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HOME

For the Finest Value and Service fo

CONSTRUCTORS &

ELECTRONICS ENTHUSIASTS

‘We consider our construction parcels to be the finest value on the home construclor market. If on receipt you feel not
competent to build the set, you may return it as received within 7 days, when the sum paid will be refunded less postage.

APE RECO

MAGNAVOX-COLLARO 363
TAPE DECKS

The very latest 3 speed model—1
avallable with either § track or
Features Include: pause control; diglmh.uuuur i
fast forward and rewind; mew 4 pole fully
screened induction motor; interlocking keys.
Size of top plate: 13} ¥ 11 X 5}in. deep below
unit plate, For 200/250 v, A.C. mains, 50 c.p.s.
operation, New unused and fully guaranteed,

LASKY’S PRICE }z¢k£10.10.0
LASKY’S PRICE %3k £13.9.6

Carriage and Packing 7/6 extra.
SPECIAL FOR OVERSEAS CUSTOMERS — the uew Magnavox-Collaro 363 Deck for

110/125 v, 50 or §0 c.p.s. mains now available, prices as above, Post to any part
of the world 35/-,
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CONSTRUCTORS BARGAINS

The " Sixteen " Multirange
METER KIT

‘This outstanding meter was featured by Practical Wireless
in the Jan, '64 issue. Lasky's are able to offer the com-
plete kit of parts as specified by the designer.

RANGE SPECIFICATION: D.C. volts: 0-2.5-23-50-250-300
at 20,0000/V. A.C. volts: 0-25-50-250-500 at 1,0000/V.
D.C.current: 0-50pA, 0-2.5-50-250mnA. Resistance; 0-2,0000,
0-200k0), 0-20 M. Basic wovement: 40pA {81l moving
coil. With universal shunt full scale deflection current is
50pA. Black Controla: 12

plastic case—3]1 % 53 x 1}in.
position range switch; separate alide switch for A.C. volta—
D.C. ohms; ohmins zero adjustment pot, meter, meter zero,
Power requirements: Ope 15v, and one 1.5v, batts. Cumplete

with all parts and full construction details. H.P. Terms

Data and cireuit avail-
able separately, 2/6;
refunded if all parts

LASKY'S PRICE £5.19.6. 5 oy, bk . fa of

MARTIN RECORD/REPLAY TAPE AMPS.
Latest models now available from stock—for use with the Magnavox 363 Tape Deck
3 track model .. - - LASKY'S PRICE £14.19.6

 track model - LASKY'S PRICE £15.19.6
Optional extra:

LASKY'S PRICE 12/6.

SEECIAL INFTEREST ITEMSI
SPECIAL PURCHASE—UHF/VHF T.V. TUNERS

‘Well known British makers® surplus stocks. Now available for the first
time to the Home Constructor. Add 2/6 Post and Pucking on each.
TRANSISTORISED UHF MINIATURE MODEL
Shielded metal case only 3} X 1} X 3in. Fully tunable—complete with
two AF 139 tramsistors. LASKY'S PRICE 39/6

VALVE UHF MODEL (ilustrated)

In metal case size 4 X 6 ¥ 1jin. Fully tunable—complete with PCU86
and PCC8S valves. LASKY'S PRICE 29/6." Without valves 12/6
TRANSISTORISED VHF MODEL |

Miniatuce turret type fitted with 12 sets of coils and 3 Mullard AF102 trunsistors. In
metal casesize 4 X 2 X 3lin. LASKY'S PRICE 29/6

TRANSISTORISED YHF MODEL 2

Sub-miniature turret type fitted with 12 sets of coils and 3 Mullard AF102 transistors
In metal case size 3 X 1§ X 2iim. LASKY'S PRICE 37/§

Add 2/6 Post and Packing on each.

Carriage and
Packing 4/6 extra

Coutrol panel escutcheon to take deck and mmplifier controls.
Post and Packing 2/6.

MAKERS' SURPLUS TELEVISION IF
AMPLIFIERS
38 Me/s. Contains a large number of components, 1F

transformers, resistors, capacitors, etc., and the follow-
ing valves: 2xPCF 50 IxEB91, EFBD EF182 and
EF184. Overall size 114" % 31" % 4" deep. Xdeal for
servicemen and experimenters. This 1F amp. when
used with the Valve model UHF Tuner (above) provides
a suitable conversion for B.B.C.2. No circuit available.

