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DA COLA
Ie

IN THE JET AGE

Soldering
Instruments

EFFICIENCY AND RELIABILITY,

AND CONSISTANT, SUSTAINED PERFORMANCE

ARE BASIC REQUIREMENTS.

ADCOLA SOLDERING INSTRUMENTS MEET THESE NEEDS

AND GO ON MEETING THEM, DAY AFTER DAY, YEAR AFTER YEAR,

WITH UNFAILING REGULARITY.

LEADING MANUFACTURERS THROUGHOUT THE WORLD LIKE THIS,

THEY ALSO LIKE THE QUICK SERVICE WHEN REPLACEMENTS

DO BECOME NECESSARY. SO THEY SPECIFY ADCOLA.

WHY DON'T YOU!
AVAILABLE FROM SHOPS EVERYWHERE
OR DIRECT FROM

SEND COUPON
FOR LATEST LEAFLET

NAME
SALES & SERVICE DIVISION, 'ADDRESS
ADCOLA PRODUCTS LTD.,
ADCOLA HOUSE,
GAUDEN ROAD,
LONDON, S.W.4.
TELEPHONE 01-6220291 L"P E 167
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Last JIM cl_ 1. c.
sr,E ciAL INTEREST ITEMS'

MIDLAND Model 10-502
VHF AIRCRAFT BAND
CONVERTER
An entirely new item for the radio enthusiast bringing instant
reception of the ground -to -air, air -to -ground waveband. For use
with any standard AM or FM radio covering 535 to 1,605kc/s, 88to
108Mc/s respectively -with no electrical conversion or con-
nection required. The Model 10-502 (self powered by one 9V
(PP3 type) battery) to merely placed close to the receiving set
and then tuned over 110 to 135Mcie which covers the whole
aircraft communications band. Volume and reception effective-
ness is adjusted by moving both sets to the most favourable
position and hamming the volume controls of each accordingly.
The Model 10-502 has a smartly designed black Oast lc 'cabinet with brushed octal front
panel and 18in chrome telescopic antenna, size only 4 x 21 x 2f in (inc. knobs). Complete
with battery and full instructions.
Lasky's Price 79/6 Poet 3/6

SPECIAL TRANSCRIPTION MOTOR
OFFER - FAMOUS
Connoisseur Classic
2 speed transcription deck. One synchronous motor for
each speed -45 and 33 r p iii. List Price 115.15.7.

Lasky's Price L9.19.6. P. & P. 5/ -

ALSO AVAILABLE Connoisseur 8C1r.1 pickup arm :11111 cartridge. List Price £8.13.4.

Lasky's Price L5.19.6. P. & P. 3/6
PACKAGE PRICE IF BOUGHT TOGETHER E12.19.6. P. & P. 5/-

GARRARD RECORD PLAYERS
AUTOCHANGERS
1025
2025
81,95
3000LM with stero cart.
AT60 Mk. II
A70
AP75
A50

17/19/6
18119/6
14510/0
19/19/8

113/19/8
113/19/8
120/10/0

27/7/0

GARRARD BASES
WBI 18/5/8 WB2 24113/8 W134 15/6/11

SINGLE PLAYERS
GARRARD SP25 Mk. II 111/19/8
GARRARD SRP22 16/10/6

TRANSCRIPTION DECKS
GARRARD 401 197/19/0
GARRARD Lab. 80 Mk. II

with base mom)
CLEARVIEW PERSPEX
COVERS
spct 13/3/10 SPC2 24/4/4 SPC4 24/4/11

Postage on all above 5/. extra

HITACHI CAR RADIO SHORT
WAVE
ADAPTOR
Model WM20
New from Hitachi -world famous
for high quality transistor radios -
a push button Short Wave adaptor
enabling you to receive all foreign
broadcasts in the 3-22Mcis waveband.
The WM-20 adaptor is suitable for tree with any make or model of AM car radio (covering
the usual 535-1,605kc/s) in any make or model of car (6 or 12V, positive or negative ground).
The WM-26 as will be seen has 10 push buttons which cover metre bands: 13, 16, 19, 25,
31, 41, 49, 60 and 90 plus Off button. Having selected the required bawl by pushing the
appropriate button -fine station tuning is effected by use of the parent radio e tuning system
-details with the adaptor show corresponding centres for each short wave band on the
radio dial. Double euperhet IFM circuit and the use of a Zenor diode and compensating
condenser, provides great stability. Switched adjustment for 6 or 12V and pos. or neg.
ground: external aerial trimmer provided. Connection la the parent radio is via the aerial
jack, power is taken direct from the car AUX. supply with sop. line fuse. All necessary
mounting brackets, leads and jacks are provided with instruction manual. The Whf-20
is very smartly styled with brushed and bright chrome front panel and black push buttons.
Size 8 - wide 1 r high . 31' deep.

List Price 14 Gus. Lasky's Price L9.19.6. P. & P. 5/-.

GET YOUR LASKY S CATALOGUE

O

4000.0000000

FREEThird great issue now in preparation -more pages 1,000's more items.
Make sure of your copy now. Just send your name, address and 1/- for
post only

0 et 40 ttt 0 .0 4 *C. .t> 'Ot .4> tt> -Ct

COMMUNICATION RECEIVERS

TRIO
MODEL 9R-59DE
Brief spec.: 4 band re-
ceiver covering 550kc/s
to 30Mc/s continuous and
electrical band spread
on 10, 15, 20, 40 and 80
metres. 8 valve plus 7
diode circuit. 4/8 ohm
output and phone jack.
Special features: SOB-
CW  ANL  Variable
BFO  S meter  Sep.
band spread dial  IF
frequency 455kcis  Audio output 1.5W  Variable RE and .4F gain controls. For use
on 115/250V a.c. Mains. Beautifully designed control layout finished in light grey with
dark grey cage, size 7 < 15 ' 10in. Weight 191h. Fully guaranteed, complete with ingtrncs
lion manual and service data.

Lasky's Price £39.15.0 Carriage and Parking 12/6

SPECIAL INTEREST ITEM JUST ARRIVED
TTC Model A.1009 AM
TUNER ADAPTOR
PACK FOR CASSETTE
RECORDERS

alllaZingly ingenious AM Tuner that looks
like and is exactly the same size as a standard
tape cassette -which converts your tape
cassette recorder/player instantly into
radio! The tuner pack is a completely self-
contained unit with hail! -in ferrite rod aerial, power source lone miniature Evcr-
Ready type D231 giving approx. 150 hra operation. All you do is take out the tape
cassette awl slip in the tuner. Tunable over 535-1,605kcie (full Medium wavebaioi ).
Suitable for nee with all standard tape cassette recorders and players. Compbttc
with battery.
Lasky's Price 89/6. P. & P. 2/6.

CONSTRUCTORS BARGAINS
LASKY'S ENCAPSULATED
SOLID STATE MODULES
8 completely new special function circuit modules.
Size of each module only 21 X 11 X lin. Ready for
immediate nee -just connect to power source (usually
OV butt.), input and output. Encapsulated modules
are shockproof anti almost indestructible. Comp. with
full ins. Post 1/6 each.
1-1311 Phono Pre -amp Module -max. out
put 3V. RMS, Input 50mV, input imp.
100k ft , gain 28dB, RYA A comperusation.

1-1312 Tape Head Pre -amp Module -max. output 3V, RHO, input 50mV. input 29/61.00kf/ , gain 25dB, MARTA compensation.411
1-1313 Microphone Pre -amp Module -max. output 4V, RMS, input 50inV, Input 29/6
imp. 100k0, gain 28dB, response 1050kcie.
1-1314 Power Amplifier Module -max. output 300n1W, input imp. Ikrl, gain 29/6
2041B, response 50-10k/es, distortion 2% at 20mW.
E-1315 Electronic Organ (tone oscillator) Module -frequency 200-1,000c/e, 25/.
output 80mW. For use with keyboard, variable resistors and 8f1 speaker.
1-1816 Morse Code Practice Oscillator Module -frequency 400c/s, output 25/.
00mW. For use with morse key and speaker.
1-1317 Modulated Wireless Signal Transmitter for use in test bench fault finding 25/.
-frequency 400c/3-3051c/s, tone freq. 400c/s. For use with any AM receiver.
1-1318 Lamp blather Module -flashes two miniature lamps alternately. For use 25/.
with 6V, 100/200mA bulbs and 6V power supply.

CLEAR PLASTIC PANEL METERS
Precision made in Japan by TTC. Each meter boxed and
fully guaranteed with all fixing nuts and washers. Sizes are
of front panel. Add 1/6 P. on each. (Quotes for quantities.)
Type KR -52 3 2/in (illustrated).
IntA 38/6 50µA 56/-
5mA 38/6 110.4. S Meter ... 89/6
100mA 38/6 100µA 5218
300V 35/- 500pA 45/ -

Type MK -38A lain square Type KE-65 3f ' 3in Type MK -45A tin square
lmA 38/6 linA 2916
omA 27/6 5mA 37/6 6mA 28/6
100mA 27/6 100mA 3816 100mA 28/6
300V 27/6 300V 381- 300V 28/6
50µA 37/6 50µA 59/6 50µ A 49/6
1mA S meter 29/6 1ntA S meter 42/- 1mA S meter 3216
100pA . 37/8 100µ_t 66/- 100/LA 4216

5000A . ..29:'8 500pA 48,'- 5001/.% 35/ -

Stanches
207 EDGWARE ROAD, LONDON, W.2 Tel.: 01-723 3271
Open all day Saturday. arty closing 1 p.m.Thursday

'33 TOTTENHAM CT. D., LONDON, W.1 Tel.: 01-636 2605
Open all day. 9 a m -6 p.m.Monday to Saturday

152/3 FLEET STRE T, LONDON, E.C.4 Tel.: FLEet St. 2833
Open all day Thursday early closing 1 p.m.Saturdir,

High Fidelity Audio Centres

42 TOTTENHAM CT. RO., LONDON, W.1 Tel.: 01-580 2573
Open all day Thursday, early closing 1 p.m.Saturday

118 EDGWARE ROAD, LONDON, W.2 Tel.: 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
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Take your Wellerchoice
LOW INITIAL COST

Marksman irons to cover all your soldering needs. 25W,
40W, 80W, 120W, 175W. Nickel -plated factory pre -tinned
tips in stainless steel shanks.

INSTANT HEAT FOR RAPID SOLDERING

THE tool for intermittent work such as servicing. Working
heat in a few seconds. The job is done in less time than it
takes a normal iron to heat up. Expert dual -heat and Heavy
Duty models.

ANL

TEMPERATURE CONTROL FOR RELIABILITY

For sophisticated production
several conventional irons.
temperature without inhibiting
voltage.

Send for full information

line soldering or to replace
No dry joints. Control of
performance. Mains or low

Weller Electric Limited Redkiln Way, Horsham, Sussex Tel: 0403. 61747

The New Picture-BOOk'way of learning
BASICELECTRICITY (5 voLs.)
ELECTRON ICS (6voLs)

You'll find it easy to learn with this out- the latest research into simplified learning
standingly successful NEW PICTORIAL techniques. This has proved that the
METHOD --the essential facts are explained PICTORIAL APPROACH to learning is the
in the simplest language, one at a time, and quickest and soundest way of gaining mastery
each is illustrated by an accurate, cartoon- over these subjects.
type drawing. The books are based on TO TRY IT, IS TO PROVE IT

The series will be of
exceptional value in 111

training mechanics and
technicians in Elec- 
tricity, Radio and

Electronics. 

WHAT READERS SAY
"May I take this opportunity to thank you
for such enlightening works and may I add, in III
terms, easily understood by the novice."

L. W. M.. Birmingham. U
"I find that the new pictorial method is so easy to understand and I II
will undoubtedly enjoy reading the following five volumes: thank you
for a wonderful set of books." C. B., London. 111

"Please accept my admiration for producing a long felt want in the
field of understanding Electronics." S. B. J.. London.
" The easiest set of manuals it has been my pleasure to study." 111J. P. P.. Taunton
A TECH -PRESS PUBLICATION

EME.11.1.11111...1.....10
To The SELRAY BOOK CO., 60 HAYES HILL, HAYES, BROMLEY, KENT 6R2 7HP

Please send me WITHOUT OBLIGATION TO PURCHASE, one of the
obese sets on 7 DAYS FREE TRIAL, I will either return set, carriage paid,
in good condition within 7 days or send the following amounts. BASIC
ELECTRICITY 75!-. Cash Price or Down Payment of 20,1- followed by 3
fortnightly payments of 20- each. BASIC ELECTRONICS 001-. Cash
Price or Down Payment of 15.- followed by 4 fortnightly payments of 20/ -
each. This offer applies to UNITED KINGDOM ONI.Y Overseas
customers cash with order, prices as above.

Tick Set required i Only one set allowed on free trial

BASIC ELECTRICITY

Signature

NAME

I 1

BASIC ELECTRONICS
Prices include Postage and Packing.

(If under 2t signature required of parent or guardian)

BLOCK LETTERS
FULL POSTAL
ADDRESS

2



NEW-FIELDMASTER CASSETTE -TYPE
TUNER PACK

THE BEST
OF ITS
TYPE

Uses 4
top grade
transistors
Fits In
place of
tape
cassette
and con-
verts recorder
to radio reception.
Covers full medium
wave, battery operated. Highly aensitive
circuit. 99/11. P. 8 P. 216.

PEW ONLY -MAGNAVOX 4 TRACK TAPE
DECKS. 1111.191. Carr. 12/6.

NEW-ADASTRA "DOUBLE 9" STEREO
AMPLIFIER.

10 trait-sistor
circuit.
Volume,
Treble,
Bass, on/

off and Balance
controls. Inputs for

magnetic and ceramic
cartridges, tuner and microphone. Output
t watts per channel. Complete with opera
tine booklet. 112.19.6. . & P. 4/6.

2 riRecord -

"ADASTRETTE"
5/3 watt

Amplifier. ="1411-a-41:;
Player

ECL82 and
1280 valves. Output imp 3/6 ohms. Easy to
Et into cabinet. Separate 'control panel with
cn/off, volume and tone controls. Complete
with Instructions. 14.7.6. P. & P. 4/6.

SINCLAIR MICROMATIC
POCKET RADIO

The set that playa anywherel
6 stage translator set com-
plete with earpiece. Ready
built and fully guaranteed.
Only 99/6. P. a P. 3/6.

ERMA 82D MULTI-
7716TER 20,000 o.p.v.
D.C. voltage 6, 26, 50, 260,
600, 2.62V (20,000(1 per
volt). A.C. voltage: 10, 60,
100, 600, 1,000V (10,0000
per volt). D.C. current:

0-2.6MA. 0-250MA.
Resistance:" 0-6K, 60-13ing
(3000 and 3020 at centre
scale). Capacitance: 102' to 0.0011,, 0 0012'
tr 0IF. Decibels: -20 to +22113. Size
41" 3r r. 69/6. P. & P. 3/6.

TTC-C1001 MULTI -
TESTER. In leather
case. 20,000 o.p.v. A.C.
volts 10, 60, 260,
1,000V, D.C. volts
5-25, 123, 500, 2,500V.
D.C. current 0-50A,
0-250mA. Resistance
0-60k0. 0-8MII.
Decibels -20 to
+22dB. Size of meter

P. & P. 3/6.

GARRARD DECKS
1023 Stereo/mono cart
2025 Stereo/mono cart
3000/8 Stereo/mono cart
3000/D Stereo Diamond cart
SP26 less cart
SP26/Deram Stereo cart
AT60 lees cart
AT60/Deram Stereo cart
AP75 leas cart
8L71 lees cart
8L96 less cart
All plug P. & P. 12/6.

17.19.13
13.19.13
/9.19.6

110.19.8
111.19.8

117.4.8
£18.19.8

119.4.6
122.11.6
1,34.18.9

144.6.9

NEW STEREO/MONO
HEADPHONES
SDH7. Soft rubber ear-
pieces with slide switch
for mono/stereo Bitten -
log and individual
volume controls.
Impedance
8-160. Fre-
quency responae,
25Hz-13kHz. With
lead and stereo
plug. 16.6.0. P.& P.3/6.

STEREO
HEADPHONES

01111

With soft rubber
earpieces. Imped-ance 8-180.
Frequency response,
23Hz-13kHz. With
lead and stereo plug.
13.19.6. P. & P. 3/6.

SINCLAIR 212 12 watt inte-
grated amp. and pre -amp.
Size 3 x 11 < Ifni. Ready
built with manual 14.9.6.
P. & P. 3/6.
STEREO HEADPHONE
JUNCTION BOX
Enable headphones
to be used with any
amplifier. Incorpor-
ates amplifier leads,
speaker terminals,
jack socket and
speaker/headphone switch. 29.8. I'. a P. 2/-.

NEW TRANSISTOR
MODULES
E1311. Phono Pre -
Amplifier. sire 2' -
I' j' built-in
R.I.A.A. Charac-
teristic' enabling
low output magnetic

pick-up cartridges to be amplified up to IV.
Input. 100k0 : gain, 28dB; max. output 3V;
max. input; 50mV; distortion, 0.15% (at 1V
level); power supply, 9-12V. 29/6. PAP. 2/-.
E1812. Tape Pre -Amplifier. Incorporating
N.A.R.T.B. curve characteristics, this
amplifies tape head signals up to IV within
the frequency range of 30Hz-13kHz. Input
imp. 100k0 ; gain. 25c111; max. output, 2V;
max. input, 50mV; distortion, 0-15% (at IV
level); power supply, 9-12V. 29/6. P&P. 2/-.
EDW. Microphone Pre -Amplifier. Enables a
low output microphone to be used with all
amplifier or radio. Input imp., 100k 11 ; gain,
28dB; max. output, 3V; max. input, bOrnV ;
distortion. 0-15% (at 14' level); freq. res.,
1011.-50kHz; power supply. 9-12V. 59/6.
P. 8 P. 2/-.
E1814. Power Amplifier. When need in
conjunction with E1311, E1312 and E1313
units, this amplifier module produces about
300mW output for speaker connection
18-160). without necessity for nun output
transformer. Input bop.. 1,0000 ; gain, 20,15
output, 30011145' ; distortion, 3% (at 200mW
output level); freq. res., 50Hz-10kHz;
power supply. 9V; current 20111A at no
signal, 80mA at max. output. 29/6. P.& P. 2/-.
E1319. Electronic Organ Tone Oscillator.
Used in conjunction with an organ key
board, variable resistances and a 9V power
supply, this module acts as the oscillator
unit for an electronic organ. Tone frequency,
200-1,000Hz; output, 60111W ; current,
1501.4 . 25/ -. P. a P. 2/-
E1316. Morse Code Oscillator. A Damns-
toritied worse ...ode oscillator (buzzer) to he
used in conjunction with ,111 operating key.
Suitable for direct connection to a loud-
speaker. Tone frequency, 400Hz; Power
output, 89roW ; power supply, 3-9V;
current, 46111A. 25/, P. a I'. 2/-.
E1317. Wireless Code Oscillator/Transmitter.
Can be used with an ordinary A.M. radio
receiver for modulated aignal tranatilisaions,
and for bench trouble shouting when
servicing. Transmitter freq., 400Hz-30MHz;
tone freq., 400Hz; power supply, 9V l.c.;
current 36111A. 55/, P. & P. 2'..
51315. Dual Lamp Flasher. A, au itch
[nodule for electronically alternating two
miniature bulbs, 6V, 100-200mA. Ideal for
models, toy boats and plane., displays,
warning and security devices, comniunicatiou
signals, etc. Flasher time, I second; power
supply, 6V d.c.; current, 15001A; lamp, 6V
150mA. 251- P. & P. 21-.

NOW OPEN - OUR NEW
* HI -Fl DEMONSTRATION ROOM
* RECORDING TAPE BAR
* SCIENTIFIC CENTRE - wonderful

selection of Microscopes,
Binoculars, Telescopes

At 18 Tottenham Court Road, W.1

COMPACT 2 -WAY INTERCOMS

For table or wall mounting. Smart two tone
grey cases sire 31" x 11' 21'. Complete
with lead, staples and fIV battery. 49/6.
P. a P. 34.

AC/DC CON-
VERTOR
Enables
transistor
equipment to
be operated
from a.c.
mains. 6/9/
12V output

o switch and on/off switch. Grey case,
size 4' 2I" 2'. Complete with mains lead,
connecting leads and instructions. 59/6.
P. & P.'3/6.

NEW
SINCLAIR
IC -10

Integrated
Circuit 11/16 Amplifier. Size only. 1' 0 4'

0-2-. A true hi -ti amplifier complete
with manual giving details of a wide
range of application. and instructions.
Guaranteed 5 years. Only 59/6.
P. & P. 1/6.

NEW- VHF AIRCRAFT
BAND CONVERTOR.
When placed within 1'
of a MW band radio full
coverage of VHF Air-
craft Band 108-136Mcia
can be obtained. All
translator, 94' battery
operation. Fully tunable
18r 7 section tele-
scopic aerial. Size 4" 2)

I j". 791. P. & P. 3 6

---------

1111
,-....... e--.--

4 AMP BATTERY

SII kart hammer

meter. 6V and
grey caw. If'

I2V switch-
ing. Safety

fuses anti heat vents.
Ciinq let., with Ci" three core mains lead.
Zi' re and black battery leads with heavy
did y rocmlite clips. 5916. P. & P. 416.

CAR
BURGLAR
ALARM
With cm I ails.'
emergency warn-
ing light system.
Fits any 6V or 126
With switch panel Lam
unit and fitting 11.1 is.
39/6. P. & P. 3/6

NEW TRANSISTOR
CHECKER.
For measuring alpha,
beta and leo factors of
transistors, also forcheck-
Mg germanium and sili-
con diodes. Internal 9V
battery. Wide reading
scale. Moulded case size
7' 41' 31". Ranges:
alpha, 0.7-0-9967; beta.
0-300; leo, 0-50-3,000A.
Diode Test: forward

and reverse Internal resistance. Resistance:
20011 -IMO . Complete with connectors
and instruction booklet. 67.19.6. P. le P.
3/6.

EAGLE TT144 TRANSISTOR TESTER
Tests in -circuit or out of circuit. Identifies
PN P and N PN types. Indicator lamp provides
poaitive Information on the following teats:
Electrode open circuits and current drain.
Provides reliable CO -NO-GO testa at
practical collector currents of from 5-50111A
or inure 141 power transistors. With
accessories :Intl instructions. Size
131111. 2 in. 14.19.8. I'. a P. 3/6.

"HI -TEN" LOUDSPEAKER
British made full -range
10' unit handles up to
10W. Ceramic magnet.
Frequency response,
40Hz-10k113; imp., 1611 ;
flux density, 10,000
lines. 49/6. P. & P. 4/6.

fi-DeC BREAD
BOARD

Solderless bread board panels, for fast
reliable component connections.
Single DeCs. One S-DeC with control panel,
jig and accessories, for solderless con-
nections to controls, etc., with booklet
"Projects on 8-DeC" giving construction
details for a variety of circuits. 29/6. P. & P.
2/6.
2 Dee KU. Two decks, control panel and
accessory kit together with components tray
and lid all in a black plastic box. Instructions
and project book included. 19/6. P. & P. 216.
4-DeC Mt. Four Iii-DeCa with two control
panels, jigs and accessories, and the booklet
'Protects on 14-DeC", all contained in a

strong attractive plastic case. Ideal for the
professional veer. 19.17.6. P. & P. 3/6

9 in 1 ELECTRONIC KIT
Build nine different projects from one basic
kit -no mechanical knowledge required.
Build a Police Siren, Metronome, Morse Code
Amplifier, Electronic Massager. W/T Trona-
natter, Radio Telephone, One -transistor
Radio, Two -transistor Radio, Electronic
Music Kit. Completely safe -operated on
9V PP3 battery. Complete with simple
step by step instructions. Only 696.
P. & P. 6'.

SOLDERING
GUN
With interichangeable
Ups, extension barrels,
comfortable grip with
trigger control, -I:" shape.)
3j" bit to minimise wear.
Light beam is automatically
directed on to end of bit when oujoll
trigger is in use. Complete with 2 -pin plug
230-250V. Spares available 05W element.
491. P. & P. 241.

"ADASTRA"
SOLDERING IRON

30W. Employe its pro-
tective cover as a handle.

A.C. 230/260V. Adjuatable bit.
With 4' lead.
Spares available.
121. P..0 P. 2/ff.

E.M.I. COMBINATION
LOUDSPEAKERS
131 . Or elliptical with
two 21' tweeters; 100
impedance; power
handling, 10W. Brawl
new and guaranteed. 99/6.
P. & P. 716. (Also available
without tweeters. 591.
P. & P. 7+r.)

LIND-AIR (OPTRONICS) LTD/
18 Tottenham Court Road, London, W.1. Tel. 01.580 2255
25 Tottenham Court Road, London, W.1. Tel. 01.580 7679
53 Tottenham Court Road, London, W.I. Tel. 01-580 4534
Open 9-6 p.m. Monday to Saturday. Thursday until 7 p.m.

ALL

MAIL ORDERS

To Dept. PE169

53 Tottenham Court

Road, London, W.I
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Look What's New from HEATHKIT
Low-cost FM Stereo Receiver, AR -17

Kit K/AR-17

239.0.0
P.P. 10/6

Cabinet walnut or teak finish £3.10.0 extra

28 transistor, 7 diode circuit, 14 watts music power,
10 watts r.m.s. from 25-35,000Hz (01 1 d B . Auto-
matic stereo indicator light. Adjustable phase
control. Complete front panel controls. Fly-
wheel tuning. Factory assembled and aligned
FM front-end. Circuit board assembly. Compact
101" deep x 3" high x 12" wide. Use free standing
with Heathkit cabinet optional extra.

Quality FM Stereo Receiver, AR -14

Kit K/AR-14

£54.0.0
P.P. 13/6

Cabinet walnut or teak finish £4.10.0 extra

31 transistor, 10 diode circuit can deliver .-1dB, 15
to 50,000Hz at 10 watts per channel (20 watts total)
15 watts per channel 1HF music power (30 watts
total). Wide -band FM/FM stereo tuner plus two
preamps, two power amplifiers. Compact only
3k" high x 15+" wide x 12" deep. Install in a wall,
free standing or in Heathkit cabinet optional extra.
210-240V 50Hz a.c.

Low-cost FM Mono Receiver, AR -27
13 transistor, 6 diode circuit. 7 watts musicKit K/AR-27 power. :-1db, 25 to 60,000Hz at 6 watts. Input

222.10.0 connectors for phono and aux. Complete front
panel controls. Flywheel tuning, factory pre-

P.P. 10/6 Compactalned FM tuner. Circuit board assebl
bookshelf size. Install in a wall,

mfreey.

standing or in cabinet optional extra. 210-240V
Cabinet walnut veneered £3.10.0 50Hz a.c. operation.

Solid -State Volt-ohm-Milliammeter, IM -25
9 a.c. and 9 d.c. ranges 150mV up to 1,500V f.s.
7 resistance ranges, 10 ohms centre scale with

Kit KIM -25 multipliers x1, x 10, x 100, x 1k, x 10k, x 100k and
x 1Meg.... measures from 1 ohm to 1,000Mohms.

248.10.0 11 current ranges from 15µA full scale to 1.5A full
scale. 11Mohm input impedance d.c. 10Mohm

P.P. 10/6 input impedance a.c. 6" 20012A meter. Internal
battery power or 120/240V a.c. 50Hz supply.
PCB construction.

Solid -State Volt -ohm Meter, IM -16

Kit K/IM-16 8 a.c. and 8 d.c. ranges 0-5V to 1,500V f.s. 7 ohm-
meter ranges with 10 ohms centre scale with

228.8.0 multipliers x 1, x 10, x 100, x 1k, x 10k, x 100k and
x 1Meg.... 11Mohm input on d.c., 1Mohm on a.c.

P.P. 10/6 Internal battery power or 120/240V a.c. 50Hz supply.

Solid -State Low Voltage Power Supply, IP-27

Kit K/IP-27 0.5 to 50V d.c. with better than ±15 Millivolts
regulation. Four current ranges 50mA; 150mA,

£46.12.0 500mA, and 1.5 amperes. Adjustable current
limiter: 30 to 100% all ranges. Panel meter for

P.P. 10/6 output voltage or current.
PLEASE USE COUPON ON RIGHT FOR FREE CATALOGUE

4



Build Your Own HEATHKIT Electronics!

STEREO RECORD
PLAYER, SRP-1
Two built-in speakers
Suitcase portability
Kit £28.6.0 P.P. 10/6

MANY OTHER
INSTRUMENTS
FOR TEST
AND SERVICE
IN RANGE

BERKELEY
Slim -line
SPEAKER
SYSTEM
Kit £21 .4.0 P.P. 13/6

SEE HEATHKIT MODELS

in LONDON
233 Tottenham Court Road

CAR RADIO, CR-1
High performance at low

cost. 12 v pos. or 12 v neg.
operation. 4 watts output

Kit (incl. spkr.) £1 4.1 2.0 P.P. 4/6

ICA21Zair
mommik - CATALOGUE

1968/69

See these and
many more in
the Latest
CATALOGUE
... it's FREE

BIRMINGHAM
17-18 St. Martin's House, BULL RING

GLOUCESTER
Factory and Showroom:
Bristol Road, GLOUCESTER

r

L

MANY
SHORTWAVE
RECEIVERS
including:

STEREO TAPE
RECORDER, STR-1

Built-in speakers. Many
features unobtainable

elsewhere at this price
Kit £58.0.0 P.P. 10/6

4 -BAND RECEIVER, GR-64E
Cover 1 MH/z to 30 MH/z plus 550 kHJz
to 1620 kH/z AM broadcast band.
Built-in speaker. Handsome low -boy
styling. Kit £22.8.0 P.P. 9/ -

PORTABLE RADIO
UXR-1

Kit coloured case
£1 2.8.0 P.P. 4/6
Kit leather case
£1 3.8.0 P.P. 4/6

PORTABLE RADIO
UXR-2

In black or natural
leather

Kit £1 5.1 0.0
P.P. 6/-

DAYSTROM LTD.
Dept. P.E.1

GLOUCESTER. Tel. 29451

Please send me FREE CATALOGUE Tick

NAME

ADDRESS

Prices and specifications subject to change without notice
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PRINTED CIRCUIT KIT
BUILD 40 INTERESTING PROJECTS on a PRINTED CIRCUIT CHASSIS with
PARTS and TRANSISTORS from your SPARES BOX

CONTENTS: (1) 2 Copper Laminate Boards 41" 2V. (2) 1 Board for Match-
box Radio. (3) 1 Board for Wristwatch Radio, etc. (4) Resist. (5) Resist Solvent.
(6) Etchant. (7) Cleanser/Degreaser. . (8)16 -page Booklet Printed Clrouils for Amateurs.
19) 2 Miniature Radio Dials SW/MW/LW. Also free with each kit. (10) Essential
Design Data, Circuits, Chassis Plana, etc. for 40 TRANSISTORISED PROJECTS.
A very comprehensive selection of circuits to suit everyone's requirements and
constructional ability. Many recently developed very efficient designs published for
the first time, including 10 new circuits.

EXPERIMENTER'S

PRINTED CIRCUIT KIT

8,6
Postage A Pack. 1/6 (1-K)

Commonwealth:
SURFACE MAIL 2/ -

AIR MAIL 8/ -
Australia, New Zealand.

South Africa, Canada.

(1) Crystal Set with biased Detector. (2) Crystal Set with voltage -quadruples detector.
(3) Crystal Set with Dynamic Loudspeaker. (4) Crystal Tuner with Audio Amplifier.
(5) Carrier Power Conversion Receiver. (6) Split -Load Neutralised Double Reflex.
(7) Matchbox or Photocell Radio. (8) "TRI-FLEXOR" Triple Reflex with self-
adjusting regeneration (Patent Pending). (9) Solar Battery Loudspeaker Radio.
The smallest 3 designs yet offered to the Home Constructor anywhere in the World.
3 Subminiature Radio Receivers based on the -Triflexon" circuit. Let us know if you
know of a smaller design published anywhere. (10) Postage Stamp Radio. Size only
1.62' x 095' x 0.25". (11) Wristwatch Radio 1.15' 0-80' N 055". (12) Ring
Radio 0-70' 0-70' x 0-55". (13) Bacteria -powered Radio. Runs on (sugar or bread.
(14) Radio Control Tone Receiver. (15) Transistor P/P Amplifier. (16) Intercom.
(17) 1 -valve Amplifier. (18) Reliable Burglar Alarm. (19) Light -seeking Animal,
Guided Missile. (20) Perpetual Motion Machine. (21) Metal Detector. (22) Transistor
Tester. (23) Human Body Radiation Detector. (24) Man/Woman Discriminator.
(26) Signal Injector. (26) Pocket Transceiver (Licence required). (27) Constant
Volume Intercom. (28) Remote Control of Models by Induction. (29) Inductive -Loop
Transmitter. (30) Pocket Triple Relies Radio. (31) Wristwatch Transmitter/Wire-less
Microphone. (32) Wire -less Door Bell. (93) Ultrasonic Switch/Alarm. (34) Stereo
Preamplifier. (35) Quality Stereo Push -Pull Amplifier. (361 Light -Beam Telephone
-Photophone". (37) Light -Beam Transmitter. (38) Silent TV Sound Adaptor. (39)
Ultrasonic Transmitter. (40) Thyristor Drill Speed Controller.

PHOTOELECTRIC KIT
CONTENTS: 2 P.C. Chassis Boards, Chemicals, Etching Manual, Infra -Red Photo -
transistor. Latching Relay, 2 Transistors, Condensers, Resistors, Gain Control.
Terminal Block, Elegant Case, &crews, etc. In fact everything you need to build a
Steady -Light Photo-Switch/Counter/Burglar Alarm, etc. (Project No. 1) which can he
modified for modulated -light operation.

PHOTOELECTRIC KIT

39 6
Postage and Pack. 2/6 kl

Commonwealth:
SURFACE MAIL 3/6

AIR MAIL 21.0.0
Australia, New Zealand

S. Africa, Canada and U.S.A.

Also Essential Data Circuits
and Plans for Building

12 PHOTOELECTRIC PROJECTS. (1) Steady -Light Photo-Switch/Alarm. (2)
Modulated -Light Alarm. (3) Long -Range Stray -Light Alarm. (4) Relay -leas Alarm.
(5) Warbling -Tone Alarm. (8) Closed -Loop Alarm. (7) Project Lamp Stabiliser.
(8) Electronic Project Modulator. (9) Mains Power Supply. (10) Car Parking ]amp
Switch. (11) Automatic Headlamp Dipper. (12) Super -Sensitive Alarm.

INVISIBLE BEAM OPTICAL KIT
Everything needed (except plywood) for building: 1 Invisible -Beam Projector and
1 Photocell Receiver (as illustrated). ffilitable for all Photoelectric Burglar Alarms.
Counters, Door Openers, etc.
CONTENTS: 2 lenses, 2 mirrors, 2 45 -degree wooden blocks, Infra -red filter, projector
lamp bolder, building plans, performance data, etc. Price 19/6, Postage and Pack.
1/6 (U.K.). Commonwealth: Surface Mail 2/-; Air Mall 8/-.

JUNIOR PHOTOELECTRIC KIT
Versatile Invisible -beam, Relay -leas, Steady -light Photo -Switch, Burglar Alarm,
Door Opener, Counter, etc., for the Experimenter.
CONTENTS: Infra -Red Sensitive Phototransistor, 3 Transistors, Chassis, Plastic
Case, Resistors, Screws, etc. Full Size Plans, Instructions, Data Sheet "10 Advanced
Photoelectric Designs".
Price 19/6. Postage and Pack. 1/6 (U.K.). Commonwealth 2/-; Air Mail 4)-.

JUNIOR OPTICAL KIT
CONTENTS: 2 Lenses, Infra -red Filter, Lampholder, Bracket, Plans, etc. Every-
thing (except plywood) to build 1 miniature invisible beam projector and photocell
receiver for use with Junior Photoelectric Kit.
P.7:CC 10/6. Post and Pack. 1/6 (U.K.). Commonwealth: Surface Mail 2/-; Air Mail 4/,

PHOTOELECTRIC PARKING LAMP SWITCH
Automatically turns parking lamp on at dusk, off at dawn. Protects your car. Saves
the battery. Miniature construction. Simply insert in parking lamp lead. Price: 27/6.
Post and Packing 2/6 (U.K.).

THYRISTOR LIGHT DIMMER
Add a truck of luxury to your home. Adjust the light at parties, while watching TV,
etc. Ideal for Children's bedroom. (100 watts max.) Replaces on -off switch.
Price: 69/6. Post and Packing 2/6 (U.K.).

YORK ELECTRICS
333 YORK ROAD, LONDON, S.W.11

Send a S..4. E. for full details, a brief description and Photographs of all hits and nli
12 Radio, Electronic mid Photoelectric Protects Assembled.

ENGINEERS TEST EQUIPMENT

AND ACCESSORIES

MULTIMETERS. Complete range of high
precision instruments.

TRANSISTOR CHECKERS. For use with
PNP NPN Transistors, IF and RF Resistors,
Diodes, Rectifiers.

RESISTOR SUBSTITUTION BOX.

CAPACITANCE SUBSTITUTION BOX.

ADJUSTABLE AC/DC CONVERTER.

TEST LEAD KITS, ETC.

We also stock large range of MICRO-
PHONES, AUDIO UNITS, RECORDING
TAPES, INTERCOMS, TELEPHONE
AMPLIFIERS, CAR RADIOS, T.V.
SPARES, ETC.

Send S.A.E. for illustrated brochures and price list.

D. WEBB, Wholesalers
61-63 Clifton Street, Hull, E. Yorkshire

Telephone 36016

HIGH SPEED MAGNETIC COUNTERS (4 < 1 liu). 4 digit. 12,24/48V (state
which) 6/6 -each. P. & P. 1!-.
COPPER LAMINATE BOARD (81 51 r1 in). 2/6 each. 5 for 101,
RE-SETTABLE HIGH SPEED COUNTER (3 I gin). 3 digit. 12/24/481' (state
which) 32/6 each.

BULK COMPONENT OFFERS
100 Capacitors 50pr to 0.5p.F.
250 Carbon Resistors 1 & 5W (Transistor types).
250 Carbon Resistors i & 1W.
100 Ceramic Capacitors 2-1,000pF.
25 Vitreous W/W Resistors (5%).
12 Precision Resistors (0.1% several standard values included )
25 Close Tolerance Caps. (2%).
12 Silicon Diodes 500 p.i.v. 730 m.a.
4 Silicon Recta 400 p.i.v. 3 amp.
8 Silicon Beets. 100 p.i.v. 3 amp.
50 Silicon Trans. (2N706/708, BSY28029. BCY41/42 types.) Unmarked, Untested.

ANY ITEM 1216. ANY 5 ITEMS 62.10.0.

S.C.Rs. (Thyristors) CRS1/20 5/6; CR81/40 7/6; CR83/10 7/6; CR83/30 8i6;
CRS3/40 10/-; CR83/50 12/6 each.
'3000' TYPE RELAYS (ex. new equip.) 10 for 25)- (our choice) P. & P. 5/,
V NNER LIGHTWEIGHT ACCUMULATORS (los .: 1) a yin). 1.5 Ahr 12/6 each.
COMPUTER LOGIC BOARDS containing: 14 BCZ11, 2 trimpots, diodes, etc., 20/-

MILKER/SPEED CONTROL MODULES: 200 watt, 85/-; 500 watt, 46/-;
1,000 watt, 60/-.
RECORD LEVEL METERS (By Smiths). 1i 16/- each. P. & P. 2/6.
MINIATURE RELAYS (;ox, 1 a x in), 24V 1 c/o, 7/6 each. 12V. 10/- each.
P. C. CONNECTORS (13 way in -line), 4/6 pair.
LARGE CAPACITY ELECTEOLYTICS: 100 + 400µF, 275V; 1,000µ1F, 50V; 2,500µF,
70V; 3,200µP, I6V; 5,000p.F, 15V, 4/- each. 4,0040, 90V; 5,000e1F, 25V, 7/6 each.
5,000µF, 50V; 6,300j/F, 63V; 10,000i2F, 30V; 16,000µF, 15V; 25,000µF, 15V, 10/ -
each.
SPEAKER BARGAINS (E.M.I. 13 .: sin.) With two Tweeters and a /over, 15 ohm,
85/-; with Dual Cone, 15 ohm, 62/6; Single Cone, 3 or 15 ohm, 46/, P. & P. 3/-.
FARE, 12in, 20waH (Dual Cone), 957.P. A P. S/-.
TWEETER (E.M.I. 3in), 15 ohm, 12/6.
CAR RADIO (3/5 ohm), 7 :< din, 15/-; 8 51n, 17/6.
L.T. TRANSFORMERS. Prim 240V. SEC. 10/20/251'. and 3.5 amp, 20/-. P. ti 5/..
5 amp. model 25/-. P. A P. 11/-

PATTRICK & KINNIE
81 PARK LANE, HORNCHURCH, ESSEX

ROMford 44473
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El-PRE-PAKLIMITED
TRANSISTORS PRICE

AC107 0C170 3,-
ACI26 2/4 0C171
AC127 2/4 0C200 3 6
AC128 2/4 OC201 7/-ACYI7 3/- 2G301 216
AF114 4/- 20303 2'6
AF115 3/6 2N711
AF116 3/6 2N1302-3 41-
AFI 17 3/6 2N1304-5 5/-
AF118 3/6 2N1306-7 6/-
AFI 19 3/6 2N1308-9 8/-
AF186 10/- 2N3844A 5/-
AFI39 10/- Power
BFY50 4/- Transistors
BSY25 7/6 0C20 10,-
BSY26 3/- 0C23 10/-
BSY27 3/- 0C25 8/-
BSY28 3/- 0C26 5/-
BSY29 3/- 0C28 7/6
BSY95A 3/- 0C35 5/-
0C41 2/6 0C36 7/6
0C44 I/11 AD149 10/-
0C45 1/9 AUYIO 30/-
0071 2/6 Diodes
0072 2/6 AAY42 2/-0073 3/6 0A95 2/-0081 2/6 0A70 1/9
OCBID 2/6 0A79 1/90083 4/- 0A81 1/90C139 2/6 0A73 2/-0C140 3/6 IN914 1/6

FREE!
PACKS OF YOUR OWN CHOICE UP TO
THE VALUE OF 10/- WITH ORDERS

OVER 1E4

TRY OUR X PAKS 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 LS PER 1000

X6 PAK
Silicon TO.18 CAN type transistors NPN/PNP
mixed lots, with equivalents to 0C200-1, 2N706a,
BSY27/29, BSY95A.

PRICE 15.5.0 PER 500
PRICE LIO PER 1000

XC PAK
Silicon diodes miniature glass types, finished black
with polarity marked, equivalents to 0A200,
0A202, BAY31.39 and DKIO, 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.

P/P 2/6 PER PACK (U.K.)

TRANSISTORS
SILICON PLANAR
All these types available
2N929 2N706 2S131
25501 2N706A 2S512
BC108 2N3011 2S102

ONLY 1/- EACH
N.P.N. P.N.P

2S103 2N696
2S104 2N697
2N2220 2N1507

2N I 613
2N1711
2N 1893

All tested and guaranteed transistors-unmarked.
Manufacturers over runs for the new PRE-PAK range.

25733 BFYIO
2N726 25731
2N2484 2S732

FIRST
EVER gas
LOGIC

tc'LeVa'n

tot make
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tot
machine. L 59"*It406,4
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1099s.iJut'
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petaslps
SOSPe

Free
Lcpc Krt Orders

NEW UNMARKED UNTESTED PAKS
qc BSY95A

NPN Silicon TRANSISTORS 10/-

10 Zift2scillype TRANSISTORS 10/-
25 ESSY26-27

NPN Silicon TRANSISTORS 10/-

10 ii?liWvaotliteSgieliscon ZENERS 10j-

25 BEY50-1-2
NPN Silicon TRANSISTORS 10/-

1 0 tialicncOo.nStud. RECTIFIERS 10/-

25 Zi4rel-i9con TRANSISTORS 10,r-
40 1s. 1119b14M-6,,D,i2.100./2n02

DIODES 10/-
160 Min. Germ.

High Quality DIODES 10/-
25 2N706 A

NPN Sdicon TRANSISTORS 10/-

PRE-PAK. N.605 POWER
TRANSISTOR EQUIVALENT 5/.. each
TO NKT301-2-3-4

COMPLIMENTARY SET
NPN'PNP GERM, TRANS. 2 6 air

PRE-PAKS
Selection from our lists

No. Price
BI 50 Unmarked Trans. Untested
B2 4 Photo Cells Inc. Book of Instructions - 110:-

B6 17 Red Spot AF Transistors - 0/-
B6A 17 White Spot RF Transistors
B9 I ORP 12 Light Sensitive Cell 9/-
853 25 Sil. Trans. 400 Mc's
B54 40 NPN To 5
B55 40 NPN Tole

Brand New - 10, -

Trans Voltage - 10 -

& Gain Fallouts 10,-
B56 40 NPN/PNP (All Tested - 101-

B68 10 Top Hat Recs. 750 M A 100-800 PIV - 101-

B69 20 Diodes. Gld-Bnd. Germ Sil. Planer - 101-

B74 5 Gld-End. Diodes. 2-0A9, 3 -OAS - 101-
B75 3 Comp. Set. 20371. 20381 2G339A - 101-

C2 I Unijunction Transistor 2N2I60
C32 6 Top Hat Recs. IS100 Type
C35 3 Unijunction Transistors - to 2N2160- 15/ -
Al 7 Silicon Rectifiers BY100 Type 20;-
A3 25 Mixed Marked and Tested Transistors - 212-
A2I 5 Power Transistors 1-AD14911-0C26

and 3 others - 20/ -

AND MANY MORE

BRAND NEW PAK  JUST RELEASED
REPLACES OUR VERY POPULAR B.39 PAK.
BRAND NEW SHORT LEAD COMPONENTS
ALL FACTORY MARKED AND MOUNTED
ON PRINTED CIRCUIT PANELS.

80 TRANSISTORS & DIODES
50 HIGH TOLERANCE

RESISTORS
20 VARIOUS CAPACITORS AF:ft

PLEASE STATE WHEN ORDERING PAK P.I.
2,'- P. & P. WITH THIS PAK.

Make a Rev. Counter for your Car. The
'TACK) BLOCK'. This encapsulated block
will turn any 0-1mA meter into a perfectly
linear and accurate rev.

2Ocounter for any car.
State 4 or 6 cylinder. Feach

FREE CATALOGUE AND LISTSfor:-
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 SEMICONDUCTORS

BI-PRE-PAK LTD DELEPEPT. A, 222-224 WEST ROAD, WESTCLIFF-ON-SEA, ESSEX
TEL SOU THEND (0702) 46344
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-EAGLE PRODUCTS"

TRANSISTORIZED

PHONO PREAMPLIFIER
MODULE

 9 12 VOLT DC OPERATION
 EASY TO INSTALL
 COMPLETE WITH SOCKET

1111.1.111V1 . V.M10111 KRIM MISVI

EAGLE'S new range of plug-in
all -transistor miniature
modules.
EM.I Phono Pre -amplifier
EM.2 Tape Head Pre -amplifier
EM.3 Microphone Pre -amplifier
EM.4 Power Amplifier
Each module is completely
assembled and supplied with
mounting socket toenablethem
to plug in and out of circuits.
Visit your EAGLE dealer to
inspect these new miniature
modules ... such good value at
32/64. each.

FOR VERSATILITY
RELIABILITY AND
SOUND VALUE

INSIST ON

rt)s6L.,

Distributed by
B. Adler & Sons (Radio) Ltd.
Coptic Street, London, W.C. I

thermostatic
solderingi

High
Miniature
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High
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CARDROSS

Woodyard

Phone:

new
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Iron 50

12-250 volt
I 3/4oz.

on" Bit sizes
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range also includes:
Miniature
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Production
Model 500W

these irons give
since the thermostat

overheating
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soldering

consistent temperature
ideal for printed

ENGINEERING

Road,

Dumbarton

ksTAT
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Model D
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I/16in.,

Model SOW
Model

Instrument

excellent bic
completely

and controls
which makes
without chilling
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Dumbarton.

2655

PRICE
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3/32in., I /Bin.,

0W
Model 125W

and elemenc
elimin-
reserve

possible
of the

makes these
work.

CO. LTD.,

con-
bit.

4 -STATION_...

-,1-e'l
______
.

INTERCOM

17/15/0

, St* zi,'

le/
IT'S A MUST
OUR

A CATALOGUE--,..
JOIN THE

11111KX THOUSANDS
OF SATISFIED CUSTOMERS
SEND NOW FOR

Solve your communica.
tion problems with this

4 -Station Transistor Intercom system (1 master and
3 Subs), In de -luxe plastic cabinets for desk or wall
mounting. Call/talk/listen from Master to Subs and
Subs to Muter. Ideally suitable for Business, Sur-
gery, Schools, Hospital, Office and Home. Operates
on one 9V battery. On/off switch. Volume control.
Complete with 3 connecting wires each 661t. and
other accessories. P. it P. 7/6.

WIRE -LESS INTERCOM
No batteries-no wires. Just plug in the mains for
Instant twoway, loud and clear comniunication.
On/off switch and volume control. Price 12 gnu.
P. & P. 9/6 extra.

OUR NEW 1968/69
illustrated catalogue
NOW AVAILABLE
(send 2/- in stamps for your copy)

INTERCOM/BABY ALARM

Catalogue contains prices and
details of Amplifiers - Hi-Fi
Tuners - Loudspeakers -
Pick-ups - Playing Decks -
Microphones- Test Meters -
Hand Tools - Valves -
Soldering Irons - Tape Re-
cording Accessories, etc.

ALPHA RADIO SUPPLY CO
103 Leeds Terrace, Leeds 7. Tel. 25187

,i ,,,,,n,

.., ,

---- "" "9I.

,,,a,,,,-59/6
Same as 4.Station Intercom for two-way instant
communication. Ideal as Baby Alarm and Door
Phone. Complete with 66ft. connecting wire.
Battery 2/6. P. & P.4/6.

TionsistorTEMP/IOATANPIITIER
r^

.r. 1.44:::500.---
,.7.,Its... 59/6

Why not boost
business effi-

ciency with this incredible De -Luxe Telephone Ampli-
fier. Take down long telephone .messages or converse
without holding the handset. A useful office P. On/
off mita control. Battery 2;6 extra. P. & P.
3/6. Full price refunded if not satisfied in 7 days.

WEST LONDON DIRECT SUPPLIES (PE/11
IRS KENIUEGTON HIGH STREET, LONDON, W.8
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Build yourself a quality
transistor radio

MM. = NM MO MN Mil

guaranteed results
backed by our

after sales service!

=1 =I I= MI

roamer seven mk iv
SEVEN WAVEBAND PORTABLE AND CAR RADIO WITH A SUPER

SPECIFICATION GIVING OUTSTANDING PERFORMANCE!
7 FULLY TUNABLE WAVEBANDS-

MW1, MW2, LW, SW1, SW2, SW3 AND TRAWLER BAND.

pocket five
MEDIUM WAVE, LONG WAVE
AND TRAWLER BAND (to 50
metres approx.) PORTABLE
WITH SPEAKER AND EARPIECE
Attractive black and gold case. Size 51 .11
31 in. Fully tunable over both Medium and Long
Waves with extended M.W. band for easier
tuning of Luxembourg, etc. All first grade con,
ponents-7 stages -5 transistors and 2 diodes,
supersensitive ferrite rod aerial, fine tone moving
coil speaker, also Personal Earpiece with switched
socket for private listening. Easy build plans and
parts price list, 1/6 (FREE with parts).

Total building costs

44/6 P. & P.
3/6

transona five
MEDIUM WAVE, LONG WAVE
AND TRAWLER BAND (to 50
metres approx.) PORTABLE
WITH 3" SPEAKER AND EARPIECE
Attractive case with red speaker grille. Size 61 '..

41 x 11in. Fully tunable. 7 stages -5 transistors
and 2 diodes, ferrite rod aerial, tuning condenser,
volume control, fine tone moving coil speaker also
Personal Earpiece with switched socket for private
listening. All first grade components. Easy build
plans and parts price list 1/6 (FREE with parts).

Total building costs

47/6 P & P
3/9

1,,

0

Extra M.W. band for
easier tuning of Luxembourg, etc.
Built-in ferrite rod aerial for Medium and Long Waves.
5 Section 22in. chrome -plated telescopic aerial for Short Waves-can be angled and
rotated for peak S.W. listening. Socket for Car Aerial. Powerful push-pull output.
7 transistors and two diodes including Micro -Alloy R.F. Transistors. Famous make
7 x 4ln. P.M. speaker for rich -tone volume. Air spaced ganged tuning condenser.
Separate on/off switch, volume control, wave change switches and tuning control Attrac-
tive case now with inset carrying handle. Size 9 x 7 a 4in. approx. First -grade com-
ponents. Easy to follow Instructions and diagrams make the Roamer 7 a pleasure to
build with guaranteed results.

Total building costs

£5.19.6 P. & P. Personal Earpiece with switched socket
7 6 for private listening 5/- extra.

Parts price list and easy build plans 3/- (Free with parts).

super seven
THREE WAVEBAND PORTABLE
WITH 3in. SPEAKER
Attractive case size 71 x x llin. with gilt
fittings. The ideal radio for home, car or outdoors.
Covers Medium and Long Waves and Trawler
Band. Special circuit Incorporating 2 R.F. Stages,
push pull output, ferrite rod aerial, 7 transistors
and 2 diodes, 3M. speaker (will drive larger
speaker) and all first grade components. Easy
build plans and parts. Price list 2/- (FREE with
Parts). (Personal Earpiece with switched socket
for private listening 5/- extra.)

