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*STAR 
Performer 

There are 
20 good reasons why 

*STAR UHF Mobile Radiotelephone 
is the best radiotelephone 

in the world 

litAkammt- 
*Standard Telephones Advanced Radiotelephones 

For the Operator: 
*Elegantly styled. 
*Designed for safe use in vehicles. 
*Excellent range and 
penetration of built -up areas. 

*Crystal -clear speech quality. 
*Noise cancelling microphone. 
*No ignition noise. 
*Very low battery drain. 
*Simple installation and removal. 
*Anti -theft catch. 
*High reliability. 

For the Technologist: 
*Meets world -wide specifications. 
*25 kHz and 50 kHz channel 
separation. 
*Printed UHF transmitter circuitry. 
*Transmission line coupling 
of power transistors. 
*Solid -state antenna 
change -over switching. 
*Helical tuning in receiver. 
*Quartz crystal filter. 
*Quartz crystal discriminator. 
*Integrated circuits. 
*Fully solid=state. 

That's how STAR Radiotelephone brings you the outstanding advantages 
of UHF propagation and brilliant design. 
STC Mobile Radiotelephones Ltd., Oakleigh Road, New Southgate, 
London N.11. Telephone: 01 -368 1200. Telex: 261912. 

STC Mobile Radiotelephones Ltd 

69/1 EM 
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When is an Avo meter not an Avometer? 

When it tests nuvistors, compactrons & 13 -pin valves 
The new Avo VCM163 Valve Characteristic Meter is one of the most versatile 
valve testers ever developed. With facilities for testing valves with as many as 13 
pin connections (and 2 top caps), plus recently introduced types such as nuvistors 
and compactrons, the VCM163 provides both rapid fault diagnosis and compre- 
hensive static /dynamic characteristics data. Nevertheless, it is even simpler to 
use than previous models - no backing -off is required. A separate meter displays 
mutual conductance values continuously during testing, and there is pushbutton 
monitoring of screen parameters. The full range of h.t. voltage -12.6V 
to 400V - can be applied to anode and screen, heater voltage is adjust- 
able in 0.1V steps from 0 to 119.9 and grid voltage may be varied con- 
tinuously from 0 to 100V (calibrated). Get complete information about 
the VCM 163 from your local dealer or Avo Ltd, Avocet House, Dover, 
Kent. Telephone Dover 2626. Telex 96283. 
AVS2 MEANS BASIC MEASUREMENTS ALL OVER THE WORLD 

WW-006 FOR FURTHER DETAILS B1 www.americanradiohistory.com

www.americanradiohistory.com


A2 Wireless World, March 1969 

a word 
VII our 
ear 

,headset 
LITE TRO 

e elegant 

1aut new hh PetPets° 
ant 

otman` ' 
"Personal 

together 
high ' 

of moving 
coil co' fottabelistemnB brings 

n which Magnetic car 
W gives 

m 

headset deslg toughness. 
delity versions ises 

ctOSStalk 
m 

steel 
or high 6 

cable 
design 

mmm Nylon and stainless ftom 
tinsel ca 

get the 4u11 
sto1Y 

,al noise 
can't Part that you 

t .r,ait to g 
ast a n ucatiobilitcatio 

ew 
ela 

and desirabe 
many e 

S° Wémb , 

0ánd blm 

HIGH FIDELITY MOVING COIL STEREO HEADPHONES (TYPE LS43) Now available from DAYSTROM LTD. GLOUCESTER 
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If you need power tetrodes at the 
right price look at this EEV range 

As 

Forced -air Cooled 

Type 
Service 
type 

Anode 
dissipation 
max. (kW) 

Output 
power 
(kW) 

Anode 
voltage 
max. (kW) 

Frequency 
(MHz) 

Filament ratings 

(V) (A) 

4CX1000A 
4CX1000K 1.0 3.2 3.0 110 6.0 9.0 

4CX1500B 1.5 2.7 3.0 30 6.0 9.0 

4CX5000A CV8295 5.0 16.0 7.5 30/110 7.5 75 

4CX10,000D CV6184 10.0 16.0 7.5 30/110 7.5 75 

4CX35,000C - 35.0 82.0 20.0 30 10 300 

CR192A (6166A) CV8244 10.0 9.0 6.9 60/220 5.0 175 

Vapour Cooled Anode Output Anode Filament ratings 
dissipation power voltage Frequency Boiler 

Type max. (kW) (kW) max. (kW) (MHz) (V) (A) unit 

CY1170J 60 82 15 30 10 300 Integral 

CY1172 ( RS 2002 V ) 150 220 15 30 21 350 CY4120 

Nib 

4CX1000K 4CX10,000D 4CX35,000C CY1170J CY1172 

For audio or linear 
single sideband 
amplifiers. 
4CX1000K has a 
solid disc screen 
contact to permit 
use up to 400M Hz. 

Send for full details 
of EEV tetrodes 

For audio, linear, 
single sideband 
or screen 
modulated r.f. 
amplifiers. 

For audio amplifiers, 
r.f. linear amplifiers 
or Class C amplifiers 
or oscillators. 

For audio amplifiers, r.f. linear amplifiers or 
Class C amplifiers or oscillators. Both types 
have a coaxial metal- ceramic envelope. 
A range of glass envelope types is also 
available. 

English Electric Valve Co Ltd 
Chelmsford Essex England Telephone : 61777 
Telex : 99103 Grams : Enelectico Chelmsford 

Please send me full data on your range of forced -air cooled and vapour cooled tetrodes. 
I am also looking for a power tetrode with the following parameters. 
Output Anode voltage Frequency 
power (kW) max (kV) (MHz) 

NAME 

COMPANY 

ADDRESS 

POSITION 

TELEPHONE NUMBER EXTENSION 

WW -o10 FOR FURTHER DETAILS WW6 
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Ferrograph Series 7- 
the simple recorder with 
thirty recording 
facilities 
The Ferrograph Series 7 Tape Recorder is 
many instruments in one: If you just want 
to record without going into technicalities, 
it is the simplest instrument, handled by 
setting one or two basic controls. lf, how- 
ever, you need a recorder for hard, profes- 
sional work, the Ferrograph will do it for 
you 24 hours a day, year in year out (that's 
why important communications centres 
specify it). If you need your recorder to 
produce the most complex effects, the 
Ferrograph recorder gives you a greater 
range of facilities than any other. 

Available in Mono, and in Stereo with 
and without end amplifiers, embodying a 
unique range of recording facilities, includ- 
ing: 

All silicon solid -state electronics with FET 
input stages and wide input overload margins. 

Vertical or horizontal operation. 
Unit construction: The 3 individual units i.e. 

tape deck, power unit and amplifier complex are 
mounted on a single frame easily removable from 
cabinet for service or installation in other cabinets 
or racks. 

3 motors (no belts). 3 tape speeds. 
Variable speed spooling control for easy 

indexing and editing. 
Electrical deck operation allowing pre -setting 

for time -switch starting without need for mach- 
ine to be previously powered. 

Provision for instantaneous stop /start by 
electrical remote control. 

Single lever -knob deck operation with pause 
position. 

Independent press- to-record button fór safety 
and to permit click -free recording and insertions. 

8.1" reel capacity. 
Endless loop cassette facility. 
Internal loud speakers (2)-1 each channel on 

stereo, 2 phased on mono. 
4 digit, one -press re -set, gear -driven index 

counter. 
2 inputs per channel with independent mixing 

(ability to mix 4 inputs into one channel on 
stereo machine). 

Signal level meter for each channel ,erative 
on playback as well as record. 

Tape /original switching through to output 
stages. 

Re- record facility on stereo models for multi - 
play, echo effects etc, without external connec- 
t ions. 

Meters switchable to read 100 kHz bias and 
erase supply with accessible preset adjustment. 

Three outputs per channel i.e. (1) line out - 
level response. (2) line out -after tone controls. 
(3) power output -8 -15 ohms. 

Power output 10W per channel. 
Independent tone controls giving full lift and 

cut to both bass and treble each channel. 
Retractable carrying handle permitting carry- 

ing by one or two persons. 

U.K. Retail prices from £150 incl. P.T. 

See and hear Ferrograph Series 7 recorders 
at your local Ferrograph stockist, or post 
coupon for details and address of nearest 
Ferrograph specialist (or ring 01- 589 4485) 

the tape recorder with 
the hearing -is- believing sound 

RRO GRAPH --- -- --------- -------- - - - --li I ro the Ferrograph Co Ltd, Mercury House, 195 Knightsbridge, London SN 7 

I Please send me FREE brochure on Ferrograph Series 7 Tape Recorders Please 

OR send me the new Ferrograph Manual, for which I enclose £1 fl tick 

NAME ' 

ADDRESS 

' ww ' 

----------------------- - - - - -J 
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Send for full details 
of EEV marine 
magnetrons. 

Be safe... use EEV magnetrons 
in your marine radar 

Brief data on some of 
the many types 
available. The 
complete range covers 
S -Band and X -Band 
types from 3 -80kW. 

M 5063 

Type 
Frequency 
Range (MHz) 

Peak Output 
Power (kW) 
(Typical Equivalents 
Operation) (not complete) 

M5063 3025 -3075 50 2J7013 

2J42 9345 -9475 8 ME1101, CV3676, 
MAG3, M526 

BM1002 9415 -9465 21 JP9 -15B 

M513B 9345 -9405 22 J P9-15, YJ1110 

M515 9380-9440 25 YJ1120 

M597 ' 9380-9440 10 

M598B 9380-9440 22 

599A/B 9415-9475 3 JP9-2.5D, 
JP9-2.5E, 7028 

M5022 9415-9475 30 YJ1121 

M5031 9345-9405 9 

M5043 9380-9440 5.8 

M5039 9345-9405 22.5 

M515 M 599A/ B M513B 

English Electric Valve Co Ltd 
Chelmsford Essex England Telephone : 61777 
Telex: 99103 Grams: Enelectico Chelmsford 

Please send me full data on your range of marine magnetrons. 
I am particularly interested in using a marine magnetron with the following parameters. 
Frequency Peak Output Pulse Pulse Repetition 
Range (MHz) Power (kW) Length (µs) Rate (p.p.s.) 

NAME 

COMPANY 

ADDRESS 

POSITION 

TELEPHONE NUMBER EXTENSION 
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5 reasons 

for a BIRD 
in the hand 

CW 

<-BIRD 

Take the Model 4311 
Apply lt. The THRULINE' 4311 Wattmeter, developed for air naviga- 
tional aids such as DME, ATC, and other pulsed RF systems, will also 
measure and monitor almost any type of 50 -ohm RF transmission. 
Carry It. Direct reading and self- contained, the "4311" needs no 
additional instrumentation nor 60 or 400 Hz line power. Just pick 
it up, carry it to your equipment, connect and use. 

Read lt. The "4311" indicates CW or FM power up to 10,000 watts 
accurately, forward or reflected. Push the button and the "4311" 
scales the peak of pulsed or envelope power to 10,000 watts. 
Compare lt. There is no other like it. Scan the basic specs below 
then, put a BIRD in your hand. Send for bulletin 4311 -67. 

SPECIFICATIONS 

PEAK PULSE or ENVELOPE POWER MODE 

Frequency Ranges: 0.45 - 2300 MHz 
Power Ranges: 1W to 10kW. 
Accuracy: t 8% of full scale. 

Minimum Pulse Parameters: From a duty 
factor of 1 x 10.4, a pulse width of 0.4 
microseconds, and a rate of 30 pps or 
higher, depending on the Element selected. 

AVERAGE (CW) POWER MODE 
Frequency Ranges: 0.45 - 2300 MHz 
Power Ranges: 1W to 10kW. 
Accuracy: ± 5% of full scale. 

PRICE 

on application 

Now also available: AC- powered version for extended bench use. 

ELECTRONIC LIMITED 
33A High Street. Ruislip, Middlesex, England 
Phone. Ruislip 74133 Cable: Birdelec 

FREE 
For 60 page Catalogue of Quality Instruments 
for RF Power Measurement, contact 

WW-013 FOR FURTHER DETAILS 
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The new C1179 -a 
high vacuum beam 
tetrode designed 
primarily for the 
output stage of 
power amplifier 
pulse modulators 
in 5kW -10kW radars. 

New pulse tetrode for low power 
radars added to EEV's range 

i 

C1179 C1148 

CowAL 

!l111 

1 

I 
l IM 

" - 
C1150/1 C1166 

Pulse Anode Pulse Heater 
Anode output voltage anode ratings 

Service dissipation power max. current 
Type type max. (W) (kW) D.C. (kV) max. (A) (V) (A) Base 

C1148 

C1149/1 

C1150/1 

C1166 

1179 

Send for full data on the 
E EV range of pulse 
amplifier tetrodes 

C 

40 130 14.0 12 6.3 5.0 

CV6131 60 330 20.0 18 26.0 2.15 

CV427 60 205 17.5 15 26.0 2.15 

60 205 17.5 15 6.3 9.0 

- 18 65 8.0 9.0 6.3 2.8 

B5F 

B4A 

B4A 

B5F 

B7A 

English Electric Valve Co Ltd 
Chelmsford Essex England Telephone: 61777 
Telex : 99103 Grams : Enelectico Chelmsford 

Please send me full details on your range of pulse tetrodes. 
I am particularly interested in using a pulse tetrode with the following parameters: 

Pulse Anode Anode Pulse 
output power dissipation voltage anode current 

NAME 

COMPANY 

ADDRESS 

POSITION 

TELEPHONE NUMBER EXTENSION 

WW -014 FOR FURTHER DETAILS 
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Pye Telecommunications is the world's largest exporter of 
radiotelephone equipment. Pye Radiotelephones are used 
all over the world to ensure instant contact. Pye research 
development and quality control really do keep in touch 
with tomorrow. So what more do you want ? 

rely on 

Wireless World, March 1969 

PYE SPANS THE WORLD 

the vital contact 

_ 

14.4 
I.._ 

Pye .Pocketfone Personal 
Radiotelephone 
New battery economy 
Iramely light -weight and 
Reception free from noise 
terrines Minimum of 
Transmit button automatically 
tends antenna Hearing 
Easily accessible batteries. 

Ex- 

ex- 

it..iii 14.4.:.,...am. 
, 

. - 

Pye "Bantam' Portable 
VHF Radiotelephone 
Fully transistorised transmitter and 
receiver Very high perlormapce 
receiver Crystal filter selectivity 
0.5W transmitter output 250mW 
audio power Long endurance with 
rechargeable or dry batteries Can 
be used with external antenna to give 
greater range - Weatherproof. 

l 
. 

_. 

Pye VHF Radiotelephone 
Fixed Station 
Solid -state receiver and transmitter 
10-15W R.F. output Fieldettect 
transistors used in receiver Suitable 
for all climates Electronic squelch 
Designed to meet all relevant spec'- 
bcations, 

.... ..... _ 

Pye UHF Radiotelephone 
Fixed Station 
Solid state receiver and transmitter 
8-10W R.F. output Very high R.F. 
selectivity using field- effect trae- 
sistors Very low noise factor 
Electronic squelch A. C. or 24V d.c. 
operation Suitable for all climates 
Designed to meet all relevant speci- 
fications. 

I 
Pye 'Westminster' 
Remote Mounted Radiotelephone 
Completely sold state 5-8W R.F. 
output 1 -10 channels with solid state 
switching Illuminated channel Indi- 
cator Suitable for all climates 
Meets all relevant specifications. 

,:......_, 

J, 

...6 

circuit 
compact 
and inter. 

controls 

aid socket 

5-8W R F. 

with solid 
for all 
apeci- 

' .I _4 
G f 

c - a s________.-- 

Pye Single -Sideband 
Radiotelephone 
125W (p .p.) F.F. output 
transistorised receiver - C.W. 
titles provided - Sideband selection 
by crystal filter Carrier insertion 
a.m. compatibility Fixed or mobile 
application Advanced transmitter 
design. 

Fully 
feel- 

for 

A 

Pye 'Pioneer' 
Radiotelephone 
Fully transistorised 
automatic, CB 
exchanges Weatherproof 
Unattended operation 
periods Facility 
egißpment Optional 
operation. 

. For use with 
manual. or magneto 

cabinet 
over long 

for fitting privacy 
single antenna 

- 

Pye 5- Circuit UHF 
Radiotelephone 
Compact 5 -circuit radio terminal 
Fully - transistorised channelling 
equipment Frequency- shiltsignalling 
Continuous unattended Operation in 
all parts of the world Twelve 
standard plans for terminals and 
repeaters. 

PYE 
equipment 

gives you 

instant -contact 

with mobility 
Pyle 'Wostnti 
Front M dRadiotelephone 
Completely solid state 
output 1 -10 channels 
state switching Suitable 
climates Meets all relevant 
lications. 

PYE TELECOMMUNICATIONS LTD. Cambridge England Telephone: Cambridge (0223) 61222 Telegrams: Pyetelecom Cambridge Telex: 81166 
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it's 
clear 
to see... 

... why our digital 
wheatstone bridge is so 
spec al. It is the only 
wheatstone bridge 
manufactured with 
illuminated digital 
readout. 
No need to work out 
those tiresome ratios, 
the display gives four 
figures, decimal point 
and the correct unit 
(ohms, kilohms and 
megchms) thus permit- 
ting sapid checking. 

so simple to use 

The Doran range of 
precision nstruments 
includes ... 
potentiometers 
pH meters 
bridges (of all -ypes) 
galvanometers 
standard cells 
micro cells 
electrodes 
power units 

send for details 

DERRITRON ELECTRONICS LIMITED 
Instrument division 
Sedlescombe Road North, Hastings, Sussex. 
Telephone Hastings 51372 Telex 95111 

WW -016 FOR FURTHER DETAILS 
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CT 81 has 3 separate cues 
and a peak programme meter 

The Plessey CT81 is the latest in 
the range of Plessey endless loop 
magnetic tape cartridge recorders. 
Manufactured to NAB or IEC 
standards the CT81 features three 
separate cues, a peak programme 
meter, direct capstan drive and 
solid state silicon devices 
throughout. 
The 1000Hz standard cue is 
automatically recorded with each 
depression of the record button. 
The 8000Hz auxiliary cue to 
operate associated relays can be 
recorded during the initial 
recording or later as required. 

The 150Hz end óf message cue is 
recorded when the end cue button is 
depressed. For remote operation of 
associated equipment all functions 
are extended to a multi -way plug 
and socket at the rear of the unit. 

A PPM or VU meter and auxiliary 
cues can be incorporated in anyCT80 
model to suit your requirements. 

For details of the complete range 
of Plessey desk mounted, recessed 
and rack mounted CT80 cartridge 
recorders contact your local 
Plessey office now. 

PLESSEY 
Electronics 

Sales and Service - Rola Recording Products Department Garrard Engineering Limited Newcastle Street Swindon Wiltshire Telephone Swindon 5361 

Telex 44271 or the manufacturer Plessey Electronics The Boulevard Richmond Australia 3121 Telex 30383 Cables ROLA Melbourne ,3:.,006 

WW -017 FOR FURTHER DETAILS 
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VALUABLE NEW HANDBOOK 

TO AMBITIOUS 

ENGINEERS 
Have you had your copy of "Engineering Opportunities"? 

The new edition of "ENGINEERING OPPOR- 
TUNITIES" is now available- without charge -to 
all who are anxious for a worthwhile post in Engineer- 
ing. Frank, informative and completely up to date, 
the new "ENGINEERING OPPORTUNITIES" 
should be in the hands of every person engaged in 
any branch of the Engineering industry, irrespective 
of age, experience or training. 

On `SATISFACTION OR 
REFUND OF FEE' terms 

This remarkable book gives details of examinations, 
and courses in every branch of Engineering, Building, 
etc., outlines the openings available and describes our 
Special Appointments Department. 

WHICH OF 
YOUR PET 

ELECTRONIC ENG. 
Advanced Electronic Eng. - 
Gen. Electronic Eng. - Applied 
Electronics - Practical Elec- 
tronics - Radar Tech. - 
Frequency Modulation - 
Transistors. 

ELECTRICAL ENG. 
Advanced Electrical Eng. - 
Gen. Electrical Eng. - Instal- 
lations - Draughtsmanship - Illuminating Eng. - Refrig- 
eration - Elem. Electrical 
Science - Electrical Science - 
Electrical Supply - Mining 
Electrical Eng. 

CIVIL ENG. 
Advanced Civil Eng. - Gen. 
Civil Eng. Municipal Eng. - 
Structural Eng. - Sanitary 
Eng. - Road Eng. - Hy- 
draulics - Mining - Water 
Supply - Petrol Tech. 

THESE IS 
SUBJECT? 
RADIO ENG. 
Advanced Radio - Gen. Radio 
Radio & TV Servicing - 
TV Eng. - Telecommunica- 
tions - Sound Recording - 
Automation - Practical Radio 
-Radio Amateurs' Exam. 

MECHANICAL ENG. 
Advanced Mechanical Eng. - 
Gen. Mechanical Eng. - 
Maintenance Eng. - Diesel 
Eng. - Press Tool Design - 
Sheet Metal Work - Welding - Eng. Pattern Making - 
Inspection- Draughtsmanship- 
-Metallurgy - Production 
Eng. 

AUTOMOBILE ENG. 
Advanced Automobile Eng. - 
Gen. Automobile Eng. - Auto- 
mobile Maintenance - Repair 
-Automobile Diesel Mainten- 
ance - Automobile Electrical 
Equipment - Garage Manage- 
ment. 

WE HAVE A WIDE RANGE OF COURSES IN OTHER SUBJECTS IN- 
CLUDING CHEMICAL ENG., AERO ENG., MANAGEMENT, INSTRU- 
MENT TECHNOLOGY, WORKS STUDY, MATHEMATICS, ETC. 

THIS BOOK TELLS YOU 
* HOW to get a better paid, more interesting lob. 
* HOW to qualify for rapid promotion. 
* HOW to put some letters after your name 

and become a key man ... quickly and easily. 
* HOW to benefit from our free Advisory and 

Appointments Depts. 

* HOW you can take advantage of the chances 
you are now missing. 

* HOW, irrespective of your age, education or 
experience, YOU can succeed in any branch of 
Engineering. 

132 PAGES OF EXPERT 
CAREER -GUIDANCE 

PRACTICAL 
EQUIPMENT 

Basic Practical and Theo- 
retic Courses for begin- 
ners in Radio, T.V., Elec- 
tronics, etc. A.M.I.E.R.E. 
City 8 Guilds Radio 
Amateurs' Exam., R.T.E.B. 
Certificate, P.M.G. Cer- 
tificate, Practical Radio, 
Radio & Television Ser- 
vicing, Practical Elec- 
tronics, Electronics 
Engineering, Automation. 

INCLUDING 
TOOLS 

The specialist Elec- 
tronics Division of 
B.I.E.T. 
NOW offers you a 
real laboratory train- 
ing at home with 
practical equipment. 
Ask for details. 

B.I.E.T. 

Which qualification would increase your earning power? 
A.M.I.E.R.E., B.Sc. (Eng.). A.M.S.E., R.T.E.B., A.M.I.P.E., 
A.M.I.M.., A.R.I.B.A., A.I.O.B., P.M.G., A.R.I.C.S., 
M.R.S.H., A.M.I.E.D., A.M.I.Mun.E., C.ENG., CITY A GUILDS, 
GEN. CERT. OF EDUCATION, ETC. 

BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY 
446A ALDERMASTON COURT, ALDERMASTON, BERKSHIRE 

You are bound to benefit from reading 
"ENGINEERING OPPORTUNI- 
TIES." Send for your copy now -FREE 
and without obligation. 

POST COUPON NOW! 
TO B.I.E.T., 446A ALDERMASTON COURT, 

ALDERMASTON, BERKSHIRE. 

Please send me a FREE copy of "ENGINEERING 
OPPORTUNITIES." I am interested in (state subject, 
exam., or career). 

NAME 
ADDRESS 

WRITE IF YOU PREFER NOT TO CUT THIS PAGE 

THE B.I.E.T. IS THE LEADING INSTITUTE OF ITS KIND IN THE WORLD 
WW -018 FOR FURTHER DETAILS 
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this is one data 
transmission 
system 
we 
cant 
check... 

4uyldlP Lit 6:I;inr. Jn 1 by courtesy ui mmonwealth Institute. Kensington High St 

... the only one 
Modern data transmissions go 
farther and faster, and must be 
even more accurate and reliable. 
Only Trend can provide the 
sophisticated equipment neces- 
sary to test such systems. 
If you use or manufacture data 
transmission systems, tap out a 
message to: 

TREND ELECTRONIC 
Data Transmission Division 

WW -019 FOR FURTHER DETAILS 
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prepare 
w no 

for tomprrow's 
world 

11s 

Todaythere is a huge demand fortechnologists such as 
electronics, nuclear and computer systems engineers, 
radio and television engineers, etc. In the future, there 
will be even more such important positions requiring 
just the up -to -date, advanced technical education which 
C.R.E.I., the Home Study Division of McGraw -Hill Book 
Co., can provide. 

C.R.E.I., Study Programmes are directly related to the 
problems of industry including the latest technological 
developments and advanced ideas. Students claim that 
the individual tuition given by the C.R.E.I. panel of experts 
in each specialised field is comparable in technological 
content with that of technical colleges. 

Why C.R.E.I. Courses are best 
No standard text books are used - these are often considerably out -of -date when printed. 

C.R.E.I. Lesson Material contains information not published elsewhere and is kept up -to -date 
continuously. (Over £50,000 is spent annually in revising text material.). 

Step -by -step progress is assured by the concise, simply written and easily understood lessons. 
Each programme of study is based on the practical applications to, and specific needs of, 

Industry. 
Take the first step to a better job now -enrol with C.R.E.I., the specialists in Technical Home 

Study Courses. 
C.R.E.I. PROGRAMMES ARE AVAILABLE IN: 

Electronic Engineering Technology * Industrial Electronics for Automation * Computer Systems 
Technology * Nuclear Engineering * Mathematics for Electronics Engineers * Television 
Engineering * Radar and Servo Engineering 
City and Guilds of London Institute: Subject No. 49 and Advanced Studies No. 300. 

Member of the 
Association of British 
Correspondence Colleges 
C.R.E.I. (London), Walpole House, 
173 -176 Sloane Street, London S.W.1. 
A subsidiary of McGraw -Hill Inc. 

POST THIS COUPON TODAY FOR A BETTER FUTURE 
To C.R.E.I. (London), Walpole House, 173 -176 Sloane Street, London, S.W.1. 
Please send me (for my information and entirely without obligation) full details of the Educational 
Programmes offered by your 

My interest is City and Guilds 
0 please tick General 

NAME 

ADDRESS 

EDUCATIONAL BACKGROUND 

ELECTRONICS EXPERIENCE ww1 t 
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controlled soldering starts with an Enthoven preform 

- 
- 

-ö 
New free booklet describes 
the complete range of 
Enthoven Solder products. 
preforms among them. 
Ask now for your copy 
of 'Soldering with Enthoven'. 

The right amount of solder, in the right place, every time. The right alloy 
to suit the surfaces to be joined. The right flux for effective wetting. The 
right heat -source. Enthoven know about this kind of thing, will give 
advice, supply preforms -cored or solid. Controlled soldering means 
economical soldering. Soldering with Enthoven preforms saves solder, 
time and wastage. Cuts costs. Produces a stronger, cleaner job. 
Enthoven supply washers, rings, shims and strips in a wide variety of 
alloys, cored and solid, and design to meet special requirements. 

ENTHOVEN 
SOLDERS LIMITED 
Head Office and Sáles Office 
Dominion Buildings, South Place, London, EC2 

Telephone: 01 -628 8030 

l0000000000000000000000000000000000000000i rneemfmb0000 
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Manufactured by 
GENERAL ELECTRIC 
(U.S.A.) 

2N 5172 
High stability 

Long Life 

High Gain 

ix- stock, London 

\1- 

1 

1000 -up 
500 -999 
100 -499 
25 -99 

1-24 

O 

10 
0 

Collector- Emitter Voltage 

Emitter -Base Voltage 

Collector -Base Voltage 

Collector Current 

Dissipation (free air at 25 °C) 

Forward Current Transfer Ratio 

Forward Current Transfer Ratio 

Gain Bandwidth Product 

V CEO 

V EBO 

VcBo 

IC 

PT 

h FE 

hfe 

fT 

25 V 

5 V 

25 V 

100 mA 

200 mW 

100-500 

100-750 

120 MHz 

Silicon NPN 

Planar Passivated 

Transistor in 

Epoxy Encapsulation 

RaBTRa ELECTRO N 1 CS LTD. 
275 KINGSTREET HAMMERSMITH LONDON W.6. RIVerside 3143 TELEX 24443 
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THE MESSAGE IS 
PERFECTLY 

CLEAR: T -R -I -O 

HS-4 9R -59DE SP-50 

Model 9R -59DE 
BUILT IN MECHANICAL FILTER using the Mechanical Filter. 
8TUBES COMMUNICATION RECEIVER Dimensions: Width 15 ". Height 7", Depth 10 ". 
Continuous coverage from 550 KHz to 30 MHz and direct 
reading dial on amateur bands. Model SP -5D 

A mechanical filter enabling superb selectivity with ordinary IF Communications Speaker which has been designed exclusively 
transformers. for use with the 9R -59DE. 
Frequency Range: 550 KHz to 30 MHz (4 Bands) 

Sensitivity: 2,V for 10 dB S/N Ratio (at 10MHz) Model HS -4 
Selectivity: ' 5KHz at -60dB ( 1.3KHz at 6dB) When Communications Head Phone 

Model JR -500SE 
CRYSTAL CONTROL TYPE DOUBLE CONVERSION 

COMMUNICATION RECEIVER 

Superior stability performance is obtained by the use of a 

crystal controlled first local oscillator and also. a VFO type 
2nd oscillator. 
Frequency Range: 3.5 MHz -29.7 MHz (7 Bands) 
Hi- Sensitivity: 1.5,V for 10 dB S/N Ratio (at 14 MHz) 

' Hi- Selectivity: t 2 KHz at -6dB t 6 KHz at - 60 dB 
' Dimensions: Width 13 ", Height 7 ". Depth 10 ". 

the sound approach to quality TRIO 
TRIO ZLiCTIIOrgIC5, INC. 

TOKYO 1APAN 

TO: B.H. Morris & Co., (Radio) Ltd. WW 
Send me information on TRIO COMMUNICATION 
RECEIVERS & name of nearest TRIO retailer. 

NAME: AGE: 

ADDRESS: 

TRIO KENWOOD ELECTRONICS S.A. 160 Ave., Brugmann, Bruxelles 6, Belgium 

Sole Agent for the U K B. H. MORRIS & CO., (RADIO) LTD. 84/88, Nelson Street Tower Hamlets, London E 1, Phone 01-790 4824 

WW-023 FOR FURTHER DETAILS 
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off-the-shelf-delivery for designers 
Ring Muriel for off -the -shelf delivery of Firmet 
Resistors in development quantities. You'll get them - and fast. 
The new standard Filmet range meets all the require- 
ments of DEF 5115-I Style RFG7 - o.5 ... and at a 
price t hat's below standard for above standard stability. 

Resistance range: 
Power Rating: 
Temperature range : 

Ring Muriel to get yourself in the book for far deliver'. 

Morgan 

woo to 36oK12 E24 series. 
kw, 1w, kw Multi- Rating. - 55 °C to + 125 °C. 

FILMET 
metal film resistors / \- 

/..S0\ 

/ \a\ 
MORGANITE RESISTORS LIMITED 
Bede Industrial Estate, Jarrow, Co. Durham. ', 
Telephone: Jarrow 897771. Telex: 53353° / ¿ .e° 1' O'' 

... eft lot 
CPS 

WW-024 FOR FURTHER DETAILS 
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The Bradley D.C. Current Calibrator 132 
provides an extremely stable D.C. current 

source up to 100 milliamperes at an accuracy 
of 0.05 %. An add -on unit, the Current Multiplier 

144, extends the range to 10 amperes. 
The 132 is used extensively by meter manufacturers because of its high accuracy and 

ease of use =just dial up the current required -and also because of its unique 
percentage deviation measuring device. Semi -conductor and thin film component 

manufacturers have found it invaluable for the evolution and production line testing of 
their products ... Further the 132 -144 combination with its unrivalled output of 

10 amperes covers the testing of most types of meters. 

We shall be pleased to send further details. 

BRADLEY INSTRUMENTS 

G. B E. Bradley Ltd., Electra) House, Neasden Lane, London, N.W.10. Tel: 01 -450 7811. Telex : 25583 
WW-025 FOR FURTHER DETAILS 
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This 

is a dead one of 
these 

r!iivif!r!rr 
Morganite killed it 
The deceased would have become 
one of Morganité s Cermet Trimming 
Potentiometers - one, in fact, of the 
populär type 80 with a power rating 
of 0.75W at 70 °C. 
But it never made it. The crunch 
came when we examined all its tiny 
component parts at 500 times life 
size. That's quite a test. Imagine, 
for instance, the imperfections 

you might find in a 40 yard 
cigarette. So it's not surprising 
that every once in a while we 
detect a spanner in the ointment. 
And the penalty is death. 
The survivors are the most reliable 
trimming potentiometers you can 
find - and finding them couldn't be 
easier. Samples for evaluation or for 
development projects are waiting in 
stock, ready for your 'phone call. 

We are the only British company 
which offers ohmic values from 
10 ohms to 1M ohms in the E6 
range as well as the MIL-R-22097C 
series. 
Put our Cermet trimming 
potentiometers through your test 
routine and watch how they stand 
up to it. Any that couldn't are 
long since dead. 

MORGANITE RESISTORS LIMITED 
Bede Industrial Estate, Jarrow, County Durham 

Telephone: Jarrow 897771 

c Morgan 
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FOR SUPERB QUALITY AND WORLD 
WIDE DISTRIBUTION HALTRON 
OFFER A VAST SELECTION OF 
VALVES FOR ALL AREAS OF 

RESEARCH AND INDUSTRY 

FOR QUALITY, RELIABILITY AND WORLD -WIDE AVAILABILITY, RELY 

ON HALL ELECTRIC'S SPEED, INTELLIGENCE AND REPUTATION 

I7 HALTRON 
RADIO VALVES & TUBES 
All enquiries to: 
Hall Electric Ltd., Haltron House, Anglers Lane, London, N.W.5. 
Telephone: 01-485 8531 (10 lines). Telex: 2 -2573. Cables: Hallectric, London, N.W.5. 

WW -027 FOR FURTHER DETAILS 

VALVES FOR: 
Radio and Television Manufacturers. 
Radio and Television Service Departments. 
Radio Relay Companies. 
Audio Equipment. 
Electronic Equipment. 
Instrumentation. 
Computers. 
Marine Radar. 
Communication Equipment. 
Research and Development. 
Government Departments. 
Aircraft Military and Civil. 
Ministry of Aviation Approved Inspection. 
Air Registration Board Approved 
Inspection. 
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procision 
d 

Model G- _ ,_ it. 
Interchangeable spare bits } ", and 
For 240 220,ór ,71 ygnS,,,?2 /6 

del E -20 watts. Fitted v 
geable spare bits 00 volts. F 

it. 

i 

odel ES -2E watts. Fitté wit bf 
Interchangeable spare bits 33', - an 
For 240, 221 0, 24 and 12 volts. F 

Model F ratts. Fitted with 
nterchangeable spare bits á ", ,qt- ", g 1 

0, 110, 24 and 20 volts. FROM 

Model CN 240/2 
15 watts -240 volts 
with nickel plated Sit ( ") and in a 

handy transparent pack 311- UU.... 
To: Antex, Mayflower House, Plymouth, Devon. 

Please send me de- soldering kit [i] (with foot pump) 
0 (without foot pump) 

Please send me the Antex colour catalogue 
Please send me the following irons 

Quantity Model Bit Size Volts Price 

I enclose cheque /P.O.cash value 

NAME 

ADDRESS 

Telephone 
-. 

WW-028 FOR FURTHER DETAILS 
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t COMPLETE PRECISION 

SOLDERING KIT 

Supplied in its own compact, rigid p astic container and 
'includes all of these items: 

I CN 15 watts 240 volts miniature model (Aa ") bit 2 inter- 
changeable spare bits ( " and y ") reel of resin -cored 
solder heat sink for soldering transissors felt 
cleaning pad soldering iron stand storage 

"space for lead and plug. 

/CONTROL ALA 

v' 
SOL OER 

e1 
5T4N0 

'Ì- . 
ATC7IER . C r_ 

fficient de- soldering is assured with this high spe 
ethod from Antex. Soldered joints scon dissolve leaving 
clean finish, thanks to the exclusive Antex - designed 

uction nozzle. Operation is by compressed air frorr an 
irline or foot -pump. No vacuum sup3ly is needed. 
wo models are available, complete with 6 ft. nylon 
irline, 6 ft. 3 core flexible lead 
nd " BSP Male and }" 26 (Nett Trade) 
.P.I. Male Adaptors. 

)r complete with foot -pump 9 9/6 (Nett Trade] 
FROM 

32'6 
ACTUAL SIZE 

CN 15 watts, fitted ;; " Feriaclad bit. The leading 
iron for miniature and micro miniature assemblies: 
18 interchangeable bits from 040 (1 mm) up to" 
for 240, 220, 110, 50 or 24 volts. 

If you want the best in soldering, Antex irons are 
for you. Pin point precision. fingertip control, 
interchangeable bits that slide over the elements 
and do not stick, sharp heat at the tip, reliable 
elements and full availability of spares -World -wide 
users, both enthusiasts and professionals solder 
with Antex. It's time you joined them. 
Antex soldering irons are stocked by cuality 
electrical dealers, or you can oder direct from us. A 
free colour catalogue will be supplied on request. 

PRECISION MINIATURE 
SOLDERING IRONS 
Made in England 

Antex, Mayflower House, Plymouth, Devon. 
Telephone: Plymouth 67377/8 Telex: 45296 
Giro No. 258 1000 
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Why have Racal stopped making 
specific -function instruments? 

The Racal 815 
Universal Counter /Timer 

They haven't! 
Racal pioneered the specific- function approach to digital 
instrumentation, exemplified in the successful Racal 800 Series, which offers 
high quality instruments at competitive prices - prices made possible by effective standardization. 

Racal have now augmented this range with the 815, 50 MHz Universal Counter -Timer: the 
last word in versatility. The standard features you expect in a Racal Counter are all included - high 
input impedance (1 M O), excellent sensitivity (10mV), exceptional stability (fast warm -up oscillator 
ages at less than 2 parts in 108 per day and attains 1 part in 10' in under 3 minutes), and the fast 

Racal patent dynamic readout (25mS). 
Additionally the very com- 

prehensive facilities include three input channels, variable 
input- trigger level selection ( -100V to +100V) with provision 
for d.c. level monitoring and an intensity modulation pulse 
to identify the precise measurement period on an oscillo- 
scope. 

In short, not just the usual all -rounder,this instrument 
is a truly universal Counter -Timer, any measurement not 
possible with the 815 will require a specific - function 
instrument. And that's where we came in. 

Phone or write now for a 

demonstration at your premises 
or full data on the Racal 815 

RACAL INSTRUMENTS LIMITED, 
Bennet Road, Reading, Berkshire. Reading 85571 

Telex : 84166 

WW-029 FOR FURTHER DETAILS 
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Last year we 
direct! 

supplied 
Y 6 industrial 

giants, 89 large 
manufacturers, 392 

smaller manufacturers, 
all three Armed Services, 

most government 
departments including 10 Ministries, 23 
public corporations, 43 educational authorities 
and Universities and countless radio and 
television retailers in 1,162 cities, towns 

and villages in 38 counties. 

Pinnacle 

Pinnacle 
the largest 
single valve 
independent 

PINNACLE ELECTRONICS LIMITED ACHILLES STREET NEW CROSS " LONDON S.E.14 

Telephone: All departments-01-692 7285 Direct orders-01-692 7714 

WW-030 FOR FURTHER DETAILS 
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Get across 
loud and dear 

with AKG 
microphones 

AHG C 451 
Quality condenser 
microphone with new 
CK1 capsule (inter- 
changeable with other 
AKG microphones). 
Other capsules are 
available built into 
wind -shield with 'rifle' 
tube attachment. Supp- 
lied with battery power 
unit and /or mains unit 
which can feed two 
microphones. 

r 

37, 

AIM D -109 11 
Dynamic 
miniature 
microphone - 
the smallest 
Lavalier on the 
market. High -quality 
reproduction compares 
well with others costing 
several times more. 
With 60 or 200 Ohm imp - 
edance. 3 metres cable. 
Use it wherever a mike 
is to be heard but not 
seen - interviewing, 
films, conferences, etc. 

/ 

/ 

AKG D -224 
Advanced studio micro- 
phone, employing two - 

way cardioid principle - 
the latest in microphone 

technology- in slim, 
elegant form. 

microphone iid al for all 
broadcasting and studio 
work. Incorporates bass 
attenuation switch and 

pivoted stand attachment. 

Find out more about AKG mikes from 

Politechna (London) Ltd. 182 -184 Campden Hill Road. 
London.W.8. 24 Hr,Telephone: 01- 727 0711 Telex: 23894 

AI M; microphones 
WW -031 FOR FURTHER DETAILS 
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Train fortomorrow'sworld 
in Radio and Television 

at The Pembridge College 

of Electronics. 
The next full time 16 month College Diploma 
Course which gives a thorough fundamental 
training for radio and television engineers, 
starts on 16th April 1969. 

The Course includes theoretical and practical 
instruction on Colour Television receivers and is 

recognised by the Radio Trades Examination 
Board for the Radio and Television Servicing 
Certificate examinations. College Diplomas are 

awarded to. successful students. 
The way to get ahead in this fast growing industry 
-an industry that gives you many far -reaching 

opportunities -is to enrol now with the world 
famous Pembridge College. Minimum entrance 

requirements : 'O' Level, Senior Cambridge or 

equivalent in Mathematics and English. 

To: The Pembridge College of Electronics 
(Dept. ww6 ), 34a Hereford Road, London, W.2 
Please send, without obligation, details of the 
Full -time Course in Radio and Television. 

NAME 

ADDRESS 

i i 
WW-032 FOR FURTHER DETAILS 
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Why pay for more sophistication 
than you can use? 

The majority of users of electronic test equipment require accuracy within 
a band of measurements that is common to many operators. The Dymar 
System of test instruments covers this need ideally. We have avoided the 
temptation to include more sophistication than the market wants. This 
means that your budget will stretch further yet cover your project develop- 
ment, research or quality control. Plus features are: - 
(I) all instruments are energised by a master meter unit. 
(2) the extreme flexibility of a proved plug -in system and 
(3) the money- saving aspect. 
Our explic:t Short Form Catalogue will give you a run -down on our 700 
Series - just complete the coupon or just pin it to your letterhead. 

RUM MM MM. MINN MIN MM. 1111 

A.C. AND D.C. VOLTMETERS - SEMICONDUCTOR TEST SETS - SIGNAL 

DYMAR ELECTRONICS LIMITED 
Colonial Way Radlett Road Watford Herts. 
Telephone : 2I 297/819. 

IME OMNI MIM MEN M 
Please send me a copy of your Short Form 
Instrument Catalogue. 

NAME 

POSITION 

COMPANY 

ADDRESS 

TEL 

GENERATORS - NOISE FACTOR METERS - DISTORTION ANP 

WW -033 FOR FURTHER DETAILS 
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The Goldring caress... 
we call it transduction seduction 

Smooth, breathing, open and graceful 
that's the sound of Goldring True 

Transduction. The ability of a cartridge 
to track properly at low forces 

is only the first stage of design, 
and from that point Goldring 

engineers continued development 
through to achieve their 

True Transduction. A micro -element 7 
of tubular permeable material lies 

in a `Free -Field' generated from a fixed 
source away from the removable 

stylus assembly. It is as light as the 
cantilever itself- no massy magnets 

or coils to move! This design approach 
provides a texture of 
sound transparency previously 
associated with direct -coupled pickups. 

Excessive de- coupling techniques are 
rendered unnecessary and 

tight coupling is employed to ensure 
that every motion of the sensing 

element is identical to that of 
the stylus - at all frequencies. 

Full technical details of these new era cartridges from 
Desk HF, Goldring Manufacturing Co. (Great Britain) Ltd., 
486 -488 High Road, Leytonstone, London, E.t t, 
or from your nearest dealer. 

WW-035 FOR FURTHER DETAILS 
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`Invest in 
Erie 

Blue Chips' 

Erie Blue Chips are resistors. Thick film, 
metal glaze resistors built to satisfy 
the circuit designer's need for reduced 
physical size and increased reliability. 
Designed specifically for printed circuit 
boards, Blue Chips, with radial 
terminations at 0.2 in centres, make 
possible a packaging density up to double 
that of conventional cylindrical resistors. 
Resistance range: 
1 ohm to 1 megohm with tolerances of 
1 %, 2 %, 5% and 10 %. 
Wattage ratings: 

w,+ w, f w, with maximum 
voltage 350V d.c. 

Temperature range: 
-55 °C to 125 °C with no derating, and an 
average TCR of _ }- 300 ppm / °C. 
Closer T.C.s. available. 

'And this is their 
average size' 

With these specifications it's no surprise 
that Erie Blue Chips are setting the pace 
in resistor design and further advancing 
the rapid progress in circuit dependability. 

WW -036 FOR FURTHER DETAILS 

ERIE 

ELECTRONICS 

LIMITED 

For further 
details contact : 

ERIE ELECTRONICS LIMITED, 
Great Yarmouth, Norfolk. 
Telephone: 0493 4911 
Telex: 97421 
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RESLOSOUND 
microphones 
Precision engineered 
give the sensitive acoustical 
performance required today 

Cardioid Pencil Dynamic Microphone 
improved version of the well known 
Reslo CPD microphone. Most suitable 
for: 
High Quality Music Recording. 
General Sound Reinforcement. 
Loud close singing or speaking if used 
with an amplifier incorporating reasonable 
bass cut. 
Frequency response is smooth over the 
range 70 c/s to 16 Kc /s. 
Rear response better than 20dB below 
the front from 100 c/s to 1 Kc /s and over 
14dB from 1 Kc /s to 16 Kc /s dropping to 
30d8 at upper presence frequencies. 
Impedance values: CPD2 /L -30/50 ohms 
of 600 ohms. 
Supplied with 18' of dual impedance cable 
£17.15.0. 
CPD2 /M -200 to 300 ohms, £17.10.0. 
CPD2 /H -30/50 ohms or Hi-Z. 
E17.15.0. 
Appropriate cable set to order . 

floor 
stands 

An improved uni- directional 
(super cardioid) high output 
hand or stand microphone, 
incorporating an internal anti - 
pop filter. Supplied in a black 
presentation case with 18ft. of 
directly connected screened 
cable. Available in low, medium 
and high impedances. 

Recommended Retail Price: 

1.101/L (50 or 600 ohms) 
f19 10s. Od 

UD1 /M (200 -300 phms) 
£19 5s Od 

UD1 /H (High impedance only) 
£19 10s Od 

MS111 
Lightweight microphone floor stand with 

folding legs. Adjustable from 3h. 7in. to 5ft 
Weight 411b. Feet spacing 18in. Folded length 

37 1in. Finish: Legs and outer tube matt black. 
inner tube satin silver -C7 2s Od 

MS100A 

IVI S110A 

Solid leg microphone floor 
stand. Adjustable from 3h. 4in. 
to 5h. 2in. Weight 121b. Shown 
fitted with MS175 Boom 
attachment fully adjustable 

Ilength from fulcrum) 2ft. Bin. to4ft. Weight8lb. 10oz. 

Type MS100A with Hammertone enamelled outer 
tube and polished chrome inner tube and fitting- 
£86sOd 

Type MS110A with all polished chrome tubes- - 
£8 6s Od 

Type MS175 Boom attachment -£7 14s Bd 

In addition to their World famous series of bi- directional and cardioid 
Ribbon Microphone Reslo manufacture a complete range of public address 

amplifiers and loudspeakers -line source and reflex horns. 

Write or telephone for fullest particulars- 

RESLOSOUND LIMITED 
SPRING GARDENS, LONDON ROAD, ROMFORD, ESSEX 

Tel.: Romford 61926 (3 lines) Telex 25356 
WW-037 FOR FURTHER DETAILS 
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DECCA 
the world's leading 

manufacturer 
of records 

and the means 
of playing them 

Magnetic Bias 
An ingenious method of applying 
an anti -skating force to all current 
Decca pick -ups i.e. Professional, 
Mk. 1, Super, ARI arms. Only 22/6 

Deccadec De Luxe 
The complete transcription type unit 
incorporating Deram Transcription 
Stereo /Mono head and anti -rumble 
properties in the pick -up arm. Easy to 
install. Only 18 gns. incl. p.t. 

PICK -UPS the key to Hi -Fi by J. Walton 
88 pages of extremely lucid 

information, complete with illustrations. 
Contains advice -which concerns all 
who use a gramophone. Send 10/- 

(postage free) for your copy now! 

Stylus Cleaner 
A soft -hair wheel cleans the stylus when the 
pick -up is in its rest position. Adjustable 
height for most pick -up arms. A must for all 
conscientious record collectors. 
Only 25/- incl. p.t. 

Microlift 
Protect your records 
with this simple 
operation microlift 
which positions 
at any point. Easy 
to fit and adjust 
for most pick -up 
arms, not suitable for auto - 
changers. Only 31 /6 incl. p.t. 

61 

ADDRESS 

For complete Information on these Individual 
accessories please write to 

OECCA SPECIAL PRODUCTS 
Ingete Place Queenstown Road London SW8 

WW -038 FOR FURTHER DETAILS 
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go on 
say 

That's the sort of speed 
with which you `tune in' visually to any transmitter in the 2MHz to 30 MHz 
range with the new GEC -AEI Synthesised HF Receiver. 

It represents a major break -through in professional HF Communications and 
embodies advanced engineering techniques. It is the only 
receiver currently available to meet the latest GPO 
Public Correspondence Service requirements. It is 
designed for the reception of HF transmission modes, 
Al : A2 : A3 : A3A : A3J and it exceeds the requirements 
for long term frequency stability and accurate fre- 
quency indication. 

From the same design unit comes an associated HF frequency synthesiser, providing 
full synthesis in 100 Hz steps over the complete range 1 MHz to 29.9999 MHz. 

Technical literature is available. Demonstrations 
can be arranged. Communications 

Division 

Information Centre. GEC -AEI (Electronics) Limited Communications Division Spon Street Coventry CVI 3BR 
Telephone: Coventry 24155 A management company of The General Electric Company Ltd. of England 

WW -039 FOR FURTHER DETAILS 
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Your first step to saving on 
instrumentation costs... 

Latest Solid - State High - Impedance Volt - Ohm 
Milliammeter ... IM -25 

9 A.C. and 9 D.C. voltage ranges from 150 millivolts to 1500 

volts full scale 7 resistance ranges, 10 ohms centre scale with 
multipliers x I, x 10, x 100, x Ik, x 10k, x I00k, and x I meg ... 
measures from one ohm to 1000 megohms I I current ranges 

from 15,,A full scale to I.SA full scale 11 megohm input impedance 
on D.C. 10 megohm input impedance on A.C. A.C. response 
to 100 kHz 6in. 20011A meter with zero -centre scales for positive 
and negative voltage measurements without switching Internal 
battery power or 120,240 volt A.C., 50 Hz Circuit board 
construction for extra -rugged durability. 

KIT K 1M -25 Ready -to -use AIM -25 

£48.10.0 P.P. 1016 £59.0.0 P.P. 1016 

FULL SPECIFICATION OF ANY MODEL AVAILABLE ON REQUEST ! 

Latest Solid -State Volt -Ohm Meter, IM -16 

8 A.C. and 8 D.C. ranges from 0.5 volts to 1500 volts full scale 

7 ohm -meter ranges with 10 ohms at centre scale and multipliers 
of x 1 , x 10, x 100, x l k , x 10k, x 100k, and x l megohm I I meg- 

ohm input on D.C. ranges, I megohm on A.C. ranges Operates 
on either built -in battery power or 120¡240 volt A.C., 50 Hz 

Circuit -board construction. 

KIT K 1M -16 Ready -to -use AIM -16 

£28.8,0 P.P. 10/6 £35.8.0 P.P. 10/6 

Latest Variable Control Regulated High Voltage 
Power Supply ... IP -17 

Furnishes 0 to 400 volts D.C. 'i 100 mA maximum with better 
than I% regulation for 0 to full load and - 10 volt line variation 

Furnishes 6 volt A.C. t 4 amperes and 12 volt A.C. n 2 amperes 
for tube filaments Provides 0 to - 100 volts D.C. bias n I milli- 
ampere maximum Features separate panel meters for continuous 
monitor for output current and voltage Terminals are isolated 
from chassis for safety High voltage and bias may be switched 
" off " while filament voltage is " on " Modern circuit board 
and wiring harness construction 120240 volt A.C., 50 Hz 

operation. 

KIT K IP -17 

£37.4.0 
Ready -to -use A/IP-1 7 

P.P. 10/6 £46.0.0 P.P. 1016 

Latest Solid- State, Voltage- Regulated, Current - 
Limited Power Supply ... IP -27 

Zener reference Improved circuitry is virtually immune 
to overload due to exotic transients 0.5 to 50 volts D.C. 
with better than 15 millivolts regulation Four current ranges 

50 mA, 150 mA, 500 mA and 1.5 amperes Adjustable current 
limiter: 30 to 100% on all ranges Panel meter shows output 
voltage or current " Pin- ball " lights, indicate " voltage " or 
"current " meter reading Up -to -date construction Un- 
equalled performance in a laboratory power supply. 

KIT K IP -27 

£46.12.0 P.P. 10/6 

Ready -to -use AjIP -27 

£55.0.0 P.P. 1016 

Many other instruments in range including 

SERVO CHART RECORDERS. SINE -SQUARE GENERATORS. 

TRANSISTOR CHECKERS. DECADE R and C BOXES 

SEND FOR FREE 36 -page CATALOGUE AND SEE WHY HEATHKIT MODELS ARE GOOD VALUE. 

The latest catalogue contains details of models for the Hi -fi and Audio Enthusiast, the Music Lover, the Tape 

Recordist and the Hobbyist. Models for Communications, Amateur Radio and Short -Wave Listening. Models for Education. 

Test and Service. There is something for everyone in this catalogue. 
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... is to send for the 
FREE Heathkit Catalogue 

OS -2 

SCOPE 

10 -12U 
SCOPE 

3" Portable General- Purpose Service Oscilloscope OS -2 

KIT £24.18.0 Ready -to -use £32.18.0 P.P. 9/- 
Vertical amplifier: Frequency response: 3 dB, 2 Hz to 3 MHz. Sensitivity: 
100 mV r.m.s. per cm. at 1 kHz. Input impedance: 3.3 megohm shunted by 20 pF. 

Horizontal amplifier: Frequency response: 3 dB, 2 Hz to 300 kHz. Sensi- 
tivity: 100 mV r.m.s. per cm. at I kHz. Input impedance: 10 megohm shunted 
by 20pF. Time base generator: Range 20 Hz to 200 Hz. Automatic lock -in sync; 
Retrace blanking Voltage calibrator: I volt, peak -to -peak, 50 Hz. Controls: 
Brilliance and on;off switch, Focus, Astigmatism, Time base range switch and Fine 
Frequency, Vertical and Horizontal Gain, Vertical and Horizontal Position. 

5" Wide -band General- Purpose Oscilloscope 10 -12u 

KIT £36.18.0 Ready -to -use £46.16.0 P.P. 10/6 
Vertical sensitivity: 10 mV r.m.s. per cm at I kHz. Frequency response (referred 
to I kHz): . 1 dB, 8 Hz to 2.5 MHz; 3 dB, 3 c/s to 4.5 MHz; -5 dB at 5 MHz. 
Risa time: 0.08 microseconds or less. Input impedance: (at IkHz) 2.7 Megohms 
at XI; 3.3 Megohms at X10 and X100. Horizontal sensitivity: 50 mV r,m.s. per 
cm at I kHz. Frequency response: ± I dB, I Hz to 200 kHz; ! 3 dB, I Hz to 400 
kHz. Input impedance: 30 Megohms at I kHz. Time base generator: Range, 
10 Hz to 500 kHz in 5 steps, variable, plus 2 switch -selected pre -set sweep frequencies 
range. Synchronising: automatic lock -in circuit. 

Portable Solid -State 
Volt -Ohm Meter 
IM -17 

KIT £13.12.0 P.P. 6/- 

Ready -to -use £18.10.0 P, P. 6/- 
4 Silicon Tran.l.u,r. I'lu. 1 Field Effrct Teno ,u, rand I Silicon 
Diode. It Megohm Input Impedance on Ix;. 1 Megohm Input 
Impedance on AC. 4 DC Voltage Range. from 1 Volt Pull Scale 
to 1000 Vona Pull Scale ... Accuracy ±3% of Full Scale. 
4 AC Voltage Ranges from 1.2 Volt Pull Scale to 1000 Volts 
Full Soule ... Accuracy ± 5' of Full Scale. 4 Resistance 
Rangea, 10 Oita, Center Beale o 1, x 100, x 10k, x 1M, 
Measure. from 0.2 ohms through 1000 megohms. AC Frequency 
Response ± I db 10 Hs to 1 Mils. 4r, 200µA Meter, Rally- 
to -Read Scales. Battery Powered for Portable Operation. Portable case of 
lead. are built -in plus a lack for accessory probes. 

RF -IU 
GEN. 

VVM 
I M-I3U 

General- Purpose RF Signal Generator RF -1u 

KIT £13.18.0 Ready -to -use £20.8.0 P.P. 6/_ 
Frequency range covers 100 kHz to 200 MHz in six bands. 
Band A, 100 kHz to 300 kHz; Band B, 300 kHz to I MHz; Band C, I MHz to 3.1 MHz; 
Band D, 3.1 MHz to 10 MHz; Band E. 10 MHz to 30 MHz; Band F, 30 MHz to 100 MHz. 
Calibrated harmonics: 100 MHz to 200 MHz. Accuracy: 2",,. Large accurately 
calibrated disc scales. Factory wired and aligned cod and band switch assembly. 
Modulated or unmodulated RF output. Output: Impedance, 75 ohms; Voltage, 
100 mV. Modulation: Internal, 400 Hz; 30% depth; External, approx. 3 V across 
50 K ohms for 30",,. Audio Output: Approx. 4V, Valve complement: I- 12AT7. 
I- ECF80. 

6" Valve Voltmeter, IM -13u 

KIT £22.8.0 Ready -to -use £29.10.0 P.P. 7/6 
Range D.C.: 7 Ranges: 0 -I.S, 5, 15, 50, 150, 500, 1500 volts full scale. Input Resist- 
ance: I I megohms. Sensitivity: 7, 333, 333 ohms per volt on 1.5 volt range. Circuit: 
Balanced bridge (push -pull) using twin triode. Accuracy: ± 3 °ó full scale. Range 
A.C.: 7 R.M.S. Ranges: 0 -1.5, 5, 15, 50, 150, 500, 1500 r.m.s. full scale. Freg. Response 
(5v. range): ± I db 25 Hz to I MHz. Accuracy: -1, 5 °0 full scale. Input Resistance 
Capacitance: I M U. Ohmmeter: 7 Ranges: x I. x 10, x 100, x 1,000. x I0K, 
X IOOK, X I MEG. Measures 0.1 ohms to 1000 megohms with internal battery. 
Meter: 6' 20011.A movement. 

Portable In- circuit Transistor 
Tester, IT -18 

polypropylene. Test 

FREE! 
CATALOGUE 
Describes these amt many mete kits 
and ready -to -use readeis Inc Slesea( 
Ht -Fi. Domestic l adro, Record Rams. 
Tape Recarder. Amateat Radie, &bort - 
aare. Itat, Edutat anal, Herne and 
Hobby. Sass money with Heathkit 
model( . Mall toepaq et write tit 
Daystram Ltd., Gloucester', Tell 284 ). 

KIT £15.6.0 P.P. 6/- 

Ready -to -use £18.16.0 P, P. 6/- 
Tests tranebtors for DC gain in or out of circuit 

Testa tranaletors out of circuit for lceo and lobo leakage 
Tests diode. In circuit or out of circuit for opens and shorts 
Identities unknown diode leads ldentlñee NPN or PNP 

type trac istors Matches NPN and PNP transiston 
Cannot damage device or circuit even If connected incorrectly 
Big 41', 200 MA meter reels directly in DC Beta and 

Leakage Two DC Beta ranges, 2 -100 and 20-1000 Ex- 
panded leakage current scale, 0.0000 µA, 100 tsA mideule 

10 -turn calibrate control Portable, battery powered 
Long battery life from single "D" cell Handy attached 3' test lead. for In or out of circuit 

checks Front panel wicket for Meer power denkes Rugged polypropylene ease. 

DAYSTROM LTD.. Dept. WW3 
GLOUCESTER 6L2 BEE. Tel. 29451 

Enclosed is E_ -_ 

Please send model (s) 

Please send FREE Heathkit Catalogue. 

, plus packing end carriage. 

Name. 
(Please Print) 

Address 

City - 

- -1 

Prices and specifications subject to change without notice. 

SHOWROOMS: LONDON: Tottenham Court Road. BIRMINGHAM: St. Martins House, Bull Ring. GLOUCESTER: Bristol Road 
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S.E.I. manufacture 
quartz crystal units with 
a frequency range of 
200Hz to 200MHz. 
S.E.I. quartz crystal 
units have improved 
frequency ageing 
characteristics. S.E.I. 
quartz crystal units are 
in glass envelopes to 
standard dimensions 
or metal cans with 
two -pin or wire ends. 
S.E.I. produce quartz 
crystal units to military 
specifications. S.E.I. 
quartzcrystal units have 
high frequency stability. 
S.E.I. quartz crystal 
units are available at all 
frequencies in the 
ranges: Fundamental 
mode 950kHz- 17MHz, 
Third overtone 17- 52 
MHz Fifth overtone 52 
-200 MHz.S.E.I.send 
catalogues to anybody 
who asks for them. 
S.E.I.you won't forget 
the name - will you? 

:i (sa.c 
Salford Electrical 
Instruments Limited 
Peel Works, Barton Lane, 
Eccles, Manchester. 
Tel: 061 -789 5081 Telex: 66711 

A Subsidiary of The General Electric 
Co. Ltd. of England 
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EHTIA EYES 

FROM 

REDIFFUIIO 
Visual control of dispersed industrial and production 
processes, monitoring security -risk areas, traffic control, 
document and data relay to central office - all need 
extra eyes. And Rediffusion can give them to you 
with an efficient and economical closed- circuit TV 
system, tailor -made to your exact requirements. 
You can have extra ears too - public address, inter- 
communication, telephone, radio and tape -music 
amplification, fire alarm and time control signals. 
Rediffusion are specialists in custom -built communi- 
cation systems, each designed specifically for the job 
it has to do. Equipment supplied on a rental basis has 
the benefit of electrical and mechanical maintenance 
provided at no extra cost ... there are 98 maintenance 
centres throughout the country. 

Write or 'phone for the facts 

for your extra eyes contact 

REDIFFUSION 
INDUSTRIAL SERVICES LTD 

ASTRONAUT HOUSE, HOUNSLOW ROAD, FELTHAM, MIDDLESEX. TEL 01 -890 6325 
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IHERMOSTATIC 
SOLDERING IRONS 

Two new and unique thermostatic soldering irons with 
closely controlled bit temperatures to suit all types of 

soldering. WG thermostatically controlled soldering irons 
cannot overheat enabling high wattage elements to be 

used and making soldering infinitely more efficient than 
ever before. Inexpensively priced these irons represent a 

major advance in heat controlled soldering. 

MODEL WG50. For use on very small to medium 
size electronic circuits. Power rating 50 watts. 
Voltages available 12v., 24v., 100/120v., 210/250v. 
Five bit sizes from +" to ,' - = ". 59/6 

MODEL WG150. For use on all circuits requiring a 

large number of joints. Power rating 150 watts. 
Voltages available 100/120v., 210/250v. Four bit 
sizes from -s" to . ' . 89/6 

W. GREENWOOD ELECTRONIC LTD 
21, Germain Street, Chesham, Bucks. Tel: Chesham 4808/9 
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FOR QUICK AND CLEAN HOLES 

Simple operation 

Quick, clean holes (up to 16 gauge mild steel) 

Saves time and energy 

Burr -free holes -no jagged edges 

Special heat treatment maintains keen cutting edge 

Anti -corrosive finish prevents rusting 

Used all over the world 

Used by all government services- Atomic, 
Military, Naval, Air, G.P.O. and Ministry of 
Works; Radio Motor and Industrial Manu- 
facturers, Plumbing and Sheet Metal Trades, 
Garages, etc. 

Obtainable from Radio, Electrical and Tool Dealers 

WHOLESALE & EXPORT ENQUIRIES ONLY TO 

Patent Nos. 619178 & 938098 

30 SIZES 
ROUND: to 3 in. 

SQUARE: ;,, and 1 in. 

RECTANGULAR: x R. in. 

Full List on application. 

-MAX" (electronics) LTD. Napier House, High Holborn, London, W.C.1. 
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Printed Circuits 
Design 

Printed Circuits 
A fast, efficient design service is a matter of 

course at Printed Circuits Ltd. The production of all 
types of circuits to 
customer's exact require- u 
ments is covered by a speedy 
design or prototype service. 

Short runs present no 
problem, but capacity is 
available for fast quantity production 
and the assembly of components. 
If your project demands quality, quantity, 
and price control - ring Coventry 24155 

Printed Circuits Ltd., 
Spon Street Coventry CV1 3BR 
Tel : Coventry 24155 
A subsidiary of The General Electric Co. Ltd. of England 

speed 
today. 
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6mm tubular midget 
flange S6/8 cap 
over -all length 

14.5 mm. 
It is one of the many Vitality Instru- 
ment and Indicator Lamps that are 
made in an unusually large number 
of types, ratings and sizes. It may be 

just what you need for an existing 
or new project. If not, another from 
the hundreds of types and ratings 
detailed in the Vitality Catalogue 
may well be. 

*Many a product owes its success to the 
intelligent addition of an indicator light. 

VITALITY BULBS 
VITALITY BULBS LTD MINIATURE AND SUB -MINIATURE LAMP SPECIALISTS 

BEETONS WAY, BURY ST. EDMUNDS. SUFFOLK. TEL. BURY 2071. S.T.D. 0284 2071 
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The big new name in stereo 

Nivic o 
A range for the enthusiast. Tape 
decks and recorders .. . 

matching amplifiers and 
tuners ... AM/FM stereo 
receivers ... solid state 
record players with AM/ 
FM radio ... solid state 
modular stereo components 
with automatic record 
changers. All specialist 
designed for sound perfection. 

tape 
recorders 

Pick of the 
world's best 
MODEL AST 103 EH 

Bookshelf type solid state 
micro-component stereo 
amplifier. 24w R.M.S. 
Tape monitoring switch. 
Stereo headphone jack. 
Frequency response 30- 
20,000Hz. Wooden cabinet. 

MODEL FRS 103 EH 

Matching solid state AM/ 
FM multiplex tuner with 
AFC. 

MODEL AST 140 E 

AM/FM stereo tuner /amplifier. Output 36w R.M.S. Automatic 
stereo switching with stereo radar. Advanced cross tuning with fine 

tuning indicator. Graphic controls for bass, treble and volume. 
Frequency response 20- 20,000Hz. Speaker selector, protection 
indicator and many outstanding features and specifications. 

MODEL MSL 15 E 

Solid state 4 -speed 
stereo record player 
with AM/FM 
tuner. M.P.X. 
prepared. Two 
5+5w Hi -Fi 
amplifiers. 16 
transistors, 7 

diodes, FM -MPX 
jack, stereo head- 
phone jack. 

The sign of quality and technical advancement 
JVC NIVICO (VICTOR COMPANY OF JAPAN LTD.) 

For full details write to the sole U.K. Distributors 

DENHAM & MORLEY (OVERSEAS) LTD 
Denmore House, 173/175 Cleveland Street, 
London, W.1. Tel: 01 -387 3656/7/8 
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NEW IMPROVED 

SOLDER 

REMOVER 
Model SR2 

.Now with Safe Loading Mechanism 
which does not recoil on release. 

Adjustahle Suction Contrcl. 

Re- positioned Release Button 
for better handling of tool 

Instantly removes Lnwant 
solder from printec circui:s 
and all other solder joints 
without damage to unit 
or component. Saves 
valuable time result- 

ing in increased 
productiort 

Available fiom 

W 

ELECTRONIC LID 
21 GERMAIN STREET, 
CHESHAM, BUCKS 

Chesham 
4808/9 
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Loudspeakers for 
the Perfectionist 

Celestion Studio 
Series 

DITTON 15 
Celestion's outstanding bookshelf system 

designed for the enthusiast. The sound repro- 
duction of this proven enclosure is truly 
exceptional, the three radiators giving a smooth 
and effortless performance -from Bach to Basie- 
a superb recreation of the original in your home 

DITTON 
25 

The true sound of 
music -you'll hear it 
as you have never 
heard it before - 
every 'nuance' and 
'timbre' is repro- 
duced with breath- 
taking realism by 
Celestion's new 
Ditton 25.An ele- 
gant slimline High 
Fidelity system de- 
signed for luxury 
installations. 

Fill in the coupon for free brochure 
detailing the complete Ditton 
Series and explanation of the exclusive 
Celestion Auxiliary Bass Radiator 
(AB R) which has revolution- 
ised compact 
loudspeaker 
design. 

r- 
( Please send free brochure to:- 

NAME 

1 ADDRESS 

1 

I W/W/2 

ROLA CELESTION LTD. THAMES DITTON, Surrey. 01 -398 3402 
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P.O. TYPE 3000 

HAVI YOU w 

RELAY PROBLEM? 
Dependable can solve it! Price or delivery are better through 
Dependable. Dependable relays are produced to G.P.O. and Gov- 
ernment specifications. 

MICRO -SWITCH TRANSISTORISED HEAVY -DUTY A/C 
LATCHING 'SPECIALS' MADE TO YOUR OWN DRAWINGS 

No order is too small or too large for Dependable; the only thing 
we worry about is you, the customer. Send for a free quotation 
now and compare our prices - our delivery. Prototypes within 
seven days. 

DEPENDABLE RELAY (CONTROLS) LTD. 
157 REGENTS PARK ROAD LONDON M.W.1. 01 -722 8161 
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. an/ .MEIN : .r_ . . ... . 111 . . r_ . .r_ ... . . .r_ . . 
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TRAP1tIPACK 
ii EMERGENCY 

0 

II 
ii STATIC 

ü 
NO -BREAK 
POWER 

Ill SUPPLIES 
ii FREQUENCY 
.. CHANGERS 

INVERTERS 

I BEST 
II 

11 

;! SIZES 
up to 200 kVA 

PERFORMANCE 

DESIGN 

DELIVERY 

IN 
._. 

ril 

ÌÌ i INDUSTRIAL 
INSTRUMENTS 
LIMITED PUNSW0001NDUSTRIAL ESTATE 

STANLEY RO., BROMLEY, KENT THEANLEN DRIVE. 

Tel. 01 -460 9212 St LEONARDS ON SEA. SUSSEX 

Grams: Transipack Bromley Tel H.ltmpk 7344 - MEG - -_- - - -.__: - -- -- -- - . . 41MM, 
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With DIGITAL 

TYPE TG66A 
I 

TG66B TGI50 TGISOM TGISOD TGISODM 

FREQUENCY 0.2 Hz to 1.22 MHz. I.5 Hz to 150 kHz 

ACCURACY f 0.02 Hz below 6 Hz 
± 0.3% from 6 Hz to 100 kHz 
± 1% from 100 kHz to 300 kHz 
± 3% above 300 kHz 

± 3% ± 0.15 Hz 

DISTORTION <0.15% from 15 Hz to 15 kHz 
<0.5% at 1.5 Hz and 150 kHz 

<0.10/ at I kHz, <0.3% from 50 Hz to 15 kHz, 
<1.5% below 50 Hz and above 15 kHz. 

SINE WAVE 
OUTPUT 

Source voltage variable from 30µV to 
5V. Output impedance 60052 at all 
settings. 

Source voltage variable from 250µV to 2.5V, Output impedance <25051 
above 250mV, 60011 below 250mV. Less than I% variation of amplitude 
throughout frequency range. 

SQUARE WAVE 
OUTPUT 

None None Variable up to 2.5V peak. Rise 
time I% of period + 0.2µS. 

OUTPUT 
METER 

Expanded voltage scales and -2dB to 
-l- 4dB. Scale length 3.5" None 

0 to 2.5V 
and -10dB 
to + IOdB 

None 
0 to 2.5V 
and - I0dB 
to + 10dB 

POWER 
SUPPLY 

4 type PP9 batteries, 
or, A.C. Mains when: 
selected by 
panel control 

life 400 hours, 

batteries re- 
placed by Power 
Unit 

2 type PP9 batteries, life 400 hours, or, A.C. Mains when batteries are 
replaced by Level! Power Unit. 

SIZE 7" x I0 #" x r Weight 12 lb. 10" high x 6" wide x 4" deep. Weight 6 lb. 

PRICES L150 L120 L32 L42 L35 £45 

+ 

-f- 

Mains Power Unit included L15 L7 10 0 

Leather Case LS E5 E4 IO 0 

LEVELL ELECTRONICS LTD., Park Road,High Barnet,Herts. Phone 01.449 5028 
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THE WELBROOK 
ALL -SILICON INTEGRATED STEREO AMPLIFIER 

PRICE £48 COMPLETELY ENCLOSED 
PANEL MOUNTING. 
TEAK CABINET £4 EXTRA. 

ALSO AVAILABLE 
AMPLIFIER P.C.B. MODULES AS USED IN THE ABOVE 
AMPLIFIER. BUILT AND TESTED. 
MONO AMP 103 £8 -0 -0. 
STEREO AMP 103 £15 -0 -0. 

INTRODUCING A NEW ALL SILICON 
TRANSISTORISED HI -FI AMPLIFIER 
INCORPORATING TWO INDEPENDENT 
POWER SUPPLIES TO GIVE VERY LOW 
CROSSTALK AND A UNIQUE DE- 
SIGNED CIRCUIT WHICH ELIMINATES 
DISTORTION RISE AT LOW LEVELS. 
POWER- OUTPUT IS 15 WATTS R.M.S. 
INTO A 8SQ LOAD AND 10 WATTS R.M.S. 
INTO A 1551 LOAD. INPUT FACILITIES TO 
COVER ALL TYPES OF PICK -UP, TUNER 
AND TAPE. 

SPECIFICATION AND PERFORMANCE 
FAR IN EXCESS OF PRICE RANGE. 
DETAILED ILLUSTRATED LITERATURE 
AVAILABLE ON REQUEST. 

TRADE ENQUIRIES INVITED. 

WELBROOK ELECTRONICS LTD 
BROOKS STREET, HIGHER HILLGATE, 
STOCKPORT, CHESHIRE. 061 -480 4268. 

FERRANTI HI -FI AUDIO DESIGN 
BOOKLET AVAILABLE 5/- EACH. 
COMPLETE WITH WELBROOK 
PRICE -LIST. 
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4' 

HALF 
PRICE 

pF's 

I I,000 PF 

7,800 µF 
14,000 µF 
i3,000 IaF 

42,000 uF 
36,000 µF 
24,000 µF 
32,000 PF 
Microfarads 

V27 

CUT COSTS WIT/ I 
SPRAGUE 

36D SERIES 
CAPACI TORS 

With the following eight. 

types you could halve your 

capacitor costs 

and design your ideal 

power supply at 

the ideal price. 

Price Price 
I O- I oo I oo up 

100V 69/- 66/- 
I00V 
75V 

56/6d 54/- 
45/- 42/6d 

75V 47/6d 45'6d 
3oV 52/6d 5o - 

3oV 44/3d 42/- 
30V 34/- 32/6d 
25V 33 /Iod 32/3d 

come cheaper from WEL 

rL1 Components Ltd 
5 Loverock Road Reading Berks Tel Reading 580616 9 Telex 84529 

Ministry of Technology approved distributor. 
WW-05S FOR FURTHER DETAILS 

IRWIN ELECTRONIC 
ENGINEERS 

POWER SUPPLY E.J.32 £19.10.0 
For low voltage high current sources. from 200 -250 
volt 5O.60Hz. Mains input. 

Output voltages 0 -18 D.C. and 0 -12 A.C.. are 
continuously variable. Separate scales for D.C. 
and A.C.. calibrated at 230 volts input. 

Maximum current available is 8 amps on D.C. 
or A.C. With A.C. output there is no effective 
reduction in voltage as current demand increases. 
With D.C. outputs normal regulation exists and 
there is some voltage reduction. 

The ripple content for currents used i 

n 

most 
transistor circuitry is effectively nil. A graph 
showing regulation and ripple content is mounted 
on the side. 

The robust attractive metal case is 9" x 6"' x 

The unit and apparatus connected to it are protected 
by internal fuses. 

ár. ar .. 
4 

SIGNAL GENERATOR 
E.A.30 £23.10.0 

A general purpose. mains operated. solid state 
frequency generator with a frequency range of less 
than 1 Hz to 150 KHz in six switched ranges. 
Maximum output voltage is 2.2V r m. s into 600 
ohms. Protection is by an internal 6OmA fuse. On 
the front are a frequency range switch. ON /OFF 

output control, sweep frequency control with a 

large clear scale. 4 mm output sockets and a 

three -way socket to supply a separate } watt 
ampldieriloudspeaker IE.A.34 belowl. 

fee strong and attractive metal case is 9 x 6" x 4 

CURRENT AMPLIFIER E.A.34 £7.6.0 
Plugs into the above Signal Generator. It has a current amplifier output stage and 
loud- speaker. speaker cuout switch and 4 mm output sockets. The frequency range is 

3 -db from 18 Hz 150 KHz. The cable and plug are to connect to E.A.30. 

IRWIN & PARTNERS LTD. 
294 PURLEY WAY, CROYDON, CR9, 4QL 01-686 6441 
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It takes over one and a half years front, 
conception to birth of a baby elephant. 

It takes an average of cnly forty 
minutes from the receipt of your 

j ~" order until the parce. ? is ready -, 
for the post. 

We deliver the goods with the 
minimum of delay. 

Which is more than can be 
said for :he elephan-} 

Radiemparex 
13 -17 Epworth Street, ' 

Lcndon E.C.2. 
Tel: Cl-2539561 
Telex 262341 

, 

., 

wbdr..:14.1461,i-An '; 
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Celestion 
Loudspeakers for 
all Public Address Systems 

Re- entrant Horns 

These Horns are capable of deliv- 
ering a highly concentrated beam 
of sound over long distances. They 
are recommended for recreation 
centres, noisy factories and work- 
shops and all indoor and outdoor 
locations where a high noise level 
has to be overcome. 

Driver Units 

Pressure type units are available with 
or without tapped 100V line trans- 
formers. The following 'built -in' 
features are on all models - High 
Sensitivity, Weatherproof, Phase 
Equalising Throat and Self- centring 
Diaphragm Assembly. 

Re- entrant 
Loudspeakers 

Rola Celestion re- entrant loud- 
speakers are designed for use 
wherever conditions demand com- 
pactness, toughness, high efficiency 
and unfailing service. They are 
rainproof and built to withstand 
prolonged exposure to vibration 
and adverse conditions. 

Loudspeaker 
in Glass Fibre 

The Celestion Glass Fibre Loud- 
speaker is a compact robust and 
watertight unit, precision built for 
use on open boat decks, docks, 
chemical plants, plating shops, etc, 
where protection from the weather 
or corrosive atmosphere is vital. 

'eftiaft,waiiftiomen1 

Rola Celestion Ltd. 
THAMES DITTON, SURREY 

TELEPHONE 01 -398 3402 TELEX 266 135 
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XCELITE 
Precision made hand tools 
for the professional 

74 CG. 

PLIERS 
69CG Radio - TV Pier 72CG Chain Nose Pliers 
70CG Flat Nose Pliers 73CG Tip Cutting Pliers 
71CG Round Nose Pliers 74CG Diagonal Close Cutting Pliers 

A complete range of miniature lightweight pliers specially 
designed for holding, bending, shaping and cutting of fine 
wires in electronic, Radio;T.V., electrical and jewellery work. 
Precision made for the expert with miniatures in mind. 
Cushion grip handle, coil spring openers. 

Straight Nose 
Cu -ved Nose 

SEIZERS 
32H S" Staight Nose Junior 5" Selzer 42H 6" Straight Nose Selzer 
33H 5" Curved Nose Junior 5" Selzer 43H 6" Curved Nose Seizer 

Box joint construction, two position snap on lock. Precision 
machined from perfectly tempered stainless steel. 
Holds like surgical clamp and acts as heat sink. 
Straight or curved nose, in 5" and 6" sizes. 

Distributed by: 
Special Products Distributors Limited 
81 Piccadilly London.W.1. 
Tel: 01 -629 9556 Cables: SPECIPROD London W.1. 
Full details on request. Made in U.S.A. 
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Jack Sockel accessories 

Dust Cover DC/1 

All these products are moulded in thermoplastic. They may be 

used with any of the standard range of Rendar Jack Sockets. 

Further information available. 

RENDAR 
INSTRUMENTS LTD 
BURGESS HILL, SUSSEX, ENGLAND 
TELEPHONES. BURGESS HILL 2642-3 
CABLES: RENDAR, BURGESS HILL 
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'Music when soft voices die, 
Vibrates in the memory -' 

. _1 

1474% 

The best pick -up arm in the world Write to SME Limited Steyning Sussex England 
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CHASSIS 
by 

EDGWARE ROAD 

H. L. SMITH & CO. LTD. 
Electronic Components Audio Equipment 

287,289 EDGWARE ROAD, LONDON, W.2. 
Tel: 01 -723 5891 

We shall be pleased to quote for all your component requirements. 

BLANK CHASSIS 

and CASES 
Type N 

Type W 

SAME DAY SERVICE 

Of over 20 different forms made up to YOUR SIZE. 
(Maximum length 35in., depth 5in.) 

SEND FOR ILLUSTRATED LEAFLETS 
or order straight away, working out total area of material 
required and referring to table below, which is for four -sided 
chassis in 16 s.w.g. aluminium. 

48 sq. in. 5/- 176 sq. in. 10'4 304 sq. in. 15/8 
80 sq. in. 6/4 208 sq. in. II 8 336 sq. in. 17/- 

112 sq. in. 7/9 240 sq. in. 13/- 368 sq. in. 18/4 
144 sq. in. 9/- 272 sq. in. 14/4 and pro rata. 
P. & P. 3/-. P. & P. 36. P. & P. 4,'6. 

Discounts for quantities. More than 20 sizes kept in stock for 
callers. 
FLANGES ( +in., ¡in.), 6d. per bend. 
STRENGTHENED CORNERS I;- each corner. 
PANELS: Any size up to aft. at 6/- sq. ft. 16 s.w.g. (18 s.w.g. 
5,3). Plus post and packing. 

Type Y 

Type Z 

Type U 

W 

CASES 
ALUMINIUM, SILVER 

Type Size 
N 8x6x2* 
N 6 x 6 x 3 

N 4 x 4 x 2 

U 4x4x4* 
U 5}x4+x ... 
U 8 x 6 x 6 

U 9}x7#x3} .. 
U 15 x 9 x 9 

8 x 6 x 6 

HAMMERED FINISH 
Price 
181- 
17/6 
I I /- 
1 1,'- 
I7/- 
23/- 
24/- 
49/- 

Type Size 
W 12 x 7 x 7 

W 15x9x8 
Y 8x6x6* 
Y 12x7x7 
Y 13x7x9 
Y 15x9x7 
Z 17x 10x9 
Z 19 x IO x 8} 

*Height 

Price 
37,6 
48/6 
29/- 
45/- 
50/6 
53/6 
72/6 
78/- 

Plus post and packing. 

Type N has a removable bottom, Type U removable bottom or back, 
Type W removable front, Type Y all- screwed construction, Type Z 
removable back and front. 
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TECHNICAL TRAINING by 
IN RADIO, TELEVISION AND 

ELECTRONIC ENGINEERING ICS 
First -class opportunities in Radio and Electronics await the I C S- trained 
man. Let I C S train YOU for a well -paid post in this expanding field. 

IC S courses offer the keen, ambitious man the opportunity to acquire, quickly 
and easily, the specialized training so essential to success. 

Diploma courses in Radio 'TV Engineering and Servicing, Electronics, Computers, 
etc. Expert coaching for: 

C. & G. TELECOMMUNICATION TECHNICIANS' CERTS. 
C. & G. ELECTRONIC SERVICING. 
R.T.E.B. RADIO AND TV SERVICING CERTIFICATE. 
RADIO AMATEUR'S EXAMINATION. 
P.M.G. CERTIFICATES IN RADIOTELEGRAPHY. 

Examination Students Coached until Successful. 

NEW SELF -BUILD RADIO COURSES 
Learn as you build. You can learn both the theory and practice of valve and 
transistor circuits, and servicing work while building your own 5 -valve receiver, 
transistor portable, signal generator, multi -test meter, and valve volt meter - 
all under expert guidance. Transistor Portable available as separate course. 

POST THIS COUPON TODAY and find out how I C S can help YOU in your 
career. Full details of I C S courses in Radio, Television and Electronics will 
be sent to you by return mail. 

MEMBER OF THE ASSOCIATION 
OF BRITISH CORRESPONDENCE COLLEGES. 

INTERNATIONAL 

CORRESPONDENCE 

SCHOOLS 

International Correspondence Schools 

(Dept. 222) Intertext House, Parkgate Road, London, 
S.W.I I 

I NAME 

I ADDRESS 

A WHOLE WORLD I 

OF KNOWLEDGE 
AWAITS YOU! 
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vw, vw, nnn, vw 
TRANSVERTORS 

(TRANSISTORISED D.C. CONVERTORSIINVERTORS) 
(TECHNICAL BULLETIN 

T No. 3. )HIGH 
EFFICIENCY 

Tr nsvertors of the "T" s ries are simple and economical. 
The switching for the conversion process is actuated by an oscillator of 

the saturated transformer type: part of the iron core of the transformer is 

made adjustable so that the frequency can be varied by a few cycles. With 
this type of oscillator the frequency will tend ro vary with changes of input 
voltage and load. However the frequency is sufficiently stable for operating 
Portable power tools, Fluorescent lighting, etc. 
The transistors in this range of units are not biased into a conductive state. 
Starting is initiated by the charge pulse from a condenser. In the event of a 

severe overload the unit may fail to start or operate a high frequency of 
about 500 Hz resulting in d f protection of the transistors: however, 
the unit must not be operated in an overload cond.tion as Damage may result. 
The output circuit incorporates a current limiting inductance to prevent 
excessive loading of the oscillator which could result in cessation of oscillations. 
The output wave form which is square is modified to eliminate RF interference 
and improve its shape. 

Send for free information brochure giving ratinas specification and applica- 
tion uggestions of the standard range of VALRADIO transvertors together 
with information giving circuit and details of emergency stand -by systems. 

TYPE: B12 I50T 
Input: I 2v. rr 
Output: I15 -230v. 150w. 50 3Hz PRICE: [24.3.0 

OTHER TYPES AVAILABLE from 30w. up to I,000w. 
12- 24- 50 -1I0v DC inputs. PRICES: L4.10.0 up to L99.15. 

VALRADIO LIMITED, Dept. C7:1 Tel: OI -890 4242 

BROWELLS LANE FELTHAM MIDDLESEX ENGLAND / vV W/\I 
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Comprehensive range for civil and military authorities 
as well as domestic users in more than 50 countries. 
Teonex now supplies a full range of British made valves and semi -conductors (or their 

Continental equivalents) to authorities operating stringent quality control, and to 
private individuals right across the world. Current price list and further particulars 
available on request from: 

TEONEX LIMITED 
2a WESTBOURNE GROVE MEWS 

LONDON W11 ENGLAND 

REGO. TRAU! MARI. 

TEONEX 
AVAILABLE ONLY 
FOR EXPORT 
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utters CERAMICS 
for the ELECTRONIC INDUSTRY 

(and Electrical Appliance Manufacture) 

g II" 
gre `-" 

Frequelex -for high- frequency insulation. 

Refractories for high- temperature insulation. 

Bullers porcelain for general insulation purposes. 

Meticulous care in manufacture, high quality 
material, with particular attention applied to 
dimensional precision and accuracy, explain the 
efficiency and ease of assembly when using 

Bullers die pressed products. 

Write today for detailed particulars. 

BULLERS LIMITED 
Milton, Stoke -on- Trent, Staffs. 

Phone: Stoke -on -Trent 54321 (5 lines) 

Telegrams & Cables: Bullers, Stoke -on -Trent 
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PRESTON X -MOD 135 

WAVEFORM SOURCE 
X -MOD 135 is a stable calibrated waveform 
source and, as with all X -MODs, it provides 
both front panel and rear patchboard con- 
nections for use either as a single test 
instrument or for incorporation with other 
X -MODs to form an automatic instrumenta- 
tion system. 

Range: 0.001 Hz to 10 kHz 

Stability: <0.05 %, C 

Low distortion waveforms: 
SINE -SQUARE- TRIANGLE 

Rise & fall times: <1 13.sec. 

Twelve calibrated outputs 
plus vernier control 

Output: 100 p.V to 10V 

All - silicon semiconductors 
Plug -in printed cards 

ANOTHER IN THE COMPATIBLE X -MOD 

INSTRUMENTATION SYSTEM 

BRITEC LIMITED 
17 Charing Cross Rd., London, W.C.2 Tel: 01 -930 3070 
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ACCUMULATOR PERFORMANCE. 

DIRECT FROM A.C. MAINS. 

CONTINUOUSLY VARIABLE 

HIGH CURRENT POWER SUPPLIES. 

* TYPE: 
250V RU 30/20. 

FEATURES 

* 0 -30V. Continuously variable. 

* 20A. over the voltage range. 

* Fully smoothed -low imped- 
ance. 

* Output voltage stabilised. 

* Complete with v'amp. meters. 

* Suitable for 19ín. racking. 

* Incorporates heavy duty sili- 
con rectifiers. 

Fixed outputs of 12 or 24 v. up 
to 24 amps also available. 

PRICE C131 5 0. 

APPLICATIONS 
Production testing and ser- 
vicing to 6- 12 -24 -28 v. equip- 
ments. 
Fuel pumps -D.C. motors - 
heaters - relays - wind- 
screen wipers, etc., etc. in: 
Vehicle and Boat electrical 
systems. 
Simulated 12 and 28 v. aircraft 
electrical supply. 
Servicing V.H.F. radio tele- 
phone within B.C.A.R.'s. 
Widely used by Ministry of 
Technology. (Ref.: No. 
10K CA3035) and airline op- 
erators. 
0 -60: 0.120: 0 -240 v. also avail- 
able 

Avoid the extra expense of super regulation you may never need. 
We shall be happy to assist with your power conversion problems. 
Call, write or telephone 01-890 4837. 

VALRADIO LTD., DEPT. PUI6, BROWELLS LANE, FELTHAM, 
MIDDLESEX, ENGLAND. Tel. 01-890 4242. 

Export enquiries invited. Demandes concernant ['exportation solicités. 
Se invitan consultas sobre exportación. Export:infragen erbeten. 

VVV\, 1VVV1., 
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The unlimited scope. 

Take nine modules and Solartron's 
CD 1400 main frames. Build any scope 
you need. It's that simple. And that ver- 
satile. The first oscilloscope with plan- 
ned anti -obsolescence. 

The modules at present available 
give you a choice of 3 amplifiers. Three 
time bases. And an X -Y plotter. 

You can have wide band width 

differential input. Ultra -high gain, sweep 
delay or single shot. 

And there are more transistorised 
modules in the pipeline. Modules that 
will keep your CD 1400 scope up to date - 
right into the 70's. 

If you need any more information, 
drop us a line. We'll send you literature. 
Answer your questions. 

There's no limit to what vie'll do for 
a customer. 

SOLARTRON 
A Schlumberger Company 

A force to reckon with 

The Solartron Electronic Group Ltd. Farnborough Hampshire England Telephone 44433 
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FRAMES FOR I.C. PACKAGING 

card frame system 3c 

A System that is adaptable to practically every known 
requirement - any size ... any shape - with high temp- 
erature flame- resistant guide mouldings, which can be 
arranged to give any spacing between cards. Other 
features include built -in card identification facilities. 

VERO ELECTRONICS LTD. 
Industrial Estate, Chandlers Ford, Eastleigh, Hants. S05 3ZR. 
Tel: Chandlers Ford 2921/4. Telex: 47551 
BRANCHES AND AGENTS THROUGHOUT THE WORLD 
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Bettel baluns... 
Hatfield Baluns provide a simple and effective solution to the problem 

of matching unbalanced to balanced impedances of different values. 

Illustrated, left to right, are: 2kW RF Transmitter Matching Unit. 
Type B52 Receiver Antenna Matching Unit and Type RT40, the latter 
being one of a range particularly suitable for matching rhombic antennae 

to coaxial systems. Ask for Folder B4/4 and for the latest edition 
of the Hatfield Short Form Catalogue. 

_ 
esassam 

SOUTH EAST ASIA -for prompt service and deliveries, contact 
HATFIELD INSTRUMENTS (NZ) LTD., P.O. Box 561, Napier, New 
Zealand. 

HATFIELD INSTRUMENTS LTD., Dept. W.W., Burrington Way, 
Plymouth, Devon. Telephone: Plymouth (0752) 7277315. Telegrams: 
Siglen Plymouth. 

HATFIELD BALUN 
WW-074 FOR FURTHER DETAILS 

Sí451 Millivoltmeter 
* 20 ranges also with variable control 

reading of relative frequency response 

JES AUDIO INSTRUMENTATION 
Illustrated the Si453 Audio Oscillator 
SPECIAL FEATURES: 
* very low distortion content less than .05% 
* an output conforming to RIAA recordiig characteristic 
* battery operation for no ripple or hum loop 
* square wave output of fast rise time 

£35.0.0 
also available 

Sí452 Distortion Measuring Unit 
permitting easy * low cost distortion measurement down to .01% with 

comprehensive facilities including L.F. cut switch, etc 
£30.0.0 £25.0.0 

J. E. SUGDEN & CO. LTD., BRADFORD ROAD, CLECKHEATON, YORKS. Tel: Cleckheaton OWR62 2501 
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ce 
You have a choice of two 

Solartron's DVM's in the medium 
price range. 

On the one hand, the LM 1426. 
Accuracy 0.01 %± 1 digit. Five digits, 
reading up to 11,000fuII scale. 
Resolution to 10 microvolts. A 
further 2.5 microvolts with an 
additional x 4 range. 

On the other, you have the 
LM 1420. Reading upto2,300full scale. 
Internal Weston cell calibration. 

5,000 M s2 imput resistance and 150 dB 
noise rejection. 

Now which is the best one ? 

Both. 
We've already delivered over 7,000 

of the 1420. For price performance it's 
unbeatable. It's the chosen 
instrument in many laboratories. 

But Solartron also recognise the 
need for a slightly higher degree of 
accuracy, on occasion, and designed 
the 5 -digit LM 1426 to meet that need. 

Which one you choose depends 
on the type of work you want it for. 

Perhaps it'd be as well to send 
for both our data sheets. Especially 
if you're in two minds 

ifr 
A Company 

A force to reckon with 

The Solartron Flnrtrnnir Grnp I invited Farnhorough Hampshire England Telephone 44433 
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SPECIALISED 
ELECTRICAL INDICATING 

INSTRUMENTS 
OF ADVANCED DESIGN 

FOR SPECIALISED 
APPLICATIONS 

TO YOUR INDIVIDUAL 
REQUIREMENTS 

Backed by 40 years experience. 
Where 1 or 1000 off makes no 

difference. 

JUST PHONE: 
HIGH WYCOMBE 30931 -4 

OR WRITE TO:- 

E.T.E.1. LTD. 
CHILTERN WORKS 

TOTTERIDGE AVENUE 
HIGH WYCOMBE 

BUCKS 
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RHUJA 
1=1. A. SYSTEM 

PRESENTS - 1969 - RANGE 

PROFESSIONAL QUALITY 

PUBLIC ADDRESS AT AMAZINGLY 

COMPETITIVE PRICES. 

Model 50 - ATR -50 Watts 
8 Models in all Transistor A. C. Mains and 
Battery Operation, Power Output from 15 - Watts 
to 50-- Watts. Built to International Standards. 
Also Mixer & Pre - Amplifiers. 

Model A - 100 

6 Models in AC.operated Tube Amplifiers. Power 
Outputs from 20- Watts to 100 - Watts. High 
Fidelity Performance. Absolute reliability in 
extreme working conditions. 

Wide Range of unidi- 
rectional Microphones 

Breakdown Proof 
Driver Units, Reflex 
Horns and Sound 
Column Speakers. 

AHUJA P. A. SYSTEM are manufactured in India's 
largest and most well equipped Plant. These are highly 

popular in over 25 countries on account of high quality 
and rugged construction and most competitive inter- 
national prices. 

AHUJA RADIOS, 13 - DARYA GANJ 
DELHI -6. (INDIA 

Issued by Engineering Export Promotion Council 
Calcutta (India) 
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variable 
transformers? 

Why ? Because you benefit from over 30 years' 
experience which Claude Lyons have accumulated 
in the voltage control field. In addition, you have a 

very wide choice from the extensive range of vari- 
able transformers available from Claude Lyons. 
Variable transformers are the most useful and versa- 
tile devices ever developed for the control of AC 
voltage. They provide smooth, continuous adjust- 
ment of voltage output from zero to line voltage and 
above, either hand -operated or motor -driven. 
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For full details of the Regulac* variable trans- 
former range, write to 
Hoddesdon. 

Publicity Department, 

Registered Trade Mark of Claude Lyons Ltd. 

CLAUDE LYONS 
Claude Lyons Limited, 
Hoddesdon, Herts. Hoddesdon 67161 Telex 22724 
76 Old Hall St, Liverpool 3. 051 -227 1761 Te /ex 62181 

CL63 
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THE DOLBY A301 AUDIO NOISE REDUCTION SYSTEM 

I) 

Making the 
Master 

Recordings 
of the 

Future 

DOLBY LABORATORIES INC. 

WW-081 FOR FURTHER DETAILS 

Wireless World, March 1969 

Already in use in eighteen countries, 
the Dolby system is making master 
recordings which will withstand the 
test of time. 

The system provides a full 10 dB re- 
duction of print- through and a 10 -15 
dB reduction of hiss. These im- 
provements, of breakthrough magni- 
tude, are valid at any time -even after 
years of tape storage. This is why 
record companies with an eye to the 
future are now adopting this new 
revolutionary recording technique. 

A301 features: Easy, plug -in installation 

solid state circuitry modular, printed circuit 

construction high reliability, hands -off 

operation. Performance parameters such as 

distortion, frequency response, transient 

response, and noise level meet highest 

quality professional standards. 

New 
A301 price: £560 f.o.b. London 

$1495 f.o.b. New York 

346 Clapham Road London S.W.9 
01 -720 11 1 1 Cables: Dolbylabs London 

333 Avenue of the Americas New York N.Y.10014 
(212) 243 -2525. Cables: Dolbylabs New York 

Your choice of 
Live Sockets - 
Instantly! 
A Lexor DIS -BOARD gives you up to 6 
sockets from one power outlet. Portable 
or permanent fixing. compact units, 
with safety neon. Over i.000 socket 
combinations available from stock. 
All types of fittings and fetishes. 
brochure from 
LEXOR DIS- BOARDS LIMITED, 
Allesley Old Road, Coventry. 
Telephone 71614 or 72207 
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TRANSISTOR NU LD ER 

T018 0 105 
for 
Printed 
Circuit 

art 41, 1,14 lIN114111 

SUPER 

ELECTRONICS LTD. 
5 Violet Hill, 
London, N.W.8. 
Telephone: MAIdaVale 8281 
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TO: NOMBREX LTD 
Exmouth . Devon . England 

Please forward leaflets of your full range to:- 

NAME 

Please enclose 6d. stamps 

Trade and Export enquiries please attach letterhead 
or Trade Card. 

W369 

co Ile) ce 
b 

R. F. SIGNAL GENERATOR 
MODEL 29 

Spin Wheel Tuning £1.0.0 extra 

Postage & Packing 7s. 6d 

MODEL 29 -S 
150 KHz -220 MHz on fundamentals 
Eight clear scales. Total length 40" 
Smooth vernier tuning -ratio 71:1 
Spin wheel tuning -optional extra 
Magnifier cursor -- precision tuning 
Unique electronic scale calibration 
Overall accuracy, better than 1.5% 
Modulation, variable depth & frequency 

PRICE £20.0.0 

MODEL 29 -X 
Full specification of Model 29 -S 

AND 
Integral Crystal Calibrator providing accuracy 
to 0.02% 

PRICE £27.10.0 
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Vortexi on 
CP50 AMPLIFIER. An all silicon transistor 
50 watt amplifier for mains and 12 volt battery 
operation, charging its own battery and auto- 
matically going to battery if mains fail. Protected 
inputs, and overload and short circuit protected 
outputs for 8Q -1552 and 100 volt line. Bass and 
treble controls fitted. 

Models available with 1 gram and 2 low mic. 
inputs. 1 gram and 3 low inputs or 4 low mic. 
inputs. 

100 WATT ALL SILICON AMPLIFIER. 
A high quality amplifier with 8 ohms -15 ohms and 100 volt line output for A.C. Mains. Protection is given for short and open 
circuit output over driving and over temperature. Input 0.4v on 100K ohms. 

20/30 WATT MIXER /AMPLIFIER. 
High fidelity all silicon model with F.E.T. input stages to reduce intermodulation distortion to a fraction of normal transistor 
input circuits. The response is level 20 to 20,000 cps within 2 db and over 30 times damping factor. At 20 watts output 
there is less than 0.2% intermodulation even over the microphone stage at full gain with the treble and bass controls set 
level. 

Standard model 1 -low mic. balanced input and Hi Z gram. 

10/15 WATT ELECTRONIC MIXER /AMPLIFIER. 
This high fidelity 10/15 watt Ultra Linear Amplifier has a built -in Mixer and Baxandall tone controls. The standard model has 
4 inputs, two for balanced 30.Q microphones, and one for pick -up C.C.I.R. compensated and one for tape or radio input. 
Alternative or additional inputs are available to special order. A feed direct out from the mixer is standard and output 
impedance of 4, 7.5 and 15Q or 100 volt line are to choice. Designed for continuous operation on 19" x 7" rack panel 
form or standard ventilated steel case. 

30/50 WATT AMPLIFIER 
With 4 mixed inputs, and bass and treble tone controls. Can deliver 50 watts of speech and music or over 30 watts on 
continuous sine wave. Main amplifier has a response of 30 c /s- 20Kc /s ± 1 db. 0.15% distortion. Outputs 4, 7.5, 15 ohms 
and 100 volt line. Models are available with two, three or four mixed inputs for low impedance balanced line microphones, 
pick -up or guitar. 

200 WATT AMPLIFIER can deliver its full audio power at any frequency in the 
range of 30 c /s- 20Kc /s ± 1 db. Less than 0.2% distortion at 1 Kc /s. Can be used 
to drive mechanical devices for which power is over 120 watt on continuous 
sine wave. Input 1mW 60052. Output 100 -120v or 200 -240v. Additional 
matching transformers for other impedances are available. 

ELECTRONIC MIXERS 
Various types of mixers available. 3- channel with accuracy within 1db Peak 
Programme Meter. 4- 6 -8 -10 and 12 way mixers. Twin 2 -3 -4 and 5 channel 
stereo. Tropicalised controls. Built -in screened supplies. Balanced line mic. 
input. Outputs: 0.5v at 20K or alternative 1mW at 600 ohms, balanced, un- 
balanced or floating. 

VORTEXION LIMITED, 
257 -263 The Broadway, Wimbledon, S.W.19 

Telephone: 01 -542 2814 and 01 -542 6242,1/4 Telegrams: "Vortexion London S.W.19" 
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How do you 
measure the 
extra quality 
of EMI 

speakers? 
Listen! 

40070.400/10 
EMI are famous throughout the world 
for High Quality sound reproduction. 
Now our audio design engineers have 

developed loudspeaker systems suitable 
for home use. 

These EMI Loudspeaker Systems, spec- 

ially matched, produce every detail of 

the original sound over the full audio 

spectrum, at high and low listening 
levels. 

They have many exclusive features. The 

range includes the unique 950 system 

with a 19 inches x 14 inches bass unit, 
power output 50 watts R.M.S. 

Send for literature and price lists to: 

IEMIU 
E M I SOUND PRODUCTS LTD., HAYES, MIDDX. TEL 01- 573 -3888 EXT. 667 
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YOU 

WANT 
PARTS 

URGENTLY 
-almost 
immediately! 

So what do you do? 
You reach for the 'phone and dial ONO 
239 8072, if it is anything made by the 
United -Carr Group. You will be sur- 
prised how soon you'll get what you want. 

Your immediate needs are our 
business 
We exist to supply the small user quickly 
with standard parts made by these Corn - 
panies and carry large stocks of their 
fasteners and clips and a wide range of 
Radio, Electronic and Electrical compo- 
nents. We're geared to speedy handling 
and dispatch. 

But you will need our latest 
catalogue 
For quick and accurate ordering you 
should keep our comprehensive cata- 
logue by you. This useful reference book 
gives full details of the wide range of 
parts we stock -nearly everything of the 
kind that you are likely to require. 
Even though not ordering anything im- 
mediately, you should write now for this 
useful publication and so be ready to 
handle rush jobs whenever they arise. 

United -Carr Supplies Ltd., 
Frederick Road, Stapleford, Nottingham. 

Sandiacre 8072 STD ONO 239 8072 

STOCKISTS 

UNITED -CARR 
SUPPLIES 

UNITED -CANH UHOUP 
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Service calls hit you twice -your profits and your reputation 
and nothing is more wasteft.I than service calls that could be 

saved by better equipment design. You know of the occasion 
when all a Service Engineer did was turn a volume control up 

(from off!), and when the complaint was "fuzzy radio" he 

simply put the tuner back on station (fiddled with!), and the 
countless dead shorts with nails through speaker cables -or 
open circuits when plugs mysteriously fall off, or the cable 
itself gets cut in half. 

\S9 

This new range of sound equipment counters these problems, 

by careful applications design to give you: 1. Tuner Amplifiers 
for Radio Distribution systems with switched Tuners ( AM,FM, 
AM /FM) and all engineer controls by internal presets. 2. A 

range of rock steady crystal controlled Tuners, AM,FM, and 

AM /FM. 3. A range of fully transistorised P.A. amplifiers 

(12W, 40W and 100W) with the S.N.S. 'Current -Lok' short 

and open circuit protection. 

S.N.S. COMMUNICATIONS LTD 
851 RINGWOOD ROAD WEST HOWE BOURNEMOUTH ENGLAND 
TELEPHONE. NORTHBOURNE 48451 2663 TELEGRAMS. FLEXICALL BOURNEMOUTH TELEX: 41224 

Manufacturers of : Transistor Amplifiers, Crystal 
AM and FM Tuners,Radiomicrophones,Cabinet 
and Line Source Loudspeakers, Loud- speaking 
Intercom Systems, Hotel Radio and Intercom 
Systems. 

© A member of The Firth Cleveland Group. 
L 

Find out how you can avoid subscribing to a call 
by simply completing, clipping and returning the coupon to the address above. 

Name Company 

7 

Address I 

I It'.It'.I J 
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IT'S YOUR MOVE... 

AVAILABLE FROM ALL GOOD 
HI- FIDELITY DEALERS 

Distributed by 

HOWLAND -WEST LTD. 
2 Park End, South Hill Park, 

London, N.W.3. Telephone: 01- 794 6666/6033 

Wireless World, March 1969 

Installing a Hi -Fi System? 
Wondering if you can afford a 

magnetic cartridge? 
NEAT have one-a good one! 
The Price? Ridiculously low! 
Your Move Next - 
NEAT V70 Magnetic Cartridge £5.4.8 or 
NEAT V70E Magnetic Cartridge with 
elliptical stylus £7.15.3 

Send coupon for FREE copy of our fully 
illustrated catalogue giving details of 
Neat Cartridges and the complete 
range of 

HOWLAND WEST au io 
PRODUCTS 
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SOUND 
SYSTEMS 

STANSTED 
ESSEX 

Stansted 
3132 
3437 

SOUND CONTROL 
CONSOLES 

INTEGRATED MIXER 
AMPLIFIERS 

COMPLETE SOUND 
SYSTEMS 

Of similar design 
and construc- 
tion, Audix A25 
and A80 fully 
silicon transis- 
torised ampli- 
fiers provide out- 
puts of 25 watts 
and 60 watts 
r.m.s. respec -. 
tively. 

A25 AND 
Output 

Harmonic Distortion 

Signal to Noise Ratio 

Frequency Response 

Input Facilities 

Tone Controls 

Volume Controls 

A8O AMPLIFIERS 
15 ohm or 8 ohm and 100V line with full output protection 

Less than 0.8 %. 

Better than - 60db. 

± 1db 20Hí - 20KHi. 

Channel 1. Mic 100 micro V 20.50 ohm balanced. 

Channel 2. Mic. 100 micro V 20 -50 ohm balanced. 

Auxiliary. Mic. BmV of 50Kohms. 

Gram. 150mV at 1Mohm. 

Tape 80mV at 100Kohms. 

Treble and Bass lift and cut. 

Each channel and overall master gain control. 
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The aerial division of 

Coubro & Scrutton Ltd. 
has absorbed all VHF. UHF. activities of 

Associated Aerials Ltd., and is handling the microwave 
reflector activities of Precision Metal Spinnings Ltd. 

In keeping with this wider approach 
the Company has changed its name to 

C&S Antennas Ltd 

:161 

A central sales organisation 
has been established at 
Wentworth House, Ilford, to deal 
with overall antenna systems 
and projects on all frequencies - 
LF TO MICROWAVES 

-including initial survey and 
feasibility studies, design, 
site layout, supply, 
installation and final 
commissioning of antenna systems. 

The new Company provides 
A COMPLETE ANTENNA SERVICE 

for telecommunications and 
broadcasting engineers - 
including antennas, structures 
and installation work - 
leading to higher efficiency, 
reduced costs, and undivided 
responsibility for overall 
antenna performance. 

Details of the wide range 
of antennas and services 
are available from: 

C&S Antennas Ltd 
Wentworth House, Eastern Avenue, Ilford, Essex, England 
Telephone: 01- 554 -0102 Telex: 25850 Cables: Antennas Ilford (Ergland) 
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AA? 

Far n ell 
New Constant Voltage 

Constant Current 
`L' Series 

Earned stabilised power supply 

1300 

COARSE 

IUS 

MAi\S 

METEN 

FINE LIMIT 

ON 

OUTPUT 

i 

Our experience in the manufacture of stabilised bench 
power supplies and knowledge of the latest market require- 
ments have prompted a re- design of the well established 'L' 
Series. Consideration has been given to the more advanced 
needs of the research and development engineer, but equally 
the basic features of a general purpose laboratory power 
supply, suitable for student use, have been retained. 
Units Available 
L.30A 0 -50 Volts at 4- Amp. 
L.30B 0 -30 Volts at 1 Amp. 
L.30C 0 -10 Volts at 3 Amps (with adjustable 

over -voltage protection circuit) 
L 
L.30B T 

T 

Features 
* Continuous variability of voltage and current settings 
* Constant voltage or constant current operation 
* Programmable output 
* Extremely stable output against load/line variations 
* Separate on/off switching of mains input and DC output 
* Adjustable current limiting facility on all units 
* Variable SCR over voltage protection circuit on L.30C. 
* Clean functional design with precise monitoring of voltage 

and current by clear scale meter. 

FARNELL INSTRUMENTS LTD., 
Sandbeck Way, Wetherby, Yorkshire 

Telephone: 0937 3541 6 

Prices 
£35 
£35 

£48 

twin versions of L.30A and B above £70 
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How do we 
intend to sell 
cynical old 
you our 
public address 
equipment? 
By offering you 
the three things 
you really want. 
1. Low Price (like column speakers from 

£17.6.4.) 
2. Durability (we back our muscles with 

a two -year guarantee.) 
3. Quality specifications ;Check ours). 

The Radon Public Address Range is wide and 
growing. It consists of amplifiers, speakers and 
microphone equipment. We snow the M50/6 six - 
channel amplifier. Specificatiors below. 

1 

Inputs. Balanced line 
gram, tape. etc. as required. Power 
output. 50 watts r.m.s. (max. 64 watts). 
Output impedance and voltage: 15- 
ohms (other taps available), 156 ohms 
C.T. giving 50 -0 -50 volts or 100 volts. 
Harmonic distortion: Approx 1% at full 
power. Frequency response: plus or minus 
2dB 20 c/s (Hz)to35 Kc /s (KHz). Weight 381b. 
Models available: M50/4. M50/6. M50/8 
suffix refers to channels) 

In addition. the 
M /100. M/250. M /500 

and M /1000 are built to 
order. The suffix number 

refers to the wattage and 
preamplifying facilities are 

available as required. 

Radon / A growing name in amplifiers, wall 
speakers, sound columns, complete audio and 
hi -fi equipment, tuners & industrial electronics. 

rOur Public Address brochure gives the facts. 
It's a useful thing to have around. 

TO: The Radon Industrial Electronics Co. Ltd., 
Brooklonds Trading Estate, Worthing, Sussex. Tel: Worthing 1063 
Please send me a brochure: 

Name 

Address 

WW -.091 FOR FURTHER DETAILS 

www.americanradiohistory.com

www.americanradiohistory.com


Wireless World, March 1969 A6; 

TS Distortionless Servomechanical 
Stabilisers provide high- speed, accurate stabili- 
sation without distortion of waveform. Accuracy 
± 0.25 %. Correction speed up to 60/100 volts per 
sec. Unaffected by load, frequency or power 
factor variations. 1 to 120 kVA single phase and 
up to 360 kVA three phase. 

BTR Solid -State Electronic Stabilisers give 
high accuracy with extremely low distortion and 
no moving parts. Basic models : f 0.3% accuracy, 
3% max. distortion without any filtering. Un- 
affected by load or frequency variations. Filtered 
models also available. 400 VA to 10 kVA. 

Claude Lyons 

CVR Constant Voltage Regulators offer con - 
siderable advantages over conventional constant 
voltage transformers at remarkably low cost. 
±0.3% accuracy, 3.5% max. distortion without 
any filtering. Unaffected by load or frequency 
variations. 360, 600 and 1200 VA. 

The range also includes VB tap -changing types 
and PST high- current stabilised d.c. supplies. 

For full details write to Publicity Department, Hoddesdon. 

L CLAUDE LYONS 
Claude Lyons Limited 
Hoddesdon, Herts. Hoddesdon 67161 Telex 22724 
76 Old Hall Street, Liverpool L3 9PX. 051 -227 1761 Telex 62181 
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AUDIO & DESIGN M9BA TONE ARM 

Unmeasurable friction due to my unique 
'mercury contacts ". Built -in bias compensation 

Let me help you get the best 
from your cartridge -I've got the 
(mercury) contacts. 
HEIGHT ADJUSTMENT: suitable for turntable of 1.25 to 2.5 

inches height with a nominal cartridge depth of 0.625 inches. 
TRACKING ERROR: arranged for minimum distortion -maximum 

effective second harmonic distortion due to tracking error 
0.58% (related to a recorded velocity of 10 cm /sec.). 

BIAS: inbuilt magnetic anti -skating device. 
EFFECTIVE MASS: Standard Version: less cartridge 9 grams. 

Alternative Version: less cartridge 11 grams 
MOMENT OF INERTIA: Standard Version: 7 x 10' grams cm 

for nominal cartridge weight of 5 grams. 
Alternative Version: 11 x 10' grams cm' for nominal cartridge 
weight of 10 grams. 

LOW FREQUENCY RESONANCE: Standard Version: 10 c/s for 
nominal cartridge weight of 5 grams of compliance 20 x 10 -' 
cm /dyne. 
Alternative Version: 8 c/s for nominal cartridge weight of 
10 grams of compliance 20 x 10 -e cm /dyne. 

Write for further details from U.K. and World -wide marketing agent:- 

KEITH MONKS (AUDIO) LTD 
54 ROUNTON ROAD, 
CHURCH CROOKHAM, 
N R. ALDERSHOT, HANTS. 
Tel : Fleet (02514) 3566 
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METERS 

HM 

are widely used as standards in many industries because:- 

I) They are accurate (to or :-0.1 :- as specified) 
2) They are not voltage or temperature sensitive, within wide limits 
3) They are unaffected by waveform errors, load, power factor or phase 

shift 
4) They will operate on A.C., pulsating or interrupted D.C., and super- 

imposed circuits 
5) They need only low input power 
6) They are compact and self -contained 
7) They are rugged and dependable 

FRAHM Vibrating Reed Frequency Meters are available in miniature 
switchboard and portable forms, in ranges from 10 to 1700 cps. Des- 
criptive literature on these meters, and on FRAHM Resonant Reed 
Tachometers, freely available from the sole U.K. distributors:- 

ANDERS METER SERVICE 
ANDERS ELECTRONICS LTD. 48/56 BAYHAM PLACE, BAYHAM STREET 

LONDON NW1 TEL: 01 -387 9092. 
WW-079 FOR FURTHER DETAILS 
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Thermal Converters 
by Ormandy and Stollery 

MI True R.M.S. regardless of waveform 

Responses from 01 Hz -500 MHz and D.C. 

II Fast response high output types 

MI Sensitivities from 750 microamps to 
50 amps 

II Matching pairs, sets, and quads, etc., 

DOMANDY & SIOLLEHY 
3 VICTORIA PLACE, BRIGHTLINGSEA, ESSEX 
ENGLAND Telephone: 2316 
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Aim leps 
is the name- 

pleased to 
ueIe you 
No matter what your meter require- 

ments, we meet them. Fast. Anders 
holds the largest stocks in the U.K. 

for off -the -shelf delivery, so the 

meters you need yesterday, 

ordered today, can probably be 

with you tomorrow. In quantity. 
too. If you've got special problems 

like non -standard requirements, 
give us a ring. Our technical 
department creates panels to 

individual needs. 

Anders offers the most comprehensive 
and efficient meter service - and we do mean 

service - available. 
N.B. The variety of meters in our new catalogue 

is a revelation - and now we've got extensive new 

centralised premises for a better -than -ever service. 

Manufacture and distribution of electrical 
measuring instruments and electronic equipment. 

The largest stocks in the U.K. for off- the -shelf 

delivery. Prompt supply of non -standard 
instruments and ancillaries. Sole U.K. distribution 

of FRAHM vibrating reed frequency meters and 

tachometers. 