LASKY'S PRICE 39/6 rot2s
SPECIAL PACKAGE

Free standing table cabinet, size

17} X 9 X 5in., finlshed T
medium Mahogany. Scale marked
21 to 68 (UHF band). Designed
to accept the above 1F Amplifier
with space for a Valve UHF Tuner.
Special Package Offer IF Amplifier,
UHTF Tuner with valves and Table
Cabinet.

ASKY'S PACKAGE PRICE 89/6 rost ana packing 6/-
TAPE DECK MOTORS

High quality tape deck capstan motor made by E.M.I,

Holland. Bi-directional.

NEW—LASKY'S MINIATURE TRANSISTOR
AMPLIFIER MODULES

Incorporating the very latest circuitry
to provide high sensitivity and good
quality in conjunction with extreme small
size and compactness. High quality
Newmarket transistors used throughout.
All designed to operate on 9v. miniature
battery. Add 1/-on each for post & packing

TYPE LRPC 1. 2 transistor. Input sens.

50 mV., output 150 mW, output imp.

400, size2X 1 3in....... PRICE 27/6

TYPE LRPC 2, &5 transistor. Input sens- ]m\' Dutput 330

mW, output Imp. 150, size 2} X 1§ X §in.... P E 22/6

TYPE LRPC 3. 5 transistor. Input, sens. & rnV cutput 400 mV, output 1mp lﬁn alze
ak X 1 X #in. ...... 1!;,1_
TYPE LEPC 4. ransistor Ionput sens. 150 m\'. output 330 mV outpub lmp 150,
oe 3 % 11 % :?,f 5 z o PRICE 22/6

TYPE LRPC 5. 6 transistor. Inpul sens. Bm" output 3W nutput imp Bﬂ alnli
K 13 X I coircsrarenrnsnrannrsnsnsniossbsssansorasssainsstssnansmarancasiacasnsosonian

FULLY ENCAPSULATED MODULES

Speelal function modules — all one size 1} X 1 X 1iin.
function and installation instructions. Send S.A.E. for data.

Complete with detailed

TYPE PA-1. Public address amp for use with carbon. t:rs‘!f.n.l or Dyna.min micro-
phones. 3() output imp. .s PRICE ”f-
TYPE GR-1. Gramoph lifh Pl :m(len fHci power wﬁu .warage room.
30 output imp. ......... - 30,!.

TYPE C0-1. Morse code prublce csm].lator — ror use uith morse key and 3N
speaker. ...... . PRICE 101'-
TYPE MT-1. Metronmne deule—-pru'n[iEl anﬂlhl: ami vl.&ual beat kom 30 to 240

beats per minute (for use with 8() speaker or ind. lamp)... CE 22/6
SINCLAIR SUPER MINIATURE KITS
We stock the complete range. Write for detaila of packngc deals.

THE MICRO-6 miniature radio only 1% x 1 % 12 2210 6

THE SLIMLINE 2-transistor pocket radio . £2 98

THE MICRO-FM. (tuner/receiver) .... 198

THE X-20 20 watt P.W.M. amplifier .. £7108

STEREO 25 pre.amp conlrol unit fully bullt. 29198

THE I-12 12 watt and p 24 086

o
VEROBOARD — Eo. i ot 2l ™

Boards
42/1503

ceessories
23 - Terminal pins — pkt. of 50 .....
43/1504 2} X 3{1!!
3%
3,

Bpot face cutter tool
Pin Inserting tool ..
46/1508 Post 6d. per item extra.

44/1505 Orders of 10/- and nver post free.

TRANSISTORS ALL BERAND NEW AND GUARANTEED

GET 81, GET 83, GET 80 2/6; 873A, 874P 3/8; 0C45, 0071 0C81D 4,’8 0oC 44,
0C 70, OC 76, 00 81 5/6; pair (10/6); AF 117, OC 2 8/8; OC 42, OC 43,
0C 73, OC 82D 7/8; OC 201, OC 204 18/-; 0O 205, oc zns 19/8; ocns 24/8;
0C 75 8/~

TRANSFILTERS sy BRUSH CRYSTAL 0. Available from stock.