Total building costs

69/6 P. &. P.
4/6

roamer six
SIX WAVEBAND PORTABLE
WITH 3in. SPEAKER
Attractive case with gilt fittings, size 7l . 51
111n. World wide reception. Tunable on Medium
and Long waves, two short waves, Trawler Band
Plus an extra M.W. band for easier tuning of Lux-
embourg, etc. Sensitive ferrite rod aerial and
telescopic aerial for Short waves. All top grade
components. 8 stages -6 transistors and 2 diodes
including Micro -Alloy R.F. Transistors, etc.
(Carrying strap 1/6 extra.) Easy build plans and
parts price list 2/- (FREE with parte). Personal
Earpiece with switch socket for private listening
5/- extra.)

Total building costs

79/6 P. & P.
4/6

 Callers side entrance Stylo Shoe Shop,
 Open 10-1, 2.30-4.30 Mon. -Fri. 9-12.30 Sat.

NEW LOOK melody six
8 stages -6 transistors and 2 diodes.
Covers Medium and Long Waves.
Top quality 3in. Loudspeaker for
quality output and also with Personal
Earpiece with switched socket for
private listening. Two R.E. Stages
for extra boost. High "Q". Ferrite
Rod Aerial. Push-pull output. Hand-
some pocket size case with gilt fittings.
Size 61 x 4 x tin. Easy build plans
and parts price list 2/- (FREE with
parts).

Total building costs

69/6 P. & P.
4/3

RADIO EXCHANGE LTD
161 HIGH STREET, BEDFORD. Tel.: Bedford 52367 1

I enclose £ please send items marked I

I ROAMER SEVEN 0 ROAMER SIX Ell I

TRANSONA FIVE El SUPER SEVEN 0 I

POCKET FIVE 0 MELODY SIX
Parts price list and plans for

Name

Address
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0RADIONIC
LEARN AS YOU BUILD

AT HOME
THE EXCITING WAY

Clear, simple, versatile, this rugged system can build almost any elec-
tronic circuit. Ideal for the experimenter: the teacher; and the complete
beginner. Already used by well over 1,509 schools in the U.K.
Selected by the Council of Industrial Design for all British Design
Centres. Featured in Sound and Television broadcasts.
Beautifully engineered; battery operated; no soldering; no prior knowledge needed.
Results guaranteed by our technical department. People say:

" I can only describe the results as brilliant, absolutely brilliant."
" You have opened up a new world."
" Nothing could paint the picture clearer than building these sets."
" The kit has been used by my son (aged 10) with complete success."
" Most impressive-a stroke of genius whoever devised it."

UNIQUE: Our "No soldering" printed circuit board for superhet port-
able. Simply insert components and tighten nuts.
No. I Set 17.10.0. 14 Circuits (Earphone)
No. 2 Set 59.0.0. 20 Circuits (Earphone)
No. 3 Set 1113.10.0. 22 Circuits (7' x 4' Loudspeaker Output)
No. 4 Set 518.10.0. 26 Circuits (incl. 6 -transistor and reflex superhets)
ELECTRONICS KIT: 30 plus circuits 519.7.0. (Prices Post Free)

Full details from:

RADIONIC PRODUCTS LIMITED
ST. LAWRENCE HOUSE

29-31 BROAD STREET, BRISTOL BSI 2HF
Tel. (0272) 25351

RADIO & ELECTRONIC
INSTRUCTIONAL SYSTEM

A No. 4 SET and 6 -TRANSISTOR SUPERHET

Theoretical Circuit Practical Layout

E/605 Light Operated Relay.
Our 'E' Series of basic electronic circuits is available separately.

SEND S.A.E. WENTWORTH RADIO
NEW STOCK LIST 01-449104 SALISBURY ROAD, HIGH BARNET 3087

AFII4 4/3 RETURN OF POST SERVICE 0C44 2/6
AFI 15 3/9 0C45 1/8
AFII6 2/3 007 I 2/3
AFI 17 2/3 CARBON RESISTORS 0072 2/6
BFY50 6/- OCBI 2/2
BFY5I 4/9 1 watt -3d, I watt -5d4 00810 2/3
BFY52 6/- 0C170 2/9
BFY53 4/9 VALVE HOLDERS- 6d -9d 0C171 2/3
BFYI27
2G302
2G303

4/6

://7-

0C201

riglil
2/3

5/118/6
TUBULAR CAPACITORS- 4d to 8d

2G304 7/6 MKTI 23 4/11
2G308 7/3 QUOTATIONS SENT ON REQUEST NKTI24 8/9
2G 371 3/6 NKT2I 1 5/-
2N404 5/- CASH WITH ORDER NKT2I2 5/-
2M696 5/-

/-
NKT2I3 6/

2M697 5/- P. & P. 1 NKT7I3 5/3

EAGLE MULTIMETERS
EP30K, 120/-, p.p. 4/6; EP1OKN, 1081-, p.p. 4/6;
EP2OKN, 90/-, p.p. 3/-; EP3OKN, 150/-, p.p. 4/0;
EP5OLN, 210/-, p.p. 4/6, details on request.

High Stability Resistors 1% IW, 2/-. Full standard
range plus many multimeter values. 5% /W, 44.
Full stock list on request.

0-50 microamp level meters, 15/-, poet 1/ -

High Be.. Phones, 2,0000, 15/-, P.p. 1/'.

Multimeter ITI-2, 20,000 o.p.v. d.c., 0-5, 25, 50,
250, 2,500V d.c., 10, 50, 100, 600, 1,000V a.c.;
0-50p.A, 0-2.5mA, 250mA; 0-60k13. 0-6M11.
capacity and dB ranges, 137/, poet 3/-.

Postage extra, cash with order.

PLANET INSTRUMENT CO.
25(E) DOMINION AVENUE, LEEDS 7

Hi-Fi Solid State Audio Amplifier
10 Watts continuous sign wave output. 15 Watts music

power.
Output 3-16 ohms impedance. Frequency response

15 Hz to 18 Khz-1 DB.
Distortion at full power <0.15%.

This instrument comes to you complete with pre-
amplifier, main amplifier and power unit (A.C. Mains)

in modern styled aluminium stelvetite case.
Factory built and tested for the amazingly low price of

15 GNS. P. d P. 5/6.

SUNDERLAND ELECTRICS LTD.
48 Princess Street, Manchester 1

Trade enquiries invited. S.A.E. with enquiries please.

The most accurate
pocket size

CALCULATOR
in the world

The 66 inch OTIS KING scales give
you extra accuracy. Write today
for free booklet, or send 82/6 for
this invaluable spiral slide rule
on approval with money back
guarantee if not satisfied.
CARBIC LTD. (Dept. PE 20)
54 Dundonald Road, London, S.W.19

FREE
BOOKLET ON

REQUEST
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HARVERSON'S
EXCLUSIVE BARGAIN!

HI-FI GUITAR AMPLIFIERS
Refurbished unite
with a peak to
peak output of
approx. 20 watts.
Brief sflec: AC
Mains 200/240V.
EF86, ECC83, 2 x
ECL82. Bridge
Rect. Two Inputs
via standard jack
sockets for 1 or 2
guitars or mikes

controlled by single volume control. Separate bass and
treble controls. Tremolo with variable speed control and
standard Jack socket for remote control of tremolo on/off
by foot switch. Standard Jack socket for speaker output
(3 or 15 ohm). Completely self contained unit in attractive
portable case finished In dark rexine with gold trim and
folding handle. Size approx. 141 113 x Sin. .Also
capable of really IL -F1 reproduction when used with a
gram deck or radio tuner. Each amplifier is carefully
tested and checked by us before despatch, and due to the
fact that the cabinets are slightly store soiled we are

offering them at the unrepeatable price of

£12. 12. 0. loin
Standard Jack Plugs 3/6 each, if required. FOOT
SWITCH for tremolo on/off control, complete with lead
and jack plug 27/8.

BRAND NEW 3 OHM LOUDSPEAKERS
5in.14/-; 631n. 18/6; 81n.10/-: 7 x 4111.14/11; 10 Sin. 27/8.
E.M.I. 8 x Sin. with high flux magnet 21/, E.M.I. 131 x
810. with high flux ceramic magnet 42/- (16 ohm 45/-).
E.M.I. 13 x Bin. with two inbuilt tweeters and crossover
network. 3 or 15 ohms 4 gni. P. & P. Sin. 2/-, 61 & Sin. 2/6,
10 & 121n. 3/6 per speaker.
BRAND NEW. 12in. 15W B/D Speakers. 3 or 15 ohms.
By well-known British maker. Now with Hi Flux ceramic
ferrobar magnet assembly. *5.10.0. P. & P. 5/-. Guitar
Models: 25w. 48; 32w. U.

Slin. HEAVY DUTY TWEETERS. Powerful cera-
mic magnet. Available In 3 or 8 ohms 15/- each; 15 ohms
18/6 each. P. & P. 2/6.
Min. "RA" TWIN CONE LOUDSPEAKER. 10 watts peak
handling. 3 or 15 ohm, 36/, P. & P. 3/6.

36 OHM SPEAKERS
31in. 12)6; 7 x 4in. 21/, P. & P. 2(. per speaker.

VYNAIR AND MUIR SPEAKERS AND CABINET
FABRICS app. 54In. wide. Usually 35/. yd., our price 13/8
yd. length. P. & P. 2/6 (min. 1 yd.). S.A.E. for samples.

LATEST COLLARO MAGNAVOX 383 STEREO TAPE
DUE. Three speeds 4 track, takes up to Tin. spools.
Send S.A.E. for latest prices.
B.S.R. TD2, 4 -TRACK STEREO TAPE DECK. Send S.A.E.
for latest price.
QUALITY PORTABLE TAPE RECORDER CASE.
Brand new. Beautifully made. Only 49/6. P. & P.816.
Dual Purpose Bulk Tape Eraser and Tape Head Demagnet-
iser 33/, P. & P. 3/..
ACOS CRYSTAL MIXES. High imp. for desk or hand use.
High sensitivity. 18/6. P. & P. 1/6.
ACOS HIGH IMPEDANCE CRYSTAL STICK MIKES.
Listed at 42/-. OUR PRICE 21/-. P. & P. 1/6.
SPECIAL OFFER! MOVING COIL STICK MIKE. Fitted
on/off switch for remote control. High quality. High or
low Impedance. (State imp. required). BARGAIN PRICE
30/-. P. & P. 2/6.

NEW S.T.C. TYPE 26 MINIATURE RELAYS -
12 volt. 4 alp, c/o contacts. 1 amp rating. Coil
resistance 185 ohms. Size approx. f X 11 X Ilin. high.
10/- each. P. & P. 1/6.
Also some similar to above but coil resistance 5,800
ohms 48 volt operation. 8/- each. P. & P. 1/6.

SPECIAL OFFER! nasszT TYPE 89 TWIN TUNING
GANG. 400pF + 146pF. Fitted with trimmers and
5:1 Integral slow motion. Suitable for nominal 470 kc/s
I.F. Size approx. 2 01 x 1 lin. Only 3/6, P. A P. 2/6.
MAINS TRANSFORMER. Primary 200-240V two
separate r wave secondaries giving approx. 16V at
1 amp and 20V at 1.2 amp; MCC can be connected in
series for 36V at 1.5 amp. Ideal for transistor power
supplies. Drop through mounting. Stack size 21 is 31

15/-. P. & P. 13/-.
MAINE TRANSFORMER. For transistor power supplies.
Pri. 200/240V. Sec. 9-0-9 at 500mA. 11/-. P. & P. 216.
Pa 200/240V. Sec. 12-0-12 at 1 amp. 14/6. P. & P. 2/6.
PG. 200/240V. Sec. 10-0-10 at 2 am . 87/6. P. & P. 3/6.
MATCHED PAIR OF If WATT TRANSISTOR DRIVER
AND OUTPUT TRANSFORMERS. Stack elm 11 x 11 x
lin. Output trans. tapped for 3 ohm and 15 ohm output.
10/- pair plus 2/- P. & P.
PARMIE0 7-10 watt OUTPUT TRANSFORMERS to
match pair of F.CL82'. In posh -pull. Sec. tapped 315,
7.5 and 15 ohm. Stack size 21 x 1 x 2in. approx. ONLY
12/-. P. & P. 3/,
7-10 watt OUTPUT TRANSFORMERS to match pair of
ECL86's in push-pull to 3 ohm output. ONLY 11/-.
P. & P. 2/6.
B RAND NEW MAINS TRANSFORMERS for Bridge
Rectifier. PH. 240V AC. Sec. 240V at 50mA and 6:3V at
1.5 amp. Stack size 21 x 1 x 211n. 10/8. P. & P. 316.
(Special quotations for quantities).

HIGH GRADE COPPER LAMINATE BOARDS
8x 6 x *In. FIVE for 111/.. P. & P.2/.

TRANSISTOR STEREO 8 -t- 8 MK II
Now using Silicon Transistors in first five stages on each
channel resulting in even lower noise level with improved
seneitivity. A really first-class HI-FI Stereo Amplifier Kit.
Uses 14 transistors giving 8 watts push pull output per
channel (16W mono). Integrated preamp. with Beak
Treble and Volume controls. Suitable for use with
Ceramic or Crystal cartridges. Output stage for any
speakers from 3 to 16 ohms. Compact design, all parts
supplied Including drilled metal work. Cir-Kit board,
attractive front panel, knobs, 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 specification: Freq. response &LB. 20-20,000c/s.
Base boost approx. to +12dB. Treble cut approx. to
-16dB. Negative feedback 18dB over main amp.
Power requirements 22V at On amp.
PRICES: AMPLIFIER KIT 810.10.0; POWER PACK
KIT *3.0,0; CABINET 1111.0.0. All Post Free.
Circuit diagram, construction details and parts list (free
with kit) 1/6. (S.A.E.).

E.M.I. 4 -SPEED PLAYER
Heavy 8110. metal turntable.
Low flutter performance 200/
250 V shaded motor (90 V
tap). Complete with latest
type lightweight pickup arm
and mono cartridge with t/o
stylli for LP/78. LIMITED
NUMBER ONLY 63/-. P. *
P. 6/6.

4 -SPEED RECORD PLAYER BARGAINS
Mains models. All brand new in maker's packing.
E.M.I. MODEL 999 Single Player with unit
mounted pick-up arm and mono cartridge 16.6.0
BAR. 17A25 with latest mono compatible cart. U.19.6

All plus Carriage and Packing 6/6.
LATEST GARRARD MODELS. All type. available 1000
8P25, 8000, AT60 etc. Bend S.A.E. for Bargain Priem!
PLINTH UNITS cut out for Garrard Models 1000, 1022,
2000, 3000, AT60, SP26. With rigid perspex cover. OUR
PRICE 6 gm. complete. P. & P. 8/6.

SONOTONE STATIC compatible Stereo Cartridge with
diamond stylus 30/-. P. & P. 2/-
LATEST ROSETTE T/O Stereo Compatible Cartridge for
EP/LP/Stereo/78. 32/6. P. & P. 2/-.
LATEST BONET= T/O Mono Compatible Cartridge for
EP/LP/78 mono or stereo records on mono equipment
30/- P. & P. 2/-.
FEW ONLY! ACOS 0P69/1. For EP and LP 10/, P. & P.
2/-.

QUALITY RECORD PLAYER AMPLIFIER
A top-quality record player amplifier employing heavy
duty double wound mains transformer, ECC83. EL84.
EZ80 valves. Separate B8811, Treble and Volume controls.
Complete with output transformer matched for 3 ohm
speaker. Size 7in. w. x 3 d. x 6 b. Ready built and tested.
PRICE 76/-. P. & P. 6/..
ALSO AVAILABLE mounted on board with output
transformer and speaker ready to fit into cabinet below.
PRICE 97/8. P. & P. 7/6.

DE LUXE QUALITY PORTABLE R/P CABINET
Uncut motor board size 141 x 121n., clearance 2 in. below,
51in. above. Will take above amplifier and any B.S.R. or
GARRARD changer or Single Player (except AT60 and
SP25). Size 18 <12:'Sirs. PRICE 13.9.8. P. & P. 9/6.

FM/AM TUNER HEAD
Beautifully designed and pre-
cision engineered by Dormer &
Wadsworth Ltd. Supplied
ready fitted with twin -0005
tuning condenser for AM con-
nection. Prealigned FM sec-
tion covers 86-102Me/.. I.F.
output 10.7Mc/s. Complete
with ECC85 (6L12) valve and
full circuit diagram of tuner head. Another special bulk
purchase enables us to offer these at 27/0 each. P. & P. 3/.
GORLER P.M. TUNER HEAD. 88-100 Mc/s. 10 7 Me/s.
I.F. 15/- plus 2/6 1'. & P. (ECCSS valves, 8/8 extra).

3 -VALVE AUDIO
AMPLIFIER MODEL HA34
Designed for HI-FI reproduc-
tion of records. A.C. Mains
operation. Ready built on
plated heavy gauge metal
chassis, size 71in w. x 41n. d. x
43 in. h. Incorporates ECC83,
EL84, EZ80 valves. Heavy
duty, double wound mains
transformer and output trans-
former matched for 3 ohm

speaker, separate Base, Treble and volume controls. Nega-
tive feedback line. Output 41 watts. Front panel can be
detached and leads extended for remote mounting of
controls. Complete with knobs, valves, etc., wired and
tested for only 114.5.0. P. &
ESL "FOUR" AMPLIFIER HIT. Similar in appearance to
HA34 above but employs entirely different and advanced
circuitry. Complete set of parts, etc. NM. P. & P. el,
BRAND NEW TRANSISTOR BARGAINS. GET 16
(Matched Pair) 16/-: V15/10p, 10/-; 0071 6/-; 0076
AF117 7/6.
Set of Mallard 6 transistors 0C44, 2-0C415. AC128D,
matched pair AC128 Ur.: Mulard LFH3 Audio Trans-
lator Pack AC128D and matched pair AC128 12/6;
ORP12 Cadmium Sulphide CeO 10/4. All post free.

SPECIAL OFFER!

oppor-
tunity pur-
chase a first clam,

A great

GENERAL -
PURPOSE.
HIGH GAIN,
HIGH BEN-SITIVITY,
PORTABLE
AMPLIFIER.
Completely sell
contained and can
be used for a variety
of purposes, i.e. Intercom,
Baby Alarm, Booster unit for
transistor radios etc., also ideal for classroom
unit etc. Works perfectly with our special offer High
Impedance Dynamic Microphone (30/-). Output 1001/mW.
Uses standard 9 volt battery. Smart two tone carrying
case size 12 ::.: 4 91n. fitted standard input Jack rocket.
volume controls, 7 x 4in. speaker. Completely build and
tested, brand new with full maker's guarantee.

Only 79/6 PAL

STEREO AMPLIFIER
Incorporating 2 ECI.86'e and 1 EZ80, heavy duty, double
wound mains transformer. Output 4 watts per channel.
Full tone and volume controls. Absolutely complete.

ONLY

£5.9.6
P. & P. 8/ -

Super De-
luxe ver-
sion with
E C L 8 6
valves,
sep. bass,
treble and

balance con-
trols. Full feedback.

gni. P. & P. 8/-.

HIGH GAIN 4 TRANSISTOR
PRINTED CIRCUIT
AMPLIFIER KIT
Type TA1
 Peak out-
put in ex..
of 11 watts.
 All stan-
dard British
components.
 Built on
printed circuit panel size 6 3ial.
 Generous size Driver and Output Transformer.
 Output transformer tapped for 3 ohm and 15 ohm
speakers.  Transistors (GETI14 or SI Mallard AC1281)
and matched pair of AC128 o/p).  9 volt operation.
 Everything supplied, wire, battery clips, solder, etc.
 Comprehensive easy to follow instructions and circuit
diagram 2/8 (Free with Kit). All parts sold separately.
SPECIAL PRICE 45/, P. 5 P. 3/-. Also ready built and
tested, 52/8. P. & P. 3/..

HARVERSON'S SUPER MONO
AMPLIFIER
A super quality grant amplifier using a double wound
mains transformer, EZ80 rectifier and ECL82 tilode
pentode valve as audio amplifier and power output stage.
Impedance 3 ohms. Output approx. 3.5 watts. Volume
and tone controls. Chassis size only him wide  3I0. deep
Sin. high overall. AC mains 200/240V. Supplied absolutely
Brand New completely wired and tested with valves and
good quality output transformer. LIMITED NUMBER.
OUR ROCK BOTTOM 49/6 P. Is P.
BARGAIN PRICE 61-

10/14 WATT HI-FI
AMPLIFIER KIT
A stylishly finished
monaural amplifier
with an output of
14 watts from 2
EL84s in push-pull.
Super reproduction
of both music and
speech, with negli-
gible hum. Separate
inputs for mike and
gram allow records
and announcements
to follow each other.
Fully shrouded section wound output transformer to
match 3-150 speaker and 2 independent volume controls,
and separate base and treble controls are provided giving
good I ift and cut. Valve line-up 2 ELUL ECC83, EF86 and
EZ80 rectifier. Simple instruction booklet 2/8 (Free with
parts). All parts sold separably. ONLY S7.9.5. P. & P.8/6.
Also available ready built and tested complete with std.
In .ut sockets, *9.6,0. P. & P. 8/6.

Open all day Saturday I HARVERSON SURPLUS CO. LTD.
Early closing Wed. 1 p.m.

170 HIGH ST., MERTON, S. W.19 01-540 3905A foe minutes front South Wunbledon
Tube Station

SEND STAMPED ADDRESSED ENVELOPE WITH ALL ENQUIRIES

(P/ease write clearly)
PLEASE NOTE: P. & P. CHARGES
QUOTED APPLY TO U.K. ONLY.
P. & P. ON OVERSEAS ORDERS
CHARGED EXTRA.
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fiend S.A.E. for lull lists. Other ranges available. Please include pouter..
Special quotations for quantities.

CLEAR PLASTIC METERS
Type 1811.52.P. Olin 'QUM fronts
tiOitA 59/0 100mA ....37/6
10-0.50µA -40/0 500mA ....37/0
100µA 491 1 amp. ... .374
100-0-100pA 46/- 5 amp. 87/6
6001..A 48/6 10V d.c. . -  27/0
1mA 97/0 20V d.c. ....$7/0
5mA 37/0 NV d.c. ....87/6
10mA 37/0 300V d.c. ....MO
50mA 37/6 15V a.c. ....37/0

Type 1112.811P. 1 21/824n square fronts
30./A 87/0 760mA ....15/-
60.0.60µA 35/- 1 amp 25/-
100µA 35/- 2 amp 35/-
100-0-100µA .32/6 5 amp 35/-
200pA 112/0 3V d.c. 1111/-
5004A 37/0 10V d.c.
500-0-500.1A 15/- 20V d.c.
1mA 15/- 60V d.c. 35/-
1-0.1mA 25/- 100V d.c.
2mA 35/- 150V d.c. 25/-
3mA 25/- 300V d.c. 25/-
10mA 115/- 3001, d.c. 25/-
20mA 35/- 730V d.c.
50mA 36/- I5V a.c.
100mA ... 15/- 50V a.c.
150mA SW- 150V a.c.
200mA 25/- 900V &c. . 25/-
300mA 115/- 5001, a.c.  15/-
500mA 35/- El meter

VU meter ..59/0
Type MR.45P. tin square fronts
30µA 4210 10V d.c. ....27/6
50-0-30µA 39/6 20V d.c. ....37/8
100µA 39/0 110V d.c. ....37/11
100-0-100µA 85/- 900V d.c. -17/6
500µA 19/6 15V a.c.  27/6
lmA WM 300V a.c. ..37/0
5mA 37/0 8 meter 1mA 35/-
10mA 27/11 VU meter -42/5
60mA 27/0 1 amp a.c. ..27/11
10mA 27/4 5 amp. a.c. .27/6
600mA 117/11 10 amp. a.c. 117/0
I amp. WM 20 amp. a.c. 17/S
B amp. 27/11 30 amp. a.c. 27/8

'Moving iron, all
others moving coil.

900V a.c.
Meter lmA

VU Meter ..
1 amp. a.c.
5 amp. a.c.
10 amp. a.c.
20 amp. a.c.
90 amp. Sc'..

Type 3I11.36P. 41in x 42 in fronts
30...A eve 10 amp.
50-040µA 59/0 90 amp.
100./A 99/S 20V d.c. ..
100-0-100uA 59/11 SOY d.c. ..
200µA 65/- 180V d.c. ..
500µA 62/S 300V d.c. ..
500-0-5001a 48/S 150V a.c. , .

lmA WO 300V a.c. ..
1-0-1mA 49/0 8 Meter lmA
5mA 49/0 VU meter ..
10mA 49/S 1 amp. a.c.
60mA 40/0 8 amp. a.c.
100mA ... 49/S 10 amp. a.c.
500mA 90 amp. a.c.
I amp. 49/0 30 amp. a.c.
3 amp. .. -494
Type BLIMP. MR x 306 fronts
60µA 56/- 50V d.c. ....sem
60-0-60..A 62/6 1011V d.c. ....30/0
100µA 62/6 300V d.c. ....We
100-0-100µA 49/0 13V a.c. ....MVO
500µA 30V a.c. ....39/0
lmA . 39/0 160V a.c.  39/0
5mA 39/0 300V a.c. .  39/0
10mA Di 300V a.c. ....39/9
60mA 39/0 5 meter lmA .451-
100mA 39/0 VU meter ....05/-
500mA 39/6 50mA a.c. ..89/6
1 amp. 39/6 100mA a.c. ..39/13
5 amp. 39/0 200mA a.c. ..89/6
10 amp. 39/6 500mA me* ..39/8
16 amp. 211/11 1 amp. a.c. _39/6
20 amp. 89/S 6 amp. a.c. -89/6
90 amp. -89/6 10 amp. a.c. .89/6
60 amp. ..  .39/0 20 amp. a.c. .39/6
1011 d.c. 89/6 90 amp. s.c. .39/6
20V d.c. 39/8

37/8
39/6
59/6
.37/6
.37/6
.37/6
.87/6
.87/6

BAKELITE PANEL METERS
Type MR.115. 31In square front.
2LµA 67/0 500mA
30/./A 45/- 1 amp.
30-0-50µA 42/0 b amp.
100i/A 48/0 15 amp.
100-0.100;1A 43/6 30 amp.
300µA 39/5 60 amp.

82/0 6V d.c.
82/5 10V d.c.
32/0 20V d.c.
82/11 50V d.c.
82/6 150V d.c.
.32/6 300V d.c.

1mA
1.0BnA
5mA
10mA
50mA
100mA

32/6
38/6/6
38

3812/6/0

82/0

. 3281/6/6

....81/5

....82/0

..... -32.82/6/6

49/6
49/6
49/6
49/6
49/6
49/6
49/6
49/6
53/ -

.69/8

.49/6

.49/6

.49/6

.49/6

.49/6

30V a.c. 82/11
50V a.c. . .83/6
150V a.c. ....33/8
300V a.c. .83/11
1 amp. a.c. . 32/1)

amp. a.c. ..32/11
10 amp. a.c. .83/0
20 amp. aic. .32/11
90 amp. sac.* .32111
60 amp. a.c. .82/11
VU meter ....59/5

NEW RANGE OF "SEW" EDGEWISE METERS
MODEL PE70. Dimensions 9 17/32 x 1 11/39 x
21 deep overall. Available as follows:

50 microamp sees 57/0 500 microamp sees 49/0
50-0-50 microamp 65/- 1 milliamp 45/-
100 microamp sees 65/- 300V a.c. 45/-
100.0.100 microamp $2/S VI' meter 01/0
200 microamp sees 68/6 Post extra

TE-20D RF SIGNAL GENERATOR
Accurate wide
range signal gen-
erator covering
120kc/. to 6003fc1s
on 6 bands.
Directly calibret
Variable
attenuator, audio
output. Xtal
socket for calibra-
tion. 220/240V
a.c. Size 140 x
215 170mm.
Brand new with
Instruction.. 115.

Carr. 7, ci

TY 75 AUDIO
SIGNAL
GENERATOR
Sine Wave 20c1s to
Stake/s. Square Wave
20e/e to SOke/e. High
and low Impedance
output. Output wad-
able up to 6 volts.
220/240 volt. ay.
Sloe 210 x 160 x
190mm. Brand new
with Instructions.
116. Carr. 7/6.

T.M.C. 1000 SERIES
KEY SWITCHES
Brand New with knobsae
follows.

1 way, 2 c/o 7/0;1 way, 2 c/o 2b, 7/S;1 way,
4 c/o. 19-; 2 way, 9m., 3m.11/(1; 2 wey.2 c/o.,
2 c/o. 9/5.
Post extra. Quantities available.

NOMBREX TRANSISTORISED
TEST EQUIPMENT

All Post Paid with Battery

Model 22. Power Supply 0-13V d.c. 114.10.0
Model 90. Audio Generator. 219.10.0
Model 31. R.F. Signal Generator. 012.10.0
Model 32. C.R. Bridge. 110.10.0
Model 33. Inductance Bridge. 120.0.0
Model 66. Inductance Bridge. 2111.0.0
Model 61. Power Supply. 311.10.0

AVO CT.118 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-10,000V.
(10meg0-110meg0 input). D.c. current 101/A
25 amps. Ohms: 0-1,000mg111. A.c. volt
100mV-230V (with RF measuring head up to
211031c/s). A.c. current 10µA-23 amps. Power
output 60 micro -watts -6 watts. Operation
oinomoomoov. C. Supplied in perfect condition

I-fp 9.7 complete with circuit lead and RP probe 615.
Carr. 15/-.

TYPE ISA DOUBLE BEAM
OSCILLOSCOPES

An excellent general
purpose D/B
cope. TX. 20-750
kc/s. Bandwidth 11/5

Me/s. Sensitivity 3SmV/
CM. Operating voltage
0/110/2001230V a.c.
Supplied in excellent
working condition.
222.10.0. Or complete
with all accessories,
probe, leads, lid, etc.
126. Carriage 30/,

ADMIRALTY
B.40 RECEIVERS
Just released by
the Ministry. High
quality 10 valve
receiver manu-
factured by Murphy.
Coverage in 5 bands
6110kcis -
I/F 600 kc/.. In-
corporates 2 R.F.
and 3 I.F. stages,
band-pass filter,

noise limiter, crystal controlled B.F.O.,
calibrator I/F, output, etc. Built-in
speaker, output for phones. Operation
150/230V a.c. Size 191 x 131 x 161n.
Weight 1141b. Offered in good working
condition, 122.10.0. Carr. 30/, A few
available Brand New MC Carr. 80/.. With
circuit diagram.. Also available B.41
L.P. version of above 15kc/e-700kc/s.
617.10.0 Carr. 30/,

CLASS
WAVEM ET ERS
A crystal controlled
hetrodyne frequency
meter covering 1.7-
8Mc/s. Operation on

6 volts d.c. Ideal for amateur use.
condition 15.1.0.6.

Carr. 7/6. Or brand new with accessories
117.19.6. Carr. 7/6.

AM/FM SIGNAL GENERATORS
Oscillator Test No.
2. A high quality
precision instru-
ment made for the
ministry by Airmee.
Frequency cover-
age 20-8OMc/s. AM/
C.W./FM. Incor-

porates precision dial, level meter, precision
attenuator 1u.V-100mV. Operation from 12V
d.c. or 0/110/200/250V a.c. Size 12 x 81 x 91n.
Supplied In brand new condition complete
with all connectors fully tested. 246. Carr.
20/-.

MARCONI CT44/
TF956 AF
ABSORPTION
WATTMETER
1 p/watt to 6 watt..
220. Carr. 20/.

AVOM ETERS

Supplied in excel-
lent condition, fully
tested and checked.
Complete with
prods, leads and
instructions.
Model 47A 29.19.6.
P. & P. 7/6 each.

AUTO TRANSFORMERS
0/1151280v. Step up or step down.
Fully shrouded.

150 W. 61.12.6, P. di P. 3/-
300 W. 12.7.6, P. & P. 9/6
300 W. 13.10.0, P. & P. 6/6

1,000 W. 25.10.0, P. 8 P. 7/6
1,300 W. 111.10.0, P. A 8/8
3,000 W. 07.10.0. P. & P. 12/6
7,500 W.115.10.0, P. & P. 20/-

MARCONI TEST EQUIPMENT
EX -MILITARY RECONDITIONED.
TF 1440 STANDARD SIGNAL GENERATORS,
136kcis-25 Me/., 126, carr. 30/-. TF.885. VIDEO
OSCILLATOR. 0.5Mc/s, 146. Carr. 30/-.
T.F. 195M. BEAT FREQUENCY OSCILLATOR
0-40kc/s, 200/250V a.c. ISO, carr. 30/-. TF.142E.
Distortion Factor Meter, Aso, carr. 20/-. All
above offered in excellent condition fully
tested and checked. TF. 1100 VALVE VOLT-
METER, Brand New, IWO. T.F. 1267 TRANS-
MISSION TEST SET, Brand New, 175. TF.1371. Wide Band Millivolt Meter, 850.

Brand new, guaranteed and carriage paid.
High quality construction. Input 230V 50.60 cycles.
Output full variable from 0.260V. Bulk quantities available
1 amp. -115.10.0; 2.3amp.--10.15.0; 6 amp. -I9.15.0;
8 amp. ---214.10.0; 10 amp. -1111.10.0; 12 amp. --221; 20 amp. -137.

COSSOR DOUBLE BEAM OSCILLOSCOPES
Type 1036 general purpose a.c.

oupled. Type 1049 L. F. d.e coupled
£35 each. Carr. 30/-.

AMERICAN TAPE
First grade quality American tapes.
Brand new. Discount on quantities.
31n., 223ft. L.P. acetate 3/0
31in 600ft. T.P. mylar 10/-
61n. 600ft. std. plastic 0/0
bin. 900ft. L.P. acetate 10/ -
bin. 1,200ft. D.P. mylar 15/-
61n. 1,8001t. T.P. mylar 66/6
511n. 1,200ft. L.P. acetate 12/11
511n. 1,200ft. L. P. mylar 16/-
511n. 1,800ft. D.P. mylar MS
S$in. 2,400ft. T.P. mylar Ws
71n. 1,200ft. std. acetate 12/6
7in. 1,8001t. L.P. acetate 15/-
71n. 1,800ft. L.P. mylar 10/-
71n. 2,400ft. D.P. mylar 25/-
71n. 3,600ft. T.P. mylar 45/ -
Postage 2/-. Over 13 post paid.

TAPE CASSETTES
C60-60 mine. 10/8. C90-90 mine. 14/3.
Over t2 post paid.
21,13RSHED VICOIOLLI 8112121 11 500
VOLT 11ZOCIBRI. Perfect condition 321.
P. a P. 10/,
LIMAS 3010/30 AMMETERS. Brand new
boxed. Suitable car/motorcycle. 12/6.
P. It P. 2/-.

NO. 78 TRANSMITTER
2.12 Mc/s. Crystal Controlled (not
supplied). 807PA. Operation 12V. D.C.
(Rotary transformer). 9 watts output.
C.W. only. New condition. 711/0. Carr. 13/6.

LELAND MODEL 27 BEAT
FREQUENCY OSCILLATORS

0-20kc/s. Output 51.11 or 600 ohms.
900/230V a.c. offered In excellent con-
dition. 212.10.0. Carriage 10/-.

OMRON
Mk. 2 RELAYS
Brand New and Boxed.
24 volt d.c. coils. 2 Pole
changeover. 5 amp con-
tacts. 710 each. P. & P.
1/6.

G. W. SMITH
& Co. (Radio) Ltd.

3-34 Lisle St., W.C.2
ALSO SEE OPPOSITE PAGE
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MULTIMETERS for RIMY purpose/
LAFAYETTE DE -LUXE 100 KG /VOLT

"LAB TESTER "
Giant 6j in. scale.
Built-ln meter pro-
tection. 01.5/2.6/10/60/
250/500/1,000V d.c.
0 /3/10/50/250 /600
/1,000V a.c. 0/10/
100/1A /10 / 100 / 500
MA / 2.6 / 10A. 0/ 1K /
10K 1100K / 10M/

Iwo. -10 to 49.4dB 11119.111.0. P. & P. 5/-.

LAFAYETTE
57 Range Super
50,000 O.P.V.
Multimeter. D.c.
Volts 125V -1000V.
A.c. Volta 1.6V -
1000V. D.c. Current
26/1A-10 Amp.
Ohms. 0-16 Mega.
dB. -20 to + 8IdB.
Overload Protection. 212.10.0. Carr. 3/6.

NEW MODEL 500.80,000
O.P.V. with overload
protection. Mirror scale.
0/0.5/2.5 /10/25 /100 /
250 / 500 1,000V. d.c.
0 / 2.5 / 10 / 25 / 100 /
250 / 500 / 1,000V. a.c.
0/50µA / 5 / 50 / 500mA.
12 amp. d.c. 0/60/K6.
Meg./60rnegohm 68.17.6.
Poet paid.

PROFESSIONAL 20,000 O.P.V.
LAB. TESTER

Automatic
overload pro-
tection, mlr-
ror scale.
Ranges: 1/10/
60 / 260 / 500 /
1,000 volts, d.c. and a.c. 0-500sa,
lOmA, 250mA. Current: 0/20K, 200K,
2 megohm. Decibels: -20 to +22dB.
26.19.6. P. & P. 2/6.

MODEL TE-70. 30,000
O.P.V. 0/3/15/60/300/
600/1,200V. d.c. 0/6/
30 / 120 / 600 / 1,200V.
a.c. 0/30AA / 3/30 /
300mA. 0/16K/160K/
1.6M / 16megohm.
26.10.0. P. & P. 3/-.

MODEL 2301. 2.000
0.P.V. 0/10/50/500/
2,500V. d.c. 0/10/50/
500/2,000V.
0/2megohm. 0/250 mA.
-20 to +36dB.
49/6. P. & P. 2/6.

ADVANCE
TEST EQUIPMENT

Brand new and bused in original
sealed cartons

VM76. VALVE VOLTMETER
R.F. measurements in excess of
100Mc/s and d.c. measure-
ments up to 1,000V with
accuracy of ±2%. D.c. range
300mV to IkV. A.c. range
300mV to 300V RMS. Resis-
tance 0.02-500MD. Price £72.

0178. A.C. MILLIVOLT METER
Transistorised. lmV to 300V.
Frequency 1c/s to 1Mc/s.
Price £55.

VM79. UHF MILLIVOLT METER
Transistorised. A.c. range 10mV
to 3V. D.c. current range 0.01
i.t/A to 0.3mA. Resistance 1 ohm
to 10 megohms. £125.

HIB. AUDIO SIGNAL GENERATOR
15c/s to 50kc/s, sine or square
wave. Price £30.

JIB. AUDIO SIGNAL GENERATOR
15c/s to 50kc/s. Price £30.

J22B. AUDIO SIGNAL GENERATOR
As per JIB except fitted with
output meter. £35.

TTIS. TRANSISTOR TESTER
£37.10.0.

Carriage 10/- per item.

TE-900 20,0000
VOLT GIANT
MDLTD1ETER

61n. full view meter. 2
colour scale, overload
protection. 0/25/10/
260/1,000/5,000V a.c.
0 / 25 / 12.5 / 10 / 60/
250 1,000 / 5,000V
d.c. 0 / 50stA / 110 /
100 / 500mA 10A
d.c. 20K / 200K / 20
MO. 1115. P. & P. 5/,

MODEL AS -100D.
100E0 /VOLT Sin.,
mirror scale. Built -
In meter protection.
0 / 3 / 12 / 60 / 120 /
300 / 600 I 1,200V.
d.c. 0/6/30/120/300/
600V. a.c. 0/10p.A/
6/60/300MA/12 Amp.
0/2K 1200K / 231
200M0. -20 to
+17dB. 112.10.0.
P & P. 3/6.

MODEL AF -105. 60E0/
1 Volt. Mirror scale, built -In

meter protection. 0/.3/3/12/

'et 60/120/300/600/1,200v. d.c.
0/6/30/120/300/600/1,200 v.

s a.c. 0/30µ21/6/60/30031A/
12 Amp. 0/10K / 1M / 10M /
100 MO -20 to +17 dB.
18.10.0. P. & P. 3/6.

MODEL TE-12. 20,000
O.P.V. 0/06/30/120/600/
1,200 / 3,000 / 0,000V. d.c.
1/0/30/120/000/1,200V. .r
0 / 60µA / 6 160 / 600MA
0 / 6K / 600K / 6meg./60
Megohm 50PF. 2 MI'
25.19.13. P. & P. 3/6.

MODEL TE 80. 20,000
O.P.V.

*** 0 / 10 / 50 / 100 / 500 /
1,000V. a.c. 0/5/25/50/
250 / 500 / 1,000V. d.c.
0-50p.A. 6/50/500mA.
0/6K/60/K/600K/6 Meg.
94.17.6. P. & P. 3/-.

MODEL ZQM TRANSISTOR CHECKER
It has the fullest capacity fm
checking on A, B and Ito.
Equally adaptable for
checking diodes, etc. Spec
A: 0.7-0.9967. B: 5-200.
Ica: 0-50 microamps
0-5mA. Resistance for
diode 200(1-1310.
Supplied complete with
instructions, battery and
leads. 96.19.8. P.OP. 2i6.

TRANSISTORISED
TWO-WAY TELEPHONE

INTERCOM

Operative over amazingly
long distances. Separate call
and press to talk buttons.
2 -wire connection. 1000's of
applications. Beautifully fin-
ished in ebony. Supplied
complete with batteries and
waiPbrackets.
16.19.8. P. R P. 3/6.

INTERCOM/BABY SITTER
Transistorised In-
tercoms, ideal for
home / office / work-
shop etc. 2 -way
buzzer call system.
For desk or wall
mounting. Supplied
complete with con-
necting wire, bat-

teries, instructions, 2 station 69/6. P. & P.
2/6. 4 station 26.12.6. P. & P. 5/,

RECORDING HEADS
Reuter 0 -track. As fitted to Collaro Mk. IV
and Studio Decks. High imp. record play
back, low imp. erase. Brand new. 19/6
pair. IMIIPLUX 0 -track record 12/8.
COSMOCORD 0 track heads. High imp.
record/playback 66/-. Low imp. erase 80/-.
MARRIOTT 0 track heads. High Imp.
record/playback 66/-. Low Imp, erase 20/,
Post extra.

r..."............--..""' " '

NEW CATALOGUE
Nearly 200 pages giving full
details of a comprehensive range
of COMPONENTS, TEST
EQUIPMENT, COMMUNICA-
TION EQUIPMENT AND HI-FI
EQUIPMENT.
Each section greatly enlarged and
fully illustrated. Thousands of
items many at bargain prices.
FREE DISCOUNT COUPONS
VALUE 10/-.

SEAM AlOW-OANY76 Pent-

UNR-30. 4 -BAND
COMMUNICATION RECEIVER

Covering 650Kc/s-30Mc/s. Incorporates variable
BFO for CW/SSB reception. Built in speaker and
phone jack. Metal cabinet. Operation 220/240V. a.c.
Supplied brand new guaranteed with
instructions. Carr. 7/6. 13 GNS.

NEW LAFAYETTE SOLID
STATE HA600 RECEIVER
9 BAND AM/CW/SSB AMATEUR AND
SHORT WAVE. 1501CC/11 TO 40011C/II
AND 6150EC/Ii TO 3011C/S.
F.E.T. front end  2 mechanical filters 
Huge dial  Product detector 40 Variable
BFO  Noise limiter  S Meter  2411n.
Bandspread  230V a.c./12V d.c. neg.
earth operation  RF gain control. Size
15in x 9fln x Sib). Wt.18 lb.
EXCEPTIONAL VALUE SW Carr. 10/-. S.A.E. for full details.

TRIO COMMUNICATION RECEIVER MODEL 9R-59DE
4 band receiver covering 560Kc/s to 3OMe/s.
continuum and electrical band spread on
"0, 15, 20, 40 and 80 metres. 8 valve plus
7 diode circuit. 4/8 ohm output and
phone jack 8811-CW  ANL  Variable
BFO  9 meter  Sep. band spread dial
 IF 445Kc/s  Audio output 1.5W. 
Variable RF and AF gain controls.
115/250V. a.c. Maim. Beautifully designed.
Size: 7 < 15 x 10in. With Instruction

and service data. 139.16.0.
Carr. Paid.

TRIO Communication Type Headphones. Normally 16.19.6. OUR PRICE 13.19.0 if
purchased with above receiver.

11ill
1,1
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LAFAYETTE PF-60 SOLID STATE VHF FM RECEIVER
A completely new transistorised receiver covering
112-174Mc/e. Fully tunable or crystal controlled
(not supplied) for fixed frequency operation.
Incorporates 4 INTEGRATED CIRCUITS.
Built in speaker and Illuminated dial. Squelch
and volume controls. Tape recorder output.
750 aerial input. Headphone jack. Operation
2:10V a.c./12V d.c. Neg. earth. 137.10.0. Carr. 10/

LAFAYETTE LA -224T TRANSISTOR STEREO AMPLIFIER
19 transistors, 8 diodes, IHF music power,
30W at 80. Response 30-20,000 ±24B at 1W
Distortion 1% or less. Inputs 3mV and 260naV.
Output 3-160. Separate L. and R. volume
controls. Treble and bass control. Stereo
phone jack. Brushed aluminium, gold anodised
extruded front panel with complimentary metal
case. Size 100 x 3* a 7011n. Operation
115/230V. A.V. 1129. Carr. 7/6.

GARRARD DECKS
Brand new and guaranteed.
1000 stereo
1025 mono
1025 stereo
2000 stereo
2025 TC less cart.
2025 TC stereo
SP25 Mic.TI less spa.
A70 Mk.II less cart.

Carr. 7/6 each

16.6.0.
67.10.0.
57.19.6.
27.19.6.
17.19.6.
18.19.6.

611.19.6.
1112.10.0.

Wooden Plinths for Garrard Series 1,000,
2.000. 3,000, etc., with perepex cover.
04.10.0. P. & P. 4/6.

GARRARD TAPE MOTORS
Brand new stock as
used by famous
manufacturer. 200/
250V a.c. Capstan
motor 16/-. Fast For-
ward 10/0. Fast Re-

wind 10/8. P & P. 3/-. Set
of three motors WM
P. ds P. 5/-.

*TRANSISTORISED FM TUNER*
6 TRANSISTOR
HIGHQUALITY
TUNER. SIZE
ONLY 6 x 4 x
21 In. 3 I.F.
stages. Double
tuned discrim-
inator. Ample
output to feed
most amplifiers.
Operates on 9V.

battery. Coverage S8-108Mc/s. Ready
built ready for use. Fantastic value for
money. 211.7.0. P. & P. 2/6.
Stereo mollifies adaptors 6 gas.

HOSIDEN DH045 2 -WAY STEREO
HEADSETS

Each headphone con-
tains a 25 La woofer
and a tin tweeter.
Built in individual
level controls. 80 imp.
26-18,000c/s. with
cable and stereo plug.
I6.19.0. P. A P. 2/6.

r
(RADIO) LIMITED

Phone GERRARD 8204/9155
Cables SMITHEX tESQUARE

3.34 LISLE STREET, LONDON, W C2

OPEN
9 a.m. to
6 p.m. every
day Mon. to
Sat. Tade
supplied.



HOME RADIO (Mitcham) LTD., Dept. PE, 187 London Rd., Mitcham CR4 2YQ, Phone 01-648 3282

STEAM or
solid state

HOME RADIO
CATALOGUE!
If your interest lies in last year's gear, or next year's ...
if you go for transmitting, receiving, reproducing, or
the lot ... if you're working on a tight budget, or an
elastic one . . . the HOME RADIO Components
Catalogue is a MUST ! In its 256 pages, listing over

7,000 items (more than 1,300 of them illustrated) you

can track down any component you're ever likely to

need. At 7/6, plus 3/- p. & p. it's the best ever

bumper book ... and every copy contains 5 vouchers,

each worth a shilling when used as directed. Send the

coupon now with your cheque or P.O. for 10/6. It'll be

the best Christmas gift you've ever given yourself.
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January 1969 ELECTRONICS
THE TRANSISTOR THREATENED ?

N the two decades since the Americans Bardeen, Brattain,
I and Shockley invented the transistor, countless new and
dramatic developments have occurred in the field of
semiconductors. The material originally used, the rare
element germanium, has given way to the more common
material silicon, with drastic reduction in costs. Manu-
facturing techniques have advanced, so bringing about
further economies, and also making possible a variety of
active circuit devices closely related to the transistor, but
endowed with certain features which allow each of them to
make a marked individual contribution to progress in
electronics technology.

Dissimilar in certain respects, such as construction,
mode of operation and circuit function, all present day
semiconductor devices do share a common physics back-
ground: all exploit the property of conduction through
solid crystalline material by means of positive and negative
current carriers.

But now a further discovery has been made that may
revolutionise solid state technology. Another American,
S. Ovskinsky, has discovered that non -crystalline sub-
stances possess the property of changing from high to low
resistivity under certain conditions, and he has invented a
microminiature two-way switching device based on this
effect. The material used is an inexpensive amorphous
glass substance and it is claimed that this device will have
considerable advantages over the transistor, especially for
computer and communications applications. Apart from
cheapness of production, this new device is claimed to be
more reliable than existing devices.

Professor Mott, director of the Cavendish Laboratory
at Cambridge has described this as the newest, and most
exciting discovery in solid state physics at the moment.
Prof. Mott was speaking as a scientist of course, and it
rests with the technologists to develop and prove this as a
practical circuit element. There may be certain yet
unseen snags in transferring this invention from the
research laboratory to the production floor. There may
also be a lack of enthusiasm from the semiconductor
manufacturers if this newcomer seems likely to become a
serious rival to the established transistor and diode. But
the expansion of the computer industry and the wide-
spread adoption of pulse techniques for control and
communication purposes suggest there will be an ever
growing demand for electronic switching devices in the
future. Such commercial doubts are likely therefore to be
quickly dispelled.

For the layman, it is difficult to contemplate a com-
ponent that will outshine the transistor in efficiency, cost,
and size. We can only wait and see.

F. E. Bennett-Editor
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WITH the aid of a mine detector, or its cis ilian
counterpart the metal locator, saluable

antiquities are sometimes unearthed. Veterinary
surgeons can find indigestible objects in the stomachs
of animals; policemen discos cr offenshe neapons
or loot; plumbers and electricians track pipes and
cables.

The metal _locator described here is designed
primarily for ease of operation, and only neighs
1l pounds, but nesertheless has a large diameter
search coil, which pros ides good sensitivity. In the
hands of a practiced operator, Something the size
and weight of a penny can be located under three
inches of soil, while larger objects are traceable at
greater depths.

16

MODE OF OPERATION
When certain materials are placed in close proximity

to a coil of wire they will influence the inductance
value of the coil. Readers will already be familiar
with ferrite and brass tuning slugs, and will know
that a ferrite slug increases the effective inductance of
a coil, while a brass slug acts like a shorted turn and
reduces inductance. Less well known is that some
"lossy" insulators, such as wood or p.v.c., can also
promote a slight increase in inductance.

If a large diameter unscreened coil is employed as
an inductor in the tuned circuit of an r.f. oscillator,
quite small amounts of metal introduced into the field
surrounding the coil will produce detectable shifts in
frequency.

However, the tuned circuit of such an oscillator
must also contain capacitance, some of which will be
distributed between adjacent turns of the coil, making
the circuit susceptible to frequency shifts when the coil
is brought close to large non-metallic bodies, such as
earth, water, and masonry. Yet another unwanted
effect is mechanical modulation of the oscillator fre-
quency caused by poor construction and general lack
of rigidity. Obviously, any change of frequency
which is not due to the presence of metal will act as
interference, and reduce sensitivity.

Moving on to the block diagram (Fig. 1) of the
metal locator, the output from the metal sensitive
search oscillator (frequency f1) is compared with a
fixed reference frequency f2, by mixing both frequencies
to produce a difference signal or beat note f3. Assume
that f2 is at 300,000Hz, while f, is temporarily at
300,100Hz, the resulting beat note f3 will be f, f2 or
100Hz.

If fi is increased, by metal introduced into the field
surrounding the search coil, to 300,101Hz, the beat
note will become 101Hz. Although f, has experienced
a one per cent change of frequency, which is about the
limit of discrimination of the human ear, this corre-
sponds to a much smaller percentage change in search
oscillator frequency, some 0.0003 per cent, and an
approximate coil inductance change of 0.0012 per cent.

Hence, this simple method of comparing two fre-
quencies by audible beating magnifies minute altera-
tions in search coil inductance without the need for
delicate measuring instruments.
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Fig. 1. Block diagram of the metal locator

OSCILLATOR CIRCUIT
The complete metal locator circuit appears in

Fig. 2. Looking first at the search coil, this
consists of two windings, LI and L2, which are in-
ductively coupled. LI, tuned by fixed capacitor CI
and trimmer VC1, is intentionally left "floating" to
reduce capacitive effects when the coil is brought close
to non-metallic bodies. Also, 4 -turn coil LI has a
low intrinsic value of inductance, so that any un-
avoidable stray capacitance changes will be swamped
by the large values of CI and VC1 needed to bring LI
to resonance at the working frequency of 300kHz.

Coupling coil L2 forms the collector load of common
base oscillator TRI, while collector -emitter capacitor
C4 introduces positive feedback, and trimmer VC2 acts
as a fine frequency control for adjustment of the audio
note when the metal locator is in use. A small pro-
portion of the available output from TRI emitter is
tapped off by VRI, and this particular arrangement
largely eliminates the tendency of one oscillator to
"pull" and lock with the other when their frequencies
are almost the same.

