 0.00 
881 9.00 

SPÉCIAL 
VALVES 

CV239 46.00 
M503-2J42 

42.00 
0301 7.00 
KRN2A 6.00 
775. 23.00.. 

1 
'OTHERS IN STOCK -n 

integrated circuits. CRT & 

special valves. Min. Mail 
Oder Cl U K. Postage 
£I -7, 17p. 0244, 30p. 

1 over E4 free. C.O.D. 50p 
BAIT. 

1F 8010/1/S SIGNAL GENERATOR. Range 
0485 MHz in five ranges. R.F. output' 0.1 aV.1V . 

source e.m.f. Dial calibrated in volts, decibels and' 
power relative to thermal noise. Piston type attenuate, 
50 output impedance. Internal modulation at 1 kHz at 
up to 90% depth. also external sine and pulse. 
moduèton. Built -in 5MHa crystal calibrator. Separate 
IS F and mod. meters. P.O.A. 
789016/2. Spec as for TF80113 but minor circuit 
I,fferertces. Working order. 4135. 

D6w Marconi equipment - 
H023 Triple Diversity IS receivers 
TF 5268 Oscillator 6 Detector unit 
rF 12260. TF 1 225A, TF 577A white noise test set 

TF 12588 VHF Spectrum Analyser 
7S 1077/1 FM Signal Generator 
TF 142F Distortion Forte. Meter 
181053 (01207) Noise Generator. 

R+ I7, RAI7MM611, RAI7L: RA17W receivers 
MÁ1688 Diverslry switch 
RA98A 5513 adaptor 
SA5501C1488) Universal Counter /timer 
Transformers _ 

IekVarie equrpere ní:- 
545 Oseloscape 
G. L.0 mug in units 
HOwMtt- P56K600 equipment. 

1 75A Oscilloscope 
524C Electronic Counter/umer 
5400 Transfer Oscillator 
200AB Audios oscillator 
300A Harmonic Wave Analyser 

Rhode i Schwarz equipment:- 
ZOU Z-g Diagraph 
One wanmeter & matching indicator 
UDND VHF voltmeter 
NOD Microwave power mater 
XUA Frequency synthesizer with frequency indicator. 
FKM 

.Inehronal Materiel Corp eguipanem:- 
Exciter/ transmitter Mode Selector 
F S.K Exciter 
Kahn SSO Adaptor morsel HSS13- 62 -18, 
Boonton FM /AM Signal Gen 2024 
EMV Power SupoN 
EMI oscilloscope on trolley. 

FOR EXPORT ONLY 
Tr...mars. 
Redden Transmitter Receiver GR 410 2.16mcs. 100W 
pap, SSO & AM on u8 to 4 crystal controlled channels. 

Su61/250W Medium Wave Brosdcnt_Itsnsmrtter 

COLOMOR ELECLTDONICS 

1 /0 Goldhawk Rd., London, W.12 
Tel. 01 -743 0899 
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ELECTRONIC BROKER 
SIGNAL SOURCES 

FM AM SIGNAL GENERATAR TYP 202H 
Issupe gen- 

erator in grade 
one condition, 

,( F.M., A.M., 
rflt, W C.W. & pulse 

a coverage 54 to 
216MHz. 

yt a 
z 

Used to test- 
y ,,,_,.... itg and cali- 

bration of 
F.M. receiving systems, V.W. F- T.1T.- Mobilé 
and general Communications. Freq. range 
54- 216MHz + 2 Bands. R.F. stability 
0.01 %. R.F. output 0.1 µV -0.2V. V.S. W.R. 
1.2. Signal to noise ratio 50dB below 10KHz. 
Dimensions 163/4" x 101/2" x 183/4 ". 
PRICE NEW OVER £1,000! 
OUR PRICE £495 

fi A 

ADVANCE 
Audio Signal Generator HIB 15Hz -50 KHz, 
200µV -20Vmt- 2dB. Sine Wave & Square 
Wave £65 
Audio Signal Generator JIB 15Hz -50KHz 
0.2V-25V £65 
VHF Square Wave Generator SG21 
9KHz- 100MHz. Max 0/p 2V £35 
Signal Generator 01 

. , £39 
A.F. Signal Generator J.2 E 1 5 Hz to 5UK Hz in 3 
ranges Cal. Accuracy '2% +1Hz; Output 
250mV to 25V variable. Overall distortion at 
full Power output above 100Hz is <2% . £85 
A.F. Signal Generator J.2B £45 
A.F. Signal Generator J.2 £35 

AIRMEC 
Signal Generator 702 30Hz -30KHz in 3 bands 

£60 
Signal Generator 701 £80 
H.F. Signal Generator 201 3OKHf -3OMHz in 7 
Bands. I_nt.Xtal calibrator o/p level variable 
1µV - I I V /b ohms impedance Int. Mod. at 
1KHz. Ext. Mod 30Hz -10KHz . £75 -£115 

GENERAL RADIO 
Unit Oscillator 1218 -A P O.A. 
Unit 'Oscillator. General Radio Type 1209C. 
'Freq. 250 -920 MHz. Accuracy 1% Drift 6.2 %: 
'Output into 50 ohms = 150 MW with PSU 
1201 - CQ18 as illustrated £215 

- HEWLETT PACKARD 
U.H.F. Signal Generator 614A 900 -2100M Hz 
1% Accuracy. Output 0.1uV -0.2V into 50 
ohms. Modulation: CWlnt. or EXT. FM & Pulse 
S.H.F. Signal Generator 618C 3.8- 7.6GHz . 
1% 50 ohms £550 

'Signal Generator 608B 10- 400MHz 
0.1µV -0.8V - Zfrt 
Signal Generator tiUBt £625' 

Signal Generator 612A 450MHz- 1230MHz 
_Internal & Ex1_A.M._50 ohms £495 
Audio Oscillator Type 201C. 20 Hz -20 KHz. 
0-40 dB in 10 dB steps. Distortion less than 
0.5 %. Also 200 CD & 200B £95 
Audio Generator 206A 20Hz- 20KHz. Calibra- 
tion accuracy ± %. Distortion < 0.1% at 
frequencies above 50Hz and < 0.25% from 
20Hz to 50Hz. 0/P Attenuators 1 1 1 dB in 0.1 
dB steps £145 
Audio Oscillator 201C 20Hz- 20KHz. Calibra- 
tion Accuracy ±1 %. Output (600 ohms) 3W 
Max. Distortion 0.5% £96 
Audio Oscillator 202C 1Hz- 100KHz Cal. 
Accuracy -_2 %. Max. Distortion 0.5 %- )dbove 
5Hz) 0/P Impedance 600 ohms £95 
MAR CON I MTS. 

Phase /AM Signal Generator TF 2003. 
0.4 -12 MHz. Bargain price - super condition 

£150 
FM /AM Signal Generators. 

TF995A .. £185 
TF995Ai2 E225 
TF995.4/2M £385 

FM /AM Signal Generator TF 995A/35. 1.5 
Mhz- -220 MHz, 2-4, V 00mV, superb 
condition £385 
U.H.F. Signal Generator TF 1060/2. 

, 450 -1200 MHz. 0.150- 447mV. Sine and 
pulse mod. facilities £420 
U.H.F. & S.H.F. Signal Generator TF 105$.- 
1600 -4000 MHz. 0.10-445mV £295 

PULSE GENERATORS 

ADVANCE 
Double Pulse Generator PG.56 
Pulse Amplitude 0.1V-10V. Sq. wave 0 -10V. 
Rise Time 1 Onsec. (typically) £87.50 
Pulse Generator PG.55 P 0.A_ 
Modular Pulse Generator Advance Type 
PG.52. System of 5 Signal generating & 
'Processing units. Repetition fregs. up to 
20MHz & Output pulses to 20V (50 ohms) 
Rise & Fall times 5nsec. Its versatility enables 
the production of complex pulse & ramp: 
waveforms not obtainable from conventional 
pulse generators . £250 

SWEEP GENERATORS 

HEWLETT PACKARD 
Sweep Oscillator 692D 2 -4GHz 
Sweep Oscillator 6938 4 -8GHz 

£495 
£495 

MARCONI INSTRUMENTS 
TF 1041B V. T. V. M. AC, DC and 
Ohms £65 -£80 
Sensitive Valve Voltmeter TF 1100 £85 

HEWLETT PACKARD 
D.C. Vacuum Tube Voltmeter 412A 
1 mV -1000V 1% Accuracy. Can also be used 
as Ohmeter & Ammeter £75 
VTVM. 400D 1 mV to 300V FSD. 12 ranges 
10Hz to 4MHz. 2% accuracy. Input 
Impedance 10Mohms E85 
VTVM. 4001. Logarithmic version of 400D. 
Reads RMS value of sine wave. Log. voltage' 
scale 0.3 to 1 & 0.8 to 3, Linear dB scale. 
Input Impedance 10Mohms £90 
PHILIPS 
L.F. Millivoltmeter GM 6012 £66 
H.F. Millivoltmeter GM 6014 £55 
D.C. Microvoltmeter GM 6020 £60 
ADVANCE 
Voltmeter VM 80 AC Volts 0 -500. DC Volts 
0- 1500V. R 0 -1000 Mohms E45 

INSULATION TESTERS 
EVERSHED a VIGNOLES 
Circuit Tester Ohmeter 0 -3 ohms 0-39 'Ohms 

£18 
Circuit Tester Ohmeter 0 -1000 ohms. 
100 -200 kohms £18 
Megger Series +II 250V E12 
Megger Series Ill Mk. 3 250V £20 
Megger 250V £20 
Battery Megger 500V E37 

TELEPHONE 
TEST EQUIPMENT 

- Siemens Level Meter 3D 335 10KHz -1 7M-Hz. 
Complete system by Siemens. Comprising: 
3W.518 Level Oscillator, 3D. 335 Level 
Meter, 3W.933 Sweep Attachment, 3D.346 
Screen Level Tracing Receiver P.O.A. 
Siemens Level Meter 3D.332. 0.3- 1200KHz, 
Level Oscillator 3W.29, 0.3- 1200KHz P.O.A. 
S.T.C. 
Octave Filter 74143A. 37,5- 12,800Hz. For 
analysing noise and interference on comms. 
systems, particularly useful with 74142 
psophometer P.O.A. 
Selective level Measuring Set 74184B 
60- 1364KHz P.O.A. 
Measuring Set 74831A P 0 A. 
WANDEL & GOLTERMAN 
Level Transmitter TFPS 42 
10KHz -14MHz E375 
Level Meter TFPM 43 10KHz -14MHz E375 

Wandel & Golterman VZM.2 Distortion 
measuring set for phase & amplitude mod. For 
multjghánnel FM Radiö Systems up to 12MHz 
Base bands £4OÓ 
MARCONI 
Sine Squared Pulse & Bar Generator 
7F.2905/8 . £225 

COMPONENTS 
Numeric Tube 
8.5853 0 -9 
Dgit 1.4" 
height Brand 
New E1.00 

Also Alpha 
Numeric Nixie 
Tube 

B 7971 Displays alphabet & 0 -9 numerals 
99p 

OSCILLOSCOPE 
TEST EQUIPMENT 

TEKTRONIX 
Fusse venerator Type Ill. 0.5psec rlsetu,. 
Amplitude t 5V. 30 to 250 nsec. difference 
between trigger and output pulses ... £60 
Time Mark Generator 180A £85 
Pulse Generator 109 0.25 nsec. Risetirne 
0 -55V Calibrated variable amplitude. Impe- 
dance 50 ohms £35 
Pre -I rigger russe Generator III tab' 

MISCELLANEOUS 

Transfer Oscillator Type 7580HBy Beckman. 
DC -15GHz with counter, 7.5MHz -15GHz 
'without counter. Sensitivity 100mV (R.M.S.) 
MAAAAARCONF - - íE350 
Distortion Factor Meter TF.142F. Fundamen- 
tal Freq. Range 100Hz -8KHz. Dist. measure- 
ment ranges 0 -5% & 0-50% £60 
Portable Recener Tester TF.888/3, 
70KHz- 70MHz, Xtal check 500KHz & 5MHz, 
1KHz A.F. Oscillator, A.F. Power 10mW, 
100mW & 1W £69 
Wave Analyser TF 455E £95 
Noise Generator TF 1301. 200 -1700 MHz 

£80 
Amplitude Modulator TF 1102. Basic Carrier 
Frequency Range 10OKHz- 300Mhz /500MHz 
CW or FM output of any conventional signal 
generator can be amplitude modulated, 
including sine waves, square waves pulses. 
picture signals £25 
SOLARTRON 
Resolved Component Indicator VP 
253.3 P.O.A. 
Low Freq. Decade Oscillator OS 103.3 P.O.A. 
EKCO INSTS 
(Nucleonics) 
Ratemeter N.600B P 0 A 
S.T.C. 
Level Measuring Set 74307A ...... P.O.A. 
RADIOMETER 
1MHz Capacitance Comparator Type CMB 
111352 P O A 
BELL 
Gaussmeter 120 P.O.A. 
HEWLETT PACKARD 
Microwave Link Analyser 3701/02/03 

£2000 
Distortion Analyser 380C P 0 A 
Ratio Meter 4168 P 0 A 
Univerter 207H (for use with 202H and J 
Generators) P 0 A 
MUIRHEAD 
Facsimile Transmitter Receiver Type 900. 
Easily convertible to receive weather pictures 
from satellite systems E860 
SAVAGE 
Amplifier Mark Il Star Model 1 KM22, 1 KW 
output. Freq. 50 -10 KHz. Good condition 
WAYNE KERR £1850 
Video Noise Level Meter M 131 £75 
S.P.L. 
Component Comparator CZ457 / 5 P.O.A. 
AIRMEC 
Modulation Meter 210 £75 
Modulation Meter 210A £135 
HEWLETT PACKARD 
Time Domain Reflectometer 140A + 
1415A E750 
Trolley for 175A scope £50 
Digital Recorder 561B £150 
MARCONI 
Blank & Sync. Mixer TF1 908 £95 
VHF /UHF Probe TM 960 (New) E30 
TEKTRONIX 
Scope Camera C -13 P.O.A. 
MUIRHEAD 
Various Pametrada Analysers P.O.A. 
SOLARTRON 
Analogue Tutor TY 1351. Ask for details 

P.O.A. 
AC /DC Converter LM 1219.. , £200 
P.R.D. 
Noise Generator 904A P.O.A. 
TELEMAX- SOUTHERN 
TD1 Freq. Meter /Generator. 10KHz -3000 
MHz P.O.A. 

POTENTIOMETERS 

Manuf. 
Relcon 
Relcon 
Beckman 
Bourns 
Bourns 
Beckman 
Beckman 
Relcon 
Beckman 
Borg 
Beckman 

Type 
0705/1001/A 
0705/05/F11 
7246/5019 
35005 -2 -500 
35005 
A/5303 
72212/5 
0710-1-1-001A 
A 
KS1302512 
7223 

Turns Value 
5 100 ohm 
5 200 ohm 

10 50 ohm 
10 50 ohm 
10 1K 
10 5K 
10 10K 
10 10K 
10 20K 
10 20K 
10 50K 

\V V\ --09q I (1k It 1,2 I I IFR I)F I V I I.S 

Price 
E1.75 
E1.75 
E2.00 
E1.95 
E2.00 
E1.00 
£2.00 
E2.00 
E3.00 
£2.00 
£3.50 
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the test equipment people 
Come and visit Europe's first Electronic 
Instrumentation Centre 

49 -53 Pancras Road 
London NW1 2QB 
Tel: 01 -837 7781 

Next to KING'S CROSS ST. PANCRAS 

VISIT OUR STAND AT THE 15th 
ELECTRONIC INSTRUMENTS EXHIBITION 
The Bloomsbury Centre, London W.C.1 

on September 23/24/25 

OSCILLOSCOPES 
& PLUGS INS 

TEKTRONIX 
MAIN FRAMES 

546 
547 
585A 
661 

PLUG INS 
IAI 
IA2 
CA 
2A61 
2A63 
2667 
3A6 
383 
3T77 

PLUS OTHER PRICES ON REQUEST 

HEWLETT PACKARD 

£275 
£325 
£350 

P.O.A. 

. IOAI..L 
82,.M 
8000 
86..R 
B ..S 
D ..T 
G . 

H 
K . 

$ a 
Y Moil a 

0"' 
Model 1300 200aV /cm Oscilloscope. This 

scope is a versatile all purpose instrument for 
laboratory, production line, industrial process 
measurements and medical applications. The 
outputs of rf detectors, strain gauges. 
transducers, and other low level devices may 
be viewed directly without preamplification. 
The Model 130C is easy to operate even by 
inexperienced personnel. Specification- Time 
Base: Range - 1 us/cm to 5 s/ cm, 21 ranges 
in a 1.2.5 sequence; accuracy ± 3 %. vernier 
provides continuous adjustment between 
steps and extends the 5 s /cm step to at least 
12.5 s /cm. Automatic triggering (baseline 
displayed in the absence of an input signal). 
Vertical and horizontal amplifiers. Bandwidth 
d.c. coupled. dc to 500 KHz; ac coupled 
¡input). 2 Hz to 500 KHz: ac coupled 
(amplifier). 25 Hz to 500 KHz at 0.2 mV/ cm 

deflection factor . 
£175 

Sampling Scpe 1858 DC -3 5 GHz E395 

AVAILABLE SOON: 
HEWLETT PAKARO 
1700A - 35MHZ £385 
1707A - 75MHZ .. £700 
1710A- 150MHZ.... £900 

TEKTRONIX 
RM 503- X -Y £200 
54g £800 
IL10 E425 

SPECTRUM ANALYSER PLUG IN 

TELEOUIPMENT 
Dual Bean: Scope D31 R DC -6MHz £75 

dus,! 
The most 
Comprehensive 
Test Equipment 
Catalogue ever 
compiled in the U.K. 
FREE COPIES now avail- 
able for U.K. companies. 
Please applly on 
letter- headed paper. 
Private individuals please 
remit 50p towards cost & 
carriage. 
Overseas Customers 
please remit £1 for air- 
mailed copy. 

POWER SUPPLIES 

LMB 100 - RV I/P 240V 0/P 100V +- 5% 
DC 0.37A .... .. £70 
LMFA 24 -0V- V I/P 240V 0/P 24V ± 5% 
13A E120 
LMD 20 I/P 115V 0/P 20V ± 5% 7A E75 

ALSO OTHER TYPES & MAKES 

X-Y & U/V RECORDERS 

ADVANCE 
X -Y Recorder HR.92/1 
BELL & HOWELL 
U V. Recorder 5/127, without Galvo s £225 
BRYANS 
X -Y Recorder 20021. £195 
ELECTRONIC ASSOCIATES 
VariPlotter £145 

£150 

MULTIMETERS 

000,0 
®®B6A 

Ma1MalM n000uu 
6H ®MME 

SUPER - 
TESTER 
680R 
ICE 
20,000 
Ohm 
per 
Volt 
sensi- 
tivity. 
Fully 

screened against external magnetic fields. 
Scale width and small case dimensions (1 28 x 

95 x 32mm). Accuracy and stability (1 % in 

D.C., 2% in A.C.) of indicated reading. 
Simplicity and ease of use and readability. Full 
ranges of accessories. 1000 times overload. 
Printed Circuit board is removable without 
de- soldering. More ranges than any other 
meter. Ask for free catalogue £18.50 

FANTASTIC NEW 
MICROTEST 80 

r. .P.. 
_- I ; ;__-_ 

MEASURES 

ONLY 

90 x 70 x 18mm 

Electronic zero Q 

Amazing Value at £11.95 
8 fields of measurement 

and 40 ranges 

PRINTED CIRCUIT 
BOARD IS REMOVABLE 
WITHOUT SOLDERING 

Volta d.c. 4 ranges: 100mv 2v 10V 50V 200V. 
1 000V (20k0/ V) 2% precision on a c and c. 

Volts a.c. 5 ranges: 1.5. 10V. 50v, 250V. 1,000V 
(4k(/ V/ 
Amp. d.c. 4 ranges: 50,A, 500.A, 5,,A. 50mA, 
500nrA 5A 
Arp. a.c. 5 ranges: 250.A. 2 5mA. 25mA, 250mA, 
2 5A 
Ohtr 4 urges: Low G. G x l. G x 10. 0 x 100 
(from 1 , 10 di O until 5M0) 
V Output 5 ranges: 1 5V, 10V. 50V, 250V, 1.000V. 
Decibels 5 ranges: +6dB. +22dB, +36dB. +5048, 
+62aB 
Capacity 4 ranges 25.F. 250uF.. 2.500 F 
25.000.,F 

Accessories (extra) available to convert 
Microtest 80 & Supertester 680R into 
folowing. SIGNAL INJECTOR. GAUSS 
MEIER, ELECTRONIC VOLTMETER. AMPER. 
CLAMP. TRANSISTOR TESTER. TEMPERA- 
TURE PROBE, PHASE SEQUENCE 
INDICATOR -- Send for details. 

MORE RANGES 
FOR LESS 
MONEY! 
AC /DC Multi - 
meter type 
U4324. A -DC 
0.06 -3A - 6 
Ranges. A -AC 
0 3A - 5 

Ranges V -DC 
0 6 -1200V - 9 
Ranges. V -AC 
3 -900V - 8 
Ranges. Freq.. In 
the range of 45 to 
20kHz. Resis- 
tance. 500 ohm 
to 5 Mohm - 5 

Ranges Decibel: 
--10 to +12dB. 
Accuracy. ' 2 5% 
All above Mullin:, Cers (except AVO) are bland 
new 

POST & PACKING 50p 

DC 4°r., AC D - 

mensions 167 x 

98 x 63mm 
Only £9.50 

GYork Way ti, 

ING'S CROSS ''°-,' 
a d P 
e 

S¡0óc Q,st -0,',.- , ¡ 
00,6\z'ò 

DIGITAL VOLTMETERS 

D.C. Digital Voltmeter. Solartron Type 
LM.1420.2 2.5uV -1 KV in 6 Ranges. 0.05% 
DC Accuracy. 250KHz Counter Facility £235 
DYNAMCO 
DM.20225 10pV -2kV. Max. reading 39999. 
Accuracy 0.02% £245 
D V.M. DM2001 Mk. II E125 
D V.M. DM2004 £95 
SOLARTRON 
Autoranging Digital Voltmeter LM 1480. 
Accuracy: 0.005 %. 106V - 2kV DC. 
Resolution 1 part in 30.000. 20,000 M input 
resistance. 6. Operating modes. Long term 
accuracy sta aihty Suitable for the Standards 
Runny I atop n' Industrial uses. 

RECORDERS 
RECORD 
ELECTRICAL 
Single Pen Recorder. 3 
chart sensitivity 1 mil - 
lemp chart speed 1 and 
6" per hr. Size 8" x 11" 
x 6 ". Offered complete 
with pen assembly. List- 
ed at over £120 - this 
month's special price due 
to bulk purchase. 
500, A version .. £60 

SPECIAL OFFER 

High 
Precision 
Miniature 
Motor 
1 .5V -4.5V DC 
MOTOR 

Suitable for Tape Recorders. Toys etc. 1001 
uses. BULK OFFER. 

Minimum Order 10 Pieces 

100 
1.000.. ... 
10.000 
25.000 

£2.00 
£ 15.00 

E120.00 
£1,000.00 

P.O.A. 

are lust a 
fewese pages 

lf::::Ies iis 
not shown 

give 
us a 
ring, 

ELECTRONIC BROKERS LIMITED - = A member of the EB Group 

Carriage and packing charge extra on Please note: All instruments offered are secondhand and p 
all items unless otherwise stated. tested and guaranteed 12 months unless otherwise stated. ADD ° 0 VAT TO ALL PRICES 

11- IQDFOR FtIRfHÉR DETAILS 
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Digital Displays 

ElEnfionias 11d. 
MONEY PACK IF NOT SATISFIED. 
LARGE STOCXS. LOW PRICES, 
ALL BRAND NEW TOP GRADE FULL 

441 I N O S O R ; BER KS. SPEC DEVICES, CALLGR3 WELCOME, 
CATALOGUE ¡LIST FREE SEND SAE, 

5 8/ 60 G ROV E R D: BARCLAYCARD 8 ACCESS x POST. 
SEND C.W.O. ADD VAT TO ALL PRICES IN U.&.P&P 15p. EXPORTS 60p, 

SLA7 RED LED 0.3" 
DIGIT 0 -9DP 89p ea 
GREEN &YELLOW £1.40 

JUMBO LED 0.6" 747 
DISPLAY £2.25 ea. 

3015F 0 -9DP £1 ea. 

ZENON FLASH TUBE 
C4. Data 15p. 

L E DS pad 13P 
LEDS 209 STYLE ONLY 13p ea 
TIL 209 WITH CLIP RED 15p ea 
TIL 211 & CLIP GREEN 29p ea 
LARGE 0.2" & CLIP RED 17p ea 
LARGE 0.2" CLIP GREEN 30p ea 
209 STYLE OR ,2 "ORANGE 29p ea 
INFRA RED LED E1.2145777 33p. 

PH070 oi1J" 
TEC12 PHOTO AMP /SCMITT /RELAY 
DRIVER or LED TTL INTERFACE 81p 

FLUORESCENT LIGHTS 12V MADE IN UK 
8 WATT 13" E3. 13W 22" £3.50 

OiO`TfiL CLOCK 
IC ÁY51224 4 DIGIT CLOCK £3.75 
'4M5311/4 6 DIGIT CLOCK £7 

CASSETTE 
.1 7/ mechanics 

NEW 8tk CARTRIDGE MECHANISM E8 

STEREO CASSETTE MECHANISM £13.75 
Suitable for 'PW ASCOT' recorder 
.Ith heads etc.SEND 15p for DATA 

INTEGRATED 
CIRCUITS 

709 DIL14 29p LM377 2x2WE2,87 
555 TIMER 54p LM380 2W AF 89p 
703 RF/IF 28p LM381 2xPre £2 
709 T099 23p LM3900 4x0PA690 
709 DIL 14 28p MC1303 £1.20 
710 DIL 14 34p MC1306 49p 
723 Reg. 54p MC1310&LED£2.65 
741 DIL 8 27p MC1312 SQ £2.10 
741 DIL 14 29p MC1330 69p 
741 T099 29p MC1339 2xPre fl 
747 2x741 70p MC1350 55p 
748 DIL 8 33p NE536 fetOPA E2 
7805 5V E1.40 NE540 Driver E1 
7812 a 15 £1.40 NE550 2vRef 79p 
76013 6W AF E1 NE555 Timer 55p 
8038 SIG GEN E3 NE556 2x" E1.20 
CA3028 £1 NE560 PLL £3.15 
CA3046 55p NE561 PLL £3.15 
CA3048 £2 NE562 PLL £3.19 
CA3052 f1.50 NE565 PLL £2,69 
CA3054 £1 SN72709 709 28p 
1.4300 2-20V £2 5572741 741 26p 
LM301 OPA 45p SN72748 748 33p 
LM304 0-40V £3 SN76660 IF E1 
LM307 OPA 49p SN76611 IFE1.25 
LM308 NSBo 95p TAD110 &IF E2 
LM309K 5V £1,48 TBA810 7WAF 99p 
LM372 IF E1.80 ZN414 RX E1.09 

SPECIAL OFFERS 
253055 FULL HIGH SPEC 115W 37p 
741C SPIN DIL 27p.MFC4000B 33p 
NE555 TIMER 55p.214414 RX E1.09 
BC109 9p.2153819e 16p.BFY51 15p 

O. -1(411 TTL 
11H 7473/74/76 29p 

7400 GATES lap 7475 45p 
7404 INVERT 17p 7490 52p 
7401/2/10etc14p 7491/2/3/4 59p 
7413 SCATTY 31p 74100 74175'11 
7440 BUFFER 14p 74121 32p 
7447 DRIVER 89p 74123 59p 
747n a 7472 29p 74141( &7441)73p 

TRANSISTORS vero 
& DIODES 

Price each MATCHING I6 AC127 & 128 16p INS,BUSH SET1Op 
¡ 

29p 
p 3¡x3 17 " 26P 1,50x31 

"31p. 
ACIA7 A 188 19 3 "x5" 
ÁD199 43p TIP 41 70P 

TIP 42 DIL IC's BOARDS 6x41" E1.50 ÁD161 & 162 33p 24 way edge connector 60 TIP 2955 BC107 A 108 9P TIP 3055 SSp 36 way 900. PLAIN 31"x17" E1. BC109 lop P 
FACE CUTTER 45p,FEC ETCH PAK 50v BC147/8/9 lop TiS43 aee2N2646 

BC157/8/9 12p 1T400ä301 13p lLJ" a n e n p BC167/8/9 12p 1414001 + 4p Q `Jj- 
BC177/8/9 18p 1414004 & 7 7p PRINTED CIRCUIT BOARD KIT £1.69 BC182/3/4A4L10p 1N4148 1 914 4p DECOR NO MESS ETCH PAK NEW 69p BC212 /3 /444Lllp 2N697 14p DECON DESOLDER BRAID REEL 59p ' BCY70/1/2 17p 2N706R8 'IP HEATSINKS BD131 & 132 39p 252646 UJT 32p 
BFR51 2N2904 & 5 20p 5F/T05 a 18F/T018 5p ea.TV4 15p. BFR50 /51 23p 2N2926royg 9p TV3 /T03 16p.EXTRUDED 4" 4Y1 29p. 
BFR50 /51 23p 2N3053 17p 

TGS308 GAS DETECTOR £1.80 ea. BFR88 250V 29p 2N3055 115W 37p 

BFY50 /1/2 15p 253563 & 64 16p LOGIC PROBE TTL TESTER PEN f5 
253614 

BSX19/20/21 16p 2N3702 & 3 49p CAPACITORS 
MJE2955 90p 253704 & 5 10p CERAMIC 22pf to 0.1uf 50V 5p. MJE3055 65p 2N3706 & 7 9p ELECTROLYTIC:10 /50 /100 of in MPU131 PUT 49p 2N3708 A 9 8p 10v 5p.25v 6p.50v 8p,2uf /10v 5p. 0591 0A81 6p 2N3710 A 11 lop 1000 of /25v 18p.200 /500 25v 9p. °A81 & OA91 6p 2,43819E FET I6p 
TIP 29 & 30 52p 2413823E FET 17p 
TIP 31 & 32 69p 253904/5/6 15p 
FULL SELECTION IN OUR FREE LISTS. 