45/1507

3t X 17111 C

Size 4in. dia. x Zin, high, lin. X in, spindlg. TO—OIB 465 ko/s. - 2 kefs. To_ggn ‘éﬂ kefs. &+ }Jtp? ,s EACH
i " 2 o TP lB»!.’)l:,'!.:t ef8.
LASKY' S PRICE 15“1 Post 3/6. $g—g;g :gg tﬁ'}: i JEE.'::. TF—O1D 470 kgfx. -+ 2 kefs. Post 6d
??; Eggug:g :o;\n th DON, W.2 Tel: PAD 3271 42 TOTTENHAM CT. ROAD, LONDON, W.1 Tel: LAN 2573
OAD NDON, W.2 Tel: PAD 9789 ] .C. I: FLE 2833
33 TOTTENHAM CT. ROAD, LONDON, W.I  Tel: MUS 2605 152/3 FLEET STREET, LONDON, E.C.4 Te

The above branches open all day Saturday Early closmg Thursday.

Please address all Mail Orders and Correspondence to 3-15 Cavell Street, Tower Hamlets, London, E.I.

LASKY'S FOR SPEEDY MAIL ORDER SERVICE

Both open all day Thursday. Early closing Saturday.
Tel.: STE 48212

833
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ORIST’S REV COUNTER

FULLY TRANSISTORISED Currently EX-STOCK are these LOW COST

§ Suits 4 or 6 cyl. engines. Would cost at least £8 to
jjibuy. Kit contains moving coil movement and all

SILICON PLANAR EPOXY ENCAPSULATED TRANSISTORS
fparts including transistors, a circuit diagram and Prox] F

4 5 s = : T hr= BVcro ical
=4 full instructions. Maximum reading 8,000 r.p.m, Type mW. [MHz @ Tc2mA., Ves 10v.| Volts Apgl cation Price
Send P.O. for 22/-, which includes 2/6 postage. Ity | i min.  max. s or Features i
— -

CYLDON . s S NTATY B0 | & =B i3 | High end v, g
. (W pangmions Z|E| E B | E|& |
complete with - A By cg:;g{;saﬁ 900 | 180 o ot 25 Power Amp.

PC.88 and PC.86 ‘ % 23 3¢ 1, - | T B | o, 1013
Valves, Full vari- A o Double 200 | 300 | PG: 3048 & outes 0 |arAmproer o= | 29
able tuning. New ] wound % n e gﬂn:mz L ;,'1'5; ki 100
d. Si 2 mains 200 | 300 | PG: 1548 @ 106MH. 18 ; -
:1;9 :n;f.e - ?;z..e il transformer, output transformer, 200 | 160 20 (minimmam) o | | TeaiReiey duvee 13
3 e volume and tone controls, re- AND ALSO
Complete with i sistors, condensers, etc. 6V6, aN2628 (Red) | 200 | 200 35 110 18 General purpose :}-s-
circuit  diagram. Ml JECC8! and metal rectifier. tnange) =] = et o HH
35/ plus 3/6 sl Cilrcunﬁts{SFG&Flr;ceT\vi:hbkil. 29/6 (Green) 235 470 4
us 5/6 P. . The above Amp- » o/ ioe = ONE device.
P. & P. ﬁﬁer Tt acd tested 1016 extra. DEDUCT 109, from price quoted for 5 or more of any Vi
MUL TIPL E E ER P.S. — Have you received a copy of our current price list of
X DECOD transistors ? Over 1,000 items are listed together with an
Now .is your chance to benefit in full from the new B.B.C. stereo amendment bulletin covering substitutions for types no
transmissions with our Multiplex Decoder. Design features: Highly longer manufactured
efficient Mullard vinkor pot cores. Two semiconductor diodes. 5 g u 2
Double purpose valve. Printed circuit type construction high input Send a 1/8 P.O. for the above list, OR send 2/- P.O. and
;2:11??::1?615%pf?‘:];icsa;l]cl,\?éc"sotssb"?‘ltk n}inus 26 db o llli,c;:fs.v Iﬁpul receive in addition, brief semiconductor data summaries

il L5~ 1. " ability plus or minus 0.1%,. Voltage 3ot + :
requirements H.T. 190-250 volts. D.C, at 5 ma. Heaters 6.3 volts covering approx. 200 common transistors held in St,O.Ck'
A.C. at 300 ma, Self powered unit shortly available, price to be (both amounts are inclusive of being added to our Mailing
%2';"3“‘;“1'” Size 3 S 38 < 1% Fully built and tested, price List) and also details of our SEMICONDUCTOR

.4.0 plus 3/- P.& P, charges. S :

z aels INFORMATION SERVICE.
LU ** 6-TRANSISTOR =y :

MUSETTE SUPERHET : - Please add 1/- Postage & Packing on all orders of £2 or less.
PORTABLE RADIO Rl - ? MAIL ORDERS ONLY PLEASE. TERMS: C.W.O.
% 21" Speaker.