The combined mixer and reference oscillator TR2
is similar to that used in a superhet receiver, and in
fact employs a standard transistor medium -wave

Fig. 2. Circuit dia-
gram of the metal
locator and connec-
tion details for the
oscillator coil and
transistors

(SEARCH COIL

vci
L 00pF

7

L2
I TURN
23" DIA.

CIRCUIT PANEL

VR1
loon

C3
R1 3000 R3

6.8k0 pF 160

2N2926

2

To 047J,F

0.047 .E

2N2926

OSCILLATOR COIL
CONNECTIONS

oscillator coil (L3, L4, L5), tuned by C8 to a fixed
frequency of about 300kHz. Inductive coupling
between L3 and L4 provides self -oscillation, and the
reference frequency, while the signal derived from the
search oscillator is fed to the base of TR2 and is
amplified. Both frequencies are combined at the
collector of TR2, but instead of the usual if. trans-
former, a simpler arrangement of a fixed resistor and
a capacitor (R7 and C7) suffices to filter out the two
high frequencies and leave the resulting difference or
beat frequency.

The two remaining stages, consisting of components
associated with TR3 and TR4, merely serve to amplify
the audio beat note to a level adequate for headphone
listening in a noisy environment.

CONSTRUCTION
A 6ft length of nylon curtain rail is bent round to

form a 23in diameter circular search coil former.
Although not particularly rigid when unbraced, the
coil former is tough and light, and can be prevented
from vibrating by a string stay. The stay also serves
as a shoulder strap when transporting the folded metal
locator to and from a site.
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DRILLING TEMPLATE

Fig. 6. Component layout and wiring details and drilling template for the circuit panel contained in the handle of
the metal locator

COMPONENTS . . .

Resistors
RI
R2
R3
R4
R5

6.8kf2
27k0
I la2
6.8k0
27k i2

R6 I k f2
R7 1

All 10%, 1W carbon

R8 68kil
R9 27k SI
RIO 101a2
RI 1 8.2ki2
R12 33k12
RI3 12kil
RI4 2.21a2

Potentiometer
VR I 10012 miniature horizontal skeleton preset

(Body size 0.5in v 0.37in . 0.12ins)

Capacitors
*CI I ,000pF polystyrene I 25V
C2 0.047/LF polyester 250V
C3 3.000pF disc ceramic

*C4 470pF polystyrene I25V
CS 0-047µf polyester 250V
C6 0.047p.F polyester 250V
C7 0.047µF polyester 250V

*C8 1.000pF polystyrene 125V
C9 100µF elect. I5V
CIO 0.1µF polyester 250V

CII I/..LF elect. I5V
Cl2 16µF elect. I5V
C13 ItLF elect. I5V
CI4 16/1F elect. I5V

* CI. C4, C8 are J 2.5% tolerance types

0.6in 0.25in dia
0.45in 0.17in dia
0.1 in > 0.5in dia
0.4in x 0.2in dia
0.45in x 0-17in dia
0.45in x 0.17in dia
0.45in x 0.17in dia
0-6in x 0.25in dia
0.75in x 0.3in dia
0.53in 0.4Iin x

0.26in dia
0.5in x 0.12in dia
0.6in x 0.22in dia
0.5in x 0.12in dia
0.6in x 0.22in dia

Trimmer Capacitors
VCI 500pF 0-94in 0.62in x 0.18in
VC2 140pF 0.81 in x 0.38in x 0.25in

Both VCI and VC2 are "postage stamp" type

Inductors
LI Wound with 14/.0076 p.v.c. covered wire

(see text)
L2 Wound with 7/.0048 p.v.c. covered wire

(see text)
L3. L4, L5 M.W. oscillator coil type P50/ IAC

(Weyrad)

Transistors
TR I , TR2
TR3, TR4

2N2926 (orange grade) (2 off)
0071 (2 off)

Switch
SI Single -pole changeover miniature toggle

switch

Plug and Socket
PL 1 and SKI Jack plug and socket open circuit

jack type J2 and plug +in dia, 2 contacts (Bulgin)

Miscellaneous
Headphones 2 to 4k1) d.c. resistance
Nylon curtain rail 7ft (Swish) (see text)
Plywood kin thick. I sq ft
Plywood lin thick, 8in x 4in
Dowel rod lin dia. 3Iin long
S.R.B.P. sheet 6in x lin x
Battery connectors, plastics wheel, nuts and bolts

(see text)

18



will help to hold the dowel in place. Take care to
keep the slot in the dowel free from glue, and facing
towards the interior of the handle.

The iin diameter plastics screw used to clamp the
dowel and discs on the prototype was taken from a
broken toilet seat; it is important to avoid the use of
metal attachments (bolts) at the search coil end of the
metal locator. Drill the discs and flat end of dowel
to suit the size of clamping screw employed.

Drill holes in the handle to take SI and SKI, in the
positions shown in Fig. 4, and make up a battery box
from three pieces of s.r.b.p. sheet or plywood. All
wooden parts should be finally sandpapered and
given one or two coats of protective varnish.

WINDING THE SEARCH COIL
Small holes can be drilled through the nylon coil

former to take start and finish leads of LI and L2.
Ll consists of four close wound turns of 14/0076 p.v.c.
covered wire, while L2 is a single turn of 7/0048
insulated wire, the latter with ends left long enough to
go up the slot in the dowel and into the handle (shown
colour coded yellow in Fig. 2). Note that the single
turn L2 is wound in the upper channel of the curtain
rail, away from LI. It is advisable to fit protective
sleeving to all coil lead -outs; LI turns should be
covered with a layer of plastics insulating tape to
prevent movement.

Obtain a small plastics box, or make one up from
wood, s.r.b.p. or polystyrene sheet glued at the edges,
to take Cl and VC1. Two holes are drilled at one end
of the box to admit LI leads. There are holes also to
take VC1 mounting screw, and a trimming tool. To
mount the completed box assembly on the search coil

Layout of components mounted inside the handle

Drill a 5iin x -kin piece of s.r.b.p., from the full
size plan given in Fig. 5. Prior to mountirg com-
ponents, fit a 1 in long 8B.A. screw to trimmer VC2,
in place of the existing adjuster screw, and bend up
one of the trimmer solder tags. Also, at this stage, use
the circuit panel as a template to mark out and drill
holes in the handle for VC2 screw, and the two 6B.A.
countersunk mounting screws.

Components mounted on the circuit panel

former, carefully make a hole to clear VC1 mounting
nut, in the top of the two short rail sections and glue
the box to the rails in the position shown in Fig. 2.

If it is intended to use the search coil submerged in
several inches of water, when exploring river bed or
pond, for example, then the box, VC1 mounting screw
and nut, and LI lead entry holes must be thoroughly
waterproofed with a generous layer of epoxy resin
glue, before fixing to the search coil former. The
trimming tool hole can be rendered waterproof with a
small rubber bung.

CIRCUIT PANEL
In order to accommodate the complete circuit panel

in the space provided by the hollow handle, components
used must not be much larger than those employed in
the prototype. It is often the case, especially with
capacitors, that components of near identical electrical
specification will differ in size, and for this reason
certain dimensions are included in the component list,
to assist the reader.

After riveting the two turret tags to the panel, pro-
gressively mount all components and complete under-
side wiring. VC2 only needs to be initially secured to
the circuit panel by blobs of solder on its push -through
tags. Ensure that one of the oscillator coil can tags
is wired to the positive circuit rail for screening pur-
poses, and that the polarity of electrolytic capacitors
is correct.

FINAL ASSEMBLY
Mount Si and SKI in the handle, and solder a

4B.A. nut to the lug on SKI, to take the lid fixing
screw (see Fig. 3). Wire the battery connector to SI
and leave short red and blue leads for later connection
to the circuit panel turret tags.

Slide the plywood discs on to the. search coil former
and clamp the dowel between the discs. Take the L2
leads and thread them into the handle, then retain the
leads in the dowel slot with a thin smear of glue.
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3/8' DIA. DOWEL

98

1-134-1 1/
CUT-OUT IN

PLYWOOD DISCS

Referring to Fig. 3, two plywood discs are slotted
on to the search coil former, and a wooden dowel
stick is clamped between the discs by a large plastics
screw and nut. Leads from L2 are taken up the
stick, inside a groove, to the handle, which houses the
circuit panel, battery, on/off switch, fine frequency
control, and a headphone socket (Fig. 4). The handle
is made from a hollowed out sandwich of plywood,

Close-up view of the search coil fixing

Fig. 3. Details of the search coil fixing show-
ing how the small plastics box, housing CI
and VCI, is mounted on the nylon curtain rail

THICK PLYWOOD DISCS

4" DIA.(2 OFF)

3/11. PLASTIC SCREW

2 -LONG

SMALL PLASTIC
BOX TO HOUSE
C1 AND VC1

NYLON CURTAIN
RAIL

JOIN

with internal layout arranged so that the on/off switch
SI can be operated by the thumb, and the fine fre-
quency control VC2 by the forefinger of one hand,
leaving the other hand free to carry a digging imple-
ment.

Commence construction by making up the nylon
search coil former. Cut a 6ft length, plus two 44in
lengths of curtain rail, and smooth off the ends with
sandpaper and a file. With the aid of an assistant,
bend the curtain rail into a circle and butt the ends
into the two short pieces of rail, as shown in Fig. 2.
The resulting assembly should hold together quite
firmly, without gluing.

Cut out two 4in diameter -tin thick plywood discs
and five lin thick plywood handle laminations from
the templates shown in Fig. 5, using either a fretsaw
or a suitable power tool. The cut-outs at the edges of
the discs, shown in Fig. 3, should be a good fit on the
curtain rail sections, but if they are sloppy, a thin
wooden wedge can later be driven between the short
lengths of rail to grip the discs.

Glue four of the handle laminations together under
the pressure of a heavy weight or clamps (Fig. 5), and
when dry temporarily clamp the lid to the rest of the
laminations without gluing and sandpaper to the
finished shape, not forgetting to chamfer the edges of
the fingerholds.

Next take a 31in x lin diameter dowel and make a
straight groove Ain deep along the entire length with a
tenon saw or plough plane, then cut and sandpaper
flats at one end of the dowel to allow for clamping
between the plywood discs. The other end of the
dowel should be glued into the rectangular hole pro-
vided by the handle laminations; a small woodscrew
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Fig. 4 (above). Layout and mounting de-
tails for all components contained in the
handle of the metal locator. Note the 4B.A.
nut soldered to lug on SKI for securing the
lid

Fig. 5. Method of constructing the handle
from pieces of lin plywood
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21



POSITION OF
METAL OBJECT
IN RELATION
TO SEARCH COIL

Fig. 7. Sensitivity response across the search coil

Next, install the circuit panel on stand-off spacers
inside the handle, and connect up yellow panel wires
to L2 leads, green and blue wires to JKI, and the red
battery wire to its turret tag. A small plastic disc or
gear wheel should be fixed between two 8B.A. nuts
on the VC2 screw.

TESTING OPERATION
To test for correct circuit action, connect a millia-

meter between the blue battery wire and its turret tag,
fit a battery, and switch on SI. A meter reading of
about 3.75mA will show that there are no serious
faults. Set VR1 to half track and insert the headphone
plug in SKI. A hiss should be heard with perhaps a
low level whistle. Rotate VC2 knob fully clockwise
(maximum capacitance), then turn back half a turn.
With a trimming tool, screw down VC1 slowly, and
listen for a succession of whistles produced by oscillator
harmonics. Near the maximum capacitance position
of VC1 a much louder whistle should occur, indicating
that Ll is tuned close to the reference oscillator fre-
quency.

Now with the search coil laid flat on the ground,
away from metal objects, it will be found that a null
point-where the audible note drops in pitch to zero
frequency and then begins to rise again-can be
obtained by adjusting VC1 and trimming VC2. Without
moving the search coil, bring a metal object into the
field of the coil and listen for a note of rising pitch.

It only remains to attach the handle lid by its screws
and fit the search coil string stay. Drill a small hole
in the top of the search coil former at a point opposite
the plywood discs, also drill a hole in the dowel just
below the handle. Set the dowel at an angle to the
search coil which suits the height and arm length of
the user, then tie plastics sleeved string between the
search coil and the dowel.

HINTS ON METAL LOCATION
Best sensitivity results from having a steady low

frequency note in the headphones, which is caused to
increase in pitch as the search coil is brought near
metal. As a given beat frequency occurs twice, on

Fig. 8. Method of pinpointing location of small
metal object

each side of the zero frequency null point, it is im-
portant to select the right one. First obtain zero
frequency with VCI , then unscrew VC2 towards
minimum capacitance, so that the frequency of the
search oscillator is slightly above that of the reference
oscillator.

A sudden decrease of beat frequency will be observed
when the search coil is lowered through the last +in
before touching the ground. It can be easily verified
that this phenomenon is not wholly due to capacitive
effects, but that the ground is acting as a "lossy"
insulator. Suspend a large sheet of p.v.c. from the
ceiling, positioned well away from all metal objects,
and then bring the search coil towards the plastic, where-
upon a similar decrease of frequency will be experienced.
The "lossy" insulator effect is not too troublesome, and
will only reduce sensitivity when searching over rough
ground or in long grass.

It is possible to locate metal objects when they are
submerged in fresh water, but sea water-being a good
conductor-will affect the inductance value of the
search coil. Nevertheless, it is still feasible to search
for metal on a dry beach, or above the high water
mark.

Despite the large diameter of the search coil, small
buried objects can be located precisely by making use
of the peak of maximum response which is situated
near the inside edge of the search coil, see Fig. 5.
The method given in Fig. 6,
of first sweeping the edge
of the coil across the object,
then making a second sweep
at 90 degrees to the first,
will reveal the exact point
of intersection.

As a rough guide to
sensitivity, a 5in diameter
9 ounce brass ashtray should
be detected under some 1 5in
of soil, and something the
size and weight of a motor
car body will give a clear
response at a distance of -
more than 9ft when sub-
merged in fresh water. *
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BATTERY CHARGER
The demand for small battery

chargers for the more common
alkaline cells now being used more
frequently in transistor radios,
cameras, tape recorders, etc. has long
been needed to offset the relatively
high cost as well as the superior
performance obtainable with these
types of batteries.

The Pencel battery charger from
DCB Instrument and Lighting Co.,
Austin House, Croft Road, Crow -
borough, Sussex, is one of many now
appearing on the market designed
specially for the more standard type
off alkaline battery. Designed to
cover the type of battery used in
domestic equipment, it is claimed
that 1.5V cells can be recharged
between ten and thirty times, depend-
ing on operational conditions.

The Pencel charger is very neatly
finished and as our photograph
shows the cells are simply pressed
into a holder mounted on the top of
the unit. The charger costs 79s 6d,
including four alkaline batteries
which should soon pay for itself in
increased battery life/hours.

TEST METERS
A neat and versatile pocket test

meter has just been introduced by
West Hyde Developments Ltd., 30,
High Street, Northwood, Middlesex.

Called the Tech Test Meter it costs
only 45s including test leads, has
15 ranges for measuring 0 to 1kV
a.c./d.c. and 0 to 100 kilohms. The
meter movement has jewelled bear-
ings and has a sensitivity of 1,000
ohms per volt.

The low cost of this meter means
that it is possible to leave a number of
multi -meters in circuit on the bench
instead of using a more expensive,
single range meter.

A more expensive, sensitive and
professional multimeter is the Kelvo
6E Electronic Multimeter. This
meter incorporates a self contained
battery -operated d.c./atc. amplifier
enabling measurements to be made
with an accuracy of -1-1 per cent.

The instrument has 26 voltage
ranges, permitting measurements
from ImV f.s.d. to 1kV d.c. and a.c.
The sensitivity of the meter is 1

megohm per volt at ImV to lOy and
10 megohm per volt at 30V to 1 kV.
There are 28 current ranges from
1p.A to 3A d.c. and a.c. Also, there
are six resistance ranges for meas-
urements between 0.2 ohm and 50
megohms, and six capacity ranges
from 50pF to 5,000p.F.

The meter is fitted with a sensitive
and effective automatic electrical
cutout which operates independently
of the condition of the batteries,
protecting the instrument from
damage if subjected to overload.

It is claimed that under continuous
24 hour usage the batteries will
enable the instrument to operate
satisfactorily for approximately two
months.

The Kelvo 6E multimeter is
marketed by Smiths Industries Ltd.,
Kelvin House, Wembley, Middlesex,
and cost £72.

RESEARCH INSTRUMENT
Designed for Industrial Laboratories

and University Research Departments
is the Universal Digital Instrument
type EU-805 from Daystrom Ltd.,
Bristol Road, Gloucester.

The Heath 805 Universal Digital
Instrument is a multi -purpose instru-
ment capable of many high accuracy
standard measurements and has the
adaptability and versatility required
of modern research instrumentation.
Some of the functions include events
counter; frequency meter; integrating
digital voltmeter; ratio meter; time
interval meter and voltage integrator.

The unit incorporates a modular
design based on 16 plug-in cards
using TTL Integrated Circuit. This
design enables card additions for new
functions to be added, protecting it
against obsolescence.

In both academic and industrial
use is intended as a companion to
the Heath Analogue Digital Designer
EU-801-A, a device for teaching
digital logic and instrumentation.

FILMS FOR CLUBS AND
SCHOOLS

Of interest to schools and clubs are
two films from the Central Office of
Information and Mullard Ltd.

The Mullard film is entitled
Mullardability, is in colour, runs for
9 minutes and is of 16mm gauge.

The film begins with illustrations
of Mullard's capability to mass-
produce vast ranges of electronic
components, from television picture
tubes to micro -electronic circuits.
Finally the film deals with the
Mullard Research Laboratories and
its study and development of new
materials, systems and techniques of
the future.

Copies of the film are available on
free loan from Mullard Film Library,
Kingston Road, Merton Park
London, S.E.19.

The COI film is entitled Movi=
from Computers, runs for 20 minutes
and is of 16mm gauge. The film
contains extracts from existing com-
puter -generated industrial and
research films. The use of computers
in mathematics, physics and engineer-
ing, and also the use in flight training
techniques are shown.

The film is available from the
Central Film Library, Government
Building, Bromyard Avenue, Acton,
London, W.3. The hire charge is £1
for one day only (reduced charges for
additional days). In addition to the
hire charge there is a surcharge of
is 6d per 16mm reel to cover despatch
and certain other handling costs for
the first day of hire only.

The current edition of the Films in
Industry catalogue is also available
from the Central Film Library, price
4s 6d post free.

MARKET
PLACE

Items mentioned in this feature are usually
available from electronic equipment and com-
ponent retailers advertising in this magazine.
However, where a full address is given,
enquiries and orders should then be made direct
to the firm concerned.

Pence! battery charger from DCB
Instrument and Lighting

West Hyde Developments
Tech Test Meter

Heath EU-805 Universal Digital
Instrument from Daystrom

Kelvo 6E meter marketed by
Smiths Industries
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TEST OSCILLATOR

This is the concluding project in our five -part series

featuring the integrated circuit linear amplifier Type S1701C

'THE use of a square wave in audio testing to detect
I overshoot, instability, or ringing of an amplifier is

well known, and a straightforward single test with a
square wave can be much more informative than even
a complete frequency response curve. From the tilt
on the top of the square wave we can obtain the 1.f.
bandwidth, from the rise time we have the h.f. band-
width, and from the overshoot or ringing (if any) we
can determine the approximate magnitude and fre-
quency of any peak at the h.f. end of the frequency
response.

This article is the last of this series on the practical
uses of the Plessey SL701 integrated circuit, and deals
with a simple square wave generator at 1 kHz; Fig. 1

shows the basic diagram of the arrangement.

CIRCUIT OPERATION
Positive feedback is applied round the amplifier

through the divider chain RI and R3, while negative
feedback is applied through R2 in conjunction with
CI, and the circuit changes state regeneratively each
time the two inputs are at the same potential. For our
purposes we can make all three resistors equal in value,
and for our explanation of how the circuit works we
can assume that the output level is limited to ± 2V.

The expected waveforms are drawn in Fig. 2. If we
assume that immediately we switch on, the output c
goes to -7- 2V, then the input b will go to + 1V, and
CI will charge up (through R2) from zero towards
+ 2V. When the input a just exceeds the + 1V of
input b, the circuit will rapidly switch to the other
state of c at - 2V and b at - 1V. Cl then dis-
charges from + IV towards - 2V and the circuit
reverts to its previous state when a now reaches - 1V;
and so on. The a waveform is therefore of an ex-
ponential form. The mark to space ratio of the
waveform should be one to one, and the frequency is
given by:

22 C1 R2
Hz

SWITCH ON

Fig. 1. Basic diagram for the square wave oscillator Fig. 2. Waveforms associated with Fig. 1 arrangement
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THE DORSET (600mW Output)
7 -transistor fully tunable M.W.-L.W. superhet portable -
with baby alarm facility. Set of parts. The latest Modulised
and pre -alignment techniques makes this simple to build.

HI Sizes: 12' x 8' x 3'.
PACK KIT: 9/6 extra.

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: 9/8 extra.

Price £4.9.6 plus 7/6 p. O p.

Circuit 2/6 FREE WITH PARTS.
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-
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SO WATTAMPLIFIER A.C. MAINS 200-250V
Anettpeumw, I An extremely reliable general purpose valve amplifier

4 -with six electronically mixed inputs. Suitable for.,..., use with: mks, guitars, grain, tuner, organs, etc.
Separate bass and treble controls.

Price 27 gns. plus 20,1- p. & p.

X101 IOW SOLID-STATE HI-FI AMP WITH
PRE -AMP
Specifications: Rif S Pouter Output (into 3 ohms speaker):
10 watts continuous (sine wave), 13 watts music power.
Seatiticitg (for rated output): IniV into 3K ohms (0.33 micro -
amp) Totat Distortion (H 1Khz): at 6 watts 0.35%, at rated
output 1.5%. Frequency Response: Minus 355 points
20Hz and 40Khz. Speaker: 3-4 ohms (3-15 ohms may be
used). Supply roltays: 24V d.c. (a.: 800mA (6-29V may be
used).

Control assembly: including resistors and capacitors.
1. Volume: PRICE 5/-.
2. Treble: PRICE 5/-.
3. Comprehensive base 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/- plus 4/8 p. & p. P101 S (for etc co) 42/6
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Price 49/6
plus 2/6 P. & p.

pl. 9/6 p. & p.

THE CLASSIC .-----

Controls: Selector switch. Tape speed
equalisation switch (31 and 71 Lps). --.........
Volume. Treble. Bass. 2 position 4
scratch filter and 2 position rumble ... .....
filter. -
Specification: Sensitivities for 10 watt output " -".".. -8:
at 1KHz. Tape head: 3mV (at 31 I.p.s.).
Mag. P.C.: 2mV. Cer. P.U.: 80mV. Radio: 100mV.
Aux.: 100mV. Tape/Rec. output: 100mV. Equalisation for each input
is correct to within -, 2dB (R.1.A.A.) from 20Hz to 20KHz. Tone
control range: Bass± 13dB at 60Hz. Treble -, 14dB at 15KHz. Total distortion: (his
10 watt output) <1-5%. Signal noise: <-60dB. A.C. mains 200-250v.
Sizel2r long, 41" deep, 21" high. Teak finished case. Price 8 gns. p. & p. 7/6.

The RELIANT IOW SOLID-STATE HIGH QUALITY AMPLIFIER
specifications: Output: 10 watts R.M.S. Sine -wave; 13 watts R.M.S. Music -power.
Output impedance: 3 to 4 ohms. Inputs: 1. Xtal ink: 10mV; 2. Gram/radio 250111V.
Tone controls: Treble control range H 1258 at 10KHz: Bass control range ±13,113
at 10011z. Frequency response (with tonecontrols central): Minus 345 points are
2011. and 40K/1r. Signal to noise ratio: better than -60dB. Transistors: 4 silicon
Planar type and 3 Germanium type. Mains input: 220-250V n.c. Site of chassis:
10' .. 31" ,.. 2'. A.C. Mains, 200-250V. For use with Std. or L.P. records, musical
instruments, all makes of pick-ups and mikes. Separate base and treble lilt control
Two inputs with control for gram. and mike. Built and tested. 8' 5' speaker to
suit: Price 14/6 plus 1/6 p. & p. Crystal mike to suit: 12/6 plus 1/6 p. & p.
PRICE 15.5.0 plus 0/- P. & P.

THE VISCOUNT
Integrated High Fidelity Transistor Stereo Amplifier

SPRCIFICATIONS: Output: 10 watts per channel into 3 to 4 ohms speakers (20 watt.,
monorail. 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 1.8M ohm.
Frequency response: 40Ha-20KIls 1- 2db. Tone controls: Tone controls flat
(Baxandall type), separate bass and treble controls. Treble 13db lift and cut at
16KHr- Base t2db lift and 25db cut at 60Hr. Volume controls: Separate for each
channel. AC Mains input: 200-240e. 50-60Hz. Size 12) x 6., 2fin. in teak -finished
ease. Built and tested.

PRICE 134 gns. Postage &. Packing 7/6 extra.

CYLDON U. H.F.
TUNER

Complete with PC88 and
PC86 Valves. Full
variable tuning. New
and unused. Size 41'

< 11". Complete
with circuit diagram.
35/- plus 3/6 p. & p.

\
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THREE -IN -ONE HI-FI 10 WATT SPEAKER
A complete Loud Speaker system on one frame,
combining three matched ceramic magnet
speakers with a low loss cross -over network.
Peak handling power 10 watts. Impedance 15
ohms. Flux density 11,000 gauss. Resonance
40-60c/s. Frequency range 50c/s to 20kc/s.
Size 131' .., 84' x 41'.  By famous menu-
lecturer. List price 67. Our price 89/6 plus
5/- p. & p. Similar speaker to the above
without tweeters in 3 and 15 ohms 39/8 Plus
5/- P. & P.

Floods not despatched outside M.K. Terms C.W.O. All enquiries S.A.E.

RADIO & TV COMPONENTS (ACTON) LTD.
21d High Street Acton London W.3

323 Edgware Road London W.2
ORDERS BY POST TO OUR ACTON ADDRESS PLEASE

for quick,

easy,reliable

soldering
Contains 5 cores of non -corrosive flux, instantly
cleaning heavily oxidised surfaces. No extra flux
required. Ersin Multicore Savbit Alloy also reduces wear
of copper soldering iron bits.

SIZE 5
HANDY SOLDER
DISPENSER

Contains 10 ft. coil
of 18 s.w.g. Ersin
Multicore Savbit
Alloy. 2/6 each.

SIZE 15
SOLDER
DISPENSER

Contains 21 ft. coil
of 60/40 Alloy,
22 s.w.g. Ideal for
small components,
transistors, diodes.
etc. 3/- each.

SIZE 12
Ideal for home
constructors.
Contains 90 ft.
of 18 s.w.g. Ersin
Multicore Savbit
Alloy on a plastic
reel. 15/- each.

BIB MODEL 8
WIRE STRIPPER
AND CUTTER
Strips insulation
cleanly and
quickly, fitted
with unique 8
gauge wire
selector. Plastic
handles. 9'6 each.

1. From Electrical and Hardware shops. If unobtainable, write to:
Multicore Solders Ltd., Hemel Hempstead, Herts.

STEREOGRAM CABINET £19
An elegant Stereogram Cabinet in
modern Veneered Mahogany and

cloth covered Front Panel
BLACK LEATHERETTE SIDE PANELS

Dimensions: 52". 17f" , 12". Speaker
positions for Twin l0" 5" Speakers

I 7in.--£11.10.0 Carr. 30/ -

19 in. SLIM -LINE
FERGUSON 24 gns.

TWO-YEAR GUARANTEE
EX -RENTAL TELEVISIONS- - - - - - - - -

FREE ILLUSTRATED
-.- LIST OF TELEVISIONS

17 "-19"-21"--23"
_ -

OTHER MODELS -SEND FOR LIST Ili
SPEAKERS 6/6 11,

2"-7512.,24" -35i1. P. & P. 2/6.
ACOS MILS. 35:- STANDARD

WIDE RANGE OF MODELS
SIZES AND PRICES

STICK MIC. 2gns. P. & P. 3/6. DEMONSTRATIONS DAILY

ASSORTED CONDENSERS TRANSISTOR CHASSIS DI
Mi.. for 50. P. & P. 7/6. 59:6

ASSORTED RESISTORS
6 Transistors,

ew
LVV0MVV. Brand

N. Famous British Menu-
10;- for 50. P. & P. 4/6 rs.ic.teugr lii.ssp. SPEAKERS).

ASSORTED CONTROLS TRANSISTOR RECORD
10/- for 25. P. & P. 716. PLAYER CABINETS 19/6

TRANSISTORS
P. & P. 7,6.

SINGLE PLAYER CABINETS
MULLARD MATCHED 1S/6. P. & P. 7/6.

OUTPUT KIT TRANSISTOR CASES 19/6.

'ilas9,- oc81D-2 ocin 's. 94";.: 6}-ld.:37.")8. rinqi
P. & P. FREE. Similarcases in plastic 7/6.

FERRITE RODS 3/6 AUTOCHANGERS £8.19.6
6", 8" ... " complete with Garrard 3000 with Sonotone 9T

LW1MW COILS. P. & P. FREE. He. cys Stereo Cartridge.

DUKE & CO. (LONDON) LTD.
621/3 Romford Road, Manor Park, E.12
Phone 01-4786001.2-3 Stamp for Free List.

26



SQUARE WAVE OSCILLATOR CIRCUIT

Cl
0.047pF

R3 12140.

C2
39pF

R2 5.6k115.6kfl

R1 121,0

5

7

R4

12k0

R6
6800

milm C4
1000pF

R7 1.2kfl

Di 02
1N914 1N914 VR1

10k11

0+12V

00V

0 12V

Fig. 3. Complete circuit diagram for the square wave test oscillator

COMPONENTS . . .

Resistors
RI 12kS2
R2 5.6k f2
R3
R4
R5
R6

121a2
121d1
3.3k12
680(2

CONSTRUCTIONAL DETAILS

R7 1.2k S2
All 10%, i W carbon

Capacitors
CI 0-047pF ceramic or polyester
C2 39pF ceramic
C3 1 ,000pF ceramic
C4 1,000pF ceramic

0
00-00000000
o' 000000000

1kHz

Fig. 4. Layout and wiring for the oscillator

Miscellaneous
ICI Linear integrated circuit (d.c. coupled

amplifier - SL701C) (available direct
from the makers: The Plessey Co.
Ltd., Components Group, Cheney
Manor, Swindon, Wiltshire. Price:
I 8s)

VR I 10kS2 carbon potentiometer
DI, D2 1N914, 1N916 (2 off)
SKI 4mm' socket and matching plug or coaxial

socket and plug (Radiospares)
Die-cast box 41in 34in x lin (Electroniques

46R.043A)
Perforated s.r.b.p. Sin 21in
Three insulated feed -through terminals
Control knob
6BA screws and nuts
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(0)

0

(b)

FREQUENCY

(C)

(e)

Fig. 5. Some other possible applications of the
operational amplifier: (a) integration; (b) summation;
(c) lcw pass fitter; (d) limiting; (e) backlash circuit

THE PRACTICAL CIRCUIT
The practical circuit is shown in Fig. 3, and there are

several additional points worthy of explanation.
The output is limited by the diodes Dl, D2 to

0.6V, which keeps b within the permitted value
of + 0.5V for correct common mode working of the
differential input stage. The peak output current
from the amplifier through the diodes is limited in a
positive direction by the 680 ohm resistor R6.

The Plessey SL701 integrated circuit is intended
primarily for linear applications, rather than as a
switching comparator, and therefore exhibits some
hysteresis in its switching characteristics (like a Schmitt
trigger) so that the output waveform from a circuit
like Fig. 1 would be a rectangular waveform of about
three to one mark to space ratio (rather than a square
waveform as we would expect). This could be adjusted
by returning RI to a voltage rail slightly offset from
earth, but this would mean a potential chain of two
resistors. For our application we have chosen to
include a resistor in series with the timing capacitor as
an alternative approach. This ensures that the mark
to space ratio is almost one to one, and for our par-
ticular circuit values, this measure increases the fre-
quency from the 800Hz calculated from the formula to
about IkHz.

PERFORMANCE
The maximum output is about 1V peak to peak,

spaced equally about earth potential, and has a rise
time of 0.2,u seconds which is much faster than that
required for audio applications. An amplifier with a
bandwidth of 1.5MHz would degrade this edge to
0.3p. seconds.

Since the output impedance of the circuit depends
on the setting of the output potentiometer VR1 and
is in any case 1 kilohm at best, any capacitive load will
degrade the edge. For video testing the output lead
should be kept as short as practicable, while for audio
use the rise time will be adequate in all positions of the
potentiometer, provided the capacitive loading does
not exceed 50pF.

CONSTRUCTION
Construction is detailed in the diagram of Fig. 4

and should present no difficulty provided a similar
layout is followed.

All components except R7, SKI and VR1 can be
mounted on a piece of perforated s.r.b.p. 3in 2iin.
Holes are drilled in the base to accommodate VR1,
SKI, the three feed through supply terminals and the
mounting screws for the board. Spacers are used
under the board to prevent shorting between it and
the base.

It is essential to use reasonably fast diodes in order
to maintain the fast rise time inherent in the circuit,
but the type specified is available from a number of
suppliers.

OTHER APPLICATIONS: USING THE
I.C. IN TRUE OPERATIONAL MODE

In this series of five articles based upon the SL70IC
integrated circuit we have considered some of the many
possible ways of using this high gain amplifier, but
ironically we have riot in fact considered any of the
analogue computing techniques which would use the
amplifier in a true operational mode. An operational
amplifier is one which takes the input signal and
operates on it in a known mathematical way. Some
of the analogue computing circuits which can be
realised with a high gain amplifier are given in Fig. 5.
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BACKLASH
CIRCUIT

INTEGRATOR

(a)

(b)

sin wt

POSITIVE FEEDBACK

FREQUENCY

SOS 6.,t

PA

(C)

Fig. 6. Further applications using more than one operational amplifier: (a) square and
triangular generator; (b) selective amplifier; (c) low frequency oscillator

Integration
We can, for example, integrate a square wave to

obtain a triangular waveform.

Summation
We can add or mix a number of inputs to provide

a combined output.

Low pass filter
This circuit could be used as a scratch filter for an

audio amplifier.

Limiting
This circuit uses diodes to provide heavy negative

feedback to limit an input signal to 0.6V.

Backlash circuit
This can be used in a similar fashion to a Schmitt

trigger.
If we are more ambitious we can use several inte-

grated circuits, and projects such as Fig. 6 become
possible.

Square and triangular waveform generator
By combining an integrator and a backlash circuit

we can produce a square and triangular waveform

generator relatively simply. We could even shape the
triangular waveform with yet a third circuit, to produce
a sinewave.

Selective amplifier
Two integrators and an inverter can be used to form

a frequency selective amplifier.

Low frequency oscillator
By adding positive feedback to the selective amplifier,

this can be made into an oscillator which will work
over a frequency range from seconds per cycle (heavy
negative feedback sets the d.c. conditions and outputs
can be directly coupled) up to about 20kHz for the
Plessey amplifiers.

By using a fourth integrated circuit in a peak ampli-
tude detector (not shown) the distortion of the arrange-
ment can be kept down to 01 per cent. Using variable
resistors and switched capacitors this circuit can give
us a two phase oscillator from 2Hz to 20kHz, and, with
appropriate switching, a selective amplifier covering
the same range with a variable, known Q. This
shows the range and versatility of the analogue
approach.

But an instrument such as this must wait until we
can afford to use four integrated circuits in one con-
structional project, and for the moment we must be
content to incorporate the odd single integrated
circuit. We hope that these five articles have been of
some help in this respect.
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LAST month we examined the basic conditional reflex
response as exhibited by some animals, and

considered the possibilities for its synthesis. We shall
discuss now the form which the hardware will take for
the demonstration of this simple learning, also how it
may be interconnected with the existing circuitry
mentioned in the last article. There are in fact
numerous circuit arrangements which will "fit the bill",
but we shall deal with just one relatively simple example,
this however will work quite successfully in our model.

LEARNING CIRCUIT
It will be remembered from our earlier "black box"

hypothesis of a learning circuit that only a very' few
building bricks were utilised; i.e. a short term memory
to extend S. for a period of time to allow for
coincidences with Ss, a differentiator for Ss, a means for
summing the coincidences, and a few gates to roufe
pulses at the correct times. A look at Fig. 3.1 will
disclose just how simple the circuit really is. There are
a few additional items of course such as the bistable
flip-flop and the Schmitt; these however provide certain
improvements and will be explained later on. Funda-
mentally, the results from a circuit without these
extras would be very similar, in that it would exhibit the
characteristics we are looking for.

The present circuit configurations of the model
demand that the learning section be rather more
digital than analogue, and so the basic schematic
diagram has been tailored a little to meet this need.
The reader will notice at once that our use of the term
"differentiator" has been stretched considerably, so far
in fact as to include in this instance a monostable!
However, there is a reason for this.

N
3

SIMPLE LEARNING

BY G.C.BROWN
M.S.H.A.A., A.M.R.S.H.

LONG OVERLAP PERIOD
Look at Fig. 3.1 again. Imagine that the neutral

stimulus has just occurred, and suppose now that the
specific stimulus appears. Now if we are going to
achieve any useful summing action during the overlap
period of the specific and neutral stimuli, a differentiator
using a. capacitor of massive proportions would be
required. It needs a while for us to appreciate this
situation-in electronics we are used to things happen-
ing at enormous speeds: in this ,particular case though,
everything has slowed right down and we are dealing
with quantities which occur at rates we could com-
fortably count on our fingers.

The requirement then for car differentiator seems to
be not that it chops off a very thin "slice" from the
beginning of each S6 event, but that it takes a good sized
chunk. If we make it behave in this way we are now
the possessors of a very sloppy differentiator indeed,
however this is of no concern.

The output waveform from this version naturally has
none of the slender proportions of that seen from the
normal type, and so it was decided that it might be as
well to dispense with it altogether and use a mono -
stable instead. This we have. done. And where the
"chastity" of the nice neat spikes from a normal
differentiating circuit would have meant summing
several hundred repetitions of the specific stimulus
during tie extension of Sn, we now need only a few.

CIRCUIT INTERCONNECTIONS
So that the reader can appreciate how the learning
circuit is interconnected with the existing hardware, the
relevant sections of the reflex circuitry are reproduced
again in Figs. 3.2 and 3.3.

The design and construction of electronic "animals" or machines with artificial intelligence
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EXTENSION MONOSTABLE SUMMER GATE THRESHOLD SCHMITT

NOTE
ALL DIODES OAR

ALL TRANSITOC6
DC 71 or similar
types

Rio Rib

39 39
k0kn

Sn

1 -i02

D3

D7

R15

39
kfl

Cl

0.10

0 tpF

R16 R18

27 18

kIl

DIFFERENTIATOR MUNGGTABLE

TR9

R20

10

ka

R7

560

C6

0 1pF

R21

1.8

kn

LEARNT GATE

05
+1,4

VRI

100

kn

C3
1000

TR4 aFa

TRIO
R22

8.2k0

dc S condltionad
n tc55

4.5 V0

-VC

Supply

45V t
ve

SEMIPtiiMANENIMEmuRr BisTABLE

Fig. 3.1. The simple learning circuit. This is interconnected with the sensor and reflex sections of Fig. 2.4

TR9 (//-e) PORT

OCR 71

CS

o 2PF
To'cion
extension
rnonostabk

RIB

1-2
Include capacitors
here

R24

1.2
kn

+cc

TRI2

00871

S
n

To' b'on
extension
monostable

- VC

Fig. 3.2 Part of Fig. 2.4 with additions to permit extrac-
tion of the neutral stimulus

Fig. 3.2 shows the method for extracting the neutral
stimulus Sn.

The specific stimulus Ss is picked -off direct at the
tactile probe in the reversing monostable indicated in
Fig. 3.3; a diode D9 has been included here, the purpose
of which will be seen shortly. A further connection is
also made to the other side of the reversing monostable
for use when the model has -learnt" a particular com-
bination of stimuli-this will be discussed later.

R6

12

kn
R7

Include diode
here

SI

TACTILE ri
PROBE

REVERSING 'NOSTABLE

R8
10

kn

R9
12

C4

Conditioned ;from
Learnt Gate od

+ye

°Taira:.Motor Monostable

Fig. 3.3 Part of Fig. 2.4 with modifications to permit
extraction of the specific stimulus and application of the
"learnt" signal

OPERATION
Assuming now that all the necessary connections

have been made between the reflex and "learning"
sections of the model, we are now in a position to see
how the circuits operate and interact with each other.

If a neutral stimulus (light) is applied by way of the
photo -transistors in the reflex section, then a positive
pulse will pass via either diode DI or D2 to turn off
transistors TR1 a and TR1b of the extension mono -
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stable. This monostable will now turn over and hence
TR2 collector will become positive, resulting in one side
of the summer gate being opened. The extension
monostable will remain in the quasi -stable state for
approximately 60 seconds. If the tactile sense is
stimulated by way of the probe in the reflex section, then
a positive pulse will be fed via diode D7 resulting in
transistor TR7 of the differentiator monostable being
switched off. Hence this monostable turns over and
produces our so-called "differentiated" pulse which in
fact lasts about 1 second.

The collector of TR8 being connected via R8 to the
other side of the summer gate hence causes the base of
TR4 to go positive, opening this side of the gate. Now
if the stimulus Sn occurs any time up to 60 seconds
before Ss, then the result of their coincidence, or over-
lap, will cause the common collector point of the
summer gate to go negative (i.e. both sides of the gate
opened).

Diode D5 will now be forward biased and capacitor
C3 will commence charging towards the negative rail
potential. This capacitor thus serves as a sort of short-
term memory for coincidences of Ss and Sn, and at this
stage could be connected almost directly to the learnt
gate were it not for the fact that in practice we require a
more permanent memory.

sn

Hill 111 11

Summkr

Threshold
Schmitt
fires at this
level

Time

Fig. 3.4 Case where a
conditioned reflex is
evoked during one ap-
plication of the neutral
stimulus

THRESHOLD SCHMITT
In order to improve the learning circuit a little, the

threshold Schmitt and the semi -permanent memory
bistables have been added. Once potentiometer VR1
has been set to some value, the Schmitt will act as a
threshold device and fire when the voltage due to the
charging of C3 reaches a certain level (see Fig. 3.4).
This will be equivalent to a given number of repetitions
of Ss during extension of Sn, and in practice should be
between 10 and 20 separate stimulations.

When the threshold Schmitt fires a negative going
pulse will be passed via the diode D6 and capacitor C7
to the semi -permanent memory bistable.

MEMORY BISTABLE
It will be noticed that the base bias for transistor

TR11 of the bistable is derived via a resistor (R25)
whose value is relatively small compared with that in
the opposite side (R24). This has been done
deliberately to ensure that upon switching the circuit on
an irrelevant memory is not produced.

Once the bistable has switched, one side of the learnt
gate will be opened and hence any further Sn stimuli will
open the other side also. The common collector point
of the gate will thus go negative for all future applica-
tions of Sn and switch the reversing monostable via
capacitor C6 (this could be replaced by a diode for
analogue functions). Hence instead of Sn causing the
usual homing response, this is now inhibited; the
model now "cowers" and backs away with "its tail
between its legs".

This will always be the result from now on, unless the
permanent memory is disturbed by, say, the power
supplies being switched off, or unless we make special
arrangements for inhibiting the response. Suitable
circuitry can be designed for this, modelled upon the
black box systems shown earlier: however it is not at
this stage intended to go into the actual design for the
electronics.

CASE OF INSUFFICIENT STIMULI
Hitherto for the convenience of describing the

operation of the learning circuit, we have assumed that a
sufficient number of repetitions of Ss always occur
during the extension period. But suppose Ss appears
only a few times, insufficient to fire the threshold
Schmitt: what will be the effect? The capacitor C3 will
have received some charge, but if no further Ss arrives
its voltage level will gradually diminish. However,
this is the way we want it to be. This after all is the
situation where an insufficient number of coincidences
have occurred for the model to "see" any significant
connection between Ss and Sn.

If on the other hand further combinations of the two
stimuli occur during the slowly decaying voltage
across C3, their result will be added to whatever level
the capacitor has discharged to. This may, or may not,
cause the threshold Schmitt to fire for it will depend
solely upon the threshold voltage being reached.

In practice, if the coincidences are sufficiently in-
frequent, conditioning could take hours, and in fact
may never take place at all. During conditioning
experiments with real live animals exactly the same
effect takes place if the neutral and specific stimuli are
not allowed to overlap often enough.

FUNCTION OF D9
Earlier we mentioned the inclusion of diode D9 in the

reversing monostable, its purpose will become clear
upon examination : without the diode, after condition-
ing has taken place the neutral stimulus could thereafter
trigger the differentiator monostable via the "avoidance
system". This would result in capacitor C3 being
charged due to S. alone-not that this would matter,
you might say, because the model has been conditioned.

However, if we decided to build in an inhibit circuit
(which the constructor might choose to do) an irrelevant
"short term" memory would already be stored in C3,
and although this might not affect the inhibition it
could none -the -less cause some problems. D9 thus
overcomes this difficulty.

MORE FACTS ABOUT ANIMAL
BEHAVIOUR

Having satisfied ourselves that we can indeed
simulate the simple conditional reflex (albeit by quite
different and less sophisticated means than those used by
a biological example), we must now "press on" and
discover some more facts about animal behaviour.
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FOLLOW THE LEADERS

1
QUALITY -TESTED PAKS
2 Drift Trans. 2N1225 Germ. PNP

100 M 101-
6 Matched Trans. 0C44/45/81/SID 10/-

20 Red Spot AF Trans. PNP 10/-
16 White Spot RF Trans. PNP 10/-
5 Silicon Recta. 3 A 100.400 PIV 10/-
2 10 A Silicon Recta. 100 PIV 10/-
2 0C140 Trans. NPN Switching 101-
1 12 A SCR 100 PIV 10/-
3 Oil. Trans. 26303 PNP 10/-
4 Zener Diodes 250mW 3-12V 10/-
3 200Mc/s. Oil. Trans. NPN BSY26/27 10/-
3 Zener Diodes 400mW 33V 5% Tol. 10/-
4 High Current Trans. 0C42 Eqvt 10/-
2 Power Transistors 1 0C26 1 0C35 10/-
5 Silicon Recta. 400 PIV 250mA 10;-
4 0075 Transistors Mallard Type 10i-
1 Power Trans. 0020 10111' 10/-

10 0A202 Oil. Diodes Sub -min. Marked 10/-
2 Low Noise Trans. NPN 20929/30 . W-
I. Oil. Trans. NPN VCB 100 ZT86 10/-
8 0081 Diodes 10/-
4 0072 Transistors Mallard Type 10/-
4 0077 Transistors Mallard Type 10/-
4 Oil. Rects. 400 PIV 500mA 10/-
5 GET884 Trans. Eqvt. 0C44 10/-
5 GET883 Trans. Eqvt. 0C45 10/-
2 2N708 Oil. Trans. 300Mc/s. NPN 10/-
5 GT41/45 Germ. Trans. PNP 10/-
3 GT31 LF Low Noise PNP Trans. . 10/ -
6 10914 811. Diodes 75 PIV 751110 .. 10/-
8 0A95 Germ. Diodes Sub -nn. 1069 10/-
3 NPN Germ. Trans. NKT773 10/-
2 0C22 Power Trans. Germ. 10/-
2 0025 Power Trans. Germ 10/-
4 0072 Mallard Trans. 10/-
4 AC128 Trans. PNP High Gain 10/-
2 AC127/128 Comp. pair PNP/NPN 10/-
3 201307 PNP Switching Trans. 10/-

10 CO6211 Germ. Diodes Eqvt. 0.471 . 10/-
3 AF116 Mallard Type Trans 10/

to

a

FREE eticle0/-uPeneck waft roarord own
e

value 24 or over.
12 Assorted Germ. Diodes Marked 10/-
4 AC126 Germ. PNP Trans. 10/-
4 Silicon Recta. 100 P1V 750m0 10/-
3 AF117 Trans. Mallard Type 10/-
7 0081 Type Trans 10/-
3 0C171 Trans. Mallard Type 10/-
3 2N2926 SO. Epoxy Trans. 10/

0071 Type Trans 10/-
25 Trans. Heatsinks fit TO18, 8012, etc. 10/-

2 28701 Oil. Trans. Texas NPN 10/-
3 12V Zener 400mW 10/-
2 10A 600 P1V Oil. Reacts. 10450 10/-
3 BC108 Oil. NPN High Gain Trans. 15/-
1 20910 NPN Oil. Trans. VCB100 .. 151-
2 1000 P1V Sil:ltect. 1.5A R53310 AP 15/-
3 BSY95A Oil. Trans. NPN 20034c/14- 15/-
3 00200 811. Trans. Mallard 10/-
2 911. Power Recta. BYZ13 15/-
1 511. Power Trans. NPN 100Mc/s.

TK201A 15/-
6 Zener Diodes 3-15V Sub -min. 15/-
1 201132 PNP Epitaxial Planar Oil 15;-
3 20697 Epitaxial Planar Trans. Oil. 15/-
4 Germ. Power Trans: Eqvt. 0C16 15/-
1 Unijunction Trans. 202646 15/-
2 Oil. Trans. 200Mc/s. 60Vcb ZT83/84 15/-
1 811. Planar Trans. NPN 100Mc/a.

BSY25 15/-
1 Unllunction Trans. 2N2160 TO -5 15/-
2 Oil. Recta 5A 500 PIV Stud Type 151--
2 Germ Power Trans. 0C28/29 15/-
110A Oil. Stud React. 800 PIV 15/-
I Tunnel Diode AEY11 1050Idc/s 15/-
2 2N2712 Oil. Epoxy Planar ,HFE225 15/-
8 BY 100 Type Sil. Recta. 20/-

25 Oil. and Germ. Trans. Mixed, all
marked, New 30/-

2 GET880 Low Noise Germ. Trans. 10/-
1 AF139 PNP High Freq. Trans. 10/-
3 NPN Trans. 1 ST141 & 2 ST140 10/-
4 Madt's 2 MAT100 & 2 MAT120 10/-
3 Madt's 2 MAT101 & 1 MATI21 10/-
4 0C44 Germ. Trans. AF 10/-
3 AC127 NPN Germ. Trans 10/-
1 2N3906 Oil. PNP Trans. Motorola . 10/ -

CADMIUM CELLS
ORP60 ORP61 IV- each
ORP12 8/8 each
MANY NEW PAK ITEMS
PULL RANGE OF MIER DIODES
VOLTAGE RANGE 2-18V.
400mW (D0-7 Case) 2/6 each
1-5W (Top -Hat) 3/8 each

tIOW (80.10 Stud) 5/ -each
All fully tested 5% tol. and marked. Please
state voltage required. Full range eqvt. to
OAZ Mallard Type Z. Range of STC. I.R. Texas
and IN types.

TRANSISTOR EQVT. BOOK
52 pages of cross references for trans. and diodes,
types include British, European, American and

LJapanese. Specially Imported by BI-PAK
10/- each

Seasons Greetings from BI-PAK SEMICONDUCTORS and a
Xmas "GIFT DOLLAR" value 5/- redeemable with all orders
of One Pound or over. Cash in now and save 5/- on your
next order. Not valid after 31st January 1969.

CUT ALONG DOTTED LINE

KING OF THE PAKS Unequalled Value and Quality

SUPER PUS
BRAND NEW-UNTESTED

SEMICONDUCTORS
Satisfaction l'A RANTEED in Every Pak, or money back.
Pak No.
Ul 120 Glass Subiiiin. General Purpose Germanium Diodes 10/-
113 60 Mixed Germanium Transistors AF/RF 10/-
1'3 75 Germanium Gold Bonded Diodes sim. OAS, PA47 10/-
1'4 40 Germanium Transistors like OM, AC128 10/-
1'5 60 20001A. Sub -min. Oil. Diodes 10/-
('6 40 Silicon Planar Transistors NPN aim. BOY95A, 2N706 10/-
U7 16 Silicon Rectifiers Top -Hap 750mA up to 1000V 10/-
U8 50 Oil. Planar Diodes 250mA OA/200/202 10/-
U9 20 Mixed Volts 1 watt Zener Diodes 10/

I 1 30 PNP Silicon Planar Transistors TO -5 sin,. 201132 10/
li12 12 Silicon Rectifiers EPDXY 500niA up to 800 PIV 10/-
U13 30 PNP-NPN 811. Translators 00200 & 28104 10/-
1.114 150 Mixed Silicon and Germanium Diodes 10/-
1115 30 NPN Silicon Planar Transistors TO -5 ahn. 2N697 10/-
U16 10 3 -Amp Silicon Rectifiers Stud Type up to 1000 PIV
U17 30 Germanium PNP AF Transistors TO -5 like ACY 17-22 10/-
U18 8 6 -Amp Silicon Rectifiers BYZ13 Type up to 600 PIV 10/-
li19 30 Silicon NPN Transistors like BC108 10/-
U20 12 1.5 -amp Silicon Rectifiers Top -Hat up to 1,000 PIV 10/s
U21 30 A.F. Germanium alloy Transistors 20300 Series & 0071 10/-
U22 10 1 -amp Glace MM. Silicon Rectifiers High Volts 10/-
1123 30 Madt's like MAT Series PNP Transistors 10/-
U24 20 Germanium 1 -amp Rectifiers GJM up to 300 PIV I0/ -
L'25 25 300Mc/s NPN Silicon Transistors 2N708, B5Y27 10/-
026 30 Fast Switching Silicon Diodes like 10914 Micro -min 101-

120 Experimenters' Assortment of Integrated Circuits, untested.
Gates, Flip -Flops, Registers, etc., 8 Assorted Pieces 20/-

129 10 I amp SCR's TO -5 can up to 600 PIN' CRS1/25-600 20/-
1'30 15 Plastic Silicon Planar trans. NPN 202924-202926 I0/-
1'31 20 Oil Planar NPN trans. low noise Amp 2N3707 10/-
U32 25 Zener diodes 400mW D07 case mixed Vita 3-18 101-
1133 15 Plastic case 1 amp silicon rectifiers 104000 series 10/ -

(Aide Nos. mentioned above are given as a guide to the type of
device in the Pak. The devices themselves are normally unmarked

AD 161 -VP Ai ADI62P.VP
MATCHED COMPLEMENTARY
PAIRS OF GERM. POWER
TRANSISTORS.
For mains driven output stages of
Amplifiers and Radio receivers.
OUR LOWEST PRICE OF 12/8

PER PAIR

HIGH POWER SILICON
PLANAR TRANSISTORS.
TEXAS 28034. NPN TO -3.

