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ILLUSTRATED: 

L64 BIT INSTRUMENT IN 

L700 PROTECTIVE SHIELD 

APPLY DIRECT TO: 

SALES & SERVICE DEPT. 

ADCOLA PRODUCTS LTD. 

ADCOLA HOUSE 

GAUDEN ROAD 
LONDON, S.W.4 
TELEPHONE: MACAULAY 0291/3 

Great Repair Rid 
ELPS YOU EARN MORE 
Time-saving Repair Data for 

nearly 900 Radios & TV's. 
Now you can have at your finger- 
tips Circuits and Data for 
repairing all the popular TVs, 
Radios, 'Grams, Record players 
and Tape recorders-right back 
to 1964. A guaranteed ;îy 
spinner . . . saves your time, 
increases your earning power! 
Compiled by a team of research 
engineers Newnes RADIO & 
TV SERVICING not only gives 
repair information for nearly 60 
principal makes but also 
includes section of latest de- 
veloprnents in the industry. 
Thousands upon thousands of 
copies of previous editions sold - it's the most sought-.'fter 
publication in the trade. SeLe 
this opportunity to see it on free 
trial. Send now! 

TELEVISION . RADIO 

RADIOGRAMS . CAR RADIOS 

RECORD REPRODUCERS 

TAPE RECORDERS 

All these makes covered - 
Alba. Baird, Bush. Carousel, Cossor, 
Dansette. Decca, Defiant, Dynatron, 
E.A.R.. E. Mi., Ekco, Elizabethan, 
Ever Ready, Ferguson, Ferranti, 
Fidelity, G.E.C.. Grundig, H.M.V., 
Hitachi, Invicta, Koister-Brandes, 
McMichael, Magnavox, Marconi- 
phone, Masteradio, Motorola, Murphy, 
National, Newmatc, Pam, Perdio, Peto- 
Scott, Philips, Playcraft, Portadyne, 
Pye, Radiomobile, Regentone, Revel- 
ation, R.G.D., Roberts' Radio, S.T.C.. 
Sanyo, Sharp, Sinclair, Smiths' Radio- 
mobile, Sobell, Sound, Standard, Stella. 
Stereosound, Te!etron, Thorn, Trans 
Arena, Ultra, Zenith. 

2 VOLUMES . OVER 1,000 PAGES 
NEARLY 1,400 CIRCUITS, COM- 
PONENT LAYOUT DIAGRAMS & 
DRAWINGS. 
Plus section of latest developments 

in Radio and Television 

Yours for a week 

FREE 
I ' - - - - - - - - - 
I 

EASY NO-INTEREST TERMS IF KEPT AFTER FREE TRIAL 
Buckingham Press Ltd If under 21 your father must fill up coupon 

15-17 Long Acre 
London, W.C.2 

I Please send Newnes Fi1I Name ....................................................................... 

I RADIO & TV SER- (BLOCK LETTLRS) (Mr., Mrs., Miss) 

IVICING 
(2 volumes, 

1964-66 models) with- Address .............................................................................. 
out obligation to buy. 

I lfyouacceptthisappli- 77ckwhre opplicab!e 
I cation I will post 1 5/- The address on left - 

deposit 8 days after re- .--- 
Iceipt of books, then Occupation ................................ My Property . 

I 15/- monthly for IO Rented unfurnished 

I months, paying £8.5s. Pare' Home 

I in all-or return the Signature ...................................... --- . -- 
books. Cash in 8 days t 

Furnished Accom. 

£8.5s. 100/2225 - -s - - - - -- -- 
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LAFAYETTE HA-63 
COMMUNICATION 
RECEIVER 

7 valves PiLls Rectifier. 4 Bands. 5O kc/s- 
:31 Me/s. "S" Meter-BFO---ANL---Band- 

______ spread Tuning. 200/250 y. A.C. Brand 
New 24 Gns. Crr. Paid. 

LAFAYETTE HA-230 AMATEUR 
COMMUNICATIONS RECEIVER 
Supersedes model 11E-30. 8 valves + rectifier. 
Continuous coverage on 4 bands. 550 Kc/8-- 
30 Mc/s. Incorporates i RF & 2 IF *itages, Q 
Multiplier, B.F.O., ANL, meter, Electrical 
bandspread, Aerial trimmer, etc. Supplied brand 
new and guaranteed. £33. S.A.E. for full details. 
Also available in semi Kit Form. 25 gus. 

HAM-I COMMUNICATION 
RECEIVER I 

\ 

5 valve superhet receiver covering 50 
Kc/s-30 Me/s on 4 bands. Special fea- 
tures include slide rule dial. Bandspread 
tuning. meter. B.F.O. Built in 4" 
speaker. Operation 220/240 y. A.C. Brand 
New with handbook. 16 GNS. Carr. 10/- 
S.A.E. for details. 

LAFAYETTE HA-55 
AIRCRAFT RECEIVER 

108-136 Mc/s. High selectivity and 
sensitivity. Incorporates 2 RF stages 
including 6CW4 Nuvistor, 8 tubes for 
11 tube performance, solid 8tate power 
supply, adjustable squelch control, slide 
rule dial, built in 4m. speaker and front 
panel phone jack. 220/240V. A.C. 
Supplied brand new and guaranteed. 
*19.7.6. Carr. 10/-. 

MAIN LONDON SINCLAIR TRANSISTOR AMPLIFIERS 
AGENTS FOR 

CODAR Zl'2 Amplifier 89/6; Power Pack 54/-; X10 Amplifier Built 

EQUIPMENT £8.19.6, Kit £5.19.6; X1O Power Pack 54/-; X20 Amplifier 
Built £9.19.6, Kit £7.19.6. X'20 Power Pack £4.19.6. 

All items available as Micro FM Radio Kit £5.19.6. Micro 6, 59/6; TR750 amp 
advertised Kit 39/6; Micro amp 28/6; Micro Injection 27/6. l'ost Paid. 

sTrr: TRANSISTORISED 
TWO-WAY 
TELEPHONE 
INTERCOM. 
Operative over unazing1y 

\V long distances. Separate 
I call and press to talk 

:.. buttons. 2-wire connection. 
, 

J 1000's of applications. ' Beautifully finished ir 
ebony. Supplied complete 
with batteries and wall 
brackets. 
£6.1O.O. pair. P. & P. 3/6. 

MAGNAVOX 363 TAPE DECKS 
New 3.speed tape deck, supersedes old 
Collaro studio deck. 2-track £1O.1O.O. 
4-track £13.1O.O. Carr. Paid. 

PCR3 RECEIVERS 
Absolutely brand new 3 wave bands 190- 
550 metres and 2.2-23 me/s with circuit 
£8.19.6. Carriage 10/6. I'lug.in power 
supply 12 volt d.c. 19/6. 230 volt ac. 
35/-. 

AMERICAN TAPE 
First grade quality American tapes. 
Brand new. Discounts for quantities. 
3m., 225ft. L.P. acetate ........... 4f'- 
3jin., 600ft. T.P. mylar ......... 10/- 
5m., GOOft. std. plastic .......... 8/6 
5m., 900ft. L.?. acetate .......... 10/- 
5m., 1,200ft. D.P. mylar .......... 15/- 
5m., 1,800ft. T.P. mylar .......... 35/- 
5in., 1,200ft. LP. acetate ........ 12/6 
5jin. , 1,800ft. D.P. mylar ........ 22/6 

Iin. 2,400ft. T.P. mylar .......... 45/- 
7m., 1,200ft. std. mylar .......... 12/6 
7m., 1,800ft. L.1'. acetate ........ 15/- 
7m., 1,800ft. L.P. mylar .......... 20/- 
7m., 2,400ft. D.P. mylar .......... 25/- 
7m. 3,GOOft. T.P. mylar .......... 58/6 
Postage 2/-. Over £3 post paid. 

CALLERS WELCOME! 
Open 9 a.m. to 6 p.m. every day Monday 
to Saturday. Trade supplied. 

2-WAY RADIOS 
iil Muperb quality. Corn- 

plete with all accessorie8 
. 

and fully guaranteed. 
- t! :i Transistor £7.19.6 pr. 

. :- 1i Transistor 11 gns. pr. 
III1I1 i. Transistor £8.5.0 pr. :i:. 9 Transistor £22.10.0 pr. 

. . 

lo Transistor 28 gus. pr. 
z ' Post extra. (S.A.E. for 

. 

1 full details). 

- S These eapnot be operated 
. Zn U.K. 

VOLTAGE 
STABILIZER ,,, 
TRANSFORMERS 
Input 30-120v. 

Ii 
and 160-240s'. 'III uIIiIil,lIIIIIIII,IljlII1IljfJIIIt 

Con8t.ant output 
110%. or 240v., Hhlit1I111111 

250 watts. Brand '-' 
New Guaranteed. 

:10.0 Carr. 
_.:____ _-_ - 

VARIABLE VOLTAGE 
TRANSFORMERS 

Brand New-Fully 
Shrouded. Input 230v. 

Ì50/60 c/s. Output 0-260 
- Volts. 

. 
1 Amp ........ £4.10.0 
2.L5 Amp . . . £5.17.6 
ti Amp £9.0.0 
8 Amp ...... £13.10.0 
10 Amp ........ £17.0.0 
12 Amp ...... £19.1O.0 
20 Amp ...... £32.10.0 . 2.& Amp Portable- 
Metal Case with Meter. 

- - - -- - 
Fuses, etc. £9/17/6. 

SILICON RECTIFIERS 
200 y. P.I.V. 200mA ............... 26 
400 y. P.I.V. 3 amp ................ 7/6 
1,000 V. P.1.V. 650 mA ............ 6/6 
800 y. P.I.V. 500mA ............... 5/6 
800 y. P.I.V. S amp ................ 7/6 
400 y. P.I.V. 500mA ..................... 3/6 
70 y. P.I.V. i amp ................ 3/8 
150 y. P.I.V. 165mA ............... 
Discounts for quantities. l'ost extra. 

, , 

;,IJ I \ 
y,5,//%'%////Jj1I I+' 

TEST EQUIPMENT 
PORTABLE OSCILLOSCOPE CT.52 
A compact (9"X 8X 16h") general purpose 'scope. T/B 
10 c/s.40 kc/s. Band width i Me/s. Mullard DG 7/5 21" 
CRT. For operation on200/250 y. A.C. Supplied complete 
with metal transit case, strap, test leads, and visor hood. 
Brand new. £22.10.0. Carr. 10/-. Supplied complete with 
instructions. 

OS/8B/U OSCILLOSCOPES 
. 

High quality Portable 
- 

American Oscilloscope. 8" ' 

% : - c.r.t. T/B 3 c/s.50 kc/s X 
Amp: 0.500 kc/s Y 

\ -. Amp: 0-2 Me/s. Power 
. -:-- - - 

requirements 105.125v. 
:- , 

A.C. Supplied in brand 
t 

.f.'I new condition, fully 
-. tested. £25. Carr. 

',- .i- 10/-. Suitable23ø/115v. 
Transformer 15/6. 

LAFAYETTE TE-46 
RESISTANCE CAPA- 
CITY ANALYZER 
2 PF-2,000 MFD. 2 ohnis- 
200 Megohms. Also checks 
impedance, turns ratio, 
insulation 200/250v. A.C. 
Brand New £15. Carr. 7/6. 

ERSKINE TYPE 13 DOUBLE 
BEAM OSCILLOSCOPE 
Time base 2 c/s.759 kc/s. Calibrators at 
100 he/s and 1 Me/s. Separate Yl and Y2 
amplifiers up to 5.5 Me/s. Operation 
110/230 volt A.C. Supplied In perfect 
working order. £27/10/-. Carriage 20/-. 

TE-20 RF SIGNAL GENERATOR 
Accurate wide range signal 
generator covering 120 kc/s..260 

.:. 

!1!b:: VariaNeR.} 

-.$_ Y. A.C. Brand new with in- 

_____ 
structions, £12.10.0. P. & P. 

- S.A.E. for details. 

LAFAYETTE NUVISTOR - 

GRID DIP METER » . 

Compact true one hand operation. : 

Frequency range 1.7-180 Me/s. 230v. - 

AC operation. Supplied complete 
with all coils and instructions. £12.10.0. 
Carr. 5/-. 

TEll SINE SQUARE WAVE NOMBREX EQUIPMENT AUDIO GENERATORS 
____________ Sine 20 cps to 200 Transistorised Audio Generator 10-100,000 c/s. 

on 4 bands Sine or square wave. £16.15.0. 

. - - 

. 

:=n square: 20 cps to Transistorised Signal Generator 150 kc/s. 
.. '20 kc/s. Output 

impedance 5,000 
350 Me/s. £10.0.0. ., 

ohms. 200/240 y. 
Transistorised resistance capacity bridge 1. 
ioo Mega, i pf-100F. £9.10.0. 

__________________ A C operation. Transistorised Jnduction bridge lpN-100H. 
Supplied Brand £18. Mains operated Transistor power supply 
New and Guaran- unit, output l-15v. up to 100 mA. £6.1O.0. 

-. teed with instruc- All above post paid with battery. 
tion manual and leads. £15. Carr. 7/6. __________________ 

CLEAR PLASTIC PANEL METERS 
First grade quality, Moving Coil panel meters, available 
ex-stock. S.A.E. for illustrated leaflet. Discounts for 
quantity. Available as follows: Type MR. 38P. I 21132m. 
square fronts. 

100-0-lOOgiA . 27/6 
500-0-500pA . 22/6 
1.0-imA ...... 22/6 
imA ......... ......... 2218 :T J-U T: 2mA 22/6 

T= -- - 5mA ......... 22/6 
lOmA ........ 226 

50iA ........ 32/6 2OmA ............ 22/6 
100A ...... 29/6 SOmA ........ 22/6 
200A ...... 27/6 lOOmA ....... 22/6 
50Oj.A ...... 25/- l5OmA ....... 22/6 
50-O-SOleÁ ..29/6 posp EXTRA. 

TE-51 NEW 
20,000/VO LT 
M U LTI M ETE R 

0/6/60/120 I 

1,200V. A.C. 
0/3/30/60/300/ 
600 I 3,000V. D.C. 
0/6OMA/12/300 i 

MA. D .C. r 

O/60K/6Meg.Ç .-, I 

85/-. P. & P. 2/6. 

MODEL PV-58 VALVE 
VOLTM ETER 
11 meg. input. 7 D.C. 
volt ranges. 1.5 - 

1,500 y. 7 A.C. volt 

'tr Peakt'oFeak: 
1! Resistance .2 ohm to JD- 

1,000 megohm. Deci- l_. J 
bels-l0dbto +65db. Ø * 

Supplied brand new - 

with instructions, 
leads and probe. 

. 

£12/b!-. P. & P. 3/6. 

200mA ..... 226 100V D.C. . . 22/6 

500mA ..... 22/8 300V D.C. . . 22/6 
75OmA ..... 22/6 500V D.C. . . 22/6 
IA D.0 ..... 22/6 750V D.C. . . 22/6 

2A D.C. . 22/6 15V A.C. . . . 22/6 
5A D.0 ..... 22/6 50V A.C. . . . 22/6 
3V D.0 ..... 22/6 150V A.C. . . 22/6 
0v D.0 . 22/6 300V A.C. . . 22/6 

20V D.0 . 22/6 500V A.C. . . 226 
SOV D.C. . 226 "S"MeterlmA 29/6 
Larger sizes available-send for lists. 

TS-76 20,000 O.P.V. PUSH 
BUTTON MULTI-TESTER 

Simple operation, _________ 
D.C. volts up to 
1,000 y. AC. volts 
up to 1,000 y. I 

Resistance up to I. 
10 megohm. Current . 

up to 250 mA. 

Decibels - 20 to 

+ 36 db. £5.5.0. . 

P. & P. 2/-. 

MODEL 500. 30,000 - . . 
o.p.v. 0/.5/1/2.5/10/ 

100 J 250/ 500/ 
I e 1,000v. A.C. 

\. ' -I, O/5OuA/5/50/ 
G 

500mA. 12 amp. 
D.C. 

. O/6OKf6Meg./60. 
. 

Meg Ç. £8/17/6 
o PostPaid. 
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ßuìld the World's most amazìng 

FM tuner-receiver 
The Sinclair Micro F.M. is more than an F.M. Tuner; morethan an F.M. 
Receiver, for it combines the advantages of both with many other unique 
features to make it the most advanced set of its kind in the world. Any- 
one can construct it for, unlike other F.M. constructional kits, the Micro 
F.M. needs no aligning and is ready to work as soon as it is finished. 
Pulse-counting detection gives better audio quality than any other dis- 
criminator system. Excellent sensitivity assures good reception using no 
more than the set's own small telescopic aerial in all but the worst re- 
ception areas. When built, the Sinclair Micro F.M. has all the appearance 
of a professionally engineered set both inside and out. Its distinctive, 
elegant exterior makes it particularly pleasing to own and to operate 
whether as a tuner for amplifier or tape recorder or independently as a 
self-contained pocket F.M. portable. . SUPPLY VOLTAGE-9V from AUDIO FREQUENCY RESPONSE 

self-contained standard -10-20,000 c/s ± I dB 
battery . CONSUMPTION-5mA A.F.C.-for automatically . SENSITIVITY-Typically 3 

locking on to each station 
. tuned in m icrovolts . SIGNALTO NOISE RATIO-30dB Inserting plug of earpiece or 

at 30 microvolts tuner lead switches set ON 
TECHNICAL DESCRIPTION 
THE SINCLAIR MICRO F.M. is a completely seif-containéd double-purpose F.M. super- 
het housed within a case less than 3" high < 1" wide with a depth of i". it uses 7 
transistors and 2 diodes. The R.F. amplifier is followed by a self-oscillating mixer and three 
stages of iF. amplifIcation which dispense with I.E. transformer and all problems of align- 
ment, The final I.E. amplifier produces a square wave of constant amplitude which is 
eventually converted into uniform puises so arranged that the original modulation is re- 
produced exactly. A pulse-counting detector ensures absolute linearity and therefore better 
audio quality at the output stages. After equalisation the signal is channelled to one out- 
put for feeding to amplifier or recorder and to another in which the receiver's own audio 
amplifying stage enables the Micro E.M. to be used as an independent self-contained 
pocket portable. A,F.c. is used to lock the programme tuned in. The telescopic aerial 
included with the kit will be found sufficient in all but the worst signal areas. 

ir-1E:iir-- 

mI[REf 
7 TRANSISTOR-2 DIODE SUPERHET 

F.M. TUNER-RECEIVER WITH A.F.C. 

PULSE-COUNTING DETECTION AND 

TWO OUTPUTS 

£5. 19.6 
Complete kit of ports ¡nc fud,ng 
telescopic ceriaJ, case assembly, 
transistors, lightweight earpiece 
and instructions 

FULL SERVICE FACILITIES AVAILABLE TO ALL SINCLAIR CUSTOMERS 

sinElair radioniE5 Itd. 
2E newmarket road, Eambride 

Telephone 52731 
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More power per square inch than any other 

amplìfìer in the world! 
THE SINCLAIR Z.I2 s a powerful, high 
fidelity amplifier of exceptional corn- 
pactness complete with its own high gain 
pre-amplifier and ready to connect to 

input. Its great power gives you an 
output equal to SIX WATTS PER 
SQUARE INCH of its total size-a 
standard of performance unsurpassed by 
anything in its class. And because of its 
size and unique circuitry you can now use 
quality amplification in applications 
never before possible. 8 special H.F. 
transistors are used in a circuit 
in which generous negative feed 
back and ultralinear class B push-pull 

SINCLAIR 

output achieve the highest possible 
standards of quality. The unit will 
operate from 6 to 20 V. d.c., and when 
not using a battery, the new PZ.3 will be 
found ideal. Response-l5 to 50,000 
c/s 1dB. Input sensitivity 2mV into 
:z K ohms. Signal to noise ratio is 
better than 60dB, and the output may be 
fed directly into any load from 3 to IS 
ohms, or two 3 ohm speakers may be 
used in parallel. The manual included 
with the Z. I 2 gives full details of matching tone 
and volume control circuits for mono and stereo, 
together with multi - input switching facilities. 

--- 
combined 12 watt fr 

I a hi-fl amplifier ._ ana Dre-amn 
. 

Ready-built, tested and 

N [W 
POWER guarcnteed, with Z.12 
SUPPLYUNIT manual 

SINCLAIR PZ.3 
This is an entirely new design 
using original circuitry bsed 89/6 on advanced transistoried tech- 
niques to achieve phenomenally 
good smoothing, thus assuring 
idea' operating conditions for 
the Z.12 for which it was de- 
signed. Ripple is a barey Should you not be completely 
measurable 005V. and the PZ.3 satisfied with your purchase when 
will power two Z,12s with ease. you receive it from us, your 
Output-20V.d.c. for money will be refunded in full 

AC. mains operation, 79/6 and at once wthout question. 

200/250V., 50-60 c/s. k 

SINCLAIR MICRO-6----The smallest radio 
s ¡ the wor/d-TURN TO PAGE 396 

. 12 WATTS R.M.S. OUTPUT 
CONTINUOUS SINE WAVE (24 W. PEAK) 
15 WATTS R.M.S. MUSIC POWER (30 W. PEAK) 

. SIZE-3" )< I" X I' 

. IDEAL FOR 12V. OPERATION 

. FOR HI-FI, RADIO TUNER, 
GUITAR, INTERCOM, ETC. 

If you prefer not to cut coupon from page, please mention 
P.E.6 when writing your order. 

- - - - - - - - - 
I ORDER FORM 
I To SINCLAIR RADIONICS LTD. I 

I 
22NEWMARKETROAD,CAMBRIDGE 

I 

IPlease send ................................................. 

I 
I 

I.................................................................... I 

I 
for which I enclose I 

I ........................................................... 
i 

I 
CASH/CHEQUE/MONEY ORDER 

I 

Iforf 
s. d. 

i 

INAME 
........................................................ 

I 

ADDRESS .................................................... 

3 95 
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SURPLUS TO REQUIREMENTS... 

Gramdeck offers 
you an amazing 

clearance bargain! 
The chance of a lifetime for 'do-it-yourselfers' 
You enjoy making things . . . experimenting . . 

adapting? Then here's a truly fantastic offer-an 
opportunity you can't afford to miss. Limited 
quantities of the famous Gramdeck Pre-Amplifier/ 
Control Unit original list price £6 6s. are available 
at the "give-away" price of only 26s. each Guaran- 
teed brand new and perfect. 

A Really Versatile Unit 

Ideal for adding a tape-deck to an existing Hi-Fi system, 
or a monitor-head to your tape recorder-can be used for 
super-imposing sound on pre-recorded tape, making 
pilot commentaries or for constructing a transfer mechanism 
from tape to stripe, adapting a record-player for public 
address, etc., etc. Contains a host of useful components for 
the experimenter (see below) or is ready for use as supplied. 

4mp!The Gramdeck Pre-Amplifier 6" x 

& . 

.ft . 4" x 3 s", comes in a compact metal 
.: . case, with simulation-wood front 

.. J , . - 
panel. 3 Ediswan XB 102 Tran- 
sistors, printed circuit board, 6-pole 

: - . 

4-vay switch, 8 resistors, 11 capa- 
citors, compensating coil, bias oscil- 
lator coil, sockets, wander plugs, 

ii:--fl 

leads, battery clips, etc., etc. Connects 
¶ directly to tape-head. 600 hours 
I working with PP9 battery (supplied). 

- Rotary selector switch gives "Play", 
'qif',, "Record Radio", "Record 

Microphone positions. 

. . . and A Matching Microphone 
A superb matching moving-coil Lustraphone 
microphone, medium impedance (nominal 600 / 
ohms at i kc/s) in cream plastic casing with a 

fabric blast guard, 9 ft. co-axial lead, fitted 
Belling-Lee co-axial plug-list price L3 7s. 6d., 
yours for only 2. This high-quality mike is 
omni-directional in the horizontal and approaches ' 
cardioid characteristics in the vertical position. 
Frequency response approx. 70-12,000 cycles/sec. S 

This Offer may not be repeated--act NOW! 

FOR BOTH ONLY 
. I ITEMS! 

3U/- 
(or 26/- each) 

All orders in strict rotation. 
Rush your order now, while 
stocks last. This is a genuine 
surplus - to - requirements 

Post Paid offer. 

Money Orders, Postal Orders or Cheques should be 
crossed and made payable to "Andrew Merryfield Ltd." 

ANDREW MERRYFIELD LTD. 
Dept. PL/802, 29 Wrights Lane, London, W.8 
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4 7/ø'e ¿*CE81E4# 
by using a 

DIACROM SPATULA 
The " Diacrom " is a metal 
spatula upon which diamond 
powder has been deposited 
by a special process. No deep 
scratches are possible be- i 
cause density is controlled 
and the polishing of the 
contacts is achieved by a 

gentle brushing motion. 
With coloured nylon 
handle for complete 
insulation and easy 
size identification. 

Manufactured in France 
British Patents applied for . Grain size 200, thickness 55/lOO mm., both faces diamonded. For quick 

cleaning of industrial relays and switching equipment, etc. . Grain size 300, thickness 55/100 mm., both faces diamonded. For smaller 
equipments, like telephone relays, computer relays, etc. . Grain size 4OO, thickness 25/lOO mm., one face diamonded. For sensitive 
relays and tiny contacts. Two close contacts facing each other can be 
individually cleaned, because only one face of the spatula is abrasive. 

Sole Distributors for the United Kingdom 

SPECIAL PRODUCTS (DISTRIBUTORS) LTD. 
81 Piccadilly, London, WI. Phone: GROsvenor 6482 

As supplied to the War Office, U.K.A.E.A.. Electricity Generating Boards, British Railways 
and other public authorities; also to leading electronic and industrial users throughout the 

United Kingdom. 

-it's the inimitable 
=Iir- 

mI[Ru5 
SIX STAGE POCKET 

Anyone can build ¡t ¡n 

. ONLY U"xl"x" 

. WEIGHS I oz. 

. FANTASTIC RANGE 
AND POWER 

. PLAYS ANYWHERE 
MALLORY MERCURY CELL 
ZM.312 (2 required) each 
I/Il. PackofSix ¡0/6. 

RECEIVER 
an evening 

The wonderful Micro-6 brings in stations 
all round the medium waveband and 
has bandspread to bring in Luxembourg 
like a local station, yet it is actually 

smaller than a matchbox. Batteries and 
ferrite-rod aerial are contained within 

the minute white, gold and black case, 
and the set will play virtually anywhere. 
Building the Micro-6 is easy. When corn- 
pleted, it will delight and enthral you 
with its fantastic performance which 
brings an intriguing new approach to 
radio listening. 

This wonderful set has two stages of 
R.F. amplification, double diode de- 
tector and 3 stages of audio ampli- 
fication with powerful A.G.C. to 

counteract fading from distant 
stations. Slow motion tuning makes 
station separation easy. Kit comç,lete 
with transistors, case, dial, light- 

weight earpiece and instructions 

manual. 

FULL SERVICE FACILITIES AVAILABLE ORDER FORM PAGE 395 
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Eddystone 

DIE CAST 
INSTRUME 
BOXES 

EdÖytone 

The largest of the range-Cat. No. 903-is illustrated above. Made 
of aluminium alloy, it has internat dimensions of 7- in. x 4 in. x 3 in. 
and weighs 21 oz. Details of the other boxes are as follows: 
Catalogue Number dimensions weight 

896 4kin.x2in.x1in. 11oz. 
650 4+ in. x 3- in. x 2 in. 18 oz. 
6908P 4ín.x3in.x2in. 9oz. 
845 7+ in. X 4 in. x 2 in. 32 oz. 
6827P 7: in. x 4- in. x 2 in. 16 oz. 

Cat. No. 6908P and Cat. No. 6827P are of aluminium alloy, the others 
of Mazak alloy. All are complete with close-fitting flange lids and are 
supplied in natural metal. Data sheets on request. 

Eddystone Radio Limited 
Eddystone Works, Alvechurch Road, Birmingham 31 

Telephone: Priory 2231. Cables: Eddystone Birmingham. 
Telex: 33708 LTD/ED9 

D.I.Y. with 

GOODMANS 
V HIGH 

A new, larger and more colourful edition-.-revised and completely 
up-to-date. lt contains articles of particular interest to the D.I.Y. 
enthusiast-including special beginners page, advice on stereo, 
stage-built systems and full cabinet drawings. Whether building or 
ìmproving your own audio set-up or choosing a complète speaker 
system, you'll find it useful and interesting as well as informative. 
Ask your Goodmans dealer or send coupon for your FREE copy. 

r- - - - - - - - - - - - - - - - 
I Please send me a free copy of the Goodmans High 

I 
Fidelity Manual 

IName 

. . . 
........ 

IAddress 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
P.E.6 

- - - - - - - - - - - - - - - 
GOODMANS INDUSTRIES 

G O O D M A N S 
Axiom Works, WombIsy, MiddI.s. 

Telephone: WEMbley 1200 

A Division of Radio Rentaset Products Ltd. 

from :i: 

semiconductor centers 
Over 100 IR semiconductor devices are avail- 
able from your dealer, many with free 
instruction manuals and project and experiment 
details. 
Look for the floor-standing 'Semiconductor 
Center,' or the counter-top ' Minicenter.' 

EXPERIMENTER SEMICONDUCTOR KITS 
MOUNTING KITS AND HEAT SINKS 
SILICON BRIDGE RECTIFIERS 
UNIJUNCTION TRANSISTORS 
SELENIUM PHOTO CELLS 
INSTRUMENT RECTIFIERS 
AUTOMOTIVE RECTIFIERS 
SILICON SOLAR CELLS 
SILICON RECTIFIERS 
GERMANIUM DIODES 
TIIYRISTORS (SUC.RI) 
ZENER DIODES 
TRANSISTORS 

4 SELENIUM STACKS 

Write for the free illustrated cal 
and price-list, also the name 
of your nearest IR SEMICONDUCTOR CENTER 

.i ..'- 
o,, 

INTERNATIONAL RECTIFIER 
HURST GREEN OXTED SURREY Tel.: OXTED 3215 

Dealers-write for details of how you can start your own 
IR SEMICONDUCTOR CENTER. 
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SNIPERSCOPE 
$CQUW i II Famous war- time 

. . cats eye ' used 
for seeing in the 
(lark. This is ari 
mfra-red image 
converter cell with 
a silver caesiuni screen which lights uj (like a 
cathode ray tube) when the electrons released by 
the mfra-red strike it. A golden opportunity for 
sorne interesting experiments. 5f- each, post 2f-. 
1)ate inh be supplied with cells if requested. 

MAINS POWER PACK 
MAINS POWER PACK designed to operate tran- 
sistor sets and amplifiers. Adjustable output 6 y. - 

9 to 12 volts for up to OO niA (class B working). 
Takes the place of any of the following batteries. 
PRi, PP3, PP4, PP6, PP7. PP9, and others. 
KIt comprises : mains transformer-rectifier, 
smoothing and load resistor. 5,000 and 500 riifd. 
condensers, zener iliode and instructions. Real snip 
at only 14/6, plus 2/6 post. 

SPEAKER BARGAIN 
12m High fidelity 
loudspeaker.Bigh 
flux permanent 
magnet type with 
either 3 or 15 
ohm speech coil. 
Will handle up to 
10 watts. Brand 
new, by famous 
maker. 
Price 29/6, plus 3/6 post 811(1 I18tlflh1l(( 

STUPENDOUS OFFER--fl I for £2 - 
The Princess superhet de- 
scribed below is a very 
fine little set that has been 
carefully designed for high 
performance. Only re- 
cently (under another name 
of course) this was on 
offer in many radio shops, 
for £10. 19. 6, but we have 
been fortunate in obtain- 
ing the parts at a very low 
price arid now pass this 
saving on to you. 1f you 
act quickly you can pur- 
chase this for only 39/6 
plus 3/6 post and insurance. 
Note these features . Long and Medium Wave. I Long clear (liai with travelling pointer ami slow iiiotioii (Irive. Push 
pull output approximately 350 tii.w. A.V.C. and feed back. Dust 
cored H.Q. I.F'. transformers. I High selectivity ferrite aerial. Six 
tested and guaranteed transistors. SPrinted circuit board for fool-proof 
assembly. Economy output circuit gives long life front PP3 battery. . Permanent magnet moving coil speaker. Cabinet size 4!in. x 3m. 
I iii. (with carrying strap). Data included or separately 2/6. 

THIS MONTH'S SNIP 

ARMCHAIR CONTROL 
I IMIT 

WRetiiote Controller 
- - -for Philips, Stella 

and Cossor T.V. sets 
but adaptable to 

. most others, and to 
model control. Corn- 
prises three rock 
switches, two vari- 
able resistances and 
components in- 

cluding Mullard 0A81-Knobs-1O way plug, 
11 fL 7 way cable, etc., etc. 
List price £3/3/-, yours for only 12/6, plus 2/- post 
and insurance. 

GA RRAR D 
AUTO RECORD PLAYER 

Model 2000 
This is one of the latest product-s 

of the world's .most experienced 
maker of fine record reproducers. 

its superior features include : automatic 
Jaying of up to 8 mixed size records, 

)pping and starting without rejecting, 
ual playing, pick-up pivots to give low 

sTylus pressure, large diameter turntable for max. 
stability, adjustments include pick-up height, pick-up 

dropping position and stylus pressure. Size is 13in. X 
iljin. clearances 4in. above, 2in. below, fitted with 

latest hi-compliance cartridge for stereo, and mono, LP. 
and 7$. Supplied complete with mounting template and 

service sheet. 
Offered this month at the Special Snip price of £6/9/6d. plus 7/6d 

carriage and insurance. 

TRANSISTOR BARGAIN 
With carrying - 

handle size lOin. 

X 8m. X 3m. 
Strongly made . 
from best ply- 

wood and covered . . . . . 

two-tone fabric- .. . . . . 

looks very smart, .- - 

suitable for re- : ' 

ceiver - ampli- . 

fier - extenson 
speaker, etc. - 
Originally listed at 29/6-but offered this month 
at only 15f- plus 5/- post and insurance; also 
given free with it is a printed circuit board to 
suit It and building instructions for fine two-wave 
radios. Don't miss this grand offer. 

FOUR- 

4, STATION 
I NTERCOM 

Will save time and liii- 
prove efficiency. Ideal 
in home-office-shop- 

surgery, etc. Complete outfit comprises Master 
unit and three substations each of which can call 
the roaster and have full two-way working. No 
wiring problems as subs fitted with 6Oft. twin 
flex and they plug Into sockets. Also Included 
is packet of staples-and battery. Nothing ehe 
to buy-17/15/-, plus 4/6 post and insurance. 

750 mW TRANSISTOR AMPLIFIER 
4 transistors includ- 
ing two in push-pull- 
input for crystal or 
magnetic micro- 
phone or pick-up- 
feed back loops- 
sensitivity S rn/v. 
Price 19/6. Post and 
ins. '2/6. Speakers 
;4in. 12/6; 5 in. 13/6; 
6m. x 4m. 14/6. 

ELECTRONICS (CROYDON) LIMITED 
102:3 TAMWORTH ROAD, CROYDON, SURREY (Opp. West Croydon Station) 
266 LONDON ROAD, CROYDON, SURREY (Opp. ABC Cinema, West Croydon) 

Post orders to : Dept. PE, SPRINGFIELD ROAD, EASTBOURNE, SUSSEX 

Retail Shop: 
z & I AERO SERVICES LTD s TOTTENRAM COURT ROAD, LONDON. 

. 
Tel. : LANghain 8403 Opn ail day Saturday 

Head Office and Warehouse: 44A WESTBOURNE GROVE, LONDON, W.2. Tel. PARK 5641/2/3 
0A2 6- 
0B2 6/- 

6AG7 6/- 
6AJ5 9/- 

6BZ6 6/- 
6C4 2/6 

6Y6G 10/- 
7B5 10/- 

12SFSGT9/- 
I2SQ7GT6/6 

EBFS'J 7/- 
I EBL1 14/- 

EFO5 5/6 
EF98 12/6 

(1Z30 8/- 
GZ32 10/- 

I'L36 10/- 
PL38 16/- 

UBFJ 7/- 
UBF84 7/6 

OB 6- 6AK5 5/6 6C5 8/- 7B6 11/- 12SY7 6/- I EBL31 20/- EF183 8/- 0Z34 10f- PL8I 8/- UBF89 7/6 
oc:i 61- 6A}C6 7;- 6CBG 5f- 7B7 7f-. I 1487 18f- E84 7/- EF184 8/- KT66 16f- p 7/6 

UBL21 11/- 
oD: 6!- 6AL5 3/- GCDGGA17/- 7C6 7/- 

I IDAQ5 5/- ECC5 6/6 EF804 21!- KT8S 22f- 7/6 UC084 10f- 1A7(iT 8/- 
IB3OT 7/- 

6AW 4- 
6AN4 15/- 

6C116 6/- 
6CL6 9/- 

7C7 5/.. 
7S7 18/- 20L1 14/- AND ECC86 7/- 

ECC8S 10/- 
EFP6O 10/- N78 15/- P1484 7/- 11't85 7/- 

IC5GT 6/- GAN5 151- 6CW4 12f- 74 8/- '20P1 14f- 
13f- 

:15W4 5f- AC/THI 10f- ECC189 12f- 
EL34 11/- 
EL37 17/6 

NSP1 251- 
NSI2 22f- 

PL302 14/- UCF8O 10f- 
ÌJCH21 9/8 1D5 7/6 6AN1 10/- ocvi; 10/- 7Z4 6/- '20P4 14f- 

:15z:l 10 AZ31 9/- ECF8O 8/- EL38 17/6 PABC8O 7/6 PL5Oo 15/- IJCH42 9/6 IG6OT 7/- 6AQ4 5/- IiDKG 6/- 10C2 13/- 201'S 12f- 
:15z40 4/- CBLII 15f- ECF8'2 7/6 EL4I 9/6 PC86 12f PL8OI 10/- UCH43 8/_ 1L4 2/6 

INSCT 8/- 
6AQ5 6,'- 
6AR5 6- 

flEAS 11/- 
6F! 14/- 

ioni 7/- 25A60 5f- 
:35z40T 8/6 CY31 71- ECF8( 11/- EL42 9f- 1'C8R 12/- PPS/400 1CH81 7/- 

1114 6g'- 6ARIi 6/ 6F6 8/ 
1OFI 14/- 2aC3 10'- 

:;5Z50T 6/- 
42 5/- 

l)A:lo 10/- ECF8O4 13/- EL5O 6/- 
PC97 9/6 10/- 

PY3:3 9/6 
IJCLS2 8/6 

1R5 5;- 6AR8 17/6 GF8U 5/- 10F; 8/- 
ions 9/- 

'25L60T 8/ 50A5 12/- 
DAFtII 4/6 ECH21 10f- 

ECH35 12/- 
PC900 12f- FY80 6f- UCL83 10/- 

1S4 5.'- 6A85 5f- 6F1:3 6/6 lOLl 7/6 t5Z4G 8/- SOBS 7f- 
DAF9 8/- 
L)AF96 71- ECR4'2 9/6 

EL83 8/- 
EL84 5/- 

J'CC84 6/6 
PCC85 81- 

PY81 6/6 
UF4I 9/- 

185 4/8 
1T4 3;- 

6AS6 51- 
6A571. 20/- 

6F14 15/- 
6F15 11/- 

IoPl:i 12/6 25Z5 10/ 
25Z6GT 11f- 

«j; 
27/6 DF96 7/6 ECH81 616 EL85 8/- PCC88 12/- FY82 8/6 

FY83 7f- 

UF42 91- 
UF43 8/- 

IT&(i'I' 6'- 6AT6 4/6 6F17 6/- 
IOPi4 13/- 

27Ml 60f- 5005 6/6 DK92 9f- ECU83 7/6 ELSG 8/- FCC&l 12/6 
FY88 8/6 UF8O 8f- 

1U4 5!- . 
6AU4T 9f- 6F2t 11/6 12AC6 8- 281)7 7/- 50L6j'L' 6/6 DK'Jfi 8/6 

ECH84 10/- EL9O 6/- P0C189 12/- PY800 816 UFS5 8/- 

1U5 6/- 6AUG 6f- 6F28 10/6 12ADG 8/- 
12AL5 7/- 30Ml 7/- 75Cl 12/- l)T92 5/- 

ECL8O 7/6 
ici 7/6 

JL9l 2/6 PCC8O5 12/6 
I'CC806 14/- PY8OI 8/6 UF86 11/- 

1X211 71- 6AV6 6'- 6F32 3/- 
UG6G 2/6 12AQ5 7/ 3001 7/6 8Ml 25/- DL93 4/- ECL83 9/6 

EL95 6/- 
EL360 22f- P0F80 7/8 QQVO3-l0 UF89 7/6 

2A3 SI- 6AW8A 14/- 
6J4 9/- 

12ATf; S;- 
aocio ij_ 85A2 8/6 DL94 6/- ECL84 12/- I'0F82 8/- 35f- UL4I 9/- 

2D21 6'- 
3A4 4,'- 

6AX5(T 
12/6 6J 41- 

12AT7 4/- 
°' 13f 

30C18 11/- 
I50I! 10/- 
807 9/- 

l)L95 6/6 ECL86 9/8 
EL821 J- 6 
EM34 12 PCF86 9/- TTJ5 35f- UL84 6/6 

UM4 10/- 
:3A5 81- 6117 5g'. 6Jfi 3/6 12AU6 6'- 

12AU7 5/6 866A 14!- 
DL96 7/- 
DM70 5/6 

EF3G 5/- 
EF37A 8f- 

EM35 8. FCF87 13/- TT21 35'- 
UM8O 7;- 3A$(.T 8/- 

3Q4 6/6 
6B8 7/- 

6BA6 5/- 
6J7 9/- 
6K6G 6!- 

12AV6 3OFLI 12/6 
30FL19 12f- 

1472A DM160 1Ó!- EF:39 5/6 EMil 12/6 PCF800 111- 
PCF8O1 11/- 

U25 11f- 
U26 11/- 

UU7 8f- 

3QSGT/66/6 6BE6 5/6 6K70T 5/- 1'2AV7 8,- 
12AW6 :tOFLl4 12/- 

p54 5/ 
955 3/_ E88CC 14!- EF40 10/- 

EM8O 7/- 
EM81 PCF802 11/- U191 11/8 7/' 

UYIN 9/- 384 5/- 6BGOG 15/- 6K8 8- 20/- 
12AX7 6f- 30M 6/6 956 2f- E180}' 20/- EF4I 8/6 EM84 S'I.. 

P0F805 11/- U251 12/8 UY21 9f- :3V4 6f'- 6BH6 7/6 6L6CA 8/- 12AY7 10/. 
:10LJ5 12/6 958A 4/- EABC8O 7/- 

EF42 8f 
EF5t) 2fr EMS7 7f- PCF8O6 13/ U281 13!- VY41 6/6 5R4(iY 9,'- 

5U4G 51- 

6BJ6 8/- 
6BK4 25!- 

6P25 12/8 
6Q7G 6/- 125A6 8' 

:;oLl7 14f- 
30P!2 10f- 

i59 si- 

5763 10/: 
EAF42 9/- EF54 6/- 

EN91 6/- PCF8O8 12/- 
PCL8O 12/6 U282 14/- UY82 9/6 

5U4GB 6/6 6BL7(T 9/- 657 7/- 12BE6 5'6 p 14/- 6080 25f 
E841 5f- EF55 8/- 

EN92 6/- 
PC1181 9/- 

U301 12/6 IJY8S 6/ 
SV4G 9f- 6BN6 76 .6SJ7 8/- I2BH7A 7/- 3OPL1 12f- 6146 27/6 EBC2 7/6 EF8O 5/6 EY51 8f- FCL82 8f- U403 7/- W21 5f- 
5Y3GT 5!- 6BQ6 11/- 68K7 5/- J2BY7A1O 30PL13 12/- 61119 32/- EBC33 7/- EF85 6/6 

81 8/- PCLS3 8/6 U801 18/- W81M 6/- 
5Z3 7/6 6BQ7 81- 6SQ7 7/- 12E! 20/- :lo1L14 12/6 7551 30/- EBC4I 8/6 EFS4 8/- EY83 9/6 PCLS4 8/6 IJABC8O 5/6 X65 5/6 
5Z4G 8/- GBR7 12f- 6T8 7/- I2J5GT 3/- 35A3 12'- 9002 I/6 EBC81 6/8 EF89 5/6 EY86 7/8 pc 9/6 11AF42 9/- 

X66 8/- 

6/30L2 11f- 6BRH 5/- 6U46T 10/6 ]2J7GT 7/6 :15A5 nf- A21:14 8/- EBCDO 4/6 EF9Ì 4/- EZ4I 8/- P0L86 9/6 X78 20/- 
6AB4 6/6 6BS7 17/- 6V6 9/- 12Q7G 4/- :isc 6/6 A2293 16f- EBC9I 6/- EF92 2f- EZ8O 5/6 FCL88 12/6 UB4L 11/ X81M 18/- 
6AF4 10/- 6BWIi 9/6 6V6(T 7/6 128A7 7/- 35D5 12/- AC/HL/DD EBF8O 7/6 EF93 5/- EZ81 5/8 PCL8O1 12/- UBC4I 8/- Z7'29 7/- 
6AF6G 11/- 6BW7 10/- 6X4 4/- 128C7 4/- 35L6GT 7/- 8/- EBF83 8/- EF94 6/- EZ9O 4/- PFL20017/6 UBC81 8/- Z759 23/- 

COMPLEJIENTARY TRANSISTORS-2N697 (NPN) and FOR P.E. SCALER AND TIMEE HEADPHONES 
2N1132 (PN?), 50 rnc/s cut-off: 600 nitW dissipation; 

GRIOH DEKATRONS. 40/. Base 3!6. Indicator hIeId DLR5, Low Impedance, balancedarruature. Earpieces can 

gain 80. 60/- per pair. 
1/9. PP. 1/6 per set. be used as sound powered Microphones. 10f-. 