VERO PINSx36 28p. 
COPPER CLAD VEROBOARD 0.1" 

WEw LOW PAZ? 

NEW TRAMPUS FULL SPEC PAKS 

PAK A 10 RED LEDS our choice E1 
PAK B 4 741 OP AMP " " E1 
PAK C 4 2N3055 £1.0 12 BC109 £1 
PAK E 10 BC182 £l.F it 253704 f1 
PAK G 8 BFY51 E1.H 9 2N3819e£l 
PAK J 9 253053 í1.K 40 19914 £1 

BZY88 400mW 
2E1,1E9 DIODES 9p 

39IJGE RECT 
IA 50V 20p 

89100 MAC 25p 

IA /50V SCR 36e 
TAG1 /400. 55p 
0106 A 7 SCR D1 
4A /400V 53p 
SC146D TRIAI 
IDA 400V - p 

POTENTIOMETERS (POTS) AB or EGIN 

LIN or LOG ROTARY 13p.SWITCH 14p 
DUAL 45p.SgLIDERS 29P.STEREO 57P 
KNOBS 7P.fRESETS 6PRESISTORS 14P 
SWITCHES: SPST 18p. DPDT 25p. 

DIN PLUGS ALL 12P, SOCKETS imp, 
ALI CASES AB5 /ÁB7 50p.AB13 65p. 
TRANSFORMERS IA 6v6v or 12v12, 
Only £1.34.lOOmA type CT 75p. 

OIL sockets 
TEXAS GOLD 
LOW PROFILE ea 

8,14,8 16 PIN 13p 

SOLDERCON STRIPS: 
100 PINS 50p,1K E3. 

WW-073 FOR FURTHER DETAILS 

REDIFON TELEPRINTER RELAY UNIT No. 12: ZA -41196 and power supply 200 -250V a.c. Polarised rem -type SEITR 8Q-0.Y 25B1A,.Two. slAbiljs0¢valves 'CV 286. Centre Zero Meter 10 -0 -10. Size 8in. x 8in. x 8in. New condition. f`í07 
Cam. 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. INSULATION TEST SET: 0 -10 kV negative, earth with amplifier provision for checking ionisation. 110/230v a.c. input. S /hand, good cond. £35 + £1 Carr. 
BRIDGE MEGGER: 250V. (Evershed Vignoies) series 2. £30 each. Carr. £1. BRIDGE MEGGER: 2,500V., series 1. £30 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 mA and 
6.3 volts C.T. 3 amps d.c. 110/250 volts a.c. input. £18.50. Carr. £1.50. 
TELEGRAM TERMINAL UNIT (A.T.E.) TYPE TFS3r. Converts signals from 
Receivers into d.c. pulses. Complete with monitor. £75 each. Carr. £2. 
FURZHILL SENSITIVE VALVE VOLTMETER V.200: Freq. 10Hz -6MHz (can be 
used beyond 6MHz). Probe in circuit - voltage range ImV -IkV in 6 decade 
ranges; full scale deflection 10mV, 100mV -IkV. Without probe 100µV -100V in 6 decade ranges; full scale deflection lmV, IOmV -100V. Accuracy ±5%. £30 each. 
Carr. £1. 
NOISE FIGURE METER TYPE 113A (Magnetic AB, Swediñ): Complete with 
Noise Source 121 and 122. £125. Carr. £1. 
PRECISION PHASE DETECTOR TYPE 205: Freq. 0.1 -15MHz in 5 ranges. 
Variable time delay microseconds 0 -0.1c, 115V input. £55 each. Carr. £1. 
RHODE & ' SCHWARZ HF MILLIVOLTMETER: 30Hz -30MHz Type UVH, lmV-IV _in 7 ranges, 220V. £75 each. Carr. £2. 
PHILIPS VALVE VOLTMETER TYPE GM6014: 1 -300mV in 6 ranges, 70 -20dB, 
probe 1000Hz- 30MHz, 300mV maximum. £35 each. Carr. £1. 

CT.343 VALVE VOLTMETER: in ruggerised steel casé. Range 1.2mV to 400V. 6 
ranges indicated on 3" meter. 230v a.c. input. £25. Carr. E2. 

UHF MICROWAVE MILLIWATTMETER TYPE 14: Direct reading, can be used' to measure power from 100MHz upwards. F.S.D. on 4in. scale meter 2.5m W. £40 each. Cam. £1. 
MARCONI HF SPECTRUM ANALYSER OA. 1094/3. Further details on request. 
£250 each. Carr. £5. 
Q METER: 30MHz- 200MHz. £55. Carr. £1. 
AVÖ TRANSISTOR ANALYSER CT.44: £35, carr. £1.50. 
ALL CARRIAGE QUOTES GIVEN ARE FOR 50 -MILE RADIUS OF LONDON 
ONLY. 

SIGNAL GENERATOR AIRMEC TYPE 701. 30KHz- 30MHz, 7 ranges. £65. Carr 
-Sg 

. 

. 1- 1278/1 TRAVELLING TUBE WAVE AMPLIFIER: £25. Carr. £2. 
BPL A.C. MILLIVOLTMETER TYPE VM.348 -D Mk. 3: 2 millivolts -2 volts, 6 
ranges. £30. Carr. £1. 
WAYNE KERR WAVEFORM ANALYSER A.221: Low scale 0-1200 c /s. High 
scale 1 -20 Kc /s, 600 ohns. Harmonic level is 0 -55 dB in 12 steps. £75. Carr. £1.50. 
SPECTRUM ANALYSER TYPE MW.69S (Decca): Further details on request. 
£200. 
MARCONI DUAL TRACE UNIT TM -6456: £30. Post 60p. 
SIGNAL GENERATOR TS- 403B /U (or URM -6lA): (Hewlett Packard). A 
portable, self- contained, general -purpose test equipment designed for use with 
radio and radar receivers and for other applications requiring small amounts of 
RF power such as measuring standing -wave ratios, antenna and transmission 
line characteristics, conversion gain, etc. Both the output freq. and power are 
indicated on direct- reading dials. 115V, AC, 50 c /s. Freq. -1800 -4000 Mc /s. CW, 
FM, Modulated Pulse - 40 -400 pulses per sec. Pulse Width - 0.5-10 microsecs. 
Timing - Undelayed or delayed from 3 -300 microsecs from external or internal 
pulse. Output - 1 milliwatt max., 0 to -127 dB variable. Output Impedance - 
500. Price: £120 each + £2 carr. 
H.V. TRANSFORMER: 8000 /8000. Output 300mA. rms. Size: 12in. x 12in. x 36in. 
230V input. £40. Carr. £4. 

FIREPROOF TELEPHONES: £25.00 each, Carr. £1.50. 
POWER UNIT: 110/230 volts a.c. input. 28 volts d.c. at 40 amps output. £30.00 
each, carr. 13.00. 
SMOOTHING UNIT (for the above): £10.00 each, Carr. £2.00. 
X -BAND- MODULATOR CALIBRATOR TYPE MC-4420 -X: Mnfr. James Scott. 
£125 each.Carr. £1. 
HP -766D DUAL DIRECTIONAL COUPLER: 940- 1975MHz. £35 each, 75 post. 
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 -SI: 5, 10, 50 MHz. £65. 

_Carr. £2. 

MARCONI SIGNAL GENERATOR TYPE TF -144G: Freq. 85 Kc /s -25 Mc /s in 8 
ranges. Incremental: ±1%at 1 Mc /s. Output: continuously variable 1 microvolt 
to 1 volt. Output Impedance: 1 microvolt to 100 millivolts, 10 ohms 100mV -I volt 
- 52.5 ohms. Imternal Modulation: 400 c/s sinewave 75% depth. External 
Modulation: Direct or via internal amplifier. A.C. mains 200/250V, 40 -100 c /s. 
Consumption approx. 40 watts. Measurements 29in. x 12 %in. x 10in. Secondhand 
condition. £32.50 each. Carr. £2.50. 
ROTARY INVERTERS: TYPE PE.218E - input 24 -28V d.c., 80 Amps. 4,800 rpm. 
Output 115V a.c. 13 Amp 400 c /s. IPh. 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. Unused as 
new condition complete with headset. spare valves, charts. E35 + £2.00 cary. 

ALL U.K. ORDERS SUBJECT TO VALUE ADDED TAX. THIS MUST BE ADDED TO THE TOTAL PRICE (including post or carriage)_ 
If wishing to calfat 
stores, please telephone 
for appointment WWMILLS 3 & 3a BALDOCK STREET, WARE, HERTS. . and at ELSTOW STORAGE DEPOT. Phone: Bedford 740605 (STD 0234) 
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Our noise reducer is something to 
shout about! 

a69 

Wireless World Dolby noise reducer 
Complete kits for the Wire less World 
Dolby B noise reducer are available 
through the address given below. 
The two -channel design features: 

a weighted noise reduction of 9dB 

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 align- 
ment 
suitability for both open -reel and 
cassette tape machines 

check tape switch for encoded 
monitoring in three -head machi- 
nes 

The kit includes: 
-complete set of components for a 

stereo processor 
-regulated power supply compon- 

ents 
-board -mounted DIN sockets and 

push- button switches 
-fibreglass board designed for 

minimum wiring 
-solid mahogany cabinet, chassis, 

two meters, front panel, knobs, 
mounting screws and nuts. 

Price is £43 inclusive. 

A single -channel printed- circuit 
board, with f.e.t. costs £2.50 or 
£8.63 with all components inclusive 
(excluding edge connector, £1.37 
extra). Selected field- effect transis- 
tors cost 68p each inclusive, £1 .20 
for two and £2.20 for four. 

DOLBY KIT ORDER FORM 

Calibration tapes are available, 
costing £1 .94 inclusive for 9.5cm /s 
open -reel use and for cassette 
(specify which). 

Send cash with order, 
making cheques payable to 
i PC Business Press Ltd, to: 

Wireless World noise reducer 
General sales department 
Room 11, Dorset House 
Stamford Street 
London SE1 9LU 

Allow three weeks for delivery. 

.i.MIMMI...M1111.-11,_ _,,==-.,._. 

Please supply me with the complete Wireless World kit for a Dolby noise reducer. 

I enclose remittance value £43.00 inclusive 

Name 

Address 

Additional items required 

I enclose remittance value £ payable to I.P.C. Business Press Ltd. 
J 



SUPER UNTESTED PAKS J 
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SI-PAM SEMICONDUCTORS 
TRANSISTORS 

BRAND NEW, FULLY GUARANTEED 
AC107 038 'BC171 0.15 BFX88 0.21 2N718 0.28 
AC113 0.19 BC172 0.15 ' BFY50 0.20 2N718A 0.51 ' 

AC115 0.2 '9Ci73 0.15 BFY51 0.20 2N728 0.29 
AcI17K 0.39 BC174 0.13 BFY53 0.20 2N727 0.29 
ACID 0.12 BC175 0.22 RAM- OAS 2N743 0.20 
AC125 0.18 BCI77 0.19 BSX19 0.16 2N744 0.20 
AC126 9.19 BC178 0.19 .BSX20 0.16 2N914 0.15 
AC127 0.19 BC179 0.19 BSY25 0.16 2N918 0.31 
AC128 0.19 BC180 0.25 BSY28 0.16 2N929 0.21 
AC132 0.16 BC181 0.25 BSY27 016 2N930 0.31 
AC134 0.10 BC182 0.18 'BSY28 0.18 2N1131 0.20 
ACI37 0.15 BC182L 0.13 0.16 2N1132 0.22 
AC141 0.19 BCIO3 0.13 SY38 0.19 2N1302 0.15 
AC141K 0.30 BC183L 0.15 SY39 0.19 2NI303 0.15 
AC142 0.19 BC184 0.20 lßSY40 0.20 2N1304 018 
AC142K 0.26 BC184L 0.20 $SY41 0.29 2N1305 0.18 
AC151 0.18 BC188 0.29 BSY95 0.13 2N130b 0.21 

AC151 0.20 BC187 0.29 13SY95A 013 2N1307 0.21 
AC155 0.20 BC207 0.11 BUI05 2.01 2N1308 0.24 
AC156 0.20 BC208 0.11 C111E 0.51 2N1309 0.24 
ACI57 025 BC209 0.12 C400 011 2N1813 0.20 
AC165 0.20 BC2I2L 0.13 C407 0.28 2N1711 0.20 
AC ID 0.20 BC213L 0.13 C424 0.26 2NI889 0.32 
AC I87 0.20 BC214L 0.17 C425 851 2N1890 0.44 

C128 826 2N1893 0.38 
C428 0.20 2042147 0.71 
C441 0.11 2N2148 0.58 
C442 0.31 2N2180 0.81 
C444 036 2N2192 0.38 
C450 0.22 2N2193 0.36 
MAT1O0 019 2N2194 036 
MATIOI 0.20 2N2217 0.22 
MAT120 0.19 2N2218 0.20 
MAT121 020 2N2219 0.20 
MJE52I 0.56 2N2220 0.22 
MJE2955 0.88 2N2221 0.30 
MJE3055 0.57 2N2222 0.20 
MJE3440 051 2N2388 0.18 
MPF102 0.43 2N2369 0.15 
MPF104 0.38 2N2389A 015 
MPF105 058 2N2411 . 0.25 
OCl9 O.S6 2N2412 6.25 
0C20 LL85 2N2848 *0.46 
0C22 047 2N2711 0.21 
0C23 0.49 2N2712 0.21 
0C24 0.57 2N2714 0.21 
0C25 0.38 2N2904 0.18 
OC28 0.30 2N2904A 0.21 
0C28 051 2N2905 0.21 
0C29 0.51 2N2905A 0.21 
0C95 0.43 2N2906 0.16 
0C36 0.51 252906A 0.19 
0C41 0.20 2N2907 0.20 
0C42 0.25 2N2907A 0.22 
044 0.16 2N2923 0.15 
0C45 0.13 2n2924 0.13 
0070 0.10 2N292$ 0.15 

BD176 0.81 
0071 010 2N29260 0.13 
0072 AIS 2N2926Y 0.11 

BD177 0.67 
1313178 0.67 

0074 015 2N29260 0.10 

BD179 0.71 
0075 0.16 2N29260 0.10 

BD170 071 
0076 0.16 2N292613 0.10 
0077 0.26 2N3091 0.71 

BD185 0.67 pan 0.16 2N3011 O.IS 
BDI88 0.67 
BD187 0.71 

OCB1D 016 2N3053 0.18 

BD188 0.71 
0082 0.16 2N3054 0.47 

130189 0.77 
0082D 0.16 2N3055 0.42 
0083 0.20 2N3319 0.15 

BD180 0.77 0C139 0.20 2N3391A 0.17 
BD195 0.87 OC140 0.20 2N3392 0.15 
B13196 087 0C169 026 2N3393 0.15 
BD197 0.92 0C170 0.28 2N3394 0.15 
BD198 052 0C171 0.26 252295 0.18 0.28 BD199 0.98 0C200 028 2N3402 0.21 

0.31 130200 0.98 OC201 029 2N3403 0.21 
0.51 BD205 041_ 0C202 0.29 2N3404 0.29 
051 BD206 081 

- 0C203 0.26 2N3405 0.34 
0.51 BD207 098 OC204 026 2N3414 0.16 
0.51 BD208 0.98 0C205 0.36 2N3415 0.16 
0.51 BDY20 1.02 0009 0.41 2N3416 0.29 
038 BF115 0.25 OCP71 *0.44 2N3417 029 068 BF1I7 0.48 ORP12 *0.44 2N3525 *0.77 
0.68 BF118 071 ORP80 *0.41 2N3814 069 028 BF] 19 071 ORP81 *0.41 2N3615 0.76 
0.31 BF121 0.48 020 *0.51 2N3616 0.76 
0.26 BF123 0.51 P346A 0.20 253646 0.09 
0.26 BF125 0,48 9397 0.45 2N3702 0.12 
0.26 BF127 051 STI40 0.13 2N3703 012 
0.28 8F152 0.58 Sf141 0.18 2N3704 0.13 
0.26 BF153 0.46 11029 0.44 2N3705 0.12 
0.26 BFI 59 0.46 TIP30 0.52 2N3706 0.12 
0.26 BF155 0.71 TIP31A 9.66 2N3707 013 
0.26 BF156 0.49 TIP32A 688 2N3708 0.08 
0.26 BF157 0.58 TIP4IA 8.68 2N3709 0.08 
0.26 BF158 0.58 TIP42A 681 2N3710 0.09 
0.26 BF159 0.81 17543 *831 2N3711 0.09 
0.41 BF160 0.41 UT48 *628 2N3819 0.29 
0.08 BF162 0.41 ZN414 L12 2N3820 0.51 
0.08 BFI83 0.41 20301 019 2N3021 0.36 
0.08 BF164 0.41 20302 0.18 2N3823 0.29 
6.10 BF165 0.41 20303 019 2N3903 0.29 
0.16 BF167 022 20304 0.25 2N3904 0.31 
0.16 BF173 0.22 20306 0.41 2N3905 0.29 
0.16 BFI76 0.36 20308 0.36 2N3906 0.28 
0.19 BF177 0.38 2G309 037 2N4058 0.12 
0.10 BF178 0.31 20339 0.20 2N4059 0.10 
031 BF179 0.31 2G339A 0.17 2N4060 0.12 
0.81 BF180 0.31 20344 0.19 2N4061 012 
0.12 BF181 0.3I 20345 0.17 2N4062 0.12 
019 BF182 0.41 20371 0.17 2N4284 0.18 
0.12 BF183 0.41 20371B 0.12 2N4285 0.18 

2N4268 0.18 
2N4287 0.18 
2N4288 018 
2N4289 0.18 
2N4290 0.18 
2N4291 018 
2N4292 0.18 
2N4293 0.18 
2N5172 0.12 PIV 
2N5194 0.58 
2N5299 0.56 50 
2N5296 0.56 100 
2N5457 0.32 200 
2N5458 032 400 
2N5459 0.41 600 
2N6122 0.89 800 
25301 0.51 1000 
2S302A 6.43 ' 1200 
25302 6.43 
25303 11.54 

25304 Q71 
25305 0.80 
25306 0.80 
2S307 080 
25321 A75 
2S322 0.43 

AC 168 0.25 BC225 028 
AC169 0.15 BC226 0.38 
AC176 0.20 BC301 0.28 
AC177 0.25 BC302 0.25 
AC178 0.29 BC303 031 
AC179 029 BC304 0.37 
AC180 0.20 BC440 0.31 
AC180K 0.30 BC480 0.37 
AC181 0.20 BCY30 025 

IAC181K 0.30 BCY31 0.27 
AC187 022 BCY32 0.31 
ACI87K 0.23 BCY33 0.22 
ACI88 0.22 BCY34 0.26 
AC188K 023 BCY70 015 
ACY17 028 BCY71 020 
ACYIB 0.20 BCY72 0.15 
ACYI9 0.20 BCZ10 0.20 
ACY20 0.20 BCZ11 028 
ACY21 0.20 BCZ12 026 
ACY22 017 BDIIS 063 
ACY27 0.19 BD116 0.81 
ACY28 0.19 BD121 0.61 
ACY29 0.38 BD123 0.87 
ACY30 029 BDI24 070 
ACY31 0.29 BDI31 0.51 
ACY34 0.21 BD132 0.81 
ACY35 0.21 BD133 0.67 
ACY36 0.29 BD138 0.41 
ACY40 0.18 BD137 046 
ACY41 0.19 BD138 051 
ACY44 0.38 BD139 0.56 
AD,I30 0.39 BD140 0.61 
AD 40 049 BD155 0.81 
ADI42 0.49 BD175 0.61 
ADI43 0.39 
AD149 0.51 
AD161 0.36 
ADI62 0.36 
ADI61 & 
AD162(MP) 0.89 
ADT140 0.51 
AF114 0.25 
AF115 0.25 
AF116 025 
AF117 0.25 
AF118 0.38 
AF124 0.31 
AF125 0.31 
AF128 0.29 
AF127 
AF139 
AF178 
AF179 
AF180 
AFI81 
AF186 
AF239 
AL102 
AL103 
ASY26 
ASY27 
ASY28 
ASY29 
ASY50 
ASYSI 
ASY52 
ASY54 
ASY55 
ASY56 
ASY57 
ASY58 
ASY73 
ASZ21 
BC107 
BC108 
BC109 
BC 113 
BC114 
BC115 
BC116 
BC117 
BC118 
BCI19 
BC120 
BC 125 
BC126 
BC 132 
BC134 
$C 135 
BC 136 
BC 137 
BC139 
BCI40 
BC 141 

BC143 
BC 145 
BC147 
BC148 
BC149 
BC150 
BC151 
BC /52 
BC153 
BC154 
BC157 
BC158 
BCI59 

'BC160 
BCI6l 
BC167 
BC168 
BC I69 
BC170 

0.19 BF184 026 2G373 0.1g 
0.12 BF185 0.31 20379 0.18 
0.16 BF187 028 20377 0.31 
0.16 BF188 0.41 20378 0.17 
0.41 130194 0.12 20381 0.17 
031 BF195 0.12 20382 0.17 
0.31 BF196 0.15 20401 0.31 

0.31 BF197 0.18 20414 0.31 
0.48 BF200 0.46 20417 0.26 
0.10 BF222 0.98 2N388 0.36 
0.10 BF257 0.46 2N388A 058 
012 BF258 0.81 2N404 0.20 
0.19 BF259 087 2N404A 0.29 
0.20 BF262 056 2N524 0.43 
0.18 BF263 056 2N527 050 
0.29 BF270 0.36 2N590 0.43 
0.31 BF271 031 270599 0.46 
0.19 BF272 0.81 2N696 0.13 
0.12 BF273 0.36 2N697 014 
0.12 BF274 0.36 2N698 0.25 
0.48 BFWIO A6! 2N699 0.36 
0.51 130X29 028 2N706 0.08 
012 BFX84 022 2N706A 0.09 
012 1307(85 021 2N708 0.12 
0.12 BFX86 022 2N711 031 
0.12 BFX87 0.25 2N717 0.36 

74 SERIES T.T.L I.C: s 

'BI -PAK STILL LOWEST IN PRICE. FULL SPECIFI- 
CATION GUARANTEED. ALL FAMOUS 

MANUFACTURERS 
Type Quantities Type Quantities 

1 25 100+ I 25 100+ 
.7400 0.14 0.13 0.12 7486 0.32 0.31 0.30 
7401 0.14 0.13 0.12 7489 3.70 3.47 3.24 
7402 0.14 0.13 0.12 J490 0.80 0.58 0.54 
7403 0.14 O. IS 0.12 7491 1.02 0.97 095 
7404 0.14 0.13 0.12 7492 0.69 0.68 0.59 
7405 0.14 0.13 0.12 7493 099 0.96 0.59 
7406 0.86 031 0.39 7494 0.79 0.76 0.69 
7407 0,30 0.31 0.39 7495 0.79 0.76 0.69 
7408 6.23 6.23 631 7596 0.89 0.88 0.80 
7409 033 833 0.31 74100 1.39 1.34 I30 
7410 0.14 0.13 0.13 74104 056 0.54 031 
7411 0.33 9.22 031 74105 0.58 0.34 0.51 
7412 0.26 6.23 Q24 74107 0.41 039 0.37 
7413 0.30 0.29 0.28 74110 0.56 0.51 0.46 
7418 0.28 0.27 0.28 74111 0.83 0.81 0.78 
7417 038 0.27 0.26 74118 0.93 0.88 0.83 
7420 0.14 0.11 0.12 74119 1.39 1.30 1.20 
7422 0.28 0.27 0.26 74121 0.46 0.44 0.41 
7423 0.37 0.36 0.55 74122 0.65 0.63 0.60 
7425 0.37 0.36 8.35 74123 0.69 0.68 0.85 
7426 0.37 0.31 0.33 74141 079 0.76 0.73 
7427 0.37 0.35 0.33 74145 1.20 1.16 1.11 
7428 0.42 039 0.37 74150 1.39 120 1.20 
7430 0.14 0.13 0.12 74151 1.02 057 0.93 
7432 0.37 035 0.33 74153 0.93 0.88 0.83 
7433 039 0.37 035 74154 1.57 1.43 1.48 
7437 0.32 0.30 0.28 74155 1.11 1.06 1.02 
7438 032 0.30 0.28 74156 1.11 1.06 1.02 
7440 0.14 O.IS 0.12 74157 0.93 0.88 0.83 
7441 QM 0.66 059 74180 1.30 1.25 1.20 
7442 0.44 0.80 639 74161 120 1.25 1.20 
7443 L I I 1.06 1.02 74162 1.30 1.25 1.20 
7444 1.11 1.06 1.02 74163 1.30 1.25 1.20 
7945 1.48 1.44 1.19 74164 1.67 1.62 1.55 
7446 1.11 1.06 1.02 74185 1.67 1.62 1.55 
7447 1.02 0.99 057 74166 1.48 1.44 LSO 
7448 1.02 8.90 0.97 ;74174 1.48 1.44 1.39 
7450 0.14 0.13 0.12 74175 1.02 097 0.93 
7451 0.14 0.11 0.12 74178 1.16 1.11 1.04 
7453 0.14 0.15 0.12 74177 1.16 1.11 1.06 
7454 0.14 0.13 0.12 74180 1.16 1.11 1.06' 
7460 0.14 0.13 0.12 74181 3.66 3.56 3.47 
7470 0.30 0.27 025 74182 1.16 1.11 1.06 
7472 0.30 0.27 0.25 74184 1.67 1.82 1.55 
7473 0.38 0.38 0.32 74190 1.81 1.76 1,71 
7474 0.38 0.36 0.32 74191 1.81 1.76 1.71 
7475 0.56 0.54 0.52 74192 1.81 1.76 1.71 
7476 0.41 0.40 0.39 74193 1.81 1.76 1.71 
7480 056 0.54 0.51 74199 1.20 1.16 1.11 
7481 1.02 0.97 0.93 74195 1.02 0.97 0.93 
7482 0.83 0.79 0.74 74196 1.11 1.08 1.02 
7483 1.11 1.06 097 74197 1.11 1.06 1.02 
7484 0.93 0.90 0.88 74198 2.55 250 2.45 
7485 1.48 1.44 1.39 74199 2.31 2.21 2.11 

Devices may be mixed to qualify for quantity price (T7 L 74 
series only) data is available for the above series of I.C.'s in 

booklet form. PRICE 35p _ 

D.T.L. 930 SERIES j 
yin Quantities ype Quantities 

I 25 100+ I 25 100+ 
P930 0.14 0.13 0.12 nag 0.28 0.26 0.23 
P932 0.15 0.14 0.13 9951 0.85 0.60 056 
P933 OIS 0.14 0.13 P962 0.14 0.13 0.12 
P935 0.15 0.14 0.13 P9093 0.42 0.40 0.38 
P936 0.15 0.14 0.13 P9094 0.42 0.40 039 
P994 0.15 0.14 0.13 P9097 0.42 0.40 0.36 
P945 0.28 0.28 0.23 P9099 0.42 0.40 0.38 
P946 0.14 013 0.12 

Devices may be mixed to qualify for quantity price. Larger 
quantity prices on application. (DTL 930 Series only). 