* g;gransistors Superhet Output M. R. CLIFFORD & COMPANY (C 5B)
mw. T .
% Plastic Cabinet in red, size 43" i 209A, MONUMENT ROAD, EDGBASTON, BIRMINGHAM 16

X 3" % 13" and gold speaker

louvre,

% Horizontal Tuning Scale. Ine. carrying
9% Ferrite Rod Internal Aerial. strap. Cireuit
$ IF'460 Kc/s. S Dia;ran;lzle—

All components Ferrite Rod . & P. 3/6 free with parts -

and Tuning Assembly mount BAKER 12in. STALWART

on printed board. % Printed Circuit Board, The only High Fidelity Speaker available with a choice of 3ohm
v Operated from PP3 Baitery. % Tunable over medium and or |5 ohm models and may therefore be
% Fully comprehensive instruc- long waveband. used with any High Fidelity or Domestic

tions and point-to-point wiring Y Car aerial and earpiece sound equipment.

diagram. socket. Maximum Power % 1550w;r.t5 Available
Bass Resonance -50 c.p.s.
TRANSISTORISED SIGNAL GENERATOR Flux Density 12,000 gauss rl"Ol'l:I all
Size 51" % 31" x 13". For IF and RF alignment and AF output, Voice coil diameter e R:_ul!o &
700 ¢/s frequency coverage 460 Kc/s to 2 Mc/s in switched frequen- Voice coil impedance 3or 150hms  Hj-Fi
cies. Ideal for alignment to our Elegant Seven and Musette. Voice coil material Copper Dealers
Built and tested. 39/6. P. & P. 3/6. Useful response  45-13,000 c.p.s.
Cone surround Roll 5 Gns

ELEGANT SEVEN Mk.II

Bur yourself an easy to build
T ftransistor radio and save at
least £10.0.0. Now you can
build this superb 7 transistor
superhet radio for under £4.10.0.
No one else can offer such a
fantastic radio with so many de
luxe star features.

3 *Dn I:;e g;oy w;n:en calziar'nat si:e e g

" % B x 34" - orizontal easy to . \ r o
read tuning scale printed grey with black | ONLY B 'Id I‘ SOLE E ' b x
s rd 1117, "\ RN e £4.4.0 uild the ITE, easily, by Xmas
rod aerial, .F. neutralisation on each -
uptlrall:‘ stage. _uq‘i_» D.C. clougle: push tpiuu e He Only 20 hours to build this organ with our factory made units
output stage with separate A.C. negative J -

back. s Room Afling output 36omw, | 7'z /6Post&Packing
r Ready etched and drilled printed circuit board back printed for
oolproof construction. < Fully comprehensive instructions and

int to point wiring diagrams. % Car aerial socket. % Fully
unable over medium and long wave, 168 - 535 metres and 1250-
2000 metres. -+ All components, ferrite rod and tuning assembly
mount on printed board. < Full after sales service. Parts list
and circuit diagram 2/6, free with parts. Price £4.4.0, - 7/6 P. & P.
SPECIAL OFFER. For one month only, R. & A. 7° x 4° 9000
lines P.M. Speaker at no extra charge. Power supply kit to purchasers
of ‘Elegant Seven’ parts, incorporating mains tiansformer, rectifier
and smoothing condenser, A.C. mains 200/250 volts. Output 9v.
100 mA. 7/6 extra.

Shop Hours 9 a.m. — 6 p.m. Early Closing Wednesday

All enquiries stamped addressed envelope

RADIO & T.Y. COMPONENTS (ACTON) LTD.