CLR, High Impedance (2®01 per insert) 15/-. 
CATHODE EAT TUBES 3GPl- as recommended in the SILICON POWER RECTIPRS 

5L800, BYZ1O. 7/6 No. io Aisembly: 
Practical Electronics Oscilloscope in March and April issues. 

equivalent to, and identical with Mullard Moving Coil Headphones with moving coil Hand Microphone 
12.10.0. P.?. 5/-. Base 6/8. DG7-5; 2 screen; 6.3V heater,; POCKET ULTIMETERS TYPE U-I fitted with press-to-talk switch. Rubber earpads. Cord 

EHT required 800V; Deflection Sensitivity .125 íiitii/V for 
Sensitivity 1,000(1/V. D.C. and AC. voltage ranges (i-10- terminated with army type 6-point moulded connector. 

X and .200 mm/V for Y 
; 
Oreen phosphor medium persist- 

50-200-500-1,000 V. D.C. current ranges 0-100-500 itiA. Low impedance. Brand new. 20/- ea. 
Resistance ranges 2,000 (1 -200,000 CI . 

Brand new. £2.2.0. Small quantity available of second hand assemblies, checked, 
ence. £215.0. 1'.P. 5/. Base 1/9- P.P. 7/6. in perfect order. 8/6 ea. F. & P. 3/6 per set. 

PLEASE SEND SAE FOOLSCAP) FOR FULL PRICE LIST 
I 

Ies.se add 2j'6 in L for poitage. Minimum charge 2/-. No C.O.D. Orders Accepted. 
Please addreu all correspondence to the Head Office. 
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SEMICONDUCTOR PACKS 
AT 

SUPER-SAVE PRICES 

TRANSISTORS FOR EXPERIMENTER, 
KIT BUILDER, HOBBYIST 

50 MIXED UNTESTED TRANSISTORS. . . IO - 

" ONE IO!- PACK OF YOUR OWN t 

CHOICE WITH ORDERS VALUED 
£4 (FOUR POUNDS) OR OVER 

2 SIL. PLANAR 200 MICS TRANS. BSY 26/27 SIC ..... 1Of- 
15 AF RED SPOT TRANS. ALL FACTORY TESTED. PNP . 10f- 
15 RF WHITE SPOT TRANS. ALL FACTORY TESTED. PNP . lOf 

3 HIGH CURRENT SWITCHING TRANS. 0C42 M!JLLARD . 10/ 

i GERM. EPITAXIAL MESA. PNP. 500 M'Cs 2N700 
MOTOROLA ...................... 10/ 

1 A-F139 GERM. TRANS. 1500 M/Cs V.H.F. 4 LEAD . . . . 10/- 

lo GOLD BONDED COMPUTER DIODES ASSORTED . . . 10/ - 

4 SUBMINIATURE SIL. REd. 400 PlY 400 mA . - - . . 10/ 
6 MATCHED MULLARD TRANS. 10C44 20C45 1OC81D 20081 10/ - 

i 60 WATT SIL. POWER TRANS. 5 M'Cs NPN ....... 10/- 
4 0A5 GERM. GOLD BONDED DIODES MULLARD . , . . 10/ - 

4 ASSORTED NPN TRANS. 0C139 2N1304 Etc ........ 10/- 
2 10 AMP. SIL. RECT. 50 & loo PIV. STUD ........ 10/ 
2 POWER TRANS. i 0C26 i 0C35 ............. 10- 

Io GERM. DIODES GD1O SIC EQVT. OASi 150 PIV ..... 10f - 

8 GLASS GERM. DIODES. 4 0A70 4 OA79 MULLARD . . . 10/- 
5 SIL. RECT. 400 PlY 200 mA I.R. WIRE ENDS ...... 10/ 
4 GERM. i AMP RECT. PIV. 200300 AEI STUD ...... 10/- 
I POWER TRANS. 0C20 45 WATTS 100 VLTS. MULLARD . 10/-- 
4 ZENER DIODES 5.1 VLTS WATT 5,, MULLARD ... 10/- 
3 OCh TRANS. MULLARD ................ 10/- 
2 ZENER DIODES lo VLTS l WATT. WIRE ENDS AEI . . 10/- 
3 SIL. RECT. BY1O1 400 Ply 400 mA THORN. AEI . . . . l0! 
1 SIL. CONTROLLED REd. (SCR) 100 Ply 12 AMP - . . . 10/ 
6 SIL. RECT. 120 PIV 100 mA FERRANTI ......... 10/- 

i POWER TRANS. 90 WATT 40 VLTS. GERM. CLEVITE . . 10/ - 

6 SIL. RECT. TYPE BYIOOBOO Ply. 550 mA . . 20/- 

50 MIXED ALL MARKED TRANS. 
AF/RF SIL. & NPN TESTED ......... 35- 

LOW COST 
SILICON CONTROLLED RECTIFIERS 

TESTED-NEW 
PIV 7 AMP PlY 16 AMP 
loo 10/6 loo 16/6 
200 15/- STU 200 25/- 
300 25/- 300 30/- 
400 30/- TyPI 400 40/- 
500 40/- ' I 

L 500 50/- 
600 45/- 600 55/-- 

FREE CIRCUIT DIAGRAMS 
WITH ALL SCR ORDERS 

FIRST EVER EDUCATIONAL "LOGIC KITS" 
£5.5.0 - DETAILS FREE 

HUNDREDS OF OTHER SEMICONDUCTOR BARGAINS 
INCL. S.C.Rs., UNIJUNCTION TRANSISTORS, LIGHT 
SENSORS, DUAL TRANSISTORS, RELAYS, TANTALUM 
CAPACITORS, Etc. FOR COMPLETE LISTS AND TRAN- 
SISTOR SUBSTITUTION CHART SEND 9d. IN STAMPS 

MINIMUM ORDER IO-, CASH WITH ORDER PLEASE 

ADD I POSTAGE & PACKING PER ORDER 

POSITIVELY NO WAITING 
BY RETURN POSTAL SERVICE 

DAVIS & WHITWORTH LIMITED 
SEMICONDUCTOR SPECIALISTS 

220-224 WEST ROAD 

WESTCLIFF-ON-SEA, ESSEX 

Tel.: SOUTHEND 46344 

è) 

Throu 
3-way Training 

Z 

this lOS 

Method: 
MASTER THE THEORETICAL SIDE 

i 
From basic principles to advanced applications, 

7 
you'll learn the theory of electronic engineering, 
quickly and easily through ICS. Thats because 
each course is set out in easy-to-understand terms. 

MASTER THE PRACTICAL SIDE 
CS show you how to develop your practical 

¿ .:; 
abilities in electronic engineering-o/onside your 
theoretical studies. It's the only sure way to 

success. All training manuals are packed with 
easy-to-follow illustrations. 

MASTER THE MATHEMATICAL SIDE 

S To many this aspect is a bitter problem. Even 
more so because no electronic engineer is complete 
without a sound working knowledge of maths. 
But new ICS teaching makes mathematics easier 
to learn. 

Wide range of courses available include: 
Radio/T.V. Engineering and Servicing, Closed Circuit T.V., 
Electronics, Electronics Maintenance, Instrumentation and 
Servomechanisms, Telemetry, Compute rs, etc. 

NEW! Programmed Course on Electronic Fundamentals 

EXPERT COACHING FOR: 
INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS 
CITY AND GUILDS TELECOMMUNICATION TECHNICIANS 
CITY AND GUILDS SUPPLEMENTARY STUDIES 

R.T.E.B. RADIO1T.V. SERVICING CERTIFICATE 

RADIO AMATEURS' EXAMINATION 
P.M.G. CERTIFICATES IN RADIOTELEGRAPHY 

And there are practical " learn as you build " radio 
courses as well. 

Member or the Association or Br/t/sh Correspondence Colleges 

FOR FREE HANDBOOK POST THIS COUPON TODAY 

I.C.S., Dept. 151, INTERTEXT HOUSE, 

: 

PARKGATE ROAD, LONDON, S.W.1l 

N : 
ADDRESS ........................................................................................................................ 

s . u 

u u 

OCCUPATION ----------------------------------------------------------------------- AGE ------------------ 6.66 

p i i : T: ['1 M E('l :1 ;1 i jI'] I ] i [4 ['Is] 
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the Finest Value and Service to the 
ME CONSTRUCTOR AND 
ELECTRONICS ENTHUSIAST 

TRANSISTORS ALL BRAND NEW AND GUARANTEED 
GET Si, GET S5, GET 86 2/6; 873A, 874F 3/8; 0C45, 0071, OC8ID 4/6; OC 44. 
oc 7O OC 76, OC 81 5/6: (paIr 10/6); AF 117, OC 75, OC 200 6/6: OC 42. 
Oc 43, OC 73, OC 82D 7/6; OC 201, Oc 204 15/-; OC 2O, OC 206 19/8: OC 28 24/6. 

The " Sixteen " Multirange 
METER KIT I 
This outstanding meter was featured by FracUcai Wireless 
in the Jan. '64 issue. Lasky's are able to offer the corn- 
plete kit of parts as pecitÌed by the de8igner. . .. 
RANGE SPECIFICATION: D.C. volts: O.2..2.5O-25O-5OO 
at 20,000Çj/V. A.C. volts: O25-O.2O-5OO at 1,000fl/V. 
D.C.current: 0402A, O2.5-5O25OmA. Resistance: 0.2,0000. 
0200kfl, 0-20 M2. Basic movement: 4012A f.s.d. moving 
coiL With universal shunt full scale deflection current is 
OzA. Black plastic cas4-3 x ö x 12m. Controls: 12 

poslUon range switch; separate slide 8witeh for A.C. volts- 
D.C. ohms; ohois zero adjustment pot, meter, meter zero. 
Power requirements: One 15v. and one 1.v. batts. Complete Data and circuit avail 
with all parts aud full construction details. H.P. Terms able separately. 2/6; 
available. refunded if all parta 
I AS K" I I bought.. Pair of 
I- I I I a 5/. batteries 2/ extra. 

V E R O B O A R D High grade laminated board with copper strips - bonded to lt and pierced with boles. 
Boards Accessories 
42/1503 2 X 5 in ................... 3/8 Terminai pins - pkt. of 0 .............. 3/. 
43/104 24 X 3 In ................... 3!- Spot face cutter tool .................... 8/4 
4/1507 3t X 5 in ................... 5/2 Pin inserting tool ...................... 919 
46/1508 3 X 31 in ................... 3/8 Post 6d. per item extra. 
44/1505 31 X 17 in ................ 12/6 Orders of 10/. and over post free. 

TRANSFILTERS By BRUSH CRYSTAL CO. Available from stock. 
TO-01B 465 kc/s. ± 2 kc/s. TO-02D 470 kc/s. ± i kc/s. 7/6 EACH TO-OlD 470 kc/s. ± 2 kc/s. TF-01B 465 kcfs. ± 2 kc/s. 
TO-02B 465 kc/s. ± I kc/s. TF-01D 470 kc/s. ± 2 kcfs. Post 6d. 

207 EDGWARE ROAD, LONDON, W.2 Tel: PAD 3271 42TOTTENHAM CT. RD., LONDON,W.I Tel: LAN 2573 

33TOTTENHAM CT. RD., LONDON,W.I Tel: MUS2605 152/3 FLEET STREET, LONDON, E.C.4 Tel: FLE 2833 

Both open all day Saturday. Early closing Thursday. Both open ailday Thursday. Early closing Saturday. 

Please address all Mail Orders and Correspondence to 3-IS Cayeu St., Tower Hamlets, London, E.I. Tel.: STE 4821/2 

KT88 2I- QS1202 81- VY21 7/8 2C34 2/6 6AL5'%V 7f- 6J7M 8/- 12A117 5f- 75 516 6704 8/- 

FULLY GUARANTEED KTW61 4/6 QV0417 3/- UY8 5/- 2C45 9fß 6AM5 2/8 6K60T 5/6 12tT7 4/- 76 5/- o4 7,'- 
KTW63 2I- RIO 91- \MP4C 12/- 2C46 30/- 6AM6 4/- 6K7G 2/- 12AU7 b/- 77 8/4 6065 6/- 

INDIVIDUALLY PACKED KTZ41 8f- j 8/- \'P23 3/- 2CM 12/- liAQ 7/- 6K70T 4/9 12AX7 6/- 78 5/- 6080 29/- 
KTZ63 6/- RK72 6/- SPl:33 9/- 21)21 5/- 6AQ5\V 9/- 6K80 3/- 12AY7 10!- 80 5/8 7193 1/9 
MH4 5f- S1IE12 10/-. VR99 6/- 2X2 3/- 6AS6 4/- OK8GT 8/3 12BA6 5/6 81 9/- 7475 2/- 

V A L TY' E S ML6 8/- $1301' 15/- VRlO/:30 :3. 4/- 6AS6W 9/- OK8M 8/6 12BE6 7/- 82 8/- 8013A 25f- 
N78 15/- S130 12/8 3B7 . 51- 6A.S7G 20!- 6L50 6/- 12B117 7/- 84 8f- 8020 81- 

NEI7 II- $P2 8/6 
VRI5O/30 3824 6/- 6AT6 4/- 6L6CA 7/6 12C8 3/- 80A2 8/- 9001 31- 

AC/IlL 4/6 EB34 116 EL34 10/- 0A2 6f- MP4I 1/8 3I 4/- 6At6 7/- 6L7G 4/- 12116 2/- 215MG 6f- 9002 4/8 
ACP4 SI- EB91 3/- EL.3 6f- 0132 8/- sp.n 1/6 1 3E29 501 6AX4 8h 6L34 4/6 12JfIGT 2/6 22DU 91 9003 4/ 
ACUPEN 5/- EBC33 6f- EL37 18/- 011a 7/- 3/6 

3Q4 6/- 6B7 6f- 6LD20 5/9 12J70T 6/6 307A 5/6 04 2/6 
ALUO 51- EBC4I 8/6 EL38 17/6 0C3 5/- W21 5/- 3QT 7/6 6B8G - 2/6 6N7 6/- 12K7GT 21- 313C 25/- 2/8 
AR8 51- ERCSO 5/- EL4i 8f- oixì 6/- 

T4i 1O/ 'j is 8/- 3M4 4/-- 6B%6 5f- 6N7G 5/9 12K8M 10!- 
I 

3OB 8/- C.R. Tubes 
ARP3 3/- EBF8O 6/6 EL42 8/- 0D3 5/- TP22 5/- wii 8/- 3V4 5/9 6BA7 5/- 6P2 12/8 12Q70T 33 37A 70/- CV196 
ARPI2 2/8 EBF83 7/6 ELiO 8/- OZ4A 6/- TP2 15/- 47 35/ 6BEI; 4/3 6Q7(} 5/- 12SÀ7 7/- 368A 6/- (09J) 56/- 
ARPQ4 10/- EBF8t) 6/9 EL.8I 8/- PC86 9/- TT1 i 5/- xns sì- 4D1 4/- 6BJ7 7/- 6R7 5/6 12SC7 4/- 393A 15/- VCR97 28/- 

ARTIL 6f- EC2 4/- ELS3 6/3 PC8M 9/- TTI 36f- X14i 8/- &%173fl 5f- 6BRÎ 9f- 71- 12SC.7 3/- 446A 8/- VC1tI83O/- 
ATP4 2/3 EC3 12/6 ELS4 5/- PCio0 12/- 

TTI{31 45/- 
. 5A174G 5/- oswi 9/- 6SÀ7OT 6/6 12sH7 3/- 703A 30/- VCR51735/ 

ATP7 5/6 EC7O 4f- EL$ 8/- CC84 5/- 
TZ2O 161- 5/_ 5tlf2lM EIC4 2/- 

6SK7OT 4/- 12SJ7 5/- 705A 10/- VCRM7B 
AU7 UI- ECOO 2/- EL9i 4/8 PCC8D 10/- 8/- y 4/- 25/- 2/6 

OSC7 7/- 12SK7 5/- 71öB 60/- 40/ 

AZ31 9/- ECO! 3/- EL% SI- PCF8O 7/- V1211 8/- yti 8/- ÖB/2ö3M 6C5GT 6f- 
68C7CT 5/- 12SN7CT5/9 717t 3/- VCR5I7C 

B614 15/- ECC8I 4!- EMMO 6/- pCF82 8/6 ll7 51- Z800U 20/- 15/- 6C6 4f- 
64FT 5/6 12SR7 5/- 724t 15/- 

BD7$ 40/- ECC$2 5f- EMSI 7/6 PCP84 6/- iTiM 8/- zsotu io,'- 5B/254M cnc. 3/- 3/ 12Y4 - 2/- 801 6/- 46h 
BL63 10/- ECC83 8!- EM84 6/3 PCF86 9f- l25 11/- 1A3 3/- 40/- 3/- 6Sj7 5/ 14L7 7/- 803 22/6 

3E1 40/ 

BS4 8f- ECCR4 5/6 EN3I 10/- piF8o 11/- 126 11f- IA5GT 5/- öB/2$5M cn 4/6 6SJ7(lT 5/6 1D2 6f- 807 8/- 
30h 

BS5 20/- ECCM5 8/8 ESU74 80/- PCL8I 9/- V27 8/- 1822 30/- 85/- 6CL6 9/- 6SJ7Y 6/6 20P4 13/- 808 8!- 
5FP7 12/6 

ß884 47/8 ECC91 4/- ESI2O8 6/-. PCL$2 7/- 4/6 JCÖ(T 6/- IIt4CY 9/- 6D6 3/- fPK7 4/6 21B6 9/- 811 22/8 
88JJ 40/- 

132134 16/- ECL2 7/- EY51 5/6 PCL83 8/6 V112 4/6 1D8tIT 6f- - 
5TR 7/- 8ML7CT 5/6 25L6(T 6/6 813 65/- 

Photo Tubes 

CC3L 2/- ECK42 9/6 EY$fl 6/6 7/- Uifti 11/6 1E7C 7/6 5IT4( 4/6 6E 61 OSN7 3/6 25Y5 8/- 81 35/- 
CMGM 51 

CL33 9/- ECII8I 6/- EY91 3/- PCL8I 8/6 - 

i:soi 18/- Ii'2 3/- V4G 8f- iF(; 5/3 6SQ7C.T 6/- 25Z4G 6/6 8298 50/- 
12/8 

CY3I 6/6 ECH83 7/8 EZ4O 6/4 pIL8t; 91- UÀBC$O 6/- lG*T 6/- X40 8/6 6FT 5/9 34q7 2/- 25Z5 7/6 83011 4/- 
931A 65/- 

Dl 1/6 ECLSO 8/- EZ4I 6/8 PEN25 4/8 IJAF42 9f- 1L4 2/6 ÖY3C. 4/6 6Ft 4f- 6IJ4GT 9/6 2.5Z6C.'Ù 8/6 832Â 45f- 
6097C $60/- 

D41 3/3 ECL$2 7/8 EZ8O 5/6 PEN4I 3/- UBC4I 8/- ILÀt 6/- 5Y3GT 6/- 6F7 8/ 
2SD7 6/- 832 15/- 

TransIstors 

1)61 6/- ECLS3 10/- EZM1 3/6 FF1.200 17/6 UBFHO 5/6 ILC6 7/- Y3WCTI% 6F17 5/- 6'6GT 7/6 843 5/- 
0C16 20f- 

1)77 3/3 ECLM6 10/- F/6O7 6/- PL34 9/- UBF$9 6/6 ILI{4 4/- 9/- F8(l 6/6 
hiFI2 4/6 

OV6M 8/- 3l 9/6 866A 14/- DÂ30 12/8 EF36 3/6 F/6061 6f- PL38 16/- 1TBL2i 11f- 1N21R 5/- 5Z4 6/6 6X4 3/8 soi 8/8 884 10/- 
0C25 12/ 

DAF'uf; 6f- El'37A 7/- F/6063 4/- PL8I 7f- UCC85 8/6 1N43 4/- iZ4CT 8/- Fi3 5/- 
si- 3OFL1 10/6 94 4/6 DD4I 4/- EF4O 8/- FW4/lO4 6/6 PL82 5/- UCI{42 8f- 1N70 4/- AB7 4/- 4/- 

3/- 6X5GT 5/3 30P12 10/- 2/6 
0C45 bi- 

DF73 6f- EF'41 8/- FW4$OO 8/6 j3 4f- I.CH81 6f- J R4 Si- 6.'.C7 2/- 6F33 yfl(- /. 30P19 15/- t 2/- 
0071 416 

DF9I 3f- EFOO 2/6 G1/236G 9f- ¡$4 6/6 UCL$2 8f- 1Ri 3/6 6.k:5 2/6 6G6 2/6 6.30L2 10/- 3OPLI 8/ 957 6h 
Ø472 61- 

DF92 3/- EFO2 8f- 050/20 6/- PL500 15f- UCL83 lO/- 1S4 5/- tIAC7 6/- 6H6M 1/6 eZ4 5/- 0073 10/- 
11F96 61- EF53 4/6 (1M4 45/- PM24A 5f- UF41 8/8 1M5 4/6 'IAH6 10/- 6J4WA 10/- 7ß7 7/6 

33L6C.T 7/- 958A 4/- 

DHO3 5/- EF5 8f- GZ32 10/- PT15 10/- UF89 8/- 1T4 3/- tiÀ.17 3/- tiJö 6/- 7C5 10/- 
35T 17/8 1612 

1616 
51- 
3/ 

0082 10/- 
DK96 SIS EP71 7/6 (ìZ34 10f- PT2511 7/6 UL4I 7/6 243 5/- flAK5 5/- 6JUC 2/- 7C6 7/- 1 16/- 
DL92 4/- EF7'2 5/- 1163 7/- PT25M 7/6 ULS4 5/6 2826 8f- 6AK6 6/- 6J6 3/6 7C7 6/- 

10/- 1619 5/- 0C200 10/4 
DL93 4/- EF73 5/- HK4 22/6 PX4 14/- 13115 7/- 2C26 7/- 6&K7 6/- IJ6W 6/- 7H7 7/3 

35Z4GT 6/- 162i 6/- XC14I 10/- 
DL94 519 EF74 4/- HL2K 2/6 PX2Ü 9/- 1U9 8/6 2C26A 3/- 6.L5 3/- 6J7G 5/- 7Q7 7/- 

3Z5GT 6/- 1626 3/- XC142 15/- 
DL96 71- EF8O 5/- 11L23 6/- py33 9/6 7V7 5/- 37 4h 1629 4/6 XC15 20/- 
DL81O 8/- EF8 4/6 IIL23DD 5f- py 5/3 7Z4 4/6 38 4f- oi s/- xcis 2216 
DLS19 
DYS6 

15/- 

7/6 

EF86 
EF89 

6/8 
6f- 

11L41 
HVR2 

4/- 
9/- 

FY81 
FY82 

6/6 
6f- RADIO LTD 

8D2 
9S6 

2/6 
3/8 

ÖOL6GT 8f- 
7/6 

4043C 
4063 

3/6 
8/- 

2X247 
2N502 

9/6 

47/- 
E8O1' 23/- EF9I 3/6 K3A 30f- jy$3 6/- 9D2 3/- ö7 6/- 4313C 30/- 2N845 10/8 

E88C0 12/- EF92 2/- KT32 8/- PY800 8!- 1OFD 9/- i8 61- 7O4 9/- 2N1090 20/- 
E9OCC 101- EF95 6/- KT33C 8/- FZ1-3$ 9/- 170 GOLDHAWK ROAD, W. 12 1216 2/6 9 61- 726 6/- 2N1091 29/6 
EASO 1f- EF95 5/- KT44 5/9 PZ1.75 12/- 
EA73 7f- EF1S3 81- KT63 4/- QP21 6/- )!ANY OTHERS ¡N STOCK include Cqzt/sode Ray Tbt 
EABCSO 5/9 EF184 81- KT6G 18/- QP2a 5/- Shepherd's Bush 4946 Special Valves. U.K. Orders below £1 P. & P. 1/-; over 

EAC9L 3/6 EH9O 7/6 KT67 15/- Qp3O 5/-. LI, 2/.; over £3, P. & P. free. C.O.D. 2/6 extra. Overseas 
EAF42 8/- EL2 3/9 KT76 8/8 Q89/1O 6/6 

Open 9-5.30 p.m. Thursday 9-1 p.m. Postage extra at cost. 
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NOT BUILD ONE OF OUR 
PORTABLE TRANSISTOR 

Ail components may be purchased separately if duired. R A D I O S . . Parts price lists and easy build plans available separately 
at prices stated. Overseas post 10/.. 

NEW ROAMER SEVEN Mk IV 
7 WAVEBAND PORTABLE OR CAR RADIO 

Amazing serformance and s,ecification * Now with PHILCO MICRO-ALLOY R.F. TRANSISTORS 
FULLY TUNABLE ON ALL WAVEBANDS 9 stages-ltransistorsand2diodes 

Covers Medium and Long Waves, Trawler Band and three Short Waves to approx. I 5 metres. 
Push-pull output for room filling volume from rich toned 7 y 4" speaker. Air spaced ganged 
tuning condenser. Ferrite rod aerial for M & L Waves and telescopic aerial for S Waves. 
Real leather-look case with gilt trim and shoulder and hand straps. Size 9" :< 

7N 4 approx. 
The perfect portable and the ideal car radio. (Uses PP7 batteries available anywhere.) * EXTRA BAND FOR EASIER TUNING Totalcostofpartsnowonly IO L P.& P. 

OF PIRATE STATIONS, etc. ' ' " 5/6 

NEW ROAMER SIX 
-.------------ NOW. WITH PHILCO MICRO-ALLOY R.F. 

Oir TRANSISTORS 
: 6WAVEBAND!! 

. . 

/' . 8 stages-6 transistors and 2 diodes 
. - Listen to stations half a world away with this 6 

waveband portable. Tunable on Medium and 
Long Waves, Trawler Band and two Short Waves. 

Sensitive Ferrite rod aerial and telescopic aerial for short waves. Top 
grade transistors. 3-inch speaker, handsome case with gilt fittings. Size 
71 x 5- X lin. (Carrying Stran 1/6 extra.) * EXTRA BAND FOR EASIER TUNING OF LUX, ETC. 
Total cost of all 6 P. Parts Price List and easy build 
parts now only 3/6 plans 2- (Free with kit) 

TRANSONA SIX . 8 stages-6 transistors and 2 diodes 

This is a top performance receiver covering full 
Medium and Long Waves and Trawler Band. 
High-grade approx. 3m. speaker makes listening 
a pleasure. Push-pull output. Ferrite rod aerial. 
Many stations listed in one evening including 
Luxembourg loud and clear. Attractive case in 
grey with red grille. Size 6 > 4. :< lin. (Uses PP4 batter available 
anywhere.) Carrying Strap 1'- extra. 
Total cost of all 59/6 P. & P Parts Price List and easy build 
parts now only 3/6 plans 1:6 (Free with kit) 

MELODY SIX . 8 stages-6 transistors and 2 diodes 
Our latest completely portable transistor 
radio covering Medium and Long Waves. 
Incorporates pre-tagged circuit board , 3m. 
heavy duty speaker, top grade transistors, 
volume control. tuning condenser, wave 
change slide switch, sensitive 6iri. Ferrite 
rod aerial. Push-pull output. Wonderful 

reception of' B.B.0 Home and Light, 208 and many Continental stations. 
Handsome leather-look pocket size case. only 6 > 3. > l-gin. approx. 
with gilt speaker grille and supplied with hand and shoulder straps. 
Total cost of all 

L 9 6 P. Parts Price List and easy build 
parts now only ' 3,6 plans 2- (Free with kit) 

BARGAIN 
CORNER! 
HEAVY DUTY CELESTION SPEAKERS. 3 ohm. Slightly soiled but in perfect working order. 7" 4". Only 9/6. P. & P. 2/6. 
TUNING CONDENSERS. Air spaced. fine quality German 
manufacture with slow motion drive. 0.0005. With oscillator section. Only 5/-. P. & P. 1/6. 
CYLDON PERMEABILITY TUNERS. By famous manufacturer. 
Full M.W. coverage. Fitted coupling coil, oscillator coil, ferrite 
slugs and slow motion tuning with cursor, etc. In original 
sealed cartons. GIVE AWAY PRICE 10/-. P. & P. 1/6. 

Barratts Shoe Shop. 

Callers side entrance 

61a HIGH 

Parts Price List and easy build plans 3/- 
(Free with kit) 

NEW TRANSONA FIVE 
Ii I "Home,Light, A.F.N. Lux. all at good volume" 

flÁ D G.P., Durham 
'.:o:Y 

:J 
, stages-5 transistors and 2 diodes 

H '' . 
_4i Fully tunbIe over Medium and Long Waves 

and Trawler Band. Incorporates Ferrite rod 
aerial, tuning condenser, volume control, new 

type fine tone super dynamic 2 in. speaker, etc. Attractive case. Size 
6 z 4} X 1in. with red speaker grille. (Uses 1289 battery available 
anywhere.) 
Total cost of all 42 6 Parts Price List and easy build 
parts now only ¡ 3/6 plans 2f- (Free with kit) 

POCKET FIVE _________ 
. 7 stages-5 transistors and 2 diodes 
Covers Medium and Long Waves and Traw- 
1er Band, a feature usually found in only the 
most expensive radios. On test Home, Light, .biiiiI Luxembourg and many Continental stations 
were received loud and clear. Designed round 

_____ 

supersensitive Ferrite Rodj Aerial and fine NOV( READY ! tone 2in. moving coil speaker, built into 
attractive black case with red speaker grille. " Pocket Five" 
Size 5} X 1 X 3in. (Uses 1289 battery, mediumandlongwave 
available anywhere.) version with miniature 
Total cost of all 4'/6 & P. speaker. 
parts now only 3/6 

29/6 P. & P. 

Parts Price List and easy build plans 2/-. (Free 3/- 
with kit) 

large speaker). 
anywhere.) 
Total cost of all 
parts now only 

Size 7T 

SUPER SEVEN 
. 9 stages-7 transistors and 2 diodes 
Covers Medium and Long Waves and Traw- 
1er Band. The ideal radio for home, car, or 
can be fitted with carrying strap for outdoor 
use. Completely portable-has built-in 
Ferrite rod aerial for wonderful reception. 
Special circuit incorporating 2 RF Stages, 
push-pull output, 3m. speaker (will drive 

:: 52 Iin. (Uses 9v battery, available 

L 3. I 9.6 ' P. Parts Price List and easy build 
36 plans 2/- (Free with kit) 

THE SIG-GEN. A versatile Signal Injector. Something no constructor 
should be without. This ingenious device generates an audible signal 
through the Audio and R.F. ranges. With variable output. Tele- 

Ij1c 

Probe. Pocket size slim-line case measures 4 X 3" X ". 
Complete set of parts with full instructions. 19/6. P. & P. 
I /6. 

QUICK CHECK TRANSISTOR TESTER. 
Checks gain of R.F. and Audio Tran- 

KØj:iI 
sistors. Also checks for noise level 
and duds. All parts ready to be 

red grille, complete with Dial, Knobs, and 2" Speaker. 
assembled in attracÑive grey case with 

Simple assembly instructions free with set ofparts. 39/6. P. & P. 3/6. 

Open 9-S p.m. 
Saturdays 9-12.30 p.m. 

STREET, BEDFORD. Phone: 52367 
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AtipE 
fer pructícul 

soldEring 

NEW! 
The Instant Heat 

Soldering Kit complete with 
2 tips, extension barrel, probe and solder. 

Complete £3 19 6 
Ask for a demonstration from your local 
dealer or fill in the coupon below for full 

details. 

SG 1225 KIT 

1i 

Name .:......... 
PE/6/66 

Address .................... 

BURGESS PRODUCTS CO. LTD. 

SAPCOTEJ 

LEICESTER. 

Tel: Sapcote 292 Te'ex: 34549 

FIRST QUALITY PVC TAPE 
!..±_i! Std. 850 ft. 9/- 5" L.P. 850 ft. 10/6 
-; 

P;;; 7MStd. l200ft. 11/6 Y T.P. 600 ft. 10/6 
J 3i L.?. 240 ft. 4- Y T.P. 1800 ft. 25/6 ¿r 

£ ' 5"L.P.1200ft.11/6 5"T.P.240Oft.32/6 
í_ 

Jt, 7" L.P. l800ft. 18/6 7"T.P.3600ft. 42/6 
P. & P. on each I /6, 4 or more post free. 

CLDON . 

U.H.F. TUNER (j 
3to4WATT 

Ç\ AMPLIFIER KIT 

complete with I il \f-r, comprising 
PC.88 and PC.86 ílj 

chassis 8" 
Valves. Full vari- i. 

X 2 ,< i 

.\ 
. able tuning. New /---::I Double 

w n d 
and unused. Size !fII1 ' . m a i n s 

4r > 5 x 1 . Ik!j:I 
transformer, output transformer, 

Complete with r 
volume and tone controls, re- 

. . . I circuit diagram. sistors, condensers etc. 6V6, 
ECC8 and metal rectifier. 

35/- plus 2/6 Circuit 1/6 free with kit. 29/6 
P. & P. plus 4/6 P. & P. 

8watt5-valve PUSH-PULL q 
AMPLIFIER & METAL RECTIFIER 
Size: 9 X 6 : c l A.C. Mains 200-250v. 5 valves. r 

For use with Std. or L.P. records, musical / 

instruments, all makes of pick-ups and mikes. . I 

Output 8 watts at 5 per cent total distortion. 
Separate bass and treble lift controls. Two 
inputs, with controls, for gram. and mike. Output Transformer 
tapped for 3 and 15 ohms speech coils. Built and tested. £3.19.6. 
P. & P, lO/- 
" MITLTTV " 6-TRANSISTOR - 

1YIUkL11L SUPERHET 

PORTABLE RADIO 

* 6 Transistòrs Superhet Output 
( 

* s?'Cabinet in red, size 4" j 
\ 

I, 

X Y x 1" and gold speaker 
louvre. 

I 

* Horizontal Tuning Scale. J Inc. carrying 

* Ferrite Rod Internal Aerial. 
/ 

strap. Circuit 

* IF 460 Kc/s. Diagram 2/6- 
* All components Ferrite Rod P. & P. 3/6 free with parts 

and Tuning Assembly mounted 
oiT printed board. * Printed Circuit Board. 

* Operated from PP3 Battery. * Tunable over medium and 
* Fully comprehensive instruc- long waveband. 

tions and point-to-point wiring * Car aerial and earpiece 
diagram. socket. 

TRANSISTORISED SIGNAL GENERATOR 
L- :::: Size 5" x 3" x 1f-". For IF and RF align- :7 ment and AF output, 700 c/s frequency cover- 

I -: age 460 Kc/s to 2 Mc/s in switched frequencies. 
Ideal for alignment to our Elegant Seven and 
Musette. Built and tested. 39/6. P. & P. 3/6. 

ELEGANT SEVEN ML UI 
Combined Portable and Car Radio EE-I - 

The Radio with the Star Features 

. . . . 

* 7-transistor superhet Output I 

) 

-1 

350 mW ', 

T * Wooden cabinet, fitted f 
handle with silver-coloured 

I 

fittings, size 12+ In. X 8f in. < 3 in. 

11 in. * Horizontal tuning scale, size 
. .. X 2f ¡n. in silver with black lettering. ONLY 

* All stations clearly marked. 
* Ferrite-rod Internal aerial. 
* Operated from Pl'S battery. 
* l.F. neutralisatiore on each stage PIus6/6Post&Packing 

460 kc/s. 

* D.C. coupled output stage with POWER SUPPLY KIT 
separate A.C. negative feed back. 

h f El 
p , . 

S y p . . . 

f 
y co p n n i etc A C mains 200- 

point-to-point wiring diagram. 250 0 9v 5OmA 
rin e c rcui r , C -p i 

716d extra 
with all component values. I 

* Fully tunable over medium and long waveband. 
* Car aerial socket. * Full after-sales service. 
4 in. SPEAKER. Parts list and circuit diagram 2/6. FREE with parts. 

Shop Hours 9 a.m. -6 p.m. Early Closing Wednesday 
All enquiries stamped addressed envelope 

RADIO & T.V. COMPONENTS (ACTON) LTD. 
21D, HIGH STREET, ACTON, LONDON, W.3 
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¿9q- to -build 
IMPROVEMENTS 

10H YOUR GARDEN 

:1Ml 

I'll 

I I I I: 

uil: 

Get to work on these worthwhile garden improvements 
. . . and save pounds on each job. You can tackle them 
all-easily, efficiently-with the step-by-step instructions 
in the June PRACTICAL WOODWORKING. And you'll 
find plenty more in this great new magazine . . . page 
after page of new ideas and expert know-how. 

p A's 4 OUTSTANDING EXTRAS : - 

Fold-out Sheets to build 

HOUSEHOLD STEPS 
FOLDING PASTING BOARD 
Data Sheets for 

GATE HINGES AND FITTINGS 
GATE CATCHES AND LATCHES 
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T.C.C. 
TYP E 

No. 

CE.2 or 'H' 

CE.3 

CE.4 

CE.5 

CE.6 

CE,7 

CES 

CE.9 

Case Size 
in inches 

Sub-miniature 

Electrolytics 

for Transistor 

Circuits 

i 

Maximum D.C. Wkg. 
Voltages and Cap. (MF) 

D I L I c 3v. 6V. 9v. 12V. ISV. ISV. 

s 

* 

* 
L 
4 

I 

D 

I 

V-.Veutical Mounting 

I 007 8 6 4 3 '3 - 
* 01 25 20 5 lO 6 4 

____o.I 30 20 15 8 6 

* 014 50 40 25 20 lO 8 

I 014 80 60 40 30 15 (2 

+ Ol8 lOO 75 50 40 20 15 
- 

L C 3V 6V. 10V. (5V. 25V. 50V. 

i014100 8O25 8 

I 02 250 200 (60 lOO 60 20 

H=Horizontal Mounting 

+ 

I 

D 
DIA 

'1 

-n 

íCC 
!F,8o 

¡ 

IQVC 
E9 

Operating Temperature Range. -20°C. to ± 60°C. 

Connection wires are welded for low resistance contact, 
and solder-coated for ease of assembly, the standard length 
being i i-" for the horizontal range, cropped to long for 
the vertical range. 
The capacitors are in insulated seamless aluminium 
cases, and sealed with a synthetic rubber bung. 

Cap. Tolerance. The standard tolerance of all capacitors 
is -20% 100% of the rated capacitance. 

Leakage Current. CE.2-7 may be determined from the 
following: i (.tA)= . C.V. H 10 at applied working 
voltage and at 20°C. CE,8-9 may be determined from: 
O2 C.V. 20 at applied working voltage and at 20°C. 

THE TELEGRAPH CONDENSER CO. LTD. 
Electronics Division . NORTH ACTON . LONDON . W.3 Tel. ACOrn 0061 . Telex: 261383 

also at CHESSINGTON, SURREY and BATHGATE, SCOTLAND 

HOME RADIO (Mitcham) LTD., 187 London Road, Mitcham, Surrey. Phone: MIT 3282 

One of the most interesting sections of 
our Components Catalogue is the KITS . 

. ___ 
SECTION, which runs to 14 pages listing . . ... 
169 different items. Here is an extract 

. . 

from the page dealing with RADIONIC . 

KITS . . . :. . -- . 

" Designed for both the beginner (aged IO and upwards) ' . 

and the expert in electronics. The only tools required are - 

the spanner and the pair of scissors. Build and rebuild a ' 

often as you wish and check circuit at a glance through the . . 

transparent panel. Extra components can be purchased to 4-;'. ji . ' 
1$ 

expand sets as required. Adopted by Universities, . ,_ ( 
Technical Colleges, Schools and the Armed Forces for 
electronics training." 
KT 46 Set No. I. Fourteen different circuits can be made, including regenerat,ve receivers for earphone operation ......... £5.18.6 
KT 48 Set No. 2. Twenty different circuits. T.R.F. and Reflex receivers ............................................................ 

, 
............................ £6.19.6 

KT 50 Set No, 3. Twenty-two different circuits, including microphone and pick-up amps. and receivers for loud speaker operation ...... £IO.19.6 
((T 52 Set No. 4. Twenty-six different circuits, including a 6-transistor super-heterodyne receiver ........................................................ £14.196 

u- - - - - - - - - - - -- - - - - 
' Would you like to see the other 209 pages, . . 

IPlease 
write your name and address in block capitals 

listing 5,800 items. 900 of them illustrated, plus 

a 21-page supplement and a Semi-Conductor NAME ................................................................................................................. 

Centre brochure? Then post the coupon now 
f ADDRESS ......................................................................................................... 

with your cheque or P.O. for 9!- (7/6 plus 1/6 

P. & P.). Remember, every catalogue contains I ......................................................................................................... 

fi ve coupons, each worth one shilling when used I . 

as directed . I 

I 
HOME RADIO LTD., Dept. PE, 187 LONDON RD., MITCHAM 

- - - - - - - - - - a - - - - - 
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AUTOMATED COMMUTERS 
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AUTOMATION is no mere gimmick: its adoption in 
some degree or another is essential if certain industries 

are to survive under modern conditions. Although onc 
usually thinks of manufacturing industries in this connec
tion. It is in service industries such as railways that some: 
of the greatest opportunities exist for development and 
application of new automated methods. 

London Transport, faced with the apparently insolvable 
problem of obtaining sufficient manpower. has already 
decided that automation will be the answer in the future . 
They are fonunalc of course in that the electrified under
,round railway system is ideally suited for convcnion to 
fuJly automallc operation; and. indeed, work has been 
proceeding towards this end for some considerable time 
now. Realisation of the ultimate goal is now likely in the 
foreseeable future thanks very largely to new developments 
in electronic technology. 

Possible facilities for an automated railway were 
described recently by R. Dell. Chief Signal Engineer. London 
Transport. in his Presidential address to the Institution of 
Railway Signal Engineers. Some of these facilities already 
exist and are in operational use on various sections of the 
London Underground System: automatic routing of trains 
is performed by programme machines which read off a 
prepared programme and operate signals and points with
out the intervention of a signalman; and automatic driving 
of trains has been proved under normal service conditions. 
the motors and brakes responding to coded signals picked 
up from the running rail. 

To achieve the fully automated railway system as en
visa~ed for the future by Mr. Oetl. the above-mentioned 
faciluies would have to be co-ordinated by a central 
supervision office; while the operation of each station would 
be supervised by one official sealed in an officc in the ticket 
hall where all suitable visual and audible aids would be 
employed in order to monitor the platforms and to com
municate with passengers. 

The platform cntrances and cJl.iu would be guardcd by 
aUiomatic barriers. Tickets obtained from vending machines 
would be magnetically marked with information such as 
issuing station, fare ~id. and date. At thc barrier the 
ticket would be scrutinised by a small computer and if in 
order a sillnal initiated to release the gatc-the whole action, 
from the Insertion of the ticket by the passenger, taking a 
mere second or so. . 

Perhaps significantly, it is here at this point of human 
participation that most difficulty is being experienced. A 
number of different style gates are currently beinit: tried 
out at stations under normal working conditions. but nonc as 
yet has proved entirely satisfactory for passenger operation. 

Perhaps there is a moral here. All t.hc best laid plans 
of technologists can come to nought un ess we. the general 
pUblic, have been properly disciplined or conditioned always 
to react in a predictable manner just like an electronic 
circuit. Some may shudder at the thought, but if we arc 
to enjoy thc advantages promised by the new technological 
age, we will just have to "automate" ourselves on occasions, 
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"Sl trtOJ(IJn " 1( II'"nl lll 
'/fctron microscope 

W E ARE all familiar with optical microscopes such 
as those in school science: laboratories and 

research departmenlS in industry. Although this 
article is aimed at explaining the function and appli
cations of the e)e.;:tron microscope. it is probably a good 
idea to touch briefly on the optical microscope first, 
so that the intricacies of ele<:lron types may be better 
understood . However, there are some differences in 
principle which will be explained latcr. 