PIV 

IO 

20 
30 
50 

100 
150 
200 
400 
800 
800 

THYRISTORS 

0.6A 0.8A IA 3A 5A 5A 7A IOA 16A 30A 
TO18 TO92 TO5 TO66 1066 T064 T048 T048 TO48 TO48 
0.13 0.15 
OIS 0.18 
0.19 0.22 
022 0.28 0.20 0.25 038 0.38 0.48 0.51 0.54 1.18 
0.23 030 0.25 0.25 0.48 0.48 0.51 0.57 038 1.43 
0.31 0.38 
0.38 0.44 0.25 0.30 0.50 0.50 0.57 0.62 0.62 1.67 - - 050 0.39 055 0.57 0.62 0.71 0.77 1.79 - - 039 0.48 0.69 0.89 0.78 0.99 0.90 - - - 058 0.85 0.81 081 0.92 1.22 1.39 4.0V 

LINEAR I.C: s 

Type Quantities 
I 25 

72702 0.48 0.44 
72709 0.23 0.21 
72709P 0.19 0.18 
72710 0.32 0.31 
72741 0.28 0.27 
72741C 026 0.25 
72741 P 0.28 0.27 
72747 0.79 0.74 
72748P 0.35 0.33 
SL20IC 0.46 0.42 
SL70IC 0.46 0.42 
SL702C 0.46 0.42 
TAA263 0.74 0.65 
TAA293 0.93 089 

2 Amp 
6 Amp 

10 Amp 

100+ 
0.42 
0.19 
0.17 
0.28 
0.26 
0.24 
0.26 
0.61 
0.31 
0.37 
0.37 
0.37 
0.56 
0.83 

Type Quantities 
I 25 

TAA350A 1.71 1.87 
uA703C 0.26 024 
uA709C 0.19 0.18 
uA711C 0.32 0.31 
uA7I2C 0.32 0.31 
uA723C 0.45 0.43 
760803 1.39 1.34 
76023 1.39 1.34 
76660 0.88 0.86 
LM380 0.93 0.90 
NE555 045 0.43 
NE556 0.88 0.86 
TBA800 1.39 1.34 
ZN414 1-1I - 

100 + 
1.57 
0.22 
0.17 
0.28 
028 
0.40 
1.30 
1.30 
0.83 
0.88 
0.40 
0.83 
1.30 

SILICON RECTIFIERS 

300mA 750mA IA 1.5A 3A 10A 30A 
1007) (S016) Plastic (SO16) (SO10) ('SOIO) (1048) 
0.05 0.06 1744001 0.05 0.07 0.14 *0.19 *0.56 
0.0.5 0.07 IN4002 0.06 0.08 0.16 *0.21 *6.59 
0.06 0.09 IN Vat 0.07 0.12 0.20 *0.23 *6.93 
007 0.14 IN4004 0.08 0.14 0.28 *0.35 *9.25 
0.08 0.16 IN4005 0.09 0.18 0.33 *0.42 *1.76 
011 0.18 1744006 0.10 018 0.35 *0.51 *1.94 
0.13 0.28 IN4007 0.11 0.23 0.44 *0.60 *2.31 

0.32 -- 0.20. 0.54 *0.69 *2.88 

TRIACS 

Case 100V 200V 400V 
TO5 0.31 0.51 0.7' 

TO66 0.51 0.81 0.77 
T048 0.77 0.92 1.12 

Pak No. Description Price 
U 1 ISO Glass Sumbmin. G.P. Germ. diodes 0 80 
U 2 50 Mixed Germanium transistors AF /RF 0.60 
U 3 75 Germ. gold bonded sub -min, like 0A47 0.80 
U 4 30 Germ. transistors like 0081, AC128 0.60 
US 60 200mA sub -min. silicon diodes 0.80 
U 8. 30 SII. trans. NPN like BSY95A, 2N706 0 80 
U 7 16 SO. rect. 750mA up to 1000 .. 0.80 
U 8 50 SII, diodes DO -7 250mA like OA200/202 .... 0.80 
U 9 20 Mixed voltages, 1 Watt Zener Diodes ..... 0.80 
U10 20 BAY50 charge storage diodes DO -7 . 0.80 
UII 20 PNP SII. trans. TO -SIIke 2N1132, 2N2904 .. 0.80 
U13 30 PNP -NPN SII. trans. OC200 0. 25104 0.80 
U14 150 Mixed silicon and germ. diodes 0 80 
U15 20 NPN Sil. trans. TO -5 like 2N696 0 80 
U113 10 3Amp SII. rect. stud up to 1000 PIV 0 80 
U17 30 Germ. PNP AF trans TO -51ike ACY 17.22 0.80 
U18 8 6Amp sil rect. BYZ13 tupe up to 800 PIV 0.80 
U19 20 Silicon NPN trans. like BC108 0 80 
U20 12 1.5 Amp all. rect. top hat up to 1000 PIV 0.60 
U21 30 AF. Germ. trans. 20300 series & OC71 0.60 
U23 25 MADTs like MHz series PNP series 0.60 
U24 20 Germ. I Amp rect. GJM up to 300 PIV 0.60 
U2S 25 300MHZ NPN sil. trans. 2N708 BSY27 0 80 
U28 30 Fast switching ail. diodes like IN914 080 
U29 10 1Amp SCR's TO -5 up to600PIV ... *1.20 
U32 25 Zener diodes 400mW DO -7 3.33 volts mixed 0.60 
U33 IS Plastic lAmp sil. rect. IN4000 series 0 60 
U34 30 SII. PNP trans TO-5 BCY26 25302/4 080 
U35 25 SIL trans. PNP TO -18 2N2906 0 60 
U38 20 SI! NPN trans. TO -5 BFYSO /51 /52 0 60 
037 30 Sil. trans. SO -2 PNP 00200, wS322 0.60 
U38 30 Fast switch sil. trans. NPN 400MHz 0 60 
U39 30 RF.Germ. PNP trans. 2N1301 /5 TO.5 060 
U40 10 Dual trans. 6 lead TO -5 2N2060 0.60 
U93 25 SII. trans. plastic TO -18 BCI13 /114 0.60 
U44 20 Sil. trans. plastic TO -5 BC115 0.60 
1)45 7 3A SCR.TO68 up to 800 PIV *1.20 
U46 20 Unilunctlon trans. similar to T1S43 *9.60 
047 10 TO220AB plastic triaca 50V 6A * 1.20 
1148 9 NPN sil. power trans. like 2N3055 . . 1.20 
U49 12 NPN ail. plastic power 60W like 2N5294 1.20 

Code Nos. mentioned above are given as a guide to the 
type of device In the pak. The devices themselves are 
normally unmarked. 

QUALITY TESTED PAKS 

Pak No. Price 
f 

Q 120 Red spot transistors PNP 040 
Q 2 16 White spot R.F. transostors PNP 0 60 
Q 3 4 0077 type transistors 0 60 
Q 4 6 Matched transistors 0C44/45/81/ MD ....., 0.00 
Q5 4 0075 transistors 060 
Q 6 5 0072 transistors 0.60 
Q 7 4 AC 128 transistors PNP high gain ...... 0.60 
Q 8 4 AC128 transistors PNP 0.60 
Q 9 7 OCOI type transistors 0.60 
QI0 7 0071 type transistors 0.60 

11 2 AC127/ 128Compmentary pairs PNP /NPN 0.60 
12 3 AFI 16 type transistors 0.60 
13 3 AF117 type transistors 060 

QI4 3 OC171 Fl F. type transistors 0.60 
Q15 7 2N2926 Sil. Epoxy transistors mixed colours 0.60 
Q17 5 NPN 2x ST141 &3 x STI40 060 
Q18 4 MADTs2x MAT100 &2 x MATI20 0.60 
Q19 3 MAT's 2 x MATIOI & I x MATI21 060 
Q20 4 0C44 Germanium transistors A.F 0 60 
Q21 4 AC127 NPN Germanium transistors 0.60 
Q22 20 NKT transistors A.F. R.F. coded 0 80 
Q23 10 0A202 Silicon diodes sub -min 0 60 
Q24 8 0A81 diodes , 0.60 
Q25 15 IN914 Silicon diodes 75PIV 75mA 060 
Q26 8 OA95 Germanium diodes rumb- min -IN59 . 0.60 
Q27 2 IOA 500 PIV Silicon rectifiers 154258 +0.60 
Q28 2 Silicon power rectifiers BYZ13 *0.80 
Q29 4 Sil. transistors 2 x 2N896, I x 3N697, 1 x 2N098 0.60 
Q30 7 Silicon switch transistors 2N706 NPN 0.60 
Q31 6 Silicon switch transistors 2N708 NPN . 0.60 
Q32 3 PNP Sil. trans. 2 x 2N1131. 1 x 2N1132 0.60 
Q33 3 Silicon NPN transistors 2N1711 0.60 
Q34 7 Sil. NPN trans. 2N2369, 500MHz (Code P397) 0.60 
Q35 3 Silicon PNP TO -5 2 x 2N2904 & 1 x 2N2905 .. 0.60 
Q36 7 2N3646 TO -18 plastic 300 MHz NPN 060 
Q37 3 2N3053 NPN Silicon transistors 060 
Q38 5 PNP transistors 3 x 2N3703, 2 x 2N3702 .. 0.60 
Q39 5 NPN transistors 3 x 2N3704. 2 x 2N3705 0 60 

0 5 NPN transistors 3 x 2N3707, 2 x 2N3708 0.80 
Q41 3 Plastic NPN TOIB 2N3904 0 60 
Q43 5 BC107 NPN transistors 0.60 
Q44 5 NON transistors 3 x BC 108, 2 x BC 109 0 60 
Q95 3 BCI I3 NPN TO -18 transistors 060 
Q46 3 BC115 NPN TO.S transistors 0.60 
Q47 4 NPN high gain transistors 2 x BC167, 2 x BC168 

0.60 
Q48 3 BCY70 PNP transistors TO -18 0.80 
Q49 3 NPN transistors 2 x BFY51. I x BFY52 0 60 
Q50 7 BSY28 NPN switch transistors TO -18 060 
Q51 7 BSY95A NPN transistors 300MHz 0.80 
Q52 8 BY100 type silicon rectifiers 1 20 
Q53 25 Sil. & Germ. trans.. mixed all marked new . 15O 
Q54 6 TIL209 Red LED *1.20 

AVDEL BOND 

SOLVE THOSE STICKY 
PROBLEMS! 
with 

CYANOACHYIATE C2 ADHESIVE 

The wonder bond which works in 
seconds -bond plastic, rubber, transistors, 
components permanently, immediately! 

OUR PRICE ONLY 60p 

for 2gm phial 

UNTESTED 
TTL PAKS 

Pak no Contents 
UIC00 12x7400 
UIC01 13x7401 
UICO2 12x7402 
UIC03 12x7403 
UIC01 1297404 
UIC05 1297405 
I1IC08 997406 
UIC07 997407 
UIC10 12x7410 
UIC13 897413 
UIC20 12x7420 
UIC30 12x7430 
U1C40 1297440 
UIC41 597441 
UIC42 ß97442 
UIC43 597443 
UIC44 597444 
01C45 597445 
UIC48 567446 
UIG7 597447 
UIC48 597448 
UIC50 12x7400 
UIC51 1297451 
UIC53 12x7453 
UIC54 13917454 
UIC80 12x7460 
UiC70 8x7470 
U1C72 897472 
UIC73 897473 
UIC74 897474 
UIC75 897475 
UIC78 897478 
UIC80 5x7480 
UIC81 597481 

. UIC82 597482 
UIC83 3x7483 
UIC88 557486 
UIC90 557490 
UIC91 5:7491 
UIC92 5.7492 
UIC93 5.7493 
U1C94 597494 
UIC95 597495 
UIC98 597498 
UIC100 5x74100 
UIC121 5974121 
UIC141 5x74141 
UIC151 5x74151 
UIC154 5974154 
UIC193 5974193 
UICI98 5974199 
UIC X1 25 Assorted 74s 

Price 
0.60 
0.60 
0.60 
0.60 
0.80 
0.60 
0.60 
0.80 
0.60 
0.60 
0.60 
0.80 
0.60 
0.60 
0.60 
0.60 
0.60 
0.60 
0.60 
0.80 
0.60 
0.60 
0.60 
0.80 
0.60 
0.80 
0.80 
0.60 
0.60 
0.80 
0.60 
0.60 
0.60 
0.60 
0.60 
0.80 
0.60 
0,00 
0.60 
0.60 
0.60 
0.60 
0.80 
0.60 
0.60 
0.80 
0.60 
0.60 
0.80 
0.60 
0.60 
1.50 

VOLTAGE 
REGULATORS . 

TO.3 Plastic Encapsulation 
F!Á7805 /L129 

5V (equiv. to MVR5V) 
uÁ7812 /L130 

12V (Equiv. to MVRI2V) 
uA.7815/L131 

15V (Equiv. to MVR15V) 
uÁ7818 

IOV ( Equiv. to MVRIBV) 

1.25 

1.25 

1.25 

1.25 

ALL PRICES 
EXCLUDE V.A.T. 

Postage & packing 
add 20p ' overseas 

add extra for airmail. 
Minimum order 75p 

D.LL SOCKETS 
I 25 100+ 

TOO 14 14 pin type 0.31 0.28 0.25 
TSO16 16 pin type 0.35 0.32 0.30 
T5024 24 pin type 6.00 0.84 0.62 
BPS88 pin type (low cost)0.14 0.12 0.10 
BPSI4 14 pin type (low cost) 

015 0.13 0.11 
BPS16 16 pin type (low cost) 

4 0.18 -ON 0.12 

DIODES 

AAI19 
AA120 
AAI29 
AAY30 
AAZ 13 

BA100 
BAI 16 
BA126 
BA148 
BA154 
BA155 
BA165 
BA173 

0.08 
0.08 
0.08 
0.09 
0.10 
0.10 
0.21 
0.22 
0.15 
012 
0.15 
014 
0.15 

BB104 0.15 
BY100 0.16 
BY101 ül2 
BY105 0.18 
BY114 0.12 
BYI24 0.12 
BY126 0.15 
BY127 0.16 
BY128 0.16 
BY130 0.17 
BYI33 0.21 
BY164 051 
BYX38/30 0.43 
BYZIO 036 
BYZII 0.31 
BYZ12 0.31 
BYZ13 0.26 

BY216 0.41 
BTZ17 0.36 
BYZ18 0.36 
BYZI9 0.28 
CG82 
(OA91Eq) 0.06 
CO651 
(0A70-0A79) 

0.07 
OA5 Short 
Leeds 0.21 
OA10 0.14 
0A47 0.07 
0A70 0.07 
0A79 0.07 
OASI 0.07 
0A85 0.09 
0A90 
OA91 
OA95 
OA200 
OA202 
SDIO 
OD19 
1N34 
IN34A 
1N914 
IN916 
IN4148 
15021 
15951 

0.07 
0.07 
0.07 
0.07 
0.07 
0.06 
0.06 
0.07 
0.07 
0.06 
0.06 
0.06 
0.10 
0.07 
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PO BOX 6 WARE HERTS 
,AL 601 ONLY £3.95 

50w. PEAK (25w. R.M.S.) 
Max Heat Sink temp 90 °C Frequency Response 20Hz to 100K Hz Distortion better than 0.1 at 1KHz 
Supply voltage 15 -50 volts Thermal Feedback Latest Design Improvements Load - 3, 4, 5 or 16 

,ohms Signal to noise ratio 80dH Overall size 63mm x 105mm x 13mm. Especially designed to a strict. 
specification. Only the finest components have been used and the latest solid state circuitry incorporated in 
this powerful little amplifier which should satisfy the most critical A.F. enthusiast. 

STABILISED POWER MODULE SPM80 
SPM80 is especially designed to power 2 of the AL60 Amplifiers, up to 15 watt (r.m.s.) per channel simultaneously. This 
module embodies the latest components and circuit techniques incorporating complete short circuit protection. With the 
addition of the Mains Transformer BMT80, the unit will provide outputs of up to 1.5 amps at 35 volts. Size: 63mm x 105mm 
x 30mm. 
These units enable you to build Audio Systems of the highest quality at a hitherto unobtainable price. Also ideal for many 
other applications including: -Disco Systems. Public Address Intercom Units, etc. Handbook available lOp. 

TRANSFORMER BMT80 £2.60 PRICE £3.00 
,STEREO PRE -AMPLIFIER TYPE PA100 

Built to a specification and NOT a price, and yet still the greatest value on the market, the PA100 
stereo pm- amplifier has been conceived from the latest circuit techniques. Designed for use with the. 
AL50 power amplifier system, this quality made unit incorporates no less than eight silicon planar. 
transistors, two of these are specially selected low noise NPN devices for use in the input stages. 
Three switched stereo inputs, and rumble and scratch filters are features of the PA100 which also has 
a STEREO /MONO switch, volume, balance and continuously variable bass and treble controls. 

£13.20 
MK 60 AUDIO KIT 
Comprising: 2 x ALSO, I x SPM80, I x BTM80, 1 x PA100, 1 front panel, l kit of 
parts to include on -off switch, neon indicator, stereo headphone sockets 
plus instruction booklets. 
COMPLETE PRICE: 827.55 plus 45p postage. 

PLEASE ADD V.A.T. 
AT 25% TO ALL 

ITEMS EXCEPT 
.X-,`ADD 8 °° 
# NO V.A.T. 

GIRO NUMBER 
388 -7006 

TEAK 80 AUDIO KIT 
Comprising: Teak veneered cabinet size 16W' x 111" x 33/4", other parts 
include aluminium chassis, heatsink and front panel bracket, plus back 
panel and appropriate sockets, etc. 

KIT PRICE: 8920 plus 45p postage. 

STEREO 30 COMPLETE AUDIO CHASSIS 
7 + 7 WATTS R.M.S. 

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 
pickup, 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, mains switch, fuse & fuse holder and 
universal mounting bracket, enabling it to be installed in a record plinth, cabinets of 
your own construction or the cabinet available. 

Ideal for the beginner or advanced constructor who 
requires Hi -Fi performance with a minimum of PRICE £15.75 _Plus 45p - _ 

installation difficulty. Can be installed in 30 mins. postage & packing 

TRANSFORMER £2.45 plus 45p TEAK CASE £3.65 plus 45p 
postage & packing ..postage & packing, 

AL 10/AL 20/AL 30.. 
The ALTO, 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 cartridge tape players in the car and at home. 

SPEAKERS 

E.M.I. LEK 350 Loudspeakers 
Enclosure kit in teak veneer, 
including speakers. Rec. retail price 
£4.50 per pair. 

OUR SPECIAL PRICE 
ONLY £27.75 per pair P &P £3 

WHILE STOCKS LAST! 

AL10 £2.30, ALZO £2.65, AL30 £2.95 

11IEADPHONES 

4 -16 ohms impedance 
frequency response 
20 to 20.000 Hz ster- 
eo /mono switch and 
Volume Control £4.55 

FRONT PANEL 

FOR PA100. 
Attractive matt silver. 
Finish with black trim 
and lettering. Adds 
that professional 
touch. £1.10 only. 

LM.P.A.30J 
Enjoy the quality of a magnetic cartridge with y q y 8 g 
your existing ceramic equipment using the new 
Bi -Pak M.P.A.30 which is a high quality 
pre-amplifier exist for the use of ceramic 
cartridges only. 
Used in the construction are 4 low noise, high 
gain, silicon transistors and it is provided with a 
standard DIN input socket for ease of 
connection. 
Supplied with full, easy to follow instructions. 

£2.65 PRICE £2.65 

STORAGE -CARRY CASES CARTRIDGES DYNAMIC MICROPHONE 
RECORD CASES 

7 in E.P. 18 3 /8th in. x 7 in x 8 in (50 records) 
( .82.48 

12 in L.P. 13%in x 7 3 /8th in x 1214 in (50 records) 
.s-30 

CASSETTE CASES 
Holds 15. IOin x 3i%in x 5in. Lock and handle 

.£1.50 

8 -TRACK CARTRIDGE CASES 
Holds 14. 13in x 5in x bin. Lock and handle 

'£220 
Holds 24. 13 3 /8th in x 8 in x 5 3 /8th in Lock and 
handle *es 26 

ÁCOS GP91- ISC2ii0mV at 1.2cros /sec £1.11 
GP93 -1 '280mV at lcm /sec £1.43 
GP96 -1 IOOmVaticm /sec £2.31 
TTC J -2005 Crystal /Hi Output £0.97 

J -2010C Crystal /bl Output £I.52 
Compatible £1.52 

J -20068 Stereo /Hi Output £1 81 
J -2105 Ceramic/ Med Output 
J -2203 Magnetic 5mV/5cm/sec £4.78 

including stylus E2.88 
J -22038 Replacement stylus for above 
AT -55 Audio -technica magnetic £3.06 

cartridge 

TYPE B1223 200 ohms impedance. Complete 
with stand, on /off switch and 2.5mm and 3.5mm 
plugs. Suitable for cassette tape recorders. 

PRICE £1.87 

JUST OUT! 
STEREO FM 

TUNER 

WRITE NOW FOR 
FULL DETAILS 
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P. F. RA L FE Phone 01- 723T87 

LONDON NW1. 

SIGNAL GENERATORS 
MARCONI TF80ID /IS. 10 -480 mHz P.O.A. 
MARCONI TF80IB /2S. 10 -480 mHz E225. 
MARCONI TF144H 10kHz -72 mHz P.O.A. 
ADVANCE SG63D. AM /FM 7.5- 230mHz £125. 
RACAL /AIRMEC 20IÁ. 30kHz- 30mHz. As new. P.O.A. 
ADVANCE SG21 VHF Square -wave generator 9kHz- 100mHz. E25. 

OSCILLOSCOPES 
TEKTRONIX 661 Sampling scope with4S1 & 5T1A r 
plug -in units. 3GHz. £200. -T. TEKTRONIX 545A with CA unit. DC- 30mHZ. Price rt 
only £295.00 
TEKTRONIX 531 DC -1 5mHz with L type plug -in 
TEKTRONIX 535 DC -1 5mHz with L type plug -in 
TEKTRONIX 5458 DC -30mHz with 'CA' plug -in. 
TEKTRONIX 585A. DC -80mHz with type 82 plug -in. 
TEKTRONIX 6548. Storage oscilloscope. 
TEKTRONIX 502. 200uV. Sens. X -Y. 
TEKTRONIX C27 Polaroid Camera. Series 125 with 560 series adapter. 

1 

MISCELLANEOUS TEST EQUIPMENT 
MARCONI TF1400S double pulse generator with TM660: :.; secondary 
pulse unit. £105. 
MARCONI TF791D deviation meter, 4- 1024mHz. 0- 100kHz deviation. 
MARCONI 455E Wave Analyser £120. 
MARCONI TF2600 Valve Voltmeter 1mV -300V. Excellent. £75. 
ROHDE & SCHWARZ USVD calibrated receiver 280- 940mHz (4600mHzI_ 
ROHDE & SCHWARZ A.F. Wave Analyser type FIA 0 -20kHz plus 
log /lin AF meter incorporated. Excellent condition. 
ROHDE & SCHWARZ URV milli -voltmeter BN10913 (late type) 
1 mV -1 OV. With 'T' type insertion unit, free probe and attenuator heads. 
1kHz- 1,600mHz. £175. 
COSSOR 1453 True RMS milli -voltmeter. Excellent. £75. 
AIRMEC TYPE 210 modulation meter. Excellent condition, 
ROHDE & SCHWARZ "SCR" V.H.F. Signal Generator 1000 -1900 mH_ z 
ADVANCE type SG68 low distortion A.F. oscillator. 1.5 Hz- 150kHZ 1i 
Sine and square wave. Battery operated.£75. 
MARCONI type TF936 Impedance Bridge. £85.00. 
GERTCH Phase Angle V. Meters. Range 1 mV -300V, in 12 ranges. 
SOLARTRON oscillator type CO 546. 25Hz- 500kHz. £30.00. 
GAMBRELL Precision 4 Decade Resistance Box. 1 -11, 110 ohms 
£24.50. 

BOXER INSTRUMENT 
FANS 
Dimensions 4-5 x 4.5 x I.5 ins. 
Very quiet running, precision fan 
specially designed for cooling 
electronic equipment, amplifiers 
etc. For 110V. AC operation- 
(practise is to run from split 
primary of mains transformer or 
use suitable mains dropper). CC 
only I I Watts. List price over £10 
each. Our price. in brand new 
condition. is £4.50. 

AVO VALVE TESTERS 
Brief -case type 160. Full working 
condition throughout. E65. 

AERIAL CHANGE /OVER RELAYS 
of current manufacture designed espec. 
Tally for mobile equipments, coil voltage 
I 2v., frequency up to250 MHz at 50 watts. 
Small size only, 2 in. x i in. Offered 
brand new, boxed. Price E1.50, inc. PAP. 

RACAL /AIRMEC VHF /UHF Milli - 
voltmeter type 301 A. Frequency 
range 50Hz- 900mHz. Voltage range 
300µV -3V in eight ranges. Co -axial 
input 50 and 75 ohms BNÇ con- 
t nectors. DC Ranges t- Ieight OV in 
ten ranges. Light -weight mains 
operated instrument in as new con - 
dition with handbooks. Other 
makes of voltmeter also available 
from stock. 

, .. __- , 
POWER SUPPLIES 

WEIR Electronics modular unit. WEIR 
OCAR Regulated & sta- -..g _ 

bilked. 0 -7V @ 2A, £8.50- 
, 

APT regulaiea, awunlsed power packs 
of computer quality. 240V input. 
20VDC O,P. variable at 10 A. Also 10V 
variable at 7.5A. Uses best quality 
output transist ors. New condition. Both 
models E18.50. 

STFI ' - - UN WESTREX PAPR TAPÉ PUNCHES. 
8 Hole. Late model contained in noise, 

'MANY 
reducing cabinets. As new E105.00. 

TYPES of RF plugs and 
sockets in stock:- 
BNC plugs 5062. 30p. BNC sockets 
son. up. N. Type plugs Son. SOp. 
Burndept plugs. 40p. Burndept 

E.M.I. oscilloscopes model WM 16 weh 
type 7/1 W.B.A. plug -in unit Sup - 
plied in perfect condition complete with 
trolley. £125.00. 

sockets. 40p. Miniature PYE. 20p. 
(Miniature sockets. 20p. 
All connectors are brand new. 
Immediate delivery. Please add 

8pco3 priate noatue- _. 

HEWLETT PACKARD/ 
BOONTON TYPE 89008 
Peak -power calibrator. Measures 
true peak power f,6 db absolute. 
Frequency range 50- 2000Mhz. RF 

AEI miniature unisal.ctors. Type 
2200C. 3 banks. 1 bridging, 2 

power range 200mW peak, full_ 
scale. RF Impedance 50 ohms. 
P.O.A. 

non -bridging wipers. 12 positions. 
Coil resistance 50 ohms. Complete 
with bases. Brand new. £4.50 each 
20-way IMO Jack strips to accept 
316 type Jack plugs. Also quantity 
of 316 plugs available. All good 

MARCONI TF995A2 /M AM /FM 
R.F. SIGNAL GENERATORS. 
1.5- 220mHz. 0- 100kHz Deviation, 
1µV -100mV output. Sold in excel - 
lent condition. P.O.A. 

. condition. 

PLEASE ADD 8% V.A.T. TO THE TOTAL AMOUNT 
WHEN ORDERING. INCORRECT AMOUNTS WILL 
CAUSE DELAY IN DESPATCH. THANK YOU. 
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PRICES * RCA SLASH PRICES,* RCA SLASH PRICES * RCA 
CMOS from the leading manufacturers at the new manufacturers' 1 off prices 

SINTEL for CMOS 
c0401s6E 0.17 C04021AE 0.83 C0/07910 7.47 p0715740 20,35 C940121E 0.18 
004201 AE 0.17 5140223E 0.79 CO/OIUIIE 0,66 88105940 10,64 QE068E 0.57 

C 040001 0.17 C040234E 0.17 C94041AE 0.69 8810106E 0,92 COMM 0.57 
C01006AE 0.97 04024AE 0.64 C0/042AE 0.69 88/06140 16.43 WO9XE 0.66 
C04007AE 0.17 C610255E 017 C810/31E 083 CD1062JIT 7,33 C9/0%8E 086 
CM0086E 0.79 204026AE IA2 131/OMAE 0.77 C01063E 090' 8810968E 016 
C04030AE 0.40 C640275E 0.46 040454E 1.15 8840264E 056 13090998E 1.50 
C04010AF 0.46 C040286E 0.74 C01018AE 1,10 C0406111E 0.18 201501E 0,32 
C040110E 0.17 C540291E 0.94 7048476E 0.74 C01060E 018 5145020E 112 
004012AE 0.17 C04030AE 0.46 CM048AE 046 8840908E 018 514501E 4.20 
C04o131E 0.46 C0103141 1.01 7040496E 0.46 881071E 0.18. 8015108E 1.26 
C04014AE 083 704032AE 0.80 C04050AE 0.46 04072E 0,18 8045118E 1.95 

C0401 ME 0.83 CD40átAE 1.14 c04051AE 0.77 514073E o.18. 8D451pE 1m 
C0401 CAE 0.46 C8103450 7.83 04052AE 0,77 8840751E 0.18 511520E 1,03 
C04017AE 0.03 C040350 0.97' C04053AE 0,77 88407682 1,27 . 8015321E 1.11 
C640191E 0.83 130403610 7,47 0840544E 0.95 8840771E 0.18 -01555E 074 

C04019AF 0.46 094037AE 0.78. COIOSBAE 1.0 88407EE 0,18 0004515E 1.40 
CD41201E 0.92 CD4038AE 0.881 C140$AE 1,08 CW081E 0,17 

. 

RCA 1975 CMOS Databook 400 pages of data sheets and 200 pages of 
circuits, applications and other useful information 2.30 (No VAT) + 37p P &P 
ADVANCED CLOCK KITS - Crystal control - Battery backup - Can be 
fitted tour or boat -0.5" or 0.3',' displays - attractive slim case - brightest 
display you can get - with alarm, touch switch snooze, automatic intensity 
control. Phone or write for details and prices. 
32.787 kHz Min. Quartz Crystal for watch or clock E3.60 
Xtal Timebase Kit: Will provide stable 50cps for clock IC's giving time 
accurate to a few secs a month; contents: small PCB, 32.768 kHz Xtal, 3 CMOS 
IC's, trimmer. C's R's, IC skts E1140 

COMMON CATHODE LED 
DISPLAYS 

DL704E 0.3" only 85p 
FND5000.5" £1.50 
MAN3M 0.13" 48p 
DL33MMB 3 digs in DIL E1,25 

IC's 

MK50253 4 or 6 digit 12 or 24 hr Alarm Clock IC with snooze , , . £5.80 
MK50206 4 digit 12 hr clock and rogrammable appliance timer . E11.50 
MK5030M CMOS watch IC for LED display with date and seconds £19.50 
MM5314 4/6 digit 12/ 24 hr clock E4.44. AY-51224 4 digit clock E4.25 
HARDWARE 
SOLDERCON PINS for Lowest Cost IC sockets for TTL, CMOS, IC's, 
displays Strip nt 100 for 50p. 400 for £2. 1000 for f4. 3000 for 10.50 

iLSI Sockets (Soldercon Pins with nylon supports) 22, 24, 28 or 40 pin 30p. 
20 way Colour -Coded Flexible Flat Cable £1 per m.; £8.50 for 10m, 
7 -way Bus Switch: 7 ultra -min. toggle sws in 14 pin DIL E2.60 
ADD VAT AT 8% - new 25% rate does not apply to any of the above goods 

1 5p P &P on orders under E3. All orders processed on the day of receipt. 
Official orders welcomed, written, phoned or telexed, from Polys, Univs, 
Schools, Govt. Dept. Nat. Inds., Rated Cos: Fastest delivery for R & D. 