VCB100 lc 4A IT. 15M/cs
VCE100 Ptot. 40W
VERB hFE(min.)

0 Pr ice
15/- each

NEW SILICON RECTIFIERS TESTED
PIV 400mA 750mA 1.50 3A 10A

60 104 1/- 1/8 2/9 4/3
100 1/- 1/3 2/8 3/3 4/8
200 1/8 2/8 4/- 4/9
300 - 2/3 3/9 4/6 8/8
400 2/- 2/8 4/- 5/8 7/8
500 - 3/- - 8/- 8/8
600 2/9 3/3 4/3 8/9 9/-
800 - 3/8 4/9 7/8 11/-

1,000 - 5/- 8/- 9/3 12/6
1,200 - 8/8 7/8 11/8 16/-

30A
9/8
15/-
20/-
22/-
25/-
301-
371-
40/-
50/ -

SCR's
LOWEST PRICE

LARGEST RANGE
P1V IA 7A 16A 30A25 - 7/6 - 30/-

50 7/8 8/6 10/6 35/-
100 8/8 10/- 15/- 45/-
200 12/8 15/- 110/- 55/-
300 15/- 20/- 26/- -
400 17/8 25/- 35/- 80/-
500 30/- 40/- 461- 95/-600 - 40/- 60/- -

PLEASE NOTE. To avoid any further Increased Postal Charges to our
Customers and enable us to keep our "By Return Postal service" which is
second to none, we have re -organized and streamlined our Despatch Order
Department and we now request you to send all your orders together with
your remittance, direct to our Warehouse and Despatch Department,
postal address: BI -PAS SEMICONDUCTORS, Despatch Dept., P.O. BOX 6,
WARE, HERTS. Postage and packing still 1/- per order. Minimum
order 10/-.

FET'S
2N 3819 101-
20 3820 26/
MPF105 8/-

OCP71 8/8

UNIJUNCTION
Eqvt. 202846.

Eqvt. TI543. BEN3000

7/6 EACH
25-99 5/- 100 UP 4/ -

INTEGRATED
CIRCUITS

I.C. Operational Amplifier
with Zener output.
Type 701C. Ideal for P.E.
Prolects. 9 Lead TO -5 ease.
Full data

Our price 12/6 each
5 off 11/- each. Large Qty.
Prices quoted for.

FAIRCHILD EPDXY TO -5
8 Lead
nL900 Buffer 10,6
nL914 Dual Gate 10,0
µL923 J.K.Flip-Flop 14/.
I.C. Data Circuits, etc 1:6

MULLARD I.C. AMPLIFIERS
TAA243 ORP. Amp. 70
TAA263 Min AF Amp 18,6
TAA293 G.P. Amp 28
RCA CA3020 Audio

Amp. 30

PRINTED CIRCUITS
EX -COMPUTER

Packed with semiconduc-
tors and. components, 10
boards give a guaranteed 30
trans and 30 diodes. Our
price 10 boards 10/-. Plus
2/- P. & P.

CADMIUM CELLS
ORP 60 ORP 61 8/- eatM
ORP12 8/6

SIL. G.P. DIODES
300n,W 30 .... 10t-
25PIV (Min.) 100 .... 25/ -
Sub -Min. 600 .... 35
Fully Tested 1,000 .... 12
Ideal for Organ Builders. U

B
I
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500 CHESHAM HOUSE
150 REGENT STREET
LONDON, W.1

KING OF THE PAKS BI-PAK CONNIE SMISFACTION OR MONEY BACK
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MODEL 15

MICRO
SOLDERING
INSTRUMENT

DESIGN
CENTRE
LONDON

 EXTREME VERSATILITY
Range of 8 interchangeable bits,
from 3/64" (.047") to 3/16", including
new non -wearing PERMATIPS.

 ULTRA -SMALL SIZE
Length 7k". Weight oz.

Max. handle dia. 7/16".

 EXTRA -HIGH PERFORMANCE
Heating time 90 secs. Max. bit temp.
390°C. Loading 15 watts - equals
normal 30/40 watt iron.

 ALL VOLTAGES

The ADAMIN range includes five other
models (5, 8, 12, 18 and 24 watts), Ther-
mal strippers (PVC and PTFE) and a
De -Soldering Tool. Please ask for
colour catalogue A/37.

LIGHT SOLDERING

DEVELOPMENTS LTD.
28 Sydenham Rd., Croydon, CR9 2LL

Telephone 01-688 8589 & 4559

4/008o A FAST EASY WAY
TO LEARN BASIC RADIO
AND ELECTRONICS

Build as you learn with the exciting new
TECHNATRON Outfit! No mathematics.
No soldering-but you learn the practical way.

Now you can learn basic Radio and Electronics at home-the
fast, modern way. You can give yourself the essential technical
`know-how' sooner than you would have thought possible-
read circuits, assemble standard components, experiment,
build . . . and enjoy every moment of it. B.1.E.T's Simplified
Study Method and the remarkable new TECHNATRON Self -
Build Outfit take the mystery out of the subject-make learn-
ing easy and interesting.

Even if you don't know the first thing about Radio now,
you'll build your own Radio set within a month or so!

. . . and what's more,
YOU'LL UNDERSTAND
EXACTLY WHAT YOU
ARE DOING. The Tech-
natron Outfit contains every-
thing you need, from tools to
transistors ... even a versatile
Multimeter which we teach
you how to use. You need
only a little of your spare
time, the cost is surprisingly
low and the fee may be paid
by convenient monthly instal-
ments. You can use the
equipment again and again-
and it remains your own
property.

You LEARN-but it's as
fascinating as a hobby.
Among many other interest-
ing experiments, the Radio
set you build-and it's a good
one-is really a bonus; this is
first and last a teaching
Course. But the training is as
rewarding and interesting as
any hobby. It could be the
springboard for a career in
Radio and Electronics or
provide a great new, spare -
time interest.

A I4 -year -old could under-
stand and benefit from this
Course-but it teaches the
real thing. Bite -size lessons-
wonderfully clear and easy to
understand, practical projects
from a burglar -alarm to a
sophisticated Radio set . . .

here's your chance to master
basic Radio and Electronics,
even if you think you're a
`non -technical' type. And, if
you want to carry on to more
advanced work, B.I.E.T. hAs
a fine range of Courses up to
A.M.L.E.R.E. and City and
Guilds standards.
Sendnow for free 132 -page book.
Like to know more about this
intriguing new way to learn
Radio and Electronics? Fill
in the coupon and post it'
today. We'll send you full
details and a I32 -page book
-`ENGINEERING OP-
PORTUNITIES' --Free and
without any obligation.

BRITISH INSTITUTE OF
ENGINEERING TECHNOLOGY
Dept. 371B, Aldermaston Court,

Aldermaston, Berkshire.

r MN ION 1
I To: B.I.E.T,, Dept. 3718, ALDERMASTON COURT, I

ALDERMASTON, BERKS.

I would like to know more about your
I Practical Radio & Electronics Course. Please
I send me full details and FREE 132 -page book

name

address

age

I

I
I
I
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Also whether or not we can arrange these facts to fit
within our framework of black box analogies.

When we began discussing the conditional reflex, the
reader will remember how we stressed the importance of
the neutral stimulus being presented just before the
specific stimulus if conditioning were to occur. As in
all things there is the inevitable exception to the rule;
this particular exception is, however, an important one
as we shall see.

Let us assume we have conditioned an animal (it
might be one of Pavlov's dogs) to, say, salivate when a
bell is rung-the bell (neutral stimulus Si,) having been
previously "paired" with food (specific stimulus Ss).
We might now require the dog to salivate upon our
touching its left ear. This presents no problem, we can
simply combine this stimulus with Ss when the dog is
fed, as we did with the bell. Suppose though that in
this particular experiment we are forbidden to make this
conditioning direct, is there any other method that can
be adopted? This is where we meet the exception to
the rule.

SECOND ORDER CONDITIONED REFLEX
Bearing in mind that the dog is conditioned to "bell -

means -food", if we now wish to introduce a further
stimulus (in this case tactile), to mean food, all that is

 ptiwm,
SHORTi'Mb

MEMORY

Plia=moRT 1MhiliRSUMMER

MEMORY
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Fig. 3.5 Basic arrangement for synthesising higher or
second order conditioning

necessary is to couple the new stimulus with Sn. After
several repetitions of the new stimulus (call it Sn2) just
prior to the original neutral stimulus (let us now call this
Sn) we will find that the condition "touch on left ear -
means -bell -means -food" has been established. There
will hence be an indirect connection between Sn, and Ss
via Sn1, with the result that the dog will salivate upon
application of Sn2 alone.

This type of conditioning is called a second order
conditioned reflex, and has been taken experimentally
to third, fourth, and even higher orders. There does
in fact seem to be almost no limit to how far this effect
can be extended.

This carries us on to another interesting phenomenon,
that of stimulus generalisation. Now that touching
the dog's left ear elicits the salivation response, what if
we touch the right ear, or the nose, or the right paw, or
the tip of his tail-will there still be a response?
Certainly there will : however if we measure the amount
of saliva produced there will be a noticeable decrease as
we move away from the site of initial conditioning.

The important fact that remains is that the animal was
never conditioned to anything other than the tactile
stimulation to the left ear. The dog seemingly
generalises about all the other stimuli.

TRACE REFLEX
Yet another effect emerges in many ways similar to

the phenomena just described, which, is worthy of some
explanation. Generally speaking if a conditional
reflex is to be produced, the neutral stimulus must come
just before Ss, certainly within a minute or so. There is
though a method whereby even this rule may be broken.

If during the time we are establishing the conditioned
reflex we gradually make Ss come later and later, it is
possible to increase the Sn/Ss interval to quite consider-
able lengths and yet still produce the conditioning effect.
This is known as a trace reflex and extends the period of
time between stimuli whilst still allowing conditioning to
take place.

Following our brief examination of higher order
conditioned reflexes, stimulus generalisation, and the
trace reflex we should now be able to see if the black box
technique can help us establish what mechanisms
might produce these effects.

THE BLACK BOX APPROACH
The black box in Fig. 3.5 shows one way in which

second order conditioning might occur. The real
picture must of course be very much more complex
than in the example-in our case we are only
manipulating just a few elements, whereas in a live
animal millions of nerve cells could be involved.

Reflex conditioned at
Amplitude this point

Stimulus (frequ Cy and amplitude site
of tactile stimulus etc)

Fig. 3.6 Stimulus generalisation effect

As the reader will see, this hypothetical arrangement
amounts to a compounded ensemble of our original
learning units. Sn, as before has the ability to pair
itself with Ss (there is no reason why it should not have
equal facilities for its possible combination with Sn2
either, except that the schematics become more com-
plicated!). However, Sn2 can be conditioned to either
Ss direct, or indirectly via Sn1 if Sn, has been previously
conditioned to Ss.

Looking even closer into the black box we notice that
Sn2 could even become conditioned to Ss in another
way. Suppose for a moment that the animal is in the
unconditioned state, then we condition Sn2 to Sn1 so
that "touch on left ear" means "bell". If later we then
condition Sn, to Ss (the food) we have also involved
Sn2. There are thus several possible ways here in
which conditioning could take place.

STIMULUS GENERALISATION EFFECT
The stimulus generalisation effect probably does not

need black box treatment here. One could liken the
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effect to the response of some filters, say a low Q tuned
circuit. Fig. 3.6 gives the general idea.

If the peak in the graph indicates the maximum
amplitude of the animal's response to a given stimulus,
then for stimuli even some distance away from it there
would still be some response. The generalisation about
the stimuli would thus seem to depend on the "pass -
band" of the filter. As a general term this type of
device might be called a "property filter", for it could be
involved with the separation of pitches, amplitudes,
pulse widths, spatial positions, etc.

Fig. 3.7 The arrangement of Fig. 3.5 now modified to
incorporate trace reflex conditioning

Trace reflex conditioning could be shown quite con-
veniently with a slight modification to our basic
"learning" circuit Fig. 3.7. The "short-term" memory
which provides for the extension of S. has a fixed
period, therefore any attempt to combine Ss with S.

time would be futile. However, if we
arranged to feed part of the summation output back to
control the short-term memory-so that increases in the
summer level caused increases in the extension period-
then the model would now by itself be capable of
eliciting a trace reflex.

ABILITY TO ADAPT
Hitherto, our inquiries into learning led us to believe

that the conditioned reflex depended upon it being
bound quite rigidly to the exclusive characteristics of
the stimuli that had been paired. Assuming this were
the case, no further learning could occur-the animal
would be in no position to vary or modify its responses
and update them for current purposes. It therefore
seems, that amongst other things, we have discovered in
"generalisation", "higher order responses", and "trace
reflexes", a quality which would allow the animal to
adapt.

Animals do adapt, they are doing it constantly.
Take, as an example, a television service engineer. At
some early time in his career he undoubtedly received
many electric shocks. However, the shocks weren't all
the same, or from the same places. As time went by he
adapted himself to avoid the characteristics that resulted
in getting a shock: such things as seeing line output
transformers, e.h.t. capacitors, large ceramic insulators,
and so on. If it were not for "generalisation" in
particular, he would probably now be the proverbial
dead duck!

DEGREE OF REINFORCEMENT
It seems that we can therefore come to a very positive

conclusion about this "generalisation", in that without
it a difference in stimulus would have no effect in
eliciting a response. Conversely, of course, it is equally

important that the animal can produce differing
responses despite similarities in the stimuli that may be
presented.

What a paradox all these requirements seem to
cause-nonetheless they are necessary. The inevitable
balance that occurs between the generalisation of
stimuli on the one hand, and differentiation on the
other, is seemingly dependent upon the degree of
reinforcement, and indeed which stimuli are reinforced.

Throughout the article we have made considerable
use of such indefinites as "seemingly" and "perhaps"-
there will be no apologies though, for the subject of
animal behaviour is fraught with so many variants that
to be too specific about any particular aspect could be
dangerous.

TRIAL AND ERROR
Because an animal exhibits what appear to be

specific responses for certain stimuli there is no reason
to believe that without these stimuli these chdracteristics
will not still occur. There is a general theory that
during the process of learning, animals may very well
hypothesise (or make an assumption) about a situation.
This would pre -suppose that the animal "sits tight",
makes a number of guesses, and then proceeds to reach
a goal (if one exists) by trial and error, eliminating all
un-rewarded responses.

We can only conjecture about all these multifarious
possibilities at present, though in later articles we may
be considering how they could be implemented in a
synthetic device. Next month we shall be adding to
our breadboard device a rather crude "self and mutual
recognition" circuit. We will also see whether it might
be feasible to conceive of a machine which could
display a type of anxiety an
"electronic animal" with ulcers! This is perhaps being
a little too anthropomorphic!

To be continued

POINTS ARISING
LIGHT OPERATED SWITCH (October 1968)
The transistor type NKT127 can be replaced by
type NKT128 which is readily obtainable from
transistor stockists.

VARI WINDSCREEN WIPER (October 1968)
Some readers have experienced difficulty in correct
operation of this circuit due to the device not switch-
ing off. The author emphasises that the earth return
wire from the control circuit board to car chassis
should be as short and thick as possible. All con-
nections between this wire and the battery earth
connection must be clean and sound. Cable re-
sistance and contact resistances can provide sufficient
voltage drop across the thyristor to maintain conduc-
tion, i.e. not fall below the holding current. The
holding current of the thyristor is about 10mA while
the anode -cathode potential at this current is 0.8V
which can result from long cables or faulty connec-
tions. A resistance as low at 01 ohm could cause
this trouble.
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BBC EXPERIMENTAL
SOUND -IN -VISION SYSTEM

On November 7 at Broadcasting House was given the
first public demonstration of the transmission and reception
of composite sound and vision signals. This unique
system of "Sound -in -Vision" has been developed by the
BBC Research Department for use with 625 line television
signals.

Ordinarily, the two components of a television pro-
gramme, both picture and sound, are separately distributed
from studio to transmitting station. With the sound -in -
vision system these two studio derived components are
combined and the combination is sent over a single vision
circuit to the transmitting station where the sound is
extracted, converted into its usual form and sound and
picture are transmitted in the usual way.

Besides offering an improved audio bandwidth of 14kHz
and excellent noise immunity this system simplifies the
operational requirements as the separate circuits and often
different routes used in transmitting the two components of
the conventional television signal are reduced to one
circuit and one route in this composite system.

SYNC INTERVAL
How this is done without interaction between the

composite video and sound components is by making use of
the line synchronising interval. Reference to the sound -
in -vision oscillogram (Fig. 1) shows that the sound signal
occupies a period of 3.8ps within each 4.70 line syn-
chronising interval, its placement being equally disposed
compared to the leading and trailing edges of the syn-
chronising pulse. Apart from this interval the vision
signal occupies the transmission circuit for the rest of the
time. As can be seen the system constitutes in essence a
form of time division multiplex.

SAMPLING
By sampling the sound signal at twice the 625 line

frequency an audio bandwidth of 14kHz is possible for
transmission. The two samples produced during each line
period are converted to pulse code modulation signals then
delayed and compressed in time then inserted into the
television waveform during the next line synchronising
interval.

In the 625 video oscillogram shown the p.c.m. signal
precedes the colour burst. It consists of a marker pulse
which identifies the start of the sound pulse group con-
taining two 10 digit binary code groups so that 21 pulses in
all are accommodated within each line synchronising
period.

SOUND

INPUT

Superseded sound channel

Fig. 1. 625 line video waveform during line planking
interval showing p.c.m. signal consisting of a marker digit
plus two 10 digit groups inserted in line synchronising pulse

After transmission via the distribution link the sound
pulses are extracted and reconverted to normal s gnals at
the receiving terminal. The video waveform is also restored
to standard form.

The use of p.c.m. and high amplitude pulses ensure that
the sound signal is immune from all but the most severe
interference and distortion.

TERMINAL EQUIPMENT
The sending and receiving terminal equipment are

shown in block form, Fig. 2. The compressor and
expander form a syllabic companding system which ensures
that the mean signal level into the analogue to digital
converter is as high as possible. This converter samples
the audio frequency signal presented to it at twice line rate
and provides an output in p.c.m. form to the combiner
unit. This unit accepts the vision signal clamps it during
the back porch and inserts the sound pulses.

At the receiving terminal this process is reversed with the
combined sound -in -vision signal being fed to the separator
unit from which a clamped and restored vision signal is
produced. Separated sound pulses are decoded in the
digital to analogue convertor which delivers an audio
frequency signal.

Extensive use is made of integrated circuitry for the
digital operations together with discrete transistor circuits
for the analogue operations.

VISION SIGNAL WENDF------ NEZIVI-1-11D VISION SIGNAL o 2,',,, ,
Btu soot*: VISION 111  'Av./. \ .22...

o c=
...----\---, -.0 ZO9 I I

SOUND SIGNALSOUND SIGNAL

{

VISION INPUT VISION OUTPUT

ANALOGUE -
DIGITAL

CONVERTER

COMPRESSOR COMBINER

SENDING TERMINAL
EQUIPMENT

DIGITAL -
ANALOGUE

CONVERTER

COMBINED

SOUNDINVISION

LINK
SEPARATOR EXPANDER

RECEIVING TERMINAL
EQUIPMENT

TRANSMITTER

SO ND

OUTPUT

Fig. 2. Block diagram showing how
vision and sound signals are com-
bined at the sending terminal
equipment, prior to transmission
via the distribution link, and
separated at the receiving terminal
equipment
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SCRIPTION
consists of a single transistor Hartley

feedback via the tapped inductance
the component values shown the output

bout 1 kHz with a bleep -rate of 60 to
nute depending on the setting of VR1.
aximum resistance the unit produces a

e.
re emitted from a high impedance ear-
phone insert (detailed later), connected
the inductor.

TION
I model was built on a small 12 -way
own in Fig. 3; layout is in no way critical.
e output in one direction a cone cut from
stics detergent bottle is glued to the face
er, which is then glued to the underside
d. The battery is held by a Terry clip
tagboard on the same side as the trans-

st be fairly robust to withstand "casting"
when in use; it should also be kept as
ible. All sharp projections must be
covered to protect the bag in which the

OF "BAIT"
ed bleeper can then be sprayed with a
compound as used on car electrical
nclosed in a polythene bag-carefully
nd for leaks! Enough air should be left
will just float and the top sealed with an

Fig. I. Circuit diagram of fish bait

elastic band. A line and sinker are attached, as shown
in Fig. 2, but the float is not required. To use the
device adjust the distance between the unit and the
sinker, so that the unit is held at hook depth, and cast
the "bait" to the required position.

An alternative method is to squeeze the excess air out
of the polythene bag and support the unit by using a
float (Fig. 2). The float can be made from a small
plastic detergent bottle or similar item and the depth of
the unit is then set by adjusting the length of line
between the float and the unit. If this method is
adopted a weight may be required in order to keep the
unit vertically below the float.

Note: if practicable the polythene bag can be heat
sealed to ensure an airtight unit. This method of
sealing can be carried out by some bait shops selling live
bait in polythene bags.

Repetition rate is adjusted by trial and error to giVe
the best results-VR1 can be manipulated through the
polythene bag.

DIRECTION VANE
Where there are currents it will be possible to direct

the sound by adding a vane (Fig. 2), as is done on hydro -
phones. The vane should be made as shown and the

fI3N BAIT
By J.HING
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COMPONENTS . . .

Resistors
RI 5652
R2 22k12
All 1 10%, +W carbon

Potentiometer
VRI 5k0 min. with switch (Radiospares)

Capacitor
CI 25pf elect. 25V

Transistor
TR I 0071

Miscellaneous
LI Repanco TT4 using secondary with centre tap
XI Crystal earpiece type MCI (Olrus Electronics,

748 High Road, London, E. I I)
BYI I.5V penlight cell
Tagboard: 12 way
Terry clip for battery
Float, small plastic detergent bottle (see text)
Fishing line and weight
Polythene bag

LINE

ELASTIC BANDSC

FLOAT (SMALL PLASTIC
DETERGENT BOTTLE)

----- CAP SEALED

ELASTIC BANDS

12" WOODEN SHAFT

22SWG WIRE LOOP-
HOLDING SHAFT

UNIT SEALED INSIDE ALUMINIUM VANE
POLYTHENE BAG -- N, l 4" k 2'

TRANSDUCER GLUED TO -
BACK OF TAGBOARD

ELASTIC BANDS

WEIGHT (SEE TEXT)

Fig. 2. Bait set up for use with float, vane and weight

Complete unit
sealed in polythene bag

length of the wooden shaft set to balance the weight of
the vane when in the water. The vane can be attached
to the unit by a shaped wire drawn around the polythene
bag. Ideally, sound should be transmitted across
currents.

COMPONENTS NOTE
Any crystal earpiece or microphone insert can be

used-but the one specified in the components list gives
more output than most. Use of the specified trans-
former for LI is strongly recommended-although
other types having a centre tapped winding With a
total d.c. resistance of between 100 and 300 ohms may
be tried.

Fig. 3. Layout and wiring diagram showing position of
components and tags removed from board
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BRITISH Overseas Airways Digital
Information Computer for Elec-

tronic Automation is one of the
world's largest computer complexes
linked to one of the most com-
prehensive communications networks
surrounding the globe.

The complete computer, power
supplies, air conditioning units and
all other ancillary equipments are
housed in Boadicea House at
London's Heathrow Airport. The
complex is protected by one of the
most sophisticated security systems in
the country and is completely
screened by aluminium foil from
radar interference.

BOADICEA is designed to meet
the needs of all BOAC's requirements
well into the future and will cover all
operations shown. The main
"brain" consists of three IBM 360
model 65 computers, intetlinked to
form a comprehensive back up
system. These computers work in
conjunction with three other com-
puters also at Boadicea House. All
information passing through the
computer is taped and microfilmed to
provide three information storage
systems, enabling BOAC to continue
operations in the event of the complex
being destroyed.

The main advantage of BOADICEA
to the travelling public is the reserva-
tions system which uses cathode ray
tube readout and solid state key-
boards for operator's use. Reserva-
tion staff in the UK, Europe and
North America have, at their finger-
tips, instant reservation information
on all flights of BOAC and its
associated companies. Seat avail-
ability on any flight can be established
within seconds and four flights are
displayed on request to aid passengers
selection. Seat reservations, hotel
bookings, car hire and any special
requirements can be made through
the computer system, up to 11 months
in advance.

BOADICEA network is comprised
of over 50 computers and handles
350,000 messages a day.

Magnetic data storage machines and information input and
access points, in use inside the computer room, are down
above, whilst below an engineer is shown setting up one of
the Three IBM computers which form the main brow of
30A DICER

/IT
;;;77/111

elel °CO
Maintenance schedules Personnel reords

00iND
Stock control In-flight data aneleaie



Ferranti Honeywell solid state keyboard
are shown in use at one of BOAC's booking halls below.
The keyboards are quiet in operation thus allowing many
units to be used in a smail area without undue clatter

ULTRASONIC equipment has been in use for some ten
years, it is only recently however that many of its

industrial uses have been fully realised and exploited.
Some of the latest solid state equipment, incorporating
many of the recent advances, was shown at the Ultrasonics
for Industry Exhibition in London on October 15-and 16. A
wide range of subjects from data collection to holographic
displays were discussed in a series of lectures on Ultra-
sonics.

More and more ultrasonics are being employed in
hospitals, both for cleaning and diagnostic work. Most of
the cleaning equipment now operates at 40kHz and above
as it has been found that lower frequencies are more liable
to damage solid state electronic devices if they are to be
cleaned. Units used for diagnostic work that are now in
use include: solid state blood flow detectors, capable of
detecting foetal blood flow after 10 to 12 weeks of preg-
nancy, and medicine sprayers which disperse aqueous
solutions into a fine mist for inhaling by patients.

Equipment for use in the electronic industry is being
manufactured by some firms; of particular interest is

the Kerry wire bonding machine. The photograph below
shows the solid state unit being used to bond wires to an
integrated circuit. The unit has a variable output power of
up to 10 watts and can be pre-set for varying "weld" times.
An insertion and staking machine, capable of inserting
metal tags or bushes in plastics, is produced by the same
manufacturer and has a range of applications in electronics.

Another field where ultrasonics is increasing in
popularity is in detection systems where one unit can be
used to detect leaks in gas pressure or vacuum systems,
internal defects in running machinery and electrical faults.
Units such as this are being made fully portable with a
variety of probes and "displays".

The uses of ultrasonics are forever growing and as more
is learned about the subject the more sophisticated the
equipment becomes.



HIGH PERFORMANCE

SiABRISED

POWER SUPPLY
By J.T.Tiernan

SPECIFICATION

Input: 240V 50Hz.
Output: 0 to 22V d.c. continuously variable.
Maximum load current: 1A continuous.
Current overload protection range: 25mA to 2-5A.
Output ripple at lA load: 500pV.

THE power supply design described in this article is a
general purpose unit covering the range 0 to 22V at

load currents up to IA r.m.s. Silicon transistors are
used throughout and the unit includes an extremely
reliable overload protection circuit. Standard com-
ponents have been used where possible, and little
difficulty should be experienced as regards component
availability.

The design is presented with the reasonably
experienced constructor in mind, and though practical
details are accordingly brief, a comprehensive testing
and setting -up procedure is included.

Fig. 1 shows a general block diagram of the unit, and
should be studied in conjunction with Fig. 2.

Fig. 1. Block diagram
of power supply

240V
AC

MAIN DC

SUPPLY

Dt-D4,

+ DC

D.C. SUPPLY AND OVERLOAD CIRCUIT
The circuit diagram of the unit is shown in Fig. 2.

The "main" a.c. secondary voltage is full wave
rectified by DI, D2, D3 and D4, and smoothed by Cl,
before being routed to the overload protection circuit
and series stabiliser elements (TR3, TR4 and TR5).

In series with the common line is a resistor, selected
by S2, across which is developed a voltage proportional
to the load current being supplied. S3a is normally
closed and, if the load current increases such that 2.5V
is developed across the selected series resistor, the
thyristor will be triggered into its conducting state.
The anode of the thyristor will fall from around 30V, to
practically OV, the thyristor current being limited to

AUX REF

SUPPLY
DS 06.
010,011,
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between 30 and 40mA by R7 and LP2. Thus, OV is
reflected in the stabiliser section, via D8 and D9, causing
the output voltage to fall to zero.

Momentarily opening S3a to the reset position will
stop current flow in the thyristor, and on returning S3a
to the normal position the output voltage will return to
its original value, provided the excess load has been
removed.

When the thyristor is not conducting, D8 and D9 are
reverse biased and have no effect on the operation of the
stabiliser section.

Reliable triggering of the thyristor is ensured by D7
and R8, and VR1 acts as a trip sensitivity control.
D14 ensures tripping if LP2 is open circuit and CIO
slows up the action of the trip circuit to prevent
tripping when the output is increased (due to charging
of C8).

REFERENCE SUPPLY
The auxiliary a.c. supply is rectified via the voltage

doubler D5, D6, C2, C3 and fed to the reference supply
diodes DIO and DI I. The current through the Zener
diodes is limited by R9 to approximately 25mA and C4
ensures minimum ripple on the reference supply lines.

The junction of DlO and Dll is connected to the
common line, and the voltages at the cathode of DIO
and the anode of DI I become the +27V and -10V
lines respectively.

DIFFERENTIAL AMPLIFIER
The differential amplifier consists of TRI and TR2,

with a variable reference voltage applied to TRI base,
via VR3. The collector load for TR2 is RIO, and feed-
back to TR2 base, via TR3, TR4, TR5 and D12, sets the
voltage at TR2 base equal to that applied to TRI base.
Thus, by varying the reference voltage via VR3, the
output voltage at the emitter of TR5 may also be
varied.

TI 24V
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Sto
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mom

BOARD C -1 
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313 I
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A reasonable and steady collector -base voltage for
TR2 is ensured by D12, a 3.3V Zener diode, which also
allows any variations of the output line voltage to be
passed in full to TR2 base. This results in maximum
compensating action by TR2, keeping the output
voltage constant over a wide range of load currents.

It is essential that the current through D12 is held as
constant as possible, and to achieve this end D12 is fed
from the constant current circuit formed by TR6. The
values of R12, R13 and R14 are such that the current
through D12 is approximately 2mA, and this changes by
less than 2 per cent for an output voltage variation from
0 to 22V.

Since the voltage at the bases of TR1 and TR2 is
3.3V less than the output voltage, due to D12, the
variation of voltage required from VR3 is -3.3V to
+18.7V for an output range of 0 to 22V; VR2 and VR4
are adjusted to provide this variation across VR3.

The "trip 1" and "trip 2" lines are connected from
D8 and D9 in the overload section to the bases of TR1
and TR3.

S3b ensures the load is removed when the overload
circuit is being reset, and may be used to isolate the load
from the unit. Whether a normal on -off switch or a
spring loaded switch is used for S3 is a matter of
individual preference.

It is important to note that C8 must be connected at
the supply side of the switch, otherwise it will often not
be possible to reset the overload circuit. The diode
DI3 is included to ensure tripping of all units if power
supplies are used in series.

COMPONENTS AND CONSTRUCTION
A suggested layout and case size have been given

(Fig. 8), but both depend on the size and shape
of the transformer(s) and smoothing capacitors
used. Most of the smaller components can be mounted
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Fig. 2. Complete circuit diagram of the high performance stabilised power supply
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Fig. 3. Layout and wiring of overload and rectifier board Fig. 5. Layout and wiring of overload resistor board "C""A"
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VR3
(S49)

66
VR4

Fig. 4. Layout and wiring of differential amplifier and
constant current board "B"

on pre -wired boards; layout and wiring diagrams for
these are given in Figs. 3, 4 and 5. Plain Veroboard can
be used with pins for component mounting. Solid
wiring lines are on the non -component side of board
and dotted lines indicate wiring on component side.

Layout of components within the unit is not critical
and connections may, in general, be made with light-
weight wire. It is recommended, though, that wiring
carrying the main load current be 20 s.w.g. copper, or
reasonably substantial multistrand wire.

TRANSFORMER DETAILS
The mains transformer is probably the only com-

ponent which may prove at all difficult to obtain.
Among firms which are able to supply transformers
with a standard primary, and secondaries of 24V at IA
and 50mA are-T.R.S., Thornton Heath, Surrey, and
Osmabet Ltd., Edgware, Middlesex. The cost being
about 35s each.

However, in case of difficulty, the secondary voltages
required may be conveniently obtained by using two
separate transformers. The main secondary winding
is required to deliver 1A, but the auxiliary supply may
be obtained from quite a small transformer, since 24V at
only 50 to 100mA rating is required. A suitable item is
the Belclere type MS3169, however the one-off price for
this item is a little high and cheaper alternatives can no
doubt be found.

BEY 50
2N697

Fig. 6. Transistor connection outlines

Secondary voltage requirements are not critical; for
the main supply this may be within the range 18 to
24 volts. The maximum output available from the
unit, maintaining the lA load capability, is about 2V
below the a.c. voltage available. The auxiliary a.c.
supply should be within the range 20 to 25 volts.

SEMICONDUCTORS
The thyristor specified is rated lA at 50 p.i.v. and any

similar component will be suitable provided trigger
sensitivity is good. Poor trigger sensitivity will perhaps
mean increasing the values of R2 to R6 if the overload
current ranges are to be set as specified.

For example, a T140A4, 3A 400 p.i.v. thyristor,
requires a 3 ohm series resistor for R3 before the unit
will trip at IA load current. The other series resistors
would have to be increased by a factor of 1.2.

Transistor types used are also non -critical, apart from
TR4 and TR5, and three suitable types have been
specified in each case.

HEAT SINK REQUIREMENTS
The heat sink requirements for TR5 will vary accord-

ing to the anticipated conditions under which the unit
will work. The following may be used as a guide:

1. For continuous operation at full load, with output
voltage above 12V, mount TR5 on an aluminium panel
with a mica washer and insulating bushes. Minimum
panel area required is 36sq in.

2. For continuous operation at full load, with output
voltage above 6V, insulate the panel from the unit and
mount TR5 in direct contact. Panel area 36sq in.

3. For continuous full load operation below 6V out-
put, it is advisable to use two transistors in parallel for
TR5, with a 0.5 ohm 3W wirewound resistor in each
emitter lead. Mounting as in para. 2 above, but with a
panel area of 48sq in.

A separate heat sink assembly may be used to meet all
requirements, and a suitable item, size approx.
5in x 4in x 2in, is given in the component list. A
finned clip -on heat sink should be fitted to TR4.
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COMPONENTS . . .

Resistors
RI 270k0 (may be incorporated in LPI)
R2 I cl 7W wirewound
R3 2.50 7W wirewound (may be made up from

2.7t2 7W and 33t2 IW in parallel)
R4 100 3W wirewound
R5 250 I W (may be made up from 2712 I W and

33012 in parallel)
R6 100.0 IW
R7 82012 I W
R8 82kf2
R9 8200 IW (for aux. supply voltages less than

22V, R9 is 6800 IW)
RIO 27k1-2
RI 1 3.9kf2
R12 10kf2
RI3 10k1-2

R14 2.2k0
18 I kt2 I% resistors (only needed if S4 is fitted)
(All iW, 10% carbon except where stated)

Potentiometers
VRI 50012 skeleton preset
VR2 lOkt2 wirewound preset
VR3 lOkt2 wirewound (not needed if S4 is fitted)
VR4 51(12 wirewound preset
VR5 25ki2 wirewound preset (only needed if S4
VRG 2.51a2 wirewound f is fitted)

Capacitors
CI 3,000tLF elect. 50V
C2 250uf elect. 50V
C3 2504F elect. 50V
C4 32/1F elect. 64V
C5 80ILF elect. 25V (Mullard)
C6 1004F elect. 6.4V J
C7 001µF polyester or metal foil 160V
C8 100p.F elect. 25V
C9 0.1p.F polyester or paper 160V
CIO 047/1F polyester or paper 160V

Transistors
TRI 2N697, 2S004, ZT82 TR6 2N697, 2S004, ZT82
TR2 2N697, 2S004, ZT82 TR4 BFY50, 2N3053, 2NI507
TR3 2N697, 2S004, ZT82 TRS 2N3055, 2S024, ZT1702,

2S033

Diodes
DI
D2
D3
D4
D5
D6
D7
D8
D9
DIO
DI I
D12
D13
D14

and Rectifiers
I.5A 100 p.i.v. (15020)
I.5A 100 p.i.v. (IS020)
15A 100 p.i.v. (IS020)
I.5A 100 p.i.v. (IS020)
0.2A 100 p.i.v. (IS131)
0.2A 100 p.i.v. (1S131)
0.2A 100 p.i.v. (1S131)
0.2A 100 p.i.v. (15131)
0.2A 100 p.i.v. (1S131)
27V I.5W (Zener) (154027)
10V 1.5W (Zener) (154010)
3.3V 0-4W (Zener) (IS7033)
1..5A 100 p.i.v. ( IS020)
9V 1.5W (Zener) (VR9B)

Thyristor
SCRI IS610, 2NI595

Sockets
SKI Mains (Bulgin type P360)
SK2, 3 and 4 Output terminals (Bulgin type T103)

Miscellaneous
TI Mains transformer sec. I, 24V at IA sec. 2,

24V at 50mA (see text)
LPI Neon panel indicator (may include RI)
LP2 6V, 0.04A lamp. (Electroniques SGF9/G/RD/6)
FS I , FS2 2A fuse holder and fuse
Plain Veroboard and Veropins (size depends on

components used) (3 off)
Heat sink-see text (Electroniques HSD5)
18 s.w.g. aluminium for case

Switches
SI Double pole single throw (see text)
S2 Maka-switch shaft assembly and 2 Maka-switch

2 -pole, 5 way, make -before -break wafers
(Radiospares)

S3 Double pole single throw toggle
S4 Maka-switch shaft assembly and 2 Maka-switch

single -pole, II -way, make -before -break
wafers (Radiospares) (if used)

CURRENT AND VOLTAGE CONTROLS
Switch S2 should be a make -before -break type and,

unless a rotary stud switch is available, is made up
from two 2 -pole 5 -way wafers. Each switch section
should be connected in parallel as shown in Fig. 7.

The only other component worthy of special mention
at this point is VR3, the output voltage control. This
may be a normal 10 kilohm linear potentiometer as
Indicated in Fig. 2. Si must then be a separate switch.
The output will be varied linearly with rotation of VR3.
However, with a power supply of this type it is some-
what pointless to use such a coarse control, and the
following alternatives are suggested:

1. Use a 10 -turn helical potentiometer for VR3,
which will enable the output voltage to be set extremely
accurately. These components occasionally appear on
:he "surplus" market at prices ranging from lOs to 30s,
although they may need looking for. Again SI
will have to be a separate double -pole, single -throw
switch.

2. Replace VR3 with the network as shown in Fig. 9
(S4). This arrangement gives switched increments of

S2a
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5
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S2b

4 2
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3 2
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Fig. 7. Wiring of 52:
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are made at construction
of board
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Fig. 8. Layout and wiring diagram. Heat
sink should be firmly screwed to all four
panels and mounted at least 14 inches in front
of the rear panel
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B4

2V. and the 2.5 kilohm potentiometer (VR6) will vary (csivilz

the output +2V on the selected value. It is probably
also the most convenient arrangement to use; SI can
then be incorporated in S4, as shown in Fig. 8. This is
done by using a Radiospares "Mains -switch" which is
made to mount on "Maka-switch" assemblies.

TESTING AND SETTING UP PROCEDURE
Complete assembly and wiring of the unit, but omit

the following connections:
(a) Positive d.c. line between component boards;
(b) Connection between C2+ and the stabiliser

board (B).
(c) All connections between TR4, TR5, and stabiliser

board.
When this stage has been reached, first check that all

diodes and rectifiers have been wired in the correct
polarity, then switch on a.c. mains, whereupon LPI
should light.

(1) Check d.c. voltage across CI, which should be
about 14 times the a.c. voltage available from the
"main" secondary winding of the transformer.

(2) Check the d.c. voltage between C2+ and C3-,
which should be approximately three times the a.c.
voltage available from auxiliary secondary.

(3) Set VR I for minimum resistance and select
100mA overload current with S2. Touch a 100 ohm
resistor between the d.c. positive and the common out-
put pins on the rectifier -overload board. Check that
the voltage across the thyristor is less than 1 V and that
LP2 lights.

(4) Reset overload with S3 and return S3 to normal.
LP2 should extinguish and the voltage across the
thyristor should rise to equal the voltage across CI.
Repeat Test 3.

(5) Switch off a.c. mains and wire in the connection
between C2+ and the stabiliser board.

(6) Wire temporary links on stabiliser board as
follows

(a) Between pins 11 and 12 on board.
(b) Between d.c. positive pin and C4+ (+27V

line).
Set VR2 and VR4 to maximum resistance.

Note: d.c. line between boards and TR4, TR5 still
out of circuit.

(7) Recheck connections, switch on a.c. mains and
check 'that the voltage between common (-ye output)
line, and C3 - equals -10y +10 per cent.

(8) Check that the voltage between C4+ and
common line equals +27V +10 per cent.

(9) Check that the output voltage is available from
the unit, and may be varied by VR3 (or S4 if fitted).

(10) Set output voltage control to maximum and
adjust VR2 to give 20V output.

(11) Set output voltage control to minimum and
adjust VR4 to give 0.5V output.

(12) Set output to about 10V, and check that the
overload setting is 100mA.

(13) Repeat Test 3, and check that the output from
the unit falls to less than 2.5V, with LP2 lit.

(14) Switch off a.c. mains and remove temporary
links wired in Test 6.

(15) Connect TR4 and TR5 to the stabiliser board,
and link the d.c. positive line by connecting 100 ohm
resistor between the d.c. positive pins on the two boards
(positions 1 A and 8B).

. (16) Recheck connections, select 25mA overload,
turn VR1 to maximum and switch on a.c. mains.
(Overload circuit will probably operate.)
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Fig. 9. Wiring of S4 output volts control. The 18 x 1 kilohm
resistors are W h.s. and are wired around the switch wafers
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Leave power unit switched on for about 10 minutes to
settle down, and then reset with S3 if necessary.

(17) If a variable resistor is used for VR3, repeat
Tests 10 and 11, setting these voltages to 22V and OV
respectively, then go to Test 25 when completed.

Note: VR2 and VR4 interact, and Tests 10 and 11
should be carried out as many times as necessary to
achieve an optimum result.

If S4 is fitted as in Fig. 8, proceed as follows:
(18) Replace VR6 and VR5 variable resistors with

two 1 kilohm 1 per cent resistors connected in series;
junction of the two resistors to be connected to TR1
base.

(19) Select 20V output position and adjust VR2 to
give 20V output.

(20) Select 2V output position and adjust VR4 for
2V output. Repeat Tests 19 and 20 as necessary.

(21) Remove the two 1 kilohm resistors and connect
VR5 and VR6 back in circuit.

(22) Select the 2V output position, turn VR6 for
minimum output, and adjust VR5 to give OV output.

(23) Check that VR6 can now vary the output from 0
to 4V.

(24) Select 20V output position and check that VR6
can vary the output between 18V and 22V.

(25) Select 100mA overload and set output to 10V.
(26) Load output with 100 ohm, 1W resistor and

adjust VR1 slowly until overload circuit operates.
(27) Remove 100 ohm load resistor and reset.
(28) Check overload trips when 100 ohm load is

reconnected.
(29) Remove 100 ohm resistor, in series with d-d.c.

line, between boards, and replace with permanent
connection. (Switch off to do this.)

(30) Recheck for correct output voltage variation
range, and recheck operation of overload circuit as in
Tests 25 and 26 (VRI should not need to be altered).

(31) Select 20V output and 1A over-
load, connect an 18 ohm resistor across
output terminals and check that unit
trips.

(32) Check short circuit output
current is less than 10mA. It will
probably be much less than this, but is
dependent on leakage current through
TR3, TR4 and TR5.

PERFORMANCE DETAILS
The unit built by the author used a

transformer with secondaries of 22.3V,
0.9A (main) and 21V, 60mA (auxiliary).
The voltage range was set for an output
of 0 to 20V and the output control was
as per Fig. 8.

Measured performance was as
follows:
Voltage range- 0 to 20V
Max. r.m.s. load current- lA
Output resistance at 20V, lA-

30 milliohm (0.03 ohm)
Output resistance at 0.2V, lA-

40 milliohm (0.04 ohm)
Output ripple ,at 1 A load -

500#V r.m.s.
Voltage setting accuracy-

Better than 1.5 per cent
Output variation for ±10 per

cent mains variation-
Better than 0.1 per cent

Overload protection range-
25mA to 2.5A

Short circuit output current- lmA
The only parameter not mentioned in the table is that

of temperature stability.
When first switched on the output voltages will be, at

worst, 6 per cent low, and this is due almost entirely to
the temperature coefficients of D10 and D11. The
output voltages settle very quickly and are within 1 per
cent of their final value in about one minute of switching
on.

If it is required to decrease the effects of temperature
variation, then the following is suggested: make D10
from five Zener diodes, each rated at 5.6V, connected
in series, and Dll from two Zener diodes each of 5.1V,
connected in series.

However, unless the unit is to be used for applications
where temperature stability better than 1 or 2 per cent is
mandatory, then the extra cost of replacing DIO and
Dll is not justifiable.

FINAL COMMENTS
There are two further points worth mentioning.
Although the unit is only intended to handle a

maximum load current of 1A, a 25A overload position
has been included. This allows the unit to be used
where average currents are less than IA but where high
current peaks may be encountered. For example,
class -B and class -C power amplifiers.

The -10V line may be made available on the front
panel of the unit. Although currents of only 2 or 3mA
may be drawn from this line without affecting the main
supply, this can nevertheless be useful for small signal
biasing applications.
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BOOK
MEM

RCA HOBBY CIRCUITS MANUAL
Published by RCA Great Britain Limited,
Lincoln Way, Windmill Road, Sunbury -on -Thames,
Middlesex
224 pages, 8Iin x Slin. Price I7s 6d.

IN this one reasonably priced volume are presented thirty
five circuits which should have a broad appeal to

electronics hobbyists.
Whilst including some games and novelty circuits, the

majority fall into specific categories such as photography,
motoring, ham radio, audio, etc., providing solid state aids
or accessories in these pursuits.

The Manual opens with brief, but adequate, descriptions
of the theory and operation of the semiconductor devices
used in the various circuits and a general introduction to
some commonly encountered circuit "bricks". A section
on construction techniques provides all the information
necessary both in the handling and assembly of the
components used.

Sections on test circuits for component troubleshooting,
and suggested circuit uses, preface the thirty five projects
all of which are dealt with in detail both for circuit opera-
tion and construction.

Semiconductor types used can be obtained from RCA
Great Britain at the address given above.

G.M.H.

COLOUR TELEVISION :
A Background to Colour Tube Adjustment for the
Service Engineer
Published by Distributor Sales Division,
Mullard Limited
48 pages 84 x 6in. Price I7s 6d.

WITH the advent of colour television has come more
rigorous demands on the service technician both in

the understanding of new circuit techniques and the
application of new and necessarily more complex setting up
procedures.

In two parts this book provides a liberally illustrated
"teach -in" on colour tube control assemblies and their
adjustment. Part 1 provides a brief description of the
shadowmask picture tube with explanations of convergence
and colour purity and associated assemblies necessary to
achieve this. Part 2 gives a typical setting up sequence of
adjustments, the emphasis being on a simple easy -to -follow
procedure which should appeal to the service man.

Colour pictures and diagrams are used to show the
operation of the various controls and to give examples of
the displayed picture before and after adjustments are
made.

G.M.H.

AUDIO DIARY 69
Published by Link House Publications Ltd.
60 pages of information plus diary section,
4iin x 2iin. Price 8s 6d.

THE information section of this diary will be a most
useful and convenient work of reference for all who

appreciate good music and the means for its reproduction
in the home. The subject matter has been selected to
embrace the musical art as well as acoustic science and
audio engineering. Topics succinctly but objectively
dealt with include: frequency and pitch, gramophone
records and their reproduction, loudspeakers, and tape
recording. There are also other data such as music terms,
index of composers, audio terms, and circuit symbols.
Illustrated with charts and diagrams.

TRANSISTOR SERVICING GUIDE
Prepared and published by RCA Institutes Inc.
194 pages, 8in x Sin. Price 35s.

SERVICE engineers, who prefer to learn from straight-
forward factual reporting of technical information,

might find this book helpful. For those hitherto
unfamiliar with transistor techniques, the early chapters
lay out clearly and concisely the necessary basic theory of
circuit operation of amplifying and r.f. stages.

Typical circuits used in transistor radio receivers are
given in Chapter 3, while the next chapter looks at transis-
tor television circuitry. This is dealt with in some con-
siderable length. One would have thought that by this
stage in the book one might have read about typical fault
diagnosis and practical work-according to the title-but
this aspect is given only in the last 40 pages.

Although of American origin, this book has been
Anglicized to a considerable degree making it more
digestible to the British service man.

M.A.C.

NEWS BRIEFS
Safer Level Crossings

TELEVISION cameras are being mounted on Italian un-
manned level crossings to provide an unobstructed view

of the whole crossing area. The cameras, which use
English Electric Vidicon picture tubes, feed monitors
mounted in the signal box, these monitors provide the
signalman with a continuous view of the crossing and, in
the event of the track being obstructed when the barriers
are lowered, allow him time to warn approaching trains.

Britain Contributed to Apollo 7 !
BRITAIN'S contribution to the Apollo 7 space mission
consisted of five Cable and Wireless station% in Antigua,

Ascension, Bermuda, Suva (Fiji) and Tortola (B.V.I.).
The "NASCOM" communications network, used to
control and track the entire flight, consisted of teleprinter,
voice and data circuits and covered a large part of the
globe. Circuits had to be maintained in the highest
state of efficiency throughout the mission; reliability
requirements being as high as 99.8 per cent.

Computer -Aided Design Centre
THE Ministry of Technology have been negotiating with
ICL to operate the new computer -aided desIn centre

at Cambridge under Mintech direction. The design
centre, which is expected to be operational in mid 1969,
will provide multi-access facilities working largely through
the medium of teleprinters but using displays and other
devices in some instances. Expected costs and running
expenses for the first five years are about f21- million.

Integrated Circuits Joined by Electrons
AN ELECTRON beam cutting and welding unit, which is

to be used for connecting together micro -integrated
circuits, is being developed by the research division of
ICL. The heart of the control system for the unit is to
be an English Electric M2140 multi -processor computer.

Computing Past and Present
ASMALL exhibition of mechanical, electro-mechanical,
and electronic computing machines, past and present,

is now being shown in the Science Museum, South
Kensington, London. It is open every day (except
Christmas Day) until January 12, 1969, admission free.
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BEFORE using any unfamiliar electronic device it is
wise to examine the characteristics carefully and

if possible try to understand its physical properties.
With Zener diodes both these points are relatively
simple to master. The Zener diode is very similar to
any silicon diode and if used in the forward biased
condition will give similar results. The difference, due
to impurities injected during manufacture, is found
when the device is reverse biased as it breaks down at
a given voltage and will conduct large currents (see
Figs. la and lb).

Before proceeding it is important to note that, like
all semiconductors, Zener diodes are likely to be
damaged if excessive currents are allowed to pass
through them. To avoid this ensure that a series
resistor is used to limit that current whenever the
breakdown voltage is to be exceeded.

_v +v -v
-4- 4

Is

+ V'

Fig. I. Characteristic curves and circuit symbols of
(a) silicon diode and (b) Zener diode

vZ

6

-V (VOLTS)
4 3 2

I
+V

1000 4- rz (Kw,

200pA

300yA

400pA

500pA

Fig. 2. Characteristic of Zener diode 1N753

By J. S. LAMB

ZEN ER BREAKDOWN
Looking at a typical characteristic curve (Fig. 2) of

a Zener diode type 1N753, AB is a region in which
very little current flows and the device presents a high
impedance usually above 50 kilohms. Region BC is
the breakdown voltage V. and is usually a very sharp
knee but it can be a steep curve especially at very low
breakdown voltages, i.e. 3 to 4 volts. Finally in the
region CD the breakdown voltage is exceeded and
very large currents flow for small increases in voltage.