OPTICAL MAGNIFICAT ION 
Optical microscopes depend on the use of lenses to 

magnify the image of the specimen under scrunity. 
To show up the minute contours of the specimen, one 
usually places a light in such a position that it is 



reflected onto the specImen, usually shining on the 
underside. 

Considerable development work has been carried 
out on optical microscopes so that they will show up 
objects which cannot normally be seen with the naked 
eye. For this kind of investigation it is necessary that 
we should be able to measure the size or these objects; 
obviously, it is impracticable 10 use inches or milli· 
metres. 

Two basic uni ts of microscopic measurement are 
used : the micron and the angstrom. The micron is the 
l:argesl of the IWO and is equal to one millionth part of 
a metre. Thc symbol used is the Greek leiter mu 1ft). 
The angstrom unit is equal to 10-1 centimetre, or one 
thousand·millionth part of a metre. The symbol ror 
the angstrom unit is A. 

The optical microscope has been developed to "~" 
objects as small as 5,000 angstrom units. This is very 
close to the limit of human perception because the 
wavelength of "white" light is of the same order of 
magnitude. You may wonder, then, how can we see 
finer details? Although higher magnifications arc 
possible the essential point is that the visible detail 
tends to deteriorate. In order to be able to see this 
minute detail more clearly, we must use a means of 
illumination of shorter wavelength than visible light. 
For example, a light beam in the ultra-vioJet wavelength 
can be used. 

Ultra·violet microscopes can show details as small 
as 2,oooA but, because this kind of light is invisible, 
a special kind of conversion system i~ used to display 
the image. 

ELECTRON ACCELERATION 
During the mid·1920s experiments were carried out 

by German scientists to study the properties and 
potential uses of electrons, which were then solely 
reprded as mysterious minute particles of negatively 
charged electricity. When these particles were forted 
to move at a very high velocity by applying many 
thousands of volts, they behaved as though they had 
a wavelength which Is considerably less than one 
angstrom unit, thus providing a means of illumination 
nearly one·hundred·thousand times brighter than 
ordinary light. 

Here we can see the analogy with the cathode ray 
tube as used in television receivers and oscilloscopes 
today. 

The electron stream is "fired" from the cathode by 
applying a very high voltage. This electron stream 
can be influenced in its path by the application of a 
magnetic field in close proximity. The electrons can 
be "squeezed" into a narrow stream, or deflected off 
course by attraction or repulsion to an electromagnetic 
field . Therefore, the electron stream can be made to 
bombard any pre·arranged pan of some object. 

This bombardment is useless unless it can be made 
to show up the affected part of the object. In the 
cathode ray tube the screen is coated with a phos. 
phorescent substance so that the invisible electrons 
striking it are converted to visible light. 

TRANSMISSION MICROSCOPE 
In the conventional electron microscope, known as 

the "transmission microscope", the e1ectrons pass 
through the object to be examined before a magnified 
image can be formed. The tonal qualities of this image 
are made up according to the dMsiry of the bombarded 
particles. If the transmitted electrons, after passing 
through the specimen, are projected on to a flourescent 
screen the resulting image will consist of a propor
tional tonal picture of the specimen. 

This is all very well in theory, but there arc practical 
limitations involved. The electrons must be magnified 
and focused after passing thrOUgh the specimen to 
offset the scattering and absorption during penetration. 
Hence objects of very low density are usually the most 
suitable for specimens. 

Many different techniques have been tried to over· 
come these difficulties. Probably the best was that 
known as "replication" which was subsequently 
adopted. A thin layer of plastic substance or resin 
was deposited on the surface of the speCimen. then 
carefully removed for inspection under the electron 
microscope. Here again, it is essc:ntial to provide 
absolute perfection in this coating so that the electron 
image is not falsified by uneven thicknesses. 

Other methods of producing perfect thin sections 
of metal samples are etching and fine electro·polishing. 
These have the advantage of ex~ing detail below the 

M.tol oxide silicon IranJistarJ". 8cu/colly these de ... lces, phola,raphed by staff members of the School of En,Ineer/n, 
ScIence, Uni ... ersfty Colle,. of North Wol.s, are field effect "onJifiors us/n, surfoc. borr/en InftNd of pn junctlons_ 
Natlct lhe tanol,radal/on for differenl applied ... olla,es. On lhe left (mo,nlflcollon approxImately X:U1) the "flro/n" 
connectJan /s Ihe rl,ht.hand lectd, the ,ott connect/on Is the lower I_d. Below ore pictures (XllfO) ,Iwln, drain ... olla,e 
Vo and ,ate ... alla,e Va: 

I.ft (a) Vo = - ISV, Veo "" - 6V 
below (bJ Vo = O. Veo '" 6V; (cJ Vo = - ISV. Va ... - 6V.. (d) Vo _ - ISV, Veo "" 0 

407 



• 

• 

Block dl"Iram of the "Stereorcan" .Iectron mlcrolcope 

surface but the original finish or topography of Ihe 
surface is destroyed. 

SCANN ING ELECTRON MICROSCOPE 
In 1935 the first experimental scanning electron 

microscope was constructed in Germany but, after 
some further development in Germany and in the 
U.S.A., it was not until 1948 that Professor Oatley 
began a research programme at Cambridge University 
into the possibilities of perfecting it. 

This type of microscope overcomes many of the 
disadvantages of previous types because the electron 
beam used for illumination is not required to pass 
through the specimen. The image obtained gives a 
much clearer picture of the specimen without any 
apparent blurrina:. 

A high velocity stream of electrons is focused to 
a fine point on the specimen and is made to sweep 
across the surface in a raster-like pattern. When they 
hit or slightly penetrate the surface of the specimen, 
secondary electrons are emitted from the surface and 
collected and amplified for display on a cathode ray 
tube. The specimen is placed in a vacuum chamber 
so that there is no undesirable influence on the electrons 

apart (rom that governed by the nature of the specimen 
surface. 

The electron gun is mounted in the top of the tall 
cylindrical column as shown in Fig. I. The ac:ccl· 
crating vohage is continous!y variable between I and 
20 kilovolts. The condenser lenses (there .are three) 
are si tuated between the gun and the specimen chamber. 
These lenses are not glass optical lenses, althougn they 
serve the same purpose as those in an optical system. 

They are, in fact. electromagnetic lenses, the upper 
two being mechanically interchangeable. The third 
is fitted with three interchangeable apertures. The 
working distance between the lower surface of the lens 
and Ihe specimen is adjustable to anything between 
o and 15 millimetre!. The scanning coil which 
def\ecu the electron beam over the specimen in the 
raster paltern, is mounted within the bore of the final 
lens, so that low minimum magnifications can be 
obtained. It consists of a double deflection system, 
an 8-pole magnetic sligmator, and electrical "fine 
shift" coils. 

Magnification is determined by the ratio between 
the length of the line scanned on the display screen 
to that on the specimen. The signal strength to the 
scanning coils can be adjusted to provide a wide 



range of maanification for a number of preset 
accelerating voltages. Magnification values obtain
able vary between x SO and x 100,000 at a working 
distance of 14mm and between x 110 and x 220,000 
at a working distance of Omm. 

The useful magnification, however, lies between 
x 20,OOO and x 30,000, enabling details as small as 
200 A to be resolved. 

SIGNALS FROM THE SPECIMEN 
The specimen is usually fixed to a small table, which 

is at the foot of the column, and can be rotated by 
means of a vernier drive mechanism. The table is 
set at an angle to the horizontal so that the secondary 
electrons are directed towards the electron collector. 
The collection system consists basically of an electro
static focusing electrode, and a positively biased 
scintillator, optically coupled to a photo-multiplier. 
By adjusting the potential of the focusing electrode, 
the proportion of secondary to reflected electrons 
collected can be varied. The electrons are attracted 
to the scintillator by a 12kV charge, then liberate 
sufficient light to make the electron detection process 
virtually noise-free. 

Signals from the photo-multiplier pass thro ugh a 
head amplifier mounted ncar the specimen chamber 
then are injected into a video amplifier for display. 

In the "Stercoscan" electron microscope, built 
by Cambridge Instruments Limited, there are two 
display screens: one is coated with a long persistance 
phosphor to give a pictorial image from a slow moving 
trace; the other is normally fitled with a camera for 
taking photographs, like those of certain specimens 
shown in this article. 

Ma,nified ,'ew of a was,'s hUd uJln, the "Stereoscan". 
T~J pldure, alchou,h the carred "Ie .... of Che ffl(e, has 
been In"erted. The specimen wa. Iyln, on ICs baCk and 

• COGled wllh 8OOA. layer of ,old. The ,un pOlenrlfl! wos 
1 klloyolu. MfI,nlflcflllon here I. opproxlrmrtely XI7 ·S. 
Hotlee one antennflls relraded 

The power supplies for the gun, lenses, scintillator, 
and display units are housed in a large cabinet, which 
is kept far enough away from the microscope column 
to prevent the electromagnetic fields (from trans
formers, etc.) upsetting the normal functions of the 
deflector coils and lenses. 

A comprehensive interlocking safety system protects 
the whole instrument against damage, which might be 
caused by accidental misuse, water failure, mains failure, 
or vacuum leaks. 

SCANNING CONTROL 
The picture displayed on the screen is synchronised 

to the scanning coils in the column by using a scan 
generator. The voltage waveforms provided by this 
generator can be monitored on a small .oscilloscope 
screen. Each display unit has a useful screen area of 
10·S centimetres square, but the size of the scanned 
raster can be reduced and poSitioned anywhere on the 
screen. 

Images can be formed by using mainly secondary 
electrons or mainly reftccted eltctrons. Secondary 
electrons are the most useful because they can be made 
to follow a curved path to the electron collector. It 
is possible to see details in deep re~ntrant holes, or 
other areas screened from the direct line of sight of thc 
collector, which would otherwise be almost impossible 
to achieve with the much higher energy reflected 
electrons. 

Due to the vast variation in the nature of adjacent 
areas of a specimen, the secondary electrons are 
emitted at different angles to each other. A distinCI 
contrast of tone is made apparent because of this, 

Clo.e-up of fI wa.p', antenna proCrudin, from Its ",cket. 
TIM ana (bottom rl,he} I, port of III eye. The 'Jnclmen 

• wa. cOfIted wlrh on 8OOA. layer of ,old. The ,un potentlol 
was 20 klloyolt,. Mo,nlfJcatlon approximately X6/ 



Pare af ehe heod af a COmmOn house fly. The "pebble" 
oppHronce of the two eyes show remorkable ufliformlty 
of size ond shope. The neorest eye hos specb of dirt Ofl 
them. The area between the eye, shows the hakl pro
trudifl, from pores in the skin 

and so gives a three·dimensional appearance of the 
image. Specimens such as semiconductor devices and 
integrated micro-miniature circuitry can be...examined 
without the risk of up5etling their dynamic properties. 

Work is being carried out by Or. P. R. Thornton at 
the University College of North Wales, Bangor, to 
show how applied currents behave in semiconductor 
circuits. So far It has been possible to "see" the 
current flowing through a transistor junction in the 
form of varying densities of grey on the image: sec 
the photographs of the metal oxide silicon transistor. 
If there is a small defect in the semiconductor material, 
this shows as a dark irregular area, rather like an ink 
blot. The path of the current through the material 
is diverted and shows up as remarkable crescent shaped 
patterns leading away from the defected area. 

Because of the high efficiency of the electron collec· 
tion system the probe current in the "Stereoscan" 
microscope is very small. The dissipation of energy in 
the specimen is much low(f than in the trans· 
mission microscope, for similar accelerating voltages. 

It is possible to sec fragile specimens, such as 
biological tissues with little risk of damage to them. 
However. it is often necessary to provide a microscopic 
coating to non-conductive specimens: gold was used 
on the specimens of insects shown in the photographs. 
Under certain conditions. the specimen can be examined 
uncoated, but some loss of resolution will be noticed. 

Its application to injection laser technology, \0 the 
"physics of failure" in devices. and to the study of 
morphology of epitaxial layers and whisker crystals. 
was illustrated recently at the Physics Exhibition in 
London. 

The scope of applications is obviously enormous: 
the photographs show just a few of the fascinating 
examples of electron microscopy that have been 
studied so far. Probably one of the most important 
uses lies in studying metallurgy, for example, detecting 
defects in aircraft structures. * 

PHOTOGRAPHIC 

THIS timer is designed for use in a dark room where 
panchromatic film or plates are developed, the 

development time being four minutes after which a 
bell, connected to the timer, will ring. It may easily 
be adjusted to provide timing periods from less than 
one minute to over five minutes with the components 
shown, or for longer periods if extra capacitance is 
added in parallel with the timing capacitor. 

As a secondary fU:lction the timer emits a loud 
ticking sound at one second intervals during the timing 
period. This ticking sound serves two purposes: 
it assures the operator that the timing period is in 
operation and proceeding: it may be used to count 
seconds of exposure time during enlarging or printing. 

I n conditions of complete darkness. necessary for the 
dish-development of panchromatic plates, it is import
ant that the act of starting the timer should be very 
simple and come to hand immediately. Accordingly 
the timer (which has the appearance of a small extension 
speaker) was mounted fairly high up on the wall, with a 
cord dangling from its middle. All that is required 
to start the timer in the dark, is to feel along the wall 
for the cord and give it a short tug. 

The timer is driven from the mains. Its supply is 
coupled with that of the warning light outside the 
dark room. so that no one would forget to switch this 
warning light on during the development process. 
or switch the timer supply off after use. 

The bell. which rings for a period of about si)! 
seconds at the end of the timing period. is separately 
powered from a 6 volt banery. and is mounted 
remote from the timer in a position where it may be 
heard at some distance from the dark room. 

CI RCU IT 
The circuit of the timer is made up of three parts, 

namely the delay. the ticking, and the bell. The 
sequence of the three pllrts is controlled by the three 
sets of contacts of the relay shown RLA in Fig. I 
(relay contacts arc shown 10 the normal or de-energised 
condition). 

The delay period is started by a short pull on a cord 
attached to the lever of the microswitch S I. The lever 
contact of this switch is connected to the positive line 
and it is shown at rest in ·the NC (normally closed) 
position. Also at rest is the changeover contact 
RLA I. which connects R2 in series with CI. 

As the negative side of this capacitor is . connected 
via the coil of relay RLA to the negative supply, then 
the capacitor will quickly become fully charged. 

The starting tug on the cord momentarily moves the 
microswitch contact to the lower NO (normally 
open) position, which isolates CI and applies the 
positive supply line to RLA coil. The relay is thus 
energised and its changeover contact R LA I breaks 
CI from R2 and applies the fully charged capacitor 
to VR 1 and R3. The transistor TR I is completely 
cut off. thus causing almost all the current passi,ng 
through R4 to flow through the base of TR2. The 
emitter and collector of TR2 passes sufficient current 
through the coil of RLA for it to remain in the ener· 
gised state after the microswitch has been released 
from the NO position. back to NC. 

Capacitor CI now starts to discharge through VRI 
and eventually a point is reached when the voltage at 
the base of TR I is such that it commences to pass 



PROCESS 

• FI, . 2. Su,relted circu it for 
G mao;"s power supply unit Ac.. .... 

COMPONENTS ••• 
TIMER UNIT 

Res /,tots 
fl.1 tOka R 6 
R1S6C1 R7 
fl.) 10k{} R 8 
R .. IlltO R 9 
RS l ItO RIO 
All l Oy'. i ...... itt carbon 

Potentiome ter 
YR.l SOOkn log. arbon 

Capaci to r , 
C I I,OOO",F elKt. 12V (see Text) 
C2 SOI'F elect. f2V 
Cl SOI'F tl«t. 11V 
C4 81"F elect. ISV 

HkO 
3Jkn 
HkU 
1 ' 0 
IkO 

CS ],200",F elect. 16V (Mullard) (or made up 
from 2,0001'F + I ,OOOI'-F isv in parallel) 

Tranl l,to" 
TRI , TR.l , TR4 OCll (Mullard) I' off) 
TRl OC72 (Mullard) I orr) 

Diode 
01 OM I (Mullard) 

Relay. 
RlA 900 wIth" seu of chulleo"er conucts O mron 

t ype f'1H4P (Keys ...... l!ch Relays) 
RlB I,OOOQ .... ith It lent one set of chan,eover 

oontiCU (G.P.O . type 600) 
Micro ..... ltch 

51 Sln,ie pole miniature chan,eover .... Ith I .... er 
"m 

By 
G. E. 

Fir. , . Complete circuit 4 /o"om 
of the proceu t ime, ond c!lQrm 
bell 

Lo udspeaker 
LSI ] 0 2*l n diameter 

6V dry battery. IIn"Y duty (fo r beU) 
Ba ttery 

BY I 
BY2 9V d ry bi uery. hea .. , duty (i( rtqll intd 

for ml. in supply (0 ci rcu it) 

M iscella neoUI 
Chassis 7.in 5.'n y 2. in 
Verobolrd lam inated .... Idn' board. Sin X 2.in 

POWER UNIT 
(if requitoed to replace BY2) 

Resi.t or 
RII 2200 10~~ , I .... att arbon 

Ca pacitor 
C6 I ,OOO~F elect. ISV 

Tra nsfo rmer 
TI Prl. 2lO/ 2SOV I .C. 

Sec:. 9"-0 9V BOm" 
Type MT98 (Henry 's Radio) 

Diodes 
Oi "Dl GJ7M (2 off) 

Switch 
51 Double pole on-off [oule s .... itch 

Fuse 
FS I 100m" Cartrid,e 

'" 
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more and more current, thus reducing the current 
Howing to the base of TR2. Consequently, the current 
through the coil of RLA is reduced until it is no 
longer able to hold RlA on. Any increase in the 
reluctance of the magnetic circuit causes a corres· 
ponding -reduction of ftux passing through the coil. 
which in (urn causes a back c.m.f. to be developed 
across it. The diode Ol is connected in parallel with 
the coil of RLA to ensure that this back c.mJ. does 
not damage the transistor TR2. The timing period is 
made to end smartly and precisely thus returning the 
circuit to normaL 

The ticking sounds arc produced by an astable 
rnultivibrator comprising transistors TR3 and TR4 
and their associated components. Its action is 
unbalanced is on for a much shorter period 
than TR3. from TR4 is transmitted to a 
small :tohm I via the capacitor C4 to give 

the 10n~r "pulse from TR3 is 
the interval between the ticks. 
this interval is of one second 

duration. This circuit becomes energised when RlA2 
~.cd and 10 the tickin, occurs only durig& the 
timing period. 

The bell circuit (shown separately below the main 
c::ircuit) is closed only when relay RLB is energised. 
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A,. J {I.fl,. Complete wlrl", d.coll. of th. U"It. The 
"non" cord If .o/d.red to lite mlcro.wltch lenr 

FI,. 4. Underrlde-vlew of the compo"e"t boord 

When RLA is energised the changeover contacts 
RlA3 connect RIO and C5 across the supply voltage. 
Thus capacitor C5 charges during the timing period. 

On completion of the timing period contact ~LA3 
returns to normal in the position shown and C5 dis
charges through RIO and the 1,000 ohm coil of RlB. 
Relay RLB operates causing contacts RLBI to close. 
The bell now rings during the decay period of the 
charge held by capacitor CS, the decay time being 
equal to 

C , X (R,G + RRLlI) seconds 
- 10' 

where C is in microfarads and R is in ohms. 

CONSTRUCTION 
The small components may conveniently be built up 

on Veroboard laminated wiring board; the relays 
and loudspeakers are bolted to the metal chassis (see 
Fig. 3). 

The microswitch should be of the type which 
has a spring lever to actuate the button ; this 
should be mounted firmly inside the case with a cord 
or wire altached to the lever. The potentiometer VR I 
should also be mounted so that its spindle passes 
through the chassis. A scale can be calibrated for this 
and marked in fractions of seconds. 

The power pack can be made up from the circuit 
shown in Fig. 2 or a heavy duty battery can be used. 

As regards the connection to the mains. In the 
original....model connection was made at the rose of the 
warnin, lamp, after the mains had been turned off of 
cou~ but ifthis is considered inadvisable the warning 
lamp could be a ncon wired separate from the mains 
and the whole unit connected by a plug in the normal 
way. * 
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THIS article describes a simple circuit, based mainly on 
multipole Yaxley-Iype wafer swilChes, of an infallible 

machine for playing the game of "Nirn". The game 
is played entirely on these switches, and four lamps are 
used to indicate the correct moves to the machine 
operator. 

First, it is necessary to say a little about the game 
itseIr and about the tactics of winning. The game 
now known as "Nim" is in facl a very ancient one and 
is believed 10 be of Chinese origin. It is for two players 
who play alternately. AI the beginning of the game 
a number of objects (for example, matches) are divided 
into several heaps, either in a pre-determined manner 
or in a manner decided by one of the players. 

At each turn a player takes away one or morc matches 
from one of the heaps. He must lake at least one 
match and he may take the whole heap if he wishes, 
but he is not permitted to take from two different 
heaps in one turn. The player who eventually takes 
away the last match is, in one version of the game, the 
winner and, in another version, the loser. Naturally 
it is necessary for the players to agree beforehand which 
version they are playing. 

1 

3 
, 

5 
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by F.MDDRE 

TACTICS OF "NIM" 
I" this section an account is given of the tactics of 

the game. It is not necessary for the constructor to 
master this section, since all the tactical devices arc 
incorporated in the circuit to be described. 

A complete understanding of the mathematical 
background of "Nim" has been known for many years. 
but the application of the remarkably Simple rules 
resulting from it rarely fails to baffle the uninitiated. 

Basically the tactics for winning depend on the fact 
that all possible combinations of numbers are either 
"winning combinations" or "losing combinations'". 
Every possible play made from a winning combination 
results, for the player, in a losing combination. whereas 
from a losing combination it is always possible to make 
at least one play that results in a winning combination. 
In other words. if player "A" contrives to leave a 
winning combination early in Ihe game, any move 
player "B" can make necessarily results in what is for 
him a losing combination. whereupon "A" can once 
more play to leave a winning combination and hence 
eventually win the game. 

LAST TO PLAY IS 
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To determine whether a given 
combination is a winning or a 
losing one, the numbers of 
matches in the various heaps are 

~ expressed as the sum of one or 
more numbers of the series I, 2. 
4, 8, 16, 32, elc., that is, in terms 
of the powers of 2. Then, if each 
power of 2 (including unity) is 
present an even number of times 
(or absent altogether), the combi
nation is a winning one. 

If any power of 2 is present an 
odd number of times, the combi
nation is a losing one. For 
example, suppose we have four 
heaps containing respectively II, 
10, 3 and 2 matches, we express 
these heaps as having 8 + 2 + 1, 
8 + 2. 2 + 1, and 2 matches 
respectively. Since there are two 
8's, no 4'5, four 2'$, and two 1'5, 
this is a winning combination. 
However the combination 7, 6 and 
3, which may be written 4 + 2 + I, 
4 + 2, 2 + I, is a losing one 
because the number 2 is present 
an odd number of times. 

This rule applies throughout the 
game in the version in which the 
player taking the last match is the 
winner. It requires a slight modi
fication for the version in which 
the last to play is the loser. The 
extra rule here is thai, when no 
heap contains more than one 
match, an odd number of heaps 
(i.e. an odd number of I's) is a 
winning combination and an even 
number is a losing combination. 

The only other information 
necessary for winning at "Nim" 
is on how to turn the opponent's 
losing combination into a winning 
one for onself. The rule is to take 
from the heap containing the 
highest power of 2 that is present 
an odd number of times, and to 
leave behind sufficient to pair off 
all the unpaired powers of 2 in the 
other heaps. 

For the 7, 6 and 3 losing com
bination noted above; since 2 
occurs in each heap, three alterna
tive plays are possible. leaving 
one of the winning combinations 
5, 6, 3; 7. 4, 3 ; or 7, 6, I. 
However, with the losing combi-

Fir. I. Circuit (or Him Computer 
showln, Ihe "'odn, combination" 
5, 2. f. 1. Th. wore,. or. shown 
o. nen from b.low end the 
number'n, 'S .hown In the olley 
dlo,rom .Ion,s/d.. Th. wofers "0" 
to "h" ore ,on,.d for eoch switch 



nation 10, 8 and ~, only one winning play IS 
possible-that which leaves the combination 10, 8, 2. 

CIRCUIT DESCRIPTION 
The circuit illustrated in Fig. I representS a game of 

"Nim" in which there may be up to four heaps of 
matches and up to seven matches in each heap. The 
numbers of matches are represented by the seven 
settings of the switches SI to S4. It should be noted 
that SI is a 6-pole, g.way switch and S2, S3 and S4 are 
8.pole, 8·way switches. The numbering of the positions 
of all switches is represented in the key. The posi. 
tion illustrated shows the combination S, 2, 4 and 2 
for S I to S4. All SI wafers are ganged; all S2 wafers 
as well: the $arne with S3 and 54. 

The indicator bulbs LPI to lP4 may conveniently be 
I '~V flashlight bulbs and. since not more than one 
can be lit at once, the circuit may be powered ade· 
quately by any small I· ~V bauery. 

The single pole l·way switch S6 is used to select the 
version of the game being played. If the last to play 
is to be the winner the switch should be in the upper 
position as illustrated, i.e. Sle connected to Sig and 
Slf wipers. The lower position is used when the last 
to play is to be the loser, i.e. Sle wiper connected to 
Sih wiper. 

The operation of the circuit is as follows. The 
positive terminal of the battery is connected via the 
main on/off switch SS to the wiper of Sla. If anyone 
or three of the switches SI to S4 are set at positions 
4, ~, 6, or 7, il will be seen thaI the supply voltage 
reaches lPI. which consequently lights up, while the 
remainder of the circuit is dead. If however none, 
IwO, or four of the switches are set at 4. S, 6. or 7, the 
supply voltage is transferred from lPI to the wiper of 
S ic. 

Now if anyone or three of the switches SI to S4 are 
set at positions 2, 3. 6, or 7, it will be seen that lP1 
will be lit and the remainder of the circuit will be dead. 
I f however none, IwO. or four switches are set al 2, 3, 6. 
or 7, lP2 is not lit and the voltage is applied to wafers 
SIe-S4e and Slf-S4r. 

-~ .. ":-::_ '.8" 

- . ..,;-, . . ~:.-
• 

The function of these "e" and "f" wafers is to dis
tinauish combinations. in which numbers greater than 
I are present, from those made up solely of I's and 
0'5. It will be seen that if one or more of S I to S4 
are set at a number higher than I, the supply voltage 
reaches the wiper of S I g via the 'T' wafers, which are 
wired in parallel. If, however, Sl to 54 are all set 
at the 1 or 0 posilions, the supply reaches the wiper of 
S6 via Ihe "e" wafer switches which are wired in 
series. Nevertheless, if S6 is set in the upper position 
(\ast player the winner) the supply again reaches the 
wiper of Sig. 

Now if anyone or three of SI to S4 are set al posi. 
tions I, 3,~, or 7. lamp lP3 will be lit. whereas if none. 
IwO, or four switches are set at I, 3,~, or 7, lamp lP4 
will be lit. 

When S6 is switched to Ihe lower position (last 
player the loser) the supply from Sle reaches the wiper 
of S I h instead of S I g, Now with one or Ihree switches 
set at posilion 1. lP4 is lit, whereas with none, Iwo, or 
four switches set at I, lP3 is lit. 

COMPONENTS • .• 

Switches 
SI 
52· " 

" " lPI -" 

Bauery 
'YI 

6-pole, 8-w~y w~rer Iwltch (I off) 
8-pole, 8,~y wafer swItches (3 off) 
Single pole, on-ofl" toule switch (I off) 
Single pole, two_w~y toule switch (I off) 
1·511 f1uhllght bulbs (4 off) 

1·511 dry battery 

MI$Cellaneous 
Four pointer knoln. four lampholden. box IO!ln >' 

5fin , " in. p ..... c. covered wire. 

• • • 
• • . -

'" 
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To summarise : if LP4 is lit , the switches are set at a 
winning combination ; if LPI, LP2, or LP3 is iii, thc 
switches are set at a losing combination and the 
highest unpaired power of 2 is respectively 4, 2, or I. 

Although the circuit shown in Fig. I u not incorrect , 
it is not necessary to make thc connections to positions 
2 to 7 inclusive on Slh, since Sih is only live when 
SI issetatOorl. 

LAYOUT AND CONSTRUCTION 
The photographs and Fig. 2 show a suggested layout. 

All thc components are panel mounted in what might 
conveniently be the lid of a box measuring approx· 
imately 100in x Siin x 4in . Pointer knobs are used on 
the swttches 51 to S4, and thc positions are numbered 
from 0 to 7. 

The positioning and labelling of the lamps LPI to 
lP4 is at the discretion of the constructor and depends 
to what extent he wants to give away the secrets of 
operating the computer. If he is prepared to commit 
to memory the functions of the various lamps then 
little or nQ labelling is necessary. In the suggested 
layout, LP4 (which indicates a winning combination) 
is labelled "Your Tum to Play" ana is coloured green. 
Lamps LPI to LP3, which indicate losing combinations 
are coloured red and are arranged within a triangular 
pattern of numbers (see Fig. 2). The significance of 
this is that the correct move for the machine involves 
turning a switch set at any or the four numbers im· 
mediately surrounding the illuminated lamp. 

Little need be said about the wiring or the computer. 
It is recommended that the connections between the 
wafers and contact tags should be made on each of the 
switches SI to 54 before the interconnections between 
these switches are made. It will be noted that for tbe 
a- and b-wafers. the 0, I, 2, and 3 positions on one 
wafer are connected to the 4, 5, 6, and 7 positions on the 
other wafer. For the c- and d-wafers, the 0, I, 4, and S 
positions on one wafer are connected to the 2, 3, 6, and 
7 positions on the other, while for the s- and h-warers, 
the odd numbered positions on one wafer are wired 
to the even numbered positions on the other. 

"6 

PLAYING " NIM" ON THE COMPUTER 
The contestant who wishes to challenge the com

puter is invited to set any combination of numbers he 
pleases on S I to S4 and also to set S6 at the position 
of his choice. The game consists in the machine 
operator and the contestant turning back the switches 
to zero according to the rules of " Nim" (i.e. for each 
move anyone switch may be turned back as far as 
desired), and the winner is as indicated by S6, 

All the machine operator has to do is to observe 
which bulb is lit, note the numbers around this bulb. 
find a pointer that is set at one of these numbers and 
then turn this back until the green bulb U lights. If 
the contestant allows the machine to decide who play! 
first, then the machine will inevitably win if operated 
as described above. If a particularly "difficult" 
contestant disputes the machine's initial indication of 
who is to play first , the operator should switch off SS 
before each tum of the contestant . Any mistake by 
the latter will then allow the machine to take control 
and win. 

ALTERNATIVE SWITCH COMBINATIONS 
The machine described above can be built for about 

£4. Similar design principles can however be used 
to build either larger or smaller machines for various 
outlays. Suitable switch combinations are listed 
below. 

Number 0( switch 
positions (WIIYS) 

3 or 4 
S to 8 'to 16 

11 to 32 

Tabl. I 

Switches requ ired 

4 poles 
6 poles 
8 poles 

10 roles 

TW'O lit more .... ith 

6 poles 
8 poles 

10 poles 
12 roles 

If the winner/loser changeover facility represented 
by S6 is not required, each switch may have two poles 
lcss, The game is trivial with only two switches. * 



LEARN 
ELECTRONICS 
AS YOU BUILD 

CIRCUITS 

over EXPERIMENTS 
TEST GEAR 

including . s s 

. CATHODE RAY OSCILLOSCOPE 
. Valve Experiments Square Wave generator 
. Transistor Experiments Morse Code Oscillator 
. Electro-magnetic Experiments Simple Transmitter 
. Basic Amplifier Electronic Switch 
. Basic Oscillator Photo-electric circuit 
. Basic Rectifier Basic Computer Circuit 
. Signal Tracer Basic radio receiver 
. Simple Counter A.C. Experiments 
. Time Delay Circuits D.C. Experiments 

The full equipment supplied comprises: valves, transistors, photo-tube, modern type chassis board; printed circuit board; full 
range resistors, capacitors and inductors; transformers; potentiometers; switches; transistors; valves; all hardware, wiring and 
every detail required for all practical work plus CATHODE RAY OSCILLOSCOPE for demonstrating results of all experiments 
carried out. All practical work fuily described in comprehensive PRACTICAL MANUALS. Tutor service and advice if needed. 

This complete practical course will teach you all the basic principles of electronics by carrying 
out experiments and building operational apparatus. You will learn how to recognise and handle 
all types of modern components; their symbols and how to read a completed circuit or 
schematic diagram. The course then shows how all the basic electronic circuits are constructed 
and used, and HOW THEY ACTUALLY WORK BY USING THE OSCILLOSCOPE 
PROVIDED. An application is given in all the main fields of electronics, ¡e. Radio; control 
circuits; computers and automation; photoelectrics; counters, etc., and rules and procedure 

for fault finding and servicing of all types of electronic equipment. 
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- - - - 
A completely NEW up-to-date POST NOW FOR FREE BROCHURE ' 

I, 4. ii ßvnerimental cours bu I To: BRITISH NATIONAL RADIO SCHOOL, READING, BERKSHIRE. Please .ome su.y '-'sr i send free Brochure, without obligation, to: 

BRITISH NATIONAL I NAME ................................................................ 
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SMALL FULLY ENCAPSULATED PLASTIC CASED 
These new T.C.C. small plastic-cased electroly- 
tic capacitors have been specially developed for 
vertical mounting on printed circuit boards, and 
are designed for operation at temperatures from 
-2O C to +7OC and for intermittent operation 
up to 85°C. Three case sizes are available 
in rated voltages up to 50V. The standard 
tolerance of the range is -20% +100% of rated 
capacitance. The anodes are of super-purity 
alurniniuni, with alt-welded internal connections. 
A special electrolyte ensures low impedance at 
all frequencies in the audio range. 

LOW LEAKAGE CURRENT & LONG LIFE- 
leakage in iA = 002CV.±20. 

TERMINATIONS OF STEEL CORE 
COPPER WIRE- 

specially solder coated for fast, ripple solder- 
¡ng technique. 

QUICKER ASSEMBLY 
Steel cored wire gives precision acceptance of 
capacitors when inserting into punched 
printed boards. 

QUICKER IDENTIFICATION 
Colour coding and embossed values enable in- 
stant selection of the right capacitance and 
voltage. 

HIGHLY COMPETITIVE PRICES 
For fu/I details please write for Technical Bulletin No. 102 

See the Longfellow hi-fi cabinet in 
Room 447, Audio Fair, Russell 
Hotel, W.C.I (April 22-25). 

See how this superb cabinetwiI! take 
you r records, turntable, tape-recorder, 
amplifier and tuner--all within its 77 
inches length. Hifi? 

Write now for catalogue of full range and nearest stockist (UK only): 

(Dept. PE4) Brook Road, London, N.22 
Telephone : Bowes Park 7487 
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GUITAR AMPLIFIERS 
WITH TREMOLO 

- - Five jack socket 
iflputs, four - with 
separate in ixing 

(F' ' olume contiols, and 
"\ one input sti tight 

T ' 

w, ? ',uit ihie foi all types 
'4 nl zuitars and micro- 

jiliones Septrtte 
, .-, BiSS md Treble con 

:. ' - . 
trois, giving a wide 

_i , _/ range of lift aid cut. 
. 

,p Separate master gain 
. 

s,, control. Tremolo 
.. . . speed and depth 

...- , controls. Jack 
socket for remote 
tremolo switching. 

Outputs for 3 and 15 ohms speakers. Valves used in the 30 watt and 
50 watt amplifier ECC83, EOCS3, EL34. EL34, GZ34. In the 15 watt 
amplifier ECC83, EC083, EL84, ELS4, EZ81. Au extra valve ECC83 is 
used in the tremolo circuit. 'The chassis is complete with baseplate and 
i; solidly made of 18 gauge steel, finished silver grey hammer. 
Size 12 x S X 6 inches high. 
PRICES- 
50 watt with tremolo ................................... £20.1O.O 
50 watt less tremolo .................................. £19.1O.O 
30 watt with tremolo .................................... £1.1O.O 
30 watt less tremolo .................................... £14.1O.O 
13 watt with tremolo .................................... £12.1O.O 
15 watt less tremolo .................................... £ll.iO.O 

Add carriage 10/. any amplifier. Send for free descriptive leaflet. 
CREDIT TERMS ARRANGED 

STROUD AUDIO 
PAGANHILL LANE, STROUD, GLOS. Stroud 783 
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THIS <lrt.fde completes the series ilJustrat!n, some of the mlny uses of neon lamps.The 
neons employed lire all min iature wire ... nded types as shown Ibovt. 
Two examples which are Ideally suited to thue applications are those supplied by 

Radlospares (striking volUle 6S '1'011$). and the Hi"'ilc type 3l,enen.1 purpose neons. The 
luter type requires a strikinl volu,,, of 80 volts and maintalnin, voltage of 60 volts. 

Some neon ind icators have ill resistor wired In series with one of the neon wires to make 
them suitable for mains vottales . These would normilily be unsuitable for the circuits 
described unless the resinor is removed or short-circuited . 

TEN VOLUME LEVEL INDICATORS 

J UI)GING by the wide differences in volume level 
settings, adopted by members or the family when 

adjusting the radio or television, the ear is not neces· 
sarily the best device for deciding optimum volume. 
Neons have already been used for peak and overload 
recording level indicators on tape recordc t1l and the 
circuit shown here is quite suitable for this application. 
However, its use may be extended to indicate volume 
level on mains operated domestic receivers. 

There are only three con nections to be made to 
incorporate this refinement . 10e potential divider 
chain across the h.t. supply AD is symmetrical; one 
end connects to h.t. positive, the other end connects 
to the common line or chassis. Connection C, the 
junction of the two series resistors of Ihe neons, 
is taken to the anode of Ihe oulput valve. The preset 
controls should be adjusted so Ihal one neon glows on 
the accepted peak output and Ihe other glows if the 
volume level is excessive. 

The neon indicalot1l can be mounled to protrude 
through Ihe fronl panel of Ihe set. As the h.t. voltage 
may be between 200 and 300 volts, care must be taken 
to ensure Ihat none of Inc ..... iring is exposed . The 1 ..... 0 

by R. Bebbington GRAD.I.E.R.E. 
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preset potentiometers VRI and VR2 may either be 
fitted to the chassis of the set or may be mounled on a 
small paxolin panel together with the two fixed resistors 
RI and R2. * 

mmmmmmmmmmmm~~m~~~~~~~m~~m~mmmmmIDm mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm 
Ii PRACTICAL WIRELESS Ii Ii PRACTICAL TELEVISION Ii I JUNE I iii JUNE iii 
I 

* Sub-mini .. lu •• 300 mW Amplifi., ~!II * Id .. s fo, Am.t.u. TV !II * " lmp •• i.I" 3 I.nd T,.nsmitt.t ~!l! ** Add-on Sync urK.lI.d Auto-G.in Unit ~ * Th. R.dio Colilelo' w i!I S.rvicing Without. M.nu.1 ... 
m * Tr.nsisto, 5., 100". , m I * Pinpointing the Troubl. A,... m 

~:!!~~~!J m On sale M~mm~~mm!1 
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THE mandolin. which has for some time been popular 
with [olk-song singers, is now beginning 10 appear 

in conjunction with the electronic guitar in "pop" 
groups. Although in itself adequate for solos, il 
requires amplification to compete in harmony with 
other instruments. 

Fortunately. it is a fairly casy and inexpensive task 
to modify an existing mandolin provided it meets 
certain requirements. The modification described 
herein will add an electronic pick-up. a volume control, 
vibrato control and a bass lift control. Two jack 
plugs and one 4-way cable (or two 2-way cables) 
connect the mandolin to thc amplifier. The electronic 
Guitar Amplifier (described in the February and March 
1965 issues of PRACTIC .... L ELECTRONICS) should be 
modified (or low impedance input as shown elsewhere 
in this issue. The mandolin provides a low impedance 
input. 

Although designed for this particular amplifier. the 
mandolin can be used with a high impedance input 
amplifier, provided that a matching transformer of 
about 50 : I step·up ratio is connected bet ..... een the 
output of the mandolin and the input of the amplifier. 

At current prices the overall cost of the modification 
is reasonably small-approximately £2. Allowance 
should, of course, be made for the cost of the amplifier 
which, if a commercial item, would be fairly expensive. 

The prototype is a twelve-stringed instrument, but 
the standard eight-string mandolin adapted as des
cribed can be very effective. The aperture under the 
strings must be large enough (or enlarged) to allow 
access for small fingers to fit the electronic components. 
including the pick-up, which spans the aperture. The 
photograph in Fig. I shows the prototype, which is a 
left-hand instrument ; right.handed players should 
follow the component location instructions but keep 
in mind that their instrument will be a "mirror image". 
The switches, jacks and volume control for a right
hand instrument would be on the opposite side. The 
pick-up and all wiring connections will suit both types, 

PICK-UP 
A little information on pick.ups may be of interest 

before actually going into the constructional details. 
The fundamental item in any eleclro.magnetic pick-up 
is a permanent magnet with two "polcs", one north, 
one south. These are not always easily recognised in 
the shape of some magnets, but the type of "button" 
magnet used in this modification (see components list) 
has two very prominent "polcs" or stubs. If a yard 
or two of insulated wire is wound round one pole and 
a sensitive milliammeter is connected to the ends of the 
wire, the meter pointer or "needle" will remain motion
less at zero. But if a steel or iron nail , screwdriver. or 
other steel object is touched on to the pole, the needle 
will "kick" one way or the other, showing that an 
electric current has passed momentarily through the 
wire around the pole. Remove the nail, and again 
the meter will kick, but in 1M opposite direction. 



Now move the nail swiftly across the pole. very close 
but not touching: the meter needle will move in 
sympathy, showing that , as long as the magnetic field 
around the pole is interrupted, there will be an electric 
current induced in the wire. 

Now we can see the basic guitar pick.up action. 
Instead of moving a nail across the pole. let us sct a 
steel guitar str ing in vibration above thc pole. Current 
will be generated in the wire, this current being related 
to the speed, or "frequency" at which the string passes 
to and fro over the pole. Since "frequency" is another 
name for a "musical note", the frequency of the pick-up 
signal current represents the note which is produced 
when the string is plucked. This current is fed into a 
powerful amplifier to obtain a larger "output" current. 
truly representative of the input or pick-up signal 
frequency. to drive a loudspeaker. The sound we hear 
from the louds~aker is the same musical note produced 
by the string, but very much more powerful. 

The pick-up used in this instrument follows the 
foregoing prineiples but the sensitivi ty is enhanced by 
having both poles of the magnet under the strings. In 
Ihis way, the magnetic field is increased so that the 
vibration of the strings will generate a larger cu rrent iTl 
the pick-up winding. Magnets used arc the button 
type (manufactured by James Neill & Co. (Sheffield) 
Ltd.), and are obtainable from ironmongers. 

PICK.UP CONSTRUCTION 
Obtain a piece of brass plate aboul 4in by 2in by 

Ain. The length wi11 de~nd on the width of aperture 
in the mandolin and should be long enough to be 
bolted on either side of the aperture. Shape the plate 
as in Fig. 2 then draw a centre-line along its length to 
mark the positions of holes "a" and "b". Slip the 
plate under Ihe mandolin aperture and mark on to the 
plate the position of each group of sirings, while the 
plate is centrally positioned. In some mandolins it 
may be necessary to slacken the strings to insert the 
plate in the aperture. See that Ihe strings are in their 
correct positions on the bridge before marking the 
string positions on the plate. Now mark the edge of 
the aperture on the left and on the righi, and the foot of 
the aperture (i.e. side nearest the bridge) ; this should 
be very close to the edge of the plate. 

Remove the plate. Place an "Ecl ipse" iin diameter 
button magnet in turn above each pair of lines represent· 
ing each group of strings. Stagger the magnet positions 
as shown in Fig. 2 to obtain clearance between magnets. 
and mark through the centre hole in the magnet. 
Remove the magnet. Halfway between the edge of the 
plate and the outline indicating the left-hand edge of 
the aperture. mark the position of securing hole "a". 
Treat the right.hand edge in the same way. Drill all 
of these marks, using a No. 32 drill, then tap the holes 
for 4B.A. screws. 