Exports: No VAT. 35p (Europe), £ 1 (Overseas) for Air Mail P &P. 
Full Price List and Data with any order. or free on request 

BUILD A SIMPLE CLOCK 
5LT01 4 digit 0.5" display + 
AY51202 new clock IC + 
suitable transformer: all for 
E13.10. (Only other compon- 
ents needed are 20 R's, 5 C's, 6 
D's, 3 Sw6). 

=53c Aston Street, Oxford 
Tel: 0865 43203. Tx: 837650 A/ B ELECTRONIC OXFD_ 

DATA AND 

COMMUNICATIONS 

TERMINALS 
Teletype 28, 32, 33, 35, 40 

TermiNet 30, 300 & 1200 (30 and 120 cps) 
Teleterm 1030 & 11321 (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., UK 

Telephone 0442-82-4011 : .: 
Cables RAHNO Tring °. °° 
Telex 82362 
A/B Batelcom Tring 

WW-085 FOR FURTHER DETAILS 
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TELETYPE 28 - NEW SPECIAL PRICE 
TELETYPE .28 without keyboard. Good 
condition (can be used as receive only) £32.50 
ea. 

TELETYPE 28 with housing, keyboard and 
Power supply £45 ea. 

Limited quantities - information in process of being obtained - this may not be available when 
orders are dispatched but we guarantee to forward comprehensive information at the earliest 
possible time. 

MARCONI Signal Generator. TF801 B 12 
470MHZ £120 ea. 

MARCONI Valve Voltmeter type TF1041 B 

£45. 
MARCONI TF934/2 FM Deviation Meter £35. 

MARCONI TF1020A RF Power Meter 150 
and 300 Watts. As New. £60 ea. 

MARCONI TF1020A RF Power Meter 50 and 
100 Watts. As New, £45 ea. ' 

MARCONI TF1094A/S HF Spectrum Analyser. 
Late model. Must go. £160. 
MARCONI TF1434 ;2 Counter Range extension 
unit 10- 100MHz £25 ea. 

KELVIN & HUGHES Single Channel Recorders 
with spare paper £18 ea. 
DAWE Digital Printer type 3094A. As new 

£27.50 ea. 

MARCONI OSCILLOSCOPES 
TF1330 - DC - 15MHZ. Single Beam. 

£65 ea. 
TF 1331 - DC - 15MHZ. Double Beam, 

£85 ea. 

WESTON THERMOPROBE 
degrees Centigrade £70. 
FURZEHILL Valve Voltmeter V200. 1 Omv full 
scale. £18 ea. Nice condition. 
RHODE & SCHWARZ Admittance Meter 
VLUK- BN3511 . As new, £110. 
HEWLETT PACKARD DB Oscilloscope type 
175A. 3dB -50MHZ twice. Large 6 X 10cm 
screen £185. 
BRUEL & KJOER Voltmeter type 2409 2 cs 
to 200k /cs. £85 ea. 
SOLARTRON Multipurpose stab PU type 1094. 
Standard mains input. Outputs: +250V DC 

200MA: +18V DC 2A; +6V DC 8A: -3 5V DC 

-60 to r 100 

Ex-BEA 
Control Units by Univac. 

Consisting of 2 -50 way plug /socket; 3 

multiway switch assembly; a 2 & 4 
decade push button assembly electrical 
reset; etc. Very good value. £12.50 
each. 

100MA: -6V DC 8A; -18V DC 4A: 25V AC 
150MA. All DC lines will withstand short - 
circuits to earth. With copy ëf-manual £20 ea. 
DUAL TRACE PLUG -1N units for CD1212 
Scopes DC -24MHz £35 ea. 

TEKTRONIX Colour Monitor type 654 £550. 
TEKTRONIX RM527 Waveform Monitor £250. 
TELONIC Sweep Generator SM2000 /1. Main 
frame with 0 -20kHz plug -in £300. 
COLLINS RECEIVER IP- 10ULR. 90MHz to 
10GHz in 8 bands. Panoramic. Analyser or DF 

modes. With power unit £350 ea. 

TEKTRONIX Oscilloscope type 516 £240. 
TEKTRONIX Oscilloscope type 422 £430. 

* AB POTENTIOMETERS 
100K + 100K LIN DUAL GANG 25p 

ea. 
Discount for quantities. P. & P. extra 

EX- MINISTRY CT436 Double 
Beam Oscilloscope DC -6 megs. 
Max Sensitivity 10mv /cm. Small 
compact. Size 10 X 10 X 16 in. 
Suitable for Colour TV servicing. 
Price £85 each including copy of 
manual. 

FHACHI RAMP MODULE FX21 24 
Volt DC input for 18 volt saw tooth 
output. Requires only external capacitor 
and 100K ohm potentiometer to control 
frequency range up to 100KHZ (eg 50 
mfd electrolytic gives sweep of approx. 1 

cm per second). In or out sync capability. 
Price £5.75. P. & P. 20p. 

* TELEPHONES 
MODERN STYLE 706 BLACK OR TWO -TONE GREY £3.75 ea. P. & P. 

450. STYLE 7006 TWO -TONE GREEN OR GREY £3.75 ea. P. & P. 45p. 
HANDSETS -complete with 2 insetsand lead £1.25 ea. P. & P. 3 7p. 
DIALS ONLY. 50p ea. P. & P. 30p 
STILL AVAILABLE MODERN STANDARD TELEPHONES IN GREY 
OR GREEN WITH A PLACE TO PUT YOUR FINGERS LIKE THE 746. 
£3.00 ea. P. & P. 45p. 

*CAPACITOR PACK 50 Brand new 
components only 50p. P. & P. 27p. 
*P.C. MOUNT SKELETON PRE -SETS. 
Screwdriver adjust 10 5 and 2.5M n 2p ea. 
1M. 500. 250 and 25K a. 4p ea. Finger ad 

just 10. 5 and 2.5M r. 3p ea. 1M. 500. 250 and 
25K (a' 5p ea. Min. P. & P. 15p. 

*Beehive Trimmer 3/30 pf. 
Brand new. Qty 1 -9 13p ea. P. & P. 15p: 
10-99 10p ea. P. & P. 25p: 100 -999 
7p ea. P. & P. free. 

DELIVERED TO YOUR DOOR 1 cwt. of 
Electronic Scrap chassis. boards. etc. No 
Rubbish. FOR ONLY E4. N. Ireland E2 extrn. 
P.C.B. PACK S & D. Quantity 2 sq. ft. -no 
my pieces. 50p plus P. & P. 25p. 
*TRIMMER PACK, 2 Twin 50/200 pf 
ceramic: 2 Twin 10/60 pf ceramic: 2 min 
strips with 4 preset 5/20 pf on each: 3 air 
spaced preset 30/100 pf on ceramic base. 
ALL BRAND NEW 

25p the LOT. P. & P. 15p. 
*PHOTOCELL equivalent OCP71. 13p ea. 
GRATICULES. 12 cm. by 14 cm. in High 
Quality plastic. 15p each. P. & P. 8p. 

*Vast quantity of good quality components 
-NO PASSING TRADE -so we offer 
3 LB. of ELECTRONIC GOODIES 

for Et 70 post paid 

HF Crystal Drive Unit. 19 in. rack mount. 
Standard 240V input with superb crystal oven 
by Labgear (no crystals) £5 ea. Carr. E2. 
BOURNS TRIMPOT POTENTIOMETERS. 
20; 50: 100, 200: 500 ohms: 1: 2: 2.5: 5. 
10: 25K at 35p ea. ALL BRAND NEW 
RELIANCE P.C.B. mounting. 270; 470; 
500 ohms: 10K at 35p ea. ALL BRAND NEW. 
TEN TURN POTS. Ex. equ. As new. Micropot 
Model 205. Two point nine ohms 0.196 @ 
1:1.50 ea. P &P 20p. 
Bourns Model 3507S -3 -101. 100 ohms 
C1.25 ea. P &P 15p. 

VENNER Hour Meters -5 digit. wall mount - sealed case. Standard mains. £3.75 ea. 
P. & P. 55p. 

TRANSFORMERS. All standard inputs. 
Gard /Parm /Pan. 450 -400 0 400 -450. 180 
MA. 2 x 6.3v. E3 ea. 

FANTASTIC VALUE 
Miniature Transformer. Standard 240V 
input.. 3v 1 amp output. Brand New. 
65p ea. . P. & P. 20p. Discount for 
quantity. 

FIBREGLASS PRINTED CIRCUIT BOARD. 
Brand New. Single or Double sided. Any 
size 1}p per sq. in. Postage 20p per order. 

*HIGH VALUE PRINTED BOARD PACK, 
no two boards the same -no short leaded 
computer boards. E1.75 post paid. 

*METER PACKS -3 different meters for £2. 
P & P 55p 

RESETTABLE COUNTERS -4 digit by 

Stonebridge /Sodeco. 1.000 ohm coil. £2 ea. 
P.& P. 35p. 

E.H.T. CAPACITORS" 
n mfd 7.5KV working. 2 mfd 5KV working 
8 mid 2.5KV working. 0.5 mfd 10KV 
working E2 each. 

RAPID DISCHARGE 
1 mfd 5.6KV £2.50 ea. 0.9 mid 15KV 
£3.50 ea. 0.15 mfd 120KV £7 ea. Carriage 
extra. 

FHACHI VCC MODULE 
FX 11- 10- 100KHZ 

Size 2 x 1 4 x % "H. Input 12V to 24V DC (not 
centre tapped) 18V input gi sing1 OV constant 
amplitude output. Requires only a 1 meg ohm 
potentiometer to tune entire range - or can 
be swept with a saw tooth input. Price £5.75. 
P. & P. 20p. 

DON'T FORGET 

YOUR MANUALS 

S.A.E. WITH 

REQUIREMENTS 

LOW FREQUENCY WOBBULATOR 
For alignment of Receivers, Filters, etc. 250KHz to 5MHz, effective to 30MHz on harmonics. Three controls -RF level, sweep 
width and frequency. Order LX63. Price £8.50 P. & P. 35p. 
As above but can have extended cover range down to 20KHz by addition of external capacitors. Order LX63E. Price £11.50 P. & P. 

35p. 
Both models can be used with any general -purpose oscilloscope. Requires 6.3V AC input. Supplied connected for automatic 50Hz 
sweeping. An external sweep voltage can be used instead. These units are encapsulated for additional reliability, with the exception 
of the controls (not cased, not calibrated). 

20HZ to 200KHZ 
SINE AND SQUARE WAVE GENERATOR 

In four ranges. Wien bridge oscillator thermistor stabilised. Separate 
independent sine and square wave amplitude controls. 3V max sine 
6V max square outputs. Completely assembled P.C. Board, ready to use. 
9 to 12V supply required. £885 each. P. & P. 25p. Sine Wave only 
£6.85 each. P. & P 25p. 

WIDE RANGE WOBBULATOR 
5 MHZ to 150 MHZ (Useful harmonics up to 1.5 GHZ) up to 15 MHZ sweep width. 
Only 3 controls, preset RF level, sweep width and frequency. Ideal for 10.7 or TV 

IF alignment, filters, receivers. Can be used with any general purpose scope. Full 

instructions supplied. Connect 6.3V AC and use within minutes of receiving. 

All this for only £6.75. P. & P. 25p. (Not cased. not calibrated.) 

TYPE A 
Input: 12V DC 

Output: 1.3kV AC 1.5MA 

Price £3.45 

TRANSISTOR INVERTORS 
TYPE B TYPE C TYPE D 

Input 12V DC Input: 12V to 24V DC Input: 12V to 24V DC 

Output: 1.3kV DC 1.5MA Output: 1.5kV to 4kV AC 0.5MA Output: 14kV DC 100 micro amps at 24V. 
Progressively reducing for lower input voltages 

Price £4.70 Price £6.35 Price £11 
Postage & Packing 36p 

MAKE YOUR SINGLE BEAM SCOPE 
INTO A DOUBLE WITH OUR NEW 
LOW PRICED SOLID STATE SWITCH. 
2 HZ to 8 MHZ. Hook up a 9 volt battery and 
connect to your scope and have two traces 
for ONLY £6.25. P. & P. 25p. 
STILL AVAILABLE our 20 MHZ version 
at £975. P. & P. 25p. 

Unless stated - please add £2.00 carriage to all units 

VALUE ADDED TAX not included in prices -Goods marked with * 25% VAT, otherwise 8% 

Official Orders Welcomed, Gov./Educational Depts., Authorities, etc., otherwise Cash with Order 

Open 9 a.m. to 5.30 p.m. Mon. to Sat. 

I'IILFI.I- * LTD 
7/9 ARTHUR ROAD, READING, BERKS. (rear Tech. College, Kings Road) Tel.: Reading 582605;'65916 
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For all who want to 
knowabputelectronic 

circuts 
Here's a book of very special appeal to all 

concerned with designing, using or 
understanding electronic circuits. It comprises 
information previously included in the first ten 
sets of Wireless World's highly successful 
Circards - regularly published cards giving 
selected and tested circuits, descriptions of 
circuit operation, component values and ranges, 
circuit limitations, modifications, performance 
data and graphs. Each of the ten sets - including 
additional circuits - in this magazine size hard 
cover book has been updated where necessary, 
and is preceded by an explanatory introduction. 
Circuit designs (I) is the first collection of its 
kind. 

Circuits covered are: 
Basic active filters 
Switching circuits 
Waveform generators 
AC measurements 
Audio circuits 
Constant -current circuits 
Power amplifiers 
Astable circuits 
Optoelectronics 
Micropower circuits 

circuit 
designs 
Collected Circards 

P Williams J Carruthers J H Evans J Kinsler 

A WIRELESS WORLD PUBLICATION 

A new bookfrom WreIess World 

r." 

ORDER FORM 

To: General Sales Department, 
IPC Business Press Limited, 
Room I I , Dorset House, 
Stamford Street, London SE I 9LU. 

Please send me copy /copies of 
Circuit Designs - Number I at £10.40 
each inclusive. I enclose remittance 
value £ (cheques payable to 
IPC Business Press Ltd.) 

NAME (please print) 

ADDRESS 

Company registered in England and a subsidiary of Reed 
International Limited Registered No 677128 Regd. office 
Dorset House, Stamford Street, London SE I 9LU. 
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Appointments 
Advertisements accepted up to 

12 noon Tuesday, September 
30th, for the November issue 

subject to space being avail- 

able. 

DISPLAYED APPOINTMENTS VACANT: £6.99 per single col. centimetre (min. 3cm). 
LINE advertisements (run on): 99p per line (approx. 7 words), minimum three lines. 
BOX NUMBERS: 40p extra. (Replies should be addressed to the Box numbers in the 
advertisement, c/o Wireless World, Dorset House, Stamford Street, London SE1 9LU). 
PHONE: Allan Petters on 01 -261 8508 or 01 -261 8423. 
Classified Advertisement Rates are currently zero rated for the purpose of V.A.T. 

E LECTROSON IC 
S.E. LONDON 

SENIOR DEVELOPMENT ENGINEER FROM £4200 
PROJECT ENGINEER £3000 - £3600 
TEST ENGINEER £2400 - £2800 
INSTALLATION ENGINEER £2000 - £2600 

The Company has vacancies in its design, manufacturing and service division as outlined below. 
Electrosonic Ltd. is leader in the rapidly expanding fields of lighting control, audio and audio visual systems and 
offers a wide range of interesting work in an attractive environment with excellent conditions of employment. 

AUDIO DEVELOPMENT ENGINEER 
A Senior Engineer is required to head up the audio side of a development team engaged in new product designs 
for the audio and audio visual markets. A knowledge of the standards required in studio mixers and professional 
audio equipment is essential and it is expected that the selected applicant will have qualifications to at least HNC 

level coupled with specialist audio training and a minimum of five years' experience in industry. An attractive 
salary will be negotiated in line with the responsibilities of the position, experience and qualifications. 

AUDIO PROJECT ENGINEER 
An Engineer is required with experience of planning and detailing special projects. He will be required to handle 
projects from initial concept to on -site commissioning and should have the ability to liaise with customer, sales 
and production departments. ONC with a minimum of three years' experience in an electronics company 
essential, preferably with an audio background. Willingness to travel and a current driver's licence essential. 
This is an important post and remuneration will reflect qualifications and experience. 

TEST /SERVICE ENGINEERS 
Vacancies exist in both these departments for Electronic Engineers with at least two years continuous experience 
in industry additional to industrial training periods. On the job training will be given in the company's products 
and opportunities for advancement are available. Service engineers will be required to work both in the factory 
and on site and the holding of a current driving licence is desirable. 

INSTALLATION ENGINEERS 
The Hire Department requires an Engineer to set up equipment in the factory and install and operate on site. The 
equipment is principally for exhibition and audio presentation and includes lighting and audio systems. Essential 
requirements are attention to detail with a mature and presentable manner, the job will appeal to young engineers 
with an interest in electronics and travel. A clean driving licence is desirable. Salary according to age and previous 
experience, un the range £2000 -E2600 with overtime and allowances. 

Applications should be made by telephone or in writing to: Mr. R. D. Naisbitt, Personnel Director, 
Electrosonic Ltd., 815 Woolwich Road, Charlton, London, SE7 8LT. Tel. 01-855 1101. 

(491,7) 
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QualityAssurance 
&Test Engineers 
Product Support, 

Installation & 
Service Engineers 

MEDICAL ELECTRONICS. 
RADAR. 

BROADCAST SYSTEMS. 

At EMI Electronics Ltd., Hayes, we are in the forefront of elec- 
tronics technology with a wide range of award winning projects. 
Increased demand for our products, particularly from overseas, 
means that we now need more engineers in the Quality Assurance 
and Test Departments of our major Divisions. The vacancies are : 

Medical Systems 
Junior and Senior positions ranging from trouble- shooting 
of logic circuitry, video displays, and electro- mechanical 
systems to design and development of advanced control 
circuitry. Also installation and service positions involving 
world -wide travel. 

Radar and Equipment 
Junior and Senior positions involving systems and unit 
test of advanced radar and automatic test equipment 
systems, fault diagnosis and building special to type test 
equipment. Product support positions involving design 
and development of conversions and modifications to 
radar and associated systems, defect investigation, and 
liaison with military users. 

Sound and Vision Equipment 
Functional testing of broadcast equipment,including TV 
colour cameras, studio equipment, community TV ampli- 
fiers, anca logic circuitry. 

For this interesting and varied work we need engineers with 
qualifications from C & G to degree standard preferably with Test 
and Quality Assurance experience, but we would consider anyone 
with suitable qualifications and recent practical experience in 
similar areas. 

We offer competitive salaries related to experience ; a good 
Company Pension Scheme, 4 weeks holiday; a staff discount; 
subsidised lunches, but most of all, experience second to none in 
modern electronics systems with prospects of advancement either 
in Test /Quality Assurance or Development, 

To apply contact J. Docherty, Personnel Department, 
EMI Limited, 135' Blyth Road, Hayes, Middlesex. Tel: 
01 -573 3888 Ext. 3016. (Or Record -a -Call ,any time on 
01 -573 5524). 

EMI 
The international music. electronics and leisure Group. 4916 
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CRANFIELD INSTITUTE 
OF TECHNOLOGY 

has vacancies for a 

TECHNICAL OFFICER 
and a TECHNICIAN 

in the Environmental Sciences Research Unit to join a team 
concerned with all aspects of instrumentation and data 
recording in laboratory and site experiments. Current 
activities include measurement of engineering parameters; 
noise, vibration, turbulence, stress, temperature on 
industrial installations; and of meteorological variables: 
wind, humidity, radiation in field and laboratory 
environmental studies' 

Salaries according to qualifications and experience within 
the University Technical Staffs salary grades, which are 
currently under review. 

TECHNICAL OFFICER: Qualifications preferred H.N.C. or 
full C and G certificate in Electrical or Mechanical 
Engineering. Experience of strain gauge techniques would 
be an advantage. Salary grade 5 (1:2439 -(2895) p . or 
exceptionally, grade 6 (0844423450) p a 

TECHNICIAN. Appointment is initially limited to two years. 
Qualifications preferred O.N.C. or C and G technician 
certificate in Electronic, electrical or mechanical 
engineering. Salary grade 4 (2247 -(2628) p.a. 

Application form from Staff Records Officer, Cranfield 
Institute of Technology, Cranfield, Bedford, MK43 DAL. For 
further information telephone or write to Guy West (Tel. 
Bedford 750111 ext. 570/1). 

4956 

Well- organised German enterprise 
working on the sector of 
loudspeaker chassis and accessories 

is looking for an 

ACTIVE 

REPRESENTATIVE 
with good contacts to manufacturers 
and relevant quarters of special 
commerce. 

We supply loudspeaker chassis for 
all applications such as Hi -Fi, Ela, 
bass guitars, autocars, frequency 
converters; also fabrics for loud -. 
speakers. 

Please contact us quoting Box No. 
WW. 

Amisimmonim. 

Opportunities in the 
ELECTRONICS 

FIELD 
Men with analogue or digital qualifica- 
tions / 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 (94) 
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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. 

TJB Technical Services Bureau, 
3A South Bar, 

Banbury, Oxfordshire. 
Banbury (0295) 53529 

Technical Services Bureau 
is a division of Technical & 
Executive Personnel Ltd and 
is solely concerned with job 
placement in-the Electronics 
and Electrical Industries 

Please send me an "Application for Registration" form 
NAME 
ADDRESS 

(4`):i'L) 
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A TELEDYNE COMPANY 

A SENIOR 
POSITION IN 

LOUDSPEAKER 
DESIGN 

ACOUSTIC RESEARCH is an international 
manufacturer of high fidelity loudspeaker 
systems. The laboratories at the company's 
United Kingdom facility in Bedfordshire 
now undertake all the design work for AR's 
loudspeaker drive unit and loudspeaker 
system program of development. 

The team at present undertaking this work 
requires the addition of a senior engineer 
with extensive experience in the above 
fields. The person we are looking for will be 
capable of carrying full responsibility for 
design projects from conception to a 

finalised product. He will be a person with 
an innovative approach for design work and 
with a keen interest in making significant 
improvements in sound reproduction in the 
home. 

The laboratory at Houghton Regis is well 
equipped to aid him in this work with a 

large and unusually versatile anechoic 
chamber together with a newly completed 
large reverberation chamber. 

The company operates a free life assurance 
plan and contributory pension scheme. 

Please reply in writing giving brief details of 
career to date to: 

A TELEDYNE COMPANY 

TIM HOLL 
Director of Acoustics 
Acoustic Research 
International 
High Street 
Houghton Regis 
Dunstable 
Bedfordshire 

4958 
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MILITARY 
MANPACK 

DESIGN 
ENGINEERS 

for Spain 

Engineers with good experience of fully 
synthesised transmitter -receivers for military 
applications in the MF band are required by 
NORTRON of Spain. 

The posts are suitable for graduates with not 
less than 4 years of experience in this field, 
and command excellent salaries. Full reloca- 
tion expenses will be met by the Company. 

Please send comprehensive curriculum vitae 
to: 

NORTRON, Fernando el Católico 
63, Madrid 15, Spain. Attention 
of the Engineering Manager, and 
state phone number and suitable 
hours to be contacted. 

(4924 

Technical 
Author 

c. £3,600 London, SEI 
A Technical Author is required to join a small team of 
authors in the Development Department of Cable and 
Wireless Limited (location: Southwark, between Waterloo 
and London Bridge). Current involvements include message 
switching systems (telegraph), telex, data communications 
and airport traffic control equipment. 
The successful applicant would be responsible for com- 
piling Customer handbooks and must therefore combine a 

good electronic engineering background with the ability to 
interpret circuit diagrams, and to transfer the information 
into a logical and readable form, in lucid English. A know- 
ledge of logic and linear circuitry and previous experience 
of technical writing are essential. 
Qualifications should be preferably HNC (Electronics) or 

City and Guilds Final Telecom. Technicians Certificate 
standard, but other applicants will be considered' if their 
experience is suitable. Starting pay around £3650 per annum 
according to qualifications and experience, on career salary 
scale. 
Please write or telephone for application form to: 

CABLE & WIRELESS 
Personnel Officer (Recruitment), 
Cable and Wireless Limited, 
Dept. A31/417, 
Theobalds Road, 
LONDON, W.C.1. 
01 -242 4433 Extn. 211 4948 
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ELECTRONIC ENGINEERING STAFF 

TWO ELECTRONIC 
ENGINEERS 

are required by EMI Electronics, Electron Tube Division, Ruislip, 
Middx. 

The first vacancy exist g for an electronics engineer to assist the 
photomultiplier group. He will ensure that the production test gear 
performs satisfactorily and will also assist the photomultiplier 
development group to set up experiments and specialised equipment. 
He will be responsible for supervising a trainee. The post involves 
looking after advanced equipment including a minicomputer, with 
one of the major suppliers of electro- optical components in this 
country. 

The second vacancy exists in the Equipment Section for an electronics 
engineer to undertake electronic equipment design and subsequent 
development through to small scale production. The equipment may 
incorporate photo -electric devices and it would be necessary for him 
to investigate some of the mechanical, thermal and optical aspects of 
the design. 

The candidates should preferably have an Honours Degree but 
applicants with other qualifications and some experience would be 
considered. 

Personal interviews arranged by telephone at a time to suit your 
convenience .or call for immediate interview 9 a.m. - 11 a.m. or 2 
p.m. - 4 p.m. 

Telephone Mrs. E. A. Crossman, Personnel Department, EMI 
Electronics Ltd., Bury Street, Ruislip, Middx. Ruislip 30771. 

4954 

SOUND SYSTEMS 
ENGINEER 

for Spain 
NORTRON,- the leading Spanish designers 
and manufacturers of TV, FM and Sound 
Broadcasting equipment, require a SYS- 
TEMS ENGINEER with not less than 4 
years' experience in multichannel Mixer 
Desks and with good knowledge of the 
Broadcasting industry. 

The post is based in Madrid, Spain, and 
attracts a substantial salary and full 
relocation expenses. 

Please apply in writing sending compre- 
hensive resume of career to: 

NORTRON, Fernando el Católi- 
co 63, Madrid 15, Spain. 
Attention of the Engineering 
Manager, and state phone 
number and suitable times to be 
contacted. 

(4925) 
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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 (R /B /10), 
ET 17.1.1.2., Room 643, Union House, St. Martins -le- 
Grand, London EC1A lAR. 

Post Office bllecommun catOois 
93 

ELECTRONIC ENGINEERS 
Applications are always invited from 
Engineers with a background of test and 
R and D. Bias to Avionics systems. 

Technical Reserves 
362 Euston Road 
London, NW1 
Tel: 388 1609 

MEDICAL 

ELECTRONICS 

Technician /Academic (non -tutorial). 
Salary not less than £2,51 1 rising 
possibly toE6,050, plus London 
Weighting. 
Applications invited from graduates 
preferably with industrial experience, to 
work in new Medical, School & 
Teaching Hospital as part of team 
evaluating drugs under laboratory and 
clinical conditions. Successful applicant 
to operate and maintain wide range cif 
electronic monitoring equipment 
including colour TV. Research interest 
in design fields encouraged. 

Apply: The Secretary, Dept. of 
Pharmacology, Charing Cross Hospital 
Medical School, Brandenburgh House, 
Fulham Palace Road, London, W6 
9HH. 

(4927) 

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. 14926 
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British Relay 
Communication and 
Call Systems - 
Speech and Visual 

We are acquiring an increasing volume of business 
in this field including many very long term contracts, 
and we are seeking to expand the range of our 
activities. Consequently, we have immediate 
requirements for engineers with good practical 
experience and ability in any of the following aspects 
of the work :- 

System Design 
Planning and Estimating 
Project Control 
Installation Supervision 
Test and Commissioning 

Duties are varied and interesting, with frequent 
opportunities for travel, and for acquiring experience 
in new fields. Enquiries and application for interviews 
will be treated in strict confidence, and should be sent 
to :- 

BRITISH 
RET4AY'fl1T 

The General Manager, 
British Relay 
(Electronics) Limited, 
41 Streatham High Road, 
London SW16 1EP 
Tel. 01 -677 9681. 

(4937) 

ELECTRONIC 
DEVELOPMENT 

ENGINEER 
Do you have an H.N.C. Technician's qualification? 
Have you obtained a five -year apprenticeship and 
mechanical experience? 
Are you interested in joining a "high- powered" team? 

If so, we have the job for you - 
Our Research and Development staff need an engineer to assist in the design 
and development of high power electronic X -ray supplies (including the 
redesigning of conventional X -ray power supplies), test equipment and general 
laboratory duties. 
The engineer must be able to work under minimum supervision and high voltage 
engineering and transformer design would be an advantage to applicants. This is 

a senior staff position and carries an appropriate salary level. 

If you would like an interview, please contact: 

The Personnel Officer 
Pantak (EMI) Ltd. 
Vale Road 
Windsor 
SL4 5JP 
Telephone: Windsor 60306 

4946 
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LOUGHBOROUGH UNIVERSITY OF 
TECHNOLOGY 

ELECTRONICS TECHNICIAN 
Applications are invited for a post in the 
Department of Engineering Production. 
Duties include the setting up and mainten- 
ance of a range of instrumentation for 
experimental work in the Department's 
laboratories. The person appointed would be 
expected to give assistance to projects in the 
form of development and construction of 
electronic equipment and devices. There 
would be an opportunity to gain experience in 
the fields of control engineering, numerically 
controlled machine tools, and application of 
computers in Production Engineering. 

Education to ONC /OND or City and Guilds 
Intermediate Certificate standard and exper- 
ience, including apprenticeship, of at least ten 
years required. 