ANDERS METER SERVICE 
Anders Electronics Ltd., 

48 -56 Bayham Place, 
Bayham Street, 

London, N.W.1. 
Telephone: 01- 387 9092 

4 

5 

\` iliir 
6 

//i 
.4 ' 
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OLSON 
CROSSHATCH AND DOT GENERATORS 

n 
RAIDE N.' POP 

TIMI TOMI 

IMTIDI.TeD CIeCOIT 
coMrleoeMCe DIMIe.TOa 

s 

£55 
IMMEDIATE 

DELIVERY 

TYPE W202 

Features: 5. Fully locked count down 

1. Two controls only. from line. 

2. 405/625 Line systems. 

3. Battery operated. 40 

mA max from HP11. 

4. Small size. 41 x 62 x 6. 

6. Separate internal VHF and 

UHF. Preset RF tuning. 

7. Automatic switching 
405/625. VHF /UHF. 

Features: 
1. 405/625 line systems. 
2. 50 c/s Field frequency counted down from line frequency. 
3. Interlace 1 :1, producing single horizontal lines. 
4. Switched positive or negative RF modulation. 
5. VHF output on channels 6 to 13. 

8. UHF output on channels 29 to 43. 
7. Crosshatch adjustable from 5 lines to 25 lines by front panel 

Vertical and Horizontal controls. 
8. Number of dots adjustable as in 7 above. 
9. Front panel switch for Blank Raster. Crosshatch, and Dot facilities. 

10. Mains operation 240V or 115V at 30W. 

LOWERS THE COST OF EVERY 

COLOUR TELEVISION 

INSTALLATION ! 

IMMEDIATE DELIVERY £45 

STANDARD CA SES 

Type 
Width 
Dim. A 

Hr. 
Dn Type 

Width 
Dim. A 

Height 
Dim. B 

Depth 
Dim. C 

inches inches in.,r . Indies inches inches 

25A 61 41 41 61 151 74 9} 
25B 6 4 6 62 17 8 9 
26A 81 51 61 63 161 9f 9f 
26B 8f 51 8f 64 15f 7f 121 
27A 12f 7f 5f 65 17f 8f 12f 
278 
28A 141 10f 61 75A 12 5 9 }f 
288 14 10 8f 75B 12 5 
29A 10 4 6 76A 12 7 6 
29B 10 4 8 76B 121 7 9 
30A 12 5 6 77A 1 6 6f 
30B 12 5 8 77B 144 6q 9 
31A 14 6 6 81 4 4 ó'- 
31B 14 6 8 82 5 5 8W 

40A 4 B 6 83 6 6 1011 

40B 51 8f 6 84 6 I 7 12! 
40C 51 81 8 

Quotations gladly given for customers' own specifications and special requirements 

DISTRIBUTION 
PANELS 

Complete with fixing brackets and 4 plastic feet, 
6ft. cable 13A. plug and spare fuse. 

4 SOCKETS 13A. £4 . 19 . 6 

6 SOCKETS 13A. £5 . 17 . 6 

4 SOCKETS 5A. £5.10. 0 

6 SOCKETS 5A. £6.15. 
PLUS POSTAGE AND PACKING 6/6. 

Olson Electronics Limited, Factory No. 8, 5 -7 Long Street, London, E.2 
Telephone : 01-739 2343 
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P!NNqI< TN 
VA LV 

revised -' 
2ndAEdItion now available 

(including 250 types added since original publication ) 

Pinnacle The widest ranging and most 
comprehensive valve catalogue 
available from any independent 
supplier. 

PINNACLE ELECTRONICS LTD ACHILLES STREET NEW CROSS LONDON S.E.14 

Telephone: All Departments -01 -692 7285 Direct orders -01 -692 7714 
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Here are the features 
which make the S54 
such good value 
for money...... 

Rectangular C.R.T., 4kV, 
6 x 10 cm viewing area, 

illuminated graticule. 

Wide Bandwidth DC- 
10MHz at 100mV /cm 

sensitivity. 

X 10 Gain increases 
sensitivity to 10mV, cm 

(DC- 4MHz). 

Step Selectors with 
variables, standard 1 -2 -5 

sequence. Attenuators 
accurate within 5 %. 

Built -in Voltage 
Calibrator. 

TELEQUIPMENT 

ASTIG 

OSCILLOSCOPE 
TYPE Sad 

TRIG LEVE L 

STABILITY 

SAIIT 
GAIN 

VARIAQLE 

Th 
IME/CM 

AO. 

00 
Sao 

r`5` 
CALO 5App ENT A 

10 

TRIG 

SELECTOR 
OU, « 

TV 
H R4ME 

it tINE 
A 

L 

NE 

4 ® 
r 

EXT. TRIG -A_ OUT 

Small Size -Light Weight 
9 x 7 x 16 ins. 17 lbs. 

Full Triggering with Auto 
or Level selective 
operation. 

TV Frame or Line 
selection for easy TV 
waveform triggering. 

Slope and Source 
Selection 

SOLID STATE SINGLE -BEAM 
OSCILLOSCOPE 

At £110 this oscilloscope must be seen to be believed - 
Ask for a demonstration NOW!!! 

TELEQUIPMENT LIMITED 
313 Chase Road, Southgate, London N.14. Telephone: 01 -882 1166 

LTELEQUIPMENT 
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Fifty -eighth year of publication 

This month s cover design 'ntroduces L. 
Ibbotson's article on the principles of para- 
metric amplifiers. Against a background 
formed by a varactor diode capacitance/ 
voltage characteristic appears a parametric 
amplifier designed for operation at S -band 
microwave frequencies. Developed by Mullard 
for radio astronomy applications, the device 
has a pump frequency in the Q band. 

Iliffe Technical Publications Ltd., 
Managing Director: Kenneth Tett 
Editorial Director: George H. Mansell 
Advertisement Director: George Fowkes 
Dorset House, Stamford Street, London, SE 1 

e Iliffe Technical Publications Ltd., 1969 
Permission in writing from the Editor must first be 

obtained before letterpress or illustrations are 
reproduced from this journal. Brief extracts or 
comments are allowed provided acknowledgement to 
the journal is given. 

Wireless World 
Electronics, Television, Radio, Audio 

March 1969 Volume 75 Number 1401 
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if you prefer to monitor 
with an oscilloscope instead of a meter.. 

here's a 
professional- quality 

1" tube at a 
lowest -ever price! 

Once again, Thorn -AEI's renowned 
production engineering techniques have 
made possible a 1 -inch cathode ray 
tube, built to professional performance 
standards, at a price far lower than that 
of current competition -with quantity 
discounts to reduce it still further. 

The BRIMAR D3 -130GH 1-inch tube 
has been specially designed for use in 
monitoring aspects of equipment 
performance where simple voltmeter 
and milliammeter readings are inadequate. 
Built into installations, it will save 
'down -time' by early detection and 
quick location of faults. 

Features include : Electrostatic focusing 
and deflection, small spot size, freedom 
from trapezium distortion, good 
uniformity of focus. High sensitivity 
makes it ideal for transistor operation. 
Typical Operation 
Vh 6.3V ; I h 0.3A ; Va1+a3 +a41000V. 
Va2 100V ; Vg (cut -off) -20 to -48V. 
Sy 58 to 88 V /cm. 
Sx 80 to 120 V /cm. 

For full technical data and prices, write or phone: 

N Thorn -AEI Radio Valves & Tubes Ltd., 
7 Soho Square, London, W1V 6DN Tel : 01 -437 5233 
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Wireless World 

British Made? 

To what extent is British industry foreign owned, foreign dominated, foreign con- 
trolled? This is the question posed in the introduction to the book "British made ?' 
to be published this month. The authoress, Patricia Millard, rightly says there is no 
simple answer to this question either in terms of money invested from overseas or in 
the cost to our economy of profits sent abroad. She sets out to survey objectively 
various market sectors of industry -including electronics and telecommunications 
-in order to present the facts regarding overseas investments in the U.K. both 
directly in terms of subsidiary or associate companies and indirectly by minority 
holdings and licensing arrangements etc. Of the estimated £2,250m of overseas money 
directly invested in British industry 75% has come from the U.S.A. and apparently 
American investment accounts for some 17% of this country's manufacturing 
industry. At least 1,600 non -financial companies are said to be owned or controlled by 
American companies. 

This the overall picture of this country's industry, but what of our particular 
industry? One sector of it, and the most rapidly developing, that of semiconductor 
manufacture is dominated by American money and know -how. Basil de Ferranti is 
quoted in "British made ?" as having stated that 37% of integrated circuits sold in 
Britain are wholly imported from the U.S. and another 19% are imported in partly 
finished condition for assembly here. The import figures for semiconductors for 1968 
show a total of £15.3m compared with £11.4m a year ago. Exports totalled £4.6m 
(£2.7m). Even the few British companies which do manufacture semiconductors on a 
large scale- Marconi- Elliott, Plessey, Ferranti-have licensing agreements with 
American companies and, of course, Associated Semiconductors Manufacturers now 
owned by Mullard are consequently a subsidiary of the Dutch Philips company. 

In the components and instruments fields overseas influence may not be so obvious. 
This is probably due to the fact that many of the companies, whose names are 
now household words, have been established in this country for so long that we 
have forgotten that they are offsprings of American parents. 

Miss Millard says the facts she presents may shock and startle those who are 
complacent about British industry. In quoting from and commenting on her facts we 
are seeking to do neither for we know that the large majority of our readers, whose 
very livelihood depends on a virile and firmly established industry, are by no means 
complacent; our correspondence proves this! It is, however, a useful exercise to take 
stock and see what is really happening. 

Because electronics manufacture depends on a continuously advancing technology 
and necessitates the investment of vast sums of money in R & D, it is almost inevitable 
that the American industry, because of its financial and manpower resources, will set 
the pace in world electronics. If therefore we in the U.K. are to be in the running and 
are, for obvious reasons, unable to invest the necessary money and manpower we 
must take the alternative, if less gratifying, course of buying American know -how and 
accepting foreign investments. Does this, however, necessitate domination of the 
industry by overseas companies? 

The alternative appears to be merging of companies into groups large enough to 
compete with the mammoth American corporations. However such mergers, while 
achieving "housekeeping" economies in R & D costs, do not necessarily mean better R 
& D resulting in more technically competitive products in the world market. On the 
other hand we must not overlook the efforts made by small independent companies in 
specialized sectors of industry to produce truly British made goods. 

Surely the moral is for us to go it alone in a limited range of products where we are 
already doing well and to ensure that by accepting outside aid we do not stultify 
British endeavour. 
* "British made ?" published by Kenneth Mason Publications Ltd. 

www.americanradiohistory.com

www.americanradiohistory.com


98 Wireless World, March 1969 

Improving Old Loudspeakers 
Many old loudspeakers have excellent magnet and voice -coil 
assemblies but the cone suspensions and frequency response leave 
much to be desired. Methods of increasing the cone suspension 
compliance and cone rigidity are suggested 

by H. C. Bennet-Clark*, B.Sc., Ph.D. 

I have recently been concerned with a research project 
examining the courtship of fruit flies,' in the course of which 
pulses of sound where played to the flies to simulate their own 
courtship sounds. The fly produces, by flapping its wings, a 
single cycle of pressure change; it was this pulse, lasting 3 ms, 
that we wished to reproduce from a loudspeaker. 

Early experiments used a new commercial loudspeaker of 
the £6 -£8 class; fed with the rounded sawtooth waveform that 
is the analogue of the fly's wing movement, the speaker did not 
transduce this accurately into a cycle of pressure rise and fall 
but produced a jagged rising waveform and a hang -over after 
the cessation of the applied signal. These are typical properties of 
cone loudspeakers. As the experimental programme was aiming 
to test the sensory limits of the flies, it was clear that a better 
transducer was required. 

An old 12in Goodmans unit, made about 1950, was lying 
around unused. As recent experiments elsewhere 2 have been 
directed to redesigning the cone and cone surround, this 
seemed a suitable subject for experiment. The writ, before 
treatment, was unsuitably rough in its response, having similar 
faults to the other unit. After treatment, it was capable of 
producing clear single sound pulses in the range from 100 to 
1,000 Hz. Since then, I have modified another 12in Goodmans 
unit of about 1953 vintage and various other units all over 10 
years old; two of these are used at home, and, subjectively, 
appear very much freer from transient distortion and troughs 
or peaks in the frequency response than they were before. 

Some theoretical and practical considerations 
The theory of operation of cone loudspeakers is well known 
and is treated elsewhere' Summarizing, it appears that for a 
12ín unit of loin diameter cone to operate at 40 Hz, it should 
have a resonant frequency below this. If the piston is truly 
rigid, it will be fairly flat in its response up to a frequency 
determined by the cone diameter; for a 12in unit this is about 
800 Hz.° Above this frequency, the radiation resistance rises, 
the unit impedance rises and also the unit becomes increasingly 
directional. 

Practical cone units are designed to cover a bandwidth up 
to maybe 6-15 kHz and to be omni -directional in the process. 
This can be achieved by designing the cone so that at high 
frequencies only the inner part vibrates; in a practical unit, this 
is encouraged by corrugating the cone in a series of annuli, 
each of which is separated from its neighbour by the com- 
pliance of the corrugations. As each annulus has its own 

* H. C. Bennet -Clark graduated with a B.Sc. in zoology from 
University College, London in 1955. During National Service he 
taught wireless theory at the R.A.F. Yatesbury. He then did research 
for a Ph.D. in Zoology at Cambridge. At the University of 
Edinburgh he has recently been concerned with mechanical systems 
in insects, including the energetics of flea jumping. 

resonant frequency, or range of resonant frequencies, internal 
damping of the cone is desirable and is achieved by use of a 
fluffy paper cone; even then, troughs and peaks of + 12dB are 
common in the cheaper or older designs. 

From this, it follows that in response to a square wave input 
or to any fast transient, such a speaker will produce buzzes 
which are caused by the various peaks in its frequency 
response. To perform well, a speaker must have a flat frequen- 
cy response. 

This all suggests that several loudspeakers each of limited 
bandwidth and very flat response will perform better than a 
single wide range unit. It also suggests that a suitable 
approach might be to build very rigid pistons for the various 
units. 

A flat rigid piston is difficult to make' Conical rigid pistons 
are also fairly difficult to make and, if very rigid, tend to 
become bells; a bell is essentially a disc or cone with rigid but 
elastic walls and can be excited at a number of different, quite 
sharp, resonances. Any approach to increasing the rigidity of 
the cone should introduce damping of bell -mode resonances if it 
is to be successful. 

The effect of the cone suspension 
The lower frequency limit of any cone unit is determined by 
its fundamental resonance. In many older 12in cone units hav- 
ing corrugated paper surrounds, the resonant frequency is 50 to 
100 Hz. Thus they cannot be expected to perform to present 
day Hi -Fi standards, however they be enclosed. 

The aim is that the cone should move axially as if con- 
strained by a Hookean spring; symmetrically and linearly. 
Corrugated paper rarely meets these requirements and, by its 

Cut here 
(removing surround) 

Replace 
with foam 

Do not disturb 
centre of cone 

Fig. 1. Diagrammatic cross- section of a loudspeaker showing, on 
the left, where the cone should be cut to remove the surround 
and, on the right, the extent of the new foam surround. 
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stiffness, is not conducive to high efficiency as, at lower 
frequencies, the efficiency is mainly a function of cone mass 
and surround stiffness. 

For the average living room, a power level of 0.3 acoustic 
watt will give an intensity level of about 100dB. At 40 Hz, this 
power requires an excursion of about in by a loin diameter 
piston .° This excursion must be linear. 

Modifications to the cone surround 
In the late 1950s, plastic polyurethane foam was used by 
Wharfedale as a cone surround. I modified a 12in Goodmans 
then, giving it a foam surround, and it has been in use ever 
since. The cone has not become eccentric or detached and the 
resonant frequency was lowered from 75 Hz to 47 Hz. I have 
recently modified the other Goodmans 12in unit. The resonant 
frequency was lowered from 54 Hz to 37 Hz. In both cases, the 
compliance was approximately doubled. 

A suggested procedure for doing this to an existing unit is 
given here. On no account should the voice -coil spider be 
disturbed or the cone detached. 

First measure the resonant frequency. By feeding directly 
from a signal generator, the resonance can be seen directly; this 
differs slightly from the infinite baffle resonance but the 
difference can be disregarded. 

A suitable sheet of foam is obtainable at Woolworth's for 7d. 
and is 15in square and 5mm thick. Mark upon it concentric 
circles of diameter equal to that of the outside of the loud- 
speaker chassis mounting gasket and the base of the cone of the 
loudspeaker (see Fig. 1). Cut out the annulus of foam and 
mark it into equal sectors -4 or $ are suggested. 

Now for the point of no return! Cut out two similar 
opposite sectors of the cone surround, by slitting with a really 
sharp knife in the valley of the inner corrugation (see Fig. 1) 
and then lift off these sectors and the felt gasket from the 
chassis. Stick a sector of the foam onto the cone and the chassis 
using either Evo-stik or Copydex. The felt gasket can then be 
glued back. 

Before everything sets solid, check that the cone still moves 
freely and does not scrape on the poles of the magnet. Then 
continue replacing the original surround. When finished, make 
sure the foam is really firmly stuck around its inner and outer 
edges. Leave the speaker 24 hours resting on its gasket, to 
ensure that this is really firmly stuck down. The final appear- 
ance can be seen from Fig. 2. 

Increasing the rigidity of the cone 
This is most easily done with a diaphragm that is truly 
conical -most are not, though, but the result can be the same. 
I have treated two 12in Goodmans units, an Bin Wharfedale 
FSAL and an anonymous loin unit all with equal success. 
Basically, the cone is built up by successive layers of expanded 
polystyrene and then stabilized with a skin of aluminium foil. 

Suitable expanded polystyrene sheeting comes in rolls like 
wallpaper and in a variety of thicknesses. I bought a roll 22in 
wide 33ft long and 2mm thick for 6s l ld and have enough left 
for another 10 speakers! 

The main difficulty is to find a suitable adhesive as the 
sheeting dissolves in most organic solvents. You can use water 
pastes, shellac or Copydex. The last is probably the best as it 
sets quickly and is elastic. I have not had my speakers operating 
long enough to know how long it will last. 

The cone is built up by glueing on sectors of expanded 
polystyrene. First, the cone dimensions must be measured: a 
12in Goodmans speaker has a cone about loin diameter of 
about 105° angle. Such a cone can be made from a circle by 
cutting a sector out of it. The cone angle can be measured by 
cutting a piece of paper to form a protractor and then 
measuring the angle. The table on page 101 shows the dimension 
required to make cones of various angles for a loin diameter 
conical diaphragm. 

9v 

Fig. 2. Photograph of Goodmans 12in loudspeaker showing the 
foam surround of eight sectors, after fitting. 

Fig. 3. Goodmans 12in loudspeaker showing the cone being 
built up with sectors of expanded polystyrene. 

Fig. 4. Goodmans 12in loudspeaker after five layers of 
polystyrene have been fitted. The aluminium skin is cut and 
stuck down with Copydex. 
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In most units the angle of the diaphragm becomes more 
acute towards the centre. In this case, cut the sectors a little 
larger than the table indicates and fit them to the diaphragm. 

Gluing the sectors to the diaphragm is quite quick. First, 
remove the dust -cover from the centre of the cone as the sectors 
must be attached as closely as possible to the whole of the 
diaphragm. 

Smear an area of diaphragm rather larger than the sector 
with Copydex and fit the first sector snugly up to the centre 
and edge of the diaphragm. Press it down evenly all over and 
check that it is correctly fitted (Fig. 3). Fit the next 3 sectors and 
then, before gluing, check that the last sector fits snugly: if 
not, cut it to size and then fit it. 

The next layer is fitted in the same way but the joins 
between sectors should not be above those of the first layer but 
should be staggered. This is necessary to reduce the extent to 
which "bell- mode" vibration occurs; this particular mode of 
vibration is probably fairly highly damped by the laminated 
structure. Continue adding layers. The foam sheeting is 2 mm 
thick, so, for a Rjn thick cone, you will need about 5 layers 
though I have used 4 with success. There is probably little 
advantage beyond this thickness in terms of gain in stiffness and 
you will increase the mass of the cone unduly. 

After building up the cone, it must be finished with a rigid 
skin -this greatly increases the final rigidity of the laminate. 

The skin is made of ordinary domestic cooking foil. The 
circular ring to make the cone should be cut about Rin larger 
and smaller in radius than the original polystyrene circles to 
allow rolling over at the inner and outer edges. For a larger 
speaker, it is best to use five sectors, as before (Fig. 4). 

To glue the skin with Copydex, rather more care is needed. 
The aluminium foil has a very shiny side and a matt side. 
Smear Copydex very thinly and evenly over the matt side of the 
foil and over the cone. Then leave it to dry for about 5 minutes 
and stick the foil on, overlapping both at the edge and at the 
centre. The skin will be most unlikely to fit really tightly but it 
must be made to do so. 

Aluminium is fairly ductile: rub the skin all over with a 

smooth polished tool -a ball point pen barrel is ideal -until it 
is attached all over. Then proceed with the other sectors. When 
all are fitted, they can be rolled over the apex and edge of the 
cone, which should be similarly treated with Copydex. This will 
give a smooth finish to the inside and outside of the cone. 

If the skin does not stick (and it can be awkward), you may 
have to try shellac. This comes, conveniently dissolved in 
alcohol, as button polish and French polish, and should be 
painted on the cone and foil as with Copydex and allowed to 
get tacky. The procedure is then the same. 

Performance testing; efficiency and resonance 
The first thing you will have done is to test the freedom of 
the cone. This should be tested more carefully both after fitting 
the foam surround and after modifying the cone. 

In the case of one of my 12in Goodmans, the resonance was 
originally at about 55 Hz, after fitting the surround it was at 35 

Hz and after fitting the polystyrene to the cone at 25 Hz. This 
gives quite a lot of useful information. The initial decrease of 
resonant frequency was to about 2 of the original, suggesting a 

two fold increase of compliance (a similar improvement was 
obtained with my other 12in unit). When the cone was modified, 
the resonant frequency dropped by a further 2 suggesting that 
the cone mass had been doubled. The first will cause an increase in 
speaker sensitivity and the second a similar decrease. 

But, to avoid later trouble, you should check that the cone 
movement is adequate and free. You must produce about 5 

watts at 30 Hz and feed it into the speaker (or if this is not 
possible, 6 -10 volts of a.c. from a transformer for a 15 f2 speaker 
gives 2 -6 watts). This should cause the diaphragm to flap 
through about fin. By picking up the speaker and turning it, 

it should be possible to find whether, at any point, the moving 
coil touches and magnet assembly -if it does, it will be only too 
obvious, as it will set up a scraping noise. Clearly, the speaker 
should not be mounted in such a position. My experience, 
though, is that this is one trouble that does not occur. 

The speaker cone should be very rigid. A paper cone is quite 
easily dimpled by finger pressure, for quite small movements of 
the whole cone. By pressing anywhere on its surface, the cone 
of the 12in modified speakers can be moved over ,' - -in inwards 
before any deformation can be observed. 

There are practical disadvantages in making the piston too 
thick and too rigid. If it is too thick, there will be serious 
coloration at some frequency caused by interference effects at 
the edge. There are also problems caused by the sharp transi- 
tion from the rigid cone to the soft surround: these are to some 
extent reduced as the paper of the cone will protrude out from 
the body of the built -up cone. The effect of these two sources 
of non -linearity is likely to be fairly slight by comparison with 
those present in the original response. A serious coloration in 
one of the two 12in units occurred at about 1.5 kHz and 
examination with a microphone suggested that there was a 
trough of about 15 dB and a peak of 6 dB about this point. 
Although this was above the normal range of input frequen- 
cies, it led to serious coloration when used for pulse 
operation. Its source was traced to the jar- shaped hole at the 
centre of the thickened cone, formed by the voice coil and 
magnet. It was very considerably damped by fitting a central 
plug consisting of 4 layers of polyurethane foam alternating 
with 3 layers of polystyrene foam. This plug also acts as a dust 
cover. 

Suitable h.f. units 
There are many h.f. units on the British market, most of 
them designed to operate above 3 kHz. At this frequency, my 
l.f. units become rather rough and highly directional. Probably 
the optimal crossover point is 1 kHz but, for reasons of 
convenience, I have used 1.5 kHz as Whiteley Electrical make 
cheap units with a slope of 12 dB per octave which can be 
readily modified to 7.5 f, impedance at this frequency. 

For simplicity, the h.f. unit should cover the band from 
1 kHz to 15 kHz smoothly. Ideally, it may be better to use 3 

speakers and only expect 3f octaves from each, but, if a 
suitable h.f. unit can be found, it could be used. I had 
been given a Whiteley W.B.T.10 horn h.f. unit which, as 
delivered, responds down to its flare cut -off frequency, 2 kHz. 

This mounting 
gives smoother response 

Fig. 5. Diagram of horn- loaded tweeter, showing, on the left, a 
parallel sided mounting hole giving rough response and, on the 
right, the shape of hole to continue the exponential horn for 
smooth low frequency response. 
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TABLE ONE 
Dimensions of arcs of circles to generate cones of loin basal and 2in 
apical diameters. 

Cone 
angle 
(deg) 

Outer 
radius 

(in) 

Inner 
radius 

(in) 

Remove 
sector of 

(deg) 

Angle of each 
of 5 sectors 

(deg) 

80 7.8 1.55 128.5 46 
90 7.05 1.4 105.5 51 

100 6.5 1.3 84 55 
110 6.1 1.2 65 59 
120 5.8 1.15 48 62 
130 5.5 1.1 33.5 65 
140 5.3 1.05 21.5 68 

Dimensions are correct to ±0.05ín. or ± o 

However, by extending the flare of the horn on to the mounting 
board (Fig. 5), its smoothness was increased and it does provide 
considerable output at 1.5 kHz, and is still responding at 1 kHz, 
without noticeable distortion. 

The situation, however, is far from ideal: horn -loaded 
speakers are apr to distort below the cut -off frequency' but 
this does not appear to be serious in my unit and it is fed via a 
15 dB attenuator and so the power rarely exceeds 0.2 electric 
watt. Clearly, a better solution would be to obtain a horn unit 
capable of responding down to below 1 kHz. Such units are 
made but are apt to be expensive. 

Suitable 1.f. unit enclosures 
This subject has been well studied and is well documented 
elsewhere. As the modified I.f. unit will have a resonant 
frequency around 30 Hz, a bass -reflex enclosure will be very 
large -at least 8 cu.ft -if tuned to the speaker resonance' 
One solution seems to be to use a vented enclosure of 
reasonable volume, say 4 cu.ft, and, by building an adjustable 
port, to adjust the enclosure to give a suitable bass response. 

In my domestic system, I am using a pair of parallel -con- 
nected l.f. units, a 12in modified Goodmans of 25 Hz resonant 
frequency and an Bin modified Wharfedale FSAL of 45 Hz 
resonance in a closed box of 7 cu.ft. The impedance at 30 Hz is 
18.5 f3 at 45 Hz, 21.5 f3 and the impedance curve is very flat, 
falling to a minimum of 12.5 Q at 500 Hz, rising thereafter to 
17 Q at 1.3 kHz; these are two parallel- connected 15 Q units. 
The h.f. unit is the W.B.T.10 tweeter with a suitable 1.5 kHz 
crossover unit and attenuator. It appears that the use of two 
stagger -tuned l.f. units has considerable advantages at the 
bottom of the response curve, but the topic does not appear to 
have been much examined or the technique sufficiently 
exploited.3' ° 

70 
dB 

60 

50 

15 

Zfl 

10 

5 

b n._ o 

50 100 200 400 1,000 
Hz 

Fig. 6. (a) Graph of the axial frequency response of the two unit 
system measured with a constant voltage input giving a power 
of 0.1 watt at 500 Hz (b) Graph of the impedance of the 2 
unit system against frequency. A 12in and a 10in unit are 
connected in parallel in a closed box of internal dimensions 29 X 
14 X 11 in. The impedance peak at 80 Hz corresponds with a 
peak in the frequency response in (a). 

2,000 

For producing acoustic pulses, I am currently using a 
damped enclosure of inside dimensions 29in x 14in x 11ín 
with no port. This box is damped with a layer of ;in felt 
pinned to lin battens away from the lin thick walls. The 
rear of the box is filled with a folded length of tin thick 
fibreglass roof insulation. 

Early experiments used a single l.f. unit, a 12in Goodmans 
and, while the response was smooth, it did not extend to very 
low frequencies. The present version uses the 12in unit 
connected in parallel and in phase with a modified anonymous 
loin unit (purchased with a cracked cone for 25s). These 
units are mounted above one another and loaded with slots to 
improve the h.f. radiation pattern. This arrangement gives a 
very flat impedance curve (Fig. 6b) and while the low fre- 
quency cut -off, at 55 Hz (Fig. 6a), is not outstandingly low, 
this is produced from a relatively small enclosure of about 
22 cu.ft. 

Test procedures 
Most of the accepted test procedures require apparatus far 
beyond the scope of the amateur; most of us do not have 
access to anechoic chambers or pulsed sine -wave generators. A 
certain amount can be learnt by listening tests and by using a 
good quality microphone. In general, care is needed to avoid 
placing the microphone in a standing wave reflected from a wall 
and this situation can be aided by hanging the microphone 
from a cord and swinging it while recording. 

By sweeping the output from a signal generator between 20 
Hz and 2 kHz, the response can be examined subjectively. It is 
probable that you will notice any non -linearity exceeding 6 dB, 
but not the overall shape of the characteristic: this does not 
matter as what is mostly required is freedom from coloration.' 
In this way, I was able to observe the 1.5 kHz coloration 
referred to earlier. The information thus obtained can 
be checked by use of a microphone; this suggested that the 
system used to produce acoustic pulses was without peaks 
exceeding 3 dB between 100 and 1,200 Hz and that, after 
suitable damping, the coloration at 1.5 kHz was of similar size. 
Below 100 Hz, the microphone response decreased rapidly and 
so no reliable information was obtained. 

Later, owing to the kindness of Mr. C. S. Greeves of the 
National Engineering Laboratory, I was able to test the pulse - 
producing system in an anechoic chamber using Bruel and 
Kjaer measuring equipment. The results of this test are shown 
in Fig. 6(a). It will be seen that for a reference level of 70 dB, the 
axial response is 6 dB down at 50 Hz, 6 dB up at 80 Hz and 
that the rest of the curve is flat within _+ 3 dB, except for the 
trough at 1.5 kHz mentioned earlier. 

Although the tests were made at discrete frequencies, care 
was taken to locate and plot the position of troughs and peaks 
and it is clear that the response over the working bandwidth of 
150 -1,000 Hz is adequate. Indeed, when coupled to a 
suitable tweeter vià a crossover unit and used as a domestic 
loudspeaker, the performance is very satisfactory. 
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Parametric Amplifiers 

Basic Principles 

by L. Ibbotson* B.Sc., A.Inst.P., M.I.E.E., M.I.E.R.E. 

The name "parametric amplifier" is 
given to a circuit in which signal amplifica- 
tion takes place in a component having a 
parameter which varies with the applied 
voltage. The variable parameter normally 
employed in practice is the capacitance of 
the p -n junction in a semiconductor diode. 
In most types of amplifier the signal power 
is increased by taking energy from a d.c. 
supply. In a parametric amplifier, however, 
the signal power gained comes from an 
alternating source, called the "pump ", 
which has a frequency higher than that 
of the signal. Despite this complication 
parametric amplifiers find considerable use, 
particularly at u.h.f. and microwave fre- 
quencies, because' they can give good 
amplification with very low noise. 

The usual text -book physical explana- 
tion of parametric amplifier action involves 
a capacitor with plates which are effectively 
moved towards and away from each other 

' West Ham College of Technology, London, 
E. 15 

Fig. r. Diode mixing circuit. 

il 

v 

Fig. 2. Current /voltage characteristic of the 
diode in Fig. r. 

at appropriate times during the signal 
cycle. This explanation is not really satis- 
factory, and in any case relates only to a 
very special case -what is called a degener- 
ate negative -resistance parametric amplifier 
(see later). A more acceptable general 
physical explanation is as follows. When a 
capacitor is charged and discharged by an 
applied sinusoidal voltage, energy is taken 
into the capacitor over half of a cycle and 
returned to the generator over the other 
half. If a small increment of charge 8q is 
added when the voltage is V the increase in 
stored energy is V.8q. Similarly a reduction 
in charge stored 8q results in a decrease in 
stored energy V.8q. The signal and "pump" 
oscillations are added together across the 
semiconductor diode referred to above. 
The diode has connected across it, in 
addition to the signal and pump circuits, a 
tuned circuit, known as the idler, which 
contains neither source nor load and which 
is tuned to the difference frequency between 
the signal and pump frequencies. Because 
of the non -linearity of the diode capacitance 
the idler circuit is coupled to the other two 
and it controls the relative phases of currents 
and voltages ,in such a way that the pump 
adds charge to the diode capacitance when 
the total voltage across it is high and 
subtracts charge when the total voltage is 
low. The signal source, on the other hand, 
adds charge when the total voltage is low 
and subtracts it when the total voltage is 
high. In this way energy is transferred from 
the pump to the signal circuit. 

In the analysis of this process which 
follows an attempt has been made to keep 
the mathematics simple by considering the 
specific case of an ideal diode having a 
junction with a relatively simple voltage - 
charge relationship. 

Diode mixing 

The action of a parametric amplifier is 
closely related to that of a diode mixing 
circuit, and it is useful to consider this type 
of mixer first. 

If two signals of frequencies f, and f, 
(f,> f,) are added in a semiconductor diode 
then owing to the non -linearity of the diode 
characteristic, signals of other frequencies 
appear, including in particular frequencies 
f, + f, and f, - f,. The normal circuit 
arrangement is shown in Fig. t. Circuit t 

is tuned to frequency f, and circuit 2 to f 
while circuit 3 is tuned to a further fre- 
quency f, = f, +.fs. In this arrangement 
f, > f, and, of course, f, = f3 -f, and 
f, = 13 - A. The diode is to be regarded 
as a non -linear resistor with a characteristic 
as shown in Fig. 2. In the usual appli- 
cation, that of heterodyning, we would feed 
power into circuits 2 and 3. The two volt- 
ages at f, and f, added across the diode pro- 
duce a circulating current with components 
atf,,f,,f, + f,,f3 - f,, af,, 2f, and probably 
higher order harmonics and sum and 
difference terms depending on the exact 
nature of the diode v/i curve. The current 
at frequency f, -f, (which is f,) develops 
a voltage across circuit t and thus power 
can be extracted from circuit t to feed a 
load. 

The previous paragraph gives a standard 
explanation of mixer action, but the argu- 
ment can be taken further. The voltage at f, 
developed across circuit t also contributes to 
the voltage across the diode and will thus 
mix with the voltage at f, to produce a 
component of current at f, and with the 
voltage at f, to produce a component of 
current at f,. These currents will tend to 
feed power back through circuits 2 and 3 to 
the generators. 

To generalize, if we take the circuit of 
Fig. I and feed power into any two of the 
tuned circuits, currents will circulate at all 
three frequencies (and at many others) and 
voltages will exist across all three tuned 
circuits. Detailed analysis shows that under 
all conditions the driven circuits show a net 
absorption of power from the generators and 
that the power output from the undriven 
circuit is smaller than either of the two 
power inputs (in mixer terms, conversion 
gain is not possible with a diode mixer). 

E 

Fig. 3. A variant of the mixing circuit in 

Fig. i. This is also the basic arrangement of a 
parametric amplifier if the diode is a varactor 
diode. 
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Assuming that we can neglect tuned circuit 
losses, the power lost is dissipated in the 
resistance of the diode. 

Instead of the circuit of Fig. t we could 
use that shown in Fig. 3. In this case, 
assuming again that circuits 2 and 3 are 
driven, currents at f2 and f3 add in the diode 
and generate voltages at f, and various other 
frequencies. The voltage at f, can drive a 
current through circuit t so that power can 
be extracted from circuit 1. Again the current 
circulating in circuit t and the diode will mix 
with the current at f2 to feed power back into 
circuit 3 and with the current at f3 to feed 
power back into circuit 2. The outcome is the 
same as before. 

The varactor diode 

A junction diode has a shunt capacitance 
because charge which is stored near the 
junction varies with applied voltage. At 
medium frequencies and below, the reactance 
of this capacitance is too high to have much 
effect so that the impedance of the average 
junction diode at m.f. may be regarded as a 
variable resistance. At u.h.f. and above, on 
the other hand, this capacitance becomes 
dominant -particularly in a type of diode, 
called a varactor, designed to exploit it. 

In a linear capacitor the charge stored is 
proportional to the applied voltage ; the 
ratio Q/ V gives the capacitance value. If the 
charge is not proportional to voltage then we 
have a non -linear capacitor. In this case the 
only meaning which we can give to capaci- 
tance value is that of incremental or small 
signal capacitance defined as dQ /d V. The 
capacitance of a varactor diode is non -linear. 
A typical incremental capacitance /voltage 
curve is shown in Fig. 4. At microwave 
frequencies, to achieve variable resistance 
mixing as described in the previous section 
a point contact diode must be used. Suppose 
we use instead a varactor diode. The non- 
linear capacitance generates sum and 
difference frequency signals as with the 
non -linear resistance, but we now find that 
under suitable circumstances one of the 
driven circuits can have more power fed 
back into it than it feeds out. This can be 
used to achieve amplification. We also find 
that conversion gain is possible. Here we 
have a parametric amplifier. 

Mixing in a non- linear capacitor 

In the following analysis simple ideal 
conditions are assumed. Consider the 
circuit of Fig. 3, which is the arrangement 
normally used in parametric amplifiers. 
Let the currents in circuits I, 2 and 3 be 

il= I, cos colt 

i = .ç cvs W21 

¡3 = /3 cos (w31 1'- ck) 

This representation Ls completely general 
provided the currents ó t f, and f2 are har- 
monically unrelated so that they go in and 
out of phase and we can chose our zero of 
time at an instant when tike two currents are 
both maximum. Having gione this we must 

ascribe an arbitrary phase angle to the 
current at f,. 

The total current in the diode is given by 

1 /1 COS (+,1t /2 cos w2t 

+ /3 coS (w31 + !b) . . . (I) 

Signs will be important in what follows. A 
positive current will be taken as one flowing 
in the forward current direction in the 
diode ; a positive voltage as one appearing in 
the forward biasing direction across the 
diode. 

Assuming that the diode impedance is 
purely capacitive the charge stored at any 
instant will be fi dt. Hence from eqn. (I) 

q 
1, - sin 
w1 

Wit - 

2 

sin w,! 
w2 

/3 
sin (w3! 

w3 
Q . . . (2) 

Q, the constant of integration, represents the 
charge stored in the diode in the absence of 
signals. 

An ideal abrupt p -n junction has a voltage / 
charge relationship of the form 

r - a - b g2 (3) 

where a and b are constants. This relation- 
ship will be assumed for the diode con- 
sidered here. 

From (3) it can be shown that the in- 
cremental capacitance of the diode is 

C == 
2h'ß 

(a -- r) 1 

This relationship is approximately 
that illustrated in Fig. 4 and is of a 
form with which the reader may be 
more familiar. 

Substituting (2) in (3) the voltage appearing 
across the diode is given by 

1 /= U=a - b ( 
1w sin on/ sin W21 - 

1 

+ 13 
sin (w3! 

CO3 
) -+- Q) 

2 

1 
. (4) 

Squaring out and rearranging the terms in a 
convenient order gives 

6112 
2 

b122 
r - a -2 sin w1t -- s sin 2 w21 - 

wl w2 

6132 2óQ1 
w32 sin 2(w3í 0) - hQ2 - ' sin cult 

CO, 

2hQ12 26Q1; 
sin w2t sin (w3t 

w3 w2 

2h/1/2 
sin w1t sin wet 

w1w2 

2h 113 
sin wit sin (w3t + 95) 

w1w3 

2b 1213 
sin wet sin (w3! -- S) . . 

w2(03 

+ 96) 

(5) 
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To further simplify the terms of equation (5) 
into sinusoids and cosinusoids we must use 
the trigonometric relations 

sin" A - l (1 - cos 2A) 
and 

2 sin A sin B -= 

cos (A -- B) - cos (A B) 

Since we are only interested in voltages at the 
three fundamental frequencies we can ignore 
the first five terms of equation (5). The last 
three terms expand as below 

2h 1112 

w1w2 
sin wit sin wet = 

h 1112 
cos (w1 -.- (02) 1 

w1w2 

h 1112 
COS (w2 - col) t 

w1w, 

... (6) 

2h /1/3 
sin wlt sin (w3t-¢)= 

w1w3 

b 1113 

w1w3 
cos [(w1 -- (.03)t + q] 

h 1113 

w1w3 
cos [(w3 - w1)! 

2b 1213 
sin wet sin (w3! + 95) _ 

w2w3 

b /213 

w2(03 
cos [(ws -` w3)t 96] 

-t- 

(7) 

h ln/3 
cos [(w3 - w2)( + ] 

w2w3 

. . . (8) 

Taking the three fundamental frequency 
terms from equation (5) and the appro- 
priate sum and difference frequency terms 
from (6) (7) and (8) we find that the voltage 
across the diode at f, is 

tl -_ 

at f2 

2bQ11 

w, 
sin w1t 

b /213 
cos (wlt + ¢) . 

w2w3 

2óQ12 
r2 = sin w2t 

w 

at f3 

r3 = - 

2 

b 1513 

w1w3 

(9) 

cos (wet + 94).. . (10) 

2bQ13 
sin (w3(+ s6) 

CO3 

b 1112 
} COS w3! . . .(1 l) 

w1w2 

We require to find the power delivered at 
each frequency to the diode. 

Fig. 5 is a phasor diagram showing the 
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relative phases of signals at the same 
frequency which are represented as cos wt, 
cos ((ot + ¢), - cos (wt + ¢), - sin wt, 
- sin (wt + ¢), assuming that ¢ is less than 
55/2 radians. At f, the current is phased as 
cos wit and the voltage has two components, 
one phased as - sin wit and the other as 
- cos (w,t + ¢). By reference to Fig. 3 we 
see that the second voltage term has a 
resolved part in antiphase with the current 
and of peak value 

b /213 

w2w3 
cos ¢. 

The fact that the in -phase component of 
voltage is in opposition to the current shows 
that power is taken from the diode, the 
amount being 

_-# I I x 
b 

we-u3 
cos ¢ 1 w23 

l 
(b 1112131 2 w2w3 

cos 96 . (12) 

The minus sign is used to show power 

C 

Reverse bias 

d 
Forward bias 

Fig. 4. Capacitance¡voltage characteristic of a 
varactor diode. 

Fig. S. Phasor diagram showing relative 
phases of signals at the same frequency in 
Fig. 3. 

Source 
(Input) 

Load 
(output) 

extracted. By exactly similar reasoning 
power is taken from the diode at f2 and this 
is given by 

b1,1,13 
P2 - 2 w,w3 

cos ¢ (I 3) 

At f3 the current is phased as cos (wit + ¢) 
and the voltage has components phased as 
-- sin ((03t + ¢) and cos wit. In this case 
we see that power is delivered to the diode 
and is given by 

h/1/2/3 
P3 

{- 
COS ¢ . . (14) 

2 
1 2 

If ¢ is > n/2 and n the directions of power 
flow are reversed, but we see that power 
must either flow into the diode at both 
lower frequencies or flow out of the diode 
at both lower frequencies. 

Adding equations (52) (13) and (14) 
together and bearing in mind that 
w3 = w, + w2 we find that 

P,+P2+P3= 

This is as expected since a capacitor does not 
dissipate power. 

A much more important relationship 
which will be seen to follow from (12) (i3) 
and (14) ist 

P, 

Ti 

P2 

f2 

Sideband converters 

P3 

f3 
. . . (15) 

Using the circuit of Fig. 3 with a varactor 
diode, we can feed an input signal at f, to 
circuit t, a local oscillator signal at f3 to 
circuit 2 and take an output at f, from circuit 
3 Equation (t5) shows that the power fed 
into circuit 3 from the diode is related to 
that fed into the diode from circuit i by 

P3== 
r3 

1 ¡ 
1 

(The minus sign is omitted because direc- 
tions of power flow are specified.) 

The theoretical power gain at the diode is 
f3,fl, but the actual conversion gain will be 
less than this. The input power must be 
greater than P, to overcome losses in the 

t This is a special case of the Manley -Rowe 
equations. 

Varactor 
diode 

Idler circuit 

3 

Pump 

Fig. 6. Basic circuit of negative- resistance 
parametric amplifier. This, as can be seen, is 
derived from Fig. 3. 

input circuit, and the output power will be 
less than P, because of losses in the output 
circuit. The diode, not being a perfect 
capacitor, will also introduce loss. 

If we use the circuit as above we have an 
"upper sideband up- converter ". By feeding 
the signal input to circuit 3 and taking the 
output from circuit t we achieve what is 
known as "parametric down conversion ". 
Equation (15) indicates that this time we have 
a loss since 

P, P3 

The loss is due to the fact that power must 
flow in the same direction between the 
diode and the two lower frequency circuits. 
Thus the local oscillator actually absorbs 
power. We see that parametric down con- 
version is very inefficient; this is why point - 
contact diodes are used for microwave 
mixing. 

Negative- resistance parametric 
amplifier 

The most common type of parametric 
amplifier is what is called the negative - 
resistance type. For this the basic circuit of 
Fig. 3 is utilized as in Fig. 6. The diode is a 
varactor diode. A generator capable of 
delivering high power at f, is connected to 
circuit 3 as shown. This is the "pump ". 
No generator is connected to circuit 2 and 
hence this is known as the "idler ". The 
signal to be amplified is coupled to circuit 
I as shown, while the load into which the 
amplifier output signal is fed is also coupled 
to this circuit, as can be seen. If there is any 
exchange of power the direction of flow 
between the varactor diode and the idler 
must be into the idler since it has no 
generator. Hence power must also flow from 
the varactor diode into the signal circuit and 
not the other way. 

Consider first circuit 2. It is shown in 
Fig. 7 with its internal losses represented 
by the series resistance R5. 4,2 is the voltage 
at f, appearing across the diode and has a 
value indicated by equation (to). Since the 
circuit is resonant v2 must be in phase with 
i2, hence the out -of -phase components of 
v2 must cancel. Thus referring to equation 
(to) and Fig: 5 we see that 

26Q12 b 1,13 
sin ¢ . . . (16) 

wn w1w3 

The peak value of v2 is then given by 

b11/3 
cos (I) . . . (17) . 

wlw3 

From Fig. 7 we see that 

V.2 
12 

R2 
... (18) 

Combining (16), (i 7) and (18) together 

tan ¢ = 2R . . (19) 
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V2 

Load 

Source 

Fig. 7. Circuit 2 
from Fig. 6 

examined separately. 
R2 represents the 
internal losses of 
the circuit. 

Fig. 8. Circuit r from Fig. 6 examined 
separately. 

Fig. 9. Equivalent 
circuit of Fig. 8, 
including the 
signal source v, 
and the load RL. 

Equation (19) fixes the relative phases of the 
three currents in the diode. 

Let us now consider circuit t. The basic 
arrangement shown in Fig. 8 will be seen to 
be equivalent to that of Fig. 9. Suppose 
first that v, = o. By exactly the same 
reasoning as that applied to circuit 2 we can 
arrive at the requirement 

2bQ 
tan ¢= 

wiRL 
. . (20) 

Now although u 1 is less than 6,2, resistance 
RL will be very much greater than R2 (it is 
assumed that the losses in circuit t, which 
will be of the same order as those in circuit 
2, are negligible compared to the load, and 
their effect is included in RL). Hence the 
requirements of equations (t 9) and (20) are 
incompatible and no energy will be fed into 
either circuit; the device does not oscillate. 

The effect of introducing a voltage v, in 
series and in phase with v, is equivalent to 
reducing the value of RL by an amount 
sufficient to satisfy equations (19) and (20) 
simultaneously so that power can flow into 
circuits t and 2. The effective "resistance" 
of the source v, is -v, /i,. Current i, will 
come to a value such that (from (59) and 
(20) ) 

wt (RL - v81 ii) = w2R2 

rearranging, 

tt = 
wuRL - weRs 

The power delivered to RL is 

Vs wt 

it2 RL - v,2 co 12 RL 

(wt RL - w2R2)2 

If v, were connected directly across the load 
the power delivered would be 

v82 

RL 

hence we have a power gain of 

w12 RL2 

(w1 R/. - w2R2)2 
(2I) 

The effect is the same as if we connected a 
negative resistance in parallel with the 
load. 

Inspection of expression (2t) shows that 
if we increase the loading by reducing RL the 
gain will go up. When td, RL = 6,2 R2 the 
device will become unstable; this correlates 
with equations (59) and (20). To avoid any 
danger of this instability the gain is not 
generally set at greater than 2odB. 

Since the currents in the signal and idler 
circuits grow together we could put the 
load in the idler circuit and extract ampli- 
fied power at f2. The analysis is essentially 
the same as above; the device is known as a 
"negative resistance up- converter ". By 
making circuit t the idler circuit and 2 the 
signal circuit we can extract amplified 
power from circuit t and thus use the 
device as a "negative resistance down 
converter ". 

Practical considerations 

Since parametric amplifiers are used at 
u.h.f. and microwave frequencies the tuned 
circuits are resonant lines or cavities. On 
casual inspection it is often difficult to 
decide which sections of the structure 
resonate at the three frequencies. It is 
possible to have the idler and signal fre- 
quencies the same, and to allow their 
currents to circulate in the same resonant 
structure. This type of amplifier is des- 
cribed as "degenerate ". 

The load and source are coupled to the 
signal cavity through waveguides or coaxial 
lines. Since reflections in these can cause 
undesirable effects, an isolator or a circula- 
tor, depending on how the energy is coupled 
in or out, is usually incorporated with the 
device. 

Books Received 
Logical Design of Switching Circuits, by 
Douglas Lewin. A lucid book describing useful 
methods for designing logic circuits. Much has 
been published on switching theory, but this 
book describes the best techniques that have 
appeared. An engineering approach has been 
chosen, as distinct from the more usual mathe- 
matical treatment. The book begins with an intro- 
duction to digital systems, set theory and Boolean 
algebra, and progresses through the design of 
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various circuits to their actual implementation. 
There is a final chapter on automatic design and 
an appendix providing a useful introduction to 
computer programming. Problems with fully 
worked solutions appear throughout the book. 
The extensive references at the end of each chap- 
ter enable the reader to follow up and use current 
research papers. Suitable for final -year engineer- 
ing students, it will also appeal to post- graduate 
students working in the field and to professional 
engineers. Pp. 368. Price 70s. Thomas Nelson & 
Sons Ltd., 36 Park Street, London W.1. 

B.B.C. Handbook 1969. Contains facts and 
figures relating to the organization and services of 
the B.B.C. Over 20 pages are given to a section on 
engineering in which radio and television trans- 
mitters throughout the U.K. are described along 
with complete lists of the frequencies and chan- 
nels used. There are hints on how to get the best 
reception. Pp. 280. Price 7s. 6d. B.B.C. Publica- 
tions (Handbook), P.O. Box lAR, 35 Marylebone 
High Street, London, W.1. 

Electronics: a general introduction for the 
non -specialist, by G. H. Olsen, has been written 
for those who are not specialists in electronic engi- 
neering and who find formal or examination texts 
unsuitable. Two early chapters explain the function 
of resistors, capacitors and inductors, and the ways 
that they affect circuits, and there then follows 
a generalized treatment of thermionic and semi- 
conductor devices. Other chapters deal with 
power supplies, amplifiers, oscillators, the 
cathode -ray oscilloscope, photoelectric devices, 
logic circuits, and a variety of measuring 
instruments and test procedures. A comprehensive 
index is included. Pp.493. Price 84s. Butterworth 
& Co. (Publishers) Ltd., 88 Kingsway, London, 
W.C.2. 

Digital Instruments is the first of a series of 
books under the overall title of Electronic 
Data Library. The authors are drawn from the 
engineering teams of well known digital 
instrument manufacturers. This first issue covers 
the techniques and instruments in digital elec- 
tronic engineering, ranging over digital 
voltmeters, multirange meters, analogue to digital 
converters, counters and frequency meters, and 
including a practical appraisal of digital analysers. 
Also given is a list of equipment suppliers and 
a breakdown of instrument parameters. This 
book of 108 pages costs 42s as an individual 
volume. Other volumes are titled Servo- systems, 
Video Techniques, AF Techniques, Modular Con- 
struction and Computer Techniques. The cost for 
the complete library is 9 guineas. William F. 
Waller, Book Division, Product Journals l.td., 
Summit House, Glebe Way, W. Wickham, 
Kent. 

Beginner's Guide to Television, by Gordon 
J. King, aims to give a clear, concise, and fairly 
non -technical explanation of the subject. Starting 
with a survey of basic principles, a more detailed 
explanation of techniques and equipment for 
transmitting and receiving quickly follows. 
Practical information is given on using test 
cards for setting up a receiver, and photographs 
are used to make this clear. Other chapters 
describe television relay systems, communal 
aerials and "pay TV", the elements of colour 
television, and video tape -recording. The index 
is well composed. Pp.205. Price 18s. Hamlyn 
Publishing Group Ltd., Hamlyn House, 42 
The Centre, Feltham, Middx. 

ITV 1969, A Guide to Independent Tele- 
vision, whilst in the main concerned with 
programme material contains three sections of 
technical interest titled Technical Operation, 
UHF and Colour, and VHF Transmitters. 
Pp.236. Price lOs 6d. Independent Television 
Authority, 70 Brompton Road, London, S.W.3. 
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News of the Month 

Goonhilly 2- 
communications and the 
battle for bandwidth 
The climax of a great deal of intensive work 
came in mid -January when Britain's new 
earth station, Goonhilly 2, locked -on to the 
Atlantic Intelsat 3 and added more band- 
width to our external communications capa- 
bility. Goonhilly 2 is capable of handling 400 
telephone channels and a television prog- 
ramme simultaneously. 

The 27 -m diameter aerial structure was 
built by the Marconi Company based on a 
design commissioned by the Post Office from 
their consulting engineers, Husband & Co. 
The electronics, also built by Marconi with 
some assistance from GEC -AEI, was built to 
a detailed Post Office specification. 

As reported in "News of the Month" July, 
1968, the number one aerial is being refur- 
bished and will work the Indian Ocean Intel- 
sat 3 later in 1969, if it is successfully 
launched. Some details of the Intelsat 3 

network were given in our March, 1968, 
issue. 

Goonhilly 2 has 210° freedom of move- 
ment in azimuth and may therefore be used 

with either of the above two satellites. 
Auto-track uses the conical scan method, the 
motive power being provided by two thyristor 
controlled motors which drive bogies. 

Signals are relayed by a microwave link to 
and from the International Telephone Ser- 
vices Centre in London. At the central build- 
ing at Goonhilly, which houses all the aerial 
controls for both stations, outgoing signals 
are assembled into blocks of 24, 60 or 132 
channels at base band frequencies. The com- 
posite signals, including various control 
signals, then modulate 70 MHz carriers 
which are relayed over coaxial cables to the 
equipment at the aerial. Up- conversion then 
takes place and the various carriers are 
combined at low level to provide the final 
signal. This is fed to the transmitter which 
can produce 8 -10kW but would not nor- 
mally be used above 1.5kW to avoid intermo- 
dulation problems. For received signals a 
similar sequence of events takes place in 
reverse. 

It was clear at the press conference that 
introduced Goonhilly 2 that the speakers 
were the "satellite boys" of the Post Office 
and there was some mention of the advan- 
tages of satellite over submarine cable sys- 
tems. A talk with the "other half' of the Post 

Office would have probably yielded opposite 
results. Whatever the pros and cons of the 
argument it is true to say that the Post 
Office is carrying out intensive research in 
both types of system in the bid for more 
bandwidth and probably to ensure we don't 
have all our carriers in one basket; the 
vulnerability of satellites to jamming and 
military action being well known. 

On the cable front some interesting prob- 
lems are resulting from the higher and high- 
er frequencies being used. One of these is 
caused by the methods used to manufacture 
cables and the materials used in them. A 

small eccentricity of a capstan or other wheel 
during cable manufacture could result in a 
slight defect being formed at regular inter- 
vals along the cable. The slight impedance 
mis -match caused by these defects could 
normally be ignored. However, because of 
the regularity of the defect, at one frequency 
the reflections from these defects all occur in 
phase and become additive. The resultant 
peaks in the overall response are very sharp 
and can cause serious problems. 

Of the future? Well apparently bandwidth 
isn't the most immediate problem so far as 
transatlantic telephone calls are concerned, 
although it may well be so soon. Most of the 
hold -ups occur, during peak periods, be- 
cause of the lack of capacity of the London 
terminals -a matter which the Post Office 
says will be put right over the next few 
months. 

When Intelsat 4 lifts -off the drawing board 
and into orbit an earth station will have to be 
provided to work it. This is the subject of 
talks that are in progress now. There appear 
to be two alternatives: a third earth station 
designed for the job or hire of a European 
station while one of the Goonhilly aerials is 

being modified. 
Progress in the cable field will be slow and 

steady; higher and higher frequencies will be 
employed and bandwidth will be increased. 
Spin -off from this research will aid internal 
communications of the type being ex- 

The 1000 ton aerial, Goonhilly 2, is shown on the left. On the right the first stages of the receiving system, which are housed in a cabin on the 

back of the dish, can be seen. The parametric amplifiers are cooled to a temperature of -257 °C to improve noise performance 
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perimentally tried at Washington New Town, 
Durham ( "News of the Month" April, 1968); 
incidentally this system, which uses twin 
cable feeders, was demonstrated for the first 
time recently to local radio and television 
trade representatives. This will eventually 
lead to numerous piped television channels 
and videophone and computer terminal faci- 
lities being available to the householder. 

Further on still all these methods are 
liable to be ousted by optical communi- 
cations using coherent light, optical wave - 
guides, and suitable satellites with almost 
unlimited bandwidth. 

3 -mile "diameter" radio 
telescope 
A new radio telescope to be built at the 
Mullard Radio Astronomy Observatory of 
the Cavendish Laboratory, Cambridge Uni- 
versity, will have a resolving power equiv- 
alent to that of a paraboloid "dish" with a 
diameter as great as 5km (3 miles). The 
resolving power will, in fact, be 1 to 2 
seconds of arc. This is required for studying 
the fine detail in quasi -stellar radio sources 
(known as Quasars) and in radio galaxies, as 
part of a new programme aimed at un- 
derstanding the physical mechanisms occur- 
ring within these sources of e.m. energy. The 
effective aerial diameter of 5km will be ob- 
tained by the technique of "aperture synthe- 
sis" developed by Professor Sir Martin Ryle 
and his observatory team over some years. 
This is based on the use of several small 
aerials which are moved about -partly by 
human means on the ground and partly by 
the rotation of the Earth itself -so that they 
occupy successively the positions of the indi- 
vidual components of a much bigger aerial. 
As in earlier Cambridge radio telescopes, the 
system will also use interferometry to obtain 
extremely narrow, high- resolution aerial 
lobes, and correlation detection to pick out 
the wanted source signals from the general 
background noise, which is many times 
greater. 

The 5km telescope, which will cost the 
Science Research Council about £2,100,000, 
will be built on the site of a 3 -mile stretch of 
railway track, near Barton village, south -west 
of Cambridge, which became available when 
the Cambridge to Bedford line was closed 
recently. It will consist of an east -west line of 
eight Marconi 42 -ft steerable dish aerials 
(modified versions of those developed by the 
company for satellite communications) with 
a control room near the middle on the site of 
the derelict Lords Bridge railway station. 
Four of the dishes, to the west, will be fixed, 
with 1.13km spacing, while the remaining 
four, to the east, will be moveable on bogies 
along a 1.17km track laid to an accuracy of 
better than lmm on a stable concrete beam. 
The control room will contain a Marconi 
Myriad II time -sharing digital computer, 
which will be used both for calculating the 
required linear and angular positions of the 
movable aerials and for combining the signal 
values in each of 16 pairs of the possible 
pairs of dishes (giving simultaneously 16 
interferometer spacings) to provide an out- 
put to drive an X -Y plotter. This plotter will 
directly draw the required "maps" of the 
radio sources in the form of equal- energy 
contours. In addition the computer will be 
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An artist's impression of a large retractable solar array that will unfold itself in space to power 
satellites. It was developed by Hughes Aircraft Company for the U.S. Air Force. Each panel 
measures about 2 X 3m. 

used to control a complex cable delay net- 
work which will be necessary for equalizing 
the different phase delays of the signals from 
the various aerials (resulting, of course, from 
the different displacements of the aerials 
along the east -west line). 

Initially the radio telescope will operate at 
6cm wavelength but later perhaps at 3cm as 
well. Each 42 -ft aerial will be a Cassegrain 
system with a horn to pick up the reflected 
signals, and will also carry at its hub the 
front end of a receiver, consisting of a par- 
ametric amplifier first stage followed by a 
mixer. It will therefore be the i.f. signals that 
will be sent to the control room for corn- 
bining pairs of signals for the interferometric 
and correlation receiving processes. 

P.O. contracts -more 
flexibility 
It was announced at the recent annual 
dinner of the Telecommunication and Manu- 
facturing Association that the Post Office, 
with the assistance of industry, has set up an 
"Advisory Group on Telecommunications 
Systems Definitions" to ensure that any new 
systems introduced into the communications 
network are compatible with each other and 
with existing equipment. The size of prob- 
lems that the new group will have to tackle 
will be realized when it is stated that the Post 
Office is currently spending between £300M 
and £400M annually. 

The group consists of five Post Office 
engineers who will be advised by two or three 
of the senior staff of G.E.C. /A.E.I., Plessey 
and S.T.C. Their task will be to produce 
specifications for equipment that will be 
sufficiently detailed to ensure the required 
compatibility and, at the same time, will 
allow the contractor as much flexibility and 
room for innovation as possible. The days of 
the rigid "every nut and bolt type" specifica- 
tion which have come from the Post Office in 
the past are numbered. 

This situation is made possible by the 
ending of the bulk supply agreement next 
October under which several firms manufac- 
ture the same component on a "share and 
share alike" basis under the same contract. 
With this situation very detailed specifica- 
tions were essential and the resulting restric- 

tions had to be accepted by the companies 
concerned. 

From October the Post Office will have a 
free hand in the placing of contracts and 
can therefore accept a tender providing the 
best, or the most competitive answer to a 
specification and the companies will benefit 
by having a free hand. 

G.E.C. opt out of Associated 
Semiconductors 
G.E.C.'s one -third holding in Associated 
Semiconductor Manufacturers Ltd has 
been sold to Mullard for an undisclosed 
price; Mullard now have complete owner- 
ship. The sale was predictable since G.E.C. 
joined Marconi and Elliott under the En- 
glish Electric banner. In fact it was announc- 
ed in this section last month that the 
microelectronics interests of Marconi and 
Elliott are now controlled by a new company 
called G.E.C. Marconi Electronics Ltd. 

When Associated Semiconductors was 
formed in 1963 G.E.C.'s contribution 
amounted to £2M and, under the terms of 
the agreement, G.E.C. reserved the right to 
dissolve the partnership in the event of 
changing circumstances. 

T.E.M.A. apprentice 
awards 
This year's awards of £50 each for the best 
final year technologist and technician appren- 
tices of member -firms of the Telecommuni- 
cation Engineering & Manufacturing Asso- 
ciation were made at the annual dinner of 
the Association on February 4th. In the 
Technologist Class (previously the graduate 
and student classes) the recipient was B. J. 
Stringfellow, B.E.(Elect.), graduate of 
Auckland University, who came from the 
New Zealand Post Office two years ago to 
A.E.I. (now G.E.C.-A.E.I.). The Technician 
award went to P. L. Prince who finished his 
apprenticeship with the Automatic Telephone 
& Electric Company (part of the Plessey 
organization) last year. Nominees for the 
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award have to prepare a thesis on some 
aspect of their work. 

Pneumatic colour film 
scanner 
At a recent exhibition in London of television 
studio and control equipment by Fernseh 
g.m.b.h., a member of the Bosch Group, a 
16mm colour film scanner was demonstrated 
using a novel method of film transport. The 
conventional mechanical method of moving 
the film through the scanner by engaging a 
sprocket with holes on the edge of the film 
had been dispensed with and substituted by 
a pneumatic system which Fernseh described 
as a rapid pull -down mechanism. A precisely 
dimensioned cup shape is constructed just 
below the lens unit so that when the film 
is lying across the top of the cup it becomes 
an airtight chamber. This chamber is repeat- 
edly evacuated of air through a valve in the 
base at 25 Hz frequency thus pulling down 
the film intermittently through one frame at 
a speed of 25 frames per second. The frame 
remains stationary during scanning. 

The colour film scanner is otherwise 
similar electrically and mechanically to 
equipment designed for 16mm perforated 
film. Scanning is achieved by the flying spot 
principle to avoid colour registration errors 
but because the pneumatic pull -down takes 
less than 1.3ms (i.e. within 20 lines), 
more time is available for scanning each 
frame with a consequent increase in light 
output. Also with this type of uncoupled 
operation, rapid starting is possible, the run- 
up time until the synchronous condition of 
the picture is reached being less than 
0.1s. A special synchronous motor is used 
for the drive. For mains -synchronized opera- 
tion the equipment can be connected directly 
to the three -phase mains but for crystal - 
controlled or externally synchronized opera- 

Photograph of the film transport unit of the 
Bosch telecine equipment illustrating at `A" 
the cup -shaped vacuum chamber 

tion the driving motor must be connected to 
a synchronous inverter accessory. Although 
the load on the film is no greater than in a 
normal intermittent projector, it is un- 
derstood that the pneumatic pull -down prin- 
ciple is suitable for 16mm film transport 
only, the larger 35mm being too heavy for 
effective operation. In reverse running, the 
film is not transported through the gate by 
vacuum action and the picture obtained is 

unsuitable for transmission. 

Exhibitions at Alexandra 
Palace 
This year's Physics Exhibition will be held in 
London at Alexandra Palace between the 
10th and the 13th of March. For the first 
time the Institute of Physics and the Physical 
Society, who are the organizers, will be 
charging a 2s 6d admission fee to all visitors 
who are not members of the Institute or the 
Society to help cover rising costs. 

The exhibition handbook, which contains 
much valuable reference material, was pub- 
lished in mid- February and costs lOs per 
copy (postage is 3s). The handbook can be 
obtained from the I.P.P.S., 47 Belgrave 
Square, London, S.W.1. 

This year, and at future exhibitions, an 
open forum will be held. Distinguished 
speakers, known to hold different views, will 
speak briefly and then the discussion will be 
thrown open to any members of the audience 
who wish to express an opinion. This year's 
subject is "The Future of High Energy 
Physics" and there will be no restriction on 
attendance. The time and date? Thursday, 
March 13th, 3 p.m. The exhibition will be 
supported by a full programme of films and 
lectures. 

While the Physics Exhibition is taking 
place in the Grand Hall, the Palm Court will 
be occupied by the Scientific Instrument 
Manufacturers' Exhibition. 

Two - colour marine radar 
Two 16 -inch cathode -ray tubes are used in a 
new marine radar introduced by G.E.C. - 
A.E.I. The outputs of the two tubes, 
each of a different colour, are superimposed 
in an optical system and are viewed as a 

single image. One tube provides a true 
course conventional p.p.i. display. The se- 

cond tube produces a display of auto-track- 
ing markers that can be used to predict the 
future tracks of up to twelve ships. 

The system, called COMPACT (Com- 
puter- Predicting and Automatic Course 
Tracking), has all the facilities of the Escort 
650 radars for the true course display (van- 
tage point off -centring, view ahead, and elec- 
tronic bearing markers). 

Early warning of an approaching radar 
target is provided by two guard rings placed 
at eleven and nine miles around own ship's 
position on the display. When either of these 
guard rings is cut by a closing target, an 
audible alarm is operated and a bearing 
indicator is displayed which identifies the 
target. 

Collision avoidance facilities for use dur- 
ing coastal passages and in crowded waters 
are provided by the auto-tracking markers. 

Up to twelve of these markers can be 
simultaneously used and are displayed in a 

bright green on the orange afterglow of the 
p.p.i. Each marker is placed over potentially 
dangerous targets and the audible warning 
operates if any marked target passes within a 
predetermined distance from the ship. In 
addition the dangerous target is identified by 
the flashing of the marker ring around the 
target. 

A track -ahead control enables the operator 
to determine the position of all targets for up 
to 45 minutes ahead. 

Ground stabilization of the radar picture 
can be provided by one marker channel. By 
placing this marker over a known naviga- 

tional fixed point (buoy, etc.) all track lines 
are shown as true courses allowing for the 
effects of wind, tide and drift. 

Multi -font page reader 
A page reader being marketed in Western 
Europe by a new British company, Real 
Time Systems Ltd., is said to represent a 

significant step forward in the optical 
character recognition field. The page reader, 
called the Scan -data 300, originates from 
America and will handle practically all 
typewriter, computer print out and typeset 
fonts. It will recognize capital and small 
letters in Gothic and Roman styles. It will 
cope with punctuation, special symbols, 
numerics and hand -printed matter. The in- 
put material does not have to be all in the 
same type style as mixtures can be handled 
without adjustment. 

Having read a document, the page reader 
converts the data into a machine -language 
at 400 characters per second. A flying -spot 
scanning principle is employed. 

Domestic receiver sales 
in America 
Preliminary statistics released recently by the 
American Electronic Industries Association 
show that sales of domestic electronic equip- 
ment were higher in 1968 than 1967. 

Colour television had a record year and 
sales exceeded those for monochrome for the 
first time. The actual sales of colour 
receivers were 5,829,150 (5,224,499) and for 
monochrome television receivers 5,555,339 
(5,434,702). 

Radio sales, including car radios, in- 
creased by 5.7% to 21,293,259. However, 
sales of radio receivers for home use fell by 
4.7 %. The overall radio receiver sales in- 
crease was due to a boom in car radio sales 
which were 20.1% up on last year with a 
total of 10,685,827. 

Environmental test facilities 
EMI Electronics is offering industry the use 

of its comprehensive environmental test facil- 
ity. Originally set up to test the Company's 
defence products its effectiveness has inevi- 
tably led to its use in the development of 
many of its commercial products, particular- 
ly those destined for use in airborne or 
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transportation environments. The company 
now welcomes inquiries from component 
and equipment manufacturers wishing to 
make use of the facility. 

The facility comprises climatic and 
mechanical test laboratories that can test com- 
ponents and most of the equipment pro- 
duced in the light and medium engineering 
industries. It is approved by the Ministry of 
Technology and the Air Registration Board 
with regard to the environmental test equip- 
ment and the calibration and standardization 
procedures and facilities available. 

Test load sizes up to 2 cubic metres and 
3000kg weight can be handled depending on 
the shape and the test environment required. 
A comprehensive range of individual climatic 
and mechanical environments can be 
simulated as well as combinations such as 
temperature cycling with vibration. Com- 
ponents can be tested to most national, inter- 
national and N.A.T.O. specifications. 

Tactical naval system 
Under a DM contract awarded by the 
Ministry of Defence Ferranti, with Decca 
Radar as principal sub-contractor, are to 
produce an equipment called Computer As- 
sisted Action Information System. 

The system was originally visualized by 
the Ministry of Defence and it represents a 
compromise between the ideal, and weight 
and cost. 

In any particular naval force information 
that is available to one vessel may not be 
apparent to its consorts. With this system 
each ship in a force will be fitted with an 
equipment which stores information from 
"own ship's" sensors. This information is 
entered both automatically and manually 
and it can originate from a variety of sources 
including radar, sonar and other navigation 
equipment. The computer within the new 
equipment operates on this information and 
allows it to be superimposed, on request, on 
a radar p.p.i. display in alphanumeric form. 

Information stored in "own ship" is trans- 
mitted by radio to all other ships in the 
force and vice versa, so that each ship has all 
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The photograph shows the very smart interior of a new mobile showroom that has been set -up by 
Marconi Instruments. Some of the equipment is battery operated, the rest can be powered from 
an internal generator or from local power sources via a variable transformer. The showroom has 
left on a tour of Europe that will take the rest of the year. 

the available information at the operator's 
disposal. 

Ferranti will be supplying the computing 
equipment and Decca Radar the combined 
alpha- numeridp.p.i. displays. 

Federation of Science and 
Technology Institutes 
It was agreed by the governing bodies of the 
Institutions of Biology, Chemistry, Mathem- 
atics and its applications, Metallurgists, and 
the Institute of Physics and the Physical 
Society to form a Council of Science and 
Technology Institutes which came into oper- 
ation on February 1st. 

The main objects of the Ccuncil are to 
speed communication between the Insti- 

The British Radio Corporation has opened the new service depot, shown in the picture, in 
Manchester. Among other services the depot will provide round -the -clock repair facilities for the 
Thorn 2,000 series colour television chassis, as fitted to Ultra, H.M.V. and Fergison receivers. 

tutes, to aim at adopting common terminolo- 
gy as far as qualifications are concerned, and 
to collaborate on matters of educational 
policy and other common interests. 

Initially membership will be confined to 
the bodies listed above. However, in the 
future, it is possible that applications from 
other organizations, who have a minimum 
entry requirement of a University degree or 
its equivalent, will be considered. 

Radio beacon for aircraft 
Two private individuals in America, a lawyer 
and an electrical technician, have invented a 
device that is causing a great deal of interest 
in aeronautical circles. The device consists of 
a crash- and water -proofed radio transmitter 
with a range of about 70 miles that is 
actuated by the breaking of a very fragile 
electrical conductor. This conductor can be 
mounted either internally or externally and 
is fractured by the slightest stress. The 
lawyer, Harold R. Hine, Q.C., and the tech- 
nician, Edward Dawson, say that in the past 
if an aircraft crashed and there were no 
survivors to turn on a distress beacon search 
operations have been difficult. 

Loran pre - amplifier 
Loran (LOng -RAnge Navigation) has been in 
use many years and is a system of vif. 
transmitters constituting a hyberbolic posi- 
tion fixing system. In some areas the signal 
strength, the North Atlantic being an exam- 
ple, is too low to be reliable. 

To counter this, as a result of discussions 
between B.O.A.C. and SGS, a low -noise tuned 
aerial amplifier was devised for use with 
Loran equipment. The pre -amplifier, which 
makes use of integrated circuits, has been 
flown by B.O.A.C. for some time now with 
success and will soon be going into full -scale 
production. 
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Solid -State Oscilloscope 
Circuit details of a test instrument designed for work on 
colour TV receivers. 

by Michael Phillips 

To be capable of performing all the 
measurements needed on a colour 
television receiver an oscilloscope 
must be able to provide 
accurate results from d.c. up to the 
sub -carrier frequency of about 
4.4 MHz. Experiments with a colour 
decoder confirmed that an elderly, 
low- frequency oscilloscope did not 
have sufficient bandwidth for such 
work and it was decided that the 
cheapest way of obtaining improved 
performance was to construct a new 
vertical amplifier as an add -on unit 
using the existing tube and e.h.t. 
supply. This was later extended to 
include a new timebase, X amplifier 
and square -wave calibrator. 

An important requirement of this type of 
conversion is that the amplifiers should be 
designed to supply the high deflection 
voltages, 25o to 30o V peak -to -peak, 
needed by older types of oscilloscope tube. 
This was made easy by the availability of 
inexpensive silicon transistors intended for 
use as video amplifiers in television receivers, 
resulting in simple, low -power circuits 
giving high output voltages at bandwidths 
that would be difficult to achieve with valve 
amplifiers. 

Performance figures which follow refer to 
a 5CPI tube with a supply of 1.25 kV plus 
an additional 1.25 kV on the p.d.a. electrode 
and will be typical for most 13 cm. tubes of 
this vintage. With more modern, higher 

Michael Phillips served 
in minesweepers during 
and after the war and 
then went to college in 
1947. For five years, 
1950-.55, he was 
engaged on radio and 
test -gear development 
with Ultra Radio. He 
has been with Bush 
Radio, more recently 
Rank Bush Murphy, 
for the last 12 years 
and is now project 
leader for monochrome 
television development. 

sensitivity tubes these figures can be 
improved upon since both amplifier gain and 
output voltage swing requirements are less. 
Possible modifications to the circuits are 
described later. 

Vertical amplifier 

The response of the vertical amplifier is 

flat from d.c. to 6 MHz and is 3 dB down at 
I I MHz, the maximum sensitivity being 
too mV per cm. The gain can be switched 
for a x to increase with a reduction in the 
3 -dB bandwidth to L5 MHz. The circuit 
divides conveniently into two sections. 
Fig. I shows the pre -amplifier, which 
includes the input attenuator and all the 
controls, and Fig. 2 the output amplifier 
which should be situated as close to the tube 
base as possible. The input attenuator uses 

compensated potential divider sections 
presenting a constant input impedance of 
I M 12 in parallel with approximately 20 pF. 
Attenuator switching sequences tend to be a 

matter of personal preference so a choice 
should be made from the values given in 
Table I. For most purposes ordinary 
carbon resistors with a tolerance of Io% are 

quite satisfactory and are much cheaper 
than high- stability types. 

When using a high -impedance probe any 
difference in the input capacitance between 
different attenuator sections must be corn - 
pensated for by adjustment of the probe 
trimmer. This can be avoided by con- 
necting trimmer capacitors of about to pF 
maximum from each position of Sw,a to 
earth. A suitable probe consists of a 9.1 MS2 

resistor shunted by a 3 -12 pF trimmer and 
mounted in a metal tube (some cigar 
containers are ideal). The probe should 
connect to the oscilloscope through about 

Table I 

Sensitivity R. (0) Rb (f1) Cs (F) 

200mV 510k 510k 20p 
300mV 880k 390k 39p 
500mV 820k 200k 88p 

1 V 1 M 110k 180p 
2V 1 M 51k 400p 
3V 1 M 33k 500p 
5V 1M 20k 1n 

10V 1 M 10k 2n 
20V 1M 5.1k 4n 
30V 1 M 3.3k 8n 
50V 1M 2k 12n 

Values for the Y input attenuator of Fig. I. A choice should 
be made for either t -z -s or 1-3 -io range sequences. C. 
for each section is a 3o pF max. mica compression trimmer. 
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Io 
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Fig. t. Circuit diagram of the vertical preamplifier. Resistors are r /qW carbon; capacitors are polyester type 25o V working unless otherwise 
marked. Preset resistors are 1/4W carbon. 

I metre of screened coaxial cable with a 
resistive inner conductor (Ref. I). The 
input impedance increases to to Mil but 
with an unavoidable attenuation of to: I. 
Impedance matching between the input and 
the base of the first transistor is provided by 
a cathode follower valve V,. A valve is used 
in this position to simplify the problem of 
allowing direct coupling to the input and to 
limit the effects of a severe voltage overload 
on the semiconductor devices in the 
amplifier. The anode voltage for V, is 
derived from the h.t. + line via the emitter - 
follower Tr, thus giving low- impedance 
decoupling down to zero frequency at the 
anode. 

Although it would probably not be as 
robust a buffer device, an f.e.t. could no 
doubt be used to replace the valve cathode - 
follower if one wanted completely solid - 
state equipment. A commonly used circuit 
is the source -follower with the source 
supply voltage and, or the source load 
resistor adjusted for zero drift operation. 
Some useful information on the subject is 
included in Ref. 2. The valve is followed by 
a long- tailed pair phase- splitting amplifier, 
Tr, and Tr,. Constant current transistors, 
Tr, and Tr are used in the common 
emitter impedance to reduce the gain loss 
which occurs with resistors. Gain control is 
effected by selection of the resistors bridging 
the two emitter loads and pre -set resistors 
are switched for the x t and x so gain ranges 
with a common variable control in series for 
front panel adjustment of calibration. 

The vertical shift control adjusts the d.c. 

voltage on the base of Tra; this ensures that 
the amplifier stages are operated in a 
balanced condition when the trace is along 
the centre line of the tube face whatever the 
d.c. level is at the input. Capacitance loading 
across the 6.8 kit collector resistors is 
reduced to a low value by using emitter- 

:470 

-12V -0 
470 

+H.T. 

followers Tr, and Tr7, for coupling to the 
output stage and in practice the -3 dB 
response point due to the collector com- 
ponents is at about 3o MHz. Compensation 
for the fall-off in amplifier gain with fre- 
quency is provided by the 6o pF capacitor 
across the gain control resistors. 

Amplifier 15 
+H.T. from 

power supply 

1Oµ 0.1µ T 

2.5 x 5cm copper 
(or phosphor bronze) 

-12V from 
Amplifier 10 power supply 

0.1µ 

Fig. 2. Circuit diagram of vertical deflection 
amplifier and (right) an example of a heat sink 
required for Tr, and Tr11. 
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Circuit diagram of ramp generator and horizontal output amplifier. Diodes are general purpose germanium types such as the OA8x. 

Output from the pre- amplifier is at low 
impedance and open wire leads of 20 cm or 
more in length can be used to feed the out- 
put amplifier. This again uses the long - 
tailed pair configuration with transistors as 

the common impedance. The circuit is 

shown in Fig. 2. With a total capacitance 
load due to the tube plates and the transistors 
of about 15 pF per collector, frequency 
compensation is necessary and is provided 
by the 8o pF capacitor linking the two 
emitters and by inductance in each collector 
load circuit. The coils need about 6o turns 
of 32 s.w.g. enamelled wire wound as a 

single layer on a former with a 4 mm core. 
Turning now to the active devices used. 

V, is a small, low- consumption triode or 
strapped pentode such as the EF95 /6AK5. 
The small size of Nuvistors makes them 
ideal and they are frequently used in com- 
mercial instruments. Transistors in the 
pre -amplifier are low -power silicon devices 

typified by the BCto7 with an hie of 
125 -500 and an fr of about 85 MHz. The 
output amplifier uses high voltage 
transistors, suitable types being the BF178 
and the older BFto9 from Mullard or the 
SGS- Fairchild BF157. Small clip -on heat 
sinks will be required and a 2.5 x 5 cm strip 
of thinnish copper or phosphor bronze 
formed to wrap round the transistor as 
shown in Fig. 2 will be satisfactory. A 
smear of silicone grease between transistor 
and sink assists heat conduction. Remember 
that the collectors are connected internally 
to the TO5 case, so the heat sinks will be 
"live ". A similar transistor can be used for 
Tr, which operates with a Vc, of about 
6o V, a small heat sink again being required. 

The output amplifier works with an h.t. 
of no to 15o V depending on the rating of 
the transistors and the output drive required. 
Current drain including the cathode - 
follower is about 3o mA. 

Horizontal deflection 

The horizontal deflection section consists 
of a trigger unit, a calibrated time -base and- 
an X amplifier which includes an optional 
pre- amplifier for external signals. A circuit 
diagram of the trigger unit is shown in 
Fig. 3. An emitter -follower Tr1, takes its 
input from either the Y amplifier or an 
external source and is followed by a phase - 
splitting amplifier Tr and Tr,,, for 
polarity selection. Two transistors, Tr and. 
Tr1e, form a Schmitt trigger circuit and the 
differentiated output from this is used to 
trigger the time -base. 

The time -base and amplifier, which is 
shown in Fig. 4, uses the emitter -coupled 
circuit described by Gilbert in Refs. 3 and 4 

where a full account of the operation is 
given together with a most impressive list of 
advantages. Transistors Tr and Tr19 are 
coupled by the emitter- follower Tr18 and by 
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the charging capacitors. A positive -pulse 
through the trigger hold -off diode initiates 
the action, resulting in a negative -going 
linear ramp in the emitter circuit of Tr1B. 
Tr10 forms a source of constant charging 
current. There is a small step at the start of 
the ramp which shows up as a bright spot 
at the start of the trace. This can either be 
cancelled by the various means described in 
the references or minimised by using the 
negative -going square pulse at the emitter of 
Tr18 as a bright -up pulse on the c.r.t. 
Three preset resistors in the emitter of 

Attenuator 
as in 

Y-amplifier 

0.1µ 
400V 

Input 

Tr20 are switched to provide a x i, x 2 or x 5 
multiplier for the decade capacitors selected 
by Sw5. Adjustment of Vr9 gives a variable 
interpolation. The total range is from 
500 ms to ps per sweep. 

An emitter- follower Tr21 couples the 
sweep to the main X amplifier which uses the 
same long -tail pair circuit as is used in the Y 
amplifier. The input is single -ended so 
shift voltages are applied to the other 
amplifier base. Frequency compensation is 
supplied by the capacitors from the shift 
control to earth and across the feedback 

330 -12V 

33k, 

Tr28 

Fig. 5. Circuit diagram of optional X pre -amplifier. 

820 

Oí'01µ 

11 

0.014 0.01µ 0.01µ 
Y 

820 

Vr14 
10k 

10µ 

Mark /Space 
ratio 

33k 

3.3k 

r15 
2k 

Tr30 
OC44 
0C 45 

10.1g 

Int. 

IExt. 
T 0.14 

Input 

1.8k 

:2.2M 

Set frequency 

Fig. 6. Circuit diagram of square -wave generator. 
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resistor. This resistor can either be pre -set 
or, if it is mechanically convenient, brought 
out as a variable sweep -width control, 
preferably switched as a sweep multiplier. 
Transistors used in this section, Tr1, to 
Tr2Si are of the same types as those in the Y 
amplifiers except for the Schmitt trigger 
circuit. Here it is recommended that 0C44 
or 0C45 transistors are used. Although any 
transistor type can be used in this kind of 
circuit their behaviour with a large input 
signal is quite different. With sine -wave 
input the OC44'45 transistors produce a 
clean square -wave output with up to 6o V 
peak -to -peak input. Above this the tips of 
the sine -wave break through symmetrically. 
Experiments with the BCx 13 silicon planar 
and the BCio7 planar epitaxial transistors 
show unsymmetrical break- through with a 
much lower input of about 12 V peak -to- 
peak. Alloy diffused transistors of the 
AFt 14 -I 15 -I t6 family are the worst tried, 
with break -through at about 4V input. 
These remarks apply to both the trigger unit 
and to the Schmitt trigger squaring circuit in 
the calibrator. 

For the display of external signals, such as 
a wobbulator time -base, the sensitivity at the 
base of Tr21 will generally be sufficient. If 
extra gain is required, the a.c.- coupled 
circuit shown in Fig. 5 is suggested. This 
provides a sensitivity of about too mV /cm at 
a bandwidth of 5 MHz. The input attenua- 

Vr16 
5k 

Tr 34 
OC44 
0C45 

4V 

400mV 
10k 

12V 

Fig. 7. Circuit diagram of the h.t. + line stabilizer (a) and power supplies for the low potential lines (b). 
+12v +15V 
(9mA) (12mA) 

Smoothed h.t. Input 
(soy 250 -300V) 

(a) 

0.1g 
f-0 

Output 

Level 

2.2 

-5V 
(6mA) 

-12V 
(90mA) (b) 

Mains 
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tor is similar to the one used in the Y pre- 
amplifier and is followed by the Darlington 
pair Tr and Tr27 giving a stage gain of 
unity but an input impedance of several 
megohms. The amplifier which follows 
uses two transistors Tr28 and Tr as a 

common -emitter; emitter -follower pair. This 
last circuit, incidentally, is quite a useful one 
in its own right; it has a gain of ten and, with 
v.h.f. transistors such as those used in TV 
tuners and with a suitable peaking capacitor 
across the first emitter resistor, will maintain 
that gain to over 200 MHz. 

For the X pre -amplifier most types of 
germanium h.f. transistors will be suitable or, 
with a reversal of all polarities, the silicon 
devices used in the other circuits. 

Square -wave calibrator 

This section generates a square wave with 
an output amplitude variable between 5o mV 

Trigger input 

Y -amp tier 

t, 

460 
Ramp 

.`(not used) 

and 4 V peak -to -peak from either an 
internal source at Io kHz or at any frequency 
from I5 Hz to 20 kHz with a sine -wave input 
from an external a.f. generator. The circuit 
diagram in Fig. 6 shows a to kHz sine -wave 
oscillator Tr3e, an emitter -follower buffer 
stage Tr into which can also be Twitched 
the external input, and a Schmitt trigger 
circuit Tr and Tr to generate the square - 
wave. The emitter- follower output Tr,. 
feeds a simple attenuator which gives two 
ranges of output amplitude; so mV to 
40o mV and 500 mV to 4 V. There are pre- 
set trimmers for adjusting the frequency and 
the mark space ratio, and the trimmer 
capacitor in the Schmitt trigger circuit is 
used for setting an exact square -wave. 
Besides proving very useful for gain calibra- 
tion, and adjusting the attenuator and probe 
compensation, the calibrator can also be 
used as a signal source for square -wave 
testing. 

Differentiating 
circuit 

t2 m 
Gate pulse A 
(bright -up) 

tf t2 

Fig. 8. Diagram showing use of additional time -base circuit to give delayed sweep for 
examining television video waveforms. Both time -bases are triggered by positive -going 
pulses only. 

- 
_ e- 

compensated compensated 
Over 

Correct 

J Fig. 9. Effect produced on square -wave by 
adjustment of compensating trimmers. 

Fig. ro. General arrangement of units inside oscilloscope. 
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Power supplies 

Supply for the 12o -15o V h.t. line 
required by the output stages is most con- 
veniently derived from a higher voltage by 
means of a cathode -follower valve as 
shown in Fig. 7. This provides an easily 
adjustable, low impedance source and the 
current, about 58 mA, is within the ratings 
of a small power valve such as the EL84. 
Four low voltages required can be obtained 
from a small transformer and rectifiers via 
transistors, Tr.b to Tr38, connected as 
emitter -followers. Power dissipated in the 
transistors is about Ito mW, except for Tr,s 
where it is about 90o mW, and in this 
position it is suggested that an AC127 or 
similar is used. If small power transistors 
like the OC81 are used for Tr,b and Tr3e 
there will be surplus power available for 
connecting to external units such as a 
wobbulator. A BCI07 is suitable for Tr 
and it can be mounted with the time -base 
assembly. The three other power supply 
transistors should be clipped to an 
aluminium plate or chassis to provide a heat 
sink. 

Modifications 

As explained at the beginning of this 
article the performance figures quoted 
throughout refer to the use of a 5CPI tube 
under specified working conditions which 
give a deflection sensitivity of about 
20 V /cm. If a more modern tube with 
better sensitivity is used, then high drive 
voltages will not be needed and the collector 
supply voltage to the output stages can be 
reduced to some 6o to 8o V. If the same 
basic input sensitivities of too mV /cm and 
to mV /cm are to be retained, then the 
overall gain must be reduced by increasing 
the values of the feedback resistors linking 
the bottom emitters of the long -tail pairs. 
Changes will also be needed to the values of 
the various frequency -compensating capaci- 
tors. The resulting increase in bandwidth 
will be most noticeable in the x to gain 
position and, as an estimate, the to mV 
bandwidth with a DN17 -78 tube (7.6 V /cm) 
should be about 4.5 MHz at -3 dB. 

There are, of course, many other facilities 
that can be included to make a more 
complete oscilloscope system and it is the 
purpose here to suggest a few so that 
switching or the necessary space can be 
allowed for in case such circuits are required 
later. If the leading edge of a pulse is used 
to initiate the timebase sweep -then this 
section of the input signal will not be visible 
for study unless a time delay is incorporated 
in the path of the vertical output amplifier. 
Such a delay can be introduced by using a 

properly terminated delay line of about 
40o ns, and of adequate bandwidth, between 
the cathode of V1 and the base of Tr,. It 
should be switched out of circuit on the x to 
gain range where the degraded rise -time 
does not warrant its use. The time -base 
trigger circuit must, of course, be fed 
from the cathode of V, and an additional 
trigger amplifier will be required. 

For examining television waveforms, a 

delayed time -base sweep is needed. This 
can be achieved by duplicating the time- 
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Photograph of the Y preamplifier module. 

base circuit and driving it from the trigger 
unit. The differentiated gate pulse from the 
new unit is then used to trigger the main 
time -base. This description will probably 
be made clearer by referring to the block 
diagram in Fig. 8. 

Setting -up and calibration 

To set up the correct d.c. working con- 
ditions in the Y amplifier, first adjust for the 
following voltages : Vr, to give 72 V at V, 
anode, Vr2 for IV at Tr, base and Vr, for 
8.4 V at the base of Tr9; all voltages positive 
with respect to the - 12 V line. Vr, is then 
finally re- adjusted for equal top and bottom 
limiting on a sine -wave signal of sufficient 
amplitude to cause overloading. During all 
these adjustments the Y shift control 
should be set for zero volts between the 
bases of Tr, and Tr,. Since the amplifier is 
directly coupled, the preset gain controls 
Vr, and Vr, can be adjusted using a d.c. 
supply and a voltmeter as the calibration 
source. 

Without access to a good oscilloscope the 
problem of adjusting the various frequency - 
compensating trimmers is rather like that of 
the chicken and the egg. Fortunately how- 
ever, we can set as a starting point the I 

gain loo mV position on the attenuator. In 
the absence of any instability the response of 
the amplifier should be as specified with no 
irregularities and, since there is no input 
compensation, this position can be used for 
displaying the calibrator unit output. 
Vr,, should be set for unity mark 'space ratio 
and the trimmer in the Schmitt trigger Ca, 
to give a flat -topped square -wave. The effect 
on the waveform due to the adjustment of 
this and the other compensating trimmers is 
shown in Fig. 9. Once the output from the 
calibrator unit is satisfactory it can be used 
for setting the attenuator trimmers (Ca in 
Fig. t), by adjusting each one in turn to give 
a flat -topped square -wave display. The 
5o Hz mains supply with a period of 20 ms 
forms a useful standard for setting the time - 
base range multiplier resistors, Vr, to 
Vr,,, but for checking the shorter time 
decades and for setting the I ps trimmer 
capacitor, a generator covering the 
appropriate frequencies will be needed. 

Construction 
Since tube sizes and the type and volume 
of e.h.t. supplies can vary a great deal it is 
not the intention here to describe the 
construction in detail. In the title photo- 
graph is shown the oscilloscope which has 
evolved from a series of re- builds as circuit 
improvements were made, from the original 
add -on units mentioned in the introduction. 
It comprises basically a box frame -work 
made of 5.25 cm angle aluminium. The 
various circuit sections are built as separate 
units on s.r.b.p. perforated panels (plain 
Veroboard) with plug and socket connections 
to the power supplies. The general 
disposition of the units is shown in Fig. so. 

The Y preamplifier and the trigger time - 
base unit plug -in to the front of the instru- 
ment. Construction of the pre -amplifier is 
illustrated in the photograph above. The 
attenuator switch uses three wafers, the 
resistors Ra and the trimmers Ca being 
connected in parallel between the front two 
wafers, while Rb and Cb connect to the last 
wafer which is used solely as a common 
earth. The first panel is used for mounting 
V Tr, and their associated components, the 
remainder of the amplifier is wired on the 
second panel and the supply decoupling 
components on the rear one. The time -base 
is quite straightforward except for the 
choice of a time switch. The alternatives 
are : an eighteen way switch, separate six and 
three way switches or, the solution used 
here, two switches with concentric spindles. 

Since the only real sources of heat are the 
tube and the two valves there are no 
ventilation problems, two 25 mm holes in the 
bottom and expanded metal mesh over half 
the back being all that is necessary. 

REFERENCES 
5. 'A Wideband Oscilloscope Probe', by L. 
Nelson -Jones. Wireless World August 5968, 
page 275. 
2. Wescon 66 Technical Papers. Part 6. 
Session 55 on Field Effect Transistors. 
3. 'Emitter-Timed Monostable Circuit', by 
B. Gilbert. Mullard Technical Communications, 
July 5965, P. 345 
4. 'Oscilloscope Timebase Generator', by B. 
Gilbert. Mullard Technical Communications, 
March 5964, p. 276. 

The series of articles on the Wireless World 
Oscilloscope which appeared during 5 963 and 
5964, and which is now available in a set of five 
booklets, will be found generally useful for 
references. 

Corrections 

Some other Measuring Rectifiers 

Owing possibly to some clod of earth still 
adhering to me after resurrection, or to a 
misguided attempt to be concise, an er- 
roneous statement (in italics, too!) got 
through in "Some other Measuring Recti- 
fiers" (Feb. issue). While it is true that the 
bridge rectifier type of voltmeter would cor- 
rectly read r.m.s. values of square waves if it 
were calibrated in its natural mean values 
(because the mean and r.m.s. -and peak 
-values of square waves are all the same) it 
would not do so if the calibration incorporat- 
ed the 1.11 factor converting sine -wave mean 
to r.m.s. My apologies. -"CATHODE RAY" 

High Impedance Multimeter 
The author, V. R. Krause, regrets an error that 
occurred in Fig. 3 of his article "High Impedance 
Multimeter" in the February issue. The labelling 
of the range switch, S2,, is reversed; the 1V range 
switch position should be labelled 300V. 

Circuit Ideas 
In Fig. 2 in the contribution "A unity gain amplifier 
for very low- frequency filters" on p.15 in the Janu- 
ary issue the base of the output transistor should 
be connected to the collector of the preceding p-n -p 
transistor; not to the junction of the complementary 
emitters as shown. 
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Negative Feedback and Hum 

Economical method of reducing hum in an a.f. amplifier 

by G. W. Short* 

The amplifier shown in Fig. 1 (a conven- 
tional `single -ended push -pull' affair using a 
circuit familiar in battery -operated equip- 
ment) produced an irritating hum when 
connected to a simple power pack with a 
bridge rectifier and one large reservoir 
capacitor. Measurement at the output 
revealed only about 2mV of ripple voltage 
at the emitters of the output pair. This 
seemed to be much too small to account for 
the observed volume of hum, since the 
amplifier noise, which was about the same 
amplitude, was inaudible at normal listen- 
ing distances. 

The ripple on the positive line was found 
to be 200mV peak to peak with only the 
quiescent current of the (class B) amplifier 
flowing. After some fruitless searching for 
hum in the intermediate parts of the ampli- 
fier I finally realised that the cause of the 
trouble had been staring me in the face all 
along. With 200mV ripple on the power 
supply and only a few millivolts at the 
amplifier output the best part of the 200mV 
was across the speaker, and busily at work 
forcing a hum current through it. 

The path for the hum current goes 
through the lower output transistor. This 
offers practically no impedance. The transist- 
or is an emitter follower of sorts to begin 
with, and there is overall negative voltage 
feedback which further reduces the output 
impedance. For practical purposes, therefore, 
the only significant impedance in the hum 
path is the loudspeaker coil. In my particu- 
lar circuit this was passing about 12mA of 
100Hz ripple-quite enough to produce an 
audible hum. Rather late in the day, I then 
looked up an article with the same title as 
this note, written some 22 years ago by 
Cathode Ray (W.W., May, 1946; reprinted in 
`Second Thoughts on Radio Theory', Iliffe, 
1955). Notwithstanding the fact that Cathode 
Ray dealt with pentodes with output trans- 
formers the article describes and illustrates 
with measured values exactly the same me- 
chanism of hum production which occurred 
in my own transistor amplifier; i.e., a lower- 
ing of output impedance due to negative 
feedback providing an easy path for ripple on 
the supply line. 

The reason why mains operated transistor 
amplifiers do not usually have their load 
slung between the output and the upper 
supply rail was now clear. On the other 
hand, this arrangement makes for higher 
efficiency and power output than those in 

Amatronix Ltd. 

Fig. 1. The transistor 
amplifier circuit which 
emitted an abnormal 
volume of hum when 
connected to a simple 
mains rectifier unit. 
Hum - producing ripple 
current has a low - 
impedance path through 
the lower output 
transistor to the speaker 
coil. 

which the speaker is returned to the lower 
supply line and extra components are in- 
cluded to `bootstrap' the top end of the 
driver load resistance. 

It seemed a pity to sacrifice power and 
efficiency for the sake of a little extra 
smoothing. Unfortunately, smoothing chokes 
for high currents are expensive and not all 
that easy to find, and smoothing resistances 
drop too much voltage when the amplifier is 
driven hard and the current consumption 
rises. Readers may be interested in the simple 
and economical solution shown in Fig. 2. 
Here R, and C2 are selected to provide the 
extra 20dB or so of hum reduction needed 
when the amplifier is quiescent. The drop 
across R, is not sufficient to bias D, to 
conduction, so it has no effect. When the 
amplifier is driven, D, conducts, and the 
voltage loss due to the extra smoothing 
section is thus limited to the forward drop 
(perhaps 800mV if D, is a silicon diode). The 
ripple current through the speaker coil now 
increases, of course, but in practice the 

ti 

Di 

Fig. 2. "Swinging diode" smoothing system. 

+24V 

oV 

resulting hum is masked by the signal. 
The arrangement is not unlike the 'swing- 

ing choke' smoothing circuits familiar in 
high -power class B valve amplifiers. It might 
be called a `swinging diode' circuit. 

In designing the extra smoothing section, 
the voltage at which a silicon diode starts to 
conduct can be taken as 500mV (600mV in 
high -current supplies, since the incremental 
resistance is then still relatively high). Since 
the diode has ripple voltage across it as well 
as the d.c. drop in R, it is the sum of these 
that has to be considered. In practice, if C, is 
big enough to provide reasonably good regu- 
lation, enough margin remains to make R, 
usefully large. In some cases, it might be 
worth using two diodes in series to increase 
the hold -off voltage. 

The biasing of the amplifier is perhaps 
worth a comment. The output stage uses ger- 
manium transistors and there is a gold- bonded 
diode in the bias network. At low temperatures, 
however, the bias voltage is developed, not by 
the diode but by the current through the resis- 
tance which shunts it. If there is a rise in 
ambient temperature, the forward voltage 
of the diode falls, and the diode then becomes 
the dominant element in the bias circuit. 

The arrangement compensates for changes 
in ambient temperature but not for a rise in 
temperature of the output transistors. To 
arrange this, thermal feedback is necessary. 
This can be introduced by using two diodes in 
parallel, one in thermal contact with each 
output transistor. The bias is then set by 
whichever transistor is warmer. 
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tween the reset diode and the reset line. The 
positive line voltage may also have to be 
reduced to 5V to obtain consistent switching. 
G. COATES. 

The Editor does not necessarily endorse opinions expressed by "High- impedance multi - 
meter his correspondents 

Digital exposure timers 
Page 22 of your January issue made me feel 
like the small child who inadvertently leaned 
on the fire alarm and turned out the whole 
brigade. I have read Wireless World as an 
amateur since 1920, and have occasionally 
had letters printed in its correspondence 
columns, but I did not think that any casual 
words from me would have induced another 
reader to do quite so much hard work as is 
implied in Grahame Coates' paper. May I 

offer him my felicitations -especially for his 
appreciation that photographers are really 
interested in log. relative times and not arith- 
metic absolute times. There are things in his 
design I would prefer changed for my own 
use -the double -or -half time change given 
by his left -hand switch seems to me inconve- 
niently large, for instance. And I would want 
a minimum dispensed time in the region of 
0.3 second. But these are small details. 

My trouble is that I cannot afford to make 
up the Coates design. My firm is not an 
electronics one, and though we can use 
soldering irons when we have to, it would 
take quite fifty hours to lay out a full 
circuit and wire it up. Since the cost of one 
man per hour in the firm is about 50s., the 
total cost of making the timer would be 
unacceptable. We might, of course, induce a 
specialist firm to make one for us, but since 
they would (quite reasonably) expect to 
make a profit for themselves, I doubt wheth- 
er a one -off job would come a great deal 
cheaper. 

But ... is it essential to go to such lengths 
of circuit complexity? I ask the question 
because we lately bought for our step -and- 
repeat camera a "Eurotima ", which 
dispenses arithmetic times digitally. This cost 
us about £20 and is warranted to have 
higher accuracy and better repeatability than 
the Coates design itself. I haven't dared to 
open it up and look at its "innards ", but am 
told that an ordinary RC timing circuit and 
an operational amplifier are involved. 

Now, if this kind of circuit is good 
enough with arithmetic time -scales, what is 
it about a log. time -scale that drives people 
away from it and into the hands of the 
counter -cum -decoder type of circuit? 
Something there must indeed be, for no 
sane person would consider putting a couple 
of thousand components -or their equi- 
valent in microcircuitry-into an instru- 
ment when a couple of hundred can be 
persuaded to give as good, if not better, 

results. As a mere amateur, I cannot expect 
to know enough about electronics design to 
answer this question, but I wonder if some 
of the specialists can do so? 
P. C. SMETHURST, 
Bolton, 
Lancs. 

The author replies 
I would like to thank Mr. Smethurst for his 
kind comments, although the design had 
been in my mind for some time before his 
letter was published! 

Taking the main points in order, the 
circuit was designed to keep the component 
costs as low as possible because the home 
constructor would prefer it this way. If the 
timer were to be produced commercially, the 
bistables would be replaced with i.cs which 
would increase the component cost by about 
£11, but reduce the one-off construction 
time to 12 hours or so. 

I am not conversant with the "Eurotima ", 
and consequently I cannot comment on its 
accuracy. However, my article may have 
underestimated the accuracy, as I now un- 
derstand from the C.E.G.B. that the short - 
term frequency variation is in the order of 
+ 0.2 %, and does not exceed ± 0.4% even at 
times of peak demand. The accuracy of 
repeatability depends only on the frequency 
stability of the mains. 

As for the setting accuracy, if R -C timing 
circuits are used, this depends on how accu- 
rately an operator can set a potentiometer. 
Alternatively, a switch would require 
dose- tolerance resistors, or calibration of 
presets; both of which would introduce 
difficulties for the home constructor. In my 
circuit there is inaccuracy only in following 
the logarithmic law, and this is zero for unit 
time values. 

Finally, I must point out that there are 
less than 400 components in the timer, or 
about 100 if the bistables are replaced with 
J -Ks. Perhaps Mr. Smethurst could justify 
the expense of the timer by the increase in 
productivity it could achieve: test strips can 
be taken at full aperture, and short expo- 
sures by correspondingly manipulating the 
aperture and time -value switch. 

The "preassembled logic units" referred 
to in my article are no longer available. If 
surplus components are used, variations in 
transistor parameters may be so great that all 
the bistables may not reset; this can be 
overcome by inserting a 1 kS2 resistor be- 

The design published in the February issue 
is not without interest but certain features 
of it cast doubt on some of the claims made 
for its performance. 

On the `resistance' ranges, the instrument 
can be corrected for variations in the voltage 
of the 1.5V cell, but not for variations in the 
internal resistance of the cell. These can 
cause serious errors on the lower ranges. At 
mid -scale on the lowest range, the cell is 
called upon to deliver 75mA, and an internal 
resistance of 10 ohms will cause a measure- 
ment error of - 33 %. At the extreme low - 
resistance end of the range the cell must 
supply nearly 150mA, and the same internal 
resistance will then result in an error of 
-50%. On the `3V a.c.' range (incorrectly 
labelled '100V' on the diagram) the loading 
of the step attenuator by the 5MS2 input 
impedance of the transistor amplifier can 
cause an error of -4 % . In view of this it is 
strange to read in the article that the 5MS2 
impedance is 'as high as can be satisfactorily 
handled'. 

On this `3V a.c.' range, the attenuator 
effectively puts 220k S2 in series with the 
signal source as seen by the amplifier. Unless 
there is some happy combination of stray 
capacitances in the circuit this series resis- 
tance will have a devastating effect on the 
upper frequency response. Without com'- 
pensation, a stray capacitance of only 1pF at 
the attenuator output will cause an error of 
- 30% at about 700kHz. The suggestions 
regarding the choice of transistors need to be 
taken with some reserve. It is claimed that 
almost any small n -p-n planar transistor will 
serve for use in the amplifier. This may be so 
in principle, but unless R, is selected to suit 
the input transistor the amplifier may not be 
able to deliver enough output to provide 
full -scale deflection. 

In selecting matched pairs of f.e.ts the 
designer began with 12 specimens and select- 
ed three satisfactory pairs. His initial stock 
gave him 66 possible. pairs; a stock of three 
fe.ts can only provide a choice of three 
possible pairs, which brings the odds for 
finding a pair matched within 10% down 
rather severely. What the would -be con- 
structor of the meter needs to know is how 
many fe.ts must be bought in order to give, 
say, an even chance of finding a suitable 
matched pair. This information is absent 
from the article. 
G. W. SHORT, 
Croydon. 

Helical u.h.f. aerials 
In our letter which was published in the 
January issue of Wireless World we pointed 
out the disadvantages of circularly polarized 
receiving aerials for u.h.f. television. In 
your editorial note, you suggested that 
rotation of polarization can take place over 
long distances, but in fact, the polarization 
of the transmitted wave is very well main- 
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tained not only within the service area but 
also well beyond. As we said, it is this fact 
which enables two transmitters to use the 
same channel with minimum mutual inter- 
ference, provided they radiate the opposite 
polarizations. It is, therefore, essential that 
viewers use the correct aerial with the 
maximum discrimination against the ortho- 
gonal polarization. 

J. L. EATON, 
L. F. TAGHOLM, 
B.B.C. Research Dept., 
Tadworth, 
Surrey. 

Noise in transistor circuits 
I would like to reply to Mr. Vanderkooy's 
comments (Feb. 1969) on my recent article 
on noise in transistor circuits. When I said 
that the use of the noise temperature con- 
cept "may be confusing to readers of the 
present article ", I did not intend to imply 
that this concept is inherently more difficult 
than that of noise figure, but merely that, 
because it is a different approach from that 
used in the article, it might seem confusing 
to readers who had just assimilated the 
latter. I am very much aware that physics 
experiments are often done with very low 
source temperatures -indeed, I learnt quite 
a lot about noise by designing, in 1954, a 
very -low -noise valve amplifier* for the 
R.R.E. Low -Temperature Physics Group. 

The negative feedback arrangement used 
in the above amplifier was essentially that 
shown in Mr. Vanderkooy's diagram, about 
40dB of negative feedback being applied to 
the cathode circuit of the input valve. Be- 
cause of the very high source impedance 
referred to the grid, and its very low Johnson 
noise (because of the low temperature), grid - 
current noise had to be allowed for and the 
valve noise was therefore represented by a 
combination of current and voltage noise 
generators just as used nowadays for tran- 
sistors. The negative feedback had no effect 
on the noise performance over the small band 
of frequencies centred on 800Hz to which 
the output stage of the amplifier was tuned, 
except for the very slight Johnson noise 
introduced by the 400 -ohm feedback - 
voltage- injecting resistor in the input cath- 
ode circuit. While it does often seem to 
have been "naively expected" that the use of 
feedback in this manner, which raises the 
amplifier input impedance, would also raise 
Rs,m, it is easy to see that this cannot be so 
when it is appreciated that the source John- 
son noise, VN and Il,,,, can all be represented 
by voltages acting in series with R, and that 
the negative feedback reduces the gain 
afforded to all of these equally, thus leaving 
the signal -to-noise ratio, and therefore the 
noise figure, unaffected. Hence the value of 
Rs which gives best noise figure without 
feedback will also give it with feedback. (Of 
course, the application of the feedback great- 
ly increases the bandwidth of the part of the 
amplifier over which it is applied, but not 
the bandwidth of the input transformers, 

"The Design of a Very-Low -Noise sows Selective 
Amplifier and Input Transformers" by P. J. Baxandall, 
R.R.E. Journal, No. 37, October 1955. 

and this would affect the noise figure if care 
were not taken to restrict the bandwidth over 
which the noise is measured appropriately. 
This consideration is taken care of, however, 
by the words "at any given frequency" in the 
first paragraph of the Negative Feedback 
and Noise section of my article.) 
PETER J. BAXANDALL, 

Royal Radar Establishment, 
Malvern. 

Improper oscillations in 
transistors 
In the January issue there is an interesting 
letter from Mr. Pitt on improper oscillations 
in transistors. The present letter provides 
some additional comments and the most like- 
ly cause of these oscillations. 

(1) The oscillations never occur even if 
relatively small capacitors (100pF and 
above) are placed across the power source at 
the transistor terminals. 

(2) If the supply line has very little induc- 
tance, or quite a large inductance, the oscil- 
lations seldom occur. 

These two observations indicate that the 
oscillations are radio frequency in origin, 
quite high, and it was reassuring that I 
could by altering the supply leads bring the 
circuit into tune on a small portable v.h.f. 
receiver. If C is made very small, the oscilla- 
tions probably become continuous, but if C 
is large the audible tones come through on 
the receiver. Since I do most of my experi- 
menting at home, I could not study the 
circuit with a 100MHz oscilloscope, but I 

feel certain that the relaxation characteristic 
of the oscillations is evidence of the self - 
quenching of the high -frequency oscillations 
by the relatively high RC time constant. 
Hence the frequency of the audible tones is 
determined by the time that the capacitor C 
can cut off the transistor. 

Thus, Mr. Pitt, although one resistor and 
one transistor cannot cause a transistor to 
oscillate, the inclusion of several un- 
intentional inductances opens up several 
modes of oscillation. I suggest that the oscil- 
lations are not feasible for practical use, and 
am sure that the G.P.O. would agree. 
JOHN VANDERKOOY, 

University of Cambridge. 

Quality in graduates 
May an ordinary person without a degree 
ask Joe Tymebase, whose letter "Quality in 
Graduates" was published in February, just 
what he expects? 

If there is anything at all in genetics, both 
extremes of intellect are recessives, which 
suggests that village idiots and geniuses are 
produced by a given population in roughly 
equal quantities. Many of the geniuses will be 
lost -however genetically capable a mind 
may be, it cannot think until it is filled with 
very great numbers of facts. This is why a 
medium intellect coming from under- 
standing parents will always have the edge 
over a genius born into a family which is 
only interested in football pools, bingo and 
the like. 

I notice a scream in the papers that more 
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students have been put in for A -level maths 
yet the percentage of passes has dropped. 
What do they expect? The more people enter 
for any exam, the more does the law of 
diminishing returns set in. In fact, though 
politicians assume there is an inexhaustible 
supply of geniuses in the country, the real 
truth is that perhaps 2% of the population 
can appreciate science enough to com- 
prehend it, and only a small fraction of them 
will ever have any original ideas about it. 

I am exceedingly sorry for the student 
population. They are picked to go to uni- 
versity because of their ability to pass an 
exam at 17 /18. Until they come out into the 
cold hard world nobody will know if any of 
them are intelligent, or whether they have 
the temperamental capacity to do hard work 
in employment. Yet they are cossetted by 
being given excellent grants on the taxpayer, 
and led to assume that once they have got 
their degrees they will know as much as 
Rutherford in his prime. 

None of this helps Joe, I fear, but it 
explains why so many people these days 
think that the only thing about a job that 
matters is the salary it carries. Obviously, if 
they have been trained and are as good as 
anyone, it cannot be important what they 
nut into the job, for it will be just what 
anyone else could put in. 

I only hope that it will comfort Joe to 
know that the mere peasants, such as myself, 
have long known that the possession of a 
research degree does not mean that its owner 
is in the least intelligent. 
P. C. SMETHURST, 
Bolton, 
Lancs. 

Protection of engineers 
Vector's two articles concerning redun- 

dancy have certainly touched a very sensitive 
spot. At a recent lecture I was sidetracked 
(with the chairman's consent) into replying to 
a question as to how companies wishing to 
economise could dismiss their senior en- 
gineers and appear to carry on just as well 
with juniors. My reply was that even after a 
man was dismissed his ideas, methods and 
innovations remained with his employers and 
could flywheel them along for a considerable 
period. I stated that I felt a redundancy 
claim should take this into account. 

A solicitor in the audience took up my 
last point and stated that there was no 
common law covering a claim in this respect 
and that as yet no statutory provision had 
been made. He thought that as statutory 
legislation had now been undertaken there 
was no likelihood of a court creating new 
common law at present and suggested that 
an appointee should see his solicitor about a 
protective agreement under the Contracts of 
Employment Act, 1963. His last sentence was 
received with acid laughter. 

I wound up by mentioning that a Trade 
Union had taken a full page advertisement in 
The Times devoted to protection of the 
senior employee, and whilst I could not go 
along with many of its policies and state- 
ments of its leader, I would recommend 
those interested to consider membership. 
I. G. ABELSON, 
London, N.14. 
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It's the oxide coated glass cane core that gives 
Electrosil resistors their phenomenally long 
endurance. Inert to oxidising influences which 
attack conventional film or wire wound resistors, 
they are also virtually impe-vious to all other 
forms of environmental anc mechanical attack. 
This is because the oxide coating is molecularly 
fused to the glass core by a method unique to 
Electrosil. Utter reliability ()der long periods is the 
hallmark of an Electrosil resistor, and that's why 

they are specified more than ever today for a I 

applications where dependability is essential. 

ELECTROSIL LIMITED PO. Box 37, Pallion, Sunc erland, 
Co. Durham, Telephone Sunderland 71481. Telex 53273 

have the experience 

Our newtypist 
typed oxhide 

resistors' 
At least she'd heard how tough they are 

1/1 
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Whether you design, manufacture or use inductive 
devices, the measurement of inductance, 
consistently and accurately, will concern you. 
Measuring inductance with any certainty is 

difficult ; and hit -or -miss methods not only waste 
time, but lead to expensive complications; which 
is why M.I. have designed the most comprehensive 
yet straightforward instrument available for 
complete inductance analysis. 

The TF 2702 Inductpr Analyser measures 
inductance at all frequencies from 20 Hz to 20 kHz, 
with currents up to 1,000 amps - DC, AC or 
mixed! And it is sensitive enough for 
measurements at low current levels and for low -Q 

inductances at high accuracy. 

There is no interaction between balance controls, 
and operation is even further simplified by a 

c.r.t. detector, which rap:dly indicates the 
direction of unbalance. A tunable voltmeter 
gives final balance. A full range of accessories is 

available. 

Measurement range: 0-3 to 20,000 H 
Internal or external excitation frequencies 
Variable a. current anc d.c. bias 
facilities 

mi 

WW -101 FOR FURTHER DETAILS 

MARCONI INSTRUMENTS LTD 
t oigacres, St. A bans, -lertfordshire. England 
Telephone : St. Alba is 59292 Telex: 23350 
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Circuit Ideas 

Instrument output amplifier 
The amplifier shown was designed as an output 
amplifier for an instrument having a response 
from 0.1Hz to 1MHz. Other requirements in- 
cluded an input resistance of 1M f2 and high 
stability of the standing d.c. output voltage 

-20V 

Instrument output amplifier. 

during temperature and supply voltage 
changes. The gain requirement was a modest 
10dB. Standard output impedances of 60051 
and 750 were required and the amplifier was 
therefore designed to provide a relatively low 
output impedance of 5.0 A complementary 
symmetry output section and overall voltage 
derived shunt feedback were therefore used. 
The danger of instability is eliminated by the 
use of a 150pF phase compensation capacitor 
across the load resistor of Tr,. The relatively 
high input impedance required was easily 
obtained by the use of an m.o.s. transistor. 