The manufacturers data for Zener diodes is presented
with a definite value of Zener current Iz(min) being
quoted for the breakdown voltage. This is usually
greater than required and lies well into the conducting
portion of the curve, to ensure that the working point
of the device never lies on the curved portion BC.
It is important to note, however, that for large variaz
tions in Zener current the breakdown voltage increases
slightly, i.e. this device still has a finite resistance Rz
after breakdown. Two other parameters are also quoted
/z(max) and maximum power dissipation Pc(max). The
maximum power dissipation depends on temperature,
but for the purpose of this article it is assumed that
an ambient temperature of 25 degrees C prevails and
the devices are never subjected to maximum power
dissipation. All Zener diodes are subject to a 5 or
10 per cent tolerance and it is not unreasonable for a
nominal 62V Zener to have an actual breakdown
voltage between 5.6 and 6.8V, although any one diode
will always have a constant breakdown voltage within
this range. Zener diodes also vary with temperature;
those below 5V have a negative coefficient, those above
6V a positive coefficient, and those at 5 to 6V have a
zero temperature coefficient. Thus by combining
selected diodes (i.e. above 5V and below 5V) the total
temperature coefficient of several devices can still be
less than the temperature coefficient of one diode of
corresponding voltage.

STABLE VOLTAGE SOURCE
The Zener diode is most commonly found in voltage

reference and stabilising circuits. Fig. 3 shows the
most common Zener diode circuit used to produce a
constant voltage with a varying load current and
supply voltage. As the latter varies, the voltage
across RI varies, allowing V. to remain constant
provided that ./z(min) is allowed to flow continuously
through the Zener diode. Under the conditions where
no load current is taken, the maximum load current
required in the external circuit plus Iz(min) flows
through the diode, while on full load the Zener diode
conducts only Iz(min).
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DESIGN PROCEDURE
The design procedure for a stabiliser of 6.2V (as in

Fig. 3) is as follows:
1. Stipulate maximum and minimum current IL to be

drawn in load (e.g. 10mA and OmA).
2. Stipulate the maximum supply voltage Vi likely

to occur (e.g. 12 volts) and ensure that the
minimum supply voltage is at least 1V above the
breakdown voltage of the Zener diode.

3. At any time Vi = Vz + VR1, where V. is the
breakdown voltage VR1 is voltage across RI, and
Iz = h(min) IL, where IL is the maximum load
current stipulated.

Using Zener diode 1N753 where V. = 6.5V, Iz(min) =
100M (from Fig. 2).

Maximum Iz = 100FA + 10mA

= 10.1mA

Therefore RI must conduct 10-ImA at the minimum
supply voltage.

Allowing 1.5 volts minimum across RI, i.e. Vi - Vz.

1.5- 10.1 x 10-3

= 148.5 ohms

The nearest preferred value resistor would be
150 ohms.

4. At maximum supply voltage 12V:

VR1 = R1

/. -(12 - 6-5)
150

= 36.7mA

Under no load conditions this current flows through
the Zener diode when the Zener dissipates most power.

5. The power dissipation for these open circuit con-
ditions is given by

Pc=lzVz
Pc = 6.5 x 36mA

= 234mW

This is well within the 400 mW rating of the 1N753.
The results of this circuit are shown graphically in
Fig. 4.

ZENER DIODES IN SERIES
As stated earlier in this article it is possible to add

two or more diodes in series (Fig. 5). The calculation
is similar but in this circuit Iz(min) must be a minimum
value, so that the current passing through any diode is
never less than the value at which the breakdown
voltage of that diode occurs. If this condition is
fulfilled then six different stable supplies can be obtained
from three diodes as shown in Fig. 5.

ZENER DIODES IN PARALLEL
For very good stability at low voltages, especially

for supplies containing a.c. ripple, two Zeners can be
added in parallel, Fig. 6. The calculation is the same
for both diodes, each being treated as a single stage.
If a potentiometer is substituted for R2 then a variable
stabilised supply can be obtained although stabilisation
is not as good as in the fixed voltage circuit.

If large load circuits are required or the supply
varies by more than 2 to 3V the Zener diodes can easily
be over loaded; to overcome this a transistor is usually
added.

VOLTAGE STABILISE WITH
TRANSISTOR

In this type of circuit the Zener diode is used as a
constant voltage source on the base of a transistor.
The transistor is operated in the emitter follower con-
figuration, with the load acting as the emitter resistor
(see Fig. 7).

The 'voltage at the emitter follows the voltage at the
base. In this circuit, the latter is constant so the
output across the load is also constant and the maximum
current through the load is the maximum emitter
current of the transistor. The gain of the transistor hre
should be high (e.g. 50) to ensure that under maximum
load conditions the base current is not large enough to
load the Zener diode circuit.

Fig. 3. Circuit
diagram of a simple
Zener diode stab-
iliser
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2 -
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v = ati

v,
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1500.
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Fig. 4. Load characteristics for given inputs of Zener
diode stabiliser

OLTPUTS

V21: vZ2: V23
V-1 + v22 VZ2 + v23
VZ1+vZ2 V23

Fig. 5 Three Zener Fig. 6. Zener diodes.
diodes connected in connected in parallel
series provide six
stabilised outputs.
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= 7 VOLTS Fig. 7 (left). Circuit diagram and table of results of
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voltage stabiliser using a transistor connectedin series.
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STABILISER DESIGN
The procedure for designing a circuit using 1N753

to give 6.5 volts output, as in Fig. 7, is as follows:
1. Stipulate maximum and minimum load current,

(e.g. 50mA and OmA respectively).
2. Stipulate maximum and minimum supply voltage;

again the minimum supply should be 1 to 2V
above Vz (e.g. Vi(.) = 12V, V1(min) = 8V), i.e.
Vilt = 1.5V.

3. Select transistor for power dissipation Ptot

Ptot = Vi(max) - Vo) X IL(max)

= (12 - 6.5) 50 x 10-3

= 275mW

It is also required that hre = 50 (use transistor type
0084)

IL(max) IL(max)
Therefore lb = 1 + he, - hie

Ib = ImA

4. For good regulation the current through the
Zener diode should be much larger than the
required base current, i.e. by a factor of 5.
The value of RI, is then calculated as in the simple
stabiliser.

Vi(min) -Vz
i.e. RL = /z

8 - 6.5
5 x 10-3

= 300 ohms

The nearest preferred value resistor is 300 or 330 ohms.
5. The power dissipation is given by

Pe -
Vi(max) Vz) y

ib(min)) Vz
R1

If the minimum load current is zero, lb = 0

Pc- 712 - 6.5)6
5

k 330

= 112mW.

For the results of this circuit, see tables in Fig. 7.
It is interesting to note that as this circuit behaves

as an emitter follower the output voltage is smaller by
the Vbe of the transistor. It is also worth noting that
Vbe increases slightly as the emitter current increases.

RI 40 RI lin

0

Fig. 8. Use Of Zener diodes in meter circuits

10

I I J I I

0 I 0 2 0.3 0'4 0.5 0.6 0.7 0.8 0.9 1.0

METER READING (mA)

Fig. 9. The results of adding a Zener diode and
parallel resistor to a I mA meter

Fig.10a. Zener Fig. 10b. Two Zener diodes
diode used to used "back to back" to give
protect a voltmeter protection against positive
against overload and negative transients

Fig. I I. A free running square wave generator using
a Zener diode
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ZENER DIODES FOR METER CIRCUITS
One of the most useful applications of Zener diodes

to the amateur constructor is its addition to voltmeter
circuits (Fig. 8a).

For this application a 1 rnA meter was used, with a
series resistor R1, as a voltmeter. Sensitive meters
should be shunted to measure at least lmA f.s.d. to
ensure that f.s.d. is not reached by Zener diode leakage
current (Fig. 2).

The Zener diode presents a very high impedance
(about 50 kilohms) until the voltage across it reaches
the breakdown voltage, so from zero volts to the
Zener breakdown voltage the meter reads only the
Zener leakage current, i.e. Fig. 2 (A - B). After
breakdown the Zener resistance is very small (e.g. in
the region 10 to 100 ohms) so the meter now behaves
as a normal voltmeter. The scale is compressed up to
the Zener breakdown voltage, whereafter it is linear.
If it is required to measure a voltage of 7V accurately
then using a Zener diode of 6.5V and a 1 mA meter,
the meter will read 7.5V full scale with a deflection
range of IV if R1 = 1 kilohm.

If a resistor is placed in parallel with the Zener
diode (Fig. 8b) to form a potential divider then the
lower part of the scale can be increased, while still
being compressed, to give a reasonable reading outside
the required range. Fig. 9 shows the results of
adding a Zener and parallel resistor to a I mA meter.

CIRCUIT PROTECTION
A Zener diode can be used very effectively to protect

a voltmeter against overload or a reversed polarity
signal (Fig. 10a). When the input reaches the break-
down voltage the diode conducts and short circuits the
meter. In practice the diode used has a breakdown
voltage 2 to 3 times that which would overload the
meter. Also, if a voltage is applied which is of reversed
polarity the Zener diode behaves like a normal diode,
forward biased, thus again short-circuiting the meter.
This method of protection can also be used to protect
instruments from transients through supplies. In this
case it is usual to place two Zener diodes back to back
as in Fig. 10b, thus protection is gained against positive
and negative transients.

SIMPLE TIMING CIRCUIT
In the circuit of Fig. 11 the capacitor Cl is charged

through the resistor RI until the voltage across it
reaches the Zener breakdown voltage plus the Vbe of
the transistor.

The Zener diode then conducts allowing a base
current to flow which switches the transistor hard on.
The time taken for this to occur is given by

t0.7CiRia
Yee

Unfortunately the value of R1 has a practical
maximum. This resistor must be able to conduct the
/z(mrn) of the Zener diode and a base current large
enough to switch on the transistor. This means that
large values of capacitance must be used for long time
delays.

The repeatability of the time delay depends on the
capacitance and the shape of the knee of the Zener
diode. Thus this circuit can never be used in applica-
tions which require a high degree of accuracy.

If a relay is used in the collector circuit with one set
of contacts used to discharge the capacitor then the
circuit becomes a free running square wave generator.
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PROBING
THE OCEAN
By P R. HINCHCLIFFE B.Sc.

A STUDY of the ocean involves the accurate determin-
ation of such parameters as pressure, temperature,

salt content and current flow in regions of the earth's
surface where man could never live, without the aid of
bulky and expensive protective vessels. The following
article describes how the oceanographer enlists the aid
of electronics to penetrate depths otherwise forbidden
to him, and to study them both i.? situ and in the
laboratory.

MEASUREMENT OF DEPTH
The ea-liest measurements of depth were, of course,

taken by the technique of throwing a weighted rope
over the side of a ship. In later years, a blob of candle
grease on the weight also provided early marine
geochemists with a convenient sample of the sediment
from the sea floor.

However this procedure was inaccurate, and especially
in dee? waters, very lengthy. Paying out and winding
in 3,000 fathoms of wire is a very tedious procedure, and
a survey of a small area could take months using this
procedure.

A mocern day technique is to use sonar. A high
frequency acoustic pulse (about 10-15kHz) is released
from a transducer below the ship, at the same time that a
pen recorder begins to sweep across a paper. The
reflected echo is received and causes the pen to mark the
paper.

The time pulse and echo gives the depth accurately,
assuming that the velocity of sound in water is known.
This valLe is taken to be 800 fathoms per second, but
tables are available to correct for different parts of the
ocean.

Accurate measurement of sound velocity is also useful
for determining current flow or water densities under
certain circumstances. The method usually used to
measure velocity is based on the "sing -around" system
(Fig. 1). A pulse emitted from the transmitting
transducer travels an accurately known path and is
received oy a second transducer, which feeds the signal
back to the transmitter via shaping and amplifying
circuits, zausing electrical oscillations to occur. The
frequency of oscillation is dependent on the velocity of
sound in the water between the transmitter and receiver.

This transmission of data as a frequency modulation
is very convenient, requiring only one probe -to -ship
cable to carry many different channels of information.
Considerable modification is often incorporated into a
sensor system so that a modulated frequency signal can
be obtained, as we will see later.

DEPTH RECORDER
Knowing the velocity of sound enables accurate

depth measurements to be made using, the system
mentioned above. Fig. 2 shows in block diagram form
a typical depth recorder based on this principle.

Use of the "sing -around" principle would cause loss
of definition o' the structure of the sea bed as the
interval between pulses may be several minutes in deep
waters, and in this time the boat may have travelled
quite a cistance. To overcome this a string of pulses is
given out and this is gated in a particular code to
determine which echo came from which pulse.
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Fig. 1. Sound velocity meter using "sing-aro ind" principle
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Complete precision
soldering kit

,1111(11A

This kit-in a rigid plastic
"tool -box" - contains
everything you need for
precision soldering.

 Model CN 15 watts
miniature iron, fitted
A-" bit.

 Interchangeable spare
bit, h".

 Interchangeable spare
bit, h".

 Reel of resin -cored
solder

 Felt cleaning pad
 Stand for soldering iron
NI Space for stowage of

lead and plug
PLUS 36 -page booklet on
"How-to-Solder"-a mine
of information for amateur
and professional.

From Electrical and Radio
Shops or
send cash 49,6to Antex.

. . . pin -point precision
soldering . . . fingertip
control ... bits that do not
stick to shafts . . . bits that
slide over elements ... sharp
heat at the tip . . . reliable
elements . .. spares always
available ...
in Europe, Africa, Asia,
America . . . ANTEX sol-
dering irons are used by
experts and amateurs alike;
they have found out the
advantages of Antex

you can too . . . buy one in
a shop or direct from us ...
or ask for our catalogue
first.

(10818111210088
- miniature solder..  iron

a '
Model CN240/2
15 watts - 240 volts
Fitted with nickel plated bit (3;32"") and in
handy transparent pack. From Electrical
and Radio Shops or send cash to Antex.

31L

PRECISION MINIATURE
SOLDERING IRONS

Antex, Mayflower House, Plymouth, Devon
Telephone : Plymouth 67377/8. Telex 45296. Giro No./ 258 1000.

plug in
the smallest

soldering iron
available

CN 15 watts. Ideal for miniature and micro
miniature soldering. 18 interchangeable spare
bits available from .040" (1mm) up
to 3/16". For 240, 220, 110, 50 or 24 3216
volts.
From Electrical and Radio Shops or
send cash to Antex. ACTUAL SIZE

4111111111E1;=;1.

G 18 watts. Ideal for miniature work on
production lines. Interchangeable spare
bits, 3/32", 1/8", 3/16", and 1/4". For 240,
220 or 110 volts. 32/6.

leM1111==1
E 20 watts. Fitted with 1/4" bit.
Interchangeable spare bits 3/32", 1/8".
3/16". For 240, 220, 110 or 24 volts. 35/-.

----69---4M1116ime
ES 25 watts. Fitted with 1/8" bit.
Interchangeable bits 3/32", 3/16" and 1/4".
Ideal for high speed production lines.
For 240, 220, 110, 24 or 12 volts. 35/-.

F 40 watts. Fitted 6/16" bit.
Interchangeable bits 1/4",3116", 1/8", 3/32"
Very high temperature iron. Available
for 240, 220, 110, 24 or 20 volts. 42/6.

Spare bits and elements for all models
and voltages immediately available from stock.

To: Antes, Mayflower House, Plymouth, Devon

LiPlease 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

PE 1 Telephone 
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R.S.T. VALVE MAIL ORDER CO.
BLACKWOOD HALL, WELLFIELD RD., S.W.16
Special 24 Hour Mail Order Service

AZ31 9/6 KT67 45/- UCH42 10/6 12Q7GT 4/6 282904A 12/6 GEX641 I 6-
BY100 616 ILT81(705) UCH81 6/9 201.1 17/- 2N2926 5/3 GEX941 3/ -

CIO 201- 15/- UCL82 8/- 201.4 19/- 2613819 13/- CUM 3/6
CY30 18/3 KT81(GEC) UCL83 10/-20P6 18/- 28002 20/- CUM 3/6
DAF9I 4/- 35/-17111 10/- 2524 6/3 20003 12/- 03631 3/6
DAF96 6/9 KT88 27/6 17589 7/6 252.3GT 7/- 20004 11/- GUM 3/6
DC090 12/6 KTW61 10/- UL41 9/6 2526GT 8/6 20005 48/-16132967 4/-
D1191 3/- KTW62 10/- UL84 7/- 30015 13/6 28008 20/-1606002 4/-
D1696 6/9 90L4 17/6 UY41 7/- 30017 14/-20012 50/- JK9A 22/6
DH77 4/6 N78 151- UY85 6/6 30018 13/6 28012A 55/- 3810A 15/-
131191 6/6 PC86 11/6 VP4B 25/- 3055 14/- 28013 20/- JKIOB 15/-
DK92 8/- PC88 11/6 VR106/30 6/- 30FL1 16/-28018 60/- .111191. 22/6
DK96 7/9 PC97 8/9 VR150/30 6/- 3051.12 16/- 28108 60/- 39(211. 12/8
DIM DV- PC900 9/6 W81 12/6 30FL14 13/6 20301 12/6 K896A 5/-
1)L92 4/9 P0084 6/3 266 113/- 301.15 15/3 28320 9/- MAT101 8/6
111.94 6/9 PCC89 11/- 2319 25/- 30L17 14/- 28702 E6/- MAT120 7/9
DL96 7/6 P00189 11/8 2769 23/- 110P12 12/- 451. 45/- NKT128 6/-
DL810 12/6 PCF80 7/- 28031J 15/- 301.19 13/- AC107 10/- NKT142 8/-
D1.816 30/- PCF86 9/- 0A2 6/3 30PL1 15/- AC128 6/6 NKT211 6/-
DL819 30/- PCF801 10/- OB2 6/- SOPL13 15/- AC127 7/6 NKT214 4/-
DW4350 716 PCF802 10/- 003 5/6 30PL14 16/- AC128 6/6 NKT216 7/6
DY86 8/- PCF806 13/6 024 4/6 MOOT 6/9 A0176 7/6 NKT217 8/-
DY87 6/- PCL82 7/9 1B3GT 8/- 35W4 4/6 ACY17 7/6 NKT218 6V -

E8800 12/- PCL83 9/3 IRIS 5/6 35Z4GT 5/6 ACY18 6/3 NKT221 5/6
81805 17/6 PCL84 7/9 3D21 5/- 5005 6/3 ACY19 6/9 NKT223 6/-
8182CC 22/6 P01.65 9/3 2E26 20/- 600136G 31/- ACY20 5/- NKT224 4/6

EABC80 7/- PCL86 9/- 31.5 7/- 80 7/- A0221 6/- NKT225 3/8

EAF42 10/- PENB4 20/- 3B28 40/- 861.1 25/- ACY22 3/6 NKT227 5/6
E891 3/- PEN45DD 3045 66/- 86A2 7/3 ACY28 4/6 NKT228 6/-
88033 7/- 12/- 4X150A 95/- 90AG 45/- AD140 16/- NKT251 5/-
Es041 9/9 PFL200 14/- 6R4OY 8/9 90AV 49/- 1.13161 1I/- NKT265 9/6
ICBC90 4/6 PI.36 10/- 51140 4/- 9001 12/- AF114 6/6 NKT274 6/-
EBF80 7/- PL81 8/- 5V40 8/- 9000 25/- AF115 6/6 NKT304 81-

88583 8/3 5Y3GT 5/6 90CV 25/- AF116 6/- NKT352 8/-
EBF89 616 PL84 6/9 97.40 6/9 150132 9/6 AF117 6/6 NKT404 12/6
Wool 11/- PL500 15/- 6/301.2 13/- 160B3 8/6 AF118 I0/- NKT452 12/6
EHL31 27/6 PX4 14/- 6AK6 4/6 801 6/- AF125 6/3 NKT675 6/-
ECC33 16/- PX25 12/6 6A106 6/6 803 35/- AF178 12/6 NKT676 5/ -

EC 4O 15/- P232 9/6 6A1.5 3/- 807 7/- AF186 17/6 NKT677 9/-
13008/ 3/9 PY99 9/6 BAIN 9/6 811 35/- AFY19 22/6 619(2678 8/-
80082 4/9 PY81 6/6 61.108 10/- 813 76/- A8220 7/8 NKT713 7/6
80083 6/3 PY82 6/- 6AQ4 4/- 866A 13/6 A8221 12/6 NKT777 8/-
20085 5/- PY83 6/6 6AQ5 6/- 872A 57/6 A0Z23 30/- 01.5 3/-
80088 7/- PY800 10/- 61.86 6/0 5651 7/6 ATZ1O 30/- 01.7 4/-
80F80 6/6 PY801 10/- 6A87 15/- 5654 8/- AUYIO 39/6 01.10 3/-
ECF82 7/- P230 10/- 6AT6 4/8 5672 7/- BC107 7/6 0.647 3/-

&CH36 11/- QQV02/6 46/- 6.6176 6/- 6687 10/- BC108 5/- 01.70 2/-
ECH49 111- QQV03/10 61340 16/- 5691 25/- BC109 7/6 01.79 2/6

801681 5/9 30/- 6BA6 5/- 5749 10/- BCY31 13/6 02.81 2/6

801683 8/6 QQV03/20 68E6 5/- 6763 10/- BCY33 7/6 DA85 2/6

ECL80 7/- 109/- 6BH6 7/6 5842 65/- BCY34 6/- DAN 4/-
8CL82 7/- QQV04/15 6BJ6 9/- 6963 10/- BCY39 24/- 01.91 2/8

801.83 10/3 105/- 6BK4 27/6 6057 10/- BCY40 12/- 01.200 3/3

ECL86 9/- QQ V06/40 6886 7/6 6058 10/- BCZ11 5/- 0A202 4/3

1301.1.800 30/- 6BQ7A 27/6 01.210 7/6

RFD 20/- QQVS/10 613R7 8/6 6060 6/- BDY12 32/- 0A2200 11/-
EF373 7/- 70/- 6888 5/6 6061 12/- B5Y51 3/6 01.2201 10/-
EF39 6/- Q870/20 6/6 6B07 16/9 6062 14/- BFY52 4/6 0.1E202 8/6

13541 10/- Q975/20 5/6 6BW6 14/- 6063 7/- BPY10 21/6 0A2204 8/8

EF80 5/- Q875/60 20/- 6BW7 14/- 6064 7/- BSY27 9/6 01.2206 8/6

EF86 619 Q883/3 7/3 604 2/9 6065 9/- B0Y28 5/- 01.8208 6/8

8589 6/- Q892/10 4/- 60116 6/- 6087 10/- BOY51 7/6 0AZ222 9/6

E591 3/6 Q095/10 5/6 601360 22/- 6080 25/- BSY133 7/6 01.2224 10/-
81692 2/6 Q8108/45 15/- 60166 5/9 6096 8/- B8Y95A 6/6 01.2225 10/-
EF98 15/- Q0150/15 8/- 6CL6 8/6 6146 26/- B0X82 40/- 0A2242 4/13

8F183 6/8 Q8150/30 5/- 6CW4 12/- 9003 9/- BTY88 19/6 01.2246 4/6

E5184 6/6 Q8150/36 6D4 15/- BTY95100R 01.2290 9/6

25804 21/- 20/- 6DK6 9/- TRANSISTORS 140/- 01.2292 9/8

871660 10/- Q9150/45 6523 13/6 11421 3/8 BY100 5/- 0016 20/-
21180 7/8 20/- 6524 12/- 1822 6/- BY114 IV- OC19 7/6

81.33 12/6 Q0150/80 65217. 12/- 161429 120 BYZ11 9/6 0020 15/-
2144 10/6 20/6 6528 11/6 1611192 17/6 BYZ12 12/- 0022 10/-
21.41 10/- Q81209 7/3 6750 2/6 1173065 13/9 BY213 7/6 0023 11/8
81.43 10/- QV03.12 10/- 636 3/- 58113 4/6 BY218 15/- 0024 15/-
8L81 7/9 Q404-7 12/6 6170 4/9 18131 4/3 CDT131312/6 0025 9/-
EL84 4/9 QVOS-25 7/- 89(70 2/- 1842016 12/6 0064 2/6 0026 7/-
81.85 7/6 QV06-20 2111- 6880 3/- 2162 4/3 CK707 2/6 0028 12/-
21136 7/6 R10 15/- 6L60 7/6 20210 12/8 CR81/05 7/6 0029 15/-
EL90 6/- R17 8/- 6Q70 6/- 20309 5/- CV102 3/6 0035 1216

E1.913 5/6 1618 7/6 6807 6/- 20381 IV- CV103 3/6 0036 12/6
111.360 22/- R19 7/9 68.1790 7/- 20382 6/- CV425 3/6 0041 6/-
EL500 20/6 16G5/500 80/- 68L7GT 4/9 20401 5/- CV3228 20/- 0042 5/-
81321 6/- 8130 35/- 68317GT 4/6 20402 6/- CV2258 26/- 0043 9/-
21822 16/- 8130P 35/- 6V60 4/6 20403 10/6 CV2290 5/- 0044 4/-
21.180 20/- 81.41 3/6 6%4 3/6 20414 6/- CV2919 2/6 004490 5/6
EMU 25/- SP61 3/6 6X60 4/6 20415 8/- CV2848 2/6 0046 3/6
89080 7/6 8TV280/40 6XSGT 6/- 20416 6/6 CV1782 30/- 004531 4/-
E9081 7/9 26/- 786 11/6 20417 6/- CV7183 30/- 0046 5/6
89084 7/6 STV280/80 7B7 7/6 261247 9/6 DD003 3/6 0047 7/6

81632 25/- 85/- 706 15/- 261274 9/6 DD190 9/9 0057 16/-
8251 7/6 8172160 12/6 7C6 15/- 261410 3/6 DD226A 7/8 0068 17/6
EY81 7/- 8172150A 12/6 7167 , 6/6 261555 12/8 EW99 5/- 0069 18/6
8Y83 8/6 1319 35/0 707 30/- 261585 7/6 GET7 51- 0070 41-

EY84 7/6 U24 24/- 7Y4 8/6 28599 12/6 GET8 8/- 0071 3/6
8Y86 7/- 1725 13/6 101.13 15/6 291696 10/- GET16 7/3 0072 5/-
8240 8/- 1326 1316 1183 42/- 261697 1216 GET20 10/- 0073 7/6
2241 10/- 17191 13/- 12AC6 10/- 28700A 6/6 GET88 15/- 0074 8/-
2280 6/6 11301 18/3 12AD8 11/- 2N1040 20/- 0E2102 6/- 0075 6/-
2281 5/6 17404 11/9 121.86 9/6 2611132 19/6 OKT114 II- 0076 6/-
()T1C 97/6 17801 23/6 12AT6 4/6 2611301 6/6 0E2115 9/- 0077 8/-
0230 10/- 011.8080 6/- 12AT7 3/9 2311304 6/- 08T116 15/- 0078 5/-
0232 9/6 171.542 10/3 121.177 4/9 282062 7/6 08T671 5/- 0081 5/-
0Z34 11/- UBC41 8/6 12AX7 6/3 2612068 20/- 0ET872 6/- 0081D 3/-
0237 17/6 U8081 8/3 1281.6 8/- 2312147 12/6 GET874 5/- 00811390 3/-
H63 18/- 1711580 619 128E6 5/9 282160 15/0 0E7875 6/- 008190 5/6
HL41DD 18/6 UBF89 7/3 1281 17/6 2N2369A 4/6 082880 9/- 0081Z 9/-
H261 207- U0085 7/- 129(702 6/- 282398 30/- 082886 In- 0082 6/-
Hum 17/8 UCH21 9/6 129(8GT 8/- 2612904 10/- GEX54 2/6 00780 2/6

All valves and transistors brand new and boxed
Postage 6d. valve, transistors post free

OPEN DAILY TO CALLERS 9 a.m.---5.30 p.m. No early closing
C.W.O. No C.O.D. Tel. 01-769 0199 & 1649
SEND S.A.E. FOR FREE LIST OF 6,000 TYPES, VALVES AND TRANSISTORS

TECHNICIAN
TRAINING

RADIO

IN THE

RAAF
Vacancies exist in the Royal Australian Air Force
for men who are interested in being trained in the
Technical Radio fields. Applicants should be
United Kingdom citizens resident in the U.K.
aged between 18 and 33 years. Qualified
personnel up to the age of 43 years are also
invited to apply.

Free passage to Australia is provided
for families and pay commences from
date of enlistment in London.

Further information can be provided by writing or phoning: -

RAAF CAREERS OFFICER (Dept. P E ) AUSTRALIA HOUSE

STRAND, LONDON W.C.2 Telephone No: 01-836 2435

MARTIN
IS HIGH FIDELITY
plus
ADD -ON -ABILITY

THRILLING POWER

DEPENDABILITY

GENUINE ECONOMY

Details from: -

How would you like to start with
a simple amplifier, say, and add to
it until it became a fully stereo
twenty watt amplifier with FM

tuner and facilities to take the most
sensitive low output pickups ever
made? With Martin Audiokits
is easy, for with these superbly

engineered all -transistor prefabri-
cated units, success is built in from
the start and you build to your own
preferred plan. IT'S A MONEY
SAVING SCHEME, TOO.

Trade enquiries invited.

MARTIN ELECTRONICS LTD.. 155 High Street, Brentford,
Middlesex. ISLeworth 1161

MED

To MARTIN ELECTRONICS, 155 High Street
Brentford, Middlesex

I have not had your leaflets before. Please send them on
AMPLIFIERS 0 FM TUNER 0 RECORDAKITS 

(Tick as required)
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ADDRESS
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Fig. 2. Block diagram of typical depth recorder
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Fig. 3. Helical stylus used on depth recorders

Sing -around type depth recorders, however, have the
advantage that loss in signal strength by absorption in
water can be compensated for automatically by using a
time -variable gain on the receiver.

The recorder uses a pen which sweeps across the
paper at a constant rate-often a helical stylus is used to
achieve this effect (Fig. 3). A pulse is emitted as the
stylus is at zero and the pen marks the paper again on
receipt of the echo. Different rotating speeds of the
stylus give different depth ranges.

The transducers used are usually multiple ceramic
devices, but for some cases nickel/iron magneto-
strictive rings or quartz crystal devices may be used.

Sonar systems are also used for giving the depth of
probes or sampling devices below the sea surface. A
"pinger" is fitted on to the probe, which gives out a
string of sonar pulses. Two main pulses are received
onboard the ship, one direct and one reflected from the
sea bed. When the two traces on the recorder coincide,
the probe or sampler will be o n the sea bed.

VIBROTRON
Depth is closely related to pressure, to such an extent

that a pressure recorder is often used to indicate the
depth of an instrument. A useful sensor, which
directly gives a signal whose frequency is dependent on

pressure, is the vibrotron, in which the pressure is used
to tighten or slacken a vibrating wire, hence varying the
frequency of vibration of the wire. Devices in which
pressure varies the capacitance of the capacitor in an
LC oscillator are also useful.

The vibration and the sonar device described may be
used in wave measurement, which may become
important in the future for predicting storms. How-
ever, these have to be resting on the sea bed and
cables must run from the instrument to shore or ship, so
they are only really useful as near -shore, shallow water
devices.

For shipborne wave analysis a very elegant system is
used. An arbitrary reference depth is fixed below the
ship. Shipborne transducers measure the pressure
(and hence the height of the wave) and compare this to
the reference level to allow for the motion of this ship in
both vertical and rolling motion. The reference level
is fixed by measuring the vertical acceleration due to the
wave motion at each side of the ship. Distance is
found from acceleration by double integration.

The transducers used are variable inductance trans-
formers (Figs. 4a and 4b). A voltage of lOy at 10kHz
is fed to the fixed coil, and 10V ± 10 per cent is induced
into the other, dependent on its height relative to the

PRESSURE

MOVING COIL

POT CORE

FIXED COIL

//

HEAVY
WEIGHT

SPIRAL
DIAPHRAGM

/BEARINGS

VA*

(a)
(b)

Fig. 4. Pressure, acceleration transducers: (a) Pressure; (b) Acceleration; (c) Reference circuit for above transducers
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core. This is compared to the standard 80V reference
to give an output Vo (Fig. 4c) dependent on either
acceleration or pressure.

The acceleration signal is integrated twice (Fig. 5)
and mixed with the pressure signal. The resultant is
fed via a filter to eliminate long term drifting in the
previous network into a pen recorder. The trace may
then be analysed at leisure on land.

MEASUREMENT OF TEMPERATURE
There are two quite separate problems involved in

temperature measurement of the ocean-the thin skin
of the surface is often at a quite different temperature
to that of the mixer layer immediately below. Measure-
ments of the surface skin are usually carried out using
an airborne radiation thermometer (a.r.t., see Fig. 6)
which, as the name suggests, is usually carried in an
aeroplane.

This device compares the infra -red radiation of the
surface layer of the sea with the radiation reflected
from a shutter in front of the thermostatically controlled
container. The shutter rotates to give a chopped 20Hz
signal in the thermistor; the signal is then filtered,
analysed and recorded. This method was used to plot
the Gulf Stream very accurately, as it can measure
surface temperatures of large areas rapidly to within
±02 degree C.

For sub -surface measurements, reversing thermo-
meters and isothermal sampling bottles are often used,
but for the fast temperature/depth contouring a device
known as a bathythermograph (b.t.) is used. This is in
the form of a fish which is towed behind the ship.

On paying out the hawser the weight at the end of the
b.t. causes it to sink, and on stopping the winch and
then winding in the hawser the b.t. rises to the surface by
means of its fins. Pressure drives a smoked glass plate
in one direction, whilst the expansion of a liquid in a
copper tube drives a stylus over the plate to indicate
temperature against depth.

However, a more modern procedure is to use the
expendable bathythermograph (e.b.t.) which is in the
form of a streamlined plumb carrying a thermistor.
An extremely fine 3 -core cable connects the thermistor
to a compensated bridge circuit on board the ship.
As the cable is reeled out from both the e.b.t. and the
shipboard unit simultaneously, it will float along the sea
surface allowing the plumb to fall freely at a known
speed whilst the ship steams away from the spot where
it dropped the e.b.t.
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The temperature is recorded against time, and hence
against depth. These e.b.t.'s cannot be recovered, as
the cable is far too fine to stand the strain of rewinding
the instrument. It is possible to record the temperature
to within ±0.1 degree C.

Contouring temperature recorders (strings of 20 or
more thermistors on a single hawser) are often used to
plot the variation of the depth of an individual isotherm.
The thermistors are wired individually into circuits
such as that shown in Fig. 7.

MEASUREMENT OF SALINITY
Water masses in the ocean can be accurately defined

and their movements plotted by measurement of their
depth, temperature and salt content. However, varia-
tions of salinity in the major oceans are fairly small, and
measurements to within ±0.0l per cent would be
required.

The most reliable and accurate method of salinity
measurement is by the chemical procedure of titration,
but this requires isolated samples of sea water, and a
good deal of time and care. Rapid laboratory tech-
niques usually measure the resistance of a standard
vessel of sea water. The resistance is inversely pro-
portional to the salinity, but also varies with tempera-
ture and pressure of the water.

In the laboratory pressure presents no problems-if
the sample has been taken from a great depth, the
pressure may be allowed for by use of tables. How-
ever, temperature must be controlled to a very fine
degree, and this is done by immersing the conduction
"cells" in an accurate thermostat.

Fig. 8 shows the circuit of a simple conduction bridge.
The circuit is a Wheatstone bridge compensating

Conductivity salinometer



DE LUXE PLAYERS
PORTABLE CABINET As Ulm -
Wed. To St standard A11106
Player or &atm:hanger. -
RCS AMPLIFIER, WATT.
Ready made and tested with
ULU triode pentode valve
and loud- C0
sileaker. J 7
SUPERIOR

/6

AMPLIFIER.
Bunt and tested.
Better sound I
Isolated AC Heine
Transformer. 8 watt
EMU Mods pentode valve. Post
Velum and tone control' 6/6 each
.itit makè  Quail° 89/6Loudsper.

item

SINGLE PLAYERS MONO I Arrocamirozas MONO
Stem 9v. Battery BEE SupersHm 86.19.6

EMI Junior Rains 42.19.6 BSE Transcription UA70
Garrard SRP22 ... 85.19.6 Stereo/Mono

42.19.6 Garrard AT80 812.19.8

112.19.6

46 rpm model

All fitted LP/78 styli! mono pickup crystal complete.
Stereo/mono 20/- extra erase UA70.

GARRARD TEAKWOOD BASE WB.1. Ready AC/.
cot out for mounting 1000.2000, 3000, 8P26. AT80.
GARRARD PERSPEX COVER SPC.1 for WB.1 EACH

PICK-UP ARM Complete with ACOS LP -78 GM
and 0.7111 29/8; XTAL 0157 17;6; Stereo Ceramic 85/-.

CRYSTAL MIKE INSERTS
11 . fin. 6/8; ACOS 11 tin. 8/6. 118, 1' dia. 9/6
MOVING COIL MIKE with Remote Control Switch 19/6

PORTABLE TRANSISTOR
AMPLIFIER PLUS
MICROPHONE
Many uses, Intercoms,
Baby Alarms. Guitar
Practice, Telephone or
Record Player Amplifier.
ONE WATT OUTPUT
Wooden cabinet 12 x 9
41n. Rexine covered two
tone grey. Four trends-
tou, 7 4in. water.
Volume control. Jack OUR On I Post Free.
socket. Uses PP9 battery. PRICE  yl" Worth double

COLLARO BATTERY RECORD DECKS
4 speed model 9v. operated. Complete with pick-up Atted
crystal cartridge. Plays 7, 10, 121n. records. Fitted auto.
stop and start. Ideal for use with above Lo /4 POST
transistor amplifier,. OUR PRICE ". / "' 2/6
THE ABOVE GRANADA AMPLIFIER AND PLAYER
DECK POST FREE IF PURCHASED TOGETHER

WEYRAD P50 - TRANSISTOR COILS
RA2W 8 in. Ferrite Aerial Spare Cores 6d.
with ear aerial coil .... 12/6 Driver Trans. LFDT4 9/6
Oac. P60/1AC 6/4 Printed Circuit, PCA1 9/6
I.F. P50/2CC 470 irc/s 0/7 J.H. Tuning Gang 10/6
Srd I.F. P60/BCC 6/- Weyred Booklet 2/ -
Telescopic Chrome Aerials 61n. extends to 231n. 6/..
Ferrite Rod 8 -. lin. 4/-. 8 tin. 6/-.

VOLUME CONTROLS
Long spindle,. Midget Sire
6 K. ohms to 2 Meg. LOG or
LIN. L/S 3/-. D.P. 5/.
S TEREO L/S 10/6, D.P. 14/6
SE. S.P. Edge type,

80oha, Coax 8a. yd.

SEMI -AIR SPACED
40 yd. 20/-; 60 yd. 80/-.
FRINGE LOW LOSS 1 /6
Ideal 6E4 lines yd.  /

VEROBOARD 016 MATRIX
It < Sin. 8/8. Si xOlin. 8/2. 81 x Slim 8/5. 31 x5111. 5/1/

EDGE CONNECTORS 16 way 6/-; 24 way 7/8.
PINS 86 per packet 8/4. FACE CUTTERS 7/6.

S .R.B.P. Board 0 15 MATRIX dim. wide Bd. per lin.. SI in.
wide 9d. per lin.; Sin. wide per lin. (up to 171n.).
S.R.B.P. undrilled AM. Board 10 < Sin. 8/-.
BLANK ALUMINIUM CHASSIS. 18 s.w.g. 211n. sides,
7 x 4111., 6/6; 9 . 7in.. 6/6; 11 Bin., 6/6; 11 7111. 7/8:
13 .9in.. 9/6; 14 x llin., 12/6; 16 < 141n.. 15/-.
kurxnrtux PANELS 18 ,.w.g. 12 12in.- 64; 14 . 910.
6/6; 12 x Bin. 4/6; 10 < Tin. 8/5; 8 - flln. 2/6; 8 < 41m. 1/6.

Q MAX CHASSIS CUTTER
Complete: a die, a punch, an Allen screw and key

lin. 16/- lin. 17/6 Lilo. 19/6 llin. 24/- 21101n. 44/8
lin. 10.- lin. 10/6 lila. 20/6 liin. 29/. itan. 67/3
in. 16/0 1 Ain. 19/6 111n. 21/6 2In. 89/- 11n. sq. 36/6

' SONOCOLOR' CINE RECORDING TAPE
6' reel. 900' with LP strobe markings, also rine light
deflector -mirror for synchronisation. 14/- each.
UNIVERSAL TAPE CASSETTES C60. OUR PRICE 14/-.

Tape Spools 2/6. Tape Splicer 5/-. Leader Tape 4/6.
Renter Tape Heads for Collard models 2 track 21/- pair.

"THE INSTANT"
BULK TAPE
ERASER AND
RECORDING.
HEAD
DEMAGNETISER
S00/2S0 v. A.C. Leaflet S.A.E.

BARGAIN STEREO/MONO SYSTEM
Attractive Menne PLAYER CABINET with B.B.R. UMS
Deek, 4 + 4 AMPLIFIER and TWO matched
LOUDSPEAKERS. Poet 10/6 £19.19.6
(Only 4 pairs of wires to join).

NEW TUBULAR ELECTROLYTIC,
0.1160, .. 2/3

8/450V .. 2/8
118/450V 11/-
22/450V .. 3/9

CAB TYPES
8/000V .. 9/6
18/1100, .. 12/6
16+16/600V 7/6
221 81/250, 3/8
60+ /SUE 7/-

26/65V 18+18/460V 4/3 80+100/860V 11/6
60/60V 2/- 82+U/860V 4/5 301170/110V 8/6
SUB -MIN. OLYTICIL 1, 2, 4,11, 8,16, 115, SO, 60,100.
250mF 16V 2/-; 600. 1000m7 12V 5/5; 2000m7 26V 7/-.
CERAMIC. 60017 1p1 to 0.01mF, 9d. Dims 1/-.
PAPER 350V-0.1 9d, 0.5 2/6; lmi 3/-; 2211 160V 6/-.
800V-0.001 to 0-06 Sd; 0.1 1/-; 0.26 1/6; 0.5 3/-.
1,000V-0-001. 0-0022, 0-0047. 0.01, 0-02, 1/6; 0.047, 0.1, 2/6.
SILVER MICA. Close tolerance 1%. 64000 1/-; 660-2,20007
2/-; 2,700-6,600pF 3/8; 8,800M-011, mid 8/-; each
TWIN GANG. "0-0" 20891+1711p1, 10/0; 8660. minia-
ture 10/-; 5009F standard with trimmers, 9/5; 500pF
midget less trimmers, 7/6; 500pF slow motion. Mandard 9/-;
small 3 -gang 600pF 18/9. Single "0" 86597 7/6. Twin 10/-.
SHORT WAVE. Single 100. 25pF, 6017, 76pF, 100pF,
21100, 6/8 each. Can be ganged. Couplers 9d each.
TUNDIG. Solid dielectric. 100pF, 300p7, 600,11, 4/6 each.
TRIMMERS. Compression 80, 50, 70pF, 1/-; 100911,
ISOM, 1/8; 2600, 1/6; 600pF, 750pF, 1/9; 10000, 5/8.
ISO? RECTIFIERS. Selenium i WiT910071A 111-; BY100 10/-.
CONTACT 000LBD i wave 110mA 7/6; S6mA 9/6.
Pull wave Eddie 73mA 10/-: 160mA 19/8; TV met& 10/-.
NEON PANEL INDICATORS S60,. AC/DC 8/6.
RESISTORS. Preferred values, 10 ohms to 10 meg.

w., w., I w., 110% 30.; 15 w. U.; w. 1/-; w. 10% 61.
HIGH STABILITY. w. 1% 10 ohms to 10 meg.. El-.
Ditto 6%. Preferred values 10 ohms to 22 meg.. ed. {6 watt 0.8 to 8.2 ohm 3 w. 2/-
10 watt } WIRE -WOUND RESISTORS 5/-
16 watt 10 ohms to 6,800 ohm, 5/-

10K. 16K, 20K, 25K. 68K, 10W. 3/ -
PULL WAVE BRIDGE CHARGER RECTIFIERS:
6 or 12,. outputs. 11 amp. 8/9; 21., 11/3; 4a., 17/S.
CHARGER TRANSFORMERS. P. & P. 5/-. Input 200/250v.
Inc I or 12Y., 11 amps., 17/6; 2 amps., 21/-; 4 'min.. 30/ -
WIRE -WOUND 3 -WATT WINE -WOUND 4 -WATT
POTS. T.V. Type. Values STANDARD SIZE POTS.
10 ohms to 80 K., A /A LONG SPINDLE 7/A
Carbon 30 K to 2 meg. 60 OHMS to 100 IC., /
VALVE HOLDERS, MOULDED 9d.; CERAMIC It- EACH.

NEW MULLARD TRANSISTORS 6/- each
0071. 0072, 0081, 0C44, 0046, 00171, 00170, AF117.

REPANCO TRANSISTOR TRANSFORMERS.
1740. Push Pull Drive, 9:1 CT, 6/, TT46 Output, CTS :1 10.-.
1749. Interstice. 20:1, EL.; TT52 Output II ohms, 4 6 A, 6/-.
PAIR 10W. Amp. Transformers and cirenit 46/,

TRANSISTOR RAINS POWER PACKS. FULL WAVE
9 volt 60mA. Size 21 x liin. Soap terminals 3116
9 volt 600mA. Sise 41 x 25 < 21n. Crackle metal 49/6
ease. Output terminals. Switched.
9 volt 600mA. TRANSFORMER ONLY. 21 if 111n. 10/6

'MAINS TRANSFORMERS 5,1:1,:11,0

250-0-260 60 mA. 8.3 v. 2 amps, centre tapped
250-0-260 80 mA. 8.3 v. 3.5 a. 6.8 v. 1 a. or 5 v. 2 a. 50/-
860-0400 80 mA. 6.8 v. 3.5 a. 6.8 v. 1 a, or 6 v. 2 a. 361-
200-0400 v. 120 mA.. 6.3 v. 4 a. C.T. ; 8.3 v. 2 a. 410. -
MINIATURE 200 v. 20 mA., 6.8 v. 1 a.

12MIDGET 220 v. 45 mA., 6.3 v. 2 a 17;66
HEATER TRANS. 6.8 v. 15 a., 8/6; 5.3 v. 4 a. 12/6
Ditto tapped sec. 1.4 v., 2, 8, 4, 5, 5.8 v. 1) amp. . 12/6
GENERAL PURPOSE LOW VOLTAGE. Outputs 8, 4.6.
6. 8, 9, 10. 12, 16, 18. 24 and 30 v. at 2 a. 30.-
I amp., 6, 8, 10, 12, 15, 18, 20. 24, 80. 36, 40, 48, 80, 351-
8 amp., 0-12 v. and 0-18 v. 19/8
AUTO TRANSFORMERS 0-116-230 v. Input/Output,
60w. 18/5; 160w. 80/.; 600w. 92/6: 1000w. 176/-.

100/261, .. 2/-
250/25V .. 2/6
600/116V .. 4/-
8+6/460. 3/8
8 +18/450V 3/9

COAXIAL PLUG 1/3, PANEL SOCKETS 1/3. LIRE 2/-.
OUTLET BOXES. SURFACE OR FLUSH 4/6. BALANCED
TWIE FEEDERS 1/- yd. 80 ohms or 800 ohms.
JACK SOCKET Std. open -circuit 2/6, closed circuit 4/8;
Chrome Lead Socket 7/6. Phono Plugs 1/-. Phone Socket 11,
JACK PLUGS Std. Chrome 3/-; 8 Smm Chrome 2/6. DIN
SOCKETS Chassis 8 -pin 1/6; 6 -pin 2/-. DIN SOCKETS Lead
3 -pin 11/6; 6 -pin 6/-. DIN PLUGS 3 -pin 3/6; fl.pla 6/-.
WAVE -CHANGE SWITCHES WITH LONG SPINDLES.
2 p. 2 -way, or 2 p. 6 -way. or 3 p. 4 -way 4/S each.
1 p. 12 -way, or 4 p. 2 -way, or 4 p. 3 -way, 4/6 each.
Wavechange "MAKITS" 1 p. 12 -way. 8 O. 6.1117. S O. 4 -way.
4 p. 8 -way. 6 p. 2 -way. 1 wafer 12/-, 2 wafer 171-.5 wafer 22/ -
Additional wafers 5/- each up to 12 max.
TOGGLE SWITCHES. 0.2/6; sp. dt. 8/6; dp. 3/6; dp. dt. 4/6

1969
86 AN
CHASSIS

Port 8/ -
Three Wavebands: Five Valves: ECH81, EF89,
Long, Med., Short, Gram. EBC81, EL84. ERN.
12 -month guarantee. A.C. 200-260v. Ferrite Aerial
6 watts 3 ohm. Chassis 1311n. < 7in. x 51n. dial BM
18m.:< 41n. Two pilot Lamps. Four Knobs. gin 19
Aligned calibrated. Chassis isolated from mains ""
DE LUXE STEREO GRAM CHASSIS MW, SW
1940m. SW 60-180m. Magic eye, posh buttons.

'"
19.19

6 valve plus rect. Sire 16 x 71 r Sin. high.

S0.10.500 e p.,.,
doable eons, weeder and
tweeter Mee together
with a BAKER eeeenle
magnet assembly having
a fine haft of 14.000
gauss and a total flux of
143,000 Meanly. Bass
resonance Rated
20 watts. Voice coils
available 3 or 8 or 16
ohms. Price 15, or
Module kit, 50.17,000
cap.'. with tweeter.
crossover, baRle and
instructions. 210.19.6.

KER CABINET WADDING 1810 wide. 2/6It
BAKER " GROUP BOUND ' SPEAKERS -POST FREE
'Group 25' Group 35" Group 50'
pito 6gns. 3612w" 8 gas. 6,111, I8gns.

ALL MODELS "BAKER. SPEAKERS" IN STOCK

Super Cone Tweeter 31in square. 3-17kc/a 10W 17/6.
Horn Tweeters 0.18kcle, 10W 29/6. Crossover 18/6.

LOUDSPEAKERS P.M. 3 OHMS. Sib& Sin. 410, Stn, 7 < 418,
16/6 each; lliin 15/6; 10in 80/-; S x 51n. 21/-;
1111n. Double cone 3 or 16 ohm 116/-; 10 x 61n. 80/-.
E.M.I. Double Cone 181 x 8In, 3 or 16 ohm models, 46/. or
with twin tweeters. I/over and HID magnet WO.
SPECIAL OFFER! 8 ohm. 2 1 In ; 6 x lin; 80 oLm. 2 lin. 2f in;
151a EACH 56 ohm, 5 < 41n; U ohm. Sin;- TYPE 15 ohm. 10 < 2iin., 7 U.
OUTPUT TRANS. RISS etc. 4/6: MIKE TRANS. 60:1 3/9.
SPEAKER FRET VARIOUS TYGAN SAMPLES. Send S.A.E.

ALL PURPOSE HEADPHONES
H.R. HEADPHONES 2000 ohms General Purpose 19/6
H.R. HEADPHONES 2000 ohms Super Sensitive 26/ -
LOW RESISTANCE HEADPHONES 8-6 ohms....36/-
DE LUXE PADDED STEREO PHONES 8 ohms 79/6

MINETTE Iieal
AMPLIFIER
For ALL Record Players.
A.c. Mains Transformer.
Chassis rise 7 < 81 lin n gh. Valve, ULU, EZ80.
12 month guarantee. Quail y output 3 ohm matching.
Bargain offer complete wi h engraved control panel.
valves. knobs, volume and tone controls, wired 79/6
and tested. Post 5/5

:1-"'"PiriPt

ALL EAGLE PRODUCTS
SUPPLIED AT LOWEST PRICER

BARGAIN AM TUNER. Medium Wm,. 79/6
Transistor Snperhet. Ferrite aerial. 9 volt.

BARGAIN DE LUXE TAPE SPLICER Cuts,
trims. loins for editing an repairs. With 3 blade,.17/6
BARGAIN 4 CHANNEL TRANSISTOR WITIK. Add
medal highlights and sound effects to reeordings. Will
mix Microphone. records, tape and tuner with 50/6
separate controls into single output. 9 volt.

BARGAIN PM TUBER 88-108 litc/s Ex Transistor. Re
built. Printed Circuit. Calibrated slide dial £6. 19.
tuning. Ilse 5 x 4 ' Ellen. 9 volt.

BARGAIN 3 WATT AMPLIFIER. 4 Transistor A0/6
Push -Pull Ready built, with volume control. 9v.  o
40 -PAGE EAGLE CATALOGUE S/- Post Free

* RADIO BOOKS * (Postage fld.)
Practical Transistor Receivers 0. -
Practical Stereo Handbook 3/6
Supersensitive Transistor Pocket Radio 5/I
High Fidelity Speaker Enclosures and Plans 5/ -
Radio Valve Guide. Books 1.2. 3, or 4 ea. 5/- No. 6 ea. 6/-
Pnctkui Radio Inside Out 416

Shortwave Transistor Receivers 6/ -

Transistor Communication Sets 6/ -
Modern Transistor Circuits tor Beginners 74
Sub -Miniature Transistor Receivers Si -

Wireless World Radio Valve Data 9/6
At a glance valve equivalents /-
Valves, Transistors, Diodes equivalents manual 104
How to receive Foreign T.V. programmes on your set
by simple modification' 6/-

SANGAMO 3 inch SCALE METERS ar
"12/Various calibrations/movements. 600 Lamm ;

1 =lamp; 60-0-60 Mlcroamp, etc. S.A.E. for WC

POCKET MOVING COIL KKLTIKETER. 49/6
0.1,000 A.C./D.C. ohms 0 to Mk, etc.
SUPERIOR MOVING COIL MULTIMETER 99/6
04400v. D.C. 20,000 ohms per volt, 04,000v. A.C.
Ohms 0 to 8 meg. 60 Ilicroampa (Full list Motors LAX.)