Salary on Grade 5 scale: £2,439- £2,895 per 
annum. 

Applications in writing or by telephone for 
application form to Administrative Officer, 
Department of Engineering Production, 
University of Technology, Ashby Road, 
Loughborough, Leics., LE11 3TU. Tele- 
phone Loughborough 63171, ext. 323. 

(49351 

DESIGNERS 
ABOUT 
TOWN 

We have posts based in LONDON & H. 
COUNTIES at all levels from fresh Graduate 
to Section Leader with Clients expanding 
their Design Departments. 

Expensive city? Look at the compensations: 
many salaries are over £5000 p.a. All posts 
offer stability + career prospects. Ring /write 
now. Ref. WW9. 

NEWMAN 
APPOINTMENTS 

(TECHNICAL) 
360 Oxford St., W.1 

01 -629 0501 
4947 

ROYAL HOLLOWAY COLLEGE 
(University of London) 

Egham Hill, Egham, Surrey 

LANGUAGE 
LABORATORY 
TECHNICIAN 

Experienced Language Laboratory Technician 
required. Salary on scale £2013£2343 or 
L2247 -E2628 plus £260 London Allowance, 
according to age and experience. Applications 
stating training and experience, together with the 
names and addresses of two referees should be 
sent to the Personnel Officer (WW) as soon as 
possible, from whom further details may be 
obtained. (4920 
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MARCONI 
ELLIOTT 
AVIONICS 
A GEC-Marconi Electronics Company 

a81 
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With the increasing sophistication of today's 
aircraft, the role of the Service and Test Engineer on the 
ground is of the utmost importance if the electronic 
systems and equipment are to be kept at a high level of 
efficiency. 

We are engaged in an expanding programme of 
work covering the provision of spares and the repair, 
maintenance and overhaul of airborne electronic 
equipment, and we need Service and Test Engineers to 
work on a variety of British and American equipment, 
both in the aircraft and in the workshop. 

The work calls for a sound knowledge of radio and 
electronics theory, preferably coupled with a recognised 
qualification and at least two years' experience in 
servicing or maintaining complex electronics equipment, 
including complete fault diagnosis using sophisticated 
test gear. Training will be given to suitable less 
experienced engineers. 

The Company offers excellent salaries together with 
all the benefits of working for a highly progressive 
company within a major electronics group. The Unit 
provides first -class working conditions and is 
conveniently located in pleasant surroundings with c ose 
easy access to the Ml. 

Write with details of experience to Mrs. L. J. Elborn, 
Marconi -Elliott Avionic Systems Limited, 22 -26 Dalston 
Gardens, Stanmore, Middlesex HA7 1 BZ. 
Tel : 01 -204 3322. 

(4936) 

CHAILEY HERITAGE 
CHILDREN'S HOSPITAL 

ELECTRONICS/ 
TECHNICIAN 

A new post in the Experimental Work- 
shop, Chailey Heritage Children's Ho- 
spital, Lewes, Sussex, to assist with 
research on equipment for physically - 
handicapped children. Required: exper- 
ience in electronic circuitry and instru- 
mentation and fundamental knowledge 
of measurement and data aquisition 
techniques. Qualifications: ONC, HNC, 
HND, or appropriate degrees, plus 
experience. Salary: £3558 -24581 p.a. 
Whitley Council conditions of service. 

Phone (Newick 21 1 2) or write to Mr. N. 
D. Ring (Technical Director) for further 
details. Applications by October 3rd. 

4959 

OPENINGS IN 

ELECTRONICS 
TO £5000 

Urgently required for a variety of current 
vacancies, ring now for confidential free 

service. 

TUDOR APPOINTMENTS 
11 Muswell Hill 

London, NW 3TH 
Tel.: 01 -444 9121 4964 

KINGSTON POLYTECHNIC 
SENIOR TECHNICIAN CCTV 

The Senior Technician will deal mainly with servicing of equipment in the Closed 
Circuit Television Unit. Knowledge of colour circuitry- helical scan VTRs and 
video cassette systems essential. Candidates should have HNC or final C &G 
Electronic Servicing or equivalent. 
Salary grade T2/3 £2529 -£3282 + £261 London allowance. 

Application forms from Assistant Registrar 
Kingston Polytechnic 

Penrhyn Road, Kingston upon Thames KT1 2EE. 01 -549 1366 4966 

e R & H APPLIED DYNAMICS 

FIELD SERVICE 
ENGINEER 

For installation and maintenance of hybrid computers and interactive 
computer display systems. Previous experience in similar systems 
desirable but not essential. Adaptability and ability to work on own 
initiative more important. Attractive salary and a company car will be offered .to suitable applicant who will work from home with occasional 
calls to base in Worthing. 

Please write for Application Form, or telephone: 

R &H Applied Dynamics 
17 Liverpool Road, Worthing, Sussex 

Tel. Worthing (0903) 205995 
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AIRFIELD NAVAIDS 
AND RADAR 

TRAINING COURSES 
for well paid overseas posts 
International Aeradio Limited 
are running refresher training 
for experienced Technicians/ 
Engineers which,on successful 
completion, will lead to very 
remunerative overseas 
postings. 

Navaids: 
commencing 
6th October 
Technicians /Engineers for 
the operation and maintenance 
of airfield navigational 
aids I LS /VO R/ D M E together 
with associated ground -to -air 
communications systems. 

Suitable applicants who have 
had several years' experience 
in this field will be given 
additional training at our own 
college of engineering. 

AR5 /SSR: 
commencing 
4th November 
Experienced Radar Tech./ 
Engineers for training on 
airport surveillance radar 
and sophisticated 
secondary radar systems. 

Applicants will have had 
several years' practical 
experience in maintenance of 
radar systems together with 
a good knowledge of digital 
techniques. Experience on 
small computers would be an 
advantage. 
Formal qualifications to HNC 
standard (or C and G final 
telecomms) or several years' 
experience of in -depth 
maintenance of modern radar 
systems. 
On successful completion of 
training applicants will 
proceed overseas. 
The commencing salary is 

c. £4500 p.a., free of local 
income tax. Additional 
benefits include free furnished 
accommodation, generous 
leave, excellent contributory 
pension scheme. 
Write or telephone now for 
application form to : 

John Nisbet, Recruitment 
Officer, International Aeradio 
Limited, Aeradio House, 

Hayes Road, 
Southall, Middlesex. 
Tel : 01 -571 1808 or 
01-571 0678. 

4850 

ENGINEERS for 
DEVELOPMENT and PRODUCTION 
Grampian, a member company of the Telephone Rentals group, are engaged in the 

manufacture of a wide range of professional and industrial audio and telephone 
equipment, both electronic and electro- acoustic. The equipments are for both outright sale 

and long -term rental contract. In order to ensure the reliability necessary for such 

applications we carry out many operations in -house not often grouped within a single 

company. This means that our engineers have greater freedom of specification and a wider 
field of involvement than they might otherwise achieve. 

If you are interested in accepting the challenge of one of these positions and you have 

relevant experience and qualifications please telephone Mr. G. Turner on 01 -894 9141, or 

write for application form to: 

% 
Grampian Reproducers Limited S rampian/ The Hanworth Trading Estate 
Hampton Road West, Feltham, Middlesex TW13 6EJ 

.19G5 

Wireless World, October 1975 

Technical Writers 

and Authors 

£2,500-£3,750 
South East 

For a major British electronics company, 
exporting 60% of its products, with wide 
experience in commercial and military fields. 
It is a leader in radar simulation, nuclear 
power simulation and key -to -disc systems. 

The Technical Writers and Authors will 
prepare maintenance and operational 
manuals for the above. 

Candidates need at least two years' 
experience and must be able to express 
themselves clearly. Ex- Service personnel 
with electronics teaching /writing experience 
will be considered. Salaries to match 
qualifications and experience, company 
benefits and help with removal expenses. 

Telephone: Vernon Wells, Brighton (0273) 
23431, or write to PER, 53 West Street, 
Brighton BNl 2RL. 

4941 

rPROFESSIONAL 
and EXECUTVE 
RECRUITMENT 

UNIVERSITY OF THE 
WITWATERSRAND, JOHANNESBURG 

RESEARCH 
ELECTRONICS 

ENGINEER 
Applications are inivted from suitably qualified persons for a 

vacancy in the Electronics Workshop of the Nuclear Physics 
Research Unit. 

The duties encompass the maintenance and repair of 
existing electronic units associated with all aspects of the 
Unit's research interests ad well as the design and 
construction of new equipment. 

The salary scale attached to the post is R6300 x 360 - 
R9180 

An applicant not meeting the required standard of 
qualification and /or experience may be offered the 
appointment on a lower salary scale. 

The Univeristy offers generous leave. medical aid and 
pension facilities, and an annual vacation savings bonus. 
The policy of the University is not to discriminate in the 
appointment of staff or the selection of studetns on the 
grounds of sex. religion, race, colour or national origin. 

Applicants should apply in writing giving full personal and 
career details. including the names and addresses of three 
referees. to the Registrar. University of the Witwatersrand, 
Jan Smuts Avenue, Johannesburg 2001, South Africa. with 
whom applications should be lodged not later than 29th 
October. 1975. A copy of the application should be sent to 
the London Representative, University of the Witwaters- 
rand, 278 High Holborn, London W.C.1. 

4953 

ELECTRONICS TECHNICIAN aged 20.30, We 
a small Company situated in S.W. Londbn. 

We require a technician to join our young 
electronics team working on professional audio 
equipment. He will be responsible for the 
alignment, testing and maintenance of digital, 
analogue and audio circuitry, and should have 
some 'practical experience in one of these 
fields. The company operates a profit shearing 
scheme. Telephone Mr. Evans at 01 -542 1171. 

(4869) 

TELEVISION TECHNICIANS wanted for Middle 
East position. Five years heavy maintenance 
required. Send resumes and copies of certifi- 
cates to Box WW 4851. 
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University of Oxford 
Department of Biochemistry 

RESEARCH 
ASSISTANT 

IN ELECTRONICS 
Applications are invited for the post of Research 
Assistant to help with the development and 
construction of a 470 MHz magnetic resonance 
spectrometer. The successful candidate will work in 
a small research group headed by Dr. R. E. 
Richards and will be involved in the UHF, digital 
and audio fields. Whilst expertise relevant to one of 
these areas would be an advantage, the post is 
probably most suited to a person wishing to gain 
experience on a broad front by participation in an 
exciting project, which is a leader in its field. The 
salary for the post, which is funded for a maximum 
of three years by the Science Research Council, will 
be in the range £2439 to £3594 p.a., starting, 
salary depending on age and experience. 
Candidates must have a degree or equivalent 
qualifications, and applications, giving full details 
and including the names and addresses of two 
referees, should be sent by 30th October to: The 
Administrator, Department of Biochemistry, South 
Parks Road, Oxford 0X1 3QU. 

4939 

INSTRUMENT TECHNICIANS, can you offer an interesting, worthwhile land rewarding em- 
ployment to a recently qualified Instrument Technician with City & Guild (275). Industrial measuresnent P. control certificate. Who is prepared to .work non standard hours. If required with a U.K. based company. Then please contact WW, Box 4965, for further 
details. 

MARINE ELECTRONIC FIELD installation en- 
gineers able to Insltall and service radars, 
R/T, auto -pilots, instrumentation, DFs, etc., 
around the country and abroad. Mechanical 
engineering ability is necessary. A first -class 
standard of work without supervision is a 
must. Candidates must live in or around 
London. Clean deriving Licence and references 
required. Apply in writing to: Telesonic 
Marine Ltd., 2143 Euston Road, N.W.I1. (4849 

STUDIO IN KENSINGTON AREA requires 
JUNIOR TECHNICIAN (18 -22 years) to assist 
with maintenance and tape editing. Contact 
Graham Stephens, L08 Cromwell Road, London 
SW7. Tel. 01 -370 1442. (41887) 

ARTICLES FOR SALE 

MARX -LUDER 

STACKABLE EPICYCLIC GEARED 

ELECTRIC MOTORS 
A range of high efficiency reversible 
D.C. -motors are now offered 
complete with stackable 
epicyclic gears 
giving all the r 
gear rat os. 

3. 4, Q7o ..e 6,6.12. - I 1 15, 18, 20, 24, / O - 7bi 
combining I' 4P 120, 380 by cgearsn 

rj them as shown. Extra gear sets 
x 4 extend the range to fit most requirements. 

.-O Four sizes of motor each with pile gears 
and 6v windings are available as under 

EM136P 1 I watts: 500orpm:size24x 24x 74mm £ 
Max. gearbox torque 2kg.cm 6 56 

EM138P /1 Spare ggeersetwith3.4.5.6 ratios 1.66 
EM 141 P 8 watts: 5000rpm: size 35 X35 x 109mm 

Max. gearbox torqueSkg.cm ..... 8.45 
EM141 P/1 Spare gearsetwith3.4.5.e ratios 740 
EM145P2Owatts: 7000rpm:siae 52x 52 X 180mm 2.10 

Max. gearbox torque 10kg.cm 6.66 
EM 146P 30watts:4000rpm:size 52 X 52 X 200mm 

Max. gearbox torque l Oke.cm 11.80 
SPECIAL OFFER 

'Gearbox pack'. All items above 23.00 
MOTORS without gearboxes: ' 

EM 1310 8 watts: 20g.cm: B000rpm, O17mm E4.65 
EM1361.2 watts: 40 .cm: 5000rpm:021mm 4.3e 
EM 1394.2 watts: 160g.cm: 5000rpm:030mm 4.15 
EM141 8 watts: 320g.cm:450orpm 030mm 4.86 

SPECIALOFFER 
"Motorpeck ". All motors above 16.00 

Suggested applications. Laboratory equipment. stirrers. 
pump drives. servo systems. positioningof aerials, dampers. 
doors. power for models trains. boats. drills. cutting wheels 
etc SAE for DATA SHEETS All pores are i, clusrve .n U K 

MAIL ORDER ONLY FROM 

AID -US PRODUCTS 
Dept. WW7, 8 Hillview Rd., Pinner 

HA5 4PA, Middlesex 
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Manager - 
Repair Operations 
Competitive pricing policy, quality, availability of product are three of the 
factors we consider important in our business. Equally important is the 
range and efficiency of the after sales service which we offer to our 
customers. The development of the inventory, particularly in the audio 
and T.V. fields, presents an outstanding challenge for us to maintain our 
high standards of service. 

We have created the new position of REPAIR OPERATIONS MANAGER, 
who will assume responsibility for all existing repair operations and 
developing others as the need is identified. This responsibility will cover 
the extensive operations of both our own repair workshops and of the 
very large number of organisations which provide service facilities for us. 

Applicants must possess experience in running a consumer service 
operation for a large Company and the knowledge of audio and T.V. 
servicing is particularly relevant. 

Conditions of service and benefits are first class. 

Please write to : John Hobbs, Employment Manager, 

The Boots Company Ltd., 
Station Street, Nottingham NG2 3AA. 

(49381 

LINK 

DEVELOPMENT ENGINEER 
(VIDEO) 

to join our R and D team working on design and development of TV studio broadcast 
equipment. Our products range from amplifiers and coders to broadcast standard colour 
cameras. 
You should be about 24 -28 with a good degree or HND and you must have at least two 
years' experience since qualifying. A background within television or communications 
would be ideal but is not essential. 
We are a young Company with full order books for both home and export markets. Our 
factory in Andover is in an attractive area of rural Hampshire close to several main towns. 
Housing is both easier and cheaper than London. In addition to a good salary we also offer 
free life and health insurance, pension scheme, of course, subsidised canteen and 
assistance with relocation costs where necessary. 

Either telephone Mic Comber at Andover 61345 (reverse charge if you wish) or write with 
brief details so that we can send you an application form. 

LINK Walworts Industrial Estate, 
Andover, Hampshire, England Telephone. Andover (02641 61345 

4919 

ELECTRONICS 

ARTICLES FOR SALE 

WOLTHAM 20W Audio Power Amplifier Module 
(1974) confidently challenges any performance 

on ear or paper. 19.80 inc. S.O.R. Detailed 
spec. on request, Audio Fluttermeter to BS1988. 
195.000 inc. Sydney House, 35 Villiers Road. 
Watford (38757). (4799 

LADDERS unvarnished 14ft lin, closed 25ft 
41n extd. £21.40 delivered. Tel Telford 586644 

l6 

16MM B & H 831 Sound projectors c/w speaker 
and transformers 1135. - Hilton Cine, 9 West 
Hill, Dartford -T. 20009. (15 

Y 

. I 

131-I0TO ETCH ( i" LIMITED I 
9 LOWER QUEEN STREET 

PENZANCE, CORNWALL, TR18 4DF 

Prototype or long run - we will supply 
your printed circuit requirements 

Also facilities for Design, Assembly and 
Test 

Prompt and efficient service assured 
concoct b,,ee w.nter 

a PENZANCE 1073.1 4472 
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APPOINTMENTS 

VHF /UHF TELEVISION 
INSTALLATION 

ENGINEERS 
(Spain) 

Well qualified and /or highly experienced INSTAL- 
LATION ENGINEERS are invited to apply immedia- 
tely for INTERVIEWS IN ENGLAND to fill THREE 
IMPORTANT VACANCIES leading to senior positions 
in Spain. 

The posts are based in Madrid but . knowledge of 
Spanish, though desirable, is not essential because 
the equipment being installed is of an international 
nature. 

Please write today to: 
CARLOS SYMMES, Engineering Manager 
29 The Rookery, Balsham 
CAMBRIDGE CB1 6EU, England. 

and send brief summary of experience and 
qualifications. 

NORTRON of Spain 
Designers and Manufacturers of TV and FM 
Broadcast Equipment 

(4923) 
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ARTICLES FOR SALE 

Economise on Semiconductors 
All prices include new rate VAT 

* Low Price CMOS 

* Lower Price 741C 

* Low price OIL sockets 

* Plastic 3 terminal Regulators 

Ti). Mixed Prices I+ 10+ 
I+ 10+ 25+ 74gj 18 17 

709C Op Amp + data 8 pin OIL 37 35 33 7402 18 17 
723C Regulator + dala 14 pin OIL 70 68 64 7403 18 17 
741C Op Amp + data 8 pin OIL 26 25 24 7404 19 18 
748C Op Amp + data 8 pin OIL 43 41 39 7405 19 18 
NE555 limer + data 8 pin OIL 65 62 59 7410 19 17 
CA3046 kray 14 pm OIL 84 81 77 7413 36 34 
TD01405 Reg. 5V 650mA 95 90 85 7420 18 17 
1061412 Reg. 12V 500mA 95 90 85 7430 18 17 
T0Á1415 Reg. (5V 450m9 95 90 85 7442 77 73 
OC107.108.109 11 10.5 10 7447 99 94 
BC182. 184 12 11.5 11 7473 42 40 
0C212. 214 13 12.5 12 7414 

77 

38 36 
HP LEO 1/4' 20 19 18 40 
HP LED 0.2" 21 20 19 7486 33 31 
Ell Sockets 8 pin 12 1 I 10 7490 60 57 
Lew Profile 14 pin 13 12 11 7492 60 57 

16 pin 14 13 12 7493 60 57 
74121 48 46 

CMOS Mixed Prices 

4000 24 
4001 24 
4002 24 

BC108C 13 BZY88G 01914 5 4007 24 
BC177 21 311345V 12 IN4001 5 4011 24 
BC178 21 263102 13 IN4002 6 4012 24 
6F244 27 263704 13 IN4004 7 4013 66 
8F2448 30 2113708 11 1114148 5 4015 175 
BFY51 19 263055 55 4023 24 

4025 24 
4027 97 
4030 72 

25+ 
16 
16 
16 

17 

17 

16 
33 
16 
16 
70 
89 
38 
34 
38 
29 
54 
54 
54 
44 

AY -5 -1224 Digital pock TC. 12 or 24 hr.. 7 segment or BCD outputs. drives LED. Minitron displays Simple 

interfacing. 16 pin OIL. IC + dale + circuits E4.90. 
1P5002-7740 0.3" digits E2.00. IC + 4 0.3" digits E12.30. IC + 4 0.3" digits + translators + transformer 

E14.30. 
MARIOAS 7W Audio Amp with thermal protection + data + circuit E1.25 

TCA94b IOW Audio Amp with thermal protection + current limit + circuit - 
E2.40 

TÁ0100 Radio IC + IF filter + circuit £1.80 

Carhob film resistors. high stability 1/4W 5 %. El? Values 10 -2M2 le 2p ea.. 10 lip, 100 95p. 
'Sy retire service. Prices include 25'/. VAT. P&P lop MN. overseas al cast. All items new. TI. Motorola. Millard. 563. 

etc. SAE Iùù..Mairies. Scheah. Colleges. etc. supplied. 

SILICON SEMICONDUCTOR SERVICES 
41 Dunstoble Boat, Caddinaton, Luton LU14AL 40 

ARTICLES FOR SALE 

RECONDITIONED 
EX- RENTAL 
TELEVISION 
SETS - 
OVERSEAS DISTRIBUTORS 
URGENTLY REQUIRED 
Extensive range of modern sets - 19", 20 ", 
23" & 24" - Dual Standard 405 line 
VHF /625 line UHF. 
Colour or monochrome. 
SCRAP SETS AVAILABLE AND SPARES 
ALSO AVAILABLE. 
Enquiries to: 
Superent 
Export Dept., 210 New Road 
Rubery, Birmingham B45 9MJ 
England 
Telex: 337993 ESMA BHAM 4913 

HUNDREDS of Dual Standard Colour TV's for 
sale. Contact: S. H. C. Televisions Ltd., 024- 
026 (Radnage) 3321. (20 

VACUUM is our speciality, new and second- 
hand rotary pumps, diffusion outfits, accessor- 
ies coaters, etc. Silicone rubber or varnish 

S from Barrett 
(Salles) Ltd , 

equipment 
Mao R d, Croydon. 4 

9917. (24 

60 KHz MSF Rugby and 75 KHZ Neuchatel 
Radio Receivers Signal and audio outputs. 
Small, compact units. Two available versions. 
Toolex, Bristol Road, Slaerborne (3211), Dorset. 

(21 

THE SCIENTIFIC WIRE CO. 
Copper - Nickel - 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 

BUDGET MINI AUDIO MIXERS 
With Professional Facilities 

Slider Faders * Tone Controls * Monitoring * 
VU Meter 

Mono or Stereo * Ready to use or kits 

Details Ref. WW 

PARTRIDGE ELECTRONICS 
21 -25 Hart Road, Benfleet, Essex 

QUANTITY OF RADIO TRANSMITTING & RE 
CEIVING, HiFi, TV, Electronic and Electrical 
Components and Equipment for sale. Many 
interesting items. Send large S.A.E. for full 
list. Callers welcome but by appointment only. 
B. M. Sandal( Amber Croft, Higham, Derby, 
DE5 6EH. (4922 

STORAGE 'SCOPE (REMSCOPE) SO1 £60 ono; 
TF144G Sig. Gen. £15; Solartron 'scope CD643 
overhauled £40; Resolved Component Indicator 
VP250 £10. Tel.: 021 -329 2305. (4911 

BELL & HOWELL 631, 16mm Sound Projector, 
complete with accessories, perfect working 
order, £120. Image Electronics. Gt. Dunmow 
(0371) 3298. (4921 

" MOTIVATOR " Curtain Coed Controllers. 
Mains battery models .and kits for use with 
corded domestic curtains. From £211. Aid -Us 
Products Dept. W. S Hillvdew Road. Pinner 
HA5 4PA, Middlesex. (4930) 

Hair 
Transplant 

For free brochure, clip 
this ad. and send to: 

Room 6 
HAIR TRANSPLANT 
INTERNATIONAL 

502 Eccleshall Road, Sheffield 
(4224 

SURPLUS TEST EQUIPMENT AND RADIO 
AMATUER GEAR. Bench power suppliers 200/ 
400 v. Precision millivolt meters, chart recor- 
ders, Vanguard, Cambridges, etc., etc., preci- 
sion standards room equipment. B &H COMPON- 
ENT LTD., Dept, WW, Leighton Electronics 
Centre. 59 North Street, Leighton Buzzard. 
Beds, LU7 7EG. (05253 2316). (49 

TRADE BUYERS required for selling battery 
type antenna amplifiers in all parts of the 
world. The type we make are MI-stereo VHF/ 
FM radio, B'12-VHF television, B45 -UHF colour 
and monochrome television. Trade price £2.75. - Electronic Mail Order Ltd., Ramnsboitom, 
Bury, Lancs. England. (4882 

SELMER ORGAN DIVIDERS, 12 each having 5 

double triodes, £10 the lot for parts. Jarvis, 
Doll. Rannoch Station, Perths. (4910 

DIGITAL CLOCK CHIP, AY -5 -1224, with data 
and circuit diagram. £3.66 plus VAT, ; Jumbo ' 

LED digits (16mm high) type economy DL /747 
only £2.04 each plus VAT, post free. 1Greenbank 
Electronics, 94 New Chester Road Wirral 
Merseyside L62 5AG. (83 



I_. 

Wireless World, October 1975 a85 Classified 
ARTICLES FOR SALE 

The stop Window for the Very 

COMBINED 
PRECISION 

COMPONENTS 
(PRESTON LTD 
194 -200 North Rd, 

Preston PR1 1Y P 
Tel; 55034 

Telex; 677122. 

TOSHIBA VALVES 

Typs Price (p) 
DY87 30.0 
D'y802 30.0 
ECC82 28.0 
EF80 29.5 
EF183 34.5 
EF184 34.5 
E1490 35.5 
PC900 24.5 
PCC89 40.0 
PCC189 41.0 
PCF80 31.5 
PCF86 39.0 
PCF801 42.0 
PCF802 40.0 
PCL82 39.0 
PCL84 39.0 
PCL85 44.5 
PCL86 41.0 
PFL200 59.5 
PL38 55.5 
PL84 26.0 
PL504 64.5 
PL508 67.0 
PL519 C1.20 
PY88 36.5 
PY800 33.0 
PY500A 85.0 

SEMICONDUCTORS 
Price 

Typs Each (p) 
AC127 17 

AC128 13 
AC14IK 25 
AC142K 25 
AC151 20 
AC154 18 
AC155 18 
AC156 20 
AC176 22 
AC187 19 

AC187K 24 
AC188 17 
AC188K 26 
AD142 45 

Price Price 
Type Each (p) Type Each (p) 

75 
45 
39 

01.39 
49 
52 

E2.40 
20 
15 

20 
20 
35 
40 

31 
32 
25 

40149 
AD161 
AD162 
AF114 
AF115 
AF116 
AF117' 
AF118 
AF139 
AF178 
AF1B0 
AF181 
AF239 
AF240 
BC107 
BC108 
8C109 
BC109C 
BC113 
BC116A 
BC117 
BC1258 
BC132 
BC135 
BC137 
BC138 
BC142 
BC143 
BC147 
BC147P 
BC148 
BC149 
BC153 
BC154 
/ICI 57 
BC158 
BC159 
BC173 
BC1788 
BC182L 
BC183L 
BC187 
BC214L 
BC328 
BC337 

40 
38 
38 
24 
21 
22 
19 
50 
35 
45 
45 
45 
40 
60 
11 
10 
14 
14 
13 
19 
14 
15 
25 
15 
19 
26 
23 
25 
11 
11 
10 
10 
15 
15 
14 
10 
11 
18 
20 
12 
12 
25 
15 
28 
19 

130124 
80131 
80132 
80160 
BD235 
130237 

. 80)(32 
BF115 
8E160 
8F167 
BF173 
BF178 
4E179 
8E180 
8E181 
8E184 
BF185 
BF194 
8F195 
BF196 
8F197 
81198 
BF200 
8E218 
13E224 
BF258 
81336 
BF337 
81355 
BFX86 
BFY50 
8 FY52 
BSY52 

DIODES 
Type Each (p) 
BA115 7 

BÁ145 1y 
8Á15d/201 11 

80126 11 
27 

80199 21 

OA938 25 

0A202 7.5 

1N60'0491 5 

NEW TOSHIBA TUBES 
19' 449/191X £48.95 
20' 510DJ822 E60.75 
22' A56/120X £54.25 

INTEGRATED 
CIRCUITS price 
Type Each 
TAA550 49p 
TAA700 £7.95 
TBA120AS 01.00 
TBA120S0 C1.00 
TBA4800 C1.40 
TBA5200 £2.35 
TBA5S0Q E1.75 
T8A540Q C1.75 
TBA5EOCO E2.40 
TBA8C0 C1.50 
TBA9200 £2.90 
T849900 E2.90 
TCA270Q £2.90 
E11136315 £2.00 
SN760390 £1.50 

25 EHT MULTIPLIERS MONOCHROME (BBC, 
Price Each 

8 
10 
12 
23 
25 
30 
23 
34 
28 
35 
54 
28 
19 
20 
35 

BT106 C1.20 
BU105/02 C1.95 
BU108 £2.10 
8U208 C2.95 
E1222 30 
MJE340 45 
0071 15 
0072 16 
820088 £2.00 
R20108 £2.00 
RCA16334 80 
RCA16335 80 

2HD 950MK1, 960 E1.20 
2T0 950M1(2. 1400 [1.86 
2DAK 1500 (17' a 19') E1.86 
2TAK 1500 (23" 6 24-) C2.00 

EHT MULTIPLIERS - COLOUR 
11TAO ITT CVCI, 2 5 3 E4.50 
ITN GEC /Sobell E4.50 
11TAZ GEC 211C C4.85 
11 TAM Philips G3 C4.50 
11TBD Philips 550 C4.50 
3TCW lye 6911633 E3.50 
1 TH Decca 30 Series £4.50 
11 TAO Decca '81ad1ord' C4.50 
3TCU Thorn 3000/3500 C5.00 
11 HAA Thorn 8000 C1.90 
11 HAB Thorn 8500 C4.25 

PRICES SUBJECT TO 25% V.A.T. 
All good subject to settlement 
discount of 5% 7 days and 2% 
monthly. 
No postage charges or minimum 
order values. 
Write or phone for full detail. now. 