Obtain four lin by 4B.A. countersunk head screws to 
secure the magnets to the plate, and temporarily 
assemble the magnets. Mark and drill two holes '!\.in 
diameter, alongside the two outer magnets at positions 
"c" and "d" to carry connecting wire. (See Fig. 2.) 
Place the magnet assembly in position abol'" the aper
ture and mark through the securing holes "a" and "b" 
on to the mandolin. Remove the assembly and drill 
the mandolin for 4B.A. clearance (No. 26 drill) where 
the plate is to be attached. 

MAGNET HEIGHT 
Tighten the two outermost strings until just tau\. 

Slip the magnet assembly under the wires and into the 

aperture. holding it firmly against the inside of the 
body and in its intended position. (Assistance may 
be required during the next step.) With the magnet 
assembly firmly held. press the nearest outer stting on to 
the fret wire nearest the magnets and note the gap between 
string and magnet. If the gap exceeds -hin packing 
will be required between magnet and plate. Check 
the magnet gap at the other outer string, whilst pressed 
on to the fret wire, and again determine whether packing 
is wanted . Remove the magnet assembly. dismantle 
the magnets, and by adding washer(s) between magnet 
and plate raise the magnets as required . When finally 
assembling the magnets, note that one side of a magnet 
tends to pull towards its neighbour but the other side 
will not "stay put" and turns away. Fit the magnets 
so that the repelling sides (like poles) are adjacent; 
this prevents a magnetic "short-circuit". 

WINDING 
Pass a turn of self-adhesive ta~ round one limb of 

each magnet to prevent the wire being damaged on the 
corners of the magnet. Using JO S.w.g. enamelled 
copper wire, pass about eight inches of the wire through 
hole "d" alongside the right-hand magnet. Small 
grommets or sleeving should be used on the end to 
prevent chafing on the plate. Wind SO turns on one 
limb of each magnet. observing the winding direction 
shown in Fig. 2. Add a touch of glue to each winding 
and around the sleeving to prevent them coming adrift, 
then leave the assembly to set. While the glue is 
setting, a cover for the magnets can be formed from 24 
S.W.g. sheet brass bent into a U-sha~. The top of the 
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U can be allowed to rest on the magnets. and the limbs 
of the U held to the assembly plale by soldering at 
four points. Polish the surface of the cover and apply 
a de-ar lacquer (or "banana oil" from a model shop). 

WIRING 
If the mandolin is to be used with the guilar amplifier 

described in the February 1965 issue, you will need in 
addition, two jacks with plugs, two toggle or push
switches, and one volume control. If the mandolin is 
to be used with a dilTerent amplifier, you will need only 
one jack with plug and the volume control. 

The prototype shows the controls on the left for a 
left-handed player; for a right.handed player. the 
sockets and switches will be on the right-hand side of 
the mandolin body, and the volume control on the 
right of the strings, i.e. the mirror image of the layout 
shown in Fig. I. 

When cutt ing holes for the controls, use a twist-drill. 
not a "wooci-cutting" bit, as the latter may splinter 
the veneer or split the top surface: loosen all strings so 
that the top surface is free from strain. Position the 
\'olume control so that the knob can be readily turned 
by a finger when the hand is in a playing position. The 
switches should also be easily operated without notice
able delay when playing. Hole dimensions are not 
given si nce they depend on the actual components used. 

Connect the components as shown diagrammatically 
in Fig. 3. leaving sufficient wire between them to allow 
fitting in their allotted positions. Ch«k each con
nection by tugging fairly fi rmly. If the wire comes 
away easily, a "dry" joint is evident; the wire will 
have to be feconn«ted and soldered properly. When 
assured that all joints are sound. fit the components 
into the mandolin, leaving the wires from the 
volume control. for connection to the pick-up, emerg
ing from the aperture. Now tit the pick-up in position; 
chrome finish countersink head screws are quite effective 
on a polished surface. Slip a l in piece ofsleeving on to 
one wire from the volume conl rol, about iin of the 
end of this wire and about iin of one of Ihe pick-up 
wi~. Twist these wires together alollg their lengths, 
solder the connection. then slip the sleeve over the 
connection. If the sleeve is loose. a spot of glue will 
keep it in place. Treat the other pick-up and volume 
control wires similarly. then tuck them back inside the 
mandolin body. This completes the mandolin, apart 
from tightening and tuning the strings. 

Two unscreencd twin-wire cables taped together at 
intervals (or one 4-wire cable), carry the pick-up output 
and the vibrato and tone control circuits. These 
should be connected as shown in Fig. 4. The drawings 
are based on the use of the PRACTICAL ELE(TRONICS 
guitar amplifier with the modification described 
elsewhere in Ih i~ issue. Only one cable is required 
(cable (0) in Fig. 4a) if the mandolin is used on other 
amplifiers, but a 50: I malching transformer is 
necessary if the amplifier has no low impedance 
input socket. Fig . .s iIIustrales a matching trans
former with a jack plug to connect il to a commercial 
amplifier. 
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WHY NOT VISIT THE NEW KEDECO SHOWROOM 
at 76 VICTORIA_ROAD, SWIN DON? 

KEDOCO CLASSIC 20 WAT i TRANSISTORISED AMPLIFIERS 
NOW AVAILABLE IN THREE ALTERNATIVE DESIGNS 

SS2O/9 19 GNS TECHNICAL SPECIFICATION 
A beautiful table model ver- All three models employ similar circuits, 
sion with its own power sup- have the same electrical specifkation and 

iii 
ply and in keeping with the are fully transistorised. Six silicon planar 
modern trend to build hifi 
systems from self contained transistors and two germanium power. 

separate and compact units. Two diodes. All have benefits of 
Ready to operate and to con- negligible noise and distortion, high 
nect to tape, gram and radio efficiency, low power consumption, corn- 

SS2O/7 £9.19.6 SS2O/8 I I GNS via coax sockets at the back pact design and no warm up time when 
of the cabinet. The amplifier switching on. The amplifiers are D.C. 

The now well proven model as iltus- A de luxe version complete in itself and ready and power supply are housed coupled througJout (no distortion) and 
to mount into your cabinet. Supplied with in an attractive pressed steel there is a transformerless coupled output 

trated comprising pre-amplifler three controls mounted on the front of the case finished in a subdued havingaverylowoutputimpedance.Power 
stove enamelled chassis and has moulded grey stoved enamel and em- output, 20 watts peak into 3 ohm speaker. 

measuring 47" 23" and main plastic and spun aluminium control knobs bellished with a gilt brushed Input impedance, selected to suit input. 
amplifier measuring 45 4" both fitted as standard. A tag strip mounted on aluminium front panel en- Output impedance, 025 ohms. Bass boost, 

the back of the chassis in addition to facilitat- graved and displaying the four 12 dB at 100 c/s max. Treble boost, 12 dB at 

mounted on base plate and supplied ing the LIS and H.T. connections provides controls.Treble, bass,volume 16 Kc/s max. Distortion Ol) typical. 
separate inputs for crystal, ceramic cartridge, on/off and three position Frequency response, ¡6 c/s to 20 Kc/s. 

complete with bass, treble and magnetic pick-up, radio and tape recorder. input selector. Cabinet Noise, 80 dB down on max output. Power 
The max. dimensions of the whole unit are measurements 12M 65 requirements, SS2O/7 and SS2O/8 only. 20 

volume on/offcontrols. 6" ï. 9" x 2. V 2l. mA quiescent. 3 amps peak. 30 volts. 

THE FINEST RANGE OF TAPE RECORDER KEDOCO u N DOUBTEDLY COMPONENTS 
EQUIPMENT ON THE MARKET TODAY A COMPLETE 

THE COMPLETE 12 VOLT SYSTEM TAPE OSCILLATOR SSOI3 
RANGE TO 

SATISFY ALL 
YOUR NEEDS 

T APE PRE-AMP SSTR/7 
_________ Complete unit incorporating push pull silicon transistor 

Record pre-amp oscillator giving adequate erase power and recording bias. 
All silicon transistor. Zero hum. High gain and equa- SR/8 couples 

SSH/9 to ribbon The only unit on the market at such an economical price. LENER DIODE used at 7" per sec. to give flat response output. 
Simple mod. described in accompanying instructions a nd d y n a m i c 

mic High gain 
Ferrite pot core oscillator. Frequency 50-60 Kc/s. Unit also 
provides high voltage D.C. rail for the record amplifier. A Silicon planar dii- 

allows equalisation at all speeds. Suitable for all medium a i s i i 
i c o n high efficiency oscillator operating from 12 voIt fused units featuring 

impedance heads. Dimensions 
29/6 40x50x IS mm. ASSEMBLED 

transi stor. supply at approx. 250 mA. COMPLETE 69/6 
very sharp knee. 
Type No. 29/6 Dimensions 90 SI > 35 mm. specifies 
voltage. KZS.I 

MINICLASSIC PRE-AMP 
______ ______________ ___________ 

Types KZ7.5, KZ5.6 

SSPAI5O RECORD AMPLIFIER SSH9/3 KZ8.2, KZ6.2 
KZ9.I. KZ6.8 

Tone controlled high gain preamplifier Fully transistorised. High voltage H.T. rail de- 10% tolerance. 
designed specially for application with the rived from oscillator. Provides substantially Slope resistance 
553/IO. All silicon transistor. Zero hum constant current record signal. I volt input nominally IO ohm 
requires 12 volt H.T. Dimensions sensitivity. Input impedance 5 k. Power re- at SmA, I. 
Separate inputs for crystal 70 40 35 mm. quirements I mA 75 V. derived from SSOI3 and Dissipation 250 mW 
ceramic cartridge and radio. 

42/ 
I mA ¡2V. This is a gain stabilised 
low distortion circuit. Dimensions co- 

ASSE M BLE D 
45 X 40 X 20 mm. ASSEMBLED 45/ efficient 0.01% per 

degree C. 
MINICLASSICSS3/9ANDSS3/1 O 3/11 each 
Two highfidelityamplifiers providing adequate 

for domestic listening 

SSTR/7 

PLANAR EPITAXIAL 
KPS 24 

7/II _________________________________ 
power normal or port- 

POWER SUPPLIES KPS 25 able equipment. The SS3/9 is the more power- ______ _____ 
I ful and provides a maximum of 6 watts into a 30 voIt, 3 amp. Resdy SILICON TRANSISTOR KPS 26 

3 ohm speaker. The SS3/9 provides 4 watts 
____ 

built and ideal for your Ill- 
into 3 ohms and has the advantage of working Kedoco Classic and COLD PLATED, ALI WELDED KPS 27 
from a 12 volt rail. SpecifIcation: Frequency . will power 2 of them. 16/6 
response. 16 c/s to 30 Kc/s. Input Sensitivity 

69/6 
Double diffused npn. Suitable from audio to 

I volt. Both will operate directly from crystal 

1.T::rE14 

RF power applications. '('O less than ¡00 nA. 
pickup and make complete tape amplifier with Bvcio greater than 20 volts. Power output at 
SSTR/7. 6 transistor 2 diode. HT H SS3/9 

18 volt I amp 5 9/- 28mc/s typically 300mW. Emitter/base break- 
18 volt. SS3/lO 12 volt. Dimensions 50 ' 105 ________ down voltage greater than 5 volts. Typical 
< 22 mm. ASSEMBLED 12 volt I amp 59/- Ft300mc/s.hreKPS24mìn.hre2OKPS25min. 

69/ Both models SSPA/50 50. KPS 26 and 27 are two special low level 
transistors specially designed for front end 

RADIO I TV/FM DC\C\V amplification. Hie at le 200LLA, 25 and 40 
min.respectively. 

MICROPHONE 
80-lOo mc/s. F.M. Proven perform- 
ance. A quality product. Profes- 
siorially engineered. All silicon 
transistor. Dimensions 20 mm. >' 

55 mm. X 45 mm. Ideal for stage 
work, intercom. broadcast clarity 
and remarkable sensitivity. 

SSOO7 (standard power) £9.9.O 
SSOO8 (increased power) £13 

BÒO'STER 
WHY PUT UP WITH A WEAK 
PICTURE. Suitable for Bands I and 
2. Battery operated. 

Mains operated 
Dimensions model housed in 

80x 50x20 mm. steel case and 

323 covering Band 
I Ill in addition. 

COMPLETE Dimensions 60x 
20x45 mm. 45/- 

DL11 
Theory and applications 

of planar epitaxial tran- 

sistors. Explains sig- 

nifìcance of these new 

transistors and gives 

many interesting cir- 

cuits. 

ORDER FORM : To KEDOCO ELECTRONICS, Sales and Mail Order Dept.: 

PLEASE SUPPLY __________________________ ADDRESS 

Enclose Cheque/P.O. for .. ... . . all orders under LI 
Postage 2/6 extra for 

3/11 

RESISTORS % watt HYSTAB 
4.7ç 0, 27, lOO, ISO, 270, 470, I K, 15K, 22K, 
33K, 47K, lOK, 15K, 18K, 24K, 33K. 56k, 
lOOK, 330K, 560K, IM. 5d. each 
ELECTROLYTIC CAPACITORS 
8F, lOiiF, 30.zF, 50iF, lOOiF. ISV. 

all at 1/3 each 

MYLAR CAPACITORS 
l,000pF, 2,000pF, 6d. 5,000pFand 0$ jif 
7d. 002.tF, 9d. 0Si.F, lOd. 0l F, 1/-. 

76 VICTORIA RD., SWINDON, WILTS. 

All KEDOCO products are fully guaranteed and should you not be completely 
satisfied with your purchase we will gladly refund your money if your purchase i 

returned within seven days of receipt. 

423 

PDF compression, OCR, web optimization using a watermarked evaluation copy of CVISION PDFCompressor

http://www.cvisiontech.com


BARGAIN XTAL PICK-UP ARM Complete with 
ACOS LP-78 Turnover Bead and Stylii 20/-; Stereo 30 -. 

SPEAKER FRET Tygan various colours, 52m. wide, from 
10- fi : 26m. wide from 5:- it. SAMPLES S.A.E. 
EXPANDED METAL Gold or Silver 12 12 in. 8 -. 

FULL WAVE BRIDGE SELENIUM RECTIFIERS: 
2, 6 or 12 y. outputs, 1 amp., 8 9; 2 a. 113; 4 a.. 176. 
CHARGER TRANSFORMERS. Tapped input 200'250 y. 
tor charging at 2. 6 or 12 y., 1 amps.. 156; 2 amps., 17/6; 
4 amps., 25, -. Circuit included. Amp meter 5 amp, 1O6. 

MOVING COIL MULTIMETER TX 25. 
04,000v. A.C.ID.C., obma O to 100k. etc., 
MOVING COIL MULTIMETER EP1OK. 
0-1,000v. A.C.ID.C., ohms O to 3 meg. etc.. 
MOVING COIL MULTIMETER EP2OK. 
0-2,500v. D.C. 20,000 ohms per volt. 0-1.000v. A.C. 99 '6 Ohmi O t') 6 meg. 50 Micromps full scale. 

NEW MULLARD TRANSISTORS 
0071 6-: OC72 76; OC81D 76; 0081 76: AF115 10 6: 
AF114 11'-; 0C44 8 : 0C45 8 ; 0C171 9 ; 0C170 8 6; 
AF11? 98. 0C26 126; Transistor Holders i 3. 

VALVE HOLDERS. EA5O 6d. MOULDED mt. Oct. 6d. 
Mazda Oct. 6d. ; B7G, B8A, B8G, B9A. 9d. : B7G with can 
1,6. B9A with can 1,9. Ceramic OCTAL, EF5O, B7G, 
B9A. 1- Valve base plugs B7G, B9A, mt. Oct., 2/3. 

TRANSISTOR MAINS ELIMINATORS 29 6 
PP1-6 volt, PP9-9 volt (All same sizes as batteries) 80 mA. 
DOUBLES 42:6. PP1 +PP1, PP9 +PP9, PP11-4 +4A. 
POWER PACK 9v. 300 mA. Full wave. Fully smoothed. 
Tapped mains input. Chassis size 5 4 2 in. 45'-. 

WEYRAD P50 - Transistor Coils 
RA2W 6 in. Ferrite Aerial Spare Cores .................. ßd. 
with car aerial coil ...... 12,6 Driver Trans. LFDT4 ...... 9/6 
Osc. P5O1AC ............... 5/4 PrintedCircuit,PCA1. Ready 
ist and 2nd I.F.P50 2CC drilled and printed ........ 96 
470 kc;s ............... each 5/7 J.B. Tuning Gang ........ 10/8 
3rd IF. P50. 3CC ......... 6- Booklet ........................ 2!- 

Volume Controls 80 Ohm Coax 6d yd. 

Long spindles. Midget Size Semi-air spaced Cable 
s K. ohms to 2 Meg. LOG or 40 yd. 17 6. 60 yd. 25..'-. 
LIN. L S 3 -. D.P. 5-. Low loss 5dB. per 100!t. 
Stereo LS 106, D.P. 14 6. at 500 mcs. 
Linear or Log Tracks. Ideal 625 lines I yd. 

COAXIAL PLUG 1'-. PANEL SOCKETS i -. LINE SOCK- 
ETS 2!-. OUTLET BOXES, SURFACE OR FLUSH 46. 
BALANCED TWIN FEEDERS 6d. yd., 80 or 300 ohms. 
TELESCOPIC CHROME AERIALS. 12m. extends to 33m 
6,6 each. CAR AERIAL PLUGS 16. Sockets 1,3. 

1966 GRAM 
CHASSIS 

Three Wavebands: Five Valves: ECH81. 
Long., Med., Short. EF89. EBC8Ì. EL84, EZ8O. 
12-month guarantee. AC. 200-250 y. Ferríte Aerial 
A.V.C. Negative Feedback. 5 watts 3 ohm. Chassis 
13!in. 7m. high 5m. deep. Glass dial size 13m. din. 
horizontal wording. Two Pilot Lamps. Four Knobs. 
Aligned calibrated. Chassis isolated from mains. 

BRAND NEW £1010.0 PostFree 
With SPECIAL 12m. BAKER loudspeaker15.1O.O 
STEREO RADIOGRAM CHASSIS £14.19.6 Post 5.6 

With Long, Med. and Short Wavebands, 15m. x 7m. x 9m. 

HIGH GAIN TV. PRE-AMPLIFIER BAND I B.B.C. 
Tunable channels i to 5. Gain 18 dB. ECC84 valve. Kit 
price 326 or 55,- with power pack. Details 6d. PCC84 valves 
if preferred for O.3a heater chains). 
BAND III I.T.A.--same prices. Tunable channels 7 to 13. 
Band I or III. Coils and circuit only, 9/6. Chassis 49, 
B.B.C. 2 Super Booster transistor model. Ready built 75 -. 

BLANK ALUMINIUM CHASSIS. 18 s.w.g. 2in. sides, 
7 4m., 56; 9 " 7m., 6/6; 11 . 3m. 6;6; 11 7m. 7,6; 
13 9m. 96; 14< ihn. 12,8; 15' 14m., 15'-. 
ALUMINIUM PANELS 18 s.w.g. 12 12m. 5/6; 14 9m. 
4,6; 12 Sin. 3 6; 1O7mn. 2:9; 8 '6m. 2- 6. 4m. 1,6. 

NEW GARRARD GRAM MOTORS 
aso suitable for models, tapedecks. fans, etc. 

I 00- I 30 y. A.C. I 5/- pair for 200/250 y. (in series) 

B.S.R. TAPE DECK AMPLIFIER T.D.2 
With Pre-Amplifier. Oscillator, all valves, " magic eye" 
tuning indicator, matching 7" '. 4 loudspeaker and crystal 
microphone. 4 watt. 3 staee amplifier especially built for 
B.S.R. T.D.2. Tape Deck. Bolts directly to tape deck chassis. 
Only six connections to solder. Inputs for mike and radio 
gram. Output 3-5 ohms. A.C. 200 250v. Ready built. 
PRICE £8.150. 

B.S.R. T.D.2. TAPEDECK £6.150. CABINET £310.0. 

RETURN OF POST DESPATCH Minimum P.P. Charge ¡/6 per order unless otherwise stated. Full List 

* RADIO BOOKS * (Postage 9d.) 
At a glance Radio Valves and TV. Tube equivalents . . . 

Radio, T.V. Valves, Diodes, Transistor equivalents ...... 10/6 
Mullard Maintenance Manual ................................... 18/- 
High Fidelity Speaker Enclosures and Plans ............... 5/- 
Transistor Superhet Commercial Receivers ............... 

............................ 

'16 
Mullard Audio Amplifier Manual 8/6 
Radio Valve Guide, Books 1, 2, 3, 4, or 5 ............ each 5/. 
Practical Radio Inside Out ..................................... 4/6 
TV Fault-Finding, fully illustrated ........................... 6f. 
Transistor Audio Amplifier Manual ........................ 6f- 
Shortwave Transistor Receivers ............................... 5/- 
Transistor Communication Sets .............................. 6/- 
International Radio Stations Lut ........................... 216 
Modern Transistor Circuits for Beginners .................. 7/6 
Sub-Miniature Transistor Receivers ........................ 5/- 

JACK SOCKETS Std. open-circuit 28, closed-circuit 4/6. 
Lead Socket 6'-, Grundig 3-pin 13; Lead 3.6. 
Phono Plugs 1,'-. Socket 1.'-. Banana Plugs 1, -. Sockets 1f-. 
JACK PLUGS STANDARD. Screened 3/-. Grundig 3-pin 3/6. 
BULGIN NON-REV PLUGS and SOCKETS. P74 2-pin 4/3; 
P73 3-pin 46; P194 8-pin 6,6; P466 6-pin 12 8; P360 4/-. 
RESISTORS. Preferred values, 10 ohms to 10 meg. 
1w., w.,1w.,20",, 4d.; 1' w.8d.;2w. 1,'-; w. 10°,, 6d. 
HIGH STABILITY. , w. 1",, 2,'-. Preferred values. 
10 ohms to 10 meg. Ditto 5°., 10 ohms to 22 meg., 9d. 

5 watt I 0.5 to 8.2 ohm 3 w. 1,6 
10 watt I. WIltE-WOUND RESISTORS 3 1/9 
15 watt 10 ohms to 6,800 ohms - 2/- 
10K, 15K, 20K, 25K, 10W. 3 - 
MAINS DROPPERS. Midget. With sliders. 0.3 a., 1K.. 
0.2 a., 1.2 K., 0.15 a., 1.5 K., 0.1 a., 2 K., 6,- each. 
LINE CORD 100 ohms lt. twin plus resistance. 1 . It. 
WIRE-WOUND 3-WATT WIRE-WOUND 4-WATT 
POTS. Miniature T.V. STANDARD SIZE POTS. 
Type. All values 10 ohms LONG SPINDLE VALUES 
to 25 K., 3,- ea. ; 30 K. 4/-; 50 OHMS to 50 K.. 6/6; 
Carbon 30 K. to 2 meg., 3f-. 100 K. 78. 
ARDENTE TRANSISTOR TRANSFORMERS 
D3035, 7.3 CT : 1 Push Pull to 3 ohms for OC72, 0081 . . iij- 
D3034, 1.75 : 1 CT. Push Pull Driver for OC72, OC8L . . 11/- 
D3058, 11.5 : 1 Output to 3 ohms for OC72, OC81 . . 11f- 
D2.39. 4.5 : i Driver 11/6; D240, 8.5 : 1 Driver ....... 11/6 
ARDENTE TRANSISTOR POT. 5 K. switched VC1545 513 
Anti-Parasitic beads (ferrite) ........................ doz. 3/6 
PRINTED CIRCUIT ETCHING KIT & 20 Circuits . . . 76 

C.R.T. BOOSTER TRANSFORMERS 
for heater cathode short circuit or tubes with 
failing emission. Full instructions supplied, 
mains input. Optional 25,, and 50',, boost 
2v. or 6.3v. or 12.6v. 
State voltage required. PRICE 156 

I!-, C.O.D. 2/6 extra. CALLERS WELCOME 

RADIO COMPONENT SPECIALISTS WHITEHORSE ROAD, 
Telephone 

WEST CROYDON THO 1665 
Written guarantee with every purchase. (Export. Send remittance and extra postage, no C.O.D.) Buses 133, 68 pass door. S.R. Stn. Selhurst. 

SERCEL' 
DIOTESTOR 

/ 

The DIOTESTOR detects faulty diodes and 

transistors when still in circuit without 

need for unsolder ing. 

BRITEC LIMITED 
17 Choring Cross Road, London, W.C.2 

WHitehall 3070 

Stand N3IZA, lESA. 
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ABC's of SftIOON 

CONTROLLED RECTIFIERS 
by Lytel. 17/- 

THE RADIO AMATEUR'S HANDBOOK 
1966, by A.R.R.L. 43,/- 

PROXIMITY DETECTORS AND METAL 
LOCATORS, how to build, by Shields. 
21/- 

KNOW YOUR SIGNAL GENERATORS, 
by Middleton. 21/- 

KNOW YOUR TEST METERS (VOM- 
VTVM), by Risse. 22,7- 

TRANSISTORS IN LOGICAL CIRCUITS, 
by Altes. 17/- 

UNDERSTANDING DIGITAL COM- 
PUTERS, by Benrey. 17/- 

PRACTICAL TRANSISTOR SERVICING, 
new ed. by CaIdwell. 25,"- 

SERVICING ELECTRONIC ORGANS, by 

Pittman. 31/- 

SOLID STATE POWER SUPPLIES AND 
CONVERTERS, by Lytel. 21/- 

TRANSISTOR CIRCUITS FOR RADIO 
CONTROLLED MODELS, by Boys. 8/3 

All prices include U.K. postage 

Where possible 24-hour service guaranteed 

UNIVERSAL BOOK CO. 

12 LITTLE NEWPORT ST., LONDON, W.C.2 

(Leicester Square Tube Station) 

MINY TRANSCEIVER 
! Push-button operation ; 

crystal 

I control. Fully transistorised (3- 

H transistor circuit) for perfect re- 

I.: 

ception. Tremendous commercial 
scope. Complete with carrying 

. 

strap, battery and 8-section an- 

. 
tenna. Uses 9v PP3 battery and 

* 
operates up to half mile in open 

: 

country. Measures5in. z 2in. 
2 1.}in. Frequency27l25 Me/s. 

'_T . 

ONLY £6.19.6 pair 
( 
Post & ¡flSilrnnCe 4/6) 

These sets cannot be operated in the U.K. 

NICKEL CADMIUM 
Rechargeable Cells 
No corrosion, no gassing, no 
maintenance. Why keep buy- 
ing batteries when you can 
purchase one of the new re- 
chargeable nickel cadmium 
cells which pay for themselves 
over and over again ? Charg- 
Ing units available. 

Equiv. PP3 37/-, U7 12/6, PP9 
£6. 5.0, U2 £1. 12.6, Ullfl. 1. 6(r i2j: on each 

TELEVISION AERIAL 

: : for fringe-area B.B.C.-2 
- - More and more areas are able to 
: : receive BBC-2, and here's your 
- - chance to purchase a famous- 

: : make 1 1 reflectors fringe aerial at 
- - Trade price. For loft or root' 

fixing. Limited stocks so hurry! 

I State channel required and 
.- nearest transmitter. Only 45/- 

(P. & I. 5/-). Co-axial cable 1/6 
yard. Set of sockets 2/6. 

ordersto: ELECTRAMA Dept. PEli 
Dormers . Windmill Hifi . Hailsham . Sussex 

Tel. : Herstmonceux 3276 
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SEEING THROUGH FOG 
8, L M. COlMAN I.S<. 

T 'tAT electronic science, in its present stage of develop
ment, can find a perfect solution for the apparently 

insoluble problem of fog will be seen in the device 
described in this article, by means of which objects 
at distances of miles away can be clearly seen through 
fog. It is a fog-vision-pcnctra lor representing a 
radical departure from used methods of obtaining 
optical images of remote objects through fog. 

Not only is the device characterised by very wide 
range, but it has also the following advantages : 

(a) Very light weight, to be measured in ounces, 
and this makes it suitable even for pedestrian use in Ihe 
form of a pair of spectacles, not heavier than those 
employed at present for hearing aid purposes. 

(b) It dispenses completely with vacuum tubes or 
transistors. with their amplifying noise concomitant 
and, instead, makes use of a new, very efficient system 
of amplification by feedback based on what is called 
the suspensQid all, which is composed of a very thin 
layer of colloidal graphite situated between two layers 
of conductive glass in an electrostatic fie ld. 

(c) Though the device is so very tiny, it is actually 
a television transmitter and receiver in which the 
scanning procedure is eliminated , all the picture 
elements being reproduced simultaneously on a mosaic 
consisting of a very large number of very small sus
pensoid cells. 

FI,. I (abo.,e). Thll croff -Iectlonal .,Iew showl the build-up 
of Ihe fo, IMnetrCltor dnlce 

FI,. 1 ( rl,ht). Tha de.,/ce /n use. The scene would be 
"lllum/nCllad " b y CI lamp ha.,ln, CI hI,h outpllt In the ' nfr a 
red ree/on 

DESCRIPTION OF THE DEVICE 
The essential features of this device are clearly shown 

in Fig. 1 and Fig. 2. 
A conductive glass disc I, which in addition to being 

transparent to th~ infra-red rays and thereby passing 
them on to the photo-(:onductive semiconductor 
layer 1 on its back surface, puts the semiconductor 
layer 1 in electrical connection with the positive side 
of a d.c. source of suitable voltage. The layer 1 is in 
touch with a mosaic 3 of a very large nI-Imber of very 
small pieces of conductive glass. bound together and 
separated electrically from each other by an insu
lating adhesive. A disc 5 of conductive glass is 
transparent to visible light rays falling on it from two 
lamp bulbs 6, and also serves as the h.t. path. 

Between the mosaic J and disc j is a very thin layer 
4 of colloidal graphite crystals suspended in an insu
lating liquid, for example. thin mineral oil. An infra
red image is projected on to the disc 1 by any suitable 
means. illustrated as a lens L in Fig. 2. The mosaic 3, 
layer 4 and disc j together form the suspensoid cell. 

METHOD OF OPERATION 
The apparatus func tions as follows : An image of the 

scene, by infra-red rays, is projected on the layer 1 
through the transparent glass I. Each element of the 
semiconductor layer will have its electrical resistance 
decreased by an amount that is proponional to the 
intensity of the impinging rays, and thus the surface 
of the semiconductor layer 2 in touch witn the pieces 
of conductive glass in the mosaic 3 will be nearer to or 
fu rther from the full h.t. voltage of the source accord
ing as the intensity of the rays is high or low. In this 
way. an electrical image is built up on the undersurrace 
of the layer 1 that corresponds to the infra-red image. 

The mosaic J is made up of small pieces of conductive 
glass that are insulated from each other, so that there 
will be no mixing-up of electrical charges in the ele· 
ments of the semiconductor layer 1 which they touch. 
The graphite, though in minute particles, retains its 
characteristic plate-like crystalline fo rm. An electric 
charge acting on a graphite crystal will be accompanied 
by lines or force, and the graphite crystals will tend 
to set themselves along these lines of forc~, just as 
small pieces of paper tend to stand on end when 
dropped on to a charged metal plate. 

The rotation of the graphite crystals, from their 
haphazard arrangement to "end-on'" positions, will 
depend upon the voltage on the corresponding element 
of the semiconductor layer 1, which is transmitted 

to the layer 4 through the touching PieceS or con
ductive glass in the mosaic J . The rotation will be 
most complete where the voltage is greatest, that is. 
for the most intense parts of original scene; and will 
effect almost complete parallel orientation of the 
crystals to transform parts of the liquid suspensions 
from opacity to transparency. Intermediate voltages 
will give rise to intermediate orientations of the crystals 
and correspondingly intermediate tra nsparencies. Thus 
the swpensoid cell converts the electrical image into 
corresponding degrees of transparency. 

When the electric lamp bulbs 6, are switc;hed on, 
a light-reversed image of the original scene can be 
viewed by looking into the glass d isc 5. The light is 
reversed. Le. the dark parts in the scene appear bright 
through the disc 5 because the highest transparency 
in the suspensoid cell is attai ned for those parts of the 
scene that are brightest. 

This device is specified in British Patent No. 996,414. 
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by Jack Hum 
G5UM 

" Seventy" is Speoial 
On this page last time we began a 

review of the peculiarities-and 
qualities-of the various v.h.f. and 
u.h.r. bands which are allocated to the 

....;-" 

cation sub-band, plannC'd gC'ographi· 
cally C'X3Ctly as "Two" is, with the 
Home Counties in the middle. the 
North at the top and the West 
Country operators at the bottom, 

Another practical advanta,e of 
reprdin, 432 to 434Mcls as the 
communication "sub-band" is that 
twO metre transmitters, by dropping 
their third harmonics within it, can be 
usC'd as drivC'rs for 70 cC'ntimC'tre 
stagC's, 

Next up from "Seventy" is 
"TwC'nty Three", H.ere again con
vC'nience decrees that 432Mc/s output 
sta,ts shall be used as drivC'rs for this 
u.h-f, arta, which in consequence 
discloses much activity cC'ntred 
around 1,296Mc/s, 

Allhough the 23 centimetre band is 
"\'ery line of sight", communication 
well over the hundrC'd mile range and 
indeed into the continent of Europe 
has been recorded on many occasions, 
Truly, the challC'ngC'S offered by this 
quite "difficull" band ha\'e been mC't 
and overcome by the ingC'nuity and 
enthusiasm of the British transmitting 
amateur, 

Still more formidable challen,es 
are offtrC'd by the "ullra highs" 
beyond "TwC'nty Three", but as }'C't 
occupancy thC'rC' is only minimal. 

.' .~-- .. ®~~~ 
1 • 

GSA .... - ~. 

--, ifo 
__ 0 , ---

_ ·'r._ ./ -- ..... ~-

o-r ,..".. ... 
" .. ' 
" 

,- ,,. - , 
~- -.. ~~-----

E.xampl., of QSL Cord, ,ent out by holden of Sound Ueenee B to confirm 
communleatJOIJ In the ultra hl,h frequency .pectrum 

Amateur Service. Here indeed is a 
subjC'ct of vast extent. and it was not 
surprisin, that space ran out by the 
time we had dC'alt with the four 
metre and two metre bands- and 
long before we had begun considC'ra
tion of the next band up,70 centi
metrC's' ("up" in tC'rms of frC'quency1). 

It may truly be said that "Seventy" 
is a rather special band. but before we 
go on to saying why, it is as well to 
rC'mind readers that, as was shown in 
last month's diagram, the 70 centi
metrC' band C'xtC'nds from 427 to 
4SOMc/s, and that a Stgment from 
432 to 434Mc/s has been voluntarily 
adopted by amatC'urs as a communi-
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The "&8" Plus Threes 
We said above that "SC'vC'nty" is 

special. This goes also for all thC' 
frequency bands above it; for it;$ 
to these allocations that the new 
"G8-plUs"hrces'" arC' confinC'd. Who 
are the '"OS·plus-threes"? ThC'y are 
the holdC'rs of ..... hat the G_P.O, calls 
quitC' simply "Sound licence B", but 
which is fancifully dubbed '"Ttch
nicians licence" , the "Mo neless 
licence-' and one o r two things 
besidC's which bear little relationship 
to the true situation. 

"Sound Licence AU is the licence 
which the Post Office will grant to 

persons able to show that they have 
passC'd both the Radio Amateurs' 
Examination and the morse code 
C'xamination (the lallC'r at 12 words a 
minute). 

For "Sound licence B" a pass in 
the Radio AmatC'urs' Exammation 
alonC' is fC'quired, Morse is nol. In 
fact, its use is forbidden! But 
Sound Liccnce B permits operation 
only in Ihe 427-4S0Mc/s band and in 
the bands higher in frequency still, 
and its holders are allocated the 
special "OS-plus-three 1C'IIC'r" call
signs thll idC'ntify them as u.h.f, men, 

Advanced T edinology 
To date, over three hundrC'd call

signs in this sequC'n(:e have been 
aliollC'd to three hundred persons 
who, with thC'ir C'yC's open and their 
wilS about them. know that if they 
are to go on the air at all they need to 
mastC'r the fairly formidable difficul
ties of C'nginC'C'ting a transmitlin, 
station capable of receivin, and 
sending on the "uhra highs" to 
which they are confined, 

It is jejunC' to argue that in half the 
time it takes to organise such a 
stllion the expcrimC'nter could have 
mastered the morse code and qUalified 
himself for a full licence. Many 
don't want to! The sheer satis· 
faction of taming the recalcitrant 
"ultra highs" is to them its own 
reward. 

The impact of the G8-plus-thrus 
on the u.h-f_ scene in Britain has 
been rC'markable. For many years 
before their advent in 1964, Seventy 
CentimetrC's was a barren waste 
unallractivC' by fC'alon of the ttchnical 
problC'ms which it po5C'd e)[cept to the 
few pcrsistC'nt C'nough to try to 
break them down, Now, with 
-'Sound Licence BOO men much in 
evidC'ncC', it is ppssible to work in one 
day as many stations 1.$ once could 
be worked in a wC'C'k-or even in • 
month. 

And on the still higher "ultr. 
hialls" quite difficult development 
wo rk goes on in the confident know. 
ledge that the 10nC'-wolf days are over 
and that there really will be someone 
- probably a GS-plus-three- at the 
othC'r C'nd rC'ady to share thC' fruits of 
the labours. 

You don' , need morse 10 ,et a 
Sound Licence D, but you (/0 need a 
,reat deal of know-how! 



EXPERIMENTS in 
GIC DESIGN 

by S. T. ANDREWS 

The purpose of this series is to demonstrate the use of sWitching and logic 
circuits for arithmetical calculation. 
A brief description of some of the basic circuits 'will be given, both in theory 
and practice. Various ways of using these circuits will be discussed, leading 
up to the design of a binary adding unit. 
Then will follow the development of additional circuitry needed to extend 
the facilities of the simple adder in order to perform the further-operations 
of subtraction, multiplication and division. 

To begin with, it is convenient to discuss certain 
basic switching and logic circuits individually, 

keepins each type as simple as possible. As far as 
possible each circuit should be compatible with all the 
others, both in respect of power requirements and 
input and output impedances and signal amplitudes; 
then one unit can feed directly into another and so 
large-scale networks can be built up. 

The first two circuits to be mentioned are the so
called "AND" and "OR" gates or circuits. These can 
be represented by a "black box" as in Fig. l.1a. 
In the case of an OR circuit, a signal is generated at the 
output when there is a signal present at either input I 
or input 2, hence the name of the circuit. With the 
AND circuit, a signal is generated at the output only 
when there is a signal present at input I and a signal 
at input 2, simultaneously. Again the derivation of 
the name is obvious. 

A signal, in this general description , can mean a 
vol.tage pulse across the input, or a sudden pulse of 
current, or both. A convenient way of representing 
these circuits on paper (but by no means the only 
way) is to dra.w a circle and write inside it the minimum 
number of input signals required for an output to be 
produced. Thus Fig. I.Ib needs only one input 
signal to produce an output, so this is the symbol 'for an 
Oil. Similarly the symbol for a simple AND is shown 
in Fig. I.Ic. 

When designing the electronics to go inside the 
black box it is necessary to decide what type of signal 
is to be used. In the circuits to be discussed in this 
series, a signal is taken as meaning a negative-going 
voltage pulse of about S-6 volts amplitude. The 
duration of the pulse is not yet important. 

It is quite possible to have gates with more than two 
inputs and these may beOR'S or ANO·S. Fig. 1.2ashows 
a three input OR; if anyone of the inputs carries a 
signal then a signal appears at the output. Fig. 1.2b 
shows a four input AND, in this case there will be an 
output when signals are simultaneously present at any 

two inputs, all inputs being equivalent. Another 
version of this would be an arrangement where all four 
input signals had to be present at once in order to 
generate an output signal, and the symbol for this is 
given in Fig. I.2c. 

Both these gates belong to the group known as 
"logical circuits" since they are capable of making 
some simple distinction between various input con
ditions. Other arrangements of gates are possible 
but these are the only two with which we are 
immediately concerned. 

OR GATE CIRCUJTS 
So much for theory. There are numerous ways of 

building such gates in practjcc, the actual circuit 
depending on the type of signal which is being u!ed. 
In our case, where voltage pulses are used as signals, 
one very convenient type of arrangement uses only 
diodes and resistors to produce the desired logical 

(0) (b) C,) 

Fl. '.1 . Symbolic ,eprH.ntcrtion of .ot. d,cufb. (aJ 
Simpl. "Wod; bo." .ymbal. (It' olld fcl TIM COlIyelldoM' 
",oy of ItHllcecJlI, 1111 OR IIlId Oil AND .crte, ,e.pedIYely 

2 

(0) Cb) 
FI,. '.2. Symbol. fo, JftH haYlII, more tholl two Inpuc.. 
(o) Th, .. -Illput OR ,crte. Cit, IIlId fc} Fou,-IlIpl,I( AND 
,m" 
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INPUTI OUTPUT 

LL0 

Fig. ¡.3. Basic gate circuit for voltage operation 

kft 

I NPU 

INLT2L__ 

_________ 

Fig. ¡.4. An OR gate circuit developed from Fig. 1.3. 
This circuit operates on negative-going signals 

Rin Dl 

I 

INPUTI 

Fig. IS. An AND gate derived from Fig. 1.3 

w 

OUTPUT j 
+vt 

LII 
8asc symbol 

Fig. 1.6a. A bistable switch circuit. This circuit has two 
stable conditions, with either transistor conducting and 
the other cut-off 

-9V 

Bisc symbol 

f timinç element is 
variable 

+45V 

Fig. lob. A monostoble switch, or "flip-flop" 
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functions, this method being known as diode-resistor 
logic and being applicable only to voltage pulses as 
signals. The arrangement is built around a very 
simple network, the basis of which is given in Fig. I .3. 

Considering the OR gate first, it is fairly clear that the 
circuit given in Fig. 1.3 is an OR gate by itself. A 
positive-going or negative-going pulse applied to 
either input will produce a similar pulse across the 
output-although this will be at a reduced amplitude. 
In order to decouple the inputs from each other it is 
usual to connect a diode in series with each input, and 
it is important to note that the polarity of these diodes 
determines the polarity of the signals which the gate 
will accept. A further diode in the common input 
lead prevents any signals of wrong polarity from 
reaching the subsequent circuitry, although this 
component can be omitted. 

The complete OR gate, excluding the amplifier 
needed to make up for the attenuation, and using 
typical component values, is given in Fig. 1.4. This 
circuit will operate on negative-going signals of any 
amplitude, within the tolerance limits of the diodes, 
and gives a negative output when a negative voltage is 
applied to either input. Reversing the polarity of the 
diodes would cause the circuit to operate on positive- 
going signals. Any number of inputs can be connected 
to this sort of circuit, all being applied to the common 
input resistor Rin. 

AND GATE CIRCUITS 
There are several ways of producing the AND gate 

from the basic circuit of Fig. 1.3. One method uses 
the circuit for an OR and returns the input resistor 
to a positive bias as in Fig. 1.5. When no input is 
applied the cathode of diode D3 is positive with respect 
to its anode, the diode behaves as an open circuit, 
and no voltage is developed across the output. RA is 
adjusted so that when one negative input is applied 
the potential at point "X" in Fig. 1.5 rises to exactly 
zero. When a second input is simultaneously applied 
the potential at point "X" becomes negative with 
respect to the zero line, diode D3 conducts and a 
negative voltage appears at the output. Diodes 
Dl and D2 serve to decouple the circuit as before. 
In effect the positive bias is used to cancel out one of 
the inputs. 

The AND circuit of Fig. 1.5 resembles that of the OR 
in Fig. 1.4 in several ways. Both circuits have a high 
output resistance and so can only be fed into other 
circuits which have a high input resistance. Both 
give a low output level, due to inevitable attenuation 
by the circuit. Typical numerical results for these 
circuits are given in Table 1.1. Apart from the 
obvious logical difference between them, there is one 
other point. The OR gate can handle signals of any 
amplitude, but this is not true of the AND. If, in 
Fig. 1.5, R1 = RA then the positive bias must be 
equal in amplitude to the signal voltage, though 
opposite in polarity. Once this bias has been set the 
circuit can handle only signals of the set amplitude, 

TABLE LI 

OR AND 

I input 3OV <0.1V 

2inputs 41V 28V 

R111 - RA - IO kilohms 
Diodes := 0A81 
6V input signals 
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if a single excessive signal is applied it will over-ride 
the bias and give an output even though only one input 
is being used. If signals of too low an amplitude are 
applied they will be unable to overcome the positive 
bias and no output at all will result. So it is seen that 
this form of AND, unlike the OR, can operate only on 
signals of a certain polarity and a definite amplitude. 

Figs. 1.4 and 1.5 represent two passive networks, 
containing diodes and resistors only, and the reason 
for calling them "diode-resistor logical elements" is 
obvious. Despite their simplicity both these circuits 
perform their logical operations well and they will be 
discussed again later when dealing with the applications 
of logical circuits. The amplifiers needed to make up 
for the attenuation will be mentioned then so we can 
leave AND'S and OR'S for a time and consider something 
else. 