Since the m.o.s. transistor is connected in 
the common drain mode and output transistors 
are arranged as parallel common collector 
stages, the open loop gain of 26dB is provided 
by the common emitter stage Tr,. The 270 
resistor may be bypassed to provide a higher 
open loop gain if required. With the feedback 
arrangements shown the amplifier has total 
harmonic distortion of 0.05% for a 1V r.m.s. 
output signal. The d.c. output voltage is held 
within 50mV for a temperature charge of 
+ 30 °C and supply voltage changes of ± 40% . 

The feedback resistor Ri shown (3.3M1) 
can be increased to several hundred megohms 
if a very high input resistance is required. 
Since the feedback resistor provides the for- 
ward bias voltage for the m.o.s. transistor, care 

should be taken to avoid leaky input capacitors 
which would change the effective bias voltage 
supplied to the gate. 
J. ROBERTS, 

Marconi Microelectronics, 
Witham. 
H. C. DAVIES, 

University College, Swansea. 

Amplitude modulator using 
operational amplifier 
This circuit allows the amplitude of a repeti- 
tive signal to be controlled by a slowly varying 
voltage. The input was designed nominally 
for 600 0; and a 400mV signal will be con- 

150k ) 
Input ti 10mV 

100k 

/ Output 

i i a/ i i i i i i i i i i i/// 

Shown below is full circuit of amplitude modulator 
using operational amplifier. Above is alternative 
input stage with high impedance. 

ritY// 
Input ¡y's, 

lNOH///.fiif///////!/.GY/.i:.W/í!////9Y 

0 4Vr.m.s r 150k 

590 DSS~10mA 
2N3819 

D 

10 

560k 2 2k 

:2y 0 47p 
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trolled with almost negligible distortion at 
the output. Almost any high gain (> 10 °) 

operational amplifier can be used. The peak 
negative value of the output signal is very 
nearly equal to the value of the negative con- 
trol voltage. If planar p-n -p transistors are 
used in place of the 0C202 types the peak to 
peak value of the output voltage must not be 
allowed to exceed the base -emitter breakdown 
voltage of the first p-n -p device. The circuit 
has been used to control a 10kHz sine wave, 
but full frequency tests have not been done. 
An alternative arrangement with high input 
impedance is also shown. 
JOHN VANDERKOOY, 
Royal Society Mond Laboratory, 
Cambridge. 

Simple amplitude 
modulator 
A carrier signal is applied to the voltage ampli- 
fier Tr whose emitter is decoupled by C. The 
high collector resistor of this stage ensures that 

Corn- er 
s gnat 

Modulat- in g 
signal 

12k 

le 

4-24V 

Amplitude 
modulated 

carr er 

Simple amplitude modulator. 

12k 

the resistance through the emitter is high and 
that the gain therefore varies linearly with I.. 
Tr, is a linear amplifier producing a signal 
current at the collector which is a function of 
the modulating signal. This varying current 
thus causes the gain of Tr, to vary. The output 
from the collector of Tr, will therefore be the 
carrier signal amplitude modulated by the 
modulating signal. The difference in fre- 
quency between the modulating and carrier 
inputs must be great enough for C to have a 
high reactance at the modulating frequency. 
A. E. CRUMP, 
Broadstone, 
Dorset. 

0Output 

ti sir 

22k 
OC202 

22k 

0C202 

+6/15V 

22k ;Control input 
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C424 

1k 

6/15V 
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Thyristors and Associated Devices 

Their characteristics and uses 

by W. D. Gilmour 

The thyristor is a three -terminal semicon- 
ductor switching device with properties 
somewhat similar to the hot -cathode thyrat- 
ron. Originally the general term for the 
device was "silicon controlled rectifier" or 
s.c.r., and this term demonstrates the first 
important property of the device -that in 
the reverse direction it behaves as a normal 
blocking diode, and it will never conduct 
(until its breakdown voltage is reached) with 
the anode negative (Fig. 1). With the anode 
positive conduction will still not occur until 
the gate terminal has been driven sufficiently 
positive, when the device will break down to 
a low impedance, with the current flowing 
limited only by the external load. This cur- 
rent will continue to flow until it is reduced 
below a critical value, the holding current, 
either by shunting the current in a parallel 
path, by reducing the applied voltage, or by 
breaking the current with a series- connected 
switch; then conduction will cease and will 
restart only when the gate terminal is re- 
energized. The similarity with the operation 
of a thyratron will be obvious, and the 
relative typical parameters are compared in 
Table 1. 

The chief advantages of the thyristor are 
thus a lower conducting voltage drop, 
much smaller size and weight, and, if operat- 
ed within ratings, a very much longer life, as 

t On 

(a) 

Ott 

V 

Gate 

Anode 

Cathode 

(b) 

Fig. 1 (a). Characteristic of thyristor. In the 
reverse direction and in the forward direction 
until it is broken down the impedance is 
high. After the device is triggered in the 
forward direction the impedance is low until 
the current is reduced below a critieal value 
-the holding current. (b) Conventional 
symbol for thyristor. 

Table 1: Comparison between typical 
thyratron and thyristor parameters 

Quantity Thyratron Thyristor 

Peak inverse voltage Several kV About 800V 
(max.) 

Peak current Hundreds of amps About 200A 
Mean current Tens of amps About 100A 
Conducting voltage drop About 8V About 1V 
De- ionization time Tens of microsecs Microsecs 
Gate conditions for Tens of volts. tens Few volts. up 

breakdown of milliamps to 100mA 
Holding current Tens of milliamps Tens of 

milliamps 
Weight of typical power Several kilograms 100g 

type 

there are no gas clean -up effects to be 
allowed for. On the other hand, for brief 
non -repetitive overloads the thyratron may 
be more robust, and the very low voltage 
drop may lead to difficulties in turning off 
thyristors in d.c. circuits. 

A development of the thyristor is the 
Triac, in which the gate controls conduction 
in both directions, thus allowing an un- 
distorted a.c. waveform to be switched, as by 
a relay. Triacs will be discussed in more 
detail later. 

Triggering methods 
The manufacturer's data for a thyristor will 
generally show typical characteristics of trig- 
ger voltage against trigger current, with 
superimposed limits showing levels at which 
no device will trigger, and at which all 
devices will trigger. From these curves it is 
simple to work out the required voltage and 
impedance of the triggering source. For the 
reliable triggering of all devices, it is useful 
to allow some 10V from an impedance of not 
more than 300 f2 for triggering, thus permit- 
ting a potential trigger dissipation of several 
hundred milliwatts, which could exceed the 
manufacturer's mean limits. A.C. coupling 
to the gate is therefore frequently used, as 
shown in Fig. 2 (a), (b), and (c). 

Two special devices, the p -n -p-n diode and 
the uni- junction transistor, provide excellent 
sources of triggering pulses. The former has 
the characteristics shown in Fig. 3, where it 
will be seen that at some critical applied 
voltage a negative resistance develops, and 
the circuit of Fig. 2 (d) shows how the 
capacitor, C, will suddenly discharge into the 
load formed by the gate of the thyristor as 
the critical voltage is exceeded. The circuit 
will continue to deliver gate pulses so long 
as the voltage is maintained across the driv- 
ing circuit. 
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The uni- junction is a three -terminal dev- 
ice, with similar characteristics to the p -n -p-n 
diode, in that the emitter will break down at 
a critical voltage, set, however, in this in- 
stance, by the voltage applied across the 
other two (base) terminals. Fig. 2 (e) shows a 
typical uni- junction triggering circuit. 

The triggering pulse width and amplitude 
necessary to secure breakdown are to some 
extent related, but less so than for a thyrat- 
ron, and in general triggering is independent 
of pulse width for lengths greater than a few 
microseconds. There is generally a short 
delay, typically one or two micro- 
seconds, between the application of the 
triggering pulse and the main breakdown, 
which is generally very rapid with modern 
avalanche methods of construction. In some 
earlier devices, however, the rate of rise of 
the main current had to be limited to allow 
time for the breakdown to spread completely 
across the main junction, and this limitation 
may still apply to devices passing more than 
ten amps. 

D.C. applications 
Complete logic systems can be built with 
thyristors, using the cheap plastic encapsu- 
lated or low current TO-5 can types. The 
thyristor is basically a two-state device with 
hold, similar to a conventional RS flip -flop. 
This type of logic has uses when a number 
of logical actions are required at any time 
during a fairly long period, with restrictions 
on the sequence, especially if substantial 
output powers are required, for externa 
loads can be inserted in the anode leads. This 
use is, however, somewhat specialized and 
will not be discussed further here. 

Combinations of relays, stepping switches . 
and thyristors lead to very useful circuits. 
For instance, consider the problem of ensur- 
ing that two uniselectors remain in step (Fig. 
4 (a)). When the thyristor is fired botl- 
armatures will close, but neither can be 
released, thus stepping the uniselectors on, 
until both interrupters are broken. The 
current through the thyristor will then be 
broken and it will revert to its non-conduct- 
ing state. Both uni- selectors will then have 
moved, in synchronism, by one step. Thyris 
tors used with relays can give holding cir- 
cuits, with pulsed unlatching (Fig. 4 (b)). 
without the difficulties associated with 
mechanical or magnetic latching. 

To turn a conducting thyristor off, the 
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(a) (b) (c) 

(e) 

Fig. 2. Triggering methods for thyristors: (a) direct d.c. pulse; (b) discharge of already charged 
capacitor; (c) use of emitter follower to secure low impedance drive pulse, together with 
capacitor coupling to reduce mean gate dissipation; (d) use of p -n -p-n diode; and (e) use of 
uni- junction. 

current through it must be reduced below 
the holding current and kept below this 
value for a few microseconds. In d.c. circuits 
this can be done by physical interruption of 
the circuit, as in the example of the uni- 
selectors given above, by shorting the thyris- 
tor by a contact or by a switching transistor, 
or by diverting the current into a suffici- 
ently large capacitor (typically 50 -250M F) 
switched into circuit by another thyristor, 
which in its turn ceases to conduct when its 
holding current falls below the critical 
value as the capacitor becomes fully charged. 

Because thyristors can withstand very 
high peak currents, they form excellent 
devices for discharging capacitors in time - 
bases, and for use in "electronic crowbars" 
-these are short -circuiting devices deliber- 
ately placed across the output of a power 
supply if too high a current is drawn from 
it; and they are used mainly in transmitters 
to give instant protection against arcs in the 
output circuits. 

A.C. applications 
With the coming of the Triac, described 
below, the principal application for uni- 
directional thyristors nowadays in a.c. dr- 
cuits is as controlled rectifiers (Fig. 5a). In 
a typical full -wave application the rectifiers 
block normally in the reverse direction 
and will conduct in the forward direction 
only when triggered. By delaying the 
triggering point with reference to the con- 
ducting half cycle of the applied voltage 
waveform in the main circuit, the energy 
transferred into the output circuit can be 
controlled. Thus in the two extreme cases, if 
the thyristor is triggered at the start of the 
half cycle, the circuit will behave as a normal 
uncontrolled rectifier, with maximum 
transfer of energy, but if triggering is de- 
layed until the end of the half cycle, no 

i 

Fig. 3. Characteristic of p-n-p-n diode. 

energy at all will be transferred. Interme- 
diate triggering points will give transfers 
depending on the design of circuit. Thus, if a 
typical capacitor input circuit is used (these 
are quite permissible for low -power recti- 
fiers, as thyristors can withstand higher re- 
petitive surge currents than thyratrons of 
the same mean current rating), energy trans- 
fer can occur only when the instantaneous 
voltage of the input waveform exceeds that 
of the reservoir capacitor. Conduction in 
normal operation thus occurs only at the 
peaks of the input waveform and control is 
always exercised on the first quadrant of the 
input waveform between zero and the posi- 
tive voltage maximum. With a resistive load, 
however, control is required over the entire 
forward half cycle. The simplest method of 
control is to delay the supply waveform by 
90° and then compare this waveform with a 
d.c. level set by the quantity to be controlled, 
as shown in Fig. 5 (b). To secure a precise 
triggering instant, any of the normal pulse 
generating comparator circuits (Schmitt 
trigger, p -n -p-n diode, or uni- junction) 
should be used. These circuits will also give 
a low -impedance drive pulse suitable for 
direct application to the gate of the thyristor. 

This type of control circuit is quite suit- 

121 

(a) 

(b) 

Fig. 4. Use of thyristors with electromechani- 
cal switches: (a) Synchronous drive for two 
uni- selectors. The current flowing through 
the coils of UA and UB will be interrupted 
only when both interrupters are open, thus 
resetting the thyristor; (b) Latched relay. The 
relay will release only when the thyristor is 
turned off, which may be done by four 
methods, shown from left to right: a second 
thyristor; switching transistor; second relay 
contact; or manual switch. 

;1oIIIIIII11U 1;ilNu_ 

(a) 

(b) 

360 

Fig. 5. Phase control of thyristors in a.c. 
applications: (a) Typical full -wave controlled 
rectifier. The capacitor C need be large 
enough only to give a low impedance return 
for the triggering pulses; (b) The main vol- 
tage waveform, V is delayed by 90° to give 
a control waveform, Vt, not necessarily of 
the same amplitude. V2 is compared with a 
d.c. control level, shown dotted for the two 
extreme values. If equality occurs at A, 
almost the whole half cycle, shown shaded 
vertically is passed in the main circuit, but 
at B only a very small fraction, shown hori- 
zontally shaded, is passed. 
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able for powers of up to about 1kW. For 
greater powers, the lagging power factor and 
the possible distortion of the waveform of the 
supply mains due to its finite impedance, 
together with the necessity for circuits to 
reduce the effect of interference caused by 
the sudden rush of current as the thyristor 
starts to conduct, makes this arrangement 
less attractive. It is recommended that, 
whenever possible, complete half cycles of 
the mains should be switched, closing the 
circuit at zero voltage, and controlling the 
power to the load by switching a controlled 

(a) 
,r-On state 

.1( 
Oft state 

r 
Off state 

On state 

Gate 

Main term,nat 2 

(b) Main terminal 1 

Fig. 6 (a). Triac characteristics. In compari- 
son with Fig. 1 (a), note that breakdown can 
occur in both directions. (b) Conventional 
Triac symbol. Sometimes the triangles are 
moved contiguously to give a simple zig -zag, 
as used in Fig. 7. 

Fig. 7. Simple phase control using Triac 
with built -in diode. 

Fig. 8. Logic interface using uni-junction 
and Triac. Note that the logic power supply 
can be earthed on one side and coupled 
capacitatively to the Triac. 

number of cycles at a time. Thus a given 
power level might be maintained by switch- 
ing three half cycles on, two off, four on, 
two off, four on, two off, three on, etc., to 
give any desired level. This regime of control 
is naturally most applicable to controlled 
circuits of large time constants, such as 
heating installations and large motors; it 
cannot of course be used for lighting instal- 
lations. 

Extinction of conduction in a.c. circuits 
gives no trouble, as the holding current is 
automatically reduced to zero and then 
reversed at the end of each half cycle. 

To secure full -wave control on a.c. recti- 
fier circuits without a transformer, two con- 
trolled rectifiers and two normal rectifers can 
be used in a bridge configuration, but this 
type of circuit is now mainly of academic 
interest, having been replaced by the Triac. 

Triaca 

The Triac is a symmetrical device with char- 
acteristics and conventional symbol shown 
in Fig. 6. By applying a small control voltage 
to the gate terminal with respect to one of 
the main terminals (conventionally No. 1) the 
main terminals conduct, and current will 
remain flowing, limited by the external load, 
until it is reduced, as in a thyristor, below 
the holding limit. A high impedance state is 
then restored between the main terminals 
until the gate is fired again. The gate voltage 
can be unidirectional, and thus full -wave 
control from a d.c. or pulse source can be 
achieved. Some Triacs are available with a 
built -in p -n -p -n triggering diode, thus lead- 
ing to the very simple circuit of Fig. 7, 
which will control the application of mains 
voltage to the load according to the setting of 
the potentiometer. 

Triacs without the diode mentioned above 
can be triggered by low -impedance pulses of 
a few volts, derived for instance from a 
uni- junction, and this allows them to be 
used as interfaces between low -voltage logic 
devices and mains -operated devices, as shown 
in Fig. 8. 

As we have seen, thyristors and Triacs 
have properties which enable them to be 
used in a variety of useful applications 
where no other active components would 
give the same result nearly as economically. 

Announcements 
The second national symposium on logic design is to be 
held at the University of Reading on March 28th. 
Organized by the Logic Design Group of the British 
Computer Society, eight papers will be given on subjects 
including Digital Counting Techniques, Computer Aids 
to Logic System Design and Implementation of a 
Digital Controller using Wired Logic. Further details 
are available from the Conference Information Office, 
The British Computer Society, 23 Dorset Square, 
London N.W.1. Fee for non -members of the B.C.S. 
is £6. 

An international symposium on management and 
economics in the electronics industry, organized by 
nine institutions, including the I.E.E., I.E.R.E. and the 
British Computer Society, is to be held at the University 
of Edinburgh from March 17th to 20th 1970. Further 
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details will be available from the secretary, D. J. T. 
Williams, Ferranti Ltd., Ferry Road, Edinburgh 5. 

A residential symposium entitled 'Maintenance in 
Eleetronics'will be held at Wood Norton Hall, Eve- 
sham, Worcs. The symposium, organized by the Society 
of Electronic and Radio Technicians, takes place from 
July 4th to 7th. Further details may be obtained from 
the Secretary, S.E.R.T., Faraday House, 8 -10 Charing 
Cross Road, London W.C.2. 

The reliability of electronic equipment will be the 
subject of a conference being organized by the I.E.E. in 
association with I.P. & P.S., the I.E.R.E. and the 
I.E.E.E. The conference will be held at Savoy Place, 
London W.C.2, from December 10th to 12th. 

Three lectures on physiology, organized by the 
I.E.E. / I.E.R.E. medical and biological electronics 
group committee, will be held at the Medical College, 
St. Bartholomew's Hospital, Charterhouse Square, Lon- 
don E.C.1. The lectures are entitled 'Nerve impulse' 
(11th March), 'Transcutaneous information' (22nd Ap- 
ril), and 'Peripheral auditory mechanisms' (20th May). 
Tickets for non -members are available, pria 5s each, 
from the I.E.E., Savoy Place, London W.C.2. 

The second symposium on field effect translators will 
be held at West Ham College of Technology, Rom - 
ford Road, Stratford, London E.15, on May 6th and 
7th. Details are available from the symposium 
organizer. 

A two-day symposium on digital storage techniques 
will be held at Kingston College of Technology, Penrhyn 
Road, Kingston upon Thames, Surrey, on April 1st and 
2nd. Details are available from R. V. Sharman, organiz- 
ing secretary. Fee £10. 

LEGO '70. The Council of Engineering Institutions, 
"federal body for Britain's chartered engineers," is 
organizing a major engineering congress which will open 
at the Royal Festival Hall, London on May 4th, 1970. 

A new company in the optical character recognition 
field known as Real Time Systems Ltd, of 139A New 
Bond Street, London W.1, has been formed by Pennsyl- 
vania Research Associates Inc., U.S.A., and a group 
of British data -processing specialists. The company is 
marketing in Western Europe the multi-font page 
reading systems of Scan -Data Corporation, Pennsylva- 
nia, U.S.A. 

The Electronics Division of Union Carbide UK Ltd, is to 
manufacture field effect and dual transistors in the 
United Kingdom. The devices will be manufactured at 
the company's plant at Aydiffe, Co. Durham. 

Cosmocord Ltd has formed a new electronic instru- 
ment group to be incorporated in the existing electro- 
acoustic division. The group will specialize in sound 
level test equipment, ear defending equipment, accele- 
rometers, transducers and bearing analysers. 

The marketing association between Technomark Ltd 
and Radford Electronics Ltd was dissolved on February 
1st. All sales and service matters will be dealt with from 
the premises of Radford Electronics Ltd at Ashton 
Vale Road, Bristol 3. 

Additional colour equipment, to the value of 
£250,000, has been ordered from Pye TVT Ltd by 
Associated Television for the extension of its proposed 
outside colour television transmissions in London and 
the Midlands. The order is for 8 three -tube colour 
cameras, equipment to convert the two existing Pye 
outside broadcasting units from black and white to 
colour and extra monitoring, vision -mixing and pulse 
equipments. 

A £144,000 contract has been awarded to Tellurometer 
(UK) Ltd, a company in the Plessey organization, for 
the supply of microwave distance measuring equipment 
to the Italian Army. 

Decca Radar Ltd, have received orders, in excess of 
£400,000, for radar relating to the entire building 
programme of 29 Esso tankers, four of which are also 
fitting ISIS (Integrated Ship Instrumentation Systems). 

Racal Instruments Ltd has received an £82,000 contract 
from the British Royal Navy for the supply of digital 
counters. 
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Wireless World Colour Television 
Receiver 

10. Chrominance circuit principles 

The preceding articles of this series have dealt with the 
equipment entirely from the point of view of producing a good 
black- and -white picture. It has been stressed many times that 
such a picture is an essential prerequisite for a good colour 
picture and we repeat this once again in order that it shall not 
be overlooked. In this and following articles we shall deal with 
the chrominance circuits and their principles. There is nothing 
in these which is essentially difficult and the basic circuits of 
individual stages are mainly of quite familiar types. 

As a whole, however, the chrominance circuitry is very 
unfamiliar to most people and the results of faulty com- 
ponents, incorrect connections or improper adjustment can be 
very strange indeed. There are so many parts involved that it is 
asking rather much to expect that the equipment will contain 
neither a faulty component nor a wrong connection. It is a wise 
precaution to check every component before connecting it into 
circuit, but even then carelessness in assembly and soldering 
can damage components. 

In order to be able to find faults and to carry out the 
proper adjustments, it is necessary to understand the circuits. 
We shall accordingly devote this article to essential theory. 
Much of it will already be known to those who have studied 
the subject. There are certain important matters, however, 
which have either not been adequately treated or the implica- 
tions of which have not been brought out previously. 

At the transmitter three camera tubes are trained on the 
subject through red, green and blue filters and produce 
output signals proportional to the red, green and blue com- 
ponents of the colours in the scene. These are designated the R, 
G and B signals; they are then gamma corrected and are 
conventionally designated R', G' and B'. The object of all the 
intervening equipment is to enable these signals R', G' and B' 
to be developed between the three grids and cathodes of the 
receiving colour cathode -ray tube. 

We are not concerned here with gamma correction nor with 
some of the subtle effects which result from it. For simplicity, 
therefore, we shall drop the primes to the letters and use R, G 
and B to refer to the gamma -corrected signals. 

Because of the need to economise in bandwidth these signals 
are not transmitted directly in the R, G and B form. They are 
first processed or encoded. 

First of all, the so- called luminance signal is produced, and 
is designated by the letter Y. This signal is obtained simply by 
adding together the proper proportions of the R, G and B 
signals according to the relation 

Y= 0.3R +0.59G +0.11B 
This is a video signal of full bandwidth which corresponds to 

the normal video signal of black- and -white television. If applied 
to a picture tube it will produce a monochrome picture. It 
contains all the information about the picture detail and its 
light and shade. Its bandwidth extends up to about 5.5MHz 
and it modulates the vision carrier in amplitude. 
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In addition to this, two chrominance signals are formed, R - 
Y and B - Y and these have their bandwidths limited to about 
1.2MHz. The latter modulates in amplitude a sub-carrier of 
frequency 4.43361875MHz + 1Hz, hereafter called 4.43MHz 
for short, whereas the R - Y signal modulates in amplitude a 
sub -carrier of the same frequency but which differs in phase 
from the other sub-carrier by 90 °. Furthermore, in successive 
scanning lines the phase of this R - Y sub -carrier is changed 
by 180 °. 

After modulation the sub -carriers are suppressed and the 
signals remaining are added together in their proper proportions 
and then used to modulate the vision carrier in amplitude. 
Because of the precise sub-carrier frequency chosen the 
sidebands of the chrominance signal all fall between harmonics 
of the line- scanning frequency at which the energy of the Y 
signal is concentrated, thus minimizing mutual interference. 

The complete signal as transmitted can be designated in the 
various ways shown by equations (1) to (4) in the Appendix. It 
is important to realize that the two amplitude -modulated 
sub-carriers do not exist as separate entities when they are 
added together; they form a signal in which the amplitude 
varies in accordance with the saturation of the colour and the 
phase varies in accordance with the hue. 

The plus and minus signs in the equations indicate that the 
phase of the R -Y signal is reversed in successive lines; that is, 
if the plus sign is taken for one line, the minus sign applies for 
the next. Under ideal conditions, this is also the signal obtained 
at the output of the detector in the receiver. In practice, of 
course, what is obtained is a more or less distorted version of 
this signal to which there are added noise and interference. We 
shall ignore this for the present, however. It is the purpose of 
the luminance and chrominance circuits of the receiver to 
accept the colour signal M and to convert it into three signals 
R, G and B between the grids and cathodes of the c.r. tube. 

To enable this to be done a kind of synchronizing signal is 
needed for sorting out the colour components. This can be 
regarded as analogous to the line and field sync pulses which 
are always added to the vision signal for synchronizing the line 
and field timebases. The additional special signal for colour is 
known as the colour burst, or just burst for short. This 
comprises 10 + 1 cycles of sub-carrier frequency inserted in 
the back porch of every line; that is, between the end of every 
line sync pulse and the start of the active portion of the line. 

In the PAL system, which is all that we are concerned with 
here, the phase of the burst changes by _+ 45° on successive 
lines. Taking the phase of the B - Y sub -carrier as reference, 
on lines for which the phase of the R - Y sub -carrier is 90° 
the burst phase is 135 °, while for lines for which the R - Y 
sub -carrier is -90° the burst phase is -135 °. 

In order to decode the colour signal as received, it is 
necessary to generate in the receiver signals of exactly the same 
frequency as the sub-carrier used at the transmitter so that the 
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Fig. 1 This vector diagram 
shows the phase relations 
of the B- Y, R -Yand 
colour burst signals. The 

R- Y signal changes phase 
by 180° in successive lines 
as shown by the solid and 
dotted vertical lines, while 
the burst follows it but is at 
45° to the R- Y phase. 

sub -carriers which have been suppressed at the transmitter can 
be reinserted. These locally- generated signals must also be in 
the proper phase, although for this a small error is tolerable. 
Again taking the B - Y component as reference, there must be 
one local signal in phase with this and another at 90° to it 
which alternates in phase in successive scanning lines. 

In practice, the burst signal is used to lock a local oscillator 
in frequency but with some small phase error; a pulse from the 
line timebase is used to operate a phase- reversing switch, and 
the changes of phase of the burst are used to keep this 
switching operation in the proper phase. 

It is very important to understand all these phase relations 
and it is a little difficult to do so at first, for most of us are 
inclined to get in a muddle over phase relations, especially as 
they do not usually assume any importance in r.f. circuits. 
The vector diagram of Fig. 1 helps a great deal in sorting out 
the relations. The B - Y component is taken as the zero of 
reference and is shown as the horizontal line-drawn from the 
centre to the right. The R - Y component is drawn at 90° 

Fig. 2 The B- Y (U) 
and R- Y (V) signals 
are in phase quadrature 
and combine vectorially 
as shown to give one 

signal whose amplitude 
represents saturation 
and phase angle 
represenu hue. This 
alternates in phase in 
successive lines. 

3 
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V 

3 
ó 

( 7r /2) to it, upwards and downwards for successive lines. 
The corresponding phases of the colour burst are shown 

again drawn upwards and downwards for successive lines at a 
further 45 °, 135° in all from the B -Y axis. Their mean is the 
horizontal line drawn to the left from the centre at 180° to the 
B -Y axis. 

In Fig. 1 the B - Y and R -Y components are represented 
separately in the manner expressed in equation (1). Fig. 2 

shows this again and also how they combine to form a single 
signal of varying amplitude and phase. Here V and U are used 
respectively to represent R -Y and B - Y. 

Turning now to the general form of the decoder, its block 
diagram appears in Fig. 3, and the complete signal represented 
by equations (1) to (4), plus the colour burst, is applied at its 
input. It will be remembered from the earlier articles that this 
signal is also passed through a delay line and video amplifier 
which provide some attenuation at 4.43MHz, to the cathodes of 
the colour tube. Because of this the chrominance components, 
which are at 4.43MHz are largely removed, and a signal - Yis 
fed to the cathodes of the tube and is, of course, the equivalent 
of Y fed to the grids. In order to obtain R, G and B between 
grids and cathodes, therefore, we have to develop three signals 
R - Y, G - Y and B - Y for application of the three 
grids. 

The summing of the luminance and colour difference 
signals is effected in the tube, for -Y applied to the red 
cathode and R -Y to the red grid give R between grid and 
cathode, and similarly for the other guns. At this point the 
discerning reader will raise an objection. He will say that this is 

not true because the Y signal which is applied to the cathode 
is wideband, whereas the R - Y signal which is applied to the 
grid is narrow band, and he will be quite right. The letter Y is, 
in fact, being used with two meanings, one for the wideband 
luminance signal and the other in the narrow -band colour - 
difference expression. 

As a result, the foregoing statement is true only for 
frequencies up to some 1.2MHz. For frequencies above that 
the colour-difference signals R -Y, etc., disappear and the only 
input to the tube is the wideband -Y signal applied to the 
cathode. This means that there is no colour in fine details. 
What we have, in effect, is a black- and -white picture upon 
which colour is superimposed in the large and moderate sized 
areas, but not in the fine detail. It has been determined by 
experiment that the eye is not very sensitive to colour in detail, 
and it is because of this that it is possible to restrict the 
bandwidth of the colour- difference signals. This arrangement 
is, in fact, common to all practical colour -television systems. 

The decoder is fed with the complete video signal plus 
colour burst and sync pulses and it has to produce at its 
output three colour-difference signals, R -Y, G- Y and B - Y. 

The whole signal is first applied to a high -pass filter (numbered 
1 in Fig. 3), which removes the luminance signal and the sync 
pulses, leaving only the chrominance signal and burst which 
are all around 4.43MHz. 

The high -pass filter is a simple affair, being nothing more 
elaborate than an RC coupling of small time constant. The 
signals are then put through a single -stage amplifier (2) with 
a.g.c. This stage, therefore, provides an output of substantially 
constant amplitude. The output feeds two separate channels. 
The chrominance channel starts with an attenuator (3) which 
forms the saturation control; it controls the amplitude of the 
colour- difference signals and so enables the depth of colour, or 
saturation, in the picture to be varied. This attenuator is a 
diode network controlled by a variable voltage and it has 
applied to it also a pulse from the line timebase which makes 
the attenuation very large during the line flyback and which, 
therefore, gates out the colour burst. The signals after the 
attenuator are thus the colour- difference signals in their 
suppressed -carrier form. 

A single stage of amplification (4) follows and there are then 
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two possibilities. In simple PAL the signals are applied directly 
to the two synchronous demodulators (8) and (9) shown in Fig. 
4. In delay -line PAL the arrangement is different. The signal is 
applied to a phase -splitter (5). One output is taken from the 
emitter and the other is taken from the collector and passed 
through a delay line (6) which gives a delay of one complete 
line, or, more precisely, 283.5 cycles of sub -carrier frequency. 
The delayed and undelayed outputs are adjusted to be of the 
same amplitude and their sum and difference are formed (7). 

Consider the B - Y component. "I'he output of a certain 
scanning line appears at the emitter and the output of the pre- 
ceding line with the opposite r.f. phase at the output of the 

Burst 
amplifier 

11101011111111111111111111 
1 

II 

2 
II 

Burst 
amplifier 

gated to pass 
burst only 

delay line. Subtraction of the two signals results in a double - 
amplitude signal which is the mean of the signals from two 
lines. Since the R - Y signals are reversed in phase in succes- 
sive lines the two outputs are in the same phase and on sub- 
traction they cancel out. Thus the combined output is B - Y 
only. More important than this, however, is the fact that, 
because the combined output is the mean of two lines, phase 
distortion tends to be cancelled. This is actually the whole 
purpose of the PAL system. 

With the R -Y component the phase reverses in successive 
lines and so the addition of the two outputs gives a double 
amplitude R -Y signal only, the B -Y components cancelling. 
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Fig. 3 Block diagram of the complete chrominance equipment which provides the R- Y, G- Y and B- Y signals on the grids of the c.r. tube. This is driven at the cathode with a -Y signal from the luminance amplifier and so R, G and B signals are effective between the grids and cathodes. 
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The two components are then applied separately to the two 
synchronous detectors. 

If there is a phase error between the locally generated 
reference oscillation and the correct reference phase, the de- 
modulation process is affected. With simple PAL, a leading 
phase error causes a shift of colour in one way from the 
correct, whereas a lagging error causes a shift in the other way. 
As a result of the phase alternation in successive lines, the 
error is leading on one line and lagging on the other. Successive 
lines depart from the correct hue in opposite directions, and if 
the picture is viewed from far enough away, the eye averages 
the two and gets the impression of the proper hue. With 
delay -line PAL the R -Y and B -Y signals are separated before 
the demodulators, with the result that a phase error in the 
reference signal causes no error of hue. This is dealt with in 
more detail in the Appendix. 

The disadvantage of simple PAL is that with close viewing 
the alternation of lines of different hue can be seen and they 
usually appear to crawl up the picture. The effect is known as 
the Venetian or Hanover blind effect. It can occur, but to a 

much lesser extent, with delay -line PAL, if the circuits are not 
properly balanced. 

The receiver is, of course, designed for delay -line PAL but it 
can actually be used as simple PAL merely by removing the 
delay line. In fact, under good conditions simple PAL gives an 
exceedingly good picture. 

We now turn to the other channel of the chrominance 
circuitry. The chrominance signal and burst are first amplified 
in a single stage (22) and the output of this is applied to a 

second amplifier (23) which is normally biased beyond cut -off 
so that it is inoperative. A positive -going pulse, which is derived 
(33) from the line timebase, is applied to the base and renders 
the stage operative whenever the colour burst is present. The 
net result is that the colour burst appears greatly amplified at 
the output of this second stage but no other signals. The burst 
is rectified (37) and the resulting smoothed output applied as 
a.g.c. bias to the common input stage (2). The main output, 
however, is applied in push -pull to a pair of diodes (24) which 
also have an input in parallel from the local oscillator (28). This 
forms a phase discriminator which gives no output if the phase 
of the oscillator and burst are correctly related, but gives a d.c. 
output for a phase difference with a polarity depending on the 
direction of the difference. This is amplified by a d.c. amplifier 

Fig. 4 Basic circuit of the 

PAL diode switch, 90° 
phase splitter and the 
two synchronous 
demodulators 

R -Y input 

B -Y input 

R -Y output 

B -Y out put 

(25) and the voltage is applied to a variable capacitance diode 
(26) which is connected to the oscillator circuit (27). 

The oscillator is of a conventional Colpitt's type using a 
quartz crystal as the tuned circuit. The frequency is thus 
always very close to the correct one, and the operation of the 
a.p.c. loop, is gradually to reduce any initial frequency error to 
zero and then to hold the oscillator in lock with the burst 
frequency. Unless the oscillator frequency is itself precisely 
correct, the control circuit cannot bring it into lock without 
there being a phase error between the oscillator and the burst. 

The oscillator is provided with an emitter- follower output 
stage (28) to isolate it and from this the output is fed to three 
things, the phase discriminator (24), the PAL switch (35), and a 
90° phase shifter (36). 

The phase of the burst swings at line frequency by ± 45° 
about a mean phase of 180° relative to B - Y. The oscillator 
cannot follow this and is locked by the mean phase, which is 
180° relative to B - Y. In the absence of any phase error, it 
locks in at 90° to this mean phase. The oscillator thus locks 
in phase with the (R - Y) signal component but whether it is 

the plus or minus phase depends on the design of the whole 
a.p.c. loop. A simple phase shifter (36) produces a 90° phase 
change and so a continuous oscillation in phase with the B -Y 
component and this is correct for controlling the B -Y syn- 
chronous demodulator. 

The R -Y demodulator requires an oscillation which 
reverses its phase in successive lines to keep it in step with the 
phase alternation of the (R -Y) signal. This is carried out by 
the PAL switch (35). This is shown in essence in Fig. 4. The 
output of the oscillator emitter- follower is applied to a trans- 
former T,. Two secondary windings 3 and 4 are connected to a 

pair of diodes which are initially biased to be non -conductive. 
The diodes are rendered alternatively conductive by being 
connected to the two collectors of a bistable (34) in Fig. 3. 

During one line D, is turned on and the voltage from winding 
3 drives a current through it and through the primary of T2. 

During the next line D, is turned off and D2 on. It is now 
winding 4 which is operative in driving current through D2 

and the primary of T2 and this current is in the opposite phase 
to that during the previous line. The output of T2 is thus an 
oscillation which reverses in phase on successive lines. 

The bistable is triggered to change state every line by a pulse 
from the line flyback (33). Something more than this is needed, 
however, for as so far described it is a matter of chance whether 
the ouput of T2 is in step with the phase alternations of R -Y 
or whether it is 180° out of step. 

This is highly important, for if it is 180° out of step negative, 
or rather complementary, colours will result. 

The whole purpose of the swinging colour burst is to enable 
this to be sorted out rather simply. Although this does not 
affect the crystal oscillator, which becomes locked to the mean 
phase of the burst, the discriminator (24) output contains a 
component of half -line frequency which also appears in the 
output of the d.c. amplifier (25). This is applied to a circuit 
tuned to 7.8kHz (29) where it produces a fairly large ampli- 
tude sinewave of this frequency. This is applied through an 
emitter follower (30) and a diode (32) to the bistable. If it 
happens that this is running in the correct phase it does 
nothing. If it happens that the bistable is triggering in the 
wrong phase, the 7.8 -kHz signal suppresses one of the pulses 
from the line timebase and prevents it from triggering the 
bistable. This then stays in the same state for two lines and so 

comes into proper phase. This so-called identity circuit 
functions at most once every time the set is switched on in 
normal operation, but it is essential. 

The 7.8 -kHz signal thus generated is also used for the 
colour killer. It is rectified and smoothed (31) to produce a d.c. 
bias which is applied to an amplifier (4) in the chrominance 
channel. This is otherwise biased beyond cut -off. 
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When a monochrome signal is received there is no colour 
burst. Therefore, no 7.8 -kHz signal is generated and the 
chrominance channel is blocked so that noise or interference 
cannot be passed to the tube grids through the chrominance 
channel. With a colour signal, the swinging burst produces the 
7.8 -kHz signal which renders the chroma channel operative. 

Reverting to Fig. 4, the oscillator is connected across winding 
1 of T,. Windings 1 and 2 form an auto-transformer and the 
voltage across the two is twice that of the oscillator. This is 
applied to the CR circuit and ideally when the reactance of C is 
equal to the resistance of R the voltage across the primary of T3 
equals that supplied by the oscillator but is 90° to it in phase. 

The outputs of TZ and T3 are applied through resistors to 
the two diode bridges, the precise action of which is treated 
more fully in the Appendix. When the diodes are non -conduc - 
tive the inputs are isolated from the outputs. This is during 
the negative half -cycles of the oscillator inputs. During the 
positive half -cycles all four diodes of a bridge conduct and the 
input is joined to the output through the forward resistances 
of the diodes. 

In Fig. 3, the outputs of the demodulators (8) and (9) are 
applied to low -pass filters (10) and (11) and thence to the first 
video amplifiers (12) and (13). These stages feed two output 
stages (16) and (20), which are valve stages, and which feed the 
grids of the red and blue guns. 

It is necessary to produce a G - Y signal from the R - Y 
and B - Y signals. This is done in a matrix circuit (14). 
Suitable fractions of the R - Y and B- Y signals developed at 
the emitters of (12) and (13) are added together. Basically, we 
add 0.51 (R - Y) to 0.186 (B - Y), and this gives us Y - G. 
To reverse the phase the signal is applied to the emitter instead 
of the base of the input green channel amplifier (15) and thence 
to the output stage (18). 

All three output stages are capacitively coupled to the tube 
grids and each is provided with a black -level clamp (17), (19) 
and (21) driven by a pulse from the line timebase. 

The theoretical proportions of the R - Y and B -Y signals 
quoted above to produce G - Y are not used in practice. Also 
the gains of the three amplifiers are not required to be identical. 
There are various factors which account for this. In the 
transmission the amplitudes of the two chroma signals are 
deliberately made unequal in the ratio 0.877 /0.493 = 1.785 
red to blue. Instead of adding 0.51 /0.186 = 2.74 times as 
much R - Y as B - Y to get G - Y, we have to add 
2.75/1.785 = 1.54 times as much only. In addition to this the 
B - Y amplifier gain must be 2.74 times that of the R - Y 
to bring the outputs to the proper ratio. 

In practice, the gain of the R - Y amplifier is fixed, and 
adjustments for gain are provided in the G - Y and B - Y 
amplifiers. In addition, there is a matrix adjustment to control 
the G - Y input. These adjustments enable correction to be 
made for variations of components and for the unequal 
sensitivities of the three guns of the colour tube. 

When considering what happens, and especially when trying 
to diagnose the cause of some fault, there is one trap which 
must be avoided. This is the tendency to think that the R - Y 
and B - Y outputs of the synchronous detectors affect only 
the red and blue guns respectively. This is true after the first 
stages of the chrominance amplifiers. In these stages, however, 
the matrixing takes place and in them and before them the R - 
Y and B -Y signals each affect the inputs to all the guns. 

The diagram of Fig. 5 is helpful in understanding what goes 
on. It illustrates the waveforms during one scanning line when 
the picture is a set of vertical colour bars in the order left to 
right, white, yellow, cyan (which is a kind of pale blue) green, 
magenta, red and black. The Y, R - Y, G - Y and B - Y 
waveforms at video frequency are shown. It is particularly to 
be noticed that some of the colour- difference waveforms be- 
come negative. 

The envelopes of the R - Y and B - Y signals modulated 
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Fig. 5 Theoretical waveforms during one scanning line for a set of vertical 
colour bars in the order white, yellow, cyan, green, magenta, red and black. 

on their sub -carriers and reduced in amplitude to the proper 
proportions are also shown; these are the waveforms which are 
designated V and U earlier in this article. 

Their addition to form the composite chrominance signal 
must be performed vectorially, because the carriers are in 
phase quadrature. Their combination is shown in the diagram. 

In the receiver the top waveform Y, but reversed in phase to 
be -Y, is the signal applied to the c.r.t. cathodes from the 
luminance amplifier. The next three waveforms are the ones 
applied to the grids, but modified somewhat in amplitude to 
take into account the differing sensitivities of the three guns 
and phosphers. 

The waveforms R - Y and B - Y also exist at the outputs 
of the synchonous demodulators and at the bases and emitters 
of the first -stage R - Y and B - Y chrominance amplifiers, 
while G - Y inverted will appear at the emitter of the G - Y 
st age. 

If delay -line PAL is used the V and U waveforms appear at 
the inputs to the R - Y and B - Y demodulators but, with 
simple PAL, it is the composite waveform at the bottom which 
is applied to both. 
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It may not be obvious at first how a negative colour- differ- 
ence signal is conveyed in the modulation, for as they are 
drawn the modulation envelopes show no distinction between 
positive and negative video signals. There is no difference in the 
envelopes, but for a negative video signal the phase of the 
sub-carrier is at 180° to that for a positive signal. 

Consider the B - Y signal on green and magenta. On green 
the video amplitude is -0.59 while on magenta it is +0.59. 
The modulated envelopes are identical but the sub -carrier 
phase is the normal one quoted earlier for magenta, but is 180° 

out of phase with this for green. 
Taking these two colours again, for green, R -Y = -0.59 

and Y = 0.59, so R = O, B - Y = -0.59 and so B = 0. 

Matrixing produces G - Y = 0.41, giving G = 1. For 
magenta, R -Y = 0.59 and Y = 0.41, so R = 0.18; B -Y = 
0.59, so B = 0.18. Matrixing gives G - Y = -0.41 and so 

G = O. 

The point to notice particularly is that when a colour 
contains no component of red, green or blue, the fact that that 
particular gun is inoperative does not mean that there must be 

no signal on its grid. There is always a Y signal on the cathode 
and there must be an equal signal on the grid to cancel it. For 
magenta, for instance, which has no green component, there 
must be a G - Y output to cancel the effect of the luminance 
signal on the cathode. 

APPENDIX 

The Colour Signal 

The modulation of the vision carrier is 

M = Y + C = Y + 0.493 (B - Y) sin wt 

+ 0.877(R - Y) cos wt 

= Y -+ U sin wt + V cos w 

(caf 

t 

± tan -1 ) = Y -+ ß/(U2 -}- V2) sin 

= Y +A sin (w! ±et) 

The luminance signal Y and the colour -difference signals U and 
V are simple combinations of the gamma -corrected colour signals 

R, G and B from the camera tubes. 
The combination of the two colour -difference signals U and V 

modulated on carriers in quadrature with suppressed carriers forms 
a signal 

(1) 

(2) 

(3) 

C= A sin (wt ±«) 

in which A = U2 + V2 represents amplitude and « = tan-1 

(V /U) represents phase. Although each carrier is amplitude modu- 
lated the combination of the two is a frequency which is both ampli- 
tude and phase modulated. The amplitude A represents the satura- 
tion of the final reproduced colour and the phase « represents the 
hue of the colour. 

Demodulators 

In a diode bridge demodulator an oscillation V sin (wt + ¢) is 

generated locally and is applied through series resistors across 

one diagonal of a bridge of four diodes, as shown in Fig. 4. The 
diodes all conduct together whenever sin (wt + ¢) is positive, and 

they are all non -conductive whenever sin (wt + ¢) is negative. 

The diodes are thus conductive from wt = -ch to wt = 7r - 0. 

On the other diagonal of the bridge the chrominance signal is 

applied on one side and the output is taken from the other. For 
generality, we write this signal as a sin (wt + B). Then the 
smoothed output is the average value of this expression over the 

conductive periods of the diodes; that is, 
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m 

Output = 
á 

J sin (wt + B) chat 
7T 

=- cos (wt+B)l = cos (0- (k) 
77 - 

Simple PAL 

For simple PAL, a = A and 9 = +« and so 

Output = 
ZA 

cos ( ±« - 0) 

If = 0, Output = 
2U a B - Y 

IT 

If ¢ = + 2 Output 
2A =- cos 

\ ±« +2) 77 

2A 
sin «= -ocR -Y 

Ir 

If there is an error E in the phase of the local oscillator, then for the 

B -Y output, ¢ = E and 

Output = 
2A 

cos (± « - E) 
IT 

2 
= - (U cos E + V sin E) 

7r 

The B -Y signal (U) is thus reduced slightly in amplitude, 
but has added to and subtracted from it in successive lines a small 
amount of the R -Y signal (V). 

For the R - Y output, ¢ = f 2 + e and 

2A ( Ir 
Output = 

n 
cos 1 +« 2 - E 

-2 (V cos e T U sin E) 
r: 

Thus the R -Y output is reduced slightly in amplitude and 
has added to it and subtracted from it in successive lines a small 
amount of the B -Y signal. 

If pairs of lines are viewed from a sufficient distance for them to 
merge the spurious components average to zero, and only a small 
error of saturation exists. 

Delay Line PAL 

In this system, the signal A sin (wt + «) is added to and subtracted 
from one which has been delayed by a whole line and which is, 

therefore, A sin (wt f a). 

Addition gives 

A [sin (wt ± «) + sin (wt f a)] = 2A cos « sin wt 

Subtraction gives 

A [sin (wt + «) - sin (wt f a)] = + 2A sin « cos wt 

These reduce to 2U sin wt for addition and ± 2 V cos wt for sub- 
traction and complete separation of the R -Y and B -Y signals 

is effected prior to demodulation. The signals are applied to 

separate demodulators as before, but as they are separate a phase 
error in the local signal can only produce an effect on saturation 
and not on hue. Successive lines are reproduced with the sane 
colour. 
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Personalities 

G. G. Gouriet, F1.E.E., for the 
past four years head of the B.B.C's 
Research Department, has become 
chief engineer, research and de- 
velopment, and will co-ordinate the 
work of the Research and Designs 
Departments. The greater part of 
Mr. Gouriet's career with the 
B.B.C., which he joined in 1937, has 
been spent in the Research De- 
partment. In 1958 he left the Cor- 
poration, where he was then head of 
the television group in the 
Research Department, to become 
technical director of Wayne Kerr 
Laboratories Ltd. He rejoined the 
B.B.C. in 1964. Mr. Gouriet is suc- 
ceeded as head of the Research De- 
partment by R. D. A. Maurice, 
O.B.E., Dr.Ing., Ing.E.S.E., 
F.I.E.E., who has been head of the 
Designs Department since March 
last year. Dr. Maurice joined the 
B.B.C. Research Department in 
1939 and after some years in the 
receiver and measurements section 
he transferred to the television 
group of which he became head in 
1958 and assistant head of the 
Department in 1961. 

A. O. Botsford, B.Sc., Ph.D., ap- 
pointed head of the Materials 
Division of Standard Telecommuni- 
cation Laboratories, Harlow, joined 
the organization in 1954 after ob- 
taining a Ph.D. in surface chemistry 
at Queen Mary College, London 
University. Dr. Batsford was for 
several years concerned with X -ray 
crystallography, particularly in rela- 
tion to the effects of crystal defects 
upon the performance of semicon- 
ductor devices. Two years ago he 
was made responsible for the physics 
and materials department. He now 
assumes responsibility also for the 
departments of chemistry of 
materials, and of ceramics and 
dielectrics. 

John M. Spiers, B.A., recently 
appointed to the board of Multitone 
Electric Co. Ltd. as commercial 
director will continue to be 
responsible for the Communications 
Division which he has managed for 
the past two-and- a-half years. He 
graduated at Gonville and Caius, 
Cambridge, and prior to joining 
Multitone Electric, was with Mul- 
lard Ltd. and International Com- 
puters and Tabulators. 

E. B. Stuttard, MA, F.I.E.E., un- 
til recently technical manager of the 
Data Systems Group of S.T.C., has 
been appointed managing director of 
Racal -Milgo Ltd., recently formed 
as an equal partnership between 
Racal Electronics and the Milgo 
Corporation of Miami, U.S.A. 
The company will manufacture and 
market high -speed data modems 
(modulator -demodulators) and other 

E. B. Stuttard 

data transmission equipment. 
Mr. Stuttard, who read physics at 
Jesus College, Cambridge, spent 
three years in the Navy before going 
into industry. He was initially with 
Smith's Industries, then Hawker 
Siddeley Dynamics, and for the past 
four years has been technical 
manager of the Data Systems 
Group of S.T.C. 

A. Lockett, who joined Aircraft 
Supplies Ltd. last year as deputy 
chief engineer, has been appointed 
chief designer. This Bournemouth - 
based company now manufactures 
the Midas aircraft accident data re- 
corder. Mr. Lockett, who graduated 
from Manchester University with an 
honours degree in electrical en- 
gineering, spent eight years with the 
British Aircraft Corp. at Filton. 

J. Maurice has retired as managing 
director of Lustraphone Ltd. but 
remains on the board in a con- 
sultative capacity. The new manag- 
ing director is Ronald L. Glaisher. 
George R. Pontsen, technical 
manager, has also joined the 
board. 

J. R. Brinkley, F.I.E.R.E., an exe- 
cutive director of S.T.C., has been 
appointed adviser to the Interna- 
tional Telephone and Telegraph 
Corp. (the American parent com- 
pany) on the worldwide de- 
velopment of mobile radio. Mr. 
Brinkley, who retains his technical 
and marketing responsibilities for 
S.T.C. mobile radiotelephones, 
joined the company in April 1967. 
Prior to this he had been managing 
director of Pye Telecommunications 
Ltd. since 1956. 

W. S. Metcalf, B.Sc.(Eng.), MA, 
M.I.E.E., has joined Cathodeon 
Crystals Ltd., a member of the Pye 
of Cambridge Group, as technical 
manager. Mr. Metcalf, who is 31, 
obtained his B.Sc. at Queen Mary's 
College, London, and his M.A. at 
Gonville and Caius College, Cam- 
bridge. He was until recently with 
the Cavendish Laboratories, Cam- 
bridge University, as technical 
officer responsible for providing spe- 
cialized electronic design services to 
the various research groups. Mr. 
Metcalf has recently returned from 
the United States where he spent 
nearly a year with the Hewlett - 
Packard Company in California, 
working on advanced measure- 
ments, integrated circuitry and 
studying new management tech- 
niques. 

R. T. A. Standford, B.Sc., 
F.I.E.E., has been appointed head of 
Transmission Systems Division at 
Standard Telecommunications Lab- 
oratories, Harlow. He was leader of 
the Communications Department at 
the Plessey Company's Electronics 
Research Laboratory, Havant, 
Hampshire. Before that he obtained 
considerable experience in defence 
oriented communications and radar 
problems at the SHAPE Air Defence 
Technical Centre in Holland and 
with the [Vuillard Research Labora- 
tories at Salfords. 

D. R. Morse, KLE.E., has been 
appointed by the B.B.C. chief en- 
gineer, capital projects, and will 
co- ordinate the work of the Build- 
ing Department and the two Plan- 
ning and Installation Departments 
(Studios and Transmitters). Since 
November 1965, Mr. Morse has 
been bead of Studio Planning and 
Installation Department. He joined 
the B.B.C. in 1947 and has latterly 
been head of the film unit in the 
Planning and Installation De- 
partment. 

Robert L. Slattery, B.Sc., M.Sc., 
has joined Advance Electronics of 
Hainault, Essex, as group quality 
controller. He will be responsible for 
all aspects of quality and reliability 
in the Advance Group of Com- 
panies. He started his career in 1960 
as a graduate apprentice with the 
Marconi Company after leaving 
Manchester University where he 
read electrical engineering for a 
B.Sc. Tech. degree. Later he ob- 
tained an M.Sc. in quality and re- 
liability engineering at Birmingham 
University. He is 29. 
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Donald Woods, M.I.E.E., has been 
appointed as the first incumbent of 
the Wayne Kerr Chair of Measure- 
ment Science at the University of 
Surrey. His first main tasks will be 
the setting up of research facilities 
for postgraduate studies, and the 
planning and teaching of measure- 
ment science with the emphasis on 
radio-frequency measurements and 
standards. The endowment by the 
Wayne Kerr Company of the Chair, 
which is in the Department of 
Chemical Physics headed by Profes- 
sor V. S. Griffiths, was announced 
in April 1967. This Department 
forms part of the Faculty of 
Biological and Chemical Sciences. 
Mr. Woods, who is 61, received his 
engineering training with Marconi's 
in Chelmsford. In 1935 he joined 

D. Woods 

the Aeronautical Inspection 
Directorate's Electrical Standards 
Laboratory where he first became 
interested in precision radio-fre- 
quency measurements. After war 
service he returned to the A.I.D. 
Laboratories, Harefield, as officer - 
in- charge of the radio and electricity 
section. Since 1956 he has been 
responsible at the Ministry of 
Aviation (now the Ministry of 
Technology) for the administration 
of basic research in telecommunica- 
tions. 

For the first time a former R.A.F. 
Boy -Entrant Wireless Operator has 
reached Air Rank. He is Air Com- 
modore S.M. Davidson, C.B.E., 
who recently became Director of 
Signals (Air) at the Ministry of De- 
fence. He joined as a Boy Entrant in 
1939 and trained at No. 1 Electrical 
and Wireless School at Cranwell. He 
was commissioned in the General 
Duties Branch in 1942 and com- 
pleted a signal leaders' course at No. 
14 Radio School in 1944. In 1950 
he transferred to the Technical 
(Signals) Branch. After work in the 
Air Ministry on research and de- 
velopment projects involving elec- 
tronic equipment for current and 
future fighter transport and mari- 
time aircraft, Air Commodore 
Davidson, who is 46, attended the 
Joint Services Staff College. In 
1963, he was assistant commandant 
at RA.F. Locking, Somerset, and 
later was chairman of the Joint 
Signals Board in Aden and Com- 
mand Electrical Engineer in the 
Near East. 
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Operational Amplifiers 

2. Compensation techniques and more device characteristics 

by G. B. Clayton,* B.Sc., A.Inst.P. 

Last month various characteristics of integ- 
rated- circuit operational amplifiers were 
explained in turn. This second article starts 
with a discussion of methods of frequency 
compensation applicable to these amplifiers 
and concludes with further information on 
device characteristics. 

Frequency compensation of an op. 
amp. consists of modifying the amplifier's 
open -loop frequency response in such a way 
that a desired closed -loop response is stable; 
the modification ensures that the criterion 
for stability (last month) is satisfied. The 
process is generally effected by the con- 
nection of compensating networks to points 
inside the i.c. made accessible by the manu- 
facturer's provision of external connections. 
A particular amplifier can usually be com- 
pensated in a number of different ways; the 
method adopted is normally the one which 
will optimise other aspects of the amplifier 
performance which are affected by fre- 
quency compensation and which are of 
importance in the particular application. 
Slewing rate (see later) and noise perform- 
ance both depend on the placing and values 
of the compensating networks. Compensa- 
tion methods advocated by different manu- 
facturers for their amplifiers differ in detail 
because of circuit differences, but the general 
principles involved in frequency compensa- 
tion are the same for all amplifiers, and once 
the techniques are understood stability 
problems should not present too serious a 

difficulty. 

Simple lag compensation. The 
simplest way of effecting frequency com- 
pensation is to shunt some signal point in the 
circuit .>ivith a relatively large capacitor. If 
the attenuation introduced by this capacitor 
is made to start at a low enough frequency it 
will ensure that the closed -loop response and 
modified open -loop response close at a 

rate of 6 dB per octave and the closed -loop 
response will be stable. The attenuation 
introduced by a single capacitor is readily 
evaluated from the equivalent circuit (Fig. 
54) where Rt represents the effective internal 
resistance at the point in the circuit to which 
the capacitor is connected. The circuit has 
a first order response with break frequency 
(dc = t /(CRi). Fig. 14 shows the method 
applied to an amplifier having an open - 
loop response similar to the amplifier 
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considered in Fig. 13 last month. The inter- 
section of the modified open -loop response 
and the closed -loop response is arranged to 
take place at the first break frequency of the 
uncompensated open -loop response. The 
required value of the compensating capacitor 
may be calculated by using eq. (5) from last 
month's article. Thus 

Wol 

CRi = ` c I + ß AVOL 

The equation gives the minimum value of C 
required to compensate for this particular 
closed -loop gain. For circuits having greater 
feedback and smaller closed -loop gains 
larger values of C would, of course, be 
required. 

Lag compensation with a single capacitor 
is suitable for closed -loop applications not 
requiring wide bandwidth ; an early roll -off 
in high frequency gain reduces broad band 
noise. Use of a compensating capacitor of 
magnitude greater than that given by eq. (6) 
may be advantageous in low frequency appli- 
cations. It will make the circuit less suscep- 
tible to instability caused by capacitive 
loading or by stray capacitance in the feed- 
back circuit. In applications requiring 
wider closed -loop bandwidths a method of 
frequency compensation which utilises part 
of the amplifier natural roll -off to obtain the 
necessary attenuation of loop gain can be 
used. 

...(6) 

Compensation for maximum band- 
width with lag network. In this method 
of frequency compensation a series corn - 
bination of a resistor R and a capacitor C is 
used instead of a single compensating 
capacitor (Fig. 15). With R << R( the net- 
work starts to attenuate with a break fre- 
quency f.), = t/CR1 at a rate approaching 
6 dB per octave and with a phase shift 
approaching 90 °. With increasing frequency 
the rate of attenuation and the phase shift 
start to decrease. The network breaks out at a 
frequency w, = t /CR when the attenuation 
approaches its maximum value R /R, and 
the phase shift returns to zero. The break 
out frequency N. is made to coincide with 
the first break frequency in the amplifier 
natural roll -off and the resistor R is chosen 
so that the attenuation R /Rt enables the 
amplifier natural roll -off to reduce the loop 
gain below unity before the second amplifier 
break frequency. Referring to Fig. x5, 
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The McMurdo Red Range of Connectors now has 

additional features for greater versatility. Now you 

can obtain moulded in D.A.P. all sizes of the 
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Fig. i6. Slewing rate: illustration of wave- 
form distortion resulting from rate limiting 
in an MC143oP i.c. amplifier. Lower 
trace: input waveform; upper trace : output 
waveform. (Vertical scale: 2V /division. 
Horizontal scale sµs /division). 

Fig. r7. (above) Test circuit for obtaining 
transient response. (below) Response of 
MCt43oP amplifier obtained with the test 
circuit. (Vertical scale: oSV /division for 
upper pair of traces, 2V /division 
for lower pair. Horizontal 
scale 2µs /division). 

Fig. 18. Observation of error voltage as a 
more sensitive indication of rate limiting, 
using MCt43oP amplifier in Fig. r7 test 
circuit. Upper pair of traces: input and 
output waveforms. Lower trace: error 
voltage at amplifier input 

the design equation for R (is R /R), in 
dB = (fAvoL) in dB - (X) in dB. Once the 
necessary value of R has been calculated the 
magnitude of the required compensating 
capacitor is then obtained from Goo, = 1/CR. 
These values give maximum closed -loop 
bandwidth with possibly some slight amount 
of peaking. If maximum bandwidth is not 
required additional stability margin can be 
obtained by reducing .R and increasing C. 

Lead compensation. Some i.c. op. amps 
are provided with compensating points 
whereby a small capacitor connected 
between them produces a leading phase 
shift. This moves the second break fre- 
quency in the amplifier open -loop response 
to a higher frequency and enables larger 
closed -loop bandwidths to be obtained. 

Combinations of lag and lead compensa- 
tion can often be used to advantage, but 
with wide bandwidths circuit impedance 
levels must always be kept low to avoid 
undesirable effects of stray capacitance. It 
is always advisable to consult the manu- 
facturer's data sheet on an amplifier before 
designing frequency compensation net- 
works; these sheets normally include a 
considerable amount of information on 
frequency compensation that is relevant to 
the particular type of amplifier. 

Transient response, slewing rate and 
full output frequency. Differences exist 
between the large - signal and small -signal 
response characteristics of operational ampli- 
fiers because of dynamic non -linearities or 
transient saturation that can occur with 
large signals. Amplifiers do not generally 
respond to large -signal changes as fast as 
their small -signal bandwidth characteristics 
predict, for circuit and transistor capaci- 
tances can be charged only as fast as their 
driving circuits allow. The effect is usually 
specified by the slewing rate of the ampli- 
fier, expressed in volts per microsecond and 
defined as the maximum rate of change of 
output voltage that the amplifier can give 
for a large step change. This inability of an 
amplifier to `slew' faster than a limiting 
rate can lead to distortion of sinusoidal 
signals with a frequency in the pass band 
of the amplifier, even though their amplitude 
is below the maximum rated output voltage 
of the amplifier. The type of waveform 
distortion produced is illustrated in Fig. 16. 
The lower trace shows the input waveform 
and the upper trace the output waveform of 
an amplifier connected to give unity closed - 
loop gain. The small signal bandwidth of 
this amplifier is isokHz, but the output 
shows definite rate limiting and the fre- 
quency is only 25 kHz. 

Manufacturers sometimes state a value 
of the maximum frequency for full undis- 
torted output of their amplifiers, but care 
should always be taken when consulting 
data sheets to determine under exactly what 
operating conditions slewing rate and full 
output frequency are specified. The two 
quantities are closely related and both 
depend on the magnitude and position of the 
networks used to frequency compensate the 
amplifier and also on the particular feed- 
back circuit in which the amplifier is used. 
Frequency compensating networks con- 

nected to a point in the circuit nearest to the 
input give the fastest slewing rates, but 
unfortunately here they have a minimum 
effect in reducing amplifier noise. A 
combination of compensating networks at 
input and output is usually found to give a 
reasonable compromise between fast slewing 
rate and low noise. 

The transient response of an amplifier 
under particular circuit conditions can be 
investigated using a test circuit of the type 
shown in Fig. t7(top). The amplifier is 
connected as an inverter and is driven by a 
pulse or square -wave generator having 
adjustable rise and fall times. In the test 
described here the amplifier (Motorola 
Type MCt43oP) is used with tkf2 input and 
feedback resistors giving unity closed loop 
gain; frequency compensation (not shown) is 
applied to ensure closed loop stability. A 
double beam c.r.o. having much greater 
bandwidth than the amplifier under test is 
used to display input and output wave- 
forms. 

The following test procedure is adopted. 
Starting with the smallest signal that can be 
conveniently viewed on the c.r.o., the 
starting points of the signals applied to the 
two channels are superimposed with channel 
I inverted by the c.r.o. controls. The rise 
time of the input pulse is progressively 
decreased and the fastest rise time at which 
the two traces coincide is determined (upper 
two traces). This rise time is a measure of 
the closed -loop small -signal transient re- 
sponse of the amplifier. The oscillogram 
indicates a rise time of approximately 2 
microseconds. The closed -loop small - 
signal bandwidth of this amplifier is t 5o kHz. 
Rise time and bandwidth are related by the 
approximate relationship f = t!(o3Tr). The 
amplitude of the input signal is now pro- 
gressively increased, the sensitivity of the 
oscilloscope channels being proportionately 
decreased. The two traces progressively 
diverge because of rate limiting. The slope of 
the channel 2 trace gives the slewing rate of 
the amplifier for that amplitude of output 
signal. The oscillogram (lower trace in 
Fig. 57) indicates a slewing rate of approxi- 
mately o5 V /µs. 

The same test circuit shown in Fig. 57 
may be used to measure the maximum 
frequency for full output for the amplifier, 
the pulse generator being replaced by a 
sinusoidal signal generator. The signal 
amplitude is set to the rated output maxi- 
mum of the amplifier at some low frequency; 
keeping the amplitude constant, the fre- 
quency is increased until distortion is 
evident. It is difficult to detect the onset of 
distortion if the output signal of the ampli- 
fier is viewed. A more sensitive measure of 
the onset of distortion is given by observa- 
tion of the error signal at the amplifier input 
(point A). In Fig. 18 the two upper traces 
show input and output waveforms with 
little evidence of distortion; the lower trace 
shows the error voltage at the amplifier 
input with clear evidence of distortion. A 
value of 22 kHz is obtained for the maximum 
frequency for full output for the amplifier in 
this particular circuit. 

The maximum frequency for full output 
without distortion and the slewing rate 
both measured at unity closed -loop gain 
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are for many amplifiers related by the 
equation 

slewing rate, S = de 2n , fp E0 
tmax 

The equation is readily derived by differen- 
tiation of eo = Eo sin °,t. The results of the 
measurements described, S = o5 V /µs and 
f = 22 kHz, give an approximate agree- 
ment with this relationship. 

At higher closed -loop gains with less 
loop gain output distortion increases and the 
maximum frequency for full output is 
generally less than when measured at 
unity gain. 

Part Appendices 

The following three diagrams were omitted 
from the appendices in Part I of this series 
(February issue, p. 58) 

Appendix z Inverting amplifier 

Appendix 2 Non -inverting amplifier 

Appendix 3 First -order systems 

dB 

3 
3dB 6dB /octave 

, . 
coc Log co 

coc Log co 

Next month's article will be devoted to the 
applications of operational amplifiers. The 
availability of these devices makes possible a 

new approach to electronics design -the 
selection of a suitable op. amp. and the 
connection of a few discrete components to 
it -which offers considerable simplification 
since it frees the engineer from amplifier 
design problems. 

Wireless World, March 1969 

Resilient Variable Resistor 

The carbon -pile regulator brought up to date 

A new mechanically variable resistance 
element of great versatility was on show 
at the recent Inventions and New Pro- 
ducts Exhibition in London. In its 
simplest form, the "resilient variable re- 
sistor" is a two-terminal device whose 
resistance falls as pressure is applied. 
When the pressure is released, the dev- 
ice reverts to its original shape and 
resistance, hence the description "resi- 
lient". The r.v.r. is made from a mass of 
porous elastic material such as foam 
rubber, foamed polyurethane or foamed 
polystyrene. The essential criteria are 
that the material should be resilient and 
that is should have an open -cell struc- 
ture. Conductive particles, such as 
powdered graphite, are introduced into 
the cells or added to the raw -material 
"mix" before foaming. Compressing the 
material increases the number of con- 
tacts between particles, and so lowers 
the resistance. The general form of 
variation is shown in Fig. 1. 

The ratio of maximum to minimum 
resistance is more than ten when a 
uniform resitive body is used, but can 
be greatly increased by introducing non - 
linearities. A possible form of wide -range 
variable resistor is shown in Fig. 2. A 

cavity is cut out of the main resistive 
body and partially filled with low resis- 
tance material. As pressure is applied, 
the initial resistance is high but eventu- 
ally the upper contact plate touches the 
low -resistance body and the resistance 
falls abruptly. Resistance ratios in the 
region of 100,000 have been achieved 
using relatively crude structures. By 
shaping the various regions of the resis- 
tive mass the law may be changed. 

It is claimed that laws which lend 
themselves well to manual speed control 
of small electric motors are easily ob- 
tained. This was borne out by a de- 

monstration in which a model train was 
controlled by four r.v.rs in a d.c. bridge 
circuit (Fig. 3). This provides forward 
and reverse control. If desired, standby 
current can be reduced to zero by 

means of springs which lift one contact 
plate clear of its associated body of 
resistive foam when all pressure is taken 
off. Similarly, it is easy to arrange for 
the resistive mass to be short circuited 
by a pair of contacts which make at 
some desired high pressure. More com- 

1 

ttt 

Pressure - 
Fig. 1. Manner in which resistance 
varies with pressure. 

/High - resistance material 

.,: Cavity 

IIIIIIIIIIIIIIIÍIIP IIIIIIIIIIII Illllllllllllllllllllllllllllllllllpm.lr. 

Low -resistance material 

Contact 
Plates 

Fig. 2. Possible wide -range r.v.r. 

Fig. 3. Reversing motor control circuit. 
Opposite arms vary together. 

plex tasks of control can be catered for 

by use of a joystick type of lever. 
The British patent specification 

1,059,186 (15th Feb., 1957) makes pro- 
posals for a number of complex 
multi -electrode devices which act as 

potentiometers, movement sensors, pres- 
sure transducers etc. The possible appli- 
cations of the r.v.r. clearly fall into 
"power control" and "transducer" cate- 
gories. In its present form the material, 
so far experimental, could be put to 

practical use at once for low- voltage 
power control applications. Before seri- 
ous use of the r.v.r. as a sensor can be 

contemplated, information about its 

long -term stability, repeatability, and be- 

haviour at different temperatures will 

be needed. The inventor, J. H. A. Lewis 

of 14 Ashdown Close, Maidstone, Kent, 
de. eloped the r.v.r. in his spare time. 
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More on Demonstrating Rectifier Action 
in Slow Motion 
High accuracy and permanent records can be obtained by an analogue 
computer method 

by J. B. Swainston* 

It is probably not generally appreciated 
how eminently suited the analogue computer 
is for the accurate, slow -motion demon- 
stration of the behaviour of electronic cir- 
cuitry such as the rectifier circuit discussed 
by Mr. T. Palmer in the February 1968 
Wireless Worldt. Whilst the method outlined 
in the article provides a valuable, easily under- 
stood visual aid with a minimum of equip- 
ment, an analogue computer, together with 
an X -Y plotter, will yield more accurate 
results and permanent records of the circuit 
response. 

In using the analogue computer we may 
take advantage of two of its most important 
features. The first is the ability to incorporate 
actual circuit hardware into the analogue 
program; the second is the facility for time 
scaling to reduce the frequencies of the 
phenomena being observed to a range which 
can be handled by the recording equipment 
to be used. This time -scaling is, in fact, im- 
plemented in hardware terms in Mr. Palmer's 
method through the use of a low frequency 
oscillator and a long time-constant filter 
following the rectifier (20-30 secs). In this 
account of the analogue computer 
approach a simulation of this low frequency 
circuit will be described. 

Fig. 1 shows the simple rectifier circuit 
which is to be stimulated. 
Equations describing the behaviour of the 
circuit are 

I2 =I, -I3 
de 1 

dt C' 2 

I3 
R 

I, = f(E, - e) (diode characteristic) 
For the purposes of this exercise the follow- 
ing parameter values were chosen 

X = 1.6 volts 
r,, = 0.7854 radians/sec (7.5 cycles/min) 
R = 12.5 kS1 
C = 2000 AtF 

Fig. 2 shows the analogue computer block 
diagram for the simulation of this rectifier 
circuit in real time. A noteworthy feature of 
this analogue circuit is the incorporation of 
the rectifier in order to provide its charac- 
teristic curve. By applying across this recti- 
fier the actual voltage which is applied in the 
real circuit (the cathode is at virtual earth) 
the same current will flow through it. Since 

*EAI Electronic Associates AB, 
Swedish subsidiary of Electronic Associates Inc. 

tDemonstrating Rectifier Action in Slow Motion, 
T. Palmer. Wireless World, February 1968, p.709. 

Ei=X.sin wt 

II 

E1 -I.6 sin wt 1 

I5 

12.5k 

Simple rectifier circuit with single diode 

i(8) 

2,O00µ 

Simple rectifier circuit with two diodes 

Fig. 1. Simple rectifier circuit 
Fig. 2. Simulation of rectifier circuit 

-sin wt 

125k 

this current must also pass through the feed- 
back resistor the output voltage of this am- 
plifier is equal to the product of this resis- 
tance and the rectifier current. It is 
obviously a simple matter to select the 
appropriate value for the feedback resistor 
to yield the required output scaling on the 
amplifier. 

An initial condition is set on the e inte- 
grator corresponding to the "steady- state" 
voltage. This value is easily determined by 
allowing the simulation to run until the start- 
up transients have died away and noting the 
value of e at that part of the cycle at which 
the simulation is to be started during the 
demonstration. 

Fig 3 shows the results obtained from this 
simulation. By using an X -Y recorder (or 
multichannel strip recorder) we clearly 
demonstrate that the peak value of the 
rectifier current is reached before the peak 
value of e at that part of the cycle at which 
essentially exponential shapes of the current 
curves are obvious, something which is im- 
possible to demonstrate using instan- 
taneously reading meters. It is a simple mat- 
ter for the student to check the current 
balance equation and he has a permanent 
record of the experimental results. Having 
grasped the basic principles of operation of 

02 

0'I 

EI-e 
> N 

sin wt 
+ Ref. 

o 

10 

10 - 
lok 

Variable 

sin wt 
e 

E,- e 

11,12 . 

I3 

+ Ref -0 0 

Computer reference -io volts - i machine unit (I M.U.) 
Scaling: 

i M.U. Represents 

I volt 
io volts 

1mi Ili amp 
0I milliamp 

Potentiometer Setting 

A 
IAoo 

(C in pF) 

6 (R in kfl) 

C z (X in volts) 
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16V 

E1 0 

-1.6V 

1mA 

Il 

0 

01mA 

I3 

0 

imA 

Iz 

o 

- -02mAr 

Fig. 3. Graphic results obtained from the 

simulated rectifier circuit 

the circuit he can then experiment with 
different values of C and R simply by chang- 
ing potentiometer settings. The start-up 
behaviour could also be studied. It is a simple 
matter to extend this method to circuits 
containing two or four rectifiers and to 
circuits with higher order filters after the 
rectifier. 

All this can be accomplished using a 

modest size computer (10 amplifiers or so) 

such as the desk -top transistorised models at 
present finding wide acceptance in technical 
colleges and universities. Analogue computers 
used in this manner provide extensive facili- 
ties for the making of convincing visual aids. 

"High -quality 
Electrostatic Headphones" 
Readers of the article by Dr. Wilson, published 
last December, may have wondered about the 
safety of the phones. If one of the d.c. isolating 
capacitors, shown in Fig. 4, were to short itself 
the wearer of the phones might suffer a lethal 
shock. The author recommends therefore that 
resistors -as large as tolerable -be interposed 
between the output points at the amplifier and 
the leads. With lead capacitance in the region 
of 100pF, 15 -k Qresistors will result in - 3dB 
at 20kHz. Then 25mA maximum would be 
available at the phones to shock the wearer. 
Inserting the resistors nearer to the phones 
would allow a higher value to be used but the 
remainder of the leads would be potentially 
dangerous. Besides the 15 -k Q resistors it is 

recommended that reliable 750V d.c. capacitors 
be used for the 0.0114F isolating capacitors. 

Wireless World, March 1969 

March Meetings 
Tickets are required for some meetings: readers are advised, therefore, 
to communicate with the society concerned 

LONDON 
3rd. R.SA.- "Educational and training technology" 

by Dr. R. C. G. Williams at 18.00 at John Adam St., 
W.C.2. 

4th. I.E.E.- "Review of progress in mercantile 
marine radiocommunications" by C. S. Burnham and 
G. J. McDonald at 17.30 at Savoy Pl., W.C.2. 

5th. I.E.R.E. -"The implications of educational tech- 
nology" by R. A. Becker at 18.00 at 9 Bedford Sq., 
W.C.1. 

5th. S.E.R.T. -Annual colour television lecture by 
D. Thompson at 19.00 at the London School of Hygiene 
& Tropical Medicine, Keppel St., W.C.1. 

5th. I.P.R.E.- "Modern computer circuitry" by R. 
W. Stanton at 19.30 at Milliard House, Torrington Pl., 
W.C.1. 

6th. I.E.R.E.- Symposium on "The possibilities of 
airborne detection of clear air turbulence" at 10.30 and 
14.00. 

6th. I.E.E. -"International collaboration in radio 
science" Appleton Lecture by Prof. W. J. G. Beynon at 
17.30 at Savoy Pl., W.C.2. 

7th. R.T.S. -"New television detector" by A. S. 
MacLachlan at 19.00 at the I.T.A., 70 Brompton Rd., 
S.W.3. 

10th. I.E.E.T.E.- "Are aircraft electrics too com- 
plicated?" by H. Zeffert at 18.00 at the I.E.E., Savoy Pl., 
W.C.2. 

11th. I.E.E. & I.E.R.E.- "Nerve impulses" by Dr. A. 
Richens at 17.30 at St. Bartholomew's Hospital, E.C.1. 

12th. I.E.E. -"Data communications" by J.,_ H. 
Rhodes at 17.30 at Savoy Pl., W.C.2. 

12th. B.K.S.T.S. -"Pulse code modulation sound for 
TV" by C. J. Dalton at 19.30 at the Royal Overseas 
League, Park PI., St. James's St., S.W.1. 

13th. I.E.R.E. & I.E.E. -Discussion on "Applications 
of digital computer systems in medical biology" at 10.00 
at Savoy Pl., W.C.2. 

18th. Audio Eng. Soc. (U.K.)- "Testing by tone 
bursts" by S. Kelly at 19.00 at the Northern Poly- 
technic, Holloway Rd., N.7. 

19th. R.SA.- Truenan Wood Lecture "Society and 
technology" by Sir Solly Zuckerman at 18.00 at John 
Adam St., W.C.2. 

20th. I.E.R.E. & I.E.E. -"Computers and com- 
munications in the control of train movement" by Dr. 
D. E. N. Davies at 18.00 at the London School of 
Hygiene & Tropical Medicine, Keppel St., W.C.1. 

20th. R.T.S. -"Automatic production testing of 
colour receivers" by F. J. Wixley at 19.00 at the I.T.A., 
70 Brompton Rd., S.W.3. 

21st. I.E.E. & I.E.R.E.-- Colloquium on "Airborne 
and spaceborne computers" at 10.00 at Savoy Pl., 
W.C.2. 

26th. B.K.S.T.S. -"Paul Voigt's contributions to 

audio" (various speakers) at 19.30 at the Royal Institu- 
tion, 21 Albemarle St., W.I. 

27th. R.T.S. -"Television and data display tech- 
niques in civil aviation" by J. O. Clark and L. E. Hardy 
at 19.00 at the I.T.A., 70 Brompton Rd., S.W.3. 

31st. I.E.E. -"Array thinning" by Dr. P. Matthews at 
17.30 at Savoy Pl., W.C.2. 

BASINGSTOKE 
5th. I.E.E. -"Electronics and the haven finding art" 

by W. T. Eastwood at 18.30 at the Technical College. 

BATH 
3rd. I.E.E. and I.E.R.E.- "Post Office Tower" by S. 

G. Young at 18.00 at the Technical College. 

BELFAST 
11th. I.E.E. & I.E.R.E.- "Education in electronics 

and its problems" by Prof. G. D. Sims at the Ashby Inst., 
Queen's University, Stranmillis Rd. 

BIRMINGHAM 
13th. I.E.R.E.- "The state of the art of sound 

reproduction" by R. Fisher at 19.15 at the Dept. of 
Electronic & Electrical Engineering, the University. 

25th. R.T.S. & I.P.P.S.- Symposium on "Electronic 
display systems" at the University. 

BOURNEMOUTH 
20th. I.E.R.E.- "Thyristor electronics" by R. C. 

Dancy at 19.00 at the College of Technology. 

BRADFORD 
12th. I.E.E.- Faraday Lecture "Microelectronics" by 

P. E. Trier at 19.00 at St. George's Hall. 

BRIGHTON 
25th. I.E.E. -"Integrated p.c.m. telephony bit by bit" 

by H. B. Law at 18.30 at the College of Technology, 
Moulsecoomb. 

BRISTOL 
13th. S.E.R.T. -"Switching logic circuits" by S. L. 

Hurst at 19.45 at the Royal Hotel. 
26th. I.E.R.E. & B.C.S. -"Machine intelligence" by 

Dr. R. M. Burstall at 19.30 at the University. 

CAMBORNE 

1 1th. I.E.E. & I.E.R.E.- "Industrial applications of 
static logic" by G. Clarke at 19.00 at the College of 
Technology. 

CAMBRIDGE 
13th. I.E.E. & I.E.R.E.- "Closed circuit television for 

Education" by W. G. Beacon at 20.00 at the University 
Engineering Labs, Trumpington St. 

CARDIFF 

21st. R.T.S. -"Lenses for television" by T. P. Scho- 
field at 19.00 at Llandaff Technical College, Western 
Ave. 

31st. I.E.E. & I.E.R.E.- "Digital data transmission" 
by M. B. Williams at 18.00 at the University of Wales 
Inst. of Science & Technology. 

CARMARTHEN 
19th. I.E.E.T.E.- "Lasers" by Dr. J. A. Jones at 

19.30 at Pibwrlwyd Rural Technical College. 

CHELTENHAM 
18th. I.E.E.T.E. -"Medical electronics" by D. H. 

Follett at 19.30 at the North Gloucester Technical 
College, The Park. 

CHRISTCHURCH 
5th. I.E.E. -"Computer controlled telegraph 

message switching" by J. A. Clark and B. Ogilvy -Morris 
at 18.00 at the King's Arms Hotel. 

COSHAM 
24th. I.E.E. Grads. -"Studio techniques in radio" by 

D. G. M. Stripp at 18.30 at Highbury Technical 
College. 
COVENTRY 

6th. I.E.E. & I.E.R.E.- "Pulse code modulation" by 
G. H. Bennett at 18.30 at the Lanchester College of 
Technology. 
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DERBY 
5th. I.E.E.T.E.- "Electronic variable speed drives" by 

C. J. Teece at 19.30 at the Demonstration Theatre, 
E.M.E.B. Show rooms, Irongate. 
DUMFRIES 

11th. I.E.E.- "Thyristor control" by W. F. Dean at 
19.30 at the Kings Arms Hotel. 

EDINBURGH 
12th. I.E.R.E.- "Automatic control of electricity 

generation in a grid control area" by F. D. Boardman at 
19.00 at the Napier College of Science & Technology, 
Colinton Rd. 

27th. I.E.E. -Faraday Lecture "Microelectronics" 
by P. E. Trier at 19.00 at Usher Hall. 

FARNBOROUGH 
6th. I.E.R.E.- "Modern methods of traffic control" 

by D. G. Hornby at 19.00 at the Technical College. 
18th. I.E.E. -"The role of graphics in computer 

aided design" by J. V. Oldfield at 18.30 at the Technical 
College, Boundary Rd. 

GLASGOW 
13th. I.E.R.E.- "Automatic control of electricity 

generation in a grid control area" by F. D. Boardman at 
19.00 at the University of Strathclyde. 

19th. I.E.E. -"Electronic measurement as a guide to 
archaeological research" by E. T. Hall at 18.00 at the 
S.S.E.B., Cathcart House. 

26th. I.E.E. Grads. -"Computer core stores" by 
R. G. Whyte at 19.30 at Strathclyde University. 

GUILDFORD 
26th. I.E.R.E.- "Circuit design and micro- 

electronics" by D. R. Hester at 19.00 at the 
Technical College. 

HOVE 
11th. I.E.E. -"Application of transistor techniques to 

relays and protection for power systems" by M. Legg, 
F. L. Hamilton and J. B. Patrickson at 18.30 at the 
S.E.E.B., 10 Queen's Gdns. 

LEEDS 
11th. I.E.E. Grads.- Silvanus P. Thompson Lecture 

"Colour television engineering" by C. B. B. Wood at 
19.00 at the University. 

20th. I.E.R.E. -"Design of a TV Studio" by 
P. Parker at 19.00 at the Dept. of Electrical & Electronic 
Engineering, the University. 

LEEDS 
28th. S.E.R.T. -"Multiplex stereo broadcasting" by 

D. Holdsworth at Kitson College of Engineering & 
Science, Cookridge St. 

LEICESTER 
24th. I.E.E. Grads. -"P.O. communications" by G. 

M. Wash & B. Kennedy at 19.30 at the University. 

LETCHWORTH 
18th. I.E.E. -"Engineering in thyristor circuits" by 

D. B. Corbyn at 19.30 at the College of Technology. 

LIVERPOOL 
12th. I.E.E. Grads.- "P.C.M. as applied to the Post 

Office" by G. H. Bennet at 19.00 at M.A.N.W.E.B., 
Industrial Development Centre. 

17th. I.E.E.- "Early days in radio research" by Dr. 
R. L. Smith -Rose at 18.30 at the University. 

19th. I.E.R.E.- "Electronics in high -vacuum 
measurement" by R. G. Christian at 19.00 at the Dept. 
of Electrical Engineering and Electronics, the Uni- 
versity. 

LOUGHBOROUGH 
13th. I.E.E. Grads. -"Performance of brushless 

synchronised motors" by R. Grigg and "Electronics in 
severe environments" by S. Bradley at 19.00 at the 
University of Technology. 

MALVERN 
26th. I.E.R.E.- "Reducing the cost of good 

reproduction" by P. J. Baxandall at 19.00 at the Abbey 
Hotel. 

MANCHESTER 
27th. R.T.S., I.E.E. & I.E.R.E.- "The E.M.I. Colour 

camera" by J. P. James at 19.00 at Granada Studios. 

NEWARK 
26th. I.E.R.E.- "Colour television" by H. V. Sims at 

18.30 at the Technical College. 

NEWCASTLE- UPON -TYNE 
3rd. I.E.R.E. & I.E.E. -"Colour television" by B. J. 

Rogers at 18.30 at Rutherford College of Technology. 

5th. S.E.R.T. -"Closed circuit television" by J. B. 
Kitching at 19.00 at the Charles Trevelyan College, 
Maple Terrace. 

25th. I.E.E. -Faraday Lecture "Microelectronics" by 
P. E. Trier at 19.15 at the City Hall. 
NEWPORT 

28th. I.E.E. -"Stereophonic broadcasting" by G. J. 
Phillips at 18.30 at the Isle of Wight Technical College, 
Hunnyhill. 

PAISLEY 
18th. I.E.E. -"Computer aided instruction" by 

Capt. G. Huggett at 18.00 at the College of Technology. 

PLYMOUTH 
5th. R.T.S. -Fleming Memorial Lecture "Digital 

methods in television" by A. V. Lord at 19.30 at the 
studios of Westward Television Ltd. 

21st. R.T.S. & R.T.R.A.- "Colour television-con- 
vergence and purity" by Ian Nicholson at 19.45 at the 
Continental Hotel. 

PONTYPRIDD 
28th. S.E.R.T. -"Automatic control systems" by 

W. J. Lamben at 19.30 at the Glamorgan College of 
Technology, Llantwit Rd., Treforest. 

PORTSMOUTH 
19th. I.E.E. Grads. -"Flexible modular data hand- 

ling system for satellite use with particular reference 
to the Black Arrow programme" by E. K. Crompton at 
18.30 at the College of Technology. 

PORT TALBOT 
20th. I.E.E. -"Colour television receiver design and 

maintenance" by G. D. Barnes at 18.00 at the Steel Co. 
of Wales. 

READING 
17th. I.E.E. -"Automatic landing of aircraft" at 

19.30 at the Great Western Hotel. 
27th. I.E.R.E.- "Electronic components, past, 

present and future" by G. W. A. Dummer at 19.30 at 
the J. J. Thomson Physical Lab, the University. 

ST. HELENS 
27th. I.E.E. Grads.- "Chtical path analysis and 

P.E.R.T." by A. B. Hodgkiss at 19.00 at the Technical 
College, Water St. 

SEASCALE 
13th. I.E.E. -"Concorde electronics" by H. Hill at 

19.30 at the Windscale Club. 

SOUTHAMPTON 
12th. I.E.E. & I.E.R.E.-"V.I..F. radio com- 

munication" by R. D. Holland at 18.30 at the Lan - 
chester Theatre, the University. 

SWANSEA 
13th. I.E.E. -"The engineering of thyristor circuits" 

by D. B. Corbyn at 18.15 at University College. 

Conferences 
and Exhibitions 
Further details are obtainable from the 
addresses in parentheses 

LONDON 
Mar. 10-13 Alexandra Palace 

Physics Exhibition 
(I.P.P.S., 47 Belgrave Sq., London S.W.1) 

Mar. 10-13 Alexandra Palace 
Scientific Instruments Exhibition 
(Scientific Inst. Mftrs. Assoc., 20 Peel St., London 
W.8) 

Mar. 10-14 Earls Court 
Medical Engineering and Automation Exhib. 
(Industrial Exhibitions, 9 Argyll St., London W.1) 
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Mar. 11 -13 Kings Head, Harrow 
Public Address Show 
(Assoc. of Public Address Engrs, 394 Northolt Rd., 
Harrow, Middx.) 

Mar. 25 -29 Earls Court 
Laboratory Apparatus á Materials Exhib. 
(U.T.P. Exhibitions, Racquet Court, London E.C.4) 

CAMBRIDGE 
Mar. 26-28 Selwyn College 

Elementary Particles 
( I.P.P.S., 47 Belgrave Sq., London S.W.1) 

CRANFIELD 
Mar. 23 -26 College of Aeronautics 

Aerospace Instrumentation Symposium 
(N. O. Matthews, Department of Right, College 
of Aeronautics, Cranfield, Beds.) 

MANCHESTER 
Mar. 31 -Apr. 3 

Atomic and Molecular Physics 
( I.P.P.S., 47 Belgrave Sq., London S.W.1) 

The University 

NOTTINGHAM 
Mar. 25 -27 The University 

Interactions among Elementary Excitations 
in Solids and Liquids 
( I.P.P.S., 47 Belgrave Sq., London S.W.1) 

SOUTHAMPTON 
Mar. 25 -27 The University 

Lasers and Opto-Electronics 
(I.E.R.E., 9 Bedford sq., London W.C.1) 

OVERSEAS 
Mar. 2 -11 Leipzig 

Spring Fair 
(Messehaus am Markt, DDR -701 Leipzig) 

Mar. 4-8 Basel 

Industrial Electronics Exhibition 
( Sekretariat INEL 69, CH -4000, Basel 21) 
Mar. 5 -7 Washington 

Accelerator Engineering & Technology 
(E. H. Eisenhower, Center for Radiation Research, 
National Bureau of Standards, Washington, D.C. 
20234) 

Mar. 5 -16 Sao Paulo 
British Industrial Exhibition 
(Industrial & Trade Fairs, Commonwealth House, 
New Oxford St., London W.C.1.) 

Mar. 6-7 Huntington Beach 
Acoustical Holography Symposium 
(Douglas Advanced Res. Lab., McDonnel Douglas 
Corp., 5251 Bolsa Ave., Huntington Beach, Cal.) 

Mar. 6-11 Paris 
Festival du Son 
(Fed. Nat. des Ind. Electroniques, 16 rue de Presles, 

Paris 15e) 

Mar. 12 -14 Cologne 
Microwave Techniques 
(H. H. Burghoff, Stresemann Allee 21, 6 Frankfurt/ 
Main 70) 

Mar. 18 -30 Rome 
Electronics, Radio á TV Show 
( Rassena Int. Elettronica, Via Crescenzio 9, 
00193 Rome) 

Mar. 24-27 
Scientific Congress on Electronics 
(Rassena Int. Elettronica, Via Crescenzio 9, 
00193 Rome) 

Mar. 24-27 New York 
I.E.E.E. Convention á Exhibition 
(I.E.E.E., 345 E. 47th St., New York, N.Y. 10017) 

Mar. 24-27 Munich 
Semiconductor Device Research 
(H. H. Burghoff, Stresemann Allee 21, 6 Frankfurt/ 
Main 70) 

Mar. 24-28 Paris 
Remote Data Processing 
(Soc. Francaise des Electroniciens et des Radio- 
electriciens, 10 ay. Pierre -Larousse, Malakoff) 

Mar. 25 -27 Mannheim 
Data Transmission 
(H. H. Burghoff, Stresemann Allee 21, 6 Frankfurt/ 
Main 70) 

Mar. 28 -Apr. 2 Paris 
Components & Electro-acoustics Show 
(Fed. Nat. des Ind. Electroniques, 16 rue de Presles, 
Paris 15e) 

Mar. 31 -Apr. 2 Cambridge 
Electrohydrodynamics 
(Prof. J. Melcher, c/o Dept. of Elec. Eng., Massa- 
chusetts Inst. of Tech., Cambridge, Mass. 02139) 
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New Products 

Two Cossor Oscilloscopes 
The CDU.150 is the commercial version of the 
military CT.531 oscilloscope from Cossor which 
has been chosen by the Government's Joint Depart- 
mental Radio and Electronics Measurements Com- 
mittee to be the general purpose oscilloscope for 
the armed forces. This double -beam 'scope has a 

d.c. to 35MHz bandwidth at 5mV /cm sensitivity 
and a 1 -M Q input impedance shunted by 25pF. 
The measuring accuracy is ± 3% . Operating modes 
are: channel one only; channel two only; alternate 
sweep; chopped (25kHz); and added (channel one 
± channel two). The Y amplifiers can be cascaded 
to give a lmV /cm sensitivity with a 3Hz to 1MHz 
bandwidth. The two timebases (A and B) can be 
operated in the following modes: A only, A inten- 
sified by B, A delayed by B, and A delayed by B 

gated. The 22 -step control and a variable control 
allows the A timebase to operate from O.1µs/cm to 
2.5s/cm. The decade switched B timebase, which 
has a ten -turn variable control, operates between 
lµ/cm to 10ms/cm. A five -times magnification 
switch increases all sweep speeds on both timebases 
by five (A, 20ns/cm; B, 0.2µs/cm etc.). The X ampli- 
fier can be switched from 100mV /cm to 5V /cm 
with a bandwidth of d.c. to 3MHz. The rectangular 
flat -faced 8 X 10cm single -gun mesh tube operates 
at 12kV. Price is £470. The second 'scope from the 
same stable is the CDU.120. This double -beam 
instrument has a d.c. to 60MHz bandwidth at 
50mV /cm; increasing the gain to lmV /cm lowers 
the upper limit to 25MHz. The Y input impedance 
is 1M 9 shunted by 20pF and the gain can be set 
to within 3q using the calibrated controls. Operat- 
ing modes are: channel one only; channel two only; 
alternate sweep; chopped (1MHz); and added 
(channel one ± channel two). If desired channel 
two can be switched as a calibrated X amplifier 
with lmV /cm sensitivity and a d.c. to 6MHz band- 
width. The main timebase has a range from 
0.1µs/cm to 5s /cm. A delaying timebase has a range 
from 0.1 to 10 ms/cm switched in decade steps 

with interpolation by a ten -turn multiplier. A 

multiplication facility is available which increases 
the speed of both timebases by a factor of ten 
(10ns/cm). The timebase offers a large number of 
switched facilities. The c.r.t. is a single -gun mesh 
p.d.a. tube with an 8 X 10cm display area. The X 
amplifier has a 500mV /cm sensitivity and a 6MHz 
bandwidth. The price is £590. Cossor Electronics 
Ltd., The Pinnacles, Elizabeth Way, Harlow, 
Essex. 
WW304 for further details 

Micro -motor 
A d.c. micro-motor with transistor regulator 
equipment is announced by Sankyo of Japan. It 
has no slipping parts, such as brushes and 
commutator, and variable speed is obtained via 
an electronic control circuit. Clockwise or anti- 
clockwise revolution is possible by means of a 
switch, the motor characteristics being the same 
in either direction. The motor is designated model 

ZF 200 and it is available in 9 or 12 V d.c. versions. 
The rated torque is respectively 1960 and 
4940 MNm, and the current 280 and 350mA. 
Speed can be regulated within the range 
1000 -3000 r.p.m. Starting torque is greater than 
9800 pNm and starting time less than 0.5s. 
Eight transistors and four diodes are employed. 
The motor measures 46 X 50mm. Sankyo Seiki 
Manufacturing Co. Ltd., 17 -2, 1 -Chome 
Shinbashi, Minato-Ku, Tokyo, Japan. 
WW 305 for further details 

I.C. Range for 
Communications 
Six integrated circuits from Plessey comprising a 

new family, the SL600 series, are designed for 
professional communications and are all fully 
compatible. They are claimed to offer benefits to 
transceiver equipment designers in terms of size 
and performance. Devices in the range are the 
SL610 (r.f. amplifier), 612 (i.f. amplifier), 621 
(s.s.b. a.g.c. generator), 620 (VOGAD), 630 (audio 
amplifier) and 640 (double balanced modulator). 
All are priced at £6 6s 6d for quantities of 100 or 
more. The SL610 wideband r.f. voltage amplifier 
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is intended for use in the 2 -76 MHz com- 
munications band and offers a signal handling 
capability of 250mV r.m.s. The SL612 i.f. ampli- 
fier has a voltage gain of 50 times and a band- 
width of 0.1- 15MHz. Designed for use in s.s.b. 
receivers, the SL621 s.s.b. a.g.c. generator will 
follow fading signals but hold a fixed a.g.c. level 
during pauses in speech. The SL620 VOGAD 
(voice operated gain adjusting device) is claimed 
to be the only commercially available i.c. capable 
of this function. It is designed to control the gain 
of the SL630 when this device is used as a 
microphone amplifier, and will hold the amplifier 
output level between 70mV and 78mV r.m.s. for 
a 35dB range of audio input. Having a gain of 
40dB, the SL630 audio amplifier will operate 
from any supply in the range -6V to -12V and 
features a wide range logarithmic a.g.c. facility. 
The SL640 replaces the diode ring at frequencies 
up to 76MHz. It eliminates transformers and 
requires no external adjustment for balance. Ples- 
sey Microelectronics, Cheney Manor, Swindon, 
Wiltshire. 
WW322 for further details 

Temperature Measuring 
Instrument 
Surface temperatures in refrigeration systems 
through to heating systems, or temperatures of 
metal and plastics mouldings, can be monitored 
by the Mini -T range of temperature measuring 
instruments by Polkinghorne Industries. Three 
basic models, priced at about £10 each, cover 
respectively - 50 to 100 °F ( - 46 to 38 °C), 100 to 
250 °F (38 to 121 °C) and 250 to 400 °F (121 to 
204 °C). Features include an accuracy of ± 2 °F 
with a linearity of 0.2%. Response time is 5 to 10 
seconds. A lm probe houses a thermistor 
sensor. Operating power is obtained from an 
internal stabilized power supply. The unit case 
measures 76 x 70 x 65mm and is constructed 
of polystyrene. Polkinghorne Industries Ltd., 
Lillyhall Industrial Estate, Winscales, Workington, 
Cumberland. 
WW 320 for further details 

MF/IIF Communications 
Receiver 
A new general- purpose communications receiver 
by Redifon, model R550 "Altair ", provides con- 
tinuous frequency coverage from 200kHz to 
30MHz. In the basic receiver, frequency synthe- 
sizer controls are used to set MHz x 10, MHz X 1 

and kHz X 100 with a direct reading digital dis- 
play, the rest of the tuning process being carried 
out on a v.f.o. dial. The v.f.o. has a 100kHz sweep 
with digital read -out in steps of 0.1kHz. Further 
subdivisions of the final digit give a resolution 
down to 10Hz and a frequency accuracy of the 
order of 20Hz. Frequency synthesis of the tuning 
process can be completed down to 0.1kHz steps 
with an optional add -on adaptor. The receiver is 
solid -state and operates in c.w., m.c.w., d.s.b. and 
s.s.b. modes. A second add -on adaptor is available 
for i.s.b. reception. Front -end protection is pro- 
vided against very strong aerial e.m.fs of up to 
30V with additional fuse protection for e.m.fs in 

excess of 30V. Interlinked front -end and inter- 
mediate frequency a.g.c. systems are employed. 
The a.g.c. has a 130dB range; a change of 1100 
in input signal results in an output change of less 
than 1dB. Double conversion is employed with 
intermediate frequencies of 38MHz and 1.4MHz. 
Intermediate frequency bandwidths can be selected 
at 0.2, 1 or 3kHz for c.w; 1 or 3kHz for m.c.w; 3. 

6 or 12kHz for d.s.b; and 3kHz for upper or lower 
sideband on s.s.b. or i.s.b. (or 6kHz to order). The 
squelch level is adjustable and to guard against 
incorrect setting the squelch does not completely 
cut -off the output but reduces it by 26dB to indi- 
cate that the receiver is still operative and to allow 
wanted signals to be heard. Sensitivity can be as 

high as 0.5µV for 0.5W a.f. output. Outputs 
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include an internal loudspeaker and two earphone 
sockets with separate provision for an external 
loudspeaker. Also provided are a 600-Q line output 
and a 1.4 -MHz i.f. (90mV across 50 SQ output. The 
receiver is normally operated from mains supplies 
of 100 /125V, 200/250V 47 -63Hz and in emer- 
gency it can be operated from a 24V d.c. supply. 
Redifon Ltd., Communications Division, Broomhill 
Road, London S.W.18. 
WW 306 for further details 

Frequency Synthesizers 
Coming in three basic models, 622A, 633A and 
644A, a range of solid -state frequency synthe- 
sizers covering respectively 0 -2MHz, 0 -11MHz 
and 0 -40MHz is announced by Fluke Interna- 
tional. The frequency increments on each are 1Hz 
with 0.1Hz as an optional extra, and non- harmon- 
ically related signals are at least 90dB below the 
fundamental over the greater part of the frequen- 
cy range of each type. Phase noise is also low, the 
signal -to-noise ratio varying from 56dB on the 
644A to 64dB on the 622A. All models include a 

li 
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sweep /search oscilllator operating symmetrically 
about the chosen frequency. In the sweep mode, 
the triangular waveform employed obviates hys- 
teresis effects during the return sweep. The 
provision of special configurations for particular 
purposes is afforded by the modular design. Basic 
prices including duty are: 622A £3567, 633A 
£3338 and 644A £5749. Fluke International Cor- 
poration, Greycaines House, Greycaine Road, 
Watford, Herts. 
WW 321 for further details 

Pickup Arm and 
Remote Cueing Unit 
Decca have recently released for home market 
distribution their International pickup arm and 
the Deccalift remote pickup control. The Inter- 
national p.u. arm employs magnetic bias compen- 
sation with three magnets arranged in repulsion to 
provide accurate neutralization of the forces 
which draw the pickup head towards the centre of 
the record. This is adjustable to suit different 
playing weights. The only bearing surface in the 
arm is an inverted jewelled universal pivot which 
enables the arm to move both laterally and verti- 
cally with negligible resistance to motion. Where 
lateral and vertical damping is required, a damp- 
ing fluid, supplied in a container with the arm, 
can be poured into a depression at the top of the 
pickup barrel and allowed to trickle through into 
a small chamber below, where it serves to retard 
movement of the arm in all directions. Magnetism 
is also used as the method of support for the p.u. 
arm, thus reducing rumble and shocks to the 
assembly. A novel way of checking the counter- 
balance for correct playing weight makes use of a 
length of solder, inserted in a slot behind the 
counter -weight and cut to the length indicated on 
a chart to simulate the required playing weight. 
Adjustment is made for correct balance, after 
which the solder is removed. 

Deccalift is a motorized raising, lowering and 
cueing device which can be controlled remotely or 
from a switch on the motor -board. A 6V a.c. 
supply is required for the motor which can be 

obtained from a valve amplifier heater supply or 
via a mains voltage step -down transformer (a 6V 
bell transformer would be suitable). The Decca - 
lift is not recommended for use with autochang- 
ers. Prias: International pickup arm 25gn, Dec - 
calift 8gn. Decca Special Products, Ingate Place, 
Queenstown Road, London, S.W.8. 
WW 334 for further details 

R.F. Heating Triode 
The second of a series of industrial ceramic 
triodes from E.E.V. is a forced -air cooled type 
(BR1183) for industrial induction and dielectric 
r.f. heating. In construction, the filament /grid 
terminal is coaxial and the air -cooled radiator is 
integral with the anode. Ceramics replace glass. 
The BR1183 can operate at full ratings up to 
50MHz, giving an output of 70kW under class C 
unmodulated conditions. Overall nominal length 
of the triode is 406mm and overall nominal 
diameter is 254mm. Weight is 18kg English 
Electric Valve Co. Ltd., Chelmsford, Essex. 
WW 309 for further details 

Gunn- effect Devices 
Three new Gunn -effect devices announced by 
Mullard operate over the frequency range 12 to 
18GHz. The three devices have the development 
type number 803CXY followed by a suffix to 
indicate the power output. Devices with the suffix 
A have an output of 5mW; suffix B, 10mW; and 
suffix C, 15mW. They are encapsulated in miniature 
pill packages which are suitable for coaxial or 
waveguide cavities. The devices require a supply 
of only 6V d.c. and are suitable for use as local 
oscillators in J -band (12- 18GHz) radar systems, 
test signal sources and transmitters and local 
oscillators in miniature doppler radar equipment. 
Mullard Ltd., Torrington Place, London, W.C.1. 
ww 307 for further details 

Video Test Equipment 
Three companion video signal generators an- 
nounced by E.I.L. of Haslemere are the TVT /1/PB 
sine- squared pulse and bar generator, the 
TVT /1 /S sawtooth generator and the TVT /1 /LF 
50Hz squarewave generator. All are designed as 
transportable equipment and use semiconductors 
throughout. Model /PB provides an output sig- 
nal of 1V at 75Q comprising a positive -going 
sine-squared pulse of 100ns or 200ns period for 
10 and 5MHz bandwidth systems, a 25 p s dura- 
tion bar and a negative -going sync pulse of 4.7p s 
duration, with a repetitive time of 64 u s (625 -line 
TV waveform). Model /S also has a 1V 75Q 
output comprising a sawtooth, superimposed 
with a crystal-controlled colour sub-carrier wave- 
form at 4.43MHz. It allows non -linear distortion 
and differential phase /gain measurements to be 
made on amplifiers and transmission systems. 
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Preset controls allow adjustment of line frequen- 
cy, sawtooth amplitude and sawtooth level. Model 
/LF is a 50Hz squarewave generator superim- 

posed with line suppression and sync waveforms 
enabling low frequency response measurements 
to be made of wideband systems. A 1 V 75 9_ 
output is again provided, comprising a 20ms posi- 
tive- going squarewave complete with 1 1ms blank- 
ing pulses and 4.7 u s negative -going sync pulses 
with a repetitive time of 64 p s. The sync wave- 
form can be switched off while the unit is locked 
to external line and field sources. All of the units 
operate from 200 -250V 40 -60Hz a.c. and their 
prices are: TVT /1 /PB £120, TVT /1 /S £140 and 
TVT /1 /LF £95. Electrocraft Instruments Ltd., 
Coombeswell, Farnham Lane, Haslemere, Surrey. 
WW 329 for further details 

Service Aids 
Two hand -held pressurized container spray 
products by Kontakt -Chemie of West Germany 
with applications in the radio and television 
field, have recently become available in this 
country. One is a colloidal graphite product which 
can be sprayed to any thickness to provide a 
conductive coating. It adheres firmly to glass, 
plastics and other smooth surfaces where it acts 
as an effective screen. The other is a soldering 
varnish for printed circuits where it functions 
as a soldering agent and a protective coating 
preventing the oxidization of platinums. It is 
equally suitable for production work or service. 
Each container holds 450g of fluid. The Graphit- 
Spray 33, as it is called, costs 21s, and the 
soldering lacquer SK10, 12s 6d. Special Products 
Distributors Ltd., 81 Piccadilly, London W.I. 
WW 308 for further details 

Microwave Signal Sources 
Continuous tuning over the frequency range 
850 to 2150MHz is a feature of a new microwave 
signal source, type 6055, by Marconi Instruments 
Sanders Division. Of solid -state construction this 
instrument includes internal amplitude modula- 
tion, digital readout of operating frequency and 
low residual f.m. of the order of 1 p.p.m. The 
transistor oscillator, tuned by a resonant line 
terminated in a variable capacitance, operates at 
fundamental frequency. This frequency is indi- 
cated by a four-digit mechanical counter. Maxi- 
mum output is typically 100mW into a 50 Q 
load: the square -wave modulation is at a nominal 
frequency of 1 kHz, variable over a 200Hz range. 
The instrument contains its own power unit and a 
wide range of coaxial components is available as 
accessories. Dimensions of the 6055 are: 100 x 
286 x 204mm and weight is 5kg. Two further 
microwave signal sources, types 6457 and 
6458 are similar in design and complement 
each other, the 6457 covering the range 1.5 to 
5GHz and the 6458 the range 4 to 12GHz. The 
instruments are highly stable and feature a direct 
reading 1% frequency dial, internal sawtooth f.m. 
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and square -wave a.m., and provision for external 
modulation by sine or sawtooth waveforms. The 
r.f. signal is klystron driven, a non-contacting 
piston tuning the coaxial resonator. A high reso- 
lution potentiometer, ganged to the tuning shaft, 
forms part of an automatic tracking network, 
which maintains optimum reflector potential con- 
ditions as the tuning is varied. Output from the 
oscillator is drawn via a capacitive probe, which is 
integral with the coaxial socket. The output level 
is controlled by the probe's penetration into the 
resonant cavity. Both f.m. and a.m. can be applied 
to the signal internally or externally. The internal 
square -wave a.m. generator can be varied from 1 

to 4kHz by a panel control. The sawtooth f.m. 
generator operates at 1.2kHz. Marconi Instruments 
Ltd., Sanders Division, Gunnels Wood Road, 
Stevenage, Hertfordshire. 
WW301 for further details 

Clock Waveform Modules 
A stable 1:1 mark -space ratio clock waveform 
over a wide range of frequencies is offered in a 
new series of digital clock modules (series 420) 
from Arcturus Electronics. These are claimed to 
be capable of driving most major types of i.c. logic 
directly. Frequency stability is governed by an 
external crystal providing an a.c. voltage which is 

divided down to give a dual -phase square -wave 
output. A single 5 -V power supply is required. 
Connecting pins are spaced at multiples of 
O.1in. for use with standard circuit boards. 
Output frequencies are available in two 
ranges of 50- 500kHz and 500- 5000kHz and out- 
put "high" state voltage is 2.4V; "low" state 0.4V. 
Epoxy resin encapsulation is used. Oscillator 
crystals should be cut for parallel resonance at 
twice the required frequency and a 32pF capaci- 
tive load specified. Arcturus Electronics Ltd., 6 

Cadogan Lane, Belgravia, London S.W.1. 
WW302 for further details 

R.F. Signal Generator 
Details of two versions of an r.f. signal generator 
covering the frequency range 150kHz- 220MHz 
have been released by Nombrex Ltd. Standard 
model 29-S operates on fundamentals with eight 
bandspread scales and a scale frequency accuracy 
within ± 1.5 %. Output impedance is 600Q and 
the average maximum output is 100mV. The 
attenuator is calibrated 0-10 and is continuously 
variable. Modulation depth is 0 -100% variable, 
and the modulation frequency is adjustable from 
400 to 1000Hz. The instrument is powered by a 
9V dry battery and there is stabilization against 
battery voltage variation. Model 29 -X is covered 
by the same general specification as the 29 -S but 
in addition it incorporates a crystal oscillator 
module providing harmonic calibration check 
points on all ranges. Using the scale calibrator 
panel control, which is common to both versions, 
a check -point accuracy of +0.02% can be 

achieved. Spin -wheel tuning is available as an 
optional extra on both models. Dimensions of the 

generator are 190 x 146 x 95mm and the price 
is £20 (model 29 -S); £27 lOs (model 29 -X). Nom - 
brex Ltd., Exmouth, Devon. 
WW303 for further details 

Stereo Tape Recorder 
A successor to the Tandberg Series 12 tape recorder 
is announced by Elstone Electronics. Called 
Series 12X, it is a self-contained stereo record and 
playback system using a new type of bias head 
which the makers claim provides exceptional fre- 
quency response at all speeds. The equipment 
comprises two 10W transistor amplifiers and twin 
internal loudspeakers, with a separate volume 
control for each channel and bass and treble 
controls. Available in 2- or 4 -track three -speed 
versions, signal -to-noise ratio is 58dB (4- track) and 
60dB (2- track). Multiple track synchronized re- 
cordings are possible. Two moving coil meters 
indicate recording levels. The recorder is designed 
for vertical or horizontal operation and costs 
134gn. Elstone Electronics Ltd., Hereford House, 
North Court, off Vicar Lane, Leeds 2, Yorkshire. 
WW330 for further details 

Integrated- circuit Tester 
A simple go /no-go tester which performs func- 
tional operation tests on logic i.cs has been pro- 
duced by the Aritech Corporation and is being 
marketed by Litton Precision Products. No pro- 
gramming is needed since the tester will circulate 
any initial conditions required by the device 
under test. Each device is put through a se- 

quence of tests, with each test taking 5ms, and 
a rotary switch on the front panel enables the 
selection of conditions of r.t1., d.t.l., t.t.l. and e.c.l. 
logic. A range of adaptors is available for any i.c. 
family having up to 16 pins. Litton Precision 
Products, 95 High Street, Slough, Bucks. 
WW327 for further details 

Microwave Power Meter with 
Easy Zero Set 
A microwave power meter which, with associa- 
ted thermistor mounts, covers the range 10MHz 
to 40GHz, features what is described as automatic 
zero set. This means that instead of manually 
adjusting a control to zero the meter before 
making a measurement, the operator merely de- 
presses a toggle switch momentarily. Once zero has 
been set on the most sensitive range, it remains 
accurate within 0.25% when switching from range 
to range. The meter (type 432A) has an accuracy 
of 1% of full scale on all ranges over tempera- 
tures of 0 -55 °C. Full -scale measurement ranges 
are from 1011W to 10mW. The temperature - 
compensated thermistor mounts are the same as 
those supplied with the existing 431 series power 
meters. These cover a frequency of 10MHz to 18 

GHz in coax and 2.6 to 40GHz in waveguide. 
Performance improvement over previous power 
meters results from the use of d.c. to drive the 
meter's thermistor bridge circuits rather than the 
conventional a.f. bias current. Thermoelectric vol- 
tages from a.c. bias in the thermistors no longer 
affect measurement accuracy, thus enabling 
the 1% accuracy to be specified. Model 432A is 

manufactured in the U.K. and is priced at £227. 