...Irr Prices, Quality and Service. 
fibte optic supptiioal 

MARES'S TAIL Decorative Display. 22" Ma 7.000 + Fibres Looks 
absolutely rmmac. +late £10.00. 
FIBROFLE7K SIZE 1 440 Strand Flexible Glass Light Conduit 1 14 mm 
Active Du . Black Sheath 10m 03.00; 100v, E21.00. 
CROFON 'x810 Flexible 64 Strand Plastic Light Conduit. ác1 ve Dia 

1 8mm QO 3 3 mm. 01.20 per M; 10m (9.00 
PLASTIC OPTICCAL MONOFIBRE Flexible t. yht Gmde Da 10. 20. 
40. 60 thou. FP10 100m C2.00. FP20 (0.5mm) 100m E4,0. FP40 
10 E2.20; 100m £14.00. FP60 10m E4.00; 100m E30.09. 
OPTIKIT 103 2ra CROFON 1610 + 5m each FP20, FP40_ FPFO + 
Polishing Compound. Ideal Laboratory Pack. E490. 
OPTIKIT LS. 6 Convex Glass Lenses Die 7/ 14/ 21r 26, 47: 51mm 
E3.00 (Lenses also available separately) 
OPTIKIT ORS Five Retro'Reflectors for Optical? Infra -Fled Beam 
Systems. Dias 22-'36/ 44/ 83mm + 150mm Strip E2.50. 
ULTRASONIC TRANSDUCERS SEOSB -40T;R Sensn.ve 40 kHz 
Te/ Re Par (Suited* for 'Practical T V Remote Control System) E4.00. 
ULTRASONIC TRANSDUCERS SE04B -25T/8 25 kHz Tr /Re Pair 
(Bener Senstmty. Lower Bandwidth than SE058 -40) E4.00- 
CIRCULAR POLARISERS Reduce Glare on ad types of instrument 
RED /AMBER /NEUTRAL 50 mm sq 70p, 75 rem sq E1.40: 15C mm 
sq. E4.60. Linear Polar,sers also available 
OPTOLECTRONICS LIGHT SOURCES A DETECTORS 
MV54 2mm Red I.ED 20p. MLED500 T092 Red LED 20p. 
XC209-Red (3mm) 20p. XC209.Y. XC209 -G (Amber. Greer) 30p. 
MLED92 Infra Red Emitter Sop. ML5203 Photo.Thynstor E1.20. 
295777 (High Sensitivity Photo- Darlington 25V 50p. 
MRD 150 2mm High Speed Photo -Transistor (4 u5) 40V 7Op 
Please add T% VAT to prices S E. please for short form /data. 
FIBRE OPTIC SUPPLIERS (WW). 2 150000N ROAD NEWS, LONDON NM SOU 
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VALVES - Radio -TV Transmitting and In- 
dustrial 1930 to 1975. 2200 Types in stock, [many 
obsolete. List 20p. Quotation S.A.E. :Postal 
export service. We wish to buy new and boxed 
valves, wholesalers, dealers, etc., stocks pur- 
chased. - Cox Radio - (Sussex) Ltd., The 
Parade, East Wittering, Sussex. West Wittering 
2023. (4943) 

DISCOLIGHTS. Best. Cheapest. Reliable. 
Bumper 'catalogue, - Aarvak. 98Á(W) West 
Green Road, N15 INS. 01 -800 8656. 123 

LOW COST IC MOUNTING. Use Soldercon IC 
socket pins for to 40 pin DILs. 709 tplus 
Sp VAT) for strip of 100 pins, £1.50 (plus 12p 
VAT) for 3 strips of 100, 14 (plus 32p VAT) 
for 1,000_ Instructions supplied. Send for sam- 
ple. Sintel. 53c Aston Street, Oxford. Tel: 
0865 43203. (67 

100 TONS OF SURPLUS GEAR. Tools, adding 
machines, closing, etc., must be cleared by 
lst November at GREF.NWELD, Tower Wharf, 
Raymond Street. Chester. . (4963 

HUNDREDS, YES HUNDREDS of turntable 
units, pick -up cartridges, plinths, covens:, and 
speaker cabinets Wholesale /Retalil. Ring or 
write for lists. SPA -RADIO 335-337, High Street, 
Cheltenham. Phone 54357. (4952 

COLOUR. UHF and TV SPARES. Colour and 
UHF lists available on request. New cross 
hatch kit Ancl Sync and UHF Modulator units 
aerial in -put type £11 p &p 45p. CRT reactivator 
kit for colour and mono 116.80 p &p 60p. Signal 
strength meter kit £18.00. P/P 45p. 625 TV. If 
unit, suitable for Hi -Fi amp or tape recording, 
£6.75 P/P 35p. Bush CTV 25. New conver- 
gence panels plus yoke and blue lat., £3.85, 
P/P 40p. New Philips single standard conver- 
gence panels complete, incl. 16 controls, coils, 
P.B. switches, leads £3.75, P/P 50p. New Colour 
Scan Coils, Mullard or Plessey plus conver- 
gence yoke and blue lateral. £9.20, P/P 55p. 
Mullard AT 1023/05 Convergence Yoke 12.30 p/p 
50p. Mullard or Plessey Blue Laterals, 75p P/P 
20p. BRC 3000 type Scan Coils, £2.00 P/P 40p. 
Delay Lines DL20, £3.50, DLIE, DLI, £1.00, P/P 
35p. Lum Delay Lines 50p, P/P 15p. EHT 
'Colour Quadrupler for 'Bush Murphy CTV 25 
111/174 series, £7.50. P/P 60p ERT. Colour 
Tripler ITT TH25/11TH suitable most sets, £2.00 
P/P 35p, GEC 2040 colour tripler 11.75 P/P 35p. 
Colour surplulsVsalvaged Phillips G8 panels 
part complete; Decoder, £2.50, IF incl. 5 

modules, £2.25. T. Base. £1.00, P/P 259. CRT 
base, 75p, P/P 15p. GEC 2040 panels, for 
spares Decoder 13.50, Time Base £1.00 P/P 
50p. B9D valve bases 10p. P/P 6p. VARICAP 
TUNERS. UHF ELC 1043 NEW, £4.20. ELC:1043/ 
05 £5.00. ELC1042 (VHF) £5.50, Salvaged VHF 
and UHF Varicap tuners, £1.40, P/P 2Sp. UHF 
TUNERS NEW, Transistorised. Incl. slow 
motion drive, 13.80. 4 position and 6 pos. 
push- button transistorised £4.20. P/P 45p. 
Philips, Bush, Decca. Integrated UHF /VHF 
transd tuners £4.50 P/P 60p Murphy 600 /700ser- 
ies corn. UHF conversion kits incl. tuner, drive 
assy, 625 IF amplifier, 7 valves. acces., housed 
in cabinet plinth assembly, £5.50 P/P 65p. 
THORN 850 Dual standard time base panel. 
50p, P/P 50p. PHILIPS 625 IF .amplifier panel 
incl. cet., 50p P/P 45p. VHF turret tuners 
AT7650 incl. valves for K.B. Featherlight, 
Ph.iüps 19TG170, GEC 2010, etc., £2.50. PYE 
miniature incremental for 110 to 830, Pam 
and Invlicta, £1.00. A.B. miniature with UHF 
injection suitable K.B. Baird, Ferguson, 75p. 
New fireball tuners Ferguson, HMV. Marconi. 
£1.00 P/P all tuners 50p. Mullard 110° mono 
scan coils, new suitable all standard Philips. 
Stella, Pyc, Ekco. Ferranti, Invicta. £2.00, P/P 
:35p. Large selection LOPTs, FOPTs available 
for most popular makes. 200+ 200 +100 MFD 
350v Electrolytic. £1.00 P/P 20p. MANOR 
SUPPLIES, 172 WEST END LANE, LONDON. 
N.W.B. Shop premises, callers welcome. No 
28, 59, 159 Buses or W. Hampstead Bakerloo 
and Brit. Rail). MAIL ORDER: 64 GOLDERS 
MANOR DRIVE. LONDON. N.W.11. Tel. 01 -794 
8751. VAT PLEASE ADD 25% TO ALL PRICES. 

COVENTRY COLOUR 
Single standard piped TV's, make 
ideal monitor or video games dis- 
plays. 

19" £40. 25" £50. Aerial conver- 
sion kits available. 
BUSH CTV 25 colour TV's serviced 
to retail standards £80. 
GEC 19" single standards £70. 

All Prices Plus VAT 

COVENTRY COLOUR 
Arden Street, Coventry 
Phone Coventry 79400 

-1957 

CRYSTALS 
Fast delivery of prototype and production quantities in your specification for 
digital cbcks. mobile radio. radar. etc. Examples: 

10 kHz. 100 kHz 0.03% T05 £2.22 each: E1.020 per 1.000 
100 kHz 0.005% HC13 /U E3.00 each: 81.900 per 1.000 

I MHz 3.005% HC6 /U E2.50 each: £1,600 per 1.000 
2.097152 MHz 0.0025''. HC6 /U E3.05 each: £1,550 per 1.000 
3.2768 MHz 0.0025'. HC6 /U E2.70 each: £1,500 per 1.000 
100 MHz 0.00P 05(8 /U E2.00 each: £1,100 per 1.000 

INTERFACE QUARTZ DEVICES Ltd.. 29 Market Street, 
Crewkeme. Somerset. Telephone: (0460311 2578 Telex: 46283 
Importers and exporters of crystals. filters, oscillators and frequency 

coumerl from worldwide sources 157) 

Tape Spools 
5" & 53/4" Diameter 

Regular bulk supplies of crystal or tinted 
polystyrene Tape Spools available from' 
stock. 

Other sizes available 
Contact: Plasro Plastics Ltd.. 38 Wates Way. 
Mitcham, Surrey. 01 -640 0145. 4914 
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TERMS OF BUSINESS: CASH WITH ORDER 
ALL PRICES INCLUDE POST AND B A M B E R ELECTRONICS EXPORT ENQUIRIES WELCOME. CALLERS WELCOME TUES.-SAT. B 

5 STATION ROAD, LITTLEPORT, CAM GS, CB6 1QE PLEASE ADD VAT. MINIMUM ORDER £1 
TEL: ELY (0353) 860185 (TUESDAY- SATURDAY) PLEASE INCLOSE STAMPED ADDRESSED ENVELOPE WITH ALL ENQUIRIES 

ALL BELOW - ADD 8% VAT 
MAINS TRANSFORMERS 

All 240V input. voltages quoted P 9 q 
annrox. RMS 

Please quote Type No. only when ordering) ( Q YPe Y 9) 

TYPE 10/2 10A -10V at 2A, £1.60. 
TYPE 15/2 18V at 2A, E1.65. 
TYPE 28/4 28V at 4A, 125V at 500mA, 
Ep -Og, 
TYPE 125 400V at 20mA, 200V at I OmA, 
6.3V at 500q,A, £1.25. 
TYPE 72703 400V at tOmA, 200V at 
5mÁ, 6.3V at 400mÁ. £1.25. 
TYPE 70462 250-0-250V, 50- 0 -50V, 
6.3V, E1-75. 
TYPE 125BS, approx. 125V at 30mA, 
8 

ISOLATING TRANSFORMER 
(ex. equip), in metal cases, totally enclosed, 
tapped mains input, 110 -240V etc., output 
240V at 3A + 12V at 0.5A, E11.00. 
AS above, output 240V at 12A + 12V at 
3A + 22V at 2.5A, £27.50. 
VARIABLE STABILISED P8U, solid 
state; 240V AC input, output 0 -24V DC at 
500mA + 32V at 50mA (approx.). Size 
71/2in. x 4in. x 234in. (voltage controlled by 
external 5k ohm pot) (less 5k ohm pot), x00 each 
5k ohm pots, 3 turn, for above, 75p each. 

ALL BELOW - ADD 8% VAT 
PLUGS AND SOCKETS 

25-WAY ISEP PLUGS AND SOCKETS, 
40p set (1 plug + 1 skt). Plugs and sockets 
sold se ,stet at 2 each. separately 25p 
ANDREWS 44AN FREE SKTS. N -t a for 

( YP) 
FH4 /50B or FHJ4 /50B cable, £1.00 each 
BULGIN ROUND FREE SKTS. 3 pin, for 
mains input on test equipment, etc., 25p 
each. 
50238 BACK TO BACK SOCKETS, £1.25 

INC INSULATED SOCKETS (single hole 
( 9 

type), 66p each 
PL2611 PLUGS (PTFE). Brand new, 50p 
each or 5 for E2.26. 
Reducers for above 15p each. 
50235 SOCKETS (PTFE). Brand new (4 
hole fixing type), 60p each, or 5 for £2.25. 
N -TYPE S KTS. (4 hole chassis mounting, 
50ohms, small coax lead type), 50p each 
N -TYPE PLUGS 50ohm, 60p each. 
BNC PLUGS (Amphenal, new, packed), 36p 
each 4 for E1.20 ( ) 
BNC SOCKETS (4 hole chassis mounting, 
lead type), 35p each (4 for £1.20). 
GREENPAR (0E35012) CHASSIS LEAD 
TERMINATIONS (These are the units which 
bolt on to the chassis, the lead is secured by 
screw cap, and the inner of the coax passes 
through the chassis), 30p each. 4 for £1.00. 
MULLARD SCOPE TUBE D57-76. 3in. face 
complete with base and mu -metal screen. 
£8.6O each. 
PHOTOMULTIPLIERS. E.M.I. TYPE 6094. 
Brand new with base. £20 each. 
BULGIN FLAT 2 pin FLEX CONNECTORS. 
Non-reversible. 40p each. 
HELLERMAN LUBRICANT GRADE C. The 

for all rubber goods. Good elect lubricant 
electrical insulator. 76p per bottle. 
PYE U.H.F. BASE STATIONS. F.460. p.o.a. 
PYE COMPACT U.H.F. PORTABLE PFIC. 
p.o.a. 
PYE WESTMINSTER W15 AM. 12' /,kHz 
channel spacing, G.P.O. approved. High Band 
AM. Dash mount, less crystals. Good condi- 
hon. £100.00. 
PYE BASE STATION F30M. TX 100 mHz Rx 
140' mHz, low power MID BAND, good 
condition. £200.00. 

ALL BELOW - ADD 8% VAT 
MULLARD TUBULAR CERAMIC TRIM - 
MERS, 1 -18pf, 6 for 50p. 
(as featured in Rad. Comm. Jan. p.25). 

some coded, 14DIL type, untested. 
mixed, 20 for 
703 TRANSISTOR INSULATOR SETS, 
10 for 

' 
24V MIN. REED RELAYS, encapsulated 
single -pole make, 2 for 50o. 
CHASSIS TAGS, 25p pack. 
RELAYS, single pole, changeover, 12 DC. 
approx. zhin. o' in. x l'Ain., 35p each. 
MINIATURE SLIDER SWITCHES. 2 pole, 
2 wav, 5 for 50p. 
2-6PF, 10MM CIRCULAR; CERAMIC 
TRIMMERS (for VHF /UHF work). 3 pin 
mounting, g 5 for 50p. 
CERAMIC HIGH VOLTAGE PILLARS 
(metal ends, tapped 4ßA), approx. 1 in. long, 
10 for SOp. 

ALL BELOW - ADD 25% VAT 
HIGH QUALITY SPEAKERS, 834in x 6in., 
elliptical, tin. deep, 4ohms, inverse magnet. 
rated up to 

discount 
£1.50 each, or 2 for £2.76 

(Quantity discount available). 

T.V. PLUGS (metal type). 6 for 50p. 
T.V. SOCKETS (metal type). 5 for 
T.V. LINE CONNECTORS (back-to -back 
skt). 5 for 50p. 
MIXED ELECTROLYTICS, large bag. 
£1.00. 
OC200 TRANSISTORS, 6 for 50p 
BSYS5A TRANSISTORS, 6 for SOp. 
BCY72 TRANSISTORS. 4 for 50p 
PNP AUDIO TYPE TOS TRANSISTORS, 
12 for 25p. 
STUD RECTIFIERS, BYX42 /300R, 300V 
at 10A, 30p each, or 4 for E1.00 
DIN SPEAKER SKTS, 2 -pin, 4 for 
IF CANS, 'hin square, suitable for rewind, 6 
for 30p. 
DUBILIER ELECTROLYTICS. 50uF, 450V, 
2 for 60p. 
DUBILIER ELECTROLYTICS. 100uF. 
275V. 2 for 50p. 
PLESSEY ELECTROLYTICS- 470uF, 63V, 
3 for 50p. 
TCC ELECTROLYTICS. 1000uF, 30V, 3 for 

PLESSEY ELECTROLYTICS. 1000uF, 
180V, 40p each (3 for E1.00). 
DUBILIER ELECTROLYTICS. 5000mfd. at 
35V. 50p ech. 
DUBILIER ELECTROLYTICS. 500uF, 50V, 
60p each. 
DUBILIER ELECTROLYTICS. 5000mfd, at 
70V. 65p each 
i17 ELECTROLYTICS. 6800mfd at 25V. 
high grade, screw terminals, with mounting 
dip. SOp each. 
PJ.ESSEY ELECTROLYTICS. 10000mfd. at 

3V. 75p each 
MULLARD BLACK /WHITE C.R.T. 
A65-11W. Brand new £11.00. 
T.V. LINE SOCKETS. 18p each, 5 for 75p. 
T.V. SOCKETS. Mounted on Bakelite panel. 
gfor pi DIN 3 pin LINE SOCKETS. 15p each 
E.H.T. V/ HOLDERS BSA. (Both PHILIPS 
and PYE types available.) 20p each 4942 

PYE RADIO -TELEPHONE 
EQUIPMENT 

Cambridge, Westminster, Motofone, Euro- 
pa series. Send s.a.e. for full details 

WELLER STOCKIST. All irons and 'spares 
available. S.A.E. for list,. 

VALVES 
QQV03 /20A (ex- equipment), £3.00. 
QQV03 /10 (ex- equipment) 76p or 2 for 
£1.20 
2C39Á (ex. equipment), £1.00 each. 
QQV02 /8 (ex. equipment), Eí.00 each. 
4CX2601I (ex .equipment),£2.10each. 
4X2606 (ex. equipment), £1.60 each 
DET22 (ex. equipment), 2 for £1.00. 
15082 MULLARD 150V REG. (Equiv. 0A2) 
(new, boxed), 40p. 
TRANSISTOR HEATSINKS, to make 2 x 
TOi8 transistors. screw -in clamps. block size 
lin. x 1/2in. x'Ain. with 2 holes for mounting, 
3 for SOP 
RADIOSPARES 600WATT AUTO 
TRANSFORMER, 100 / 110 / 150 / 200 
/ 220 / 240V tapped input and output step 
up or step down facility ex. new equip., 
E8.00. 

MANUFACTURERS - SEND SAE. F 

OUR LATEST BARGAIN CAPACITOR LIST. 

PLESSEY COLOUR SCAN COILS: 90` 
brand new £4.00 each 
COLOUR MONITOR DECODER PANELS. 
By leading British manufacturer. Designed to 
B.B.C. standards. Units consistofchrominance 
module. PAL filter and delay module, lumin- 
once module randd encoded 

complete 
lee i module, 

All units brand new and complete including 
edge connectors and service manual. £30.00. 
Manual supplied separately, £1.00 each. 
PHILIPS STAB. POWER 0 -35 volt. 3 amp. 
Metered type PE 4806. E65.00 each, 
TINNED COPPER WIRE. 0.234mm. Looks 
like 15a fuse wire. 12 oz. reel. 30p. 
CHART RECORDER PAPER. 10hkin x 

12011. Type M1299. £1,00 per roll. 
FLEXIFORM GROMMET. Makes your own 
grommet for any size hole. 15m reel. 80p. 

SCOPES 
AVAILABLE 

Absolutely perfect condition. Most as new. 

Tele- equipment S 51b 3 meg. £60 
S 54 10 meg. £85 
D 43 15 meg. £90 
D53 15 meg. £135 
D54 10 meg. £125 
DM 5315 meg. storage £225 

Ring: Mr. Lewis at 01 -882 1644 now 
and avoid disappointment 

17 8) 

PDP 8/S MINICOMPUTER with 8k store, Rack 
mounted, and complete with ASR33 TELETYPE, 
and fully doctunented software package in- 
cluding FORTRAN and FOCAL together with 
diagnostics, etc. Available now at i1850 com- 
plete. ,COMPUTER APPRECIATION, Castle 
Street, Bledchtimglley, Surrey 088 384 (GOdstOr le) 
3106. (4951 

ARTICLES WANTED 

WANTED, all types of communications receiv- 
ers and test equipment. Details to R. T. & I. 
Electronics, Ltd., Ashville Old Hall, Ashville 
Rd., London, E.11. Ley 4986. (63 

WANTED: Book permanent magnets and mag- 
netism, D. Hadfield. Bar No. WW 4849. 

B-D ELECTRONICS offer prompt settlement for 
your surplus components. Our main field of 
interest is consumer electronics. Please tele- 
phone our Miss Hughes, Sandy (0767) 81616. 

SURPLUS COMPONENTS, Equipment and Com- 
puter panels wanted for cash. Ring Southamp- 
ton 722501. (4928 

SURPLUS COMPONENTS, Equipment and Com- 
puter panels wanted for cash. Ring South mpp- 
ton 7'22501. 

COMPUTER TAPE STATION 
ICL Model P11. Potter MT120 7 -track 
y' tape deck, EC120 PSI), MA315 
Read & Write Amplifier Unit, etc. 240V 
50Hz operation. Size 
1.6mx0.78mx0.61 m. £80. Carriage 
by arrangement. 
Also Mullard core store AW661. 48 
planes each 64x64. £22+E1 carr. 
IBM Mag Tape Unit, type 72, less 
head. C25+ cars. 
GNT Model 34 Paper Tape Punch 
4OCh.p.s. £25. 
ICL 1911 Card Reader £220. 
5,000 reels '/z" COMPUTER TAPE on 
NAB Spoils to clear. Offers invited. 

Prices exclude VAT. 
SAE Enquiries 

GREENWELD ELECTRONICS 
51 Shirley Park Road, Southampton SO1 4FX 

Tel. (0703) 772501 4874 

ENAMELLED COPPER WIRE 
B.W.G. 
10 to 19 
20 to 29 
30 to 34 
35 to 40 

1 Ib. real 
240 
2.45 
2.60 
2.85 

1/2 Ib reel 
1.35 
1 40 
1 50 
1 60 

All the above prices are inclusive of postage 
and packing in U. K. 

COPPER SUPPLIES 
102 Prrawood Road, Withington, Manchester 20 

Telephone 081-445 8753 (85 

RECEIVERS AND AMPLIFIERS - 
HRO Ra55, etc., AR88, CR100, BRT400 G209, 
S640, etc., etc., in stock. R. T. & I. Electronics, 
Ltd., Ashville Old Hall, Ashville Rd., London, 
Eli- 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, Ash- 
ville Rd., London, E.11. Ley 4986. (64 

PMR, TV, BROADCASTING, AMATEUR 
1.9MHz- 500MHz. Do you work on RF on these 
Frequencies? Then the new Range of Watt Meters, 
Thru -Line Watt Meters and Dummy Loads will be of 
interest. Four Instruments up to 1 KW rating are 
available. For full details send to: 

J. H. ASSOCIATES 
52 Silver Street, Stansted, Essex 

14846( 

BOOKS 

ESSENTIAL 
BOOKS 

CONFIDENTIAL FREQUENCY LIST HANDBOOK. Takes the wraps 
off and reveals for the first time the Hush -Hush secrets massing 
frequencies used by Military Organisations. C.I.A.: coastguards, spy 

stations, aeronautical voice networks and many others too hot to 
mention. Price £2.50. p.p. 250. 

INTERNATIONAL DICTIONARY OF SEMICONDUCTORS. A 2 
Jot electrons dictionary published st LIE available at less than Half 
price. A gold -mine of data. The result of intensive technical research. 
1,373 pages. In 7 languages. Special prig E6.50. p.p. 75p. 

POWER SUPPLIES FOR ELECTRONIC EQUIPMENT. J. R. 

Nowicki. Published recently in 2 vols. A full treatment of all power 
supplies b given. Originally E4.50 per volume. Bargain price for the 2 

volumes £4, postage 50p. 

THE GOVERNMENT SURPLUS WI EQUIPMENT 
K. Gives circuits, data end illustrations plus valuable 

information for British /USA receivers. transmitters, trans /receivers. 
With modifications to sets and test equipment. E4.00, pp. SOp. 

HOW TO MAKE 2M A 4M CONVERTORS FOR AMATEUR USE. 
Fully comprehensive. Contains circuits, layouts. component lists. 
diagrams and lut instructions. Price bop. p.p. 15p 

FREE. THE TECHNICAL AND SPECIALISED BARGAIN 
BOOK BULLETIN. Contains technical, radio. electronics. 
scientific and specialised books st bargain prices. Published 
regularly. Sent free THE BARGAIN BOOK GAZETTE. Contains 
thotaands of interesting new books at reduced prices. Subiecta 
include hobbies, transpon. aviation. collecting etc. Something for 
everybody. Published regularly. Sent free. 

DEPT. W.W. GERALD MYERS. (Bookseller lller 
r Publish.), 

135 

Cardigan Roed, Loada s. postage 

4955 
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TAPE RECORDING ETC. 

RECORDS MADE TO ORDER 
DEMO DISCS 

MASTERS FOR 
RECORD COMPANIES 

VINYLITE 
PRESSINGS 

Single discs, 1.10, Mono of Stereo, delivery 4 days 
from your tapes. Quantity runs 25 to 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 Box 3, Hawk Street, Carnforth, Lancs. 

Tel. 2273 (82 

CAPACITY AVAILABLE 

A.A.A. SERVICE. Small batch productiot 
wiring, assembly to sample or drawings. 
Specialists in printed circuit assembly. Cable - 
forms to order. Rock Electronics, Ltd., 42 
Bishopsfield, Harlow, Essex. Tel. Harlow 
(0279) 33018. (4889) 

LABELS, NAMEPLATES, FASCIAS on anodised 
aluminium or perspex. Any quantity, superb 
quality, fast delivery. G.S.M. Graphics Ltd., 
1 -5 Rectory Lane, Guisborough (Tel. 02873- 
4443), Yorks. (26 

PRINTED CIRCUIT BOARDS - Quick 
deliveries, competitive prices, quotations on request, roller tinning, drilling, etc., speciality small batches, larger quantities available. 
Jamiesons Automatics Ltd, 1 -5 Westgate, Brid- 
lington, N. Humberside, for the attention of 

'Mr. J. Harrison. Tel: (0262) 4738/77877. (18) 

DESIGN, development, repair, test and small 
production of electronic equipment, Specialist 
in production of printed circuit assemblies. 
YOUNG ELECTRONICS LTD., 184 Royal Col- 
lege Street, London NWl 9NN. 01 -267 0201. (29 

SMALL Batch Production, wiring assembly, to sample or drawings. Specialist in printing cir- cuit assemblies. D. & D, Electronics, 42 Bis- hopsfleld, Harlow, Essex. Tel: Harlow 33018. 
(17 

BATCH Production Wiring and Assembly to 
sample or drawings. Deane Electricals, 19B 
Station Parade, Ealing Common, London, W.5. 
Tel: 01 -992 8976. (13) 

CAPACITY available to the Electronic Industry. 
Precision turned parts, engraving, milling and grinding 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, 

8AB. Tel: 01-985 7057. (14 

AIRTRONICS LTD., for Coil Winding - large or small production runs, Also PC Boards Assem- 
plies. Suppliers to M.O.D., etc. Export en- quiries welcomed. 3a 

P.O., 
alerand Road, London, 

SE13 7PE. Tel: 01 -852 1706. (61 

DESIGN, DEVELOPMENT and small production 
of electronic equipment. No jab too small. - Holts Electronics, 223 Pole Lane Court, Uns- worth, Bury, Lanes. BL9 BQD. 14933) 

BUSINESSES FOR SALE 

HI -FI /AUDIO SHOWROOMS. Superb trading position in a busy pedestnian shopping pre- 
cinct, near Croydon in Surrey. 2,000 sq. ft. 
premises with electronic comprato:r, acousitc tiling, subdued lighting, etc. All better class 
agencies held. Turn -over £50,000 plus per annum under management. Obvious scope for enterprising owner to increase. Realistically priced at £8,000 plus S.A.V. - Full details from sale agents, Latimer Laurence Ltd., Leslie House, 238 High Street Poole, Dorset. Tel. Poole (02013) 71037. 24 hour service. (4934) 

FOR SALE IN THE WEST COUNTRY. Small, 
established radio -communication rental busi- 
ness. Genuine reason for sale. Yields on rental 
alone over £9,000 per annum plus Installations 
and sundries etc. Easily run by one person, 
Offers of £19,000 and over to -Box No. WW 4912. 

a87 Classified 
COURSES 

The Polytechnic 
of North London 

Department of Electronic and Communications Engineering 

Interested in Electronics 
and Communications? 

* Join our B.Sc. uegree course in ELECTRONIC AND COMMUNICATIONS 
ENGINEERING. 

** Become a member of a Professional Institution and a CHARTERED ENGINEER. 
* ** Entry requirements: 2 'A' levels (Mathematics and normally Physics). 

* * ** Any recognized equivalent (ONC, OND, etc.). 
* * * ** Write to the Department of Electronic and Communications Engineering, 

Polytechnic of North London, Holloway, London N7 8DB (or telephone 01 -607 
6767). 