21D, HIGH STREET, ACTON, LONDON, W.3

Chassis material Solid aluminium
Overall diameter 12" Post Free
Send for New catalogue and enclosure plans

Baker Reproducers Ltd.

zo
L

(DEPT. P.E.12)
Bensham Manor Road Passage, Thornton Heath, Surrey. THO 1665

Suitable 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 (terms
available).

Other models and a complete
range of ready-made units
supplied for individual designs.

Narmonics

(Bromley) Ltd.
CLARION WORKS, NAPIER ROAD, BROMLEY, KENT. RAV 2122
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SINCLAIR STEREO

DE-LUXE PRE-AMPLIFIER AND CONTROL UNIT

By

[

THE WORLD’S FIRST POCKET TV

THE SINCLAIR MICROVISION POCKET TV
RECEIVER provided a world wide sensation when
shown for the first time at the 1966 Radio and TV
Exhibition. This fantastic British set tunes over 13
channels on bands 1 and 3, operates from six self-
contained * Penlite”” batteries and measures only
4in. x 2%in. x 2in. Despite the minute proportions of
this 30 transistor receiver, quality from the exclu-
sively designed tube and loudspeaker is superb. This
amazing Sinclair triumph will be availabie in January
1967 at a cost of 49 gns.

SINCLAIR MICROVISION

Available January, 1967

b,

A revelation in quality and economy

THE SINCLAIR STEREO 25 has been designed specially to ensure the
highest possible standards of reproduction when used with two Z.12s or
any other first class stereo power amplifier. Best possible components
are used in the construction of this superb unit, whilst its appearance
reflects the professional elegance characteristic of all Sinclair designs
in hi-fi, radio and TV. The front panel of the Stereo 25 is in solid brushed
and polished aluminium with beautifully styled solid aluminium control
knobs. Mounting the unit is simple, and power is conveniently obtain-
able from the Sinclair PZ.3 which can also be used to supply two Z.12s
to make a complete stereo assembly. Hi-fi enthusiasts seeking the
ultimate in domestic listening will find all they want from this com-
bination of Sinclair units. With a Micro FM for tuner, they will have an
installation to compare favourably with anything costing from four to
five times as much.

FOR USE WITH ANY GOOD STEREO POWER AMPLIFIER
TECHNICAL SPECIFICATIONS

B TONE CONTROLS
Trebie + 12dB to —I0dB at 10 kc/s.
Bass + 15dB to —12dB at 100 ¢/s.

Performance figures obtained with the Stereo
25 fed to two Z.125s and a PZ.3 mains power
supply unit.

W SENSITIVITY for 10 watts into |.5
ohms load per channel.
Mic.—2 mV inte 50K ohms.
Pick-up—3 mV into 50K ohms.
Radic—20 mV into 4.7K ohms.

B FREQUENCY RESPONSE (Mic.
and Radio)—25 c/s. to 30 ke/s. - 1dB
extending to 100 ke/s = 3dB.

W EQUALISATION—Correct to with-
in :: 1dB on RIAA curve from 50 c¢/s to
20 ke/s.

W SIZE—6!in. x 2}in. x 2}in. overall, plus
knebs.

W FINISH—Front panel sectioned in
brushed and pelished solid aluminium
with sclid aluminium knecbs. Black
figuring on front panel.

£9.19.6

BUILT,
TESTED AND
GUARANTEED

FULL SERVICE FACILITIES AVAILABLE TO ALL SINCLAIR CUSTOMERS @ ALL PURCHASES GUARANTEED

Order form and more Sinclair

>
SINCLAIR RADIONICS LTD., 22 Newmarket Rd., CAMBRIDGE

Telephone 52996 (STD Code OCA3)
designs on pages following

835



2 SETS THAT HAVE CHANGED THE FACE OF RADIO

Nothing has ever equalled Sinclair
designs for compactness and efficiency
and the Micro-6 and Micro FM are now
world famous examples of what can be
achieved by specialisation in transistor
electronics. Countless thousands of

these sets have been built tothe delighe .

of constructorsall over the world.Each
in its class fulfills a very real need in
terms of present day listening require-
ments, and anyone can easily build
both sets by following the well. pre-
pared instructions supplied with each
kir. Proof of their success is found in
the never ending stream of enthusiastic
letters constructors send us. Here are
yet more typical examples.