A built -in rechargeable battery pack (up to 24 
hours' operation on one charge), is available for an 
additional £42. Hewlett Packard Ltd., 224 Bath 
Road, Slough, Bucks. 
WW304 for further details 

Amateur Band Mobile Aerial 
A 2- metre -band (144- 146MHz) aerial for the radio 
amateur has been developed by Bantex from the 
construction design employed in their existing 
half -wave aerial in use with v.h.f. commercial 
mobile equipment. The aerial can be trimmed for 
best performance at operating frequency and a 
special base allows easy mounting on a car roof or 
wing. Bantex whip aerials are embedded in a glass 
fibre sheath, thus providing protection against 
corrosion. Price including carriage: £5 2s. Bantex 
Ltd., Truro House, Mark Road, Hemel Hemp- 
stead, Hertfordshire. 
WW328 for further details 

Photo -electric Lighting Con- 
trol 
A lighting control unit for controlling lighting 
loads up to l0A at 250V a.c. without the need for 
separate contactors is offered by Photain Controls. 
It is suitable for the control of street lighting, 
loading bays, neon signs and all types of outdoor 
lighting. The new unit, type 250 -10, comprises 
two main parts: a base with socket and mounting 
bracket, and a translucent plastics domed housing 
with plug, and containing the electronic circuit- 
ry, photoconductive cell and switching relay. A 

60- second time delay prevents operation of the 
unit during short-term variations in ambient 
lighting intensity, and protection is provided 
against damage caused by mains voltage surges or 
lightning. Price: £12 19s 6d. Photain Controls 
Ltd., Randalls Road, Leatherhead, Surrey. 
WW331 for further details 

Moisture -removing Chemical 
Spray 
Wet electrical equipment can be recovered from 
corrosion by timely use of their water displacing 
fluid say the makers of Rocket WD-40, which is 

supplied in an aerosol container and which re- 
moves moisture from contact with metal, rubber 
and plastics surfaces. Electric motors and other 
moisture-sensitive machinery suffering water da- 
mage in a fire can be quickly returned to working 
order if they are "de- watered" within 36 hours. 
The fluid can also be sprayed on ignition com- 
ponents where ignition failure is caused by mois- 
ture due to flood or damp conditions, or in any 
position where rust prevention is required. Two 

www.americanradiohistory.com

www.americanradiohistory.com


Wireless World, March 1969 139 

sizes of WD-40 are available at 9s 9d and 16s 9d. 
U.K. distributors: Cadulac Chemicals Ltd., The 
Bridge, Radcliffe, Lancashire. 
WW 318 for further details 

Low -cost Reed Switch 
A dry reed switch which can cost as little as 6d 
each in bulk quantities is being offered by the 
M-0 Valve Company. Its hermetically sealed con- 
tacts provide fast switching and long life. Known 
as type RCX, the reed is rated to switch 5W 
resistive loading and the contact resistance is not 
greater than 150m Q. Suitable application is 
where reliable low -level fast switching is required. 
Overall length of the glass encapsulation is 27mm. 
The M-0 Valve Co. Ltd., Brook Green Works, 
Hammersmith, London W.6. 
WW 319 for further details 

P.C. Board Assembly Unit 
An adjustable unit into which printed circuit 
boards of various sizes can be inserted for the 
purpose of assembling components has been an- 
nounced by Kingham Electronics. It will accept 
boards up to 255 x 255mm, or numbers of 
smaller sizes up to 3.2mm thick. A hinged mecha- 
nism allows the board to be turned over ready for 
cropping and soldering and an adjustable rubber 
pad retains components of varying heights. A 
turntable is fitted to allow the board to swivel. 
The unit, type KAPCBU, measures 305 x 330 x 
130mm high. Kingham Electronics Ltd., 17 
Briary Wood Lane, Welwyn Heath, Herts. 
WW 317 for further details 

Bipolar L.S.I. Array 
Custom designed I.s.i. circuits in which standard 
wafers diffused with groups of functions can be 
interconnected to suit a user's particular require- 
ments are made possible by the 4500 Micromatrix 
system introduced by SGS Ltd. A series of 
cellular arrays complete except for metal intercon- 
nection layers are produced in volume and stock- 
ed at their factory. The interconnection pattern 
of cell functions is determined by the customer 
and interconnections are carried out at the fac- 
tory. The 4500 array comprises eight cells, each 
containing four 4 -input NAND gates, and it can 
be used to perform any function that can be 
carried out with 32 NAND gates and 28 bonding 
pads. Chip size is 80 X 100mm with an active 
area of 600kmm'. The Micromatrix can be pack- 
aged in a variety of ways depending on the 
number of pins and the form factor required. 
SGS (United Kingdom) Ltd., Planar House, 
Walton Street, Aylesbury, Bucks. 
WW 336 for further details 

Lower -power F.E.T. 
Operational Amplifier 
A quiescent current of only 500 p A characterizes 
the microcircuit f.e.t. operational amplifier model 
1402 from Philbrick Nexus Research Ltd. Power 
supply voltages can be from + 4V to ± 24V. The 
unit is housed in a TO-8 case. The input impe- 
dance of the amplifier is 10" Q. Bias currents of 
10 pA and low wideband noise for both voltage 
and current are also f.e.t. characteristics. Phil - 
brick -Nexus Research, 81a North Street, Chi- 
chester, Sussex. 
WW 348 for further details 

Data Communication 
Modules 
For use in high -speed data transmission systems, 
requiring a square-wave pulse with fast rise and 
fall times, a range of modules are available from 
C.P. Clare Electronics Ltd. Operating speeds are 
up to 350 bauds with bias distortion down to 1% 
for specified drive conditions. The square -wave 
output is bounce -free, and has a rise time in the 
nanosecond region. Contact efficiency is high, and 

I' 

transfer time is of the order of 0.5 ms. Complete 
isolation of 1000 MQ is typical and the sealed 
contacts are capable of switching 100 W. Using 
solid -state single -or double-current drive gives an 
interface where drive power can be as low as 10 
mW. To give minimum distortion at a specified 
frequency for transmission control, the module is 
adjusted on square-wave drive. For reception 
control, the module is adjusted on sine -wave 
drive. C.P. Clare Electronics Ltd., 43 Clarendon 
Road, Watford, Herts. 
WW 347 for further details 

Variable Counter /Timer 
A new addition to Plessey's range of devices based 
on r.t.l. logic is a variable counter /divider, type 
SP260, comprising four binary counter elements 
arranged as a parallel clock counter. Any division 
ratio from 2 to 16 can be set by means of external 
connections, and control inputs are provided for 
selection between the full count of 16 or any 
other set division. Encapsulation is 14 -lead flat - 
pack. Plessey Microelectronics, Cheney Manor, 
Swindon, Wiltshire. 
WW 324 for further details 

Tunable Pulse Magnetron 
For use in linear accelerators, where a long pulse 
is required, English Electric have produced a 
mechanically tuned 1300kW S -band pulse mag- 
netron, type M5058. Operation is possible with a 
pulse length up to 5 p s, giving a peak output 
power of 1300kW and a mean output power of 
2kW. This new model has the same mechanical 
outline as M5015 which is for use in short pulse 
accelerators. Both magnetrons are tunable over 
the range 2994 to 3002MHz. The tuner mecha- 
nism is of low torque and is suitable for remote 
control by servo units via a flexible drive. Effi- 
cient cooling is ensured by an integral water - 
jacket. The cathode construction is sturdy: to 
minimize both frequency and power variations 
when the magnetron is orbited about a horizontal 
axis. English Electric Valve Company Ltd., 
Chelmsford, Essex, England. 
WW 346 for further details 

2 Watt I.C. 
Audio Amplifier 
Two watts maximum output, 8mV sensitivity 
and a wide range of possible supply voltages (9V 
to 27V) are attractive features of the integrated 
circuit amplifier PA 237 made by General Electric 
(U.SA.). The package is dual -in -line with 8 leads 
and a heat transfer tab. It is offered from stock at 
28s by Jermyn Industries, Vestry Estate, Seven - 
oaks, Kent. 
WW 344 for further details 

High -voltage Logic 
Complementing their existing 9109 and 9112 
high -level logic /c.c.s1. interface elements, SGS 

Ltd. have introduced type 9110 d.i.l. device 
comprising six high -level DT pL gates without 
input diodes to enable more complex functions 
such as flip -flops or shift registers to be con- 
structed. Main areas of application are those 
where the use of c.c.s.l. is not possible due to 
either high voltage supply or high noise. The 
9110 has a Vcc operating range of 12 -20V, 
minimum d.c. noise immunity of 6.5V and a.c. 
noise immunity of 10V at 150 ns. Output swings 
can be up to 18V and it will operate with high 
capacitance loads. SGS (United Kingdom) Ltd., 
Planar House, Walton Street, Aylesbury, Bucks. 
WW 332 for further details 

Dual Transistors 
Two low -cost n -p-n silicon planar dual transistors 
are available froom Texas Instruments Ltd. They 
are packaged in 6 -lead TO-5 cases and are espe- 
cially suitable for low cost a.c. and d.c. amplifiers 
and applications where good thermal tracking 
between stages is required. Both devices have 50 
volt BVcEO leakages below 100na and minimum 
hFE of 25 at 100pA and 40 at IOmA collector 
current. Typical fr is 50MHz. The component 
transistors of type BCW25 are matched to better 
than 0.7h FE ratio, with V BE differential of 
20mV which varies less than 20mV per °C. Type 
BCW26 is an un- matched dual pair. Texas In- 
struments Ltd., Manton Lane, Bedford. 
WW 345 for further details 

Transcription Unit and 
Preamplifier 
Two audio items from the Goldring company, 
shown for the first time at the Hi -Fi '68 Exhibi- 
tion in Dusseldorf, were a transistor preamplifier 
unit, and the GL75 transcription unit mounted 
in a teak cabinet with a hinged Perspex cover and 
designated GL75 /P. The GL75 transcription unit 
employs a mains -operated 4-pole constant velocity 
motor and a 4kg non -magnetic turntable. Wow, 
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flutter and rumble measurements accord to DIN 
specifications. The pickup arm is fitted with 
counterbalance weight and bias compensation and 
has a tracking error claimed to be ±0.8 %. A 

removable pickup headshell can accommodate any 
cartridge. Model VV7 stereo preamplifier is de- 
signed for coupling high quality magnetic car- 
tridges to less sensitive amplifiers and it is small 
enough to be mounted under the turntable. It 
has its own mains power unit and provides a gain 
of approximately 40dB at 1kHz. Two silicon 
transistor stages are employed in each channel. 
The VV7 measures 120 x 50 x 40mm and 
weighs 170g. Unit prices: GL75 /P £44 2s 8d, VV7 
£8 10s. Goldring Manufacturing Co. (Gt. Britain) 
Ltd., 486-488 High Road, Leytonstone, London, 
E.11. 
WW 335 for further details 

Miniature Thyristors 
Cole Electronics of Croydon have announced that 
they are marketing a range of Siemens miniature 
thyristors in plastics housings. Four p.i.v. ratings 
are available between 100 and 700V, the higher 
rating permitting operation at normal mains vol- 
tage. Maximum d.c. current ranges from 0.85A in 
a half -wave circuit to 2.4A in a three -phase 
bridge using six thyristors with unsupported 
wiring (Tu = 45 °C). Equivalent current ratings 
when the devices are chassis mounted are 
3 -6.6A. The minimum trigger voltage at T u = 
25 °C, at which all devices will fire, is 3V and 
the maximum continuous gate voltage which will 
not initiate turn -on is 0.2V. Cole Electronics 
Ltd., Lansdowne Road, Croydon, Surrey, 
CR9 2HB. 
WW 342 for further details 

Single -digit Indicator Tube 
A numerical indicator tube type XNS1 by Hivac 
contains only the digit "1" and measures 6.4mm 
diameter by 38mm. The makers claim that it 
effectively doubles an instrument's display range, 
e.g. 999 becomes 1999. The XNS1 provides the 
same character height of 16mm and glow charac- 
teristics as other side- viewing tubes in the Hivac 
range and is available with a clear bulb or with 
red or amber lacquer filters. Hivac Ltd., 
Stonefield Way, South Ruislip, Middx. 
WW 340 for further details 

Differential Volume Control 
Now available for use as a balance control for 
low -impedance min speakers is Reliance Controls' 
type MWD wirewound potentiometer, a variation 
of existing type MW. Type MWD is less than 
26mm in diameter and is supplied with resistances 
to suit customer requirements. Using a double 
wiper technique, a reasonably constant impedance 
is maintained in a circuit while giving control of 
volume between two outputs. Reliance Controls 
Ltd., Drakes Way, Swindon, Wilts. 
WW 338 for further details 

V.H.F. Transistor 
Transistor type 2N3209 by S.T.C. 
p-n -p epitaxial device packaged in 
It is designed for saturated and 
switching at collector currents of 

is a 400 MHz 
a TO-18 case. 
non -saturated 
up to 200mA 

and for r.f. and if. amplifier and oscillator circuits 
up to 100MHz. It has a low saturation voltage 
and a VcEO rating of 20V. S.T.C. Semiconductors 
Ltd., Footscray, Sidcup, Kent. 
ww 333 for further details 

Miniature Diode Modulator 
Weighing only 0.05kg and measuring 35.6mm long, 
p.i.n. diode modulator type 6053/3 has been 
introduced by Marconi Instruments for 
use where cable length or available space is 
critical. It covers the frequency range 7.5 to 
12.4GHz, and applications include amplitude mo- 
dulation, r.f. switching and signal source level- 
ling. Insertion loss is 0.75dB unbiased, and a 

p' yA PE.eOÓ 
[ 

forward bias current of approximately IOmA 
applied the attenuation obtained is greater than 
20dB. The frequency range can be extended for 
applications where an increase in insertion loss 
can be tolerated. The modulator uses o.s.m. 
connectors and the r.f. centre conductor is d.c. 
earthed, requiring no d.c. blocking capacitors. 
Marconi Instruments Sanders Division, Gunnels 
Wood Road, Stevenage, Hertfordshire. 
WW325 for further details 

TO -8 Photocells 
Adding to their existing range of TO-18 and TO-5 
size photocells, Teknis are now marketing a series 
of larger photocells in TO-8 style. The new range 
is designated VT500 and is available in cadmium 
sulphide and cadmium selenide materials with 
peak spectral responses ranging from 515nm to 
675nm. Power dissipation is 0.5W at 25 °C, but 
up to 2W can be dissipated with an adequate heat 
sink. Maximum voltage is 300V and the resistance 
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tolerance is 33 {% at 21.5 lx. Teknis Ltd., 31 

Stoke Road, Guildford, Surrey. 
WW 339 for further details 

Low -cost diodes 
The Fagor `KSK' range of 1A, 200 to 1500V 
(p.i.v.), silicon diodes can withstand non- 
recurrent surge peaks of 40A and repetitive peak 
currents of 5A. They are suitable for direct 
printed circuit board mounting, and available 
from the C.G.S. Resistance Co. Ltd., Marsh 
Lane, Gosport Street, Lymington, Hampshire, 
SO4 9YQ. 
WW 310 for further details 

I.C. Op. amp 
Analog Devices' model 801 i.c. operational 
amplifier has 4 x 10-9A maximum bias current, 
making it especially useful in circuits for active 
filters, integrators, and current -to-voltage 
converters. This model supersedes the 709, 
but is mechanically compatible, allowing direct 
substitution in existing layouts. The differential 
input impedance of the 801 is a minimum of 
25M Q while the common mode impedance is a 

minimum of 500MS2 . Analog Devices Ltd., 38/40 
Fife Road, Kingston upon Thames, Surrey. 
WW 311 for further details 

X -Y Recorder 
A d.c. servo-system, self -lubricating potentiometers 
and a sapphire- tip pen to reduce wear and 
eliminate clogging -these are features of the 
X -Y recorder model 530 from Honeywell. A low - 
impedance motor drive allows 2% maximum 
overshoot while the servo system allows a 

20in/s stewing speed (at 240V /50Hz). The 
differential input is floating and guarded on 
each axis. There are five ranges from lmV /in 
to 10V /in, plus X 10 vernier to 100V /in. There 
is also an optional timebase with ± 1% short term 
accuracy at room temperature. Price: £641. 
Test Instruments Division, Special Products 
Group, Honeywell Controls Ltd., Eaton Road, 
Hemel Hempstead, Herts. 
wW 312 for further details 

Vector Function Module 
Average or r.m.s. values of a signal, or the square 
root of the sum of the squares of two signals can 
be calculated by a vector function module, type 
4352, introduced by Philbrick- Nexus. It is an 
encapsulated unit measuring 70 X 40 X 22mm and 
it can be used where average, r.m.s. or '/X= + Y' 
functions must be Provided. It replaces servo 
mechanisms for JX- + 172 computations deliver- 
ing an output into a 5 -k Q load without external 
circuitry. Accuracy is said to be ± 3% over a wide 
range of temperatures. The module can be applied 
as a data -processing tool, as a data -monitoring 
system to combine quadrature inputs for presenta- 
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tion as a single variable, and as a component in 
manufactured equipment. Averaging and r.m.s. 
operations are based on filtered values of one input 
signal with the output appearing as a positive 
voltage. The operation VXt + YV is based on 
instantaneous value of the function. Price £106. 
Philbrick -Nexus Research, 81a North Street, 
Chichester, Sussex. 

WW 313 for further details 

Control Knobs 
A family of collet -fixing control knobs in four 
styles and in grey, black and red has been an- 
nounced by Radiatron Ltd. The knobs are de- 
signed to accept a wide range of push -on com- 

ponents such as pointers and figure dials, skirts, 
caps, etc. Knob diameters are 9, 10, 14.5, 21, 28 
and 36mm, and spindle sizes 3, 4, 6, 8, 10mm, 
in., and }in. Radiatron Ltd., 7 Sheen Park, 

Richmond, Surrey. 
WW 337 for further details 

Monolithic Crystal Filters 
A standard range of 10.7MHz monolithic crystal 
filters, manufactured by Collins Radio of Newport 
Beach, California, can now be obtained from G. A. 
Stanley Palmer Ltd. Bandwidths range from 3 

to 30kHz at 6dB, with a maximum of 100dB 

rejection and a 3 to 1 shape factor. Operation is 
possible from 40° to 85 °C. The complete 
range is supplied in flat pack cases. G. A. 
Stanley Palmer Ltd., Island Farm Avenue, West 
Molesey Trading Estate, Surrey. 

WW 314 for further details 

Digital dB Meter 
A commercial equivalent of a digital dB meter 
originally designed for the Post Office is now avail- 
able from Advance Electronics and is designated 
type DBM2. This is a portable instrument providing 
measurement and display of level over an 80dB 
range (+ 20 to - 60dBm ref. 1mW in 600 0, and 
employing i.cs. Display is by three end -view neon 
indicators with polarity symbol. Range selection is 
automatic in 5dB steps with an overriding `lock -on 
range" facility to hold any existing range between 
measurements for rapid point -to-point readings of 
similar values. Calibration accuracy of 0.1dB ± 1 

digit is quoted for the frequency range 100Hz to 

10kHz, but the instrument may be used outside 
these limits for level comparison in the range 
50Hz to 30kHz. Advance Electronics Ltd., Roebuck 
Road, Hainault, Essex. 
WW 315 for further details 

Synchro/Resolver Bridges 
Intended for synchro, resolver and servo system 
testing, Astrosystems Inc. of America has intro- 
duced a range of bridges featuring 1 to 0.0001 deg 
resolution with arc accuracy of 2s. These units are 
direct readout inductive instruments which com- 
bine the function of a decade synchro bridge and 
a decade resolver bridge. They are entirely passive, 
being constructed from precision toroidal trans- 
formers which are wound to accuracies of better 

than one part per million. A full 360° range is 
provided and, due to the low output impedance, 
the output is insensitive to pick -up and loading 
errors. When there is a difference in angular posi- 
tion between the bridge setting and the input 
synchro-resolver angle, the bridge produces an 
error signal proportional to the angular difference. 
When the input synchro-resolver signal is equal to 
the bridge setting, the error signal is zero volts, or 
nulled. U.K. agents: Litton Precision Products, 95 
High Street, Slough, Bucks. 

WW 316 for further details 

Contactless Potentiometer 
In applications where a contactless type of poten- 
tiometric device is desirable, such as in coal mines 
and other underground installations, Salford 
Electrical Instruments have introduced an 
infinite resolution linear potentiometer 
based on the variable capacitor principle. To avoid 
making contact to a moving capacitor plate the 
unit is constructed of two capacitors effectively 
connected in series. One plate of each capacitor 
is varied and contact is made to the two fixed 
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plates. When used with suitable electronic 
circuitry, this capacitor provides a d.c. 
output voltage which varies in magnitude in 
direct proportion to the sensing shaft position. 
The ratio of output voltage to shaft 
position can be maintained linear to better 
than 1 %. The associated electronic circuit 
is constructed on a printed board inside the 
potentiometer body. Salford Electrical Instruments 
Ltd., Barton Lane, Eccles, Lancashire. 
WW 323 for further details 

Transistor Tester 
The latest portable tester for checking the 
leakage current and current gain of bi -polar 
transistors comes from R. M. S. Instruments of 
Chertsey. The instrument, type TT1, will measure 
current gain anywhere in the region of 5µA 
to 100mA, thus enabling circuit operating 
conditions to be reproduced. It is powered 
by an internal 9 -V battery which provides the 
collector voltage. Indication is given on a 76mm 
moving -coil meter and a calibrated dial. The 
TT1 measures 230 x 150 X 75mm and weighs 
1.36kg. R. M. S. Instruments Ltd., 24 Guildford 
Street, Chertsey, Surrey. 
WW 326 for further details 

New Resistor and Capacitor 
Range 
Two new products added to the Dubilier range are 
metal glaze resistors and tantalum capacitors. The 
resistors are 6.5mm long and will carry up to }W 
at 70 °C. Load life stability at +W rating is typically 
±0.65%. Available in 1, 2 and 5`7e tolerance. The 
tantalum capacitors are plain foil versions featuring 
wide temperature and long shelf life characteristics 
with a claim for high reliability. They will also 
withstand high ripple currents and have good 
thermal stability. Capacitance range is in the E 12 
series (0.33µF to 22014F) of preferred values with 
peak working voltages between 6.3V and 160V. 
Dubilier Condenser Co (1925) Ltd., Ducon Works, 
Victoria Road, North Acton, London W.3. 
WW 341 for further details 

Small Car -radio Tuner 
What the makers believe to be the world's smallest 
press -to-lock car -radio tuner unit is now in produc- 
tion at the factory of Sydney Bird & Sons. Known 
as the Cyldon type AS50 it was developed to meet 
the trend by car designers of allocating less space 
for the radio unit (frontal presentation and parti- 
cularly recess depth). Although the radio circuitry 
presents no problems the provision of a mechanical 

press- button tuner is a limiting factor. The AS50 
tuner dimensions fall within requirements specified 
by an international study group for a 177.8 x 
50.8mm aperture, and it is not more than 50.8mm 
deep. Five press- buttons can be fitted and up to 
six coils if a.m./f.m. operation is required. Perme- 
ability tuning is used and button travel does not 
exceed 96mm. Reset accuracy is better than 2kHz. 
Sydney Bird & Sons Ltd., Cyldon Works, Fleets 
Lane, Poole, Dorset. 
WW 343 for further details 
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Test Your Knowledge 
Series devised by L. Ibbotson* B.Sc...l.Inst.h., ,tiLLE.E., M.I.E.R.E. 

10. Telecommunications Fundamentals 

1. The rate at which information can be 
passed through a telecommunication channel 
depends on 

(a) the carrier frequency 
(b) the bandwidth 
(c) the transmission loss 
(d) the transmitter power. 

2. The bandwidth required for television 
transmission is of the order of 

(a) 100Hz 
(b) 15kHz 
(c) 470kHz 
(d) 4MHz. 

3. If music is to be transmitted over a carrier 
telephone system, three speech channels are 
normally used for one music programme. 
This is necessary 

(a) to reduce the risk of interference from 
adjacent channels 
(b) to provide sufficient bandwidth to 
accommodate all the important sound fre- 
quencies 
(c) to reduce phase distortion 
(d) because of the greater dynamic range 
of music compared to speech. 

4. Two trains of rectangular pulses of voltage, 
each with a pulse repetition frequency of 1000 
pulses per second, have pulse lengths of 1 

microsecond and 10 microseconds respectively. 
If each pulse train were applied in turn to the 
input of an ideal low -pass filter with a cut -off 
frequency of 100kHz the output would be 

(a) a 1kHz sine wave in each case 
(b) similar to the input for the shorter 
pulses; a train of non -rectangular pulses in 
the case of the longer pulses 
(c) similar to the input for the longer pulses; 
a train of non -rectangular pulses in the case 
of the shorter pulses 
(d) a train of non -rectangular pulses in 
both cases. 

5. Any two-port network having a 6dB loss will 
give 

(a) an output power which is one-quarter of 
the input power 

*West Ham College of Technology, London, E.15. 

(b) an output voltage which is one -half of 
the input voltage 
(c) an output voltage which is 0.707 of the 
input voltage 
(d) an output power which is 0.707 of the 
input power. 

6. One of the following forms of distortion 
cannot be produced by a transmission line 

(a) attenuation distortion 
(b) phase distortion 
(c) group delay distortion 
(d) harmonic distortion. 

7. Two sinusoidal voltages of different fre- 
quencies are applied in series to a diode. The 
current which flows will contain sinusoidal 
components 

(a) at the two applied frequencies only 
(b) at the two applied frequencies and har- 
monics of them only 
(c) at the two applied frequencies and 
their sum and difference frequencies only 
(d) at the two applied frequencies and har- 
monics of them, and at sum and difference 
frequencies of all these. 

8. The method of dividing a signal circuit into 
channels by "time division multiplex" can only 
be used for the transmission of 

(a) speech and music 
(b) single - sideband suppressed - carrier 
amplitude modulated signals 
(c) frequency modulated signals 
(d) pulse modulated signals. 

9. The amplitude of a signal of which the 
highest frequency component is F hertz is to 
be sampled at intervals of time with the pur- 
pose of generating a pulse modulated signal. 
For the pulse modulated signal to specify the 
original signal completely 

(a) is impossible 
(b) the sampling rate must be greater than 
F samples per second 
(c) the sampling rate must be greater than 
2F samples per second 
(d) the time duration over which a sample is 
taken must be greater than 1/F conds. 

10. An audio frequency amplifier cannot em- 
ploy valves or transistors working in 

(a) Class A conditions 
(b) Class AB conditions 
(c) Class B conditions 
(d) Class C conditions. 

11. The application of negative feedback to an 
aperiodic amplifier generally results in 

(a) an increase in bandwidth and a decrease 
in distortion 
(b) a decrease in bandwidth and an increase 
in distortion 
(c) an increase in bandwidth and an increase 
in distortion 
(d) a decrease in bandwidth and a decrease 
in distortion. 

12. With reference to a radio frequency power 
amplifier the disadvantage of Class C oper- 
ation compared to Class B is that 

(a) it is less efficient 
(b) it cannot be used when the signal to be 
amplified is amplitude modulated 
(c) Class C amplifiers are prone to oscil- 
lation 
(d) Class C amplifiers cannot be used in 
push -pull. 

13. A transmission line having a characteristic 
impedance R + jX is fed by a generator with 
an internal impedance which is also R + jX. 
Maximum power will be delivered to a load 
connected to the line if the load impedance is 

(a) R +jX 
(b) R -jX 
(c) R 
(d) jX. 

14. The signals from a teleprinter operating 
at a speed of 50 bauds are amplitude modul- 
ated on to a carrier. The minimum theoretical 
bandwidth required for transmission is 

(a) 50Hz 
(b) 500Hz 
(c) 4,000Hz 
(d) 10,000Hz 

15. Above 100MHz twin wire transmission 
line is rarely used, coaxial cable being pre- 
ferred. The main reason for this is that at these 
frequencies 

(a) twin line becomes lossy due to the in- 
creasing resistance of the wires 
(b) suitable coaxial cable is easier to make 
than suitable twin line 
(c) twin line radiates away a lot of energy 
(d) the fact that the outer of coaxial cable 
is at earth potential is advantageous. 

16. Telephone lines are sometimes "lump 
loaded" with inductance at uniform intervals. 
The ,purpose of this is 

(a) to reduce attenuation 
(b) to make the line non -dispersive 
(c) to reduce cross -talk 
(d) to eliminate high frequencies. 
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World of Amateur Radio 

Amateur Television 
An international amateur television con- 

ference is to be held in Armentieres, France, 
during the week -end April 19 -20, 1969, 
when it is expected that enthusiasts from 
several European countries will join the 
increasing number of French amateurs who 
are interested in television transmitting. Mr 
Cassanhiol (F3DD), 13 rue de Bellevue, 
Paris, will furnish full details of the pro- 
gramme which will commence at 0900 hours 
on Saturday, April 19. Cars will be available 
at Calais to drive overseas visitors direct to 
the conference, to which ladies are cordially 
invited. 

Considerable interest in amateur televi- 
sion is reported from different parts of Bel- 
gium. Among the most active stations are 
ON4TG IT (Mons) and ON4HV /T (Antwerp) 
both of whom continue to arrange excellent 
local demonstrations. ON4GG, ON4HC and 
ON4ZZ have all constructed equipment for 
the reception of transmissions from 
ON4HV IT and all report the clarity of vision 
is equal to that offered by the local Channel 
10 commercial station. Signals have also been 
received from ON4ZK /T. All vision transmis- 
sions take place on frequencies around 
434.75 MHz while sound is transmitted 
around 144.54 MHz. ON4HV /T uses a 
QQEO3 /20 valve for transmitting which pro- 
duces a mean carrier level of about 8 watts. 
A 40- element collinear is used as the aerial 
array. 

I.A.R.U. Region I Conference -1969 
With less than three months to go before 

the Seventh Triennial Conference of I.A.R.U. 
Region I Societies opens in the Hotel Metro- 
pole, Brussels, on May 5th, more than half 
the subscribing member societies in the 
division have intimated their intention to be 
represented. Conference proposals and con- 
tributions have been received from a dozen 
societies and these are now being issued as 
Brussels Conference (B.C.) documents. Sub- 
jects to be discussed range from a German 
proposal to establish a system of world 
beacon stations, to a number of Russian 
proposals designed to give greater pro- 
minence to the treatment of amateur radio as 
a sport with the annual award of gold, silver 
and bronze medals to the leading "radio 
sportsmen ". Proposals to limit the number of 
contests and certificates will be discussed, 
together with a range of v.h.f. subjects put 

forward by the R.S.G.B., including one for 
wider use of the s.s.b. mode of transmission 
in the v.h.f. bands. The R.S.G.B. will also 
propose that more consideration be given to 
plans for reporting to official sources the 
persistent presence of non -amateur stations 
in "exclusive" amateur bands. The R.S.G.B. 
was the first society to set -up an "Intruder 
Watch" and its methods of reporting "in- 
truders" are to be reported upon fully to the 
conference. The conference is being orga- 
nized locally by the Belgian national society 
(U.B.A.) and the conference secretary is your 
contributor. 

Canadian Licence Fees 
Representatives of the A.R.R.L. Canadian 

Division, the Canadian Amateur Radio 
Federation, the Radio Amateurs of Quebec, 
the Saskatchewan Amateur Radio League 
and the Nova Scotia Amateur Radio Associ- 
ation recently met the director of the tele- 
communications bureau of the Canadian 
Post Office Department to discuss the pro- 
posal to increase by 400% the annual licence 
fee charged to Canadian radio amateurs. 
Among the interesting facts disclosed at the 
meeting was that approximately 75% of all 
Canadian licensed amateurs hold an 
advanced amateur certificate and that the 
number of cancellations during the past year 
(414) had been four times normal. There 
were 11,000 licensees in force on August 31, 
1968. No final decision has yet been reached 
by the telecommunications bureau but the 
representatives of Canadian amateur radio 
hope the arguments put forward, particu- 
larly their case for a three- or five -year 
licence, will lead to a less penal increase in 
licence fees. 

Fox- Hunting Championships 
On the continent of Europe, fox hunting 

(D /F) competitions are a regular summer- 
time activity of many radio societies and 
clubs. Among the activities arranged by the 
executive committee of IA.R.U. Region I 

Division are triennial European Fox -Hunt- 
ing Championships. At the conference held 
in Yugoslavia in 1966 it was agreed to set -up 
a fox -hunt group under the chairmanship of 
Col. Carl -Eric Tonic (SM5AZO), of Stock- 
holm, to produce a new set of international 
rules based on experience gained during past 
competitions. The proposed new rules have 

been prepared and are at present being stu- 
died by Region I societies prior to the Brus- 
sels conference in May. 

The rules have been published as a con- 
ference document (B.C.291 a copy of which 
can be obtained (price Is. 6d. post free) from 
the Conference Secretary, G6CL. 

`Aeronautical Mobile' contact 
After calling CQ on two metres one Satur- 

day afternoon recently F. J. Willshire 
(G8BKW), of South London, was surprised 
to hear a strong signal replying and signing 
WA1 JZB /Aeronautical Mobile. Suspecting 
that the caller was a "joker ", G8BKW was 
delighted to discover that his CQ call had 
been answered by the navigator of a U.S. 
Boeing 707 military jet aircraft which at that 
moment was cruising at a height of 34,000 ft 
over Cornwall, having just crossed the At- 
lantic. The operator, who gave his name as 
Mo, made contacts with several other U.K. 
stations before finally signing off. 

Top Band DX 
The first section of the 1968 -1969 series of 

Transatlantic Top Band (160m) DX tests 
organized by Stewart Perry (W 1 BB), 
Winthrop, Mass., U.SA., was very success- 
ful, with KV4FZ (Virgin Islands) providing 
many Europeans with their first KV4 con- 
tact. Top Band signals were also reported for 
the first time from ZB2BY (Gibraltar) and 
6W8CW (Senegal) by many participants in 
the tests. During the first part of the Trans- 
pacific Top Band tests many U.SA. and 
Japanese stations were worked by KH6GLU 
(Hawaii). Two Japanese stations (JA2CLI 
and JA1RQR) succeeded in making numer- 
ous contacts with U.S. West Coast stations. 

African Safari 
David Dunn (GW3XRM), 25- year -old de- 

sign draughtsman from Cardiff heads a team of 
four which left in early February on a 
trans -Africa expedition. During an eight - 
month journey through North, East and 
South Africa, the team will make daily 
radio contact with Cardiff University and 
study the reliability of low -power short- 
wave communications. 

N.R.S.A. Convention 1969 
The Northern Radio Societies Association 

convention and exhibition is to be held this 
year in the Cumberland Suite, Belle Vue 
Gardens, Manchester, on Sunday, April 27. 
Details from R. M. Clarke (G8AYD), 
Hillside, Quickedge Road, Mossley, Ashton 
under Lyne, Lancs. 

Maidstone Rally 
Maidstone Y.M.CA. Amateur Radio 

Society will hold a mobile rally and fete on 
Sunday, June 1, to celebrate the Y.M.C.A's 
golden jubilee. 

JOHN CLARRICOATS G6CL 
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Literature Received 

"The Use of Semiconductor Devices" Pt. 1 is the first of a series to be 
published by The British Standards Institution, British Standards House, 
2 Park St., London W.1. Pt. 1 is called General Considerations and costs 12s. 

"Catalogue of Radio, Television and Electronic Books" from The 
Modern Book Co., 19 -21 Praed St., London W.2, lists a wide range of books 
from a variety of publishing houses. The catalogue costs 2s. 

We have received a great deal of literature from the Du Pont Company, Du 
Pont House, 18 Breams Buildings, London E.C.4, which is concerned with 
chemicals for the electronics industry. (1) Plastics: consists of a folder 
containing two brochures and an article concerned with Teflon, p.t.f.e. and 
f.e.p. resins. (2) Film: a folder giving information on polyester, polymide and 
p.v.f. films (Mylar, Kapton and Tediar). (3): a folder containing information 
on chemicals for thick films and thick -film techniques. (4) Freon: again a 
folder, containing information on chemicals and solvents for cleaning electron- 
ic assemblies. (5) Is concerned with the production of printed circuits. 
(1) WW 401 for further details 
(3) WW 403 for further details 
(5) WW 405 for further details 

Electronic Services (S.T.C.), Edinburgh 
duced a supplement for their industrial 
circuits and low -cost epitaxial planar transis 
WW 406 for further details 

(2) WW 402 for further details 
(4) WW 404 for further details 

Way, Harlow, Essex, have pro- 
catalogue. This lists integrated 

tors. 

(1) "Computer Careers for School Leavers" and (2) "Computer 
Careers for Graduates" are two booklets produced by International 
Computers Ltd, ICL House, Putney, London S.W.15. They cover a full 
range of employment in design, manufacture, programming and selling. 
(1) WW 407 for further details (2) WW 408 for further details 

Details of the laminates and services offered by Tufnol Ltd, Perry Barr, 
Birmingham 22B, are contained in a new catalogue. Materials from Tufnol 
include paper- and fabric -based phenolic and epoxide laminates and plain and 
copper -clad glass fabric epoxide laminates. 
WW 409 for further details 

A useful article on noise measurement techniques is contained in a 
brochure from Dawe Instruments Ltd, Concord Rd., Western Avenue, 
London, W.3. The brochure also gives details of the range of noise measuring 
instruments produced by the company. 
WW 410 for further details 

A stereo amplifier with a frequency response that is - 1dB at 30Hz and 
20kHz and with a typical harmonic distortion of 0.1% is described in a leaflet 
from Welbrook Engineering & Electronics Ltd, Brook St., Stockport, 
Cheshire. 
WW 411 for further details 

Anybody concerned with using resin will find the latest edition of "Resi- 
notes" published by Cray Valley Products Ltd, St. Mary Cray, Kent, of 
interest. 
WW 412 for further details 

(1) "Measuring Instruments" and (2) "Communications Equipment" 
are the titles of the latest catalogues from Rohde & Schwarz which are 
available from Aveley Electric Ltd, South Ockendon, Essex. Each catalogue 
describes a wide range of equipment. 
(1) WW 413 for further details (2) WW 414 for further details 

A Digital Integrated Circuit Training Aid for home construction is 

described in a booklet produced by Mullard Ltd, Mullard House, Torrington 

Place, London W.C.1. Basically it shows how a patch -board can be made up 
containing four JK- bistables and four dual NAND gates with lamp read -outs 
and how this set -up can be used to patch -up numerous types of binary 
counters. 
WW 415 for further details 

High -speed pen recorders manufactured by Watnabe Instruments, of 
Tokyo, Japan, are described in a leaflet received from Environmental 
Equipments Ltd, Denton Rd., Wokingham, Berks. The frequency response is 
flat from d.c. to 30Hz with a recording amplitude of 80mm, or up to 80Hz 
using a 40mm recording amplitude. 
WW 417 for further details 

"D Subminiature Rectangular Connectors" is the title of the catalogue of 
Cannon Electric (GB) Ltd, Lister Rd., Basingstoke, Hants. It lists a wide range 
of connectors and accessories for connectors. 
WW 418 for further details 

Thyristors, triacs, diodes, fuse links, voltage surge protectors and other 
components are included in a new short-form catalogue from International 
Rectifier, Hurst Green, Oxted, Surrey. The catalogue, which is well 
presented, gives technical data and device outline drawings. 
WW 419 for further details 

Socket assemblies for crystals manufactured by the American company 
Augat Inc. are described in a catalogue (No. CS 868) available from Electrosil 
Ltd, Pallion, Sunderland, Co. Durham. Crystals may be fitted in the holders 
without adjusting latches or screws and it is stated that the crystals will not 
shake loose even under the most severe vibration. 
WW 420 for further details 

H. F. Predictions -March 
MUFs are based on a predicted value for the ionospheric index (IF2) of 104. 
This gives curves almost identical to those of March 1968 for which the IF2 
value was 111. Daytime MUFs on northern hemisphere routes are beginning 
to drop whilst trans -equatorial routes continue to be workable above 25MHz. 

LUF curves were drawn by Cable and Wireless I.td. for particular 
point -to-point telegraph circuits and serve to indicate when reception on the 
various broadcast and amateur bands should be possible. 
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Answers to 
"Test Your 
Knowledge" 10 

Questions on page 142 

1. (b). For an ideal system the maximum rate at which 
information can be transmitted is W log; (1 + S /N) 
bits per second, where W is the bandwidth in hertz and 
51, the signal -to-noise power ratio. 

2. (d). 

3. (b). The base bandwidth of a camer telephone 
channel is standardized at 4kHz. This is sufficient for 
the transmission of intelligible speech, but music 
restricted to this bandwidth would be very "low 
fidelity "! 

4. (c). The spectrum of a train of rectangular pulses 
consists of an infinite series of harmonics of the pulse 
repetition frequency. The pulses suffer little degrada- 
tion, however, if the components of frequencies greater 
than the reciprocal of the pulse length are removed. 
Removal of components of lower frequencies than this 
distorts the shape and reduces the amplitude of the 
pulses. 

5. (a). Solution (b) is correct only if the impedance is 

the same at the input and output. 

6. (d). A transmission line is a linear circuit. Harmonic 
distortion can be produced only by a non -linear com- 
ponent. 

7. (d). This is the basis of diode mixing. An appropriate 
tuned circuit, included in series, will develop a voltage 
at the desired difference frequency. 

8. (d). The pulses representing the signals to be trans- 
mitted are interposed so that each signal in turn 
occupies the whole available bandwidth. 

9. (c). This is the "sampling theorem ". 

10. (d). For class AB or class B working the devices 
must be in push -pull. 

11. (a). The gain of the amplifier is, of course, reduced. 

12. (b). The amplitude of the output of a class C 
amplifier is not proportional to the amplitude of the 
grid input. 

13. (b). This follows from the maximum power transfer 
theorem. Notice that the load does not correctly ter- 
minate the line. 

14. (a). The minimum theoretical base- bandwidth in 
hertz is half the signalling speed in bauds. The modu- 
lated carrier will require twice this bandwidth. 

15. (c). 

16. (a). For a normal telephone line adding inductance 
reduces the attenuation and also makes the line less 

dispersive. The amount of extra inductance which 
would be required to make the line nondispersive, 
however, is generally far greater than can practically 
be added. 

BULGIN 
REGISTERED TRADE MARK 

SIGNAL LAMPS 

THE MOST 

COMPREHENSIVE 

RANGE IN THE WORLD 

List No D 810 G'Colour 

145, No O 280 M Colour 

List No. D.590 /M /Colour List No D.862, Colour 

List No 0.805 /Colour List No 0.674/1 /Colour List No. 0.22 /Colour 

/ 

List No. 0.914 /Colour Volts List No. 0.925 /Colour/Volts 

A heavy duty Signal Lamp of open 
construction. The glass lens is 

available in five colours and is 
held by a chromed metal bezel. 
The modern design B.C. lamp- 
holder accept Pygmy Sign Lamps 
or Indicator Neons of the same 
size which are replaceable from 
the front or rear. 

This medium sized model. with 
S.E.S. lampholder, represents 
a range of over twenty types. The 
basic differences are lampholder 
and /or body length, depending 
upon lamp preferred. but there 
is also a choice of plastic or glass 
lenses and /or plastic or metal 
bezel. 

Two models representing different 
types of small Signal Lamp. 
D.590 is typical of the small 
open construction range and 
D.862 the tubular bodied types. 
Variations have different lamp - 
holders lens shapes and bezels. 

Three typical Miniature types; 
D.805 live body, S.6 /8 lamps. 
0.674/1 insulated body. L.E.S. 
lamps and 0.22 the latest model 
in this range accepting L.E.S. 
lamps. 

Two neon Signal Lamps from our 
large range. most have in -built 
neons + resistor, are available 
for 110V. or 250V. working and 
have a choice of clear or red 
lenses and normal or green neons. 

SEND FOR BROCHURE NO. 1502/C FOR DETAILS OF OUR FULL RANGE 

A. F. BULGIN & CO. LTD., BYE -PASS ROAD, BARKING, ESSEX. 
MANUFACTURERS OF ELECTRICAL AND ELECTRONIC COMPONENTS 

TELEPHONE: 01 -594 5588 (12 LINES) Private Branch Exchange 
WW -104 FOR FURTHER DETAILS 
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Real and Imaginary 
By "Vector" 

"Tall oaks from little acorns grow" 

Let us consider the dossier of Jim Bandstop, 
electronics engineer and ex -group leader of 
Gargantuan Laboratories Inc. We'll start 
from the day when Jim, sitting moodily in his 
glass cage, sees the light. He is but a tooth 
on a small cog in a mighty machine. He is a 
goldfish in a highly expensive bowl. He is a 
hapless buffer between the chief of research 
who wants the impossible done yesterday and 
his junior minions whose taste and fancy 
run more towards the curves in the typing 
pool than on the square waves displayed on 
the £5000 analyser (which is at the moment 
earning its keep by supporting two card- 
board cups of chateau automatique coffee). 

It is at this point that a megajoule laser 
beam hits Jim Bandstop between the eyes. He 
has had enough. He wants out. The simple 
life; that's it. Down in the country, running 
his own small business. Better to be a big 
frog in a tiny pool -and all that jazz. 

Going it alone 

A year passes and his dream has come 
true. A small workshop in an olde -worlde 
village stands monument to Jim's resolve. 
And in other ways the year has borne fruit. 
Something of a level- response genius him- 
self, Jim initiated one or two rather special 
hi -fi amplifier circuits and has supervised 
their development, skilfully hidden within 
the legitimate jobs in the lab. Now he is in 
the custom -built hi -fi market as a one -man 
manufacturer. 

At first the going is sticky, for Jim is 
horning in on a limited market. But his 
designs are good and he has astutely estab- 
lished contacts beforehand, so it is not long 
before he is working all the hours there are 
to keep up with the demand. Mrs. Jim deals 
with the paper work while Jim does the 
assembly and test work. True, the idyll of 
life in the country has vanished, because 
neither has time to stand and stare; but 
apart from that (and some interference from 
H.M. Inspector of Taxes) all goes as merrily 
as a marriage bell. (H.M. Inspector, who 
spends his weekends wringing blood out of 
stones for practice, resolutely refuses to 
accept Jim's figures and insists on receiving 
them via a chartered accountant. The first 
extraneous overhead has arrived.) 

Orders pile up and Jim decides to take on 
some help. He engages an experienced 
wireman, and a youth to do the odd jobs. 

This, he decides, makes things much more 
efficient. It leaves him free to do the design 
work -the thing he is best at -and at the 
same time to keep a close eye on everything 
else. He can now diversify from hi -fi ampli- 
fiers into rather more ambitious enterprises. 

Naturally, there are snags. Overheads be- 
gin to mount. Inspectors of this and that 
arrive at the workshop and insist on highly 
expensive alterations to the structure. In 
brief, the expansion exercise, which looked 
so profitable on paper, does not pay off to 
the same extent in reality. Nevertheless, the 
turnover increases considerably and things 
are looking up. 

The trend continues; Mrs. Jim retires to 
go into production on her own account and 
her place is filled by a secretary and a typist. 
Jim changes from sweater and slacks to a 
neat business suit and is less preoccupied by 
design than by the machinations of the In- 
come Tax Inquisitors. Both the plant and the 
number of employees swell visibly every 
year. 

The time arrives when a further large 
expansion is desirable; a move to an estab- 
lishment which might be properly described 
as a factory is clearly indicated. Jim gets out 
his neglected slide rule and does some quick 
sums. The simple life idyll is long since past. 
He must now move nearer to civilization, 
which means a far more expensive site; to get 
the kind of chassis he wants a machine shop 
is necessary, with a servicing workshop to 
keep the machines going. White -collar staff 
must also be imported to deal with the 
paper -work. All of them essential to the scale 
of the enterprise but parasitic in terms of 
actual production. 

Ruefully Jim realises that a move into 
manufacture (as distinct from assembly) is 
going to take far more cash than he can 
provide. The solution obviously is to float a 
public company, and, surprisingly, this 
proves to be far easier than he would have 
expected. 

In due course Bandstop Limited comes 
into production, with Jim (but now James) 
as managing director. An executive -type car 
is now essential, of course, and this is the 
precursor to other "essentials ". The capacity 
of the factory is such that advertising be- 
comes a permanent fixture on the debit side. 
Bandstop must take space at exhibitions; 
not so much that the firm can afford to do 
so as that it cannot afford not to be among 
those present. 
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The first few years leaves the shareholders 
dissatisfied with the pickings. James, who (as 
Jim) had achieved his success with first -class 
design and first -class components, now finds 
himself under considerable pressure to bring 
up the profits by using cheaper materials 
and components. Not to put too fine a point 
on it, he receives an ultimatum -do it or get 
out. He does it. A company can never stand 
still. It must either go forward or back. By 
ruthless pruning on materials, James pushes 
this forward, trading on his past reputation 
for quality regardless of price. Now, 
however, he finds himself out of the limited 
quality market and engulfed in the run -of- 
the -mill, mass produced, squawk -box rat - 
race. Efficiency consultants appear upon the 
scene followed by time -and- motion study and 
those other ideologies that many of us know 
so well; all perfectly justifiable on paper, but 
all specialist little empires. Human nature 
being what it is, the first concern of the 
empire builders is to devote much effort 
towards justifying the further expansion of 
their domains (Who was it who said `Lies, 
damned lies and statistics' ?). 

Parasitical growths 

At the beginning of this yarn, Jim could 
control his business quite efficiently using 
only his brain and a simple filing system. 
James, managing director of Bandstop Ltd, 
is absolutely incapable of doing so in detail. 
Now his mass -production plant has to bear 
the burden of an ever -growing battalion of 
control departments, plus supporting ser- 
vices of all kinds. All essential to the size of 
the organization, all beneficial in some degree 
or other, but all, in the final analysis, para- 
sitical growths drawing sustenance from the 
production area. 

The final phase in the Bandstop saga is the 
company's take -over by a mammoth group. 
Either Bandstop Ltd's profits and assets will 
now be milked to feed a sagging member 
company or its structure will be "rational- 
ized" to prevent over -capacity within the 
group as a whole. James, who has for a long 
time been the biggest frog in a fair -sized 
pool, can now resign himself to taking orders 
from the Lord High Executioner Bullfrog, 
or resign. It is at this juncture we will leave 
him, making his decision. 

The "One -Man -Bandstop" firm can, if it is 
on its toes, make rings around the mammoth 
group in terms of quality- for -price, and also 
in terms of deliveries. Concerning this last, I 

once traced the history of an order for an 
in -stock capacitor through the system of a 
large firm. The outcome shook me. By stick- 
ing to the established paper -work procedure 
the time -lapse between receipt of order and 
its posting to the customer could not possib- 
ly be less than 46 days. And that assumed 
that everyone concerned dealt with his piece 
of paper immediately it arrived on his desk. 
The resistors probably cost fourpence to 
make; taking everyone's time into account 
they were probably accounting for about 
£15 worth of the firm's money before they 
left the works. At, say, a shilling apiece to the 
customer. 

Isn't it time there was some re- thinking 
about company structure? 
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Forget the rest-choose the latest and best 

DIRECT> from Eh 

I.M.O. VARIABLE VOLTAGE TRANSFORMERS 
MOST MODERN IN DESIGN AND VERSATILE 
IN PERFORMANCE TO MEET THE 

EFFICIENCY NEEDS OF THE WIDEST 
RANGE OF INDUSTRIAL APPLICATIONS 

row 

I I Amp. £5.10.0 2.5 Amp. £6.I5.0 
5 Amp. £9.15.0 8 Amp. £14.10.0 

IO Amp. £18.10.0 12 Amp. £21. 0.0 

20 Amp. £37. 0.0 C. & P. Extra 

INCLUDING : POWER SUPPLY, MACHINE TOOLS, 
PLASTICS -MOULDING MACHINES, CONTROL PANELS. 

Fully rated current consistent at all points along 
the winding. 'SLIDE- TRANS' &'SLID UP' MODELS. 
Fitted Screw Terminals and Socket. Input 230v AC 
50/60 c.p.s. 0 to 260v OUTPUT ALL MODELS. 
SMOOTH CONTINUOUS ADJUSTMENT. ALL 
MODELS SHROUDED FOR SAFETY. BENCH OR 

PANEL MOUNTING. 

SURGE SUPRESSED 

SOLID STATE 

VOLTAGE 

CONTROL 
* WITHSTANDS HEAVY 

INDUCTIVE LOADS 

* A.C. MOTOR SPEED 
CONTROLLER UP TO 
I h.p. 

* TUNGSTEN & 
QUARTZ- IODINE 
LAMPS. (Studio & 
Theatre dimming) 

POT. Control fitted or 
remote. 
INPUT 240 VAC 50 cps. 

OUTPUT 0.240 
I O amp. Model 117.10.0 overall size 4 .. 2 x 2 1in. 

Synchronous motor 

CAM TIMERS 
* QUICKER DELIVERIES * I -12 ADJUSTABLE CAMS * 10 amp. CHANGEOVER MICRO -SWITCHES 

FITTED. SCREW OR .25 in. AMP TERMINALS * DESIGNED FOR CONTINUOUS OPERATION 
Special Cams and Programming to 

Customers' requirements 
Quotation for 50 and upwards 

COMPLETE PHOTO- ELECTRIC 
SENSOR in one unit 
* REFLECTIVE TYPE WITH 

BUILT -IN LIGHT SOURCE * WILL ALSO OPERATE FROM 
REMOTE LIGHT SOURCE * MATCHBOX SIZE * SENSES ANY OBJECT -CO- 
LOURS, THICK SMOKE 

Operates from 12 V.A.C. Output signal 0.2 amp. 100 V. 

Approximately £5.10.0 dependent on quantity 

LATEST SOLID STATE 
VARIABLE VOLTAGE CONTROL * COMPLETELY SEALED * COMPACT * PANEL MOUNTING 
230 v. A.C. Input 25 -230 volts output. 

5 amp. model 18/7/6 
P. P. Extra 

10 amp. model L13/15/- 

CONSTANT VOLTAGE TRANSFORMERS 
AUTOMATIC MAINS STABILISER 

No attention 
No Maintenance 
No Moving Parts 
Corrected Wave 

Input: 195 -250v. 
A.C. 

Output: 240v. 
A.C. 

A . =l% 
Capacity: 
2 models available; 
ISO watts or 225 watts 
Maintain "spot -on" test -gear readings at all times. 
Fitted signal lamp and switch. 
Weight: 21 lb. L 12 I f O C. & P. 
Site: IOx6x4in.high. L 20,- 

1 1 

20 Amp. LT. SUPPLY 
UNIT 

As supplied to Min. of Defence and 
Crown Agents for overseas Govt. 
LATEST DESIGN HEAVY 
DUTY 12'24 VOLT D.C. 
Output: Adjustable up to 20 AMPS. 
CONTINUOUS at 12,24 volts. 
FULLY FUSED, Neon indicator, 
0 -20 amp. meter. Size 16 x 12 x 20in. 
high, in heavy gauge steel cabinet. 
Grey Hammer finish- Weight 50 lb. 
input: 220/230/240 v. A.C. 50 cycles. 

ONLY £32.1 O,O Pias 40 /-C.a P. 
G.B. (Inland) 

30 Amp. LT. SUPPLY UNIT 
UP TO 24 v. D.C. WITH SMOOTH STEPLESS VARIATION 

Designed for CONTINUOUS use at max. loading * Fitted voltmeter and ammeter. * Instantaneous overload cut -out. 
Input: Mains A.C. Robust construction. 2 tone finish, steel case. 

C. & P. 40/- G.B. (Inland). 
Entirely suitable for plating plants, 
Laboratory supplies. etc. 

5 AMP. A.C. & D.C. VARIABLE SUPPLY UNIT 
Specification Input: 240v. A.C. 

{Output: 0 -260 v. A.C. 0 -240 v. D.C. * Smooth stepless voltage variation from 0-Max. * C consistent 
throughout the controlled range. * Ammeter and voltmeter fitted, and 
neon indicator. * Fully fused input and output. 
Strong steel case, with carrying handle and rubber feet. I I X7 X I4in. high. 

E30 
0 

O Made in England. 
C. & P. 40/- Gt. Britain (Inland). 

CURRENT PRODUCTION BUY DIRECT FROM MANUFACTURER 

£55.0.0 

(Dept. W.W.7), 313 Edgware Road, London, W.2. 01 -723 2231 

DISTRIBUTORS FOR EIRE SOUTHERN ELECTRONICS LTD. CORK 2648$ 
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12 WATT INTEGRATED 
SINCLAIR Z.12 HI-FI AMPLIF ER & PRE AMP 

12 watts R.M.S. continuous 
sine wave output 
This is the recommended amplifier for those 
requiring greater power and a high degree of 
versatility. This eight special- transistor amplifier 
is the most successful of its kind ever designed. 
It has an excellent power to size ratio and is 
easily adapted to a wide variety of applications. 
The Z.12 performs satisfactorily from a wide 
range of voltages and it can readily be run from 
car batteries. This true 12 watt amplifier comes 
to you ready built, tested and guaranteed together 
with useful manual of circuits and instructions 
for matching the Z.12 to your precise require- 
ments. Two may be used for stereo, when the 
Sinclair Stereo 25 will be found the ideal control 
unit for use with it. 

Size -3 "x1 f "x1} ". Class B Ultralinear Output: Frequency response 

from 15 to 50.000Hz ± 1dB: Output suitable for loudspeakers from 
3 to 15 ohms impedance. Two 3 ohms speakers may used in parallel: 
Input 2 mV into 2Kohms: Output 12 watts R.M.S. continuous sine wave 
(24 watts peak); 15 watts music power (30 watts peak); Power require- 
ments 6- 20V.d.c. from battery or PZ.4 Mains Supply Unit. Ready 
built, tested and guaranteed. 

SINCLAIR MICROMATIC 

tunes over medium waves 

remarkable range and power 

magnetic ear -piece 

89/6 

SINCLAIR STEREO 25 
De Luxe Pre -amplifier and Control Unit for Z.12 or any other good stereo 
assemblies. Switched inputs for P.U. (equalised to R.I.A.A. curve from 
50 to 20.000 Hz within + 1dB). radio, and auxilliary. Supplied ready 
built with very attractive solid brushed and polished aluminium front 
panel. Control knobs for Bass/Treble/Volume /Balance /Input are solid 
aluminium. Size- 6- } "x2 } "x2 f" plus knobs. Built, tested and guaranteed. 

£9.19.6 

SINCLAIR PZ.4 
STABILISED MAINS POWER SUPPLY UNIT 
Heavy duty transistorised power supply unit to deliver 18V.d.c. at 1.5A. 
Designed specially for use with two Z.12 Amplifiers. etc., together with 
Stereo 25. Built. tested and guaranteed. 

£4.19.6 

the world's smallest radio 
This fantastic little British pocket receiver is available in kit form to build 
for yourself or ready built, tested and guaranteed. Its range. power and 
selectivity must be experienced to be believed: its quality everything you 
could wish for. The Micromatic tunes over the medium waveband and has 
A.G.C. to counteract fading from distant stations. Bandpass tuning makes 
reception of Radio 1 easier. The neat black case with aluminium front 
panel and tuning control give the Micromatic elegantly modem appearance. 

Kit in fitted pack with earpiece. solder and instructions 49/6 
Built. tested and guaranteed 59/6 
Mallory Mercury Cells RM.675 (2 reqrd) each 2/9 

SinIir- 
SINCLAIR RADIONICS LTD. 22 Newmarket Rd. Cambridge. Tel. OCA -3 52731 

WW- -lot FOR FURTHER DETAILS 
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r Acclaimed by all who heard it at the 
1968 Audio Fairs 

SINCLAIR - l 
ACOUSTICALLY 
CONTOURED SOUND CHAMBER 

FREQUENCY RESPONSE 

60- 15,000 Hz 

LOAD HANDLING 
CAPACITY UP TO 14 WATTS 

BRILLIANT TRANSIENT 
RESPONSE 

8 OHMS IMPEDANCE 

OF COMPACT AND 

ORIGINAL DESIGN 

AN ALL -BRITISH PRODUCT 

SINCLAIR GUARANTEE 
Should you not be completely satisfied with your 
purchase when you receive it from us, your money 
will be refunded In full at once and without 
question. Full service facilities available to all 
purchasers. 

SinIair 
SINCLAIR RADIONICS LIMITED 
22 NEWMARKET ROAD, CAMBRIDGE 

Telephone: OCA3 -52731 

the most challenging loudspeaker 

development in years 

Price is no longer an obstacle to the 
enjoyment of high -fidelity loudspeaker 
reproduction ; nor is size a problem either. 
In the Sinclair Q.14 you will find a loud- 
speaker of such remarkable quality and so 
compactly and attractively styled that you 
will want to change to Sinclair as soon as 

you hear it. At Trade Exhibitions and both 
the 1968 Audio Fairs, experts have been 
greatly impressed on hearing the Q.14 
against speakers costing many times more, 
proving beyond question that good repro- 
duction does not have to be expensive. 
Tests by an independent laboratory with a 

Q.14 drawn from stock show exceptionally 
smooth response between 60 and 
15,000Hz and well sustained output 
beyond both these figures. Its remarkable 

transient response ensures beautifully 
defined separation of voices, instruments, 
etc. Much of the success of this Sinclair 
design comes from the use of materials 
quite different from those to be found in 
conventional speaker manufacture, and 
the unusual contours of the seamless, 
sealed pressure chamber allow the Q.14 
to be conveniently positioned on shelves, 
the floor, in wall corners or flush mounted. 
The Sinclair Q.14 is finished in matt black 
with solid aluminium bar trim on the front. 
Size: 9¡ in. square x 4¡ in. deep. 
Try it in your own home by sending off the 
order form today. If you are not satisfied 
your money plus the cost of posting 
the 0.14 back to us will be returned 
in full. 

POST FREE ANYWHERE IN THE U.K. £7.19.6 
ORDER FORM BRINGS PROMPT DELIVERY SENT TO YOU POST PAID r 

To: SINCLAIR RADIONICS LIMITED, 22 NEWMARKET ROAD, CAMBRIDGE. 
Please send POST FREE 

For which I enclose cesh /cheque /money order. 

NAME 

ADDRESS 

WW.369 
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eruptRECORD MAINTENANCE TAKES 
ANOTHER BIG STEP FORWARD! 
With these latest advanced products - . - 

NEW HI -FI PARASTAT 
Gramophone 
Record 
Maintenance 
and Stylus 
Cleaning Kit 
Designed for use on NEW 
records or records in new 
conditit,n which are to be 
played with pick -ups re- 
quiring very low tracking 
pressures. The 30,000 finely 
pointed tips of the Hi -Fi 
Parastat Brush positively 
explore every detail in the 
record ,groove to provide 
the high degree of record 
cleanliness necessary when 
using ultra lightweight pick -ups tracking at 2 grammes or 
less. The cover pad in the lid of the case is provided for the 
purpose of cleaning and activating the brush which when 
enclosed within the case is kept at the correct level of 
humidity required to control all static at the working surface. 
Perfectly clean records must be played with a perfectly clean 
stylus and an integral part of the kit is the new Watts Stylus 
Cleaner which provides a safe and efficient method of 
cleaning the stylus. 
Supplied complete with instructions, 1 oz New Formula 
dispenser. Distilled Water dispenser, spare pad cover and 
ribbons Price 42;6 plus 1s 3d P T 

Replacements: 1 oz New Formula dispenser 4/6. Distilled 
Water Dispenser 4/ -. Pad Cover and Ribbons 1, 9 

IReg d I Pat App 56216 67 

NEW STYLUS 
CLEANER 
AvailaDle se Iv 

complete with nsuur 
rnns 

'PARASTAT' Manual Model Mk.IIA The original 'DUST BUG' 

A dual purpose record maintenance device 
Keeps new records in perfect condition Restores 
dehty to older discs Complete with 1 or New 
Formula dispenser and instructions. Price 45/ 
Replacements Pad Coven 2; - each Brush 8/6. 
Sponge Cover Pad 1: 1 or New Formula 
Dispenser 4/6 
Humid Mop Recommended for use conlunc 

with the Manual Parastat and Preener Cleans 
and conditions the bristles and velvet pads 
Ensures correct degree of humidity at the time of 

e Complete with spare sponges and instructions. 
Price 4'6 Replacements Set of Sponges 2/6. 

A GUIDE TO THE BETTER CARE OF L.P. 

AND STEREO RECORDS Scohe fditioh 
Nov. 1 2.4154 
Completely re,* 
and h 

Data 'sheens 
ne 

Nos 
1 2 e and 5 et 
n.,ea 
treed or'W,puen 

dama 

a a Peet Free 
Mats sheen Nos 
2 ene 5 wadahie 
t,wir on rposell. of 

dhow eMen .nn 
tede h f.. fd. on'h 

Sae penal 

Automatic Record Cleaner, Easily fitted to any 
transcription type turntable Provides a simple and 
effective method of removing static and dust while 
the record is being played Surface noose and 
record and stylus w reduced, resulting in 
cleaner reproductions Complete with 1 or New 
Formula Dispenser and nstructions Price 18/9 
plus 4 5 P T 

Replacements Nylon Bristle and Plush Pad 1,9 
or New Formula Dispenser 2/6. 

'PARASTATIK' DISC PREENER 

Keeps new records like new. Expressly 
designed for use with records which have 
not had previous antistatic treatment. 
Complete with instructions. Price 6/9 
Replacements Packet of 4 wicks 2/ -. 

ALL OBTAINABLE FROM YOUR 
LOCAL SPECIALIST OR DIRECT: 

To CECIL E. WATTS LTD. 
DARBY HOUSE, SUNBURY ON THAMES, MIDDLESEX. 

Please send (Post Free U 

Disc Preeners 6 9 

Dust Bugs a 18 9 plus 4 5 P T 

48 -page Booklets a 2'6 

Replacement Parts: 
I enclose cheque /P.O. value f 
(Do not send postage stamps) 
Name 
Address 

K. and Commonwealth) 

....Hi -Fi Parastats a 42/6 plus 1/3 PT 

..- .Stylus Cleaners a 5/- plus 1/3 PT 

....Manual Parastats a 45/- 
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METER PROBLEMS? 

V 

A very wide range of modern design 
instruments is available for 10/14 
days' delivery. 

Full Information from: 

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

WW -108 FOR FURTHER DETAILS 

LONDON microphones 
Quality sound -at low cost 

The London Microphone range offers you quality microphones, 
good characteristics -and good looks, too, at remarkably little 
cost. Made in Britain. 

NEW to the range: LM300 dynamic cardioid 
microphone incorporating top -quality moving - 
coil capsule. Gives maximum front -to-back ratto 
over a frequency range of 50- 15,000 Hz. Elegant 
styling, robust metal case, natural anodised finish. 

Low imp. Dual imp. 
LM 300 ( Cardioid) £11 10 0 £12 10 0 

LM 200S £5 19 6 £6 15 0 

LM 200 £4 19 6 £5 15 0 

LM 100 (Omni) £3 3 0 £3 18 6 

Home or overseas trade enquiries welcome. Write or ring for details 

LONDON MICROPHONE CO. LTD. 
182 4 Campden Hill Road, London, W.S. 

Tel: 01 -727 0711. 24 Hr. Answering Service. Telex 23894 

WW -109 FOR FURTHER DETAILS 

TACHOMETERS 
* High linear output * Low driving torque * Bidirectional output to ¡ of I 

tolerance * Brush life 100,000 hrs. or 10 years 
continuous operation * Temperature compensated * Ideal as speed transducers 

Send for full details of these and other electronics pro - 
ductsincluding speed control, speed indicators, etc. to: 

NECO ELECTRONICS (EUROPE) LTD 

WALTON RD., EASTERN RD., LONDON OFFICE: NORTH ST., 

COSHAM, HANTS. CLAPHAM, LONDON, S.W.4 
COSHAM 7171 I '5 TEL: 01 -622 0141 '3 & 3211/5 
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Telcon 

soft magnetic 
materials give 
todays circuits , 
r7-elor/vircr 
performance 

AIM 

54 

Please send 
for further 
details of 
Telcon 
soft magnetic 
materials. 

Ten Supermumetal 
100 cores installed 

in an Inductively 
Coupled Double Ratio 

Bridge manufactured by 
H. Tinsley 8 Co. Ltd. 

e:;e8145i 4r74- 

TELCON METALS LTD., Manor Royal, Crawley. Sussex. 
Telephone: Crawley 28800 Mcnilmr of ti DM Group of Companies. 
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NEW 

Eitestat 
TEMPERATURE 

CONTROLLED 

SOLDERING 
INSTRUMENTS 

Control within ±21 °C 

Temperature infinitely 
adjustable while running 

Available for all voltages 

Built -in indicator lamp 

Cool, comfortable, 
unbreakable Nylon handle 

Range of bit sizes, 

Copper or Philips iron - 

coated 

Please ask for leaflet LT.5 

LIGHT SOLDERING 

DEVELOPMENTS LTD. 
28 Sydenham Road, Croydon, CR9 2LL 

Telephone: 01 -688 8589 and 4559 

A81 
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RADFORD 
In an article in the Journal of the Audio Engineering Society 
for July 1967, Bart N. Locanthi, Vice- President, J. B. Lansing 
Sound Inc. describes the development of an ultra low dis- 
tortion direct current audio amplifier. In it he says "... to 
get the highest accuracy possible, an English made RADFORD 
Low Distortion Oscillator was used which has less than 
0.01°/0 harmonic distortion at 20kHz." 

LOW DISTORTION OSCILLATOR (Series 2) 
An instrument of high stability providing very pure sine 
waves, and square waves, in the range of 5 Hz to 500 kHz. 
Hybrid design using valves and semiconductors. 
Specification 
Frequency Range: 
Output Impedance: 
Output Voltage: 
Output Attenuation: 
Sine Wave Distortion: 

Square Wave Rise Time: 
Monitor Output Meter: 
Mains Input: 
Size: 
Weight: 
Price: 

5 Hz -500 kHz (5 ranges). 
600 Ohms. 
10 Volts r.m.s. max. 
0-110 dB continuously variable. 
0.005 from 200 Hz to 20 kHz increasing to 

0.015 " at 10 Hz and 100 kHz. 
Less than 0.1 microseconds. 
Scaled 0-3, 0-10, and dBm. 
100 V.-250 V. 50/60 Hz. 
171 x 11 x 8in. 
25 lb. 
L150. 

DISTORTION MEASURING SET (Series 2) 
A sensitive instrument for the measurement of total har- 
monic distortion, designed for speedy and accurate use. 
Capable of measuring distortion products as low as 0.002';. 
Direct reading from calibrated meter scale. 

Specification 
Frequency Range: 20 Hz -20 kHz (6 ranges). 
Distortion Range: 0.01%400% f.s.d. (9 ranges). 
Sensitivity: 100 mV.-100 V. (3 ranges). 
Meter: Square law r.m.s. reading. 
Input Resistance: 100 kOhms. 
High Pass Filter: 3 dB down at 350 Hz. 

30 dB down at 45 Hz. 
Frequency Response: j I dB from second harmonic of rejection 

frequency to 250 kHz. 
Power Requirements: Included battery. 
Size: 171 x II x 8in. 
Weight: 15 Ib. 
Price: C120. 

Descriptive technical leaflets are available on request. 

RADFORD LABORATORY INSTRUMENTS LTD. 

ASHTON VALE ROAD, BRISTOL 3 

Telephone: 66230113 
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M. R. SUPPLIES, LTD., 
(Established 1935) 

Universally recognised u suppliers of UP -TO -DATE MATERIAL, which does the Job properly. 
Instant delivery. eatisfactlou ueured. Prices nett. 

FAN FLOW EXTRACTOR FA/4. Undoubtedly trxlay s greatest bargain for domestic or Industrial 
use. For 200/250 volts A.C. 7.500 cu. ft. per hour. Easily Installed. fitted weatherproof louvres 
which open when motor is switched on and close when off. Only 61 In. dia. Our nett price 
only 67/510. (despatch 61). 

MINIATURE RUNNING TIME ernes (Bangamn). We have great demands for this remarkable 
unit and now can supply Immediately from stock, 20(112511 v. 60 r. synchronous. Counting up to 
9.999 hours, with 1 /loth Indicator. Only 11 ins. square. with cyclometer dial. depth 2 Ins. Many 
Industrial and domestic applications to Indicate the running time of any electrical apparatus, may 
to Install, 63/- Ides. 116). 

SYNCHRONOUS TINE IWI'rCHb. (Another one of our popular specialities) 200/240 v. 50e., for 
accurate pre-set switching operations. Bangamo 8.204, providing up to :i on-off operations per 
24 hours at any chosen times, with day-omitting device (use optional). Capacity 20 -amps. Com- 
pactly housed 4 In. die., 31 in. deep. 56/4/8 Ides. 4/6). Also seine excellent make new domestic 
model. no wiring and easy setting and installation. Portable with lead and 13 -amp plug, same 
duty as above (less day-omitting). $4/14/0 (des. 416). Full Instructions with each. 

ELECTRIC FANS (Papal), for extracting or blowing. The most exceptional offer we have yet 
made. 200 /260 v. A.C. Induction motor-silent running. 2.800 r.p.m. duty 100 C.Y.M. Only 
411n. square and tin. deep. Ideal for domestic or industrial use. Easy mounting. 63/5/- Ides. 3161. 

SMALL GEARED MOTORS. In addition to our well -known range (Lint OM.564), we offer mull 
open type B.P. Units 2001260 v. A.C.. 1. 8. 12. 24. 60 r.p.m., approx. bin. long, with ihm. shalt 
projection each side and enclosed gearbox. Suitable for display work and many industrial uses. 
Only 8918 (des. 31). 

MINIATURE COOLIEO FAIL 200 /250 v. A.C. With open type Induction motor (no Interference). 
Overall 4in. x 31in. x 211n. Fitted 6- bladed metal Impeller. Ideal for projection lamp cooling, 
light duty extractors, etc.. still only 2816 (des. 4 /8). 

AIR ILOWERS. Highly efficient units fitted Induction totally enclosed motor 230/260 v. 50 e. 
1 ph. Model D.26. 80 CFM (free air) to 11.5 CFM at .16 WO (sire approx.) 6 x 8 x lin. Outlets 
21m. square, 681101- (des. 61-1. Model 81)27. 120 CFM (free air) to 40 CFM at 1.2 WO. 6 x 7 

x 91e. outlet 211n. sq.. 61111618 (des. 51-1. Model SD26. 280 CFM (free air) to 127 CFM at 
1.6 WO. ll x 8 x 91,,.. outlet 3in. sq.. 61311716 (des. U.K. 7/61. 

SYNCHRONOUS ELECTRIC CLOCK MOVEMENTS (as mentioned and recommended In many 
national journals). 200 /250 v. 50 c. Self- starting. Fitted spindles for hours, minutes and central 
weep second hands. Central one -hole fixing. Oka. 21in. Depth behind dad only lira. With 
back dust cover. 35/- (des. 1/8). Bet of three brass hands In good plain style. For b/71u. dia. 218 

For 8110 die. 318 set. 

SYNCHRONOUS TIMER MOTORS (Sangamo). 2001250 v. 60 cls. Self -starting 21n. dia. x 11 In. 
deep. Choice of following speeds: I r.p.m., 12 r.p.h., 1 r.p.h., 1 rev. 12 hours. 1 rev. per day. 
Any one 39/8 (des. 1 /61. Also high- torque model (11.E.C.), 21in. x 2in. x Ills. 6 r.p.m.. 57/6 
(des. 116). 

SMALL REICH GRINDERS. 2001250 v. A.C. /D.C. With two 91n. diameter wheels (coarse and 
fine surfaces). Bench mount, very useful household or Industrial units. 6711718 (des. 81-l 

RETRACTOR FAIS. Ring mounted all metal construction. T/E Induction motor, silent opera- 
tion, 81n. blade, 101n. max. dia., 400 CFM, 65/151- (des. 61-1. Sane model 1010. blade, 12in. 
max. die., 500 CFM, 66181- (des. 6 /-). 

IMMEDIATE DELIVERY of Stuart Centrifugal Pumps, Including standess steel (nost modem). 

M. R. SUPPLIES, Ltd., 68 New Oxford Street, London, W.C.1 

(Telephone: 01 -636 2958) 
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SOLID STATE A.C. MAINS AMPLIFIERS 
Employing only high grade components and transistors 

LT55 6 WATT AMPLIFIER 
A High Fidelity unit providing 
excellent results at modest output 
levels. 

Frequency Response 30- 20,000 cps 2dB. 

Sensitivity 5 my (max). 
Harmonic Distortion 0.5";, at 1,000 cps. 

Output for 3 -8-15 ohm Loudspeakers. 
Input Sockets for 'Mike' Gram and Radio 
Tuner /Tape Recorder. 
Controls (5) Volume, Bass, Treble, Mains 
Switch, Input Selector Switch. 

LT66 12 WATT STEREO 
AMPLIFIER 

A twin channel version of the 
LT55 providing up to 6 watts High 
Fidelity output on each channel. 

Switched Input Facilities Socket (I) Tape 
or crystal PU (2) Radio Tuner (3) Ceramic 
PU Microphone. 
Controls (6) Volume, Bass, Treble. Balance, 
Mains Switch, Input Selector Switch, Stereo/ 
Mono Switch. 
Facia Plate Rigid Perspex with black /silver 
background and matching black edged knobs 
with spun silver centres. 

Recom mended 
Retail price 
Size 91X2 }X5 }in, 

9 GNS 

It required an attractive wood cabinet w 1r h 
Satin Teak veneer finish can be supplied 1 r 
any model. Prias from 13.10 -0 

Recommended 
Retail price 16 GNS 

Size 12 x 31 x 6in. 
Available from your 
Local H1 -Fl Dealer 

Please send a stamped addressed envelope for full descriptive details 
of above units. also TUNER /AMPLIFIERS STEREO and MONO. 

Wholesale and 
Retail enquiries to: LINEAR PRODUCTS LTD 

ELECTRON WORKS, ARMLET, LEEDS 
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STOCKISTS 

11lllrt:t, n MI:. I11 

REPAIR SERVICE 
7 -14 DAYS 

We specialise in repair, 
calibration and conversion 
of all types of instruments, 
industrial and precision 
grade to BSS.89. 

Release notes and certifi- 
cates of accuracy on request. 

Suppliers of Elliott, Cambridge and Pye instruments 

LEDON INSTRUMENTS LTD 
76 -78 DEPTFORD HIGH STREET, LONDON, S.E.8 

Tel.: 01 -692 2689 

E.I.D. & G.P.O. APPROVED CONTRACTOR TO H.M. GOVT. 
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components at 
competitive 

prices 

produced 
by progressive 
tooling and 
multiform 
methods 

JOHN SMITH LTD. 
09 SPON LANE WEST BROMWICH STAFFS. TEL. 021 -553 2516 (3 LINES) 

WOODS LANE CRADLEY HEATH WARLEY WORCS, TEL. CR 69283 (3 LINES) 
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SPEAK SOUND 
aids to economical hi -fi 

ES/10 -15 

BAXAN DALL 

SPEAKER 
AS DESCRIBED IN 

WIRELESS WORLD 

"R oils- R oyce 
standards 
SAYS RALPH WEST, 

Hi -Fi News 
OCTOBER, 1968 
"The immediate impression was of a thoroughbred 
speaker. smooth and effortless ... voices both speaking and singing were uncannily real 

Once again we see the possibility of Rolls -Royce standards from comparatively cheap 
components ... when you know how." H, Fr News Test Report. Oct. 1968. 

A REVOLUTIONARY ADVANCE 

IN DESIGN LOGIC 
THE PEAK SOUND ES /10 -15 is the desgner approved kit of 
the sensational loudspeaker designed and described by P. J 

Baxandall in Wireless World(Aug. & Sept. 681. The frequency response 

extends from 60- 14.000 Hz. (100- 10.000 Hz. ± 3dB1 Everything 
Is supplied to specification- -the 18" x 12" x 10'" afrormosia teak - 
finished cabinet is cut and drilled for simple assembly: the equalis- 
ing circuitry is ready for immediate installation. The finished product 
is completely professional. It will astonish and delight you beyond 
words. See what Hi -Fi News says in full in its detailed report in its 
October Issue. It is hard to believe so modestly priced a speaker 
could get so glowing a report. 

a new 
Peak Sound 
hi -fi power 

amplifier 
THE PEAK SOUND PA/ 
12 -15 is a new power amp- 
hf,er of excellent design and 
performance. Features in- 
clude Class B output of 12 
watts R.M.S. into 15 ohms: 
43dB neg. feedback frequency response from 10 Hz to 45 Hz + 

0.5dB: distortion at max. output less than 0.1 %: input sensitivity - 
400mV : power requirement 45V D.C. which can be obtained from the 
Peak Sound heavy duty power unit (price [5.5.01. Size 5 x 31 x 

11". Selected high gain closely matched transistors are used 
throughout. Full instructions are provided. This sensibly designed 
unit will appeal to all for whom reliability and good design are import- 
ant. Pre -amp details available. 

Heat sink, drilled with bolts. nuts & 

Equaliser assembly 
36/- IP P 1/6d1.. 

Speaker Unit - 
38/ -, P.T. 8/11d. 
IP P. 5 /1. Cabinet 
parts (complete) 
[eá.6, P 12/8d. 
(Carr. 

TOTAL COST 

£9.17.6 
81.13 P-T. 

Mawr. 11/6d.) 
Cross over for 
additional bass 

unit 22 6d IP 
3ï6d.). 

Built and tested 

f5.19.6 
IP. P. 2/6d .I 

Kit. less heat sink 

and base board. 

f3.19.6 
(P. P. 218d.) 

washers 6 / -IP. P. 11661 

From dealers or sent direct in case of difficulty, POST FREE. 

PEAK SOUND (HARROW) LTD. 
32 ST. JUDES ROAD, ENGLEFIELD GREEN, EGHAM, SURREY EGHAM 5316 

To PEAK SOUND 

Please send 

for which I enclose E 

NAME 

ADDRESS 

Block letters please 

c1 

WW 369 
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SILICON N.P.N. TRANSISTORS. Similar to 2N2926. All individually 
tested. Gold plated leads for easy soldering. Unbeatable value at 1/6 each 
or £0 per 100. 

12 VOLT TRANSISTORISED FLUORESCENT LIGHT. 8 WATT 12in. 
TUBE. Current drain only 700mAI Complete and tested £2 /19/6 only! 
Or in kit form: 

Case .. 
Transistor .. .. .. .. .. .. 10 /- 
Lamp holden .. .. .. .. pair 5/- 
Condensers, etc... .. .. .. .. 3/- 
Transformer .. .. .. .. .. 13/6 
Tube ............ 8/- 

Post and packing 5/- 

TRANSISTORS 
00200, 0C203, 0C204, all at 2/- each. 
ASY22, 2N753, BSY28, BSY65, 2G344A, 2G345Á, 2G345B, 2G371A, 
2G378A, all at 1/6 each. 
Transistors similar to 0C44, 0071 and 0072, all 1/- each. 
Unmarked, untested transistors, 7/8 for 50. 
LIGHT SENSITIVE TRANSISTORS (similar OCP 71), 2/- each. 
30 watt transistors (ASZ17), 10/- each. 
ORP 12 Cadmium sulphide light sensitive resistors 9/ -. 
REG 11YIhRS 
BY100, 800 p.i.v., 2/6 each, 24/- per doz., £7/10/- per 100, £50 per 1,000. 
BYZ13, 6-amp, 400 p.i.v., available on same terms. 

MULLARD POLYESTER CAPACITORS 
FAR BELOW COST PRICE! 

0.001µF 400 volts .. .. 3d 0.02µ 200 volts .. .. 3d 
0.0015µF 400 volts .. .. 3d 0.1511.F 160 volts .. .. 6d 
0.0018µF 400 volts .. .. 3d 0.22µF 160 volts .. .. 6d 
0.0022µF 400 volts .. .. 3d 0.27µF 160 volts .. 8d 0.010 400 volts .. .. 3d 10 125 volts .. .. 1/- 

VERY SPECIAL VALUE! Small Silver -mica, Ceramic, Polystyrene 
Condensers. Well assorted. Mixed types and values. 10 /- per 100. 
PAPER CONDENSERS, MIXED BAGS, 0.0001 to 0.50. 12/6 per 100. 

RESISTORS! Give -away offer! Mixed types and values, } to; watt. 8/6 per 
100, 55/- per 1,000. Individual resistors 3d each. Also I to 3 watt dose 
tolerance. Mixed values. 7/8 100, 55/- 1,000. 
WIRE -WOUND RESISTORS. 1 watt to 10 watts. Mixed bags only. 
16 for 10 / -. 

RECORD PLAYER CARTRIDGES 
ACOS 
GP 67/2 Mono. 15 /- complete with needles. 
GP 91/3 Stereo Compatible £1 / -/- , 
GP 93/1 Stereo Ceramic £1 /8 /- ,, GP 94/1 Stereo Ceramic £1/6/- 
Small pick -up arms complete with cartridge and needle, I only. 

UNREPEATABLE OFFER ! 

GIANT SELENIUM 
PHOTO -CELLS. OUTPUT 

UPWARDS OF 5ma AT 6V 
FEW ONLY 10'- EACH 

TRANSISTORISED SIGNAL INJECTOR KIT R.F./I.F./A.F. 10 /- only 
TRANSISTORISED SIGNAL TRACER KIT 10/- only. 
TRANSISTORISED REV. COUNTER KIT 10 / -. 

VEROBOARD 
2+w x lin 0.15in matrix 1/1 17in x 2}m. 0.15in. matrix 11 /- 
31in x 2}m 0.15in. matrix 3/3 17in x 33in 0.15in. matrix 14/8 
33 in x 31 in 0.15in. matrix 3/11 3!m x 2¡in Olin matrix 4/2 
5in x rain 0.15in matrix 3/11 33ín x 3lin Olin matrix 4/9 
5in x 31 in 0.15in matrix 5/6 5in x 2¡in 0lin matrix 4/7 

Sin x 31 in 0.1in matrix 5/6 
Spot Face Cutter 7/6 Pin Insert Tool 8 /8. Terminal Pins 3/6 for 36. 

SPECIAL OFFER! 
Five 2;in x lin. Boards and a cutter 0 /6. 

MULTIMETERS. 20,000 ohms per volt. 
Ranges: a.c. 1,000V, 500V, 100V, 50V, 10V. 

d.c. 250mA, 2.5mA, 50µA. 
d.c. 2,500V, 500V, 250V, 50V, 25V, 5V. 
Resistance: 0/60k0 and 0 /6Mfl. 

Special price £4 / -/- only. 

ELECTROLYTIC CONDENSERS 
0.25µF 3 volt 4µF 12 volt 25µF 6 volt 320µF 10 volt 
1µF 6 volt 4µF 25 volt 25µF 12 volt 400µF 6.4 volt 
lµF 20 volt 5µF 6 volt 250 25 volt 
1.25µF 16 volt 6µF 6 volt 30µF 6 volt 
2µF 3 volt 80 3 volt 300 10 volt 20 350 volt 8µF 12 volt 500 6 volt All at 1/- each. 2.50 16 volt 81.iF 50 volt 641LF 2.5 volt 
3µF 25 volt 100 6 volt 64µF 9 volt 20 assorted 
3.20 64 volt 100 25 volt 100µF 9 volt (our selection) 
4µF 4 volt 20µF 6 volt 320µF 4 volt 10 /- 

SKELETON PRE -SET POTENTIOMETERS 1000 
100K0 
200KG 6d. each. 
500K1 

PRE -SET SLIDERS 680K 
SMALL TRANSISTOR OUTPUT TRANSFORMERS 2/6 each. 
SMALL TRANSISTOR DRIVER TRANSFORMERS 2/6 each. 
CRYSTAL OR MAGNETIC LAPEL MIKES. 10/- each. 
CRYSTAL 

Orden 

TAPE RECORDER MIKES. 12/- each. 

by post to: 

G. F. MILLWARD 
DRAYTON BASSETT, NEAR TAMWORTH, STAFFS. 

Please include suitable amount to cover post and packing. Minimum 2/ -. 
Stamped addressed envelope must accompany any enquiries. 
For customers in Birmingham area goods may be obtained from Rock 
Exchanges, 231 Alum Rock Road, Birmingham 8. 
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HOWELLS RADIO LTD. 

MINISTRY OF AVIATION INSPECTION APPROVED 

TRANSFORMERS 
STANDARD RANGE OR DESIGNED TO YOUR 
SPECIFICATION. 
O- 50KVA, "C" CORE, PULSE, 3 PHASE, 6 PHASE, 
TOROIDS, ETC. 
Transformers for 20W Transistor Amplifier (W.W., Nov. 1966). 
Driver 22/6 Carr. 2/- 
Mains 29/6 Carr. 4/6 
L.P. Filter, Chassis Mounting 11/6. Carr. 1 / -. 
L.P. Filter, Printed Circuit Mounting 14/6. Carr. 1 / -. 

'MAINS TRANSFORMERS 
350 -0-350 v. 60 mA., 6.3 v. 2 A. £1/15/ -. Carr. 4/6. 
500 v. 300 mA. 6.3 v. 4 A., 6.3 v. 1 A. £3/12/6. Carr. 5/6. 
500 -0-500 v. 0.25 A., 6.3 v. 4 Act., 6.3 v. 3 Act., 5 v. 3 A. 
£4/10/6. Carr. 6/6. 
525-0-525 v. 0.5 A., 6.3 v., 6 Act., 6.3 v., 6 Act., 5 v. 6 A. 
£5/51-. Carr. 6/6. 

'LOW VOLTAGE 
30 -0-30 v. 4 A. £2/12/6. Carr. 5/6. 
28 v.1 A., 28 v.1 A., 28 v.1 A., 28 v.1 A., 30v. 250m A., 
£4/5/6. Carr. 5/6. 
'PRIMARIES 10-0- 200 -220 -240 v. 
70V LINE MATCHING TRANSFORMERS 
Fitted with terminal panel, taps at 0.5, 2, 4 and 8W into 15 ohms 
17/ -. Carr. 2/- 
Flying leads, taps at }, 4, 1, 2 and 4W into 3 ohms 14 /ßd. Carr. 2/- 

CHASSIS, CABINETS & PRECISION METALWORK 

ELECTRONICS - DEVELOPMENT & ASSEMBLY 
CASH WITH ORDERS PLEASE 

Carlton Street, Manchester 14, Lancashire 
TEL. (STD 061) 226 -3411 
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SPECIALIST SWITCHES 

are again giving 

the fastest switch 

service in the world 
FROM THEIR NEW AND LARGER 
PREMISES IN CHARD, SOMERSET 

Specialist Switches make Rotary and Lever 
switches, types H, DH, HC, and LO, to 
specification. There is one limitation (standard 2 in. 

long spindles), but this is not important when you 
are getting the fastest switch service in the world. 

Delivery of 1 -20 switches: 24 hours. 
Up to 50 or so: 72 hours. 
If you want around 250 or so: 7 -10 days. 

Please note our address: 
SPECIALIST SWITCHES 
P.O. Box 3, 
CHARD, SOMERSET 
Write for design charts and prices or 
TELEPHONE -CHARD 3439 
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Jack Peters 
uses a WELLER 

at work and at home! 
Jack Peters knows the quality and reliability of the 
Weller soldering equipment he uses during the day - 
so he naturally chooses Weller for all the soldering jobs 
around the house. The same technical know -how and 
perfection go into both. 

The world's widest range of quality soldering tools 
offers : 

TEMPERATURE CONTROLLED IRONS with iron 
plated tips which control temperature without limiting 

performance. For mains or low voltage. 

RAPID SOLDERING GUNS. Instant heat models. Just 
reach for the solder . . . 4 seconds and the job's 
done. 
LOW INITIAL COST. The range of Marksman Irons - 
25, 40, 80, 120 Et 175 watt, -all have pretinned 
nickel plated tips. 

There's a Weller soldering tool for every job and every 
pocket. Send for full details of our range. 

Weller Electc Limited 
REDKILN WAY . HORSHAM SUSSEX. Telephone: 0403 61747 
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AVONCEL TROLLEYS 
FOR HOME AND EXPORT 

LARGE RANGE OF STANDARD 

MODELS from £10. Also 

CUSTOM BUILT 
TO SUIT YOUR EXACT REQUIREMENTS 

LOW COST TOP QUALITY QUICK DELIVERY 

QUANTITIES: 1 OFF TO 1,000 OR MORE - AVONCEL - 
AVON COMMUNICATIONS AND ELECTRONICS LTD. 
318 BOURNEMOUTH (HURN) AIRPORT, CHRISTCHURCH, HAMPSHIRE 
TEL: NORTHBOURNE 3774 TELEG: AVONCEL CHRISTCHURCH 

WW -122 FOR FURTHER DETAILS 

A.C. SOLENOID TYPE SBM 

Continuous Rating 
rIb. at 1 in 

Instantaneous 
up to 16/b. 

Fitted with stainless steel guides -6 times the life. Larger 
and smaller sizes available -also transformers to 8kVA 
3- phase. 

al, 

KNAP°P, LANE_ I,LAr no ;__ L . 9 
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Improved! KETFéctrirl 
The safest, quick and 

handy connector for 
electrical appliances is 

now available ex -stock 

British and 
Foreign Patents 
applied for 

Only 5" x 3" x 1g" the MAINS KEYNECTOR 

is designed in modern style and attractive two - 

tone colour. The unit eliminates the need of 

terminating the mains input lead of any 

electrical instrument or appliance with a plug. 

Also enables more than one appliance to be 

connected in parallel and used simultaneously. 

Rating 13 amp. 
Send cash with order P.P. extra 
CYBERNAUT CONTROLS LTD. (ref. W.W.14). 28 -30 RIvington Street. London. E.C.2 
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TRANSFORMERS 

COILS 

CHOKES 

LARGE OR SMALL QUANTITIES 

TRADE ENQUIRIES WELCOMED 

SPECIALISTS IN 

FINE WIRE WINDINGS 
MINIATURE TRANSFORMERS 

RELAY AND INSTRUMENT COILS, ETC. 
VACUUM IMPREGNATION TO APPROVED STANDARDS 

ELECTRO -WINDS LTD 
CONTRACTORS TO G.P.O., A.W.R.E., L.E.B., B.B.C., ETC. 

123 PARCHMORE ROAD, THORNTON HEATH, SURREY 
01-653 2261 CR4.8LZ EST. 1933 

VOWS .0.1111 J 
ww-1LS it' Olt rUx111C1( 1Jö1t1L.J 
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ELECTRONICS from PROOPS 
New Science Projects combine fascination of Optics with Electronics. 

INFRA -RED TRANSMITTERS & RECEIVERS 

Unique devices in a brand new electronic field that can be exploited in a wide range 
of applications. Miniaturized construction and solid state circuit design is combined 
with outstanding modulation and switching capabilities to provide infinite possibili- 
ties as short distance speech and data links, remote relay controls, safety devices, 
burglar alarms. batch counters, level detectors, etc., etc. 

INFRA -RED PHOTO RECEIVER - MSP3 
Ultra sensitive detector /amplifier for infra -red (Gallium Arsenide) or visible light optical links 
reception. Spectral response 9500 A. Robust, cylindrical package is coaxial with incident light to 
facilitate optical alignment and heat sinking. 

85/- post free 

MAX RATINGS 
Total dissipation (in free sir, Tama 25'C.) -_ 100mal Derating Factor 2mWl'C. 
Output Current Intensity 100mA. Voltage 25V. Operating Temperature from -30' to - 125'C. 
Supplied complete with suitable lenses, full Technical Data and Application Sheets. 
including Line of Sight Speech Link. 

Infra -red devices (except 31 F2) 

GALLIUM ARSENIDE LIGHT SOURCE -MGA 100 
Filamentless, infra -red emitter in a robust. sealed cylinder coaxial with beam to facilitate optic, 
alignment and heat sinking. 

35/ post free 

MAX RATINGS 
Forward current IF max.' O.C. .. .400mA. Forward peak current IF mox. (Pk) 
Power dissipation' 600mW. Deleting factor for Tame greater than 25'C 75mW1'C. 
Reverse voltage VR max 1-0V. 
'When mounted on an aluminium heat sink 1 in. x jrn. x 
Supplied complete with suitable lenses, full Technical Data and Application Sheets, 
including Line of Sight Speech Link. 

64 

MICRO -MINIATURE INFRA -RED DETECTOR -31F2 
Silicon NPN photo -diode of passivated planar construction, suitable for punched card readers, 
counters, film sound track, etc . 

are supplied complete with 
suitable lenses, technical data and typical application information. 

28/6 post free 

PHOTOCONDUCTIVE CELLS FIBRE OPTICS 

CADMIUM SULPHIDE CELLS (Cds) 
Inexpensive light sensitive resistors which require only simple circuitry to work as 
light triggering units in a wide range of devices, such as: fleshing or breakdown 
lights, exposure meters. brightness controls. automatic porch lights. etc. Not polarity 
conscious - use with A.C. or D.C. Spectral response covers whole visible light range. 

MKY251 
Epoxy sealed 1¡ in. diem. x j in. thick. Resistance at 100 Lux - 700 to 
3.000 ohms. Maximum voltage 200 A.C. or D.C. Maximum current 
500 mW. 12/6 post free 

MKY101 -C 
Epoxy sealed. B in. diam. x j in. thick. Resistance at 100 Lux Sut) le 
2.000 ohms. Maximum voltage 150 A.C. or D.C. Maximum current 
150 mW. 10/6 post free 

MKY71 
Glass sealed with M.E.S. base. Glass envelope 1} in. diam.. overall 
length 1 in Resistance at 100 Lux - 50 Kohms to 150 Kohms. Maximum 
voltage 150 A.C. or D.C. Maximum current 75 mW. 8/6 post free 

CADMIUM SELENIDE CELLS (Cdse) 
These have a higher dark resistance in a given period than Cadmium Sulphide Cells. 
indicating much faster response. Suitable for all Cds applications plus applications in 
chopper. electronic musical instruments, computer and other sophisticated circuitry. 
Time response shown in megohms is dark resistance measured 10 secs. after 400 Lux 
light intensity is intercepted. 

MKB5H 
Hermetically metal sealed. j in. dram. x j in. thick. Time response 
100 megohms. Resistance at 1.000 Lux - 1 Kohm to 10 Kohms 
Resistance at 10 Lux - 50 Kohms to 1 megohm. Maximum voltage 
50 A.C. or D.C. Maximum current 10 mW. Continuous current 5 mW. 

16/6 post free 
MKB12H 
Hermetically metal sealed in. diam. e T} in. thick. Time response 
100 megohms. 

- Resistance at 1,000 Lux - 100 ohms to 1.000 ohms 
Resistance at 10 Lux - 1 Kohm to 10 Kohms. Maximum voltage 
50 A C. or D.C. Maximum current 80 mW. Continuous 30 mW. 

16/6 post free 

PHOTOGENERATIVE CELLS 

Selenium cells in which light energy is converted into electricity directly measurable 
on microammeter or used with amplifier as light trigger for alarm and counting 
devices, luminous fluxmeters, exposure meters. colorimeters, etc.. Spectral response 
covers visible light range. 

Type 1-11 x 1.4 in Output 1 mA at 0.6 volts at 1.000 

Lux 5/- post free 

Type 2 -28 x 18 mm. Output 500 ¿ A at 0 6 volts at 
1,000 Lux 3/6 post free 

Type 3-ioo x 50 mm. Output 4 mA at 0.6 volt at 1.000 
Lux 22/6 post free 

PRDDPS 

Highly flexible light guides that transmit light to inaccessible places as easily as 
electricity is cortducted by copper wires. Fibre optics make it possible to control, 
miniaturize, split. reflect or transfer light from one source to many places at once 
and to operate photo devices. logic circuits. or illuminate in ways never before pos- 
sible. Proops offer both glass fibre optics or inexpensive Croton plastic fibres for 
hundreds of experiments or serious applications in a fascinating new science. 

RANK TAYLOR -HOBSON ENGINEERS KITS 
All the basic components needed to demonstrate 
new ways to use light in serious applications 
with glass fibre optics consisting of thousands of 
fibres tightly bundled in a flexible sheath with 
ferruled, optically polished ends. Kit includes 12. 
18. and 24 inch standard light guides in 1.5, 3 

and 6 mm widths, 24 inch twin exit guide kynh 
2 x 1 mm. outputs. Non -random 'Y' guide 'With 
2 e 3 mm. outputs. adaptors and battery operated 
light source. Supplied complete with card 
wallets containing technical data and 
illustrated applications. 

£16 pest free 

LOW -COST CROFON FLEXIBLE LIGHT GUIDE 
Newly developed plastic light transmitting media made by 
Du Pont and consisting of 64 special plastic fibres. each 
.010 in diam. and bundled together in a tough, flexible 
sheath Can be used for many serious projects and mex 
pensive prototype work. Ends can be ground flat. dyed or 
capped with Epoxy resin. Temp. range -40' to 176'F 
No loss of light through bending. 12 -page data and 
applications booklet supplied. 

Minimum order -2 ft. 8/6 per loot post free 

Other advanced Solid -State devices 

RCA INTEGRATED CIRCUIT- CA3020 
Complete Audio or Servo Amplifier in one tiny package! 
Preamp. phase invertor, driver and power output function in a single package 
only I in. diem. and -¡} in. high. Operates from single D.C. supply of 3 to 9 volts: 
gives maximum output of more than; watt for 22 mA consumption. Low distortion, 
high gain is coupled with built -in temperature compensation ( -55' to 123'C) 
and widebarrd operation. Complete with data and circuit applications. 

42/- post free 

RCA TRIAC - CA40432 
Suitable for light dimming and motor control circuits 
Gate -controlled. full -wave. A.C. silicon switch with integral trigger that blocks 
or conducts instantly by applying reverse polarity voltage. SLrtable for A.C. 
operation up to 250 volts: controls currents up to 1440 watts. Size only j in 
diem. x t} in. high. Complete with heat sink. data and applications 
information. 

45/- post free 

fICA 

Proops Bros. Ltd., 52 Tottenham Court Road, London WIP OBA 
Telephone: 01 -580 0141 
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(NtLANDS LEAPING comPoNitir&EQurPMENT CENTRES 
SOLID STATE -HIGH FIDELITY 

AUDIO EQUIPMENT 
Mono or Stereo Audio, Equipment devel- 
oped from Dinsdale Mk.II -each unit or 
system will compare favourably with 
other professional equipment Selling 
at much higher prices. 

COMPLETE SYSTEMS 
FROM 

£15.5.0 
THE FINEST VALUE IN HIGH FIDELITY- 
CHOOSE A SYSTEM TO SUIT YOUR 

NEEDS AND SAVE POUNDS 

All units available separately. 

SEND FOR FREE BROCHURE 
DEMONSTRATIONS DAILY AT 

.. ' , ! ,' 
._- 

y , ' 
N 

,.. 

. ---; 

- i i I 
w 

(No. 21) TODA Y! 
'303' EDGWARE ROAD 

Acclaimed by everyone 
MAYFAIR ELECTRONIC ORGAN 

musical Instruments and a new field for the home constructor 
A completely new development In portable electronic i " The 'MAYFAIR' produces a multitude of the most pleasing 
sounds with a wide range of tone colours suitable for classic or 
popular music. The organ is fully polyphonic. that is full chords can be played over the 
entire keyboard. Supplied as a kit of parts which includes 165 transistors, printed circuit panels. 
special fully sprung and depth of touch adjusted keyboard. attractive oynair covered cabinet with carry 
handle. A complete detailed and illustrated construction manual is provided with circuits and full parts 
list. All !tams may be purchased separately. All parts supplied are fully guaranteed. Full after sales 

service 

Once built the 'MAYFAIR' will they provide ONLY 99 G its. Year: of enjoyable entertsrnment. 
Call to See it and play it yourself. 

ORGAN COMPONENTS Deferred terms available. BUILT AND TESTED 
We carry a comprehensive stock COMPLETE KIT Deposit £36.8.0 6 
of organ components for Deposit (29.19.0. 12 monthly payments of 

TRANSISTORS 
ND VALVE FREE 

TOTAL E113.19.0. 
nis of E7. 

RHYTHM 
al E144.8.0. 

Ask for BROCHURE 9 EXPORT ENQUIRIES INVITED E69.10.0 pp. 10/- 

7 -- " -" ---"""- ,,¡...no wv, naa s..a , 
.. .a u eroe tM «h 

^ , P ` A 
%i NP , 1P i1 dp _% IC. ,' _, Iq IP -' + 

HR the MA7 or MA66 
lot complete 
hsaning nnsl.ormn 
choosenh.r tn. - 

Illustrated leaflets 

INTEGRATED SOLID STATE TRANSISTOR POWER AMPLIFIERS 
Complete with full Bass Treble. Volume and Selector Controls p 

MA66 12 WATTS STEREO 
We are pleased to offer two new designs with the choice of either mono or stereo systems These 
BRITISH DESIGNED UNITS favour the user in so many ways. being suitable for use with all types 
of PICK -UPS. TUNERS. DECKS and MICROPHONES -with fantastic power and quality with 

far greater adaptability. with freedom for battery or mains operation Output is from 3 -16 OHMS 
Whether you require a home or portable HIFI installation. electronic guitar. P.A. System. Intercomm 

will FILL THE BILL 
MA7 MONO MARC OPTIONAL 

£8.10.0 OR THE STEREO £(s1.66.1.1 MAINS UNIT PS20626d. e e 4/- 
POST PACKING 5i- EITHER MODEL L16.10.0 Suitable for enner model 

12 and 14 FREE on request Demonstrations Daily at our 309 Edgware Rd. Branch. 

F 

s` 

SINCLAIR EQUIPMENT 

i /q I 
_- a 

Ic10 Integrated circuit Amplifier 59 e 
212 Amplifier 119 e 
Mlcromuc (KW 49 6 

69 6 
P24 rPower Unit t9 9B 6 
Stereo 26 E1.196 
Ota speaker System [7.19.6 

Al POST PAID Delivery from stock 
I 

PORTABLE 
GEIGERCOUNTERS 

Rera 

\ \`, .! 

_ 

NOS 
eAM 

wrtseTT 
Tt 

.,,,,,.,.... 
ewwrYr n' <oao H 

sa 
I. n. to.o n 

POST iw -. III 
Vol , PA. t .MP 

O 

Abp 

N f 
MODEL 
22 Power Supply 
30 Audio Generator 
31 R F. Generator 
32 C.R. Bridge 
33 Inductance 
Send for descriptive 

NEW MODELS 

N OM BR EX 
TRANSISTORISED 

Test Equipment 
PRICE Leaflet 
f s. No 

14 0 22 
19 10 24 
12 10 25 
10 10 26 

Bodge 20 0 29 
illustrated Broc ure. 

As Dowse Um moss 
misION el 4M amen 4111 

GRAVINER FIRE 
DETECTOR UNIT MULLARD 1 WATT AMPLIFIER 

PORTABLE TRANSISTOR UNIT wdn volume Goofy,' 
Many user Intercoms Baby Alarms Guitar Prat a 

T,ephone or Record Plover Amplifier 
Optional Ream. covered Wood cabinet 12 9 4. 12 B 

i . 4 In speaker. 17' 6. 45/- OV 
Uses PP9 battery. 3 Gil 

for le Ask for ah.i 2 j ` 
(` 

y 

AssAsie ed an nt all , 

WI aai la 1'M h ItaF 
rig alYaat wR' raasta n a Si Y slat ! ,i Wig d lkala 
hogAs4 Y a s sad M 
+a Send, 
Pei. a listhrod.a.d./ a aN4l 
E1 /.OUR PR.* AtNO NEW 

[8 114 wilts {aa faE.t 
marl walla.... SIZE 4 e 3 v Ti in. 

BUILD A QUALITY 
TAPE RECORDER 

Ti, gat the ben out of your MAGNAVOX DECK. you need 
MARTIN RECORDAKIT This comprises special high 

ualiry 6 valve amplifier and pre amplifier which comes to 
vi'u assembled on its printed circuit board -in fact every. 
thing needed down to tie last screw FOR MAKING A 

SUPERB TAPE RECORDER which. when Dudt, will con, 
pare favourably with instruments costing twice as much. Wt 
You need no experience or technical skill to bring this about. 
THE INSTRUCTIONS MANUAL MAKES BUILDING EASY 
AND AND SUCCESS ASSURED 

- ^, 

2 Track 36 gn. 4 Trick 39 gn1. 
P P 22/8 either model 
NO comprises: Deck. Amplifier. Cabinet and speaker, with 
MICROPHONE 7 on 1.200 It ape. spare spool. 
ALL UNITS AVAILABLE SEPARATELY. Today'. 
ASK FOR BROCHURE 6 Value EGO. 

VHF FM SUPERHET TUNER MKII 
5 MULLARD 
BANDWIDTH PRINTED RCRCUITICONSTR3UCTION 
' HIGH FIDELITY REPRODUCTION MONO AND STEREO 

A popular VHF FM Tuner 
now used throughout Ins 
country for quality reception 
of monophonic and. win'. the 
decoder is broad- 
casts There i. no doubt 
about it -VHF FM gives the 
the real sound Excellent 
stability auonomicallypncsd. 
TOTAL COST E6.19.6. 
DECODER E6.11.1. 
(CABINET 20'. EXTRA) ASK FOR LEAFLET 3. 

NEW- MALLORY LONG LIFE 
MERCURY BATTERIES 

50'',, OFF LIST PRICES 
RM12 1 35 vans 3ni.i m aH OUR PRICE 5 . each 

sose 2 1 dia RM625 10 35 voles 350 m all 

OUR PRICE 10/- NM ® Pack of 6 Sin 24 1 do. 

Easily 
cell. ideal for 

Eerily splits 1 3fo cans 

\t\ pdicaion where SMALL S12E 

413\ HIGH CAPACITY ant LONG 
LIFE are required 

AVAILABLE. 

if 

GARRARD RECORD DECKS 

7 
4 h 

\ . t-- 
BRAND NEW All below list price 

2025 Mono Steen 9 '9 ° 
WO LM with9TAHC 10 10 
SP25 Mk II 12 19 
LAB80 Mk II 25 0 
AT60MkII 14 10 
3500 Mono Stereo 

It 19 
APIS 21 10 
SL55 12 10 
eL65 16 1 0 
SL75 32 10 
SL95 41 10 

0 Mk p 12 12 

Send for illustrated brochures 16, 17 
Complete range of accessories available 

MANUFACTURERS -DISTRIBUTORS 
QUANTITY. SEMCONDUCTOR We publish SEMI 

BULLETIN listing over 500 different devices available 
FROM STOCK in medium to large Ruanbus at KEEN 

I OBTAIN YOUR tCOPYPROMPT TO WRITES TIO EUS Ion Company 
Headed Notepaper please) requesting our SEMI 
CONDUCTOR BULLETIN For TELEPHONE QUOTATIONS. 
PHONE (01) 723 1008.9 Em. 4 1011 723 0401 Em 4 

We purchase medium to large quantities of 
Transistors and Devices excess to Manufacturers 
and Distributors requirements. 

TRANSISTORS- 
SEMICONDUCTORS 

COMPLETELY NEW 1969 LIST OF 
1000 types. Send for your FREE COPY 
TODAY. (list 36) 

S.C.R.'s from 5/- / 

Field Effect Transistors from 9/6 
Power Transistors from 5/- 
Diodes and Rectifiers from 1/6 

HI-FI equipment to suit EVIRMCW 
VISIT OUR NEW HI -FI CENTRE at 309 EDGWARE RD. 

Çtrated CATALOGUE 
a !i J 

COMPLETELY NEW 9th EDITION (1969) 

The most COMPREHENSIVE - 
CONCISE -CLEAR COMPONENTS 
CATALOGUE 
Complete with 10'- worth discount vouchers 

FREE WITH EVERY COPY 
* 32 pages of transistors and semi- conductor 

imvaa 
devices, valves and crystals. 

* 210 pages of components and equipment. ;: 
* 70 pages of microphones, decks and Hi -Fi 

,wEc 
sC5% 76 equipment. 

- -"'' 

" L;I G G r tI) 

F' 

0 

O 

for all leading makes 
AMPLIFIERS 
TUNERS 
DECKS 
SPEAKERS 
MICROPHONES 
TEST EQUIPMENT 1 I . 

SYSTEMS \_ ...t...... 

ALL WITH DISCOUNTS 
f - Ask for Hi -Fi- Stock List Leal /et 16.17 / 

IT WILL PAY YOU TOPAYUSA VISIT I 

Ói500 ITEMS 

320 BIG PAGES etc2{- Send toda 

H EIVRY'S RADIO 
OPEN MON.-SAT. 9 a.m.-6 p.m. THURS. 9 a.m .-1 Lin. 

303 Edgware Road, London, W.2. Mail Order Dept. 
all types of Components, Organ Dept. (01) 723- 1008,9 
309 Edgware Road, London, W.2. High Fidelity 
Sales, P A. and Test Equipment, Record Decks(o1) 723 -11963 
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V1 

IMMEDIATE DESPATCH 
.',.85A 
253884 
2N696 
25697 

25706 
25706A 
25711 
25711A 
251131 
251132 
251302 
251303 
251304 
251305 
251306 
251301 
251308 
251309 
252369 
252369A 
252646 
252147 

252148 
252160 
252925 
253528 
253702 
253703 
253704 
253705 
253706 
253707 
253708 
253709 
253710 
253711 
253053 
253820 
26301 

15/- 

9/6 
91 
4/- 
W 
7n 
71 II 
71 
5/- 

5/- 

5/- 

5/- 

5/- 

5/- 

101 
10/6 
5/6 
71 

Iv- 
17/- 

149 
5/- 

19/- 

5/- 

/- 

5/- 

4- 
41 
5/1 
31 
4/- 

5/- 

54 
4- 

21/ 
45 

26302 
26306 
26339A 
263455 
263718 
263748 
26381 
26382 
23002 
23017 
25018 
25024 
2S034 
2S702 
AAYI1 
AAY30 

AC107 

ACI 26 

AC127 
AC128 

ACI76 
AL-Y17 

ACY18 

ACY19 

ACY20 

ACY21 

ACY22 

A0140 
ADI49 
50211 
AD212 
41102 
AF114 

AF115 

AF116 

AF117 
4FnR 
A1139 
AF181 

3/9 

9/6 

5/- 

3/- 

4/. 
5/- 

5/- 

4- 
V- 
B/- 

N 
26- 
15/- 

15/- 

2/- 

i/- 
146 
Si 
4- 
4- 
71 
51 
3/4 

4/4 
3/5 

4- 
2/4 
15/- 

111 
21/- 

23/4 
IB/- 

41 
4/4 
4/4 
4/4 

iss 
15/- 

5/4 

1L 
AFIB6 12/- 
AF211 10/ 
49212 111 
ASY27 5/9 

ASY28 4/4 
42726 5.1 
ASY29 4/4 
AS221 11/- 

ATZ10 30- 
AUY10 39/6 
BAI15 L1 
BAY38 3/ 
8CY30 7/. 

BCY31 5/- 
BCY32 15/- 
BCY33 M 
BCY34 5/4 
BCY38 5/- 

BCY39 27/4 
8CY40 13/4 
8CY54 15/3 

BCY70 4/4 
BCY71 UI 
BCZ11 104 
80121 251 
80123 32/- 
BFX13 4/1 
BF184 71 
69100 5/ 
BFY50 v 
BFY51 v- 
BFY52 v- 
BFY53 v- 
RSX20 3/3 
6SY27 4/4 
85Y95A 114 
87Y87/100R 25/. 
B1Y87'150R 31/- 

BY210 

BY212 

BY213 

BYX36/150 

BYX36300 

62Y93,C24 

8021 
GET102 

0E1103 

6E1113 

6E1114 

GET115 

0E1573 

6M3/88 
045 
0A47 
0470 
0A73 
0479 
2e0A79M 
0A81 

0485 
0490 
0491 

0A95 

0A200 

04202 
04210 
04211 
042201 
042 202 
042206 

OA2201 
042208 
042241 
0A2242 
042243 
042246 
042299 

042270 

11/3 
7// 
5/4 

V- 
V. 

121 
v 
v- 
4/ 
5/ 

4/- 

5/ 

7/6 
5/- 

3/6 
11 

1/6 
1/0 
1/6 

4/6 
1/6 

11 
1/ 

11 
1/6 

L- 
L- 
6/4 
9/- 

31 
aro 

11 
7/- 

3/6 

31 
31 
v- 
3/6 
3/6 
lb 

0619 
OC20 

0C22 

0C23 

0C24 

0C25 

0C26 

0C28 

0C29 

0C30 

0C35 

0C36 

0C41 

0C42 

0C13 

0C44 

0u5 
OC71 

0072 
0073 
0075 
0076 
OC77 

00810 
0082 
00820 
0083 
0084 
0C123 

0C139 
OC14o 

0C169 

0C170 

OC171 

OC200 

OC201 

OC202 

OC203 

07204 

5/- 
33/- 
13/- 

15/- 

14- 
Ut 
12/- 

13/- 

16/- 

7/- 

11 
13/- 

3h 
4- 
W- 

V- 
V- 

4/6 
V- 
W. 

2/ 
5/5 

3/ 

41 
V- 
6/- 
4- 
7/- 

5/- 
IL' 
5/- 

4- 
4- 
V- 

10% 

1B1 
4- 

OC205 

0C206 

OC207 

08180 
O8P61 

08P63 
94831 

60636 

SX638 

S220C 
9VC1 

C426 

P346A 

84054 

EL401 

EC402 

C111E 

C400 

2C111 

2C425 

111403 

EB383 

BC113 

BCI18 
6C125 
gC126 

BC154 

8E152 

60911 

MPF102 

MPF103 

MPF 104 

MPF105 

6íJ491 

41.1481 

40361 

40362 

101 
7/6 

5/- 

5/- 

9/- 
7/4 

10/1 

12/- 

1y 
17/4 

B/3 

v- 
9/3 

5/ - 
41 
1l/- 
5/- 

45/9 

32/- 
3/6 

31 
9/- 

71 
14/- 

14- 

12/- 

13// 
1W- 

11/- 

91 
15/. 

101 
30/3 
27/- 
13/3 

15/3 

TIS43 TEXAS 6/9 
Umjunctron transistor sirs 2N2646 
BEN300 etc. Data on request 25 99 5.3d 

TEXAS 

2N381925 

FETT 

8/_ 
100 + 5/- 

2N3055 15I- 
/5 13 100 Il 

A0161+A0162 NPNPNP 
COMPLEMENTARY PAIR 10 - PAIR 

12 PAIRS 8 PAIR 

CRS3/40AF 12/6 
STC 400 Pis 3A THYRISTOR 

25 +11; 100 +10/3 

B tr I O l'U'9 PLANAAS 

OP/ PRICE ON 

APPLICATION 2/9 

El =I 
20 Watt Power Amper. Kit based on 
"AF 11 Design 08/6/- complete (not 
casal 

Hi -Fi Preamplifier based on design note 21 
Le /10/3 complete not case/ 
Send now for full d.-Lids 

BAILEY AMPLIFIER 

PRINTED CIRCUIT BOARD 121- EACH 

NEW DATA BOOK -1000 TYPES 

"DESIGNERS GUIDE TO BRITISH 
TRANSISTORS". 25/ -+2/6 P & P. 

o - 
40 KC /S TRANSDUCERS f5.18.0. 
PAIR FREE TX RX CIRCUIT. 

LOW COST TYPES FROM STOCK 

G.P. SILICON PLANAR DIODES 

SPEC. ON REQUEST 1000,4;d 
GP GERMANIUM TRANSISTORS 

SPEC. ON REQUEST 100 9d 

NPN & PNP SILICON PLANARS 

FROM 9d EACH 100 F 

Puces quoted are anent at time of going to press 

and may be subject ta variation 

Telepbne Brentwood IEswal 7904. 
Semiconductors altered bear Manufactured original 
markings and are sublecl ro oui full replacement 

guarantee if not ro published spanlicaoons We DO 

NOT offer Re marked semiconductors 

Catalogue. 34 pages FREE o 

n 

request Post 6 

Packing (First Class Main I per order No 

minimum Serail A Trade 'aspired Export 

arLcularl) welcome 

ELECTRONIC 
COMPONENTS LTD. 
7 COPTFOLD ROAD, BRENTWOOD, ESSEX 

Wireless World, March 1969 

LINEAR INTEGRATED CIRCUITS 
GENERAL ELECTRIC I WATT AUDIO AMPLIFIER PA234 
This monolithic integrated circuit will deliver I watt of continuous 
power to a 22 Ohm load. The device functions from a single power 
supply between 9 and 25 volts and is compatible with 8 and 16 Ohm 
loads; an 8 -lead dual -in -line package is used with a heat transfer tab. 
Applications: Record Players, Tape Recorders, TV, AM & FM 
Receivers and general amplifier projects. Complete with data and 
design notes 24/- 
Data Sheet only I;6 post free 

RCA MULTIPURPOSE WIDE -BAND POWER 
AMPLIFIER CA3020 
This very popular multistage direct coupled amplifier will provide 
0.5 Watts power output from a single 9 Volts supply with a typical 
power gain of 75 dB. The amplifier is contained in a multilead TO5 
package. Applications include AF Power Amplifiers, Video power 
Amplifiers, Power Switches and Multivibrators, Motor Control 
Amplifiers, Wide -Band Linear Mixers etc. Supplied complete with 
free lead spreader, data and applications notes...... .37,6 
Data Sheet only 1,4 post free 

MULLARD AF AMPLIFIER TAA263 
This Linear AF amplifier requires a single 8 Volts (max.) supply and 
has a typical power gain of 77 dB. It is housed in a TO -72 case (4 -lead 
TO -18) and is intended for use from DC to 600 kHz. 16 9 

GENERAL ELECTRIC PROGRAMMABLE UNIJUNCTION 
TRANSISTOR (PUT) DI3TI 
This PUT enables the 7), RBB, Ip, and I characteristics of a normal 
unijunction to be programmed by selecting two external resistors. 
Applications: Timers, Relaxation oscillators, High Gain Phase Control 
etc. TO -98 package. Supplied complete with data and applications 
notes IIi8 
Data Sheet only 16 post free 

We are an International Rectifier Semiconductor Centre 
Terms, C WO. Post & packing 1'6. Mail Order only, please. 