BISTABLE SWITCH 
The bistable switch and the flip-flop are two units 

which have a wide use in pulse circuitry. Their 
respective circuits are given in Figs. 1.6a and 1.6b 
together with the symbols used to represent them. 

The bistable switch of Fig. 1.6a is a symmetrical 
circuit, being the transistor equivalent of the Eccies- 
Jordan circuit, and its action is also symmetrical, 
there being two stable conditions in which the circuit 
can remain. With TR! conducting, a heavy positive 
bias is applied to TR2 base keeping this transistor 
cut off. its collector remains at about the potential of 
the -9 voIt line and, via R5, this keeps TRi base 
negative so the transistor continues to conduct. The 
circuit will remain in this state as long as it is undis- 
turbed. Alternatively TR2 could conduct and by a 
similar argument TR! would be maintained in the 
cut-off state, this is the other stable condition and is a 
"mirror image" of the first. This type of bistable 
switch, then, has two sets of conditions in which it will 
remain stable : in each state one transistor is conducting 
and the other is not. 

In order to make a bistable switch change from one 
stable state to the other, either A, a positive-going pulse 
must be applied to the base of the conducting tran- 
sistor, or B, a negative-going pulse must be applied 
to the base of the non-conducting transistor. Either 
ofthese triggering modes will cause the switch to change 
from the stated initial state to the other stable state, 
but a further similar pulse will not cause it to change 
back again. A negative-going pulse applied to the 
base of the non-conducting transistor will cause the 

circuit to switch over, but further pulses will have no 
effect. In order to make the switch change back 
again it is necessary to either apply a positive-going 
pulse to the same place, or apply a negative-going 
pulse to the other transistor. 

It is possible to devise a triggering circuit which will 
make a bistable switch change either way when trig- 
gered by the same sort of pulse at the same point in the 
circuit. This can be done by applying a positive- 
going pulse to both collectors, and a suitable circuit 
is given in Fig. I .7. The length of the pulse needed to 
do this is fairly critical and is proportional to the 
collector-to-base time constant of the bistable. 

MONOSTABLE SWITCH 
A similar circuit to the bistable switch is the flip- 

flop, or monostable switch, already seen in Fig. l.6b. 
It has one stable state which is characterised by TRI 
conducting and TR2 cut off. A positive-going pulse 
applied to TRI base causes TRi to cut offand TR2 to 
take over the conducting state. After a certain time, 
however, the circuit spontaneously flops back to its 
initial state without any further external action. The 
length of time it takes to flop back after being triggered 
is proportional to the time-constant CR. The useful- 
ness of the flip-flop lies in its action as a single-pulse 
generator and in its ability to act as a "delaying unit"; 
it will be used in both these ways later in this series. 

This discussion of the flip-flop completes the des- 
criptions of the individual circuit elements and it is 
now possible to consider some of their uses. 

USES OF LOGIC CIRCUITS: THE BINARY 
TWO-INPUT ADDER 

Logical circuits can be put to a wide range of uses, 
but in this particular series we are especially interested 
in their use in calculating devices. By careful design 
these circuits can be built up into networks which can 
perform simple arithmetical operations, and it is the 
construction of such networks which we will consider 
now. 

lt is assumed that the reader has some knowledge of 
binary arithmetic, so only a brief synopsis is given here. 

Binary arithmetic has only two digits which, by 
convention, are usually called O and 1. Any number 
can be expressed in binary by using these two digits 
and conversion from this numerical system to decimal 
can be done quite easily. A few binary numbers and 
their decimal equivalents are given in Table 1.2. 

- 9V 

1riger puke 

+4-SV 

Fig. 1.7. A circuit arrangement which permits a bistable switch to be 
operated successively by one kind of trigger pulse 

. 

;. 

TABLE 1.2 

Decimal 

2 
3 

4 
5 
6 

7 
8 
9 

Io 
16 

32 

43 
5! 

Binary 

Io 

Il 

I 00 
lOI 

I IO 

lit 

I 000 
I 00 I 
lOtO 

I 0000 
i 00000 
lolo, I 

i i 00 I I 
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Addition, subtraction, multiplication and division in 
binary are performed in the same way as in decimal, 
thus the addition of two numbers loi IO and 00101 is 
carried out: 

10110 H- 

00101 

11011 
and the multiplication of I 101 by i i 1 is done: 

i 101 x i I i =(l 101 x 1)±(1 101 x 1O)+(1 101 x 100) 
= 1101+ 11010+ 110100 
= 1011011 

so 1101 X 111 = 1011011 
and this caÇi be checked by conversion to decimal, 
1101 - 13 in decimal 
111 = 7 ,, 
1011011 = 91 in decimal 
and, since 13 x 7 = 91 the sum is seen to be correct. 
The great usefulness of binary arithmetic lies in the 

fact that anything capable of existing in two stable 
states can be used to store a binary digit. We have 
already come across one such circuit in the bistable 
switch and by assigning an arbitrary convention to 
such a switch we can say that in one stable state it 
represents a O and in the other state it represents a 1. 
The former state is also referred to as the "unset" 
state, and the latter as the "set" state. 

Other two-way systems capable of holding a binary 
digit include the presence, or absence, of a voltage at a 
particular point, the presence or absence of a magnetic 
field in a material, and the direction of a field if one 
exists. 

The storage of binary numbers in bistables is un- 
economical in large-scale equipment since other, more 
compact, methods are available (ferrite core storage, 
magnetic tapes and drums, etc.) but in experimental 
equipment it is very convenient since it is easy to tell 
how each bistable is set, simply by applying a volt- 
meter. 

In binary arithmetic the entire addition table con- 
sists ofjust four sums, thus: 

SUM 
0+0=0 
o .- i = i 

1±0=1 
i + 1 = O carry I 

the "carry" digit being added into any subsequent 
calculations. 

A CRUDE ADDING UNIT 
It would be instructive to attempt the construction 

of an electronic adder capable of performing these 
addition functions, using a voltage signal to represent 
a I and the absence of such a signal to represent a 0. 

In the circuits which follow a signai is taken as 
meaning a voltage pulse, measured with respect 
to the common zero line, of six volts amplitude, negative 
polarity. 

, NEWT 

INPUT 
2 

INPUT 

SUM 

CARRY 
INPUT 

2 

Fig. 1.8 (left). Logical diagram of an embryo adding unit 
Fig. 1.9 (right). Logical diagram of simple two-input 
binary adder 
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From the binary addition table we see that a CARRY 
signal is produced only when both inputs occur 
together, so to get the CARRY Output it is only necessary 
to connect an AND between the two inputs. Con- 
necting an OR between the inputs gives the beginnings 
of a SUM output and although there is a flaw in this, we 
now have the start of a crude adding unit, shown dia- 
grammatically in Fig. 1.8. 

With no input voltage applied there is no output, 
corresponding to O + O = 0. A single input, con- 
nected to either input 1 or input 2, will pass through 
the OR and give an output on the suM; this is the rep- 
resentation of the O + 1 = i and i + O = O functions. 
Finally, both inputs applied together operate the AND 
giving an output on the CARRY, which is correct, but 
incorrectly an output through the OR giving a SUM 
signal as well. In order to make the adder add 
correctly this erroneous SUM output must be cancelled 
out. In principle this can be done by using the CARRY 
output, inverting the polarity of it, and mixing it with 
the SUM Output as in Fig. i .9. 

In this case the first three addition functions remain 
the same as before and the SUM output passes through 
the mixer unchanged. When both inputs are applied 
the CARRY signal is produced as before but some of it 
is inverted in polarity and mixed with the unwanted 
SUM output. If the mixer is correctly set the two sig- 
naIs, now of opposite polarity, cancel each other out 
leaving no SUM output. Thus Fig. 1.9. represents the 
block diagram of a simple two-input binary adder. 
Since the symbols used represent logical elements, 
Fig. 1.9 is also known as the logical diagram of the 
adder. 

A PRACTICAL CIRCUIT 
Converting the logical diagram of Fig. I .9 into a 

practical working circuit is not at all difficult. As we 
have seen already the outputs from the AND and OR 
gates are of a low signal level and must be amplified. 
Since the initiai version of the adder is to be used on 
d.c. signals, and since a negative input must give a 
negative output, it follows that both gates must be 
followed by two-stage amplifiers capable of operating 
on d.c. signals. As it happens, if a standard type of 
amplifier is used, it is only necessary to add one extra 
resistor to include the cancelling of the SUM output 
when two inputs are applied. 

The circuit of the two-input adder is given in Fig. 
1.10. The input circuits, comprising an AND/OR 
combination in parallel, use diodes Dl-D6, resistors 
Rl-R8 and VRI. VR! is set to tap off 6 volts so 
making D3, D4, D6, R3, R4, R6, R8 into an AND 
element which feeds TR2. Dl, D2, D5, RI, R2, R5, 
R7 form an OR which feeds TRI. 

Ignoring R, we see that TRI and TR4 make up a 
d.c. amplifier for the OR and TR2 and TR3 act simi- 
larly for the AND. With no inputs connected TRI 
and TR2 are cut off, TR3 and TR4 are conducting 
so the two outputs are almost at zero potential. A 
negative signal applied to either input will pass through 
the OR, cause TR! to conduct and TR4 to cut off. 
This results in the SUM output going sharply negative 
which is equivalent to an output signai and is exactly 
what we want. If two inputs are applied simultan- 
eously the same thing happens but in addition the 
AND gate Opens, allowing TR2 to conduct, cutting off 
TR3 and so giving a negative-going signal at the CARRY 
output. 
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FI,.I.IO. Delolled circuit dlo,rom of" two-lnput odder 
such OJ refJresfnted by FI,. 1.9 

SUM CANCELLING 
In the absence of Rx. the circuit is merely a parallel 

AND/ OR combination feeding two amplifiers and is the 
same as Fig. 1.8. It is Rx which causes the SUM 
cancelling to occur and the method of operation is as 
follows. When one input only is applied to the adder 
the base of TR4 is pushed down towards Ihe zero line 
as TR 1 begins to conduct. R" has little effect on this 
since the colltttor of TR3 is at a low potential anyway. 
consequently the SUM output occurs as before. How~ 
ever, when both inputs are applied simultaneously and 
the CARRY signal is produced, TRJ collector rises 
towards the - 9 volt line and, via R., maintains the 
base of TR4 negative. TR I still conducts, of course, 
and still has an effect on TR4 through RIO, but this 
effect is now at least partially cancelled out by TR3. 
In effect the base of TR4 is pulled down to the zero 
line by TR I. and up to the negative line by TR3. 
The net result is that TR4 continues to conduct and 
does no t give any erroneous SUM output. 

The value of RK is rather critical and it is necessary 
to use a variable resistor of 10-25 kilohms in this 
position and adjust it accordingly. If R. is too 
large then the SUM output will not be cancelled when a 
CA.RRY signal is generated. If RK is too small the base 
o f TR4 will be kept too positive and will be unable to 
give a proper SUM output even when it is supposed to 
do so. 

The two-input adder shown illll Fig. 1.10 is not a 
purely hypothetical circuit, but a working practical 
one. The most con~nient way o( testing it is to use 
6 volt batteries as signals and measure the voltage 
developed across TR3 and TR4 collector loads. 

It is possible to economise on components by making 
TR2 generate the cancelling signal and using this 
to inhibit the input to TR 1. The circuit of an 
"abbreviated" adder using this technique is given in 
Fig. 1. 11 , but it has the disadvantage that the output 
signals are positive.going and so non·standard as 
far as our conventions are concerned. 
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FI,. 1.1 I. Cir cuit arran,ement for an "abbr."/ated" adder 

NEED FOR THREE-I NPUTS 
The circuit of Fig. 1.10 is our first example of a 

complete arithmetical element. that is, one which is 
capable of performing .a complete sum. even if only 
a very simple one. This circuit can do all four of the 
basic numerical operations of binary arithmetic and 
is a very good starting.point for a more complex 
adding system. 

By itself. the two-input adder can form the sum of 
any two binary digits, but in adding complete numbers 
this is not always enough. Consider the (ollowing 
addition : , DC .. 

1110 
1101 

11011 
when adding these two numbers the right.hand column 
(A) is added first, then the next column to the left (B), 
then column C and finally 0, just as in decimal addi
tion. The two-input adder would add columns A. B, 
and Csatisfactorily but it would get stuck on column D. 
'n this last case there are three digits to be added. not 
two, the two digits of the numbers being added, plus 
a CA.RRY digit from the previous stage. This possi
bility of having to add three digits could arise in any 
column of the addition except the extreme right-hand 
one, so in a binary adder which is to be able to add 
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numbers larger lhan 1 each adding unit must be able 
10 add three digits. The need arises. then, fo r a 
three-input binary adder instead of the two-input 
version. Ihe complete addition table now reading : 

SUM CAMRY 

0 + 0 + 0 - 0 0 
1 + 0 + 0 - 1 0 
0 + 1 + 0 - 1 0 
1 + 1 + 0 - 0 1 
0 + 0 + 1 - I 0 
] + 0 + 1 - 0 1 
0 + 1 + 1 -= 0 1 
1 + 1 + 1 - 1 I 

The two left-hand columns arc digits from numbers 
being added, the next column the CARRY digit from 
lhe previous stage. 

THREE-INPUT ADDER 
A binary three-input adder can be constructed from 

two two-input adders by linking them as shown in 
Fig. 1.12. One additionallogicai clement is required, 
an OR to feed the carry output . 

Althougt'l it might not at first sight appear so, all 
th.ree inputs are equivalent and a little consideration 
will show that this arrangement will give the desired 
combinatio n of outputs. 

FIr. I,ll. Lo,h:ol dla,rom of a thre.-Input adder 

• .. 

"" 

FI,. 1.11 (I.ft). Circuit of a" OR ,ate ,u/table f'" lIS. In 
the adder .how" In FI,. 1.1l 
FI,. 1.14 (r/,ht). Suitable caupll" , arranfeme"t for u.e 
Htwee" SUM CKltput of A ami Input of 8 (Flf. , .Il) 

A single input at either input I or 2 will pass through 
adder A, leave on its SUM wire, pass through adder B, 
and leave on the SUM output . A single input at input 3 
will go directly through B and also leave on the SUM 
output. A single input at I or 2, together with a signal 
at 3 will generate a CARRY in B which will go via the 
OR gate to the CARRY output . Two inputs at 1 and 2 
generate a C .... RRY signal in A and this also leaves via 
the OR gate. If this happens simultaneously with an 
il).put at 3 then the CARRY is still produced in A and a 
SUM output is generated in B at the same time. 

]t is not felt necessary to give the full circuit of the 
three-input adder since this is merely two two-input 
adders joined up. A suitable OR gate for the CARRY 
output is aiven in Fig. 1.13. The SUM output of adder 
A is coupled to the input of adder B as shown in 
Fig. 1.14. This ensures that the input is at zero 
potential in the absence of a signal from A. (The 
collector of TR4 in A is not ql:ite at zero when the 
transistor is conducting.) 
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THE VALVE LINGERS ON 

A few weeks ago I joined a crowded 
meeting at the lEE here in London 
listening to a discu"ion on the 
problems facinl the television re«'iver 
desi,ner when loing "solid state". 

Some of the particular problems 
which were described seemed formid· 
able enough, certainly to someone 
on the side lines such as myself. On 
the other hand the general com· 
petence of the speakers and their 
complete familiarity with the subject 
made one suspect that technical 
problems are not the sole reason 
for the somewhat tardy progrcss 
towards transistorisation. It seems 
more likely that set manufacturers 
are not too enthusiastic about 
changing from well tried valve 
designs for economic reasons. 

The ensuing question and answer 
period ended fittingly enough with 
a somewhat challenging probing 
enquiry concerning the nearncss of 
the solid state successor to the 
cathode ray tube. Alas, no confident 

.... predictions on this subject. 

THINGS TO COME ... 

Talking of solid state devices, J 
am reminded of this year's Physics 
Exhibition. This show provided 
ample evidence that research into 
solid materials is one of the most 
important and rewarding activities 
today, 

Certainly at least one came away 
with the knowledge that significant 
developments are in the pipe-line 
and that electronic technology is 
bound to feel the impact of many of 
these ideas loon. (We will get that 
solid Itate television 6Creen before 
many more Exhibitions have passed, 
I am sure !) 

, .. AND OF YESTERYEAR 

After looking around at exhibits 
likely to inftuence our future, it was 
relaxing to turn attention for a 
while to a collection of scientific 
instruments of bygone days. 

In recognition of the fact that 
this was the 50th Exhibition of its 
kind, the organisers had set one 
comer of the hall aside for the display 

of historical instruments and appar· 
atus. Most of these items were 
developed in the period just before 
or immediately after the first exhibi
tion held by the Physical Society 
in 1905. This was the brass, ebonite, 
and mahogany period as represented 
by sturdy, well engineered examples 
of the instrument maker's art, as 
well as the inventive genius of the 
designer. Like, for example, the 
first ohmmeter made by Sidney 
Evershed (1889); Siemen's Dyna· 
meter for measuring current, resist· 
ance, and power; Fleming's Cymo· 
meter which enabled wavelength, 
inductance and capacity to be 
directly measured; and the first 
production model of Fleming's diode 
valve, 

artiste will be seen as well as heard. • 
Frightening thought. 

I can't really believc there is much 
of a futu re for this idea. Now, a 
cheap video tape recorder-that's 
something different . 

CAPTIVE AUDI~NCE 

I had the temerity to attack pirate 
broadcasters last month. No doubt 
I will be unpopular with some other 
people when I mention that there 
are also " pirates" at the receiving 
end. These arc the characters who 
bilk the BBC of licence money, and 
are probably at the same time 
severe critics of the programme 
material they receive for frcc. 

lt will be recalled that the sugges-

"It', no ,ood hldlnl- we know you't. 

Finally, although strictly non· 
electronic, I must nOI overlook lbat 
fine vintage modelgT1l'nophone: the 
'Very same model that together with 
"Nipper" formed the subject of the 
painting which was destined to 
become the most famous trade mark 
of all, 

VISU AL ACCOMPANIMENT 

It is a far cry from the "dog and 
trumpet" to the "TV discs" now 
being planned in America. By plug
ging the record player into the 
television receiver, the latest pop 

tion was made a while a80 that radio 
and television retailers should pass 
on to the authorities names of set 
purchasers. 

By way of retaliation, the Radioand 
Television Retailers' Associa tion puts 
forward the interesting proposition 
that receiving licences are out-of·date 
anyhow, and that the BBC should 
be financed out of public funds . 

Meanwhile, an interestin,sidelight 
on the amenities allowed in H.M. 
Prisons is the Home Office instruction 
to all prison governors that detainees 
must have individual licences for 
their radios. No &rcat problem here 
for the G.P.O. sleuths. one suspects. 
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HIGHLIGHTS FROM THE CONTEMPORARY SCENE 

Global Satellite Defence link 
TttE world's first Ilobal satellite communications network: 

is bcina SCI up (or the U.S. Department of Derc~ 
(or military usc. 

Instant world-wide voice and telctype communica
tions, relatively unaffected by atmospheric or solar 
disturbances, will be made possible by the satellites and 
pin-pointed ,round-link terminals. The first satellites 
are to be launched later this year. 

The ,found-link terminals, built by the HUShes Aircraft 
Company (or the U.S. Army's Salellilc Communications 
(SATCOM) Alcney, arc transportablt and can be 
assembled and put into operation in 48 hOll", . 

Each terminal, known as Mark I B, has a 40fl 
diameter "arabolic antenna housed (or protection against 
wcather In a dual-wall innatable radome S8ft hiah 
(ri&hl). The terminals are able to Iransmil and receive 
four voice and rour teletype messages at the same time, 
and can also send and receive facsimile photolraphs. 
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X-ray Image Intensifiers 
PRODUCTION o r new transisto rised equipment to assist 

X-ray photoaraphy have been developed by Marconi 
Instrumenu Limited and the English Electric Valve 
Company. Two d iaanostic X-ray imaae intensifiers. 
using a dircct television image orthicon c.mera tube 
(above), produces a picture on a Hat Huorescent screen. 
A lens s)'!tem rocuses the X-ray image on to the photo
cathode of the camera tube. The picture quality is 
controlled automatically irrespective of the strength of the 
X-ray image. The two models- lOin Marionette (left) 
and 12in type OAI700- wi11 become avail.ble in August 
this year. 
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Automatic Resistor Grinding Machine 

• 

..... 
THIS machine (above) represents the latest dCV1;lopmcnts 

in the resistor grind;na field and is d~iilned to auto
matically arind Illclalliscd or carbo-film resistors from 
\·8 to 6mm in diameter and 6 to 20mm in length. Com
ponents are brought to pre-sct final values between 10 ohms 
and 10 megohms by ,rinding a spiral in the metal or 
carbon. 

The machine (shown al the A.S.E.E. Exhibition) has 
been developed by Veb Eleklromal or West Germany 
and is bein, supplied to British manufacturers by Techna 
(Ct. Britain) Ltd. 

High Power Thermoelectric Generators ~ 
Two new thermoelectric generators, with ,really in

CTeased po ..... er ratings. have been developed by the 
3M Company. Both models, rated at 100 watts and 200 
watts operate on propane, butane or natural gas, as do 
the four earlier models. 

Accessories for them include vohage limiters, to 
regulate the vollage OUiput of the units, as well a s 
gas pressure regulators and autonl8.tic sas shut-o lf 
valves. The generators are· capable of producing 
eilher 6, 12 or 24 volls d.c. Applications include 
providinscathodic prOlet:tion for undersround pipe_ 
lines, powering remote radio transmillinl and relay 
stations, and for powering marine buoys. 

Wafer Probing Machine ~ 
AT THE Instruments Auto mation and Electronics 

Elthibilion (2]- 28 May at Olympia, London) 
one of many new items on show will be this wafer 
prober (right) developed by the Transistor Auto
mation Corporation in U.S.A. and imported by 
Livinsstone Group. The machine rapidly tests 
intelrated circuits, transistors and diodes in the 
wafer form prior to "scribing" or dicing operations. 
II can deal with 10,000 units per hour. 

Micamodules 
INTEGRATED resistance capacitance circuit systems are 

being produced in modular form by Johnson, Mathey 
'" Company. Known as "Silver Star Micamodules" 
these circuit systems have screen-printed noble metal 
films fired on to mica substrates. Screen-printed si lver 
films are used for capacitors and conductors, the mica 
acting as the dielectric. Transistors and diodes cln be 
soldered, then the co mplete circuit is encapsulated in an 
epolty resin . The picture above shows o ne of these 
modules being tested . 
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ERS ••• 20 
An Instructional Series for the Newcomer to Electronics 

THIS month we move on to consider the modern 
counterpart of Ihe thermionic valve. InSlead of 

glass enclosed vacuums, we find ourselves dealing with 
cerlain kinds of solid malerials. These materials 
fall into a special class: they are neither good electrical 
conductors, nor perfect insulators; for this very good 
reason these materials are referred to as s,mkonducrors. 

SEMICONDUCTORS 
In some respects, Ihc flow of electrons through the 

s,aces between the orderly " rows" and "columns" 
of some crystalline materials produces a situation 
analogous 10 the electrons moving in the vacu um 
of a valve envelope. The crystalline substances we 
refer to are the semiconductor materials which ha\'e 
become vcry important nowadays. such 85 g~rnlllllillll1 

and silicon, 
Normally, few electrons are available for current 

conduction in a pur~ specimen of semiconductor. 
The outer or 1'01",,("1' electrons of the various atoms 
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link up. forming the crystalline St ructure of the 
material as indicated in Fig. 2O.1a. However, by 
adding a controlled amount of an impurily substance 
to the pure semiconductor material, the conductive 
properties ca n be considerably affected. If the added 
impurity material has more electrons in its atoms than 
the basic material, these electrons become "spare" or 
"free" and can act as current carrien. See Fig. 20.1 b. 

It is also possible to add an impurity material which 
has one less valency electron in each of its atoms than 
the basic material. This resuhs in a deflCiency of 
electrons in the crystalline st ructure bonds. This 
deflciency. or \aeancy. is called a positi"e hoif'. See 
Fig. 20.1e. The drirting fret eltetrons pop into the 

Fil. l0. Io (fe(t). Thls'l 0 Iwo--dimenJlonof reprelentotion 
o( the cryltolflne structure o( elementl which haYe (o"r 
yolency electrons, luch 01 ,ermonium (Ce) ond sll/con (Si). 
The outer or yolency electron' o( the Oloml delermlne Ihe 
conductive noture o( the moterlol. £och yolency electron 
pili" off with IInother In lin IId/llcflnt IItom, thus there ore 
no "free" eleclronl to oct 01 current corriers 

Fi,. 10. lb (below left) . Here two "ImpurIty" otoml luch 
01 arsenic (As) or ontlmony (Sb) hon been odded to the 
pur. ,ermon/um or ,lIIcon. The odded "Impurity" otoml 
/ton flye yolency electronl eoch, and 10 t/tere b one elec
tron per otom spore after the co_yolent bonds hoye been 
mode. T/ten lpore electrons are OYol/oble as currenl 
Cllrr;e". The doped moterloJ II known as n type 

FI,.10. lc (below). Here the pure remlconductor moler;oJ 
/tIlS been "doped" with IWO Olom. luch as ,allium (Co) or 
indium (In) to produce p type moterlol. The Impurity 
atom. hOYe only t/tree Yolency .Iectronl and .0 yoconcles 
occur In t/te cryftol bond.. The Yllconcier lire cIIl/ed 
"/tolcs" lind (lin b. considered to oct 01 pOlltlYe (urrent 
corrie" 



holes. and in 50 doing can be considered to create 
other holes-whose movement IS 10 the opposite 
direction to that of the electrons. 

Thus in semiconductors we might find current 
flowing by electrons wandering one way. or by positive 
holes flowing the other way. Notice that this situation 
shows that two different methods of current flow arc 
possible. 

Now for a few technical terms you will come across 
in this subject. The process of adding an impurity 
material is called doping the semiconductor. If the 
impurity tends to produce a cloud of free electrons. 
the semiconductor is called "n type". If it is a cloud of 
positive hoks, then the material is called "p type". 

The semiconductor crystals are grown from the very 
purely refined elements germanium or silicon. although 
for a number of purposes compound semiconductors 
are used. such as cadmium sulphide or lead sulphide. 
The doping materials are often ant imony for n type 
and indium for p type materials. 

RECTIFICATION IS POSSIBLE 
Semiconductor crystals can be arranged to conduct 

electrici ty in one direction only--cr to rectify alter
nating currents. This makes them of great value in 
electronics. 

Two types of semiconductor crystal rectifier or 
diode are possible, one is the poinr nmtaN diode. 
coming down as a development of the crystal and 
"cat's whisker" of the early dayi of radIO. Galena 
(lead sulphide) was often used then. but germanium 
is the common material now. 

The o ther type of rectifier is called the jlll/Nioll diode. 
and is a result of modern finely controlled industrial 
production methods. This last type is very interesting 
and important and we shall attempt an elementary 
explanation of how it operates. 

JUNCTION DIODE 

First consider a small block of semiconductor 
crystal as illustrated in Fig. 20.2. We have arranged 
the left-hand half to be doped n type. and the right 
half is p type. The sharp dividing line between the 
two halves produces the jUI/f'liun, although in fact the 
crystal structure passes uninterrupted physically from 
one end of the block to the other. 

There ",ill be a cloud of electrons milling around in 
the left-hand half, while a corresponding cloud of 
holes exists in the right-hand parI. If a battery is 
now connected across the crystal block as shown in 
Fig. 2O.2a, the left-hand half of the crystal is made 
positive and the right-hand side negative. Therefore 
the electrons will all tend to move down towards the 
left. and the holes will move towards the right. (Un
like charges attraet.) No charges cross the junction, 
which in fact is now a region depleted of charge 
carriers (holes or electrons). This region is tech
nically called the Depletion lOfer. A very high resist
ance is offered bv the block of semiconductor crystal 
under these conditions. . 

Reversing the battery connections as shown In 

Fig. 2O.2b drives the appropriate carners w ... ·ords 
the junction. and they stream across it and on to the 
electrodes. This happens continuously, and a very 
low resistance is offered. 

The first condition (Fig. 20.18) is termed the rel'nse 
direl'lion, the second (Fig. 20.2b), thefor ... wd dirution. 
Thus we have a rectifier, very efficient. without a 
vacuum and requiring no heater. 

(a) (b) 
FI, . 20.2. When a p-ll JunctIon I, formed, current wIN an'y 
flo ..... throu,h lhe cryJtal If the yalta,e II flI'I'II~ a, 'n 1"'. 
I( the boUery Is connected OJ 'n (oj lhe e'ectron, lind the 
hole. moye to ..... grd' the end. o( their n'I'ectlye .ections 
ond there" no current flow thr_,h the Junction (af1Ort 
(rom a yery .moll '_IIo,e current' 
MAKING THE SEMICONDUCTOR AMPLIFY 

Just as it was thought that the electrons flowing in a 
vacuum valve lent themselves to external control by a 
third electrode, so it must have occurred to many early 
investigators that semiconductors might also be sub
jected 10 some external control. This did not materialise 
in a practical form until about 1948: the thermionic 
valve had won and attracted all the atlention. and the 
crystal detector fell into disuse. (I t is interesting to 
speculate what would have happened if the crystal 
amplifier had developed first!) 

When the transistor did arrive on the scene, it 
certainly created a sensation- eleclroflics IllIs nel'er 
been ,he sume since! 

The rrUl/s;stor (the name comes from "t ransfer 
resistance") consists really of two semiconductor 
diodes back-to-back. Both point contact and junction 
types are known , but the use of point contact types 
has diminished. 

In Fig. 20.3 we show various symbols used to depict 
transistors in circuit diagrams. 

........0. ,_1,,10' 

... .... 
. lIiltor .""ttll .~, 

(II) (b) (e) 
..... ,Iot 

-
, -JtI-I, 

(ell (I) 
Fi, . 20.l . Symbob (or tralninan. The lost t ..... o are the 
.ymboll we are mOil concerned ..... 'th: (dJ I'nl' tranl /,tor, 
(e) npn tronl /ftar 

Although a transistor can be represented by the 
two diodes drawn symbolically as in (a), the common 
electrooe is really one and the same thing, and (b) 
would be a more accurate representation. (This 
symbol has been proposed for junction transis tors.) 
The standard symbol now widely adopted is shown in 
(d). This particular symbol has in fact been derived 
from the point contact type. Some journals use the 
symbol shown in (e), this being a much closer 
resemblance to the actual construction of a junction 
type. We in PRACOCAL ELECTRONICS adhere to the 
British Standards Institution recommendation, i.e. as 
in (d) and (to). 

Next month we will have a look at the way a tran· 
sistor operates. 
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IN the U.K. most of the present applications of 
thyristors are in industrial control equipments such 

as those found in steel, paper, tell.lile mills, elc. In the 
U.S.A., where they have been available longer, they 
are found in portable drills. vacuum cleaners, washing 
machines, fan healers, bedside lamps, sewing machines 
and a hundred and one other domestic appliances. 
although these applications are now gradually being 
accepted in the U.K. Acquiring knowledge about a 
new component is usually built up in three separate 
siages. They are: 

l. Learning about the fundamental behaviour of 
the device:. 

2. Experimenting with some proven circuits. 
3. Using ingenuity in applying the basic circuits to 

specific requirements. 
This anicle will help you with stages I and 2. Stage 
3 is for you to follow up. learning fundamentals is 
never very light work but in this case Ihe time spent 
will be richly rewarded. 

BASIC THEORY 
Unlike a transistor which has three layers, either 

pnp or np". the, thyristor (or silicon controlled rectifier) 
has four-pnpn. This is illustrated in Fig. I, where it 
will be seen that the structure can be considered to 
consist of an npn and a pnp transistor with a common 
collector junction. This, of course, must not be taken 
to mean that a thyristor can be made up from a pair 
of transistors by joining together the collector leads. 
It is not quite as simple as that! 

The thyristor has three leads (tags or studs in the 
case of the big ones) and these are connected inside the 
can to three distinct parts of thc st ructure. These are 
shown in Fig. I. 

Let us now look at the circuit symbol for the thy
ristor as shown in Fig. 13. You will see that it uses 
the basic diode symbol with the gate lead "tagged" 
onto the cathode. Although this symbol has been 
used generally for some lime. it does not trUly represent 
the relative connections, since the gale is. in fact, 
Mt""e~n anode and cathode. Fig. 2b shows the British 
Standard preferred symbol which indicates, in addition, 
the direction of flow of the gale current for a p"p" 
device. It is reversed for npnp. 

'''' 

'--'"'''''' 
,----

~--~'''''''' 
FI,. 10. Con.,~_ 
tiona/ ,ymba/ far a 
thyrlltar 

fl,. / . Ola,ram of 
the make-up af P 
and n lay.r, with 
r./ath,. connection. 
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FI,. lb. Brlti'lt 
Standord .ymbol 
(or iii thyrlnor 
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A proper understanding of th.yristor depends on 
the appreciation of five basic facts: 

1. It can be in onc of two possible states. It can 
be on (allowing a current to flow from cathode to 
anode) or off (allowing only a very small leakage 
current to flow from cathode to anode). 

2. When it is on it acts exactly like an ordinary 
diode, i.e. it will only pass current in one direction. 

3. It can be switched from Ihe off to the on slale 
by a positive signal on the gale, but once it is on the 
gate cannot exert any furlher control, i.e. only a pulse 
on the gate is necessary to tUTn it on. Once on, the 
cessation of the gale signal cannot turn it off. 

4. Once the thyristor is on the o,:,ly way to s~itch 
it off is to reduce the current fl OWing through It to 
zero (actually slightly above zero as explained later) 
for a short period of time, typically 50 microseconds. 

S. The thyristor needs a positive potential on the 
anode to enable it to conduct in the same way as an 
ordinary diode. 

Like other semiconductors, thyristors come in 
different sizes with different specifications. When 
building up equipment the first, and most important, 
problem is selecting the right unit for the job. 

Manufacturers of these devices issue comprehensive 
data sheets on their products. These are usually 
freely available and the importance of having full data 
on a device before using it cannot be too strongly 
stressed. In the data sheet you will find upwards of 
20 different parameters mentioned. Of these, seven 
are of real importance in all applications and the rest 
relate to the use of the device under specified circuit 
conditions. These seven characteristics are the for· 
ward current, the peak reverse voltage, the holding 
current , the maximum gate current, the minimum 
gate current, the maximum reverse gate voltage and 
the maximum forward voltage. We will examine 
each of these in turn and see how they are related to 
actual circuits. One very important point to bear in 
mind is that temperature variations affect the charac· 
teristics in the same way thai Ihey affect transistors. 
In each case thc way in which temperature affects the 
performance will be given. 

FORWA RD C URRENT 
This is the maximum currenl which Ihe thyristor will 

carry and switch. It is sometimes given as an average 
value and sometimes as an r.m.s. value. The peak 
current for a specified short time interval is also 
usually given; this would apply where the thyristor 
feeds a reservoir capacitor. Unils currently available 
are in the range IOOmA, up to hundreds, even 
thousands, of amperes. To determine the current 
rating you require for a particular circuit a simple 
calculation is necessary. 

Minimum current rating = 

Or, if you know the power rating of the load, 
. . . Power of load 

Mmlmum current ratmg - S t t upp y vo tage 
For example, if you want to control Iwo electric fire 

ban each rated at I kilowatt on a 230 volt a.c. supply, 
you would require a thyristor with an r.m.S. current 
rating of alleast 

2 x 1000 '"" S.7A 
230 

Thus a lOA thyristor would be required. 

SIze of alGOmA. thyr"tor ('efe) attll a IDA. thyrl.tor (rlr"e) 
compored wh:" a moecllboK 

PEAK REVERSE VOLT AGE 
For a particular current rating the cost of devices 

rises steeply as peak reverse voltage ratinp: increase. 
Ratings range from 2S volts up to several kilovolts. 
This particular parameter is only applicable to thy. 
ristors working in a.c. circuits and it is a measure of 
the maximum voltage which can be applied to Ihe 
device in the reverse direction, i.e. negative to a~ode, 
without causing a breakdown. 

When determining the p.r.v. rating required in a 
particular application. bear in mind that it is a ~Qk 
rating, whereas most supply voltages are expressed 
as an r.m.S. rating. The peak of an a.c. voltage is 
approximately 1·4 times its r.m.s. value. For example, a 
thyrislor required to operate from a 230 volt a.c. supply 
must have a p.r.v. rating of at leasl 1·4 x 230 - 322 
vol Is. In practice a 400 or 800 vo11 device would be 
used depending upon the margin of safety required. 
Incidentally p.Lv. (peak inverse voltage) is the same 
as p.r.v. 

HOLDING CURRENT 
Jf the current through a relay coil is gradually 

reduced from its full value the relay will drop out 
before the current reaches zero. The same is true of 
a thyrislor and the minimum current, below which it 
may not remain on, is the holding current . 

Holding current values lie between about 1 and SO'!lA 
depending upon the size of the S.c.r. The prachcal 
effect of the holding current value is to limit the amount 
of resislance which the load may possess. If you find 
a condition where the current passed by the load is 
below the holding current value, a suitable shunt resis· 
tor can be wired across the load to bring the current up 
to the correct level. Holding current decreases as the 
temperature increases. 

MAX IMUM GATE CURRENT 
To switch the thyristor on, a positive voltage is 

applied to the gate. This voltage must be applied 
through a resistor SO that the maximum gate current 
rating is not exceeded. Typical ralings lie between 
lOOmA and SA. The minimum value of resistor ts 
found by calculating 

Minimum resistance -

In this connCftion it should be appreciated that the 
relationship between the gate and lhe cathode is that 
of a forward biased diode and as such the resistance 
between the Iwo is very low. 
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MINIMUM GATE CURRENT 
This is simply the minimum value of gate current 

which will cause the thyristor to switch on. Because 
it is very temperature dependent (its value drops as the 
temperature increases) most manufacturers give a 
graph of current against temperature instead of a 
single value. The two factors affecting the gate 
current are the voltage applied to the gate circuit and 
the value of the series resistor. To ensure that the 
thyristor will fire at all times, check that the resistor 
value will allow sufficient gate current to flow at the 
lowest temperature envisaged. with the gale circuit 
voltage at its lowest possible level. 

For example, assume the equipment has to operate 
down to - 20 degrees C and the gate circuit voltage 
is from a 12 volt baUcry which can drop down to 
10 volts. To determine the maximum value of gate 
resistor, check the data sheet to find the minimum 
gate current at - 20 degrees C, say SmA and 
divide the 10 volts by this figure 

M " . 10 250h aXlmum resistance = 0-008 I, 0 ms 

Typical values for minimum gate current lie between 
I and SOmA at room temperatures. 

MAXIMUM REVERSE GATE VOLTAGE 
Because the gate and cathode form a diode it is 

apparent that the reverse voltage which can be applied 
to the gate is limited. When feeding the gale from an 
a.c. supply, Ihis point has to be walched closely. If 
there is any doubt whether the gate can go negative 
with respect to the cathode, it is wise 10 connect a 
diode between the gate and cathode, with the anode 
of the diode connected 10 the cathode of the thyristor. 
This will then clamp any negative voltage which appears 
on the gate. 

MAXIMUM FORWARD V O LTAGE 
This is the value of voltage which, when applied to 

the thyristor with positive to the anode, will not cause 
the device to switch on spuriously, i.e. without a gate 

• signal. If it is switched on without a gate signal it is 
a good sign that the forward voltage rating is being 
exceeded. T here are two very important points to 
remember about forward voltage rating: 

I. It is very temperature conscious in that as the 
temperature rises its value goes down; 

2. Its actual value depends upon how quickly it is 
applied to the thyristor. 

The first one is due to the fact that, as the temperature 
increases, the leakage current between the various 
layers gets larger and this has the same effect as par
tially triggering the unit on its gate. This effect can be 
overcome to some extent by connecting a resistor of 
about 1,000 ohms between gate and cathode and allow
ing the leakage current to flow out of the junctions. 

The second effect is more complex but in practice 
any measures which can be taken to apply the anode 
voltage slowly. rather than quickly, will allow a greater 
margin of safety on the forward voltage rating. In 
practical terms this means avoiding the use of fast 
action switches, such as microswitches, to apply the 
voltage to the thyristor. If difficulty is experienced, 
try connecting a small (O'I - I/'F) capacitor between the 
anode and cathode as this, in conjunction with the 
load, will form a small time constant and will stop the 
anode voltage rising too quickly. 
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BASIC GATE CIRCU ITS 
When designing gate circuits it must be borne in 

mind that three basic requirements have to be mel: 
1. Gate current must not exceed maximum; 
2. Gate current must always exceed minimum; 
3. Negative voltage must be kept off gate. 

Manual swiuhing on d.l'. supplies. This is the simplest 
case and the circuit is shown in Fig. 3. The switch 
could equally well be a relay contact or a reed switch. 
Manual sw;uhing with a.l'. supplies. This is shown in 
Fig. 4. The only difference between this and the 
previous. arrangement is the inclusion of diode D I to 
prevent the gate going negative. 
Delayed swiuhing with d.l'. supplies. If you want 
a time interval cetween applying power to the gate 
circuit and the thyristor firing. this can be achieved 
as shown in Fig. 5. When the switch is closed, Cl 
starts to charge. When it reaches the Zener voltage 
of the Zener diode D 1 the diode conducts and fires the 
thyristor. If necessary a resistor is wired in series 
with the diode to ensure that the maximum gate current 
is not exceeded. 
Delayed switching wirh a.c. supplies. If the principle 
described above is applied to an a.c. circuit the result 
is a phase control and it is this which forms the basis 
of all thyristor a.c. power control circuits. With an 

Fi,. J Simple ,ace circuit 
for a d.c. lupply 

FI,. S. Delayed fi rln, for 
d.c. lupply 

FI,.4. Simple ,ate circuit 
for an a.c. lupply 

FI,. 6. Balic phale con
trol circuit for a.c. supply 
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FIr. 7. M ethod, of swlech'fI, thyristor, orr when fed (rom d.c. 

a.c. supply on Ihc anode, thc anode voltage falls to zero 
at regular intervals. The gatc can exert a constant 
control over thc current in thc anode load (in d,c. 
wrcuils once thc thyristor fires it remains on and the 
gatc cannot exert any funher control). Consider Ihe 
circuit in fig. 6, which is not intended as a pnr.clicat 
circuit but is simplified to show thc operation. 

When thc anode voltage starts to rise thc capacitor 
commences 10 charge. Afler a delay. which depends 
upon thc selling of VR1, thc thyristor turns on and 
supplies power 10 the load until the end of the cycle, 
when thc anode voltage falls to zero and thc thyristor 
turns olf. When thc anode goes negative the thyristor 
cannot switch on, but the capacitor is discharged via 
02. On the next positive haU.c:ycle the thyristor 
fires again after a delay and so on. . 

From this it will be seen that the point on tHe positive 
half-cycle at which the load is connected depends 
upon the sctting of VRI. Since VR I is only controlling 
the capacitor current it can be a small carbon type 
variable resistor. but it can vary the current in a load 
rated at several thousand walts. The practical dis
advantage of -'his circuil is that only every other half
cycle is applied to the load, but this difficulty can be. 
overcome as described a little later. 

TU RNING OFF TH E T HYRISTOR 
We ha\e already seen that in a.c. circuits the thyristor 

is automatically turned off every half-cycle. In d.c. 
circuits some method has to be found to interrupt the 
current flowinS through the device momentarily. 
Fig. 7 shows four possible ways of doing this. In 
Fig. 7a a '·normal.closcd" switch in series with the 
anode is opened to switch the device off. J n Fig. 7b a 
"normal-opcn" switch across the thyristor diverts the 
load current when it is closed and the load is de
eoergised when the switch re-opens. In Fig. 7c an 

." .. 

npn transistor is used in the same way as the switch in 
Fig. 7b. By switching the transistor on the current 
will be diverted from the thyristor and thc load will 
de-cnergise when the transistor is switched off. 

Fig. 7d shows how ooc thyristor can swi~ch another 
one off. Assume SCR I is on and load I is energised. 
The "left-hand" side of CI will be virtually at earth 
potential and the "right-hand" side will charge up to 
the supply voltage via load 2. If SCR2 is now fired 
its anode and the right-hand side of CI will fall. Since 
the charge on a capacitor cannot change instan
taneously, the left-hand side of the capacitor, and 
hence the anode of SCR I will also fall. This will cause 
SCR I to be momentarily reverse biased and it will 
switch off. If SCR I is now fired it will switch SCR2 
off, and so on. CI is caBed the commutating capacitor 
and the basic circuit can be adapted to form several 
types of oscillators and flashers. 