MICRO FM

""We have now completed installation
of the Micro FM after being lost in ad-
miration for the superb construction.
Results are beyond praise. The quality

MICRO FM

This unique, superbly engineered superhet
FM setis completely professional in styling
inside and out. Its performance is fantastic.
It is the only set in the world which can be
used both as an FM tuner and as an inde-
pendent FM pocket receiver just whenever
you wish. Problems of a
previously made it almost impossible for
a constructor to complete an FM set for
himself have been completely eliminated.

TECHNICAL DESCRIPTION
Self-contained double-purpose FM superhet

7 TRANSISTOR SUPERHET
F.M. TUNER/RECEIVER

This set is ready to use the moment you
have built it. The pulse counting di =
nator ensures best possible audio quality;
sensitivity is such that the telescopicaerial
included with the kit assures good recep-
tion in all but the very poorest reception
areas. The Sinclair Micro FM will give you
all you want in FM reception and the satis-
faction of building a unique design that will
save you pounds,

J% Size: 24t X 14 x lin.

using % Powerful A.F.C.
7 transistors and 2 diodes. The R.F. amplifier is % Pulse counting discriminator
followed by a self-oscillating mixer and three stages of % Low L.F. completel

eliminates

I.F. amplification which dispense with L.F. transformers

alignment problems

% Tunesfrom 88 to 108 Mc/s
* A‘i‘giﬂn response: 10 to 20,000 c/s
s

is perfect. In fact | haven't done a stroke and all problems of alignment. The final L.F. amplifier
of work since we finished it. Please produces a square wave which is converted to produ.:e
think all for a first class job. We are Complete kit inc. tele- Che original modulation exactly. A pulse-countingdis- . &0 0y o0 Noise Ratio: 30dB at 30
thrilled with it."* stobic agsial, cose, eor= sr:mma:or ensures be_uer audio quality. One output Mmicrovolts

C.E., Lowick, Berwick-on-Tweed Ditca and instboetions. 2 for feeding to amplifier or recorder an_d the other % Operatesfrom standard 9V battery
‘I should like to express my very con- enables the Micro FM to be used as an '.f‘depe'"_d“"‘ % Self-contained
siderable satisfaction with the per- 5 self-contained pocket portable. AFF.C. “locks™ the 3 plagtic case with brushed and
formance of the Micro FM. You have £ .1 9.6 programme tuned in. The telescopic aerial included is polished aluminium front and spun

. - Aol aluminium tuning dial
clearly designed a very efficient circuit o v .

with first rate overall performance. |

am more than pleased." SIX"STAGE MEDIUM WAVE

el VIICRO-6 ENGEE

“A truly excellent kit. The finish and The smallest radio set in the world!

general quality is very good. It isfan-

tastic that a radio can be so compact.”
N.R.C., Bishop's Stortford

“Reception and sound is superb, |

found the instructions very easy to

understand.'’
R.R., Spanish Town, Jamaica

sufficient in all but the worst signal areas.

This is the set against which a matchbox looks enormous. ¢ Size: 14”7 ¢ | 1.}," e %”
Yet it is completely self-contained, including aerial and =

batteries and virtually plays anywhere. Its clever six- ¢ weight: One Ounce

stage circuit (2 R.F., double diode detector,3 A.F.) ensures

all you want in a radio today—power, range, quality and o Easily built in an evening
selectivity, A.G.C. counteracts fading, bandspread

brings in Luxembourg like a local station. There is great

pleasure to be had in building the Micro-6, and it makes Complete kit with

a highly acceptable gift with its white, gold and black 9rpiece, case and 59/6

i instr 5
case and amazing performance. instructions.

zi2

“The results are outstanding when

used with a good quality speaker.”’
P.O.S., London, E.13 W7

FULL SERVICE FACILITIES AVAILABLE TO ALL SINCLAIR CUSTOMERS &

Ssinci=ir-

- 4

SINCLAIR RADIONICS LTD., 22 Newmarket Rd., CAMBRIDGE

Telephone 52996 (STD Code OCA3)
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SINCLAIR Z.12

COMBINED 12 WATT HIGH-FIDELITY

AMPLIFIER AND PRE-AMP

12 WATTS RM.S. OUTPUT

CONTINUOUS SINE WAVE (30W. PEAK)

8 TRANSISTOR CIRCUIT WITH
CLASS B ULTRALINEAR OUTPUT

IDEAL FOR HI-FI (STEREO OR MONO)
CAR RADIO, ELECTRIC GUITAR, P.A.,
INTERCOM, ETC.