KINVER ELECTRONICS LTD., 
STONE LANE, KINVER, STOURBRIDGE, WORCS. 

TELEPRINTERS' PERFORATORS 

REPERFORATORS ' TAPEREADERS 

DATA PROCESSING EQUIPMENT 
Codes Int. No. 2 Mercury /Pegasus. Elliot 803. 

Binery and special purpose Codes. 

2- 5- 6 -7 -8- TRACK AND 
MULTIWIRE EQUIPMENT 

TELEGRAPH AUTOMATION AND COMPUTER PERIPHERAL ACCESSORIES 

DATEL MODEM CONVERTERS, TELEPRINTER SWITCHBOARDS 

Picture Telegraph, Desk -Fax. Morse Equipment; Pen Recorders; 
Switchboards; Converters and Stabilised Rectifiers; Tape 
Holders, Pullers and Fast winders; Governed, Sychronous 
and Phonic Motors; Teleprinter Tables and Cabinets; Silence 
Covers; Distortion and Relay Testers; Send;Receive Low and 
High Pass filters; Teleprinter, Morse, Teledeltos Paper, Tape 

and Ribbons; Polarised and specia- 
lised relays and Bases; Terminals 
V.F. and F.M. Equipment; Tele- 
phone Carriers and Repeaters; 
Diversity; Frequency Shift, Keying 
Equipment; Line Transformers and 
Noise Suppressors; Racks and Con- 
soles; Plugs, Sockets, Key, Push, 

Miniature and other Switches; Cords, Wires, Cables and Switch- 
board Accessories; Teleprinter Tools; Stroboscopes and 
Electronic Forks; Cold Cathode Matrics; Test Equipment; 
Miscellaneous Accessories, Teleprinter and Teletype Spares. 

W. BATEY & COMPANY 
Gaiety Works, Akeman Street, Tring, Herts. 

Tel.: Tring 3416 (3 lines) Cables: RAHNO TRING 

STD: 0442 82 TELEX 82362 

WW -126 FOR FURTHER DETAILS 
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R. S. C. SUPER ISN/ F/ AMPLIFIER 

Wireless World, March 1969 A89 

SENSATIONAL R.S.C. HIGH FIDELITY STEREO PACKAGE OFFERS 
Matched for optimum performance. Compare 

iprices with equipment and cabinets purchased 
ndividually. 

'Package 3' 30 Watt System 
* Goldriug Transcription Turntable on Plinth. * Shure Magnetic Pick -up Cartridge. * Super 30 Amplifier in cabinet. * Pair of Stanton Loudspeaker Unita. 
Special inclusive price. Fully QC 
wired units ready to "plug -in ". U4 W 
Really superb performance PISA.' O P.T 
Send S.A.E. for leaflet. Carr. S5 - surcharge 

Illustrated with TEE! 
Tuner toted. 

'Package 2' 30 Watt System * Garrard SP25 Mk. II Turntable on Plinth. * Ooldring CS90 Ceramic P.U. Cartridge. * Super 30 Amplifier In cabinet. * Pair of Stanton Loudspeaker Units. 

Special Inclusive price. 
Fully wired unite 
ready to plug -tat" 

75 6ns,Carr.25 /- 
Phu .mall 

P. T. surcharge 
Extremely 
Attractive and 
Versatile Plinths 
flalshed In Teak or 
Alrormosaa veneer. 
Tinted Perspex 
"hinged" cover with 

tin chnnou handle. 

AUDIOTRINE HIGH FIDELITY 
LOUDSPEAKERS Heavy eon. 
atruction. Latest high efficiency ceramic 
magnets. Treated Cone sprmund giving 
low fundamental resonance. "0" 
indicates Tweeter Cone providing 
extended frequency range 40- 15,01M1 
c.p.s. Impedance 3 or , 15 ohm.. 
Exceptional performance at low t. 

Please state Mt[edauce I.re, include rarriagr- 
HP 610L 6- 10W 57/9 HP 120 12- 16W 69 /9 
HF 801D 8- 8W 57,9 HE 1200 12- 16W 79/9 
HF 811D 8- 10W £4A 0 HF 128 12- 15W 89/9 
HP 102D 10. 8W 59,9 
HP 100D 10.15W £5115'0 HE 126D 12 15W 5 Ons. 

HIGH FIDELITY LOUDSPEAKER UNITS 
Cabinets of laced byline Satin Teak or Aber-mum veneer. 
A000eticallr lined or filled with woollen damping mMend. 
Ported where appropriate. Credit terms available. 

DORSET Hi. I6 o 11 o vu.. Range 45- 
15,010 c.p.s. Rating 8 -10 wale. Pitted 
High flux S. Dud cone speaker. lb 1 fs 9 
Impedance 3 or 15 ohms. LO .7 

STANTON HIS else 18 x 11 x 10in. Rat- 
ing 10 watt.. Incorporating Fane MM:6. 
speaker with roll rubber cone surround 
and 15.00011n ngnet. High flux tweeter. 
Handsome Sendinavlan design cabinet. 

Range 30 -20,000 c.p.s. Impdoee. 3 or IO 
ohms. Gives enwoti. J relstic sound o'pt. 16 Goa. 
GLOUCESTER Sire 26 x 16 x loin. 12M. High flux 
12.000 line speaker. Cross-over unit and Tweeter. 
Retina l0 watts. Frequency range 124. Gnat 40.20.000 c.p.s. Impedance IS ohm.. 

R.S.C. TM 6 Watt HIGH FIDELI SOLID 
STATE AMPLIFIER 

900 -250v. A.C. mains operated 
Eminency itee o rase 30- 
20,01M1 cal,.,. -24111. ltar- 
monk Dabunbn 0.3.6 at 
1,000 c. p... Separate Bars; and 

Treble ' Wt and ' cut' controls. 3 input sockets for 
Mike, Groh, Radio or Tape. Input selector switch. 
Output for 3 -15 ohm speakers. Max. sensitivity 6mV.la 
fatly ,..closed enamelled case. 91 x 2i x Olin. Attractive 
brushed silver flmfrh facia plate 101 x 311n. and matching 
k.obs. Complete kit of part. with full wiring diagrams 
Or factory built with 12 months' 

I 

Aii. 

UD IOTRINE HI -Fl SPEAKER SYSTEMS 
Consisting of matched 121n. 12.000 line 10 watt 
16 ohm high quality speaker. crra -over unit and 
tweeter. Smooth response and extended De- 

) quency range ensure surprisingly realistic repro- 
duction. 5 Gns. Or Senior 15 watt Inc. HE 126 W. 15,000 line Speaker Sax. Ca. 6/6. tart. 5/9 8 Carr. 

HI -FI 'SPEAKER ENCLOSURES 
Teak or Afrormosis veneer finieh. Modern design. 
Aeo.atataly lined and ported. Prices loe. earr. 
JE8 Size 16 . 11 < Ain. Pressurised. Gives 
Meaning result. with any lilas. HI -FI GnS. clout e. 

SES For optimum performance with any Gns. Mbm. HI -FI 'speaker. Sise 22 x 15 x pin. 
SE10 For outstanding result. with £5.IO 1010. HI -FI speaker. Stu 24 x 15 x loin. 

8E12 For high performance with 12in. HI -Fi speaker 6 Gns. .,ml F.., ter. Sise 25 x 16 x IOlio. preaurised. 

THE 'YORK' HIGH FIDELITY 3 'SPEAKER SYSTEM 
B..1. rate .Ue approx. 25 x 14 x I O in. Range 30- 2ll,001 Complete kit. 

c.o.s. impedance 16 ohm.. Performance comparable I A 
with unit. costing considerably more. Could.. of 1 I 1 12 in. 7 
15 watt Rae. unit with cant chassis, Roll rubber Done surround for 
ultra low resonance, and ceramic magnet. (2) 3 -way quarter section 
oriee arose -over system. (3) M x bin. high flux middle range speaker 
l4) High efficiency tweeter. Si 1 Measured weight of woollen acoustic 
damping material. 10) Teak veneered cabinet. (7) Circuit and full 
instructions. HEAR IT AT ANY BRANCH. 

'Package 1' 13 Watt System 
* Garrard SP25 Mk. 11 4 -speed Player Unit, 

on plinth. * Goldring CS00 Ceramic P.U. Cartridge. * TA12 Amplifier In cabinet. * Pair of Dorset Loudspeaker Units. 
Special inclusive price. 491 G n5. Perspex cover 3 tins extra. Or Dep. 2 
£10. and 9 mthly. pmts. t15.4.0. nu, emli 
(Total £58.16.0.) Carr. 25/- l' T..rrAarpe 

BLACKPOOL AGENT NTED 

R-SC TA 12 13 WATT STEREO AMPLIFIER 
FULLY TRAIIIPTOEIBED, BOLID STATE CONSTRUCTION HIGH FIDELITY 
OUTPUT OP 8.1 WATTS PER CHANNEL 
Designed for optimum performance with 
any crystal or ceramic Gram P.C. cartridge, 
Radio tuner. Tape recorder. ' Mike etc. * 3 separate .witched input socketa on each 
channel * /Separate Bass and Treble control. * Slide Switch for mono use * Speaker 
Output 3 -15 ohms * For 200 =250 v. 
A.C. catins * Frequency Response 30- 
20.000c.p.. -2.1B * Harmonic Distortion 0.3% at 1000 c. pa. Hum and Noise 
-70dB * BenaiitinlUes (1) 300 mV 121 50 mV (3) 100 mV 1412 mV * Handsome 
brushed silver llnieh Fuis and Knobs. Output rating I.H.F.M. Complete kit of 
parta with full wiring diagrams and Instructions. 12i OIS. torr. 7/9. Factory 
built with 12 mth. gotee. 16 GIS. Or Dep. £4 /161- and 9 mthly. pymt. 29/- 
/Total 17 Omr.) Or In Teak or Afrormosls veneer housing jg GIS, or Dep. 
64/19/- and 9 mthly. pymt. 39/- (Total £22/10/-.) 

R.S.C. BATTERY /MAINS CONVERSION UNITS 
Type BM1. An an-dry battery eliminator. 
Bise 61 x 4i x Tin. approx. Completely 
replaces batterie supplying 1.6 v. and Si, v. 

hereA.C.mains 200 /250 .O0 c /s. Isavallabin. 
Complete kit with diagram 
49/11 or. Ready for oar. 59/11. 

R.S.C. A10 30 WATT ULTRA LINEAR 
HI -FI AMPLIFIER Highly "'hilt'''. Push -Pull high 

output. with Pre-amp./Tone Con- 
trol Stages. Performance figures: Hum level - 7018. Frequency 
reepmse 3:MI8 30- 20,000c/s. Sectionally wound output true- 
former. All high grade component.. Valves EPM6, F.PM6, ECC43, 
407, 807, 0Z34. Separate Hoe. and Treble Controls. Sensitivity 
36 millivolts so that any kind of Microphone or Piek -op ie seiteble. 
Designed for Cabe, £shoots, Theatres. Dance Halls or Outdoor 
Function, etc. For see with Electronic Organ, Guitar, String Bus. 

etc. Gram, Radio or Tape. Reserve LT. and H.T. for Radio Timer. Two inputs with exudate.' 
volume controls at that two separate inputs such ae Grain and "Mike' can be mixed. 210 -250 v.. 
60 cls. A.C. mains. For 3 and 15 ohm speaker*. Complete Kit pane wiring (lags.. instructions. 
Twin -handled perforated cover 27/6. Supplied factory built with E434 output valves. 14 Gna. 
12 month. guarantee for 17 gas. Tech. figs. apply to factory built units. (are. 12/6 
TERMS: Depasd £5/14)- and 9 monthly payments 01 81/3 (Total $19/15/31. Send B.A.E. for leaflet. 

INTEREST CHARGES REFUNDED on Credit Bales settled In 3 months. 

sod ioetrnetbna. 6 Gns. guarantee. 8 Oa. far.. 7/6. 

R.S.C. COLUMN SPEAKERS Covered In two- 
tone Rexene /Vynair. ideal for youdbU and Public 
Address. IS ohm matching. Type 8715 "MU Inc. 6 o 7 x 

On. epke. /19/11- Type C4M, 30 wads. Fitted 
lour Bln. high flux M watt speaker.. Overall size approx. 
42 x 10 x bin. 10 Gem. Or deposit 66/- and 9 mthly 
pub. 34/9(Tnai £18/17/9). Farr. 10/- 
Type C412a. 60 watts. Fitted four 12in. 11.000 lines 15 
watt speaker.. Overall size 66 x 14 x Din. approx. £4Osa. 
Or Delman £4/13 /6 and 9 monthly payments Carr. 15 /- 
of 58/6 (Total 928/5/-). 

R.B.C. A11T 15 WATT HIGH FIDELITY AMPLIFIER 
DUAL PURPOSE P.A. or Hl -FI SOLID STATE 
CIRCUITRY. * 3 Input socket.. * 2 vol. control. 
for mixing purposes. * Input Selector. * OuutputB tor 

u " speaker. between 3 and 16 ohms. Separate 
and Treble Controls. Suitable for Gram, Radio. Tape. 
Microphone, or Guitar P.U. For Vocal and Instn- 

mental group.. Frequency Response 20- 40.000 c.p...- Sc111. Hum level -$0.10. 
Harmonic Distortion 0.2% at 10 watt. R.M.S. Operation on 200 -250v. A.C. naine. 
Elise 9l x 21 x Olin. Complete Kit of part. with 9 Gns. Carr. 
comprehensive wiring diagrams and Iautnsctbn.. 9/6 
Or Factory bunt with 12 mtlu. guarantee 13 Tag- Carr. 9/6. Term.: Deposit 24 
and 9 monthly payment. 95/6 (Total 915/9/9). 

Tote cut of parta R.S.C. TFM1 SOLID STATE VHF /FM RADIO TUNER 
weh detailed wiring z__ * Hfgh- u1Mty * 200 -250.. A.C. Mala open- 

_ reoep- 
diner 'annex 600 m.v.7. 

diagram. a bistro.- t oc. 14 Gns. 
Or 
Carr. 

factory built lin - 
Or In Teak fin- 

ished cabinet as wnu- 
erasd 191 gras. Tana: 
Delman £5 and 9 
monthly payments £2. 
Total £23. 

* Simple alignment instroctloa. * Output available 
for feeding tuning meter. * Output for feeding Stereo 

1, Multiplexer. *Tuner head aging silicon Planar Tran- 
sistors. * DWgned tor standard 80 ohm so -axial input. 

Vernally matching our Super 16 and 30 amplifier. and of the same high standard of 

performance and reliability. The pre-win --t tuning head facIltatee speed and sim- 
plicity of construction. Printed circuitry. Only high grade transistors and onm- 
p nente mini. A quality product at a.afdenthly lees than the cost of comparable 
unite. Stereo version. All part. 20 ea. Inc. Carr. Assembled 924 ga. Inc. Carr. 

FULLY TRANSISTORS= 200/250v. Ad'. Mains. 
OUTPUT 10 WATTS R.H.S. continuous into 15 ohms. 

16 WATTS R.MJ. contlnn.0 into 3 -4 hoc.. 
TRAITORS. 9 current type. of high quality by leading 
manufacturer. 
S POSITION WPM SELECTOR SWITCH EQUALI1ATI01 
to Standard R.I.A.A. and C.C.I.R. Characteristic. for Gram 
and Tape Heads. 
FULL TAPE MOIITOEJIG FACHdTIIB 
SENSITIVITIES: Magnetic P.U. 4 mV. Crystal or Ceramic 
P.U. 400 mV. Microphone 4.5 mV. Tape Head 2.6 mV. 
Radio/ Aux. or Ceramic P.U. 110 mV. 
FREQUENCY RESPONSE: d:2 dB 20- 20.000 c.p.e. 
TREBLE COITROL: +16dB to -14d2 at 10 Kc /e. ISO. FEEDBACK: 52.111. 

BASS CONTROL: + 17d B to -15dB at 50 c /s. HUM LEVEL: -75.1B. 
HARMOIIC DISTORTION at 10 watts 1.000 .:.p... 0.2% 
Complete Kit of parta with full oonatructbnal detaW and 
point to point wiring diagrams. Carr. 12/6. 
Supplied factory built. 151 Ga. Carr. 12 /6. Terra: Deposit 4 0ea. and '.n ucndhly 
payment 31/1 (Total 11/1/3/9). Or in Teak or Afrormoela veneer housing s. d I n ot.st asi s 

19 Ga. 00MPOIERS RTC. ARE OF A HIGH STANDARD AND SUPPLIED BY 
LEADING MANUFACTURERS. 

SOLID 
STATE 

SPECIFICATIONS 
COMPARABLE WITH UNITS 

COSTING CONSIDERABLY MORE 

I2in. High Quality LOUDSPEAKERS 
In teak eered cabinets. 
1s Watt Model. Guar 11.000 
linon, 3 or 16 ohm.. E5/ 15/. 

(arr. 7/6 
SO Watt Me 16 ohm. 
Mu 18 x 18 x 101n. ([suss 
10,00011nee. Resine 
covered 10/- extra. ES/ 19/9 Carr. 8/9 
TWO -WAY 'PHONE AMPLIFIER 
Listen and speak with luth 

59/9 hands free. Handacae black case. 
Battery operated. 

R.S.C. MAINS TRANSFORMERS 
FULLY GUARANTEED. Interleaved and Impreg- 
nated. Primates 200 -250 v. SO el.. Screened 
MIDGET CLAMPED TYPE 111 x 91 x2114. 
250 v.. 80 mA. 4.3 v. 2 a. 15/11 
2.60.0-280v.. 60,0 A. 6.3v. 2a. 16/11 
FULLY SHROUDED UPRIGHT MOUETIEG 
260- 0 -260v. 60mA., 6.3v. 'L., 0-5-6.3v. 2a. . 

250- 0 -260v. 100mA, 6.3v. 44., 0.6.6.3v. 3 
300- 0-300v. 100mA. 6.3v. 4a.. 0- 64.3.. 3a 
300- 0-300v. 130mA, 6.3v. 4a.. c.t., 6.3v. Is 

For Mollard 510 AmpliSer 
350- 0 -360v. 100mA., 6.3v. 4a.. 0- 5 -6.3v. a.. 
350-0-350v. 150 mA. 6.3v. 4... 0-6-6.3y. 3a.. 47/9 
425- 0 -425v. 200mA. 6.3v. 4a. c.t., 6v. 3a .. 69/9 
426- 0 -425v. 200mA. 6.3v. 4a.. 6.3v. 3.. 6v. 3. 75/- 
430- 0 -460v. 250mA, 6.3v. 4a.. et.. 6v. 3.... 87/9 
TOP SHROUDED DROP -THROUGH TYPI 
280-0ß60v. 701nA, 6.3v. 2a.. 0- 5-6.3v. 2a... 
250- 0250v. 100,nA, 6.3v. 3.5.. 
250- 0 -200v. 100mA. 6.3v. 'a., 6.3e. la.. 
350- 0350v. MOscA. 6.3v. 2a., 0- 5 -6.3v. '2a . 

250-0-250v. 100mÁ. 6.3v. Se., 0- 5 -6.3v. 3s. 
300- 0 -300v. lOOmA. 6.3v. 4a., 0- 5 -6.3v. 3a. 
300.0 -300e. 13Orn A, 6.3v. 4a.. 0- 5 -6.3v. Ia 

Suitable for Muller] 810 Amplifier 
350- 0-350v. 100ucS., 6.3v. 4...0- 5 -6.3v. 3a 

44/9 
360-0-360v. 160111 A.. 8.3v. 4a.. 0-6-ó.3v. 3s 45/ 11 
PILAMERT or TRANSISTOR POWER PACK lyPee 
6.3 v.1.6.. 7/9; 6.3v 4a. 8/9: 6.3v- 3a. 10/9; 5.3e. 
0.. 21/9: 12v. la. 8/9: 12v. 3a. or 24e. 1.6.. 23./9: 
0- 9-18v. I ia. 17/9: 0- 12.20 -42v. 2a. 29/9. 
CHARGER TRANSFORMERS 0- 9 -15v. lia. 14/11: 
Sgign/. 17/9: 3.. 19/11: sa. 23/9: 6a. 97/9; ea. 

ABTO (Dap UP /Step DOWN) TRAISPORMERS 
0- 110/120v.- 200830 = 2ó0v.60 -80 watts . 1166//yy 
166 wntt.. N2gg/11; 250 watt. 49/9: 600 wait. 99/9 
OUTPUT TRAIAORMERS 
Standard Pentode 5,0000 or 7.11000 to 30 8/9 
Puab -Pun 6 web ßU14 to 30 or 160 1 '9 
Push-Pull 10 watts 6 V6 ECL86 to 3. 8, B or 160 22 9 
Push -Pull BIM. to 3 or 160 10.12 watts 
Push-Pull Ultra Liner for Mulard 610. eta 39 39 9 Pah -Pull 16.16 watts, sectionally wound 61 4 

KM, etc.. for 3 or l60 35 9 
Pah -Pull 20 watt high quality sectionally 

wound HIM, 6L6. KT66, etc. to 3 or 150 59/9 
SMOOTHIIO CHOKES 
150 n m A . 7.1011.260 0 1$/ 9 ;100. A. 1O H. 200 0 10/9: 
80mA. 10H. 3600. 8/9: 60m4, 1011. 4000 Uli. 

21/9 
37/9 
37/9 

45/9 
37/9 

25/9 
26/9 
27/9 
37/9 
37/9 

SuACR30STEREO400Wif/ER 

11 l Gns. 

BLACKPOOL (Agent) O 8 C Electronics 227 Church St. 

BRADFORD IONorch Parade (Half-day Wed.).Ta1.25349 

BRISTOL 14 Lower Castle St. (Half -day Wed.). Tel. 22904 

BIRMINGHAM 30/31 Gt. Western Arcade, opp. Snow 
Hi II Station 021 -236 1279. Half -day Wed. 

DERBY 26 Osmaston Rd. The Spot (Half -day Wed.). 
Tel. 41361 

DARLINGTON 18 Priestgate (Half -day Wed.). Tel .69043 

EDINBURGH 133 Leith St. (Half -day Wed.). 
Tel. Waverley 5766 

GLASGOW326 Argyle St. (Half -day Tues.). Tel. CITy 4158 
403 Sauchiehall St. (opp. Locarno) 

(Half -day Tues.). Tal. 332 -1572 
HULL 91 Paragon Street (Half-day Thun.). Tel. 20505 

A DUAL CHANNEL TERROR OF THE SUPER 15. Employing 
Twin Printed Circuit.. High quality. Ganged Pote. Matched Cam - 
pp000ent.. CEOSI TALE: Salant 1,000 capas. 
OOITROL: 6 posltbn Input selector. Bar Control. Treble Control. 
Volume Control Balance Control. Stereo /Mono Switch. Tape Monitor 
Switch. Maine Switch. IIPUT SOCKETS (Matched Pain). (1) Magnetic 
P.U. (2) Ceramic or Crystal P.U. (3) Radio/Aux. (4) Tape Head/ 
Microphone. Operation of the Input Selector Switch Usures appropri- 
ate equJYatbn. Rigid 18 ..w.g. (Aussie. Slam approx. ISIa. wile, 
Ili. high and 8in. deep. Neon Panel Indicator. Attractive Fada 
Plate and Spun Silver Matching Knob. Above facilities, etc., except 
for Ganging and BWoce control, apply also to Super 15. 

THESE UNITS ARE EMIIOTLT SUITABLE FOR USE WITH ANT MALI OF 
PICK -UP OR MICROPHONE (Crystal, Oseade. Magnetic, Moving Coil. Ribbon) 
CURRENTLY AVAILABLE. SUPERS SOUID OUTPUT QUALITY CAN BE OB- 
TAINED IT USING WITH FIRST RATE ANCILLARY 
EQUIPMEIT. AU required plut. point to point wiring 19 f Gns. 
diagrams and detailed Inetructba. (arr. 15/. 
[:nit factory built 28 Ga. or deposit £7/5/- and 9 monthly payment 56/3 
(Total 131 /13/3). Or In Teak or Atnrmorla Veneered housing. 31 Ou. Carr. 15/. or 
10.p i5it 27/3/6 and 9 monthly payant., 64/- (Total 136/10/3). Bend 8.4.K. for WSW 

RSC 
NI -FI CENTRES LTD. 

MAIL ORDERS to: 102 -106 
H Lane,Mnmley, 
Leeds II. No C.O.D. under 
[I. Terms C.W.O. or C.O.D. 
Postage 4/6 extra under C2. 

5/9 extra under [5. Trade 
supplied S.A.E. with enquiries 
please. Hi -Fi Catalogue 4/6. 
Open all day Sato. except 

High Holborn. 

32 High Street (Half -day Thur..). Tel. 56420 LEICESTER 
5-7 County (Mecca) Arcade, Briggate LEEDS 
73 Dale St. (Half -day Wed) 

ay Wed.) Tel. 28252 

Tel. CENtral 3573 
LIVERPOOL 

238 Edgware Road, W.2 (Half -day Thun.). LONDON Tel. PAD 1629 
96 High Holborn, WCI. Tel. HOL 9874 (Half -day Sat.) 
60A Oldham Street (Half -day Wed.) MANCHESTER Tel. CENtral 2778 
106 Newport Rd. (Half -day MIDDLESBROUGH Wed.). Tel. 47096 
41 Blackett Street (opp. Fenwicks NEWCASTLE UPON 
Store) (Half -day Wed.).Tel.21469 TYNE 
13 Exchange Street (Castle Market Blds.) SHEFFIELD (Half -day Thun.). Tel. 20716 

SELENIUM RECTIFIERS 
F.w, Bridged 6 /12v D.C. 0/P 
Input Mau. 18v. A.C. la.. 3/11. 
2a 6/11: 3a.. 9/9: 4a.. 12/9; 
6... 15/9. 

Record Playing Units 
MONEY SAVING UNITS 
Ready to plug Into Amp/tiler 

RD, CooWting of Garrard 
BP26 Mk. II (with heavy 

turntable) fitted lioldeing 
I1190 high compliance ceramic 
Stereo/Mono cartridge with 
diamond stylus. Mounted ou 
plinth. Perspex CoverfGns. 
Included. Carr. 16/ -. 
Plus 8/7 P.T. 

RP3 As above hit hwih 
I loldrin 

u unit 
01.68 

an Trecriptbo nit and 0890 
Cartridge. Cover included. Inc. 
Y.T. surcharge I2O Carr. 21/.. ONLY 

R.S.C. PLINTHS for 
Record 
úlayiog 
nit. 

Teak 
-,R{ B.uieh 

cut for 
GarrarGarrard 

59/81000, 
2000. 

3000, AT6, AVM, 8P25 or Gold- 
ring LIMB. Available with clear 
Peeper cover u 
illustrated. Gns. u.trated. Inc. cart. 
Prr.peo cover sold separately at 
3 One. Limited number of coven 
slightly damaged but repaired by 
Manufacturer. 39/9 to clear. 
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VAL yES/SEMI-CONDUCTORS 
0A2 
OB2 
IRS 
I85 
IT4 
IU4 
IUS 
ID21 
SAS 

384 
Eva 
5R4 
7174 
5V4 
Ya 

6 /óL2 
SAC7 
4A67 
SAKE 
SALE 
SAYS 
SAQS 
SASS 
SATS 
SAUB 
(IBM 
613E6 
6BHS 
6BJ8 
6557 
SBZS 
SC4 
ses 
Bens 
SCRs 
6CLS 
SIM 

6E6 
6J4 
6JS 
6E8 

4Q7 
6807 
68.17 
68E7 
ó8N7 
607 
5V5 
6x4 
61:5 
7B7 
706 
7Y4 
1002 
10F1 
101.13 
101.14 
12AT6 
12AT7 
12AU7 
12AI7 
12BA6 
128E6 
12BH7 
12Q7 
12847 
19AQ6 
20F2 
20LI 
2051 
20PS 
2054 
2óL6 
25E4 
SOCIO 

s001e 141- 
DOF6 141- 
30PL1 161 
aoLle 151- 
30519 141- 
a0PL1 15/- 
30IPALIa 3- 
3524 s/8 
11074 515 
OOHS Sls 
sOCa 615 

AZ31 15/ 
DAF91 4/s 
DAMN/ 71- 
DP91 a/ 
DF96 7I- 
DK91 61- 
DK92 515 
DK98 SI- 
DL92 5l- 
DL94 GI- 
DIN SI- 
DY86 6/6 
E68CC 111s 
ßABC80 7/- 
E180F 151- 
EAF42 S/S 
E891 5/- 
EBC41 915 
111011 7/. 
EBF80 7/11 
111788 9/- 
55589 7/5 
EOC40 11/6 
ROM 4/. 
ECM SI- 
100111 51- 

.EOC94 
RCM 
ECF80 

8M 
ECH42 
ECH81 
ECRU 
HCI20 
ECL82 7/. 
ECU* 10Ìs 
ECL88 SI- 
EFa7A /l- 
E740 15/- 
1741 SA 
EF42 10I8 
EF80 51- 
EF86 S15 
1786 71- 
EF89 SIS 
EF91 41- 
E999 51- 
17185 71- 
71154 71- 
WAS 17/6 
ELM 11/- 
EMI Ol5 
1142 111- 
EL81 51- 
ELM 5/- 
EL86 S/S 
ELK 41- 
EL95 S/i 
1180 7111 
E1181 SI- 
EY84 7IS 
E11187 715 
3111 71 
RYM 71- 

5/6 

71- 
716 

111- 

14 
719 

EZ4o 
El:{A1 
Ez60 
Ez81 
0E92 
0234 
MU14 

PYOC6 
701355 
FOfbs 
141389 
POLRBs 
PCaB 
PC88 
PC97 
PC900 
PCF80 
PCF82 
PCF84 
PCF80 

PCF'801 
PCF802 
PCF806 
PCL82 
PCL83 
PCL84 
PCL86 
PCL88 
551.200 
PLIS 
PL81 
PL82 
PL83 
PIN 
51.600 
PY33 

TRANS STORS 
2E696 5/- 
2NS97 5/- 
23706 5/- 
2N79SA 4/- 
2N708 4/- 
214743 4/- 
2N744 4/- 
2E753 4/0 
2N914 4/6 
2N816 4/5 
2E929 US 
2N980 5/- 
2N1619 SI- 
2N1711 S/S 
2211892 9/- 
2E2160 14/11 
9N2147 17/6 
2E2369 S/S 
2N2645 1315 
2242926 Si- 
2E3058 715 
2E3055 19/6 
853706 5/- 
28102 6/6 
28103 5/6 
28104 5/5 
AC107 4/5 
ACI28 4/5 
AC127 4/5 
AC128 U4 
AC166 4/- 
AC1e7 4/5 
AC176 5/5 
ACY19 415 
ACY29 415 
AoY21 416 
ACY22 4/- 
ACY26 5/- 
ACY40 4/i 
ACY41 4/9 
AD140 ó1S 
AD149 18I- 
AD1S1 5/- 
AD162 9/- 
ADT140 15I- 
AFU4 e/8 
AFI16 4/6 

AF118 
AP117 
AF119 
AF1M 
ABY28 
BC107 
BC108 
BC109 
BC170 
BC172 
BC178 
BCY91 
BCY9! 
BCY39 
BCY42 
BCYI3 
BCY70 
BCY71 
BCY72 
135115 
BFX 12 
BFX13 
55110 
BEY" 
BPY17 
BFY18 
BFY19 
8E150 
BFY61 
BFY62 
BFY90 
B8X19 
BBX20 
B8X40 
BBX41 
B8Y10 
B8Y11 
BBY26 
B8Y27 
BSY28 
58129 
B8Y38 
138139 
BSY6l 
138162 
138153 
BBYM 

4/S 
U6 
4/6 

UV- 
11/11 

i4 
s/6 
U6 
it- 5/ 
ü4 
ú4 
5/- 
5/- 

ló/é 

4f4 
SIS 

4i4 

ü4 
4/6 

ú4 

1i/4 
5/6 

iáh 
17/- 

41- 

Ú6 

ú4 
4/6 

ñ 
s/O 
9/6 
9/S 

B8Y66 18.1 
B8Y66 177 
B8Y66 4/6 
BSY78 7/5 
B8Y79 7/5 
BBY96A 5/s 
BUYIO H15 
0E7106 U6 
nET119 5/- 
OET873 4/6 
OET874 4/5 
RATIO() 7/9 
RATIO' x15 
YAT120 7/9 
MAT121 915 
NKT910 S/- 
117211 5/- 
NKT912 4/9 
NKT213 5/- 
NKT2l4 3/9 
NKT216 5/9 
NKT218 9/5 
NKT2l7 9/9 
NKT219 4/9 
NKT223 5/- 
NKT224 915 
NKT226 5/9 
NKT229 5/- 
NKT240 4/5 
NKT403 1i15 
NKT406 14/5 
NKT281 Oli 
NKT10439 7/- 
OM 7/0 
0023 9I6 
0025 7/5 
0028 s/- 
OC2e 8l6 
oC36 915 
0C3g 615 
OCaI SI- 
0C42 51- 
0044 4/- 
CCU 5/5 
OC70 i/- 
0071 5/- 
0072 4/- 

OC73 5/- 
0074 5/- 
0075 4/6 
0076 4/6 
OC77 4/6 
0078 5/- 
°C81 4/- 
OC81M 2/S 
OC81D 3/- 
0081DM 2/6 
0082 415 
0083 5/- 
0C139 71 
0C140 9/6 
OC169 4/6 
0C170 4/8 
0C171 4/0 
00200 5/- 
OC201 7/6 
00203 5/- 
OC102 6/- 
00204 5/- 
80140 4/- 
5T141 5/- 
XA104 4/5 
X1.124 4/e 
XA126 415 
X13112 a/- 
XC,41 7/- 
PHOTO 
TRANSIS- 
TORS 
OCP71 12/6 

SIG NM. 
DIODES 

1534A 41- 
OÁ6 1/- 
0A70 5/. 
0A79 5/- 
0581 5/- 
0ÁM6 aI- 
OA90 S/- 
0A91 5/- 
OÁ96 5/- 

11/6 

PY81 5/- 
PY82 5/- 
PY83 616 
PY88 7/6 
PY800 5/- 
PY801 O/- 
U26 151- 
026 15/- 
II191 14/- 
II981 51- 
II301 11/- 
II801 M/S 
IIAB(H0 51- 
UAF49 10/- 
1118041 a/- 
IIBF80 71- 
IIBF89 7/- 
IICC84 10/- 
UCC86 71- 
UCP80 9/4 
UCH42 10/- 
UCH81 7/- 
UCL82 0/- 
UCL89 10/- 
0541 10/- 
1110 7/- 
UF86 7/5 
UF89 715 
U1A1 10/- 
UL84 7/- 
UY41 7/5 
UY66 615 
V3105150 51S 
VR160/30 s/- 
MANY 
OTHER 
TYPES IN 

PESO 6/6 STOCK. 

SILICON 
POWER DIODES 

80 P.I.V. 
290 MA 5/- 

70 P.I.V. 
1 AMP 5/S 

140 P.I.V. 
1S6MA 1/- 

160 P.I.V. 
25 ARP 15/. 

200 P.I.V. 
6 AMP 5/S 

400 P.I.V. 
600MÁ 5/S 

400 P.I.V. 
6 AMP 5/6 

400 P.I.V. 
8 ARP 7/6 

700 P.I.V. 
100 AMP 

sá/- 
800 P.I.V. 

600MA 5/6 
800 P.I.V. 

8 AMP 715 
1000 P.I.V. 

6 AMP 7/6 
1000 P.I.V. 

650MA 515 

THYRISTORS 
SILICON CONTROL 

RECTIFIERS 
400 P.I.V. 400 P.I.V. 

3 AMP 7/5 7 AMP 15/6 
100 P.I.V. 600 P.I.V. 

7 AMP MS 100 AMP 79/6 
200 P.I.P. 

7 AMP 1516 

ZENER DIODES 
OA Z200 19/- OAZ208 6/6 
OA2201 10/- OAZ209 6/6 
OA 2202 S15 0.4E210 5/5 
0.A2203 5/6 OA9911 S/S 
OAZ204 5/5 OAZ212 S/6 
0A7.105 5/6 0A2213 6/6 
OA 2206 5/S OAZ227 16/- 
0.4Z207 9/6 
óT0. 1 WATT 1/211116% 
2.42.7 /11I9.9/4.8/13/15/18/20/30 
/33 volt, 2/. each. 
Z series. All voltage. from 3.9- 
50 volt. 250 W.26 ea. 1.6 w. 
4/- ea. 7 w. 5 each. 

PLEASE ADD 
POSTAGE 

CLEAR PLASTIC PANEL METERS 
First grade quality Moving Coil panel meters available ex stock. S.A.E. for illustrated 
leaflet. Discounts for quantity. Type MR 38P, Lein. square fronts. 

60µA 37/6 1 amp SW- 50V. D.C. 25/- 
50.0.60µA .... 35/- 2 cop 25/- 100V. D.C. .... 25/- 
100µA 35/- 5 amp 25 /- 150V. D.C. .... 25 /- 
100.0-10-µA .. 32/8 20mA 25/- 300V. D.C..... 25/- 
200/LA 82/6 00mA 25/- 500V. D.C. .... 95/- 
600µA 37/6 100mA 25/. 700V. D.C. .... 25/- 
500 -0 -ó000A .. 25/- 150mA 25 /- 15V. A.C. .... 25/- 
1mÁ 25/- 200mA 25 /- 50V. A.C. .... 25/- , .w. 

w 1 -0.1mA 25/- 300u,A 25/- 150V. A.C. .... 25/- 
'O 2mA 25/- 500mA 25 /- 300V. A.C. .... E5/- 

5mA 25 /- 8V. D.0 25/- 500V. 
. A 1C. . .. 114/13 10mA 25/- 10V. D.0 25/- 

750mA S5/ -20V. D.0 25/- VU meter 39/6 
Extra. Larger sizes available-send for lists. Pos 

TE -20RF SIGNAL 
GENERATOR 

Accurate wide range 
Ignal generator cover- 

ing 120 kc /s -280 Mc /s. 
on 8 hands. Directly 
calibrated. Variable 
R.F. attenuator. Op- 
eration 200/240 v. A.C. 
Brand new with Imtruc- 
son., 115. 

P. A P. 7/6. S.A.E. for detail.. 

TE22 SINE SQUARE WAVE 
AUDIO GENERATORS 

Sine: 20 cps to 200 kc s. on 4 bands. Square 
20 cps to 30 kcls. 
Output Impedance 
6,000 ohms, 2001 
260 v. A.C. opera- 
tion. Supplied brand 
new and guaran- 
teed with instruc- 
tion manual and 
1..4.. 216404. 
Carr. 7/e. 

ARF -I00 COMBINED AF -RF 
SIGNAL GENERATOR 

AF. SINE WAVE 
20. 200.000 cps. Square 

eve 20- 30.000 cps. 0/P 
HIGH IMF. 21 v. P/P 
800 0 8.8 v. P /P. 
R.F. 100 kc /8.800 Mc/.. 
Variable R.F. attunes - 
lion. Int. /Ext. Modula- 

tion. Incorporate. dual purpos meter to monitor. 
AF output and % mod. on R.F. 220/240 v. A.C. 

230. Carr. 7/6. 

LAFAYETTE TE-46 RESIST- 
ANCE CAPACITY 

ANALYSER 
2 pf -9,000 mfd. 
2 ohms -200 meg- 
ohms. Also checks 
Impedance turns 
ratio Insulation. 
200/250 v. A.C. 
Brad New, 217.10 
Carr. 7/8. 

AVO CT.38 ELECTRONIC MULTIMETERS 
High quality 97 range instrument which 
measures A.C. and D.C. Voltage. Current, 
Resistance and Power output. Ranges D.C. 
volts 250mV- 10,000 v. (10 megll- 110megL1 
input). D.C. current 10µA 25 amps. Ohms: 
0 -1,000 megíl. A.C. volt 100 mV -250 J. (with 
R.F. measuring head up to 250 Mc /s). A.C. 
current 10µA -25 amps. Power output 50 micro- 
watts-5 watts. Operation 0/110/200/250 v. A.0 

c, tl - ' J Supplied in perfect condition, complete with 
circuit lead and R.F. probe, M. Carr. 151 -. 

TYPE I3A DOUBLE BEAM 
OSCILLOSCOPES BARGAIN 

An excellent general purpose 
D/B oscilloscope. T.S. 2 cm- 
760 KO.. Bandwidth 5.5 Mc/s 
Sensitivity 39 My /cm. Opel-- 
sting voltage 0/110/200/250 v. 
A.C. Supplied In excellent 
working condition. 222/10/ -. 
Or complete with all acces- 
sories, probe, lead., lid. etc. 
525. Carriage 80 / -. 

ADMIRALTY Just Messed by the Ministry. High 
B.40 RECEIVERS gtialitr to vdve 

raceher manufac- 
tured by Murphy. 
Coverage hi 6 bands 
660 Kcp -38 Mc/s. 
I.F. 600 /Kc /s. In- 
corporate. 2 R.F. 
and 3 1.5. stages, 
bandpass filter, 
noise limiter, crys- 
tal controlled 
B.F.O. calibrator 
1.5. output. etc. 
Built-in speaker, 
output for phones. 
Operation 1601230 
volt A.C. Size 191 
x 191 x 161/. 

Weight 1141b. Offered In good working condition. 
222 /10 /0. caer. 30/-. A few brand new. 135. 
Carr. 30 / -. With circuit dlagrams. Also available 
B41 L.F. version of above. 15 Kc/.-700 Ke/s. 
117110/ -- tarr.30 / -. 

CLASS D. WAVEMETERS 
A crystal controlled hetero- 
dyne frequency meter cover- 
ing 1.7 -8 Mc /s. Operation on 
6 v. U.C. Ideal for amateur 
rase. Available In pod used 
condition 15.19.6 Parr. 7/8. 
Or brand new with accrsooriee 
57.19.6 Carr. 7 /0. 

AM /FM SIGNAL 
GENERATORS 

Oscillator Ted 
No. 2. A high 
quality precision 
Instrument made 
for the Ministry 
by Airmec. Frt. 
quency coverage 
20-80 Mc /s. AY/ 
CW/FM. Duxes 
poratee preclu sa 

dial, level meter, precision attenuatorlµV -100My. 
Operation from 12 volt U.C. or 0/110/200/260 v. 
A.C. Size 12 s 81 x 91n. Supplied In brand new 
condition complete with all connectors, frilly 
tested. 845. Carr. 20/ , 

MARCONI CT44 
TF956 AF 
ABSORPTION 
WATTMETER 
1 u /watt to 6 watts. 
220. Parr. 20/ -. 

TE -ISA TRANSISTORISED 
SIGNAL GENERATOR 

5 Range. 400 KHZ -30 
MHZ. An inexpensive 
Instrument for the handy - 
man. Operate. on 9v. 
battery. Wide may to 
read .cale. 800 KHZ 
malulation. 61: x 51: 
x 31 :. Complete with 

Instructions and lead. 
57/19/6. P/P 4/.. 

hELD TELEPHONES TYPE L. Generator ringing. 
metal ca.e. Operate on 2 1.5 v. batteries (not 
supplied.) Excellent condition. 14.10.0 per pair. 
( err. 

MARCONI TEST EQUIPMENT 
EX- MILITARY RECONDITIONED. 
TF 144G STANDARD SIGNAL GENERATORS, 
85 Kc /s -25 Mc /s,1e5. Carr. 30 / -. 
TF 885 VIDEO OSCILLATOR 0 -5 m /cs 545 Carr 30/-. 
T.F.195M. BEAT FREQUENCY OSCILLATOR. 
0-40 kc /s, 200 /250 v. A.C. M. Carr. 30/ -. 
TF 142E DISTORTION FACTOR METER M. Carr. 20/- 
All above offered in excellent condition, fully tested and checked. 
TF 1100 VALVE VOLTMETER, Brand New, 150, TF 1267 TRANSMISSION TEST 
SET, Brand New, 175. TF1371 WIDE BAND MILLIVOLT METER, Brand New, 150. 

Variable Voltage TRANSFORMERS 
Brand new, guaranteed and carriage paid. 
High quality construction. Input 230 v. 50 -60 cycles. 
Output full variable from 0 -260 volts. Bulk quantities available. 
1 amp. - 15/10/ -; 2.5 amp.- 2411151-; 5 amp. - 59/15/-; 
8amp. --- .514/10/ -; 10 amp.--1118/10/-; 12amp.-I21; 20 am p. -537 

T.E.40 
HIGH SENSITIVITY 
A.G. VOLTMETER 

10 n,eg. input 10 ranges: 
.01/.03/.1/.3/1/3/10/30/100/300 
v. R.M.S. 4 cps:1.2 Mc /s. 
Decibel.- 40 to +60 dB. 
Supplied brand new complete 
with leads and betructlons. 
Operation 230 v. A.C. 
117 /101 -. Carr. 5/.. 

* TRANSISTOR FM * 
TUNER 

8 TRANSISTOR 
HIGH QUALITY 
TUNER 812E 
ONLY Bin. x41n.x 
211n. 3 1.F. stages. 
Double tuned die - 
criminalor. ample 
output to feed most 
amplifiera. Operates 

on n vtIt battery. Coverage 85 -108 Me /s. Ready 
Mdlt ready for see. Faotaatic value for money, 
18/16. P. A P. 2/6. 
STEREO MULTIPLEX ADAPTORS, 5 Get.. ADVANCE 

TEST EQUIPMENT 
Brand new a boxed in original sealed cartons. 
V31.76. VALVE VOLTMETER. R.F. mea- 
surement. in excess of I00 Mc /. A U.C. 
measurements up to 1000 v. with accuracy of 
t2 %. U.C. range 300 MV to I KV. A.C. 
range 300 MV M 300 V RMS. Resistance 
0.02-500 M. Price 172. 
VM.78. A.C. MILLIVOLT METER. Tran- 
Al.torteed. 1 Mv- 31SIV. Fr., muoe 1 c/s 
to 1 Mc /s. Price 155. 
VM.79. UHF MILLIVOLT METER. Tran- 
elatorised. A.C. range 111 My :IV. D.C. 
current range 0.01 /A -1.3 Ma. Resistance 
1 ohm -10 megohms. 1125. 
DIE. AUDIO SIGNAL GRKEEATOR. I5 c/. - 
50 Kc /s, sine or pture wave. lrIce 930. 
211. AUDIO SIGNAL GENERATOR. 
16 c /s--50 Kc /s. Price 530 
PSI. AUDIO SIGNAL GENERATOR. As 
per JIB except titled with out prat :0 I.e F.35. 
T71ó. TRANSISTOR TESTER. £37.10:.. 
Carriage 10 /- per item. 

LELAND MODEL 27 BEAT 
FREQUENCY OSCILLATORS 

620 Kc /s. Output 5K or 500 ohm.. 200/250 e. 
A.C. Offered In excellent condition, L12/í0 /- 
Carriage 10 / -. 

TE -45 VALVE VOLTMETER 
High quality Instrument 
with 28 rungs. 
U.C. volt. 1.61.600 v, 
A.C. volta 1.61.600 v, 
Recitanoe up to 1,000 
megohms. 
220/240v. A.C. operation. 
Complete with probe and 
Instructions 117/10/0. P 
a P. 6/ -. 
Additional Probe. avail- 
able; R.F. 35/- H.Y. 
4E/6. 

G. W. SMITH 
& Co. (Radio) Ltd. 

3-34 Lisle St., W.C.2. 
ALSO SEE OPPOSITE PAGE 
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MULTIMETERS forE_ purpose/ 
LAFAYETTE DI-LUXE 
100 IC /VOLT "LAB 
TESTER." Want 611n. 
ecale. Built In meter 
protection, 0/.512.5/10/ 
60/260/50011,000 v. D.C. 
0/3/10/60/260/500/1,000 
v. A.C. 0/10/10054A/10/ 
100/500 MA/2.6/10 Amp. 
01IK/10K/100K/10M/ 
10M O. -10 to 49.4dB. 
£18/181-. P. a P. 6/., 

LAFAYETTE 57 Range Super 
6010 /V. Mulumeter. D.C. 
volte 125mv -- 1000v. A.C. 
volt. 1.5v -1000v. D.C. Cur- 
rent 2514A --I0 Amp. Ohms 
0-10 MegO. D.B. -20 to 
+81 db. Overload protection. 
$12/10/ -. P. A P. 3 /6. 

.- 
NEW MODEL 600 30,000 O.P.V. 
with overload protection, mirror 
sea1s.0 /. 5/2.5/10/25/100 %251/500/ 
1.100 v. U.C. 9/2.5/10/25/1001 
260 /500/1.001 v. A.C. 0 /50µ4tAA// 
6/50/500 mA. 12 amp. D.C. 
0 /61K /6 meg /60 meg O. 
£8/1718. Post paid. 

MODEL TE-90 50,000 O.P.V. 
1rror scale overload prase- 

Mon. 11/3/12/61/31X1 /661 /1,200 
v. U.C.0 /6/30 /1211 /6ro /1,261. v 
D.C. .03/6 /60/600 MA. D.C. 
16K /160K /1.6 /16 . MEG G. 
-20 - + 63db. 27/1010. 
P. a P. 3/.. 

TE-900 20,0000/VOLT 
GIANT MULTIMETER 
Mirror scale and over. 
load protection. Sine 
full view meter. 
colour scale. 012.5 /10, 
250/1.000/5.000 v. A.C. 0/26/ 12.6/ 10/60/ 
250/1,000/5.000 v. D.C. 
0 /50µA1110/ l00 /500mA, 
10 amp. D.C. 020/ 
200K/20 MEG. OHM. 
£15/-/-. P. a P. s 

MODEL AI -100D. 10010/ 
Volt. 51n., mirror scale. Built- 
in meter protection 0/3/1.2/61/ 
120 /:O0/600/1,200 v. U.C. 
0/6/30/1211/300 /600 v. A.C. 
0,,19µA /8/60/360MA/12 Amp. 
0/2K/2000/2M/20011 0. -211 
to +17dB. 112/10/-. P. a P. 
3/6. 

Nearly 200 pages giving full details of a 
comprehensive range of COMPONENTS, 
TEST EQUIPMENT, COMMUNICATION 
EQUIPMENT and HI -FI EQUIPMENT. 
Each section greatly enlarged and fully 
illustrated. Thousands of items, many 
at bargain prices. FREE DISCOUNT 
COUPONS VALUE 101 -, 

MODEL TE-70. 30,000 O.P.V. 
0/3/16/60/300/600/1,200 
D.C. 0/8/30/120/600/1,200 v. 
A.C. 0/30µA/3/30/300mA. 
OI18K/I60K/1.6M/18 Mega. 
15/10/-. P. a P. 3/., 

TE-61. NEW 20,0000/ 
VOLT MULTIMETER. with 

-erload protection and 
mirror orale, 08,60 /120, 
1,200 v. A.C. 0'3,30 /80/300/ 
660: :1.000v. D.C. 0 /60.A /12 
/361m A. D,C. 0 /60K /6 meg. 

MODEL TE-12. 20.000 O.P.V. 
ohm. 9810. P. a P. 2/6. 

0/0.6/6/30/120/600 /1,200/ 
3,000/8,000 v. D.C.0 /8/30/120/ 
000 /1,200 v. A.C. 0 /6154A /6/ 
60 /600 mA. 0 /8K /600K /6M ell./ 
60 Meg.°. 50 PP. .2 MP!) 
25/19/6. P. a P. 3/6. 

MODEL TE-80. 20,000 02.V. 
0/10/60/1011/500/1,000 v. A.C. 
0/5/25/50/250/500/1.000 v. 
U.C. 11.511µA. 5/511/ 500mA. 
0/6KI00K/600K/8 meg. 
24/17/6. P. a P. 3/, 

MODEL TE-10A- 200k0/ 
Volt 6/25/60/250/600/2,500 v. 
D.C. 10/60/100/600/1,000 v. 
A.C. 
0/60µA/2.6 mA/260 mA D.C. 
0/6K/6 meg. ohm. -20 to 
+22 dB. 
10.0, 100 mfd. 0.100-0.1 mfd. 
00/6. P. a P. 2/8. 

PROFESSIONAL 20,000 
O.P.V. LAB TYPE 
MULTITETTER. Aut 
matie overload protee- 
Don, mirror scale. Ranges 
1/10/50/250/500/1,000 v. 
D.C. and A.C. 0 -500µA, lOtnA, 25OmA, 
0 /200, 200K, 2megohm, Decibels: -20 Io 
15106- P. A l'. 20. 

UNR -30 4 BAND 
COMMUNICATION RECEIVER 

hovering 550 Kc,s -30 Mc /s. Incorporates variable 
IWFO for CW /SSB reception. Built -in speaker and 
phone jack. Metal cabinet. Operation 220/240 v. 
A.C. Supplied brand new, guaranteed with 
Instructions. 13EBg. Carr. 7 /6. 

TRIO COMMUNICATION RECEIVER MODEL 9R -59DE 
4 band receiver covering 500 Ke /a to 30 Mc /., continuous 
and electrical band.pre..d on 10.16, 20, 40 and 80 metre.. 
8 valve plus 7 diode circuit. 4/8 ohm output and phone 
Jack. BBB -CW ANL Variable BFO B meter. 
Sep. B.ndspread dial IF 455 Kc / audio output 
1.5 w. Variable RF and AP gains controls. 116/250 
v A.C. mains. Beautifully designed. Blae 7 IS x Ibn. 
With instruction tanual and ice tata. 239.15.0. 
Carriage paid Trio Communication Type Headpbones. 
Normally /5.19.8. Our price 13.15.0 if port .1 o ith 
above receiver. 

NEW LAFAYETTE SOLID STATE 

current: 
+ 22d1,. 

NEW STAR SR -200 SSB 
AMATEUR RECEIVER 

An exciting new receiver covering 6 amateur hands 180 /80/ 
40,20/16/10 metres. Illuminated slide rule dial. S meter. Ceyetal calibrator. Pnxiuct detector. Automatic noise limiter. RP 
tuning and gain controls. Speaker or phone output.. 8 valve., 
2 trauui.toro, 2 diode.. 220 /240 V. A.C. Supplied brand new and guaranteed. 240/ -/ -. Carr. 10/. 

8209 Mk. II COMMUNICATION RECEIVER 
11 valve high 
grade com- muniction 
receiver suit- 
able for tropi- 
cal um. 1 =20 
Mc /s. on 4 
bands AM/ 
CW /FM opera- 
tion. Incorpor- 
ates pred.lon 
vernier drive, 

A.P.O. Aerial trimmer. internal .peaker and 12, O.C. Internal power supply. Supplied In 
excellent condition, fully tested and checked, £15 
Carr. 20/-, 

TO-3 PORTABLE OSCILLOSCOPE. r TUBE 
Y amp. Benoitivity. .1v 
p-p /CM. Bandwidth 1.5 cps 
-1.5 MHZ. Input imp. 
2 meg O. 25 PF. X amp 

n.ltivity. 9v p -p /CM. 
bandwidth 1.5 cps-0441 
K HZ. Input Imp. 2 meg O 
20 PF. Time base. 15 ranges 
10 ry-200 KHZ. Oyn- 
chronlotion. Internal /ex- 
ternal. Illuminated scale. 
140 x 215 x 330 MM. 
Weight 1511he. 220/240 V. 
A.C. Supplied brand new 

with handbook. 235/ -/ -. Carr. 10/ -. 

TO-2 PORTABLE OSCILLOSCOPE 
A general purpooe low coot 
economy oectllo.cope for every- 
day use. Y amp. Bandwidth 
2 CPS-1 MHZ. Input Imp. 
2 meg O. 25 PF. illuminated 
scale. 2' tube. 115 o 180 x 
230 mm. Weight Xlbo. 2211/ 
240v. A.C. Supplied brawl now 
wltb handbook. 822/10/ -. 
Carr. 10 / -. 

AVOMETERS 
Supplied in excellent 
condition filly tested 
and checked. Com- 
plete with prods, 
leads and instruc- 
tions. 
Model 7 213/10/0 
P. Si P. 7/6. 

TRANSISTORISED LCR. A.0 MEASURING 
BRIDGE. 

A p Gall 
bridge ,Bering ex- 
cellent range and 
accuracy at low cost. 
Ranges: R. 10- 
11.1 MEO O O 

Range. ± 1%. 
L. 1µH -111 HEN - 
RIP.S. 6 Ranges - 
3 %. C. I0PF± 
11IIMFD. B Ranges 
A 2";,. TURNO RATIO 1:1/1600- 1:11100. 
8 Range. + 1°;,. Bridge voltage at 1.000 CPS. 
Operated from 9 volte. 1101µA. Meter indication. 
Attractive 3 tome metal case. Bise 71' x 5' x 2'. 
L9í0. P. a P. 5 /.. 
TEIII DECADE RESISTANCE ATTENUATOR 

Variable range 0-t I I 
db. Connections. 
Unbalanced T and . 
Brice T. l 

e, Braid 8T. hm 
Range (0.1 db x o 
10) + (I db x 10) 
+ 10 + 20 + 30+ 
40 db. Frequency: DC to 200 KHZ ( 3db) 
Accuracy: 0.05 db. + indication db x 0.01. 
Maximum input less than 4 watts 150 volt). 
Built in 601 0 load resistance with Internal/ 
external switch. Br. en. d 127/10) -. P. A P. 5 /. 

1a 

HA600 RECEIVER 
6 BAND AM CW SDI AMATEUR AND SHORT WAVE. 
150 to s -400 He s AND 550 Ec a-30 Mc s. F.E.T. front 
end 2 mechanical filters Huge dial Product 
detector Variable BPO Nolaelimiter S Meter 

241in. Bandapread 230 v. A.C.,18 v. D.C. nee earth 
operation HF gala control. One 16ín. Blin. Sib, 
Wt. 18 lb.. EXCEPTIONAL VALUE £45. CARE. 10 / , 
S.A.E. FOR FULL DETAILS. 

LAFAYETTE PF -60 SOLID STATE 
VHF FM RECEIVER 

A completely new t ran.iet,nsed receiver co. snug 152.174 
Mc /s. Fully tuneable or crystal controlled not supplied) 
for fixed frequency operation. Incorporates 4 INTE- 
GRATED CIRCUITS. Built -in speaker and illuminated 
dial. Squelch and volume controls. Tape recorder output. 
750 aerial Input. Headphone Jack. Operation 230 v. A.C./ 
12 v. D.C. Neg. earth. 187/10/ -. Carr. 10/ 

LAFAYETTE LA -224T TRANSISTOR STEREO AMPLIFIER 
19 transistor*, 8 diodes, IRF music p, ,w re :w watt. 
at 8 ohms. Res. 30-20,000 +2 dB at I w. Distor- 
tion I ° or less. Input. 3 mV and 250 m V. Output 
3 -18 ohm.. Separate L and K volume controls. 
Treble and bass controls. Stereo phone Jack. 
Brrohed aluminium, gold anodised extruded front 
panel with metal ...Size 1051n. o in. x 7 it in. 
Operation 115 /230 volt A.C. tee. Carr. 7/6 

GARRARD 
GARRARD RECORD DECKS. 
FULL CURRENT RANGE 
OFFERED BRAND NEW 
AND GUARANTEED AT 
FANTASTIC SAVINGS. 

BRP2'2 Mono 06.10.0 SP22 MKII 111.10.6 
8RP22 Stereo 16.19.6 0111.55 111.19.6 

1025 Mono 07.10.0 A70 MKII 012.10.0 
10s5 Stereo 17.19.0 ATOO MK11 113.10.0 
2025 etereo 18. 8.0 BL65 114.14.0 
2025T/C Mono/ AP75 119. 0 0 

Stereo 16.17.6 401 028. 7.8 
31100 Stereo 10.10.6 OL75 129. 0.0 

0L95 135. 0.0 

Carriage /Insurance 7/6 extra any model. 

8peeial offer base and cover available for these 
models at 64.16.0. Carr. 6 /. 
Full range of Garrard accessories available 

E.M.I. SINGLE PLAYERS 
4 peel with separate arm and cartridge 5E8 
3/6. l'aro. 

V II- \, - /,i//AI 11\\`\- 

COMPUTER TAPE 
3,600 ft. x 1 in. on 105 In. NAB SPOOLS. Used 
but good condition. 25/- reel. P a l' S ¡ -. 

(RADIO) LIMITED, 
Phone GERRARD 8204/9155 

_ -_ Cables SMITHEX LESQUARE 

3.34 LISLE STREET, LONDON, W.C.? 

OPEN 
9 a.m. to 
6 p.m. every 
day Monday 
to Saturday. 
Trade sup- 
plied. 
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MINIATURE WAFER SWITCHES 
4 pole, 2 way -3 pole, 3 way-4 pole, 3 way 

-2 pole, 4 way -3 pole, 4 way -2 pole, 

6 way -1 pole. 12 way. All at 3/6 each. 36/- 
dozen, your assortment. 

WATERPROOF HEATING 
ELEMENT 

26 varale length 30W. Reif-regulating 
temperature control. 10 /- poet free. 

BLANKET SWITCH 
Double pole with neon let Into side so lum- 
inous in dark, ideal for dark noun light or for 
nee with waterproof element -new plastic 
case. 6/6 each. 3 heat model 7/6. 

QUICK CUPPA 
Mini Immersion Hester, :120w. 200/24oc. 
Boils full cup In about two minutes. 
Use any socket or lamp holder. Have at 
bedside for tea, baby r food, etc. 1916. 
poet and Insurance 1/6. 12v. car model 
also available. 

MAINS TRANSISTOR POWER PACK 
Designed to operate tnneisn'r mete and amplifiers. Adjust- 
able output 1iv., 9v., 12 volta for up to 500 mA (class B 

rklnel. Takes the place of any of the following batteries: 
PPI, PP3, PP4, PPS, PP7, PP9, and others. Kit comprises: 
mains transformer rectifier, smoothing and load resistor, 
condensers and instruction. Real snip at only 16/6. 
plus 3/6 postage. 

ii 
PPS ELIMINATOR. Play your pocket radio 
from the mains! wave Ls. Complete component 
kit comprises 4 rectifiers-mains dropper 
resistances, smoothing condenser and Instruc- 
tions, only 6/8 plus 1/- post. 

BECKASTAT 
This is an instant thermostat 
simply plug your appliance into 
R and its lead Into wall plug. 
Adjustable setting for normal air 
temperatures. 13A loading. Will 
live Its cost In reason. 1916 
P. & Ins. 2/9. 

SPRING COIL LEADS 

as fitted to telephones. 4 core 
218 each, 3 core 2/- each. 

ELECTRIC CLOCK WITH 25 AMP. SWITCH 
Made by Smith's these unite are ao fitted to many top quality cookers 
to control the oven. The clock is mains driven and frequency con- 
trolled so It is extremely accurate. The two small diele enable switch 
on and off times to be accurately set. Ideal for switching on tape 
wonders. Offered at only a fraction of the regular price -new and 
unused only 39/8, less than the value of the clock alone -post and 
insurance 2/9. 

INFRA -RED 
H EATERS 

Make up one of these latest type heater.. 
Ideal fur bathroom. etc. They are simple 
to make from our easy-to-fo/low instructions 
uses silica enclosed elements designed for the correct Infra-red wave length (3 microns). 

Price for 750 watts element, all parts metal casing as illustrated. 19/6. plus 4/- post and 

Ins. Pull switch 3/- extra. 

THIS MONTH'S SNIP 

10""w=."'"" 

5A 3 -pin Switched 6osketa. An excellent opportunity to make 

that bench dis Muni you have needed or to stock up for future 

Jobs. This month we offer 6 British made (HicnR) bakellte 

flush mounting shuttered switch sockets for only 10/- plus 

3/6 post and insurance. (29 boxes post tree.) 

CONTROL 
DRILL 

SPEEDS 

DRILL CONTROLLER 
Electronically changes speed 
from approximately 10 revs. to 
maximum. Full power at all 

speeds by finger -tip control. Kit 
includes all parts, case, everything 

old full instructions 19/6, plus 2/6 post 
and insurance. Or available made up 

29/6. !'lus 2/6 post. 

REPAIRABLE RADIOS 
tr:ueistur K.y ,hwiu Bell III very pretty ease, Oise 

21 x 21 x Ii in.- complete with soft leather sipped bag 
Specification:- Circuit: 7 transistor superhetero- 
dyne. Frequency range: 530 to 1600 Ke /s. Sensitivity: 
5 my /m. Intermediate frequency: 465 Kc /s, or 
455 Kc /s, Power output: 40mW. Antenna: ferrite 
rod. loudspeaker: Permanent magnet type. 
These rdlus are complete but require attention. 
Circuit diagram Is not available. 17/6 each plus 
2/9 post and insurance. 4 radios 23 poet free. 

Where postage is not stated then orden 
over C3 are post free. Below (3 add 2/9. 
Semi -conductors add I/- post. Over (I 
post free. S.A.E. with enquiries please. 
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2lkW FAN HEATER 
Three position switching to suit 
changes in the weather. Switch up 
tie full heater (2}kW) switch down 
for half heat (IOW), switch central 
blows cold for summer cooling- 
adjustable thermostat acts as auto 
control and safety cut -out. Complets 
kit £3.15.0. Post and ins. 7/6. 

AC FAN 
Small but very powerful 
mains motor with 6} in. 

blades. Ideal for cooling 
equipment or as extrac- 
tor. Silent but very 

(Relent. 17/6, post 4/6. 
Mounts from back or 
front with 4BA screws. 

FLUORESCENT CONTROL KITS 
Each kit comprises seven Items-Choke, 2 tube ends, 
starter, starter holder and 2 tube clips, with wiring 
instructions. Suitable for normal fluorescent tubes or 
the new "Groin:" tubes for fish tanks and Indoor plants. 
Chokes are super -silent, mostly resin filled. Kit A- 
15.29 w. 19/8. Kit B -30.40 w. 19/6. Kit C -60 w. 
19/6. Kit E-65 w. 19/6. Kit MFl is for 6 in., 9 tn., 
and 12 in. miniature tubes, 19/6. Postage on Kits A 
and B 4/6 for one or two kits then 4/6 for euh two kits 
ordered. Kits C. D and E 4/6 on first kit then 3/6 for 
each kit kit ordered. Kit MFl 3/6 ou first kit then 
3/6 on each two kite ordered. 

TELESCOPIC 
AERIAL 

for portable. car radio or trans- 
mitter. Chrome plated -six sections, 

extends from 71 to 47 in. Hole in bottom for 
6NA screw. 7/6. 

Be first this year! 
SEED AND PLANT 

RAISING 
Soll heating wire and transformer. 
Suitable for standard size garden frame. 
1916. Post and ins. 3/6. 

ELECTRONICS (CROYDON) LTD 
Dept. WW, 266 London Road, Croydon CRO -2TH 

Also 102/3 Tamworth Road, Croydon 

FAIRCHILD INTEGRATED CIRCUITS J 
LOWEST PRICES 

MOTOROLA I.C.sALSO AVAILABLE 

CROSSWIRE ELECTRONICS LTD., 
STAPLE HOUSE, 51 -52 CHANCERY LANE, LONDON, W.C.2. 

Telephone: 01-242 8545 

< .... .....,>_ :-f,.. _ ........ .,.,. 

p L900 BUFFER PRICE 11/- 

u L914 DUAL GATE PRICE 11/- 

N L923 JK FLIP -FLOP PRICE 14/- 

PLASTIC SPREADERS PRICE 1/6 

CIRCUIT APPLICATIONS FILE PRICE 7/6 Postage 6d 

DEUVERYEXSTOCK 

TERMS: CASH WITH ORDER. 
APPROVED ACCOUNTS OPENED 
POSTAGE AND HANDLING 2/- 

WW -128 FOR FURTHER DETAILS 

y,` 

_.. - +- t 
RUN ALL DOOR SURPLUS SQUIPMEET DIRECT 

PROM AC MAINS 

N r make a plug in Power Supply unit, input 200/25 

volte 50 c/e AC mains, Output to run any of the se 

listed below. The unite are brand new and contain 
in an attractive louvered steel cue, with toll con 
necting 100015, plug. A sockets. 

No. 19 Receiver carriage 10 /. 
H.RA. Receiver £4.0.0, ...Tinge 10/. 
R.1132 Receiser $3.10.0. carriage 10 ¡ -. 

8.1155 Receiver 23.15.0. carriage 10 / -. 
R.1475 Receiver $3.15.0, carriage 10 /. 
P.C.R. Receiver $3.10.0. carriage 10 /-. 

Enquiries invited for Power Supply unite to run 
any type of equipment not listed. 

No. 19 SET TRANSMITTER AND RECEIVER. 

Merlu input power supply unit to run this pop 
transmitter and receiver, complete brand new and 
,.may to plug In Only £ &10.0. Carriage lop. 

If /I (/(IIg TRANES / v 
RESCUE 

Compact Y.H.F. Tears /e. Fite in the 
pocket- Gulden of Mike/Speaker, 
aerial, transmitter and receiver. Were made 
to operate rap to 100 miles depending n 

terrain. Operates from dry batteries. Com- 
pletely self-contained. (ù0t (Ion. over rso 
each. Regulations state muet not be operated 

in UK so please mention "For 
Dismantling purpsee only" when 
ordering. Price 52.10.0 each, p. A P. 

10 /. Two seta for 65.0.0. post free. 

puY POWER SUPPLY UNIT 
In t '240 rolls AC. Output 250 volte NO ma. D0. 
8.3V. at 2 amer plue 12 volts at 2 amps. NIT on a 
robust compact plus 2 oltsa t 2 double isolated compact 

t 
chassis. 

crakes, ea 
double 

and 
Silicon rectifiera. In semi kit f o r m with full instruc- 
tions for completion. ONLY 25/- plus 5/- carriage. tions 

, GENERA j 
(/ V. H r. 

MUNICATIONS 
Listen to the thrills of Air. ppt 
craft, Pilote, and Airports BAND REC. 
at work. Also Civil Dept.., Fire and Ambulance 

rvices. Gas and Electricity Depts. Ideal for 
receiving 2 metre amateurs. Glyn super reception 
within the range of all tntutnlaefone. A fully transie- 
torised receiver covering 97.150me/s VHF broadcast. 
Robust attractive finished metal cabinet sire approx. 
7 x 4 x 41ná. Operates from a 9 volt internal battery. 
Speaker or headphone output. Simple to use. Avail- 
able from u5 at the pre-devaluation price of 28.10.0 
serfage and Insurance 10/ CWO or COD. 

MIIIATURE TRANSISTORISED 81.O. UNIT 
This is miniature teaneletorleed B.P.O. unit 
(tunable) that will enable your set to receive C.W. 
or B.B.N. reception. Comput. Single hole fixing. 
This small unit will fit anywhere. Ideal for all 
EOe Gomma catfop Receivers and most xG 
Commercial ial Types. Complete with fitting inetruc- 
Bone. 49/8, pest free. 
R.F. Amplifier No. 2 Mk. III- INCREASE the out- 
it from your 19 set transmitter. Not brand new but 

In good condition. Only £6.10.0. carriage 101- 
Few only. 

_ /J/4 

s,_ 
/ /k/Ci1tl 

s NPt/ 

LE 
Bulk purchase etablrn lie to offer the following trans- 
formers at rldiculouely low price. Made by famous 
manufacturer and fully tested and guaranteed. 
CHARGER TRANSFORMERS. 0 -9-15 volts. 2 
amp. 9/6 each, p.p. 2/6. Two for 17/6 post free. 
TRANSISTOR POWER PACK TYPES. 6.3v at 
2 amps. 6/8 euch, P -P 2/. 12 volt at 2 amp. 12/6 
each. p.p. 2/6. 

Four seta $8, carriage free. Bulk ale 
if 19 Sete $lb. earrWge e1. Export 
enquiries invited. 

it 4 
MINIATURE MOVING COIL SPEAKERS 

1 In. diameter. Only 6/6 each, p. 5 p. 1/8. Two for } 

8/6 post free. Four for 16/- poet free. 

/k qp 
GL SCIENTIFIC LTD at. I ; 

VII/2 I DEPT. W W 10, CAW GODS YARD, 
MILL STREET, LEEDS 9. 
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EARS 
Mid a cll. 
Fill FOR EUERYONI 
WITH THE Model 4 1008 
FM TUNER 
For size quality and price we feel sure the A1008 
FM Tuner is unbeatable Probably rte worlds most 
compact FM Tuner with 6 transist sr and 3 diode 
printed circuit. self powered -operating from any 9V 
DC source Slow motion tuning drive loused in beauti- 
fully finished walnut cabinet with classic silver trim. 
Clear horizontal tuning scale covering he entire FM band from 88 -108 Mc/s. Complete wi 
FM aerial. Brief Spec: aerial imp. 75 ohms. Sensitivity better than 10uV fat 100% modulatic 
for 20dB SAN). Size 71 x 5 x 31in. 

FM : _ - - MC 

LASKY'S 
PRICE 

iMULTIPLEX FOR THE MCDEL A1008 
Enables you to receive stereo sound v si, ru,. 1en.i n 1 nn0Fge 

'Tuner above Brief Specification. MPX input sensitivity 
100m Output 15Omv. Self powered by a 9v. battery I 4 transistor and 6 cMode c cult Sze 5: . 7 n inn Also 

Lsuitable 
for use w r 

99/6 Post 

36 

ARGAIN 
FOSTER FCS -104 
BOOKSHELF SPEAKER SYSTEM 
Handling comity 8 wens A new bookshelf speaker system by the well known Fosti 

Co of Japan his system incorporates the latest developments in speaker novena 
Galion and bar a performance that is quite outstanding in such a small enclosure TI 
sealed infinite raffle type housing is finished in high quality teak veneer The smelt 
comprises a Sn dual range speaker. tweeter and crossover etwork 16 ohm m 
operaten Scree tag connections at rear Cabinet sue 9; x 6jae 6 4in 

LASKY'S 
PRICE 

£7 0 2for£ 
Post 1, 6 / --; 2, 8/6 

TEST EQUIPmEN1 
TTC Model C -3032 
TRANSISTOR CHECKER 
For the engineer and experimenter Uses include measuring Alpha. 
Beta and Ica factors of transistors. a ad for checking germanium 
and silicon diodes. Powered by 9V battery Size lin x 41ín x 31in 
Complete with connectors. battery and instruction booklet 
Brief Spec. Transistor Test Alpha 0 7 0 9967: Beta 0.300 'co 
0-500uA- 05000uA. Diode Test: Forward and reverse in nrn.d 
resistance Resistance: 200 ohms -1 Meg ohm 

LASKY'S 
PRICE £6.19.6 Post 

5 

39/6 

R = SISTANCE SUBSTITUTION 
BMX 
Sul,tilton resistance values quickly and accurately in trouble shogun 

rac 

ces where ram ham es mar ha changed and makes it easy 10 find bia 
rest tance in expenmental valve or transistor circuits Two ranges I w 
15 ihm to 104 ohm it wan resntorsl High 15k ohm to 10 Meg 

Post ohm I¡,wen resistors) two rotary switches 112 steps eachl. select 24 

sepaate muter., With 36in teal leads aral clips Sue 41 t 21 a I 

6 

Branches 

207 EDGWARE ROAD, LONDON, W.2 Tel.: 01 -723 3271 
Open all day, 9 a.m. -6 p.m. Monday to Saturday 

33 TOTTENHAM CT. RD., LONDON, W.1 Tel.: 01 -636 2605 
Open all day, 9 a.m. -6 p m. Monday to Saturday 

152/3 FLEET STREET, LONDCN, E.C.4 Tel.: 01 -353 2833 
Open all day Thursday, early closinç 1 p.m. Saturday 

WIEN FMX -1917 
AM /FM STEREO 

TUNER AMPLIFIER 
WITH MULTIPLEX 
A new solid state AMTM Multi 
plot tuner Amplifier offering 
excellent pualrty and pleasing 

design at a price you can afford 
Brier spec 18 transistors. 9 

germanium diodes. I enable 
diode and 1 silrcun rectifier 

Single ended push pull ampli 
her -output 5W RMS per 

channel into 8 ohms Eloquence 

response 30 us to 12 Kcc 
Frequency range FM -88 to 

105Mcs. AM 535 to 1605Kcs 
Stereo separation 15d6 et 

100uV input External FM canal 
built in fertile rod antenna for AM Controls Balance Mode lone Vol_ on oft tuning hpa for ceramic phones pick up 
Powered by 225250V A C 5060c s Extremely well made oiled walnut finish cabimt wrth large clear tuning Or 
Iblackgrer'ulver triml Sue 14 r El; x5; in 

LASKY'S 
PRICE £29.0.0 POST 

FREE 

grAill'izt/aAd 
RECORD PLAYERS 
SPECIAL OFFER 
AP.76 (illustrated/ 4 speed single 
player offered with AD.76K sterec 
Moving Magnet Cartridge 

PRICES £21 
post 

5 

AUTOCHANGE RS 
1025 less cartridge 
1025 with Mono cartridge 
2025TC with Stereo cartridge 
2025TC less cartridge 
51.55 with Stereo cartridge 
SL.85 with Stereo cartridge 
SL.75 less cartridge 
SL.96 less cartridge 
AT.60 Mark II less cartridge 
GARRARD BASES 

we E3.6.11 

£6 19 6 
£7 15 0 
f8 19 6 
EB 10 0 

C12 9 6 

E15 19 6 

E32 0 0 
E39 10 0 
£12 19 6 

SINGLE PLAYERS 
AP.76 less cartridge E19 10 0 
SRP.22 with mono mrtridge C8 10 0 
Deccadec de luxe, vi-h Deram 

cartridge C17 17 O 

TRANSCRIPTION CECKS 
Lab.80 Mk II on bas. C30 9 0 
401 £27 15 0 

CLEARVIE V PERSPEX COVERS 
WB4 MK II £5.8.11 WB5 £5.8.11 SPC1 03.6.0 SPC4 MK II E4.8.6 

Pi Vage on all al vi,.. 5 extra 

FANTAVOX 500 
12 WATT 
STEREO AMPLIFIER 

xis outstanding amplifier incorporate, all the Matures 
., ipected of an expensive urei but ai a budget pire The amplifier 
ids separate lone and volume controls for both channels 

peas stereo mono switch and tuner output sockr t Finished in an 

.itnerive walnut grained metal cabinet this amcldier would be a proud 
iddition to any budget stereo system &ief Spec Output. Peak power 12 watts 
freg Response 40 20 000 Ho Output impedere 4 16 ohms Input sensitivity. 
Phono.Tuner 250mV Sue 9; a 2; a 51in 

LASKY'S 
PRICE £12.10.0 57st 

High Fidelity Audio Centres 

42 -45 TOTTENHAM CT. RD., LONDON, W.1 Tel.: 01 -580 2573 
Open all day. 9 a.m. -6 p m. Monday to Saturday 

118 EDGWARE ROAD, LONDON, W.2 Td.: 01 -723 9789 
Open all day Saturday, early closing 1 p m Thursday 

ALL MAIL ORDERS AND CORRESPONDENCE TO; 3 -15 CAVELL ST., TOWER HAMLETS, LONDON, E.1 Tel.: 01 -790 4821 

WW -129 FOR FURTHER DETAILS 
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ULTRASONIC 
CLEANERS 

(Burndept B. E.352) 60 watt model. Supplied Brand 
New complete with stainless steel tank 91 x 61 x 4} in. 
E60. Carr. 20/ -. 

2. FAST NEUTRON MONITORS (Burndept 1407C) 
for measuring neutrons in the energy range 0.15 -15 
meV. E100. 

3. Radiation Monitors (Burndept BN 110 MK. V) 
0- 5/50/500/5k. c.p.s. Brand rew. £100. Alpha and 
Beta Gamma probes available at extra cost. 

4. PORTABLE RADIATION MONITORS (Burn- 
dept BN 132) 0- 5/50/500/5k c.o.s. With built -in 
Gamma probe. Brand new. £60 complete with 
carrying harness. 

S.A.E. for literature. 10% discount for 
Educational Authorities. 

LARGE CAPACITY ELECTROLYTICS. 2.000 g.F. 30v.; 
2,500 g.F. 25e.; 2,500 g,F. 50e.; 4,000 g.F. 90v.; 5,000 g.F. 

25v.; 7/6 ea. 5,000 g.F. 50v.; 10,000 g.F. 30v.; 16,000 g,F. 

10V. 10/- ea. P.P. 1/ -. 

SPEAKER BARGAINS. E.M.I. 13x8 in. with double 
Tweeters 15 ohm, 65/ -, P.P. 5/ -. As above less tweeters 
3 or 15 ohm, 45/- ea., P.P. 5/ -. 

FANE 12 In. 20 watt (Dual Cone), S6 / -. P.P. 5/ -. 

CAR RADIO SPEAKER 7 x 4 in. 3/5 ohm. 15/- ea. P.P. 2/6 

RE- SETTABLE HIGH SPEED COUNTER (3x1 x} in.) 
3 digit. 12/24/48v. (state which), 32/6 ea. P.P 2/6. 

HIGH SPEED MAGNETIC 
COUNTERS (4 x 1 .1 in.) 4 digit. 
6/12v. 24/48v. (state which), 6/6 
ea. P.P. 1/ -. 

COPPER LAMINATE PRINTED CIRCUIT BOARD 
(8} x 51 x ILS in.), 2/6 sheet, 5 for 10/ -. 
Also 11 x 9 in., 4/- ea., 3 for 10/ -. 

MINIATURE KEY SWITCHES. (P.O. Lever Type 1000), 
centre off. 2 c/o each way. 7/6 ea. 

DEAC BATTERY PACKS (5 x41 .1j in.) containing 
3 cells giving 4 volts at 5a.h. 35/ -. P.P. 5/ -. 

SOLARTRON PULSE GENERATORS (OPS 100C) 
50c /s -1m /c. £60 each. Carriage 50/ -. 

WOBBULATORS TYPE 210 (Matrix) 0 -220 M /c. Sweep 
width 1/2/5/10/20 m /c. £40. Carriage 30/ -. 

THYRISTOR LIGHT DIMMERS 
500 watt Module 45/- 

1000 watt Module 60/- 
These modules may be fitted into 
standard socket boxes and made up 
into banks as required. 

5 kW DIMMERS in metal cabinet 
£20 ea. 

BULK COMPONENT OFFERS 
100 Capacitors (latest types) 50pF to .5µF 
250 Resistors } and } watt. 
250 Resistors } and 1 watt. 
150 Hi -Stab Resistors, }, } and 1 watt. 
25 Vitreous W/W Resistors, 5 %. 
12 Precision Resistors .1% (several standards 
included). 

12 Precision Capacitors 1 and 2% (several standards 
Included). 

12 Electrolytics (miniature and standard sizes). 
ANY ITEM 12/6. ANY 5 ITEMS 50/ -. 

TELEPHONE DIALS (New) 20/- ea. 
Amplified TELEPHONE 
(706) 27/6. P.P. 2/6. 

EXTENSION TELEPHONE (Type 706) 
Black or 2 tone Grey. 65/ -, P.P. 5/ -. 
UNISELECTORS (Brand new) 25 -way 
75 ohm. 8 bank } wipe 65/ -. 10 bank 
} wipe 75/ -. 

HANDSET 

EXTRACTOR; BLOWER 
FANS (Papst) 

100 c.f.m. 4 x4; x2 in. 

2800 r.p.m. Wonderful buy at 
50 /- ea. 240v. A.C. 

SPEAKER SYSTEM (20 .10 x 10 in.). Made to spec. 
from } in. board. Finished in black leathercloth. 13x8 In. 
speaker with twin tweeters complete with cross -over. 
50c /s- 20k /c. £7.10. P.P. 10/ -. 

PHOTOMULTIPLIERS 6262 and 6262b. £15 ea. 

RELAYS H.D. 2 pole 3 way 10 amp. contacts. I2v.w. 7/6 ea. 

LIGHTWEIGHT RELAYS (with dust -proof covers) 
4 c/o contacts. 12v. 100 ohm. or 24v. 500 ohm 7/6 ea. 

1 

TRANSFORMERS 
N.T. TRANSFORMER (Parmeko 'Neptune') Prim. 200/ 

250v. Sec 350- o -350v. 150 m.a. 6.3v. 1/2/6 amp. 36/ -. 
P.P. 5/ -. Matching Choke 10h 180 m.a. 12/6. 

E.M.T. TRANSFORMER (Parmeko 'Neptune') 3,000v. 
280 m.a. £12/10;0. P.P. 50/ -. 

L.T. TRANSFORMERS Prim. 200/250v. Sec. 0-1/0 - 
3/0- 8/0 -27v. 30 amp. £7.10. 15 amp. £5. P.P. 15/ -. 
L.T. TRANSFORMER Prim. 200/250v. Sec. 0/25/35v 
30 amp. £7.10. P.P. 20/ -. 
STEP -DOWN TRANSFORMERS Prim. 200/250v. Sec. 
115v. 1.25 amps, 25/- ea. P.P. 5/. 
L.T. TRANSFORMERS Prim. 240v. Sec. 8/12/20/25v. 
3.5 amp models 20/- : 5 amp model 25/ -. P.P. 5/6. 
L.T. TRANSFORMERS Prim. 240v. Sec. 14v. 1 amp 10/. 
ea. P.P. 2/6. 
ELECTRIC SLOTMETERS (1/ -) 25 amp. L.R. 240v, A.C. 
85/- ea. P.P. 5/ -. 
QUARTERLY ELECTRIC CHECK METERS, 40 amp 
240v. A.0 , 20/- ea. P.P. 5/ -. 

REED RELAYS 4 make 9/12v. (1,000 ohm.) 12/6 ea. 
2 make 7/6 ea. 1 make 5/- ea. Reed Switches (11 in.) 2/- 
ea. £1 per doz. 

CONTINUOUS LEVEL MONITORS (Burndept 13E307) 
complete with Sensing Probe. C25. 

Transistorised PROXIMITY SWITCHES (Burndept 
13E315) sensing speed 120 per min. E16. 

LEVEL CONTROLLER (Burndept BE305). £8. 
LIGHT SWITCH. COUNTER. (Burndept BE290) 750 

interruption per min.. comprises: Light Source, Sensing 
Head, Control Unit. £15. 

S.A.E. Literature. 

COLD CATHODE TUBES (Hivac XC25) 2/- ea 
Quantity quotations on request. 

PATTRICK & KINNIE 
81 PARK LANE ROMFORD ESSEX 

ROMFORD 44473 

BUILD YOURSELF A UALITY TRANSISTOR RADIO ! 

NEW 1.005 MELODY SIX MED 

AND LONG WAVES. WITH 

SPEAKER AND EARPIECE 6 

eanusters and 2 diodes Push pull 

output. tuning condenser. huh 0 

lente nod senal. In speaker and 

personal earpiece for po vere listening 

f) v 4 e 2,n Bda i Cats 69 6 

P 6 P 43 Plans and Pans tar 

2 /free wit pans' 

ROAMER SIX. 6 WAVEBANDS 

MWI. MW2. SWI. SW2. LW 

ANO TRAWLER BAND. 6 tuns 

estas and 2 diodes teinte rod and 

te /escape aenals inn speaker Sua 

7) a 5) a 1)nn BrMiag Casa 717. 

P 6 P 46 Plans and Pens her 2t- 

une mes pans/ Personal Lama. 
with sketched socket for mote 
'truare. 5. ulna 

POCKET FIVE. MED ANO LONG 

WAVES 6 IRAWLER BAND lo 

appro. 50 metres WITH SPEAKER 
AND EARPIECE. 5 ',attestors and 2 

diodes ferrite rod eerel tuning con 

denser. moving cod speaks. etc 5) r 
1 e 3)n Total Badtlwg Cam 44/6. 
P 6 P 3/6 Plans and Pans list 16 
(tree with pans/ 

SUPER SEVEN MED. LONG AND 

TRAWLER BAND. / transistors and 

2 diodes In speaker. 2 RF. stages 

push pull output. etc 1) e 5) e 1 )in 
Total Rmidiag Can 69/1. P 6 P 4.6 
Plana and Pans he 2i lire. Path 

pens/ Personal Earpiece weth 

switched socket ion private listening. 

5, rena 

TRANSONA FIVE MED. AND LONG 

AND TRAWLER BAND no aggro. 50 

menu WITH SPEAKER END EAR- 

PIECE. 5 transistors and 2 diodes. 

Imo rod sanar moving cool speaks 

6) e 4; e 1 Tonal R CaeS 

471.P 6 P 319 Plans and Pans list I h 

Ihee with pans/ 

ROAMER SEVEN Mk 4. 7 WAVE BANDS MWI. 
MW2. LW. SW1, SW2, SWI. AND TRAWLER 

BAND. 7 tranestors are 2 diodes tanne rod annal 

and telescopc Mnal Socket for car annal 7 e lin 
speaker Anspaced ganged tuning condenser etc Sue 

9 a 7 a 4in Taal BrdMwq CMS ELI 96. P U P 1'6 

Personal repro wash matched socket for prote 
listening 5:- una Plans and Pans list 3' Ilreewrth 

pans/ 

RADIO EXCHANGE CO. LTD. Dept WW. 61 High Street, Bedford. 'Phone 0234 52367 Open 10 1. 2.30 4.30. Sat. 9.12.30 

Our Price Only 

£7/15/0 
Solve your communication problems with this 
new 4- Station Transistor Intercom system 
(1 muter and 3 subs), in de luxe plastic 
cabinets for desk or wall mounting. Call/ talk/ 
listen from Muter to Subs and Subs to Muter. 
Operates on one 9 v. battery. On /off switch. 
Volume control. Ideally suitable to modernise 
Office, Factory, Workshop, Warehouse, Hos- 
pital, Shop, etc., for instant inter -departmental 
contacts. Complete with 3 connecting wires, 
each 66ft. and other accessories. Nothing 
else to buy. P. & P. 7/6 in U.K. 

OUR 
PRICE 
ONLY 

Same as 4- Station Intercom for two -way instant con- 
versation from MASTER to SUB and SUB to MASTER. 
Ideal as Baby Alarm and Door Phone. Complete with 
66ft. connecting wire. Battery 2/6. P. & P. 4/6. 

7- STATION INTERCOM 
(I MASTER & 6 SUB -STATIONS) in strong metal 
cabinets. Fully transistorised. 3 /tin. Speakers. 
Call on Master identified by tone and Pilot lamp. Ideally 
suitable for Office, Hotel, Hospital and Factory. 
Price 27 gns. P. & P. 14/6 in U.K. 

Why not increase efficiency of Office, Shop 
and Warehouse with this incredible De -Luxe 
Portable Transistor TELEPHONE AMPLI- 
FIER which enables you to take down long 
telephone messages or converse without 
holding the handset. A useful office aid. A 
must for every telephone user. Useful for 
hard of hearing persons. On /off switch. 
Volume Control. Operates on one 9 v. 
battery which lasts for months. Ready to 
operate. P. & P. 3/6 in U.K. Add z/6 for 
Battery. 
Full price refunded if returned in 7 days. 

WEST LONDON DIRECT SUPPLIES (W.W.), 
169 Kensington High Street, London, W.8 
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B 1 -PR E 
LIMITED 

Av 

-PAK 
TRANSISTORS PRICE 

AC107 3/- OC170 3/- 
AC126 2/4 0C171 4/- 
AC 127 2/4 0C200 3/6 
AC128 1/4 0C201 7/- 
ACYI7 3/- 2G301 2/6 
AF 14 4/- 2G303 2/6 
AF 15 3/6 2N711 10/- 
AF 16 3/6 2N1302-3 4/- 
AF 17 3/6 2NI304-5 S/- 
AF 18 3/6 2N1306-' 6/- 
AF 19 3/6 2N 1308-1 e/- 
AF 86 10/- 2N3844P. S/- 
AF 39 10/- Power 
BFY50 4/- Transistors 
BSY25 7/6 0C20 I0/- 
BSY26 3/- 0C23 I0/- 
BSY27 3/- 0c25 e/- 
BSY28 3/- 0C26 S/- 
8SY29 3/- 0C28 7/6 
BSY95A 3/- 0C35 S/- 
0G41 2/6 0C36 7/6 
0C44 I/11 AD149 10/- 
0C45 1/9 2N2287 20/- 
0071 2/6 Diodes 
0072 2/6 AAY42 2/- 
0073 3/6 0A95 2/- 
0081 2/6 0A70 1/9 
OCBID 2/6 0A79 1/9 
0083 4/- 0A81 1/9 
0C139 2/6 0A73 2./- 
0C140 3/6 I 1N914 1/6 

FREE! 
PACKS OF YOUR OWN CHOICE UP TO 
THE VALUE OF 10/- WITH ORDERS 

OVER f4 

TRY OUR X PACKS FOR 
UNEQUALLED VALUE 
XA PAK 
Germanium PNP type transistors, equivalents to 
a large part of the OC range, i.e. 44, 45, 71, 72, 
81, etc. 

PRICE 15 PER 1000 

X PAK 
Silicon TO -18 CAN type transistors NPN /PNP 
mixed lots, with equivalents to 0C200 -I, 2N706a, 
BSY27'29, BSY95A. 

PRICE L5,5.0 PER 500 
PRICE (IO PER 1000 

XC PAK 
Silicon diodes miniature glus types, finished black 
with polarity marked, equivalents to 0A200, 
0A202, BAY31 -39 and DK10, etc. 

PRICE LS PER 1000 

ALL THE ABOVE UNTESTED PACKS HAVE 
AN AVERAGE OF 75% OR MORE GOOD SEMI- 
CONDUCTORS. FREE PACKS SUSPENDED 
WITH THESE ORDERS. ORDERS MUST NOT 
BE LESS THAN THE MINIMUM AMOUNTS 
QUOTED PER PACK. 

PIP 2/6 PER PACK (U.K.) 

TRANSISTORS ONLY 1/- EACH 
SILICON PLANAR N.P.N. P.N.P 
All these types available 
2N929 2N706 25131 
25501 2N706A 25512 
BCI08 2N3011 25102 

2S103 2N696 
25104 2N697 
2N2220 2N 1507 

2N1613 
2N 171 I 

2N 1893 

All tested and guaranteed transistors- unmarked. 
Manufacturers over runs for the new PRE -PAK range. 

2S733 BFYIO 
2N726 25731 
2N2484 2S732 

as 

SPECIAL 
OFFER 

Stock clearance 
of 

Manufacturer's 
Rejects. 

Limited Number 

Ul4FNNF Tune,r Units. 
2 AF186, 

Consisting 
of 

2 AF178, Turing Con 

densors, 
Coils and 

Comps etc.: 

Price 10/- each. 

Post 81. 
packing 

U.K. 2.16d. 

NEW UNMARKED UNTESTED PAKS 

25 NPN9Silicon TRANSISTORS 10 /- 

10 Mull G1 °; Type TRANSISTORS 10/- 

2e BSY26 -27 
NPN Silicon TRANSISTORS 10 /- 

1 D 
10 Watt Silicon 
All Voltages ZENERS 10/- 

25 BFY50-I-2 
NPN Silicon TRANSISTORS 10/- 

10 4 amp. Stud. 
Silicon RECTIFIERS 10/- 

25 8C107-8-9 
NPN Silicon TRANSISTORS 10/- 
1N914-6 0A200/202 
Sub. Min. Silicon DIODES 10/- 

DIODES 10/- 

TRANSISTORS 10'- 

PRE -PAK. N.605 POWER r 
TO NK 

ISO EQUIVALENT 5/_ each 
COMPLIMENTARY SET 
NPN'PNP GERM, TRANS. 

PRE -PAKS 
Selection from our lists 

No. Price 
BI 50 Unmarked Trans. Untested - I0,!- 
02 4 Photo Cells Inc. Book of Instructions - 10/- 
B6 17 Red Spot AF Transistors - 10/- 
86A 17 White Spot RF Transistors - 10/- 
B9 I ORP 12 Light Sensitive Cell - 9/- 
B53 25 Si!. Trans. 400 Mc's Brand New - I0 //- 
B54 40 ., NPN To 5 Trans Voltage - 10!!- 

855 40 NPN Tole & Gain Fallouts 10/!- 

856 40 NPN. PNP All Tested - I0,!- 
B68 10 Top Hat Recs. 750 M'A 100 -800 PIV - I0 /- 
669 20 Diodes. Gld -Bnd. Germ Sil. Plane - 10/- 
B74 5 Gld -Bnd. Diodes. 2 -0A9, 3 -0A5 - 

875 3 Comp. Set. 2G37I, 2G381 2G339A - 10 /- 
C2 I Uni ¡unction Transistor 2N2160 - 15 /- 
C32 6 Top Hat Recs. ISM Type - 15/. 
C35 3 Uni¡unction Transistor to 2N2160 - IS /- 
AI 7 Silicon Rectifiers BYI00 Type - 20/- 
A3 25 Mixed Marked and Tested Transistors - 20/- 
A2í 5 Power Transistors I- ADI49!I -0C26 

and 3 others - 20/- 
AND MANY MORE 

JUST INTRODUCED 
2 BRAND NEW ITEMS ! ! ! 

PAK 8.78 
Integrated Circuits, Mixed 
Untested, Types include: 
MIC 930. 932, 936. 944. 945. 
946, 948. 950. 951 & 962. 
These are STC Type Numbers. 
Data & Circuits suoplied with orders 

PAK 
Genuine I.T.T. Fully 

1 O Tested and Marked Diodes 
in 4007, 1 Amp. 1000 Volt. 

12 101- 

i 
Make a Rev. Counter for your Car. The 
' TACHO BLOCK'. This encapsulated block 
will turn any 0 -1mA meter into a perfectly 
linear and accurate rev. 
counter for any car. 
State 4 or 6 cylinder. Feach 
FREE CATALOGUE AND LISTS 
for: - 

ZENER DIODES 
TRANSISTORS, RECTIFIERS 

FULL PRE -PAK LISTS 
& SUBSTITUTION CHART 

MINIMUM ORDER 10/- CASH WITH 
ORDER PLEASE. Add 1/- post and packing 
per order. OVERSEAS ADD EXTRA FOR 
AIRMAIL. 

THERE IS ONLY ONE 
BI- PRE -PAK LTD 
BEWARE OF IMITATIONS 

FREE! A WRITTEN GUARANTEE WITH ALL OUR TESTED SEMICONDUCTORS 

11311-PRE-PAK LT DEPT. A, 222 -224 WEST ROAD, WESTCLIFF ON SEA, ESSEX 
TELEPHONE: SOUTHEND (0702) 46344 
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The DORSET (600mW Output) 
7- transistor fully tunable M.W. -L.W. superhet portable - 
with baby alarm facility. Sat of parts. The latest modulized 
and pre -alignment techniques makes this simple to build. 
Sizes: 12" x r x 3'. 
MAINS POWER PACK KIT: 9/6 extra. 

Price £5.5.0 plus 7/6 p. & p. Circuit 2/6. FREE WITH PARTS 

The ELEGANT SEVEN MK. III (350mW Output) 
7- transistor fully tunable M.W. -L.W. portable. Set of 
parts. Complete with all components, including ready 
etched and drilled printed circuit board -back printed 
for foolproof construction. 
MAINS POWER PACK KIT: 9/6 extra. 

Price £4.9.6 plus 7/6 p. & p. 

Circuit 216. FREE WITH PARTS 

50 WATT AMPLIFIER AC MAINS 200 -250V 
An extremely reliable general purpose valve 
Amplifier -with six electronically mixed inputs. 
Suitable for use with: mica, guitars, gram, tuner, 
organs etc. Separate bus and treble controls. 
Output impedance 3, 8 and IS ohms. 

Price 27 gns. plus 20/- p. & p. 

X'OI lOw. SO 
PRE-AMP. ID 

HI-FI AMP WITH 

Specifications: Power Output (into 3 ohms speaker) 
10 watts. 
Sensitivity (for rated output): ImV into 3 Kohms (0.33 
microamp). Total Distortion (at I KHz): At 5 watts 0.35%; 
At rated output 1.5 °i,. Frequency Response: Minus 3 db 

may be20 Hd) 
and 

pl voltage: 24v 
ohms. 

mA. (6 -24V. 
may be used). Price 49/6 plus 2/6 p. & p. 
CONTROL ASSEMBLY: (including resistors and capacitors). I. Volume: 
Price 5 / , 2. Treble: Price 5/.. 3. Comprehensive bass and treble: Price 10 -. 

The above 3 items can be purchased for use with the X101. POWER SUPPLIES 
FOR THE X101: P101 M (for mono) 35/- p. & p. 4/6: P101 S (for stereo) 42,6 
p. & p. 4/6. 

The CLASSIC 
CONTROLS: Selector Switch. Tape 
Speed Equalisation Switch (31 and 7j i.p.s.). 
Volume. Treble. Bass. 2 position scratch 
filter and 2 position rumble filter. 
SPECIFICATION: Sensitivities for 10 watt output 
at I KHz. Tape Head: 3mV (at 31 i.p.s.). Mag. P.U.: 2 mV. Cer.P.U.: 
80 mV. Radio: 100mV. Aux. 100 mV. Tape /Rec. Output: 100 mV. Equalisation 
for each input is correct to within + 2dB (R.I.A.A.) from 20 Hz to 20KHz. Tone 
Control Range: Bass ± 13 dB at 60 Hz. Treble ± 14 dB at 15 KHz. Total Distor- 
tion: (for 10 watt output) < 1.5 ". Signal Noise: < -60dB. AC Mains 200 -250v. 
Size 12( long, 4r deep, 21' high. Price 9 gns. plus 7/6 p. & p. Teak finished case. Built and tested. 

The RELIANT MARK II 1 Ow Solid -State High Quality Amplifier 
Specifications: Output: 10 watts. Output Impedance: 3 to 4 ohms. Inputs: 
I. xtal mic 10mV. 2. gram /radio 250mV. Tone Controls: Treble control range ± 
12dB at 10KHz; Bass control range ± I3dB at 100Hz. Frequency response: 
Minus 3dB points are 20Hz and 40KHz. Signal to Noise Ratio: better than -60dB. 
Transistors: 4 silicon Planar type and 3 Germanium type. Mains input: 220 -250V. 
A.C. Size of chassis: 10' x 31" x 2'. A.C. Mains, 200 -250V. For use with Std. or 
L.P. records, musical instruments, all makes of pick -ups and mikes. Two inputs 
with control for gram. and mike. Built and tested. r x 5' speaker to suit. 
Price 14/6 plus 1/6 p. & p. Crystal mike to suit 12/6 plus 1/6 p. & p. 

RELIANT MARK II 6;;- gns. plus 7/6 p. & p. In teak finished case. 

THE VISCOUNT 
Integrated High Fidelity Transistor 
Stereo Amplifier 
SPECIFICATIONS: Output: 10 watts per channel into 3 to 4 ohms speakers 
(20 watts monoral). Input: 6 position rotary selector switch (3 pos. mono and 
3 pos. stereo), P.U., Tuner, Tape and Tape Rec. Sensitivities: All inputs 100mV. into 
I.8M ohm. Frequency response: 40Hz -20KHz + 2db. Tone controls: Separate 
bus and treble controls. Treble 13db lift and cut at 15KHz. Bass 15db lift and 
25db cut at 60Hz. Volume controls: Separate for each channel. AC Mains input: 
200 -240v. 50-60Hz. Size 121" x 6' x 2 }' in teak -finished case. Built and tested. 

PRICE I 3; gns. POSTAGE & PACKING 7/6d. EXTRA. 

CYLDON 
4 TRANSISTOR 
U.H.F. TUNER 

Brand new. 
Complete with 
circuit diagram. 

[2.10+11-PAP. 

CAR TRANSISTOR IGNITION SYSTEM 
(by famous manufacturer) 

For 6 volt or 12 volt positive earth systems. Compris- 
ing: special high voltage working hermetically 
sealed silicon transistor mounted in finned heat - 
sink, high output ignition coil, ballast resistor and 
hardwear (screws, washers, etc.) 

Price £4.19.6 p. & p. 51- extra. 

r..^ MOTEK 
3 Speed 2 track Tape Deck complete with heads, takes 7in 

\ ..J spool. Incorporating 3 motors. A.C. mains, 240 volts, 
listed at 021.0.0. 

Our Price £9.19.6 plus 10/- p. & p. 

Goods not despatched outside U.K. Terms C.W.O. All enquiries SAE. 

RADIO 6. TV COMPONENTS (ACTON) LTD. 
21A High Street, Acton, London, W.3 

Orders by post to our Acton address please. 
Also at 323 Edgware Road, London, W.2 

Wireless World, March 19f `I 

All overseas enquiries & orders please address to: 

COLOMOR (ELECTRONICS) LTD. 
170 Goldhawk Rd., London, W.I2. Tel. 01 -743 0899 

BOONTON STANDARD 
SIGNAL GENERATOR 
MODEL 80. Frequency 2- 
400 Mc /s. in 6 ranges. AM., 
400 and 1,000 c /s. and exter- 
nal modulation. Provision for 
pulse modulation. Piston 
type attenuator 0.lµ -100 mV 
separate meter for modu- 
lation level and carrier level. 
Precision flywheel tuning. 
117 v. A.C. input. With in- 
struction manual, 195. Car- 
riage 30/ -. 

POLARAD UHF SIGNAL 
GENERATOR. Frequency 950 me /s/ 
2,400 mcjs in one range. Attenuator 0.1 
mV -200 mV. Sync. selector internal 
square wave, sin., positive and negative 
rate multiplyer XI & X10. Pulse rate 
30-420 c/s. Pulse delay 2.5 -350 u/sec. 
Pulse width .5 microsec (incorporating 
square wave switch). Modulation: 
C W F M, internal square wave, external 
positive and negative. LIIO. Carriage 
30/ -. 
As above but frequency 3,830 -11,050 
me /s, counter read out, pulse delay Xl, 
XIO and X100 at 2.20 microsecs. Pulse 
rate X10, X100, XI,000 at 1 -10 c /s. 
[165. Carriage 30/ -. 

MARCONI SIGNAL GENERA- 
TOR TYPE TF I44G. 85 kc /s: 25 Mcs. 
Excellent laboratory tested condition, 
with all necessary accessories with in- 
struction manual, L45. P. & P. 15/ -. 

MARCONI SIGNAL GENERA- 
TOR TF 801 /A /I. 10.300 Mc /s. 
in 4 bands. Internal at 400 c /s. I kc /s. 
External 50 c/s to 10 kc /s. Output 
0.100 db below 200 mV from 75 ohms 
source. L85. P. & P. 20/ -, including 
necessary connectors, plugs, and in- 
struction manual. 

BROADBENT MICROWAVE 
SIGNAL GENERATOR TYPE 903. 
Frequency range 6,800- 11,000 me /s, 
directly calibrated. Pulse rate 40 -400 
c/s and X 10 multiplyer, delay 3 -300 
U /sec. Width .05 to 10 U/sec. Input 
for external syncronisation and modu- 
lation. Output delayed and undelayed 
syncronised directly calibrated attenu- 
ator. [85. Carraige 30/ -. 

DAWE VALVE VOLT METER 
TYPE 6138. Range 0.03v to 300v in 
nine ranges. Frequency 20 c/s to 2 
me /s. 4in. rectangular meter. 250v A.C. 
50 c/s [17/10/-. Carriage 30/ -. 

SOLATRON LABORATORY REG- 
ULATED POWER UNIT MODEL 
SRS 151 A. Variable voltage, positive 
output: 20 -250v; 250/500v x 300 mA 
(metered). Negative output 0.170v 
(unmetered). Fixed negative output 
170v. Two separate 6.3v and 5 amp 
outputs. Volts -mA meter switch. 
H.T. Safety cutout. 200/250v A.C. 50 
c /s. [45. Carriage 30/.. 

MARCONI VIDEO OSCILLATOR 
TF 88SA. Sine wave output 25 c/s 
to 5 Mc /s in 2 bands, Squarewave output 
50 c/s to 150 c/s in 2 bands. Freq. accur. 
±2 %±2 c /s. Power supply 100/125/ 
200/250 v. A.C. [SS. (Ditto but 25/12 
me /s in 3 bands /885A/I). L85. Carriage 
40/, 

PRECISION VHF FREQUENCY 
METER TYPE 183. 20-300 Mc /s with 
accuracy 0.03% and 300 -1,000 Mc /s 
with accuracy 0.3 %. Additional band 
on harmonics 5.04.25 Mc /s with ac- 
curacy + -2x I0.'. Incorporating 
calibrating quartz 100 kc /s + -5x 
I0.° 120/220 v. A.C. mains. [85. 
Carriage 02. 

AIRMEC FREQUENCY STAND- 
ARD METER TYPE 761. 1Oc, 100e, 
10kc, 100kc, IMc. [80. Carriage 30/ -. 

COSSOR OSCILLOSCOPE TYPE 
1049. L45. Carriage 30/ -. 

Fuller descriptions of the following upon 
request. 

SIGNAL GENERATOR TYPE 62 
COMPLETE WITH P.S.U. 
HEWLETT -PACKARD ELEC- 
TRONIC COUNTING UNIT. 
MICROWAVE SPECTRUM ANA- 
LYZER TYPE SA 18 MANUFAC- 
TURED BY RACAL. 

DAWE STORAGE OSCILLO- 
SCOPE TOGETHER WITH 
TRACE SHIFTER. 

SIGNAL GENERATOR CT 218 
(FM AM) MARCONI TF 937. 
85kc /s to 30 me /s in 8 ranges. Output 
level variable in I db steps from IuV to 
100mV into 75 ohms. Also 1 volt out - 
puts down to 0.IMV into 7.5 ohms. 
Internal mod at 400 c /s, I kc /s, 1.6 kc /s 
and 3 kc /s. Variable mod. depths and 
deviation. Crystal calibrator 200 kc /s 
and 2 me /s. F.M. at frequencies above 
394 kc /s. Monitor speaker for beat 
detection. Panclimatic. 100 to 150, 200 
to 250V A.C. 45 to 100 c /s. Weight 
117 lbs. Measurements 17' x 201' X 
17)". L85. Carriage 30/ -. 

"S" BAND SIGNAL GENERATOR 
No. 16 MADE BY SPERRY. 7.9 -11 
cma (2727 -3797 mcs.). Power output 
.001 micro watts -I mW. at 72 ohms. 
Modulation: A unmodulated CW, B 
square wave modulated by internal free 
running modulator with PRF variable 
from 400e to 4kc. C Square wave 
modulated by internal modulator 
triggered by external source either sine 
or square, 20-100v. sine or 20-100v. p. to 
p. [85. P. & P. 30/ -. 

BOONTON " Q" METER TYPE 
160A. Frequency range 50 kc /s to 
50 me /s. " Q " range 0-250 with mul- 
tiplier of 2.5. Main tuning capacitor 
30 -500pF with separate f 3pF inter- 
polating capacitor. Power supply 
220/250vAC, L75. Carriage 30/ -. 

AVO VALVE TESTER MODEL 3. 
Measurement of mutual conductance 
0- 100mA /V in four ranges. Screen 
0.300v., panelled 0- 400v., grid 0 / -IOOv, 
Filament 0/126v, Insulation 0 /10m 
ohms. Rectifying valves and signal 
diodes can be tested under load con- 
ditions, short circuiting of electrodes 
and cathode insulation can also be 
measured. Complete with data book 
@ 015. Carriage 30/ -. 

FURZEHILL SENSITIVE VALVE 
VOLTMETERTYPE 378 B ¡2. Accurate 
measuring AF and MF voltages up to 
250 kc /s in the ranges 10mV (full scale) 
to 100v. (full scale). Logarithmetically 
divided. A db scale provided for 0.20 
db, 0 db being ImV. Automatically set 
zero for every range. A jack is provided 
for monitoring the input signal if 
required. 220/2.50v. A.C. C27/I0/ -. 
Post and packing 10 / -. 

END OF RANGE: 
MARCONI VALVE VOLTMETER. 
Type T.F.428. 19. Carriage 10/ , 
SIGNAL GENERATOR. Type 
C.T.53. Without chart [10, with chart 
[22. Carriage 15/, 

P. C. RADIO LTD. 
170 GOLDHAWK ROAD, W.12 

SHEpherd's Bush 4946 
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VALVES 
AR8 W- 
ARPS 5/- 
ARP12 8/l 
ARTPI e/- 
ATP4 1I8 
AZ31 9/8 
BD78 NI- 
BL63 lo/- 
BTU 16/- 
BT48 150/- 
BT83 UP- 
C7102 81- 
CY103 4/- 
073111 
(matched 
petrel 12W- 
C7316 
alofle) fI/- 
CY31 7/e 
D41 8/8 
D77 5/- 
DA100 N 
DAF96 716 
DD41 4/- 
DET20 1/- 
DBTJ6 10/- 
DF91 0l- 
DF92 1/e 
DF96 7/6 
DK92 OI- 
DK96 
DL63 61- 
DL92 4/- 
DL98 4/- 
DIAS Il8 
DIAS 8/- 
DIA10 18/- 
DY56 I/- 
DY87 6/6 
ESOP 18/- 
E88CC e/- 
E90CC 8/- 
E91H 7/- 

EleooD 71- 
E1820C1e/- 
E1148 8/e 
EA60 1/- 
EA76 7f- 
EABC80 
EAC91 5l- 
EA P42 9/8 
EB91 
EBC13 0/- 
EBC41 9/- 
EBCeI 6/6 
EBF80 710 
113783 We 
E13782 
E('A3 8I- 
EC70 4/- 
EC90 4/- 
EC91 SI- 
EIX93 1E/- 
ECC38 16/6 
ECC4o 10/9 
F.lxxll 4/- 

ECM 418 
EOC83 516 
ECC84 Si- 
ECM 616 
ECCee 8/- 
ECC88 7/- 
E(x791 4/- 
ECx'189 6/9 
ECF80 618 
ECP82 Ile 
ECRU 11/- 
ECH42 l0l- 
ECH81 6/9 
ECH83 816 
ECL60 7I6 
ECIA2 II- 
ECLS3 10/9 
ECI.66 5.'6 
11736 3le 
EF37A 5l- 
EF39 SI- 
EP40 9/9 
EF4t 9/9 
EF42 18/6 
EPbo 4/6 
EFNO 4l6 
EMS 6l6 
EFItB 6/5 
EPI9 6I- 
F,F91 5/- 
F,P92 1/8 
F.P95 6/- 
EP163 6/e 
EP1I4 7/- 
EH90 7/9 
EI.81 16/- 
EL32 8/9 
EL34 10/5 
ELM 6/- 
EL38 54/- 
EtAI 10/8 
EIA2 111- 
EL60 
EI.81 9l9 
EL84 4'9 
ELMO 6/- 
EL91 LIS 
ELSS 6f8 
EL360 ffi1- 
EYaI SI- 
E1180 7/- 
EY81 e/- 
EY84 71- 
EY87 11/- 
E992 6/- 
EeU74 NI- 
EYbI 7/6 
EYS6 6/6 
EY68 t,'e 
EVIL 8/6 
EZ40 7/6 
EZ4I 8l6 
EZIO 5/- 
EZ81 6/- 
PW4/6n05/- 
FW4/800 

10/- 

0/371E 
67/6 

O1/570K 
NV- 

050/20 101- 
0120/1B 

55/- 
13114 46/- 
GUN Y/- 
0Z32 9l6 
GUN 11/6 
1130 i/8 
HL23DD 

HUI 4/- 
HVRI 91- 
KTSC 81/e 
KTS3 4/- 
KT66 1516 
KT67 N/- 
KT71 7/5 
KT76 71- 
KT88 571- 
KTZ63 7/- 
L69 I/- 
15114 6/- 
111141 S/- 
VHLD6 7/6 
MIA II- 
N34 8I- 
578 16f- 
OA2 61- 
082 6/- 
053 7/- 
Oca e/- 
003 6/- 
0E42 5/- 
741 7/- 
PARC80 7/8 
PC86 10/3 
PC97 9/- 
PC900 Si 
PQw4 6 6 
P(C8!/ 9 6 
PCCI /,0 10 9 
PCF60 6/6 
PCF82 8 9 
PCF84 9/8 
PCF88 9 3 
PCF801 9/- 
PCF802 9/- 
PCF811618/S 
PCP80814/e 
PCFB0814/e 
PCL81 5/- 
PCL82 71- 
PCL83 10/5 
PCL84 Si 
PCL86 8/I 
PCL86 8/6 
PPI.20015/- 
PL3S 10/9 
PIA1 8/- 
PIA2 8/- 
P1.83 6/9 
71.24 6/5 
PL600 is/8 
P14 141- 
7126 18/6 
PY33 9/8 
PY80 5/- 
PY81 6I0 
PY82 5/9 

PY&7 615 
7788 7/- 
77800 9/- 
PY801 5/- 
QQVO3-10 

QQVOS-40/ 

QQVOS-40A 
190/- 

Q8150-16 
716 

Q896/10 5/- 
Q5120010/- 
Q81202 8/- 
QV04I7 
QQZ04-15 

RIO 17/5 
Rt7 8/0 
R19 7l6 

U26 14/6 
U26 14/8 
1327 81- 
U62 4/0 
U81 6/- 
U191 14/- 
U404 9/- 
U801 18/6 
UA8C80 6/- 
UAF42 16/6 
UBC41 9I3 
UBFeo N6 
UBF89 7/- 
UOC86 7/- 
UCF80 9/e 
UCH42 16/- 
UCH81 7/- 
UCL92 7/6 
UCL83 1e/5 
UF41 19/6 
UFeo 7/- 
UF89 6/9 

VR1wI30 
11- 

717119 7Ì- 
WIlB 8/- 
WI19 9/- 
168 6/- 
166 7/6 
176Y 7/- 
1118 8/- 
1146 8/- 
Y68 6le 
766 4/- 
1800U 55/- 
Z801U äl- 
Z900T 18/- 
1829 80/- 
105OT 61- 
1DeOT e/- 
10601 II- 
11.4 ef5 
ILA6 SI- 
1L06 7l- 

3Q4 Si- 6A116 5/- SEAS 9/- 
3Q/SOT Si- 6AN6 50/- 4EU7 7/- 
384 619 6A98 10/- 67113 18/- 
374 efe 6AQ6 5/6 6F507 5/- 
401 4f- SAQbW 5/- MO 4/- 
5A1730 6/- 6A88 SI- 6Y7 5/- 
621740 II- 6.0170 14/- 6FBO 5I- 
6B261Y40/- 6A76 416 6712 4l- 
6B252Y55I- SACO 5/9 6713 IV- 611264M441/- SA 14 5/- 6717 5f- 
613/266Y 6B7 6l6 6732 5/- 

56/- 6540 16f- 6733 80I- 5E40 9/- 6580 fle 6080 Si 
674 7/- 65.16 4/5 611160T 1/9 
51140 4/5 65A7 1115 IHSY 8l- 5740 7/6 613E6 6/8 
6E40 5/6 65J6 6/5 

6WA 
N/- 

6Y30T 5/6 6527 7/- 8.166T 5I- 
8Y37/0B SBL7aTA 626 8/6 

6Y8WOTB/ 611Q7A 14Ì- 6J76 {Ì- 
9/- 6BR7 5/- 6J7Y II- 

OAS 5/- 
OA7 4f- 
°A10 SI- 
0247 1I0 
0A70 8/- 
0271 El- 
OA73 EIS 
0A74 9f- 
OA79 818 
0A81 9I- 
OA90 8/- 
OA200 8/0 
0A202 8/6 
OA210 7/6 
OA2t1 9/6 
OAZ20011/- 
OAZ20110/- 
OAZ202 to 
OAZ208 5/e 
0,12207 9/6 
OAZ208 to 
OAZ21a Of5 
OAZ223 to 
OAZ22610/- 
OC16 16/- 
(1CJ2 10/- 
0023 1E/5 
0025 7l6 
ocie 

TRANSISTORS, ZENER DIODES, ETC. 
oc-28 12/6 
0029 16/- 
OC35 10/- 
OC36 11/5 
OC38 e/- 
00.41 0l- 
0042 5/- 
0044 4/- 
0045 8/6 
0070 4/- 
0071 3I- 
0E72 1E- 
0073 SI- 
0C7/5 8/- 
0076 6/- 
OC81 el- 
OCBID 5l- 
008113118/- 
0082 5I- 
OC82DY 5/- 
0E83 5I- 
OC83B 51- 
OC84 5/- 
0C122 10/- 
OC139 7/8 
OC140 9/6 
OC169 6/- 
00170 IN- 
0C171 SI- 

O(172 7/6 
OC200 7/8 
OC201 101- 
00902 18/5 
OC203 10/6 
OC704 17/8 
OCIOS 1716 
1N21 i/6 
IN21B 6/- 
1E26 18/- 
1943 4/- 
1970 4/- 
2N466A 7/- 
29686 7/6 
291090 7/e 
251091 916 
291306 7/6 
251307 7/e 
28303 10/- 
AAZ12 4/- 
AC126 I/e 
AC127 7f6 
AC128 5/5 
AC170 7/e 
ACYI7 8/6 
ACYIB 5/e 
ACY19 e/e 
ACY28 4/6 
AD140 l5/- 

RO1.240A 

8761 
28 
8/3 

BTV280/40 

BTV280/00/ 

BU2I50Á0/ 
10/- 

TDO4-20 
701- 

7772 6I- 
TP26 Si- 
T711 11- 
TTIB N/- 
TTR31 RN- 
120502 4/- 
TE20 15/- 
U12/14 7f- 
U18 6/- 

UTA1 9/9 
111.84 6/6 
UU6 7/- 
UY21 10/6 
17741 7/- 
UY86 6/9 
V246Ap K 

190f- 
VL863156/- 
VP23 8/6 
VP133 9/- 
VR99 7/6 
V R I05/30 

e/- 

1LH4 4/- 
IRS 5/- 
184 6/- 
186 4/5 
ITS 3/- 
2AS 6/- 
2021 4/9 
3A4 41- 
6R4WOA 

/11 
3B7 5 
31324 14/- 
306 g/- 
3E29 55/- 

AD149 15/- 
AEYII 16/- 
AEYI2 11/5 
AF114 61e 
AF115 6/- 
AF11e 5/8 
API17 5f- 
AF118 10/- 
AP124 7l6 
AF126 ele 
AF126 e/- 
AP127 5/- 
AP139 10/- 
AF178 18/S 
AFY19 5E/5 
ABY26 6/e 
A5Y26 6/e 
A8221 1E/6 
ABZ23 00/- 
BC1o7 I/- 
ECM 8I6 
RFYe1 6/- 
137769 6/ - 

B8Y27 6/6 
B8Y28 6/- 
B8Y51 7/6 
BYZ13 5/- 
BY7,16 50/- 

1840 7/7 
6A87 4/- 
6AC7 8/- 
6205 1/e 
6.107 e/- 
SAHI 11/6 
6ÁJ7 8/- 
62E5 6f- 
62E6 11/e 
6AK7 I/- 
6688 SI- 
6AI.6 5l- 
6AL6W 7/- 
SAYS 9/6 

BY7,16 16/ 
CR81 /10 e/- 
CR81/20 9/5 
CR81/3015/- 
CH81/36 

11/8 
C1181/40 

CR83/O6 Ñ8 
CR83/20 

15/- 
CR83/30 

11/0 
CR8525/026 

CR83/4ó / 
c54e /6/, 
OET10g U6 
OET1l6 6/- 
uET116 e/8 
OET872 SI- 
OET880 9/- 
0E154 //e 
0J6Y 4/5 
uT43 6/- 
(1T10e 10/- 
H051101 E/- 
JK10A 16/- 

JK108 16/- 
JKI1A 18/5 
JENA 17/6 
JE21A 1816 
JK100B161- 
YATl00 7l9 
MATIOI 6/6 
YPF102111- 
1611,103 9I6 
YPF10410/- 
YPF10610/e 
RAIS08AP 

RA83loAPO 
7/e 

18101 161- 
ZRII 6/- 
Z Range 
Leiser diodes 

8/8 ea. 
Z2A range 

Z3B Ranga/6 
61-a. 