BRAND NEW QUALITY
EXTENSION LOUDSPEAKER
Black plastic cabinet, 50ft. lead ail
adaptors. For any radio, intercom, taps
recorder. etc. 3 to 16 ohm. PRICE 30/.
tiro: 7r v br x E. Post 2/6

RETURN OF POST DESPATCH Minimum Post and Packing charge 2/6. C.O.D. 5/- extra. Full List 1/... CALLERS WELCOME

RADIO COMPONENT SPECIALISTS 337 WHITEHORSE ROAD, WEST CROYDON
Written guarantee with every purchase. (Export: Send remittance and extra postage, no C.O.D.)Buses 133,68 pass door. S.R. Stn.Selhurst. TeL 51-514 iSN
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VARIABLE VOLTAGE TRANSFORMERS COLOUR TELEVISION
INPUT 230/240v. A.C. I

OUTPUT VARIABLE 0-260v.1
BRAND NEW
Keenest prices in the country.
All Types (and Spares) from

to 50 amp. from stock.
SHROUDED TYPE
I amp, ES. 10. 0. 2.5 amps,
LiS. IS. 0. 4 amps, L9. 0. 0.;
5 amps, E9. IS. 0. 8 amps, I
614. 10. 0. 10 amps, 618. 10. 0.1
12 amps, L21. 0. 0. 15 amps,
L25. 0. 0. 20 amps, 637, 0. 0.1
37.5 amps, 02. 0. 0. 50 amps, I
692. 0. 0.
OPEN TYPE (Panel Mounting)!
I amp, ES. 10. 0. 21, amps,

;17) E6. 12. 6.
PORTABLE TYPE

PORTABLE TYPE 1.5 amp. portable fitted metal case, I
L9. 5. 0. voltmeter, lamp. switch, etc. (9.5.0.1

Similar to above 2.5 amp. LI1.7.6.

PRECISION INTERVAL TIMER
From 0-30 seconds (repetitive). Jewelled I
balanced movement. Lever re -set. I ( I I
Operates 230V. A.C. 5 amp. c/o Micro- r
switch. New. Price 17/6 p Iplus 2,6 P. & P. 7,

CONDENSERS 2,500 mfd 100v. 12/6 1/6 P. & P. 1
4,000 mfd 25v. 10'. 116 P. & P. 4,000 mfd 50v. I5/-
1/6 P. & P. 10,000 mfd 35v. 15/- 1/6 P. & P. I

I
230 VOLT A.C., GEARED MOTORS I

Type DI 5G 5 r.p.m. 1.7 lb. inch, 62;9'6, P. & P. 3., Type
BI6G 80 r.p.m. 26 lb. inch, [2/210, P. & P. 3/-. Type I
D160 13 r.p.m. 1.45 lb. inch, £211716, P. & P. 3/-.

30 volt 3 amp., II H. 30 volt 5 amp., I 6,'-, plus 2'6 P. & P. I
//1110

L.T. TRANSFORMERS All primaries
220-240 volts

Type No. Sec. Taps Price Carr.'
30,I 32,14 36 v. at 5 amps. E4/5/0 6/-

2 30, 40, 50 v. at 5 amps £6/5/0 6/6
3 10, 17, 18 v. at 10 amps. f4/10/0 4/6
4 6, 12 v. at 20 amps. E5/17/6 6/6
5 17, 18, 20 v. at 20 amps. f6/12/6 6/6
6 6, 12, 20 v. at 20 amps. L6/5/0 7/6
7 24 v. at 10 amps. E4/15/0 5/6
8 4, 6, 24, 32 v. at 12 amps. E6/10/0 6/6

50
AMPS

STROBE! STROBE! STROBE!
Build a Strobe Unit, using the latest type Xenon
white light flash tube. Solid state timing and trigger-
ing circuit. 230,250v. A.C. operation.
ECONOMY KIT. Flash rate 1-36 flash per second.
All components including Unijunction, thyristor,
tube and circuit. L5/5/0 plus 3/6 P. & P.
INDUSTRIAL KIT. Flash rate 1-80 f.p.s. Ideally
suitable for schools, laboratories, etc. Incorporates
double wound transformer which isolates both tube
and timing circuit from mains. Stabilized timing
circuit and high power tube. 68/8/0 plus 6/- P. & P.

64" POLISHED REFLECTOR
Ideally suited for above Strobe kits. Price 8/6 post paid.

1.m .111111111

200/250v AC HORSTMAN 20A TIME SWITCH

2 on/off every 24 hours at any pre-set
time. Fitted in metal case. 36 hr.
spring reserve. Used but fully tested.
Fraction of makers' price. L3.19.6 plus
4/6 P. & P.
COPPER LAMINATE. Printed Circuit
15; x 51' 3/9 each. 3 for 10:-. Post paid.

Board. Size

INSULATED TERMINALS
Available in red, white, yellow, black, blue

LIGHT SENSITIVE SWITCH
Kit of parts, including ORPI2 Cad-
mium Sulphide Photocell, Relay,
Transistor and Circuit, etc., 6-12
volt D.C. op. price 25/- plus 2/6
P. & P. ORP 12 including circuit,
10/6 each, plus I/. P. & P.
A.C. MAINS MODEL Incorporates
Mains Transformer. Rectifier and special
relay with 3, 5 amp mains c/o contacts.
Price inc. circuit 47/6 plus 2/6 P. & P.

=MI MI=1.

LIGHT SOURCE AND PHOTO
CELL MOUNTING
Precision engineered
light source with focusible
lens assembly and ventilated ell)
lamp housing, to take MBC bulb. Separate
photo cell mounting assembly for ORP. 12
or similar cell. Both units are single hole
fixing. Price per pair L2.15.0. P. & P. 3/6.

UNISELECTOR SWITCHES
Par,N E W

4 Bank 25 Way 24 v. D.C. ii':714e.
operation E5.17.6 plus 2/6 P. & P.
8 Bank 25 Way 24 v. D.C. operation.
67.12.6 plus 4/6 P. & P.

MINIATURE UNISELECTOR SWITCH
3 banks of II positions plus
homing bank. 40 ohm coil.
24-36 v. D.C. operation.
Tested. 2216, plus 2/6 P. & P.

4.er.

DRY READ SWITCHES. New
SELENIUM BRIDGE RECTIFIERS special offer of Dry Read Switches half

amp. Contact. Size 4 for 10/ -
Post Paid.

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
0 Voltage Contacts Price
280 6-12 2 c/o 14/6
280 9 -le 4 c/o 1516
700 12-24 2 c/o 12/6
700 16-24 4 c/o 15/6
700 16-24 4M 2E1 11/6

1250 20.40 2 cIo H.D. 11/6
2500 30-50 2 c/o M.D. 12/6
5800 50 -70 4 c/o 10/-
9000 40-70 2 tic. 10/-

H.D. Heavy Duty. POST PAID

SEALED RELAY
I 230 VOLT AC COIL

Two change over
5 amp contacts.
Plug-in I.O. Base.

Price 14/6. incl. base. Post raid.

.j S MULTI
Fi-A-NGr METERS
New Model U5OD Multi tester,

20,000 OPV, mirror scaled with overload
protection. Ranges-d.c. volts: 100mV,
0.5 v. 5 v., 250 v., 1,000 v.; a.c. volts:
2.5 v., 10 v., 50 v., 250 v., 1,000 v.; D.C.
current: 5µA, 0.5 MA, 5 MA, 50 MA,
250 MA. Complete with battery and test
probe. E7/5/0 post paid. Three other
models available from stock. Descriptive

and green. New 17/. per doz. 2i-. P. & P. leaflet on request.

230/250V. A.C. SOLENOID A.C. CONTACTOR 10

2 make -- 2 break (or, 2Heavy duty type, approx. 3 lbs. pull. Price:
17/6 plus 2,'6 P. & P. I c/o.). IS amp. contacts.

I2 24V. D.C. SOLENOID i Brand new. Price 22/6plus
1 230/240V. A.C. operation.

Approx. 8 oz. push. Price 8/6 plus 1/6 P. & P. 11 1/6 P. & P..= ONII MEM RIM% MN= MOM

SERVICE TRADING CO
All Mail Orders -Also Callers -Ample Parking Space Personal callers only

S7 BRIDGMAN ROAD, LONDON, W.4 Phone 995 1560 9 LITTLE NEWPORT ST.
SHOWROOM NOW OPEN CLOSED SATURDAY LONDON, W.C.2. Tel. GER 0576

A BACKGROUND TO COLOUR
ADJUSTMENTS FOR THE

SERVICE ENGINEER
A Mullard Publication

17,6 Postage I/ -

TRANSISTOR SUBSTITUTION
HANDBOOK No. 8. Pub. F -Sams. 16/,
Postage 1/,
RCA HOBBY CIRCUITS MANUAL.
17,6. Postage
HI Fl IN THE HOME, by .I. Crabbe. 40/-.
Postage 2/-.
MULLARD DATA BOOK, 1968. 3/6.
Postage 6d.
ELECTRICAL & ELECTRONIC SIGNS
& SYMBOLS, by R. G. Middleton. 30/,
Postage 1/-.
THE A.R.R.L. ANTENNA BOOK.
28/6. Postage 2'-.
SOLUTION OF PROBLEMS IN
ELECTRONICS & TELECOMMUNI-
CATIONS, by C. S. Henson. 38/, Post-
age 2/-.
INTRODUCTION TO TELEPHONY
AND TELEGRAPHY, by E. H. Jolley.
75,-. Postage 2/-.
THE RADIO AMATEUR'S V.H.F.
MANUAL. Pub. A.R.R.L. 28'6. Post-
age 2'-.
NEW CATALOGUE. 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 Saturday I p.m.

NEW RANGE BBC Z AERIALS
All U.H.F. aerials now fitted with tilting bracket
and 4 element grid reflectors.

Loft Mounting Arrays, 7 element, 97/6.
11 element, 451-. 14 element. 52/6. 18 element,
60/-. Wall Mounting with Cranked Arm,
7 element. 60/-. 11 element, 67/-. 14 element.75/, 18 element. 82/6. Mast Mounting with
tin. clamp. 7 element, 4216; 11 element, 55/.;
14 element, 62/-: 18 element, 70/-. Chimney
Mounting Arrays. Complete, 7 element.
72/6; 11 element, 80/-; 14 element, 87/6;18 element,
95/-. Complete assembly Instructions with every
unit. Low Loss Cable, 116 yd. U.H.F. Pre -
amps from 75/-. State clearly channel number
required on all orders.

BBC  ITV AERIALS
BBC (Band I). Telescopic
loft, 25/-. External S/D, 30/-.
"H", 62.15.0.
ITV (Band 3). 3 element loft
array, 30/-. 5 element, 40/-.
7 element, 50/ - Wall mounting,
3 element, 47/6. 5 element, 52/6.
Combined BBC/ITV. Loft
1+3, 40/-; 1 +5, 50/-; 1+7.
60/-; Wall mounting 1+3, 57/6;
1 +5, 67/6; Chimney 1+3, 67/6;
1+5, 75/,
VHF transistor pre -amps,
75/-.

COMBINED BBCI-ITV-BBC2 AERIALS
1+3+9, 70/. 1+5+9, 80-1. 1+5+14, NV-.1+7+14, 100/, Loft mounting only. Specialleaflet available.

F.M. (Band 2). Loft S/D, 15/-. "14", 324, 3element, 55/-. External units available. Coax.
cable, 8d. yd. Co -ax. plugs, 1/4. Outlet boxes, 5/-.
Dlplexer Crossover Boxes, 13/6. C.W.O. or C.O.D.P. 6/P. 5/, Send 6d. stamps for Illustrated lists.

CALLERS WELCOME

OPEN ALL DAY SATURDAY

K.V.A. ELECTRONICS (Dept. P.E.)
27 Central Parade, New Addington

Surrey-CRO-OJB
LODGE HILL 2266
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20Hz

THERMISTOR

HEATING COIL

THERMOSTAT
AT 0°C

SHUTTER

INFRA RED
LENS

UR HIGH STAB.

SUPPLY VOLTS

SIGNAL VOLTAGE PROPORTIONAL
TO TEMPERATURE

THERMISTOR

Fig. 7. Thermistor circuit, as used in temperature
HIGHLY R FLECTIVE contourer

TO INFRA RED

RECORDER

Fig. 6. Airborne radiation thermometer

V2 10
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/

0034
02

1600Hz '

100

05V2

0.42V2
0.411/2

0.4V2

1000

r --

REFERENCE CELL

100,000

Fig. 9a. Details of transformer tapping system
to give variations of 1 part in 100,000

TAPPED I REACTANCE
TRANSFORMER ZERO

RESISTANCE
ZERO

I CONDUCTION
CELLS

Fig. 9b (above). Typical conductance salinometer circuit

Fig. 9c (right). Traces obtained on oscilloscope

V1

CONSTANT TEMPERATURE BATH

SET
ZERO

SAMPLE CELL

EALANCE
CONTROL

Fig. 8. Simple conduction bridge circJit

'SCOPE

1. 1600Hz

CONDITION OSCILLOSCOPE TRACE

REACTANCE
UNBALANCED

ELIPTICAL

REACTANCE
BALANCED STRAIGHT

DIAGONAL
BRIDGE LINE
UNBALANCED

BRIDGE
STRAIGHT

BALANCED
HORIZONTAL
LINE
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PRIMARY

(a)

SECONDARY

(d)

(b)

PRESSURE
TRANSDUCER

FREQUENCY Pm SALINITY

AO =PHASE SHIFT AT THAT
POINT IN CIRCUIT

Fig. Ila. Paralog system

D.C.=24 VOLTS

S T.D. PROBE UNIT

(c)

Fig. 10. Details of induction salinometer

Fig. 10a. Coil system of inductive conductivity sensor

Fig. Mb. Theoretical circuit of sensor

Fig. 10c. Circuit that will give approximately the correct
compensation for a temperature change over a limited
range

Fig. 10d. Pressure compensator

Fig. 11b. Vector diagram showing that
phase varies with magnitude of E0

-POWER

CABLE TO SHIP SIGNAL

f2,f3

IFIPOWER

SUPPLY

PEN RECORDER

SHIP BOARD S.T.D. UNIT
Fig. 11c. Salinity, temperature, depth probe

BAND PASS

DISCRIMINATOR
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INDICATOR LAMP
Panel mounting, consists of neon lamp
in red plastic lena.with resistor in leads
for mains operation 2/6 each, 24/- Inc.

SPRING COIL LEADS
As fitted to telephones, 4 core 2/8 each, 3 tore
21- each.

HEADPHONES
Ex-W.D. unused and perfect, single with head-
band 4/8. Double with headband 8/6.

16 RPM GEARED MOTOR
Made by Smith's Electri., these are almost silent
running, but are very powerful. They operate front
normal to 240V. mains and the final shaft speed is
16 r.p.m. 13/.. Post & ins. 2/9.

COPPER CLAD ELEMENT
1250 watts-4ft. long but bent to II shape, ideal
for overhead heater -just mount reflector above.
12/6 each. plus 4/ti poet. 16 doz. post paid.

You never need buy another battery for your
translator radio. Stupendous offer thin month -a
6-9V Nickel Cadmium battery stack together with
a mains operated charger which you mount on the
back of your set. The attains flex unplugs Co the
set remains completely portable. Offered for lees
than the cost of the batteries alone. ONLY 29/6
plus 3/6 post.

REED SWITCH
Suitable for dozens of different applications,
such as burglar alarms, convey -or belt switching.
These are simply glass encased switches which
can be operated by a passing permanent magnet
coll. A special buy enables us to offer these at
216 each, or 24/- a dozen. Suitable magnets are
11- each.

CENTRIFUGAL FAN
CENTRIFUGAL BLOWER
or extractor by Torrington,
very low noise but large
capacity air flow, designed
for central heating and air
conditioning; ideal also for
fume extraction over
cooker, duct type outlet,
200-250V. 50c/s motor.
18.19.8, post and insurance
7/6.

See in the Dark INFRA -RED BINOCULARS

These infra -red binoculars when fed from a high
voltage source will enable objects to be seen in the
dark, providing the objects are in the rays of an
Infra -red beam. Each eye tube contains a complete
optical lens system as well as the infra -red cell.
These optical systems can be used as lenses for
TV cameras -light cells, etc. (details supplied).
The binoculars form part of the Army night driving
(Tabby) equipment. They are unused and believed
to be in good working order but sold without a
guarantee. Price 23.17.6, Pius 10/- carr. and Ins.
Handbook 2/6.

TELESCOPIC
AERIAL

Be first this year!
SEED AND PLANT

RAISING
Soil heating wire and trans-
former. Suitable for standard
size garden frame. 19/6Post and Ina. 3/6.

for portable. car radio
or transmitter. Chrome Pla-

ted -six sections, extends from
71 to 47in. Hole in bottom for SBA

screw. 7/6.

BECKASTAT
This is an instant
thermostat, simply
plug your appliance
into it and its lead
into wall plug.
Adjustable setting
for normal air tem-
peratures. 13 A
loading. Will nave
its cost in a season.
111/6. Postage and
ins. 2/9.

MAINS TRANSISTOR POWER PACK
Designed to operate transistor sets and amplifiers.
Adjustable output 6V, 9V, 12V for up to 600mA
(dam B working). Takes the place of any of
the following batteries: PPI, PP3, PP4, PP6,
PP7, PP9, and others. Kit comprises: mains
transformer rectifier, smoothing and load resistor,
condensers and instructions. Real snip at only
16/11, plus 3/6 postage.

INFRA -RED HEATERS
Make up one of these latest type
heaters. Ideal for bathroom, etc.
They are simple to make from our
easy -to -follow instructions -uses silica
enclosed elements designed for the cor-
rect infra -red wavelength (3 microns). Price for 750 watts element, all parts, metal
casing as illustrated, 19/6. plus 4/6 post and Insurance. Pull switch 3/. extra.

BREAST MICROPHONE
Fine American made dynamic type, adjustable on breast
plate with neck straps, 7/6, post 4/6.

12V BLOWER
Heavy duty motor with centrifugal blower coupled to one
end. Ideal for oar heater. 12/6, plus 4/6 post.

VARYLITE
Will dint incandescent lighting up to 600 watts from full
brilliance to out. Fitted on M.K. flush plate, same size anti
fixing as standard wall switch so may be fitted in place of
this, or mount on surface. Price complete In heat v plastic
box with control knob 93.19.6.

THIS MONTH'S SNIP
Electric Clock

sitk 3 amp switch made by Smiths tor Dreamland. These
are mains driven anti frequency controlled so are ex
tremely accurate. The dial enables "switch.on" time
to be accurately set. Switch off Is 3 hours later or by
manual control. Intended for switching electric

blankets this needs only one setting for the season.
Suitable also to control tape recorder, radio and
lamp etc. In neat plastic case with mains lead
and two outlet plugs. New anti unused, 39/6,
post and insurance 3r6

DRILL CONTROLLER
Electronically changes speed from

approximately 10 rev,. to maxi-
mum. Full power at all speeds

by finger-tip control. Kit Includee
all parts, case, everything and full

instructions. 19/11 plus 2/6 post and
insurance. Or available made up

25/-. plus 2/6 poet.

THERMOSTAT WITH PROBE
This has a sensor attached to a I5A switch by a
141n. length of flexible capillary tubing -control
range is 20'F to 150`F so It is suitable to
control soil heating and liquid heating especially
when in buckets or portable vessels as the
!tensor can be raised out anti lowered Into the
vessel. This thermostat could also be used to
sound a bell or other alarm when critical temp.
is reached in stack or heap subject to
spontaneous combustion or if liquid is being
heated by gas or other means not controllable

by the switch. Made by the famous Teddinatma (.0.. we offer these at 12/8 each.
Postage and insurance 2/9.

MAINS MOTOR
Precialon made- as used ill record decks and tape

heater, etc. New and perfect. Snip at 9/6. Postage 3/ -
for fleet one then I/. for each one ordered. 12 and

recorders -ideal also for extractor fans, blower.

over poet free.

' ll "..:"N - WORKSHOP or REFRIGERATOR?,,cr.,i,_ive...
Ar","  I o sr. carefully converted into a workshop, is Mat a

Many reenters will have found to their dismay
that the loft, garage tw shed, which they so

'I ;dl refrigerator In the winter -it can't be need,
because it never gets warm until it is time to
finish. The answer is "RADIANT ZONE

HEATING". Benefit from this type of heating is immediate and low in cost.
Our Radiant Zone Heaters (made by the famous Philips Company) are inter-
nally mirrored glass tubes with built in 500 watt heat and light elements. Four
of these over the average size bench is all you need and will cost only about 4ti.
:tn hour to run. Ideal also under typists' desks. Keeps legs anti knees warm, no
matter how mini the "mini". Prier le 27/6, lout and insurance 4/6 on one or any
quantity.

RADIO STETHOSCOPE
Ealing way to fault And -traces signal from aerial to speak. I
-when signal stops you've found the fault. t'se It on Radio,
TV, amplifier, anything -complete kit comprises two special
transistors anti all parts including probe tube and crystal
earpiece. 29/8- twin etethouet instead of earpiece 11,, extra
-post and ins, 2/9.

ELECTRIC CLOCK WITH 25 AMP. SWITCH
Made by Smith's these units are as fitted 10 many top quality
cookers to control the oven. The clock is mains driven and
frequency ...ontrolled so it to extremely accurate. The two
small dials enable switch on anti off times to be accurately
set. Ideal for switching on tape recorders. Offered at only
a fraction of the regular price -new anti unused only 39/8,
less than the value of the clack alone -post and insurance
2/9.

ZODEAL RECHARGEABLE BATTERY
>:'Th 3.6V-500mA hr. -size II 1 lin. pia. really powerful will

citf).) deliver 1 atop fort hour. Regular price 32/6 each our
price 12/6 each unused but ex -equipment.

K'hett p.tstage is not stated then orders
over 33 are post free. Below 23 add 2/9.
Semiconductors add 1/- post. Over El post
free. S.A.E. with enquiries please.

Multi "MOM Neon Test Unit. Robust, useful and
Instructive, tests insulation, capacity, continuity,
resistor, volume controls, also acts as signal
injector, and L.T. fault finder, kit comprises neon
indicator, 4 -way wafer switch, ebonite tubes,
resistors -condensers. terminals, etc., with dia-
gram, only 9/8, pin. 2/- poet and insurance.
6 Push Switch. One push operates mains on/off
switch, the other four operate various on/off and
change -over switches. 2/6.
A.E.I. Fractional H.P. Motor. 200/2505" 50/60cis
enclosed, continuous rating 1/40 h.p., ex. equip.
Perfect order, 19/8, plus 4/6.
Experimetting with ultra violet? Philips V.V.
lamp, 111/6: holder and control gear 19/8.
G.E.C. Black Light Tube for experiments and
special lighting effects -40 watt 2ft. tubes only,
14/6 each; holders and control gear, 19/6, plus
4/6 poet.
Clock Motor. 230V 50e,s synchronous -self -
starting, 8/6.
Pentode Output Transformer. standard size, 40-I,
ex.equipment but OK, 4/3 each, 48/- 'lc, Post
paid.
H.H.T. Condenser. 0-i MM. 5kV, 8/6 each.
Mean Mains Tester, 1/S each, 12/- doz.
Flood Lamp Control. Our dint and full switch Is
ideal for controlling photo flood lamps; it gives
two lamps in series, two lamps full brilliance and
lamps off. Similar control of other appliances can
be arranged where used in pairs or where circuit
can be split exactly in half. Technically the switch
is known as a double -pole change over with off.
Our price 4/6.
Sob -Miniature Silicon Diodes. Heneral purpose
type with gold-plated lead., - each or 7/6 per
dozen.
Message Tapes. 225ft. Tape on 31n. spools, nor-
mally 4/6 each, we offer 4 tapes for 12/8.
White Circular Flex. Ideal for lighting drops,

fortw

30in7dpelubs 6/-y 11 postage.1Ce.l'aually Cl.. yd, 1005-11 cull

Edgewise Control. Morganite, as fitted many
transistor radios, 2K or 5K with switch, 2/6 each
or 24/. per dozen.
12V Inserter. Full transistorised for operating a
20.watt fluorescent tube, size rain. long 11.

and insurance 3/-.
Silicon Rectifier. Equiv. BY100 750nt 400V,

Miniature Pickup for Tin. records made by Cosmo
code, crystal cartridge with sapphire atylus only
3/9 or 36/- dozen.
Telescopic Aerial for radio or transmitter, chrome
plated, 6 section extends from 71in. to 47M.,
7/6 each, £4 per dozen.
Midget Neoos for maim hulk:dors. rI , 1/3 each
or 12/. dozen.
Compression Trimmers. Twin 100pF. 1:- each:
9/- per dozen.
Its, PM Loudspeaker. 3 ohm. 12/6: 80 ohm, 13/6
Rotary Cam Operated Switch. 12 positions each of
which close a separate pair of contacts except the
last which leaves them all open. Contacts rated at
250V 16 amps. 15/- each.
Rotary Cam Operated !twitch. 4 positions. lst
position all contacts open: 211.1 contact 1 closed;
3rd contacts 1 and 2 closed; 4th contacts 1, 2 and
3 cloud. Contact rated 250V 16 amp., 8/6 each.
Under Carpet Heating Element. Waterproof
plaatic covered element 12 yds. long, 900 watt,
12/6 each.
Breast Microphone. Fine American made dynamic
type, adjustable or breast plate with oeck atrape,
7/6, post 4/6.
Circular Fluorescent. 22 watt, 9iu. diant. tube
complete with choke, starter, holders and chrome
clips, 29/6, post, etc.. 4/6.
Midget Relay twin 250 ohm coils, size approx.
Ilin. lin. lin. 4 pairs changeover contaets.
7/8 each.
P.O. Type Relay. Twin 200 ohm coils. size approx.
3M. . 2M. lin. 4 pairs changeover contacte.
8/I each.
Printed Circuit Board, Edge Connector, solder

32 contacts, standard spacing for
veroboard, etc. 6in. long but easily Meach,
10/-

7/6

1,000W Fire Spiral, replacement for toast fires. 1/S
each, 12/- doz.
50 ohm 60 watt Wire Wound Pot -meters. Ls each.
1 Meg Minstar.. Pot -meter Morgande standard
kin. spindle 1/- each; 9/- per dozen.
1 Meg Miniature. Pot -meter Morgauite preen(
screwdriver control. 9d, each: 8,' per dozen.
Pee -Set 100K by Welwyn with integral bakelite
knob, 11- each; 9/- per dozen.
WOK Pot -Meter, Miniature type with double pole
switch and standard tin. spindle. by Morganite,
2/- each: 10/- per dozen.
abootiostat. ma. enclosed. Normally closed.

'ircult will open should blanket overheat, 4/6 each.
Thermal Relay. Can he used to delay the supply
of HT while heaters wartn up, or will enable
151 loads to be controlled by miniature switches

relays. Regular list price over £2, price 7/6 each.
Siemens High Speed Relay. Twin 1,000 ohm coils.
ePrilautiptuennit, spomineactsh. changeover contacts -EN

Toggle Switch Bargain. 10A 250V normal one
hole fitting 2/9 each; or 30/. doz.
voltages,IJectrlc Looveike...2h9V

coil, hot rewind' 1,10 to other

ELECTRONICS (CROYDON) LTD.
Dept. PE, 266 London Road, Croydon CRO-2TH
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PEAK SOUND
Aids to economical high fidelity

ESIl 0-15
BAXANDALL
SPEAKER

"A
thoroughbred"
SAYS
RALPH WEST
HI -Fl NEWS
OCTOBER, '68

"The immediate im-
pression was of a
thoroughbred spea-
ker, smooth and
effortless . .. voices
were uncannily real.
Once again we see
the possibility of
Rolls Royce stan-
ards . . when you
know how."

A revolutionary advance in design logic
We can only quote briefly from the report in Hi-Fi News which goes
thoroughly into the merits of this remarkable loudspeaker. We supply
the kit exactly to the specifications described by the designer, P. J.
Baxandall in Wireless World (Aug. and Sept.). These designer -approved
Peak Sound Kits come ready for instant assembly. Frequency range -
60 to 14,000 Hz (100-10,000 Hz ±3 dB); impedance -15 ohms;
loading up to 10 watts R.M.S.; size 18" x 12" x 10". Here indeed is
quality performance of a very high order for a very modest outlay.
Equaliser assembly £1.16.0: Special
loudspeaker unit £1.18.0: Purchase Tax
8/1: Afrormosia Teak cabinet cut
and drilled £6.15.0. Cross -over choke
for additional woofer, £1.2.6.

A new
Peak Sound
Power

Amplifier
THE PEAK SOUND
PA/12-15 (12 watts
R.M.S. out into 1513)
is for the construc-
tor who appreciates
both sensible design
and genuine power and hi-fi performance. Available built or in kit form.
Response 10 Hz - 45 KHz ±0.5 dB, distortion at max. output -0.1%
43 dB neg. feed back. Size 5" x 33" x 1i". With full instructions.
Pre -amp. details available.

£10,11.)

PA/12-15

Kit less

AND TESTED E5:1BUILT
9.6 and board Ell .6 sink 6/-

BUILT heat sink Heat

From your dealer or direct in case of difficulty.
PEAK SOUND (HARROW) LTD., 32 St. Judes Road,
Englefield Green, Egham, Surrey Telephone: EGHAM 5318

PEAK SOUND.
Please send (post free)

for which I enclose £

NAME

ADDRESS

Block letters please PE1 89

1

DUXFORD ELECTRONICS (PE)
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 -I/-

10% over £2DISCOUNT 15% over £5
CERAMIC DISC CAPACITORS (Hunts.). 500V  20%; 100,
330pF. -20%, 1-80%; 470, 680, 1,000pF. Sd each.
ELECTROLYTIC CAPACITORS (Mullard). -10% to 50%.
Subminiature (all values in pF)

220,

4V 8 32 64 125 250 400
6-4V 6.4 25 50 100 200 320
10V 4 16 32 64 125 200
16V 2.5 10 20 40 80 125

25V 1.6 6.4 12.5 25 50 80
40V 1 4 8 16 32 50
64V 0.64 2.5 5 10 20 32
Price 1/6 1/3 1/2 1/- 1/1
Small (all values in pF)
4V 800 1,250 2,000 3,200
6.4V 640 1,000 1,600 2,500
10V 400 640 1,000 1,600
16V 250 400 640 1,000
25V 160 250 400 640
40V 100 160 250 400
64V 64 100 160 250
Price 1/6 2/- 2/6 3/ -
POLYESTER CAPACITORS (Mullard)
Tubular, 10%, 160V: 0.01, 0.015, 0.022pF, 7d. 0.033, 0.047pF, 8d. 0.068.
0.1pF, 9d. 0.15pF, I Id. 0.22/4F, 1/-. 0.3311F, 1/3. 0.47pF, 1/6. 0.68pF,
2/3. 1pF, 2/8.
400V: 1,000, 1,500, 2,200, 3,300, 4,700pF, 6d. 6,800pF, 0.01, 0.015, 0.022pF,
7d. 0.033µF, 8d. 0.047pF, 9d. 0.068, 0. I p F, I Id. 0. I 5p F, 1/2. 0.22pF,
1/6. 0.33pF, 2/3. 0.47pF, 2/8.
Modular, metallised, P.C. mounting, 20%, 250V: 0.01, 0.015, 0-022pF, 7d.
0.033, 0.047pF, 8d. 0068, 0.1pF, 9d. 0.15µF, I Id. 0.22pF. If-. 0.33pF,
I/S. 0.47pF, 1/8. 0-68/4F, 2/3. 1pF, 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, 10,000pF, 8d. 15,000, 22,000pF, 9d.
1%, 100V (encapsulated): 100, 120, 150, 180, 220, 270, 330, 390, 470, 500,
560, 690, 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. 0.047, 5,000, 0.056pF, 2/-.
0.068, 0-082, 0.(µF, 2/3. 13.12pF, 219. 0.15, 0.18pF, 3/-. 0.22pF, 4/-. 0.27,
0.33pF, 5/-. 0.39/2F, 5/9. 0.47, 0.5pF, 6/3.
JACK PLUGS (Screened): Heavily chromed, +in Standard: 2/9 each.
Side -entry: 3/3 each.
Standard (Unscreened): 2/3 each.
JACK SOCKETS (}in 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.
±20% 5 }M, ±30%> M. Body dia., fin. Spindle, I in x fin. 2/3
each. Linear: 100, 250, 500 ohms, etc., per decade to IOM. Logarithmic:
5k, 10k, 25k, etc., per decade to SM.
SKELETON PRE-SET POTENTIOMETERS (Carbon): Linear: 100,
250, 500 ohms, etc., per decade to 5M.
Miniature: 0.3W at 70°C. 1-20% .5}11, ,30% > }M. Horizontal
(0.7m x 0.4in P.C.M.) or Vertical (0.4in ... 0.2in P.C.M.) mounting, I/ -
each.
Submin. 0.IW at 70'C. ±20% 5 1M, ±30% - I M. Horizontal (0.4in
Olin P.C.M.) or Vertical (Olin P.C.M.) mounting, 10d each.
RESISTORS (Carbon film), very low noise. Range: 5%, 4.70 to mil
(E24 Series); 10%, 100 to IOMC1 (E12 Series).
}W (10%), led (over 99, 11d), 100 off per value I2/-. }W (5%), 2d (over
99, led), 100 off per value 13/9. 1W (10%), 2d (over 99, led), 100 off per
value 13/9. eW (5%), 20 (over 99, 2d), 100 off per value 15/6.
SEMICONDUCTORS: OAS, 0A81, 1/9. 0C44, 0C45, 0071, OC81,
0081D, 0082D, 2/-. 0070, 0072, 2/3. ACI07, 0075, 0C170, OCI71,
2/6. AF I 15, AF I 16, AFI 17, ACYI9, ACY2I, 3/3. 0C140, 4/3. 0C200,
5/-. 0C139, 5/3. 0C25, 7/-. 0C35, 8/-. 0C23, 0C28, 8/3.
SILICON RECTIFIERS (0.5A): 170 P.I.V.'

'

2/9. 400 P.I.V. 3/-. 800
P.I.V., 3/3. 1,250 P.I.V., 3/9. 1,500 P.I.V., 4/-. (0.75A): 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., 8/-. 21118
P.I.V., 10/-. 400 P.I.V., 15/-.
SWITCHES (Chrome finish, Silver contacts): 3A 250V, 6A 125V..
Push Buttons: Push -on or Push -off 5/.. Toggle Switches: SP/ST, 3/6.
SP/DT, 3/9. SP/DT (with centre position) 4/-. DP/ST, 4/6. DP/DT, 5/ -
PRINTED CIRCUIT BOARD (Vero).
0.15in Matrix: 3fin >. 21 -in, 3/3. Slin . 21in, 3/11. 3fin 3fin, 3/11.
5in x 3fin, 5/6.
0.1 Matrix: 31 in ..' 21in, 4/, Sin 21in, 4/6. 31 in 3f in, 4/6. Sin 3fin,
5/3.
RECORDING TAPE (Finest quality MYLAR -almost unbreakable).
Standard Play: Sin, 600ft, 1/6. Sfin, 850ft, 10/6. 7in, 1,200ft, 12/6.
Long Play: Sin, 225ft, 4/-. 5in, 900ft, 10/6. 5fin, 1,200ft, 13/-. 7in.
I ,8001 t , 18/-.

Send S.A.E. for January, 1969 Catalogue
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circuit, two arms being the cells containing the sample
and a reference standard, the third the balance control
and zero setting trimmer, and the fourth having a
capacitance zero trimmer to allow for the capacitance in
the cells, across the reference resistor. To avoid
electrolytic dissociation of the sea water damaging the
electrodes, an a.c. source is used, between 500 and
5,000Hz. The cells must be of high resistance to avoid
electrical heating.

The main difficulty of this circuit is the problem of
measuring the variable resistor to 1 part in 50,000 as
would be necessary to obtain the required accuracy.
This may be overcome by using a transformer bridge.
Other advantages of this form of circuit are that it has a
negligible temperature coefficient and very little capacit-
ance to earth. The number of turns must be con-
trollable to 1 part in 100,000, and this is overcome by
using a system of tapped coils shown in Fig. 9a.

Fig. 9b shows the complete bridge which will give an
output as an oscilloscope trace indicating both resistive
and reactive null -points.

INDUCTION CELLS
For in situ measurements of salinity the conductance

bridge is quite unsuitable. The electrodes would be
fouled very quickly with insoluble matter and the
temperature would be difficult to control accurately or
compensate for. These problems are not inherent,
however, in the induction or electrodeless salinometer.

Figs. 10a and 10b show the principle of the induction
cell. Two magnetically shielded toroids are wound on
a non -inductive former with the water sample coupling
them. On to each former a second coil is wound, one
of which is in opposition to its primary, so that it may
be used to give a null -reading at the balance point of the
bridge, i.e. when the voltage induced in the secondary
by the water link is balanced out by the voltage induced
by the second coil system.

Close-up of the probe, showing inductive salinity sensor-
upper of two cylinders near the base of the probe

However, the salinity of a given sample is dependent
on temperature and pressure in a rather complex way,
and whilst some induction cells record pressure and
temperature along with conductance for subsequent
compensation, a more convenient way is to compensate
within the instrument. Typical temperature and
pressure compensating circuits are shown in Figs. 10c
and 10d.

As mentioned earlier, the most efficient way of
transmitting analogue data from a probe to a ship is in
the form of a modulated frequency. This salinity
system can be made to vary a frequency by use of
positive feedback through a variable phase amplifier
(Figs. I la, 1 lb). In the paralog system positive feed-
back occurs through amplifiers Al and A2. For this
to occur the total phase shift around the circuit must be
zero or 360 degrees, and the frequency of oscillation
will change until the variable phase amplifier (Q2) can
treate this condition. The phase shift due to Er, the
combination of E0 and E1 shifted through 90 dpgrees,
depends on the magnitude of E0, which in turn, is
dependent on the state of the sensor.

In a typical survey probe three such systems rhay be
incorporated using respectively an induction cell, a
thermistor and a vibrotron unit, giving out three
different main frequencies modulated to give the
variation in salinity, temperature and pressure of the
water surrounding the probe.

Fig. 11c shows how this information can be received
on board the ship and analysed by use of narrow band-
pass amplifiers and frequency modulation detectors to
give a voltage dependent on frequency, and sub-
sequently recorded as a plot of temperature and
salinity against depth (equivalent to pressure) on an
XI, X2, Y pen recorder.

To be continued

Salinity, temperature, depth probe
(Plessey)



UNLIMITED!
A selection of readers' suggested circuits. It should be emphasised that
these designs have not been proven by us. They will at any race stimulate
further thought.
This is YOUR page and any idea published will be awarded payment accord-
ing to its merit.

SUPPRESSED ZERO CAR VOLTMETER

THE voltage appearing across the terminals of a car
battery is a useful indication of the state of the

battery and charging circuit. If a conventional volt-
meter (say 0 to 15 volts) is connected across the battery
it will be found that only a small portion of the scale is
used, centred on the nominal battery voltage of 12
volts and extending a maximum of about 3 volts on
either side, as the battery charges and discharges (see
Fig. 1).

A Zener diode has the property of not conducting
until a certain voltage, the Zener voltage, appears
across it. The voltage drop across the diode then
remains constant provided its wattage rating is not
exceeded.

Consider now the circuit of the improved battery
voltmeter (Fig. 2). A 9 volt Zener diode is connected
in series with a conventional voltmeter circuit (moving
coil meter plus multiplier resistance) which measures
6 volts full scale. If the voltage across the ternlinals of
the instrument is less than 9 volts then the diode will not
conduct and the meter will read zero. Suppose the
voltage now rises to 12 volts. The diode will conduct
and a voltage drop of 9 volts will appear across it,
3 volts will then appear across the voltmeter circuit
which will then indicate half full scale deflection. If
the voltage now increases to 15 volts, 9 volts will
again appear across the diode and 6 across the meter,
which will indicate full scale deflection. The meter
will, therefore, only indicate voltages between 9 and
15 volts, thus spreading the useful part of the readings
on a conventional voltmeter along the full scale
length of the meter used.

In the prototype a 9 volt, i watt Zener diode was used
and the 0 to 6 volt voltmeter, MI, consisted of an
ex -Government 5mA moving coil meter in series with a
3 kilohm potentiometer, VR1.

CONSTRUCTION
Construction consisted of mounting the two com-

ponents on a small piece of Veroboard which was
bolted to the back of the meter by the nuts on the meter
terminal bolts. Connection to the meter terminals
was by solder tags which were soldered to the board.
A red lead and a black lead from the board formed the
input connections to the instrument. Care was taken
to observe the correct polarity and one lead was taken
to the car chassis and the other to the ignition switch so
that the voltmeter continuously monitored the battery
voltage when the ignition was turned on.

CALIBRATION
Calibration was carried out by setting the potentio-

meter VR1 to its maximum resistance and connecting an
accurate 12 volt supply to the instrument. The
potentiometer was adjusted for half full scale deflection
on the meter. The potentiometer was then sealed
with a blob of wax. The original scale on the meter
which read 0 to 5mA was covered with white paper,
leaving the scale itself uncovered. The figures 9 to 15
were substituted for 0 to 5. The figure 12 appeared at
the centre of the scale in place of the original 3.

A very neat and professional looking job was
obtained with the aid of "Letraset" dry transfer letters.
The legend VOLTS was also added.

This type of instrument is known as a suppressed
zero voltmeter and this technique could be adapted for
uses other than the one described. Care must be taken
not to exceed the manufacturer's published wattage
ratings of the diode. The prototype has been in use in
the' author's car for some months and has proved very
useful.

P. A. Graves,
Westcliff-on-Sea,

Essex.

Fig. I. The small segment of the scale that is used in
conventional car voltmeters

red

black

Fig. 2. Circuit diagram of the improved car battery
voltmeter
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SINCLAIR Z.12 12 WATT INTEGRATED
HI-FI AMPLIFIER & PRE AMP

12 watts R.M.S. continuous
sine wave output.

This is the recommended amplifier for those
requiring greater power than that provided by the
IC.10. This eight 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 per-
forms satisfactorily from a wide range of voltages
and it can easily 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 requirements. Two may be
used for stereo, when the Sinclair Stereo 25 will
be found the ideal control unit for use with it:

Size--3in x 1 x 1 tin. Class B Ultralinear Output: Frequency
response from 15 to 15,000Hz dB: Output suitable for loud-
speakers from 3 to 15 ohms impedance. Two 3 ohm speakers may be
used in parallel: Input 2 mV into 2K ohms: Output 12 watts R.M.S.
continuous sine wave (24 watts peak); 15 watts music power (30
watts peak) Power requirements 6-20V d.c. from battery or PZ.4
Mains Supply Unit. Ready built, tested and guaranteed.

89/6
SINCLAIR STEREO 25
De Luxe Pre -amp and Control Unit for IC.10 or
Z.12 Stereo assemblies. Switched inputs for P.0
(equalised to R.I.A.A. curve from 50 to 20,000 Hz
-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 alumin-
ium. Size -6i x 2 x 21in plus knobs. Built,
tested and guaranteed.

£9.19.6

SINCLAIR PZ4
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 or IC.10 Amplifiers together
with Stereo 25. Built, tested and guaranteed.

99/6

SINCLAIR RADIONICS LTD, 22 NEWMARKET ROAD, CAMBRIDGE. OCA3-52996

hti



SINCLAIR MICROMATIC

SINCLAIR RADIONICS
22 NEWMARKET
CAMBRIDGE

LIMITED
ROAD,

OCA3-52996

The world's smallest radio
This fantastic little British pocket receiver
is available in kit form to build for your-
self or ready built, tested and guaranteed.
Its range and selectivity must be exper-
ienced to be believed; its power and
quality everything you could want. The
Micromatic tunesoyer the medium wave-
band and has A.G.C. to counteract
fading from distant stations. Bandpass
tuning makes reception of Radio 1

easier; in fact, you will find your
Micromatic performing where other sets
cannot be heard at all. The neat black
case with aluminium front panel and
tuning control give the Micromatic
elegantly modern appearance.

 High quality mag,
netic earpiece

 Choice of many
stations

 Plays anywhere

Kit in fitted

49/6pack with
earpiece,
solder and insinict,ns.

nt test-

g 9/6guaranteed.161

Mallro Mercury Cells
RM.675 (2 reqrd) each
2/9

SINCLAIR Q.14
the most challenging loudspeaker
design in years
It is more than a matter of saving money when you choose the Q.14.
This is the loudspeaker that delights experts and critics alike for its find
forward quality, its clarity and exceptional adaptability. Designed on
original lines and from unusual materials, the Q.14 will easily carry up
to 14 watts and has very smooth response from 60 to 16,000 Hz.
Size-91in square x 41in deep. with matt black finish and solid
aluminium bar embellishment. Input impedance -8 ohms.

The Q.14 costs about a quarter of what you might expect to pay for a
good stereo speaker system. A pair used with IC.10s or Z.12s and the
Stereo 25 will give you superb high fidelity to stand comparison with
far costlier equipment.

Try the 0.14 in your own home without
delay. /fit does not delight you, send it back
and your mooey including cost of postage
will be refunded in full.

£7.19.6

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 al/ purchasers.

ORDER FORM BRINGS PROMPT DELIVERY SENT TO YOU POST PAID

To: SINCLAIR RADIONICS LIMITED 22 NEWMARKET ROAD, CAMBRIDGE.
Please send POST FREE

For which I enclose cash/cheque/money order.

NAME

ADDRESS

PW.169

j
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ELECTROVATTE
Rapid Mail Order Service
UNBEATABLE VALUE IN NEW SEMICONDUCTORS
30 watt BAILEY AMPLRIRit complement
MI481 °pa} matched pair output MEMO2dJ491 pup
40361 npn I matched pair drivers 81.10.840362 pup
Total for one channel 17.6.0 list; with 10% discount only 16.13.8.
Total for two channels 11.4.18.0 list: with 16% discount only 612.11.8.

40361 12/6; 40362 1619; 2C123 12/-:
BC126 12/-; BC107 9/9; E0109 11/9.

0.3.218896 PLASTIC range: 187 200mW:
Red spot 0 - 66 to 110 2/8 Yellow spot 0 160 to 300 2/9
Orange spot 0 = 90 to 180 2/6 Green spot 0 - 236 to 470 II/ -
272926, our choice of colour 5/2 each, 10 for 21/ -
High reliability ceramic types available:
C82926 red 3/9; orange 4/-; yellow 4/3; CO2925 20.13 235 to 470 151 --

TEXAS SELECT range
30V 800mA npn
273704 - 90 to 330 4/-
2N3706 0 - 46 to 166 8/8
25V 200mA pap
2N3702 0 - 60 to 300 4/-
2N3703/3 -- 30 to 160 8/9
small signal npn
2N3707 low noise 4/6
2N37110 - 180 to 660 4/ -
small signal pup
274068 low noise 5/-
27406213 - 180 to 660 4/8

BC107 81=8
300mW 300MHz fT 2018
BC107 45V 0 = 126 to 600 2/9
BC108 2ov 0- 126 to 900 2/6
BC109 20V -- 240 to 900 2/9

110167 SERIES
180mW 300MHz IT TO92
BC187 46V -- 126 to 600 2/3
BC168 20V 123 to 900 2/-
BC109 201713 - 240 to 900 2/3
BC109 and BC169 are low noise.
BC167, BC168 and BC169 are plaatie.

PETs MPF106 25V max., gm -2 to 6n3A/V, low noise 8/-.
273819 25V max., gm -2 to 6mA/V, low noise 10/-.

Mini TRANSISTORS WITH MIGHTY liPECIFICATIONS
274285 PNP hFE 35-150 e 10mA. fT 7712z min.
2224286 NPN 30V hFE over 100 e 10µA to 1mA. fT 280MHz typ.
274289 PNP 60V hFE over 100 id 1000. to lmA. IT 170MHz typ.
274291 PNP 40V hFE over 100 10ftA
273794 NPN 40V hFE over 100 joomA ) complementary driver/output.
274292 NPN 30V UHF, N.F. 662 max n 1001tHz. IT 670MILt typ.
B5001 Power, 14.3W @ 100'C base temp. Insulated haw, TO66 size. 30V, hFE

over 100 @ 0.6A.
Prices: 274286 to 2N4292, 2213794, 8/8; 25001. 11/6.
RIXITIPTERII: 100V PIN' IA Type TB1. 2/-: 400V PIN' IA Type T254.8/9.

850V PIV IA Type BY238, 5/9; 1,000V PIV 1-5A Type 175054, 8/11.
FOR FURTHER DATA on the above semiconductors and many
others, see our catalogue, price 1/- only, post free.

Zener diodes 3V tc 27V 5% 400mW all preferred voltages, 4/6 each.

PEAR SOUND 013 -KIT No. 8 Pack. 12/6; adhesive copper strip, oftor 1k In,
2/-; 100ft x 1 or *in, 30/-. Perforated board 0.1in matrix Sin 311n, 4/-;
211u , 3f in, 2/8; tin 311n, 1/9.
ALL PEAR SOUND PRODUCTS AS ADVERTISED

*SUPER QUALITY NEW RESISTORS
Carbon Mu high 'tab, low noise:
Ity 10% 10 to 3-30 )1/10 doz., 1.4/(1 per 100.5V7 5% 3.90 to IMO
5W 10% 4.70 to 10110 1/9 doz., 111/6 per 100.
IW 6% 4.70 to 10K0 5/2 doz., 17/- per 100.
1W 10% 4.70 to 10M0 44 each, Sit doz.. 25/10 per 100.
1/6 less per 100 If ordered in complete 100'8 of one ohmic value. Please state
resistance values required.
QUALITY CARBON IIXELZTON PRE -215141: 100n. 2500, 5000 lk 2k0, 2 5k0.
6k, 108 A. 20k n. 50k0, 100k0,200k0  260k 0 , aooko.1070.
Available in horizontal or vertical mounting, 1/- each.

20(n, 2 6M0, 5Mu

ELECTROLYTIC& SUB -MIN., C426 range (gtF/V): 0.64/64, 1/40, 18/26. 26/16
5/64, 4/10, 4/40, 6/64.6.4/6.4, 6.4/26, 8/4, 8/40, 10/2.6, 10/16. 10/64. 12.6/25, 16/10,

16/40, 20/16, 20/64, 25/64, 26/23, 39/4, 32/10, 32/40, 39/64, 40-2/6, 40/16, 50/64,
60/26, 60/40, 64/4. 64/10, 80/2.5, 80/16, 80/26. 100/6-4, 123/4, 126/10, 126/16,
160/26, 200/6 4, 200/10, 260/4, 820/26,.320/6-4, 400/4, 600/2.6, 1/4 each.
ELECTROLYTICS. MINIATURE (10F/V): 6/10, 10/10, 10/26, 26/10, 50/10. Sd each.
26/26, 50/96, 100/10, 200/10, 1/- each, 60/60 11/-, 100/60, 2/5. 260µF 26V 2/6.
POTENTIOMETERS (short spindle): 1000 to Imo lin. 6K11 to 5711 log 2/8 each,
Dual (long spindle): 10K, 25K, 50K, 100K lin or log, 10/6 each.

*ALL GOODS BRAND NEW *NO "SECONDS" OR SURPLUS
COMPONENT DISCOUNTS: 10% for total order value exceeding so.

16% for total order value exceeding 110 list.
POST AND PACKING: up to 111-1/-. Free on order over gl .
OVERSEAS ORDERS WELCOMED -Carriage charged at coat.
A NEW ELECTROVALUE CATALOGUE. READY JAN. 119 containing data on 200
up-to-date semiconductors available front stock as well as many other components.
also transistor equivalents table. Invaluable to every serious experimenter and
designer. Everything at best possible prices. SEND 1/6 FOR TOUR COPY NOW.

Stores telephone No. EGHAM 5533 (STD 07844)

ELECTROVALUE
(Dept. P.E.12) 6 MANSFIELD PLACE, ASCOT, BERKS

VALVES SAME DAY SERVICE
NEW! TESTED! GUARANTEED!

SETS Ilielt5O11546.1o1rTili/ettLY98, DDALDDICF9961;11)1}1961, .41W2261/31."4.