The amazing adaptability and rugged construc-
tion of this very powerful and exceptionally
compact amplifier make it possible to use just
one type of unit with outstanding success in an
unusually wide variety of applications. Eight
special H.F. transistors are used in a highly
original circuit to achieve the characteristics
demanded of any quality amplifier irrespective
of price, yet this Sinclair unit costs well under
£5, including its own integrated pre-amplifier.
The Z.12 accepts radio, microphone and pick-up
inputs.  Detailed instructions for connecfing

M Size3in. X 1 in. X 1+in.
H Class "“B" ultralinear output
B RESPONSE 15-50,000 c/s = 1 dB.

SINCLAIR PZ.3
POWER SUPPLY UNIT

This special power
supply unit uses
advanced  transis-
torised circuitry tc
achieve exception-
ally good smooth-
ing. Ripple is a
barely measurable
0.05 v. The PZ.3
will power two
Z.12s and a Stereo
25 with ease.

speakers may be used in parallel
N INPUT—2mV into 2kQ

I Please send items detailed below:

Sinclair Stereo 25

DE-LUXE PRE-AMP. AND CONTROL UNIT
PLEASE TURN TO PAGE 835

o}

or which I enclose cash/cheque/money order

TECHNICAL SPECIFICATIONS

M Suitable for 3, 7'5 or 150 speakers.

OUTPUT—12 watts R.M.S. continuous sine wave
(24 w. peak); 15 watts music power (30 w. peak)
B Signal to noise ratio better than 60dB.

B Quiescent current consumption—15mA.

these in mono and stereo are given in the man-
ual supplied with every unit. A number of
different control networks are also shown. The
Z12 will operate efficiently from any supply
between 6 and 20 V. d.c, making it very con-
venient to run the amplifier fram a car battery.
Where it is required to run the Z.12 from mains
supply, the PZ.3 is recommended. Those wishing
to have a ready made pre-amp control unit can
feed inputs via the Stereo 25, which, with two
Z12s will provide the finest stereophonic hi-fi
possible—and the saving in cost is fantastic.

39/6

YOUR SINCLAIR GUARANTEE
If you are not completely satisfied
when you receive your purchase
from us, your money will be re-
funded at once in full and without
question.

If you prefer not to cut this page,

please mention PE.I2 when writing
your order.

Built, tested and
guaranteed.
Ready for
immediate use.
With Z.12
manual.

Two 3Q

To: SINCLAIR RADIONICS LTD., 22 NEWMARKET ROAD, CAMBRIDGE

I NAME....... tenecennss P crasens - I
ARG, 0o, vanse e e ee s et PR e




| 0C25 )/ OC82 10/~ OC203 18/8 XC166 20/- 6BR7 9/- | 68J7 5/- | 12837 3
0C30  12/8 OC82DM §/- 0C204 17/8 XC166 28/8 GB“'IG 75- 63J7GT 5{6 1281{"? :’;— 223.‘: Sg;lg
0C44 8/- ocss b/~ OC206 22/8 2N247 /6 6C4 2/- esn&' 6/6 | 128N7GTS/B | 6080  28/-

MH4 §- | RK72 /- | UCL82 B/- uw-r 5/~ | 3Q4 - | GAK6 8/~ | GK6GT 2AH7 b/- -

FULLY GUARANTEED 3o & | 558,00 |va - 30 | 3§sor 70 |oAK7 o- | SKsG” 30 |laame 8- |3 4-
N78 18- | S130 25/ | UF41 88 1CsGT 6/~ | 384 4/- | GAES  B/® | 6K7GT 4/ | 12ATT 4/~ | 50CD6G

INDIVIDUALLY PACKED |¥E7 '7-|sez g/ |UFso 6/ | IDSGT 6 | 3V4  6/9 | 6AL6 3/~ | gicec. 8) | 13ATTWA 27/6