ZL range 
e/- ea. 

Z8 range 
ne ea. 

6BR6 
SEWS 
611W7 
eco 
6060 
SCOOT 
606 
SC80 
ICES 
SCIA 
6CW4 
IDS 
686 

MANY OTHERS /A STOCK fwd.4. CeOlo4 Re, Tubs fad Special Pelevs. U.K. P. A P. up 
to 10 /- 1 /-: to 81 2/ over 51 2/- in t, over SI poet tree. C.O.D. 4/. extra. 

6KOOT 5/- 
6E7 I/- 
6K70 5/- 
SK7OT 4/9 
SESO 4/- 
6K80T 7/5 
6E250 1N- 
6I40 5/- 
SLBWOB 

12 /- 
6L70 4/- 
61.34 5//- 
61470 6l9 
6725 181- 
687 7f- 
68A7 7/- 
S8A70T 6/6 
68C7 7/- 
680707 6/- 
8,8(17 5/- 

68.17 5I- 
68J7uT 6/6 
68.17Y III 
68K7 7/- 
68L7uT IS 
68N70T 5/- 
60Q7aT 7I8 
6887 

I6 
eV8(iT Si- 
twell 5/- 
614 4/9 
6X50 5/- 
615uT 5/5 
6Y60 5/- 
6-311LI 14/- 
684 5/- 
7E7 7/- 
7C6 1016 
706 6l- 
717 I/- 
7F8W 18/5 
7117 616 
7137 7/- 

7E4 9/5 
7Z4 4l6 
906 il6 
101,9 SI- 
10P14 17/8 
11E2 g0/- 
12A6 5/6 
12AT6 UI 
12AT7 
12AT7 W A 

6/6 
12AU7 4/8 
12AV6 6/6 
12A17 5/- 
IIA17 W A 

10/- 
12AY7 10/- 
12BAS 5/- 
13866 6/9 
12BH7 3/6 
1206 8/- 
12E1 171- 
1256 BI- 
12J7aT 6/6 
12K7uT 7/1 
12K8Y 5/- 
12Q70T 5l- 
12807 4/- 
12807 4/5 
12857 5/- 
128J7 4/- 
128E7 6/6 
128L70T71- 
128N707y/e 
128117 SI- 
13D1 4/- 
1306 6/6 
1487 151- 
19AQ5 6l9 
19E2 19/6 
1903 NI- 
1505 101- 
19114 70/- 
20A1 g6/- 
2074 50/5 
25LSOT 7/8 
26Z40 9/5 
2626 1431 

26Z60T 8/- 

THE VALVE WITH A 

ODARAKTEE 

28D7 5/- 
30C16 16 /- 
30C17 161- 
30C18 16/- 
30F6 15/- 
3nFLI 1810 
3081.12 15f- 
30PLI8 
3uPLI4 16/0 
:91L15 17/5 
3'/L17 17/8 
:9/P12 15/8 
ä0P19 14/- 
3OPL1 14/- 
3OPLI3 10/- 
30PL14 16 /- 
33A /101 K 

5/- 
95L6GT 8í- 
35W4 6/- 
362.9 101- 
1157,407 716 
ISZ6GT 6/- 
87 4/- 
38 4/- 
42 5/- 
50CD5097/0 
50E115 121- 
6oL8GT 5/5 
67 I/- 
68 6/- 
69 6/- 
76 56 
78 b;- 
77 6/6 
79 6/- 
80 5/6 
81 9/- 
83 14/- 
84 
85A2 7/8 
282A N 
807A 6/6 
313C 26/- 
367A 70/- 
888AH 80/- 
393A 27/6 
446 8/- 
703.1 80/- 
706A 20/- 
7185 60/- 
71724 8/- 
803 30/- 
807 9/- 
808 8/- 
813 75!- 
616 85I- 
829B 60/- 
832A N/- 
843 5/- 
866A 16/- 
884 10/- 
954 4/6 
955 2/6 

956 2/- 
967 5/- 
958.1 4/- 
90I 6/- 
1622 17/- 
1625 6/- 
1829 4/6 
2081 5/- 
2729 25 /- 
40431' ä5 /- 
4813C 20 /- 
6676 10 /- 
5678 10 /- 
5696 6/- 
5704 9/- 
5726 7/- 
5933 22 /S 
6067 10 /- 
6060 615 
5064 7/- 
6065 6/- 
5001/ 27/5 
6140 28 /- 
8013A 36/- 
8020 30/- 
9001 8/- 
9002 4/e 
5003 5/6 
9004 2/5 
9005 9/6 
0.R. Tubs 
E4ó04 /BI16 

76- 
092 75i- 
VCR97 88 /6 
VCR81750/- 
VCR617B 

VET/517C 

6777 1eÌ7 
Pb040 Tabe 
Gele 15 /e 
CY026 N'- 
931A 55/5 
6097C 550/- 
59skl Vin. 
ACT6 58 
ACT9 Ill 
CV1031 70/- 
CV2339 eE0 
K301 !4 
K RN2A70/- 
2.122 55/10,'- 
W IA 17A 

3.7192,E 
43, 10 - 

714A5' 14 
723A/B130,- 

715A 
t7'10'- 

D.C. MOVING COIL METERS 
50 micro amp 2in. square panel 321 - 
300mA 21 in. square pane' 22/6 
20 -20mA 2 in. Round panel 17/6 
30-0 -30mA 2/ in. round panel 20/- 
70-150v 2 in. square, black dial luminous hand 
and figures 12/6 
250v 21 in. round panel 22/6 
200 /.A. 2in. round panel, sealed calibro-30 22/6 
200µA. 2 /in. round panel 22/6 
500µA. 21in. round proj. 20/- 
500µA. 2in. round panel I7 /0 
I mA. 21in. round panel 30/- 
I mA. 2in. round panel sealed 27/6 
5 mA. 2in. round clip -fix panel or prof. 20/- 
10.0.10 mA.24in. round panel 17/6 

0-30 mA. 2 }in. round panel 17/6 
75 mA. 2 }in. plug in 14/- 
100 rnA. 14in. proj. I7/6 
100 mA.l }in, round panel 17/6 
100 mA. 2;in. round panel I9 /- 
S00 mA. 21 in. round panel 17/6 
2 amp. 2in. round panel 22/6 
25 amp. 31in. round prof. 27/6 
50 amp. 21in. round panel 27/6 
0.1.5 V It 0-150 V 3 terminals round panel 27/6 
20 VDC 2in. square panel 19/- 
100 V 4in. round panel 25/- 
150 VDC 4m. round panel 25/- 
150 -0 -1500 rnA. 3!.ín. round panel 25/- 
1.5 KV with res. 21n. round panel 27/6 
R.F. METERS 
120 mA. 21 in. round panel 32/- 
I amp. 2f in. square panel 30/- 
4 amp. 2 in. round panel 22/6 
MOVING IRON METERS 
15 VAC 21in. round panel 27/6 
500 VAC 2 /in. round clip fix 25/- 
50 amp 2'. in. round panel I9/- 

MINIATURE METERS. General 
Electric /4in. round flush, clip mounted: 

I mA D.C., 22'6 
25 mA D.C., 20,' -, P. & P. 
75 mA. D.C., 18. -, 3/ -. 
150 rnA. D.C., 15 / -. 

"S" METER FOR H.R.O. RE- 
CEIVERS. Brand new, L2. 10 /.. Carriage 
paid U.K. 
SUB - MINIATURE "PENNY 
SIZE" METERS. lin. round, flush 
ring nut mounted 500,/A FSD, cali- 
brated 0.I mA. 20/ -. P. & P. 3/ , NULL METER (unscaled 25-0.25 
micro -amps) 31in. square panel. 45 -. 
NAGARD OSCILLOSCOPE TYPE 
DE 103, OS. Carriage 10/ -. 
PORTABLE SONTRANIC OSCIL- 
LOSCOPE 21in. tube 220 250v. A.C., 
L22 IOs. Carriage 30. , 
HEWLETT -PACKARD VTVM 
MODEL 410B. A compact instrument 
for A.C., D.C. and resistance measure - 
menu with A.C. meas. in excess of 
100 me /s: D.C. polarity reverse facility 
and 7 resistance ranges. Large easily 
readable mater. A.C. range 1 -300V in 
6 ranges. D.C. range I- 1,000V in 7 
ranges. Resistant 0-50 Mohms. 
[22/10/ -. Carriage 15/ -. 
RF WATT METER PMI6. Frequency 
0.2 -500 me /s. 3 ranges 0-150, 0.600, 
0- 1,500w. Impedance 51.5 ohms. "N" 
type connector. CS. Carriage 40' -. 
PHASE MONITOR ME -63/U. Man- 
ufactured recently by Control Elec- 
tronics Inc. Measures directly and dis- 
plays on a panel meter the phase angle 
between two applied audio frequency 
signals within the range from 20- 
20,000 c.p.s. to an accuracy of 
Input signals can be sinusoidal or non - 
sinusoidal between 2 and 30 v, peak. In 
excellent condition together with hand- 
book and necessary connector. L45. 
Carriage 30/, 

SPARES FOR AR.88D. RECEIVERS. 
Ask for your needs from our huge 
selection. 
INSET MICROPHONE for tele- 
phone handset, 2 6. P. & P. 2/ -. 
FIELD TELEPHONES TYPE "F" 
Housed in portable wooden cases. 
Excellent for communication in- and 
out -doors for up to 10 miles. For pair 
including batteries and I /6th mile field 
cable on drum. Completely new, 
L6 /10 /.. Slightly used, LS'10 / -. Carriage 
101 -. 
FIELD TELEPHONES TYPE "L" 
As above but in portable metal cases. 
Per pair including batteries and 1 6th 
mile field cable on drum. LS 10, -. 
Carriage 10/ -. 
HARNESS "A" a, "B" control units, 
junction boxes, headphones, micro- 
phones, etc. 
29/41 FT. AERIALS each consisting of 
ten 3fí., ¡in. dia. tubular screw -in 
sections. I Ift. (6- section) whip aerial 
with adaptor to fit the 7in. rod, insu- 
lated base, stay plate and stay assemblies. 
pegs, reamer, hammer, etc. Absolutely 
brand new and complete ready to erect, 
in canvas bag, 0/9/6. P. & P. 106. 
300W ISV JAP Petrol Generator 
(Charging set). L3S. Carriage 15/ , 
1260W 35V CHARGING SET. Com- 
plete with switchboard. New L45. 
Carriage 40/ , 
LT. SUPPLY UNIT RECTIFIER 
No. 19. Consists of two separate 12V 
DC circuits each rated at 3 amp, which 
may be used independently, giving two 
separate outputs of I2V at 3 amps, 
connected in parallel giving 12V 6 amps 
or connected in series giving 24V at 
3 amps. Ideal for battery charging, 
DC power supply, etc. 100/250V AC 
input. Brand new, complete with con- 
nectors. L6/I9/ -. Carriage 9/ -. 

SMALL 28V MOTORS. 150 /200mA 
approx. 4.000 r.p.m. Ideal for small 
fans, running models, miniature drills, 
grinders, etc. 12; -. P. & P. 2' -. 
MECHANICAL TIMED DELAY 
RELAYS. Coil resistance 150 ohms, 
working from 12 -40v D.C. Adjustable 
delay within range of few seconds. 17, -. 

HIGH SPEED ULTRA SENSITIVE 
PLUG IN RELAYS with two 
separate windings each of 1685 ohms. 
12 -. P. & P. 2 -. 

LOW INERTIA 24V D.C. MOTOR, 
complete with gears. IS' -. P. & P. 3/ -. 
UNIVERSAL GALVANOMETER 
SHUNTS. 25' , P. A. P. 

FOR EXPORT ONLY 
Installation Kits for CI I/R210 Seta 
53 TRANSMITTER made up to "as 
new " standard. All spares available. 
COLLINS TCS. Complete installa- 
tions and spare parts. 
POWER SUPPLY UNITS FOR 
C42 & C45. I 2v and 24v. 
RECEIVERS R 210. 
R.C.A. TRANSMITTER TYPE ET 
4336. 2 -20 Mc /s., complete with M.O., 
Cryst. mult. and speech ampi. 
Fully tested and guaranteed. All spares 
available. 
BC 610E & BC 6101 TRANS- 
MITTERS. Complete with speech 
amplifier BC 614E. Aerial tuning unit 
BC 939A, exciter units, tank coils, ect. 
Fully tested and guaranteed. All spares 
available. 
No. 19 HIGH POWER SETS. 
By introducing RF Amplifier the output 
increased to 25 watts. Complete instal- 
lations supplied. 

P. C. RADIO LTD. 
170 GOLDHAWK RD., W.12 

01 -743 4946 

ALLTEST &COMMUNICATION EQUIP- 
MENT has been thoroughly prepared in our 
Laboratories by fully qualified Electronic 
Engineers. 

Open 9- 12.30, 1.30 -5.30 p.m. except Thursday 9 -1 P.m. 

All overseas enquiries L orders please address to: 

COLOMOR (ELECTRDONICS) 

170 Goldhawk Rd., London, W.I2 
TeI.O I - 743 0899 

BUSINESS HOURS 

www.americanradiohistory.com
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Wireless World, March 1969 

BENTLEY ACOUSTIC 
CORPORATION LTD. 

38 CHALCOT ROAD, CHALK FARM, LONDON, N.W.1 
THE VALVE SPECIALISTS Telephone PRIMROSE 9090 
GLOUCESTER ROAD, LITTLEHAMPTO N, SUSSEX. Littlehampton 6743 

Please forward all mail orders to Littlehampton 
ALL GOODS LISTED BELOW IN STOCK 

OAS 5'9 6E87 1el6 8V60 316 201'1 13'- 303 15/- DL94 6,6 
0B2 6- 6BW6 11/8 (1VB(IT Ol- 201)4 20;6 306 16/6 1)L96 7l- 
OZ4 4 3 6BW7 111-16Z4 3l4 2oF2 14/- 306 13 - 15470 61- 
IA:I 4 6 613 1/9 6150T 20L1 131- 807 11 9 DM71 7/8 
1A6 6- 601 319 6Y70 11/4 20P1 17/6'966 2- llW4/360 
1A70T 7 - 6C9 111-17B6 10/9 20P3 15/- INtI 10 6 8/6 
105 4 9 6CD60 19/0 7B7 71- 20P4 1816 5763 10 - 1)14'4/600 
105 6 9 6 H SI- 706 6/- 20P8 19/- 71,3 10 8 8/6 
106 9/6 6CW4 111-17H7 6/6 25A60 7/6 :4T:, 4 - 1)Y86 6;9 
1FD1 6/- 6D3 7/6'7R7 11/- 28L6GT 6i6 tIVIJ 20- DY87 69 
1FD9 819 8136 8/- 787 10/- 26Y6 6'- 1.2i :11 101-,EBOF 24-- 
106 6/- BFI 3/9 7V7 6/- 25Y60 3;6 1:112 16/-I583F 24'- 
11150Y 71-'8F60 4/- 7Y4 6/6 26Z40 6/ 1i-21'EN E88CC 12- 
11.4 11/4 6F12 3/3'9BW6 7/- 26Z6 7/- 19/6 E180F 17.8 
1LD6 6/-I6F13 3/6 9D7 91- 26Z60 8/6 97 `!PENI ,E1148 10!6 
11146 81-16F14 19/-10C1 12/6 30C1 8/6 DD 19/6 EA60 1:6 
1N5OT 7/9 8E15 9I6' 10L9 10/- 30C16 19/6 t4 xtPEN4/9 EA76 18 - 
1E6 6/6 6F17 12/6 IODI 8/-'30C17 12,6 ACI PEN (5) EABC8061- 
184 4I9 61,18 7/6 1009 619 19/6'EAC91 8/ 
185 3/9 6F23 12/3 loFl III- 30F5 11/9 AC/PEN (7) EAF42 8 3 

1114 1/9 6F24 11/9 10P9 9/- IOFL1 16/- 19/6 EB34 7,6 
1116 - 6/9 6F28 141/6' I0P18 7/6'3011%12 161- AC/TH1 1E1141 4:6 
2D21 1p 6F32 8/-' IOLDII 10/-130FL14 1116 10/- EB9I 2 3 

6A4 3/6 6040 8/6'.10PÌ3 12/-130L1 111- AC/TP 19/6,EBC3 20,6 
SAS 10 - 6H6OT 1/9110P14 12/e 30L15 1319 ACIVP1111-1EBCQ 8/6 
3B7 5- 6J60 319¡12A6 3/61'30L17 13/-1AC/VP21016 EBC81 69 
3D8 3 9 6J6 3/-112AC6 7/-130P4 121- ATP4 8AEBC90 4'- 
3Q4 66 6J70 4/9112A06 11/-130P41111 AZ1 N-'EBC91 6;6 
3Q507 6 6J7OT 4/6112AE6 7/61 17/6 AZ31 8/9 EBF80 6 9 

384 4 9 6K6OT 1l-'12AT6 4/6 30P12 13/-,AZ41 7/6 EBF83 8.- 
3V4 56 6K70 21-I12AT7 3/9 30P19 11/- BL63 10/- EBF89 6,3 
6R40Y 89 6K7OT 4l6'12AI76 4/9IOPL1 16/-1C133 18/6 EBL2111. 
61340 4 9 6K80 3/- 12AU7 4/613oPL1315/- CV6 10/6 ECO.] 4,3 
6V40 7 6 6Ll 19A 12AV6 6/6130PL14161-ICY1C 10/6 ECOS 1218 
6Y8üT 5 6 8L6GT 7/9 12A17 4/61301%16 16/-,CY31 7/6 EC64 6/- hF194 
653 8 6L70T 12/6 12AY7 11/111135A8 16/-1 1363 61- 5C70 4/9 E1100 
57.40 6,9 6L18 6/- 12BA6 6/- 36L60T 6/9 D77 8/2' EC86 1013, EL32 
6130L2 1816'6L19 19/-I12BE6 6/9 36W4 4/6 1) AC32 7/-'EC88 10/: EL33 
6A80 6/6'6LD20 6/6112E1 17/- 36Z3 10/- DAF91 3/9 EC92 6/6IEL34 
6AC7 8'- 6N70T 6/6 12J707 6A'36Z46T 4/9 DA F96 6/- E(JLSI 16/6 EL36 

12K8 10/- 3526(4T 6/- INr't70 10/- ECC32 4/6 EL36 
121670T 6/9 60A6 11/10 1)114 10/6 ECC-33 29/1 EL37 
12880T 71660B6 6/3 1)1)T4 

6AL6 2 3 611118 111/-1 4/6 60C,8 6/3 11)1,33 

6A114 168 6Q70 6/-1128A7OT 60CD6041/- 1)F91 
6AM8 3 3 6Q7GT 8/4' 6I9 601.60T 6/- 11F981 
6AQ6 4 9 6R70 71- 128C7 41-172 6/6 UF97 
BA56 20 - 68A70T 7/-112607 3/-1811421 816 1H63 
SATE 4- 68C7GT 6/6 128H7 111- 90A1) 67/6 1)H76 
6A1.16 5 68(.7 51- 128J7 416 
6AV6 56 68117 6/- 12817 4/9 
6EA6 4 66J7 6/6 128Q70T7l6 

SY68 
13E84 
4586 
EY87 
EYES 
4E91 
EZ35 
EZ40 

6p,POC189 6/6.517 1716 IT52 679 ACt65 61- ß0119 9/-.OL`TS74 OC3n 11,11 

716 PCF80 616 518 9/6 U76 4/9 AC168 6/-I BFY60 4/- N/6 OC41 16'- 
4/- PCF82 41- 619 Ole U78 i/11 AC167 11/- BFY61 4/- OET88210/- 0C42 619 
4/- PCF64 81- R52 7/6 U107 1513 AC168 716 BFY62 411 0E7887 416 0C43 13I5 
7/6 PCF86 8/6 11234 7/6 U191 III AC169 5/6 BF164 I/- 0E7889 4/8 0C44 31- 
39- PCF8o1 71- BP13C 11/e U251 16/-IACI76 11/- BF169 II- OET890 4/6 OC44PM4/3 
5/- PCF802 91-I 8P42 111/41 U981 3/-'AC177 NI BF163 4/- OET896 4l6 0046 1/9 
713 PCF805 3/9 8P81 3/3 U282 4/- ACY17 3/- BF167 1/I OST897 4/5 0C46M 8/- 

ACY 18 11/3 BF173 we 138E13 8/6 0C46 3- 1PCF80611/11 /6 U301 
PCF8081115 TDD4AN3/9 U329 111/- 

11/- 
5//-ACYl9 3o BF180 131- 05136 416 0066 3216 

PCL81 9/-1 TH4B 15/- U403 4/4 ACY20 3/5 BP181 31- 0070 2 i 
PCL8'J 7/-I TH233 7/- U404 7/4 ACY21 3/9 BF166 II- 0S46 7/- 0071 2- 
PCL83 5/9', TP2820 8/9 U801 17/6 ACY22 3/S 3T134/400 0E6616/- 0072 2 - 
PCL84 7/6' TY86F 12/2 V P2 3l6 ACY28 41- NI- OC73 14/- 
PCL86 3A1 UABC609/9 VP2B 9A AD140 7/6 BY100 5/4 OTi 6/I- 0074 2/6 
PCL86 5/2' UAF42 9/6 VP4 14/5 AD149 5/- BY101 1116 Ml 11/19 0076 31- 
PCL88 16I- UB41 615 VP4A 14/e AD161 9/- BY106 14/6 M3 3/15 OC76 2/6 
PEN45 7/- UBC4I 7/6' VP4B 10/4 AD162 3/- BY114 5/5 046 3/5 0077 116 
PEN4bDD UBC81 7/- VP13C 7/- AF102 18/- 331128 6/4 0A9 2/6 0(378 i/- 

12/- UBP80 6l9 t'P23 1/6 AF114 4/- BY234 4/- 0A47 111- OC78D 8/- 
PEN46 4/- UBF89 6/9 VR75 24/- AF116 3/- BY936 4/- 0470 3/- OCl9 8/- 
PEI4383 9/6 UBL2I 9/-, VR105 6/- AF116 3/- BY238 4/- 0A73 3/- 0081 1/- 
PEN384 UC92 6/6 VR150 6/- AFI17 119 BYY23 M/- 0A79 1/9 OCSID !I- 

11/6 UOC84 3/- VT61A 7/- AFI19 9/- BYZIO 6I- OASI 1/9 OCBIM 6/- 
PEN453DD UOCB6 6/4 VL'lll 7/3 AF124 5/4 BYZ11 6- 0488 1/6 OC89 313 

1916' UCF80 8/81 VU1'20 121- AF126 3/5 BYZ12 I/- oA86 4/- OC82D 3/8 
PENA419/6 UCH21 9/-1 VU120Al2/- AF126 8/i BYZ13 I/- 0A90 2/6 0083 11/- 
PEN/DD UCH42 9/3 VU133 7/- AFI27 SII BYZIb 31/- OA91 1/9 OC84 31- 

4020 17/11 UCH81 416 W6131 8410 AF139 11/- 0012S 4/- 0A96 1/9 OCIE' 4/8 
PFL20012/-I UCL82 7/-1 W76 6/9 AF178 10/- 006411 4/- 0A182 3/- OC139 11/- 
PL83 19/41 UCL83 9/3, W81M 6/- AF179 13/6 ODI II4 0A200 1/- 0C140 19/- 
PL36 9/61 UF4l 9/6 W107 7/-,AF180 9/6 OD4 6/II OA202 3/- OC169 3/I 
PL38 19/91 UF42 9/- W729 10/- AF181 14/- OMS H4 0A210 9/6 0C170 1/4 
PL81 7/3 UF80 4/9 141 10/- AFZ12 11- 0116 1/1 0A211 1316 0C171 3I4 
PLB1A 10/6 UF86 619 161 1/9 ABY27 4/4 ODE 4/- OAZ200111- 0C172 4/- 
PL82 516 UF86 91- 166 6/- ASY28 5II OD9 4/- OAZ20116/6 OC900 4/4 
PL83 6N UF89 6/3 166 7/6 AeY29 10/- OD10 4/- OAZ202 31- 0C901 9/6 
P1.84 6/8 Ul41 9/6 181M 119/1 AY100 ri/- OD11 4/- OAZ908 9I6 OC202 4/8 
PL600 11/- MAS 12/6 Y63 6/- BAllb 3l3 0D12 4/- OAZ204 9/- 00203 4/6 
PL604 11/6 UL84 6/6 Z329 11/9 BA116 9/- ODI 4 14/- OAZ206 9/- OC204 56 
PL609 113/9 1.3180 6/- Trass40fors BAI29 2/4 üD16 111- OAZ206 9/- OC206 716 
PL802 16/- URIC 10/6 aalNodsr RAIES !I- OD18 4/- OAZ2W16N OCIOS 10/- 
P1184 7/9 UU6 7/- 20226 10/6 BCY10 9/- OETI02 41- OAZ210 7/- OC812 3/- 

KT63 4/- PY32 916 UU8 14/- 2N404 5/- BCYI2 3/- 0E7103 4/- 0AZ213 7/- OCP71 87/6 
KT66 17/3 PY33 9/I 111112 4/6 2E2297 4/6 BCY33 1/- OET1.06 OAZ22416/6 011.1.12 16/- 
KT74 18/6 PY80 5/3 UY1N O/- 2N2389A4/3 BCY84 4/e Il/- OC19 35/ T82 lE/6 
KT76 7/6 PY8I 9/3 UY21 9l6 2613121 90/. BCY38 5/- oET111 0082 5/- T8E 16/- 
KT88 N/- PY82 5/- 1rY41 6l9 2N3703 3/9 BCY89 4/6 16/6 0023 6l- 851/8 3/6 
KTW61 2/6 PY83 6/6 UY85 1/6 2163709 4/- BCZ11 3l6 OET113 4/- 0C24 5/- 81641 10/- 
KTW6214/- PY88 en 9310 9/- 8N388610/- BC107 41- oET116171- 0126 5/- ZA101 19;6 
KTW63 9/9 PY800 4/6 U12/14 7/e AAll9 i/- BCI08 ti; GETI16 elI OC76 11- ZAlOi 161- 
KTZ4l I/- PY801 I/4 1116 18/- AA120 5/- BC109 4/8 GET119 4/- OC28 5/- MAT700 711 
1.63 2l9 PZ30 9/6 1117 8/- AA129 $/- BC113 1/- 0E1678 7/6 0029 11115 MAT101 8/6 
I,1.2 9/6 QP21 1/- U18/20 101- AAZI3 3/5 BC116 3/- GET687 3/I Op0 5/- MAT120 7/9 
MHD4 31i QQV03/10 II19 f/5 AC107 9/- BC118 5/- OET8721I/- 0036 6/- MATI21 8/6 
MHLDB 7/e 1'7/I U22 7/9 AC113 9/- BC118 4/6 OET873 3/- OC36 7I6 ZE12V7 1/9 
ML8 I/- Q876/90 U26 1i/- AC116 2/- 
MU12/1441- 30/4 U26 11/9 AC126 11- 
M540 11/4 Q8160/15 U3l e!- AC127 4l- 
N78 >b/{ 5/6 U33 111I AC128 1/- 
N339 51/- QVO4/7 5/- U35 14/6 AC164 6/- 
1'61 2/6 510 111- U37 54/11 AC166 III 
l'ABC80 7/I 1111 19/6 U46 15/6 AC166 4/- 

1KA 
l'C88 

6 
,10/411 

/ 
9/I 

6 
516 34/11 U50 1/4 AC157 6/- 

IK96 5/3 All goods are new, Ont quality manufacture only, sad sublect to makerl full guarantee. We do not 
l'(97 7/3 haodle manufacturero' seoonds nor relect., whlch ass often described as "new and tested" 
1't:900 I13 but have limited and tu4reBable life. Busloeu hours Mon.-Fri. 9-6.30 p.m. Bata. 9-1 p.m. 
1'(x'64 5l- Terms of business. Cads with order only. Post/packing 6d. per Item. Orden over fÌ6 post/ 
1014 ,5 II6 packleg tree. All orden cleared on day of receipt. Any parcel Insured sgain.t damage In transit 
101 ,8 9/9 for only 65. extra. Complete catalogue of valves, traneleton and componente with 000ditlone of 
IN x'69 9/6 ssje, price lOd. post free. No enquiries enewrred unie.. B.A.E. enclosed for reply. 

EZ80 4/2 
E701 4/6 
EZ90 i/4 
F'W4/5004/e 

ECH33 221 1W4/800 
El'H:)5 6/9 10/- 
ECH42 9/6 GZ32 9/- 
ECH61 6/3 GZ33 11/I 
El'H63 8;- (1Z34 19/- 
F:('H84 7/- GZ37 14/6 
E(L80 616 HABC8001- 
ECL82 4/-IHm 7/0 
F:CL83 9/- HL13C 4/- 
131.84 12'- HL22 10/6 
El'1.85 11 - 1IL23DD9/- 
ECL86 8 H1A1DD 
El'LLBw, 19/I 

30- I1L42DD61- 
F1,22 128 11N309 17/4 
FF36 36 IIVR2 3/9 

F37A , - II VR2A 5/9 
FF39 5- 1W3 1/1 
F F40 8 9 I W4/3501/4 
F F'41 9- 1W4/600 11/- 
F 1,12 3 6 K BC32 1M/6 

F50 2 6 KF36 13/I 
F F'54 10 - K L36 11/4 
t F73 6 8 K LLI2 11/7 
F F680 4 6 KT2 

F83 9 6 ETS 341I 
F F85 5 3 KT32 1/4 
F F'86 8 KT41 19/6 
31,89 4 9 ETN 10/- 
F F'91 3 3 ET61 11/- 
1. F'91 26 
FF'97 10- 
FF98 308 
FF183 59 

59 
66 
36 

12 - 
96 

10- 
86 

17 3 

9 :1 

99 
8- 

6A07 5 9 6P1 11/- 
6AK6 4 S 6P86 12/- 
64.116 8 - 6E26 11/- 

90AV 67/6 D1177 
9007 34/- 1)1181 
90CV 111111 IIK:r2 

61i E.6 4 3 68E7 4/6 128E7 61-190C1 16/- 1)1(40 
6011,, 7 6 661,70T 4/9112Y4 2/-' 150B2 14/6 DK 91 
61436 8.9 68N7OT 4N 14117 9/6 180(.9 6/9 1)K92 
68615 4i6,68Q7(4T 5/-,1487 161- 161 16/- 1)K96 
6EQ7A 7/- 6114(.T 18/-:18 11II 185BT 56/- 111.33 
68117 8/6 611/10 6/-119 10/6 301 20/- 1)1.35 
611E8 3/-16U70 7/- 19AQ6 4'9 302 1616 1)1.92 

8,3 E0x,34 29/6.F.L4l 
7/9 E0(336 4/9 EIA2 
2/9 ECC40 9/6 EL81 
6/- ZCCeI 8/9 EL83 

10/-1 EC(2f2 4/6 EL84 
6/- E17C88 4/6 EL85 
416, EC(84 6/6 EI.86 
41- ECC86 61- EL91 

10/- ROCES 71-1 EL96 
7/-I RCC189 9/61 EM71 

10/- EC4:807871- EMAO 
6/61 ECF80 5/6I 4E81 
7/9 ECF82 11/6181014 
7/- ECF86 9/-I EM88 
5/- ECF804 EM87 
4/9' 42/-EY61 
4/9 ECH21 11/6 EY81 

69 
46 

8e 
26 
5- 

14 - 

59 
89 
8- 

11 - 
3 

69 
7/- 

LTCHED TP.AJIIlTOB RlS:- 
LP1I (AC118, AC154. AC167. AÁ120.10/6. 
1-0044 and 2-0C45.11/6. 
1- 0081 D and 2 -0081, 7 /6. 
1 -OC82D and 2 -0082. 3Ìe. 
1 -OC8ID and 2 -0083, 0/6. 
O.T.C. 1 watt Zeser Diodes. 2.4v.. 2.7v.. 3.0v.. 
3.6.., 4.3v., 13v., 16v., 18v., 30...3/6~8. 

NO EXCUSES! NO DELAYS! FROM STOCK! 
ti 

INPUT 230 v. A.C. 50/60 

BRAND NEW. Keenest prices in 
the country. All Types (and spares) 
from , to SO amp. available from stock. 

0-260 v. at 
0-260 v. at 
0-260 v. at 
0-260 v. at 
0-260 v. at 

, 0-260 v. at 
0-260 v. at 
0-260 v. at 

50 AMPS 0-260 v. at 
0-260 v. at 

4UP 0-260 v. at 

I AMP. le i 20 DIFFERENT TYPES AVAILABLE 
FOR IMMEDIATE DELIVERY. 

I amp. ... 
2.5 amps. . 

4 amps..... 
5 amps..... 
8 amps. .... 
10 amps.... 
12 amps... . 

15 amps. 
amps.... 

37.5 amps. . 

50 amps.... 

E5 10 O 

E6 IS O 

E9 O O 

[9 IS O 

E14 IO O 

E18 IO O 

E21 O O 

E25 O O 

E37 O O 

E72 O O 

E92 O O 

Double Wound 
Variable 
Transformers 
Fully isolated, low tension Secon- 
dary winding. Input 230 v. A.C. 
OUTPUT CONTINUOUSLY 
VARIABLE 0 -36 v. A.C. 
0 -36 v. at 5 amp. £9.12.6- 

p. & p. 8 6 

0 -36 v. at 20 amp. £21.0.0 - 
15 -p. &e. 

These fully shrouded Transfor- 
mers, designed to our specifica- 
tions, are ideally suited for Educa- 
tional, Industrial and Laboratory 
use. 

5 Amp. ACIDC VARIABLE VOLTAGE 
OUTPUT UNIT 

Input 230 v. A.C. 
Output 0 -260 v. A.C. 
Output 0 -240 v. D.C. 
Fitted large scale am- 
meter and voltmeter. 
Neon indicator, fully 
fused. Strong attrac- 
tive metal case 15in. x 
81in.x6in. Weight 24 
Ib. Infinitely variable, 
smooth stepless volt- 
age variation over range. Price £30 P. & C. 12. 

7 Amp. A.C./D.C. Mk. II Variable Output Power Unit 
Input 230 v. A.C. Output continuously VARIABLE from O to 
260 v. A.C. OR O to 230 v. D.C. at 7 a. Robustly constructed in 
metal case, complete with safety fuse, neon indicator, voltmeter 
and ammeter. Size 17in.x 12in.x7in. Weight 36 lb. 
Price 039/101 -. Carriage 

OPEN TYPES 
Designed for Panel 

Mounting. 
Input 230 v. A.C. 50 60 

Output variable. 
0-260 v. 

{ amp E3 IO O 

I amp. CS 10 O 

2; amp. - 
E6 12 6 

P. & P. 7 6 

AMP. I AMP. 

PORTABLE 

I 

.I' 
Input 230 v. A.C. Out- 
put variable 0 -260 v. 
A.C. at 1.5 amp. Fitted in 
beautifully finished steel 
case. Complete with volt- 
meter, pilot lamp, fuse, 
switch, carrying handle. 
19/5/ -. P. & C. l0 / -. 

Also 2.5 amp. u above. 
L11 /7/6. P. á C. IO / -. 

CONSTANT 

VOLTAGE 

TRANSFORMER 

Input 
185 -250 
V. A.C. 

lad Output I tom_ 

constant 
at 230 e. AC. Capacity 
2.50 watt. Attractive 
metal case. Fitted red 
signal lamp. Rubber 
feet. Weight 17Ibs. 
Price Lit/to/., P. & P. 
10 -. 

LATEST TYPE SOL D STATE 

VARIABLE CONTROLLER 

cuits, compact panel mounting. Built 
in fuse protection. CONTINUOUS- 
LY 

e 
VARIABLE. y 

model 
Input 230v output 25 -230v AC 

5 amp ml t6. 7. 6 
10 amp model L 1 3. S. 0 

INSULATION TESTERS (NEW) 
Test to I.E.E. Spec. Rugged 

! metal construction, suitable for 
bench or field work, constant 
speed clutch. Size L. Bin., W. 
4in., H. 6in. Weight 61b. 
500 volts, 500 megohms. Price 
022 carriage paid. 1,000 volts, 

.1. 1,000 megohms, 025 carriage I paid. 

36volt30amp. A.C. or D.C. 

Variable L.T. Supply Unit 

INPUT 220 240 v. A.C. 
OUTPUT CONTINUOUSLY 

VARIABLE 0 -36 v. 

Fully isolated. Fitted in robust 
metal case with Voltmeter, Am- 
meter, Panel Indicator and chrome 
handles. Input and Output fully 
fused. Ideally suited for Lab. or 
Industrial use. 155 plus 40 - p. & c. 
Similar in appearance to above 
illustration. 

SERVICE TRADING COMPANY -o. 
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Postage e Candace shown Latest American. New. Plastic THYRISTOR below are inland only. Por 

400 P.I.V. 8 amp Data sheet. 19/6 post paid. LJ 7 L Overseas please a for 
quotation. We do not 
Issue a catalogue or bit. 

220/240v. A.C. COOLING UNIT 
2,300 r.p.m. 6in, blade size. Smooth 
powerful motor. All metal construc- 
tion. Continuously rated. Individually 
tested. Offered at fraction of maker's 
price. L2/151 -. P. & P. 7/6. 

LIGHT SENSITIVE SWITCHES 
Kit and parts including ORP.12 Cadmium 
Sulphide Photocell. Relay Transistor and 
Circuit. Now supplied with new Siemens 
High Speed Relay for 6 or 12 volt oper- 
ations. Price 25/ -, plus 2/6 P. & P. 
ORP 12 and Circuit I0 /- post paid. 

220:240 A.C. MAINS MODEL 
incorporates mains transformer rectifier and special 
relay with 3 X 5 amp. mains c/o contacts. Price inc. 
circuit 47/6, plus 2/6 P. & P. 

PHOTO ELECTRONIC COUNTER 
Can be set for counts of up to 500 per minute. 210.250 v. 
A.C. powered. Kit of Components, including photo 
cell, high speed non -resettable counter, transformer, 
relay, etc., together with clear circuit diagram, L3/2/6, 
plus 3/6 P. & P. With resettable counter, L4/2/6, P. & P. 
3/6. 

LIGHT SOURCE AND PHOTO CELL 
MOUNTING ßj9 Precision engineered light source 

with adjustable lens assembly and 
ventilated lamp housing to take 
MBC bulb. Separate photo cell mounting assembly for 
ORP.12 or similar cell with optic window. Both units 
are single hole fixing. Price per pair L2 /15 /0 plus 3/6 
P.& P. 

101 

VAN DE GRAAF ELECTROSTATIC 
GENERATOR, fitted with motor drive for 
230 v. A.C. giving a potential of approx. 
50,000 volts. Supplied absolutely complete 
including accessories for carrying out a 
number of interesting experiments, and full 

instructions. This instrument is 
completely safe, and ideally suited 
for School demonstrations. Price 
0/7 1-, plus 4/- P. & P. L's. on req. 

200 250 v. AC HORSTMAN 
20AMP TIME SWITCH 

2 on /off every 24 hrs. at any pre -set time. 
Fitted in metal case 36 hr. spring reserve. 
Used but fully tested. Fraction of maker's 
price. L3.I9.6 plus 4/6d. post and pack. 
Available with solar dial on request. 

LATEST TYPE SELENIUM BRIDGE RECTIFIERS 
30 volt 3 amp., II/-, plus 2/6 P. & P. 
30 volt S amp., 16/ -, plus 2/6 P. & P. 

NICKEL CADMIUM BATTERY 
Sintered Cadmium Type 1.2 v. 7AH. Size: height 
31in., width 2 }in. IAin. Weight: approx. 13 ozs. 
Ex- R.A.F. Tested 12/6. P. & P. 2/6. 

DRY REED SWITCHES 
2 x lamp Dry Reeds (makes contacts) mounted in 870 
ohm 9 -Í8v coil. Size Sin. :.. 3 1in. .. ;in. New. Price 
8/6 per pair. Post Paid. 
6 of the above mentioned units (12 Reeds) fitted in metal 
box. Size 4in.< 31in. I ¡in. Mfg. by Elliott Bros. 
New 45/- each. Post Paid. 

Telephone Dials (New) 14r6d. Post Paid. 

SOLAR OIL -FILLED CONDENSER. k 
11± 240 mfd. for 230 V.A.C. 600 volt D.C. 

Overall size I4in. r. 9in. x 51in. plus feet. 
Weight 46 Ib. Guaranteed perfect. Manufac- 
turer's packing. Price 0,10 -. Carriage 15J -. - 

AUTO TRANSFORMERS. Step up, step down. 
110.200- 220.240 v. Fully shrouded. New. 300 watt 
type, L3 each. P. & P. 4/6. 500 watt type, L4/2/6 each. 
P. & P. 6/6. 1,000 watt type, L5 /S /- each. P. & P. 7/6. 

LEVER MICRO SWITCH 
Brand new lever operated micro switch. 
20 amp. A.C. Price 4/6 each plus I /6 P. & P. 
5 for LI post paid. 

MOVING COIL HEADPHONE AND MIKE 
Soft rubber ear -pieces with MC Mike fitted 5 -way 
plug as on No. 19 sec. New, in maker's packing, 1616, 
plus 36 C. & P. 

SEMI -AUTOMATIC "BUG" SUPER SPEED 
MORSE KEY 

7 adjustments, precision tooled, 
speed adjustable 10 w.p.m. to as 
high as desired. Weight 241b. L4/12/6 post paid. 

A.C. CONTACTOR 
2 make and 2 break (or 2 c /o) 15 amp. 
contacts. 230/240 v. A.C. operation. 
Brand new. 22/6 plus 1/- P. & P. 

CONDENSERS 
New at a fraction of maker's price. 
2,500 mfd. 100 v... 12/6 4,000 mfd. 25 v... 10/- 
10,000 mfd. 35 v... 15 /- 4,000 mfd. 50 

MINIM 

v... 1S/- 

100 WATT POWER RHEOSTATS 
(NEW) 

Ceramic construction, wind- 
ing embedded in Vitreous 

Enamel, heavy duty brush assembly 
designed for continuous duty. 
AVAILABLE FROM STOCK IN 
THE FOLLOWING II VALUES: 
1 ohm IOa., 5 ohm 4.7a., IO ohm 3a., 

2S ohm 2a., 50 ohm I.4a., 100 ohm la., 250 ohm 
7a., S00 ohm 45a., 1,000 ohm 280mA., 1,500 ohm 
230mA., 2,500 ohm .2a. Diameter 3 }in. Shaft 
length }in. dia. (in., 27/6. P. & P. 1/6. 
SO WATT I/ 5/ 10 /25/50/I00/250/500/I,000/I,500/ 
2,500 ohm, 21/ -, P. & P. 1/6. 
25 WATT 10/ 25/ 50 /100/250/500/1,000/1,500/2,500 
ohm, 14/6, P. & P. 1/6. 
Black Silver Skirted knob calibrated in Nos. 1 -9. 11 

in. dia. brass bush. Ideal for above Rheostats, 3/6 each. 

STROBE! STNOBE! STREBE! 
* T EASY TO BU SIN XENON WHITE * LIGHT FLASH TUBES. SOLID STATE TIMING 4. 

TRIGGERING CIRCUITS. PROVISION FOR EX- 
TERNAL TRIGGERING. 230-250v. A.C. OPERATION. 

I( The Strobe is one of the most useful and interesting 11 * instruments in the laboratory or workshop. It is * * invaluable for the study of movement and checking * 
* of speeds. Many uses can be found in the psychiatric * 

and photographic fields, also in the entertainment 
business. It is used a great deal in the motor industry 

4t and is a real tool as well as an interesting scientific * device. * EXPERIMENTERS "ECONOMY" KIT. I to 36 * * Flash per sec. All electronic components including * 
* Veroboard S.C.R. Uniiunction Xenon Tube + instruc- 

tions £5.5.0 plus 5/- P. & P. * INDUSTRIAL "ADVANCED" KIT. I to 80 Flash * 
1( per sec. IDEAL FOR LABORATORY OR SCHOOL ( * USE. Fully isolated from the mains supply by specially * * wound transformer. 500v. FLASH CIRCUIT and * 
* stabilised timing circuit. Higher output flash tube. * 

Price ¿6.8.0 plus 7/6 P. & P. _,r' 
61 INCH POLISHED REFLECTOR. Ideally suited * * for above Strobe Kits. Price 8/6 post paid. * * Regret not sold separately. * * * * * * * * * * * * * * * * * * * * * * * * * * ** 

NMI 

PARVALUX TYPE SD1 9 230/250 VOLT 
AC REVERSIBLE 

1V\* 

GEARED MOTORS 
30 r.p.m. 40 lb. ins. Position of 
drive spindle adjustable to 3 
different angles. Mounted on sub- 
stantial cast aluminium base. Ex- 
equipment. Tested and in first - 
class running order. A really 
powerful motor offered at a 
fraction of maker's price. 6 gns. 
P. & P. 10/ - 
BODINE TYPE N.C.1 
GEARED MOTOR 
(Type 1)71 r.p.m. torque 10 lb. inches 

Reversible I /70th h.p. 50 
cycle 38 amp. 

(Type 2) 28 r.p.m. torque 20lb. in rever- 
sible I /80th h.p. 50 cycle -28 
amp. 

The above two precision made U.S.A. motors are 
offered in 'as new condition. Input voltage of motor 
I15v A.C. Supplied complete with transformer for 
230/240v A.C. input 
Price, either type L2.17.6 plus 6/6 P. & P. or less trans- 
former L2.2.6 plus 4/6d. P. & P. 

230/250 v. A.C. SOLENOID 
Heavy duty type. Approx. 31b. pull. 
17/6 plus 2/6 P. & P. 
12/24 v. D.C. SOLENOID 
Arrox. 8 oz. push, 8/6 plus 1/6 P. & P. 

34R SILICON 
SOLAR CELL 

4 X .5 volt unit series con- 
nected, output up to 2 v. 
at 20 mA. in sunlight, 
30 times the efficiency of 
selenium. As used in power 

Earth Satellites, 45/-. P. & P. I /6d. 

PRECISION INTERVAL TIMER 
From 0-30 seconds (repetitive). Jewelled 
balanced movement. Lever re -set. 
Operates 230 v. A.C. 5 amp. c/o micro- 
switch. Brand New 17/6 plus 2/6 P. & P. 

VP 

COPPER LAMINATE PRINTED CIRCUIT 
BOARD. Large sheet 15) x S ¡in. Price 3/9, 3 for 10/- 
post paid. 

MINIATURE UNISELECTOR 
3 banks of II positions, plus 
homing bank. 40 ohm coil. 
24-36 v. D.C. operation. Carefully 
removed from equipment and 
tested. 22/6, plus 2/6 P. & P. 

UNISELECTOR SWITCHES 
NEW 4 BANK 25 WAY 

25 ohm coil, 24 v. D.C. operation. plilf 
L5/1716, plus 2/6. P. & P. 

8-BANK 25 -WAY FULL WIPER 
24 v. D.C. operation, L7Í12/6, Plus 4/- P. & P. 

RELAYS 
BULK PURCHASE ENABLES US 
TO OFFER THE FOLLOWING 
NEW SIEMENS PLESSEY, etc. 
MINIATURE PLUG IN RELAYS 
COMPLETE WITH BASE, AT A 
FRACTION OF MAKER'S PRICE 
COIL WORKING 

n VOLTAGE CONTACTS PRICE 
280 6-12 2 c/o 146 
280 9 -18 4 c/o IS 6 
700 12 -24 2 c/o 126 
700 16-24 4 c/o IS 6 
700 16-24 4M 28 I26 

1250 20-40 2 c/o Heavy Duty 12'6 
2500 30-50 2 c/o Heavy Duty 12 6 
5800 50-70 4 c/o IO- 
9000 40 -70 2. c/o I0- 

POST PAID 

SEALED RELAY 
230 VOLT AC COIL 
Two t o 5 amp contacts. Plug -in I.O. Base. 
Price 14/6d. incl. base. Post Paid. 
Three c/o 5 amp contacts. 17, 6. incl. base. 
Post Paid. 

SANGAMO WESTON 
Dual range voltmeter. 0-5 and 0-100 v. 
D.C. FSD I mA. In carrying case with 
tests prods and leads. 32/6. P. & P. 3/6. 

GALVANOMETER 
300 -0-300 microamp. Calibrated 
30-0-30. Mounted in sloping front case 
L21101 -. P. & P. 3/6 D.C. Voltmeter 
0-3 V and 0-IS. V E2 plus 3/6 P. & P. D.C. Ammeter. 0-6 amp. and 0-3 amp. L2, 3/6 P. & P. The set of 3 mat- ching instruments L6, P. & P. 6/6. 

A.C. AMMETERS 0-I, 0-5, 0-10, 0.15, 0-20 amp. F.R. 2)in. dia. All at 21/- each. 
A.C. VOLTMETERS 0-25 v., 0.50 v., 0.150 v. M.I 24in. Flush round all at 21/- each. P. & P. extra. 
0-300 v. A.C. Rect. M -Coil 24 in. 29/- 
0-300 v. A.C. Rect. M -Coil 34in. Type W23 55 /- 

'AWO' METER 
MODEL 7 

Supplied fully checked and tested on 
all ranges and in excellent condition. 
Complete with batteries and leads. 
Price LI3 /10/ -. P. & P. 7/6d. 
Ave Leather Carrying Case 3/ -. 

'AVO' POWER AND DECIBEL 
EXTENSION UNIT 

For Model 7 and 7X "AVO" Meters. This resistance box 
will permit values from 500 to 1,500 ohms to be obtained. 
Supplied complete with leads. 42/6 p. & p. 4/6. 

"AVO" 25,000 VOLT D.C. MULTIPLIER 
For E.T.M. Complete with leads. New and boxed, 21/- 
P. & P. 6/6. 

L.T. TRANSFORMERS 
All primaries 220-240 volts. 
Type No. Sec. Taps 
I 30, 32, 34, 36 v. at 5 amps. 
2 30, 40, 50 v. at 5 amps. 
3 10, 17, 18 v. at 10 amps. 
4 6, 12 v. at 20 amps. 
5 17, 18, 20 v. at 20 amps. 
6 6, 12, 20 v. at 20 amps. 
7 24 v. at 10 amps 
8 4, 6, 24, 32 v. at 12 amps 

Price 
L4 S 

L6 5 
L4 10 
LS 17 
L6 12 
L6 
L4 15 
t6 10 

Carr. 
O 6/- 
O 6/6 
O 4/6 
6 6/6 
6 6/6 
O 7/6 
O 5/6 
0 6/6 

ALL MAIL ORDERS. ALSO CALLERS AT: 

57 BRIDGMAN ROAD, 
LONDON, W.4. Phone: 99S 1560 

Closed Saturdays. 

SERVICE TRADING CO. 
SHOWROOMS NOW OPEN 

Many Bargains for the coller. 
AMPLE PARKING 

PERSONAL CALLERS ONLY 

9 LITTLE NEWPORT STREET, 
LONDON, W.C.2. 

Tel.: GER 0576 
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WiIkinsonsFOR RELAYS 
P.O. TYPE 3000 AND 600 

BUILT TO YOUR REQUIREMENTS- QUICK DELIVERY 
COMPETITIVE PRICES - VARIOUS CONTACTS 

DUST COVERS - QUOTATIONS BY RETURN 
LARGE STOCKS HELD OF MINIATURE SEALED RELAYS 

CONNECTING WERE 1,021: 7'(076; or 14.o04S 
I' V( covered in variosu+ colours Ifs) n 2151 yard reels. 
[4 per 1,0O() yds. poet 6/- 

MINIATURE SILVER ZINC ACCUMULATOR. 
1.5 volt. 1-5 ampere. Size 2' x 1 13' x 1/63 ". Weight 11 oz. 
Ideal for model work. 124 each. 120/- doz.. poet 1/6. 
STROBOSCOPE FORK. 125 cycles. P.O. No. 5, 
30/- each, post 2/6. 
LEDEX SOLENOID DRIVENWAFER SWITCHES 
SIZE 56. From 90 / , 11 Way and off. 3 to 24 l'ole; 
also 4 l'ole 12 Way and 54 Pole onloff. 
SOLENOIDS type 3E in stock at 17/6 each. 
CERAMIC AND PAXOLIN WAFER SWITCHES 
available from stock at keen prices. send for list. 24 way 
Double l'ole Pax Wafer Switches 12/6 each, post 2/6. 
P.O. STANDARD RACKS Eft U channel sides drilled 
for 19in. panels heavy angle base, 150/ -, cge 20/-. Desk 
Unite for Racks 30 / -, cice 7/6. 
BANKS OF 5 SWITCHES flush mounting In strong 
bakelite case made for Aircraft use 12/6. 
MINIATURE BUZZERS. 12v. with tone adjuster, 716. 

SPECIAL OFFER 
I 43.500 Gond 0.1 mfd 150 volts T.M.C. 

wire ended LIS per 1.000 or offer to clear lot. 
PLASTIC -FILM CONDENSERS TMC SI2SOI7LM 
0.9 a 0 1 )mfd 500V also 1 ndd. 1".. 150V. TCC 20/- each. 
AIR BLOWERS. 200/250 volt. A.C. cylindrical 7in. - 
7in. suitable for intake or extraction, 1 /50th h.p. t10. 
1/15th lu.p. ill. 1/10th h.p. [14. 
ELCOM STUD SWITCHES. 12 pole 2 way or 3 way 
types on 3 Banks. break before make action 50!- ea. 
GEARED MOTORS. 3 r.p.m. or 1 r.p.m. 4 watts very 
powerful. reversible 24 v AC 35/-, poet 2/6. can be 
operated from 230v with our 20/- Transformer. 
SUB -MINIATURE LAMPS. Flying leads 0.75 volts 
50/- 1(0. 
DOUBLE HEADPHONES. Balanced armature. 
Sound powered type DHIt, 17/6. Post 3/ -. 
MICRO SWITCH. Burgess MK4BR, robust die cast 
casing. 016 each. Post 1 I -. Others available. 
KEY SWITCHES ONE HOLE FIXING with 
knobs. Stop /2 change over locking 2 position 7/6. 
Stop /4 C.O. non -locking 

- 
position 10/6.6 C.O. 

lock /2 C.O. lock 3 position 17/6. 
BATTERIES Portable 6 volt 125 amp hour in 

metal case uncharged 110/-, 

L. 
LO 

PHOTOGRAPHIC EQUIPMENT 
Dallmeyer Projection Lens F - =65 nun, 35 nun mount 70a- 
each. post 2/6. Condenser Lenses. Plano -Convex optically 
ground and polished I1' die. 21' focus 7/6 each, post 21 -. 
21' dia 3' focus I0 /- each, post 2/6.6' dia. 10' focus 35/6. 
poet 4/6. 
Photofloods G.E.B. 230 volts 1.000 watts I0/- ea.. post 7/6. 
LAMP HOUSES with pair of 8' lenses mounted In a 
9' square clue. Ideal spotlight 70/- each. post 10 / -. 

HIGH SPEED COUNTERS 
31 x lin., 10 
counts per 
second with 4 
figures. The 
following D.C. 
voltages are 
available. 6 v.. 
12 v., 24 v., 
50 v. or 100 v. 35/- ea. 
SUB- MINIATURE Microswitch Honeywell S.l'.D.T. 
type 11 SM1 TN 13 size 1' x r x l' 6/6 ea. or mounted 
in fives for 22/6 post free. 
DIGITAL INDICATOR. KGM M5 28 vt. 0 to 9.50/- ea. 
SPEAKERS ELAC Sin. ROUND. 9700 Gauss. 30 
12/6. Post 2/6. 
JACK PLUGS. 2 Point with 
screw -on cover, 2/6. post 9d. 
1'O 201 on headphone cord 3/-, post 1/6. 
PLUG -1N RELAYS. Londex 4 change-over HD con- 
tact- 28 v. D.C. or 240 v. A.C. with base and cover. 35/- ea. 
RELAYS. 24 volt DC. 4 make, 4 break heavy duty 
contacts with dust cover. 12/6 each, quantities available. 
UNISELECTOR DIGIT SWITCHES R level 12 
outlets 3 bridging I non-brldghug 50 volts. NEW 0/10/ - 
each. 
STABILIZED POWER UNITS RACAL Inst. type 
PU 1560. A.C. input 200/25(1 v. D.C. output positive HT 
200/300 v. stabilized Load current 250 mA negative HT 
150 v. stabilized 15 rnA. NEW [45. 

ROBUST AIRCRAFT PUSH 5(/898 of bakelite 
barrel type construction, with 11- autiare 4 hole 
fixing top with actual push below the level of a 1' 
bakelite circle to prevent It being used accidentally. 
Samples 5/6 each large quantities available. 

MAGNETIC COUNTERS Veeder Root with zero 
reset. H(0 mints per minute, counting to 999.999. 110 
or 125 volts AC or 110 volts DC. 65 /- each, post 3/ -, 
METERS GUARANTEED. Complete list available. 

Microamps 0 /100 211n. MC 40/- 
Microamps 0/500 tin. MC 25/- 
Microamps 0 /500 26 in. MC 37/6 
Milliamps 0/50 21in. MC.. 35/- 
Milliamps 0 /500 3 +in. MC 54/- 
Amps 50 -0.50 2ín. MC.... 17/6 
Amps 0/5 2ín. MC 37/6 
Volts 5/0/5 2iln. MC 25/- 
Volts 0/20 2ín. MC 37/6 
Volts 0 /10 A.C. 3iin. MCR 70/- 

MICROAMPS 0 /50 scaled in Ronteens ma. MC 
LEAK DETECTOR A.E.1. mains powered t35 ea. 
PORTABLE VOLTMETERS 0/250 Moving Iron AC/ 
DC, 610. s' :ale, in polished wood care, E7/101-. 

ONE HOLE FIXING SWITCHES 
SINGLE POLE. Double Throw. 3 
amp. 250 e. A.C. can be used as on/ 
OFF or CHANGE -OVER switch. 
10/- per dozen. 130/ - per 100. 

post 2/ -. lost 5/ -. 

MASTER CONTACTOR. Precision made. Vol tacts 
making and breaking twice per second in soundproo case 
with thermostat controlled heating. 12 or 24v. 10/6 poet 
6/ -. 
"V ISCON OL-CATH ODRAY" CONDENSERS. 
.001 ndd. 10 kV, S / -;.002 inf. 15 kV. 9/ -; .02 mf. 10 kV. 

O -; .025 ref. 2.5 kV. 5 / -; .05 mf. 5 kV, 9/ -: 0.1 mf 4 kV. 
9/- ; 6kV, 17/6; 0.5 mí.2.5 kV. 17/6; 1 mfd. 2 kV. 17/6. 

RESISTORS, wire wound or carbon, potentiomet- 
ers, condensers, quantities ex -stock at low prime. 
BRIDGE MEGGERS SERIES I. With resistance 
box and leads, 1,000 v..0-100 megohns. £61) ea. 

WILKINSON (CROYDON) LTD 
NGLEY HOUSE LONGLEY RD. CROYDON SURREY 

Phone. TUO 0116 Grams: WILCO CROYDO 

LATEST RELEASE OF 

RCA COMMUNICATION RECEIVERS AR88 

BRAND NEW and in original cases -A.C. mains input. 110V 
or 250V. Freq. in 6 bands 535 Kc /s -32 Mc /s. Output impedance 
2.5 -600 ohms. Complete with crystal filter, noise limiter, B.F.O., 
H.F. tone control, R.F. & A.F. variable controls. Price £87/10/ - 
each, carr. £2. 
Same model as above in secondhand cond. (guaranteed working 
order), from £45 to £60, carr. £2. 

SET OF VALVES: new, £3/10/- a set, post 7/6; SPEAKERS: 
new, £3 each, post 10 / -. 'HEADPHONES: new, £1/5/- a pair, 
600 ohms impedance. Post 5/ -. 
AR88 SPARES. Antenna Coils L5 and 6 and L7 and 8. Oscil- 
lator coil L55. Price 10 /- each, post 2/6. RF Coils 13 & 14; 
17 & 18; 23 & 24; and 27 and 28. Price 12/6 each. 2/6 post. 
By -pass Capacitor K.98034 -1, 3 x 0.05 mfd. and M.980344, 
3 x 0.1 mfd., 3 for 10 / -, post 2/6. Trimmers 95534 -502, 2 -20 p.f. 
Box of 3, 10 / -, post 2/6. Block Condenser, 3 x 4 mfd., 600 v., 
£2 each, 4/- post. Output transformers 901666 -501 27/6 each, 
4/- post. 

Available with Receiver only. 

S.A.E. for off enquiries. If wishing to call at 

Stores, please telephone for appointment. 

MARCONI SIGNAL GENERATORS 

TYPE TF- í44G 

Freq. 85Kc /s- 25Mc /s in 8 ranges. Incremental: + /- 1% at 1Mc /s. 

Output: continuously variable 1 microvolt to 1 volt. Output 
Impedance: 1 microvolt to 100 millivolts, 10 ohms 100mV -1 volt - 

52.5 ohms. Internal 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. Measure- 
ments: 191 x 121 x 10 in. The above come complete with Mains 
Leads, Dummy Aerial with screened lead, and plugs. As New, in 

Manufacturer's cases, £40 each. Carr. 30/ , DISCOUNT OF 
10% FOR SCHOOLS, TECHNICAL COLLEGES, etc. 

W. MILLS 3 -B TRULOCK ROAD, TOTTENHAM, N.11 

Phone: Tottenham 9213 
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HRO RECEIVER. Model 5T. This is a famous American High Frequency 
superhet, suitable for CW, and MCW, reception crystal filter, with phasing 
control. AVC and signal strength meter. Freq. range 50 kc /s. to 30 me /s., 
with set of nine coils. Complete HRO 5T SET (Receiver, Coils and Power 
Unit) for £30, plus 30/- carr. 

COMMAND RECEIVERS; Model 6-9 Mc /s., as new, price £5/101- each, 
post 5/ -. 

COMMAND TRANSMITTERS, BC -458: 5.3 -7 Mcls., approx. 25W 
output, directly calibrated. Valves 2 x 1625 PA; 1 x 1626 osc.; I x 1629 
Tuning Indicator; Crystal 6,200 Kc /s. New condition -£3/10/ - each, 10/- 
post. 
(Conversion as per "Surplus Radio Conversion Manual, Vol. No. 2," by 
R. C. Evenson and O. R. Beach.) 

BC -433G COMPASS RECEIVER; Freq. 200 -1,750 Kc /s. in 3 bands, 
suitable for aircraft, boats, etc. Complete with 15 valves, power supply input 
24 v. D.C. at 2 amps. Receiver only £5 each, carr. 15/ -. 

ROTARY CONVERTERS: Type 8a, 24 y D.C., 115 v A.C. (aZ 1.8 amps, 
400 c/s 3 phase, £6/10/- each, 8/- post. Converter 12 v D.C. input, 110 v A.C., 
60 c/s (á1 2.73 amps. 0.300 Kva, £15 each , carr. £1. 24 v D.C. input, 175 v D.C. 
@j 40mA output, 25/- each, post 2/ -. 

CONDENSERS: 150 mfd, 300 v A.C., £7/10,/- each, carr. 15/ -. 40 mfd, 440 v 
A.C. wkg., £5 each, l0, /- post. 30 mfd, 600 v wkg. D.C., £3/101- each, post 10 / -. 
15 mfd, 330 v A.C. wkg., 15/- each, post 5/ -. 10 mfd, 1000 v, 12/6 each, post 2/6. 
10 mfd, 600 v, 816 each, post 5/ -. 8 mfd, 1200 v, 126 each, post 3/ -. 8 mfd, 600 v, 
8;6 each, post 2/6. 4 mfd, 3000 v wk £3 each, post 7/6. 2 mfd, 3000 v wkg., £2 
each, post 7;6. 0.25 mfd, 32,000 v, £7/10/- each, carr. 15/ -. 0.25 mfd, 2Kv, 4/- 
each, 1/6 post. 0.01 Mfd. MICA 2.5Kv. Price £1 for 5. Post 2/6. 

RACK CABINETS: 6 ft. by 19 in., and 16 in. depth, with rear door and safety 
switch, £5, carr. £2. 

AVO MULTIRANGE No. 1 ELECTRONIC TEST SET: £25 each, carr. £1. 

AVOMETERS: Model 47A, £9/19/6 each, 10 /- post. Model 7x, £13/10/- each, 
10 /- post. Excellent secondhand cond. (Meters only). (Batteries and Leads extra - 
at cost). 

OSCILLOSCOPE Type 13A, 100 /250 v. A.C. Time base 2 c/s.-750 Kc /s. 
Bandwidth up to 5 Mc /s. Calibration markers 100 Kc /s. and 1 Mc /s. Double 
Beam tube. Reliable general purpose scope, £22/10/- each, 30/- care. 
COSSAR 1035 OSCILLOSCOPE, £30 each, 30/- carr. 

RELAYS: Relay Unit (with 9 American relays) 24 v. D.C., 250 ohm coils. 
heavy duty, M. & B. 30/- each, 4/- post. GPO Type 600, 10 relays ® 300 
ohms with 2M and 10 relays @ 50 ohms with 1M., £2 each, 6/- post. 
12 Small American Relays, mixed types £2, post 4/ -. 

CALIBRATION TACHOMETER Mk. H: Maxwell Bridge Type 6C/869 
£25 each, £2 carr. 

ROTAX VARIAC & METER UNIT: Type 5G.3281. Reading 0-40 v., 0-40 mA 
and 0.5 amps., all on 275 deg. scales, £30 each, £2 carr. 

HEWLETT PACKARD TYPE 400C: 115 v.1230 v. input 50/60 c /s. Freq. 
range 20 c /s -2 Mc /s. Voltage range: 1mV -300 v. in 12 ranges. Input impedance 
10 megohms. Designed for rack mounting, £30 each, carr. 15/ -. 

TCS MODULATION TRANSFORMERS, 20 watts, pr. 6,000 C.T., sec. 
6,000 ohms. Price 25/ -, post 5/ -. 

AUTOMATIC PILOT UNIT Mk. 2. This complex unit of diodes and valves, 
clays, magnetic clutches, motors and plug -in amplifiers, with many other items, 

price £7/10/ -, £1 carriage. 

FOR EXPORT ONLY: B.44 Trans -ceiver Mk. III. Crystal control, 60- 
95 Mc /s. AMERICAN EQUIPMENT: 5C-640 Transmitter, 100 -156 
Mc /s., 50 watt output. For 110 or 230 v. operation. ARC 27 trans- ceivers, 
28 v. D.C. input. Also have associated equipment. BC -375 Transmitter. 
BC -778 Dinghy transmitter. SCR -522 trans -ceiver. Power supply, PP893/ 
GRC 32A; Filter D.C. Power Supply F- 170 /GRC 32A: Cabinet Electrical 
CY 1288 /GRC 32A; Antenna Box Base and Cables CY 728 /GRC; Mast 
Erection Kits, 1186 /GRC; Directional Antenna CRD.6; Comparator Unit, 
CM.23; Directional Control CRD.6, 567 /CRD and 568 /CRD; Azimuth 
Control Units, 260 /CRD. Test Set URM.44, complete with Signal Generator 
TS.622 /U. 

VARIABLE POWER UNIT: complete with Zenith variac 0 -230 v., 9 amps.; 
21ín. scale meter reading 0 -250 v. Unit is mounted in 19in. rack, £16/10/- each, 
30/- carr. 
SOLENOID UNIT: 230 v. A.C. input, 2 pole, 15 amp contacts, £2/10/ - each 
post 6 -. 

CONTROL PANEL: 230 v. A.C., 24 v. D.C. B 2 amps., £2/10/- each, carr. 12/6. 

AUTO TRANSFORMER: 230 -115 v.; 1,000 w. £5 each, carr. 12/6. 230 -115 v.; 
300VA, £3 each, carr. 10 / -. 

OHMITE VARIABLE RESISTOR: 5 ohms, 5¡ amps; or 2.6 ohms at 4 amps. 
Price (either type) £2 each, 4/6 post each. 

POWER SUPPLY UNIT PN -12B: 230 v. A.C. input, 395-0-395 v. output 
300 mA. Complete with two x 9H chokes and 10 mfd. oil filled capacitors. 
Mounted in 19in. panel, 56/10/- each, £1 carr. 

TX DRIVER UNIT: Freq. 100 -156 Mc /s. Valves 3 x 3C24's; complete wit 
filament transformer 230 v. A.C. Mounted in 19in. panel, £4/10/ - each, 15/- carr 
POWER UNIT: 110 v. or 230 v. input switched; 28 v. ()a 45 amps. D.C. output. 
Wt. approx. 100 lbs., £17/10/- each, 30/- carr. SMOOTHING UNITS suitable 
for above £7110! - each, 15/- carr. 

ADVANCE TEST EQUIPMENT: VM76 Valve Voltmeter, £78 each; VM78 
A.C. Millivoluneter (transistorised) £55 each; VM79 UHF Millivoltmeter 
(transistorised) £125 each; JIB Audio Signal Generator £30 each; TT1S Transis- 
tor Tester (CT472) £37.10 each. 10 per cent Discount for schools, colleges, etc. 
on the above items. Carr. 10 /- extra per item. 

INDICATOR UNIT TYPE CRT.26: complete with CV1526 Cathode Ray 
Tube (3EGI). (3 x CV138; 3 x CV329; 1 x CV858; 2 x CV261; 6 x Crystals). Complete with brilliance and focus controls. Suitable for converting into a small oscilloscope (10x 8 x 6 in., wt. 15 lb.) £5 each. Post 10 / -. 

NIFE BATTERIES: 6 v. 75 amps., new, in cases, £15 each, £1 carr.; 4 v. 160 amps, new, in cases, £20 each, £1 10 /- carr. L.R.7 Cells, only 1.2 v. 75 amps., new, £3 each, 12, - carr. The above batteries are low resistance designed to give a heavy surge for starting and can be stored for long periods without any effect to their performance. 

FUEL INDICATOR Type 113R: 24 V. complete with 2 magnetic counters 
0 -9999, with locking and reset controls mounted in a 3in. diameter case. Price 30/- each, postage 5/ -. 

UNISELECTORS (ex equipment): 5 Bank, 50 Way, 75 ohm Coil, alternate wipe, £2/5,/- each, post 4'- 
FREQUENCY METERS: LM13 or BC -221; 125- 20,000 Kc /s., £25 each., carr. 15/ -. TS.175 /U, £75 each, carr. £1. TS323 /UR, 20-450 Mc /s., £75 each, carr. 15/ -. FR -67/U: This instrument is direct reading and the results are presented directly in digital form. Counting rate: 20- 100,000 events per sec. Time Base Crystal Freq.: 100 Kc /s. per sec. Power supply: 115 v., 50/60 c /s., £100 each, carr. £1. 

CT.49 ABSORPTION AUDIO FREQUENCY METER: freq. range 450 c /s- 
22 Kc /s., directly calibrated. Power supply 1.5 v. -22 v. D.C. £12/10/- each, carr. 
15/ -. 

CATHODE RAY TUBE UNIT: With 3in. tube, colour green, medium persis- 
tence complete with nu -metal screen, £3/10/- each, post 7/6. 

APNI ALTIMETER TRANS. /REC., suitable for conversion 420 Mc /s., com- plete with all valves 28 v. D.C. 3 relays, 11 valves, price £3 each, carr. 10 / -. 

GEARED MOTORS: 24 V. D.C., current 150 mA, output 1 r.p.m., 30/- each, 
41- post. Assembly unit with Letcherbar Tuning Mechanism and potentio- meter, 3 r.p.m., £2 each, 5/- post. 

MOTORISED ACTUATOR: 115 v. A.C. 400 c /s. single phase, reversible, thrust approx. 3 inches complete with limit switches, etc. Price £2/10/ - each, 
postage 5/- (ex equipment). 

Actuator Type SR -43: 28 v. D.C. 2,000 r.p.m., output 26 watts, 5 inch 
screw thrust, reversible, torque approx. 25 lbs., rating intermittent, price £3 
each, post 5/ -. 

SYNCHROS: and other special purpose motors available. British and American 
ex stock. List available 6d. 

Model PM-4: 28 v. D.C. (4 2 amps., 4,500 r.p.m., output 40 watts continuous 
duty complete with magnetic brake. Price £2 each, postage 4/ -. 

Model SR -2: 28 v. D.C. 7,000 r.p.m., duty intermittent, output 75 watts, 
price 25/- each, postage 4/ -. 
A.C. Motor 115 v. 50 c /s. 1/300 H.P., 3,000 r.p.m. Capacitor Imfd., 25/- post 
3/ -. Dalmotor SC5, 28 v. D.C. at 45 amps; 12,000 r.p.m. output 750 W. 
(approx. -1 h.p.), brand new, £2/10/- each, post 7/6. 

MARCONI NOISE GENERATOR TF- 987/1; Used to determine noise factor of a.m. and f.m. receivers. Designed for 230 v. a.c. operation. In used condition, 
£20 each, carr. £1. 

MARCONI TF -956 (CT.44) AUDIO FREQUENCY ABSORPTION 
WATTMETER; Large clear 6in. scale. 1 microW. to 6W. £25 each. Carr. 15/ -. 

MARCONI DIVERSITY RECEIVERS; Consisting of 2 x CR.150's and 
associated equipment. £175 each. Carr. £5. 

MARCONI DEVIATION TEST SET TF -934: Freq. 2.5- 100Mc /s. Can be 
extended to 500Mc /s. Deviation range 0-5, 0-25 and 0-65 Kc /s. £35 each, carr. £1. 

CANADIAN C52 TRANS /REC.: Freq. 1.75 -16 Mc /s on 3 banda. R.T., 
M.C.W. and C.W. Crystal calibrator etc., power input 12V. D.C., new cond., 
complete set £50. Used condition working order £25. Carr. on both types £21101 -. Transmitter only £7/10/- (few only) Carr. 15/ -. Power Unit for Rec., new £3/5/ -. 
Used power units in working order £2/5/ -. Carr 10 / -. 

COAXIAL TEST EQUIPMENT: COAXWITCH- Mnftrs. Bird Electronic 
Corp. Model 72RS; two-circuit reversing switch, 75 ohms, type "N" female 
connectors fitted to receive UG -21 /U series plugs. New in cuts., £6/10 /- each, 
post 7/6. CO -AXIAL SWITCH -Mnftrs. Transco Products Inc., Type 
M1460 -22, 2 pole, 2 throw. (New) £8 /10 /- each, 4/6 post. 1 pole, 4 throw, Type M1460 -4. (New) £8/10/ - each, 4/6 post. 

TERMALINE RESISTOR UNITS: type 82A /U, 5000W, freq. 0-3.3 KMC 
Max VSWR 1.2 Type "N" female connectors, etc. Brand new, £30 each, 
carr. 15/ -. 

PRD Electronic Inc. Equipment: STANDING WAVE DETECTOR: 
Type 219, 100 -1,000 Mc /s. (New) £65 each, post 12/6. FREQUENCY 
METER: Type 587 -A, 0.250 -1.0 KMC /SEC. (New) £75 each, post 12/6. 
FIXED ATTENUATOR: Type 130c, 2.0 -10.0 KMC /SEC. (New) £5 each, 
post 4' -. FIXED ATTENUATOR: Type 11575 -I, (new) £6 each, post 5/ -. 

ALL GOODS OFFERED WHILST STOCKS LAST IN ' AS IS" CONDITION UNLESS OTHERWISE STATED 

CALLERS BY TELEPHONE 
APPOINTMENT ONLY W. MILLS 

3 -B TRULOCK ROAD, TOTTENHAM, N.17 

Phone: Tottenham 9213 
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DUXFORD ELECTRONICS !W.W.I 

97/97A MILL ROAD, CAMBRIDGE 
Telephone: CAMBRIDGE (0223) 63687 

(Visit us -at our new Mail Order, Wholesale & Retail Premises) 

MINIMUM ORDER VALUE 5/- 

C.W.O. Post and Packing 1/6 

DISCOUNT 10rá over E3 
15 ie over E10 

CERAMIC DISC CAPACITORS (Hunts.). 500V ±20%; 100, 220, 330pF. 
- 20 - 80;0; 470, 680, I,000pF. Sd. each. 

ELECTROLYTIC CAPACITORS (Mullard). -10% to r50"ó. 
Subminiature (all values in µF) 

32 64 125 250 
25 50 100 200 

32 64 125 

4V 8 
6.4V 6.4 
10V 4 
16V 2.5 

25V 1.6 
40V I 

64V 0.64 
Price 1/6 

Small (all values in µF) 
4V 
6.4V 
IOV 
16V 
25V 
40V 
64V 
Price 

800 
640 
400 
250 
160 
100 
64 
1/6 

400 
320 

16 200 
10 80 125 
6.4 25 50 80 
4 16 32 50 
2.5 5 10 20 32 

1/3 1/2 II- I/I 1/2 

20 40 
12.5 
8 

1,250 
1,000 

640 
400 
250 
160 
100 
2/- 

2,000 
1,600 
1,000 

640 
400 
250 
160 
2/6 

3,200 
2,500 
1,600 
1,000 

640 
400 
250 
3/- 

POLYESTER CAPACITORS (Mullard) 
Tubular, 10 °;,, 160V: 0.01, 0015, 0.02211F. 7d. 0.033, 0.047µF, ed. 0.068, 
0.1µF, 9d. 0.151AF. IId. 022µF, 1 / , 033µF, 1/3. 0.47µf, 1/6. 0.680, 2/3. 
I µF, 2/8. 
400V: 1,000, 1,500, 2,200, 3,300, 4,700pF, 6d. 6,800pF, 0.01, 0-015, 0022µF, 7d. 
0-033p.F, ed. O-047µF, 9d. 0.068, 0.1µF, IId. O.ISµF, 1/2. 0.2210, 1/6. 0.33µF, 
2/3. 0.47µF, 2 /s. 
Modular. metallised, P.C. mounting, 20 %, 250V: 0.01, 0015, 0-0220, 7d. 
0.033, 00471AF, ed. 0068, 0.1µF, 9d. 0.150. IId. 0.220, I / -. 0.331AF, 1 /S. 
047µF, I/8. 0.680, 2/3. 10, 2/9. 

POLYSTYRENE CAPACITORS: 5 %. 160V (unencapsulated): 10, 12, 15. 
18, 22, 27, 33, 39, 47, 56, 68, 82, 100, 120, 150, 180, 220, 270, 330, 390, 470, 560. 
680, 820pF, Sd. 1,000, 1,500, 2,200pF, 6d. 3,300, 4,700, 5,600pF, 7d. 6,800, 
8,200. I0,000pF, ed. 15,000, 22,000pF, 9d. 
1°0, 100V (encapsulated): 100, 120, 150, 180, 220, 270, 330, 390, 470, 500, 560, 
680, 820pF, 1 / -. 1,000, 1,200, 1,500. 1.800, 2,200, 2,700, 3,300, 3,900pF, 1/3. 
4,700, 5,000. 5,600, 6,800, 8,200, 10,000, 12,000, 15,000pF, 1/6. 18,000, 22,000, 
27,000, 33,000, 39,000pF, 1/9. 0047, 5,000, 00561AF, 2/ -. 0.068, 0.082. O-IµF, 
2/3. 0.12µF, 2/9. 0.1 S, 0.18µF, 3/ -. 0 22µF, 4/ , 0.27, 0.33µF, 5 / -. 0390, 5/9. 
0.47, 0.5µF, 6/3. 

JACK PLUGS (S ed): Heavily chromed, tin. Standard: 2/9 each 
Side -entry: 3/3 each. 
Standard (Unscreened): 2/3 each. 

JACK SOCKETS (lin. Plug): With chrome insert, 2/9 each. Available with: 
Break /Break, Make /Break, Break /Make, Make /Make contacts. 

POTENTIOMETERS (Carbon): Long life. low noise, }W at 70 °C. 
ä-20°ó51M, }30 "0,-}M. Body dia., I in. Spindle. lin. X in. 2/3 each. Linear: 
100. 250, 500 ohms, etc., per decade to 10M. Logarithmic: 5k, 10k, 25k, etc., 
per decade to 5M. 

SKELETON PRE -SET POTENTIOMETERS (Carbon): Linear: 100, 
250, 500 ohms, etc., per decade to 5M. 
Miniature: 0.3W at 70 °C. ±20yß <_ }M, ±-3O°á > }M. Horizontal (0.7in. x 
0.4in. P.C.M.) or Vertical (0.4in. x 0.2in. P.C.M.) mounting, If- each. 
Submin. 0 I W at 70 °C. ±20 51M, ±30 %> IM. Horizontal (0-4in. x 0.2in. 
P.G.M.) or Vertical (0.2in. x Olin. P.C.M.) mounting, 1Od. each. 

RESISTORS (Carbon film), very low noise. Range: 5 %, 4.7 C1 to IMO (E24 
Series): I0"ó, 10(3 to 10M13 (E12 Series). 
IW (l0r'0), lid. 100 off per value 12/ -. }W (5 %), 2d. 100 off per value 13/9. 
;W (10"n), 2d. 100 off per value 13/9. )W (5 %), 2 }d. 100 off per value, 15/6. 

SEMICONDUCTORS: OAS, 0A81, 1/9. 0C44, 0C45, 0071, 0081, 
OC8ID, OC82D, 2/.. 0070, OC72, 2/3. ACIO7, 0075, OC170, OCI71, 2/6. 
AFII5, AFI16, AFIl7, ACYI9, ACY21, 3/3. OC140. 4/3. OC200, 5 / , 0C139, 
5'3. 0C25, 7/ -. 0C35, / -. 0C23, OC28, 3/3. 

SILICON RECTIFIERS (O-5A): 170 P.1.V., 2/9. 400 P.IN., 3/ , 800 P.I.V., 3/3. 
1,250 P.I,V 3/9. 1,500 P.I.V., 4/ -. (O-75A): 200 P.I.V., 1/6. 400 P.I.V., 2/ , 
800 P.I.V., 3/3. (6A): 200 P.I.V., 3 /-. 400 P.I.V., 4/ - 600 P.I.V., 5 /-. 800 P.I.V., 6/ -. 
THYRISTORS (SA): 100 P.I.V., 11/-. 200 P.I.V., 10 / -, 400 P.I.V., 15 /-. 

SWITCHES (Chrome finish, Silver contacts: 3A 2.50V, 6A 125V., Push 
Buttons: Push -on or Push-off 5 / , Toggle Switches: SP /ST, 3/6. 5P /DT, 3/9. 
SP /DT (with centra position) 4 /-. DP /ST, 4/6. DP /DT, 5 / -. 

PRINTED CIRCUIT BOARD (Vero). 
0.15in. Matrix: 31in. x 2 }in 3/3. 51in. x 21in., 3/11. 31 in. x 31 in., 3 /I1. 
Sin. r. 31 in.. 5/6. 
0.1 Matrix:3!in. x 2¡in.,4 /-. Sin. x 2.1in.,4/6. 31ín. x 31in.,4/6. Sin. x 31 in., 
5/3. 

RECORDING TAPE (Finest quality MYLAR- almost unbreakable). 
Standard Play: Sin., 600ft., 7/6. 5f in., 850ft., 10/6. 7in., 1,200ft., 12/6. 
Long Play: 3in., 225ít., 4/ -. Sin., 900ft., 10/6. S1in., 1,200ft., 13/ , 7in., 1,800ft., 
I3 / -. (Add 9d. postage and packing per reel). 
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ELECTRONIC BROKERS LIMITED 

LABORATORY TEST EQUIPMENT 

Purcbased from leading 
rf J° ttérs/ /& distributors 

HIGH VALUE RESISTANCE 

BOX TYPE R.7003 

specincaaw Raga: 001-11.10 Mophm in 0.01 

Mepohm divisiolla. Aearaey: 605%. Mailman pue 
atsg: 01W ex sup. Cas: Hemmer Blk4ed stove 

enemel 

Im pno f80 our pda (22.10.0. 

DECADE CAPACITANCE 

BOXTYPE R.7004 

Spsifesgaa Raga: 0.00002uF-1 uF in 0 0000210 steps 

Ammar 005% Fsgaau,y Ric 40cs tn' .' . 
recedes except XI -.40rJs-5 Ktn Cos Ha'r 

r:ove orumaI. 

. stpinf60. Outpace 2 I00 

MUTUAL INDUCTANCE 
BOX TYPE R.7005 
Speohuooa 
Rasp, 0 11 110 mH n 

0 002 mH drv,uons 

Ace cy. 

103,0 0M 11. 

where M value of 

inductance in mil se.., 
The box Fts ewrgraagt. 
0.2 5 K a for all decades 

except Xl 0 -15 Kcs 

Maximum arrant n SA 

lot decades IA loi Jr. 
mete. (both pnmary and 

secondary wrndingsl 

Caw'. Polished teak 

list once 065 5er ;Ilse 226.10 0 

MUTUAL INDUCTANCE COIL 

TYPE R.7006 

Spedasaaea Valss 

C 01 0.0 001 H. Amnesty: 
0 3% Owing Fee 

miry: 5 Ilia. 10 Kin 
Mariam mn :IA.3A. 
Reesman el wile:4 ohm. 

' ohm Cis: Moulded 

asea 

. sr price 8one 

Our pite 50/ -. 

1 A Special price of (65 is offered if 
RR the following equipment is ordered 

together High Value Resistance Ros, 
Decade Capacitance Boo, Mutual In- 
ductance Bon, Mutual Inductance Coil. 

PORTABLE WHEATSTONE BRIDGE 

Spoofiunon Tepe 

Moving Cod Galvanometer Rasp. 

10 05 to 5 ohms 2 0 51°50 ohms 3 5 ta 500ahms 450 m 

GOO ohms 55001°50.000 ohms. Sala: Snatched 

Slidoaws: 0 5 to 50 Oahraesme w Scam: 10-0.10 
Caw: Moulded plastic lemma) Sema. 4V. Dry battery 

Opereeg Tminestara: e 10 to .35 C Omni. 
HumKty: Up to 80%RH Dimeawn.200 e 110 s 135mm 

Weip160 9 kp. 

si price f25 One price £9.19.6 

SET OF MEASURING 
INSTRUMENTS 

Speóamas. Type. Moving Col. 0 C Rnps:O -75mV. 

J 3V. 3- 15 -150V. 3- 150-450V. 0.3-0 .756 T5 -7.5A 
15 30A Scab LaagM: 82mm. Asa ICi: 1.0% Shwas 

I 0 3-0.75 amps 2 1.5 -7.5 amps 3 15-30 amps. Cass 

Moulded plastie Cnety.g Casa: Stove enamelled metal 

I ti pria 030. Os, pries (12.19.8. 

PORTABLE MULTIRANGE 
METER 

Specimens 

Reaper 0-80 8 0J00uA. DC 0-3. 0J060.120mA, 
D.0 12 8 12 amps DC 083 8 6-30nsA A 

24 120mA, A.C. 024-12A AC 3-12-30-300400 
1.200 8 6.000 V. DC 0.83. 24 12. 830. 60 300 

120-800. 240-1.200 & 1.200-6.000 V. A.C. 3-333 or., 

0 3 30 Rohm. 0.03-3 mepohms D.C. Rausten. 11, 
78 Decibels finis: 50 cpa lope Reitoan D.0 

20.000 ohmLvet. lit Rsaiataaes A.C.:2.o00 obmLwh 

Tempi. Raga: -10 to +50-0. Oiaawan:255a 
215 a 170mm Weight: Bhp. SapplFed ssia: 2 voltage 

hvnden. X V leads. slut* nahen. 1 5 8 22.5V bMey 
r mrce f 25 Our price f12.19.6. 

POTENTIOMETRIC 6 POINT 

STRIP CHART RECORDER 
Tor use wmh .hei rind other e.m l 

6i Chart vadth pen speed a secs Accuracy 0 5'4 10 

chan speeds 20 720mmbr Tropicalned Including tools 

6 somas Listed at Duet f200 One pica (79.10.0.12 
pant venom available al 099 10 0 

PLUG TYPE RESISTANCE BOX 

Spetänam 

Rmqa: 0.1 to 

I 111.0 pMns 

Steps: 0.1 atohs 

noisy: 0.1% 
Rated Pie Ps 
Si, p: 0.5W. Ci: 
Marpma Opase 

aag Taaapwaaar. +10 to +35 C Ho 

Up to 80% R.X. Dimaasiaas: 3. 

WIagM:4hg. 

I st pnce f20 Osraim fg17.1 

Carriage extra on 
the above equipment 

Illustrated leaflets available 

Electronic Brokers Ltd. 
49 -53 PANCRAS ROAD 

LONDON N.W.1. 
Telephone :01 -837 7781 '2 

PORTABLE 

RECORDING 

MILLIAMMETER 
Spenluuen. Type. Moving 

Cud. 0 C I4ngo. 0 500 milli 

amps Chen Width I00mm 
Sum latgeh 127mm Chen 

Speeds 20 60 180.600 1800 

8 5400 malt, Prosisin 1 5% 

Sens: 75mV (Internal). 

Operaaap Tempwave. v S le 

.50 C Dimanes.. 180h s 

163w v 245mm Weight: 5 Sap 

Compute with 10 chap rolls 

gear, inks, pipette scale tem 

plate and component 

List puce 065 

One price f35. 

www.americanradiohistory.com
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RONIC BROKERS LIMITED 
THIN FILM UNIT EQUIP- 
MENT FOR PROTOTYPE 
AND BATCH PRODUC- 
TION MICRO CIRCUITS 

The equipment in this list was in opera- 
tion for a few months and due to the 
cancellation of a Government contract is 
now available. This equipment costs 
810,000 and offers tremendous oppor- 
tunity for h or commercial 
arganieation to branch out into thin 
film circuitry. OFFERS PLEASE. 

cched.. le of thin filon unit equipment 
I. Vacuum Chamber, by Consolidated 

Vacuum Corporation 
2. Hot Ga Microbonder Type 8400 

Consisting of Desk Consol 8400/8 
Fitted with: Substrate Holder A 

micromanlpulator 
(tas Heed A Manipulator 
'Beck' Binomax Rtereomicroscope 
by (1. V. Planer Ltd. 

Thrrmommpreseion Bonder Type 
118181 by O. V. Planer Ltd. 

4. Microcircuit Handling Equipnno t 
Consisting of 
Service Ring Serial No. ERI OC 
Motorised attachment Serial 

FEI9 /324 by G. V. Planer 1.b1. 
1. Power Supply Unit Type 87 /I 

Serial No. 57/1/436 by G. V. Planer 
Ltd. 

6. Current Controller Type CEBI /P 
Serial No. CEB7/434 by O. V. 

Planer Ltd. 
7. Resistance Monitor Type RM2 

Serial No. RM2/522 by G. V. Planer 
I.W. 

8. Rotating Substrate Holder with 
motor speed control 8 current 
pulsing units by G. V. Planer Ltd. 

9. Lancinar flow bench 
Twin Bassalre cabinet fitted with: 
Survie Vapour Degreaser 
Serial Nn. 870726 (P2521) by P. V. 

Planer Ltd. 
10. Mettler PI20 Balance 

120g max. Serial No. 248047 
11. Med -Lab Thermostatic Oven 

Model D /F /W 
12. Magnifier Stereoscope Two Ten 

Vision Engineering 
13. Plnnt Vacuum Gauge (Edwards 

High Vacuum) Model 71B No. 13053 
with 2 Osuge Meade 

14. Surface Profile Monitor, Type 
SPMIO Consisting of: 
Detector Unit with Traverse Facility 

e Control Unit including pressure 
sensitive pen recorder by P. V. 
Planer Ltd. 

15. Apex A.C. 10 Turn Pelleting Press 
No. 2495 

Consisting of Hydraulic Preen A lin. 
die. M6041 Pelleting Outfit 
Apex Construction Ltd. 

16. Substrate Heater Supply Varim. 
Type V30H -M. 15Amp, 250V with 

covers. Claud Lyons 
17. Hauser 10in. screen Shadow Onph 

(571) 
also various ancillary equipments 

RECORDING INSTRUMENTS 
FOUR CHANNEL HIGH SPEED 
PEN RECORDER by Kelvin Hughes, with 
four chaooel am,plincr, giving a frequency rangy 
of 0- 160c /s. 
The Recorder consists basically of a magnet 
carrying In its piles four atify Buspendel moving 
coil units. each with styli. ami attached. The 
stiffness of the coil unit suspension enable. the 
Instrument to withstand the effects of vibration 
and acceleration. 
Maine operated. Pen deflection ± 7.5 mom. 
6 chart spec e-o, 5; I ; 2; 4; 8; and 16 cm /see. 
Excellent condition. £185 
N.B. Two channel tersim, availably, giving 
16.5 m1. ru ( I tlni. 

FIVE CHANNEL PEN RECORDER 
unplete with Ile channel aiuplitbr. 

Chart width Din. 
Maximum trace width of + 2 cm. per chanucl. 
Frequency response flat to 60 c /s. 
Mains operated. complete In free standing consul. 
Fully overhauled runt 81200 Our price $450 

EAC DIGIVISOR Mk. I1 DIGITAL 
READ -OUT DISPLAY 
Ideally suitable for use 
in conlunction with 
transistorised decade 
counting devices. No 
need for amplifier. or 
relays as only few 
milllwatts of power are 
required to charge the 
digit.. The DIGIVISOR 
incorporates a moving 
coil movement which moves translucent Neale 
through an optical system and the resultant single 
plane Image is projected on screen. The tram. 
lucent scale Is made to represent digits 0-9. 
Specification.: 6.3 volt. 250 mleroamp. Image 
height I in. Size 4 9 /16 x 2 39/84 x 11 in. 
Our prime 3t Os.. Let price RI gee. 

TEST EQUIPMENT 
EVERSHED BRIDGE 
MEGGER 
256 volt, 50 meg. 
Insulation tester with 
built -In four decade 
bridges with ratio arme 
giving ratios of 100.10 

-1 -0.1 +0.01 and 
selector switch for 
in ulatlon, resistance 
and variety measure- 
ments. $29 /101 -. 
FEW ONLY TYPE 67006 
EVERSHED BRIDGE MEGGER 

its Insulation 0.100 Meg. Bridge 0.01. 999. 900 
a I h facilities for "VARLEY LOOP TEST". 

I.i.d' price 1120 +. Our 004 $99/10/- - 

ADVANCE TRANSISTORISED DC 

STABILISED 
POWER 
UNITS 

Output 
/input Volts robs Amps Pelee 

DC 4 200 -245615% 12 4 £17/10/ - 
DC 4 200.245615% 48 4 520 
DC 3 200. 245615% 12 1.25 210/10/- 

SPEECH INVERTER MI- 7151 -A 
The R.C.A. Speech Inverter le device Intended 
for use In radiotelephone installations when 
privacy Is a prime conlderatlon. The equipment 
when used in conjunction with the R.C.A. Ml7182 
Hybrid Transformers enables parallel twoway 
conversations on a .Ingle telephone pair line at 
each terminal of the communications system. 
With Inversion, speech fed Into the transmitting 
inverter circuit will feed the radio transmitter 
with unintelligible signals. These signals will 
remain unintelligible 
until they pass 
inverter 

ntgh eceiving 
circuit at 

the other end of the 
co nimunication 
channel. (Used only 
under Licence In 
U.K.) £121101- 

HYBRID UNIT MI -71112 'Phil-ITN-Id Unit 
is designed for use with the Speech Inverter where 
It Is desirable to operate the output of a receiving 
circuit and the Input of transmitting circuit from 
e single pair of telephone wires whose electrical 
characteristics are eesentially cons tant. When the 
Hybrid Unit le properly connected and balanced 
to the line, high attenuation will be provided 
between the receiver output circuit and the trans- 
mitter Input circuit. $101101- 

OSCILLOSCOPE DARTRONIC Ill 
Fully overhauled DC -9 meg. 
Sensitivity 100 millivolts r.m.e. /cm. 
Else time .04M sec. 
Our Price no 105. 

VACTRIC 144 -WAY HIGH SPEED MINIATURE SAMPLING 
SWITCHES. connlsting of 24 segments In six 
bank. 8000 samples per necond can be obtained 
from these switches. Ideally suitable for data 
biasing application. Low Inherent noise and con. 
tact resistance permitting high speed sampling of 
the most dlMcult transducers. 
Pulse generator for digital counting. 
Brand new. £25 

UNISELECTORS 
25 way. 4 bank. 75 ohms coll. 35 - 

25 way, 8 hank, 75 ohms coil, 65 

PRECISION POTENTIOMETERS 

TEN TURN 1600 ROTATION 

lees. Ohms Per rent Manufacturer Model Pelee 
1ul /100 /100 Beckman A 180./- 
1 
00 0 5 Beckman A B 60 /- 

°00 0 5 Beckman A 80 /- 
J00 O1 Beckman 8 701- 
500 ('olveru 2501 451- 
500 Foxes PX4 40'- 
500 Calecen 2610 50- 
1K Beckman 7223 60'- 
lK Colvern 2501 45/- 
1R Colveru 2610 50/- 
1K 01 Retie/Ice 40!1 - 
1K Foxes OPM /IS 40'- 
2K 0 5 Beckman RA1101 
2K Beckman 7218 501 - 
2K Reliance 01.1115 40/- 
SE 0 5 Beckman A 60/- 
5E 025 Beckman A 7- 
10K 0 5 Beckman A MI- 
10K 0 1 Beckman X A 70/- 
10K 005 Beckman A 95,- 
10K Foxes ()PM16 50í- 
18K Beckman A 801 - 
20K 0 5 Beckman A 60/- 
20K 0 05 Beckman BA1244 95/- 
30K t'olvern 2402 301 - 
:MK Beckman SA 95C 60/- 
:OIK O 1 Beckman A BB 70/- 
';0K 05 Beckman BA 1892 
In 1C 025 Beckman BA 1692 I- 
.IK Reliance 07.10 45 - 

nK 07.5 4:, - 

.r,oK Colvem 2503 43 
50K X Foxes PX 4 45 - 
50K 05 Beckman A OW- 
50K 01 Beckman A 0// 
100K /IOOK Ford A 1001 - 
100K 01 Beckman A 70/- 
100K 0 5 Beckman A 50/- 
100K Colvem 2501 45/- 
100K Colvern 2810 50 /- 
298K 0 1 Beckman BA 3902 70/- 
300K 01 Beckman A 70/- 
THREE TURN 7110° ROTATION 
100 /100 0 5 Beckman A 80/- 
300 Beckman 9303 45/- 
1 K tleneral 40/- 

Controls 
10K 0 5 Beckman A 45/- 
10K 0 5 Beckman C e5 45/- 
10K 01 Beckman C 55 /- 
20K/20R 0 1 Beckman C 8 100/ - 
10K /10K fl l Beckman C 100/ - 
50K 0 5 Beckman C.8 45/- 
FIFTEEN TURN 5400° ROTATION 
25K/25K Beckman B 10 watts £9.105 
46/K/46K Beckman B 10 watts $9.10., 

TWENTY TURN 7200° ROTATION 
250 ohms .. General Controls ..PX M130 ....110/- 
1 Meg General Controls .. PXM130 ....90 /- 
156 TURN 54,140° ROTATION 
460 ohms _Kelvin Hughes.... KTP0701 09.10s. 
FIVE TURN 11100° ROTATION 
600 ohms Colvem CLR 2505 .40/- 
1.5K Colvem CLR 2605 ...40/- 
SINE COSINE 
Coleem 8601 10K $12.10.. 
Colveen 8601 15K $12.10. 
Colvem 8601 20K $12.105. 
Colvero 9501 I 1 K C.T. $16.105. 
CLR 9604-Cam Corrected High Precision. Sine 
Cosine Outputs 23K. $20. 
PRECISION BECKMAN 40 TURN 
14,400° ROTATION 
Wircwound Precision Potentiometer. SI: 1,c: t 
20 watts at 40 °C. 3 * Dieme/er. Sent. )1. .i. 

200K. 11r0.d N. -o £12.10s. 1,1,1 Pri,_. 

TRIMPOTS 990 GB - Wirewouad Element 
Potentiometer. Low notes. Brand new. by well 
known manufacturer. I watt co 76 C. 1151 ohms 
and above +5°o. Available In the following 
values: Ohms: 5, 15, 25, 50. 100. 250, 400; 1 K, 1K, 
2.5K. 10K. 23K. Pelee, 1 -9 - 201 -each, 10.23 - 
15 /- each,2350 .- 12 /Beach. SU and over l0/ -euh. 

FERRANTI PRECISION 
CONTINUOUS WIRE - 
WOUND POTENTIO- 

METER, TYPE P4A 
BIse 15. He, en Y, tl in.., I:an,..t. 
giving pre- 
determined velure 

pre- 

COLVERN 10- TURNINSTRUMENT 
DIALS 10 6 

LOW COST ELECTRONIC 
& SCIENTIFIC EQUIPMENT 

& COMPONENTS i 
DIFFERENTIAL PRESSURE TRANS- 
DUCERS by 81fam Ltd. O.B. Type H33 
Range ± BOOMS Reeletauce 942 ohms. 
Our Price £19 10. 

Dowty Moog Miniature gervoralve Type 10'463/006 
Pace £45 
Dowty Moog Miniature Servovalve Type 10,190/001 
Pile. £45 

BRAND NEW S.E. LABORATORIES 
TRANSDUCER complete with encapsulated 
.4mplifier /demodulator R.E. 441/2 
Frequency D.C.-60 cop... 
Available In the following ranges: 
4E150 

5 p.s.1. 0 . 100 poeti. 0 - 1000 p.s.i. 
10 pat. 0 . 2.50 p.s.1. 0 1500 poet. 

1 - 25 p.e.1. 0 500 p.s.l. 0 - 4000 p.e.L 
A- 80 )tool. 0 750 p.e.i. 
lso available deferential types 6 5 p.e.i. 

List price 870 r Our price £15 , 

SAFETY OHM METER BY EVER - 
SHED AND VIGNOLES Suitable for 
testing contact and residence of circuits where 
current must never exceed specific amount. 
Range: 6 - 6 ohms 12 ma. 
List price 831 10s. Our price $9 105. 
Carrying case available 20/- extra. 

ELLIOT HIGH SPEED 
READER type 114,32 Hm c,dmim. 
ward else 71 in. x 31 in. 
Will take 400 cards per minute. 
Excellent condition 

CARD 

Our price $120 

HIGH SPEED TAPE PUNCH G.E.C. 
teletype BR PE I I. 

let. of reper1.0-.1l, d Irait 6 9 holes adjustable. 
51.Mtt unit. Mains operated. Base and cover. 
Excellent condition. $75 

DIGITAL MAGNETIC DATA STORAGE 
DECK Bevan track record replay heads 
These machines originally excomputers. but lend Ideally 
for use as audio stereo multi -track recording units or data 
storage. Record and Playback Heads encased in one 
common unit. Thle unique close spacing of Record and 
Playback Head will emble the operator to monitor 
instantly while recording,crosetalk betweentracksab solute 
minimum. Head Resistance 46 ohms and 7 ohms. Freq. 
Response approx. 30 c.ps. -30 Kc /s with good response 
to 50 KN. Deck driven by one synchronous capstan 
motor and two variable -speed rewind motors. Wow and 
Butter- detect It H you can. Electra- pneumatic capstan 
take -up mechanism. Speed 370 1.p.sec. (Note: Capstan 
Head can be randy removed and any diameter Capstan 
Head corresponding to any speed can be fitted.) All deck 
function push buttons are Illuminated and are brought 
out to separate multi -core leads which can be wired to any deck function or auxiliary equipment. 
Finished in brush-aluminium and nattblack. Sise: 27 x 36 x 8 In. Wright 90 lb. 230v -380v. A.C. 
Capstan motor speed 1,501 r.p.m. Must have cost 11.000. Om pries £65. New condition but ex- 
equipment. VACUUM A IIENELY required for computer and data use. $7/10 extra. 
Seven Truk record replay heal, ex- computer, complete with goldre, little used. £12/10/- 
1 in. Tape, 2.400 ft. $8/10/- new. Empty reels 25 / -, In cassettes 45/ -. 

erOa ow MN 

r"Vrr SCAN DIGITAL SHAFT ENCODER BY 
MOORE REED TYPS 18 00-19-le 110 3 diem. Sise 18. 
Counts 524288 in 1024 revolutions of shaft in V Scan. Brand 
new in maker' original sealed tins. List price 175 approx. Our 
)Mink £884101 - 

ELECTRONIC BROKERS LTD., 49 -53 PANCRAS ROAD, LONDON, N-W-1. 
Callers by appointment only please. 

Telephone: 01 -837 7781 2 
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R.S.T. VALVE MAIL ORDER CO. 

BLACKWOOD HALL, 16A WELLFIELD ROAD 

STREATHAM, S.W.16 

A61 7/9 
A1.719 600/- 
ARP38 18/- 
AZ3I 101- 
BT19 60/- 
BT79 67/- 
BT89 67/- 
C1C sol- 
CBL31 19/- 
0C1336 16/- 
CV6 96/- 
CV74 60/- 
CV82 60/- 
CV915 80/- 
CV364110/- 
CV370300/- 
CV372 67/- 
LN408 60/- 
CV428 46/- 
CV4293601- 
CV1144 60/- 
CV3385 

140/- 
CV1522 

180/- 
CV152680/- 
CV216538/6 
CV2306 

CV2912g6- 
CV400910/- 
C74004 10/- 
CV4006 5/- 
CV4008161- 
CV4007 7/- 
CV4014 7/- 
CV4015 10/- 
CV4024 6/- 
CV4O26 7/- 
CV4031 7/- 
CV4033 7/- 
CV404118/- 
CV404510/- 
c:VSO18901- 
CV404812/6 
CV4082 17ro 
0%4064 20/- 
CY30 12/6 
DA F91 4/6 
DAF96 7/6 
1xX,M0 10/6 
11ET'J 

1,000/- 
UET19 7/- 
LB7`20 8ro 
DET2'2 

1101- 
1ET23 

110I- 
DET24 

60/- 
DET231b1-_ 

1)F98 7/6 
DH89 e/- 
DH77 4/9 

DKDl el 
LK92 9I- 
DK98 7ro 
DIAS 86/- 
DL92 5ro 
DIAS e/9 
1)L96 7/6 
D1.810 12/11 
DL818 1101- 
DI819 30/- 
DY86 SI- 
DY87 6/- 
D1,802 9/6 
F88CC 11/- 
E180F 17/e 
04101, W/- 
F:182CC8/e 
EA RCM 

6/e 
EAF4210/- 
E1191 al- 
E11C33 BM 
EBC41 9/9 
EBC90 4/9 
EBF80 7/5 
EBP83 9l- 
EBF89 DS 
EBI.21 12/- 
EBL31 87/6 
E(7C33 161- 
ECCW 17/6 
EOC70 16/- 
ECC81 II- 
E0032 6l9 
FAX783 6/8 
MOD I/- 
EOM 7/5 
ECF80 6l9 
ECF82 6/6 
EC113611/6 
ECH4211/- 
ECH81 619 
ECH83 8I6 
E(1L80 7/- 
FA782 7/- 
ECL83 10/3 
01166 I/- 

ECLL800 
10I- 

EF9 801- 
EF37A 71- 
EF39 B/- 
EF41 10/- 
EF50 6/- 
EF80 1/- 
EF86 ero 
EF89 6/6 
EF91 8/6 
EF92 IIS 
EF98 16I0 
EF183 6le 
EF184 7/- 
EF801 161- 
EF804 81I- 
EFP80 10/- 
EH90 7l6 
EL33 1116 
EL34 10/e 
EL 9/8 
HUI 10ro 
Eu2 1016 
EL8l 9/- 
EL84 4/9 
EL86 7/9 
EELL !i 
EL96 6/6 
EL350 14/- 
EL820 6/- 
EL821 5/- 
EL822 15/- 
ELLBO EN- 
EM34 11/- 
EM80 7l6 
EM81 8,8 
EM84 7/6 
EN32 25l- 
BY61 7/6 
EY81 7/- 
EY89 B/5 
EY84 9/- 
EY96 7/- 
Hu0 B/E 
EZ41 916 
ßZ80 6/e 
EZ81 9/e 
OTIC 67/6 
OU20 100/- 
OU21 100/- 
OY601 16/- 
OZ30 10/- 
0232 10l- 
07.34 11/- 
0237 16/- 
183 DB- 
HIAIDD 

li/6 
KTB 35/- 
I( T61 17ro 
KTee 81/- 
KT67 46/- _ KT81 16/ 

17CD1 
KT81 
IOECl361- 

KT88 801- 
KTW61 6/6 
KTW89 

10/- 
M506 500/- 
M613 660/- 
ME140016/- 
ME160186/- 
MIA 17/6 
N37 1716 
N78 191- 
PC86 11/6 
PCBB 1116 
PC97 319 
pC900 

10/6 
PIX714 6l6 
PC015 B/- 
PCC69 10/6 
POC18910ro 
PCF80 8/9 
PCP86 9/- 
PCF20016/- 
PCF20116/6 
PCP800161- 
PCP801. 9/9 
FCP803 

9/9 
PCF866111/- 
PC31200 

1815 
PCI.82 7/9 
PC183 10/3 
PCL84 8/6 
PC186 913 
PCL86 9/3 
P1)500 55/- 
PENB430/- 
PEN46DD 

11/- 
PFL200 

141- 
PLIS 10.9 
7L81 81- 
PL82 8/e 
P184 7/- 

PL600 14'6 
PL608 89/- 
PL509 29/- 
PLt9y2 16/6 
PT15 16/- 
PX4 14/- 
PX26 1816 
PY32 10 9 
FY33 10 9 
PY81 6 9 
PY82 6'3 
PY83 7- 
PY516 18r6 
py8o0 9 6 
P1/801 9'6 
P530 101- 
QP41 400/- 
QQV02/e 

{ó/- 
QQV03110 57 
QQVO3p20 

166/- 
QQV01116 

106/- 
QQV08.40A 

100/- 
QQVO81/- 

QQO6/10 
70.'- 

Q870/20 6/6 
Q876/20 616 
Q875180 

Q883/3 7/8 
Q892n0 4/- 
Q895/IO 6/e 
Q8108146 

16/- 
Q8160116 

Q8160I30/ 
6_ 

Q8150/96 

QB160/4/- 

QBIMI/BI 
f0/ 8 

Q81209 7/8 
QYa9-12 

18/- 
Q1104-7 12/6 
QVO6-2691- 
QV06.20 

n/e 
Q73.12/- 
R10 lbl- 
R17 S/- 
R18 7ro 

RG6/6007/9 
Bo!- 

RO3/1250 

81M2 a2/6 
811E12 70/- 
8130 40'- 
81301. 40 - 

8P41 8/6 
8P61 3/6 
BTV28014o 

E6/- 
571,260I80 

95!- 
5U216018/6 
8US160A 

18/g 
TpOg.e 

110/- 
TD09.10 

110/- 
TH41 82/6 
TZ40 60/- 
1119 361- 
1124 14/- 
1126 16.8 
U26 16'8 
U191 18 9 
U404 7 6 
11801 13/6 
UABC80616 
UAF42 7/- 
UCH4210I5 
UCH81 7I- 
UCL82 7/6 
UCL83 10/- 
UL41 12/- 
UL84 7/- 
UUB 14I- 
UU7 14/- 
UU8 14/- 
UY41 8/6 
UY86 6I6 
VL863130/- 
VP4B 86/- 
VR105/30 

6/6 
VR16O/30 

6/- 
W8IM 18/6 
178 WM 
181 46/- 

ZH8/100 
a00!- 

1R13/200 
120/- 

266 16/- 
Z319 85/- 
5759 O/- 
2800 50/- 
Z801 90/- 
Z803U 15/- 
042 6/- 
OBI 61- 
OZ4 4/6 
1CP31 1301- 
1B3(iT 7/3 
122 861- 
21)21 6/e 
1l^t'JA 140/- 
21'4:+ 70/- 
21:26 20/- 
2K25 160/- 
3.5L1i 9/- 
3A/167M 

9A5 
80/- 

91124 20/- 
38240M 

110/- 
3B241M 

110/- 
:i1129 40/- 
:1(Y4 g0- 
:0'46 6bl- 
:11)21A u/- 
4C35 
:tF:2O 601- 
411a.5 á00/- 
4CX25011 

8401- 
4X:50A 

96h 
4X1501) 0/- 
4X25UB 

180/- 
5B/254M /- 
böl'255M 

t7/6 
5LZ2 aL0/- 
6R40 30/6 
5U40 616 
6V4O tl- 
5Y90T 5/- 
6Z40 7/- 
BI3oL2 Ibl- 
BAK6 {/- 
6AK6 18/6 
BAL6 i!- 
6AM6 a/e 
6AN8 101- 
6AQ4 4/- 
6AQ6 5/3 

BA87 15/- 
6AT0 4/9 
6AU6OT 

801- 
6646 90/- 
68A6 bl- 
611E6 if- 
fiB116 9/- 
riII.l6 9/- 
6 BK4 Il/6 
6BN6 716 
e8Q7A 7/- 
68117 171- 
6BRe 12/e 
61487 861- 
ßlsWB lU6 
66W7 li/- 
BG 6/- 
ßCttß 61- 
6CU60 24/- 
6r116 7/6 
6,18 6/6 
6CW4 131- 
6D4 19/- 
610E6 9/- 
6F23 15/- 
6P33 19/6 
6.150 4/- 
6J6 216 
6J70 SI- 
6K70 3/- 
6KBO a/- 
6L80 719 
6L6WOB 

17ro 
88Q7M 7/6 
11Q70 61- 
6867 e/- 
68J7M 7l- 
88L70T e/- 
68N70T 6/6 
6V80 4/6 
6X4 4/6 
6X60 4/5 
7117 7I6 7 16/- 
7C6 15/- 
7H7 6/e 
787 46/- 
7Y4 DO 
11E3 70/- 
12A 10/- 

12AD8 11/- 
12A66 916 
12476 4/9 
12AT7 4/9 
12607 OI- 
12A17 6l3 
12BAe 5/- 
123E6 6/3 
12E1 80/- 
12K7OT 7/- 
12K80T BI- 
12Q70T 6/- 
13E1 190/- 
20P4 901- 
24B1 110/- 
2624 6/3 
2az60T 8/- 
26ZBOT Ble 
27M1 7i16 
30C16 161- 
30017 15/- 
90P6 17/- 
30PL1 151- 

30L17 17/- 
30719 16/- 
30PL1 le/- 
SOPL1318/6 
30PL14161- 
3518OT 6/- 
35W4 4/5 
357wOT öle 
4XISOD 

800/- 
6a'S ela 
bOCUBa 

al/- 
80 76 
85A1 86/- 
eeAZ 7/3 
881, 150/- 
911A0 45/- 
90AV 461- 
911C1 12/- 
0001 36/- 
91xv 16/- 
15082 11'8 
16o1s3 6/6 
801 9/e 
803 331- 
807 91- 
811 86/- 
816 76/- 
813U8A 

180/- 
705A ffi/- 
723A/B 

1601- 
725,1 740/- 
829B 60/- 
883g 2e0l- 
837 15/- 

B7YA 6716 
931A 78/6 
954 6/5 
955 5/- 
2050 161- 
6644 {01- 
6651 718 
6664 51- 
6672 71- 
6687 10I- 
5691 861- 
5694 KV- 
5702 16/- 
5749 10I- 
6769 12/- 
6784 a61- 
6842 

5621//..- 

61- 
6876 e0!- 
6879 la/- 
6893 1601- 
6899 10/- 
6902 17/- 
6969 10/- 
6067 10/- 
6058 10/- 
6069 18/- 
6060 61- 
6061 12/- 
6062 14/- 
6063 71- 
6064 7/- 
6065 9/- 
8067 10/- 
6080 861- 
8072 18/- 
6111 12/6 
8146 87/6 
725A 18/- 
7471 14/- 
9003 9/- 
9004 2/6 

Diodes 
Transistors 

18113 4l6 
18115 4/5 
18131 4/3 
2152 4/8 
20210 11/5 
20381 5/- 
20382 1/- 
20401 5/- 
20402 5/- 

20414 II- 
20415 6/- 
20416 6l6 
20417 6/- 
2N247 9/e 
28566 UPS 
AC307 9/- 
AC127 7/6 
AC128 6l6 
ACY19 4l9 
ACY20 4/9 
ACY21 4/9 
AD140 18/6 
AF114 7I- 
AF116 7I- 
AF116 7!- 
AF117 e/6 
BY1f10 416 
0BT671 bl- 
0ET87651- 
NKT2111I- 
NKT214 {ELM 

NKT216716 

NRT21B61- 
NKT22861- 
NKT404 

lira 
NKT6766/- 
NKT67761- 
NKT7137/6 
OCl6 80/- 
Ó' CC 17/6 
OC20 161- 
OC24 161- 
0%9 ,534 111- 
OC28 7ro 
OCLA 161- 
0(129 161- 
OC36 1116 
0C44 4/6 
OG6 4/- 
0071 4/6 
0L72 6/- 
0074 6/- 
0f.76 51- 
0075 6I- SI- 
0077 I/- 
0078 5I- 
0c81 4/- OID 41- 
OIM 616 
OCBIDM 

61- 
OC82 5/- 
OC7f2D 6l- O3 el- 
OC169 5l- 
BC170 7/- 
OC171 61- 
O0200 7/5 
82642 8/8 

IA111 8/8 
XA112 4/8 
IA126 II- 
IA141 7/- 
IA142 5/- 
IA143 t/- 

TUBES 
1CP31 80/- 
241.1. MN- 
SBPl 60/- 
3DP1 40/- 
38101 601- 
3F1'7 19/- 
31:F1 40/- 
ß11P1 561- 
6C1'1 86/- 
6F1'7 85/- 
88L 80/- 
881) 2001- 
ACIt "2 801- 
C27A 1501- 
CVO80 76/- 
CV966 36/- 
CV1526801- 
CV1887601- 
Cv158886/- 
1)113191 

1201- 
K4504/8/16 

75I- 
ECR90 86/- 
EC636 60/- 
MWB2 60/- 
09D 80/- 
090 50/- 
091, 50/- 
VCB97 M/- 
VCR138 

60/- 
VCR138A 

60/- 
VCR139A 

36/- 
VCR616 

801- 
VCR517A 

46/- 
VCR617B 

46/- 
VCR617C 

46/- 

Valved/tested and released to A.B.B. specification If required. 