EXPERIMENTAL CIRCUITS 
Having now considered the various facets of thyristor 

behaviour we will finish off this article by describing a 
few practical circuits which can easily be ml\dc up on 
the bench and which illustrate the various basic arrange
ments described above. The actual types of thyristor 
used will depend on the current drawn by Ihe load ; 
hence no types are quoted on the diagrams. The 
same applies 10 the diodes. Use lamps for the loads. 
ExJWrimt'nl J. This is shown in Fig. 8. Closure of 
the "start" switch will turn the lamp on, anel opening 
of the stop switch will tU.rn it off. In each case only a 
momentary action is required . 
Experiment 2. This is basically the same as the 
previous one except that a "normal open" stop switch 
is used in parallel with the thyristor. Sec Fig. 9. 
E r/X'rlmel/r 1. This circuit (shown in Fig. 10) is a 

FIr. t. Ano,h.r on-off ( 011,,01 wllh 
FIr . •. Simp/. on-o" (ontrol 0 "normol ope,," .wll(h In fHJrollei 
wllhd.(.Jupp/y(uperlment/) wllh ' he ,hyrll1or (uper/me", 1) FIr. 10. So.le 'hyriJtor fII,...flop (uperlment J) 
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practical arrangement designed to illustrate the flip
flop action of two thyristors having their anodes 
coupled by a commutaling capacitor. In ilially neither 
lamp is alight. Operating either of the start switches 
will cause the appropriate lamp to light and further 
o~ration of the second switch will cause the second 
lamp to light and the first lamp to go out. 
£X~rim""t 4. This is the same arrangement as 
experiment I but wilh an a.c. supply. In this case 
the lamp only lights to half brilliance. because the 
thyristor on ly conducts on the positive half~yc1es. It 

'" 

Fir. " . SImp'. on-off control with G. C. 
IUP"" (e"per/ment <f) 

only remains alight as long as the start switch is kept 
closed, because the a.c. supply falls periodically to 
zero; on the next "zero" after the switch is opened 
it turns off and stays off. See Fig. II. 
Exp~ri"'~nt 5. We saw in experiment 4 that on a.c· 
supplies the thyristor only conducts every other half
cycle. One way to overcome this problem would be 
to use two thyristors connected back to front. This 
arrangement is entirely practical but it requires two 
lots of gate circuits and two thyristors, which ca n be 
expensive Items. A novel alternative circuit is shown 
in Fig. 12. 

FI,. '2. U •• of • brld,e rectf(ler to obtaIn full 
walfe control of the load (experIment SI 

Notice that the load is connected in series with the 
input to a bridge rectifier and the thyristor is arranged 
so that, when it turns on, it shorts the output of the 
bridge. A little thought will show that when the out
put of the bridge is shorted the full a.c. supply will be 
applied to the load, since both halves of the sine wave 
can pass thrOUgh the bridge network. The beauty of 
this arrangement is that the thyristor is effectively 
switching d.c., whilst the load is fed from a.c. By 
replacing the resistor divider in the gate circuit by a 
resistor-capacitor combination you have the basis of 
all thyristor a.C. power control circuits. * 
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THYRISTOR 
CONTRO 

ONE of the most usc:fui electronic additions to the 
workshop bench is a means of controlling the 

speed of an ele<:tric drill, especially when drilling 
brickwork. The circuit described here may be used 
to ~ntrol the mean power fed to a number of other 
devICeS such as, flood lighting. photogrnphic lighting 
or an a.c. electric motor (not a synchronous type). 

The main element is a monostable trigger which 
generates a pulse to fire a thyristor (otherwise known 
as a silicon controlled rectifier) at a predetermined 
point on the positive excursion of the mains sine wave. 

TIUGG!R CONTROL 
Referring to Fig. I, the 240 volts a.c. mains supply 

is rectified by 0 1 such that only the positive ,oin, half 
of the sine wave appears across the Zener diode 02. 
1lIe two resistors. Ria and Rib in series, limit the 
current flowing in the Zener diode. and the Zener diode 
clamps the supply to the trigger circuit to I S volts. 
The output from across the Zener diode consists of a 
positive ,qins square wave 1.$ shown in Fig. lb. 

This positjve gOinS SQuare wave is used as the po......-er 
supply (or the remainder of the circuit. It is also fed 
via CI to a monostable trigger formed by TR I and 
TR2; the waveforms are shown in Fig. 2. The 
positive ,oing edge of this waveform (at el) coincides 
with the supply being applied to the circuit and TR I 
turns on and TR2 turns off. As C2 charges towards 
the supply voltage via VRI and R6, a point is reached 
where TR2 turns o n and in turn TRI switches off. 
The output from TR2 collector consists of a positiv(' 
going SQuare wave, where the leading edge is controlled 
by the phase of the mains and the lagging edge by the 
setting of VR I control. 

1be output from the monostable trigger is amplified 
and inverted by TR3 and differentiated by C4 and. R9 
at TR4 base. TR4 is an emiUer follower normally 
held non-conductin, by R9. The negative going pulse 
at the base of TR4 does not appear at the emitter due to 
the stage being non-conducting, and the positive going 
pulse turns the s~ on and a positive pulse appears at 
TR4 tmitter. ThIS is fed via CS and the limiting 
resistor R II to the gate of the thyristor, SCR. Diode 
03 prevents the gate from going negative. 

The thyristor in the quiescent condition is non
conductio, on either half-cycle of the mains. A 
positive going pulse appears at its gate coincident with 
the positive half-cyck of the mains at the anode. The 
thyristor then fires and remains conducting until the 
mains waveform passes through uro; it then cuts off. 

The thyristor therefore conducts for a portion of the 
positive e"cursion of the mains sine wave. The time 
IIwt it is conducti", is detcrmined by the setting of 
VR I control, and the mean current in the anode is 
used to drive the load. 

Improved smoothness of operation and a wider 
range of control CIIn be obtained if a conventional 
power supply is used as shown in Fig. 3. The dis· 
adYant8jC of using this is that the size and weight of 
thoe unit is incR:ased considerably. 
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COMPONENTS 
The unit is constructed in an Eddystone type 650 

aluminium box, with tile (ollowin, mounted on the lid: 
outlet socket J3 amp ratinllype MK734 or MK732 
with the front plate removed; two on-off switches. 
one wh.ich isolates the unit from the mains and the 
other which switches from full power to half poweli 
where fine control is exereised by the potentiometer. 

The thyristor is mounted in the unit by fixing the 
stud into the nhltrallcrminal of the outkt socket SK 1. 
1l\e remainder of the e\ecnonK:s are contained on a 
piece of Veroboard mounted by two insulated pillars 
using the same fixing ~rews as for the outlet socket. 

The components as specified in thc paru list. 
should be used to enable the unit 10 fit to&Cther without 
trouble. The Radiosparts and MK plug and socket 

FI,. ,. Circilit 4ia"am of I,", complete thyristor control 
IMIt. TIM thyristor i. dOrKIted II,. selL from tit. clrc~/t 
op.rotJon poiM of ... / .... tit. L oltd N /np~t ,uPP'" ... 1. I'll 
mo,. " Iron. pored. /»It for '0(.1,. t h.,. " toulll be Of .ho.". 
Olller ... I •• t he unit .h_'. b. comp'.tel,. 'Mu/old 
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may be ordered Ihrouah any radio and electrical 
retailer. The semiconductors (transistors are all npn 
types) may be ordered from one of the many advertisers 
in this publication. Resistors R I a and R t b can be 
replaced by a single resistor 5,000 ohms 10 watts if 
prderred. 

The thyristor connections are identified as follows : 
stud is the anode; short tag is the gate; long tag is the 
cathode. The CR5l-4O has a peak inverse voltage 
of 400V and a mun current tating of 3·7SA with a 
peak repetitive current of lOA. The unit as described 
will safely handle 750 wans. To obtain a higher 
rating a different thyristor type would be required, 
but it is likely to be approximately three times the 
price of the low current types. Typical high power 
types suggested are S.T.C. CRS2S-40 or Mullard 
BTY87-400R. The unit will drive these types salis· 
factorily but a different mounting arrangement would 
be necessary using a heal sink. 

MAKING UP 
The drilling and CUlling details of Ihe box panel is 

shown in Fig. 4. There are a number of ways of 

MAINS I ~PU T 

'" 
TU COlUCTO~ 

'" 
TR' COlLECTOII 

,., 
U4 USE 

'" 

lOAD VCH.UGE COtITlOI. lUX. 

tOAD VOlTACOE COfInOl MIN. 

fl,. 1. Synl:hron/red w..,.form. 1111 dl"-.r.nt ports of the 
I:lrcli/t 
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cutting out the T-shaped hole for SKI . Probably 
the best way i5 to mark out the shape with a scriber, 
drill holes all round tne inside of this line, break out 
Inc waste piece. then file to the required shape and size, 
Two 4 .B.A, clearance (No. 26 drill) holes are drilled 
to fix the socket and pillars for mounting the Veroboard 
panel. A drawing is also shown al the bottom of 
Fig. 4 giving the details of the pillars. Holes should 
be drilled in each end, Ihen tapped very carefully to 
avoid damage to the material and the tap. 

The photographs show how the pillars arc fitted. 
Notice from Fig. 4 that one end of each pillar is 4 B.A. 
(No. 32 drill), which. is attached to the fixing screws 
Inrough the metal plate of the box and the socket. 
The other end is 6 B.A. (No. 43 drill) to fix the com
ponent board. 

Full wiring details are shown in Fig. S. The Vero
board has some link wires and the breaks are shown in 
Fig. 6. Observe the interconnections between the 
control panel and the component board. The wires 
are colour coded for easy reference to wiring 
connections. Care must be exercised when mounting 
transistors, diodes, thyristor, and capacitors; make 
sure the connections and polarities arc correct. 
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'" 

fi,. J . SU"I'stl'd circuit fo, an aUllil/o,y POWI" unit to ,i.,I' 
smooth., op.,atJan of th. contro' unit 
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U./IUojIlS ItIM 
rroM ,1.1 

so, 

FI,. Sa (abo .... ). Wlrln, d~Ca/lJ of ch~ 
control ~an~1 w/ch multl-cor" cabl~ to 
camponMC ou~mhly board 

FI,. Sh. (I.ft). 
Conn~«lon, (or the 
thyristor 

DIIll T'I'O HDl£5 ~20'Dj A 

COMPONENTS • • • 
Resistors 

Ria 2·5kO lOW} 
Rib 2.5kO lOW or RISkO lOW 
11.2 8·2kO RS 6200 11.8 10kO 11.11 Isn 
11.] 620n R,6 IkO R,9 nkn 
R4 8·2kO R,7 IOOkO RIO IOkO 

R,l to 11.11 are all S% hi,h subllity carbon types 
Potentiometer 

VR,I SkO linnr carbon 
Capacitor, 

CI S,...f elect. 15V 
C2 51'f elect. 15V 

Translston 

C] 25J4F elect. 15V 
C4 0·022pf polyester 
C5 O· I,.f polyelter 

TRI. 2, 3, 4 8SY9SA (S.T.C.) (.of off) 
Thyristor 

SCR. BTY- 79-400R (Muliard) or CRSl--40 (S .T.C.) 
Diode 

01 OAIIO (Mullard) or FSTlJ.of (S.T,C'I 
02 Zener SXISC (Mullanl) or ZlAlSOFC (S.T.C. 
D) OAS (Mullard) or GOB (S.T.q 

Switches 
SI Single pole, on·off, tOI1'e switch 
S2 Single pole, on-off. toggle ,witch 

Plu, and Socket 
PLI Il amp] pin with ]A fuse (fS I in FiC. I) or 

to suit mains supply ,ocket on wall with 
addit;Of'tal )A fuse if required 

SKI I] amp) pin mains type 
Miscellaneous 

Diea.st box (Eddystone type 6SO). 3-core mains cable. 
Pointer knob and p.v.c covered wire. Vefoboard 
4] / IS04 

10 VIt1 
wln~ 

00 

o 0 0 0 0 

ro GATt 
OF SeA 

FI,. So: (obove). Wlrln, detail, af the camponent auembly ... ,. 
FI,." (Ie(t). Under, 'de vjew o( the component aJlembly boo,. 
TRY IT OUT 

When the unit is complete and the wiring is correct, 
it can be tried out. Insert PLi inlo Ihe mains supply; 
SI sh(luld be off and S2 should be on at first (i.e. set 
ror rull power). A domestic lamp (about 4QW) is 
probably best 10 sian with. Connecl Ihe load to SK I 
and switch on 51. Having ascertained Ihat the fuJI 
mains is supplying the lamp, you can now sel VRI to 
minimum and switch S2 to "hair" power. Adjust 
VRI; the lamp brilliance should alter correspondingly. 
The unit can be tried out on olher appliances 
provided they are within the range or power previously 
mentioned. * 
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Part Five 
SINGLE 
CHANNEL 
PROPORTIONAL 
SYSTEMS 

By R. H. WARRING 

01 

SINGLE channel radio control presents a challenge to 
ingenuity to extend the service offered beyond simple 

sequential movements. There are definite limits to 
what can be attempted in order to provide practica 
methods of sequence selection: there are equally 
definite limits to the number of individual sequence 
positions which can be utilised without rendering the
whole control system unmanageable. Thus, as fv as 
model control systems are concerned, straight{Qrward 
single channel operation can only provide incij"-Plete 
coverage of requirements. the real attraction l:i5ng 
that it is by far the cheapest" form of r~o control 
available. For that reason alone it rernains 1be most 
popular type of radio control, in this cQ.untf)' at least. 

About the only way in which ·)inglt" channel 
signalling can be improved in perforl'l\!lllCe as a basic 
"contro\"' method is to adapt i.&.. fo proportional 
silJlalling rather than simple on-oJfs~ching and related 
"bang·bang" movement of tQj: IIssociated actuator. 
This demands some modifk;pil'ln of the transmitter 
signal to provide a variabit'" signal and a modified 
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~orm of actuator capable of 
/ interpreting that intelli

gence. 
Electronically (at the 

transmitter end) and elec
tromagnetically (at the 
actuator end) this is re
latively simple to arrange ; 
but although this may pro
duce a "proportional" 
system it will still have 
distinct limitations as a 
practical control method, 
typically a lack of a positive 
or "safe" neutral position. 
for example. Also such 
servo circuits are almost 
invariably of open-loop type 
and thus not truly propor
tional, as the actual position 
assumed by the actuator 
output will be influenced by 
the load on it . 

-i,ingle chllltnel prOpOrtional systems do, however, 
pro~ an infe(esting field for experiment; a number 

commercial ~ystems operating on this principle 
are now .Iso available. The cost is appreciably 
lowe""",an convCnlional " multi-channel" syst~ms and 
\'CrY n1\ch lower than the multi-channcl proportional 
systems. This is because all the "intelligence" required 
can be superimposed on the output of a co"vC:nlional 
single channel transmitter. 

PULSE SIGNALLING 
The basic method of achieving "proportional" 

signalling is to transmit the master (single channel) 
signal in a series of pulses rather than as a continuous 
signal. ,AI the receiver end Ihe actuator (which. can 
be a simple electric motor) is wired to the: receiver 
relay as shown in Fig. 5.1. 

Assuming that the transmitter signal is pulsed at a 
steady rate with equal periods of "on" and "ofr" (i.e. 
a mark/space ratio of I : I), the receiver relay armature 
wilt follow at the same rate, alternately completing the 
battery circuits to drive the motor first one way and then 
the other. In other words. the motor will oscillate 
about a mean or "neutral" position. 

If the pulse rate is increased, there will come a point 
at which the motor is virtually s tationary since it will 
not have time fo start movi ng in one direction before 
it is switched with opposite rouery polari~y to move 
in the opposite direction. In practice, it is only 
necessary to increase the pulse rate to the point where 
the oscillation of the actuator (motor) is rapid enough 

• 1..-

FI,. S.I . Pul.e proportlOlMl1 .I,nol opercrte. the r~oy 
occorllln, to It. mark/rpoce rcrtJo 
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not to have any appreciable effect on the performance 
of the model being controlled. This corresponds 
to a minimum of four pulses per second in the case of 
model aircraft. 

Having established a sat isfactory pulse rate, jf the 
mark/space ratio is now allered the relay armature 
will tend to dwell for longer on one contact than the 
other. Therefore, the effective "neutral" position of 
the motor will be biased to one side: in proportion to 
the mark/space ratio. Thus a complete: range of 
"proportional" movement is made available, from 
continuous rotation in o ne direction (all " mark" ) 
back to the true neutral position ( I : I mark/space) 
to continuous rotation in the other dire<:tion ta ll 
"spacc")-sec Fig. 5.2. 

In practice. ro tation of only 90 degrees from the true 
neutral is necessary to obtain a ful1 con trol movement 
as far as mechanical output is concerned . Hence a 
mechanical stop would normally be used at this posi
tion (allowi ng the motor to continue to run against a 
slipping clutCh) whilst holding a "full o n" eontrol 
position. 

Alternatively the "full" cont rol position could be 
used for triggering a separate switching circuit to 
operate a secondary actuator, thus giving propor
tional movement of the main control. plus one or two 
separate and additional services switched by selecting 
an extreme cont rol position (all "mark" or a ll "space") 
- see Fig. 5.3. Normally these auxiliary circuits 
would have to operate on a " trigger" basis, because 
if either were selected. it would mean momentarily 
selecting a full -on position for the main control. 

ELECTRONIC PULSING 
The necessary pulsed output from the transmitter 

can be achieved either mechanically or electronically. 
The laller is the preferred method. although quite 
excellent mechanical systems have been produced by 
individual modellers. Electronically all that is re
quired is a simple multi\jbrator circuit dr iving a relay. 
The transmitter output signal is then taken through the 
relay contacts and is "pulsed" at the rate correspond
ing to the multivibrator frequency. 

A typical circuit is shown in Fig. 5.4 together wi th 
com ponent values. Resistor R4 in series with the 
relay is selected to make the combined value of R4 
plus relay coil resistance equal to R I. The markl 
space ratio is controlled by VR I. As far as mechanical 
control is concerned. an arm attached to the potentio
meter spindle forms the "control stick". Rotation 
in one direction increases the mark/space ra tio; 
rotation in the other direction decreases the markl 
space ratio. The central position of the control stick 
Ii .e. cent ral position of the potentiometer) corresponds 
to I : I mark/space and thus the "neutral" position. 
VR I would have a linear track. 

It is necessary that some resistance be left in the 
circuit at either end of the potentiometer. This can 
be done either by limiting the mechanical movement 
of the control s tick so that some resistance remains 
at either end of the movement. or by adding fixed 
resistors of about 4·7 kilohms each. in series with 
each outer terminal of VR I and each base. 

A refinement is to include a diode across R4 and 
the relay coil. as shown in Fig. 5.4. This will protect 
the second transistor against transient currents induced 
by the relay. 

The addition of a 20 kilohm potentiometer VR2 
between battery negative and VR I wiper will provide 
a further method of control in this circuit by permitting 
adjustment of the pulse rate. Once a suitable pulse 
rate has been established this potentiometer can be 
replaced by a fixed resistor of <!quivalent value to the 
setting established. 

The pulser ci rcuit is quite independent of the main 
transmitter circuit. Thus it can be built as a separate 
unit, powered by its own battery. and simply a1tacn-ed 
to the transmitter case as an extra fining. It can thus 
be used with any size and type of single channel trans
mitter 10 adapt it for "pulse proportional" operation. 
In the case of a modulation (c.w.) transmitter. the pulser 
rela)' contacts would be connected in series with the 
h.t. lead. With a tone transmitter the pulser re lay 
contacts would be used to switch the tone circuit. 

The single-channel relay receiver needs no modiflCa
tion at all for pulse operation. other than the utilisa tion 
of both relay contacts for completing the actuator 
circuit , and the necessity of having a suitable relay for 
following the pulsed signal. 

There is. however. some advantage in employing a 
si mple transistor switch (such as in Fig. 5.5) for greater 
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reliability of operation. 11te transistors must be 
chosen with regard to the operatina voltage and current 
passed 10 meet the requirements of the actuator (motor) 
without overloading. Type 2NI30S are generally 
satisfactory for small motors operating on not more 
Ihan 3 volts if they are never allowed 10 assume a 
stalk<! position. 

With a relaylcss receiver the adaptation is rather 
different. However, it is a simple matter to connect 
the receiver output to a relay of suitable coil resistance, 
when it will operate just like a relay receiver with the 
relay contacts wired to the actuator (molor). Alter
natively. a transistor switching circuit can be employed 
instead of a relay (see Fig. 5.6). 

Both types of receiver (and relayless receivers in 
particular) are susceptible to interference from the 
actuator motor. An obvious precaution is to position 
the actuator as remote from the receiver as possible, but 
suppression may also be necessary. Alternative 
methods were shown in Fig. 4.11 last month . 

Very sensitive receivers may only work S8ti,factorily 
with pulsed systems employing magnetic actuators in· 
stc-ad of motors. These use only cOil circuits (with 
no make and break contacts) with sprinl self-ccntring. 
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FI,. 5.7. Schematic d/a,l'am of haw ,r.. malal' woul., 
be Cf)upl" to tr.. rudder find e'e¥atol' flap. 

--,. .... ct.ogo .. ...... -.... -0' ....... tigJIt -
FI,. 1.1. Po,"'an, of the crank dl'/¥e In relation to 
rudder and ele¥atol' (lap. 

They are attractive in principle but not very satis· 
factory, or useful, in practice due to the very low 
mechanical output possible. Motors are generally 
far .more satisfactory provided they have light arma· 
tures and very good brushes. In practice the mech· 
anical output would be extracted via reduction gearing 
rather than direct from the motor spindle, thus provid
inl torque multiplK:ation. 

IN PRACTICE 
In general, the simple pulsed proportional system 

described ·works quite well when applied to aircraft 
models and other systems where control loads are 
light, but can be difficult to master as a Hying control 
because of the lack of a positive self-ccntring neutral. 
It is not so satisfactory for boat rudder control because 
of the much higher loads on the control surface; 
although in this application the type: of response 
Pl0vided is easy to master as a working control system. 

For aircraft control systems a more satisfactory 
arrangement is "simple.simultaneous" or the ·'gallop
ing ghost"' system which is essentially a dual propor
tional system, although worked off a single-channel 
signal. It should be emphasised that it is essentially 
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230/240v. AC. 5O/6OI LIGHT SENSITIVE SWITCH OUTPUT VARIABLE 0-260v. 
BRAND NEW Carriage Paid.1 Kitofparts, inctudingORPl2Cad- 

I 

Buy direct from the importer, Transistor and Circuit, etc., price 
mium Suiphide Photocell, Re'ay, 

________________ keenest prices in the country. 25/- pIus 2/6 P. & P. ORP 12 in Alt Types (and Spares) cluding circuit, 10/6 each, plus 
____________ + to 50 amp. from stock. 

OPEN TYPE (Panel Mounting) 
1/- P. & P 

A.C. MAINS MODEL amp, £3. 3. 0. I amp, £4. 17. 
6.1 Incorporates MainsTransformer, Rectifier 

_____ 2 amps, £5. 12. 6. 
and special relay with 3, 5 amp mains c/a SHROUDED TYPE 

. 
i amp, £4. lO. 0. 2,5 amps, contacts. Price ¡nc. drcuit 47/6 plus 2/6 

I 

& 
_____ £5. I 7. 0. 4 am ps, £8. 7. 6. __ _ - - - - 

5 amps, £9. 0. 0. 8 amps, NEW! PHOTO ELECTRONIC COUNTER 
50 AMPS £13. IO. 0. IO amps, £17. 0. 0. 

12 amps, £19. IO. 0. 15 amps,I 
Can be set for counts of up to 500 per 

£22. 0. 0. 20 amps, £32. IO. 0. minute. 210-250 y. A.C. powered. Kit of 

4 

37.5 amps, £65. 0. 0. 50 amps Components including photo cell. High 
£85. 0. 0. ' 

speed non-resettable counter. Transfor- 
merrelay, etc., together with clear circuit PORTABLE TYPE 

_____ 2.5 amps,_Portable £9. Il. 6. I 
diagram. £3.2.6, plus 2/6 P. & P. - - 

loo WATT POWER 
RHEOSTATS (NEW) ; 

250 Micro-amp., scaled in dB's. New 

SANGAMO WESTON 
Type S32 2 Edgwise Meter 

AVAILABLE IN THE 
- 

29/6. P. & P. If-. 
FOLLOWING 9 VALUES . ..., 

u 230 V. A.C. MOTOR and REDUCTION GEAR BOX 
-_ _ - - - - - 

Io ohm, 3 a.; 25 ohm, 2 a.; 50 ohm, 
1.4 a.; lOO ohm, I a.; 250 ohm, .7 a.; I Reversible h.p. 1,450 r.p.m. " 
500 ohm, .45 a.; 1,000 ohm. 280 mA; I dia. I" long shaft. Mounted in anti- 
1,500 ohm, 230 mA; 2,500 ohm, .2 a. 

Supplied complete with pre- 
. . vibration cradle. 

dia. *in. All at 27/6 each. P. & P. 1/6. I 

:\1';J cision 20-I reduction gear box 
Diameter 3+in. Shaft length sin., i 

NOW ALSO AVAILABLE I Made to highest standard for computer work. Ex equip. 
and pulleys. 

IN 25 WATT st-class condition. Price £3.5.0. P. & P. 7/6. - 
IO ohm, 1.5 a. ; 25 ohm, I a.; 50 ohm 
.75a. ; 100 ohm, .5 a.; 250 ohm, .3a; SOUND POWER OPERATED I METERS 

2" Flush Round 
500 ohm, .2 a; 1,000 ohm, . 15 a; 1,500 I EX-ADMIRALTY HEAD 

I 
A C. AMMETERS ohm, . l2a.; 2,500 ohm, . I a; all at AND BREAST SETS O-1 O-5, O-lO O-15, 14/6. P. & P. 1/6. 

Two such sets connected 02b Amp. A'll 21/- - - - - - 
"GARY" MULTI - RANGE TEST1 up will provide perfect each, p. & p. extra. 
METER Model B40. D.C. volt, intercom. No batteries A.C. VOLTMETERS 

1 

'i., 25v. at 10,000 required. Will operate 
10_251 

O-50, O-150 V. 
, ohm pervolt. ldealfor up to } mile. Price 17/6 All 21/.. each, p. & p. 

transistor circuit test- each plus P. & P. 31- or extra. O-300 V. A.C. 
.'- , ing. A.C; and D.C. 32/6 per pair. P. & P. 5/6. I rn/c Rectifier £19.0. 

____________ volt, I O y. , 50 y. , 250 y. , 

500v., I,000v.at4,0001 UNIVERSAL DEMONSTRATION TRANSFORMER 

ohm per volt. Resis- _______ - tance, 2K ohm 200 K 
Stenzyl Type 

A complete composite i ohm, 2 megolim, 20 
apparatus, comprising a 

__________ Transformer and 
electro - magnet w i t h hm. _ Price includes Test Leads, Battery 

(U.K.). £6.2.6. 3 additional models I 

removable coils and pole 
Instruction book, Packing and Posi pieces. Coil tapped for 

Leaflet gladly sent on request. ' These coils are also used 

230 V, 220 y, 110 y, 
I l5v;6, 12,36, I lOv.A.C. available from 54! to £l4.14.0 

______ ______ ______ ________ ______ for D.C. experiments. 
34R SILICON SOlAR CELi' Complete with all acces- 

4 >( .5 Volt unit series connected output I..'e5 as shown. £17 10/- carriage.Leaflet on request. 
up to 2V at 16-20 mA n sunlight. 30 times 
the efficiency of selenium. As used to GENERATORS £l3.l7.6. Carr. U.K. (B.R.S.) IO!- power Earth Satellites. 37/6. P. & P. II 

VOLT A.C. GEARED Ti-c. SILICON POWER RECTIFIERS ______ _______ _______ __________ 

Leaflet on request. 

MOTORS 
I 

RS300 Series. All types 1.5 amp. wire ended. RS3IO, 
5 r.p.m. l.71b. inch £2.9.6. P. & P. 2/6 lOO y. P.I.V. 4/-, RS330, 300 y. P.I.V. 6/-, RS340, 400 y. 
80 r.p.m. .261b. inch £2.2.0. P. & P. 2/6 P.I.V. 7/-, RS350, 500 y. P.I.V. 8/-, RS360, 600 y. P.I.V. -a 9/-, RS380, 800 y. P.I.V. 10/-. 4 can be used to 
LATEST HIGH SPEED MAGNETIC COUNTERS ' make 3 amp. bridge, NotSeconds. Brand New 
4fìgure lOimpulses persecond. Type lOOD,4.l ohm Stock. Post paid. 
coil,3-6v.D.C.operation.TypelOOA,SOüohmcoil, 
18-24v. D.C.operation. Type IOOB,2,300ohmcoil, SOLENOID. Overall length 3i" stroke " 

36-48 y. D.C. operation. Any type, 15/- each, plus to '. Maximum push 8 oz. 12-24 y. D.C. 
1/6 P. & P. I 

operation. D.C. resistance 35 ohm. Price 8/6. 
_____ _____ _____ _____ P. & P. 1/6. 

_____ - - - - 
L..T. TRANSFORMERS All primaries 220-240 volts. í"asU LTRA VIO LET BU LBS 

- - - - - - 
Type No. Sec. Taps Price Carr. y to use source of UY. for dozens of 
I 30, 32, 34, 36 y. at 5 amps ....... £3.5.0 6/- practical and experimehtal uses. 
2 30, 40, 50 y. at 5 amps ........... £5.5.0 6/6 12 volt 36 watt A.C./D.C. SBC 6/6. 
3 IO, 17, 18 y. at IO amps ......... £3.I0.0 4/6 12 voIt 60 watt A.C./D.C. SBC 8/6. 
4 6, 12 y. at 20 amps ................ £4.17.6 6/6 & P, 1/- on above items. 
5 17, 18, 20 y. at 20 amps ........... £5.12.6 6/6 Transformer to suit the above. Input 200- 
6 6, 12, 20 V. at 20 amps .......... £5.5.0 7/6 240 y. A.C. 12 volt 36watts, 16/6; P. & P. 
7 24 y. at IO amps ................... £3.15.0 5/6 2/6. Input O0-24O V. A.C. 12 voIt 60 watt, 
8 28, 29, 30, 31 y. at 21 amps £7.lO.0 10/- 22/6. P. & P. 3/6, 

All Mail Orders-Also callers: Personal callers only 
47/49 HIGH STREET, KINGSTON on THAMES 9 LITTLE NEWPORT STREET 

Telephone: KINgston 9450 LONDON,W,C.2 Tel,: GERrard 0576 
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HOLE PUNCHES 
Instant Type 

i" diameter . . . . .. . .. . , . 6/IO ea. 
Screw-up Type 

diameter Toggle switch ::. 

..: 

8/6 

's,' 

i, ,, B7G ... ,.. .., 9/- 
!' B8A, B9A . . . . , , 9/6 

" ,, ... ,.. .,. ... 10/2 

ï, ,, , . . . , , . . , 

I" ,, +.. ,.. ... ... 

10/8 

11/8 

'k" diameter mt. Octal .. , ... 13/4 

1*" ., ... ... .., ... 

lì" ,, ... ... ... ,.. 

16/2 

18/lO 

l" ,, 89G ... ... .. 21/8 

lì" ,, ... ... .., , , , 
24/4 

2h" ,, Meter ... ,.. ... 33/2 

Complete Set £9.3.6. 

No extra charge for postage and packing in the U.K. 

Now supplied by: 

TOMPKINS & LONOMAN LTD. 

237 GIPSY ROAD 
WEST NORWOOD, S.E.27 

Te!. : Gipsy Hill 5000 

Solve your communication .-. problems with this latest 

4-Station Tranaistor Intercom system (1 ma8ter and 
3 Subs), in de-luxe Pla8tiC cabinets for desk or wall 
mounting. Call/talk/li8t,en front Master to Subs and Subi 
to muter. Operates on one 9V battery. On/off switch. 
Volume control. Ideally suitable for Office, Factory, 
Workshop, Warehouse, Hospital, Shop, etc. Complete 
with 3 connecting wires, each 66ft. & other accessories. 
Nothing else to buy. P. & P. 4/6 in U.K. 

j NTERCOM/BABY ALARM 

Modernize buineas and home with this latest two-way 
Tranifitor Intercom, consisting of two units, Master 
and Sub, in strong plastic cabinets with chromium 
stands., Elegantly designed to use as two-way instant 
communication systein-Call/talk/listen-between two 
persons. Operate on one 9V battery. Complete with 
60 ft. wire. Battery 2/6. P. & P. 2/6 in U.K. 

I IU' 'ii:i i 75/- 

:f!:1 
tbs Dc-lime 

Telephone Amplifier with Rotary Calendar and Pen-Holder 
which enables you to take down long telephone messages 
or converse without holding the handset. A status 3ylnbol? 
Yes, butveryusefulone. On/ofiawitch. Volum' Control. 
Operates on one 9V. battery (supplied) which la8ts for 
months. P. & P. 3/6 in U.K. Fuilmoney refuided if not 
satisfied in 7 days. 

WEST LONDON DIRECT SUPPLIES (PE/6) 
169 KENSINGTON HIGH STREET, LONDON, W.8 
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an aircraft system and is specific to a two-dimensional 
control system. . . . 

Basically, one channel of proportIonal ~nlelhgen.ce 
is extracted from a variable mark/space ratIo, as wIth 
straightforward pulse proportional. In ad~ition ~he 
pulse rale is also altered, the control slIck bemg 
mechanically connected to "mark/space" potentio
meter and pulse rate . potentiomete~ in a typi~1 
" pulser" circuit. It will be app~l~ted. that thIs 
involves e"actly the same electrOnic CIrcuItry as for 
straightforward pulse proportion~1 o~ration, ut~lisa
tion of the additional channel of mtelhgence (vanable 
pulse rate) being afforded mechanical~y . . . 

Rudder and elevator linkage for aIrcraft IS provIded 
as shown in Fig. 5.7. The actuator motor is spring 
self-ccntred and movement of the output arm in either 
direction is limited by mechanical stops. Rudder 
control is given by varying the mark/space ratio, 
causing the motor to oscillate about a. "neul1'<!I" 
position in proponion.'o the ma~k/space ratio. Vana
tion in pulse rate vanes the 5wmg of the torque rod , 
which in tenns of mechanical response causes the 
elevators to flap up and down. 

In fact, both rudder and elevator are operated at the 
same time and control is obtained by causing the motor 
to "dwell" in a pre-determined position remote from 
the true neutral. Thus with a I : I mark/space ratio 
the rudder position will be true neutral. If the pulse 
rate is slow then the degree of rotary movement of the 
torque rod will be a maximum in one direction, caus
ing the elevator to "dwell" in the " ~p" positio~
Fig. 5.8. Increasing the pulse rate, whilst sun holding 
the same I : I marklspace ratio, will then progressively 
reduce the elevator bias until eventually it will assume 
a full "down" position. Any intermediate position 
can be selected by selecting an intermediate pulse rate. 

If the pulse rate is held constant and the mark/space: 
ratio varied, then the bia~ achieved corresponds to 
rudder movement to one Side or to the other propor
tional to the mark/space ratio. Equally, both pulse 
rate and marklspace ratio can be varied simultaneously 
to give both rudder and e1evato~ bias at the same time. 
Thus if the two control potentIometers are connected 
to a single stick, mechanical movement can be arranged 
so that a true "jo)'5tick" response is obtained, i.e. 
movement of the stick from side to side produces pro
portional rudder movement (bias): fore and aft 
movement produces elevator movement . 

The fact that the control surfaces are, in fact, oscil
lating all the time has no appreciable effect, provided 
the pulse rate is 4c/s or greater. A pulse rate range 
of from 4c/s to 8 or IOcls is then quite adequate for a 
full range of elevator control. The system is eminently 
workable although it does have some inherent dis
advanta~. For e)(ampl.e, there is nea~ly ~Iways 
some interaction destroymg true proportIOnality of 
response; loss of true proportionality is also aggra
vated by blowback (i.e. aerodynamic loads on the 
control surfaces when displaced from the neutral 
position). 

Further variations on this scheme have included 
methods of providing an additional signal intelligence 
by "pulse omission"- i.e. either a full "on" (all 
"mark") or full "off" (all "space") signal for selecting 
and holding e)(treme positions of the main control 
(the rudder). Basically, however, this is just a further 
extension of the utilisation of "limit" movements 
previously described with the simple pulse proportional 
system, with the possibility of operating one or more 
ancil lary services. * 

ELECTRONIC MANDOLIN 
t:o"t;'lH~d from pag~ 422 

The octal plug (Fig. 4b) is the equivalent to the 
"guitar plug" shown in Modify;nr th~ P.E. Guitar 
Amplifi~r elsewhere in this issue. Other connections 
to this plug (as shown for the guitar) are not needed. 

Connect the plugs into their relevant sockets. Turn 
the volume control to mid-position. Switch on the 
amplifier and allow warming-up time. Play each set 
of strings individually and note that the volume from 
each is fairly equal. Turn the volume control dock
wise and note that the sound output increases. If it 
decreases interchange the outer connections on the 
volume control. Check whether "vibrato" is in 
operation; if not. switch on the vibrato switch S2 and 
check that vibrato begins. Check whether bass tone 
control is in operation; if not, switch on the tone 
control switch SI and check that the tone alters. 

COMPONENTS ••• 
Potentiometer 

VR I soon 10,. carbon 

Switches 
51 ~nd Sl Slnlle pole. on-off, to"le or push 

button types ( oft') 

Sockeu 
SKI &nd ·SKl 2-Wl.y j&clu; (lolf) 

Plues 
PLI Ind ·PLl l'WIY ink phI,s to fit SKI and SKl 

(loll) 
PLl 2.way j.ck plu, to fit pick-up Input socket on 

amplifier 
·PL4 International octal type 8.way plu, to fit 1.0. 

v.lnhotder on P.E. Guitar Ampllfler 

Pick-up 
"Eclipse" button ma,neu, -lIn dil (4 off) 
Enamelled copper wire ]0 s.w.,. 
Self-adhesive tape 

Miscellaneous 
Brass sheet -4il"l X lin X 'in (mu5t be non,'errous 

meul) for pick-up ptlte 
Brass shUt -411'1 X lin X 14 s.w., . (for plck.up 

cover) 
Screws -4 8.A. X ,in Clk. hnd (6 off) 
P.V.C. covered contltctin, wire 
.... con cabt.- or twln·core cable 

Matchln, transformer 50 : I mly b. required (Stt 
l.xt) If used with I hla:h impedance Impllfler. 

·ttemS marked with .n asterisk are not needed If this 
m&ndoUn Is used with. commercill amplifier or Iny 
amplifier other thOIl the P.E. Gullor Amplifier. 

FAULT FINDING 
If due care is taken, no trouble should be experienced, 

but accidents and mistakes ("on happen on any job. 
If one set of strings gives very small output, that magnet 
winding is faulty. and rewinding is the only cure. If 
volume decreases when turning the control clockwise, 
reverse the outer connections on the control. If a 
loud hum is caused by touching the metalwork of the 
pick-up, one coil is shorting to the magnet. The 
pick-up must be rewound with new and better insulation 
applied to the magnets. * 
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by S. Chisholm 

Conversion of the HGuitar Amplifier" descri bed in the 
February 1965 issue to accept a low impedance input 

SINCE the description of an electronic guitar 
amplifier was published in Ihis journal in February 

and March 1965, the author has received many requests 
for information on a simple method of converting the 
vibrato controlled input circuil from high impedance 
to low impedance. 

There are several good reasons for the conversion, 
among them being the difficulty of finding a trans
former small enough to fit into the interior of a "solid
body" guitar; also the noticeable increase in the 
weight of a modified, hollow instrument if the Irans
former is not a modern small component. 

MODIFI CATION PROCEDURE 
For the purposes of this article, it will be assumed 

the reader possesses the amplifier referred to above: 
in any case, relevant diagrams are repeated here, 
toaether with a diagram which appeared in the January 
1965 article describing Ihe guitar. 

On examini ng the layout behind the control panel of 
Ihe amplifier, room for a transformer will be found 
between the vibrato control switch, SI and the vibrato 
ind icator lamp LP I. The transformer can be that 
used in the guitar. However, this entails some mod~ 
fication to the wiring within the instrument, but this 

• , . , y \ 
-', 7 

...... I 
-i, 

') 

, 
. J' 7 i ' 

WlTAII 'lU' [I.Ot*IIiGAT 1'IItS) 
*sr'AUTE SClUMEO FUX F D(SIIIEtI 

should not prove difficult because the design allows 
fairly easy access to the electronics. Let us assume 
that the guitar transformer will be used. The guitar 
wiring diagram is reproduced here in Fig. I. 

Begin by opening up the control panel on the 
guitar (see Fig. S on blueprint, January 1965); save 
the woo<lscrews for re-use. Proceed step-by-step as 
detailed below. 

( I) Disconnect the pick-up leads from the trans
forme r (Fig. I). 

(2) Disconnect the volume control lead and screen 
from the transformer. Remove the transformer. 

(3) The existing volume control has rather a high 
resistance for a low impedance input arrangement 
and it will probably be fairly critical in operation. lf 
this is likely to be a nuisance to the reader, the control 
should be changed now for one of SOO ohms. 

(4) Connect the pick-up leads to the new volume 
control (one lead to one outer tag. the other lead to 
the remaining outer tag). The central connection has 
coaxial cable (8) as before. 

(5) The pick-up connections to the volume control 
should now be as shown in Fig. 2. Replace the cont rol 
panel 10 complete the work on the guitar. 

"" """"' ""''''"on 

Fl.. I (I.ft) . Orl.I_ I wlr ln, of tIM 
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HIGH TEMPERATURE 
MINIATURE PLUGS 

The PV is intermateable with MIL-C-26482 Plugs and 

the KVwith MIL-C-26500 Plugs. 

Cannon Electric 
(Great Britain) Ltd., 
Lister Road, 
Basingstoke, Hants. 
Tel : Basingstoke 3171 

CANNOW 
PLUGS 

Registered Trademark 

CANNON 

The SUPER 6 'i 
LONG AND MEDIUM WAVE . 

TRANSISTOR RADIO 
* (j transistors anU diode. * 3OxiiW. * Superhet, }'eriitt iud aerial. 
* Component po8itlons and references printed on back of board. * Wooden 
cabinet, 11 X 7 X 3 In. * Vinyl covered. * 6 X 4 in. 8peaker. * Booklet 
2f-. Free with kit. * Lining up service. * All parts supplied separately. 
Write for 118t. .A.E. plea8e. VTO or P.P.9. (319 with kit). 

COMPLETE SET OF PARTS ONLY j' f 
PLUS 5/. POST 

OR FULLY BUILT Ø7ß lax & Carr. Paid 

AM/FM (V.H.F.) RADIO GRAM CHASSIS £I5.I5.O 

Chassis 81ZC 15 x 6 x iin. high. New manufacture. Dial 141 x 4m. in 
cream and red. 200.250v. A.C. only. 
Pick-up. Ext. Speaker. Ac., E., and Dipole Sockets. Five pushbuttons- 
L.W., M.W., S.W., F.M. and Gram. Aligned and tested. Tone control. 1OOO19OO 
M.: 2OO.5O M.; 88-100 Mc/a; 6-17 Me/s. EZ.80 reeL, ECH8J, EFS9, EABC8O, 
EL84, ECC8L 3.ohm speaker required. 9 X Gin. Elliptical Speaker 251-. 
TERMS: £4.O.O ciown an1 5 monthly payments of £2.1O.O, Total H.P. price 
118.10.0. CIrcuit diagram 2/6. V.H.F. Dipole 12/6. Feeder 6d. yd. Carr. to 
N. Ireland 20/. extra. 

NEW 6 PUSHBUTTON STERÌÖGRAM CHAS 
M.W; S.W.1; S.W.2; VHF; Gram; Stereo Gram. Two separate channels for 
Stereo Gram with balance contro). Also operates with two speakers on Radio. 
Cha88i size 15"X 7" X 6} high. Dial cream and red 15 X 3. E0085; ECH8J; 
EF89 ; 2 x ECL86 ; EM84 and Silicon Hect. Cream monided escutcheon for dial 
7/6 extra. 
Price 119.19.0 carr. paid or 15.0.0 deposit and 5 monthly payments of IL$.O. 
Total H.P. price 120.15.0. 

GLADSTONE RADIO 
66 ELMS ROAD, ALDERSHOT, Hants. 

(2 minL from Station and Buses.) Alder8hot 22240 
CLOSED WEDNESDAY AFTERNOON CATALOGUE 6d. 