OZ4 4/6 12AX7 4/9 DK96 71- EIA2 9/9 PENA4 12/6 voc04 7/9
1A7OT 7/6 12KBGT 7/6 DL35 5/- EL84 4/9 PEN36C15/- UCC85 11/11
111602 7/8 122377GT6/- DL92 5/9 EL90 5/ - PFL200 UCF80 8/8
1NOOT 7/9 20F2 18/5 DL94 5/9 ELMS 5/- PL36 9/6 UCH42 9/9
126 5/6 20L1 16/9 DL96 7/- EM80 6/9 PL81 7/8 UCE(81 0/8
186 4/3 20P3 11,9 DY88 5/9 EM81 6/9 1.182 6/0 UCL82 7/6
124 5
384 5/9/9

20Pa 18/6
251.40T11/6

DY87 6/9
EABC80 6/6

EM84 6/8
EM87 7/6

PL83 6/8
PL84 5/8

TICL83 9/9
UF41 9/9

3V4 5/9 30C1 6/9 EAF42 8/8 EY51 7/- PL600 12/- UF80 7/-
0U40 4/6 30015 18/- EB91 2/3 EY86 5/8 PL604 12/6 UF86 INS
52302 5/9 30017 12/5 EBC33 7/6 EZ40 7/6 PL508 16/- 1.1589 11/11
6240 7/6 30018 9/- &BCC 8/8 EZ41 7/8 PM84 7/9 UL41 9/6
6/30L2 111/6
6AL6
6AM6 8/8

3075 18/6
30FLI 12/6
30FL14 12/6

EBF80 6/-
32789 6/3
ECC81 8/9

EZ80 4/6
EZ81 4/9
0532 8/9

PX25 10/6
PY32 10/-
P/33 10/-

UL44 20/-
UL84 8/8
UM84 7/6

6AQ6 4/0 30L1 6/- ECC82 4/9 NM 6/9 PY80 6/8 UY41 7/-
6AT6 4/- 30L16 14/- ECC83 7/- KT81 16/- PY81 5/3 UY85 6/9
6AUe 6/6 30L17 13/- ECC84 5/6 N78 14/9 P182 6/- VP4B 10/5
6BA6 4/6 3014 19/- ESC85 61- PABC80 7/- P183 5/9 VP1321 21/-
6BE6 4/8 30P12 11/9 ECC804 12/6 PC86 9/8 PY88 8/8 Z77 3/6

7/- 30P19 /- ECF80 7/- PC88 9/6 PY800 0/9 Transisto rs
6BW6 15/- 30PL1 12/6 ECF82 6/9 PC96 8/8 PY801 8/9 AC107 3/6
6C4 2/9 30PL13 14/8 ECH35 6/- PC.97 8/6 R19 6/6 AC127 2/-
6713 3/8 30PL14 16/- ECH42 10/6 PC900 8/8 R20 12/6 AD140 716
6F14 9/- 33L6OT 8/- ECHO! . 5/9 PCC84 6/- 21121C 9/9 AF102 18/-
6F23 18/3 35W4 4/6 ECH84 619 PCC85 8/6 U22 18/- AF116 3/-
6K70 2/5 357.402 5/- ECL80 6/9 PCC88 9/9 U26 12/- AF116 21/-
6K80 4/2 6063 12/6 ECL82 0/9 PCC89 10/8 U47 18/6 AF117 8/8
6L18 AZ31 9/- ECL83 9/- PCC189 9/9 1149 13/8 AF124 7/6MO 5/8 B729 12/6 ECL86 3/3 PCF80 8/9 1152 4/6 AF125 5/8
6V6OT 6/6 CCH35 10/- EF39 8/9 PCF82 61- 078 8/6 AF126 7/-
6X4 8/6 CL33 18/0 EF41 9/6 PCF86 5/3 U19I 12/8 AF127 8/8
6XOOT 6/9 DAC32 7/3 EF80 4/9 PCF800 18/6 U301 13/8 0026 5/9
726 10/5 D-kF91 4/3 EF86 5/6 PCF801 7/8 U801 1.17- 0044 2/8
7B7 7/- DAF96 6/- EF86 6/3 PCF802 5/6 UABC80 6/3 0045 2/8
7C6 115/- DF33 7/9 EF89 5/3 PCF805 9/- UAF42 9/6 0071 2/6
7C6 6/9 DF91 2/9 EF91 8/8 PCF80611/6 UB41 11/6 0072 2/6
7Y4 6/6 2796 8/- EFI83 5/9 PCF80819/6 UBC41 7/9 0073 2/6
10F1 15/- 1)777 4/- EF184 6/9 PCL82 7/- UBC8I 7/- 0081 2/2
10713 15/6 DH81 10/9 E1190 6/6 PCL83 9/- UBF80 6/- OC81D 8/3
12AT7 8/9 DK32 7/6 EL33 5/9 PC1.84 7/6 UBF89 6/9 0082 2/3
12AU6 4/9 DK91 5/6 EL34 0/6 PCL85 8/8 UBL21 5/- 00871D 2/6
12AU7 4/9 DK92 9/3 EL41 9/8 PCL86 8/6 UC92 6/- 00170 2/5

READERS RADIO (P.E.)
85 TORQUAY GARDENS, REDBRIDGE, ILFORD,

ESSEX. Tel. 01-550 7441
Postage on 1 valve 9d. extra. On 2 valves or more, postage 64. per

valve extra. Any Parcel Insured against Damage In Transit 6d. extra.

YUKAW AWFESSIONAL 7116
SELF- SPIKI% YVKAite AEROSOL WAY -

Get these ab-dryLAiitg akey HAMMERNow/
OR

SCK WRMIKLE
(CRACKLE) finisAes

Yukan Aerosol spraykit contains M oz. One quality. durable easy instant
spray. No stove baking required. Hammers available in grey, blue. gold,
bronze. Modern Eggshell Black Wrinkle (Crackle) all at ISM I at our
Denter or 18/fi. carriage paid, per push-button self -spray can Also

urable, heat and water resistam Black Matt finish (12 on. sell.spray
cans only) Intl carriage paid.
SPECIAL OFFER: I tan plus optional transferable snap.on trigger handle
(value W.) for 111/11, carriage paid. Choice of II self -spray plain colours
and primer (Motor car quality) also available.
Please enclose cheque or crossed P.O. for total amount direct to.

otherOther Yukon A
aroma Ammo.,
16 ass et 16,11
cam tt

mc
Zeno Chromate
Veer tAtotaer
Matalltet 'Gee, ale

end Garth

DEPT:.1C/1, YU KAN, 307a, EDGWARE ROAD, LONDON, W.2.
We supply many Government Departments. Municipal Authorities, inn,
and Leading Inch. rrr a I Organisations -We can supply you too.

Open all day Saturday. Closed Thursday afternoons.

HI-FI AUDIO CIRCUIT KITS
Complete with circuit diagrams

ACSI K. Everything for building a Hi-Fi mains powered transistor
stereo amplifier. 250mV 800k0 input for 64-V RMS output each
channel. Baxendale type tone control. Attractive silver and black
fascia. Panel mounting 12iin 3tin. £12. Solid teak
case O. Circuit board and chassis only 50s.
ACS2K. Kit for matching magnetic pick-up, etc. OR for Baxendale
type tone control complement and pre -stage. 3 transistor circuit.
£2 5s 6d each. Board only 17s.
ACS3K. For matching stereo magnetic pick-up. 4mV 47k11 input.
300mV 100kfl output with RIAA correction. Line voltage ±24V up
to 350V d.c. 1.3108. Fitted plastic case 12s 6d. Board only 18s 6d.

Forget P to P V' = W. Deal in facts and get better value

Vr (RMS) -W direct from ACS.
Styling and results must more than satisfy. S.A.E. for lists.

AUDIO COMPONENTS & SERVICES
Sound Studios, Bell Hill (off Crown Hill), Croydon, Surrey. Phone 688.3706
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S-DeC
BREADBOARDING

 Fast, reliable, solderless circuit
assembly

 Contacts last indefinitely
 Use ordinary components again

and again
 Test all the circuits in the

magazines
This breadboard is used professionally by development engineers throughout
the world. Over 80% of current production is exported.

A booklet of projects Is Included with each kit giving construction details
for a variety of circuits such as amplifiers, oscillators, VHF transmitter,
radio, etc.

S-DeC Kit: One S-DeC with Control Panel, Jig and Accessories for
solderless connections to controls, etc., with booklet "S-DeC Projects" giving
construction details for a variety of circuits. 28/6d retail.
4-DeC Kit: Four S-DeCs with two Control Panels, Jigs and Accessories and
the booklet" S-DeC Projects" all contained in a strong, attractive, plastic case.
Ideal for the professional user. £5.17.6 retail.
1/- Packing and Postage for &Dees, and 3/.. Parking and Postage for 2- and
4 -Dees.

AVAILABLE FROM LEADING SUPPLIERS

or in case of difficulty from

S.D.C. PRODUCTS (Electronics) LTD
THE CORN EXCHANGE, CHELMSFORD, Essex

Telephone: Chelmsford (OCH 5) 56215

GOODMANS HIGH FIDELITY
MANUAL
A Guide to full

listening enjoyment
The Manual is much more than a cata-
logue of Goodmans High Fidelity Loud-
speakers-it contains informative articles,
including advice on stereo, special begin-
ners page, and full cabinet drawings.
You'll find it interesting as well as
informative.

The Perfect Combination
MAXAMP 30

TRANSISTORISED STEREOPHONIC HIGH FI-
DELITY AMPLIFIER 15 -F 15 watts  Silicon solid state
.ntegrated pre -amplifier  Negligible distortion  £54.0.0.

STEREOMAX
MATCHING AM/FM STEREOPHONIC FM TUNER
Transistorised Outstanding specification Stereo de-
coder (optional)  £65.5.0 + £15.14.0 P.T.
Both MAXAMP 30 and STEREOMAX have polished wood
cases (10k." x 5f" >, 7k" deep) in Teak or Walnut to order.
Full specifications of the Maxamp 30 and Stereomax are
given in the High Fidelity Manual-send the coupon for
your FREE copy-or pay an early visit to your Goodmans
dealer.

T
, FREE Please send Hi-Fi Manual together with name and address

of my nearest Goodmans dealer.

P!11'9]

I Name

I Address

GOODMANS LOUDSPEAKERS LTD
AXIOM WORKS  WEMBLEY  MIDDLESEX. Tel : 01-902 1200

required now for vital work in

Air Traffic Control
Join the National Air Traffic Control Service, a Depart-

ment of the Board of Trade, and play a vital part in the safety
of Civil Aviation. Work on the latest equipment in Computers,
Radar and Data Extraction, Automatic Landing Systems and
Closed -Circuit Television, at Civil Airports, Air Traffic Control
Centres, RadarStations and other engineering establishments
in the South of England, including Heathrow, Gatwick and
Stansted.

If you are 19 or over, with practical experience it at least
one of the main branches of telecommunications, f II in the
coupon now. Your starting salary would be £869 (at 19) to
£1.130 (at 25 or over); scale maximum £1,3 04(rates are higher
at Heathrow). Non-contributory pensions for established staff.

Career Prospects. Your prospects are excellent, with
opportunities to study for higher qualifications in this expand-
ing field.

Apply today, for full details and application form.

Write for details to: Mr. T. H. Mallett, B.Sc., (Eng.). C.Eng.,1
M.I.E.E., Room 754, The Adelphi,John Adam Street, London,

I W.C.2, marking your envelope 'Recruitment'.

I
I
I
I

Name

Address
I
I

PPE 2 I
Not applicable to residents outside the United Kingdom. (

TCS
National Air Traffic Control Service
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Bargain -Car Radios. Our Price 9 gns. .Retail
value 16 gns. Negative or positive earth (switched)
fully transistorised (12v) medium and long waves.
Speaker and fitting kit supplied at no extra cost.
P/p. 5/-

Intercom/Baby Alarm System. Fully
transistorised ideal for home, office or
workshop. Robust construction, offered
at a fraction of retail price 47/6 4 2/6
P/O.

Sonotone 9TA and 9TA/HC. Diamond Cart-
ridge brand new, boxed in manufacturers'
carton 49/6 + 2/6 p/p. Acos GP 91-1 and GP

TR10 Stereo Moving Magnet Cartridge
Model AD76K. Diamond Stereo LP Stylus.
Frequency response 20-20,000 c/s output.

91-3 stereo compatible cartridges, new in
sealed manufacturers' cartons 22/6 + 2/6 p/p

7mv tracking pressure 2 grammes ± 0.5
grm. Fully guaranteed. Price 85/- p/p free.

The greatest HI -F1 Budget t d reCr t'elabtherebseaten-e

at theset
o -to -day -Can't

price or quality anywhere -look -then
compare.

BASF TAPE LONG PLAY

5in. 900ft. 17/-
.

51in. 1200ft. 21 /6

7in. 1800ft. 33/-

Bargain -Changer Decks at Lowest Prices
Ever
Plinth WB1 Garrard 1025 p/p. 7/6 £8. 0.0
£2.15.0 Garrard 2025 p/p. 7/6 £8.10.0
Cover SPCI AT60 Mk. II p/p. 8/6 £12.19.6
£2.15.0 SP25 Mk. II p/p. 8/6 £12. 0.0

3500 with Son 9TA Cart £10.10.0

Teleton F2000 tuner amp. AM -FM with multiplex
decoder and A.F.C.-2 a 5w channels R.M.S. Bass £ S. d.
Volume Treble Balance controls, a truly outstand-
inn unit 35 8 11
Garrard SP 25 Mk II Transcription deck 15 6 4

Teleton SA 1003 matching speaker enclosures 9 5 0

Sonotone 9 TA Diamond Cartridge 3 16 7

erPlinth and7 0 0Perspex e rxcov
£70 16 10

4 Watt Transistorised Beautiful This month's SBE offer 5 x 5W transistorised
stereo amplifier. Undoubtedly a most remarkable

Exclusively offered by SUE at the remarkably low price of
£59 gns.

Amplifier with integral
stabilised power unit.

andComplete

ready built
tested, with volume

and tone control on fly-
ing lead. Retail price

oiled teak en-
closure to suit
EMI 13 x Bin.
speakers. Retail
value £8.15.0.
Our low -low

offer -outstanding performance, comparable with
amplifiers in the £25-£30 price range. Brief specifi-
cation includes volume, bass, treble, balance con-
trol, stereo, mono, switch, inputs, sockets, tape tuner
pick up AUX. Being Manufacturers' distributors of
this fine stereo amplifier, as an initial promo ion we

:

b to,

£6.15.0. Now offered at price Only 99/6 are p epared to offer this unit at fractionally above79/8 p/p 2/6. plus 8/- p/p. cost for a limited period only. 15 gns. p/p fee.

HI-F1 The Baker Selhurst stalwart
SPEAKERS 12in. round, 15 watt rating,
BARGAINS 12,000 lines 'GAUSS. 3 or 15
OHMS response 45-12,000 c/s Bass reson-
ante, 40-50 c/s, solid aluminium chassis.
Our price £4.19.6.

The Baker Selhurst guitar group 25
12in round,25 watt rating,12,000
lines. GAUSS, 15 ohms response
30-10.000 c/s solid aluminium chassis,
heavy duty cons. Our Price £4.19.6,
p/p 6/6. Brand new. 12 month's
unconditional guarantee.

E.M.I. 8 x 5 elliptical 5 watt 3 ohm alcomax mag-
net, sold elsewhere 50/-. Our Price 27/6 p/p tree.GAUSS"13 x 8 elliptical 13,000 lines 3 or 15 Ohm
10 watt alcomax magnet usually £4. Our price
,.0/6 PIP free. 13 x 8 elliptical with double tweeter
and cross over unit, IMP 3 or 15 ohm 10 wet!
Bass res. 40.50hz. Magnadure 11 Magnet. Usu-
ally £6.10.0. Our Price 5919 1:11:$ free.

SUE. 12in. diam. 20
watt twin cone HI -F1
speaker as sold be
leading manufacturer
Usual price £5.17.6.
Our price 87'6 pip 5. -.

WALDON ELECTRONICS Atlas House, Chorley Old Rd., Bolton. Bolton 45628.

CRESCENT RADIO LTD.
(electronic component specialists)

For all regular components try
40 Mayes Road, Wood Green, N.22
For surplus components and equipment try

I I Mayes Road, Wood Green, N.22

GARRARD TURNTABLES AT BARGAIN
PRICES

1025, with mono cartridge E8.10.0
202.5, with 9TA/HC. stereo

cartridge L9.15.0
3000, with 9TA/HC. stereo

cartridge L10.10.0
SP25, less cartridge E1 1.10.0

Please include 7/6 postage
with order

Sonotone 9TA/HC, with diamond
stylus 47/6 each

Please include 2/6 postage
with this item

Plinths for Garrard types teak
finish 50/- each

Plinths as above complete with
cover

Postage on plinths 6/- each
95/- each

Stereo headphones 8 ohm Imp 13.10.0
Ex Govt. low imp headphones 10/6 each
2,000 ohm headphones Foster type 15/. each

Please include 1/6 postage
Mono microphone mixer 4 way

transistor type 49/-
Stereo microphone mixer 4 way

transistor type 59/6
Please include 2/6 postage

MW/LW AM tuner, valve type,
ready to work through any

Plea include 4/- postage
E4.0.0amplifi e

se
r

Standard gram amplifier suitable
for all turntables and above
tuner. Single valve type 59/6 each

CASSETTES
C60 12/6 each
C90 18/6 each
With our new premises in Mayes Road we can
now offer an even wider selection of corn -
ponents for the home constructor and
enthusiast.

POSTAGE WITH ORDER PLEASE
P.S.
Our new catalogue is now available at 1/6 per
copy

AMPLIFIERS
SEIAR3. IOW push-pull output. TW99 output
trans. Four valve. Full chassis mounting. New
and boxed. Complete with circuit dressings.
62.10.0. P. & P. 10/-
88AR7. 100W output. Three valve. TWI32
output trans. Selenium rectifiers. 8p.F. con -
denser. Full chassis mounting. New and boxed.
Complete with circuit drawings. 62.10.0. P. & P.
00/.

JEST RELEASED
R.A.F. Receiver Type R3673. Details on request.
Mixer Units Type 18. H.F., M.F., L.P. Valve
V885. 10/-. P. a P. 216
Micro -Ammeters for Instrument Mounting, etc.
0-100mA. 80/-. P. & P.2/6
Miero-Ammeters Type Y. 0-100mA. Heavy dutrin
case complete with leads. M. F. & P. 5/-.
Flexible Metal Tubing. Galvanised. Watertight.
85/- 100ft. P. & P. 7/6
ELECTRO-METHODS. Low Inertia Motor 24V
d.c. 2,000 r.p.m. 1111/- P. & P. 2/6
CHASSIS UNIT. 7 valvea &COBS (3), EB9I (3),
6F33 (1). 40 Capacitors. Resistors, etc. Valve
bases and cane. 80/, P. & P. 2/6
TRANSFORMERS (examples).
38TR73. ri. 230V. Sec. (2A).
225-0-0226VF (27mA), oil filled.35V 86/,(0.5A) P. & P. IV-
SSTR009. Prl. 230V. Sec. 0-50V (50mA), 4V (1A).
6.3V (8A). 25/s. P. & P. 5/-
1,000 Transformers in stock.
CAPACITORS. 30 assorted 0.01mF to lmF (our
selection). 10/-. P. & P.2/-
CABLE. Six core (100yd new) with drum assembly.
115/s. P. & P. 4/6

TEST INSTRUMENTS. ETC. S.A.E. FULL LIST.
STATUS SUPPLIES

STATUS HOUSE, WILKINSON AVE., BLACKPOOL

TRANSISTOR
SUBSTITUTION HANDBOOK

AMERICAN, JAPANESE, BRITISH,
ETC. NEW 8th EDITION. I6/-.

P. & P. 1/3.

MODERN
TRONICS
4/6.
SILICON
FIERS
F.E.T.
P. &
HAVING
TORS
COMPUTERS
CONSTRUCTOR
P.

CIRCUITS
RECORDING
HI-FI
40/-.
SYSTEMATIC
DIAGNOSIS
1/3.
SOLID
AND
P.

TRANSISTORS
CUITS
COLOUR
Patchett.

UNIVERSAL
12

by

P. 1/3.

by

& P. 1/3.

IN
P.

CONVERTERS
& P. 1/,

by

LITTLE

(Leicester

DICTIONARY
by Graf.

CONTROLLED
Lytel. 21/-.

CIRCUITS

FUN
Buckwalter.

FOR

FOR
by

THE
& P. 2/-.

ELECTRONIC
by

STATE

Alm.
T.V.,

40/-. P.

NEWPORT

Square
Phone

3rd

WITH

by

AUDIO
Judd.
HOME

Wingate.

POWER

IN
16/...

PAL
& P.

ST.,

01-437

ed.

P. &
by

24/-.
THE

Warring.

7/6.

by

LOGICAL
P.

SYSTEM
1/3.

BOOK
LONDON,

Tube
4560

OF ELEC-
70/-. P.

RECTI-
P. 1/3.

Turner.

TRANSIS-
P. & P.

AMATEUR

AND
P. &

by Crabbe.

FAULT
17/6. P.

SUPPLIES
Lytel.

& P. I/..

Station)

&

25/-.

1/3.

20/...

TAPE
P. 1/-.

&

20/...

CIR-

CO.
W.C.2

P.

P.

by BATTERY ELIMINATORS
The ideal way of running your TRANSISTOR
RADIO. RECORD PLAYER, TAPE RECORDER,
AMPLIFIER, etc. Types available: 9v; 74v; 6v;
Ifs, (single output) 39/6 each. P. & P. 2/9.
9y + 9v; 6v + 6v; or 4;v + 41v (two separate
outputs) 42/6 each. P. & P. 2/9. Please state
output required. All the above units are
completely isolated from mains by double
wound transformer ensuring 100" safety.

R.C.S. PRODUCTS (RADIO) LTD.
(Dept. P.B.). 31 Oliver Read. London. E.I7

72



ELECTRONICS
INSTRUCTORS
Due to reorganization within the Apprentice
Training School, Borehamwood, Herts,
vacancies now exist for two Electronics
Instructors, working as a team, to teach
theory, and to institute interesting projects
for practical application.
The senior member of the team will be

responsible for preparation of the working
syllabus, together with care and calibration of
instruments in the Electronics Laboratory,
the teaching of electronic theory together
with practical applications.
The junior member will give instructions on
wiring, soldering, cable forms, etc. and assist
the senior member generally. A general
knowledge of machining practice would be
advantageous, so that he may be employed in
the Fitting Shop in an emergency.
The apprentices spend their first year in the
Training School, during which time they
acquire experience of basic fitting and

machining, together with an introduction to
electronics.
These positions will be monthly salaried staff
posts, in the starting range 000-L1,300 per
annum.

Those interested should please write,
with brief particulars to the Personnel
Officer,
Elliott -Automation Limited,
Elstree Way, Borehamwood, Herts.
Ref. No. PE 156.

ELLIOTT-AUTOMATION
AN ENGLISH ELECTRIC COMPANY

Opportunity of a lifetime!
Big price reductions on
top quality Knight -Kits
Easy to build. Advanced design. Invaluable for both the
professional and amateur. Faultless performance
guaranteed.

KG635 5 -inch Oscilloscope Kit
For Colour TV Servicing and General Wideband
Testing. D.C. to 5.2 -MHz Bandwidth. 5 Linear tim3
base ranges. Response: ± 1.5dB, DC to 5.2 MHz
(vertical). 1.5dB. 1 If: to 400 kHz (horizontal).
Complete kit £62.19.6. Postage 150 Od plus 4s Od per or, be.

KG687 Solid State
Sweep/Marker Generator

Silicon transistors.
Covers all colour/mono-
chrome TV, FM, IF and

VHF frequencies. Sweep oscillator covers 3 to
220 MHz on 5 fundamental bands. Marker
oscillator covers 2 to 225 MHz on four bands
Complete kit: £54.2.6. Postage 15s Od.

KG663 Regulated 0-40 Volt Solid
State DC Power Supply Kit
Compact. 6 silicon transistors. 12 diodes. Output voltage
and current 0-40V DC. 0-1.5 A, continuously variable.
Complete kit: 640.19.6. Postage 10s Od

KG661 Solid -State Regulated
Low -Voltage DC Power Supply Kit
Compact and rugged. 4 silicon transis-
tors. 7 diodes. Voltage output 0-25 volts
DC. at 0-0-6 amp. Complete kit: 615.6.6.

Postage lOs Od.
KG686 Lab. Quality RF Signal Generator

100 kHz/1 MHz Crystal Calibrator. 10 silicon
transistors. 6 diodes. Frequency coverage
100 kHz to 54 MHz. Accuracy -i- 1.5% on 5
fundamental bands. Complete kit: 09.13.6.
Postage 15s Od.
KG688 Solid -State
Sine/Square Wave
Generator Kit

Sine Wave: 20Hz to 2 MHz in 5
ranges. Square Wave: 20 Hz to
200 kHz in 4 ranges. Precision

Sulzer oscillator circuit. All
silicon transistors: Complete
aft: 636.5.6. Postage lOs 0l.

G30 Grid -dip Meter Kit
Covers all frequencies from 1.5 to
300 MHz in 6 overlapping ranges.
Extremely compact. Supplied
with 6 coils In plastic case.
Complete kit: £12.15.6.Postage 4s Od.

KG675 R ar C Substitution Box
Eliminates need for soldering and

resoldering when substituting. 36
switch -selected Resistance Ranges.

19 Switch -selected Capaci-
tance Ranges. 750 mA 800

PIV Silicon Diode. 40 mfd

I

Complete kit: £7.19.6.
450V Capacitor.

Postage is 6d.

" 1
KG650 RF Signal Generator Kit
For TV, AM and FM alignment etc. Wide range
fundamental output in 5 separate bands. Highly
stable Colpitts type oscillator. Complete kit:
£15.19.6. Postage 12s 6d,

Easy credit facilities available, ask for details.

New 960 page Hobbies Manual
12 Hobbies Sections  over 12,000
units & components for dozens of
Hobbies 16/6
I Please send me: Free Knight -Kits brochure E
 The new Electroniques Hobbies Manual. (16/6) O
I Enclosed Is a cheque/postal order for 1616 (which

Iincludes the 5/- sip) made _payable to
Electronlques (Prop. STC) Ltd.

INameI Address

 knight -kit ?izilict I tuy bbuyi I It;

Electronics (Prop. STC) Ltd., PE6

Um ma =ieumi Elm ism Nom electroniquesollEdinburgh Way. Harlow, Essex.
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Practical Electronics Classified Advertisements

MISCELLANEOUS

RHYTHM MODULES. Build your own
rhythm box-simply, cheaply. Realistic sound
guaranteed. S.A.E. for details. D.E.W.
LTD., 254 Ringwood ltd., Ferndown, Dorset.

BUILD IT in a DEWBOX quality cabinet
2in x 2iin ' any length. DEW LTD.,
Ringwood Road, Ferndown, Dorset. S.A.E.
for leaflet. Write now-right now.

ARTIFICIAL LIFE
Well almost, because the NEW range of
projects include: an electronic 'animal'
which LEARNS, and a device capable of
REPRODUCING itself! Other projects
SURE TO INTRIGUE YOU are an audio
transmitter/receiver which has quite an
amazing range and requires NO LICENCE;
also a machine which recognizes itself, and
an electronic dog whistle, etc., etc. HOSTS
OF EASY -TO -CONSTRUCT projects.
SEND 2/6 for your list-NOW!

To: ' BOFFIN PROJECTS'
incorporating

BIONIC DESIGNS
4 CUNLIFFE RD.

STONELEIGH, EWELL, SURREY

UFO DETECTOR CIRCUITS, data. 10s. (refund-
able). Para physical Laboratory (UFO
Observatory), Downton, Wilts.

4 WATT GRAM AMPS.
Volume and tone controls, mains operation.
HI output, new and boxed 65 POST

PAID

BIG BARGAIN PARCELS ONLY
OF COMPONENTS 10/ -
SALOP ELECTRONICS POST PAID

Greyfriars Road
Colham, Shrewsbury S.A.E. for lists

CALL OR SEND for list from the most interest
ing shop in Lancashire. Electrical Mech
anical and Electronic Goods. ROGERS, 31
Nelson Street, Southport.

AMN EW EXCIIING0

7 °YOUR
trir;INSG

'NEW DIMENSIONS"DIMENSIONS" go,es Libulo. Big
Hall 3 -dimension effect to all music. PLUS
adjustable echo, vibrato and tone. Battery 9v.
model for radio, tape or player.
Speaker 25/- extra.
CAR VERSION for fiv. or 12v. - or - earth.
10 gns. including rear speaker. 5/- post and ins.
either model.
Send S.A.E. for toll details direct from
manufacturers-NOW I

D.E.W. LTD.
P.E., 254 Ringwood Rd., Ferndown, Dorset

gns.

RATES : 1/3 per word (minimum 12
words). Box No. 116 extra.

Advertisements must be prepaid and
addressed to Advertisement Manager,

"Practical Electronics"
15/17 Long Acre, London, W.C.2

EDUCATIONAL

STUDY RADIO, TELEVISION AND ELEC-
TRONICS with the world's largest home study
organisation. (Sty & Guilds; R.T.E.B.,
etc. Also practical courses with equipment.
No books to buy. Write for FREE
Prospectus to ICS (Dept. 577), Intertext
House, London, SW11.

EDUCATIONAL (continued)

ENGINEERS. A technical certificate or
qualification will bring you security and much
better pay. Elem. and adv. private postal
courses for I '. Eng. , A.M.I. E. R. E., A .M.S.E.
(Mech. A. Elec.), City A Guilds, A.M.I.M.I.,
A.I.O.Ii. 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 FR EE 132 -page guide. BR rrisii
INSTITUTE: OF ENGIN EERING TECH-
NOLOGY (Dept. 125K), Aldermaston Court,
Aldermaston, Berks.

GET INTO ELECTRONICS-big opportunities
for trained men. Learn the practical way with
low-cost Postal Training, complete with equip-
ment. A.M.I.E.R.E., R.T.E.B., City & Guilds,
Radio, Telecoms., etc. For FREE 100 -
page book, write Dept. 856K, CHAMBERS
COLLEGE, 148 Holborn, London, E.C.1.

RADIO & TELEVISION SERVICING
RADAR THEORY & MAINTENANCE
TELECOMM UNICATIONS
This private College provides efficient theoretical and practical
training in the above subjects. One-year day courses are avai:able
for beginners and shortened courses for men who have had
previous training. Write for details to:-
The Secretary, London Electronics College, 20 Penywern
Road, Earls Court, London, S.W.S. Tel. 01-373 8721

CITY AND COUNTY OF BRISTOL
BRISTOL TECHNICAL COLLEGE
Principal: E. Poole, B.Sc.(Eng.), C.Eng., M.I.Mech.E., M.I.Prod.E.

CAREERS IN RADIO AND RADAR
Marine Radio Officers
2 year full-time course leading to the
Second and First Class P.M.G. Certifi-
cates and the B.O.T. Radar Maintenance
Certificate.
Conversion Course (Second Class to
First Class).
R.T. Licences (Full or Restricted).

Licensed Aircraft Radio Engineers

2 year full-time course covering the
Aircraft Radio Engineers Licences
categories A and B, issued by the
Board of Trade (Civil Aviation) followed
by a six -months' course for Radar
Rating (A and B) in association with
the above.

Courses for Qualified Marine Radio
Officers
Single Sideband Techniques (2 weeks)
Marine Electronics Course (Phase (-
d u ration 3 months)
Advanced Marine Electronics Course
(Phase I I-duration 3 months)

Training given on the latest ypes of Marine and Aircraft
equipment in modern, approved laboratories at

THE SCHOOL OF RADIO AND RADAR
Senior Lecturer -in -Charge: F. E. Barltrop

For further information apply to:-

The Registrar, BRISTOL TECHNICAL COLLEGE
ASHLEY DOWN, BRISTOL 7
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HOLIDAYS FOR SALE
(continued)

FOR SALE
(continued)

HOLIDAY FOR BOYS 14/16 years August
1969, specialising in engineering, electronics,
photography. Tuition and practical work
including go-karting. 11 days-E14.10.0.
Write for free brochure: INTER -SCHOOL
CHRISTIAN FELLOWSHIP, 47 Marylebone
Lane, London W.I.

BOOKS AND PUBLICATIONS

MAKE YOUR OWN TALKIES. An introduc-
tion to electronic tape/film synchronisation,
with an explanation of the "Carol" Cinesound
system, modifying equipment, filming in sync.,
etc. Price 7/6, post free (refundable against
purchase of your "Carol" Cinesound equipment).
Contronics Ltd., Deepcut, Camberley, Surrey.

60
gag

10,51.0.5-S
EQZIMAIENT
HANDBOOK

This useful handbook gives detailed information
and circuits for British and American Govern-
ment Surplus Receivers, Transmitters, and Test
equipment, etc., plus suggested modification
details and improvements for the equipment.
Also a Surplus/commercial cross reference valve
guide and Government component coding. and
references. Invaluable to Radio enthusiasts,
Universities and Laboratories.
Available only from us at VERITEXT (LEEDS)
LTD., 24 Stansfield Chambers, Gt. George
St., Leeds I, Yorkshire at 30/- per volume
post paid. Extra postage for Foreign Orders.

SURPLUS HANDBOOKS
19 set Circuit and Notes 6/6 P.P. 6d
1155 set Circuit and Notes 6/6 P.P. 6d
H.R.O. Technical Instructions 5/6 P.P. 6d
38 set Technical Instructions 5/6 P.P. 6d
46 set Working Instructions 5/6 P.P. 6d
88 set Technical Instructions 7/- P.P. 6d
BC. 221 Circuit and Notes 5/6 P.P. 6d
Wavemeter Class D Tech. Instr 5/6 P.P. 6d
18 set Circuit and Notes 5/6 P.P. 6d
BC.I000 (31 set) Circuit & Notes 5/6 P.P. 6d
CR.100/6.28 Circuit and Notes 10/- P.P. 9d
R.107 Circuit and Notes 7/- P.P. 6d
A.R.88D. Instruction Manual 18/- P.P. 6d
62 set Circuit and Notes 6/6 P.P 6d
52 set Sender & Receiver Circuits 7/6. post free
Circuit Diagrams 5/- each post free.
R.1 1 16/A, R. I 224/A, R.1355, R.F. 24, 25, & 26.
A.I134, T.I154, CR.300, BC.342. BC.312.
BC.348.1.E.M.P. BC.624. 22 set.
Resistor Colour Code Indicator... 2/6 P.P. 6d
S.A.E. with all enquiries please.
Postage rates apply to U.K. only.

Mail order only to:
Instructional Handbook Supplies
Dept. P.E., Talbot House, 28 Talbot Gardens

Leeds 8

FOR SALE

TIME SWITCHES, 14 day clock, once on once
off every 24 hours, reconditioned and fully
guaranteed. 5 amp Horstmann 32/6, 15 amp
Venner 42/6. P. & P. 4/6. A. R.
BATCHELOR (P.E. Dept.), 4 Park Road,
Bromley, BR1 3HP.

ILLUSTRATED CATALOGUE No. 17 Manu-
facturers' Surplus and New Electronic Com-
ponents including Semiconductors. 3/- post
free. ARTHUR SALLIS LTD., 28 Gardner
Street, Brighton.

HIGH GLOSS METALLIC (Aliii0
HAMMERED ENAMEL

DIFFERENCE TO PANELS ' tY4 MAKES FANTASTIC

say hundreds of enthusiastic use' 010'A
.'Crackle' pattern appears like matt .t .

on wood and metal. No under-
coat. Air dries 15 min.
to hard glossy finish.
Heat, liquid and BRUSH
scratchproof. Lt. OR SPRAY -ON
and 13k. Blue; Bronze; Silver Green; Black.
Send for Free list, or 8/. ( - 1/9 post) for trial
}pt. TIN, colour samples and instructions.
Send NOW.
FINNIGANSPECIALITYPAINTS Dept. P.E.
STOCKSFIELD. Tel. 2280 Northumberland.

BRASS, STEEL, LIGHT ALLOY, STAINLESS
STEEL TUBE. Bar Material, Tools, Mechan-
ical, Electrical, plus Assorted Lots. Send
S.A.E. for latest Cat. of 1,000 items. K. It.
WHISTON, Dept. BPE, New Mills, Stockport

PRECISION POTENTIOMETERS
Multi -turn, continuous or ganged from 25/-;
carbon from 2/-. Also resistors, mains
rectifiers, synchros, geared motors, chokes,
capacitors, meters, microswitches, semicon-
ductors. 6d. stamp catalogue. F. HOLFORD
& CO., 6 Imperial Square, Cheltenham.

UNUSED SEALED ni-cad. cells 1.22v 5A.H.
3.625" x 1.25" diameter, 12/6 each, 3 with
case 35/-. MASON, 72 The Drive, Romford,
Essex.

FOR SALE
a. Large quantity of electronic components in-

cluding valves, transistors, resistors, capaci-
tors, switches, chassis components, knobs,
veroboard and pins. List value well over
L40. Will accept E20 o.n.o.

b. The following Practical Electronics projects:
Speed Reducer
Transistor Ignition (2 units unused)
AC Millivoltmeter
Signal Generator
Power Supply Unit
All at 50/- each.

c. SANWA transistor tester (as new)
All items available separately or 135 the lot.
P. C. SLITHER, Alban House, Holly Hill
Lane, Sarisbury, Southampton S03 6AG

SOLARTRON DIGITAL VOLTMETER LM901.
Three window display. Three ranges, 0-200v.
Manual/auto/external sampling. Accuracy 0.1
per cent. Zero, calibration and printout
facilities. Excellent condition, with all acces-
sories. £25 ono. CAMBERLEY 23292.

MORSE EASY !
FACT NOT FICTION. It you start RIGHT
you will be reading amateur and commercial Morse
within a month (normal progress to be expected).

Using scientifically prepared 3 -speed records you
automatically learn to recognise the code RHYTHM
without translating. You can't help It, It's as easy as
learning a time. 18 W.P.M. In 4 weeks guaranteed.

For details and course C.O.D. ring B.T.D. 01-860 2896
or mod 8d. stamp for explanatory booklet to:

1111058/H, 46 GREEN LANE. PURLEY, SURREY

WANTED

NEW VALVES WANTED. Popular TV
and Radio types. Best cash price by return.
DURHAM SUPPLIES, 367F Kensington
Street, Bradford 8, Yorkshire.

TAPE RECORDERS, TAPES, ETC.

TAPES TO DISC-using finest professional
equipment -45 r.p,m. 18/-. S.A.E. leaflet.
DEROY, High Bank, Hawk Street, Carnforth,
Lancs.

SITUATIONS VACANT

TECHNICAL TRAINING by
IN RADIO, TELEVISION AND
ELECTRONIC ENGINEERING'Cs

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.
I C 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 AMATEURS' EXAMINATION.
P.M.G. CERTIFICATES IN RADIOTELEGRAPHY.

Examination Students Coached until Successful.
NEW SELF -BUILD RADIO AND ELECTRONIC COURSES
Build your own 5 -valve receiver, transistor portable, signal generator, multi -
meter and valve volt meter-all under expert guidance.
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

A WHOLE WORLD
OF KNOWLEDGE

AWAITS YOU !

NAME

International Correspondence Schools
(Dept. 152), Intertext House, Parkgate Road,

London, S.W.I I.

Block Capitals Please

ADDRESS

1/69

CONTINUED OVERLEAF
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SITUATIONS VACANT (continued) ELECTRICAL (continued)

INDUSTRIAL

COMPUTERS
A number of positions are available at all

levels within the

TEST AND QUALITY DEPARTMENT
of our INDUSTRIAL COMPUTER DIVISION at
KIDSGROVE.

Applicants should preferably have a sound
academic background, with a minimum of O.N.C.
(Electrical) or equivalent and experience in at
least one of the following fields:

Computer or Electronics Industry
Radio and Television or associated
industry
Radar equipment installation,
maintenance or servicing.

These are excellent opportunities offering good
scope and prospects, an attractive salary com-
mensurate with past experience and academic
achievement, and a contributory pension and
life assurance scheme.

Please write giving brief career details and
quoting reference PE0320H to the Personnel
Officer, I.C. & A., The English Electric Company
Limited, Kidsgrove, near Stoke-on-Trent, Staffs.

g ENGLISH ELECTRIC
INDUSTRIAL CONTROL AND AUTOMATION

A.M.S.E. (Elec.), City &
G.C.E., etc., on "Satisfaction or Refund

of Fee" terms. Wide range of Home Study
Courses in Electronics, Computers, Radio,
T.V., etc. 132 -page Guide-FREE. Please
state subject of interest. BRITISH
INSTITUTE OF ENGINEERING TECH-
NOLOGY (Dept. 1241:), Aldermaston Court,
Aldermaston, Berks.

SERVICE SHEETS

SERVICE SHEETS. RADIO, TELEVISION,
TAPE RECORDERS, 1925-1968, by return
post, from 1j- with free fault-finding guide.
Catalogue 6,000 models, 2/6. Please send
stamped addressed envelope with all orders/
enquiries. HAMILTON RADIO, 54e London
Road, Bexhill, Sussex.

C. & A.
SUPPLIERS
SERVICE SHEETS

T.V., RADIO, TRANSISTORS, TAPES, ETC.
Only 5/- each, plus S.A.E.

(Uncrossed P.O.'s please, returned
if service sheets not available.)
71 BEAUFORT PARK

LONDON, N.W.11
MAIL ORDER ONLY

SERVICE SHEETS
(continued)

RADIO TELEVISION, over 8,000 Models.
JOHN GILBERT TELEVISION, lb Shep-
herds Bush Rd., London, W.6. SHE 8441.

SERVICE SHEETS, Radio, TV, 5,000 models.
List 1/6. S.A.E. enquiries. TELRAY, 11
Maudlanrl Bank, Preston.

ELECTRICAL

240'o"
atoRICITt
ANNVOt

most brilliant performance ever from
12 -volt Car Battery. BRILLIANT HEAVY
DUTY 240 volt AMERICAN DYNAMOTOR
with BIG 220 WATT OUTPUT. Marvellous for
TELEVISION, ELECTRIC DRILLS, MAINS
LIGHTING and ALL UNIVERSAL AC/DC
MAINS EQUIPMENT. Marvellous for
Fluorescent lighting. Thou sands of uses.
Tremendous purchase of this model makes
fantastically low price possible.
ONLY24.19.6 each plus 10/6 delivery. C.O.D'
with pleasure. MONEY BACK if not DELIGHT-
ED. Please send S.A.E. for full illustrated details.

Dept. PE, STANFORD ELECTRONICS
Rear Derby Road, North Promenade

BLACKPOOL. Lancashire

TRANS/RECEIVERS AIR/SEA/RESCUE TYPE
Must be dismantled or exported. Complete with
mike/speaker aerial. Work up to 100 miles. Cost
Govt. over £40 each. 12.10.0 per set, 10/- P. & P.
2 sets DS, post free.

AIR
%kilo

POLICE
BAND

BROADCAST REC.
Listen to the thrills of aircraft, pilots and airports
at work. Also police fire/ambulance. Taxis and
civil depts. Ideal for receiving 2 metre amateurs.
A fully transistorised receiver covering 97-150Mcis
V.H.F. broadcasts. Robust steel, black crackle
finish cabinet. Size 6' v 4' x 4'. Operates from
a 9V battery that fits inside. Speaker or head-
phone output. Simple to use. Worth over £15.
Oar price 48.10.0 car. and ins. 10/-. C.W.O. or C.O.D.

MINIATURE MOVING COIL SPEAKERS
11in. diameter. Only 3/8 each, p. & p. 1/6. Two
for 8/6 post tree. Four for 15/- post free.

7'ii
a

C,

N I Cjillir

M
1 v

..- _TYPE
T.R. G.D.Xj20.C.

Brand new fully transistorised Communications
Receiver. Specifications: 4 complete ranges
550kcia to 3031c/a. Covering all amateur bands,
shipping and trawler bands, and broadcast bands.
A highly efficient double tuned superhet, comprising
R/F aerial tuning section. A.V.C. and built-in
B.F.O. for C.W. or 9.8.B. reception. Ideal for
fixed or mobile reception. Operates from Standard
9V battery, provided that fits internally. Gives
over 1 watt audio output. With speaker and head-
phone output. Hammer finished robust steel case
of pleasing modern design with all controls on well
set -out front panel. Size approx. 9 x 7 :.. 61n.
British manufacture. Due to huge purchase we
can offer these excellent receivers at less than hall
their normal worth. Complete with handbook
418.10.0. Carr. and ins. 10/-. Headphones if re-
quired 17/8 per pair. P. & P. 2/6.

AWi n ii7.7.

'5-
nn -

g #/frHAVOSYs itAND
RECEI ER
Hear shipping from all over the world. Covers
the complete maritime, trawler and amateur bands.
A neat little superhet. Attractive black crackle
finish case approx. 7" x 5' x 5' Fully transis-
torised. 9 volt battery fits inside. Speaker or
headphone output. Brand new direct from makers.
Comparable with sets being sold at 30gns. Our
Price only O. Carr. & ins. 10/-. C.W.O. or
C.O.D.

ACCOPEstcvvissa
/NOR ONANV

RECEIVER
This is a miniature transistorised B.F.O. unit that
is fully variable, that is a necessary accessory to
any receiver. Completely self-contained and single
hole fixing makes installation so easy. Full in-
structions provided. Can even be fitted to modern
translator receivers. Price only 48/6, poet free.

TOP BAND TRANSMITTER
A fully transistorised compact transmitter for
Licensed Amateur use. Fully portable. Suitable
for mobile use. Fully Tunable 1.8 to 214c/s.
Contains R/F output meter. Price 112.10.0.
Carriage 10/-. G.P.O. Licence required.

(= )GLOBE SCIENTIFIC LTD
DEPT. P.E.20, 24 CAWOODS YARD,
MILL STREET, LEEDS 9
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RECEIVERS AND COMPONENTS

BARGAIN PACKS!

4 FST3/8 STC Sil. Rectifiers New and Marked
800 piv II amp. Good substitute for BY100, etc .. 13/-

4 RAS3IOAF STC Avalanche Rectifiers New and
Marked 1.200 piv II amp SA surge rated ..

6 GJ4M New and Marked AEI Germanium Rectifiers
10/-

4 GP297/l Sub -miniature power transistors Texas
New and Marked 01

3 ZFI6 SIC New and Marked 16V 300mW Zener
Diodes

I Pair of AD161.ADI62 NPN PNP Power Com-
plementary Pair .. . 15/-

1 Pair of AC1211/ACI76 NPN/PNP Driver Com-
plementary Pair .. 101-

I Sec 0082D 1 2 0032 Matched Pair New
Mullard Marked

4 BSY9SA SIC New and Marked Planar Transistors
4 BC108 Mullard Latest type Low noise planars New

10/ -

101-

10/
6 NKT276 New and Marked Newmarket Audio

General purpose transistor 10/-
36 Square inches of 0-15 in Matrix Veroboard --the

most popular pack of all only from LST .. 10/-
4 NKTI62 New and Marked Newmarket Switching

Transistor .. 10/-
2 0C19 New and Marked Mullard Power Transis-

10/-
5 BAI IS New and Marked Mullard Colour Tele-

vision Diodes .. 10/-
4 2G37IB New and Marked Texas Audio Transistors 10/

4 BYX311/600 Mullard New and Marked Power
Studs 600 piv 24 amp .. .. 16/

1 "Designers Guide to British Transistors" New
data book with over 1,000 types listed-Computer
selected substitution chart. lust out from
Publishers (add 2/6 this item post) ..

TIS43A
Equivalent

0147646 12E141000

UNIJUNCTION 6/9d

2143819IT)
Ey_

Effect Transistor

FAIRCHILD illogic
1-6 1-12 12

291100 Bean III 1/6 1/4
u1.914 Don Bate III 9/6 8/4
.192318 FIN Flap 14 11:6 11'9

5 Page dull letells 2 ad

SL701C 18/ -

SCR 1 +2 pc1S113

10/:se

Tor IS Drill
Controller
11,4 Isse)

BC107/8/9 2/9d-

10116 12/:

SILICON RECT'S*
PULLT

1311011ANTORD

Pin Oben 151An 2A In
50 fd - 113

105 961 Ira 113 4 6

200 1'3 1 19
414400 2 9

600 3, 4,4 9 6
MO -- 3, 11,3

11111 - - ON 14

1141668
210118A
211116
'Na,,
10306
1147014
281111
2601 1 A
201131
101132
2111302
201103
211 1 3IN

101305
101306
201)07
VAX,
2111301
2N1613
2112368
2112169
202449A2N26,16

1161210
302148
202160
201915
2112916
21611702

LOOKING FOR QUALITY,VALUE & SER VICE ?Write

2143103
203704
103705
210706
11143707
1N17111
2143709
1N3710
2/13111
203033
10140102055

2

24301
26302
20106
203011
14305
20329
203448
2631111
363745
26381
25CO2
25011
20015

151 15014
4/ 15014
it 15701
ll AAT1 I
616 MTN
1/6 ACI07
7/6 ACI 16
114 AC127
ni, ACM
8/ AC176
A ACIA
5/ ACIN
51 ACM

ACY18
ACY19

1111 AC720
10/6 ACY21

ACT12
5/6 AD149
516 AD161
/1 AD161

III ADZ1 I
17, ADZ12
Ul AF102
14/9 AF114
6/- AF115
2/0 As1

AF IT

its
6/9
In
s41

SIS
01

nt
29/

4/9
301

1/4

111,

51

3/

5/
6/

/

1116

a
15 -

11

21

414
616

4/
716

11/

5/6

25
4/
1/4
In

7/6

271//

I1314

411

1/1

A1114
AF127
A7119
AS239
AS1S6
ARIII
ArZ12
AST2/
A6721
8526
AST29
ASZ21unit

 ISBA115
11A1111

11C107

SC109
IC/30
IICT3/
50291
13C/33
5Cn34
ICT34
11C139
50148
11C/311
86130
11C171
SCZI I

00111
Si
P
111013
117019
117750
87731
117751
10153
115%16
55717
31178
111117/150R
arrsilissa

100
87020/n3
111106/100IO

ZB Y

111217
01213
11Z193/C24
GET101

GET103
GET113

151 GET114
111 GET11S
11, OAS

1001 OA.)
11/9 OATO

3/0 0/179
414 1.087991
518 0841
4/4 0405

0A111
at 0A11
19/6 OA'S

2/S 0A200
1 WON
4 1 28210
4 0A211
43 OAZ201
7/ 082301
9/ OAZ206

15/ 0A7.207
4/4 0A22011
6/4 OAZ241
A OAZ242

17/4 082243
1114 082246
38/2 082269
414 0AZ1713
073 OCI9
1114 OC20

15 /8 0012
02/ 0C23
7/6 0C24
401 OC1S

11/ 0C26
A 0C31
6/ 0029
6/ OC30
6/ OCIS

OC
414 0C4136

1/4 0012
31/ °Cal
/6/ 0C44

0C45
0071

A OM
1113 OCT]
1/1 0075
514 OC76

12/1 OCT,
61 °al

4/6 OCA D
5/ OCR

4/ OCS20
9/ OCS3
In 0C123
IN 0C139
116 °CIA,
IN 0060

4/4 00169
IN °CIF°
IN OCITI
116 OC NO
1/f 0C201
1/6 0C302

00303
1/ OC204
6,4 OCNIS
9/ OCaO.
1140C201
If ORIN]

7//6
ORP60
OMNI

316 ORIN)
316 50631
316 S0436
6, 50631
114 5ZIOC
1/6 0414
3/6 73368
3/ 1405A

13/ EC401
11/ EC402
15/ CIIIE
111 0100

673 30111
121 2C45

EA403
If/ E111113

9/71

BC
BC11341111

11/ 11C115
1/6 SC126
4/ 80154
5/- 1,152
1/ BUTI1

A m1111103

e6101

4/4 P111104
3/ 1411105
8/ MIMI
1F4 611091

5/5 40341
I/ 40362

18 4

:

11

 1
9.3

41
111

4/9

3/6

7/14

111"/-

i/11/

100

lip

10/

901

1613

0
r

r

C

0

a

oI

g

r

ci

r
PLEASE SEND IAN CATALOGUE FREE TO:

LIST
COMPONENTS

/111.2 Capitals)

NAME

ADDRESS
7 COPTFOLO ROAD

BRENTWOOD ESSEX
BRENTWOOD 7904 /11693

24 MOUP, POSTAL SE RAC E

CAPACITORS AND RESISTORS
Ministry rele.ise. Bargain prices. Electrolytic
tubular, rectangular, large and small, wide
range. Hunts Sangamo resistors, Colvern pre-
cision pots, ditto presets. Power resistors,
sliders, etc. Bargain parcel. over 100 items, our
selection, different values, 20/- post paid. Send
1/- P.O. for list of interesting and unusual value
components. Quick service. S.A.E. any inquiries.
STOODLEY POSTAL ELECTRONICS
Sedbury, Doctors Hill, Sherfield English

Romsey, Hants SOS OJW

TELEVISION I.F. STRIPS (lass vale...)
From BBC, 2 convertors ideal for spares, contains
smoothing capacitor, dropper resistors, 7 valve
holders, I.F. transformers, coil formers, capacitors.
resistors, diodes, tag strips, chokes, etc., etc., on
chassis I lin 3}in, no information or circuit.
B RAND NEW in makers' boxes, a gold mine of
components for ONLY 16/6 each post paid.
MAINS TRANSFORMERS
250V input, outputs 10V . 500mA, 24V tri. 100mA,
32V "I I Orn/A, size 2Zin x I {in x !fin (drop
through type) ideal for transistor power supply,
10/- post paid. 250V input, output 22V 1, 14A, size
2in x 2in x 2iin. 1 1 /- post paid.
TRANSISTOR driver and output transformers
for 3 ohm speaker, suit 0011s, etc., approx. I watt
rating, only 6/- pair or 4/- each.
As above but 500m/watt rating, 4/- pair, 3/- each.
MIX ED bag of s.lver mica and ceramic capacitors,
approx. ISO, 10/- per bag.
E RIE 0.01 mF, I 2vw wire ended disc ceramics, 3/-doz.
0.01 mF, 500vw disc ceramics, P.C. type, /in dia.,
2/- doz.. 10/- per 100.
HUNTS 0.I mF, 350vw paper capacitors, P.C.
type, upright mounting. 2/6 doz., 15/- per 100,
post paid per 100.
TUBULAR ceramic capacitors, P.C. type, 3'3pF
and 500pF, only 6/- per 100, 1/3 doz.
GOODMANS 4in sq. speakers 15 ohm imp. brand
new, boxed, ex WD, 11/6 post paid.
TRANSISTOR ELECTROLYTICS 2inF 6vw,
4mF 64vw, 10mF I2vw, 20mF 6vw, SOmF 6vw, 100mF
6vw, 6d each. 100mF 9vw, Ed. 100mF, 25vw, 1/-.
400rnF I5vw, 500mF 9vw, 9d. 1,000mF t 1,000mF
18vw can neg.. 2/-. 1,000mF Eivw can type, 4/-.
CRYSTALS HC6/U. 12.700Mc/s ex equipment
tested, 5/-. SILVER MICA capacitors 80pF size
only {in x *in 200vw, 4/- per 100.
MAIL ORDER ONLY SAE FOR LISTS
Postal ch I up to CI -4- 1/6; L1 -L2 + 2/-;
L2 -L5 + 3/6; over £5 FREE.