Express postage 9d. per valve. 
Ordinary postage 6d. per valve. 

Over L5 postage free. 
Tel. 01 -769 0199/1649 

Monday through to Saturday 
9 a.m. 5.30 p.m. 

Complete range of T7 Tubes 
available from L4.5.0. 

SEND S.A.E. FOR LIST of 6,000 TYPES 

We supply B.A. Screws, etc. in brass, steel, stainless, 
phosphor bronze and nylon to laboratories throughout 
the Commonwealth. 
We can also offer early delivery for many sizes 
of screws, etc. with Metric Threads 

Please send for List W9 65 (WW) 
WALKER- SPENCER COMPONENTS LTD. 

5, High Street, Kings Heath, Birmingham, 14. 
Telephone: 021 -444 3155 (Sales) and 5278 

WW -130 FOR FURTHER DETAILS 

'VEEDER ROOT' 
6 Figure Counters 
Resetable 45v. D.C. 

30/ -. p.p. 5/- 
Trade terms 
available for 
quantities 

also "RACAL - 
FREQUENCY COUNTERS 

type SA20 £60 p.p. £1 

THE TRADING POST, 4 CASTLE STREET 
HASTINGS, SUSSEX. Telephone: Hastings 2875 

WW -131 FOR FURTHER DETAILS 

TRlCKETT 
70 PARK ROAD, CONGRESBURY, BRISTOL 

Schools 15;1. off. Goods over 10s. P/P free except where shown. 
OSCILLOSCOPES. TELEQUIPMENT 1)31 R. [21 ea. Carr. LI. 
STABILIZED P /U's, ROBAND ELECTRONICS, all 200/250V. 1 /P. Transistor 
Type I: 0/P 1SV. D.C. I.5A. Type 2: 30V. D.C., I-SA. Type 3: 2 0 /P's of 45V. D.C., 
0 SA. Type 4: Valve. 250V. D.C., 150 Ma. & 2 X 6.5V., SA. Type S: Valve O /P. 330V. 
D.C., 150 Ma. & 2 X 6.3V., SA. All L4 ea. P/P 12/6. 
MINIATURE MOUE METERS, SANGAMO WESTON. 300 /450V.. SO c /s. 
0 -9999 and tenths. New at 312 ea.. used at 23e. 
ELECTROTHERMAL PRECISTORS 01 W.W., s.a.e. for list. Use for bridges. 
calibration. etc. 2s. ea. 
RELAYS: BY LONDE X, G.E.C. S, MAG. DEVICES LTD. 3p. and 4p. Cover 24, 
28 6 240V., all 7/6 ea. 
CAPACITORS: 8 mfd. 600V.; 10 odd. 35V.; 5 mfd. 12V.; Is. ea. IOa. dos. B odd. 6V., 
9d. ea., 7/6 doz. 2 mfd. 150V. Tube, 9d. ea. I mfd. 20V. 01 mfd. 150V. metal tubes, 
6d. ea., Ss. doz. 
CASTANETS. 140 mid. 30V.; 50 mfd. 70V.: 100 mfd. 35V.; Is. 6d. ea. 
VALVES. S.a.e. for list of ex. equipment and new at Is., 2s. 6d. and Ss. ea. 
BELLING LEE rime. fuse holders. Is. ea., IOs. doz. 
SEMICONDUCTORS. All new marked. 0C470, 2N706, 2s. 6d. 2N697 3s. 6d. 
2N2223, BCY39, OC 139. Ss. ea. 
SELENIUM SOLAR CELLS. 7.5 x 11 cm. LI. 2 25 x 4 ins. lis. 7 x 7.5 cm. 
12s. 6d. 8.3 x 4.8 cm. 10s. 5.9 x S, 6 x 3.5. S x 4 cros. 7s. 6d. ea. 3.8 x 2.4 cm. Ss. 
Misc. small types is. 6d. ea. 
250 pf WAXED SILVER MICA I00V. 2 6d. ea. Ss. doz. 

S.a.e. for lists of other units and components. All goods d 

TREMENDOUS CLOSING DOWN SALE 

WHOLESALE STOCKIST SHORTLY EMIGRATING HAS VAST STOCKS OF 
THE FOLLOWING FOR BULK OR OUTRIGHT SALE: AMPHENOL, BENDIX, 
BELLING LEE, BURNDEPT, B.I.C.C.- BURNDY, CANNON, CONTINENTAL 
CONNECTORS, ETHER, HELLERMAN- DEUTSCH, McMURDO, PAINTON, 
P.E.T., PLESSEY, SEALECTRO, THORN, TRANSRADIO, U.E.C.L. & WIN- 
CHESTER PLUGS & SOCKETS OF ALL TYPES, PRINTED EDGE CONNEC- 
TORS by CONTINENTAL CONNECTORS & U.E.C.L. L.P.A. Watertight 
Connectors, CINCH & WARD- BROOKE BARRIER STRIPS, PAINTON, 
BOURNS, M.E.C. & RELIANCE Miniature trimming & Flatpot Potentiometers 
Sub -miniature type T05 trimming potentiometers, CLARE -PENDAR Computer 
Switches, Condensers, Capacitors, Resistors, Transformers. American Headsets, 
Ball- Races. Servo, Syncro, Drag -Cup Motors, Magslips, Tachometer Generators, 
Fuses & Fuse -holders, V.H.F. & Transmitting Units in G.P.O. type Racks. Oxley 
& Harwin Components and hundreds of other miscellaneous and varied com- 
ponents and spares. Would also consider selling complete manufacturers & 
M.O.A. literature, Sales & Buying Contacts, Furniture, Stationery & Effects. 
Book value in excess of £100.000. Only Firms or Individuals interested in bulk 
buying can be entertained. Would accept outright offer for complete business 
if convenient. Full Lists ready by February 1969. Please write in first instance 
to: BOX No. 5051. 
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ßIPAK SEMICONDUCTORS 

2070 OFF THESE 

KING SIZE TESTED PAKS 
Normal price 10/- 

8f- 
Al 
SALE PRICE 

,4 4 NPN Germ. Switching Trsns. 
marked assorted 8.- 

A15 20 Red Spot AF Trans. PNP Factory 
d í- 

A16 16 White Spot RF Trans. PNP Fac- 
tory d 8' 

All 4 OC77 Type Trans. w ACY24, 
0C309. 2N24Á 5/- 

A18 4 High Current Germ. Switching 
Trans. Eqvt. 0C42. CV7042 8I- 

A20 3 200 Mies Sil. Planar Trans. NPN 
BSY27 8/- 

A22 5 20417 Trans. Eqvt. AFI17 
AF137, NKT677 SI- 

A23 3 NPN Germ. Trans. NKT773 
ACI30, ACI31, ACI53, AC127, 
2G339A SI- 

A25 2 Drift Trans. 2N1225, Germ. PNP 
100 M /cs RCA - AFI 18 SI- 

A26 6 AF /RF Trans. 0C44/45/81/81D 
plus 1 Diode 111 

A37 4 0075 Trans. Type w NKT213, 
AC125, 0C304, 2502 8/- 

A39 2 0C139 NPN Germ. Switching 
Trans. w 2N1090, 2SC90, ASY73 5/- 

A40 2 Low noise Trans. Sil. NPN 2N929 
BC I07 8/- 

A42 5 C741145 Germ. Trans. PNP 
OC71, AC 151,AC125,AC122, 2N280 0:- 

A43 3 GT31 LF Low noise Germ. Trans. 
PNP > ACI25, NKT215 el- 

A48 3 Mallard 0076 Trans. - NKT212, 
ACISI,ACI28, OC307 5/- 

A52 4 OC72 Type Trans. w NKT2I2, 
ACI28, OC308 8/- 

A56 2 2N708 Sil. Trans. 300 M /cs NPN - 
BSY63 e. BSY19 SI- 

A66 4 ACI28 Trans. PNP High Gain 
OC82, ACI53, AC124, NKT222 8/- 

A67 4 ACI26 Germ. Trans. PNP 
AC163, NKT229 8/- 

A68 2 0073 Mallard Trans. w NKT2I4, 
AC 126 SI- 

A69 7 OC81 Type Trans. British made 11/- 
A79 7 0071 Type Trans. British made 8í- 
A81 6 TK220 Germ. Switching Trans. 

Eqvt. 0045 SI- 
A82 3 2N1307 PNP Switching Trans. 

ASY27 8/- 
A83 3 OC170 HF. Trans. Type - NKT- 

612,AF124,AF136 S/- 
A84 3 AFI16 Type Trans. w ÁF126, ÁF- 

127, AFI 13, NKT676 11/- 
A88 3 AF117 Trans. Type - NKT677, 

AF127, AF137, AF113 SI- 
A89 3 OC171 HF. Trans. Type w AF124, 

AF134, AFI31, NKT613 11/. 
A90 3 AC107 Germ. Trans. TO -I Case 

low noise Si- 
A94 5 2N2926 Silicon Epoxy Trans. NPN 

mixed gains Si- 
A95 2 GET880 Low Noise Germ. Trans 8/- 
A97 1 AFI39 PNP High Freq. Trans. ft 700 

M /cs. a:- 
A98 3 NPN Trans. 1 STI41 d 2 ST140 8I- 
A99 4 MADT's 2 MATI00 Si 2 MATI20 

PNP 
A100 3 MADT's 2 MATIOI 6 I MATI21 

81- 

PNP 111/- 

A101 4 0C44 Germ. Trans. AF Si- 
A102 3 AC127 NPN Germ. Trans S/- 
A104 5 Sil. Alloy Trans. like OC200, 25302, 

TO -5 PNP Si- 
A106 3 0084, Mallard Trans. 1 Amp. PNP ß/- 
B14 4 Silicon Rectifiers 400 PIV 500 mA 

BY101 -137114 8/- 
B18 4 Top Hat Silicon Rectifiers 100 PIV 

750 mA. ß¡- 
544 4 3 Amp. Silicon Rectifiers 100 -400 

PIV unmarked SI- 
546 2 10 Amp Silicon Rectifiers 100 PIV Si- 
C3 10 Ass. Gold Bonded Diodes all 

marked or colour code SI- 

GERM. RECTIFIER SINGLE -PHASE 
BRIDGE. Mallard type. GEXS41 -BIPI. Out- 
put Vita. 48v. Output I.C. 5A. Liste Price 581 - 

OUR RICE 12/6 EACH 

IMPORTANT NOTICE 
Please use PAR No's. when order- 
ing. plus description to avoid 
mistakes. Please send all Orden 
direct to our Warehouse I. 
Despatch Dept. P.O. BOX 6, 
WARE. HERTS. Please add II- 
towards post and packing. Over- 
sea add for airmail. 

250 DIODES GLA SN 10 
Sil. Germ & Zeners Identification Chart free 

Pak No XB200 

150 TRANS. AF /RFXXA100 

100 SIL DIODES DO -7 SIM 

10f- 
10f- 

0A200-0A202 Pak No X8100 
THE ABOVE DEVICES ARE UNTESTED 

BULK TRANSISTOR BUYS 
NEW BI -PAK UNTESTED - UNCODED 

Pak No. 
XI SO AF To-5 ACY 17 -20 Series 
X2 50 AF To-1 NKT281- AC128 Type 
X3 30 VHF To-I AFI 17- NKT667 Type 
X4 35 AF So-2 20371- 0071 -75 Type 
X5 50 RF To-5 NKTI26, 0C45 Type 
X6 40 AF /RF STC ACY27 -30 etc. 
X7 40 RF To-1 NKT141/2- 0C44,45 
X8 30 VHF To-5 2G401 Texas AFI 16 
X9 30 NPN To-I AC127 NKT773 Type 
X10 40 Sil. To-5 PNP 0C200.2S302 Type 
XI I 30 RF NPN 2G339, 2N1302 
X12 50 NPN 5i1. Planar mixed 2N706 Type 

10 
10 
10 
10 
10 
10 
10 
10 - 

10- 
'or- 
tor- 

DEDUCT 10% OFF THESE PRICES 
NEW SILICON RECTIFIERS Tested 
Ply 400 750 I.SA 3A IOA 30A 

mA mA 
50 10d. I/- 1/6 2/9 4/3 9/6 

100 I/- 13 2/6 3/3 416 15 /- 
200 1/3 1/9 216 4/- 4/9 20/- 
300 - 2 3 3/9 4/6 616 22/- 
400 2/- 2/6 41- 5/6 7/6 251- 
500 - 3/- - 6/- 8/6 30 /- 
600 2/9 3/3 4/8 6H 9/- 37/- 
800 - 3/6 4/9 7/6 II /- 40 /- 

1,000 5,'- 6/- 9/3 12/6 50/- 
1,200 6'6 7/6 Ille 15 /- - 

1 0 2 i n CI. I - i n 10 -. 

SCR's 
LOWEST PRICE 

LARGEST RANGE 
PIV IA 7A 16A 30A 

25 - 7/6 - 30 /- 
50 7/6 816 1016 35/- 

100 8/6 101- 15 - 43 /- 
200 12/6 15- 20 - 55/- 
300 15/ -20 - 25 - - 
400 17/615'- 35 80 /- 
500 301- 40 - 45 - 95 /- 
600 - 40. - 50 - - 

6d. in 5 - 

BRAND NEW TEXAS GERM. TRANSISTORS 
CODED AND GUARANTEED 

Pak No. 
TI 2G37IA EQVT. OC71 
T2 2G374 EQVT. OC75 
T3 2G3744A EQVT. 00810 
T4 2G381A EQVT. OC81 
TO 203827 EQVT. OC82 
T6 2G344A EQVT. OC44 
T7 2G345A EQVT. OCIS 
T8 2G378 EQVT. OC78 
TO 2G339A EQVT. 2N1302 
TIO 2G417L EQVT. AF117 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

20 AMP (RMS) SCR's 
FLYING LEADS 
TO-48 STUD 

100 PIV 10/- 400 PIV 25/- FULLY 

200 PIV 15/- 600 PIV 35/- TESTED 

1+ AMP SCR's TO -5 
100 PIV 5/- 400 PIV 8/6 
200 PIV 7/- 600 PIV 12/6 

ADI6I NPNADI62PNP 
MATCHED COMPLEMEN- 
TARY PAIRS OF GERM. 
POWER TRANSISTORS. For 
mains driven output stages of 
Amplifiers and Radio receivers. 

OUR LOWEST PRICE OF 

I (Y- Per Pair 

FULLY 

TESTED 

HIGH POWER SILICON 
PLANAR TRANSISTORS. 
TEXAS 25034. NPN TO -3. 
VCB100 lc 4A T. 15M /cs 
VCEI00 Ptot. 40W 
VEB8 hFE(min.) 

60 

Price 12 6 each 

2N2060 NPN SIL. DUAL TRANS. 
CODE D1699 TEXAS. OUR PRICE 5/- each 

500 Cheshaln House 

150 Regent Street 
London, W.1 

ß44AYiVS 
GALORE, 

25 GERM. TRANS 20 
All known types Eqvt 
List included Pak No T12 

20 SIL ALLOY TRANS 
Eqvt 0C200-205 
TO-5 2S301-30420' 

PNP Pak No T13 

20 SIL. PLANAR TRANS 
BC108, 2N706, 2N697 20' NPN Pak No T14 

30 GERM. DIODES CG62 
Eqvt 0A70-79-81 

1 0' Pak No T15 Inn 

20 GERM. GOLD BONDED 
Eqvt 0A47 

I o-- Pak No 717 

10 0A182 GOLD BONDED 
Diodes Eqvt 0A5 

1 0' Pak No 716 s 

PLASTIC UNIJUNCTION TRANS 
Eqvt 2N2646 UT46 TIS43 
2 for 10/- Pak No T18 

EX COMPUTER BOARDS 
Packed with semiconductors 
and components Min 150 

25 BOARDS 20' 
with this Pak No EX1 

odd 2/- 
postage 

TRANSISTOR EQVT. BOOK 
52 pages of cross references for trans. and 
diodes, types include British, European, 
American and Japanese. Specially 

X 

ported 
by BI -PAK 9/6 each 

INTEGRATED CIRCUITS 
I.C. Operational Amplifier with Zener out- 
put. Type 701 C. Ideal for P.E. Protects. 
8 Lead TO -5 case. Full data. 
Our ice 12/6 each 
5 off I'I /- each. Large qty. Prices quoted for. 

"BUY BI -PAK AND SAVE" 

BI-PACK 
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GUARANTEE SATISFACTION OR MONEY BACK 
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E L ECTRÖVA 
EVERYTHING BRAND NEW AND TO SPECIFICATION NO SURPLUS 

PROMPT DEPENDABLE SERVICE LARGE STOCKS CATALOGUE AVAILABLE 

* Unbeatable value in SEMI- CONDUCTORS 
30 watt BAILEY AMPLIFIER 

M3481 l 
M3491 J matched pair output £2/19/ -. 
40361 
40362 matched pair driver £1/10/3. 
40361 12/6; 40362 16/9; 8C125 12 / -; BC107 2 /9; BC109 2/9. 
Main amp. PC board 12/6 each but FREE with each complete transistor set. 

Total for one channel £7/8/- list; with I0°á discount only £611313. 
Total for two channels £14/16/ -; with 15% discount only £12/11/8. 
Complete power supply kit £4/5/ -. Circuit reprints 1/- each. 

* G.E. 2N2926 PLASTIC range. PRICES REDUCED/ 
Red spot = 55 to 110 2/3. Yellow spot = 150 to 300 1/9. Absolutely 
Orange spot = 90 to 180 2/3. Green spot = 235 to 470 2!3. brand new 

* TEXAS SILECT range. PRICES REDUCEDI 
30V 600mA npn 
2N37043 =90 to 330 319. 
2N3705ß -=45 to 165 3/5. 
25V 200ma pnp 
2N3702ß - -60 to 3000 3/6. 
2N3703 =30 to 150 3/3. 
Small signal npn 
2N3707 low noise 4 / -. 
2N37113 =180 to 660 3/11. 
Small signal pnp 
2N4058 low noise 4/9. 
2N40263 =180 to 660 4/3. 

BC107 series 
300mW 300MHzfT, T018 
BCI07 45Vß =125 to 500 2/9. 
BC I08 20V3 =125 to 900 2/6. 
8C109 20Vß =125 to 900 2/9. 
BC167 series 
180mW 300NHzfT. T092 
8C167 45V3 =125 to 500 2/3. 
BC 168 20Vß =125 to 900 21 -. 
BCI69 20V3 =240 to 900 2/3. 
BC109 and BC169 are low noise. 
BC167 BC168 and BCI69 are plastic. 

* FETS. PRICES REDUCEDI 
A brand new FET. 2N5I63 1-SmA /V min., 5'- only. MPFI05 25V max., 
gm= 2 to 6mA /V low noise 7/6. 2N3819 25V max. gm 2 to 6mA /V, 
low noise 9/-, 

* MINI TRANSISTORS. PRICES REDUCEDI 
2N4285 pnp hFE 35 to 150 at 10mA fT 7 MHz min. Veb 35V max. 
2N4286 npn 30V hFE over 100 at 10µA fT 280 MHz typ. 
2N4289 pnp 60V hFE over 100 at 100µA to 1mA fT 170MHz typ. 
2N4291 pnp 40V hFE over 100 at IOOmA 
2N3794 npn 40V hFE over 100 at IOOmA complementary driver /output. 
2N4292 npn 30V UHF N.F. 6dB max at 100MHz fT 570MHz typ. 
B5041 Power 14-3W at 100 °C base temp. 35V, hFE over 100 at 0 -SA. 
Insulated T066 size mounting surface. 
Prices: 2N4285 to 2N4292, 2N3794 2/11; B5041 13/6. 

1000 volt 1-SA GENERAL PURPOSE 
RECTIFIER type IN5054 3/6 only. 
100V 0.75A miniature rectifier type TSI 1/9. 
400V type TS4 2/3. 

7ENER DIODES 
3V to 27V 5% 400mW all 
preferred voltages. 4/6 each. 

* NEW TRANSISTOR BARGAINS 
All power types supplied with free insulating sets 

2N696 5/6 2N1613 6/6 2N4060 4/3 BC147 4/3 
2N697 6/- 2N1711 7/4 40250 15/- BCI48 3/6 
2N706 3/5 2N2147 16/9 40406 16/3 BC149 4/3 
2NI132 13/- 2N2369A 6/9 40408 14/6 BDI23 24/3 
2N1302 4/- 2N2646 9/6 ACI26 6/6 BF194 7/- 
2N 1303 4/- 2N2924 5/- AC128 6/- BFX29 12/3 
2N1304 4/- 2N2925 5/9 AC176 11/- BFX84 7/5 
2N1305 4/- 2N3053 5/6 ACY17 8/- BFXSS 8/3 
2N1306 6/9 2N3054 15/6 AD161 7/- BFX88 7/9 
2N1307 6/9 2N3055 16/6 AD162 7/- BFY51 4/- 
2N 1308 8/9 2N3391A 5/6 AFI 14 7/- BSX20 4/6 
2N 1309 8/9 2N3706 3/3 AF124 76 NKT403 14/10 

Peak Sound PA.12 -15 
Amplifier 
This remarkable new power amplifier 
module delivers 11.5 watts R.M.S. 
into 15 ohms and has a maximum 
distortion level of only 0.1%. In 
Kit Form as advertised £3/19/6, 
plus 12/- for heat sink assembly and 
matrix board. PS-45 Power Supply 
Unit kit £41191 -. Pre -amp kit £1/71 -, 
plus 6/3 for mono controls, or £1/9/- 
for stereo. Active Tone -filter kit only 
19/6 plus mono controls 5/- or stereo 
16/ -. Discounts not available on basic 
kits only. 

DISCOUNTS 
10% on orders for components for 
£31 -1- or more. 15% on orders for 
components for £10 or more. 
POSTAGE and packing up to order 
for LI, add 1/, FREE on orders for 
LI or over. 
Overseas orders welcome- Carriage 
charged at cost. 

CATALOGUE 
Send 1/6 for our comprehensive 1969 
Catalogue. Invaluable to every 
serious experimenter, designer and 
constructor. 

* RESISTORS 
METAL OXIDE type TRS. 0.5 
watt 2% tolerance. Very low noise, 
low temperature coefficient, low 
drift. A PROFESSIONAL resistor. 
All E24 preferred values 10 CI to 
1M f]. 

Price: 1 to I1. 10d.; 12 to 24, 9d.: 
25 up, Sd. 

CARBON FILM high stab low 
noise. 
¡W 10% I fl to 3.3 fl. 
¡W 5% 3.90 to 1M, 1/10 doz.. 
14/6 100. 
}W 10% 4.7 (3 to 10M 0, 1/9 
doz., 13/6 100. 
¡AV 5% 4.7 U to 10M C. 2/2 
doz., 17/- 100. 
IW 10% 4.7 fl to 10M fl, 3/3 
doz., 25/10 100. 
1/6 less per 100 if ordered in 
complete 100's of one ohmic value. 
Please state resistance values 
required. 
CARBON SKELETON pre -sets: 
100 f1, 250 n, 500 Q. Ik (1, 2k O. 
2.5k fl, 5k U. 10k fl, 50k U. 
25k f], 50k Q. IOOk SI, 200k fl, 
250k 11, 500k CI, IM L. 2M iL 
2.5M n, 5M fl, 10M G. Vertical 
or horizontal mounting. Small 
high quality, 1/. each; Sub -min 
type lld.each. 

* ELECTROLYTICS 
SUB -MIN., C426 range (µF /V): 
0. 64/64; 
2.5/64; 
6 -4/25; 
12.5/25; 

1/40; 1.6/25; 
4/10; 4/40; 5/64; 
8/4; 10/2.5; 10/16; 

16/10; 16/40; 

2.5/16; 
6. 4/6.4: 

10/64; 
20/16; 

20/64; 25/6.4; 25/25; 32/4; 32/10; 
32/40; 32/64; 40/2.5; 40/16; 
50/6.4; 50/25; 50/40; 64/10; 
80/2.5; 80/16; 80/25; 100/6.4; 
125/4; 125/10; 125/16; 160/2.5; 
200/6-4; 200/10; 250/4; 320/2-5; 
320/6.4; 400/4; 500/2-5; Price 
reduction 1/3 each. 

MINIATURE (0/V): 5/10; 10/10; 
25/10; 50 /I0, 9d. each; 25/25; 
50/25; 100/10; 200/10, 1/- each; 
50/50; 100/25, 1/6 each; 100/50; 
250/25, 2/- each. 

LARGE (µF /V): 1000!50, 7/ -; 
2000/50, 9/3; 5000/50, 17/6; 
5000/25, 10/3; 2500/64, 15 / -. 
Vertical clips for above types, 9d. 
each. 

* CAPACITORS 
Ceramic disc: 20% ó 500V : 1000pF, 
2000pF, 5000pF; 50V: 0.01µF, 
0.02µF, 0.03µF, 005µF. 
Mylar film: 10% 100V: 1000pF, 
2000pF, 001µF, 0.020, 0.05µF. 
Polystyrene: 5% 160V: 22pF and 
preferred values to 820pF. ALL 
at 5d. each. 
Polyester: 250V 20 %: 0.01, 0-015, 
0.022, 0-033, 0.047, 0.0680, 7d. 
each; 011.1.F, 8d. 
Polyester: 250V 10 %: 0.15, 0.22, 
9d.; 0.33, 1/2; 0.47, 1/6; 10, 2/3; 

4/ -. 

* POTENTIOMETERS 
Short spindle: 10011 to 10M n lin., 
5Kí1 to 5M 11 log., std. values 
only, 2/- each. Long spindle: 4-7K, 
10K, 22K, 47K, IOOK, 220Kí1 
lin. or log. -ONLY 2/6 each. 
Long spindle dual stereo: 10K, 
22K, 47K, 100K, 220Kí1 lin. or 
log., 10K log /anti -log -ONLY 
8/6 each. 

ELECTRO VALUE 
DEPT. WW.3, 32a ST. JUDES ROAD, 
ENGLEFIELD GREEN, EGHAM, SURREY. 
Telephone: Egham 5533 (STD 0784 -3) 
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SLYDLOK FUSES 15 amp., 1/8 ea., 15,t- per doz. 

HEADPHONES. Carbon H!Mics., 51- ea. P. & P. 
2 6. DLR5 Bal. Armature, 91. P. & P. 216. M'Coil 
with ear muffs and wired M!C mic., 12,8. P. & P. 
2 6. No. 10 Assembly M,'Coil with M;Coil Mic., 
12 6. P. & P. 2/6. 

TRUVOX LOUDSPEAKERS. Re- entrant type, 
ideal for public address, enclosed in waterproof 
wooden case, complete with steel baffle designed to 
produce directional reproduction at 5 watts. 7.5 f1 
2716 each. Carr. 5/ -. 

SMALL MOTORS. 12 -24 v. D.C., reversible, 
with gears attached, 10'- ea.; with blower attach- 
ment, 10 ea.; with fan assembly, 10 /- ea.; each 
item post 2/6. 

TRANSMITTER. BC 625, part of T /R. SCR522. 
For spares only. Chassis only. Complete with valves 
except 832s and Relay. 21/- ea. Carr. 4,' -. 

SIEMENS HIGH SPEED RELAYS. H96B type, 
50 +50 ohms. 6 - ea.; Type H69D, 500 +500 ohms, 
5'- ea.; Type H96E, 1,700+1,700 ohms, 5;- ea. 
Carr. 1,' -. 

"TELE L" TYPE FIELD TELEPHONES. These 
telephones are fitted in strong steel case complete 
with Hand Gen. for calling each station. Supplied in 
new condition and tested. SO - per pr. Carr. 7/6. 

POST OFFICE TYPE RELAYS. 3,000 sers. 
2 c slugged coil only; 2 c /o, slugged coil 500 
ohms. 8, - ea. Carr. 1/-. 

MORSE KEYS. No. 8 assembly complete with 
leads, terminals and cover, 6/6 ea. Carr. 21-. 

VIBRATORS. 12 v. 4 pin, 12 v, Plessey Type 
I2SR7. Syn. 7 6 ea. Carr. 1 / -. 

ELECTRO MAGNETIC COUNTERS. Register 
up to 9999, coil res. 30011. 5,'- ea. Carr. 1 / -. 
not re- setable. Ex- equipment. 

MODULATION TRANSFORMERS. 150 watts, 
suitable for pair 813s, driving 313s. Size 6in. x 5in. 
x3lin. Brand new, boxed. Price 27;6. Carr. 4/6. 

LIGHTWEIGHT HEADSET (part of "88" W. 
Set Equipt.) complete with Boom mic -, carbon made 
to highest Ministry Spec. Moving coil earpieces. 
Our price 20,'- ea. Carr. 3/ -. Also Super Light- 
weight hand set, 10,'- ea. Carr. 2;-. 

200 AMP. 24 v. D.C. GENERATORS. Type P3 
ex -Air Ministry, £9 ea. Carr. 10,6. 

Generators. Type 02. 3,000 watts, 30 v. D.C. 
£6 ea. Carr. 10 / -, 

Rotary Convertors. Type 8. D.C. Input 24 v., 
A.C. Output 115 v. 400 c /s, 3 phase, 1.8 amps. 
£5 ea. Carr. 10 / -. 

Invertors. Type 201A (5UB6300). D.C. 25/28 v. 
r.p.m. 8,000, A.C. 115 v. 1600 c /s, single phase. 
£10 ea. Carr. incl. 
All above items ex -gov. stock, in used condition. 
P.C.R. 12 v. VIBRATOR POWER PACKS. 
Brand new, 22'8 ea. P. & P. 5/ -. 

CONDENSERS. .1 mfd. 1,500 v. Sprague, 
paper. 9d. ea., 7,43 doz. 

HEAVY DUTY TERMINALS. Ex- equipt. Black 
only, will take spade terminals and wander plug. 
1,6 pr., 15/- doz. pairs. P. & P. 1/6 ea. doz. 

FATIGUE METERS. 24 v. D.C. Consisting of 
6 r: 469D Relays. 500 x 50011. 6 x 3001 Electro 
Mag. counters, etc. £3/10/- ea. Carr. 4/6. 
AMERICAN AUTOPULSE 24 v. PUMPS for 
mounting between carb. and main fuel tanks as 
auxiliary pump. New -30/- ea. P. & P. 5/ -. 7 g.p.h. 
Size 7in x 2lin. x 2lin. 
Telephone Hand Generators. No. 26 A.N. 
In wooden case. 7.6 ea. P. & P. 4/6. 

Air Spaced Condensers. American, top quality, 
large. 60 p.f. Only 10,'- ea. P. & P. 1/6. 

W/S REMOTE CONTROL UNIT "E," Mk. 2. 
As supplied with "19" W.S. £1. P. & P. 7¡6. 

W.S. 19 VARIOMETERS. 17/8. P. & P. 4/6. 

S.T.C. MINIATURE SEALED RELAYS, TYPE 
4184 G D, 70011 24 v. (will work efficiently on 12 v. 
D.C.) (ex- equipment). 2 C /overs. 7/6. P. & P. 1 / -. 
6 or more post paid. 

SMALL D.C. MOTORS. 2in x l lin. x llin. 
Rated 24 v., will work on 12 v. lin. length drive 
shaft. Ideal for model makers, etc. 10,6 ea. 

CONDENSERS. 8 mfd. 600 v. Brand New. 
Cornell Dubilier Paper Condensers, 4in x 31in. x 
1lin. with fixing clips. 7/6 ea. P. & P. 2/ -. 

reittaJ-e 
108CHESTER ST.. BIRKENHEAD CHESHIRE 

Tel. BIRKENHEAD 6067 

Terms Cash with Order. 
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P. F. RALFE 
Please Note our New Address is Now 

10 Chapel St London N. W. I Phone 01-723 8753 

LEDEX rotary solenoid switches suitable for all types of remote circuit selection and a variety of switching operations -brand new 
stocks -no waiting -off the shelf deliveries of the following types: 

(I) Miniature type -I pole 12 positions 3 banks wafer dia. 
3 position foot mounting operating voltage. 

24 Volts D.0 50 /. 

(2) Miniature type -1 pole 7 position 5 banks I lin. dia. wafers 
for flange mounting. Operating voltage 12 Volts D.C 50/- 

(3) Miniature type -I pole 12 position I bank plus I pole 
6 position 1 bank ceramic insulation. Operating voltage 
36 -48 Volts D.0 45/- 

(4) Standard type with I lin. wafers, 2 pole 12 position 6 banks 
plus 2 pole 12 position 2 bank in ceramic insulation 00/- 

(5) Standard type as above, I pole 2 positions with long shaft 
to enable user to build up wafers to suit requirements. 
Voltage 48 Volts D.C. 40/. 

"ELECTRONIC STETHOSCOPE" TYPE 5104 
This instrument is a normal high -grade stethoscope to which are 
added two special earpieces built into unit and terminated to a 

coaxial socket. Impedance 15 ohms with the aid of a low -power 
amplifier and small microphone. The:-. instruments could offer 
endless possibilities. Offered brand new by famous manufacturer. 

Price 251- + 2/6 P.P. 

A.E.I. HIGHLY STABILISED P.S.U. R2240 
This fully transistorised unit is variable between 3 -30 Volts D.C 
with a maximum load of 2 amps. Supplied brand new at only 
L22/I0/0, carriage 20/-. List price C73. 

MODERN LATE TYPE ROTARY STUD 
SWITCHES 

By Cinema Engineering U.S.A. in the following types: 
(I) 2 poles 9 positions on each pole, heavy duty S amps size 12ín. 
(2) 2 poles 5 positions on each pole 3 banks rating as above. Both 

switches have heavy duty silver contacts, regular panel mount- 
ing with standard spindle, size 11in. square x 31in. spindle 
length lin. Prices are 25/- and 45/- each, brand new. 

We have many types in stock, please phone your requirements 

HIGHLY STABILISED P.S.U. OF U.S.A. 
MANUFACTURE 

Regulation between 7 -15 Volts at 20 amps. Full overload protection 
incorporated, plus metered output. on volt and amps. This unit is 
built to a very high specification. For bench or rack mounting, 
size 19ín. x 8in. deep. A.C. input is 115 Volts- I phase. 

Price L25 + 30/- P.P. 

"BARGAINS OF THE MONTH" 
"One Micovac Valve Voltmeter for one eighth of original 
price." Will measure 0 -480 Volt A.C. at frequencies up to 
200 Mc /s., 0.480 Volt D.C. with centre zero facilities 0 -IO 
Megohms reistance in 5 ranges. This extremely accurate 
meter was made to Services specification and comes complete 
with R.F. Probe, full instructions in guaranteed working 
order. Battery powered (not supplied). Price is only 
L9/19/6 + 10/6 P.P. Excellent condition. Completely 
portable. 

Portable Non -spillable 12 Volt 4 Amp hour Lead Acid 
Batteries. These are a very modern type battery fully sealed 
but not dry charged, they are terminated with screw ter- 
minals, brand new and guaranteed, with full instructions, the 
size is about the same as the Perdio portable TV type batteries 
and you know how much they were. Our price is 45/.. If you 
are still guessing, the size is roughly 4in. square. 2/6 P.P. 

THORNE ELECTRONICS BATCH COUNTER 
MODEL CB22 

Complete with head amplifier, these are discontinued models fully 
transistorised, will accept sine or square wave pulses, these units 
will totalise from 9999 to I, settable within this range. List price 
L120, our price complete L22 + 10/- P.P. 

DIGITAL VOLTMETERS ! 

Digimeter Type B.I.E. 2123 is a fully transistorised 
multi -range instrument possessing the following 
distinctive features: 
Electrical Characteristics: 
D.C. Ranges: 10 mV to 400 Volts in four ranges 

(1,000 Volts for positive voltages). 
Accuracy: the greater of F0.1 % of + I digit. 
A.C. Ranges: 100 mV to 250 Volts r.m.s. in three 

ranges. 
Accuracy: the greater of -!.-0.5% or +I digit 

over the frequency range 30 c/s to 10 Kc /s. 
Range Change in manual. 
Input Impedance: D.C. -I5 Mohm on two lower 

ranges, 1 Mohm on two higher ranges. 
A.C. -A.C. coupled, approximately equivalent 
to a shunt impedance of 8 Kohm in series with 
the parallel impedances 180 Kohm and 550 pF. 

Input Characteristics: Single ended, floating. The 
potential between terminal connected to OV 
and earth should not exceed 400 Volts D.C. or 
250 Volts A.C. 

Input Filter: 55 dB attenuation at 50 c.p.s. 
Conversion Time: 300 mSec. 
Sampling Rate: 1 reading per 2 secs or manually 

controlled. 
Power Supply: 100/120 Volts 200/250 Volts 

SO c.p.s. 
Mechanical Characteristics: 
Dimensions: 102in. high X 7in. wide x 13ín. deep. 
Weight: 15 lbs. 
Display Details: Three digit with decimal point 

indication. Character Height lin. 
At the price we can offer these instruments, no labora- 
tory can afford to be without one! They are ideally 
suited to production and inspection applications. 

Brand new in manufacturer's 
packing. With Handbook. £92. 0.0 

Carriage extra at cost 

IMMEDIATE DELIVERY 

D.C. AMPLIFIERS BY HAWKER SIDDELEY 
TYPE TGA2 

Using transistors throughout this small amplifier has 
gains up 1,000, and high input impedance in the order of 
10 Mil, 5.6 voltage gain ranges, and variable control 
provides continuous adjustment over each range. Fast 
overload recovery and excellent linearity. All controls are 
on front panel. Inputs and outputs are at rear terminated 
by chassis connector. Offered at a very low price of 
L24/I0/0 + 7/6 P.P. 

WE HAVE IN STOCK A LARGE VARIETY OF RELAYS, 
H.T. INPUTS, CERAMIC ROTARY SWITCHES, MICS, 
etc., etc. AS YET NO LISTS ARE READY SO RING US 

PRIOR TO PLACING FORMAL ORDER 

We have in stock a large and varied range of test instruments including Bridges Lc and r of all types, Muirhead wave analysers. 

Hewlett Packard and Solartron Pulse Generators. D.C. voltage calibrators variable. for meter calibration. etc. Audio Generators 

Marconi, Hewlett Packard, Ultra Low Band Pass Filters by Krohn- white, transistorised milli -voltmeters portable types from I My to 

300 My digital voltmeters. etc. Most of the above instruments are new or little used and of current manufacture, all instruments are 

guaranteed for three months. Let us know your requirements and really save money. 

Goodman's Industries POWER OSCILLATOR 
TYPE D120. Frequency Range 10 c s to 100 Kc /s 
in three directly calibrated ranges, power output 
1,000 watts, supply 240 Volts A.C., as new con- 
dition. Price 0125, carriage at cost. 

INDUSTRIAL POWER AMPLIFIERS 
Output 175 watts can be supplied with variable 
frequency oscillator 10 c's to 14 Kc /s. C/w with all 
usual facilities for, 19ín. rack mounting supply 
volts 250 Volts A.C. Price 14911000 

HIVOLT PORTABLE E.H.T. GENERATOR 
Variable output from 0 to 10 kv. D.C., Megohms 
range 200 to l0'. A small modern completely 
portable instrument. Fully transistorised c/w 
batteries. Weight complete 21 lbs. New con- 
dition L3S 

ENGLISH ELECTRIC INSULATION 
TESTERS 

Type TD5443/2.0 -10 kV with variable current 
control and ionisation amplifier. Small portable 
unit for A.C. mains operation. Price L30 

CAPACITANCE BRIDGE ELECTROLYTIC 
B.P.L. Cat. No. ZD00506. Measures capacitance 
under full working loads (variable voltage selec- 
tion), easy to operate. C/w voltmeter, leakage 
current meter, balance indicator, discharge switch, 
etc. Range .2 mfd. to 2,200 mfd. A modern 
instrument in new condition, and guaranteed 
accurate. Price EIS + 20'- P.P. 

AN APRO VHF COMMUNICATIONS AND 
SEARCH RECEIVERS 

Frequency range 38 -1,000 Mc/s. Accuracy 1 %. 
Five I.F. stages. Output impedance 600 or 4,000 
ohms. Power supply 115 Volts A.C. (internal). 
Price complete with three tuning units 190 

All tuning units have Auto Tune Mechanism. 

FATIGUE METERS MK. IB 
This extremely light self -contained instrument 
measures and records g forces from an acclero- 
meter in the ranges of 0.05 to 1.95 g on the six 
high -speed counters, all counters are clearly 
marked with the relative g forces enabling a per- 
manent record to be kept. The only power re- 
quired is 12 or 24 Volt D.C. for relay operation 
Six 6 x 6 x 4in., weight 4 lbs. Price.. L919,/6 
C/w accelerometers. 

OSCILLOSCOPE TYPE I3A 
Double beam. Time base 2 c/s to 750 Kc's. Band 
width up to 5 Mc /s. Calibration markers at 
100 Kc /s and I Mc /s. Cathode follower probe for 
H.F. testing. Operates from A.C. mains 100 to 
250 Volts. A completely reliable quality instru- 
ment. Supplied fully checked with all leads, 
graticule, visor, circuit, etc. [22/10!0. Ideal 
radio and TV servicing. P.P. 30,/- 

RF SIGNAL GENERATORS BY A.T.E. 
Specially designed for operators of VHF mobile 
equipment, these units are of very small size and 
are completely portable, the interior circuit and 
associated parts are gold plated and built to a very 
high standard. There are two models with attenu- 
ated output, CW and Modulation. Type MIP 
Range 215 -270 Mc /s; Type MIG Range 49 -52 Mc /s; 
both models are powered by U2 dry cell, directly 
calibrated and built into grey hammer tone alloy 
case, brand new. Our price is only LIO + 5/6 P.P. 
for both models. 

MARCONI POWER OUTPUT METERS 
TYPE TF340 

Measures 5 mW -5 watts F.S.D. A small portable 
instrument in excellent condition. Only L12/10/0 
+ 7/6 P.P. 
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HARVERS011'B SUPER MONO AMPLIFIER. 
A super quality gram amplifier using double wound 
mains transformer. EZMO rectifier and ECL82 triode pentode 'Wren audio amplifier and power output stage. Impedance 
B ohm.. Output approx. 8.6 watts. Volume and tone 
controls. Chari. size only lin. wide x Sin. deep o 61n. 
height overall. A.C. mains 200/240v. Supplied sbsolutely 
Brand New, completely wired and tested with valve and 
good quality output transformer. LIMITED NUMBER 
ONLY. OUR BOCK BOTTOM AllIQ P. t P. 

BARGAIN PRICE (V 6p, 

TRANSISTOR STEREO 8 + 8 Mk. I 
Now using Silloon Transistor lu fist ove styes on each channe 
resulting In even lower noise level with Improved sensitivity 
A really first -class H1 -FI Stereo Amplifier Kit. Use 14 transistors 
Living 8 watts push pull output per channel (18W. mono) 
Integrated pre-amp. with Bus, Treble and Volume controls. 
Suitable for use with Ceramic or Crystal cartridges. Output 
stage for any speakers from 3 to 15 ohms. Compact design. W parts supplied including drilled metal work. Cir-Ktt board. 
attractive front panel knob.. wire, solder. nuts. bolts -no 
extras to buy. Simple step by step Instructions enable any 
constructor to build an amplifier to be proud of. Brief Speci- 
fication: Freq. response 33d13. 20. 20.000 c /e. Baru boost 
approx. to +12dB. Treble out approx. to - 16dB. Negative 
feedback 18dB. over main amp. Power requirements 25V. at 
.6 amp. 

PRICES: Amplifier Kit £10/10/0: Power Peek Kit £3 /0 /0; 
CaMnet 93/0/0. ALL POST PEKE. 
Circuit diagram. construction details and parts list (free with 
kit) 1/11 (S.A.E.). 

- HUGE PUECH.&U l 

E.H.I. 4-BPEED PLAYER. ç,) Heavy metal turntable. Low 
flutter 

tap). 
200 /260 shaded 

motor 
type 

v. htwe (:omplsue with 

and mono 
lightweight pick-up 

styli 
arm 

and mono cartridge with t/o sfyll toss 
LPfS 
LIMITED NUMBER ONLY 83/ -. 
P. a r 6/6 

LATEST GARRARD MODELS. All type available 1000, SP26, 
3000, AT60 etc. Send S.A.E. for latest Bargain Prias. 

QUALITY RECORD PLAYER AMPLIFY= NFL II 
A top -quality record player amplifier employing heavy duty 
double wound mains transformer. ECC83. EL84, EZSO valve. 
Separate bass. treble and volume controls Complete with output 
transformer matched for 3 ohm speaker. Sloe 71n. w. x sin. d. x . 
Sin. h. Ready built and tested. PRICE 75/ - P. Si P. 6 / -. 
ALSO AVAILABLE mounted on board with output transformer 
and speaker ready to fit into cabinet below. PRICE 97/8. 
P. A P. 7 /6. 

DE LUXE QUALITY PORTABLE R- PLAYER CABINET MH$ 
Uncut motor board sloe 14t x 121n., clearance 210. below 
61n. above. Will take amplifier above and any 13.8.8. or 
GARRARD Autochanger or Ingle Player Unit (except AT6O 
or RP25). Sire 18 x 15 x 8in. PRICE 791. Carr. 9/6. 

3 -VALVE AUDIO AMPLIFIER MODEL HAM 
Dealgned for 111-F1 reproduction of 
records. A.C. main. operation. 
Ready built on plated heavy gauge 
metal chassis, sloe 71m. w. x 4i,,. 
d. x 411n. b. Incorporates E0083. 
EL84. EZ80 valve. Heavy duty, 
double wound mains transformer 
and output transformer matched for 
8 ohm speaker. separate bus, treble 
and volume controls. Negative feed- 

back line. Output 41 watts. Front panel can be detached and 
leads extended for remote mounting of controls. The HA34 has 
been specially deigned for us and our quantity order enables us 
to offer them complete with knobs, valves, etc., wired and tested 
for only 8415/.. P. A P. 6 /. 

MIL "FOUR" AMPLIFIER HIT 
Similar In appearance to HA 34 above but employs entirely 
different and advanced circuitry. Complete set of parts etc. 
79/8 P. A P. 6 /-. 

HIGH GAIN 4- TRANSISTOR PRINTED CIRCUIT 
AMPLIFIER KIT TYPE TAI 

Peak output In excess of l watts. All standard British 
components. limit on printed cire alt panel. else 6 x 81n. 

Generous size driver and output transformer.. Output 
transformer tapped for 3 ohm sad 16 oh,,, speakers. Transis- 
tors (GET 114 or SI Mullard (x:$111 and patched pair of OC81, 
o /p). 9 volt operation. Everything supplied, win. battery 
dip, solder. etc. Comprehensive easy to follow instruc- 
tions and circuit diagram '2 /6 (Free with Kit). All parte Bold 
separately. SPECIAL PRICE 45/ -. P. A P. 3/. Also ready 
built and tested 5218. P. a P. 3 / -. 

10/14 WATT 
A stylishly finished mon- 
aural amplifier with an 
output of 14 watts from 
2 ELM. In mob-pull 
Super reproduction of 
both music and speech, 
with negligible hum. 
Separate Inputs for mike 
and gram allow records 
and announcements to 
follow each other. Fully 
shrouded section wound 
output transformer to 
match 3.160 speaker 
and 2 Independent vol- 
ume controls, and separate base and treble controls are provided 
giving good lift and cut. Valve line -up: 2 EL84s, E83, RPM 
and EZ80 rectifier. Simple Instruction booklet 1/6 (Free with 
parts). All parla .01d separately. ONLY £7/9/8 P. a P. 8/6. 
Also available ready built and tested complete with standard 
Input sockets. £9 /5/.. P. a P. 8/6. 

HI -FI AMPLIFIER HIT 

í:)s1 
Mg r 4111# 

'V' ' 
- i47.14r 

4 -SPEED RECORD PLAYER BARGAINS 
Maio. models. All brand new in mker'. original packing. 
B.M.I. Model 999 Single Player with unit mounted pick -up arm 
and mono cartridge 26.5.0. 
BAR 11A26 with latest mono oomptible Cart. £6 19 8 

All plea Carriage and Packing 6.6. 

HARVERSON SURPLUS CO. LTD. 
170 HIGH ST., MERTON, LONDON, S.W.19 Tel: 01 -540 3985 

S.A.E. all enquiries. Open all day Saturday (Wednesday I p.m.) 

PLEASE NOTE: P. 6: P. 
CHARGES QUOTED AP- 
PLY TO U.K.ONLY. P. it P. 
ON OVERSEAS ORDERS 
CHARGED EXTRA. 

D 
semiconductors cheaper than prom us. 

I OTRAN 
SALES 7r. tie. world tan you buy 

P.O. BOX 5 Ws are the I purchaun of 
manufacturers' surplus stocks, and WARE, HERTS can fulfil any requirements at 

TEL. WARE 3442 competitive prices. S.A.E. for full lists. 

We will also buy 
your wrplus stock 
-Send us your 

lists. 

OVER 3 MILLION SILICON ALLOY & GERM. TRANSIS- 
TORS AVAILABLE FOR IMMEDIATE DELIVERY. 
MANUFACTURERS END OF PRODUCTION SURPLUS. 

TRANSISTORS Qty. Price Qty. Price Qty. Price Qty. Price 
Type and Construction 100 500 1000 10.000 

Al. Germ. Audio. N.P.N. TO-I [3.10 EIS 225 1.200 
A2 Germ. A.F. T0.5 E1 E3 [S 240 
A3. Germ. A.F. TO -I El [3 LS [60 
A4. Germ. R.F. T0.1 [1.10 [4.10. [7.10. [60 
AS. Germ. R.F. T0.5 [1.10. [4.10. [7.10. [60 
A6. Germ. V.H.F. TO -I [3.10. [IS 225 £200 
A7. Mixed Germ. A.F. -R.F. IS.. [2.10. [4 [32 
A8. Germ. A.F. 2G300 [2 /7.10. [12.10. 1100 
A9. Sil. Alloy E2 [7.10. 112.10. [100 

AI to AT G sad 80 °.". Good Trans. AS A A9 G end 
NO OPEN OR SHORTS ALL GOOD TRANS. 

THrRISTORSSS.C.R's) 

AND CODED, 
TO -5 CASE 
Type No. PIV Amp 
2N2N)596 50 

1597 100 
2N1597 200 
2N1598 300 
2N1599 400 
BT X30-500 500 
BTX30- 600 600 

TO-411 CASE (STUD) 
Type No, PIV Amp 
1N682 50 
2N683 100 
2N685 200 

2N688 4000 0 
2N689 

6600 
2N691 700 
2N692 800 

TO-46 CASE (STUD) 
Type No. PIV Amp 
2N1771 5o 47 
2N 1772 10017 
2N1776 30047 
2N1777 400 4.7 
2N26I9 600 47 
2N2619 600 4.2 
5TY79 -150 150 4.7 
BTY79- 250 2.50 4-7 
BTY79- 400 400 4.7 

NEW 

Each 
.. 
.. B 
.. 10;6 
.. 14 /- 
.. ISI- 
..2116 

Each 
6 .. I2/- 
6 .. IS/- 
6 .. 19/6 

6 
.. 

. 3322/6 

6 ..550/. 
6 .. 56 /- 
6 ..62/- 

Each 
.. 9/- 
.. 9/6 

..16/6 

.. 191. 

..20/- 

.. 30/. 

.. 12/- 

.. 14/- 

.. 20/- 

I/- TESTED TRANSISTORS I/- 
each O PRICE ONLY PNP. NPN. ONE 

NC ON PLANAR ONLY 1. EACH each 
BC108 2N696 2N1132 2N2220 25733 
BC109 2N697 2N1613 2N3707 2N339I 
BFY51 2N706 2N1911 25102 

2N2906 BFX8 2N708 2N2905 25103 2N2907 
BFX84 2N929 2N2905 25103 2N2907 
BFXB6 2N930 2N2924 2S104 2N2696 
BFX88 2N1131 2N2926 25732 2N3702 
From Manufacturers Over -runs- 2N3703 

Unmarked 

TO -18 METAL CAN SILICON PLANAR TRANSISTORS. VERY 
HIGH QUALITY 99 "0 good. Type 
2N706 BSY27 £7.10 per 500 pieces; 
[1110 per 1,000 pieces. 

HIGH QUALITY SILICON PLANAR DIODES. SUB- MINIA- 
TU RE DO -7 Glass T 200, suitable 
replacements for OÁ2, 0, OÁ2ear 
BAY30, 15130, 15940, 200,000 to clear 
at L4 per 1,000 pieces. GUARAN- 
TEED 80"% GOOD. 

GERM. 
PNP VNM A 

NPN 
1,6 EACH 

ORS 

AC125 ACY22 ACY36 NKT677 0081 
ACI26 ACY27 NKT141 NKT7I3 0082 
ÁC127 ACY28 NKTI42 NKT773 2G301 
ACI28 ACY29 NKT212 0C44 2G302 
AC130 ACY30 NKT213 OC45 2G303 
ACYI9 ACY31 NKT214 0071 20308 
ACY20 ACY34 NKT215 OC72 20371 
ACY21 ACY35 NKT271 OC75 20374 

FULLY TESTED DEVICES AND QUALITY GUARANTEED -SURPLUS 
To 

Diode. 
REQUIREMENTS 

OA Ply Silicon Dty. P. cep Coded. 
150 PIV CsmÁ Qty. 

Sulphide 
e3C per 1,000 pieces. 

OR 12 Cadmium Sulphide Cell. 
1 -24 9/- each; 25-99 7/- each; 100 -999 6/- each; 
1,000 up 5/6 each. Made in Holland. 
BY100 SIL. RECT'S 000 PIV 550 mA. 
1 -49 2/6 each; 50.99 2/3 each; 100-999 2/. each; 
1,000 up 1 /10 each. Fully Coded. at Qlty. 

Amp tSil. Rect. 
Type PIV Each 

N4001 50 .. 1/6 
N4002 100 .. 1/6 
N4003 200 .. 2/. 
N4004 400 .. 2/9 
N4005 600 .. 3/3 
N4006 800 .. 3/9 
N4007 1.000.. 4/9 

TRANSISTOR EQVT. BOOK 
2.500 cross references of istorrBritish, European, 
American merican and 1 . A must for every transistor user. 
Exclusively distributed by DIOTRAN SALES. 15/. EACH. 

Vast mixed lot of submini lass diodes. Corn 
prising of Silicon, Germ. Point Contact and Gold 
Bonded types Pius some tenors. 500,000 available at 
Lowest Low Price. 
1.000 pieces L3.0.0. 5.000 pieces 413.10.0. 10,000 pieces L33. 

Post and Packing costs are continually rising. Please add I/- 
cowards same. CASH WITH ORDER PLEASE. 
QUANTITY QUOTATIONS FOR ANY DEVICE LISTED 
BY RETURN. 

OVERSEAS QUOTATIONS BY RETURN SHIP - 
MENTS TO ANYWHERE IN THE WORLD AT COST 
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2N1305 
2N1306 
2N1307 
2N1308 
2N1309 
2N1507 
2NI613 
2N1711 
2N1089 
2N1893 
2N2102 
2N2147 
2N2148 
2N2I60 
2N2193 
2N2193Á 
2N2194A 
2N2217 
2N2218 
2N2219 
2N2220 
2N2221 
2N2722 
2N2368 
2N2369 
2N2369A 
2N2539 
2N2540 
2N2646 
2N2696 
2N2904 
2N2904A 

' 2N2905 
2N2905A 
2N2906 
2N2906A 
2N2907 
2N2907A 
2N2923 
2N2924 
2N2925 
2N2926 

2iJ3011 
2N3053 

SEMICONDUCTORS 
BRAND 

N914 2/- 
N916 1/6 
S010 3/- 
5020 3/6 
S021 4/- 
S025 5:- 
5113 3/- 
SI20 2/6 

5132 

S130 

iló 
2/6 

5131 2/6 

2G301 4/- 
2G302 4/- 
2G303 4/- 
2G371 3/- 
2N696 5/- 
2N697 S/- 
2N698 46 
2N706 3 - 
2N706A 3 - 
2N708 4 - 
2N929 56 
2N930 616 
2N1131 9/6 
2N1132 9/6 
2N1302 4/6 
2N1303 4/6 
2N1304 5/6 

5/6 
6/6 
6/6 
8/- 
8/- 
5/6 
6/6 
6/6 
S/- 
B/- 

13/6 
17/6 
12/6 
14/6 
5/6 
5/6 
5/6 
6/- 
6/- 
6/- 
5/- 
5/- 
5/- 
6/6 
7/6 
5/- 
4/6 
4/6 

11/6 
6/S 
5/- 
8/- 
B/- 
8/- 
8/- 
B/- 
8/- 
8l- 
5/- 
5/- 
S/6 

Green 3/6 
Yellow 3/3 
Orange 3/- 
Red 2/9 
Brown 2/6 

5/- 
6/6 

NEW 
GUARANTEED 
2N3054 IS,- 
2N3055 1S/- 
2N3702 4/- 
2N3703 4/6 
2N3704 5/6 
2N3705 4/6 
2N3706 4/6 
2N3707 4/- 

2N3710 

2N3708 

4/6 

4/- 
2N3709 4/_ 

2N3711 4/_ 
2N3BI9 10/- 
2N3620 23/6 
2N4058 6/6 
2N4059 5/- 
2N4060 5/- 
2N4061 5/- 
2N4062 5/6 
2N4254 9/6 
2N4255 B/6 
AAZ13 2/- 
AAZIS 2/6 
AAZI7 2/6 
AC107 6/- 
AC126 4/- 
AC127 3/- 
AC128 4/- 
AC176 5/6 
ACIS7 12/- 
AC188 12/- 
ACYI7 5/- 
ACYIS 5/- 
ACYI9 5/- 
ACY20 4/- 
ACY21 5/- 
ACY22 4/- 
ACTIN 4/- 
ADI40 5/- 
AD149 8/- 
AD161 7/6 
AD162 7/6 
AFI 14 5/- 
AF116 5/- 
AFI 17 5/- 
AF124 5/- 
AFI27 5/- 
AFISI 6/6 
AFIB6 11/- 
AF239 12/- 
AFZI2 5/6 
ASY26 4/6 
ASY27 11/6 
ASY211 6/6 
ASY29 4/6 
ASY52 11/9 
ASZ20 7/6 
ASZ2I 4/6 
BAX13 2/6 
BAX16 21 
BAY3I 2/6 
BATHS 3/6 
BC107 3/6 
BC108 3/6 
BC109 3/6 
BC113 6/6 
BCIIB 6/6 
BCI25 13/6 
BC147 S/- 
BCI48 4/6 
BC149 5/- 
BC182 4/6 
BCI83 4/6 
BCIB1 416 
BCY30 7/6 
BCY3I 4/6 
BCY32 5/6 

AND FULLY 

BCY3) 5/6 
BCY34 4/6 
BCY38 5/6 
BCY39 6/6 
BCY40 7/6 
BCY42 6/6 
BCY43 6/6 
BCYS4 7/6 

5/6 BCnG 

BCY72 S/- 
BCY71 9/6 

BCZIO 4/6 
BCZ11 4/6 
B0121 19/6 
BD123 23/6 
BD124 17/- 
BFII5 4/6 
BFI 17 10/6 
BF167 6/6 
BF173 7/6 
BFIBO Bl6 
BFIBI B/6 
BFI84 7/6 
BF194 6/6 
BF221 6/6 
BF225 6/6 
BF237 6/6 
BF238 6/6 
BFW57 7/6 
BFWSB 7/6 
BFW59 6/6 
BFW60 6/6 
BFXI2 5/6 
BFXI3 5/6 
BFX29 12/6 
BFX30 15/- 
BFX35 19/6 
BFX43 5/6 
BFX68 13/6 
BFX6BA 14/6 
BFX84 SI- 
BFXBS 10/- 
BFX86 8f- 
BFX87 10/- 
BFXBB 5/- 
BFX92A 12/6 
BFX93A IS/- 
BFY10 4/6 
BFY11 4/6 
BFYI7 4/6 
BFYIB 4/6 
BFY19 4/6 
BFY4I IO/- 
BFY43 13/6 
BFY50 4/6 
BFY5I 416 
BFY52 4/6 
BFY56 IOI- 
BFY56A 11/6 
BFY76 9/6 
BFY77 11/6 
BFY90 12/6 
BSXI9 5/6 
BSX20 S/6 
BSX21 B/- 
85X26 10/6 
BSX27 10/6 
BSX28 111/6 

BSX29 10/6 
BSX60 19/6 
BSX6I 12/6 
85X76 4/6 
85X77 8/- 
BSX78 B/- 
BSYIO S/6 
BSYII 5/6 
BSY26 4/- 

BSY27 4/- 
BSY28 4/- 
BSY29 4/6 
BSY31) 4/6 
BSY39 4/6 
BSY40 5/6 
BSY5I 10/6 
BSY52 10/6 
BSY53 9/6 
BSY54 10/6 
BSY78 9/6 
BSY79 9/6 
BSY95A 3/6 
BY100 4/6 
BYXIO 5/6 
BYZIO 9/- 
BYZII 7/6 
BYZ12 SI- 
BYZI3 5/- 
GETI03 5/- 
GETI13 41- 
MPF102 8/6 
MPFI03 7/- 
MPF104 7/6 
MPFIOS 8/- 
NKT2I6 10/6 
NKT2I7 5/6 
NKT261 4/6 
NKT262 4/6 
NKT264 4/6 
NKT271 4/6 
NKT272 4/6 
NKT274 4/6 
NKT275 4/6 
NKT28I 5/6 
NKT4O3 IS/- 
NKT405 IS/- 
NKT613 6/6 
NKT674 5/- 
NKT677 5/- 
NKT713 5/6 
NKT781 6/- 
NKTB0111 

15/6 
NKT80112 

19/6 
NKTB0113 

22/6 
OAS 2/6 
0A9 1l- 
0A70 116 
0A73 I/- 
0A79 1/9 
OASI I/6 
OA85 2/- 
0A90 2/- 
OA9I 1/6 
OA95 1/6 
0A200 2/- 
0A202 2/- 
0C26 S/6 
OC2S 5/6 
OC35 5/6 
0C36 5/6 
0C44 3/- 
0015 216 
OC7I 2/6 
OC72 IN 
OC7S 4/6 
OCBI 4/- 
OCBID 3/- 
OC139 6/6 
OC140 6/6 
0C200 S/6 
OC201 5/6 
OC202 8/6 
P346A 5/6 

SPEAKERS (3 ohm) 
8' x S- 196, 7- x 4' 15/6.3'9/6, S- 14/6, r 27/6,1r »/6, 
10- x 6' 7/6, 9' x 4' 2/6, 5' x 3- 2i/6, 61' 23/6. 
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THYRISTORS 
I AMP: 50V 5/-, 100V S/6; 200V 7/6, 400V 9/6. 

3 AMP: 50V 61-, 100V 7/6 200V B/-, 400V 9/5. 
Equivalent BYT 91/100R 15/- each. 

ZENERS 
ii WATT 10°ó 2.7-33V 4/6 Fairchild 
I WATT 5°v I.R. 3.3-20V 7/6 L900 I I ,- 
400 M/W 5°6 STC 3.3-30 5/6 L9t4 11 - 
250 M/W 10°; 2.0-16.0V 3/-. L923 14 - 

CA3005 
CA3013 
CA3014 
CA3018 
DATA 

Presets 
Potentiometers, 
Silvered 
' 

1115 
50/IS 
125/4 
200/16-1/- 
100/25-2/- 
50/50-2/- 
250/25-2/9 

R.C.A. INTEGRATED CIRCUITS 
30 - CA3012 25 - CA3020 27i- 
30 - CA301 120 - CA3023 32/6 
30 - CA3036 20 - CA3021 42/6 
30 - CA3019 27 6 

SHEETS 2/- per type 

std., horiz. or vert. 1/6 
Log/Lin 3/3 each 

Micas, up to 820pf. I/2 
up to 2000 p.f. 2/- 

Min. Electrolytics, MFD/VOLTS. 
2/15 4/15 5/15 10/15 10/25 8/15 16/15 25/10 32/15 

100I15 100/12 30/10 80/6.4 25/6.4 100/6 320/10 
40/16 64/25 250/12 25/25 50(25 25/50 (4 1/6 each. 

6.4/6.4-1/9 12.5/25-I/9 125116-2/- 
4/40-I19 1000/25-5/- 100/50-2/6 

1000/12-3/9 500/6-2/6 500/50-4/9 
500/25-3/9 250150-3f9. 

VEROBOARD 
31- X 2+-, 3/6 
3f- x 31", 4/3 
Cutter 9/- 
31' x 5-, 5/6 ir x 31',16/- 
5' x 21-, 413 

RESISTORS 
1 watt 10 . 4d. 
1 watt 5.., 5d. 
I and I watt, 6d. 
3 watt, 1/6 
5 watt, 2/- 

SEND 6d. STAMP FOR CATALOGUE 
P.P. for Components 1,0 per order 

A. MARSHALL & SON 
28 CRICKLEWOOD BROADWAY, 

LONDON, N.W.2 
01-452 0161/2/3 CALLERS WELCOME 
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<AEROSERVICES LTD 

SLIDE WIRE 
WHEATSTONE 

BRIDGE 

EI5.15.0 

Battery lowered Portable Resistance Bridge. Ito,e, 
50 ohms with multiplier settings of 0.1.1 -100.1000, pr,.. t ht g 
A measuring range of 0.05 to 60,0(M1 ohms. Acc 

rß 

in th, 
middle 3 muges -0.5% ppmx PRICE £15 15 0 

SILICON MICROALLOT JUNCTION DIODES 
WIRE ENDED, FOR UBE UP TO 20 HC /8 

D223, 50 p.i.v. 50mA 
13223A. loo p.l.v. 50mA 
D2'23B, 150 p.l.v. 50mA 

21- 
2/- 
2'3 

SILICON 'TOP HAT' RECTIFIERS 
D228B 400 p.l.v., 300mA D.C. 2/9 
0236V 300 p.l y., 300mA D.C. 2/6 
Special quotations for quantities of 100 or more. 

0A2 81- 
oA3 8/6 
0B2 6/- 
063 91- 
003 ibl- 
oC3 6/6 
0143 61- 
IASOT 5/- 
1.4.701. 7/6 
IA D4 161- 
1B30T 7/- 
10607 5/- 

INSOT 2l- 

1E5 8/- 
182 8/- 
182A 6/6 
164 5/ 
185 4/6 
174 4/- 
1U4 8/- 
lU6 8/6 

iS2B 7Ì- 
132 251- 
24.3 81- 
'4n 35/.. 

2('39A 
2040 

140/- 
2040 65/- 
2050 40/- 
2051 8/- 
2C52 12/- 
_C53 70 /- 
2ÚW4 12 /- 
2021 6/- 
2029 35/- 
2E26 27/6 
2X2 6/- 
3A3 11 /- 
3A4 4/- 
.4A116 7/- 
3624 15/- 
3ß2M 40/- 
3042 60/- 
31121A 40/- 
3E29 60/- 
3Q4 7/8 
384 8/- 
3V4 6/8 
4039 80/- 
4THA 8/- 
51140Y 10/- 
5U40 5/6 
5U40B 7/- 
5V40 7/6 

50T 8Ì Z3 
5Z40 71- 
8/30L2 14/- 
6.404 6/8 
6AB7 4/- 
6AC6OT 

6AC7 
12/- 
4/- 

OAF4A 9/- 
ìA05 3/6 
6A07 6/9 

6A H6 10/- 
Mani 5/3 
OAKS 5/- 
6AK6 11/6 
6815 3/- 
BAUS 5/- 
BARB 4/- 
6A148 8/- 
MANO 10 /- 
6AQ5 6/- 
6896 10 /- 

6E5aT 8/-I 
MEAR 111-, 
6EV5 12 - 
6EW6 12 -6F4 

35 - 
6P6O 8 

6/6 

6911 - 
6E13 6/6 
6F14 121- 

6AR6 el- 6316 111- 
MARB 6/- 6F17 9l- 
6.186 6/6 6118 7/6 
MASO 7/- 6F23 15/- 
6A870 151- 6F24 131- 
MATO 4/6 MP26 1U- 
6AU4oTA 6P28 13/- 

9/- 6008 11/- 
6AU5OT 613K6 121- 

22/8 60W6 11/- 
6AU6 51- 
6AU8 101- MJSaT 5/6 
6AV6 5/6 6J6 8/8 
6AW8A111- 6.17 8/- 
6A%4aTB 6K60T 91- 

81- 6K7 . 61- 
6AX6OT 6K80 ' 41- 

12/6 6E23 9/- 
6AX7 10/- 6K25 151- 
6840 151- BLI 121- 
6B7 7/- 61A3T 8/6 
6B80 2/6 6L7 8/- 
eBA6 4/- 81.18 6/- 
68A7 16/- 61.320 5l6 
8906 3/6 8N713T ere 
6BR6 4/6 BPI 1L- 
MBFS 15/- MP26 13/- 
6806011/- 61.98 1$18 
6816 81- EQ7 7r- 
6BJ6 8/- E97 71- 
6BK4 201- 8847 7l- 
6BK7A 91- 86Cl 1Rl_ 
eBL70TA BB07 el/ 

11/- 8897 4/8 
MBNM 7/6 88J7 7/- 
BRNB 8/- 66K7 61- 
68Q8 12/- 6BL7OT 6/- 
MBQ7 7/- 6BN70T5/6 
6Bß7 18/- 68Q7 7/- 
414E8 12/6 60R7 71- 
61187 25/- 6T8 8/- 
MBWM 13/6 8U4aT 12/- 
60W7 12/- BUB 8/6 
6BX4 4/6 8V8aT 81- 
BBZB 6/- 6E4 4/6 
6RZ7 101- MOT 51- 
6C4 5/6 8%8 11/- 
BI:bO 5/6 81160 11/6 
eC9 17/3 785 101- 
6CB6 5/- 7B6 11/- 
8017 8/- 7B7 7/- 
ECHO 11l- 7(76 13/0 
MC1A 9/- 7K7 10/- 
ECW4 12/- 7N7 17/8 
MCY6 7/- 7Q7 91- 
gDCe 18/6 797 121- 
WEB 8/- 7Y4 9/- 
BDQS 22/- 7Z4 7/8 
6D84 15/- 9BW8 7/- 
6DT8 8/- 9D 318 

INTEGRATED CIRCUIT AMPLIFIERS 
Y.C.A. TYPE CA $080 TO -5 encapsulated 12 lead Audio Amplifier 
equivalent tu seven N -P -N Transistors. three diodes awl eleven 
resistors. Maximum Power Output 551hnW. Bandwidth 6 me/s. 
Total harmonic distortion I ° Sensitivity :1.5mW. Maz. peak 
signal input + 3V. Max. ignal current drain 47mA. Voltage 
required 3 to 9V. PRICE 30/ -, P. and P. 2/ -. 

GENERAL ELECTRIC TYPE PA288 Epoxy moulded four -In -line 
M pin package plus heat sink lead, equivalent to six N -P -N 
transistors, one diode and six resistors. Max. power output I 

watt. into 15 ohms. No transformer required. Full signal current 
drain 155mA from 22V source. PRICE 40/- P. and P. 21.. 
Supplied plete with application data. 
GENERAL ELECTRIC TYPE PA234 -Ep1zy moulded tourIn- 
Im,. -Inn package plus heat sink lead equivalent to seven transis - 
tors. thrace dknlea and three resistors. The circuit Is a complete 

1 -watt A.P. Amplifier and requires only three resistors and three 
capacitors. Power supplies 9 to 25V. Load Impedance O. 16 and 
22 ohms. 1 watt output f, , OnnntV input. PRICE 27/6 p.p. 2 /-. 

THY RISTORS 
/ow current 

Blue spot; 200 pie 5 amps. Gate Voltage 3.25V at 
120mA 12/6 

11i0 current 
CR 80 -USIA. 80 Amps. 25 ply 251 - 
CR 100.151A 30/- 
CR 100 -201A, 100 Amps. 200 ply 35 - 
CR 100.215A, 100 Amps. 250 ply 40 - 
CR 100 -301A, 100 Amps. 300 ply 45 - 
CR 100.351A. 100 Amps. 350 plc 50 - 
CR 100.401A, 100 Amps. 400 pie 60 - 
CR 100.501A. 100 Amps. 500 pie 70,- 

For all CR series Minimum gate firing voltage Is 3V at 150mA 

FULLY 
GUARANTEED 

10C2 10 - 1906 25/- 
1001 8 - 211CV 62/8 
1002 8/- 20131 9/- 
1091 181- 20L1 181- 
10E9 10/- 211P1 10/- 
10918 7/6 20P3 12/- 
IOLI 7/6 20P4 19/- 
IoLD1110/- 
10P13 12/- 
10P14 16/- 

11133 
118 

11135 71- 
11E3 651- 
12AB5 9l- 
12A87 6/- 
12A(78 '1/- 

12AE8 
6/- 

27ä1 85Ì- 
I2AIl5 7/6 28137 9/- 
I2AQ6 7/- SOCI 45/- 
12AT8 4/6 30A6 7/- 
12AT7 6/- 30CI 8/8 
12AU8 5/- S0C16 14/- 
12AU7 5/9 30C17 15/- 
12AV8 5/6 30C18 14/- 
12AV7 8/- 30P6 161- 
WANE 20/. 30FLI 15/- 
12AX7 5/8 30PL12 
12AY7 10/- 17/8 
12B4A 9/8 30FL13 8/- 
12BA6 6/- 309L14 
12BA7 b/- 14/8 
12BE8 I- SOLI 8/- 
12007 l- SOL16 UV- 
12/31/7 10/- 301,17 181- 
12CU6 151- 
12E1 20/- 
121E5 101- 
12K70T 7/- 
12KtlOT 81- 
12Q7OT 8/- 
128(.7 4/8 14/- 
12BP6 9/- 35A3 9/. 
128P7 9/- 35115 12/- 
12807 8/- 3503 6/6 
12807 4/6 3505 121- 
128J7 4/6 35L60T 8/- 
12817(1T 35W4 4/e 

7/6 357.3 101- 
128N70T 38Z40 4/- 

78/ 36Z4OT 
120Q7 7/8 
12867 5/6 
128Y7 8/- 
12E4 7/6 
13D3 &9 
1487 15/- 
I9AQ6 8/- 

19/- 
268Q6 12/- 90AV 481- 
26C5 9/- 991'I 181_ 
25CU6 12/- 91817 25/- 
251439T 8/8 901'l' 25/- 
25E40 81- !tsAl 8/8 
25X5 8/- I50142 11/- 
267.80T Isnit3 101- 

11/- 1516'4 10/- 
28A7OT 

7st'1 81- 
no 71- 
8" 151- 
83 A 1 12/8 
8at' 101- 

x, 
A 1 7/8 

oA3 7/8 
90A1: 48/- 

34P12 15 /- 
3OP19 14/- 
36PLI 15/- 
3UPL13 

17/6 
30PL14 

3SZSOT 8/8 
SOAS 12i- 
50115 121- 
501AOT 7/6 
53K 13/6 
58cG 45/- 

1903 85/- 75B1 8/8 

21/215 35/. 
26711 60/- 57142 80/- 
304T11 5847 80/- 

280/- 5879 17/6 
307A 10/- 5881 17/8 
310A 251_ 5806 40/- 
311A 35/- 6060 7/6 

5544 120/- 
5545 150/- 
5551A 300/- 
5557 80/- 
5642 11/- 
5651 7/- 
5654 7/- 
5670 10/- 
5672 6/- 
5604 115/- 
5586 261- 
5718 24/- 
5751 11/- 
5763 121- 
5796 280/- 
5M61A 12/- 
66411 20/- 

A2293 19/- 
AC/HL 7/- 
AC/HL/DD 

AC/HL/ 
8/ 

DDD 101- 
AC/80 181- 
AC/TH1 8/- 
AC/V P2 

15/- 
AC2/HL 9/- 
AF%203 

ARP12 
l6 

ARP38 

AWB 
AZI 81- 
AZ12 101- 
AZ3l 91- 

17/6 

AZ41 7/6 
AZ69 10/- 
CIA 90/- 

BRAND 

DRY REED INSERTS 
Oies dry reed Inserts approx. lin. dia. x lin. long with axial 
leads. One "make' contact of 1181mA. capacity at 50V. Can 
be operated by permanent magnet or 30.50 Amp -turns relay 
rolls. PRICE 18/- per dos., post free. 

MULTIMETERS TYPE 108 -IT 
24 -range prerish,o p,rtahlr 
2.5.10- 50- 250.500.2500V. A.C. Volts: 10-50-100-250-500-2500 V. 
D.C. current 0.6 -5- 50-500 mA. Resistance: 2.000-20,000 ohms -2 
-20 megohms. Power output calibration for 600 ohms line, 
£615 / -. P.P. 7/6. Dimensions: 71in. x Ble. + 31in. Weight 311b. 

TYPE MFI4 
D.C. Voltage range 0.0.5 -10.60- 250 -500V. 
A.C. Voltage range 0.10.50- 260.500V 
D.C. current rages: 500µA- 10- 100mA. 
Resistance ranges: 100M o -111 o The meter Is also calibrated for 
eapaclty and output level meuuremeate. eensltivlty 20000 V. 
Accuracy 32.64. for D.C. and ±4°C for A.C. measurements. 
Dimensions: 41In. x al10. x 11 In. Price 24/5/ , 

WHEN ORDERING BY POST PLEASE ADD 26 IN 
L FOR HANDLING AND POSTAGE. 

NO C.O.D. ORDERS ACCEPTED. 
ALL MAIL ORDERS MUST BE SENT TO HEAD 
OFFICE AND NOT TO RETAIL SHOP. 

VALVES 

FIRST QUALITY 

DK40 10I- I 

EBC4l 8/8 
DK91 e/- EBCMI 8/- 
DK92 8/3 EBFtlO 7/6 
DK96 7/8 EBF83 8/- 
131.66 25/- EItF89 81- 
DL68 13/- Is Li 12/- 
DL9l 5/- lSItl.'I 11 - 
DL92 6/- EltLal 24;- 
13L93 4/- Et'86 11/6 
UL94 8/8 F3 00I 1] r- 
DL95 7/8 El.X:34 81- 

EtX;40 10,- 
8CC70 17.- 

DL86 7/- 
DLBlO 151- 
DL819 27/- 
DH70 8l- 
DH160 8/- 
DY88 8/- 
DYM7 6/6 
DY 802 91- 
ESSL 52/8 
EMIICC 20/- 
E7111CF 27/8 
EBUL 17/- 

ECC81 
KCCB'2 b:9 
ECCM3 5 8 E84 5 8 
ECC86 5 - 
ROM 7 8 E89 11; - 
ECC91 3 8 
ECC1M91Ó - 
E80414 - 

BECAUSE OF INCREASE IN PURCHASE 
TAX AND IMPORT RESTRICTIONS WE 
ARE FORCED TO INTRODUCE A SUR- 
CHARGE OF 1d. PER SHILLING. THIS 
SURCHARGE MUST BE ADDED TO 

THE TOTAL OF EACH ORDER. 

313C 251- 6064 8/- C3JA 115/- FAIL 20/- ECCe0714 - 
32MA 35/- 6073 9/- CBLI 15/- E83F 20/- ECF80 6 6 
329A 30/- 8074 9/6 C8L3115/- R84L 8/6 ECF82 6,6 
715A 401- 60811 2718 0C1136 9/- EMOC 231- ECP83 14 - 
71511 01- 6146 27/6 CL33 15/- E88OC12/6 ECP86 9'8 
715ti 80/- 6350 4/- CY:II 7/- EOOCC 8/8 ECF20013 - 
$114 901- 6360 25/- DA90 4/- 119111 9/- ECP2O113 - 
807 91- 6807 150/- DAF40 10/- E92CC 9/- ECP80432 - 
811A 301- 692'2 12/6 DAF41 10/- E13OL ECH36 11 - 

812A 801- 6923 85/- 1)AP91 4/6 100/- 901142 10 - 
613 75/- 6939 40 - I PYJ 8l8 El80CC 8/- BCHMI 5 3 
816 25/- 7025 8- DAF98 71- E1801, 17/6 ECH83 8 - 
82915 60/- 7199 15 - DC90 8/- E1820C23/- ECH84 9'- 
71:r2A 55/- 7551 30 - DET:1 E188P 22/- ECLMO 7/- 
837 15/- 75181 30 - 1001- EIMMC151- ECL11 718 
845 200/- 7681 22 6 IIET23 E$lOP 5718 ECL82 8/- 
Mr,r,A 14/- 7566 22 6 1001- RAIS 85/- El;1.N9 l0l- 
872A 55/- 769IA 20 - DET24 EA78 8/6 ECLMI 101- 
004 10/- 7895 22 6 1101- EABC80 8l- ECIAS 10/6 

!t'1IA 651- 9002 1159 6 DHeI 101- EAP801 
9/ 

ECLI.BM18/ 
IMnG 718 9003 - UHIOI 9l- 10/- 20/- 
2050 15/- A2134 101- DK32 7/8 EBC33 8/- EF9 8/- 

KT41 7/6 
KT45 201- 
KT63 8/- 
KTBB 201- 
KT71 7/6 
KT88 29/- 
LP2 7/- 
14E1401 

3184 7/- 
EP36 

3 
'EY88 8/- MH4I 

.4 
9l- 

EF7A 8l- 
5l- 

KY9l 4/- MH1 7/- 
EF39 8/- EZ411 7/6 M1.4 8/- 
EP40 9/- EZ41 8/6 M IA6 7/- 
EF41 9/- EMU 5/- M8l'EN/T 
EF42 13/- E7AI 5/- 10/- 
EFSO 5/- EZIMI 4/6 MT17 80/- 
EP54 10/- F017 80/- llRPlt Sl6 
EFMO 418 FW41500 llRPriO 3/_ 
EP71:1 9/8 121- 1111PM1 5I- 
EPNS 8/6 FW4/800 IIRP9092/8 
F:PtM2 81 12/- PABC807/6 
EE89 5l- 0180I211 PC86 11/- 
FF91 4/- 27/8 PC9110 8/9 
4,1,92 7/6 0C10/36 Pcce4 8l- 

P9:5 4/- 25/- PCC86 7/6 
F r94 51- OC10/4B POC89 9/6 

F95 5/- 45/- PcC1E910/- 
F 1,96 3/6 OCIO/4BL PC7805161- 

F F97 10/- 66l- rocMOe18/- 
r971 12/- 00 251- PCBßoo 
1,1M3 6/- OCI06 35/- 14/6 
PItlJ 8/6 OC1UB/L PCPßO 8/8 

F 1,801 20/- 50/- PCP82 'd/3 
P814 13/- OCIOD 50/- PCP84 8/- 
H90 7/- OC12146 PCP88 8/6 
K32 6/- 52/- PCP87 1bI 

F K90 4/6 OD83H12/8 PCP80014/- 
1.34 9/6 ONTO 120/- PCpßol 9l- 
1.36 8/6 O R111A 45/- PCF802 s/- 

r 1.:18 22/8 ORD7100/- PcP80514/- 
141 916 081013 50/- PCP80M19/- 

t L42 10/- 0810E 55/- PCF808 
F L81 9/- OBIOH 40/- 14/8 

1.83 7/8 0812D 851- PCH200 
1284 4/6 0847X 50/- 131- 

F 1.65 716 OTE130T PC1A0 151- 
LEE 8/- 15/- PC1.81 9/- 
1.90 8/- OU50 351- PC1A2 7/- 

F 1.95 5/- OZ30 7/- PCL83 8/8 
Ia60 22/_ 0532 9/6 PCL84 8/- 
IS00 17/- OZ33 13/8 PCL86 8/¢ 
1A03 19/- 0Z34 101- PC1216 8/6 

F1.821 10/- HAB1:808/- PC1.8e 171- 
1.822 17/- H BC90 4/8 PCL800 
LL80 15/- H8(111 5/6 17/6 
E35 9/- HF9:1 6/- PCL801 15 
H80 7/- HP94 6/- PEN4A 7/6 

t Htll 718 HK9n 81- PEN4DD 
F H84 71- H1.2:4 6/- 7/- 

5187 101- 11L23ll181- PEN25 6/- 
EN32 301- HMI 5/- PEN48DD 
EN9l e/_ HIASUDB/- 12/- 
EYSI 7/- HL92 81- PEN46 7/- 
EVBO 8/8 HL94 101- PEN:IO3 9/- 
EYMa 7/- HL133DD pEN384 9/- EY83 10/- 101- pEN463DD 
EY84 9/6 KTB 35/- 
11186 6/6 KT33C 12/- PEND], 

OI- 

EY87 4020 101- 8/- KT3M 17/6 

PF88 10/- 1'001 17/8 
PF818 14/- UABCMO8/- 
PL33 7/- UAF4l 9l- 

8 PIa6 10/- UAP42 9/ 
PLtlt 7/6 UBC41 8/6 
PL82 8/- UBC81 8/6 
PL83 7/- UBP80 8/8 
P184 6/8 UBP89 7/- 
P12500 13/6 UBLI 8/6 
P1.604 15/- 0099 6/- 
P1184 8/- UCC84 9/- 
PY31 5/- 00085 7/- 
PY32 10/- UCF80 9/6 
PY33 12/- UCH21 9/6 
PYeO 5/6 UCH42 9/6 
PY8l 5/6 UCH43101- 
PY82 5/- UCH81 6/6 
PY83 8 UCL8110/- 

8 

PY88 7/6 
81 

L82 7/- 
PSOI 14/- UCLB3 9/8 
PY01 9/- UF9 

UC 

10/- 
PZ30 

Y 

7/- UF42 101- 
QQV03-20A 

1051- 
Up43 
UF80 

10/- 
7/- 

QQV08-40A UP85 7/3 
1061- UP89 71- 

08120011/- UL41 9/6 
Q81209 10/. ULM e/8 
Q81203 10/. 1.11114 10/- 
QU37 97/- mow 5/- 
QVO3-12 UH84 7/- 

121- UUS 9/- 
0,05 -259/. CUS 7/- 
QY3-125A 111.110 10/- 

160/- UY1N 9/- 
QY4-250A UYII 20/- 

230/- UY2l 9/6 
QY4.400A UY41 7/- 

R10 30017/6- UY86 96/16- 

RI7 8/- V-U111 
ROI-240A VU12013/8/8 - 

35/- VU133 8/_ 
8136 12/- VU134 8/- 
8P41 5/6 W76 7/- 
11E61 5/- W107 7l- 
T1403-10 W729 10/- 

TH23S e7/- MH 7/8 
TH2321 7/- BI 15/- 
TPJ820 7/8 

XXX; 

Cl1 12/6 
TT16 85/- C12 8/8 
TT21 35/- C12T 8/- 
TZ40 70'- XCI6 4/6 
U18/20 12 - XCIgT 7/- 
119 40 - XC23 17/- 
U X 
U26 

_a 
14 

8 
8 

- 

III 9/- 
U26 14'6 t'165 5/- 
UAI 8 - Z3I9 81- 
L'3:1 30 - '/.319 55/- 
U76 4,- 7.71100 81- 
U81 10, Z700W 15/- 
U191 14/- Z719 4/8 
U28l 8/- Z729 6/- 
U282 8/- Z800U 30/- 
U301 11/6 ZBOlU 30/- 
U403 8/- 2803U 18/6 
U404 5/- Z900T 13/- 

Head Office: 

44a WESTBOURNE GROVE, LONDON, W.2 
Tel.: PARK 5641 2 3 

Cables: ZAERO LONDON 
Retail branch (personal callers only) 
85 TOTTENHAM COURT RD., 
LONDON W.2.Tel: LANgham8403 

A.R.B. Approved for inspection and 
release of electronic valves, tubes, 
klystrons, etc. 

WE WANT TO BUY: 
723A'B; 2K25; 4C35 -S0 /- paid subject to test. 
Please offer us your special valves and tubes 
surplus to requirements. 

Please send foolscap s.a.e. for full list of valves. tubes and semiconductors 

WW -132 FOR FURTHER DETAILS 
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Has red tape been 
complicating your procurement of 

electronic components 
from the U.S.A.? 

Let us help you 
cut through it! 

Procurement of 
American -made elec- 
tronic components used to be thought of as a complex, time - 
consuming procedure with a myriad of red tape details and 
problems. Not anymore -now you can join the growing list of 
companies that rely on the technical skills and services of Milo 
International, world -wide distributors of electronic components. 
Our team of experienced specialists will process your order with 
speed and efficiency from start to finish - immediate price and 
availability quotations, product information, application data, 
import certificates, export licenses, declarations, export pack- 
aging, delivery expediting, etc. And this all-inclusive service is 
provided for each order, no matter how small or large. 

For whatever you may need in electronic components 
from the U.S.A., Milo International can satisfy your re- 

quirements with prompt delivery, at direct factory prices, 
from a huge in -stock inventory of thousands of components 

made by the leading American manufacturers including this 
partial listing: 

Amperex Eimac R.C.A. 
Amphenol Electrons, Inc. Raytheon 
Arrow -Hart & Erie Simpson 

Hegeman General Electric Sola 
Bourns Hardwick Hindle Solitron 
Burgess Hickok Sprague 
Cannon I.T.T. Stancor 
Centralab J.F.D. Superior 
Cinch -Jones Kings Sylvania 
Clarostat Littelfuse Texas Instruments 
Cornell- Dubilier Mallory Transitron 
Corning Oak United Transformer 
Dale Electronics Ohmite -Allen Bradley Vector 
Delco Radio Potter & Brumfield Xcelite 

For immediate price and delivery quotations, contact Milo by mail, phone, cable or International Telex. 

1 LO International 
World -Wide Electronic Component Suppliers 
325 Hudson St., New York, N.Y. 10013 /Tel 212 -924 -5000/ Cable MILOLECTRO, N.Y./Intl Telex 62528 or 620715 

WW-133 FOR FURTHER DETAILS 
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CLASSIFIED ADVERTISEMENTS 
DISPLAYED SITUATIONS VACANT AND WANTED: £6 per single col. inch. 

LINE advertisements (run -on): 7/- per line (approx. 7 words), minimum two lines. 

Where an advertisement includes a box number (count as 2 words) there is an additional charge of 1 / -. 
SERIES DISCOUNT: 15% is allowed on orders for twelve monthly insertions provided a contract 
is placed in advance. 
BOX NUMBERS: Replies should be addressed to the Box number in the advertisement, c/o 
Wireless World. Dorset House, Stamford Street, London, S.E.1. 
No responsibility accepted for errors. 

Advertisements accepted 
up to MARCH 6 
APRIL Issue, subi 
space being available. 

JUNIOR TEST ENGINEER 
Duties include the responsibility for 
routine measurements in connection with 
the manufacture of Tape Recorders and 
Record Players and assistance in the 
technical control of the factory. Previous 
experience of Radio or Television desirable 
but knowledge of other electronic pro- 
ducts could be a suitable qualification. 
Good salary and promotion prospects for 
the right man. Applications in writing 
please to:- 

Personnel Manager, 
British Radio Corporation, 

Denton Island, Newhaven, Sussex. 

Independent Television News Limited 
requires a 

SUPERVISORY ENGINEER 
with detailed knowledge and practical 
experience of Colour Television Engineer- 
ing including semiconductor and inte- 
grated circuitry techniques. Applicants 
should have an ability to impart this 
knowledge formally or informally. The 
successful candidate will be responsible 
to the Chief Engineer for Vision Mainten- 
ance Services. He will work the hours 
required by the post but it is envisaged 
that these will be on a five day week basis. 
Current ACTT Salary £2,458 per annum 
(revised rates under negotiation). Per- 
manent post. Pension Scheme and Free 
Life Insurance. 
Candidates should telephone or write to 
the Personnel Manager, Independent 
Television News Limited, Television 
House, Kingsway, London, W.C.2. 
Telephone OI-405 -7690. 

BERMUDA VACANCY- 

ELECTRONICS ENGINEER 

A qualified technician is required for 
workshop and field maintenance work in 
Bermuda. The majority of the work is in 
TV and Radio, but there is also a require- 
ment for work on specialist equipment for 
transmitting stations, hospitals, ship -to- 
shore radio. marine radar, etc. A single 
man is preferred. 

Remuneration by way of basic salary and 
incentive bonus. A good man can expect to 
earn in the region of £1,750 per annum. 

The appointment will be initially for a 

minimum of one year and passage to 
Bermuda will be paid by the Company. 
Completion of 3 consecutive years service 
with the Company will qualify for payment 
of return passage. 

Application in own handwriting should 
give full personal details, with age, educa- 
tion, academic qualifications, experience 
and previous appointments, with refer- 
ences, and should be accompanied by a 

recent photograph. Forward to:- 
General Manager, 

BELL SERVICES LIMITED, 
P.O. Box 98, Paget, Bermuda. 

REDIFFUSION 

COLOUR TELEVISION 
FAULTFINDERS & TESTERS 

We have a number of vacancies in our Production Test Departments 
for experienced faultfinders and testers. 

Knowledge of transistor circuitry and experience with Colour Receivers 
together with R.T.E.B. Final Certificate or equivalent qualifications 
required. 
These will be staff appointments with all the expected benefits. 

Applications to: 
Works Manager, 

Rediffusion Vision Service Ltd., 
Fullers Way South, 

Chessington, Surrey (near Ace of Spades). 
Phone: 01 -397 5411 

V.H.F. TELEVISION RELAY & 

COMMUNAL AERIAL SYSTEMS 
We are planning a considerable expansion of our activities and have 
the following vacancies: 

I. A SENIOR ENGINEER 
to have control of all aspects of systems design, planning, estimating, 
installation and commissioning. 

II. ENGINEERS 
capable of undertaking either: 
(a) System planning and estimating. 
(b) control of installation work. 

or (c) test and commissioning duties. 

Candidates for these appointments must have a good background of 
practical experience in this field of work, and an up -to -date knowledge 
of techniques and equipment. 
Applications, which will be treated in strict confidence, should be 
sent to: 

BRITISH RELAY 
The General Manager, 
Special Services Division, 
British Relay House, 
41, Streatham High Road, S.W.16 
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GOVERNMENT of HONG KONG 

CONTROLLER 
(Police Telecommunications) 

on contract for one tour of 36 months in the first instance. 
Salary in scale rising from $3730 a month (,E Stg. 3077 p.a.) 
to $443o a month (,E Stg. 3654 p.a.). Low Income Tax. 
Terminal Gratuity of 17% of total salary drawn. Free 
Passages. Furnished accommodation at moderate rentals. 
Generous leave. Contributory pension scheme available in 
certain circumstances. 

Candidates, preferably 45 years of age, should be corporate 
Members of the Institute of Electrical Engineers, should 
have at least ten years experience in Telecommunications 
Engineering in an executive capacity with an expert know- 
ledge of maintaining and installing V.H.F. and H.F. radio 

.:SJr\0(4YYlyOC1YZ:OZ11111;VyIXO 

equipment and ship -borne radar. Candidates possessing 
equivalent alternative qualifications and suitable experience 
may be considered for appointment. 

The officer will be required to detail the planning and 
processing of technical requirements and supervise the 
Communications Section including Radar Workshops. 

Apply to CROWN AGENTS, M. Dept., 4 Millbank, London, 
S.W. I ., for application form and further particulars, stating 
name, age, brief details of qualifications and experience 
and quoting reference MaR /68o6o7 /WF. 

W1.111yä1Uly `IY111vL111Y WY11Y V,yl1'J 

The Stock Exchange require two 

Television 
Service Engineers 

Later this year, as the Stock Exchange continues its programme of moderni- 
sation, a closed circuit television system is being installed for the display of 
market prices. 
To maintain this system, two experienced Television Service Engineers are 
required. Appropriate Television and Radio servicing certificates are essential, 
and applicants must be able to prove their ability as competent Service En- 
gineers by suitable trade test. 
Attractive salaries are offered in the region of £1,500- £1,600 p.a. with these 
positions and fringe benefits include a non -contributory pension scheme. 
Applications giving brief details of qualifications and experience should 
be sent to : The Personnel Officer, Council of the Stock Exchange, 
61 Threadneedle Street, EC2. 
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ELECTRONIC TECHNICIANS 

Marconi 
Can offer you 

NON -TIED HOUSING IN A NEW TOWN 

ATTRACTIVE SALARY 
ANNUAL SALARY REVIEWS 

GOOD WORKING CONDITIONS 
37 -HOUR WORKING WEEK 

At Basildon we have a number of vacancies for 
technical test staff to work on advanced aero- 
nautical electronic systems, maintenance and 
building of test equipment and other major 
projects. These positions will be of particular 
interest to men with experience of transmitters, 
receivers, aerials, closed circuit T.V. or digital 
systems. 

Please telephone or write for an application 
form to :- 
Mrs. B. Bridgen, Personnel Officer, The 
Personnel Dept., The Marconi Company 
Limited, Christopher Martin Road, Basil- 
don, Essex. Phone: Basildon 22822. 

RADIO TECHNICIANS 
with sound knowledge of at least three 

of the following types of equipment 
required immediately for Meteorological 
Office Ocean Weather Ships : Single Side - 

Band Transmitter, Radar (Navigational), 
Radar Height Finding, Echo Sounders, 

Radio Receivers, Automatic DF, VHF and 

MF Low Voltage Servo Recorders, Digital 

Telemetering Equipment. 

Salary scale £782 -£1304 per annum 

according to age, plus £120 overtime 
allowance. Free food and accommoda- 
tion provided on board ship. Applicants 
must be natural born British subjects. 

Full details from Shore Captain, Ocean 

Weather Ship Base, Great Harbour, 

Greenock. Telephone : Greenock 24291. 

APPOINTMENTS 

ELECTRONIC 
ENGINEERS 

The Redifon Group of Companies require 
experienced engineers with an electronics 
background who like to get things done. There 
are several vacancies and these will appeal to 
you if you are currently holding a position of 
Project Manager, Project Engineer, or 
Designer, especially if you are concerned with 

complete systems of some kind. 
Experience and an ability to get on with the job 
are more important than formal qualifications, 
and you will be judged entirely on the basis 

of what you can do. 
If you are looking for a challenging career in 
the Electronics Industry and have mature 
experience in one or more of the following 

fields we would like to hear from you: 

ANALOGUE COMPUTERS 
COMMUNICATIONS 

DIGITAL COMPUTERS 
RADAR 
SONAR 
Y.N.F. 

The jobs will carry good salaries and assist- 
ance with re- location expenses may be given. 
There is a contributary pension scheme 
coupled with free Life Assurance. Good 

welfare benefits and sick pay scheme. 

Please telephone or write, quoting ref RSD /169 to: 
R. F. Goodsman, General Manager, 

REDIFON LIMITED, 
RADAR SIMULATOR DIVISION, 
Kelvin Way, Crawley, Sussex. 

Telephone: Crawley 30201 Ext. 1 
(If possible. give a telephone number where you can be contacted) 

A Member Company of the Rediffusion Organisation. 
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TEST ENGINEER 
We require a keen young Audio Test Engineer to work on high quality 
professional transistorised mixing desks for use in television and sound 
broadcasting and recording studios. 
Experience in this or a similar field is desirable, although a man with the 
basic knowledge of semi -conductor circuitry would be considered. 
Above all the person we are looking for should be reliable and accurate 
in his work. Apply to: 

W. Tory, General Manager, 
Neve Electronic Laboratories Ltd., 
Cambridge House, High Street, 
Melbourn, Nr. Royston, Herts. 

OPPORTUNITIES WITH 

M arconi 
WEMBLEY 

Test methods 
development /liaison 
engineer 
To assist in planning the provision of test facilities and devising 
test methods for use in Production Test Department dealing 
with wide range of communications transmitters and receivers, 
data -handling equipment, radar, and various electronic aids. 
Liaison with development engineers to solve technical problems 
encountered during production. Wide production test experience, 
or relevant technical experience in the Regular Forces. HNC 
would be an advantage. 

Test engineers 
With knowledge of Circuitry and able to undertake testing and 
fault finding of a wide range of communications transmitters 
and receivers, data -handling equipment, radar, and a variety 
of electronic aids. Should have previous production test 
experience or similar experience as ex- regular Forces' 
Technicians. 

Salaries will be negotiated according to experience and are 
reviewed regularly. Excellent Contributory Pension Fund and 
Life Assurance Scheme, 37 -hour week. 

Please apply by letter quoting REF /WW /2, giving age, 
education, experience and present salary to : 

Rip 
D. M. McPhail, Personnel Officer 
The Marconi Company Limited 
Lancelot Road, Wembley, Middx. 

11 14 Wireless World, March 1969 

ASSISTANT 
PRODUCTION MANAGER 

Assistant Production Manager required 
for factory in West Africa assembling radio 
and television receivers. Practical ex- 
perience of all aspects of line assembly and 
testing required, with ability to plan assembly 
line and control staff. Excellent opportunity 
for young man to assume early responsibility 
and earn good salary. 

Tours of 15 to 18 months with generous 
paid leave. Furnished accommodation 
provided. 

Details of experience to Box 5053 c/o 
Paper. 

SIGNALS ENGINEERING 
LABORATORIES 

R.A.F. Northolt 

RUISLIP, Middlesex 

Ministry of Defence (Air Force Department) 

ELECTRONICS ENGINEERS (graded 
Experimental Officer) for work on 
(i) Radar and Navigation Aids, Air Traffic 
Control and Blind landing. Experience of 
Microwave measurements and pulse tech- 
niques essential; knowledge of display 
systems desirable. 
(ii) Telecommunications, Navigational Aids, 
Telemetry and Data Processing. Experience 
of HF, VHF, UHF and line communications 
and knowledge of digital techniques essential; 
familiarity with integrated circuits desirable. 
The work involves circuit design, laboratory 
measurements and field investigations. Some 
outside duty at R.A.F. Stations at home and 
abroad will be involved, and an ability to 
maintain good relations with service personnel 
at all levels is necessary. 

QUALIFICATIONS: Degree, H.N.C., or 
equivalent in appropriate subject. 
SALARY (Outer London) (minimum age 26): 
LI,589- EI,985. 
Prospects of permanent pensionable appoint- 
ments. 

APPLICATION FORMS from the Head of 
Laboratories at the above address. Closing 
date 6th March, 1969. 

'I'(711y of 1.1verp.,,.1 
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LIVERPOOL REGIONAL 

COLLEGE OF TECHNOLOGY 
Byrom Street, Liverpool, L3 3AF 

Dept. of Navigation 

LABORATORY 

TECHNICIAN 
(Grade T3- f895 -£1,055 per annum) 

Applications are invited for a full -time 
appointment as Laboratory Technician in 
the above department. Candidates should 
have O.N.C. in Electrical Engineering, or 
an equivalent qualification, a good elec- 
tronics background and preferably ex- 
perienced in radar. 

The department is equipped with 4 line 
radar sets, 2 radar simulators and other 
electronic navigational aids. 

Application forms (obtainable from the 
Director of Education, Education Offices, 
14 Sir Thomas Street, Liverpool, LI 6W) 
should be returned to the Vice -Principal 
by 24 February, 1969. 
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0 
RACECOURS 

TECHNICAL 

SERVICES LIM I TED 

Require an 

AUDIO ENGINEER 
at their Headquarters at Raynes Park, S.W.20. Must have 
good theoretical knowledge and wide practical experience 
of maintaining all types of Public Address and Sound 
Distribution equipment. Some construction of special 
units involved. Occasional visits to racecourses through- 
out the country required. Clean driving licence therefore 
an advantage. Preferred age 25 -45. Salary £25 to £27 
per week. Good working conditions. Canteen facilities 
available. Contributory pension scheme after qualifying 
period. 

Applications in writing with full details to Secretary. 

RACECOURSE TECHNICAL SERVICES LTD. 

88 Bushey Road, Raynes Park, London, S.W.20. 
01 -947 3333 

MEDICAL RESEARCH COUNCIL 

CYCLOTRON UNIT, 
Hammersmith Hospital. London, W.12. invite applications 
for the following posts. 

GRADUATE ELECTRICAL ENGINEER 
Age 21 -23, with a good honours degree, required to assist in 
accelerator development. Initially the work would entail 
development of Ion Sources for the M.R.C. cyclotron with 
opportunities in design and construction of special magnets, 
beam transport systems and data handling techniques. 
An interest in gaseous discharges, electromagnetism or 
electronics would be an advantage. Starting salary (under 
review) £1,110- £1,240 according to age. 30 days leave. 

ELECTRONICS ENGINEER 
Age 25 minimum. Pass degree, H.N.C. or equivalent. 
Several years practical experience, used to modern 
Semiconductor techniques. To join small group concerned 
with the design and construction of equipment of high 
engineering standard for use on and around the M.R.C. 
cyclotron, varying from integrated circuits to high current 
power supplies. Technical Officer category. Starting salary 
£1,109- £1,468 according to age and experience. 

JUNIOR TECHNICAL OFFICER (Electronics) 
Age 20 -25. Two 'A' levels or H.N.C. depending on age. 
To help with development and construction of electronic 
equipment of widely varying type for use on M.R.C. cyclo- 
tron. Starting salary £838-E1,109. 

Initial application, giving career particulars, should be sent 
to the Director, M.R.C. Cyclotron Unit, Hammersmith 
Hospital, Ducane Road, London, W.12. 

APPOINTMENTS 

... _ 
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Radio 
Technicians 

enjoy exciting new scope now in 

Air Traffic Control 
There are opportunities in the National Air Traffic 

Control Service, a Department of the Board of Trade, 
for you to playavital part in the safety of Civil Aviation. 
You'll work on the latest equipment including Com- 
puters, Radar and Data Extraction, Automatic Landing 
Systems and Closed- Circuit Television, at Civil Air- 
ports, Air Traffic Control Centres, Radar Stations 
and other engineering establishments, including 
Heathrow, Gatwick and Stansted. 

If you are 19 or over, with practical experience in at 
least one of the main branches of telecommunications, 
fill in the coupon now. Your starting salary would be 
£869 (at 19) to £1,130 (at 25 or over); scale maximum 
£1,304 (rates are higher at Heathrow). Non- contribu- 
tory pensions for established staff. 

Career Prospects. Your prospects are excellent, 
with opportunities to study for higher qualifications 
in this expanding field. 

Apply today, for full details and application form. 

Write for details to: Mr. T. H. Mallett, B.Sc. (Eng.), C.Eng.,, 
M.I.E.E., Room 705, The Adel phi, John Adam Street, 
London W.C.2, marking your envelope 'Recruitment'. 

Name 

Address 

Not applicable to residents outside the United Kingdom. 

NATCS 
RWW 9 

National Air Traffic 
Control Service ___J 
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ASSISTANT SIGNALS OFFICER 
METEOROLOGICAL OFFICE 

MINISTRY OF DEFENCE (AIR FORCE DEPARTMENT) 

ELECTRONIC ENGINEER (man or woman, aged at least 23) for a post of Assistant 
Signals Officer at the Meteorological Office Headquarters in Bracknell, Berks. 

Duties relate to the planning, provision and installation of meteorological landline and 
radio telecommunication systems embracing transmission by both low /medium /high 
speed data and analogue /digital facsimile, and including facilities for reception from 
satellites. A particular objective will be to automate the U.K. system making optimum 
use of computers. 

Qualifications: Either (a) Corporate Membership of the Institution of Electrical 
Engineers, the Institution of Electronic and Radio Engineers or the Royal Aeronautical 
Society, or exemption from their examinations, or (b) 1st or 2nd class honours degree in 

Electrical Engineering, Physics or Applied Physics, together with at least 2 years' training 
and experience in Telecommunications or Electronic Engineering. Wide knowledge of 
telecommunications and aptitude for planning, including some experience of planning for 
automation in telecommunications essential. 

Salary (national) : £1,087 at age 23- £1,761 at 34 or over (possibly higher if at least 35). 
Scale maximum £2,065. Non -contributory pension. 

Write to Civil Service Commission, Savile Row, London W1X 2AA, or telephone 
01 -734 6010 Ext. 229 (after 5.30 p.m. 01 -734 6464 "Ansafone" Service), for application 
form, quoting S/6960/68. Closing date 25th March 1969. Candidates who have 
already applied should not do so again. 

The 5 GeV Electron Synchroton NINA, housed at Daresbury Laboratory in north -west Cheshire, is being 
used fbr research into high energy physics by university and resident groups. It is, however, being 
continuously modified both to increase its efficiency, reliability and operation and to improve its 
performance, particularly in respect of accelerated beam intensity. 

RADIO FREQUENCY 
SYSTEMS 
A Senior Scientific Officer 
is required to investigate various aspects of the acceleration process of NINA, particularly the effects of 
beam loading on the RE accelerating system and also injection into the synchroton. Applicants must be 
familiar with radio frequency techniques at UHF and with systems involving waveguides and cavities. They 
must also possess at least a second class honours degree in physics or electrical engineering and must have 
a good mathematical background and the ability to programme computers in Fortran. At least three 
years' post graduate experience is required. 

A Senior Experimental Officer 
is required to initiate and be responsible for developments of the existing RF accelerating systems. These 
include very high power amplifiers at 408 and 2856 MHz, waveguides and resonant cavities, together with 
complex electronic programme and feedback circuits. The work will include special component develop- 
ment and improving diagnostic equipment and the flexibility of the systems. It will also entail some 
responsibility for the day to day running of the plant, particularly dealing with faults beyond the scope 
of the regular crews. Applicants must be fully conversant with and have wide experience in modern 
techniques in radio engineering at UHF and in electronics. They must also possess at least a pass degree 
or HNC or equivalent in physics or electrical engineering. 

Starting salary will be assessed according to age, qualifications and experience on the following scales: 

Senior Scientific Officer £1,925 - £2,372 
Senior Experimental Officer £2,220 - £2,720 

The superannuation scheme is non -contributory. Advice and assistance to obtain house loans is available. 

Write for application form quoting reference number DL /275/M to: 

Science 

Research 

Council 

DARESBURY NUCLEAR 

PHYSICS LABORATORY 

Personnel Officer, 
Science Research 

Council, 

Daresbury Nuclear 

Physics Laboratory, 

Daresbury, 

Nr. Warrington. 
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GRUNDY & PARTNERS LTD. 
require 

ELECTRONICS INSPECTOR 
The man required must be fully experienced 
and capable of working from circuit dia- 
grams. Mainly semi- conductor equipment. 
Excellent rates of pay. Knowledge of E.I.D. 
procedure an advantage but not essential. 
Apply to: 

Mrs. Lloyd, 
GRUNDY & PARTNERS LIMITED, 
3 The Causeway, 
Teddington, Middx. 
Telephone : 01 -977 -3402 

UNIVERSITY OF SHEFFIELD 

Senior Technician required for Elec- 
tronics Section of Department of Physics. 
Duties of Section are designing, main- 
tenance and production of electronics 
equipment for teaching and research. 
Previous experience essential. Salary 
£987 -£1,225 per annum with basic 
qualification. Supplement for approved 
higher qualification. Write to the Bursar 
(B.130), The University, Sheffield S10 
2TN. 

Electro- Medical Service 
Department requires 

ENGINEERS 
for testing and servicing elec- 
tronic apparatus. Applicants 
should be aged 23 -30, and 
should be of H.N.C. standard. 
Apply in first instance in 
writing to: 

SIEREX LTD., 
Electro- Medical Dept., Heron House, 
Wembley Hill Road, Wembley, Middx. 

DERRITRON 
have a vacancy for ri 

TELECOMMUNICATIONS 
ENGINEER 

Experience in the clesign ,ind develop- 
ment of MF and VHF Marine Radio or 
similar equipment, and S.S.B. Trans- 
mitter Receivers, using modern semi- 
conductor valve circuits. 
Excellent prospects in this rapidly 
expanding Division. Personnel with 
appropriate qualifications and experi- 
ence apply to 

The Chief Engineer, 
Derritron Electronics Ltd., 
Sedlescombe Road North, 
Hastings, Sussex. 
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RADIO OPERATORS 
PREFERABLY WITH PMG2 
CERTIFICATE, REQUIRED 
IMMEDIATELY FOR DUTY ON 

METEOROLOGICAL OFFICE 
OCEAN WEATHER SHIPS. 

Salary Scale £871 --£1309 per annum 

(revised rates under negotiation) accord- 

ing to age, plus £1 57 overtime allowance. 

Free food and accommodation provided 

on board ship. Applicants must be natural 

born British Subjects. Full details from 

Shore Captain, Ocean Weather Ship Base, 

Great Harbour, Greenock. Telephone: 

Greenock 24291. 

APPOINTMENTS 

INSTRUMENT 
SYSTEMS ENGINEER 

The Job 
Designing and commissioning electronic aircraft simulator 
instrument systems in association with analogue and 
digital computer equipment. 

The Man 
Qualified and /or experienced engineer who has a know- 
ledge of aircraft instrument design theory and a sound 
understanding of servo and synchro techniques. Applicant 
should also have a knowledge of analogue and digital 

computing techniques. 

The Rewards 
Long term career. High job interest in association with 
the airline industry. Good working conditions. Contribu- 
tory pension scheme coupled with free Life Assurance. 

Good welfare benefits. Excellent salary. 

Apply giving brief details of experience and qualifications, quoting 
reference W.W.2369. to: 

H. C. Hall, 

REDIFON LIMITED 
FLIGHT SIMULATOR DIVISION 
Gatwick Road, Crawley, Sussex. 

Telephone: Crawley 28811 

REDEFON© 

4 

A Member Company of the Rediffusion Organisation 
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Government GE ZAM 
REQUIRES 

II 

POSTAL 
ENGIAIEERS 

TELECOMMUNICATIONS, PLANNING and EVALUATION 
Professional Engineers required for telecommunica- 
tions by the GOVERNMENT OF ZAMBIA, General 
Post Office on contract for one tour of 36 months in the 
first instance. Commencing salary according to 
experience in scale. Kwacha 2784 rising to Kwacha 
4464 a year (;EStg.1624- ,EStg.26o5) plus inducement 
allowance of,EStg.348- ,EStg.429 a year. Gratuity 25% 
of total salary drawn. A direct payment of ;EStg.233- 
;EStg.35o is also payable direct to an officer's home 
bank account. Both gratuity and supplement are 
normally TAX FREE. Free passages. Quarters at low 
rental. Children's education allowances. Liberal leave 
on full salary or terminal payment in lieu. Special 
terms of service apply to serving civil servants including 
employees of the General Post Office. 