4862 

VALVES WANTED 
WE BUY new valves, transistors and clean new 
components, large or small quantities, all de- 
tails, quotation by return - Walton's, 55 Wor- 
cester St., Welverhampten. (62 

RADIO and Radar M.P.T. and C.tr.L.I Courses. 
Write: Principal, Nautical College, Fleetwood, 
FY7 BJZ, (25 

EU-f(O CIRCUITS LTD. 
Due to GOVERNMENT V.A.T. REGULATIONS the cost of the additional 
office work involved in applying otr 21/2% discount is prohibitive. We have 
no option but to reluctantly withdraw cur discount for the present. This does 
not reflect our policy but is directly due to GOVERNMENT REGULATIONS. 
We hope you will join with us in looking forws -d to better times and to a more 
sane fiscal policy. 

EURO CIRCUITS LTD. 
(Manufacturers of Printed Circuit Boards) 

Highfield House, West Kingsdown, Nr. Sevenoaks, Kent 
Tel: West Kingsdown 2344 

SERVICE AND REPAIRS 

1416/1 

AUDIOMASTER BACKGROUND MUSIC . ser- vice, sales. Tape programmes. P. J. Equip- ments, 3 Onslow Street, Guildford 4801. (12 

THOR -HOLE CONVENTIONAL P.C.B.'s gold 
plating, roller tinning, prototypes, silk screen- 
ing, drilling. All or part service. - ELECTRO- 
CIRCUITS (P.C.) LTD., Delamare Road, Ches- 
nut, Herts. Tel. Waltham Cross 38600 or 20344. 

(84 

TUBE POLISHING, mono, £5.63, colour 95.94. 
C.W.O. Return carriage and VAT paid. Phone: 
N.S. 300 Retube Limited, North Somercotes, 
Lough, iincs. (27 

NEW GRAM AND SOUND EQUIPMENT 

GLASGOW. Hi Fi, Cassette Decks, Tape Record- 
ers, Video Equipment, always available we 
buy, sell and exchange for Hi Ft sets and 
photographic equipment. VICTOR MORRIS 
Audio Visual Ltd, 340 Argyle Street, Glasgow, 
G1, 8/10 Glassford Street, Glasgow, G2, 31 
Sauchiehall Street, Tele: 041 -221 8958. (11 

BOX Nos. 
Box number replies should be addressed to: 

Box No. 

c/o Wireless World 
Dorset House 

Stamford Street 
London SE1 9LU 

RING YOUR 
CLASSIFIEDS TO 
ALLAN PETTERS 

ON 
01 -261 8508 

OR 
01 -261 8423 
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TRANSISTORS +DIODES 
Type 

Price 
excluding 
VAT 

Price 
including 
VAT 

Type 
Price 
excluding 
VAT 

Price 
including 
VAT 

BC 107 0.090 0.113 2N 930 0.200 0.250 
BC 107A 0.130 0.163 2N 1132 0.240 0.300 
BC 107B 0.140 0.175 2N 2129 0.240 0.300 
BC 108 0.090 0.113 2N 2218A 0.220 0.275 
BC 108A 0.130 0.163 2N 2219 0.220 0.275 
BC 108B 0.130 0.163 2N 2219A 0.220 0.275 
BC 108C 0.140 0.175 2N 2221 0.180 0.225 
BC 109 0.090 0.1 13 2N 2221A 0.210 0.263 
BC 109B 0.140 0.175 2N 2222 0.200 0.250 
BC 109C 0.140 0.175 2N 2222A 0.250 0.313 
BC 184(K) 0.120 0.150 2N 2904 0.190 0.238 
BC 212A(K) 0.110 0.138 2N 2905A 0.230 0.288 
BC 2128(K) 0.110 0.138 2N 2906 0.170 0.213 
BC 213C(K) 0.110 0.138 2N 2906A 0.170 0.213 
BC 214B(K) 0.110 0.138 2N 2907 0.220 0.275 
BCY 71 0.220 0.275 2N 2907A 0.240 0.300 
BFY 50 0.200 0.250 2N 3053 0.180 0.225 
BFY 51 0.200 0.250 2N 4037 0.250 0.313 
BD 131A 0.360 0.450 1N 4001 0.050 0.054 
BD 135 0.360 0.450 1N 4002 0.065 0.070 
BD 136 0.396 0.495 1N 4003 0.070 0.076 
BD 137 0.432 0.540 1N 4004 0.075 0.081 
BD 138 0.450 0.563 1N 4005 0.080 0.086 
BD 139 0.495 0.619 1N 4006 0.085 0.092 
2N 929 0.230 0.288 1N 4007 0.090 0.097 

1N 4118 0.040 0.050 

REPLECOMPS Ltd Telephone: 
Hastings 427914 

123 Bohemia Road, ST. LEONARDS -ON -SEA, Sussex TN376RL 

quality 
Manufactured strictly to 
stringent specifications. 
12 months guarantee. 

service 
Orders actioned in 24 hours. 
Over one million transistors 
in stock. 

special 
discounts 
For large quantities ordered 
by retailers, educational 
establishments and hobby 
clubs. 

terms 
Cash with order, please. 
Post and Packing 20p. 
Minimum order 50p. 

i 

CLASSIFIED ADVERTISEMENTS 

Use this Form for your Sales and Wants 
To "Wireless World" Classified Advertisement Dept., Dorset House, Stamford Street, London, SEI 9LU 

PLEASE INSERT THE ADVERTISEMENT INDICATED ON FORM BELOW 

Rate: 99p PER LINE. Average seven words per line. 
Minimum THREE lines. NAME 

Name and address to be included in charge if used in 

advertisement. 

Box No. Allow two words plus 40p. 

Cheques, etc., payable to "Wireless World'. and crossed 
&Co" 

ADDRESS 

REMITTANCE VALUE ENCLOSED 

PLEASE WRITE IN BLOCK LETTERS. CLASSIFICATION NUMBER OF INSERTIONS 
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You've asked 
or it! 

Time and again we are asked for reprints 
of Wireless World constructional 

projects: tape, disc, radio, amplifiers, 
speakers, headphones. Demand 

continues long after copies are out of 
print. To meet the situation we have 

collected fifteenof the most sought after 
designs and put them in one inexpensive 
book. And we've updated specifications 

where necessary to include new 
components which have become 

available. A complete range of 
instruments is presented, from the 

Stuart tape recorder and Nelson -Jones 
f.m. tuner, through the Bailey, Blomley 

and Linsley Hood amplifiers, to the 
Bailey and Baxandall loudspeakers 

- some of which have been accepted as 
standard in the industry. 

high fidelity 
designs 

it from newsagents and bookshops 
or £1.35 (inclusive) by post from the publishers. 

A book from 

Wweless World 

i 

wireless world 
A AIMrrt AOKC 1iSIMAWA 

I- 
To: General Sales Department, Room It, Dorset House, 
Stamford Street, London, SEr 9LU 

11 

Please send me copy copies of High Fidelity Designs 

at £ 1.35 inclusive. I .enclose remittance value £ 
(cheques payable to IPC Business Press Ltd.). 

NAME 
please print) 

ADDRESS 

Company registered in England No. 6--128 
Regd. office; Dorset Huuw:e, Stamford Street. London SE t sI L J 
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Quality 
Products 
Made in 
America 

Blonder- Tongue 
Field Strength Meter - FSM2 
Superb quality and performance. 
Complete line of MATV and CATV 
products available. 

Astatic - Choose from over 60 
different microphones for public 
address, studio, commercial sound 
and recording microphones. Quality 
sound reproduction since 1930. 
Complete line of Astatic cartridges, 
needles and arms. 

Atlas Loudspeaker - complete line 
of public address speakers and 
microphone stands. 

Trusonic - speaker systems to meet 
every indoor and outdoor 
requirement. 

Irish Tape - premium quality tape 
available in cassette, 8- track, open 
reel and video. 
Gromes Precision - public address 
amplifiers 
Consolidated Wire and Cable 

AVA - coaxial connectors 

Teleco - telephone answering 
instruments 
Perma Power - portable PA 
Systems 

Utah - complete line of hi -fi 
speakers and accessories 
Automatic Garage Doors, TV Tube 
Brighteners, Remote Controls 

Write for illustrated catalog and 
specifications for these products. 

Morhan Exporting Corp. 
270 -278 Newtown Road 
Plainview, N.Y. 11803 
Cable Address: Morhanex, N.Y. 
Telex: 96 -7880 

WW-021 FOR FURTHER DETAILS 

Guide to 
Broadcasting 

Stations 
17th Edition 

A new edition of a title which has 
sold more than 250,000 copies. 
The bulk of the book is devoted to 
lists of stations broadcasting in the 
long, medium, short and v.h.f. 
bands in both frequency and 
geographical and alphabetical 
order. The book also contains 
useful information on radio 
receivers, aerials and earth, pro- 
pagation, signal identification and 
reception reports. 
1973 206 pp., illustrated 

0 592 00081 /8 £1.00 

Illustrations 
in Applied 
Network 
Theory 

F. E. Rogers 
A hundred numerical and alge- 
braic illustrations designed to 
exemplify practical circuit prob- 
lems and introduce, in analysis, 
principles consistent with studies 
of synthesis that may be pursued 
later. 
1973 240 pp., illustrated 

0 408 70425 X cased £5.25 
0 408 70426 8 limp £2.65 

Obtainable through any book- 
seller or from 

Newnes -Butterworths 
BOROUGH GREEN 
SEVENOAKS 

KENT TN15 8PH 
TEL. 

BOROUGH GREEN 884567 

Private enquiries, send 10p in stamps for brochure 

THE QUARTZ CRYSTAL CO. LTD. 
Q.C.C. WORKS, WELLINGTON CRESCENT. 
NEW MALDEN. SURREY. 01 942 0334e. 2986 

PRINTED CIRCUIT 
BOARDS 

QUICK DELIVERIES 
Prototypes and small runs by return 

Longer runs 7 days 
For Photography, Drilling, Roller Tinning, 

Machining, Gold Plating, Silk Screening, the lot 

Harold Fisher (Plastics) Limited 
Grove Mills, Gynn Lane, Honley, Huddersfield 
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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 15 ohm £10.25 
Baker Deluxe, 8 or 15 ohm £13.75 
Baker Major, 3, 8 or 15 ohm £11.87 
Baker Regent, 8 or 15 ohm £10.00 
Baker Superb, 8 or 15 ohm £18.12 
Celestion HF1 300 8 or 15 ohm £7.75 
Celestion MF 1000 horn, 8 or 15 ohm .. £10.95 
Decca London and X over £37.50 
Decca DK30 and X over £24.06 
EMI 13 x 8, 150 d/c, 3, 8 or 15 ohm £2.94 
EMI 13 x 8, Type 350 £9.56 
EMI 13 x 8, 25 watt bass £9.00 
EMI 21/4" tweeter 8 ohm £0.77 
EMI 8 X 5, 10 watt, d /c, roll /s 8 ohm £3.44 
Elac 59RM 109 15 ohm, 59RM 1148 ohm £3.44 
Elac 61/2" d/c roll /s 8 ohm £4.06 
Fane Pop 15 watt 12" £5.25 
Fane Pop 20T 10" 20 watt £6.50 
Fane Pop 25T 30 watt 12" £7.50 
Fane Pop 50 watt, 12" £12.00 
Fane Pop 55, 12" 60 watt £13.95 
Fane Pop 60 watt, 15" £14.75 
Fane Pop 100 watt, 18" £29.95 
Fane Crescendo 12A or B, 8 or 15 ohm £34.50 
Fane Crescendo 15, 8 or 15 ohm £47.50 
Fane Crescendo 18, 8 or 15 ohm £62.95 
Farte 807T 8" d /c, rolls /s, 8 or 15 ohm £5.75 
Fane 801T8 " d/c roll/ s8 ohm £8.12 
Goodmans 8P 8 or 1 5 ohm £5.50 
Goodmans 10P 8 or 15 ohm £5.80 
Goodmans 12P 8 or 15 ohm £13.95 
Goodmans 1 2P -D 8 or 15 ohms £16.95 
Goodmans 12P -G 8 or 15 ohms £15.95 
Goodmans Audiom 100 8 or 15 ohm £13.90 
Goodmans Audiom 200 8 ohm £13.90 
Goodmans Axent 100 8 ohm £8.44 
'Goodmans Axiom 402 8 or 15 ohm . £20.00 
Goodmans Twinaxiom 8" 8 or 15 ohm E10 -14 
Goodmans Twinaxiom 10" 8 or 15 ohm £10.75 
Kef T27 £6.06 
Kef 715 £6.94 
Kef 8110 £8.37 
Kef B200 £9.50 
Kef 8139 £16.50 
Kef nN8 £2.31 
Kef DN12 £5.75 
Kef DN13 £3.87 
Richard Allan HP8B 8" 45 watt £12.95 
Richard Allan CG8T 8" d/c roll /s £7.37 
STC 400 1 G super tweeter £6.55 
Baker Major Module, each £13.44 
Goodmans Mezzo Twinkit, pair £47.19 
Goodmans DIN 20, 4 ohm, each £13.44 
Helme XLK25, pair £25.44 
HeImeXLK30, pair £17.19 
Helme XLK50, pair £46.25 
Kefkit 1, pair £48.44 
Kef kit III, each £42.50 
Peerless 3/15(3 sp. system) each £17.19 
Richard Allan Twinkit, each £10.37 
Richard Allan Triple 8, each £15.94 
Richard Allan Triple, each £23.12 
Richard Allan Super Triple, each £27.50 
Wharfedale Linton 2 kit (pair) £23.12 
.Wharfedale Glendale 3 kit, pair £40.62 
Wharfedale Dovedale 3 kit, pair £63.12 
All Radford, Gauss, Castle, Jordan Watts, Eagle, 

Lowther, Tannoy units in stock 

INCLUDING VAT AT 25% ON HI -FI, 8% ON 
PRO AND PA 

Cabinets for PA AND HiFi, wadding, Vynair, etc. 
Send stamp for free booklet "Choosing a Speaker" 

FREE with all orders over £7 - HiFi 
Loudspeaker 

Enclosures Book 
All units are guaranteed new and perfect 

Prompt despatch 
3arriage: Speakers 38p each,l 2" and up50p each 

tweeters and cross -overs 25p each, kits 75p each 
(L1 50 pair). 

WILMSLOW AUDIO 
Dept. WW 

Loudspeakers 8. Export Dept: Swan Works, 
Bank Square, Wilmslow, Cheshire SK9 1HF. 
Discount HiFi, PA, etc: 10 Swan Street, 
Wilmslow. Radio, HiFi, TV: Swift of Wilms- 
low, 5 Swan Street, Wilmslow. Tel. (Loud- 
speakers) Wilmslow 29599, (HiFi, etc.) 1 

Wilmslow 26213 

WW-076 FOR FURTHER DETAILS 
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American 
Made Quality 
Products. 
Prompt 
Delivery - 
Excellent 
Pricing 

T - 

- : 
.. . 

" O P o o 0 o 

B &K Television Analyst 
Model 1077 - PAL 
Cuts troubleshooting time in half! 
Checks every stage of 
black- and -white and color TV 
receivers from antenna input to grid 
of CRT. Drives solid -state sweeps, 
all UHF channels, 8 VHF channels, 
20 to 45 MHz IF, audio, video, sync 
outputs. 

B &K Solid State Sweep /Marker 
Generator 
Model 415 - PAL 
Four instruments in one - sweep 
generator, marker generator, 
marker adder and bias supply (3) 
plus the demodulator probe. Easy 
to use. Available for CCIR 
frequencies. 

Write for complete catalog 
and prices. 

Empire Exporters Inc. 
270 -278 Newtown Road 
Plainview, N.Y. 11803 

Cable Address: Empexinc, N.Y. 
Telex: 96 -7880 

WW-022 FOR FURTHER DETAILS 

PRECISION 
POLYCARBONATE CAPACITORS 

440VAC All High Stability - Extremely Lon Leakage 

VALUE 
DL (mm) S 

E PRIC 
CF) L D EACH: 63V Range I% 2% 5% 

0.1µF 27 12.7 51p, 0.47µF 67P 50p 430 
0.22µF 33 16 44p 1.0µF 82p 62p 52P 
0.25µF 33 16 67p 2.2µF 96p 75p 61p 
0.47µF 33 19 80p 4.7pF 01.62 0.13 114p 

O.5pF 33 19 87p r6.BpF 01.98 E138 C1.13 
0.68µpF 50.8 19 $3p 10pF 02.40 01.95 £1.64 
I.OgF 50.8 19 01.01 15µF 12.22 C2.79 12.24 
2.OpF 50.2 25.4 C1.44 22µF 54.28 ß.µg £3.08 

TANTALUM BEAD CAPACITORS - Values available: 0.I. 
022, 0.47. 1.0, 2.2, 4.8, 6.8µF at I5V /25V or 35V; 10µF at 18V /20V 

' or 25V; 22.0µF at 8V or 16V; 33.0µF at 6V or 10V; 47.0pF at 3V or 
8V;100.OpF at 3V. ALL at Igo each, 10 for 85p, 50 for U. 
TRANSISTOR 
AC128 I4µ BC213/213L Ile 6F173 24p 
BC107/8/9 6p BC214/214L Ilpf BF178 26p 
BC114 12p BC267 12p 13F184 22p 
BC147/8/9 lip BC288A/384 10p BF194/BF195 12p 
BC153/7/8 12p BC547/558A 12p! BF196/13F197 13p 
BC182/182L lip ÚC'12 BF200 27p 
DC183/1931 lip BD131 O' BF262/BF283 Np 
BC184 /184L 12p BD132 3J6gR BFY50 /51/52 20p 
BC212/212L 14p BF115/BF167 22g4 BRIO] 41p 

GET872 25p 2N2926Y lip TIPOA tap 
0C44/0C45 14p 2N3054 Clip TIP31A Slip, 
OCR 12p 2N3055 lop TIP32A 

Op 2243702/ TIP3055 
2N29260 IIpp' 2N3704 I 1p MPU131 ip 
T A A61IB £1.50 SN76013ND E1.50 ZN414 I1.I1 
POPULAR DIODES -1N914 6p 8 for 45p, 18 for Np; 1 N91µ Bp, 6 
for 45p, 14 for flOp; 1544 5p, 11 for SOp, 24 for £1.611 1N4148 5p, 6 
for 27p, 12 for 48p; I144001 5%p; 002 6P: 003 6%p; 004 7p; 006 8p; 
007 81Sµ 
LOW PRICE ZENER DIODES- 400MW. Tol. ±5% at 5mA. 
Values available: 3V, 33V, 26V. 4.7V, 5.IV. 5.6V, 6.2V, 6.8V, 
7.SV,82V,9.1V,10V,11V, 12V, 13V, 125V, ISV, 16V, 18V, 20V, 
22V. 24V. 27V. 30V. All at 7p each; 5 for Up; 10 for 65p. SPECIAL 
OFFER: 100 Zeners for £4.N. 
RESISTORS -High stability, low noise carbon film 5%. SSW at 
40 °C. SSW at 70 °C. E12 series only -from 2.20 to 2.2MO. ALL at 
Ip each, Bp for 10 of any one value, 79p for 100 of any one value. 
SPECIAL PACK. 10 of each value 2.20 to 2.2440 (730 resistors) 
C4. 
SILICON PLASTIC RECTIFIERS -1.5 amp. brand new wire 
ended 0027; 100 P.I.V. 7p (4 for Up), 400 P.I.V. 8p (4 for gip). 
BRIDGE RECTIFIERS -255 amp. 300V 40p, 350V 4µp. 600V Up. 
SUBMINIATURE VERTICAL PRESETS-0.1W only. ALL at Sp 
each; 500 1000. 2200, 4700, 6800, 1k0, 2.2kO. 4.7ko, 6.8k0, 
'Oka 15ko. 22k0. 47kO, 68kO, 1000, 250kO. 880ko. IMO, 
2.5MO, 5MO. 
PLEASE ADD 15p POST AND PACKING ON ALL ORDERS 
BELOW £5. ALL EXPORT ORDERS ADD COST OF SEA /AIR 
MAIL 

PLEASE ADD 25% VAT TO ORDERS 
Send S.A.E. for lists of additional ex -stock items 

Wholesale price lists available to bona fide companies 

MARCO TRADING 
(Dept. D 10) 

The Old School, Edstaston, Nr. Wem 
Shropshire 

Tel. Whixall (Shropshire) (STD 094872) 
464/5 

(Proprs: Minicost Trading Ltd.) 

MOTOROLA 
MICROPROCESSOR 

Applications Manual 
1975 Price £8.00 

SCR MANUAL inc. Trides by G.E. Price 
£2.00 
PRINCIPLES OF TRANSISTOR CIR- 
CUITS by Amos S VV Price £3.55 
SOLID STATE HOBBY CIRCUITS by 
R.C.A Price £1.25 
UNDERSTANDING CMOS INTE- 
GRATED CIRCUITS by R Melen. Price 
£2.89 
TRANSISTOR CIRCUIT DESIGN by 
Texas. Price £5.60 
THEORY AND APPLICATION OF 
DIGITAL SIGNAL PROCESSING by 
Rabiner, L.R. Price £15.50 
DATA COMMUNICATIONS. An intro- 
ductory guide by Hebditch. D.L. Price 
£4.55 
LINEAR I.C. PRINCIPLES, EXPERI- 
MENTS & PROJECTS by Noll, E. N. 
Price £5.00 
MODERN RECORDING TECHNIQUE 
by Runstein, R.E. Price £5.35 

* PRICES INCLUDE POSTAGE * 

THE MODERN BOOK CO. 
SPECIALISTS IN SCIENTIFIC 

& TECHNICAL BOOKS 

19 -21 PRAED STREET 
LONDON W2 1NP 

Phone 723 4185 
Closed Sat. 1 p.m. 
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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 KWT-6 500W 8.8.B. Transmitter - 
Receivers and one COLLINS Receiver all fully tuneable 

2 to 30 mica digital readout synthesised frequency 
control, with line amplifiers and inputs, operating 
position and remote control facilities and ancillary 
equipment. Power Input 115V or 230V A.C. Full detail» 
on application. 

PHILCO HC-180 POINT -TO -POINT STRIP RADIO HF 
RECEIVERS 2/30 m /cs. Ten fully tuneable channels to 
0.5 kcs with synthesisers. Single and diversity reception 
on IBB, ORB, BBB with 4 sub -bands to each channel. 
Full details and prices on application. 

HIGHEST QUALITY 19" RACK 
MOUNTING CABINETS & RACKS 

CABINETS 
Our Height 
Ref. in inches 

Width 
its inches 

Depth Rack Panel 
in inches Space ie Oar. Price 

CL 30 60 38 42 £12.50 
CR 69 30 20 £24.00 
DM 70 20. 26 138 £21.00 
FA 85 22 36 180 E22.00 
FC 52 25 22 47 E17.00 

FG I1 19 18 10 . 01.00 
FH 15 21 17' 11 E12.00 
FJ 1S 21 IS 12 02.00 
F14 70, 24 20' 68 £17.00 
LIA II' 21 17 9 £15.00 
LL7 18. 20 12 14 £15.00 
LIA 10 20 10 9 £15.00 
LIA 17.. -21 17 14 £15.00 
LLIO 52 21 Ti 48 £14.60 

Also Coneoles, twin and multi -way Cabinets. 
OPEN RACES 

Oar Height Channel Rack Panel 
Ref. in hacker Depth Space Base 
RF 85 3 79 15 
RO 57 2 51 14 

Full details of all above on request. 

Prier 
£100 
£900 

We have a large quantity of "b ha and pieces" 
we cannot list -please send us your requirements 
we can probably help -all enquiries answered. 

M.V.R. Action Replay 20 sec. Videodisc Unit 
* Graham quality enclosed chokes. SH 200 m/a 
* Dow Key Co-ax. Relays SPST 12 to 110v 
a Racal S.S.B. Transmitter Receiver 3/12 m /ca lOw 
a Racal IKW S.S.B. Linear amplifiers 1.5/30 m /cs 

Advance HI Signal Generators, 15 /50Kcs 
a Co-ax. Attenuatora 2 to SOdM 
* Varian VA175EA Backward Wave Oscillators 
a !Lintel Mtandard voltmeter .01CIOD Vx .Wlv , Tally 5/8 Track Tape Readers 80 cps 
* Tally S/8 Track Tape Readers 120 cps 
* 2 KVA Auto- Transformers 
0 Coutant- 41WROC1 -awe Supplies 

P.U.R 
ß.µg 
T4.N 

P.U.R. 
P.U.R. 
£14.10 
ß.10 

P.U.R 
£40.00 
5413. 01/ 

£05.00 
E22.00 
00.00 
C29.00 a 15 foot 15 inch Lattice Steel Mast Sections 

a Cintel 2 KV Powe Supplies £35.00 
Wradio 400 watt Inverters 24v to 230 VAC £22,99 

a Cawkell FV4 Band Pass Filter Testers C60.00 
is Bendix 313 Directional Couplers f4.00 
a Racal RA -83 SSB Adaptors. new f70.00 
a Racal RA -237 L-W Converters new (70.00 
a 1ff Nark Rack Panels 8%in high £ 1.0 i Apeco Lectro-stat Photo Copier Electrostatic t56ò0 

AApPeecco Dial a Copy Photo Copier Electrostatic 975.0 
n 1eivleCi Packard NBA Drgital Recorder 

Hewlett Packard 524C Digital Counter 
P.UR. 
P.U.R. 

a Tektronix 519 Oscilloscopes 1 GMC P.U.R. 
a Ferroµnph Series 4 Recorder . 547.0 

Airmec 701 Sig. Generators 30 k /c9/30 mica £10.0 
Airnrec 702 Sig. Generators 30 cyc /30 k /cs f23.0 

a CT.381 Test Sets Freq. Response £ 140.00 
a' Russrak Chart Recorders I-O-0 -1 WS (New) 00.00 
a Portable Mains Battery Floodlights 
a 40 channel Pube Height Spectrum Analysers 

£24.00 
P. U.R. 

a Solarfron 5/2500 oyc. Oscillators 
a Addo 5/8 track Tape Punches i Autó Frectrrc-Carillon Chimes 

£24.0 

C255Ó. 
Casella Assmann Electric Hygrometers £24.0 
Ampex Audio Stereo Tape Machines E250.00 
Astrodats 5190 Time Code Generatofs C80.0 

We have a varied assortment of industrial and 
professional Cathode Ray Tubes available. List on 
request. 

INSTRUMENTATION-TAPE 
RECORDER -REPRODUCERS 

AMPEX 
'FR -600 1" and V," 14 and 7 

tracks 4 speeds 
Transistorised. 
Also 'W 2 track 6 speeds 

MINCOM 
CMP -100 
'." V," I" 7 tracks 6 speeds 

E.M.I. 
BTR -1 R -301. 

Several other smaller 
decks. 

Full details on request. 

Prices of above are 
from £100 to £400 

COMPUTER HARDWARE 
* CARD READER 80 col. 600 c.p.m. * l'ICINTER, High speed 1000 lines p.m. * TAPE READER, High speed 5/8 track 

800 c,p.m. 
Prices on Application 

PLEASE AOD V.A.T. AT APPROPRIATE 
RATE TO ABOVE 

P. HARRIS 
QRGANFORD- DORSET 

BH16 6BR 
BOURNEMOUTH 765051 
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t e au' io 
amateur ' 
The brain boggles at what old 

Johann could have done with 
his own console, preamp. 

8 -in -2 out mixer, octave equal- 

izer, electrostatic speakers, or 

24 inch woofer. 
Come boggle with us. 

Yellow Oak Cottage 
1 f,)Il Alldlo Tillington nr. 

IIHereford 
..L-4 °. - J 

) HR48LQ 

Send now for a free prospectus. 

Name 

Address 
W 

BROADFIELDS & MAYCO 
DISPOSALS 

21 Lodge Lane, N. Finchley 
London, N12 8JG 

Telephone: 
01445 0749 01-445 2713 01 -958 7624 

MAY WE ASSIST YOU TO DISPOSE OF 
YOUR SURPLUS AND REDUNDANT 
STOCKS. 

We will call anywhere in the British Isles, 
and pay SPOT CASH for Electronic 
Components and Equipment. 

SOWTER TRANSFORMERS 
FOR SOUK) RECORDING MD REM000CMS EQUIPMENT 

We are suppliers to many well known companies studios 
and broadcasting authorities and were established in 1941 

Early deliveries Competitive prices Large or small 
quantities Let us quote 

E. A. SOWTER LTD. 
Transformer Manufacturers and Designers 

12 Dedham Place, Waterworks Street 
Ipswich IP4 1JP. Telephone 04 73 57 794 

WW -024 FOR FURTHER DETAILS 

Housing problems? 
Hyde will have a 

CONTIL MOD -2 
West H Y MOD -3, SAMOS 
case to meet your needs. BRIGHTCASE 
See last. or next issue AMTRON, MINOS 
Check now. Ring ENVIRONMENTAL 
WEST HYDE HEAVY DUTY CASES 

WEST HYDE DEVELOPMENTS LIMITED 
Rysfield Crescent, Northwood Hills 

Northwood, Middx. HAN INN 
Tel. Northwood 24941 /26732. Telex: 923321 

Ilimw'SAVE IT ' BARGAIN 

500 WATT DIMMER SWITCH 
(not suitable for fluorescent lights) 

Basic Module with 1" Knob £2.00 
£2.50 Complete on MK switch plate 

Larger 2" knob (BULGIN) 25p extra, P &P 25p. 
Please add 8% VAT to all orders inc. P &P. 