A.J.H. ELECTRONICS
59 Waverley Road, The Kent, Rugby. Warks.

WE ARE BREAKING UP COMPUTERS
COMPUTER PANELS
(as shown) 2in x 4in 8 for
10/, P. & P. 2/- with min.
30 transistors. 100 for
65/- + P. & P. 6/6; 1,000
for 130 + carr.
PANELS with 2 power
transistors sim. to 0C28 on
each board + components. ,
2 boards (4 x 0C28) 10/, - . ----
P. & P. 2/-.
NPN GERMANIUM
TOS I WATT POWER
TRANSISTORS on small
heat sink on 2in x 4in
panel. 5 for 10/-, P. & P.
21-.
POWER TRANSIS-
TORS sim. to 2NI74
ex-eqpt., 4 for 10/-, P. & P.
21-.
POWER TRANSISTORS sim. to 2N174 ON
Finned Heat Sink (I0D) 4 for LI, P. & P. 3/-.
LONG ARM TOGGLE SWITCHES ex eqpt.
SPST 13/6 doe., DPOT 22/6 doz., DPST 17/. doz.
P. & P. all types 2/- doz.
TRANSISTOR COOLERS TOS 7/6 doz., TO3
18/- doz. P. & P. 2/-.
OVERLOAD CUT OUTS. Panel mounting in the
following values . . 5/- each. I, 14, 2, 3, 4, 5, 7,
8 amp. P. & P. 1/6.
MINIATURE GLASS NEONS, 12/6 doz.
P. & P. 1/6.
NEW MIXED DISC CERAMICS. 150 for 10/..
P. & P. 2/-.
LARGE CAPACITY ELECTROLYTICS
4fin, 2in diam. Screw terminals.
All at 6/- each +1/6 each P. & P.
4,000mF 72V d.c. wkg.
5,000mF 55V d c. wkg.
6,300mF 72V d c. wkg.
1,500mF 150V d.c. wkg.
16,000mF 25V d.c. wkg.
25,,000mF 12V d.c. wkg.
Send II- stomps for list.

3.95tr117.ixr15

 E
. . . . . . . .

KEYTRONICS, 52 Earls Court Road

London, W.8. Mail order only

BARGAIN PARCELS Ill n.,. surplus Elec-
tronic Comp.., ut-.. 3 -, 5 -, 10Er-, lost free.

1.1.11"I 1;(1 \ way,
BriraClusl-, lir. 1.1,1111,1.1

ELECTRONIC
STOCKMARKET
KIT OF MOST PARTS
ALSO REACTALYSER ' AND
WAA-WAA PEDAL. S.A.E. FOR
LIST.

D.E.W. LTD., RINGWOOD RD.
FERNDOWN, DORSET

1.101.T.'S InilliN 2S211411, 6/.. each.
Tested. 1'. & I'. lid per under. Data supplied,
L.F.H. ELECTRONICS, 65 Flanders Mansions
Flanders Road, London, \V.4.

R& R RADIO
51 Burnley Road, Rawtenstall

Rossendale, Lancs
Tel.: Rossendale 3152

VALVES BOXED, TESTED & GUARANTEED
BF80 3/- PCC84 3/- PTO:
EBF89 3/6 PCFBO 3/- UI91
ECC82 3/- PCF82 3/6 U301
ECLBO 3/- PCL82 4/- 6F23
EF80 1/6 PCL83 4/- 10P14
EPOS 3/- PCL84 5/- 20P5
EFI83 3/6 PL36 5/- 30F5
EF184 3/6 pLgi 4/- 30L15
EY86 4/ PL83 4/- 30P12
EL4I 5/- PY33 5/- 30C15
EZ40 4/6 PY8I 3/6 30PL13
EBC4I 4/6 PY800 3/6 30PL14

POST. ONE VALVE 9d. TWO TO SIX 6d.
OVER SIX POST PAID.

3/-
4/6
4/6
5/-
31-
3/-
2/6
5/-
4/6
SI-
5/6
5/6
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RECEIVERS AND COMPONENTS (continued)

S.E.S. Pre -Pack -5 off each, 5% resistors 4.7 ohm to I Mohm, or watt. ONLY 62.12.6.
RESISTOR Super Kit-I0 off each, 5% resistors, through any decade (e.g. 10k to 100k) E24 values I watt, Eli values 1. watt. ONLY 62.17.6.

KITS Mini Kit -10 off each, 5% resistors through any decade, Eli values in or 4. watt. ONLY 18/6.
For further information of all our stocks write sending 3/6 for catalogue (or 6d. for individual data sheets), phone or call:

STUDENT ELECTRONIC SERVICES
196 REGENT ROAD, SALFORD 5 Tel. 061-872 5187

SPECIAL OFFER FOR CHRISTMAS: Pre-set Pots. miniature, vertical, Linear track 100k, 250k, 500k. ONLY 9d. each.

TRANSISTOR PANELS
New boxed, size 9in x 6in x Ifin with "Valvo"
transistors type 0C45 or similar, with full
length leads, also an equal number of 0A85
diodes, H/5 resistors, etc. Built on perforated
board in a metal frame.
Panel of 20 transistors, diodes, etc. 20/-
30 - 25/- 60 - 40/-
40 - 30/- 70 - 45/- Postage 2/- per panel.
50 - 35/- 80 - 50/ -
TRANSISTOR CAPACITORS (ELEC-
TROLYTIC)
500mF 4V 64mF 40V I6mF 2.5V
320mF IOV 50mF 10V I OmF 25V
250m F 4V 30mF IOV &Serif 64V
200mF 10V 25mF 25V 4n,F 64V

20mF 12V I mF 25V
1 /- each. Ili- per doz. Min. order 10/ -
COMPUTER PANELS with 40 ail. pnp or
npn transistors, Diodes and res., 22/6 Post
Paid.
COMPUTER PANELS WITH SEMI-
CONDUCTORS. Po 6d per panel
8-0C42 or GEMS 24-0A81 .... 7/6
6-OC4I + 3-0C139 + Diodes 7/6
4-0C170 + 2-0C139 + 2-0C42 7/6
9-ASZIO + 1-T2040 + 27 Diodes 7/6
4-0C42 + 6-GET875 + Diodes 7/6
2-0C170 + 1-20306 + 0C42 4/-
2-2G106 + 1-2N985 + 1-2N2410 4/-
6-2N388 + 2-2G403 + 2-T2040. 8/6
4-0C36 + 13-GET103 + 4--ZS3 I A

.

1.6/-
13-ASZ20 + 80 Diodes 7/6
6-ASZ21 + 15-0A91 6/-
9-58240 + 18-0A47 12/6

12-20106 + 24 Diodes 9/6
4-0C35 + 4-ZS71 20/-
8-2G371 (I 3/-

6-22N388 7/6
12-2N3B8 12/6
48-0A8 I 51-
36-0A5 6/-
4-0C42 4/6

12-ASZ20 + 80 Diodes 9/6
13-0C42 + 24-OA9I 8/6
4-20106 + 1-2N2410 4/-
2-0C42 + 13-0A47 3/-

24-Sil. h.f. Transistors 15/ -
SINGLE SIDED P.C. BOARD Min x 2}in-
20 for 10/,
TEST CARDS. 6 transistors 20 for 20/.
ELECTROLYTICS 25,000 A I2V, 16,000
12V, 15,000 A IOV, 10,000 A. 30V. 4,000 (A

60V. 3,000 ,a 80V, 2,000 ,4 SOV, 1,200 180V,
8/6 Post Paid.
Z EN ER DIODES -2.4, 2-7. 3-6. 4.75, 515,
5.75, 6.2, 6.8, 7.5, 13, 15. 16, 113, 20, 27, 30, 33
volts. 3/6 each, mostly I watt
POLYSTYRENE CAPACITORS 350V: 180,
270, 330, 390, 470, 560, 680, 820pF. 1,800. 2,200,
2,700 .3,300 .5,600, 6,800, 8,200
125Y: 1,200, 1,500, 1,800, 2,200, 2,700, 3,300,
3,900, 4,700, 5,600, 6,800, 8,200, 0015. 80pF
ceramic 200pF S.M. any selection 2/- doz.
4-40pF trimmers 4/. doz.
BRAND NEW BOXED CHASSIS contain-
ing 2-0C35, 2-0C29 12 WW resistors 2.2/..
Postage 1/6.

NEW CROSS RADIO
6 OLDHAM ROAD, MANCHESTER 4

PARKERS SHEET

METAL FOLDING

MACHINES

HEAVY VICE

MODELS
With Bevelled Farmer Bars

TAPE
/2184413r. 39/6

MR MALL la /A
4 TRACK ""  / ' pair

REUTER - COLLARO
ERASE 15 i_
4-TRACK /

HEADS
Mr IAN

4 -TRACK
BOGEN ERASE
111218/6
4 -TRACK 27/6
COSMOCORD ERASE

4-TRACK15/-
F.W. WIRELESS MICROPHONE
94-104Mc/s. Transistorised. Operates from 9V
battery. Complete with additional secret tie clip
microphone. List 612/10/- ONLY L6.15.0These cannot be operated in U.K.

TRANSISTORISED FM TUNER
6 TRANSISTOR HIGH QUALITY TUNER.
SIZE ONLY 6in .' din ..< Mir. 9 I.F. stages. Double
tuned discriminator. Ample output to teed most
amplifier.. Operates on 9V battery. Coverage
88-108Mc/s. Ready built ready for E6.12.6
use. Fantastic value for money

FM MULTIPLEX STEREO ADAPTOR
Printed circuit biscuit, 4 trans. 6 f5.2.6diodes 9V with full instructions

LOUDSPEAKERS
12' 20 natl. 15 ohm.
TWIN

E5.7.0CONE

12' 25 watt, 15 ohm,

SPEAKERSPEAKER£5.7.0

FULL RANGE HIGH
COMPLIANCE. 8" 16
ohm, 15 watt £5.1 0. 0 u A
30.20K

10" 10 watt, 15 ohm,_.
MAGNET 42/-

131, 16 ohm, PC
tutr
(1 (I

10 watt, 30-18E kt,
CHARGER
TRANSFORMER.
4 Atop. 24/62/6/12 ....It4' 16 ohm, p I n et

5 watt, 40.16K Ls/. a.1)
MULTIMETERS T) /.

from "../
LOUDSPEAKERS. mg
40 ohm, 21' 80 ohm. la/ 1.I

12 watTWINtPEAK
10CORE
or 35/.

3 ohin.
TWEETER 16 ohm °a /9
10 watt, 18K -CPS 50/
CROSSOVER NET- II /
WORK 16 ohm 1-,/

REFLEX CONE TYPE
WATERPROOF SPER.
5 watt, 3 ohm. 300-
16,000c/s PA

& Music f3.10.0Relay

SUPER SILICON RECT. T.V., etc., 1,200 PIV
800mA, 8/-; or comp! to with Instr. resistor,
condenser..88; 400 PIV HW 6A, 0/-; 200 PIV HW
6A, 8/, No cheap rubbish.

Stamped envelope for full selection and bargain
offers in Multimeters, Radios. Baby Alarms, Inter-
coms, Walkie-Talkies, Rectifiers, Sinclair, DULCI,
and Eagle Lists. UNDER 6I-P. A P. 6d.,
22.63-1/6d, over E3 Post Free. C.O.D. 3/6. MAIL
ORDER ONLY.

DURHAM SUPPLIES
36 7 F, KENSINGTON STREET

BRADFORD 8, YORKSHIRE

Carr. free
No. I. Capacity 18 gauge mild steel x 36in. wide L14.0.0
No. 2. Capacity 18 gauge mild steel x 24in. wide . L8.0.0
No. 3. Capacity 16 gauge mild steel x 18in. wide ... 68.0.0
Also new bench models. Capacities 48in. x 18 gauge 640. 36in. .< 18 gauge

627.10.0. 24in. x 16 gauge 126.10.0. Carriage free.
End folding attachments for radio chassis. Tray and Box making for 36in.
model, 5/6 per ft. Other models 3/6. The two smaller models will form
flanges. As supplied to Government Departments, Universities, Hospitals.

One year's guarantee. Money refunded if not satisfied. Send for details.

A. B. PARKER, Folding Merlin' Works, Upper George SI., Hefkmondwike, Yorks. Hedtmendwille 3997

"SUBMINIATURE ELECTROLYTICS" 15 volt.
2, 6, 8, 10, 15, 20, 30, 40. 50, 100 mitts. 8/8
dozen; 30 for it Brand New, Post Free. The
C.R. SUPPLY CO., 127 Chesterfield Rd.,
Sheffield 88 ORN.

AERIALS

Enthusiasts
THE T.M.P. EXPERIMENTAL

AERIAL KIT

A unique collection of alloy elements,
dipoles, booms, clamps, mast reflec-
tors, nuts and bolts, cables, even a
compass! etc., to make up various
experimental aerials to cover all
bands.

This includes TV transmissions, SW
for the radio amateur, VHF for BBC
FM, Amateurs on 2 and 4 MTrs,
Aircraft, Police, etc., UHF for experi-
ments on BBC 2 and Ultra High
Frequencies. These Kits can be used
indoor or outdoor. Robust construc-
tion with simplified detailed plans for
easy assembly.

The Wonder T.M.P. Kit costs only
89/6-no extra for carriage.
Despatched to any address in UK
within 7 days.

TUBULAR METAL PRODUCTS

7 LOWESMOOR TERRACE
WORCESTER

NEW F.M. STEREO TUNER 1:15
Range 87 to 107 ME. Black crackle finish metal case with cast front escutcheon.
Case she 131n. x 7in. x 311n. high. Maine transformer. Metal Rectifier andValvee
ECC85, EF89, EF80, ECC82 as cathode follower. EM84 tuning indicator, 2 .c AF117
and 2 diodes. A really fantastic performer. Price AU, tax paid and cart. paid.
MONO VERSION as above but less stereo decoder 117.170 tax and cart. paid. Terms
available this item.

6 PUSH-BUTTON STEREOGRAM CHASSIS
IM.W.; fi.W.1;15.W.2; V.H.F.;
Gram: Stereo Gram Two
separate channels for Stereo
gram with balance control.
Also operates with two
speakers on Radio. Chassis
size: 15 x 7 x Min. high. Dial
sliver and black 15 x 3111. 190-
560M; 18-51M; 60-1871d;
VHF 86-100 Mc/s. Valves:
ECC85, ECH81, EF89, 2 x
ECL86, EM84 and Rect.
Price 4111.19.0. ear, paid or
18.13.0 deposit and 5 monthly
payments of SS/S. Total M.P.
price 1120.16.0. STEREO
DECODER 67.10.0 extra.

GLADSTONE RADIO 66 ELMS ROAD
ALDERSHOT, Hants.

(2 mine. from Station and Buses). FULL GUARANTEE. Aldershot 22240
CLOSED WEDNESDAY AFTERNOON. CATALOGUE 1/.
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SEMICONDUCTORS
BRAND NEW AND FULLY GUARANTEED

N9I 4 2/-2N2905 Bi-AF117 51-BFX43 8/6 BY100 416
N916 116 2N2905A 8/-APIS! 8/6 BFX68 13/6 BYX 10 5/6
5025 4/6 2N2906 8/-AFI86 BFX68A 14/6 BYZIO 9/-
5113 3- 2N2906A 8/-AFZ12

15/1/-

6 BFX84 8/-BYZ II 7/6
5120 2/6 2N2907 8/-ASY26 46 BFX85 lot-BYZ 12 6/-

2N2907A 8/-ASY27 8/6 BFX86 81-BYZ 13 5/-
5131 2/6 ASY28 6/65131 2/6 2N2923 5/-BFX87 10/-GET103 5/ -
51 32 2/6 2N2924 5/-ASY29 8/6 BFX88 8/-GET 1 1 3 4/-.

2G301 4/ - 2N2925 5/6 AS Z21 4/6 BFX92A 12/6 MPFI02 9/.-
2G302 4' 2N2926 2/6 BAXI 3 2/6 BFX93A 1 5/-MPF103 9/-
2G303 4,- Green 3/6 BAXI6 2/9 BFYI0 4/6 MPF104 9/-
2G371 31- Yellow 3/3 BAY3 I 2/6 BFY I I 4/6 MPF105 9/-
2N696 5/- Orange 3/-BAY38 3/6 BFY17 4/6 NKT216 10/6
2N697 5/- Red 2/9 BC 107 3/6 BFY18 4/6 NKT2 1 7 10/6
2N6911 4/6 Brown 2/6 BC108 3/6 BFY I9 4/6 N KT261 4/6
2N706 3/-2N301 I 5- BC109 3!6 BFY4I 10/-NKT262 4/6
2N706A 3/-2N3053 7//6 8C1I3 6/6 BFY43 13/6 NKT264 4/6
2N708 4/-2N3054 15/-BC118 6/6 BFY50 4/6 NKT271 4/6
2N929 5/6 2N3055 19/6 BC125 13/6 BFY5 I 4/6 NKT272 4/6
2N930 6/6 2N3702 4/-BC147 5/-BFY52 4/6 NKT274 4/6
2N1090 6/6 2N3703 4/6 BC148 4/6 BFY56 10/-NKT275 4/6
2N 1091 6/6 2N3704 5/6 BC 149 5/-BFY56A 11/6 NKT403 15/-
2N1131 9/6 2N3705 4/6 BC182 4/6 BFY76 9/6 NKT405 1 5/-
2N1132 9/6 2N3706 4/6 BC 183 4/6 BFY77 11/6 NKT613 6/6
2N 1302 4/6 2N3707 4/-8C184 4/6 BFY90 12/6 NKT674 5/-
2N1303 4/6 2N3708 4/-BCY30 7/6 BSX I 9 5/6 NKT677 5/-
2N1304 5/6 2N3709 4/-BCY31 4/6 BSX20 5/6 NKT713 5/6
2N1305 5/6 2N3710 4/6 BCY32 5/6 BSX21 8/-NKT80111
2N1306 6/6 2N371 I 4/-BCY33 5/6 BSX26 10/6 15/6
2N I 307 6/6 2N38I9 10/-BCY34 4/6 BSX27 10/6 NKT80112
2N1308 8/-2N3820 23/6 BCY38 5/6 EISX28 8/6 19/6
2N1309 8/-2N4058 7/6 BCY39 6/6 BS X29 10/6 NKT80 113
2N1507 5/6 2N4059 616 BC Y40 7/6 BSX60 19/6 22/6
2N1613 6/6 2N4060 6/6 BCY42 6/6 BSX6 I 12/6 OAS 2/6
2N1711 6/6 2N4061 6/6 BCY43 6/6 BSX76 4/6 0A9 2/-
2N1889 8/-2N4062 6/6 BCY54 7/6 BSX77 11/ -0A70 2/6
2N1893 8/-2N4254 9/6 BCY70 5/6 BS X78 81-0A73 2/6
2N2102 2N4255 8/6 BCY7 I 9/6 BSYIO 5/6 0A79 2/6
2N2147 17/6 AAZ13 2/-BCY72 5/-BSY I I 5/6 0A8 I 2/6
2N21413 12/6 AAZIS 3/6 BCZ 10 4/6 BS Y26 4/-0A90 2/-
2N2 1 60 14/-AAZI7 3/6 BCZ II 416 BSY27 4/-0A91 16/6
2N2193 AC107 6/-BF115 4/6 BSY28 4/ -0A95 1/
2N2 1 93A 5/6 AC 126 4/-BFI 17 10/6 BS Y29 4/6 0A200 2/-
2N2 I 94A 5/6 ACI27 3/-BF I 67 6/6 BSY38 4/6 0A202 2/-
2N2217 9/6 ACI28 4/-BFI73 7/6 BSY39 4/6 0C26 7/6
2N22 I 8 10/6 AC 176 5/6 BF180 8/6 BSY40 5/6 0C28 7/6
2N22 1 9 10/6 ACYI7 5/-BF224 6/6 BSY5 I 10/6 0C35 7/6
2N2220 5/-ACYI8 5/-BF225 6/6 BSY52 10/6 0C36 7/6
2N2221 5/-ACYI 9 5/-BF237 6/6 BSY53 9/6 0C44 3/-
2N2722 5/-ACY20 4/-BF238 6/6 BSY54 10/6 0C45 2/6
2N2368 6/6 ACY21 5/-BFW57 7i6 851'78 9/6 0071 2/6
2N2369 7/6 ACY22 41-BFW58 7/6 85Y79 9/6 0072 2/6
2N2369A 7/6 ACY2B 4/-BFW59 6/6 BSY8 I 11/6 0075 4/-
2N2539 4/6 AD140 6/6 BSY82 10/6 0081 41-
2N2540 4/6 AD149 8/-BFXI 2 5/6 BSY83 11/6 0C8ID 3/-
2N2646 1116 ADI61 7/6 BFXI3 5/6 BSY85 12/6 0C139 6/6

0C140 6/62N2696 6/6 AD162 7/6 BFX29 12/6 BSY87 10/6 0C200 5/62N2904 8/-AF I 14 5/-BFX30 15/-BSY90 11/6 0C201 5/62N2904A 8'-AF I 16 5/-BFX35 19/6 BSY95A 3/6 0C202 8/6

RECORDING
ZENERS. I WATT 2 -7-33V 4.6

TAPES } WATT 2.0-16V 3

Fully Guaranteed
7' STD 1,200' 7/3
7" L/P 1,800' 12/3
7' DIP 2,400' 19/-
51" STD 900' 6/6

L/P 1,200' 9/-

INTEGRATED CIRCUITS
R.C.A.
CA3005, 3013, 3014, 3018, 3019, 3020 30/-
CA3011, 3012 25/- CA3021 42/6
DATA SHEETS 2:- per type

51- DIP 1,800' 14/9
V STD 600' 5/3 FAIRCHILD
5" L/P 900' 7/3 L900 1 1 /-L9I4 Ill- L923 14/ -
V DIP 1,200' 10/9

Presets std., boric. or vert. 1/6D/P 185' 2/3
3' L/P 225' 3/- Potentiometers, Log/Lin 3/3 each
4' D/P 300' 4/- Silvered Micas, up to 820pf. 1/27' D/P Concorde Min. Electrolytic:, MFD/VOLTS.

3,000' 33/6 1/15 2/15 4/155/15 10/1510/258/15 16/15 25/10 32/15
Spools: 86" 6/3, 7' 50/15 100/15 100/12 30/10 80/6.4 25/6.4 100/6 320/102/6, 53' 2/3, 5' 2/3,

2/-, 31" 1/9, 3. 9d,
itio.

125/4 40/16 64/25 250/12 25/25 50/25 25/50 vt 1/6d.
each.
200/16- 2/- 6.4/6.4 --1/9 12.5/25 1/9 125/16 2,-
100/25 - 2/- 4/40-=1/9 1000/25 5/- 100/50 26

CASSETTE TAPES 50/50 =--2/- 1000/12-=3/9 500/6 - 2/6 500/50 4 9
C-60 13/6, C-90 18/6 250/25 2/9 500/25 3/9 250/50 3/9.

Up to 2,000 PP 2/-
Post and Packing up to

VEROBOARD RESISTORS3 reels 219, otherwise
416. 31 x 2'-.3/6 } and watt 10%, 4d.

31' a 3r. 4/3 watt 5%, 5.3.
SPEAKERS (3 ohm) Cutter 9/-

31' 5' 5/6
I and I watt, 6d.
3 watt, 1/6

8- en 5' 19/6,
7' x 15/6.

17' 31' 16/-
5" 2.1" 4/3

5 watt 2/ -

3' 9/6, 5' 14/6,
SEND 6d. STAMP FOR CATALOGUE8' 27/6, 12. 39/6.

Post and Packing I I6d P.P. for Components 1/- per order

A. MARSHALL & SON
28 CRICKLEWOOD BROADWAY, LONDON, N.W.2

01-452 0161 2 CALLERS WELCOME

MORE TO CHOOSE
CT R S FROM

LESS TO PAY

-4---,-- ---1,,,-.; A NEW DE -LUXE
)6.1156.16to. FM MONO/STEREO
--- 0 TUNER FROM TRS

 A.F.C. & A.G.C.
This advanced design commutable Ili ii MOW,
stereo FM tuner conies in easy -to -assemble pre-  Noise Limiter
fabricated unite engineered to the highest slaw  Chassis Ready
dards of efficiency and performance. Valuable
refinements include ewitchable A.F.C.. auto- Built
matte noise euppression, flywheel tuning, stereo  pre -tunedindication light, excellent audio response.
Sensitivity better than 5 microvolt.. Stereo eau
be added later if so required. Inclusion of a Kit to make MONO
world-famous Gorier I.F. amplifier ensures tuner inc. chassis IS gns.
superb performance. Excellent charade design and tuning assembly
made specially to fit the standard TRH Simplex (P.P. 3/61 10 gns.
cabinet system. Styled to match the TRS Add-on Stereo Unit
Stereo 4-4. (FF 2/61 E2.5.0
S.A.E. brings full details. Power Unit

(P'P' 2161 f 1.17.6Total price Simplex Cabinet
(for mains operation) 229.10.0 (Carriage 10/-). (P.P. 2/61

-r I i
TRS STEREO 4-4

- .., f/yAia i INTEGRATED AMPLIFIER

assembly. Stereo/Mono and Radio/Pti
switches.

A T.E.S. design based on newly developed Amplifier Kit 17.19.8 Complete kit
Mullard 4 watt modules with BC108 (p/p 3/61 inc. cabinet/
pre -amp. Suitable for speakers from T.R.S. Power Unit 22.5.0 power pack/
3 to 15 ohms. Bass and treble cut/boost. (PIP 2/6) DIN plugs and
Response -60 to 14kHz -- 3d2. This I.R.S. Simplex Cabinet. sockets
excellently engineered layout requires 21.17.131p/P 2161 612.10.0
only wiring between controleand modules. 4 pre. DIN plugs and (poet lee
Complete with metal chassis and T.R.S. sockets if purchased
simplex teak -ended cabinet for instant separately, 15/-.

PLAYING UNITS BY GARRARD AND E.M.I
LM8000 Record Player with 9T.A. Stereo 5/'.)
Cartridge. 210.6.0. Clear -view rigid permits: cover (carriage
AT.80 Mk. II De -Luxe Auto -changer, die- 4/6), 82/8.
cast turntable. Less cartridge. 218.6.0. CARTRIDGES FOE ABOVE- STEREO
11P.26 De -Luse single record player, die- honotone 9TA,'HC Ceramic with diamond
cast turntable. Lees cartridge. 611.19.8. 49/8; Dacca Derain with diamond
Brand new in makers' cartons. Packing 92/8; MONO Acos CP91-1 21/-; Ccldring
and carriage on any one of above 716. MX2M 268.
GARRARD PLINTH WILL In fine Teak EMI 4-sp. single player, 101in. ntable,
for above unite. (Packing and carriage separate arm and TIO cart. 89/8 (p/p SM.

MAKE A BOOKSHELF SPEAKER
With a set of matched speakers and erose-over from TES. Comprise. louder .1 style
high efficiency Diu. bass unit with special cone assembly, X -over and 211n. tweeter
for mounting into your own cabinet or baffle system. Smooth
response from 80 to 20,00011s. Loading up to 6 watts. Made by
a world-famous manufacturer. A genuine bargain for only

(earn 5/-). 79/6

RESISTORS modern ratings, full range copper
10 ohms to 10 megohms. to. 1-1W, 4d.
each; 20°,, 1W, 6d. each; 2W, 9d. each;
5% Hi -stab, 1W. 5d. each; 1W, W. each; spindles.
1.2-10 meg. 10% 1W. 4d. each; 1W, bd.
each. 1% Histab, 1W, 1/6 each (below
1000. 2/- each).
WIREWOUND RESISTORS -250 to
1041 5W, 1/6 each; 10W, II each; 15W,
2/8 each.
CONDENSERS -Silver Mica. All values
2pF to 1,000pF, 8d. each. Ditto ceramics.
9d. Tub, 4609 T.C.C. etc. 0-001-0.01
mF 10d. each; 0.1-860V 10d. each;
0.02-0.1mF 600V 1/- each. T.C.C. 860V
0-26, 1/9 each; 0-5. 2/- each.
CLOSE TOL. simcAs-10% 5-5000,
94.; 800-5,000pF, 1/-; 1% 2-100pF, 11d;
100-2500,, 1/2; 270-000pF, 1/4; 800-
5,000pF, 2/-.
VEROBOARD-All standard sizes in.
eluding 21in.

en
Bin. 5/8; 21 ,, 31/.. 5/.;

31in. 0 510. 6/2; 311n. x 3116. 8/9; 211n,,x
171n. 12/6. All accessories and tools in
stock.
PEAK SOUND "CIR-KIT". Adhesive

circuit strip-60in. spool.1/16in.
2/-. No. 8 Mt, special price 10/. (P.ip.2/-).
VOLUME CONTROLS-11in. din. Long

Famous make. All values 5,000
ohms -2 Megohme. Guaranteed 12 months.
Log or Linear tracks. Lees Sw. 2i6; DP
Sw. 5/-. Ditto Centre tapped 1 Megohm
Log, 1 Megohsn lees Sw 61, Twin ganged
stereo controls 11 dia , long spindles All
values 5,000 ohms to 2 Megolune lees Su-.,
ea. 8/6. Ditto 100K to 2 Megoluas with
UP Ow., ea. 10/6.
STEREO BALANCE CONTROLS-
Log/Anti-Log 5K, 1 Meg., 1 Meg.,2 Meg.,
ea. 9/0.

ORDERING -Send, rash with order.
Post and parking where not stated add
1/- per fib.; 1/9 1 lb.; 3/6, 21b.; 5/-,
61b.; 8/0, bib.; 8/, 1416.; over, 10/-.
S.A.E. with enquiries please.
LINTS-Elght large printed pages,
packed with bargain offers Including
difficult to find lines. Send 8d. for latest
copy.

TRS RADIO
COMPONENT
SPECIALISTS

EST. 1946
70 BRIGSTOCK ROAD, THORNTON HEATH, SURREY

Telephone: 9 a.m.-6 p.m. daily A few doors from Thornton
01-648 2188 1 p.m. Weds. Heath Stn. (S.R. Victoria Section)

79



D
SALES
P.°.BOX5

N
chc nrde

in the orld can y o u buy Post Packing cfs are continually rising.

se ,,,,.............fro"u::seaddl.owrlsamv
i

ORDER PLEASE
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TEL.: WARE 3442

can
fulfil any requirements at con, OVERSEAS QUOTATIONS BY RETURN
petitive prices. S.A.E. for full lists. SHIPMENTS TO ANYWHERE IN THE

WORLD

I/- TESTED TRANSISTORS I/-
each ONE PRICE ONLY PNP. NPN. eachSILICON PLANAR 11- EACH

BC108 2N696 2N1132 2N2220 25733
BC109 2N697 2N1613 2N3707 2N339I
BFY50 2N706 2N 1711 2N37 I I TIS44
BFY51 2N708 2N2904 25102 2N2906
BFX84 2N929 2N2905 25103 2N2907
BFXB6 2N930 2N2924 25104 2N2696
BFX88 2N1131 2N2926 2S732 2N3702

2N3703
From Manufacturers' Over-runs-Unmarked Plastic and
Metal cases.

THYRISTORS (S.C.R's),
TESTED, BRAND N EWAN D
TO -5 CASE
Type No. PIV Amp
2N1595 50
2N1596 100
2N1597 200
2N 1598 300
2N1599 400
BTX30-500 500
BT X30-600 600
TO -46 CASE (STUD)
Type No. PIV Amp
2N 1771 50

FULLY
CODED:

Each
7/6
11/-

10/6
.. 14/-

151_

.. 21/6

Each
47 9/-

PRINTED
leads on
with the

EACH

'A B: 6
"C"
"D" I

....2

..v.

CIRCUIT BOARDS with usable length
both Transistors and diodes. All Mallard devices
exception of the 20371 which are Texas.

PANEL CONSISTS OF THE FOLLOWING:-
43 , 24 .. 0A81 Ill- Par PaneC8120/-

per Pane00A
20371 5/- per Pane
0084 15/- per Pane

- GET875, 24 . 0A81 11/- per Pane
GET114, 20 . 0A81 10/- per Pane

. 20371, 12 0A81 7/6 per Pane
GET114, 12 / 0A81 8/6 per Pane
0084 9/- per Pane

GERM. PNP AND NPN TRANSISTORS FULLY
TESTED, UNMARKED 1/6 EACH

ACI25 ACY22 ACY36 NKT677 0031 20381
AC126 ACY27 NKT I 41 NKT713 0082 20382

2NI772 100 47 9/6
2N1774 200 4.7 12/6
2N1776 300 4.7 16/6,.
2N1777 400 191-4 72NI778 500 47 25/6

..
".1..,c,
"L"3

M""
x OC28, 4 < FST1/0 I5/- per Pane

0C35, 4 . FST1/0 15/- per Pane
OAS!

, GET875, 2 .

12/- per Pane
OAS! 3/- per Pane

ACI27 ACY28 NKTI42 NKT773 20301 2G399A
ACI28 ACY29 NKT2 I 2 0C44 20302
ACI30 ACY30 NKT213 0C45 20303 ,
ACY I 9 ACY31 NKT2 I 4 0071 20308 116
ACY20 ACY34 NKT2I5 0072 20371
ACY21 ACY35 NKT27I 0075 20374 each

2N2619 600 4-7 301-
BTY79-I50 150 4-7 I2/-
BTY79-250 250 4.7 M-
BTY79-400 400 47 20/-
TO -48 CASE (STUD)
Type No. PIV Amp Each

TRANSISTOR EQVT. BOOK
2,500 cross references of transistors-British, European,
American and Japanese. A must for every transistor user.
Exclusively distributed by DIOTRAN SALES. 15/- EACH.

POWER TRANSISTORS
0C25 0C35 NKT403 ASZI7 e
0C26 ADI30 N KT404 T I 3027 a i
OC28 ADI40 NKT405 T13028 each
0C29 AD149 NKT452 T13029

Manufacturers' Surplus Germ. A.F.

2N682 50
2N683 100
2N685 200
2N687 300
2N688 400
2N689 500
2N690 600
2N691 700

6 . I2/ -
6 .. 15/-
6 19/6
6 .. 25/6
6 . 32/6
6 . 47/6
6 . 50/-
6 56/_

Vast mined lot of subminiature glass diodes. Com-
prising of silicon germ point contact and gold bonded
types plus some . 500,000 available at Lowest of
Low Price.
1,000 pieces £3.0.0. 5,000 pieces £13.10.0. 10,000 pieces

TEXAS SILICON ALLOY TRANSISTORS
2N692 800 6 . 624- £23.

25302 Eqvt. 0C200 VcB40 Hfe 15-50 1-49 off 3/6 each
25303 0C201 VcB25 Hfe 25-75 5-99 off 3/- each
25304 0C202 VcB15 Hfe 45-120 100 off 2/6 each
ALL BRAND NEW, FULLY GUARANTEED AND
MARKED.

BRAND NEW FULLY TESTED EPDXY CASE
UNIJUNCTION TRANSISTORS. Type TIS43 and
BEN 3000 and replacement for 2N2646. Full data available.
LOWEST PRICE AVAILABLE ANYWHERE. 100 off 4/ -
each = [20; 500 off 3/6 each = L87.10; 1,000 off 3/-

LI50.

Sub -Min. Plastic
I Amp Sil. Rect.

Type No. NV Each
each = Sample devices 7/.. each on request.

1N4001 50 1/3HIGH QUALITY SILICON PLANAR DIODES.
SUB -MINIATURE DO -7 Glass Type, suitable replacements
for 0A200, 0A202, BAY38, 15130, 15940. 200,000 to clear
at i4 per 1,000 pieces. GUARANTEED 80% GOOD.

SILICON PLANAR PLASTIC TRANSISTORS.
2N370BA VcB30 Hfe 20-60. All marked, fully tested and
guaranteed. I off 1/6 each; 100 off 10d. each; 500 off 9d.
each; 1,000 off 744.

IN4002 100 1/6
iN4003 200 2/ -
IN4004 400 2/9each.

MIXED SILICON PLANAR TRANSISTORS NPN
TO -18 CASE. Transistors to fill a number of requirements
like 2N706, 2N708, BSY27, BSY95A, etc. 500 off, a;
1,000 off L8.10.

'

TO -18 METAL CAN SILICON PLANAR TRANSIS-
TORS. VERY HIGH QUALITY 99/ good. Type 2N706
BSY27 /7.10 per 500 pieces; L12.10 per 1,000 pieces.

1N4005 600 3/3
,,,,,,,,''''"'" 800 3/9

1N4007 1,000 4/9

STEP UP YOUR EARNINGS
WITH THIS LIBRARY OF KNOW-HOW AND PRACTICE
You can have PRACTICAL ELECTRICAL ENGINEERING sent
to your home to examine free of charge. It will help you
understand the many branches of the electrical industry
from installation work, Equipment, Instruments, Motors and
Machines, Transformers, Rectifiers, Lifts, Maintenance and
Operation right through to the Generation and Distribution
of Electricity. And, to make the 2,350 pages of facts and
vital theory crystal clear, there are over 2,000 ' action ' photos
and drawings. In addition you receive a slip -case of 36 large
Blueprint charts ; a fascinating booklet which shows how a

Nuclear Power Station works;
and a free Electrical Pocket
Book of useful data.

YOURS ON 7 DAYS

FREE TRIAL
Buckingham Press Ltd., 18/19 Warren Street, London, W. n

 Please send Praetiral Eledriral Engineering without obligation to buy If you accept
I my application. I will return the books In 8 days or post-

Tick , 0 Full cash Once or 116, or
 hero 0 16/. dep. and 16 monthly Payments of 20/

If you ore under 21 your father must fill up coupon here
I

Full Name The address on lel I is

1Mylour propertyLi

Rented

unfurnished.

urnished scam.,_

Temporary F

Oresipiafon addressL.

Mr 11,one oh the shave
Signature Mrs. please answer here

Miss
(Credit price £16 16s.) For Eire and N. Ireland send (16 with

Lcoupon. Elsewhere Overseas odd 261- P. & p. PEI/3853
Igo mg En J

I
1

I
I
I

1111 ME NMI NNW ......

inLooatirrana)
Address

County

I

BUILD YOUR CIRCUITS

on

VEROBOARD
-the Universal Wiring Board-
obtainable from your local Retailer
Trade enquiries to:
NORMAN ROSE (ELECTRICAL) LTD.
8 St. Chad's Place, Gray's Inn Road, London, W.C.1
Technical enquiries to:
VERO ELECTRONICS LTD.
Industrial Estate, Chandler's Ford, Hants

I tin. DE -LUXE MK I I £9
The exceptional quality and performance of
the " De -luxe MKII" brings truly breath-
takingly rich sound from asingle loudspeaker,
recreating the musical spectrum virtually flat
from 25 to 16,000 c.p.s. The unit consists
of the latest double cone, woofer and
tweeter cone together with a special Baker
" FERROBA " magnet assembly having a flux
density of 14,000 gauss and a total flux of
150,000 Maxwells. Bass resonance 32-38
c.o.s. Rated 15 watts. Voice coils available
3 or 8 or 15 ohms. Suitable for any High
Fidelity System. Design capability concept
and programmed third generation hardware
giving fantastically delightful sound at this
amazing bargain price.
48 page Enclosure
Manual 5/9 post paid.
Bensham Manor Road Passage, Thornton Heath, Surrey. 01-684 1665

Baker Reproducers Ltd

80



VALUABLE NEW HANDBOOK

FREEINGINEERS
TO AMBITIOUS

Have you had your copy of
The new edition of "ENGINEERING OPPOR-
TUNITIES" is now available-without charge-
to all who are anxious for a worthwhile post in
Engineering. Frank, informative and completely
up to date, the new "ENGINEERING OPPOR-
TUNITIES" 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.- Ap-
plied Electronics-Practical
Electronics - Radar Tech.-
Frequency Modulation -
Transistors.

ELECTRICAL ENG.
Advanced Electrical Eng.-
General Electrical Eng. -
Installations -Draughtsman-
ship - Illuminating Eng. -
Refrigeration - Elem. Elec.
Science - Elec. Supply -
Mining Elec. Eng.
CIVIL ENG.
Advanced Civil Eng.-
General Civil Eng. - Muni-
cipal Eng. - Structural Eng.
-Sanitary Eng.-Road Eng.
- Hydraulics - Mining -
!Voter Supply-Petrol Tech.

THESE IS
SUBJECT?
RADIO & T.V. ENG.
Advanced Radio - General
Radio-Radio&TVSersicing
- TV Engineering - Tele-
communications - Sound
Recording -- Automation -
Practical Radio - Radio
Amateurs' Examination.
MECHANICAL ENG.
Advanced Mechanical Eng.-
Gen. Mech. Eng.-Mainten-
ance Eng. - Diesel Eng. -
Press Tool Design - Sheet
Metal Work - Welding -
Eng. Pattern Making -
Inspection - Draughtsmanship
- Metallurgy - Production
Eng.

AUTOMOBILE ENG.
Advanced Automobile Eng.-
General Auto. Eng. - Auto.
Maintenance - Repair -
Auto. Diesel Maintenance -
Auto. Electrical Equipment -
Garage Ifanagement.

" Engineering Opportunities " ?

THIS BOOK TELLS YOU
* HOW to get a b paid, more interest-

ing job.
* 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 Theore-
tic Courses for beginners in
Electronics, Radio,T.V., Etc.,
A.M.I.E.R.E. City & Guilds

Radio Amateurs' Exam.
R.T.E.B. Certificate
P.M.G. Certificate
Practical Electronics

Electronics Engineering
Practical Radio

Radio &Television Servicing
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.
You are bound to benefit from reading
"ENGINEERING OPPORTUNI-
TIES" - send for your copy now-
FREE and without obligation.

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

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

BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY

3I6A ALDERMASTON COURT, ALDERMASTON, BERKSHIRE

POST COUPON NOW!
 TO B.I.E.T., 3I6A ALDERMASTON COURT,

I ALDERMASTON, BERKSHIRE.

Please send me a FREE copy of "ENGINEERING
'OPPORTUNITIES." I am interested in (state subject,'

or career).

ci
w
w

z
w AIM

INAME
ADDRESS

PREFER NOT TO CUT THIS PAGE

THE B.I.E.T. IS THE LEADING INSTITUTE OF ITS KIND IN THE WORLD
Published about the 15th of the month by GEORGE NEWNES LIMITED. Tower House, Southampton Street. London, W.C.2, at the recommended
maximum price shown on the cover. Printed in England by THE CHAPEL RIVER PRESS, Andover, Hants. Sole Agents-Australia and New
Zealand: GORDON & GOTCH (A/sia) Ltd.; South Africa and Rhodesia: CENTRAL NEWS AGENCY LTD.; East Africa: STATIONERY &
OFFICE SUPPLIES LTD. Subscription rate including postage for one year: To any part of the World £2 2s. Od.



ENCIANDS LEADING COAMONINT &EQUIPMENT CENTRES
SOLID STATE -HIGH FIDELITY
AUPIO EQUIPMENT

Audio Equipment developed from
Dinsdale Mk.11-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 16 PAGE BROCHURE
DEMONSTRATIONS DAILY AT

_-,-,---..-
gee

'..111;41''''...'

Hg"music.
- -----,....

.

Jn

(No. 21) TODAY!
'303" EDGWARE ROAD

Acclaim -, by everyone
THE MAYFAIR ELECTRONIC '.alliMINIPV'

ORGAN
A completely new development in portable electronic musical
instruments and a new field for the home constructor. The
'MAYFAIR' produces a multitude of the mat pleasing sounds 1 I
with a wide range of tone colours suitable for classic or popular

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 vynair covered cabinet with carry handle. A complete
detailed and illustrated contsruction manual is provided with circuits and full parts list. Cost can be
spread by purchasing the components packet by packet. All parts supplied are fully guaranteed. Full
after sales service..

A new source of construction for the keen electronics fan either amateur or professional.

°"`" °""' `" 'FA'. w"' """*"' TOTAL COST 99 Gns.years of enjoyable en ............

ORGAN COMPONENTS Deferred terms available. BUILT AND TESTED
We carry a comprehensive stock COMPLETE KIT Deposit E36.13.0 Et
of organ components for Deposit (29.19.0. 12 monthly payments of
pTRANSISTORHAsdesgn.. AND VALVE FREE T120 TrnAointehilyi eopayments of f7. tEx9p. or El NE01

1.1441 R.I8E.S°.

Ask for BROCHURE 9 Cell in. See it end play it yourself. INVITED

TRANSISTOR AMPLIFIERl =BM BRITISH MADE CAR RADIOS
.. I INTEGRATED 7 WATT AMPLIFIER 8 PREAMPLIFIER-MA7

CIMINIMillrEt73' A fine precision engineered car radio that's perfect company for long hour. on the

Yl

With full Bass Treble end Volume Controls
.' ' 7 /V ii. m.A.tIlia.nnt, nce,w.,==tca.=..bizeooLb.mortart,ec,ionoszlInite.tidn.s.p=e,.woi.th,

Ng' and auxiliary inputs Output ia for 3 to 16 ohm weaken.

illik It favours the user in w many ways-w. ryntastic power. with tar greater with
fieed.ri to operate it from batteries or mains power suppty unit (the new PS.20 is ideal for thisI

hi A nstallations. electronic guitars and organs. P.A. in intercom systems. etc. This true
7.wan amplifier is supplied built. tested and guaranteed.

Co, complete asteni 'le sseisnwtion. FOR ONLY £8/10/0 P.P. 41,
(OPTIONAL MAINS UNIT PS.20 62/2, P.P. 3-.) Illustrated Brochure No. 12.

I road. So easy to install end operate-and the price is exactly right. Has quick push.
button operation lot immediate station selection and choice of Medium or Longty

wand enni in.,g01,,adcoi 1..71:p L.. button fcuoun.trcocte.O.uotz .onf d3(n.woautcts,menns.ur es cr 'sp. rap ghlz:nr,acy.rmsdn.espl
Price

AUTOBAHN MANUIsars"viEhe'EZATIVE
EARTH EAST -TUNE f12.12.0. pp. 4/6

TUNE. but with a single MW/LW Push Button. E10.10.0. pm 4/6

CAR AERIALS  '3iSeclion Single Hole Wing or Boot Mounting 19/6 Brochure 15
Multi Section fully disappearing type with locking device, single hoiemounting

35'- Post free with Car Radio or pp. 2/6 separately.

BUILD THESE
PRACTICAL DESIGNS

LIST
I.C.F.M. TUNER £5.2.6. 409
Switched F.M. Tuner £3.17.6. 39B
Fluorescent Camping
Light £3.2.6. 43
Let us have your enquiries for parts for'
current PW and PE designs. S.A.E.
PLEASE.

NEW MODELS

NOMBREX
TRANSISTORISED

Test Equipment
PRICE

MODEL C s.
22 Power Supply 14 0
30 Audio Generator 19 10
31 R.F. Generator 12 10
32 C.R. Bridge 10 10
33 Inductance Bridge 20 0

Send for descriptive illustrated Broc

Leaflet
No.
22
24
25
26
29

ure.

DO IT YOURSELF
MW/LW PORTABLE

New printed CirCuit design with
full power output. Fully tunable

on both mw/lw bands. 7 transistors plus diode.
push-pull circuit. Fitted 5 inch speaker. large
ferrite aerial and Mullard transistors. Easy to build
with terrific results. All local and Continental
stations.
TOTAL COST L6.19.6. P.P. 4 6
TO BUILD Send for Brochure 1

MULLAH 1 WATT AMPLIFIER
WITH VOLUME CONTROL

Suitable 7 x 4 inch 3 ohm speaker 17/6
Ideal for Portable Record Players. Inter -
Comms. Baby Alarms etc. A a / pp.
For 9 Volts operation. MT i..P/ - 3/6d.

ITS SO EASY TO BUILD TO
PROFESSIONAL STANDARDS

To gm the best out ol your MAGNAVOX
DECK Type 363, you need  MARTIN RECOROA he

STUDIOMATIC
This

comprises a special high quay 6 valveampiiber and Pe-
arnoliher which comes to you assembled on its orint.
circuit...together with necessary transformers, switch..
control knobs-in fact everything wed. clown to the last
screw FOR MAKING A SUPERB TAPE RECORDER. which.
when built. willcomparolavourably within.. costing
hvice mow.. you experience or technIcal skill
to bring this boa THE INSTRUCTIONS MANUAL MAKES
BUILDING EASY AND SUCCESS ASSURED.

TWO TRACK. Deck. Ample. Cabinet and Speaker.
Complete kits WI. MICROPHONE 7 in 1 .200 It tape.
spare ool. Today's value T55. OUR PRICE 38 (we
FOURTspRACK. Deck. Amplifier. Cabinet and speaker.
Complete kits with MICROPHONE 7 in 1.200 ft tape.
spore spool. Today's Value E60, OUR PRICE 39 ens.

P P 22/5
ALL FORTS AVAILABLE SEPARATELY. Both models
ASK RURE a

VHF FM SUPERHET TUNER MKII
4ZotilT 7gT,VErC,VuregszzA',.:
-HIGH REPRODUCTION
 MATCHES AUDIO fal, II EQUIPMENT
A popular VHF . Tuner
now used throughout the
country for

NEW-MALLORY LONG LIFE
MERCURY BATTERIES

50% OFF LIST PRICES
R1412 1.35 volts 3800 rryH OUR PRICE 5/- each
we 2° sil .a.

RM625 tags vaiL. 350 tn..

GARRARD DECKS
--/ °

q1 f

atf

X.-. ..

BRAND NEW All below list price

5
3000

Mono/Stereo 819
LM w. 9TAHC . 9 19

SP25 MK II
II 25

12 102
LA680 Mk .

10 19
ATSO Mk II .. 13 19
127,,L 11 10

14 10sot27 15
AP75 . 21 10
SL55 .. 13 10
si.m .. 16 19

32 10
.. .. 39 10

.A70 Srk II . .. . .. 13 13
Send for Illustrated brochures 16.17

Complete range of aCCessones available

quality reception
monophonic and. with the

decodermereophonic Iwo.-
casts. There is no doubt
about t-HF FM gives the
the / sound E xrdlent
stability economically,. -...
TOTAL COST E6.19.6.
DECODER C5.19.8.
(CABINET 201- EXTRA) ASK FOR LEAFLET 3.

Pack of 8. Size 2j . 8 dia.
OUR PRICE 10/- each
Easily split into eight .35s/cells

ideal for env
,N, NS \INI Tpsatw7L SMALL SIP F

HIGH CAPACITY a. LONG

QUOTATIONS WRITE4 LIFE are requited

PHONE EXTN. 2.

TRANSISTORS. RECTIFIERS. ZENERS. SCR's TUNNEL
DIODES. FIELD EFFECT TYPES. VALVES. CRYSTALS

New 7968 32 -page Booklet
Price 1/- Post Paid

Circuits With Data, Details and Prices of
over 2000 different types.
This booklet is a must for every enthusiast.
MANUFACTURERS - DISTRIBUTORS.
We also publish a QUANTITY, SEMI-
CONDUCTOR BULLETIN. .

Please Write to us for your copy.

TRANSISTORS-
SEMICONDUCTORS

COMPLETELY NEW 1968 LIST OF 1000
types available from stock. Send for your
FREE COPY TODAY. (List No. 36)

S.C.R.'s from 6/-
Field Effect Transistors from 9/6
Power Transistors from 5/-
Diodes and Rectifiers from 1/6

HI -Fl equipment to suit EVERY POC ful Y
Ask for Hi-Fi- Stock List Leaflet 16.17 Illustrated CATALOGUEVISIT OUR NEW HI -Ft CENTRE at 309 EDGWARE RD.,

Alliri
COMPLETELY NEW 9th EDITION (1968) -----

-,----...-
0 0 0 0 r III)     

T

0 The most COMPREHENSIVE-CONCISE-CLEAR
-COMPONENTS CATALOGUE

for all leading makes
11

FREE WITH EVERY COPY.
Complete with 10/- worth discount vouchers IAMPLIFIERS 0)TUNERS

DECKS

0 * 32 pages of transistors and semi -conductor WWI
devices, valves and crystals.

* 200 pages of components and equipment. ...;;Fi::.,I4:::-...
* 65 pages of microphones, decks and Hi-FiSPEAKERS

MICROPHONES (j II . equipment. \

.
=SYSTEMS

ALL WITH DISCOUNTS
IT WILL PAY YOU TO PAY USA VISIT!

6,500 ITEMS
300 BIG PAGES

,L.,

Send toda 886 RPrid

HENRysRAilo 303 Edgwar Road, London, W.2. Mail Order Dept.
all types of Organ Dept. (01) 723-1003/0
309 Edgware Road, London, W.2. High Fidelity

OPEN MON.-SAT. 9 0,7.-6 Dm. THURS. 9 o.rm=1 D.W. Saes, P.A. and rest Equipment, Record Decksom 723-1963