YDU CAN 
NDW BUY THE 
WDRLD'S FINEST 
SPEAKER VALUE 
DIRECT FRDM 

The 700 Mark V Range 
Specially designed to provide outstanding range, 

smoothness and uniformity of frequency response 
with freedom from self generated forms of distortion 
up to levels more than adequate for domestic listening. 
The speakers in this range all have a highly developed 
dual radiating system with optimum termination of 

both cones - voice coil impedence i 5 ohms. 

Power handling capacity in appropriate enclosures :- 
780 Mk. V 
8 in. 6 watts r.ms. i 2 watts peak. 

7100 Mk. V 
i o in. 8 watts r.m.s. i 5 watts peak. 

7120 Mk. V 
i 2 in. .1 0 watts r.ms. i 8 watts peak. 

Price £3 . 18.6 
(inc. i 0/6 PT. and P. & P.) 

Price £4 . 13 . O 

(inc. i 2/6 P.T. and P. & P.) 

Price £4 . 18 . 6 
(No PT. but inc. P. & P.). 

Send for full technical data sheet with 
suggestions for enclosures to: 

REPRODUCERS AND AMPLIFIERS LTD. 

Frederick Street, Wolverhampton England 

LOUD SPEAKER MANUFACTURERS TO THE 

RADIO INDUSTRY SINCE 1930 
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ELECTRICAL 
ENGINEER'S 

" 
A comprehensive 

survey of the most 
recent information 
in all branches of 
electrical engineering" 

R E FE RE N CE Industrial Equipment News 

BOOK Consulting Editor: M. G. Say, Ph.D., 
A.CG.., D.I.C., M.I.E.E., F.R.S.E., MBrit.I.R.E. 

The ELECTRICAL ENGINEER'S REFERENCE BOOK has established itself over the years as a standard work of 

reference. In this new Edition, the book has undergone an extensive revision. Among sections which have 

been expanded or completely rewritten are: 2. Energy Conversion; 3. Electrical Materials; 4. Transformers; 

5. Cables and Wires; 8. Electric Motors; 9. Electric Motor Control; IO. Rectifiers and Convertors; 

I I. Wiring and Installation; 12. Illumination and Lamps; 13. Instruments and Measurements; 17. Batteries 

and Electrochemistry; 18. Electric Traction; 19. Marine Applications of Electricity; 20. Applied Electronics; 

23. Automatic Control; 24. Electricity in Mines; 25. Electricity in Agriculture and Horticulture; 27. Industrial 

Heating; 31. Education and Training and 32, Periodicals and Standards. Section 30 is a completely new 

classified review of current equipment and techniques in all branches of the industry. 

Among the more important new articles, each by a recognised authority, are those on Germanium and Silicon, 

Printed Circuits and Potting Materials, Transformer Windings and Design, Variable-Speed Induction Motors, 
Electronic Motor Control, Silicon Controlled Rectifiers, Cold-Cathode Lighting, Automatic Warning System of 

Train Control, Automatic Signalling, Supervisory Remote Control Equipment, Tele-communications in Mines, 

Electricity i n Agriculture and Private Telephone Systems. 

From your bookseller or post free from GEORGE NEWNES LTD 

Tower House, Southampton Street, W.C12 

2 YEARS GUARANTEE 
now on all Slim-Line TV's 

EX-RENTAL TELEVISIC 

14 un. 

:: 
¡2monts' '! ____ Guarantee 

* Tube * Valves * Components COLOURED FREE LIST 
Channels for all areas 

Demonstrations daily from Large Selection 
Personal collection or Insured Carriage 14m. 

20/-; I7in.30/.. 

RECORD PLAYER CABINETS 49/6. Latest deaigr 
covered cabinet takes any modern autochanger. 
SINGLE PLAYER CABINETS 19/6. P. & P. 5/6. 

RADIOGRAM CABENETS FROM £3 O O. 

Long Low Design. Per8onal Shoppers. 

RESISTORS 5/- per 100. New. Mo8tly High Stabs. 
Assorted. P. & P. 2/.. Overseas 3/6. 

DUKE & CO. (LONDON) LTD. 
621/3 Romford Road . Manor Park . E.12 

Liverpool Street - Manor Park - I O mins. 
Phone: lLFord 6001/2/3 Stampfor Free List 

BATTERY ELIMINATORS 
The ideal way of running your TRANSISTOR 
RADIO, RECORD PLAYER, TAPE RECORDER, 
AMPLIFIER, etc. Types available: 9v; 6v: 4v 
(single output) 39/6 each. P. & P. 2/9. 
9V + 9v; 6v + 6v: or 4v 4v (two separate 
outputs) 42/6 eac'i. P. & P. 2/9. Please state 
output required. All the above units are 
completely isolated from mains by double 
wound transformer ensuring lOO' safety. 

R.C.S. PRODUCTS (RADIO) LTD. 
(Dept.P,E.), II Oliver Road, London, E.l7 
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LF. TRANSFORMERS :---This month's snip 
Uranil new, smalL size, 3 differeitt types Televisinii 
I. F's and only 5f_ PER PAIR ! Limiteil quantities 
;Lvailal)le. 
CAPACITORS:- 
loo X 300 x ]OO x 16 MFI), 75v. )7/6 each 
loo X 400 x 16 275v.J+ J!P. & I'. 
lDor, 2ív., 2/- each + P. & P. 3d. 
AERIAL WIRE:-StiIl some of this wonderful 
insulate,I wire left at old prices--2Sft. coiL 1/6; 

Oft coil, 2/8. 1'. L: P. 6d. 
BATTERY ELIMINATORS:-For value for money 
you caiit beat our "QUANTA' 9v. power 
SUPI)IY. Complete aii1 ready to use in place of a 
11'3 etc., It costs only 16/3 + P. & P. 1/.. 
For the connoisseur, the slightly more sophisti. 
eateil Kgie Moud LA.6P with a self-contained 
Pilot 1'I' is still cheap at 23/O + l/ P. & 1'. 
TEST METERS:-1. Model 200H-A wonderful 
huy for the discerning engineer with a limited 
budget. '20 K. ohuis per volt makes this immi 

extreimtely accurate instrumnemit that measures 
voltages, current, resistance, capacitance and 
'lecibels. At 14.9.6, It is second to none! 
2. Model Test 7-At last, an Inexpensive immulti- 
Jacter with a niirror Included in the scale. Why 
pay over £20 when this will often do the trick 
for only £2.5.O. 
3. Ave-Minor Mk. 1V-Still one of the best amm'l ,ll 
British, £9.1O.O. 
4. Taylor 127A-Excellent value, £1O.lO.O. 
Full range of pane t an' I i mu lt i ., metems a I wmys i n 

stock. 
LOUDSPEAKERS: At really keen prices-all 
14 ohimi, brand imew. 2m. aiim! in., 7/8 each. 
3imì. anti 3!in., 9/- each ; 4hi., 10/6; Sin., 12/-. All 
J)IUS 1/. 1'. & P. 

AMPLIFIERS :-Verltone 60W, £26.19.8 corn 
plete; 30W, *19.15.0 complete; 4/SW, 6 gas 
complete but less cover; 3/4W, Record Player 
amplifier - ready to plug in and use. Mariti- 
ftcturers surplus. Brand new, £2.19.6. 
Mullard 0A81 Diodes, brand new, 213 post free. 
Muilard 0A91 Diodes, brand new, 216 post free. 
Mullard 0A95 Diodes, brand new, 2/6 post free. 
RMBER: 

L liii 

BOTHWELL ELECTRIC 

S SUPPLIES (Glasgow) LTD. 
54 EGLINTON STREET, 
GLASGOW, C.5. 
Jlcombcr of I/ic L(utder Group 

is at your disposal whether you ave a personal or 
imiail order customer. Use our FREE ADVISORY 
SERVICE by writing, or 'phqning SOUth 29O4- 
Trade enquiries welcomed. 

7f" X 5" 

2,200 
pages 

over 
2,000 

diagrams 
and 

photographs 

33 
sections 

I I th Edition 

120 shillings 

SUBMINIATURE SKELETON POTS 
Egen Type 467. Only 3 inch diameter. 
Preset. P.C. mounting or support in wiring. 
loO mW dissipation. Linear law. Values 
available: 500 ohms, 1.5K, 5k, 15K, 50K, 
150K, 500k, IM, l.5M. Any 3 for 5/-. 

Larger quantities 1/6 each. 

TRANSISTORS 
2N2926 High-gain silicon planar. 200 mW. 
18V. 200 Mc/s cut-off. General purpose, 
low noise a.f. and r.f. New first grade. 
Data supplied. NPN. 

Red Dot ß =:: 55-1 IO 4/6 post paid 

Orange i3 :: 90-180 4/9 post paid 
Yellow ß 150-300 5/- post paid 
Green ß .-- 235-470 6/- post paid 

GET693. Ge. 50 Mc!s cut-off. / 40 filin). 

3 for 5/-. 

GET873 equiv. Ge. 7 Mc/s cut-off. [3 30 
mlnl. OK for audio and low r.f. 5 for 5/-. 

Post free. Cash with order. Mail order only. 

Quantity discounts. 

AMATRONIX LTD. 
396 Selsdon Road, Croydon, Surrey 

____ i' PRACTICAL ELECTRONICS" - 
CONSTRUCTIONAL DESIGNS 

All specified ist grade Components, complete 
Metalwork, full range of Materials, engraved 
Panel Plates, Ancillary Equipment and Assem- 
bled Units. Comprehensive lists available for each 
,, P.E." Constructional Article. 

Please send 6d. in stomps for each design 

MALVYN ENGINEERING WORKS 
Engineers to tide Radio and Electronic Industries 

7 CURRIE STREET, HERTFORD, HERTS - TEIKPHONE : JIERTJ'ORD 2264 
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MODIFYING THE AMPLIFIER 
Ensure that the amplifier mains plug is completely 

withdrawn from the mains supply socket, open up the 
amplifier and proceed as follows . Fig. 3 shows the 
panel after modification. 

(I) Mark, drill and countersink two holes in the 
control panel to accept fixing screws for the matching 
transformer, which has just been withdrawn from the 
guitar. If the guitar is to remain intact, a new 
component of about 50 : I step-up ratio will be required. 
of suitable dimensions to suit the intended location, and 
preferably completely screened is required. 

(2) At socket SK I (Fig. 3), disconnect the two 
leads which come from volume control VRI. 

" l~ 

FI,. J (above'. Modified control panellGyout Gnd excro 
wlrln, for the ,u/tGr amplifier 

FI,. 4 (rl,ht). Modlfled par« of the Gmpl;Per circuit 
show/n, the connection of the nHnchln, Cron"or_r 

(3) Connect the volume control leads to the matching 
transformer. The central connection on the volume 
control is not disturbed. 

(4)' Socket SK I has now to be connected to the 
low impedance connections on the matching trans
former. 

It is as well to check whether one of the pick·up 
leads is connected to "chassis" ; this can happen when 
winding the pick·up, ailhough it should not. Earthing 
connection should be made at one point only, 
preferably remote from the grid of the first stage. The 
best place is from the sleeve connection of SK I to a 
tag under one of the fixing screws . 

Make a final check that the connections are now as 
shown in Figs. 2 and 3. This completes the modifi
cation and the amplifier now has one low impedance 
input and one high impedance input. 

The modified version of the circuitry around VI is 
shown in Fig, 4. 

MATCHING TRANSFORMER 
Many low to high impedance matching transformers 

are now marked to show which are the input (low 
impedance) terminals; if the transformer in queslion 
is nOI so marked, an ohmmeter check will show a 
lower resistance between one pair of terminals than the 
other pair. This low resistance pair are the pins 10 
which the pick-up has to be connected. If the trans
form:r case is painted, and no earth tag is provided, 
ensure that a clean melal-Io-metal contact exists 
between the transformer case and the control panel, 
which is (or should be) "earthed" to the amplifier. * 

'" 
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A SELECTION mOM OUR POSTBAG 

Need lor tolerance 
Sir-Would it be possible for 
mention to be made in the text 
of your magazine of the meaning 
of the word "tolerance" in relation 
to components? A circuit may 
call for a 4,uF capacitor. If we 
have not got this value and send 
say a S,uF capacitor, this will 
often be returned as "unsuitable", 
What some of your readers fail to 
realise is that the tolerance of most 
electrolytics is -20 per cent to 
+80 per cent, i.e. a S,uF nominal 
rating may be anywhere between 
4pF and 91'F in actual capacitance. 
This of course would also apply 
to the nominaI4,uF! 

In the same way resistors of say 
100 kilohms; 20 per ccnt could be 
between 80 kilohm and 120 kil· 
ohm, yet an 82 kilohm close 
tolerance resistor would again, by 
some people, be regarded as un
usable--despile the fact that it is 
within the tolerance range of the 
nominal value! 

Much wasted time could be saved 
if this were explained with care 
for the benefit of the less initiated 
readers! 

G. F. Milward, 
Drayton Bassett, 

Staffs. 

Electronic organ 
constructors society 
Sir-In view of the grow.ing interest 
in the amateur building of elec· 
tronic organs, I would be grateful 
if you could mention the existence 
of our Society. 

Regular meetings are held in 
London, at which home built 
instruments are demonstrated . 
Technical information and news is 
available, by post, to all members 
at home and overseas. 

New members arc most welcome 
and should write to the Secretary: 
E. Kirk, 66, Arnold Crescent, 
Isleworth, Middlesex. 

R. S. Purdy, 
Billericay. 

£sse" 
At! electronic or,CII' is one o( IIIe items on 
OIlr list (or pub/iCtJl iOll 01 a (IItllfe dote. 
- Ed. 

". 

~~e~!r'~ing the letter from 
Mr. C. J. Gatton in R~Qdout March 
1966 issue, I have thought of one 
way to make a distortion booster or 
"fuzz box" quite cheaply. 

It consists of one red spot 
transistor (0C7I) and a SOI'F 
capacitor connected as shown in 
the circuit diagram below. 

• _. -l.t----t!. 

This produces quite good ·'fuzz" 
at minimum cost . 

G. K. Mitchell, 
Orpington, 

Kent. 

Copyrlghlln sclentmc 
Inlonnatlon 
Sir- Two views may be taken o f the 
publication without their per
mission of the pictures of the 
Moon's surface obtained by 
Russian probes. 

One is that no scientific dis
coveries-as distinct from purely 
commercial i nventionsand ' 'secrets" 
- have any ethical right to 
be owned and protected; they 
are the property and the products 
of the human species as a whole, 
without whose prior achievements 
and social facilities they would 
never have been made. 

The other is that the pictures 
partook of the nature of publica
tions and trademarks. That they 
were "shrunken" in the original 
versions is tantamount to no more 
than saying that some piece of 
printed maHer is printed in, say, 
condensed Gill Sans and can 
therefore be "pirated" in Tim~ 
Roman! 

For my own part, I regard with 
dismay and anger the greedy, 
dog-in-the-mangerish behaviour 
of nationalistic and commercial 
interests towards scientific and 
technological discoveries and in
ventions. They resemble, it seems 
to me, the selfish, visionless adven
turers of the 16th and 17th cen· 
turies who, in their sordid hunt 
for easy gold, land and slaves, 
savagely stole from their inhabi
tants the lands and natural re
sources of newly discovered parts 
of the globe-with a grut deal of 
sanctimonious humbug about ser
vice to their kings and churches! 

W. H. Cazaly, 
liford, Essex. 

WOIlld W. 1(, Moee 0( SIIeffield, who 
OifO wrote on thll topic, pleoSf (orword 
11/, (1111 add,u, I-Ed. 

CAN YOU HELPl 
LeIte .. rfX 11'0;11.";001 under Ihll h~; ... ,hould 
be .. brid" ., poaible. Replica Ihould be 
rna4e djroc:llo u.. rUdeR concerned 

Sir-I am wi1linlto pay a lood price 
for the November 1964 and Janual")' 
1965 issues complcte with blueprints, 
if any '! 
D. Westcoll, 10, Leighton Road, 
Southville, Bristol, 3. 

Sir- I wish to obtain back copies of 
the whole of Volume I and also Nos. 
I and 2 of Volume 2 of PRAcnCAL 
ELEcrRoNla. These are intended 
for use in my sixth-form eiel;: tronics 
course, and J would be Ilad if any 
of your rcaders who have any of 
the above copies for disposal would 
set in touch with me by postcard as 
soon as possible. 
G. Whitaker, Head of Science 
Department, Eastwood Hall Park 
TeI;:hnic:a1 Grammar School. Mans-
field Road, Eastwood, Nottingham
shire. 

Sir-Can any reader supply me with 
the first sixteen articles of the 
instructional series for newcomers 
10 electronics Bl'ginn~rs SIOft 
H~re ... 
A. Bowman. 2/2 Cardinal Street, 
Vitlorion, Malia. 

Sir-There seems to be an almost 
total lack of information on the 
"Thcremin" and " White Noise 
Generator", two instruments wi th 
which my friend and I .... ould like 10 
experiment. If any readers could 
forward any information on these I 
would be very pleased. 
J. S. Robinson, 129, Beverley Road, 
Hessle, East Yorkshire. 

Back nurnbel'll .. re Uillall,. very qukkly u· 
haullod. w. Ilronaly adwiK .. II our raockn 
IhAl • llandin, order be placed .. ilh .heir "" .... 
.,...,110 uoid any (ulUre dl$.lppoinlmeol. 



RANKWHARFEDALE LIMITED 
BRADFORD, YORKSHI 

Telephone Bradford 612552/3 Telegrams 'Wharfdel' Bradford 

PricJ: 

Ip 

'I'll 

BUILD AHI 

HARFEDALE 
These Loudspeakers are the actual speakers that Wharfedale use in 
their world famous cabinet models. Each is fittted with roll surround 
for low resonance and double diaphragm assembly for extended 
H.F. response. 
Send today for further details of these units plus free cabinet con- 
struction sheets to enable you to build a top quality Hi-Fi loudspeaker 
system. 
SUPER 8/RS/DD 
Frequency range 40 c/s - 20,000 c/s. Impedance 10/15 ohms. 
Powe handling capacity 6 watts (12 watts peak) (tax paid) 
SUPER 1O/RS/DD 
Frequency range 30 c/s - 20,000 c/s. Impedance 10/15 ohms. 
Power handling capacity 10 watts (20 watts peak) £11.13.4. (tax paid) 
SUPER 12/RS/DD 
Frequency range 25 c/s - 20,000 c/s. Impedance 12/15 ohms. 
Power handling capacity 20 watts (40 watts peak) £17.1O.O. (no tax) 

I ii'rii' 

The NewPicture -Book'way of lea mi ng 

B ASI C ELECTRON ICS (óvois) 
You'll find ¡t easy to learn with this outstand- 
ingly successful new pictorial method-the 
essential facts are explained in the simplest 
language, one at a time; and each is Illustrated 
by an accurate, cartoon-type drawing. 

I 

I 

The series will be of 

i exceptional value in ::'' training mechanics and 
,... technicians in Electricity, 

Radio and Electronics. 

WHAT THIS MONTH'S 
ENTHUSIASTIC READERS SAY 

". . . Having gone through the volumes I must say how much I 
enjoyed reading them and I am sure they will be of great value 
to me ¡n my job as Electrical Instructor for the N.C.B. . . ." 

H. S., HUDDERSFIELD 
4'. Now that ¡have hadtime to read BA SIC ELECTRONICS 
received last month, may I congratulate you on honest adver- 
tisìng-a realfind these days . .." 

H. E., DERBY 
A TECH-PRESS PUBLICATION 

The books are based ori the latest research into 
simplified learning techniques. This has proved 
that the Pictorial Approach to learning is the 
quickest and soundest way of gaining mastery 
over these subjects. rR.aa..*R..maaa 

I To Seiray Book Co. 
I 60 Hayes Hill, Hayes, Bromley, Kent 

IPlease send me Without Obligation to Purchase, Basic ElectricityJBasic 
Electronics on 7 Days' Free Tria). I vill either return set, carriage paid, 

I good condition within 8 days or send down payment of 15/- (Basic 
Electricity) followed by 6 fortnightly payments of 10/-. Down payment 

Iof 15/- (Basic Electronics) followed by 6 fortnightly payments of 12/6. 
Alternatively, I will send 68/- (Basic Electricity-5 parts). 81/- (Basic 

I Electronics-6 parts) post free. This offer applies to United Kingdom 
only. i Tick against set required (only one set allowed on free trial). 
BASIC ELECTRICITY D BASIC ELECFRONICS D 

I Signature 

. ( I f 
under 2 1 , signature of parent or guardian) 

I 
IName ........................................................ 

I BLOCK LETTERS BELOW 

I FLJLLPOSTAL P.E.6 

rAddress 
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Practical Electronics Classified Advertisements 

The pre-paid rate for classified advertisemçnts is 1/- per word (minimum order 12/-), box number 
1/6 extra. Semi-displayed setting £3 . 5 . O per single column inch. All cheques, postal orders, 
etc., to be made payable to PRACTICAL ELECTRONICS and crossed " Lloyds Bank Ltd." 
Treasury notes should always be sent registered post. Advertisements, together with remittance, 
should be sent to the Advertisement Manager, PRACTICAL ELECTRONICS, George Newnes 
Ltd., Tower House, Southampton Street, London, WC2, for insertion in the next available issue. 

BOOKS AND PUBLICATIONS 

SURPLUS HANDBOOKS 
19 set Circuit and Notes . . . 3/6 P.P. 6d 
I 55 Instruction Handbook ... 4/6 P.P. 6d 
H.K.O. Instruction Handbook . . . 3/6 P.P. 6d 
38 set Instruction Handbook . . . 3/6 P.P. 6d 
46setWalkie-talkiecircuit & notes 3/6 P.P. 6d 
88 set Walkie-talkie Instruction 

Handbook . . . . . . .. . 5!- P.P. 6d 
Frequency Meter BC22I Instruc- 

tion Handbook . . . . . . . 3/6 P.P. 6d 
Wavemeter CIas D Handbook 

Mk. I, II, Ill . . . . . . . 3/6 P.P. 6d 
18 set Circuit Details & Notes . . . 3/6 P.P. 6d 
A.R.88D Instruction Manual 15/- P.P. I/6d 
R.107 lnstruction Handbook ... 5/- P.P. 6d 
CR.IOO/B.18 Receiver Handbook 8/6 P.P. 9d 
RI I P6/A Circuit Diagram & Details 1/9 P.P. 6d 
RI224JA Circuit Diagram & Details 1/6 P.P. 6d 
R1355 Circuit Diagram & Details... 1/6 P.P. 6d 
RF, 24, 25. 26 Circuit Diagrams 

and Details ... ... 1/6 each P.P. 6d 
Amplifier AI 134 Circuit Diagram 
& Details ... ... ... 1/9 P.P. 6d 

Transmitter T1154 Circuit 
Diagram & Details (all models) . . 2/- P.P. 6d 

Resistor Colour Code Indicators. 
Indicates the value of a resistor 
at a glance ... ... ... 1/6 P.P. 6d 

All mail orders to: 
Instructional Handbook Supplies 

Dept. P.E. Talbot House, 28 Talbot Gardens 

Roundhay, Leeds, 8 

MISCELLANEOUS 

da PE." Bonanza Board Projects. Electronic 
Vibrato L'niL Burglar Alarm. Portable Rate- 
meter. Compact Power Unit. A.F. and R.]?. 
Signal Tracer. Pipe and Cable Locator. Elec- 
tronic Candle. Servo System. Miniprobe Signal 
Generator. Simple Digital Computer. Fire 
Alarm System. Neon Novelties. 1)oorphone. 
Audio Oscillator and Valve Voltmeter. Water 
Level Alarm. New Look Tape Recorder. 
General Purpose Scaler. Echo Unit. Noughts 
and Crosses Machine. Transistor and Diode 
Tester. Simple Analogue Computer. Stereo 
Record Player. integrated Transistor Amplifier. 
Two Band Radio Tuner. Intercomm Unit. 
V.H.F. Broadcast Receiver. It/C Bridge. 
Inexpensive Oscilloscope. Mullard Miniature 
Electrolytics and HI-stab Resistors. Dark 
Room Timer. Light I)immer. S.A.E. for 
itemised price lists. AJAX ELECTRONICS, 
18a, Rumbold Road, Fuiham, London, S.W.6. 

ELECTRONIC KITS. All types expertly con- 
structed. Tested and calibrated. Economic 
charges. V I R M A N I , 41 Holland Park, 
London, W.11. 

TRAN$FOR M E R8 Itewound. Output or 
mains. Specials made to order. Reasonable 
prices. S.A.E. en(Illiries. JtATCLIFFE, 7 
Station Road, Il oliiiftrth, Yorks. 

PRINTE D CIRCUITS. Made photographically 
to your specification. S.A.E. (large) for full 
details and prices. FORREST STUDIOS, 
Market Street, Carnforth, Lanes. 

BERNIESOUND (AUDIO ENGINEERS). Con- 
suiting FilniTV. Sonmi Engineers. Details 
of services available. From:-Mr. BROWN, 
i Effie Place, London, S.W.6. 

458 

MISCELLANEOUS 
(continued) 

CONVERT ANY TV SET into an Oscilloscope. 
Diagrams and instructions, 12/6. REDMOND, 
42 Dean (lose, Portsiade, Sussex. 

FOR SALE 

RELAYS. 8 assorted 12-24 volt Ex..Eiuip- 
ment, 20/-, p. & p. 4/-. We caii supply most 
relays as recommended ¡n this journal. 
GOVERNM ENT SU RPLUS. Electrical and 
Radio Equipment. Our new catalogue No. 16 
now ready, 2/6 Post Free, cost . refunded on 
purchase of goods over £2. ARTHUR SALLI$, 
Radio Control Ltd., 93, North Road, Brighton. 

TRANSISTORS UNMARKED UNTESTED. 
40 for 10/-, P. & P. 1/-. 4 packets post free. 
Relays, thousands of types, special catalogue 
free. General Catalogue of Mechanical & 
Electrhal Gear, Tools, etc., 5,000 items, free. 
K. R. WHISTOX (1)ept. PET), New Milis, 
btockport. 

AC. STANDARD. Malus Motors Fractional 
H.P. 3in dia x 4ixì long with iiì spindle. 
Many uses. Brand new, 25/- each. P. & P. 2/6d. 
Small Battery Motors 1in dia x 2m long- 
4} to 9 volts. Heavy construction; only 7/Sd. 
each. P. & P. 1/-. WALTONS WIRELESS 
STORES, 15 Church Street, Wolverhampton. 

HAMMERITE 
HAMMER PATTERN 

BRUSH PAINT FOR 

PANELS AND BOXES 

* THE PATTERN IS IN THE TIN * 
ALL YOU DO IS BRUSH IT ON 

2 oz. tins 3/6 gallon 35/* 
pint 7/6 I gallon 58/.* 

I pint 151- (* sent by road) 
Carriage: Orders up to 5'-. 9d; up to lO/., 1/9; 
over 10/-, 2/9. Colours: Blue. Silver, Black or 
Bronze. Return ofpostservice, Monday to Friday. 
From your component shop or direct from the 

manufacturer: 
FINNIGAN SPECIALITY PAINTS (PE) 

Mickley Square, Stocksfìeld, Northumberland 
Tel. Stocksfield 2280 

FOR SALE. Oscilloscopes -- Galvanometers - 
Evershed & Vignolles Meggers. Also other 
flems and components. Free list. Stamp 
please. R. & E. MART, Box 9, (.P.O., 
Tunbridge Wells, Kent. 

VALVES 6 SERVICE SHEETS 
T.v. & RADIO, MOST MAKES 

PRICE 416 each i 6d. postage 
Valve price list sent on rceipt of stamped 
envelope. Valves guaranteed new & boxed. 

r.v. ELECTRONICS 
MARKETING HOUSE 

361 EDGWARE ROAD 
LONDON, W.2 

Mail Order Only 

VENNER TIME SWITCH ES. Reconditioned, 
14 day clock, once on once off every 24 hours. 
Jewelled movement, fully guaranteed, 15 amp. 
37/S. P. & P. 2/6. A. R. BATCHELOIt, 
(E.M. Dept.) 4 l'ark iload, Broinley, Kent. 

FOR SALE 
(continued) 

CRACKLE PAINT. Black or Grey, pint tins 
4/-, post 6d. from the component specialists. 
SERVIO RADIO, 156-8 Merton Road, 
Wimbledon, London, S.W.19. 

ADHESIVE STRIP LABELS. " embossed 
Glossy, P.V.C. various colours. 1W. letter. 
('.W.O. and S.A.E. to:-Mr. BROWN, i Effie 
Place, London, S.W.6. 

RECEIVERS AND COMPONENTS 

ELECTROVALU E 
New high performance economy transistors 

Ultra High Gain NPN U.H.F. NPN 
2N2926, ß235 to 470 @ 7/- 2N3663 f'r 1200 
2N3390. /3400 to 800 ( 10/6 Mc's li- 
High Voltage NPN 
C407, 120v, 200mW zj 9/- 
High Gain, M.diurn Power NPN 
2N3403, 25v, 500mA, /3180 to 540, 560mW 8/6 
Germanium Hi gh Gain, Amplifier j'Swftchlng 
2N 1304, NPN, 1I40 to 200 @ 5/6 
2N I 305, PNP, 1340 to 200 @ 5/6 

6 Mansfield Place, Ascot, Berkshire 

SPECIAL OFFER 
I Watt S.T.C. 300 MC/S N.P.N. 

Silicon Planer. 100% Transistors. 
Limited Stocks. LI for 6. 

3/- each. 0C44, 0C45, 0070, 
0071, 0081, OC8ID, 0C200, 

Get 16, Get 20. 

4/- each. AFII4, AFII5, AFII6, 
AFI 17, 0C170, 0C171. 

5/- each. 0C139, 0C140, Get 
7, Get 8, Get 9, XCI4I, BYIOO, 

021. 

SUN SOLAR CELL KITS 
24 Page Booklet on Experiments 
inc. 4 Solar Cells I 1/- Set. 

G.P.O. DIAL TELEPHONES 
20/- each. 35/- pair. 

Send 6d. for full lists: inc. S.C.R. 
Zen e rs. 

Cursons 
78 Broad Street 
Canterbury 
Kent 
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RECEIVERS AND COMPONENTS 

(continued) 

LA R. RADIO & TV SERVICE 
Dept. P.E. 

44 Market Street, BACUP. Tel. 465 

NEW VALVES 
6K8, 6V6, 6R7 4/6d. 6K7, 6F6, 6B8G 3/-. 

SALVAGE VALVES 
6F13 46 PCF8O 4f- 
6F15 5/- PCL83 SI- 
6L18 4/6 PL8I 5f- 
6K25 loi- PL82 41- 
6U4GT 51- PL83 4/- 
6BW6 5/- PY8I 3/6 
6/30L2 5/- PZ3O 5/- 
EB9I II- U801 7/6 
6F1 1/6 L301 6/- 
EBF8O 51- U329 51- 
EF8O ¡/6 lOFt If- 
EF9I 216 IOLDII 5/- 
EF85 5/- 10P13 5/6 
ECC82 4/- 10P14 5/- 
EY86 4/- PY800 51- 
ECL8O 4/- 20F2 5/6 
20P3 5/- 20D1 2/- 
20P4 7/6 20P1 6/6 
30F5 5/- 20P5 6/6 
3OPLI 51- 3OFLI 6/6 
EF37A 7/6 30P12 5/- 
PL36 7/6 30P4 7/6 
PY33 7/6 PY32 6/- 
PCC84 4/- PY82 5f- 

Postage on valves 6d.-3 or more post free. 
I Pole 8-way switch. complete with 8 resistors 2 
@ 1K, 2 @ 15K, one each of 22K, 15K, 18K, 
6.8K. 316 mcl. post. 
Fireball Tuners as removed 14/9. Selected 
Tuners 18/9. Speakers ex T.V. 6 :< 4 inch 3/6. 
8 inch md 61-. Resistors New : watt 3d., 
I watt 5d., 2 watt 9d. all 10%. 
Postage on Tuners and Speakers 2/6. 
S.A.E. with all enquiries. All goods subject to 
satisfaction or money refunded. 

" EXPERIMENTAL" 

PRINTED CIRCUIT KIT 
Contents 

(I) 2 Copper Laminate Boards 4+" X 2f". 
(2) I Board for Matchbox Radio. (3) I Board 
for Postage Stamp Radio. (4) Resist. 
(5) Etchant. (6) Resist Solvent. (7) Cleanser! 
Degreaser. (8) I 6-page illustrated booklet. 
"PRINTED CIRCUITS FOR AMATEURS" 

containing full etching instructions. 
Also free with every kit (9); Essential Design 

Data and Constructional Details of 
30 SUGGESTED PROJECTS which you can 
build on a P.C. chassis made from this kit 
using your own components. Circuit 
Diagrams. P.C. Chassis Plans. Assembly 
Drawings. Photographs. Many recently 
developed very efficient designs you 
probably haven't heard of yet, including . . 

4 Crystal Sets. Carrier Power Conversion 
Receiver. Match box Photocell Rad io. 
Solar Battery LIS Radio. Pocket LIS Doubla 
Reflex. Triple Reflex with self-adjusting 
regeneration. Bacteria-powered Radio. 
3 micro-miniature radios just released. Post- 
age-Stamp Radio I 62" X 95" X 25". Wrist- 
Watch Radio 115" X 80" X 55" Ring 
Radio 70" x .7Ø" x 55" Intercoms. 4 
Amplifiers. Photoelectric Alarms. Light- 
controlled Robot. Human Body Radiation 
Detector. " Perpetual Motion " Machine. 
Amateur Transceiver for IO metres. Mani 
Woman discriminator. Amateur Trans-- 
mitter Licence required. 
Transistor Tester and many more . . 

(IO) Miniature Radîo Dial SW/MW/LW 
Price 7/6 Post and Packing 1/- 

" YORK ELECTRICS" 
181a, York Road, London, SWil 

Send S.A.E. for full details 

RECEIVERS AND COMPONENTS 

(continued) 

TRANSISTORS AND COMPONENTS 

0071, 0072, 0C44, 0C45, 0081, 
0081 D-3/- each. 0083 6/- each 

p.p. 4d. Any quantity. AH ¡6, 
AFII7, OCt70, 0C171-3/6 each. 
0075 2/- each. AFII8 3/- each. 
OC72 3/- each. Mullard Branded 
BYIOO Silicon Rectifiers 250 volt 
@ 550 M/A 5/- each. 

MATCHED SETS TO CLEAR 
I 0082D + 2 0082, 

Set of 3-7/6 set 
I 0C44 + 2 0C45-8/- per set 
Mullard GET Transistors 
I GET874=0C4410, 
2 GET873=0C45J°' per set 

AC126 8/- each. ASY28 8/6 each. 
AF186 cut of freq. 800 Mc/s-27/6. 
Texas GM290 cut of freq. 700 Mc/s 
¡9/6 each. 

TEXAS TRANSISTORS 
2N I 302= ASY28-6/6 each. 
2G302= GET872-7/6 each. 
2G301 =GET873-6/6 each. 
2S301 Similar to 0072-3/- each. 

MAT TRANSISTORS 
MAT ¡00 7/9. MAT lOI 8/6. MAT 
¡20 7/9. MAT 121 8/6. 
Acos Record Player Cartridge 
Replacementsfor Collaro, Garrard, 
B.S.R. etc.-12/6 each. 

SILICON RECTIFIERS 
loo P.I.V. @ IO amps (same size as 

BYZI3) 5/- each post paid. 
loo P.I.V. @) 3 amps 3/- each post 
paid. 
50 P.I.Y. @ 20 amps ¡2/6 each post 
paid. 
Mullard BYZI5 200 P.I.V. @ 40 
amps £2.17.0 each. 
0C26 transistors 7/6 each. AH 19 

3/- each. AC127 2/6 each. OC 169 

3/- each. 0C172 3/- each. 

MIN TRANSISTOR CONDENSERS 
1 100v. 9d. each 4d. postage any quantity 
05 ,, 8d. ,, ,, ,, ,, I, 

02 ,, 7d. ,, ,, ,, ,, u 

01 ,, 7d. ., ,, ,, ,, p, 

P005 p, 7d. , ,, , p, pp 

00 I ., 7d. ,, ,, , ,, 

.Ø4 p, Sd. , ' 

SUB MIN ELECTROLYTICS 
I to ¡00 Mfdfrom l/3each. Please 
forward component list for pricing. 

MINIFLUX LF/60 ERASE HEAD 
£2.0.0 plus P.P. 3/-. 

DENCO TECHNICAL BULLETIN 
2/4 post paid. 

J. ROBINSON 
(Radio & TV.) 

4 HIGHCL1FFE ROAD, BLACKLEY 

MANCHESTER 9 

RECEIVERS AND COMPONENTS 
(continued) 

COMPONENTS, VALVES, TRANSISTORS, etc. 
Call or send 6d. for list. ItOUEItS, 31 Nelson 
Street, Southport. 

40 Semiconductors commonly used in Elec- 

tronic and Radio Circuits consisting of 20 
Transistors 0C42-45-71-8l, etc. 

IO Silicon Rectifiers 50-800 PlY 200-800 mA. 
Inc. BYIOO's plus IO Diodes 0A70-79-8l 
Zener and Gold Bonded. 

All brand new. Valued over £5. For only 40/-, 

plus jost and packing 1/-, to: 

BI-PAK SEMICONDUCTORS 
8 Radnor House, 93/97 Regent Street, London, W.l 

COMPON ENTS BONANZA ! Parts to suit many 
projects ! Build an Electronic 1)idgeridoo! 
Workshop clearance, many bargains; aleo new 
stocks available. List 1/-. A. J. BASSETT 
28 Park i(.Oa(I, ('honey, Lanes. 

EDUCATIONAL 

B.8c.(ENG.), A.M.I.Mech.E., A.M.I.E.R.E. City 
& (uilds, etc., on "Satisfaction or Refund of 
Fee" terms. Wide range of expert Home 
Study Courses in Electronics, Computers, 
Radio, T.V., etc. 156-page Guide-FREE. 
Please state subject of interest. BRITISH 
INSTITUTE OF ENGINEEItING TECH- 
NOLOGY, 124k College 1-louse, Wright's Lane, 
London, \V.S. 

Full-time courses in RADAR and .,RADIO- 

TELEGRAPHY for prospective marine Radio 

Officers. Govt. approved exam. centre. 

Also courses in basic ELECTRONICS, RADIO, 

TELEVISION and COMPUTERS. 

Apply:-Director, British School of Telegraphy, 

20 Penywern Road, Earls Court, London, 8.W.5 

STUDY RADIO, TELEVISION AND ELEC- 
TRONICS with the world's largest home 
study organisation. I.E.R.E., City & Guilds, 
lt.T.E.B., etc. Also Practical Courses with 
equipment. All books supplied. Write for 
FREE Prospectus stating subject to I.C.S. 
(Dept. 577), Intertext House, Parkgate Road, 
London, S.W.11. 

HOME STUDY COURSES in Practical Elec- 
tronics. Free Brochure without obligation 
from: BRITISH NATIONAL RADIO 
SCHOOL, Reading, Berks. 

A.M.I.Mech.E., A.M.I.E.R.E. City & Guilds, 
G.C.E., etc. Become a Technician or Techno- 
logist for high pay and security. Thousands 
of passes. For details of Exams. and Courses 
in all branches of Engineering, Building, 
Electronics, etc., write for 156-page handbook 
-FREE. ILI.E.T. (Dept. 125k), London, W.8. 

PROGRAM M ED TRAN8ISTO R experiments 
teach Conventional and Computer Circuits. 
Details S.A.E. BOX No. 4. 

PUBLIC APPOINTMENTS 

MINISTRY OF DEFENCE (Army Departnient) 
Chertsey, Surrey, requires Technician to work 
as a member of a team engaged in designing 
and developing all types of electrical and 
electronic equipment for Military Vehicles. 
To organise vehicle electrical trials. Quale.: 
Recognised engineering apprenticeship. 
Practical experience in design/development, 
manufacture or inspection of electrical equip- 
ment for the Marine, Aircraft or Heavy Auto- 
motive field. REME or similar experience an 
advantage. ONO (Electrical), C. & G. Finals 
or equivalent. Salary: £945 (age 26)-1,129 
(National) p.a. Application : Form from THE 
MANAGER (P.E. 2389), Ministry of Labour, 
Professional and Executive Register, Atlantic 
House, Farringdon Street, London, E.C.4. 
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TAPE RECORDERS, TAPES, ETC. 

TAPES TO DISC-using finest professional 
equìpment-45 r.p.m. 18/-. .A.E. leaflet. 
DEROY, 52 lIest Bank Lane, Lancaster. 

SITUATIONS VACANT 

RADIO TECHNICIANS 
A number of suitably qualified 
candidates will be required for training, 
leading to permanent and pensionable 
employment. (Normally at Cheltenham but 
with opportunities for service abroad or 
appointment to other U.K. establishments 
including London). 

Applicants must be 19 or over and be 
familiar with the use of Test Gear and 
have had Radio/Electronic workshop 
experience. They must offer at least "O" 
level GCE passes in English Language, 
Maths and/or Physics, or hold the City 
and Guilds Telecommunications Technician 
Intermediate Certificate or equivalent 
technical qualifications. 

Pay according to age, e.g. at 19 £747, 
at 25E962 (highest age pay on entry) 
rising by four annual increments to £1,104. 

Prospects of promotion to grades ¡n 

salary range £1,032-fl,691. 

Annual Leave allowance of 3 weeks 
3 days, rising to 4 weeks 2 days. 

Normal Civil Service sick leave regulations 
apply. 

Apply 

Recruitment Officer (RT/54) 
Governnient Communications Headquarters 
Oakley 
Priors Road 
CHEITENHAM, Glos. 

A FULL TIME TECHNICAL EXPERIENCED 
SALESMAN required for Retail sales. Write 
giving full details of age, previous experience, 
and salary required to: The Manager, 
HENRY'S RADiO L T J)., O3 Edgware Road, 
London, \V.2. 

ROYAL COUNTY OF BERKSHIRE 

Appointment of Assistant 
Visual Aids Technician 

Applications are invited from suithbly 
experienced persons for the post of 
ASSISTANT VISUAL AIDS TECHNICIAN at 
the County Education Office. The duties 
will be mainly concerned with the in- 
stallation. maintenance and repair of visual 
and aural aids in schools througnout the 
County of Berkshire. 

The salary scale is £780 rising to £890 per 
annum. A travelling allowance or a County 
Council car will be provided. 
Further details and an application form may 
be obtained from the Director of Education, 
Shire Hall, Reading, Berks. 

RADIO & RADAR ENGINEERS required to 
service and operate various equipments (includ- 
Ing airborne radio and radar) at an airfield on 
the coast near Barniouth, North Wales. Ex 
R.A.F. or Iava1 Personnel ideally suited for 
these vacancies. Apply SHORT BROTHERS 
& HARLAN 1), Llanbedr, Merioneth. 

SITUATIONS VACANT (continued) 

L41 Electricity 
CHILTERNS SUB-AREA 

MEASUREMENTS and 
COMMUNICATIONS 
SECTI ON 
A vacancy exists in the Measurements and Communications Section of the 
Sub-Area Engineer's Department for a craftsman who has a sound knowledge 
of basic Electronics and preferably experience in V.H.F./U.H.F. radio-tele- 
phone installation and maintenance. The successful applicant will be based 
at Leighton Buzzard, Bedfordshire. 

Salary is in accordance with the National Joint Industrial Council Agree- 
ment, Group 'G', and a stagger pattern of working is in operation for which 
an additional payment will be made. 
Basic rate of pay = £16 I Is. 9d. per week including incidental 

overtime allowance. 
Plus lOs. 6d. per week productivity bonus. 
Plus LI lOs. Od. per week stagger payment 

Total pay £18 12s. 3d. 
Also an additional 7/8d. per week will be paid after two years' service and 

a further 7/8d. per week after three years' service. 
Applications should be made> in writing, stating age, experience and present 

position to the Manager, Chilterns Sub-Are3, Eastern Electricity, Prebend Street, 
Bedford, as soon as possible. 

TECHNICAL TRAINING by 

I C IN RADIO, TELEVISION AND 
I J ELECTRONIC ENGINEERING 

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: 
* INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS 
* c.& G. TELECOMMUNICATION TECHNICIANS' CERTS. 
* C.&G. SUPPLEMENTARY STUDIES. 
* 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 COURSES. 
Build your own 5-valve receiver, transistor portable, signal generator and multi- 
test meter-all under expert tuition. 
POST THIS COUPON TODAY and find out how I C S can help YOU ¡n your 
career. Full details of I C S courses in Radio, Television and Electronics will be 
sent to you by return mail. 
MEMBER OFTHE ASSOCIATION OF BRITISH CORRESPONDENCE COLLEGES. 

A WHOLE WORLD 
OF KNOWLEDGE 
AWAITS YOU! 

- - - - - - 
I 

International Correspondence Schools 

I 
(Dept. 152), Intertext House, Parkgate Road, 

I 
London, S.W.I I. 