.FRASER- MANNING LTD. 
40 TUDDENHAM ROAD, IPSWICH, IP4 2SL 
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When you need to hire Video - 
it pays to contact the most experienced 

video company in the business 

R.E.W. HOUSE 
10. 12 HIGH STREET 
COLLIERS WOOD 
LONDON SW19 2BE 
PHONE: 01 -540 9684 

Also at CENTRE POINT 
20/21 ST. GILES HIGH STREET 
LONDON, WC2 
PHONE: 01 -240 3066 

J. LINSLEY HOOD 
HIGH QUALITY AMPLIFIERS AND TEST EQUIPMENT 

available tram 

TELERADIO HI FI 
Examples: 

75 WO Amplifier. PA Module EI1.00 (Kil) E 1 4.95 (Made) 

Pre -amp Module E18.25 (Kit( E14.50 (Made) 

P.S.U. from £13.70 (Kit) E15.30 (Made) 

F.M. Tuner. basic kit f32.00 (pp. 70p) 

de luxe p.b. version £31.50 (p.p. 70µI 

Stereo Decoder E4.85 (Kit) £5.85 (Made) 

Millivoltmeter Kil 05.25 (Kit) (Tax B %( 

Low Distortion Audio Osc. £g,g5 (Kit) (Tax P.) 
Third Harmonic Analyser £19.50 (Kit) (Tax 8 %) 

Tax extra 25% where unmarked. P/P extra Imin. 25p) 

FOR DETAILED AND ILLUSTRATED LISTS SEND S.A.E. 

FM Tuner 
", ... .,..... 

f 
. - 

Millivo Itm et er 

325 Fore St. Edmonton. London, N.9 
91 -807 3719 Closed Thursdays 

QUARTZ CRYSTAL 
UNITS from 

1.040.0 MHZ 

FAST DELIVERY 

NIGH STAOIUTY 

TO DEE 5271 -A 

TEL.HVTHE 848961 
STD CADE 0703 

WRITE FOR 

LEAFLET AT 
- 

1 

McKNIGHT 
CRYSTAL Co. Ltd. 
HARDLEY INDUSTRIAL 

ESTATE. MYTHE. 

SOUTHAMPTON SO4 6ZY 

P.C.B. 
ACID RESIST TRANSFERS 

See ad in this issue. Page number 21 

P.M.S. NAMEPLATES 
BROOK STREET 

HIGHER HILLGATE 
STOCKPORT, CHESHIRE 

EX- COMPUTER 

STABILISED POWER SUPPLIES 

RECONDITIONED, TESTED AND 
GUARANTEED 

Ripple <10mV, Over -voltage protection. 120/ 130v., 50 

c /s. Stepdown transformer to suit, about E3. P &P O.80. 
5/6v. 8A £15. 5 /6v. 12A £18. 5/6v. 16A E22. 
PAPST FANS. 4'h x 41/2 x 2in. 100 c. f. m. 240v. 50/60 
c /s. E4 (35p). 
PAPST FANS. Type 7576, 6" dia. x 2316" deep. £5.00 
(35p). 
LIGHT DIMMERS, 250w. E2.70 (15p). 
BC107/8/9. BC147/8/9, BC157/8/9. all Sp ea. (10p). 

ELECTROLYTICS 
12.000p 100v. E1.75 (30p). 10.O00µ 63v. El 
8,000µ 100v. E1.50 (30p). 2,800p 100v. 80p 
2,240g 100v. 75p (20p). 4,5O0µ 25v. 60p 
30,000p 25v 75p (35p). 2.000p 50v. 35p (11p). 
70v. 80p (17p). 

(30p). 
(20p). 
(13p). 

4,000µ 

EX- COMPUTER PC PANELS. 2 x 4 ". 25 boards for 
E1.20 (35p). 

OPCOA StA7 7mm 7 -seg. led. display ... El (10p) 
OH bulbs 12v. 55w _ 55p (8p) 
250 Mixed Resistors .... .. 60p (15p) 
250 Mixed Capacitors ... 60p (15p) 
Si RECS 20A 100 piv 4 for El (12p) 
2N3055 equiv.. 4 for El (12p) 

SMALL ELECTROLYTICS 
2.2u 10v.. l0µ 35v.. 5O1.1 40v., 10Oµ 40v.. l00µ 6v., 
150g 10v.. 64p 10v., 300p 10v. 

12 for 46p (9p) 

Water cooled heatsinks, ex.egpt. El (35p) 
Reed Relays 6v. coil h/d contacts 5 for E1 (12p) 

CALCULATOR KEYBOARDS. Texas P.C. Type, 19 
switches 60p (10p) 
PIKER PRESETS 100mW 
220, 470, 1k. 4k7, 10k. 47k, 100k .. 12 for 50p (12p) 

P &P shown in brackets 
ADD 25% VAT to TOTAL 

8% VAT on PSUs, FANS, DIMMERS, BOARDS 

KEYTRONICS 
Please note new address 

332 LEY STREET, ILFORD, ESSEX 
01478 8499 

WE PURCHASE ALL FORMS 
OF ELECTRONIC EQUIPMENT 

AND COMPONENTS, ETC. 
SPOT CASH 

CHILTMEAD LTD. 
7, 9, 11 Arthur Road, Reading, Berks. 

Tel: 582 605 

EURO CIRCUITS WK 2344 

i 

Due to GOVERNMENT V.A.T. REGULATIONS the cost of the additional 
office work involved in applying our 21/2% discount is prohibitive. We have no 
option but to reluctantly withdraw our discount for the present. This does 
not reflect our policy but is directly due to GOVERNMENT REGULATIONS. 
We hope you will join with us in looking forward to better times and to a 

more sane fiscal policy. 

EURO CIRCUITS LTD 
Manufacturers of 

Printed Circuit Boards 

Highfield House 
West Kingsdown 
Nr. Sevenoaks, Kent. 
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DIRECT 
ELECTRONICS LTD. 

INTERCOMMS AND 
TELEPHONES 

All Genuine Instruments NOT Toys 

Simple 2 -way wall- fixing kit assembled 
with 100ft. cable. Only needs 6v Battery 
and Power Supply. £16+ £1 P &P. 

7 -way simple instrument only. Suit 2 to 
7 -way system. Supplied with installation 
diagram. £1.50 per unit+ £1 P &P. 

6 -way Siemens & Halske superior 
instrument with wall /desk conversion 
unit and term, block /cord for easy 
installation and diagram. £10+ £1 P &P. 
INSTRUMENTS for automatic circuits: 
332; 706; 746; 722 (trimfone), etc. 
ULTRA MODERN TYPES, e.g. "Gon- 
dola" International; Ericofone (One -piece 
Horn type); Touch -Button -Dial; Charles- 
ton (Candlestick); etc. From £32.85. 
Entrance Phones and Door Locks. 

Lamp stocks of refurbished and recovered 
items at extra -cheap prices: G.P.O. & 
similar types; Loudspeaking phones; 
Special instruments; all tested to work. 
Jacks; Plugs; Cords; Term. Blocks; Cables 
(up to 25 -way and 50 pairs); etc. 

Trade and privare customers welcome. 

MANY SURPLUS ELECTRONIC BARGAINS 
FROM OLD STOCK STILL LEFT - COME AND 
DO A DEAL! 

34 LISLE STREET 
LONDON WC2H 7BD 
Tel. 01-437 2524 

MICROPHONE PREAMPLIFIER 
Small pc board (70x9omm) accepting two 30 -600 ohm microphones 
(balanced inputs) and feeding bads down to 5Kohm. Board plugs into 12 -way 
gold edge connector (supplied) and has presets for gain. 1.5d13 noise figure. 
Supply +24V but will adapt for 10 to 40 volts. Board built and tested E37. Kit 
C29.12 channels) 

STEREO DISC AMP 
FOR BROADCASTING AND DISC MONITORING 

Magnetic canndge to balance lines with HE and LF filtering. excellent 
distortion and overload performance. MEETS IBA SPECIFICATION 
£96_00. 

10- OUTLET DISTRIBUTION AMP 
One balanced input- 10 isolated balanced outputs 

GENERAL STUDIO WORK * FEEDING MULTIPLE SLAVE PA 
AMPLIFIERS * DRIVING FOLOBACK HEADPHONES 

Meets IRA signal path pecification. Complete boxed unit 094.00. 
Sal or pans enludng case and au XLTT connectors 055.00. 

PEAK PROGRAM METERS TO BS4291 
also 200K Hz version for high speed copying. 

Drive circuit, 35 x 80mm for 1mA L H zero meter to BBC 
ED1477. Gold 8 -way edge con supplied 
Complete kit £12.00 Built and aligned s 017.00 
ERNÉST TURNER PPM meters scallops 1 7 OR 22 4 Tyne 
642. 71 x 56mm í1200: 643. 102 x 79mm 015.00. 
Twin movement. scale 86 x 54mm 037.00. 

FREQUENCY 
Ski tiFTER 

FOR HOWL REDUCTION 

PUBLICADDRESS : SOUND REINFORCEMENT 
SHIFTERS IN BOXES with overload LED shill bypass swnch. 
854491 mains connector and housed m strong diecast boxes 
finished in attractive durable blue acrylic Jack or XLR audio con 
Teeters. + 5Hí ire iii trey shift allowing 4 -8Db gain increase. 
Irae A 8 C 
Input impedance 200Kthm 200Kohm I OKohre BALANCED 
Output impedance 2Kohm 20 or 600 the 20 or 600 the BAL 
PRICE E5800 f6800 f54.00 

SHIFTER CIRCUIT BOARDS FOR WW July 1973 article 

'Complete 

enough to be built inside the cabinets of many amplifiers 
'complete kit and board £24.00 Including p sa and DESIG EW 
Board built and aligned 031.00 mains transformer APPROVED 

:SPECTRUM SHIFTER: variable shifts, 0.1- 1000He, 
for weird special effects and phasing. Ring foe leaflets. 

SURREY ELECTRONICS 
The Forge, Lucks Green, Cranleigh, 
Surre ..GU6 78G. (STD 04866) 5997 
CASH WITH ORDER less 5% UK post free add VAT at 8 %- 

a93 

R' G 
ELECTRONICS 
BRAND NEW 

AC 126 .13 BF 180 .25 212994 .16 
AC 127 .13 BF 181 .25 2N2905 .15 
AC 128 .11 8F 200 .25 212906 .16 
AC 151 .15 BF 194 .09 2N2907 
AC 152 .25 BF 195 .09 

.15 
2N2926G 

AC 153 .27 BF 198 .12 
.09 

2N3053 
AC 176 .14 8F 199 .12 

.20 
2 N3054 .40 

AC 187K .27 8F 257 .34 2N3055 
AC 1885 .27 BF 258 .3/ 

.45 
2N3393 

AD 161 .36 BF 259 .34 
.12 

2N3441 
AD 162 .36 BFX 29 .22 

.56 
2N3442 .96 

BA 102 .10 BFX 30 .22 213638 .10 
SAX 13 .03 BF 84 20 2136384 .10 
BAX 16 .04 BFX 85 .27 2N3702 .10 
BC 107 .09 BFX 88 .20 2N3703 
BC 108 .09 BFY 50 .19 

.10 
2143704 .10 

BC 109 .06 BFY 51 .19 2N3705 
BC 107 .09 BFY 52 

.10 
2 N3706 .10 

BC 146 00 BY1ê6 
_.19 

2N3708 
9C 149 .05 8Y127 

.11 .10 
2 N3771 1.25 

BC 167 .10 0447 
.11 
.06 253772 1.35 

BC 168 .10 0A90 2N3773 2.00 
BC 169 .10 OA91 

.04 
2N3904 

BC 182 .05 0A200 
.04_ .11 

2N3906 .12 
BC 183 .09 04202 

.05 
2N5294 .35 

BC 184 .09 11914 
.06 

2N5296 .35 
BC 212 .096 114004 

.04 

2N5298 .35 
BC 213 .006 144007 

.O5 

.06 2N3794 .20 
BC 214 .055 114148 2N3819 .30 
BC 237 .05 15920 

.03 

.05 2N3820 .55 
BC 238 AS 15921 .06 2N4036 .55 
BC 239 .06 15923 2N4037 .40 
BC 307 .09 2N697 

.06 
2N4286 .20 

BC 308 .09 2N698 
.15 

2N4921 .80 
BC 309 .05 2N706 

.14 
2N5060 .25 

BC 327 .12 21708 
.10 

2N4289 .25 
BC 328 .12 21916 

.10 
2N5447 

BCY 70 .13 2N1305 
.23 .12 

2N5449 
BCY 71 .13 2N1307 

.26 

.25 
.12 

2N5457 
BCY 72 .12 211308 .25 

.30 
2145458 

BD 131 -30 2141613 .16 
.27 

2N6027 
BO 
BD 
BD 

132 .30 
135 .25 
136 26 

2Nn7t1 
2N2218 
2122184 

.16 
.175 

.18 

.40 
40361 .45 
40362 .40 
40408 42 

BD 
BD 
BD 
BD 

137 .27 
138 .28 
139 .29 
140 .32 

212219 
2122194 
212221 
2122214 

.175 
.18 

.175 
.15 

40409 .42 
40410 .42 
40602 .65 
40636 1.00 

BOY 56 1.00 2N2222 40673 
BF 115 .20 2N2646 

.175 
.30 

.60 

FULLY GUARANTEED 
Mail order only VAT extra p&p 20p 
Bridge Electronics 
PO Box No. 10 Fishponds Bristol BS162LX 

1st GRADE COMPONENTS PONENTS 
We hold £250,000 worth of components and all items listed in this 
guaranteed. No minimum order charge. 

MUL 
D SSIGAÑETICS 

AN 
advetisement are ex -stock at the time of going to press. Alf products 

SIGNETIC6 74 merles TTL 
N7400 14p N7453 15p N74148 01.25 
147401 14p N7454 18p 174150E2.45 
N7402 14p 17460 111p N74151 E1.44 
N7403 18p N7470 38p N 741 53 66p 
N7404 1 B N7472 24p N74154 E1.44 N7405 20p N7473 36p N74155 72p N7406 41p N7474 3Op N 74156 72p N7407 41p N7475 54p N 74158 68p N7408 41p N7476 37p N74160 99p 
N7409 20p N 7480 SOp N 74161 99p N7410 15p 17483 99p 174162 99p N7411 21p 17485 E1.17 N 74163 99p N7413 29p N7486 32p N7416401.25 N7414 45p N7490 63p 17416501.26 N7416 27p N7491 80p 574166 £1.26 N7417 27p N7492 53p 174170E1.80 N7420 15p N 7493 48p 174174E1.13 
N 7421 2tp N 7494 9Op 174175 81p 17426 23p N 7495 72p 174í8090p N7430 15p 17496E1.53 N74181 E3.24 N7432 23p 174100 E1.35 N74182 90p N7433 27p 574107 32p N74190E1.44 
147437 27p 1474709 54p N74191 01.44 17440 18p N74116 E1.35 174192E1.44 
147442 70p N74121 36p N74193E1.44 
N7443 E1 .35 N 74122 130p N74194 E1.08 N7444E1.35 N74123 90p N74195 90p N7445E1.36 N74125 43p 174198E1.98 
17446 E1.36 N74126 43p N7419941.80 
N7447E1.12 N74128 46p 574221 90p 17448E1.36 N74132 46p 174279 72p 17450 18p N74145 90p N74298E1.28 
17451 1Op N74147t1.44 - 

MULLARD CONSUMER 
IC* 

*TAA350AL1.S6 *T545419[2.87 *1149900E3.77 
*159558 60p *T1455044.14 *T0Á1609E2.84 
288570 02.11 *215550001.23 *TCA160C 
T4Á630 63.80 *T8115600£4.14 eTCA270E4.08 
*TAA70844.03 *164565E4.23 *IC42700E4.19 
*740100E1.35 *T18570E1.38 *TCA290A 
*780480£1.75 *T445700E1.47 *76Á4208E1.95 
*7144600E2.54 750873 42.18 *2C4730 
*TMA500E2.42 *T411680 L2.23 *2CÁ740 
*T114004E2.53 *21146900 E2.35 TCA750 
*T8451012.42 *T8Á70011.54 *TCA760 
*1165155E2.$5 *7177000 ELM *TUA800E5.75 
*T5Á62002.88 *1572040E223 *T011(002 
*HAMS) t3.011 *115150 E2.23 7041003E1.34 
*114530E2.53 *TMA7500E2.35 *MA1004£2.85 
*T515300E2.62 *T64470E3.56 *T0111005£3.45 
*T15540£2.88 .1849200 03.77 TOA2640Et.98 

*k9 Canes Annters. MNlsrs Ca 37 
Seia- 1464.IM raw Ip Haa. 

71.93 

E2.76 

E3.22 
E2.88 
E2.19 
Et.73 

E1.61 

MONSANTO LEDS AND DISPLAYS - THE FINEST IN THE WORLD 
0.3" sawn segmentdispleya 
RED OREEN YELLOW 
MAN 71 MAN51 MAN81 common anode R.H. decimal E1.34 
MAN72 MAN52 MAN82 common anode L.H. decimal E1.34 
MAN73 MAN53 MANB3 common anode overflow (+1) 01.34 
MAN74 MÁ1454 MAN84 common cathode R. H. decimal 01.34 
MAN3M 0 .127" red seven segment display 66p 

LEDS 
TIL209 type ease, high Intensity MV52748 green 32p 
MV50748 red 15p MV53748 yellow 32p 
MV51748 orange 32p All lads come complete with mounting collets. 

MULLARD AUDIO S RADIO MODULES 
*LP11625W. Audio Amp .. 04.20 *LP1185 FM IF Amplifier E5.56 *LPt t 7310.W. Audio Amp ...... .. 05.55 *LP1106 FM Tuner Module 06.88 *01181 RF -IF £3.94 *LP1400 Stereo Decoder Module E7.22 *01183/2 Stereo Pre -amp Module 04.32 D. and suggested circuits available. price 5p per *LP 116472 Very low dicanten pre -amp stereo 47.18 Models. 

Also svatleAM: Vohege R 
I.C., O.I.M. 

pu4mes. Tdscs, Linear 
Otgeas Circuits. See next month's 

edition W.W. 

-- 
SPECIAL INTRODUCTORY OFFER 

FREE. 10 GI M 1N4001 rectifier diodes with every order over E5 
Gip this box and send with order to qualify. Offer ends 31st 
December, 1975 TRANSISTORS, DIODES, ETC. 

AA119 9p BA154 8p *BC14BB 
44215 15p BA155 9p *BC149 
AC122 19p BA156 9p BC153 
AC126 19p 8A163 78p *8C157 
AC127 18p BA182 18p BC158 
AC128 13p BAV10 9p *BC159 
AC153 8p BAW62 Sp BC170 
AC175K 30p BAW63 36p BC177B 
AC176 lap BAX13 Sp BC178 
AC188 30p BAxi6 10p BC179 
ACY19 30p *B8105B 20p BC208A 
ACY20 rep *138105019p BC214K 
ACY22 Sp BC107 llp *BC237 
ACY22D Sp BC107A 13p *8C237Á 
AD140 31p BC1074 13p *BC237B 
ÁD149 45p BC108 13p *BC238 
A0162 31p 8C108A 13p *BC238A 
AF114 25p BC108B 13p *BC2388 
AF115 22p 8C109 15p *BC238C 
AF116 19p 8C1098 17p *BC239 
AF117 18p BC109C 18p *8C2398 
AF118 60p 8C113 10p *BC239C 
4F121 10p BC115 18p 8C261 
AF125 24p BC121 16p 8C2614 
AF126 22p BC131C 15p 6C2684 
ÁF139 31p BC136 20p *BC307 
AF239 40p BC137 20p *8C3074 
BA102 16p *BC147 lop *BC3078 
BA114 9p *BC148 8p *8C308 

12p *5C309 4 11p 8C352 11p *80166 46p 8D236 55p 66582 82p BF184 26p Sp *13C30813 12p *8C35211 lip *80167 46p 5D237 54p BD595 65p 8F185 26p lip *8C309 tip *BC3528 13p 80175 46p BD238 118p 80597 83p *6F194 
' 

92p 12p *BC309B 14p *BC352L 10p 60176 SOp BD311 93p 80598 67p *8F194BCE1.42 11p *8C317 14p *BC388 25p 80177 54p 80312 811p 6D599 74p *8F195 1 1 p 13p *8C3188 13p BCY21 62p BD178 68p 813313 41.16 130610 111p *8F196 11p 
16p *BC319 14p BC1.58 18p BD179 60p BD314 E1.21 BD876A SOp *5F197 13p 19p *8C3208 18p BCY59 20p 13D180 88p 8D361 41p 80677 71p BF200 34p tap *BC321 14p BCY70 24p BD1811E1.04 BD362 46p 80678 83p BF222 19p 20p *BC322 16p BCY71 25p B0182 E1.14 *80509 27p 80680 92p *8F241 27p lop *8C327 15p BCY72 24p 80183 E1.23 *8D510 29p BD695A 86p 8F251 20p 
10p *BC328 16p BD115 32p 80185 64p *80515 27p 1306964 98p 8F255 24p 
11p *5C337 15p 80117 45p 8D186 81p *80516 29p 80697 90p BF256L 32p 
12p *80336 12p *80124 Sop 80187 97p *80517 27p 130699401.06 BF256L 41p 
12p BC347 lip *80131 40p 80189 74p *80518 30p 807004E1.17 BF257 29p 

Op 8C347Ä lip *80132 40p 80190 75p *BD519 31p BF115 21p BF258 31p 10p 603476 12p *80133 49p BD195 68p *80520 32p BF121 15p *BF262 57p lop BC347L 10p *80135 34p 80198 06p *80525 28p BF125 ,15p 0BF263 57p 13p 8C340 top 80136 35p BD199 75p *8D527 31p 8F153 28p BF336 37p 1lp BC348A lip *BD137 36p 80200 83p *813528 32p 0F154 65p 8F337 37p 12p 8C3488 10p *80138 35p 80201 E1.60 *60529 33p BF160 20p BF338 47p 
13p 8C3494 lop *50139 41p BD203 E1.60 *50530 35, 8F167 27p BF367 18p 12p 8C34913 10p *8D140 46p 80206 87p 5D576 55p BF173 28p BF371 16p 15p 8C3491 9p B0142 65p 60207 74p BD580 72p BF177 62p *5F380 29p 
llp *8C350 lip 80144 E2.32 80208 96p 8D581 77p BF178 46p *8F381 33p 
llp *6C3504 12p *BD157 46p *BD232 E1.00 80582 82p BF180 44p *8F3944 12p 
12p *BC3508 13p *60159 62p 80233 45p 60585 55p BF181 42p *6F395C 10p 13p *BC351A lip *BD160 01.96 BD234 71p BD586 60p 8F182 48p *BF3950 13p 
lop *BC351B 13p *80165 42p 80235 78p 80691 739 BFE83 48p BFR90 E3.65 

MOTOROLA C -MOS. MC14028CP E1.31 
MC14000CP 19p MC14032CP 41.70 
MC14001CP 19p MC14034CP 43.55 
MC14002CP 19p MC14036CP £1.34 
MC14006CP E1.45 MC14030CP 01.70 
MCI4007C.P 19p MC1404OCP £1.21 
MC14008CP E1.54 MC14042CP E1.14 
MC14009CP 91p MC14048CP E1.67 
MC1401OCP 19p MC14049CP 53p 
MC14011CP 19p MC14060CP 53p 
MC14012CP 19p MC1407ICP 19p 
MC14013CP 63p MC14076CP £1.60 
MC14014CP E1.42 MC14081CP 190 
MC14015CP E1.17 MC14500 SERIES 
MC14016CP 63p MC14510CP 01.25 
MC14017CP 61.13 MC14511CP E1.95 
MC14021CP E1.17 MC14528CP 67p 
MC14022CP 01.54 MC14543CP E2.00 
MC14023CP lap MC14538CP E2.90 
MC14024CP E1.14 MC14653CP E4.07 
MC14025CP 19p MC14558CP £1.79 
MC14027CP 70p MC145S6CP 01.46 

Dept. WW, 5 Northfield Industrial Estate Terms of Business: Cain 

/OMP Beriesford Ave. Wembley, Middx. HAO 1SDPHICES EXCLUSIVE OF COMPONENTS Telephone: 01 -903 3168 Postage 2Op U.K. C 1 overseas. 

with order. 
V.A.T. WHICH MUST BE ADDED AS SHOWN BELOW 
V A T 8 %except where marked thus *. These items 25% 

ILS 
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LOW FREQUENCY 

ANALYSER 
50Hz -50kHz 

ASSEMBLY AND INSTRUCTION 

INFORMATION S.A.E. 

PRICE £27 P &p 75p 
Board, modules and all 
components (excluding 
Pui 

12" CRT 
Magnetic Deflection. Blue Trace 
Yellow Afterglow (P7). Informa- 
tion and recommended circuits 
with all purchases. Brand new, 
boxed, £4 each. Carriage £2. 

V.A.T. at 8% 

X -Y RECORDERS 

Advance, Moseley 
Hewlett Packard 

Price from : 

£80 each 

CHuLTMEAD LTLJ 
7 -9 ARTHUR ROAD, READING, BERKS. (rear Tech. College). Tel. Reading 582605 

INDEX TO ADVERTISERS 
Appointments Vacant Advertisements appear on pages 75 -87 
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Ferrograph Professional 

Studio 8 Console 

Full logic control.Tape motion 
sensing.Two speeds. Servo- controlled 
capstan.Constant tape tension. Direct- 
reading tape timer (minutes and seconds). 
Three editing modes. Provision for 
synchronisation, remote control and 
remote display panel.Available for line - 
in /line -out or with mixing and monitoring 
facilities. IEC or NAB equalisation. Full or 

half -track mono,dual track or stereo. 
Easy access for maintenance. 
Also available in transportable and rack - 
mounted versions. 

For full details contact Ferrograph 
Professional RecorderCompany, 
442 Bath Road,Slough SL16BB. 

Telephone Burnham (06286) 62511.Telex 
847297 Cables Britferro,Slough. 

WW-002 FOR FURTHER DETAILS 
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Ersin Multicore- 
the internatÌonal solder 

Ersin Multicore 5 -Core 
Solder 

The proved superiority of 
ERSIN Multicore Solder for over 
thirty years is due to many 
factors. We have specialised 
throughout this period in the 
manufacture of cored solders. 
Consequently our research and 
manufacturing staff have been 
able to devote all their energies to 
the development of Multicore 
Solders. All alloys are of highest 
purity, carefully formulated 
and checked. 

Our unsurpassed ERSIN flux is 
rigorously tested before and after 
it is incorporated in the solder 
wire. Our five separate cores of 
flux ensure flux continuity, leave 
only an ultra -thin layer of solder 
separating flux from work for 
instant wetting and provide 
a more accurate ratio of flux to 
solder. It is therefore possible to 

ALLOY 

Composition Grade 
(nominal major elements) 
50/33/17 Sn /Pb /Cd TLC 
62/36/2 Sn /Pb /Ag LMP 
62/35.7/2/0.3 Sn /Pb /Ag /Sb Sn62 
63/36.7/0.3 Sn /Pb /Sb Sn63 
60/40 Sn /Pb K 
60/39.7/0.3 Sn /Pb /5b Sn60 
50/50 Sn /Pb F 
50/49.7/0.3 Sn /Pb /Sb Sn50 
50/48.5/1.5 Sn /Pb /Cu Savbit 1 

45/55 Sn /Pb R 
40/60 Sn /Pb G 
40/59.7/0.3 Sn /Pb /Sb Sn40 
30/70 Sn /Pb 

1 

20/80 Sn /Pb V 
15/85 Sn /Pb 
Pure Tin P.T. 
95/5 Sn /Sb 95A 
5/93.5/1.5 Sn /Pb /Ag H.M.P. 

use less solder and obtain greater 
reliability. 

Our Quality Control at all 
stages of manufacture is 
guaranteed and recorded by the 
batch number on every reel. 

Needle fine gauges 

In addition to our standard 
range of wire diameters (10 -22 
swg: 3.2 -0.7 mm) supplied on 
2+ kg and - kg reels we also mass - 
produce needle -fine gauges (24 -34 
swg: 0.56 -0.23 mm) on 250 g reels 
for microminiature soldering 
applications -still with 5 Cores 
of flux. 

Melting Temperature 
Solidus Liquidus Specification 

°C °C 

145 
179 
179 
183 

183 
183 

183 
183 

183 
183 
183 
183 

183 

183 
225 
232 

236 
296 

145 
179 
179 

183 
188 
188 
212 
212 
215 

224 
234 
234 
255 

275 
290 
232 
243 
301 

DIN 1707 
DIN 1707 
QQ-S-57 lE 
QQ-S-57 lE 
B.S. 219 
QQ-S-57 lE 
B.S.219 
QQ-S-57 1E 
DTD 900/4535 
DIN 1707 
B.S.219 
B.S.219 
QQ-S-57 1 E 

B.S.219 
B.S.219 

B.S.3252 
B.S.219 
B. S.219 

Savbit Solder 
One of our most popular 

special ERSIN Multicore Solder 
alloys is SAVBIT alloy. Compared 
with ordinary tir /lead solders it 
dramatically reduces the erosion 
of soldering iron bits, copper 
wires and printed circuit 
conductors. It also saves costs 
and increases reliability. SAVBIT 
alloy containing 5 -Cores ERSIN 
362 flux has received special 
Ministry approval -under DTD. 
900/4535 for Military applications. 

Sectioned iron -plated bit, after 40,000 
simulated operations using 
60/40 Solder. 

Sectioned iron- plated bit, after 40,000 
simulated operations using 
SAVBIT Solder. 

Afaérícvfe 
For full information on these and a Selector Guide to other MULTICORE products please write on your 
Company's letterhead direct to: 
Multicore Solders Limited, Maylands Avenue, Hemel Hempstead, Hertfordshire HP2 7EP. 
Tel: Hemel Hempstead 3636 Telex : 82363 