Candidates should have a recognised degree in tele- 
communications or electrical engineering or equivalent 
qualification. This should be followed by several years 
of experience with a telecommunications organisation. 
The duties of the posts are varied. They include plan- 
ning of trunk and telegraph multiplex systems and 
radio systems, also the technical and economic evalu- 
ation of local and trunk line development policy in the 
field of underground cables and open wire lines. 

Apply to CROWN AGENTS, M. Dept., 4 Millbank, 
London, S.W.I. for application form and further 
particulars, stating name, age, brief details of 
qualifications and experience and quoting refer- 
ence M2K 6i6io WF. 
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RADIO & TELEVISION SERVICING 
RADAR THEORY & MAINTENANCE 

This private College provides efficient theoretical and practical training in the 
above subjects. One -year day courses are available for beginners and shortened 
courses for men who have had previous training. 
Write for details to: The Secretary, London Electronics College, 20 Penywem 
Road, Earls Court, London, S.W.5. Tel.: 01 -373 8721. 

ELECTRONICS INSTRUCTOR 
Due to our expanding interests in electronic calculating machines and small 
computers, we have a vacancy for an additional instructor to join our team based 
in Central London. After a comprehensive training period, he will assist in the 
progressive training of service engineers, both from the U.K. and overseas, on the 
digital techniques used in our equipment. He must also be prepared to carry out 
training courses abroad at a later date. 

The successful applicant will not necessarily have had experience with electronic 
calculating machines, but he will have a sound knowledge of basic electronic 
principles and practical experience in electronics, radio, television, radar, or 
similar fields. 

Previous experience as an instructor is not considered to be absolutely essential, 
but might well be an advantage. We are most anxious to find someone who has 
the ability and a real desire to teach fellow technicians. 

Anyone interested in this vacancy is invited to send full details of his qualifications 
and relevant experience to Mr. D. D. Davies, Sumlock Comptometer Ltd., 
The Island, Uxbridge, Middlesex. 

Test Engineers 
Electro 
Mechanical 
Inspectors 
Due to continued expansion there are excellent 
opportunities for experienced Test Engineers and Electro- 
mechanical Inspectors, covering a wide range of 
advanced electronic equipments. 

Vacancies exist at 
Research Laboratories, Hersham, Surrey 
Radar Development Laboratories, 

Chessington, Surrey 
Production Division, New Malden, Surrey, 
These appointments offer attractive salaries, career 
development and the usual fringe benefits associated 
with a progressive organisation. 

D R 
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Apply in first instance quoting 
Ref INSP/ 163 to 
Senior Personnel Officer, 
Decca Radar Limited, 
Burlington House, 
Burlington Road, 
New Malden, Surrey. 
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ELE('l'IUIONIC 
SERVICE ENGINEER 

required with knowledge of cinematograph 
projection and sound equipment. Training 
will be given to applicant with limited 
experience. Pension scheme. Five -day 
week. Apply in writing, briefly stating age 
and experience to Personnel Manager, 
Rank Film Processing Ltd., North Orbital 
Road, Denham, Nr. Uxbridge, Middlesex. 

Freelance Electronic Designer 
required. Experienced in Photo - electric 
and Audio techniques. To design in liaison 
with Technical Department of established 
company. 

Small well- equipped lab. available if 
necessary. Time to suit applicant. 

Write in first instance to: 
Dubreq Studios Ltd., 

15 Cricklewood Broadway, 
London, N.W.2 

UNIVERSITY OF BRISTOL 
Dept. of Extra -Mural Studies 

Weekend Courses in Colour 
Television - Spring 1969 

Feb. 28th, Mar. 1st, 2nd 
Lecturer: H. V. Sims (B.B.C.) 

Mar. 28th, 29th, 30th 
Lecturers: Dr. G. B. Townsend 

(Thames Television) 
M. H. Cox (M. H. Cox Electronics Ltd.) 

Both courses will be held in Bristol. 
Full details from D. S. Wilde, 20A Berkeley 

Square, Bristol BS8IHR 

ELECTRONIC 
TECHNICIAN 

to assist with maintenance and operation 
of a 2MeV linear accelerator and associated 
equipment in connection with cancer 
research. Keen practical interest in elec- 
tronics essential. Salary in accordance with 
MRC technical scale according to age, quali- 
fications and experience, all grades considered 

Apply to: 
Director B.E.C.C., 
Research Unit in Radiobiology, 
Mount Vernon Hospital, 
Northwood, Middx. 

THE GENERAL POST OFFICE 
has vacancies for 

RADIO OPERATORS II 
at its 

COAST RADIO STATIONS 
Applications are invited from men between 
21 and 35 years of age who must hold 
either the Postmaster General's First or 
Second Class Certificate of Competence in 
Radiotelegraphy or an equivalent certifi- 
cate issued by a Commonwealth Adminis- 
tration or the Irish Republic. 

The posts which will be temporary in 
the first instance, carry a salary scale of 
£765- £1,129, depending on age at entry, 
but successful applicants will be eligible 
to enter the open competitive selection for 
permanent appointment to be held in the 
spring and autumn of 1969. 

Applicants should write to: The 
Inspector of Wireless Telegraphy, Union 
House, St. Martin's -le- Grand, London, 
E.C.I, or telephone 01-432 5628 for 
further information. 
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AVE LEY ELECTRIC LTD 

rn 
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we require 
CALIBRATION 

and 
SERVICE ENGINEERS 

have you 3 to 5 years calibration or 

service experience 

O.N.C. /H.N.C. 

are you 

between 25 -40 years of age 

do you have 

self drive and initiative 
nabi ity to work with minimum 

supervision 

do you want a well paid interesting post w 
you do then contact 

Personnel Manager LLI 
Aveley Electric Ltd., South Ockendon Essex 

0 Tel: South Ockendon 3444 

AVE LEY ELECTRIC LTD 

APPOINTMENTS 

wicr 
SOUTHERN 
INDEPENDENT TELEVISION 

require 

ENGINEERS, ASSISTANT ENGINEERS 
and 

TECHNICAL ASSISTANTS 
for the operation and maintenance of television equipment at 

their Southampton Studios. The successful applicants would be 
required to live in the Southampton area and would be employed 
on shift duty. The Company is expanding and later this year will 
occupy a new studio centre fully equipped for colour television. 
The following qualifications should be held: 

Engineers Higher National Certificate in electrical 
engineering or equivalent. preferably 
with experience with a Broadcasting 
Company or Broadcast Equipment 
Manufacturer. 

Assistant Engineers Ordinary National Certificate in electrical 
& Tech. Assistants engineering or equivalent. 

Before appointment applicants will be required to undertake 
a colour blindness test. 

Rates of Pay: 
Engineers A.C.T.T. Grade 'D' £1876 p.a. 
Assistant Engineers A.C.T.T. Grade 'E' £1582 p.a. 
Technical Assistants A.C.T.T. Grade 'H' £1295 p.a. 

Canteen facilities and an excellent Pension Scheme available. 

Please apply in writing to: 
The Personnel Officer, 
Southern Television, Ltd., 
Northam, 
Southampton, 
S09 4YQ 

CHALLENGING OPPORTUNITIES in 
CANADA 

Radio and Electronic Technicians with a desire to see more 
of the world can find rich rewards by joining Canadian 
Marconi Company. Technicians are required for maintenance 
duties on Northern installations. 
Successful applicants will enjoy minimum salaries of 
$8,479 plus first -class prospects for rapid advancement 
and further substantial rises during the first year. There are 
also genuine opportun ties for promotion to supervisory 
grades with salary ranges of over $13,500 per annum. 
Food and accommodation is provided free for the employee 
(no family accommodation), in addition to heavy duty 
clothing. Assistance with air passage is available. 
A chance of a lifetime is offered to accrue substantial 
savings. 

CAN YOU QUALIFY? 

;cam 
CANADIAN MARCOS"' 

Formal training and experience in maintenance of communi- 
cations type equipment is required with special emphasis on: 

Microwave 
Tropospheric Scatter 
Communications Systems 
Telephone and Carrier (Multiplex) 

If you have three or more years' experience in installation or 
maintenance on this type of equipment together with recog- 
nized qualifications, i.e. City and Guilds, Higher National or 
equivalent, the answer is Yes! Interviews will shortly be held 
in London and possibly in the provinces. Please send brief 
career details, quoting WW 2988H, to Mr. D. S. Howell, 
Canadian Marconi Company, P.O. Box 540, Station 
"O ", Montreal 379, Quebec, Canada. 

CANADIAN MARCONI COMPANY 
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APPOINTMENTS 

IMPERIAL COLLEGE 
Control Systems Group 

Applications are invited from ELECTRONICS ENGINEERS to join a select team concerned with 
advanced control engineering projects. in order to assist development of the special computer 
interface equipment required for this work. Degree or H.N.C. with experience of digital techniques 
required; some experience in mechanical design, programming, or instrumentation an advantage. 

Salary in range L1,455 to L1,865 (Experimental Officer grade). Superannuation Scheme. Details of 
experience to Professor Wesccocc, Centre for Computing and Automation, Imperial College, 
London, S.W.7, by 28 February 1969. 

AGA (U.K.) Ltd. are expanding the operation of their Electronics Division 
and require the following personnel : 

SALES ENGINEER 
Aged about 30, qualified to H.N.C. level in applied physics, not less than 
3 years' experience in telecommunications equipment or crystal oscillator 
design. Field sales experience an advantage, possession of driving licence 
essential. Salary around £1,500 per annum. Quote details of experience 
and qualifications. 

APPLICATIONS 
SERVICE ENGINEER 

Aged about 25, qualified to H.N.C. level in applied physics with experience 
of modern electronic apparatus. Driving licence essential. Salary around 
£1,300. Quote details of experience and qualifications. 

AGA (U.K.) LTD. (Ref. WAR) 
77 HIGH STREET BRENTFORD MIDDLESEX 

d i 9 B0 al 
COMPUTERS MODULES 
We are now manufacturing our famous range of PDP 
computers in the United Kingdom and require 

COMPUTER 
TECHNICIANS 
to assemble and commission these computers at our factory in Reading. 
Applicants should have O.N.C. Electrical or G.C.E. '0' level in relevant 
subjects. Experience in the testing and repair of transistorised pulse 
equipment would be an advantage but product training will be given. 

Salary will be commensurate with experience and ability. 

Applications in confidence to: Personnel Department, Ref. WW 46, 

DIGITAL EQUIPMENT CO. LIMITED 
ARKWRIGHT ROAD, READING, BERKS. Telephone: 85131 

A1211 \:irrlc.. A\i, .Alarch 1y6U 

RANK PRECISION INDUSTRIES 
Require a 

TEST EQUIPMENT 

CALIBRATION ENGINEER 
for the regular calibration of the equipment 
in our electrical test room, and the location 
and rectification of minor faults. 
The successful applicant will: 

-BE familiar with calibration techniques 
for electronic voltmeters, signal genera- 
tors, oscillators, counter -timers and 
similar instruments for D.C. to 10 MC -s. 

-BE able to make reliable measurements. 
-BE expected to work with minimum 

supervision. 
-BE aged 25 -35 years. 
-PROBABLY hold a C. & G. certificate 

(Servicing). 
The Salary -E22 p.w. or more depending on 
age and experience. 
The company operates a comprehensive 
contributory pension scheme, free life 
assurance, and other fringe benefits. 

Apply to : The Personnel Manager, 
Rank Precision Industries, 
Rank Pullin Controls, 
Phoenix Works, 
Great West Road, 
Brentford, Middlesex. 
Tel. 01- 560 -1212. 

ILIFFE BOOKS 

ELEMENTS AND 
CIRCUITS FOR 

AUTOMATIC 
CONTROL 

By T. PUCHALKAandA. WOZNIAK 

English translation edited by N. G. Meadows. 
Ph.D., B.Sc., C.Eng., M. I.E.E. 

This book gives examples of typical elements of 
control systems and discusses their application 
in systems for automatic control. 
It opens with a chapter dealing with fun- 
damentals of control theory. which is of 
interest in its own right and also gives a 

fundamental basis for subsequent work. This 
is followed by an extended treatment of the 
dynamic behaviour of electrical circuits and 
electrical machines as elements in control loops. 
together with various aspects of non - linear 
behaviour. The third chapter is devoted to a 

discussion of selected elements of electrical 
control systems. classified on the basis of 
single -loop block diagrams. Finally. the book 
deals with stability criteria, stability synthesis 
and the general dynamical analysis of selected 
systems. 
221 pp. 146 illus. 50s net. 1s 6d postage. 

obtainable from leading booksellers 

ILIFFE BOOKS LTD 

42 RUSSELL SQUARE 

LONDON, W.C.1. 
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Computer Engineering 
NCR requires additional ELECTRONIC, ELECTRO- MECHANICAL ENGINEERS and TECHNICIANS to maintain medium to large scale 
digital computing systems in London and provincial towns. 
Training courses will be arranged for successful applicants, 21 years of age and over, who have a good technical background to 
ONC,HNC level, City and Guilds or radio /radar experience in the Forces. 
Starting salary will be in the range of £900/£1150 per annum, plus bonus. Shift allowances are payable, after training, where 
applicable. Opportunities also exist for Trainees, not less than 19 years of age, with a good standard of education, an aptitude towards 
and an interest in, mechanics, electronics and computers. 
Excellent holiday, pension and sick pay arrangements. Please write for Application Form to Assistant Personnel Officer 
NCR, 1,000 North Circular Road, London, N.W.2, quoting publication and month of issue. 

Plan your future with N C R 

ARE YOU EXPERIENCED in 
Circuit Design or Systems Development -earning L1,200 to 
L2,500 and considering relocation? 
Are you a Technical Sales Engineer, Test Engineer or Pro- 
duction Engineer perhaps unrecognised or poorly rewarded 
in your present position? 
Have you special skills which are not fully utilised on your 
present job? 
Then do you know that Electronics Appointments is 
constantly in touch with almost 800 companies in the 
electronics field, covering all aspects of electronic engin- 
eering at all levels. 
Unique opportunities exist for you to obtain the best 
available job, with excellent prospects, in the area of your 
choice. 
The service is free and confidential, you need only tele- 
phone or write for full details. 

to 

ELECTRONICS 
APPOINTMENTS LTD. 
NORMAN HOUSE 105 109 STRAND LONDON W.C.2 
TEL 01 -836 5557 

We have vacancies foi. 

FOUR EXPERIENCED TEST ENGINEERS 
in our Production Test Department. Applicants are preferred 
who have experience of Fault Finding and Testing of VHF 
and UHF Mobile Equipment. Excellent opportunities for 
promotion due to expansion programme. 

Please apply to Personnel Manager 
PYE TELECOMMUNICATIONS LTD. 

Cambridge Works, Haig Rd., Cambridge. Tel: Cambridge 51351 Ext. 355 

PA.... ... .... a....rCx.....Cx.....CtTYMMx.....cMx.....cx.....Cf....CS.....titnx.....c .. frxmcz 

GOVERNMENT OF ZAM 
REQUIRES 

,> 
I.) IIA 

ASSISTANT 
TELECOMMUNICATIONS 

ENGINEER 
for the General Post Office, Ministry of Transport, Power and 
Communications, on contract for one tour of 36 months in the 
first instance. Total gross salary in scale up to L2654. maximum 
comprising basic salary in scale Kwacha 3408 (,STG.1988) 
rising to Kwacha 3316 (£STG.2o5 I) a year, entry point depend- 
ing on experience, plus Inducement Allowance of £STG.584- 
£STG.6o3 a year. Gratuity 25% of total salary drawn. A direct 
payment of £STG.291 is also payable to an officer's bank 
account in the U.K. Both Gratuity and direct payment are 
normally TAX FREE. Free passages. Quarters at low rental. 
Children's education allowances. Liberal leave on full salary or 
terminal payment in lieu. Contributory Pension Scheme avail- 
able in certain circumstances. 
Candidates, preferably between 3o and 5o years of age, must 
have not less than ten years' training and experience, with a 
recognised Telecommunications administration and currently 
considerable experience on the operation and maintenance of 

ISB HF Radio 'I ransmitters and /or Receivers and ancillary 
equipment employed on international circuits; a City and Guilds 
Intermediate Certificate, with a pass in Radio Grade II, or the 
equivalent is also essential. Preference will be given to candidates 
with experience as a Controlling Officer at an International 
HF Radio Station. 
The officer will be in charge of, and responsible for the Inter- 
national HF Radio Transmitting or Receiving Station in Zambia 
which will be operated on a 24 hour basis. In addition to his 
technical control duties, he will be required to undertake various 
administrative functions and to train Zambian staff on technical 
watch- keeping duties. 

Apply to CROWN AGENTS, M. Dept., 4 Millbank, London, 
S.W.z for application form and further particulars, 
stating name, age, brief details of qualifications and 
experience, and quoting reference M2K /6z600 /WF. 

3 
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APPOINTMENTS 

AIRTECH TEST ENGINEER ELECTRONICS 

To undertake testing and fault finding on UHF and VHF communication equipment. 
Qualifications to O.N.C. standard or similar experience as ex- regular H. M. Forces. 
Excellent opportunity for promotion within a small team working to rigid specifications 
Free transport from approximately a 15 -mile radius. 
Pension and life assurance scheme. 
Write giving details to - 
Personnel Officer, 
AIRTECH LIMITED, Haddenham, Near Aylesbury, Bucks. 

PERKIN-ELMER LIMITED 
of BEACONSFIELD 

is actively engaged in the development and manufacture of automatic 

analytical equipments using infra -red, ultra- violet, nuclear magnetic 

resonance and other techniques. 

The Company is in the process of considerable expansion and requires: 

ELECTRONIC TEST ENGINEERS & TEST OPERATORS 
The Job Descriptions for these appointments call for a sound knowledge of 
modem electronic circuits and the ability to diagnose faults logically and 
systematically using standard test methods. O.N.C. (Elec.); City and 
Guilds Technicians Certificate or equivalent is desirable, but applications 
will be considered from those who have good practical test experience. 

Apply to:- 
L. H. Oates, 
Personnel/Training Manager, 
PERKIN -ELMER LTD., 
Post Office Lane, 
Beaconsfield, Bucks. Beaconsfield 5151 

ELECTRONIC SERVICE 

ENGINEERS 
The Installation and Maintenance Division of E.M.I. 
Electronics Ltd. urgently requires engineers with drive 
and ability to assist with the division's rapidly expanding 
work programme. 

The successful candidates will be engaged on work in 

one of the following areas:- 
*Servicing and calibration of a wide range of 
electronic instruments. 
'Installation and Maintenance of automation, 
numerical, digital and multiplex systems. 

Applicants should have had several years' experience 
of the maintenance of electronic equipment. These 
vacancies would appeal to engineers with industrial 
experience or a services background. Some travelling will 
be necessary for certain positions. 

Excellent commencing salaries and staff benefits. 

/ZY7DCAREERS 
Applications giving concise career and personal 
details to:- 

BMI M. L. WATERS - GROUP PERSONNEL DEPT 

E.M.I. LTD BLYTH ROAD HAYES MIDD,X 

W W 13169 
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SALE BY AUCTION 
1 

By direction of the Executors of ROBERT 
E. OWEN ESQ. in the matter of 

REOSOUND ENGINEERING & 
ELECTRICAL COMPANY and by 

direction of REOSOUND SERVICES 
LIMITED 

"REOSOUND WORKS" 
REDDICAP TRADING ESTATE 

COLESHILL ROAD 
SUTTON COLDFIELD 

WARWI(KSIIIRE 

Sale of 

PUBLIC ADDRESS 
EQUIPMENT 

alla 
COMPONENT 

PARTS 
Including: 

Amplifiers, Transformers, Resistance 
Units, Valves and Transistors, Sixteen 
P.A. Units complete, Re- entrant, Horn & 
Cabinet Type Speakers, Microphones and 
Column Stands, Turntables "Reosound" 
Cable Drums & Cable, Test Equipment. 
CORTINA D/L ESTATE CAR, 1967 

NEALE &ALLDRIDGE 
Will sell thg above by Auction on the 
Premises on WEDNESDAY, 26th FEB- 
RUARY, 1969, commencing at 11 a.m. 
On View TUESDAY, 25th FEBRUARY, 
10 a.m. -4 p.m. Catalogues obtainable from 
the Auctioneers' Offices "CORNWALL 
HOUSE," 50 NEWHALL STREET, 
BIRMINGHAM 3. Telephone: 021 -236 
2066/9. Or "SABENA HOUSE," 36 
PICCADILLY, LONDON, W.I. Tele- 
phone: 01 -734 5571/3. 

N.B. The Sheet Metal Working Plant and 
Machinery will also be included in this sale. 

SITUATIONS VACANT 

AFULL -TIME technical experienced salesman re- 
quired for retail sales: write giving details of age, 

previous experience, salary required to -The Manager, 
Henry's Radio, Ltd., 303 Edgware Rd., London, W.2. 

[67 

CHIEF 
SOUND RECORDIST required by the CENTRAL 

OFFICE OF INFORMATION for its Radio Division 
which is responsible for the production and fast 
transmission of radio programmes on magnetic tape 
and disc or by circuit for use by broadcasting stations 
overseas. Programmes vary from brief Interviews to 
half an hour in length and total output is about 
50 hours per week. In some 30 languages The Chief 
Sound Recordist will have control of a staff of main- 
tenance engineers and sound recordists and will be 
responsible for all sound recording operations. His 
duties will include the management of recording studios 
and copying channels, and the servicing of static and 
portable equipment. He will supervise recording by 
outside con.ractors and liaise closely with the GPO 
about the control of private wire circuits within the 
U.K. and line facilities to overseas territories. He will 
be responsible for the planning, design and installation 
of such new facilities as may be required by the develop- 
ment of the service and by technical advances in the 
medium. Salary £1,850 -52,355 per annum. Please 
send postcard for application form to Manager 
(PE/A/185/EW). Department of Employment and Pro- 
ductivity, Professional and Executive Register, Atlantic 
House, Farringdon Street, London, E.C.4. Closing date 
for completed application forms 6 March. 1969. 

DESIGN 
DEVELOPMENT ENGINEER for laboratory 

work in the design of audio amplifiers, V.R.P. 
tuners and quality tape recorders. Only persons holding 
a similar position need apply. Salary according to 
experience. Apply to Elizabethan Electronics Ltd., Ref: 
W.W.I. Crow Lane, Rumford, Essex. Tel. Romford 64101. 

[2108 

EXPERIENCED 
TV Engineer required. Permanent 

position, good salary. Transport available if re- 
quired. This is an addition to staff to cope with expand- 
ing TV service. REM RADIO, 79 Church Road, Ashford. 
Tel. Ashford 5336 (Middlesex). 179 

www.americanradiohistory.com

www.americanradiohistory.com


Wireless World, March 1969 

ELECTRONICS 
AND INSTRUMENTATION ENGINEER 

with experience of vacuum techniques, required to 
work with a team investigating diseases of the heart 
and lungs, and to be responsible for the maintenance of 
MS4 mass spectrometer. automation of exercise tests 
and a whole -body plethysmograph now in use for 
epidemiological studies, etc. Degree or H.N.C. preferred. 
Salary range L1,165- L1.950 p.a. 4 weeks leave. 
F.S.S.N. Applications in writing to the Secretary, Royal 
Postgraduate Medical School. Hammersmith Hospital, 
London, W.12, quotinn reference 2/117(b). [2129 

ELECTRONICS TECHNICIAN required for Department 
of Physiology to assist in electronic workshop, both 

in maintenance and development of electronic apparatus. 
Salary on scale L 722 -L 1,007 p.a. Apoly: Personnel 
Adviser, University of Birmingham. P.O. Box 363, 
Edgbaston, Birmingham. 15, quoting reference 
429/T/272. [2135 

ELECTRONICS 
TECHNICIAN required to assist in the 

development, construction and repair of a wide 
range of electronic apparatus for research and teaching. 
Applicants should possess or expect to obtain H.N.C. or 
equivalent in electronics or telecommunications. Salary 
in the range L' 817-L1,182 according to qualifications 
and experience. Five day 371 hour week with 25 working 
days holiday. Application forms from the Secretary, 
Queen Elizabeth College. Campden Hill Road, W.8. [2131 

EXPERIENCED Assisiant Service Manager required by 
a well established Radio and Television Manufac- 

turer in the City. Permanent position with good 
salary and prospects, for loyal and conscientious appli- 
cant. 5 day week, L /V, also an attractive pension 
scheme. Reply stating age and experience to A. J. 
Balcombe Ltd., 62/72 Tabernacle Street, E.C.2. Tel. 
01 -253 1322. (2130 

FARE PAID to USA for Electronic Technician, or 
Junior Engineer -interesting position -diode lasers 

-carbon dioxide lasers-laser equipment. Seed Elec- 
tronics Corporation, 258 East Street, Lexington, Massa- 
chusetts 02173, USA. 1 [329 

RADIO AND TAPE RECORDER TESTERS AND 
TROUBLE - SHOOTERS required. Excellent rates 

of pay; 8 a.m. to 5 p.m. Five -day week. Elizabethan 
Electronics Ltd., Crow Lane, Romford, Essex. Tel.: 
Rumford 64101. [78 

REDIFON LTD. require fully experienced TELE- 
COMMUNICATIONS TEST ENGINEERS. Good 

commencing salaries. We would particularly welcome 
enquiries from ex- Service personnel or personnel 
about to leave the Services. Please write giving full 
details to -The Personnel Manager, Redilon Ltd., 
Broomhlll Rd., Wandsworth, S.W.18. [26 

SENIOR TECHNICIAN for varied and interesting work 
covering design, construction, testing, and main- 

tenance of electrical and electronic equipment. ONC 
and /or relevant experience desirable. Salary up to 
L 1,400 p.a. Application formt from Establishment 
Officer (ME /1), University College London, Gower 
Street, W.C.I. [2133 

TESTERS and Trouble- Shooters required by manu- 
facturers of car radios, tape recorders. record 

players, etc. Good rates of pay. Apply to Elizabethan 
Electronics Ltd. Ref: W.W.2, Crow Lane, Rumford, 
Essex. Tel. Rumford 64101. [2109 

UNIVERSITY OF ZAMBIA.. Applications are invited 
for post of CHIEF ELECTRONICS TECHNICIAN IN 

THE SCHOOL OF NATURAL SCIENCES. The work 
involves repair, calibration and construction of a wide 
range of electronic teaching and research equipment; 
a joint electronics /instrument., workshop exists, and a 
Chief Technician (Instruments) is at post. Salary 
scale (including contract addition for non -Zambians): 
K3,132- K4,392 p.a. (K1= 11/8d. sterling). Salary supple- 
mented in appropriate case by L 150 p.a. (sterling) 
under British Expatriates Supplementation Scheme. 
Return family passages; 255- gratuity payable on com- 
pletion of 3 year contract. Detailed applications (6 
copies) naming 3 referees by 4th March, 1969, to Inter - 
University Council. 90/91 Tottenham Court Road, 
London. W.1. from whom particulars are available 

[2132 
WE HAVE VACANCIES for Four Experienced Test 

Engineers in our Production Test Department. 
Applicants are preferred who have Experience of Fault 
Finding and Testing of Mobile VHF and UHF Mobil 
Equipment. Excellent Opportunities for promotion due 
to Expansion Programme. Please apply to Personnel 
Manager, Pye Telecommunications Ltd., Cambridge 
Works, Haig Road, Cambridge. Tel. Cambridge 51351. 
Extn. 327 [77 

WEST London Aero Club invite "A" and "B" 
licensed engineers with capital and /or neces- 

sary equipment to commence Radio Workshop. Alter- 
native propositions may be considered. Write full 
details to -White Waltham Airfield, near Maidenhead, 
Berks. [68 

SITUATIONS WANTED 
TV Engineer, Improver, with City and Guilds R.T.E.B. 

Inter. keen interest with own fully equipped work- 
shop, seeks bench position. North London area. Box 
WW325 Wireless K'urld. 

ARTICLES FOR SALE 
DEW:: KIT'S and T.V. SERVICE SPARES. Suitable 

for Colour: -Leading British makers dual 405/625 
six position push button transistorised tuners L5.5.0, 
405/625 transistorised sound & vision IF panels £2.15.0, 
Incl. circuits and data, P/P 4/6. Basic dual purpose 
405/625 transistorised tuners incl. circuit £2.10.0, P/P 
4/6. New UHF tuners incl. valves. slow motion drive 
assy, knobs, leads, fittings £5.12.6 P/P 4/6. Sobell /GEC 
405/625 IF & output chassis Intl circuit 45/- P/P 4/6. 
Ferguson 625 IF amplifier chassis incl. circuit 19/6, 
Ultra 625 IF amplifier plus 405/625 switch assy incl 
circuit 25/- P/P 4/6. New VHF turret tuners:- - 
Cyldon C 20/ -, Pye CTM 13 ch. incremental 27/6, P/P 
4/6. Many others available Incl. large selection 
channel coils. New fireball tuners 58/6, used good 
condition 30/ -, salvaged 15/ -. P/P 4/6. LOPTs, Scan 
coils, Frame output transformers, Mains droppers etc. 
available for most popular makes. TV signal boosters 
transistorised Pye /Labgear BI/B3, or UHF battery 
operated 75/ -, UHF mains operated 97/6, UHF mast- 
head 95/- post free. Enquiries invited, COD despatch 
available. 
MANOR SUPPLIES, 64 GOLDERS MANOR DRIVE. 
LONDON N.W.I1. CALLERS 589B HIGH RD., N. 
FINCHLEY N.12. (near GRANVILLE RD.) TEL. 
01 -445 9118. [fro 

BUILD IT in a DEWBOX quality plastics cabinet. 
2 in. x 21 in. x any length. D.E.W. Ltd. (W), 

Ringwood Rd.. FERNDOWN, Dorset. S.A.E. for leaflet. 
Write now --Right now. [76 

COLOUR TV components for "WW" receiver. Scans, 
delays, etc. Send SAE for list. Forgestone Compo- 

nents, Ketteringham, Wymondham, Norfolk [330 
ELECTRONIC Instruments Ltd. Industrial grade 

Valvevoltmeter, type 26. 0 -250 AC /DC in 6 ranges, 
0 -500 Mohm and infinity in 4 ranges, -- 30dB - +2dB. £25. 
Marconi V.Vmeter TF 428B/I. £8. Dawes Freq Meter 
type 714A, 0 -15Hz. L 10. Box WW326, Wheless World. 

ELEKON Star Bargain Offers. Assorted Wire -Wound 
Resistors, 100 for only 12/6. Subminiature Plug-in 

Crystals, type 3 26.985 MHz, 12/6; type 6 27.025 MHz, 
12 6. RM4 Metal Rectifiers, 5 /.-- Elekon Enterprises, 
30 Baker Street, London, WIM 2DS. Telephone 
01 -486 5353. [331 

GENERAL 
RADIO 1602 -B Admittance Bridge plus 

50 cm. stub, 20 cm. Air Line. 0 /C, S/C Termina- 
tions, Ell, Tee, N, C, BNC Adaptors. Pre -devaluation 
L249 hardly used. Wayne -Kerr Attenuator 0 -60dB 0.5dB 
steps, 75 ohms, BNC. G -R857A Oscillator 96/520 MHZ 
with P5. J. Page, Medmenham Mill, Marlow, Bucks 
( Hambleden 478). Best offers secure. [324 

NEW Lustraphone dynamic hand microphones with 
switch, Model TH59 /SMB /2000 ohms, cost £6/5/ -, 

£2 each. Racal digital frequency counters, Model SA20, 
10 Hz /100kHz, overhauled, £40. Enquiries: Mr. Butler. 
Multitone Electric Co. Ltd., Underwood Street. N.1. 
Tel. 01 -253 8022. [323 

SPECIAL 
OFFER: 1 Oscilloscope, 3 Telegraph Code 

Converters. 1 Control Monitor, 1 Signal Distributor 
Drive. 1 Power Supply, complete in steel cabinet, used 
but in good condition (American Military Surplus 
Equipment), manufactured by Teletype Corpn., USA. now 
available at a total price of £60 f.o.b. Hamburg 
(original acquisition value when new: £3,700). Write 
to Box W.W. 2138 Wireless World. 
STOPWATCHES? Before you buy send 84. in stamps 

for our illustrated catalogue and save money. Lenses 
and prisms catalogue also available. Lind -Air (Optronlcs) 
Ltd., Dept. CWW. 18 and 53 Tottenham Court Road, 
London, W.I. Tel. 01 -580 1116. [2107 

THE IDEAL PANEL Mounting Meter Movement for 
any Sensitive Test Meter, etc. 200 Micro Amp 

F.S.D. 41 "X41" in clear plastic case. Our special price 
only 39/6. P. & P. Free. Limited number only. Walton's 
Wireless Stores, 55A Worcester Street. Wolverhampton, 
Staffs. 171 

BUSINESSES FOR SALE 

COUNTRY 
Retail Television and Radio Business for 

sale. OWNER RETIRING. Turnover for last four 
years 131,600 per annum. Further details from Box 
WW328 Wireless World. 

BUSINESS OPPORTUNITIES 
COMPANY interested in new ideas would be willing 

to undertake dev. /man. of electronic units including 
compact Marine RT/TX /RX. G.P.O. Specs. Box 
WW327, Wireless World. 

TEST EQUIPMENT - SURPLUS 
AND SECONDHAND 

SIONAL 
generators, oscilloscopes, output meters, wave 

voltmeters, frequency meters, multi -range meters, 
etc., etc., in stock. -R. T. & I. Electronics, Ltd., Ash- 
ville Old Hall, Ashville Rd., London, E.11. Ley. 4986. 

[64 

RECEIVERS AND AMPLIFIERS- 
SURPLUS AND SECONDHAND 

HRO Rx5s. etc., AR88, CR100, BRT400, 0209, 5640, 
etc., etc., in stock. -R. T. & I. Electronics, Ltd., 

Ashville Old Hall, Ashville Rd., London, E.U. Ley. 
4986. [65 

NEW GRAM AND SOUND 
EQUIPMENT 

CONSULT first our 70 -page illustrated equipment 
catalogue on Hi -Fi (5/6). Advisory service, generous 

terms to members. Membership 7/6 p.a.- -Audio Supply 
Association. 18 Blenheim Road, London, W.4. 
01 -995 1661. [27 

GLASGOW. -Recorders bought, sold, exchanged; 
cameras, etc., exchanged for recorders or vice - 

versa.- Victor Morris, 343 Argyle St., Glasgow, C.2. 
[11 

TAPE RECORDING ETC. 

IF quality, durability matter, consult Britain's oldest 
transfer service. Quality records from your suitable 

tapes. (Excellent tax -free fund raisers for schools, 
churches.) Modern studio facilities with Steinway 
Grand. -Sound News, 18 Blenheim Road. London, W.4. 
01 -995 1661. [28 

TAPE to disc transfer, using latest feedback disc 
cutters; EPs from 22/ -; s.a.e. leaflet.- Deroy, 

High Bank, Hawk St., Carnforth, Lancs. [70 

VALVES 

VALVE 
cartons by return at keen prices; send 1/- 

for all samples and list. -J. & A. Boxmakers, 75a 
Godwin St., Bradford, 1. [10 

FOR HIRE 
FOR hire CCTV equipment including cameras, 

monitors, video tape recorders and tape -any period. 
-Details from Zoom Television, Amersham 5001. [75 

ARTICLES WANTED 
COLOUR Bar Generator (625) required. Tel: Details 

and price, Didcot 2189. During business hours. [2137 

A123 

WANTED, all types of communications receivtrs 
and test equipment.- Details to R. T. & I. 

Electronics, Ltd., Ashville Old Hall. Ashville Rd., Lon- 
don, E.11. Ley. 4986. [63 

WANTED Eddystone communication receivers. - 
H.P. Radio Services, Ltd., 51 County Rd., Liver- 

pool, 4. Tel. Aintree 1445. [73 
WANTED, televisions, tape recorders, radiograms, 

new valves, transistors, etc. -Stan Willetts, 37 
High St., West Bromwich, Staffs. Tel. Wes. 0186. [72 

WANTED 
-Siemens Standard High Speed Relays 

(open type). 250 Ohm /250 Ohm Double Coils. 
Please contact with details of quantity and price. Tel. 
01-405 3832. [2140 

VALVES WANTED 
WE buy new valves, transistors and clean new corn - 

ponents, large or small quantities, all details, 
quotation uy return. -Walton's Wireless Stores, 55 
Worcester St., Wolverhampton. [62 

SERVICE & REPAIRS 
REPAIRS. -Our modern service department equipped 

with the latest test equipment including a wow 
and flutter meter and multiplex stereo signal generator 
is able to repair Hi Fi and tape recording equipment 
to manufacturers' standard. -Telesonic Ltd.. 92 Tot- 
tenham Court Rd., London, W.I. 01 -636 8177. [21 

CAPACITY AVAILABLE 
AIRTRONICS, Ltd.. for coil winding, assembly and 

wiring of electronic equipment, transistorised sub- 
unit sheet metal work. -3a Walerand Rd., London, 
S.E.13. Tel. 01 -852 1706. [61 

FULL or Partial Manufacturing or Assembly Capacity 
available for small Electronic Units. -J. D. R. Ltd., 

9 Mallow Street, London. E.C.I. 01- 253 3661. [332 
GREEN ELECTRONICS for Coils and Transformers 

wound to your specification, assembly and wiring of 
circuits. "Templecombe", Cleveland Road, Worcester 
Park, Surrey. 1322 

METALWORK, all types cabinets, chassis, racks, 
etc., to your own specification, capacity available 

for small milling and capstan work up to lin bar. - 
PHILPOTT'S METALWORKS, Ltd., Chapman St.. 
Loughborough. [17 
ON YOUR STAFF, but not on your payroll; com- 

missioned technical writing of all types to your 
precise requirements. Box W.W. 308 Wireless World. 
SMALL company with equipment and knowhow for 

printing, continuous tiring, resistor trimming and 
testing of "Thick Film" circuits seeks working arrange- 
ment with Electronic company to exploit the potential 
in this field. -Box W.W. 2136 Wireless World. 
SMALL Metal Presswork and Toolmaking Capacity 

available. -J. D. R. Ltd., 9 Mallow Street, London, 
E.C.1. 01 -253 3661. [333 

TECHNICAL TRAINING 
BECOME 

"Technically Qualified" In your spare time, 
guaranteed diploma and exam. home -study courses 

in radio. TV, servicing and maintenance. R.T.E.B., 
City & Guilds, etc., highly informative 120 -page 
Guide- free.- Chambers College (Dept. 837K), 148 
Holborn, London, E.C.I. [16 

CITY & GUILDS (Electrical, etc.), on "Satisfaction 
or Refund of Fee" terms. Thousands of passes. 

For details of modern courses in all branches of elec- 
trical engineering, electronics, radio, T.V., automation, 
etc.; send for 132 -page handbook -- free.- B.I.E.T. 
(Dept. 152K), Aldermaston Court, Aldermaston, Berks. 

[13 
M.O. Certificates, and City & Guilds Examinations. 
Also many non -examination courses in Radio, TV 

and Electronics. Study at home with world famous ICS. 
Write for free prospectus to ICS, Dept. 443, Intertext 
House, London, S.W.11. [25 

RADIO officers see the world. Sea -going and shore 
appointments. Trainee vacancies in April and Sept. 

Grants available. Day and boarding students. Stamp 
for prospectus. Wireless College, Colwyn Bay. [12 
TV and radio A.M.I.E.R.E., City & Guilds, R.T.E.B.; 

certs., etc.. on satisfaction or refund of fee terms; 
thousands of passes; for full details of exams and home 
training courses (including practical equipment) in all 
branches of radio, TV, electronics, etc., write for 132 - 
Page handbook -free; please state subject. -British 
Institute of Engineering Technology (Dept. 150K), 
Aldermaston Court, Aldermaston, Berks. [15 

TUITION 
ENGINEERS. -A Technical Certificate or qualifica- 

lion will bring you security and much better pay. 
Elem. and adv. private postal courses for C.Eng., 
A.M.I.E.R.E., A.M.S.E. (Mech. At Elec.). City & 
Guilds, A.M.I.M.I.. A.I.O.B., and G.C.E. Exams. 
Diploma courses in all branches of Engineering - 
Mech., Elec., Auto, Electronics. Radio, Computers, 
Draughts, Building, etc. -For full details write for 
FREE 132 -page guide: British Institute of Engineer- 
ing Technology (Dept. 151K), Aldermaston Court, 
Aldermaston. Berks. [14 

KINGSTON- UPON -HULL Education Committee. 
College of Technology. Principal: E. Jones, M.Sc., 

F.R.I.C. 
FULL -TIME courses for P.M.G. certificates and the 
Radar Maintenance certificate.- Information from 
College of Technology, Queen's Gardens, Kingston upon 
Hull. [18 
S ERVICE ENGINEERS -up -date your technical know- 

ledge of Radio, TV & Electronics thro' proven 
home -study courses. Details from ICS, Dept. 442, Inter - 
text House, London, SW11. [24 

BOOKS. INSTRUCTIONS. ETC. 
MANUALS, circuits of all British ex -W.D, 1939 -45 

wireless equipment and instruments from original 
R.E.M.E. instructions; s.a.e. for list, over 70 types. - 
W. H. Bailey, 167a, Moffat Road, Thornton Heath, 
Surrey, CR4 -8PZ. [66 
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APPOINTMENTS 
A124 Wireless World, March 1969 

Become part of a proessiona1 
audio success story 

In only two and a half years the Dolby Audio Noise 
Reduction System has become internationally recognised 
as providing a new premium quality master recording stan- 
dard. Moreover, domestic versions of this revolutionary new 
system are already being licensed abroad. But this is only 
the beginning of the story; much more needs to be done in 

applying the system to a host of exciting new applications. 

In our new spacious quarters in south London (about 
two miles south of Chelsea), we are embarking upon a 

phased programme of expansion. London staff, now 
numbering 20, will soon be considerably increased in all 
respects - engineering, production, marketing, and admini- 
stration. At the moment, however, the focus is on an 

electronics engineer and a good audio sales engineer. If you 
measure up to our present requirements write or telephone 
our Chief Engineer, Mr. D. P. Robinson. 

If your qualifications do not meet our 
immediate requirements but you feel you 

would like to become a member of our 
growing team, write to us giving full details; 

we will consider your application in relation 
to our future plans. 

AUDIO ENGINEER -ELECTRONICS c.£2,300 
The job: To design a variety of new audio products, 

both professional and consumer, based on Dolby noise 
reduction techniques. 
The qualifications: An absorbing interest in audio, a degree 
in electrical engineering or physics, electronic circuit 
design talent, familiarity with latest solid -state circuit 
techniques (including IC's), age about 25 -30. 

AUDIO SALES ENGINEER c.£2,500 
The job: To demonstrate and sell the Dolby A301 

professional noise reduction system to recording studios, 
motion picture studios, radio and television authorities, and 
other users. 
The qualifications: Experience as recording engineer or 
A & R man, a thorough understanding of studio procedures 
and techniques, a reasonable understanding of electronics, 
a desire and ability to sell, age about 25 -30. 

', . 
. 

DOLBY LABORATORIES INC. 
"L aw if11 ... 346 Clapham Road, 

} London, S.W.9 
PIT te1!1f1!Nir1IFih,a! 

' Telephone: 01- 720 1111 
A -- wirr t = 

. ¡r- 
e.,- 

r mo 

ILIFFE BOOKS 
COLOUR TELEVISION 

VOL. I: PRINCIPLES AND PRACTICE 

P. S. CARNT, B.Sc.(Eng.), A.C.G.I., C.Eng., F.I.E.E., Leader of 
Colour T.V. Group Laboratories, R.C.A. Ltd., Zurich, and G. B. 
TOWNSEND, Ph.D., B.Sc., F.Inst.P., A.K.C., A.M.I.B.M., C.Eng., 
F.I.E.E., Head of Engineering Research, Thames Television Ltd. 

A working knowledge of black and white television is assumed, 
and while the treatment is largely non - mathematical, the more 
advanced mathematics are given in the appendices. Most aspects 
of transmission and reception are discussed, though the emphasis 
is on the latter. For the service engineer, chapters on fault- finding 
have been added which illustrate the practical approach. Block 
diagrams and full circuits are included. 

CONTENTS 
Colour Measurements. Colour Picture Tubes. Cameras and Film 
Scanners. Transmitter Coding. Specification in N.T.S.C. Systems. 
Transmitter Coding Circuits. Introduction to Colour Receiver 
Design. Colour Receiver Amplifiers. Colour Receiver Decoding 
Circuits. Colour Receiver Reference Frequency Generators. 
Operation of the Shadow Mask Tube. Colour Receiver Test 
Equipment and Performance Measurements. Receiver Installation. 
Colour Receiver Fault Finding. Monochrome Reception on N.T.S.C. 
Signals. Shortcomings of N.T.S.C. Systems. Appendices. 

487 pp. 233 illustrations. 16 pp. plates -8 in colour. 
85s. net, 86s. 8d. by post. 

ILIFFE BOOKS LTD. 

42 RUSSELL SQUARE, LONDON, W.C.1 

COMMUNICATIONS 
TECHNICIANS: 

1 Men capable of working 
without supervision, and 
willing to work overseas, 

1 

are required for the instal- 
Numerous opportunities to 

lation, modification, main- 
travel. 

tenance and setting -up of 
(a) radio transmitters and QUALIFICATIONS: 
receivers, remotely tuned O.N.C. in Engineering in- 

Iaerial systems, teleprinters cluding a pass in Electrical 

and voice -frequency tele- Engineering A, or City 

graph equipment over a and Guilds Intermediate 
Iworldwide network, or Certificate in Telecom - 

(b) very high power trans- munications (old syllabus 

Imitters, receiving equip- i.e. Subject No. 50) plus 

ment, tape recorders, Radio II, or Intermediate 

generating plant, etc. at Telecommunications 
Iseveral high power broad- Certificate (new syllabus 
casting stations, or (c) a i.e. Subject No. 49) plus 

wide variety of telephone Certificates in Mathe- 
subscribers' apparatus, matics B, Telecommunica- 
machine telegraph and tions Principles B, and 

other specialised equip- Radio and Line Trans - 

ment, or (d) microwave mission B, or equivalent 
Ireceivers, associated test standard of technical edu ; 

equipment, recorders and cation; and at least 5 years 

audio amplifiers. appropriate training and 

SALARY (national) : 
experience. 

£1,032 (at 21) to £1,119 Write to Civil Service 
I(at 23) to £1,347 (at 28 or Commission, Savile Row, I 
over), rising to £1,521, London, W1X 2AA, for 
with prospects of increases application form, quoting 
to £2,283 on promotion. S/7102/1. Closing date 

INon -contributory pension. 21st March 1969. l owtima mot in= imi 

Home and 
Overseas 

I 

1 

1 

I 

I 

I 

I 
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Wireless World, March 1969 

HIGH -GRADE COMPUTERLYTICS 

BY 

SPRAGUF : MALLORY 

2,000 /LE 50V 4 x 2 in. 10/- 
3,000 /1 F 55V 4 x 2 in. 10/- 
4,000 /1F 30V 42x 1 éin. 10/- 
7,200ILE 40V 42x 2 in. 10/- 

10,000/1F 6V 3 x 1 8 i n. 6//- 

10,000 IL F 15V 4 x 2 in. 8/- 
10,000 /1F 33V 4 x 2 in. 10/- 
12,500 //F 16V 4 x 2 in. 10//- 

15,50011F 10V 4 x 2 in. 10/- 
60,000 /1F 8V 42x 22in. 10/- 
70,000 /LE 13V 4 x 3 in. 12/6 

All above have screw terminals 
Price reductions for bulk quantities 

Tape 2,400 ft. 800 B.P.I. 
tested £10 -0 -0 

Welding Machines ; for dual opera- 
tion model STI 240 Volts Trans- 
former Discharge Type £125 

Siemens Plug -in Relays Type 162B 
700 ohms 17/6 

Slydlok Fuse Holders 30 amp 
Type 3034 5'6 

5 in. Oscilloscope Tube SE5J P31 
£4 -19 -6 (Personal shoppers 
only). 

Big selection of miniature and 
subminiature Electrolytic Conden- 
sers from 1 /1F 15V to 100 /LF 15V 
ru 1 - over 100 /LF @ 1/6 each. 

CAPACITORS 
268/LE. 1500 VRMS .. 6 

RADIO CLEARANCE (1965) LTD. 
27 TOTTENHAM COURT ROAD, LONDON, W.1. Phone 01 -636 9188 and 

1 62 HOLLOWAY ROAD, LONDON, N.7. Phone 01-607 7941 

AMATRONIX LTD (WW) 
ALL GOODS NEW. TOP GRADE, 

GUARANTEED TO SPEC. NO SECONDS 
NO RE- MARKS. ORDERS OVER 10- U.K. P. P. 
A D 161 /1 MS 

AF279 
pair) 

Sl6 
B-5000 101- 
50111 ISI- 
BC107B llt 
BC168B ll- 
BC168C 21- 
BC169C 2f) 
BF224 4/- 

B F115 
S FVSI 
1544 
15557 
SFIIS 
TIS18 
TIS6OM 
TIS61 M 
214706 
1N2926G 

4/- 
1/4 
3/- 
2/6 
7/- 
4/S 

411 
2/7 
2:6 

1N3055 
1/41707 
2143794 
2143983 
2.N4058 
IN4285 
2144189 
1144291 
1N4292 
255187 

16,6 
413 
116 
SIS 
4/7 
2/6 
216 
2/6 
2/6 
21- 

HIGH SLOPE R.C.A. MOSFETS 
Best buys in FETs. N- chan.. insulated gate, depletion 
mode. Useful d.c. to v.h.f. Triode 40468, 7.5mA /V, 
N.F. 4dB IOOMHz, Crss 0.12pF, Igss 0.2nA (all typ.). 
All this for only 7/6. Tetrode 3N140, 18d5 gain. 
3.5dB N F. a. 200MHz. IOmAi V. Acts as cascode rl. amp. 
or mixer. 17/ -. (Like Mullard BFS28) 

AMPLIFIER PACKAGES (Component Kits) 
Low standby current, high efficiency, simplicity. 
AX2 9V, 300mW in 10 -20 ohms, 12/6. 
APO 9V, 800mW in 8 ohms, low distortion. 22/6. 
AX4 18V. 2W or 24V, 4W, low distortion, 15 ohms. 301-. 

RECEIVER PACKAGE AX9 
Complete component kit (everything except case and 
9V battery) for a sensitive t.r.f. receiver. You don't 
know how well a simple t.r.f. can work until you've built 
this one. Two ref. stages. amplified a.g.c., alt silicon 
circuitry. Tinned and drilled printed cct. board. wound 
ferrite rod. 1.B. Dilemin tuning cap., earphone, brand 
new top-grade miniature components. The ideal set for 
the young constructor, easy to make but much more than 

a toy. MW only, adaptable to other bands (hints given). 
Loud earphone reception, but a 3 -8 ohm speaker can also 
be used. Only 45/-. All parts sold separately. 

LOW -COST LINICS 
AUDIO POWER AMPS: PA134, I W, 22V, 22 ohms. 24; -. 
CA3020, 550mW, 9V. high gain, wide band (needs o.p. 
vans). 28 -. RF /IF AMPS: CA3011. amp/limiter for f.m., 
61d0 ,r 10.7MHz, 18;-. IMPEDANCE CONVERTER 
TAA320, 15/ -. 

MINIATURE POWER PACK COMPONENTS 
MT9 MAINS TRANS, 0- 230 -250V, 9 -0 -9V, 8OmA, s 

I sa., with data sheet giving regulation curves for push 
pull, bridge and voltage doubler rectifiers, I I / -. TINY 

SELENIUM BRIDGE (finger -nail sized) rated 30V ems. 
150mA d.c., 3:6. Larger brother, 1- x 11' x 1, 
700mA contact cooled, 6 / -. ELECTROLYTIC. 
I000uF, 16V, 11' x I -, 16V wkg., 3/6. 
TRANSFILTERS (BRUSH CLEVITE) 
Piezoelectric ceramic filters for i.f. amplifiers. Interstage 
couplers, TO-02 type, 9 / -. Series tuned, for emitter 
by -pass, etc., TE-0I. 7/6. 465 6 470kHz. 

Cash with order. Moil order only. 

396 SELSDON ROAD, SOUTH CROYDON 
SURREY. CR2 ODE 

YUKAW sorwsg raawu MAI 

SELF - SPIOY MT../ Af'°'°a ~ ° - 
sett %ele air drgin9 GREY HAMMER 

,/QWf OR BLACK WRINKLE 

o (CRACKLE)Pinishes 
yue,n Aerosol ,pears., 

qu+ a ̂ t 
Wos.. Hammers 

sass, 

w.:i nwegold. 
n M.d n EEPNWI ai« , ICru lI 

an at SS II slap e.g. pate 
pet push-buttoo < Al. Du. sell-spray 

Ma n finish 112 on tie 
heat 

only; Upi [tamed. Peal SÌKIAL.OREa ,n plus optional transferable 
,ngg,r handle poise.5 .110, U /n. fur, snap-on 

eo,<e a u 
mo IMOto, < Pd., /, ahu.anew, Please enclose cheque or 
crossed PO for total amount drert to 

ore ru 

Dept 112 YUKAN, LOMDOM`W.LI 
g0A0. 

Alm many oo. Government Departments Mm p 
eho d ee 

d Orr 
Open all day S.,u,d.. Closed Thursday ahnde,, 

NEONS. PRINTED CIRCUIT BOARDS. INSTRUMENT 
CASES. MOULDED REED SWITCHES and PIDAM logic 
modules. CONTIL and BRIGHTLIFE products are all 
ex- stock. For details see February and April 1969 
issues, advertisements. For further details use reader 
service card. New prices on new leaflet. All customers 
on mailing list will receive these automatically. 

WEST HYDE DEVELOPMENTS LIMITED, 
30 HIGH STREET, NORTHWOOD, MIDDX. 

Telephone: Northwood 24941 

WW -134 FOR FURTHER DETAILS 

r WE PURCHASE 
COMPUTORS TAPE READERS AND 
ANY SCIENTIFIC TEST EQUIPMENT. 
PLUGS AND SOCKETS, MOTORS, TRAN- 
SISTORS, VALVES AND KLYSTRONS, 
RESISTORS, CAPACITORS, POTENTIO- 
METERS, TEST EQUIPMENT, RELAYS 
TRANSFORMERS, METERS, CABLES, ETC. 
PROMPT PAYMENT S. COLLECTION 
TURN YOUR CAPITAL INTO CASH 

ELECTRONIC BROKERS LIMITED 
8, BROADIIELDS AVENUE, EDGWARE, 

MIDDLESEX. 
TEL. 0I -958 9842 

EXCLUSIVE OFFERS 

LATEST TYPE, HIGHEST 
QUALITY 78 INCHES HIGH x 
30 INCH DEEP TOTALLY 
ENCLOSED 19 INCH RACK 
MOUNTING 
DOUBLE SIDED CABINETS 
having the following unique features 

llr 
. °---1361 

r` 
*Double sided - 

the cabinets will 
take rack panels 
both sides, that is 
back and front 
and they e 

drilled and tapped 
all the way down 
every Itn. for this 
Purpose. 

*Fitted "Iuslantit" 
(World Patents' 
fully adjustable 
rack panel mounts 
both vertically 
and hortzootlly 

these allow the 
rack panels to be 
recessed if desired 
- for instance, if 
the panels are 
fitted with pro - 
jPCtln[ COmpm- 
nenls and il is 
desired Io enclose 
them by doors. 

*All edges and corners rounded. 
*All interior fittings, tropicahsed and rust proofed and 

pulsated. 
*Built -in Cable Ducts- removable. 
*Built -in Blower Ducts- removable. 
*Ventilated and insect proofed tops. 
*Detachable side panels. 
*Full length instantly detachable domrs filled espaguoletle 

bolls available if ordered wish cabinets. 
*Made in California, U.B.A.. cost the American Govern- 

ment £107 before devaluation. 
Finished in grey primer and in new condition. 

OUR PRICE £26 10 0 
Carriage pale). 

(Full length doors £5 each extra). 
You do not require doors if you are going to mount panels 
front and back and do not with to enclose them. 

40 -page list of over 1.000 different items in stock 
available -keep one by you. 

Computer Tape Recorder Reproducen of highest quality 
in 8 ft. Cabinets lull detalla and pece on request. 

*Collin's 500 w. Telephone Radio Trans- 
mitten Autotuue '2 to 18 m ca 230v. 
input new P. U. R. 

*8 Tract Data Huh Speed Tape Readen £60 0 
*Ramon Illuminated Drawing Tables 38' 24' £17 10 
*Am^.heool Convector Assembling Machinn £8 10 
*Teletype Model 28 Page Pnnten LP £85 0 
*Teletype Model 28 Tape Punches Ll:D £55 0 

*8telm Telegraph Distortion Moniton £55 0 
*511. Motorola enclosed Cabinets 19' £17 10 
*Times Facsimile Transmitter Receinte... £75 0 

*Teletype Model 14 Tape Punched £29 10 
*T5 -48; URR Signal Generators 2,400 mica £85 0 
*08 -8 Osettlosce pets £25 0 
*Jet Aircraft Joystick Handles with S 

Switches £1 10 
*S.A.R.A.H. Aerials 48' huh £1 0 
*Sigma 12000 ohm. DPDT Sealed Re4yg £1 0 
*ATM Type TRR -2 Regenerative Repeater £14 10 
*Freia Airport "Weather Man' Maat. £25 0 
*75 toot huh Lattice Triangular Wind op 

Maats £285 0 
*Uuiselecton 10 bank 25 way eg. new £1 15 
*Precision Mains Filter Units £1 10 
*Marconi HR.22 885 Receivers 2/22 m e £75 0 
*Avo Geiger Counters new £7 10 
*Telegraph Code -Decode Machines £17 10 

Cvrtsze extra at cost on all above. 

We have a large quantity of "bits and pieces" 
we cannot list- please send in your requirements 
we can probably help -all enquiries answered. 

P. HARRIS 
ORGANFORD - DORSET 

W'ESTHiIL'RNE 850M 
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BAILEY 30W AMPLIFIER 

All parts are now available for the 60 -volt single 
supply rail version of this unit. We have also designed 
a new Printed Circuit intended for edge connector 
mounting. This has the component locations marked 
and is roller tinned for ease of assembly. Size is also 
smaller at 41in. by 2:in. Price in SRBP material I1/6d. 
In Fibreglass I4/6d. Original Radford design. SRBP 
12 -. Fibreglass 16/ -. This does not have component 
locations marked. 

BAILEY 20W AMPLIFIER. 

All parts in stock for this Amplifier including specially 
deigned Printed Circuit Boards for pre -amp and 
power amp. Mains Transformer for mono or stereo 
with bifilar wound secondary and special 218V 
primary for use with CZ6 Thermistor, 35/6d., post 

Trifilar wound Driver Transformer. 22/6d., post 1 / -. 
Miniature Choke for treble fiber, 7/6d., post 6d. 
P.C. Board Pre -Amp I5; -., post9d. Power Amp. I2/6d., 

post 9d. 
Reprint of " Wireless World "articles, 5 /6d. post free 

DINSDALE 10W AMPLIFIER. 

All parts still available for this design including our 
new power amp. P.C. Board with power transistors 
and heat sinks mounted directly to P.C. All parts 
for stereo cost approximately E24. 

Reprint of articles S;6d., post free. 

HART ELECTRONICS, 
321 Great Western St., Manchester 14 

The firm for "quality ". 

Personal callers welcome, but please note we are 
closed all day Saturday. 

SOURCEBOOK OF 

ELECTRONIC CIRCUITS 
Over 3,000 modern electronic circuits 
complete with values of all parts, 
organized in 100 logical chapters for 
quick reference and convenient browsing. 

by John Markus 
172 6 Postage FREE 

WORLD RADIO -TV HANDBOOK 
1969. 35 -. Postage I -. 

THE INTEGRATED CIRCUIT 
DATA BOOK. 50 -. By Motorola. 
Postage 2 6. 

HI -FI YEAR BOOK 1968 69. 15 

Postage I -. 

AUDIO AMPLIFIERS. 10,6. 
Postage 1 ¡ -. 

RCA SOLID -STATE HOBBY 
CIRCUITS MANUAL. 17 6. 
Postage I, -. 

COLOUR TELEVISION by G. N. 
Patchett. 40 -. Postage I -. 

LOGICAL DESIGN OF SWITCH- 
ING CIRCUITS by Douglas Lewin. 
70 -. Postage 2 6. 

GEC TRANSISTOR MAN UAL. 21 -. 
Postage 2 -. 

THE MODERN BOOK CO. 
BRITAIN'S LARGEST STOCKIST 

of British and American Technical Books 

19 -21 PRAED STREET, 
LONDON, W.2 
Phone PADdington 4185 

Closed Sat. I p.m. 

WW -135 FOR FURTHER DETAILS 

Wireless World, March 1969 

BEST PRICES BEST PRICES BEST PRICES BEST PRICES 

sELL YOUR ELECTRONIC 

EQUIPMENT AND 

CASH 
COMPONENTS FOR 

THE LARGEST AND BEST BUYERS IN THE COUNTRY 
UNITED ELECTRONICS LTD 

Best Prices :i: Prompt Settlement 
Immediate Spot Offers =;: Fast Collection 

We buy 
PLUGS AND SOCKETS- MOTORS -TRANSISTORS -VALVES - RESISTORS -CAPACITORS 
POTENTIOMETERS - METERS - RELAYS - TRANSFORMERS - TEST EQUIPMENT - ETC. 

Any quantities considered. Send lists of goods available. 
DON'T DELAY - contact Mr. Astor or Mr. Kahn - 

UNITED ELECTRONICS LTD 
1214 WHITFIELD ST., LONDON. W 1 Tel: 01 -580 4532, 01 -580 1116. 01-636 5151 Telex 77931 

BEST PRICES BEST PRICES BEST PRICES BEST PRICES 

SOUND EQUIPMENT 

WW -136 FOR FURTHER DETAILS 

DAMAGED METER? 
Have it repaired by Glaser 

Reduce overheads by having your damaged Electrical 
Measuring Instruments repaired by L. Glaser & Co. Ltd. 
We specialise in the repair of all types and makes o? 

Voltmeters, Ammeters, Micro - 
ammeters, Multireoge Test 
Meters, Electrical Thermometers, 
Recording Instruments, Leak 
Detectors, Temp. Controllers, all 
types Bridges & Insulation 
Testers, etc. 

As contractors to various Government Departments 
we are the leading Electrical Instrument Repairers in 
the Industry. For prompt estimate and speedy delivery 
send detective instruments by registered post, or write 
to Dept. W.W.: - 

L. GLASER & CO. LTD. 
1 -3 Berry Street, London, E.C.1 

Tel.: Clerkenwell 5481 -2 

INSTRUMENT 

REPAIRS 

COD LEYS 
SHUDEHILL, MANCHESTER 4 

Telephone: BLAckfriars 9432 

Agents for Ampex, Akai, Ferrograph, Tandberg, 
Bryan, Brenel 1, B. & O, Vortexion, Truvox, Sony, Leak, 
Quad, Armstrong, Clarke & Smith, Lowther, Fisher. 
Goodmans, Wharfedale, Garrard, Goldring, Dual, 
Decca, Record Housing, Fitrobe, G.K.D., etc. 
Any combination of leading amplifiers and speakers 
demonstrated without the slightest obligation 

WE BUY 
any type of radio, television, and electronic 
equipment, components, meters, plugs 
and sockets, valves and transistors, cables, 
electrical appliances, copper wire, screws, 
nuts, etc. The larger the quantity the 
better. We pay Prompt Cash. 

Broadfields & Mayco Disposals, 
21 Lodge Lane, London, N.12 

RING 445 2713 

445 0749 

958 7624 

LAWSON BRAND NEW 
TELEVISION TUBES 

Complete fitting instructions 
are supplied with every tube. 

12" Types E4.10.0 
14" Types [4.19.0 
17" Types E5.19.0 
19" Types [6.19.0 
21" Types 0.15.0 
23" Types E9.10.0 
19" Panorama [8.10.0 
23' Panorama £11.10.0 
19" Twin Panel E9.17.6 
23" Twin Panel £12.10.0 
Carriage and insurance 121- 

The continually increasing demand for tubes of the eery 
highest performance and reliability is now being met by 
the new Lawson "Century 99" range of C.R.T.u. 

"Century 99" are absolutely brand new tubes 
throughout manufactured by Britain's largest C.R.T. 
manufacturers. They are guaranteed to give absolutely 
superb performance with needle sharp definition screens 
of the very latest type giving maximum Contrast and 
I.ight output; together with high reliability and very 
long life. 

"Century 99" are a complete range of tubes in all 
sizes for all British sets manufactured 1947 -1968. 

2 YEARS FULL REPLACEMENT GUARANTEE 
WW -137 FOR FURTHER DETAILS 

LAWSON 
TUBES 

18 CHURCHDOWN ROAD 
MALVERN, WORCS. 

Tel. MAL 2100 
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ALL GOODS GUARANTEED 
CONVERTOR, BATTERY CHARGER. Input 12 v. 
D.C. Output 240 v. 50 c /s. 170 watt max. Input 240 v. 
50 c /s., output 12 v. 5 amp D.C. Fully fused with 
indicator lamps. Size 91 X 10 X 41in. Weight 19 lbs. 
An extremely compact unit that will give many years 
reliable service, supplied with plug and lead. Only 
84/10/-. P. & P. 15/- extra. 
As above -fully serviceable -perfect interior but 
soiled exterior cases, [3. P. & P. I5 /- extra. 

DISTRIBUTED WIDE BAND AMPLIFIERS 
Various types, e.g. E.M.I. type 2C complete with 
power unit. Frequency range 50 c/s. to 100 mc,s., 
gain of 12. 18/10/-, P. & P. LI extra. 
DEKATRON SCALERS /TIMERS. Various 
models from [6 -[12. 
RATEMETERS. Various types available with or 
without E.H.T. power supplies. 

DEKATRON COUNTER tubes type GCIOB, 
10 /. each. 
G.M. TUBES. Brand New. G24/G38/G60 at 3S/- 
each. G53 /I at La each. 
SOLARTRON stab. P.U. type AS516 300 v. 50 mA., 
[3/10 - AS517 300 v. 100 mA., L6. P .& P. 10/- extra. 
TRANSISTOR OSCILLATOR. Variable frequency 
40 cis. to 5 kc /s. 5 volt square wave o /p, for 6 to 12 v. 
D.C. input. Size II X 1} x Ilin. Not encapsulated. 
Brand new. Boxed. I1 /6 each. 
VENER encapsulated "flip -Flop" type TS.2A. Com- 
plete with base 21/- or 4 for 81/I5 / -. 
MULLARD pot cores type LAI, 8/6 ea. (brand new 
boxed). 
TIMER UNIT consisting of standard mains input 
transformer 200/240 v. 50 cycle; output 18 v. 4 amp 
(conservative); GEC bridge rectifier; detachable accu- 
rate I sec. timer sub -chassis with transistor STC type 
TS2, 2 X I2AU7; one 500 ohm relay heavy duty con- 
tacts 2 make; lamps, fuse, switch etc., etc., in case size 
10 X 10 x Sin. Ideal for battery charger, one second 
timer. transistor power supply, etc. 
Tested and guaranteed working [2 /15 /- each. P.P. 15/ -. 
FAST NEUTRON MONITORS (Burndept type 
12628). Complete with new set of Mallory cells and 
carrying harness. LIO only. P. á P. 10 /- 

TEST GEAR 
OSCILLOSCOPES. Cossor DB 1035 120; 1049 [30. 
Hartley 13A DB [20. 
MARCONI Sig. Gen. 144G 85 kc /s., 25 me /s. L20. 
carr. LI. MARCONI U.H.F. Gen TF517 150 -300 me /s. 
[5,10'-, carr. Ll. 
AIRMEC Valve millivoltmeter 784. 6in. rectangular 
200 micro amp. meter calibrated -10db to +10db; 
and 0 -10 mv.; range -40 db /xl; -20 db /x 10; 0 db /x100 
18. Carriage I5 / -. 
CT49 AUDIO FREQUENCY METER fre. range 
450 c /s. to 22 kc's., directly calibrated. Power supply 
1.5 -22 v. D.C. £610; -. Carr. 15 - (in original carton). 

SOLARTRON RESOLVED COMPONENT 
INDICATOR type VP250 20c /s- 20k0. As New 
[85. 
Als o available SOLARTRON Precision AC Milli - 
voltmeter type VF252. As New LSO. 

PLESSEY PLUGS i SOCKETS Mk. IV. 
2way Brand New 10/6 pr. Cleaned ex -eq. 7/6 pr. 
4way Brand New 10/6 pr. Cleaned ex -eq. 7/6 pr. 
6way Brand New 12/6 pr. Cleaned ex -eq. 7/6 pr. 
12way Cleaned ex -eq. 11/ - pr. 
Coax. Brand New 7/6 pr. Cleaned ex -eq. S/- pr. 

RELAYS 
3,000 Series 5 k /ohms, 2 pole make H.D. contacts, 
2/6 each. 
S.T.C. sealed 2 pole co. 48V. only. Complete with 
base 6/- each. 

COURTENAY TIMER unit. Accurate I sec. timer' 
variable mark space ratio. Input 12V AC or DC. 
Heavy duty relay contacts to switch external equip- 
ment e.g. flashing lights. Chassis mounting size 
6 r: 31 x 3 in. Tested with circuit diagram. 22/6 each 

SELENIUM RECTIFIERS 
Double bridge 12 v. 6 amps continuous rating. Size 
31 x 31 x 2)in., 9 plate, 8/6 each. 
Quad bridge 12 v. 12 amps continuous rating, 21/ -.. 
EHT RECTIFIERS. Brand New. T36 EHT 20-3/6 ea. 
T I6 HT 80- 6/6 ea. T36 EHT 80-6/6 ea. T36 EHT 240 
-12/6 ea. 
DIODES new CV448/425, I/. each. 
TRANSFORMERS. All 200/250 inputs 18 v. 6 amp 
continuous rating tapped 9 -0-9 at 18/6 each. IB v. 
12 amps at L3 each. 
GARDNERS Neptune series. Brand new. 460 -435- 
410 -0 -410 -435 -460, 230 mA. 600- 570 -540 -540 -0-570 -600 
v. 250 mA. Two separate windings. L3 /I0 /-- 
FRACTIONAL H.P. MOTORS. 240 v. 50 c /s. 
Brand new. Ideal models, fans, etc. 6/6 each. 
METROSILS. Ideal pulse suppression, 2/- each. 
E.H.T. CONDENSERS. 7.5 kV. working. 0.1 mfd, 
S;6 each; 0.25 mfd 8/6 each. 
BrandNew 5 kv working 2 mfd 22/6 ea: 0.25 mfd 10/6 ea. 
VISCONOL EHT Condensers. Brand New. 
0.015 8Kv 6/6 each. 0.002 15Kv 8/6 ea. 0.01 2 Kv 5/- ea. 
0.0005 25 Kv 16/. ea. 
BATTERY HOLDERS. Brand New. Lt /grey plastic 
with solder tag connections. 
Chassis mounting, clip in 1 U2 battery 2/6 ea. 

I Vidor VII 1/9 ea. 
Panel mounting 1 -Vidor VI I battery 1/9 ea. 

., 2- 2/9 ea. 3- 3/6 ea. 
BELLING & LEE IO pin plug /socket, 3/6 each. 
Cash with order. Post paid over 10 /-- 

CALLERS WELCOME 

CH I LTM EAD LTD. 
22, Sun Street, Reading, Berks. 

Off Cumberland Road (Cemetery Junction) 
Tel. No. Reading 65916 (9 a -m. to 10 p.m.) 

/ 
1t1 

COrtling00 
TYPE 

T.R. 
Brand new fully transistorised and fully portable 
Communications Receiver. Specifications: 4 complete 
ranges 650 K /cs. to 30 Mfrs, covering all amateur bauds, 
shipping and trawler bands, and broadcast band. A highly 
racket double tuned superhet, comprising R/F aerial 
tuning section, A.V.C. and built in B.F.O. for C.W. or 
888 reception. Ideal for fixed or mobile reception. With 
speaker and headphone output. Hammer finished robust 
steel case of pleasing modern design. Size approx. 
9 x 7 x 6 lu. British manufacture. Due to bulk purchasing 
we can offer these excellent receiver. at less than half their 
normal worth. Complete with handbook E16.10.0. carriage 
and insurance I Heed pin me. if required 17/6,st ra 2/6 p.p. 

%%tGLOBE SCIENT IC LTD sil 
DEPT. W.W., 24 CAWOODB YARD, 

MILL STREET, LEEDS. 9. 

VACUUM 
OVENS, PUMPS, PLANT, GAUGES, FURNACES, 
ETC., GENERAL SCIENTIFIC EQUIPMENT 
EX- STOCK, RECORDERS, PYROMETERS, OVENS, 

R. F. HEATERS. FREE CATALOGUE. 

V. N. BARRETT & CO. LTD. 
I MAYO ROAD, CROYDON, 

CRO 2PQ. 01. 684 -0193 

PRINTED CIRCUITS 
LARGE AND SMALL QUANTITIES. 
FULL DESIGN AND PROTOTYPE 
FACILITIES AT REASONABLE PRICES. 
ASSEMBLY SERVICE ALSO AVAILABLE 
K. J. BENTLEY L PARTNERS, 
18, GREENACRES ROAD, 
OLDHAM. LANCS. 
Tel. 061 -624 0939 

PRINTED CIRCUITS 
Small quantities are not expensive, we have 
full artwork and assembly facilities. 

Let us quote you for any quantity. 

OFRECT 
ELECTRONIC SYSTEMS LTD. 
Hookstone Park. Harrogate 
Harrogate 85258 

FOR YOUR.,. 
SYNCHRO & SERVO 

REQUIREMENTS! 
SERVO & ELECTRONIC SALES LTD. 

43 HIGH ST.,ORPINGTON,KENT. Tel: 31066, 33976 
Also at CROYDON. Tel: 01.688 1512 

and LYDD, KENT. Tel : LYDD 252 

WE ARE BREAKING UP COMPUTERS 
COMPUTER PANELS (as .a. 
shown) Zan. x 41st. 8 for 10 / -, 
Poet free with min. 30 transistors. 
100 for 65/- + P. & P. 6/6; 
1.000 for [30 + cart. 
EXTRACTER /BLOWER 
FANS ( TAPST) 100(2.F.M.4i x 
41 x 21n. 2800 H.P.M. 200/250 
volt A.C. 35/- each. P. & P. 5/ -. 
POWER TRANSISTORS elm. 
to 2N174 et. egpt. 4 for 10/ -, 
P. & P. 1 /6. 
OVERLOAD CUT OUTS. Panel mounting In the 
folluwiluz values 51- each. 1, li. 2. 3, 4, 5, 7, 8 amp. 
TRANSISTOR COOLERS TOS. 7/6 doz. 
'1(13 18 - doz. P. K P. lid. 
MINIATURE GLASS NEONS. 12/6 doz. 
NEW MIXED DISC CERAMICS. 150 for 10 / -. 
P. & 1'. 1/, 
LONG ARM TOGGLE SWITCHES. ex. egpt. 
SPST 13/6 doz. DPST 17/- doz. lll'IT 22/6 doz. 
P. & P. All Types 2/- doz. 
LARGE CAPACITY ELECTROLYTICS 
41in., tin. diem. Screw terminals, 
All at 6/- each + 1/6 each P. & P. 
5,000mF 55 d.c. wkg. 
1,500mF 150 d.c. wkg. 
4,000mF 72V d.c. wkg, 
6,300ml, 72V d.c. wkg, 
16,000mF 25V d.c. wkg, Send 1/. stamps 
25,000mF 12V d.c. wits. for list 

KEYTRONICS, 52 Earle Court Road. 
London. W.8. Mall order only. 

SWANCO PRODUCTS LTD. 

G3NAP AMATEUR RADIO SPECIALISTS 03PQQ 

NEW EQUIPMENT 
s s. d. 

Sommerkamp F -Series Equipment: 
FE- da- 600 double mnverelon superhet 160- l0mrtre e 130 
FLdz -60088 B /AM /CW transmitter. 240 watts PEP 145 0 0 
FL-ds -2000 linear amp., 1201 watts PEP 100 
Sommerkamp FT-da -160 transceiver 80.10 metres 915 
Sommerkamp PT- du-600 transceiver 80.10 metres . 959 0 0 

Swan Line Equipment: 
Swan 360C Transceiver 90.10 metres 216 0 0 
Swan 600C treneceiver 80.10 metres 263 0 0 
Swan 230-RC Power supply a.c. 65 0 0 

Eddystone Radio Ltd. 
Eddystone EA12 Amateur band receiver 180.10 

metres 193 0 0 
Eddystone 940 Cammanloationa receiver 143 0 0 
Eddystone 8400 Shortener receiver 70 0 0 
Eddystone IMO tranaletorised Communications 

ver 59 10 0 
Eddystone EB36 shortwave & P.M. receiver 86 13 4 
Eddystone EB36 shortwave broadcast receiver . - - 56 5 0 

Trio Commudoatlona Equipment: 
Trio T8-600 888 Transceiver with a.c. PSU a with 

spin frequency V.P.O. 231 0 0 
Trio 9E69DE Commuolcatinne receiver 39 15 0 
Trio MOOSE Amateur Band Receiver 80-10 metres 89 10 0 

Lafayette Receivers: 
Lafayette HA600 Amateur Band Receiver 80 6 

metres 44 2 0 
Lafayette RASOO solid state receiver 45 0 0 
Lafayette HÁ360 amateur band receiver 67 10 0 

MaWorafter Equipment: 
2x130 (',nuuuJcatuses receiver 88 15 0 
8x122 Cnnununicatl s receiver 148 5 0 
82146 Amateur han d receiver 137 5 0 
HT49 BBB transmitter (works In traoscefve with 

0X 146 receiver) 182 5 0 

Moseley Electronic. (Resasa): 
TA -887r. 141 -band three -element beam 27 5 0 
TA-321r. Tri-hand two-element beam 19 5 0 
TA -SUr. Td -land dipole 11 11 0 Vale. Wire trap dipole 8 15 0 

Chennelmaster Rotator 
Automatic Tenn- ALiner 19 19 0 
Compass Tenn- ALiner 14 14 0 
Rn(a,,,r Alignment Bearing 3 17 8 ni.li li,.,ri,ix Guy Ring 2 7 6 

Park Air Electrodes: 
2-Metre Transmitter (complete with Mie., etc.) ... 80 0 0 
Kurer Airerait, short, medium, and long wave 

Sky Bandit Aircraft receiver 
49 
17 

10 0 
10 0 

Concorde Aircraft receiver 17 15 6 
Jet Set Alrentt receiver 13 14 6 

Swaneo /CSR Equipment: 
2-A10 Transmitter 43 0 
2-AR Receiver 44 0 0 
Type 2 A.T.ILA. Aerial 9 15 0 
Type 8M2 Microphone 2 17 11. 

0 -WHIP Antennas: 
e -Whip Nubile Antenna Range. Light weight design. 
Helical w,nu.ii. Superior performance. S.A.E. Illus- 
trated Brochure and Prices. 

Coder Radio Company: 
! s. d ! s. d. 

CR.70A receiver .. 19 10 CR.45RB receiver 11 19 
PR.30 preselector 5 19 ATS transmitter 18 19 
PR.80Z(eithP8U) 7 19 260 son PSU 8 10 
2.910 4 Multiplier 7 5 12/18 PSU 11 1.0 
R.Q1OX (with PSU) 8 17 12 /EC Control 2 10 
CC.40 Control Unit 615 T.28 Receiver.. 15 17 
CR.412 Receiver.. 9 15 Mini Capper Kit 2 4 

Partridge Electrodes: Shure Microphones: 
s. d. 1 s. d. 

Joystick Standard 9 Shure 201 5 12 9 
Joystick De.Inxe.. 5 0 Shure 2OS 6 0 C 
Type 8 Tuner . .. 15 0 shore 444 12 15 C 
Type 8A Tuner .. 19 6 Shure 401A 8 15 C 
Type 4 Tuner . Shure 2768E 5 5 C 
Type 4EF Tuner .. 17 8 
Echelford Commealeations: 

! s, d. 
Ralson Eledrial Services: ! s. d. 

B1 /44 Metre Tx... 30 0 0 Mobile Antenna 6 7 6 
111 /44 Metre Tx... 40 0 0 Extra Coila 3 17 6 
Cl /44 Metre convtr. 10 10 0 B.W.R. a F-8.L 4 19 6 

Full Range of KW Equipment available to order. 
Full Range of Drake Equipment available to order. 
Full Range of Heathklt Equipment available to order. 

SECOND -HAND EQUIPMENT 
Many Items in stock, including: Eddystone 870 /A, 8400. B.40, 
AR88D, ARBBLF, HRO, R209, 8R550, 9869, DX4017, VFO.1C, 
DX100U, L41300, LCS(, Panda Cub, KW Vanguard. Lafayette 
Starlike, etc. Your enquiries. please. 

Full service facilities -Receivers re- aligned, Transmitter, 
Serviced. etc. 

SWANCO PRODUCTS LTD. 
Dept. W 247 Humber Avenue 

COVENTRY 
Telephone: Hours: Mon. Tun., Wed., Fri., Sat, 

9 a.m. to 5.30 p.m. 
C 22714 Thun. 9 a -m. to 12 noon 
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OSMABET LTD. 
WE MAKE TRANSFORMERS AMONGST OTHER THINGS 

AUTO TRANSFORMERS. 0 -110- 200 -720 -240 v. a.c. up or down. 
fully shrouded. fitted terminal blocks, 50 w. 25/-; 75 e 32/8; 
Ion w. 37/8: 150 w. 47/8: 200 w. 60/ -: 300 w. 801 -; 400 w. 
100 / -; .00 w. 115 / -: 600 w. 125/ -: 1.000 .. 180 /Y Isou w. 
300/ -; 2,000 w. 400/ -::Loin w. 500 / -; 4,000 w. 800/ -. 

MAINS ISOLATION TRANSFORMERS. Input 200.240 v. Le., 
1: 1 ratio, I lio w. 80 -: 200 w. 130/-: 500 w. 290/ -. 

MAINS TRANSFORMERS. Input 200-240 r.a.c. T XI, 42.5.0425 v. 
250 Ma. 6.3 v. 4 a. et, 6.3 v. 4w. et, 0 -5 -6.3 v.: a. 110/ -; TX2, 
250.0.250 v. 150 Ma, 6.3 v. 4 a. ct, 0- 5 -6.:3 v. 3 a., 80/ -; TX3, 
2,o -0.260 v. list Ma, 6.3 v. 2 a. et, 6.3 v. t a., 47/8; TX4. 300.0- 
:(00 a. 60 M. 6.3 v. 2 s. et, 6.3 v. I a., 45/ -; TX5. 3(0.0.30) v. 
120 Ma, 6.:3 v.1 a., 6.3 v.2 a. ct, 6.3 v. 2 a., 601 -: TX 8, 250.0.250 y. 
65 Ma, 6.3 v. 1.5 . 22/6; MT2, 230 v. 45 Ma, 6.3 v. 1.5 a.. 21/ -. 

IIITRUMEIT TRANSFORMER. Prim 200 /200 v. a.c.. OMT/4, 
tapped sec, 5- 20- 30 -40 -60 v. giving 5 -10. 15.20- 25 -30- 35.40- 55 -60, 
10 -0 -10, 20 -0-20, 30 -0 -30 v. .c., 1 amp 35/ -: 2 amp 501 -. 
OMT /5. Tapped Sec.. 40- 50- 60- 80- 90.100 -110 v. giving. 10- 20.30- 
40- 50- 60- i0- 80- 90.100 -110. 10 -0 -10. 20.0.20. 30 -0-30, 400 -40, 
50 -0 -50 v. a.c. 1 crop 52; 8. 

HEATER TRANSFORMERS. Prim 200/250 v. .c. 6.3 v. 1.5 a. 
9/8: 3 a.15/ -: 0. 25/ -: 12 v..1.5 a.151 -: 3 ..25/-; 24 v. 3 a. 
47/8: 5 a. 70/ -: a H. 110/ -: 12 a. 150/ -. 
MID0 T MAINS TRANSFORMER. F.W. rectification, elze 
2 x I l I I ins., prim 200/240 v. a.c., output 20 -0.20 v. 0.15.; 
12.0.12 v. 0.25a; 9 -0 -9 x. 0.3 a., all st 19/8 rash. 

COLOUR TELEVISION WW; as specified, choke 1.1, 60/ -; 
transformer TI. 57.5. Field Output Transformer 60;- 

(mTPUT TRANSFORMERS. Mullart 5/10. UL. 60/ -; 7 watt 
stereo UL. 50 / -: OP2ECL.06, stereo ton, 21/ -: OP3. 30/ -: 
PP tram. II K. 21/ -; 30 watt PP trail. (KT66 etc .). 3.15 ohms, 
85/ -: MET /10. 7/10 watt unfit' ratio, 30/ -. 
CHOKES. Inductance IBH, 65 Me. 10 / -; 85 Ma, 12/8: 150 Ma, 
21 flying lead., clamp construction. 
i'arriage extra all tran.f r,n,rs from 3/6.1. each. 
TRANSFORMERS WOUND TO YOUR SPECIFICATION. 

BATTERY ELIMINATORS. PP9, 200 /250 v. a.c..9 v. d.c. 150 Ma, 
45/ -. 1.1.3, lifts, 15 Me. 17 /6. pa p. 2/6d. 

FLUORESCENT LT LIGHTING. Input, 6, 12, 24 v. d.c., range 
doing.. ill vertere. S. A. E. iota. 

BULK TAPE ERASER. 200 /250 v. a.c., suitable any size spool, 
42/8. P. a P. 3 /.. 

LOUDSPEAKERS. New etnek, famous make, 3 or 15 ohms, 
15 watt, £5; 25 watt, £5; 35 watt, £7. P. a P. 6l each. Ltete. 

LOUDSPEAKERS. Ex equipment. perfect, Elac, Cnndmans, 
Plessey, etc., 3 ohms, only, 5 In. 7/8: 6 in. 10/ -: 7 e 4 m.. 7/8: 
8 m., 15/ -: 8 x 51n., 15/ -. P. a P. 3/0 each. 

TEST METERe. Wide variety, all reduced. brand new. 
Refs S.A.E. 
S.A.E. all enquiries please. )I:.il Order only. 

46 KENILWORTH ROAD, EDGWARE, 
MIDDLESEX Tel: 01 -958 9314 
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Thanks to a bulk purchase 

we can offer 

BRAND NEW 

P.V.C. POLYESTER & MYLAR 

RECORDING TAPES 
Manufactured by the world -famous reputable 
British tape firm, our tapes are boxed in polythene 
and have fitted leaders, etc. Their quality is as 

good as any other on the market, in no way are 

the tapes faulty and are not to be confused with 
imported, used or sub -standard tapes. 24 -hour 
despatch service. 

Should goods not meet with ful I approval, purchase 
price and postage will be refunded. 

r Sin. 160ft. 2/- Sin. 600ft. 6/- S.P. 
5 }in, 900ft. 8/- 7in. 1.200ft. 9/- 

I Sin. 225ft. 2/6 Sin. SOOft. 8/6 L P. 1,200ít. 10/- 7M. 1,800ft. 13/. 

D p. 3.n. 350ft. 4/6 Sin. 1,200ft. 12/- 
5 1in. 1,13OOft. 16 /- 7in. 2,400ft. 20/- 

Postage on all orders 1 ;6 

COMPACT TAPE CASETTES AT 
HALF PRICE 

60, 90, and 120 minutes playing time. in original 
plastic library boxes. 
MC609, -each. MC 9012,6 each. MC 12018 3 each. 

STARMAN TAPES 
28 LINKSCROFT AVENUE 

ASHFORD, MIDDX. 
Ashford 53020 
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BEST PRICES BEST PRICES 

CONNECTORS 
MOST MANUFACTURERS' SURPLUS 

STOCKS ARE SOLD TO 

UNITED ELECTRONICS 

We pay the highest prices 
Contact 

Mr. Astor or Mr. Kahn 

UNITED ELECTRONICS LTD 
12/14 Whitfield St., London, W.1 
Tel. 01 580 4532. 01 - 580 1 1 16. 

01 -580 5151. Telex: 27931 

BEST PRICES BEST PRICES 

This useful handbook gives detailed information and 
circuit diagrams for British and American Government 
surplus Receivers. Transmitters and Test equipment. 
etc.. also contained are some suggested modification 
details and improvements for the equipment. Incorporai 
ed in this revised edition is a surplus/commercial cross 
reference valve and transistor guide. This book is 

invaluable to Radio Clubs, Universities and Laboratories 
Latest edition priced at 35/- per volume plus 5/- p & p. 

Only obtainable from us at 

GILTEXT LTD., 
24, Stansfield Chambers, 
St. George Street. 
LEEDS, 1. 

TRANSFORMER LAMINATIONS enor- 
mous range in Radiometal, Mumetal and 
H.C.R., also "C " & "E " cores. Case and 
Frame assemblies. 

MULTICORE CABLES screened and 
unscreened from 2 way to 25 way. 

Large selection of stranded single p.v.c. 
covered Wire 7,'0048, 7/0076, 14/0076 etc. 
P.T.F.E. covered Wire, and Silicon rubber 
covered wire, etc. 

J. Black 
44 GREEN LANE, HENDON, N.W.4 

Tel: 01 -203 1855. 01 -203 3033 

ONDON CENTRA 
RADIO ST I ROES 

MODERN DESK PHONES. red, green, blue or topaz, 2 tone 
grey or duck. with internal hell and handset with 0 -1 die. 
£4/10/ -. P.P. 7/6. 
10-WAY PRESS -BUTTON INTER -COM TELEPHONES In Bake- 
lite a r,u with Junction Sox handset. TItogluly overiw Wed. 

. . r i,teed. £61101- per unit. 
20-WAY PRESS -BUTTON INTER-COM TELEPHONES in Bake- 
lite r am with Junction 1..,x. Thoroughly overhauled. timer n- 
teed.£71151- per Unit. 
TELEPHONE COILED HAND SET LEADS, 3 core, 5/6. P.P. 1 / -. 

ELECTRICITY SLOT METER (I /- in slot) for A.C. mains. Fixed 
tariff to your requirements. Suitable for hotels. etc. 200 /250 v. 
/0 :l. 80/ -. 15 A. 901 -. 20 A. 100 /-. P.P. 7/6. Other amperages 
available. Recorrdit ionevi as new, 2 years' guarantee. 
QUARTERLY ELECTRIC CHECK METERS. RecondlUnned 
an new. 200/950 v. 10 A. 42/6; 15 A. 52/8: 20 A. 57/8. Other 
amperages available. 2 yeare guarantee. P.P. 5/ 
8-BANK UJISELECTOR SWITCHES. 25 contact., alternate 
wiping £2 /151-; 8 hank hall wipe £2/15) -; 6 bank hall wipe, 
25 contact. 47/8. P.P. 3/6. 
WIRELESS SET No. 38 A.F.V. Freq. range 7.3 to 9.0 Me/n. Work- 
ing range I to 2 miles. Size 101 4 x Olin. Weight 011b. 
Includes power supply nth. -rand spare valves and vibrator al. 
tank aerial with base. g7 per Isoir 0r£3 10 0 Lingle. í'.P.251 -. 
FINAL END SELECTORS. Relay.. various callers, also 19 
Receivers in stork. All for callers only. 

23 LISLE ST. (GER 2969) LONDON W.C.2 

Closed Thursday 1 p.m. Open all day Saturday 

Wireless World, March 1969 

TRAIN TODAY 

FOR TOMORROW 
Start training TODAY for one of the many 
first -class posts open to technically qualified 
men in the Radio and Electronics industry. 
ICS provide specialized training courses in 
all branches of Radio, Television and Elec- 
tronics -one of these courses will help YOU 
to get a higher paid job. Why not fill in the 
coupon below and find out how? 

Courses include: 

RADIO/TV ENG. & SERVICING 
AUDIO FREQUENCY 
CLOSED CIRCUIT TV 
ELECTRONICS -many new courses 
ELECTRONIC MAINTENANCE 
INSTRUMENTATION AND 
SERVOMECHANISMS 
COMPUTERS 
PRACTICAL RADIO (with kits) 

41 PROGRAMMED COURSE ON 
ELECTRONIC FUNDAMENTALS 

Guaranteed Coaching for: 
C. & G. Telecom. Techns' Certs. 
C. & G. Electronic Servicing 
R.T.E.B. Radio /TV Servicing Cert. 
Radio Amateur's Examination 
P.M.G. Certs. in Radiotelegraphy 
General Certificate of Education 

Start today - the ICS way 

INTERNATIONAL 
CORRESPONDENCE SCHOOLS 

Dept. 230 Parkgate Rd., London, S.W.II. 
Please send FREE book on 

Name 

Address 

.3.69 
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SURPLUS HANDBOOKS 
19 set Circuit and Notes .. .. .. .. 8/6 ply Od. 
1155 set Circuit and Notes .. .. .. .. 6/6 p/p 641. 
H.R.O. Technical Instructions .. .. 5/8 P/P 6d 
38 net Technical Instructions .. .. .. 5/8 PIP Bd. 
46 net Working Instructions .. .. .. 5/6 PIP dd. 
88 net Technical Inetructlone .. .. .. 71- pip Od 
BC.2'21 Circuit and Not .. .. .. 516 PIP Od 
Wavemeter Class D Tech. Inst. .. .. .. 516 PIP Od. 
18 net Circuit and Notes .. .. 5/8 Pip Bd. 
BC. 1000 (31 eel) Circuit and Notes .. 5/8 p/P ed. 
CR. 100/8.28 Circuit and Notes .. .. .. 10 /- pip Oil. 
R.107 Circuit and N o t es . . . . . . . . . 7 / - 7/- P/p Bd. 
AR.88D Instruction Manual .. . . 1 8 / - 18/- PIP W. 
62 net Circuit and Notes 8/8 ph, dd. 
Circa( Diagram 5/- each poet free. 8.1116 /A, ß.1224 /A, 11.1355, 
R.F. 24, 25 and 26. A.I134, T.1 154, CR.300, liC.312, BC.342. 
13C.348J, BC.348 (E.M.P.), BCT.24, 22 set. 
52 set Sender and Receiver circuits 7/8 post free, 
Reefetor Colour Code Indicator 2/6, p/p Od. 

B.A.E. with all enquiries please. 
Postage rate, apply M U.K. only. 

Mail order only for 

INSTRUCTIONAL HANDBOOK SUPPLIES 
Dept. W.W. Talbot House, 28 Talbot Gardera, LEEDS 8 
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AMERICAN 
TEST AND COMMUNICATIONS EQUIPMENT 

* GENERAL CATALOGUE AN /103 1/- * 
Manuals offered for most U.S. equipments 

SUTTON ELECTRONICS 
Salthouse, Nr. Holt, Norfolk. Cley 2E9 
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R, C & L BOXES 

41-4111i 

CAPACITY 15pf to 111µF 
RESISTANCE 0.IÛ to 100KÛ 
INDUCTANCE 1mH to 10H 
VOLTAGE DIVIDERS and 
WHEATSTONE BRIDGES 

LIONMOUNT & CO. LTD. 
BELLEVUE ROAD, NEW SOUTHGATE, 

LONDON, N.II, ENGLAND 
Tel: Enterprise 7047 
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HAMMERED ENAMEL 
MAKES FANTASTIC DIFFERENCE TO PANELS 
-my hundreds of enthuelastlo users. 
'Hackle' pattern appears like magic on wood and 
metal. No undercoat. Air Dies 15 WK. to haul. tloexy 
finish. Heat, liquid A scratch -prof. Bronze: nih rr; 
Green: Black; Lt. a Uk. Blue. fend for deta¡l,..r 
send :t(9 ( +!hl. poet /pk'gI for Trial Tin. 
FINNIGAN SPECIALITY, 
PAINTS, Dept. W., 
STOCKSFIELD. Tel. 2280. 
Northumberland. 

BRUSH 
OR SPRAY -ON 

WANTED - 
Redundant or Surplus stocks of Transformer 
materials (Laminations, C. cores, Copper wire, etc.), 
Electronic Components (Transistors, Diodes, etc.), 
P.V.C. Wires and Cables, Bakelite sheet, etc., etc. 

Good prices paid 

J. BLACK 
44 Green Lane, Hendon, N.W.4 

Tel. 01 -203 1855 and 3033 

BAKER I2in. DE -LUXE 
MKII LOUDSPEAKER 
BRITISH MADE THROUGHOUT 
Suitable for any Hi -Fi System. 
Provides truly rich sound 
recreating the musical spectrum 
virtually flat - SdB, 25. 16,000 
cps. Latest double cone with 
special "Ferroba" ceramic 
magnet. Flux density 14,000 
gauss. Bass resonance 32.38cps. 
I5 watts British rating. voice 
coils available 3 or 8 or 15 ohms. 

Price E9 Post Free 
M I N E T T E 
AMPLIFIER 

- For Hi -Fi Record Players. 
A.c. Mains Transformer. 
Chassis size 7 s. 31 4in. 
high. Valves ECL82, EZ80. Two 

s. stage negative feedback. 
Quality output 3 ohm matching. Bargain offer complete 
with engraved control panel, valves, knobs, L 
volume and tone controls. wired and tested. Post S'6 69, / `r 
TRANSISTOR AMPLIFIER 
plus DYNAMIC MICROPHONE 
A self -contained fully port- 
able mini p.a. system. Many 
uses--Parties, Baby Alarm, 
Intercom, Telephone or 
Record Player, Amplifier, 
etc. Attractive rexine cov- 
ered cabinet size 12 x 9 x 
4 in., powerful 7 x1 in 
speaker and four istor 
one watt power amplifier 
plus ultra sensitive micro- 
phon. Uses PP9 battery. 
Brand new in Makers' carton 
with full makers' guarantee. 

Aolnl for 90'- fly or Free 

THE INSTANT BULK TAPE 
ERASER AND RECORDING HEAD 

DEMAGNETISER 
200 250 A.C. Aft C Post 
Leaflet S.A.E. 42, V 2 6 

EXTENSION SPEAKER «- r 
Black plastic cabinet speaker with 20ft. 
lead for transistor radio, intercom, mains 
radio, tape recorder. 30 Post ,.Y 
Size: 7 ;in. x 5jìn. x Sin. J 2 6 

RETURN OF POST DESPATCH - CALLERS WELCOME 
HI -FI STOCKISTS -SALES & SERVICE 

RADIO COMPONENT SPECIALISTS 
337 WHITEHORSE ROAD. CROYDON. Tel: 01 -684 1665 

1291 

R & R RADIO 
51 Burnley Road, Rawtenstall 

Rossendale, Lancs 
Tel.: Rossendale 3152 

VALVES BOXED, TESTED 8 GUARANTEED 
EBF80 3 - PCC84 3/- PYB2 3 
EBF89 3 6 PCF80 3/- U191 4 6 
ECC82 3 - PCF82 3/6 U301 4 6 
ECL80 3 - PCL82 41- 6F23 5 - 
EF80 1 6 PCL83 4/- 10P14 3 - 
EF85 3;- PCL84 5/- 20P5 3i- 
EF183 3/6 PL36 S/- 30FS 2/6 
EF184 3/6 PL8I 4/- 3OLlS 5f- 
EY86 4/- PL83 4/- 30P12 4 6 
EL41 5/- PY33 5/- 30C15 S 

EZ40 4/6 PY8I 3/6 30PLI3 5)6 
EBC41 4/6 PY800 3/6 30PL14 5/6 

POST, ONE VALVE 9d. TWO TO SIX 6d. 
OVER SIX POST PAID. 

ELECTRICAL MEASURING 
INSTRUMENT REPAIRERS 

EXPRESS METER SERV11'E 
131 ACTON LANE, LONDON, W.4 

TEL: 01 -995 0725 

BAILEY 30 WATT AMPLIFIER 
An audibly unbeatable kit as supplied by us 
to Industry and Govt. Send for free details. 
10 Transistors as specified & Pcb E6.10.0 

20 Transistors as specified & 2 Pcb E12.10.0 
RI -R27 & Pot 11/6 CI -C6 (Mullard) 9/6 
Mullard Capacitors 2500mFd/64vw I5/6 each 
Finned solid Ali Heatsinks 4 x 41 in. 12/6 each 
Texas I B20K20 Bridge Rects 200piv /2a 25/- 
Photostats of May and Nov. articles 8!6 set 
MOTOROLA/ICSTEREO PREAMP(0.170THD)£3 
(As described on page 332 September WW) 
A.1 FACTORS.72 BLAKE RO.. STAPLEFORD. NOTTS. 

CLASSIFIED ADVERTISEMENTS 

Use this Form for your Sales and Wants 
To "Wireless World" Classified Advertisement Dept., Dorset House, Stamford Street, London, S.E.I 

PLEASE INSERT THE ADVERTISEMENT INDICATED ON FORM BELOW 

Rate: 7 - PER LINE. A seven words per line. 

Name and address to be included in charge if used 
in advertisement. 

Box No. Allow two words plus 

Charges etc., payable to " Wireless World " and 
crossed "8 Co." 

Press Day 6 March for April 1969 issue. 

NAME 

ADDRESS 

REMITTANCE VALUE ENCLOSED 

Please write in block letters with ball pen or pencil. NUMBER OF INSERTIONS 
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ADJUSTABLE HOLE 
& WASHER 

The right 
tool for tre- 
panning 
holes I " -I21" 
in diameter 
In our range of 17 
Models 

CUTTERS 
Adjustable 

hole and 
washer 

cutters l8' 
Tungsten 

High Speed 
Tool bits 

Write for illustrated brochure of our full range with 
straight or Morse taper 1-4 or Bitstock shank. 

All models available from stock 

AKURATE ENGINEERING CO. LTD. 
Cross Lane, Hornsey, London, N.8 

TEL. 01 -348 2670 
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Quartz 
Crystal 
ECONOMICAL! 

ACCURATE! 
RELIABLE! 

Write for illustrated 
Brochure & Price List 

"1-`C 

THE QUARTZ CRYSTAL CO. LTD. 
Q.C.C. Works. Wellington Crescent. 

New Malden. Surrey 101.942 0334 & 29881 

WW -144 FOR FURTHER DETAILS 
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WORLD RADIO & T.V. 
HANDBOOK 

By JOHANSEN 
1969 ED. 42, P. & P. 1 3 

Radio Communications Handbook by R.S.G.B. 
new ed. 63 -. P. & P. 4/6. 
Transistor Substitution Handbook. New 8th 
ed. 16 -. P. & P. 1/3. 

Hi -Fi Year Book 1969. IS' -. P. & P. 1'9. 
Mullard Colour TV. Colour tube adjustments 
for the Service Engineer. 17'6. P. & P. 1/3. 
Designers Guide to British Transistors by 
Kampel. 25' -. P. & P. 1 6. 

Amateur Radio Call Book 1969. Ed. by R.S.G.B. 
66. P. & P. 1 -. 

R.C.A. Hobby Circuits Manual. 17' -. Postage 1/3. 
TV Fault Finding by Data, 405 and 625 linse. B/6. 
P. & P. I -. 
Electronic Novelty Designs by Kampel. 8 /6. 
P. & P. I -. 

UNIVERSAL BOOK CO. 
12 LITTLE NEWPORT ST., LONDON, W.C.2 

(Leicester Square Tube Station) 
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INDEX "1'O ADVERTISERS 
Appointments Vacant Advertisements appear on pages 111 -124 

PAGE 

AI Factors 129 
Acoustical Mfg. Co., Ltd. 4 
Adcola Products, Ltd. I.B Cover 
Ahuja Radios 54 
Akurate Eng. Co., Ltd 130 
Amatronix, Ltd. 125 
Amplivox, Ltd 2 
Anders Electronics, Ltd 64, 65 
A.N.T.E.X., Ltd 23 
Audix, B. B., Ltd 60 
Avo, Ltd 1 

Avon Communications & Electronics, Ltd. 85 

Batey, W., & Co. 88 
Bamtt, V. N. 127 
Bentley Acoustical Corporation, Ltd. 98 
Bentley, K. J 127 
Bi -Pak Semiconductors 105 
Bi- Pre -Pak, Ltd. 95 
Bird Electronic, Ltd. 8 
Black, J 128, 129 
Bradley, G. E., Ltd. 20 
British Institute of Engineering Technology 13 
Britec, Ltd. 50 
B.S. Radio & Electrical Stores 106 
Bulgin, A. E, & Co., Ltd Edit. 145 
Bolters, Ltd. 50 

Chiltmead 127 
C.R.E.I. (London) 15 
C. & S. Antennas Ltd. 61 
Crosswire (Electronics), Ltd. 92 
Cybanaut Controls, Ltd. 85 

Daystrom, Ltd 36, 37 
Decca Radar Ltd 
Decca Special Products 
Denham & Morley, Ltd 
Dependable Relays, Ltd. 
Derritron Inst. Ltd 
Derritron (Reslosound), Ltd. 
Diotran, Ltd 
Dolby Laboratories Inc. 
Drake Transformers, Ltd. 
Duxford Electronics 
Dymar Electronics Ltd. 

PAGE 

Grampian Reproducers, Ltd. 126 
Greenwood, W., & Sons, Ltd. 39, 41 

Hall Electric, Ltd. 22 
Harris Electronics (London), Ltd 80 
Harris, P. 125 
Hart Electronics 126 
Harversona Surplus Co., Ltd 108 
Hatfield Instruments, Ltd 52 
Henrys Radio, Ltd 87 
Howells Radio, Ltd. 84 
Howland -West 60 

I.M.O. (Electronics), Ltd. 77 
Industrial Instruments, Ltd. 42 
Instructional Handbook Supplies 128 
International Correspondence Schools 48, 128 
Irwin & Partners, Ltd 44 

Keytronica 
Kinver Electronics Ltd 

127 
88 

Lasky's Radio, Ltd 93 
Lawson Tubes 126 
Ledon Instruments, Ltd. 83 
Levell Electronics, Ltd 43 
Lexor Dis -Boards Ltd. 56 
Light Soldering Developments, Ltd 32, 81 
Linear Products, Ltd 82 
Lionmount & Co., Ltd. 129 
London Central Radio Stores 128 
London Microphone, Ltd. 80 
L.S.T. Components 88 
Lyons, Claude, Ltd. 55, 63 

Marconi (Instruments) 74 
75 Marshall, A., & Son (London), Ltd 108 
30 Mayco Products, Ltd 126 
41 McMurdo Instrument Co., Ltd 

100, 
76 

42 Mills, W. 
11 Milo International - 110 
30 Milward, G. F. 84 

108 Modem Book Co. 126 
56 Monks, K., Audio Ltd 64 
33 Morganite Resistors, Ltd. 19, 21 

102 M.R. Supplies, Ltd 82 
27 Mullard, Ltd Bound in Insert 

Multicore Solden, Ltd. Back Cover 
Electronic Brokers 102, 103, 125 
Electronics (Croydon), Ltd 92 
Electrovalue 106 
Electrosil, Ltd 73 
Electro-Winds, Ltd 85 
E.M.I. (Sound), Ltd. 58 
English Electric Valve Co., Ltd 3, 5, 7 -9 
Erie Electronics, Ltd 29 
Enthoven Solders, Ltd 16 
Express Meter Service 129 

Femen Instruments, Ltd 62 
Ferrograph, The, Co., Ltd. 6 
Finnigan Speciality Paints, Ltd. 129 

G.E.C.-A.E.I. (Electronics), Ltd. 31 
General Engineering Co 32 
Giltext 128 
Glaser, L., & Co., Ltd 126 
Globe, Scientific, Ltd 92, 128 
Godleys, Ltd. 126 
Goldnng Manufacturing Co., Ltd. 28 

Neco Electronics (Europe), Ltd. 
Nombrex, Ltd. 

Olson Electronics, Ltd. 
Ofrect Electronic Systems, Ltd 
Omron, Ltd. 
Ormandy & Stollery 
Osmabet, Ltd. 

Patrick & Kinnie 
P.C. Radio, Ltd 
Peak Sound (Harrow) Ltd. 
Pembridge College, The 
Pinnacle Electronics, Ltd. 
Plessey Pacific Pty. (Rola Division), Ltd. 
Politechna (London), Ltd. 
Printed Circuits, Ltd 
Proops Bros., Ltd. 
Pye Telecommunications, Ltd. 

Q Max (Electronics), Ltd. 
Quartz Crystal Co., Ltd. 

PAGE 

Racal Instruments, Ltd 24 
Radford Electronics, Ltd. 82 
Radio Clearance (1965) Ltd. 125 
Radio Exchange Co. 94 
Radio 8e TV Components, Ltd 96 
Radio Components Specialists 129 
Radiospares, Ltd 45 
Radon Industrial Electronic Co., Ltd. 62 
Ralfe, P. F 107 
Rastra Electronics, Ltd. 17 
Rediffusion Industrial Services Ltd. 38 
Rendar Instruments 46 
Rola Celestion, Ltd 42, 46 
R. & R., Radio 129 
R.S.C. Hi -Fi Centres, Ltd 89 
R.S.T. Valves 104 

Salford Elec. Inst., Co., Ltd 28, 38 
Service Trading Co. 98, 99 
Servo & Electronic Sales, Ltd. 127 
Sinclair Radionics, Ltd 78, 79 
S.M.E., Ltd. 47 
Smith, G. W., (Radio), Ltd. 90, 91 
Smith, H. L., Co., Ltd 48 
Smith, John, Ltd 83 
S.N.S. Communications, Ltd. 59 
Solartron Electronic Group, Ltd 51, 53 
Specialist Switches, Ltd. 84 
Special Products Distributors, Ltd. 46 
Sturman Tapes 128 
S.T.C. Radio Division I F Cover 
Sugden, J. E. 52 
Super Electronics, Ltd 56 
Sutton Electronics, Ltd. 128 
Swenco, Ltd 127 

Tektronix U.K., Ltd. 34 
Telcon Metals Ltd 81 
Telequipment, Ltd 68 
Teonex, Ltd 49 
Thorn A.E.I. (Radio Valve & Tubes), Ltd 70 
Trading Post 104 
Trend Electronics, Ltd. 14 
Trickett 104 
Trio Corporation 18 
Turner, E., Electrical Instruments, Ltd. 54 

United Carr Supplies, Ltd. 58 
80 United Electric 126, 128 
56 Universal Book Co. 130 

66 Valradio, Ltd. 48, 50 
127 Vero Electronics, Ltd 52 
35 Vitality Bulbs, Ltd. 40 
64 Vortexion, Ltd. 57 

128 

94 
96, 97 

83 
26 

25, 67 
12 

Walker Spencer Components 104 
Welbrook, Ltd 44 
Watts, Cecil E., Ltd 80 
Webber, R. A., Ltd 85 
Wel Components 44 
Weller Electric, Ltd. 85 

26 West Hyde Developments, Ltd. 125 
40 West London Direct Supplies 94 
86 Wilkinsons, L., (Croydon), Ltd 100 

10 
Yukan 125 

40 
130 Z. & I. Aero Services, Ltd 109 

Printed In Great Britain by Southwark OR.et, 25 Lavloaton Street, London. B.E.1, and Published by the Proprietors, lures TsesneaL PUBLICATIONS LTD., Doreet House, Stamford Bt., London, 8.E.1, telephone 

01- 9283333. Wireless World can be obtained abroad from the following: AUSTRALIA and New ZuwsD: Gordon & Gotch, Ltd. Ieou: A. H. Wheeler a Co. CANADA: The Wm. Dawson Subscription Service, Ltd.: 
Gordon & Ootch Ltd. Soars Apaleo: Central New, Agency, Ltd.: William Dawson & Bone (S.A.) Ltd. times° STATUS: Eutern News Co., 308 West 1Ith Street, New York 14. ,CONDITIONS OF SALE AND 

SUPPLY: This periodical le sold subject to the following conditions, namely that it shall not. without the written consent of the publishers first given, be lent, re-sold, hired oat or otherwise disposed of by way of Trade 

at price In excess of the recommended maximum price shown on the cover; and that It shall not be lent, re-sold, hired out or otherwise disposed of in a mutilated condition or in any unauthorised cover by way of Trade 

or satxed to or as part of any publication or advertising, literary or pictorial matter whatsoever. 
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D LDERING 
p1/4-rION 

PRODUCTS LIMITED 

AeK., ?code M,c,. 

HIGH 

EFFICIENCY 

INSTRUMENTS 

HEAVY 
TAGGING 
& ASSEMB 

F. DIA -3 2 mm dta detachable 
bat Standard temp 340 , at 19 watts 
Spe,u1 temp, Ircm 250 , e00 c 

We.aht 4 S on 127 arms 

6' -d 75 mm die detachable bat 
Standard temp 360 , at 23 watt. 
Special temps 3rcm 250 , 410 , 
We.1ht 6 oat 170 arm, 

34 mm da detachable bat 
Standard temp 360 , at 27 watt. 
Spee.al tempt from ISO , 610 , 
We.1ht 6 S on 104 arm,. 

-7 9 mm d.a detachable bat 
Standard temp 360 , at 30 watts 
Sp6,ul temps hem 230 , 110 , 
We.aht 7 on I% ems. 

OFFSET BIT SIZE I- 12 7 mm dummer 

RIGHT ANGLE BIT SIZE ; 12 7 mm. 
dummer 

BOTH AVAILABLE IN THE 
FOLLOWING TEMPERATURES 
250 , -27 watts, 160 , -SO watts, 410 ,- 
60 watts, 500 , -90 watts Suppled on all 
voltages from 6 volts to 250 volts 

WE HAVE, FOR YOUR 
CONVENIENCE, A HIGHLY 
SPECIALISED SERVICE 
SECTION, SO ORGANISED 
AS TO MAINTAIN A PROMPT 
EXECUTION OF ALL 
REPAIRS OF EQUIPMENT 
OF OUR MANUFACTURE. 

C 0 LL 
PRODUCTS LIMITE D 
(Re57d Trade MO, l< 1 

WW -002 FOR FURTHER DETAILS 

ADCOLA HOUSE, GAUDEN ROAD 
LONDON, S.W.4 Tel. 01 -622 0291 3 

Telegrams: SOLJOINT LONDON S.W.4 
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TO MANUFACTURERS OF 
SOLDERED JOINTS 

f,f 
Ac 

ae 

5 CORE % SOLDER 

Contains 5 cores of non -corrosive high 
speed Ersin flux. Removes surface oxides 
and prevents their formation during soldering. 
Complies with B.S. 219, 441, DTD 599A, 
B.S.3252, U.S. Spec. QQ- S -571d. 

Savbit alloy contains a small percentage of 
copper and thus prolongs the life of 
copper soldering iron bits 10 times. Liquidus 
melting temperature is 215 °C -419 °F. 

Ministry approved under ref. DTD /900/4535 

Solder Tape, Rings, Preforms and 
Washers, Cored or Solid, are available 
in a wide range of specifications. 

STANDARD 

TIN /LEAD 

ALLOYS 

B.S. 
GRADE 

INCLUDE 
LIQUIDUS 

MELTING TEMP 
C. F. 

HIGH 

ALLOY 

AND LOW MELTING 

DESCRIPTION 

POINT ALLOYS 

MELTING TEMP. 
-C. F. 

STANDARDGAUGESINWHICHMOSTALLOYS 
ARE MADE 

S W.G. 

AND LENGTHS 

INS. M.M. 

PER LB. IN FEET. 

FT. PER LB. 
60/40 SAVBIT 

10 
12 
14 
16 
18 
19 
20 
22 
24 
26 
28 
30 
32 
34 

.128 

.104 

.080 

.064 

.048 

.040 

.036 

.028 

.022 

.018 

.014 

.012 

.010 

.009 

3.251 
2.642 
2.032 
1.626 
1.219 
1.016 
.914 
.711 
.558 
.46 
.375 
.314 
.274 
.233 

25.6 
38.8 
65.7 

102 
182 
262 
324 
536 
865 

1292 
1911 
2730 
3585 
4950 

24 
36 
60.8 
96.2 

170 
244 
307 
508 
856 

1279 
1892 
2695 
3552 
4895 

60/40 

Savbit No 1 

50/50 

45/55 

40/60 

30/70 

20 /80 

K 

- 
F 

R 

G 

J 

V 

188 

21 5 

212 

224 

234 

255 

275 

370 

41 9 

414 

435 

453 

491 

527 

T.L.C. 

L.M.P. 

P.T. 

HMP 

Tin Lead /Cadmium 
with very low melting 

point 

Contains 2% Silver 
for soldering silver 

coated surfaces 

Made from Pure Tin for 
use when a lead free 

solder is essential 

High melting point 
solder to B.S. Grade 5S 

145 

179 

232 

296- 
301 

293 

354 

450 

565- 
574 

I 

E%fli 
EXTRUSOL is a new concept in 

solder for solder machines, baths 
and pots used in the electronics 
industry. 

EXTRUSOL is a very high purity 
solder which is also substantially 
free of oxides, sulphides and 
other undesirable elements. 

The percentages of impurities in 
EXTRUSOL are considerably 
lower than those quoted in 
national or company specifica- 
tions, thus providing a solder 
more suitable for use in the 
electronics industry. 

EXTRUSOL can be 
released under AID authority and 
conforms with USA QQ-S -571 d 

ADVANTAGES OF EXTRUSOL 

1. Less dross on initial melting 

2. More soldered joints per 
pound of solder purchased 

3. Less reject joints 

4. Improved wetting of 

electronic components and 

printed circuit boards 

5. More uniform results 

ALL EXTRUSOL IS COMPLETELY 

PROTECTED BY PLASTIC FILM 
FROM THE MOMENT OF 

MANUFACTURE 

UNTIL IT IS USED 

,- 

A section of a 

typical cast 
solder bar. 
Note the surface 
dross and general 
contamination. 

A section of an 
EXTRUSOL 
bar with the 
plastic coating 
removed show- 
ing no dross or 
contamination. 

EXTRUSOL is supplied in 1-lb. 
and 2 -lb. Trapezium Bars and 
Pellets in different alloys with 
strictly controlled tin contents to 

suit the appropriate soldering 
machines, baths and pots. Bars are 

available for automatic solder feed. 

Ask for full details on 
solders, fluxes, soldering 
chemicals, on your 
company's notepaper. 

MULTICORE SOLDERS LTD., HEMEL HEMPSTEAD HERTS. PHONE HEMEL HEMPSTEAD, 3636. TELEX 82363 

WW-003 FOR FURTHER DETAILS 
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