NAME .................................................................................................................. 
Block Capitals Please I 

I - I ADDRESS ........................................................................................................... 
I 

I I 

i:................ 
i - - - - - - - - - - . 
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SERVICE SHEETS 

SERVICE SHEETS for all makes of Radio and 
TV 1925-1966. Prices from 1/- with free 
fault-finding guide. S.A.E. inquiries. Cata- 
logue of 6,000 models, 1/6, Valves, modern and 
obsolete. Radio/TV Books. S.A.E. lists, 
HAMILTON RADIO, Western Road, St. 
Leonards, Sussex. 

CIRCUIT, COMP., VALUES, Ayo model 7. 2/6 
plus S.A.E. T E L lt A Y , Maudland Bank, 
Preston. 

STATE MODEL NO. Radio 1/6. TV 3/-. 
S.A.E. I)Ai\VIN, I) (Jeorge Street, St. 
Helens, Lançs. 

SERVICE SHEETS 
4/- each, plus postage. 

We have the largest supply of Ser- 
vice Sheets for all makes and types 
of Radios and Televisions, etc. in the 
country. Speedy Service. 
To obtain the Service Sheet you 
require, please complete the at- 
tached coupon: 
From: 
Name ........................................... 

Address ........................................ 

To: SP. DISTRIBUTORS 
44 OId Bond St., London, WI 
P/ease supply Service Sheets for the 
following: 
Make ........................................... 

Model No. ................. Radio/TV 
Make ........................................... 

Model No. .................. Radio/TV 
Make ........................................... 

Model No ................... Radio/TV 
I also require the new 1966 list of 
Service Sheets at 1/6 plus postage. 
(please delete items not applicable) 

I enclose remittance of ..................... 
which includes postage 

MAIL ORDERS ONLY June PE 

=0 kits afford the quickest, easiest 
method ofassembling control boxes, indicator 
panels, small switchboards, etc., using a 

screwdriver only and in a matter of minutes. 
The modular principle of Construction of 

Masterbox is unique- units can be bolted 
together in any combination to build larger 
assemblies - can be altered, extended and 
adapted indefinitely to meet altered require- 
m e nts. 

Masterboxes are ideal for all kinds of 
experimental work, combining convenience 
with smartness, strength and adaptability. 
Send to Cockrobin for details of Masterbox- 
or write for all lists. A 3d. stamp would oblige. 

COCKROBIN CONTROLS 
36 VillIers Avenue, Surblton Surrey 

.... -,--- au.a . 

automatic record changer. 

I Easily fitted 
. No soldering or Technical 

knowledge necessary 
s Fits almost any cabiflet with 

minimum trouble 

Only £29-19-6 
. Luxembourg and Caroline 

received at full strength 

. Listen to U.S.A., Russia, Africa, 
Canada and even Australia 

. Modernises your old radiogram Unique Lewis Radio 365 day 
guarantee, even on all the valves . Built-in ferrite rod aerial 

. Piano key switching All British make 
SPECIAL terms available of £7.IO.O deposit followed by 18 monthly 
payments of £I.9.I (total H.P. £33. I 3.6) + postage & packing 15/- extra. 

INDIVIDUAL CABINETS SUPPLIED ON REQUEST 
Send your cheque or P.O. today for £8 . 5 . O while stocks last to Dept. PE66 

BBC2 (625 LINE) TV AERIALS 

MAST MOUNTING ARRAYS, 9 element 
45/.; wide spaced high gain, I I element 55/-; 
14 element 62/6. WALL. MOUNTING 
WITH CRANKED ARM, 9 element 60/-; 
wide spaced high gain, I I element 67/6; 14 
element 75/.. CHIMNEY ARRAYS COM- 
PLETE, 9 element 72/-; wide spaced high 
gain, Il element8O/-; l4element8l/6. LOFT 
ARRAYS, 7 element 32/6; wide spaced high 
gain, Il element, WITH TILTING ARM 
62/6; 14 element 70/-. ALL HIGH GAIN 
UNITS HAVE SPECIAL MULTI-ROD 
REFLECTOR. LOW LOSS CO-AXIAL 
CABLE 1/6 yd, UHF transistor pre-amps 
from 75!.. 

lic ITV + F.M. AERIALS 
B.B.C. (BAND I). Tele- 
scopic loft 21/-. External 
S/D 30/-. 

I.T.V. (BAND 3). 3 Ele- 
ment loft array 25/-; 5 ,; element 35/-. Wall mount- 
ing. 3 element 35/-; 5 
element 45/-. 
COMBINED B,B.C./I.T.V. 
Loft 1+3, 41/3; 1+5, 48/9. 
Wall mounting I +3, 56/3; 

___.-,r1,a I +5, 63/9. Chimney I +3, ---. 63/9: 1+5. 71/3. 
VHF transistor pre-amps from 75/-. 

F.M. +BAND 2). Loft S/D 11/6. "H" 
30/-. 3 element 52/6. External units 
available. Co-ax. cable Sd. yd. Co-ax. 
plugs 1/3. Outlet boxes 4/6. Diplexer 
Crossover Boxes 12/6. C.W.O. or C.O.D. 
P. & P. 4/6. Send 6d, stamps for illustrated 
lists. 

QUOTATIONS FOR SPECIAL ARRAYS 
AVAILABLE ON REQUEST 

K.V.A. ELECTRONICS (Dept. P.E.) 
27 Central Parade, New Addington, Surrey 

LOD 2266 

HEADPHONES German made with 
cushioned ear-pads 29/-. 

RECORDING TAPE German made 
long play acetate. 7" 1800' 18/9. 5e" 
1200' 15/9. 5" 900' 12/9. 

PHOTOMULTIPLIERS 10/- each. 

TERMINAL STRIPS (choc blocks) 12- 
way 5 amp PVC flexible 1/3. 

LIGHT DEPENDENT RESISTORS 
LDRO3 7/6 each. 

LOUDSPEAKERS 5" 12/9. 7" x 4" 

12/9. 8" 22/6. All 3 ohms. 

POTENTIOMETERS 1K lin, lOOK lin, 
250K lin, 500K log, 500K lin, IM log, 
IM lin, 2M log. 1/- each. 

With double pole switch 500K log, 
IfM log. 2/- each. 

Pre-set potentiometers 1K lin, 5K lin, 
250K lin, 300K lin, IM lin, IM lin, 
2M lin. 1/- each. 

AMATEUR RADIO CALL BOOK 
(1966 Ed.) Directory of amateur radio 
stations in UK and Ireland. 6/6. 

RSGB AMATEUR RADIO HAND- 
BOOK (3rd Ed.), 544 pp. 36/6. 

Post and Packing: orders under 10/-, 2/6 P.P. 
loi- to LI, 3/- P.P. Over LI, post free. 

COMMUNICATIONS EQUIPMENT 

A large selection of communications re- 
ceivers, test equipment, etc. always in 
stock. 

BRIAN J. AYRES & CO. 
Dept. DY, 8 Hartfield Road 
Wimbledon, London, S.W.19 

Telephone: Wimbledon 6063 
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HIGH GAIN 4 TRANSISTOR 
PRINTED CIRCUIT 
AMPLIFIER KIT 
Type TAl 

. P e a k \ output in . . . . 

ziitt:ta: :: 

p:r=. -.. - . Built on 
printed circuit panel, size 6 x 3m. . Generous size Driver and Output Transformers. . Output transformer tapped for 3 ohm and 5 
ohm speakers. Transistors (GET I 4 or SI 
Mullard OC8ID and mazched pair of OC8I o/p). . 9 voIt operation. Everything supp!ied, 
wire, battery cups, solder, etc. Comprehen- 
sive easy to follow instructions and circuit diagram 
1/6 (Free with Kit). All parts sold separately. 
SPECIAL PRICE 45/-. P. & P. 3-. Also ready 
built and tested, 52/6. P. & P. 3. -. A pair of 
TAls are ideal for stereo. 

STEREO AMPLIFIER 
Incorporating 2 ECL82s and I EZBO, heavy duty, 
double wound mains transformer. Output 4 watts 
per channel. Full tone and volume controls. Abso- 

'y comp'ete. 
ONLY 

£4 . I 9.6 
P. & P.6,6 

Super De- 
luxe version 
with ECL86 
valves, sep. 
ntrols, full 

I eCU L)d(.K . O griS. P. & P66 

HARVERSON'S F.M. TUNER Mk. I 

s F.M. tuning 
head by fam- 
ous maker. . Guaranteed 
non-drift. 
Permeability 
tuning Fre- 
quency cover- 
age.88- I OOMc/s . Balanced 
diode output . Two l.F. stab... ... 
discriminator. Attractive maroon and gold dial 
(7 x 3m. glass). Self powered, using a good 
quality mains transformer and valve rectifier. 
s Valves used ECC85, two EFBOs, and EZ8O (rec- 
tifler) Fully drilled chassis. Size of completed 
tuner 8 x 6 x 5k-in. All parts sold separately. 
Set of parts if purchased at one time £5/19/6, plus 
8/6 P.P. and ins. Circuit diagram and instructions 
I /6 post free. Mark II Version as above but 
complete with magic eye, front panel and brackets, 
£6/12/6. P. & P. 8/6. 
Mark III Version as Mark I but with output stage 
(ECL82) and tone controI,7/7!-. P. & P. 8/6. 

TAPE DECKS 
B.S.R. MONARDECK (Single speed) 3in. 
per sec., simple control, uses 5in. spools, £6/IS!-. 

LATEST COLLARO MAGNAVOX 363 TAPE 
DECK DE LUXE. Three speeds,2 track, takes up 
to 7 in. spools. IO gns. Plus 7'6 carr. and ins. on 
each. (Tapes extra on both.) 

ACOS CRYSTAL MIKES. High imp. For desk 
or hand use. High sensitivity, I86. P. & P. I'6. 
TSL CRYSTAL STICK MIKE. Listed at 45!, 
Our price, 18,6. P. & P. 16. 

VYNAIR AND REXINE SPEAKER AND 
CABINET FABRICS app.4 in. wide. Usually 35- 
yd., our price I3ì6 per yd. length (min. Iyd.) 
P. & P. 2/6. S.A.E. for samples. 

QUALITY RECORD PLAYER AMPLIFIER 
A top-quality record nlayer amplifier. This amplifier 
(which is used in a 29 gn. record player) employs 
heavy duty double wound mains transformer, 
ECC83. EL84, EZ8O valves, Separate Bass, Treble 
and Volume controls. Complete with output trans- 
former matched for 3 ohm speaker. Size 7m. w. 
X 2+in. d. X 5in. h. Ready built and tested. PRICE 
69/6. P. & P. 4/9. 
ALSO AVAILABLE mounted ori board wi.h out- 
put transformer and 6m. speaker ready to fit 
into cabinet below. PRICE 89/6. P. & P. 59. 

QUALITY PORTABLE R/P CABINET 
Uncut motor board. Will take above amplifier 
and B.S.R. or GARRARD Aiitochanger or Single 
Record Player Unit. Size 18 x 14 x 8/ in. 
PRICE £31916. Carr. 7,6. 

4-SPEED PLAYER UNIT BARGAINS 
All brand new in maker's original packing. 

SINGLE PLAYERS 
B.S.R. TUII2 ................... £3/9/6. Carr. 5/6. 
GARRARD SP25 De Luxe. .. £12/10/6. Carr. 5/6. 
B.S.R. GU7 with unit mounted pickup arm. 

- £4/18/8. Carr. 5/6. 
AUTO. CHANGERS 

Latest B.S.R. UA25 Super slim ........... £6 i 6 
GARRARD Auto-Slim (4 pole) Pin. head £5 IO O 

GARRARD AT6 £9.IO.O. Carr. 6/6on each. 
All the above units are complete with tío mono head 
and sapphire styli or can be supplied with compatible 
stereo head for 126 extra. 

BRAND NEW CARTRIDGE BARGAIN! 
ACOS GP67-I. Mono complete. List price 21/-. 
Our price 13,6. P. & P. II-. 

BRAND NEW. 2' 15w. HID Speakers, 3 or IS 
ohm. Current production by well-known British 
maker. Offered below list price at 89/6. P. & P. 5f-. 
(25w. guitar model £5.5.0). (35w. guitar model 
18.8.0). 

BRAND NEW 3 OHM LOUDSPEAKERS 
5 in., 12/6; 6. in., 15/-; 8 in., 21/-; lO in., 25/-; 12 in., 
27/6; (12 in. IS ohm, 3O'-). IO in. x 6 in., 26/-. 
E.M.I. l3 x 8 in. with high flux ceramic magnet, 
42/-. (IS ohm, 45/-), P. & P, 4' & S' 2!-, 6" & 8 26, 
IO' & 12" 36 per speaker. 
7-IO watt OUTPUT TRANSFORMERS to 
match pair of ECL 86's in push-pull to 3 ohm out- 
put. ONLY I 1/-. P. & P. 2/6. 
1-IO watt ULTRA LINEAR OUTPUT 
TRANSFORMERS to match pair of ECL 82's in 
push-pull to 3 ohm output. ONLY IS,-. P. & P. 2/6. 
MAINS TRANSFORMER for transistor power 
supplies. Tapped pri 200-250v. Sec. 40-O-40 at I 

amp (with electrostatic screen) and 63v. at 5 amp for 
dial lamps etc. Drop thro mounting. Stack size I 

X 3" x 27/6. P. & P. 4/6. 
SMOOTHING CONDENSER suitable for use 
with above 4000 mfd. 40v. size Y' dia. x 31" high. 
3 6 each. P. & P. I 6. And 2800 mfd. 25v. lj dia. x 
3_ high 3 -. P. & P. I 

MATCHED PAIR OF 2 WATT TRANSISTOR 
DRIVER AND OUTPUT TRANSFORMERS. 
Stack size I x I 4 x in. Output trans. tapped for 3 

ohm and IS ohm output. 10/-pair plus 2, - P. & P. 

ANOTHER SCOOP! 
FMAM TUNER HEAD 
Beautifully designed and 
precision engineered by 
Dormer and Wadsworth 
Ltd. Supplied ready fitted 
with twin .0005 tuning con- 
denser for AM connection. 
Pealigned FM sect ion 
covers 86- 102 Mcjs. l.F. 
output IO.7Mc/s. Complete 
with ECC85(6L12)valveand 
full circuit diagram of tuner 
head. Another special bulk 
purchase enables us to offer 
these at 27/6 each. P. & P. 
3-. Order quickly 
Limited number ako avail- 
able with precision geared 
3: I reduction drive. 
30/-. P. & P. 3/-. 

III" 

Ks:" IIIII 

jJMlilijjl1 

3-VALVE AUDIO AMPLIFIER 
MODEL HA34 k Designed for Hi-Fi repro- 

duction of records. A.C. 
. 

Mains operation. Ready 
I : 

built on plated heavy gauge 
f: . . .. metal chassis, size 7-in. w. 
... I . . -7 X 4m. d. x 4in. h. Incor- 

... 1 . 
' , porates ECC83, EL84, EZ8O 

'c:__-, . S', valves. Heavy duty, double 
. S.' wound mains transformer 

and output transformer matched for 3 ohm speaker, 
separate Bass, Treble and volume controls. 
Negative feedback line. Output 4- watts. Front 
panel can be detached and leads extended for 
remote mounting of controls. 
The HA34 has been specially designed for us and 
our quantity order enables us to offer 
them complete with knobs, valves, 
etc., wired and tested for only P. & P. 6/-. 

HSL 'FOUR' AMPLIFIER KIT. 
A.C. Mains 200/25Ov., 4 watt, using ECC83, 

.EL84, EZ8O valves. 
r Heavy duty double- 

. . wound mains transformer 
- with electrostatic screen, 
.- * Separate Bass, Treble 

-. and Volume controls,giving 
fully variable boost and cut 
with minimum insertion 

-.:. loss. * Heavy negative 
_f ., _"f feedback loop over2 stages 

ensures high output at 
excellent quality with very low distortion factor. * Suitable for use with guitar, microphone or 
record player * Provision for remote mounting 
of controls or direct on chassis. * Chassis 
size only 74m. wide x 4m. deep. Overall height 
4in. * All components and valves are brand 
new. Very clear and concise instructions enable 
even the inexperienced amateur to construct 
with 100% success. * Supplied complete with 
valves, output transformer (3 ohms only), screened 
lead. wire, nuts, bolts, so!der, etc. (No extras to 
buy.) PRICE 79/6. P. & P. 6/-. 
Comprehensive circuit diagram, practical layout 
and parts list 2/6 (free with kit). 
This kit although similar in appearance to HA34 
em!oys entirely different and advanced circuitry. 

10/14 WATT HI-FI AMPLIFIER KIT 

A stylishly fin- 
shed monaural 

amplifier with an 
outputofl 4watts 
from 2 EL84s in 
push-pull. Super 
reproduction of 
both music and 
speech, with neg- 
ligible hun,. Sep- 
arate inputs for 
mike and gram 
allowrecordsand 
announcements to follow each other. t-ully shrouded 
section wound output transformer to mstch 
3-l5 speaker and 2 ïndependent volume controls. 
and separate bass and treble controls are provided 
giving good lift and cut. Valve line-up 2 EL84s, 
ECC83, EF86, and EZ8O rectifier. Simple 
instruction booklet 1/6. (Free with parts.) All 
parts sold separately. ONLY £719!6. P. & P. 8/6. 
Also available ready built and tested complete 
with std. input sockets, £9/5/- P. & P. 8/6. 
Carrying Case for above 28/6.P.&P. 7'6. 

HARVERSON SURPLUS CO. LTD. 
170 HIGH ST., MERTON, S.W.19. CHErrywood 3985 

Open ali day Saturday Early closing Wed., I p.r'n. 
A few minutes from SoutI Wimbledon Tube Station. (Please write clearly) 
OVERSEAS P. & P. CHARGED EXTRA. S.A.E. with all enquiries. 

WENTWORTH RADIO 
ANNOUNCE 

MORE COMPONENTS AT PRICES YOU CAN AFFORD 
0077 3/6 0C170 3/- WHITESPOT9d. 0071 2/6 

BARGAIN OF THE MONTH 0072 2/6 00810 2/6 AFII7 2/6 0C200 3/- 
Printed Circuit Board packed OC8i 2/6 0C35 lOI- AH 15 36 0076 2/6 with over 90 Transistor Corn- 0C26 IO!- 0C28 lOI- 0C44 2/6 0C45 2/6 ponents, inc. 9 Transistors, ADI4O 101- BYIOO 6/- 

s. MICA IOPF-I000PF 6d. " Diodes, 2 Zeners, 21 Elec- 0A81 li- 0A95 II- 
trolytics, 4 P.C. Plugs and 

CERAMICS4d. MINIATURE much more. -W RESISTORS 
TRS. ELECTROLYTICS 1/2 Fantastic Value at 15/II IO22M 2d. 

32-32MFD 45OVWG 4/6 I lOW IO, lO-IM 5d. 

POTENTIOMETERS Ist QUALITY MINIATURE LIN. TYPE, 5k, lOK, 25k, 50K. lOOK, 250K, 
500K, IML 2Mo. 2/- EACH, 20/- DOZ. PRINTED CIRCUIT BOARD KITS, INCL. BOARDS, 

CHEMICALS, ETC. 15 -. 

We welcome enquiries for all types ofcomponents. Lists. S.A.E. Terms, cash with order, P/P. 
add 9d. for orders under £2 

WENTWORTH RADIO, la, Wentworth Court, Alston Rd., Barnet. Tel. : BAR 3087 
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Packed with concise servicing data 
. s . . the "gen" at your fingertips in one 

authoritative volume for day-to-day use! 

TAPE 
RECORDER 
SERVICING 
MANUAL 
by H. W. HELLYER 
A.M.T.S., A.1.P.R.E,, A.MI.S.M. 

Tape recorders present special problems to the 
service engineer. Many decks are quite complex 
mechanically, whilst high performance is required of 
the associated electronic circuitry. The best aid the 
service engineer can have in dealing with recorders 
is adequate information. This book provides concise 

service data, including cir- 
A book to save cuit diagrams and numerous 
you time and layout diagrams and views of 

make you profit mechanisms and adjust- 
ments, for the majority of 

tape recorders and decks that have been 
country. The notes are 

compiled partly from manufacturers' 
official data, from trade sources, 
and also from bench notes and observa- 
tions made by the author in the course 
of a number of years' practical servic- 
mg. Also contains an authoritative 
introductory section on the principles 
and practice of tape recording, practi- 
cal repair procedures, and micro- 
phones and matching. 4 

Covers 282 models 
in 344 pages 
supported by over 
345 drawings, 
exploded views and 
circuit diagrams 

63s. 

Published by 

____NEWNES____ 

Alba, Allegro, Amplion, B.S.R., Baird, ßrenell, Bush, 
Butoba, Collaro, Cossor, Dansette, Defiant, Dynatron, 
E.M.L, Editor, Ekco, Elizabethan, Elpico, Elpico- 

Makes covered Geloso, Ferguson, Ferranti, Ferro- 

from 63 
graph, Ficord, Fidelity, G.B.C., 
G.E.C., Garrard, Ge/oso, Gram- 

Manufacturers deck, Grundig, H.M. , Hagen, 
include . . . Ko!ster-Brandes, Korting, Mag- 
navox, Motek, Murphy, Peto-Scott, Philco, Philips, 
Playtime, Portogram, R.G.D., Recording Devices, 
Regentone, Robuck, Simon, Sobe!!, Sonomag, Sony, 

Sound, Soundmirror, Steelman, Stuzzi, Tele- 
Funken, Thorn, Truvox, Ultra, Verdik, Volmar, 

w Walter, Winston and Wyndsor. 

f rom your bookseller, or:- 
r- - - - - - - - - - - - - - - - - - i 

I Complete this form and post today I 

I I 

I I 

I 
To George Newnes Ltd., Tower House, Southampton Street, 

I 
London, W.C.2. 

i 

i Please send me TAPE RECORDER SERVICING MANUAL i 

i 
for which I enclose remittance of 63s. 

i 

I I 
Name 

. I 
Address 

. I 
I 

I 

. P . E . 6 
L_ _ _ _ - -- - - - - - - - - - - - - - _J 
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ASTONISHING LOW PRICED RADIO KITS FROM CONCORD 

I 

MAKE 

5 
DIFFERENT 

TRANSISTOR 

RADIOS 

for 

35/- 
Amazing Radio Construction Set! Becoiiie a 
radio expert for 3/-. A complete Home Radio 
Course. No experience needed. Parts include 
instructions for each design, Mtep-by-Step 
plan, all Transistors, loudspeaker, personal 
phone, knobs, screws, etc., all you need. Box 
size 14X 10x 2 (parte available separate). 
Originally £6. NOW 35/- plus 3/6 p. & p. 

New RADIO Anyone CAN BUILD in 2-3 
hours! Only 19/6 
EVEN THE OLDER 
CHILDREN 
BUILD THEM! 
. . . no soldering 
-only 16 connec- 
tinnl Then hear 

UNIQUE NEW FULLY ASTONISHING CIGARETTE 

PORTABLE TRANSI8TORISED flAl 
f _____________ 

iAri# lIRUIV NOW A 

READY 
FRACTION 

BUILT . 

ONLY 18/6 

PRICE. 

NORMAL 35 
/ - 

- 

uu1 

Yes a perfectly 

I but It fetches in 
itreach outbring- WHY PAY MORE. All the latest station after 
¡ng in station refinements re ptketl )nto this _______ st4ion loud and 
tfter station new MITLTI MTATLON AIL dear' Holds 10 .. 

4L X 2 X 1 tr'nststor r'L(tI() - the inrnl (igrettes - 
M-nv Testimoniils M H of Bradford 
writet. ' . . . I have just eornpleied one of you 

. aerial picks up even remote stations 
tieverly conce.ls 
highly sensitive, fully transistorised circuit 

sels succeufully, ii iR ¿he first time J ha'e eeer anti the powerful hudt-in speaker gives room (mcl. tiny battery). Even a young boy can 
tackled anything like a radio and I must .tale filling volume. Individual tuning, first-class ;issenble it in under 2 hours. No soldering. 
here and now, I am arnozed hoe' CORV 1 is lo o reception. Purchase with confidence- packed No experience necessary. Only 16 Connec- 
layman like ,ie. Your iPÈ1rUetio?R and pla, in original manufacturers' cartons. tions. From our bulging testimonial file, 
hare obvousiy been verq carefully though! oui co Mr. J). B. of Huddersheld wrLtes:- . . . I 
thateven Ike ,nost dim en follow them . . ." (Pereota1 earjnece ood battery, 4/6) luivefihted Iheparis in and il is working wonder- 
19/6 plus 2/6 post, etc. Send 35/- plus 4/6 P. & P. fhIy . . .' ALL PARTS including Semi- 

(Mail Order Only) Conductors, A.B.C. Plans, etc. ONLY 18/6 
- 

plus 2/6 post, etc. 
CONCORD ELECTRONI$ LTD - (Dept. PE26) - YTNEW BOND$TREET - W.1 

CONDENSER BARGAINS! 
ELECTROLYTIC 

32uf . I 5volt 2uf . 6volt 64uf 9volt 32uf . . 64volt 
25u1 ... 3volt Ouf . 6volt 250uf .. 9volt Suf .. 7OvoIt 

2u1 ... 3volt 25u1 ... 6volt Ouf .. Ovolt 4u1 ... lOOvolt 
8uf ... 3volt 3Ouf ,.. 6volr IOOuf .. Ovolt 2uf ... ISOvoIt 

20u1 . . . 3volt 2uf . . 9volt I uf 5Ovolt Ruf 275volt 
lOOuf ... 3volt 6uf ... 9volt Suf ... SOvolt 
200uf 3volc 2Ouf . 9volt 8uf . . SOvolt 

all at 1/- each or 9/- per doz. 
3uf .. l2volt 200uf ... l2volt lOOuf ... l5volt 32uf ... 2Svolt 
4uf ... l2volt 6uf . l5volt 750u1 ... I5volt 64uf .. 2Svolt 
6uf ... 2volt 8u1 ... ISvolt 2Suf ... 25volt lSOuf ... 2Svolt 

lOuf .. l2volt lOuf ... l5volt 3uf .. 25volt l6uf ... 3OvoIt 
2Suf .. l2voIt 3Ouf ... ISvolt 4uf .. 25volt 64uf ... 4Ovolt 

lOOuf .. l2volt 5Ouf ... Svolt 25uf .. 2Svolt 12Suf ... 4OvoIt 
all at 1/3 each or I 1/3 per dozen 

5,000uf l2volt 4/- each. SOOuf ... 25volt 3.- each. 
PAPER CONDENSERS each doz. 00 1,000 
OOIuf . SOOvolt 7d. 5/3 29/- £7/5/- 000luf ... 200volt 
O0luf . I,000volt 9d. 6/9 37/6 £91716 OOIuf .. 200volt 
OO2uf . 500volt 7d 5/3 29/- £7/5/- 'OO2uf . 200volt 
OlSuf . 300 AC. 9d. 6/9 37/6 £91716 OOSuf ... 200volt 
OOSuf . . 7SOvolt 7d. 5/3 29/- £7/S/- 
02uf . 3SOvoIt 6d. 4/6 25/- £6/Sf- 7/6 per 100. 
O2uf 600 AC. 13 11/3 62/6 £1511216 £3 per 1000. 
kif ... 3SOvolt 7d. 5/8 31/3 £7/16/3 
luí ... 7SOvoIt 9d. 6/9 37/6 £91716 
25uf .. 35Ovolt lOd. 7/6 41/8 £10181- 
Suf .. lSOvolt II- 9/- 50/- £121101- 
Suf ... 3SOvolt 1/3 11/3 62/6 £1511216 
5uf . 500volt 1/6 13/6 75/- £18/IS!- 
SILVER MICA, CERAMIC, POLYSTYRENE, Mixed types, valu... 

lO/-per 100. 
RESISTORS. watt to 3 watt Close Tolerance. Mixed values. Polythenc 

wrapped on cards of IO. Fantastic value! Only 50/- per 1,000 plus 5/- 
post and packing. 

RESISTORS FOR TRANSISTOR WORK. Low values. watt. 5% 
tolerance. Long leads. Excellent quality. 50 for IO!-. Our selection only. 

TRANSISTORS. Untested unmarked. Excellent Value at l2/6for SO. LI for lOO. 
I.B.M. Computer Switching Transistors. Very small. NPN or PNP. 6 for 
lo/-, NKT 24/5 Switching Transistors, 6 for IO!-. Diodes 1/- each, 9/- 
dozen5O- lOO,flh/IO/-per l,000. 

SIGNAL INJECTOR. Transistors, components, circuit, to make, 10/- only. 
REV. CO U NTER. Transistors, components (excluding meter). 10/- only. 
LOUDSPEAKERS. 3m., 4m., or 5m., 10/- each. 
MICROPHONES. Magnetic, Lapel. 10/- each. With plug and lead. 
EARPIECES. Magnetic, 5!- each. With plug and lead. 
PICK-UP HEADS. MONO 14/-, STEREO il!-, DIAMOND STEREO 28/9 

ACOS MAKE. 

G.-F. MILWARD 
17 Peel Close, Drayton Bassett, Nr. Tamworth, Staffs. 

Phone : Tamworth 2321 
UNDER 10/. PLEASE INCLUDE 1/-POST AND PACKING 

Build the ' SOLETTE ' ¡n 20 hours 
Construct this organ easily with our factory made units 

'4 

Suitabe for music of all kinds. 

Self contained amplifier and 

loudspeakers. Excellent tone 

and volume. Five pitches 

solo and melodic bass. Fully 

transistorised and portable. 

Price £118 complete. 
Other models from £82 (terms 
available). 

e-,.. 

(Broml.y) Ltd 

CLARION WORKS, NAPIER ROAD, BROMLEY, KENT. RAV 2122 

YUKA SO PROFESSIONAL 

. . . THE YUKAN 

s,E ¿F- S?%1 AEROSOL WAY! 

GET THIS AIR DRYING HAMMER FINISH o 
o 

I. C 

l YUKAN Aerosol spraykit contains 16 ozs. fine NOW ! ' 

I. 

quality durable easy instant spray. N'o stove baking 

. 

required. Available in Grey, Blue, Gold, Bronze at ? 

: 
14,1 I at our counter or l5 I I, carriage paid, per 

-C 

- pushbutton self-spray can. SPECIAL OFFER : I can 

plus optional transferable snap-on trigger handle 

. 

(value 5 -) for 18, I I carriage paid. 

I 
Choice of 13 self-spray plain colours and primer (motor car quality) 

also available I 

IPlease 

enclose cheque or P.O. for total amount to 

YUKAN DEPT. PE6 - 307a EDGWARE ROAD - LONDON W.2 

A book for every electronics engineer . . 

TRANSISTOR POCKET BOOK 
by R. G. Hibberd, B.Sc., M.I.E.E., Sen.Mi.E.E.E. 

A comprehensive guide to the characteristics and use of 
the various types oftransistor now availabre. The manu- 
facture of the various types of transistor, up to and 
including the latest epitaxial planar, feld of effect and 

metal-oxide silicon transistors, is described in detail in 

order to make clear the different characteristics of each. 
Includes notes on the use and handling of transistors, 

and chapters on solid state circuit techniques and recent 
developments. 
304 pages 250 illustrations 25s 

From your Bookseller, or in case of difficulty, 27s. from 
GEORGE NEWNES LTD., SOUTHAMPTON ST., W.C.2 

NEWNES 

TECHNICAL TRADING Co1 
All items previously adver- 
tised available, also see items 
advertised in Practical Wire- 
less. Huge Hi-Fi and Corn- 
ponents stocks at all branches. 

BARGAIN 7lb. PARCELS 
I IIclu(lilig variable condenser8, i.f. coils, 

loudspeaker plugs/sockets, knobs, pots, 
condensers, resistors, nuts, bolts, cabinet 
littlugs, switches, transfortiter choke, 
rectifIer, transistors. List. value 7 6 over £43. Carr. 5/-. Try msc! 

STEREO AM/FM CHASSIS 
Large Ie-luxe A/C radiograni ch;issi. 

Mollard valves normal value 
i approx. 24gns. 

Ditto AM Stereo Chassis £10. 15. O. 
AM/FM Mono Chassis £11. 10. 0. 

TRANSISTOR PLAYERS 
1JA2588 Autochanger, '2 externaP inputs 
(mike etc.). External speaker socket, 
with hl-flux speaker, mixer, base, treble 
controls, really ti e-luxe portable, large 
satin chronic control panel. 7 Gns Normal price 25 gns. 

Old and New Customers welcomed at our New London Branch, Telephone 
No. MUS 2639. lO TOTTENHAM COURT RD., LONDON, W.l 

350/352 FRATTON RD., PORTSMOUTH. Tel: 22034 
72 EAST STREET, SOUTHAMPTON. Tel: 25851 

ALL MAIL ORDER AND RETAIL SHOP 
PARK CRESCENT PLACE, BRIGHTON 
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VALUABLE NEW HANDBOOK 
To AMBITIOUS 

Have you had your copy of " Engineering Opportunities"?. 
The new edition of "ENGINEERING OPPOR- 
TUNITIES" is now available -without charge 
to all who are anxious for a worthwhile post in 
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 ofage, experience or training. 

On 'SATISFACTION OR 
REFUND OF FEE' terms 

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

WHICH OF THESE IS 
YOUR PET SUBJECT? 

MECEI. ENGINEERING 
Gei: . f1('CIl. Eizg .- Pi lai,,'e,,- 
nsce Eng. - Diesel Eng. -- 
I'ress Tool Design - S/wet 
J%fetal lI'ork - JVehliiig - 
Eng. Patter,, !vlaki,ig - 
Inspection - Draugh ts,;,anshij - Aíeta/lurgv - Prothciioi: 
Eng. 

RADIO ENGINEERING 
Gewral Radio - Radio & 
Ti' Servicing - TV Eng. - 
Teleco,n,,su,iication.c - Flee- 
tronics-Sound Recording-- 
A :ton,atio,z-Praciieal Radio 
-Rodio A,;zatei,rs' Exaiiz. 

CIVIL ENGINEERING 
General Civil Eng. - jtíiini- 
cipal Eng. - Structural Eng. 
Sanitary Eng. -- Road Eng. 
J!v(lraulies- ?li,zi,ig- J J'ater 
SuppIv..-Peirol Tee/i. 

ELF('. ENGINEERING 
(leizeral Electrical Eng. 
Installations- Dra:ghtsn:aiz- 
.s./IiI) - !l!,,ninaIi,ig Eng. - 
Refrigerotion - Ele,,,. Elee. 
Science - E/cc. Supply - 
!%ii,ii,Ig E/cc. Eng. 

AUTO ENGINEERING 
General Auto Eng. - Agito. 
Alaintenance - Repair - 
A tito. l)iesel Afaintenance - 
A lito. Electrical Equi p/neat- 
Garage P1(i,1(ige1lle1l(. 

BUILDING 
General Building - Heating 
& ¡'entilation - Plumbing -A rchitecturc - Carpeiznv - Painting - Decorating - 
Specifications & Quantities -Surevi,:g - Arc/:iteci,iral 
D,'aiig/ztsnuz,:ship. 

THIS BOOK TELLS YOU 
* HOW to get a better 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. 

156 PAGES OF EXPERT 
CAREER - GUIDANCE 

PRACTICAL INCLUDING 

EQUIPMENT TOOLS 
Basic Pradkal and Theore- The sjeeialist Elee- 
tic (ourses for beginners in trafics Dirisiou of 
Radio, TV., EIectronicsEtc., B.I.E.T. 
A.M.I.E.R.E. City & Guilds NO W offers you a 

Radio Amateurs Exam. i.ea/ laboratory ham- 
R.T.E.B. Certifiiate ing at Izo/ile wit/i 
P. M.G. Certificate practical equip,,u'nt. 

Practkal Radio .lsk (l('t(iIc 
Radio & Tcteyision Serviung 

PractRal Electronics 
Electronics Engineering 

Automation 

You are bound to benefit from reading 
"ENGINEERING OPPORTUNI- 
'11ES", and ifyou are earning less than 
£30 a week you should send for your 
copy ,zow-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.l.Mech.E., A.M.S.E., A.M.I.C.E., A.M.I.E.R.E., B.Sc.. 
A.M.I.P.E., A.M.I.M.I., A.R.I.B.A., A.I.O.B., A.M.l.Chem.E.. A.R.I.C.S., 
M.R.S.H., A.M.I.E.D., A.M.t.Mun.E., CITY & GUILDS, GEN. CERT. OF 
EDUCATION, ETC. 

BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY 

316A COLLEGE HOUSE, 29-31 WRIGHT'S LANE, W.8 

A 

!;? 

.. 

u B.I.E.T., 316A COLLEGE HOUSE, 3d. stanip :í ¡;ovtel in 

I29-31 WRIGHT'S LANE, W.8. an lillSe(ile(l t'nrc'lope. 

Please send me a FREE copy of "ENGINEERING 
IOPPORTUNITIES." I uni interested iii (state subject, 

. 

0/: 

.'i:': .............................................. 

INAME ............................................................... 
I 

IADDRESS......................................................... i 

i WRITE IF YOU PREFER NOT TO CUT THIS PAGE U 

i i i: :i i i . i - I : i ATL i i i 

Published about the 15th ofthe month by GEORGE NEWNES LIMITED. Tower House, Southampton Street. London, WC.2. Printed in England by 
THE CHAPEL RIVER PRESS, Andover, Hants. Sole Agents for 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 £1 16. 0. 
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LET US QUOTE FOR COMPONENTS AND 
EQUIPMENT FOR YOUR CIRCUIT 

1966 150 PAGE CATALOGUE 
Fully detailed and illustrated components, equipment 
and Hi-Fi. All types and makes. 5000 Stock lines. 
500 Transistors and Devices. 1000 Quartz Frequencies. 
800 Valves and Tubes. The Finest and Largest Range 
available. A mine of information. 

Price 6/- post paid 

F REE 
with Catalogue, 6/- Value Discount vouchers 
gives 2/- in pound discount on purchases. 

CATALOGUE COSTS NOTHING AFTER USING VOUCHERS 

(I) GLOBEMASTER MW/LW/SW 
PORTABLE RADIO TO BUILD 
Special purchase reduces prices 

Full 3-waveband tuning. Pushbutton 
wavechange. Superhet printed circuit. 
Black-chromed cabinet I I X 7 X 31m. 
(SW 17-50 metres). Ear/Record sockets. 
TOTAL COST , i f P.P. 
TO BUILD LI.IY.O 3/6. 

(16) VHF FM TUNER TO BUILD 
87/lOS Mc/s Transistor Superhet. 
Geared tuning. Terrific quality and 
sensitivity. For valve or transistor 
amplifiers. 4 x 3 > 21m. 
TOTAL COST , P.P. 
TO BUILD W.I'l.O 2/6. 

(Cabinet Assembly 20/- extra) 

Io AND 20 WATT MONO AND STEREO TRANSISTOR AMPLIFIERS 
(9) POWER AMPLIFIERS. IO watts (IO) PREAMPLIFIERS. 8 input 
RMS output. IOOmV input. 30 c/s to selector. Treble, bass, volume, filter 
2Okc/s :[: 1dB. 6-Transistor Push-pull. controls. llmV to 300mV inputs. 
Panel size 4 :< 2 : I in. H/S 4 X 4m. Battery operated or from Mains Unit. 
TPAIG/3 3-5 ohm spkr. £5.lO.O, pp. 2/6 Output up to l5OmV RMS. 
TPAIO/I5 12-16 ohm spkr., 

£5.196, p.p. 2/6 MP2 Mono 9x2x2in. £5.IO.O, p.p. 
(Mains unit for I or 2 amplifiers, 2/6 (brown and gold front panel 8/6) 

59/6, p.p. 2/6) SP4 Mono/Stereo, 9x3x 
The Finest HighFidelity at £IO.19.6, p.p. 3/6 (front panel plate 12/6) 

Unbeatable Prices ----.--.-----.----- . ALL UNITS BUILT AND TESTED 

(8) BUILD A QUALITY TAPE (3 WATT AMPLIFIER 
RECORDER 6-Transistor Push-pull, 3 ohms. 6mV 

Three speeds-3 watts. into 1K. 12/18V supply. 2 x2x Iin. 
Complete kits with new "363" decks. BUILT AND TESTED P.P. 
Supplied as preassembled sections. (optional mains units 54/-) 79/6 2/- 
Complete with portable cabinets and 1+ watt version 59/6. 
Speaker-excellent quality. 7" 1,200k. New matching Preamplifier, 6 inputs, 
tape and spool and Acos 45 microphone. treble/bass/selector/volume controls. 6- 
"363" decks with tape and Acos mic. lOmV o/put. 9-18V supply. 79/6, p.p. 2/- 
(2track IO gns. 4track £13.lO.O. P.P. 5/-) For use with any Transistor Amplifier 

* TWO TRACK * FOUR TRACK DEAC CHARGER 
To charge 36 volt and 96 volt packs. 

L 26 £30 Fully mains isolated P.P. 
8/6 8/6 ,. moulded case. 45/ 2/- 

(l3) REGENT-6 MW/LW (IS) Hl-Fi (4) DEAC CELLS 
POCKET RADIO TO BUlL EQUIPMEN RECHARGEABLE BATTERIES 

6-Transistor superhet. Geared Special parcel 36 volt 500 mA/H. Size: 
tuning. Push-pull output. Moulded Let us k" > II" dia. . . 12/6, pp. 1/6 cabinet5x3x Ihn. Phonesocket. 

have youren- . 9-6 volt 225 mA/H. Size: 
TOTAL COST P.P. 

69/6 2» I' dia. . . 20/-, p.p. 1/6 
TO BUILD 2/- quiriesfor BRAND NEW - Offered at a 

Special purchase reduces price equipment. fraction of normal retail price. 

(6) 25 WATT AMPLIFIER 
New 8-Transistor design. Push-pull 
outputfor7 to l6ohmspeaker. I5OmV 
input. 30c/s to 2Okc/s :1: 1dB. For use 
with valve or transistor preamplifiers 
as item (lO)above. Size 2x2Ix6in. 
PRICE BUILT , , P.P. 
AND TESTED EO.IY.O 3/- 
(Mains unit 79/6, p.p. 2/6) 

(Il) GARRARD DECKS 
(p.p. 5/- any type) 

1000 mono £5.I9.6. stereo £6. 6.0 
2000 mono £6. 6.0. stereo £6. 6.0 
*SP2S mono £IO.I0.0. stereo £I0.I9.6 
Autoslim mono £5. 9.6. stereo £5. 9.6 
*AT6 mono £8.19.6. stereo £9.I0.0 
*AT6O mono £I0.l0.0. stereo £I0.I9.6 

3000LM stereo £8.I9.6 
(Deram cartridge add 60/- to mono 
price). All autochange (except SP25), 
complete with cartridge. Brand new. 

(7) VHF FM TUNER 
Supplied as 2 Preassembled Panels, 
plus metal work Superhet design, 88- I 08 
Mc/s, 9 voIt operated. 
Total cost to assemble £l2.l7.6, P.P. 2/6. 

HENRY'S RADIO LTD. 
303 EDGWARE RD., LONDON, W.2 

PADdington I 008/9 
Open Mon. to Sat. 9-6. Thurs. I p.m. 

Open all day Saturday. 

(5) ROADSTER MWJLW 
CAR RADIO TO ASSEMBLE 

Su pplied as Preassembled Panels. 
Permeability tuned superhet. Push- 
button wave-changer. Push-pull out- 
put. Fits any car. 7x4.2in. 12 voIt 
(-i-) earth. 
ASSEMBLY j'f in t P.P. 
TOTALCOST LO.l7.0 3/6 
(Speaker/Baffle/Car Fixing Kit, 20/-) 

(12) MULTI-METERS 
PT34 1kV 39/6 TP5S 20kV £5.19.6 
Ml 2kV49/6 EP3Ok 30kV £6.I0.0 
TPIO 2kV 75/- EPSOk 50kV £8.I5.0 
EPIOk 10kV 79/6 500 30kV £8.I7.6 
lT.2 20kV 69/6 EPlOOk 100kV £I0.lO.O 
EP2Ok IOkV 99/6 

(14) MW/LW QUALITY 
TRANSISTOR RADIO TUNER 

Fully tunable superhet with excellent 
sensitivity and selectivity. Output up 
to volt peak. Complete with front 
panel, etc. 9 volt operated. For use 
with any amplifier or tape recorder. 
TOTAL COST P.P. 
TO BUILD £3.19.6 2/6 

(2) NOMBREX TEST UNITS 
* 

I 50 kcs-350 rn/cs RF Generator 
All Transistor £9.lO.O 

*lO c/s-I00 kc/s Transistor 
Audio Generator £l6.I5.O 
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