0A2 5/9 | Sp41 1/6 | UL41  7/8 | 1IE7G ~ 7/8 | 4C27 385/~ | BALSW 7/- | 6KSGT 8/8 6/8 | pOLSGT B/

v A Lv E s OB2  @/- | SP61  1/6 [ UL84 5/8 | IF2 3/~ | 4D1 4/- GAMS /8| GKSM 8/6 | 124U7 b5/~ | 63A /6

0C3 | Tui 1y | VU  afe | 1L £ | SAlisc o | eams oo | GeS, S |1Ave se o g

ACIKL 4/8 | EBC41 9/8 | ELS7 18)- i : - | BA ~ | BLEGA 7 - -

EBCS0 &/~ | BL38 "j, |OD3 5/~ | TP22 b/~ |UY21 7/6 | 1LA6 /- | 5B/25IM BAQSW 9/- | gL7G 4'}6_ T 1.'#_ :2 "'.,_

Acemwnr- EBFS0 68 | EL41  §)- | OZ4A B/~ | TP25 15/- [UVSs B/~ [ 1ILCE  7/- 40/~ | 6AS8 4/~ (L34 8/ | 12BAS 6/6 | 75 5/6

AL80 6/~ | EBF83 17/6 | EL42 8- | PC86 9/~ | TTIl  5/- | VP23 8/~ | ILH4  4/- | 6B/253M GABGW 9/- | 6LD20 5/ | 12BE6 7/~ | 76 5/-

ARS8 5/~ | EBFS9 /9 | ELso 8- Pces 9| TTI5 3§/~ VP133 §/- | IN2IR b/- 16/~ | 6ASTG 18/~ | 6N7 — 12337 7,'- 77 8/6

ARP3 /- | EBL31 20/- | EL81 8/~ | PCO7  9/6| TTR31 45/- | VRS §/- | IN43  4&/- | 6B/254M 6AT6  4/- | 6N7G ] 3/- | 78 5l-

ARP12 £/6 | EC52 - | EL83 /3 | PCO00 1g/- | TZ20 18/~  VR103/30 IN70 4/~ 40/- ( BAU6 8/~ | 6P256  18/- 1236 2/- | 80 58

ARP24 10/- | EC53 1g/6 | EL84 4/3 | PCC84 /8| USL =~ 8- | 5/- | 1R4 5/~ | 5B/255M 6AX4 8/ |6Q7G¢ b/~ | 1275GT 2/6 | 81 9/~

ATP4 2/3 |EC70 4/- |ELS5 7/ 9 10/~ | U12/14 8/- | VR1560/36 1R 38 _85/)- | 6B4@ 17/ | 6R7 5/8 | 12J7GT 6/8 | 82 8/~

ATP7 ©&/8 | EC0 g/~ | ELo1 4/¢ A PCFs0 8/3 | U17 5/~ b/- | 184 5/- ! 5R4GY @9/~ | 6B7  8/- | BRA7  7/- | 12K7GT 2/~ | 84 8/-

AU 55/- | ECO1  8/- | EL95  b/- | PCF82  6/8 ) X GBBG  2/8 | BBATGT 6/8 | 12K8M 10/- | 85 B/-

AZ81 9/ | BCCS1 . 4/- | EM80 @/~ | PCF84 6/ | o e | | CBAS - 5/- | GRR7GT &/-.| 12Q7GT 8/3 '807A . &6

B 16- | moow i mem oo 80 | TRANSISTORS SAT W |msor  7-\imar 4e (sl wa

BD78 40/~ | ECC83 6/~ | EM 63 | PCFB02 8/6 GBES  4/8 | 68C7GT 5/ | 128C7 - | 350B 8}

BL63 10/~ | ECC84 5/8 | EN31 - | PCF80511/~ | | OC16  20/- OC81D 5/- OC201 1£/8 XCl4l 10/- 6BJ6  7/8 | GSFGOT 5/6 | 128G7 8/- | 3574 70/

0C22 23/~ OCBIM b/- 0C202 15/- XC142 15/~ | |6BJ7  7/- | 68H7 3/8 | 198H7 38/~ | 36848 80/-

0C45 B/~ oos3p G/~ AAZ12 /- 2N412 7/B| | 6CKG  2/8 | 83K7  b/6 | 12SR7 5/ | 6146 25/

9/
CF23 19/8 | ECH42 ~ | EZ40 6/8 | PCL86 /- 0C71 4/8 2N502 l?l" BC6GT - BBLTGT - =
CL33 9/- |ECHBL bi- |E7Al 6)6 | PEN2s 4/a| |OCiz g 001 6i- ACI28 S anges i0/a| |Goo 4 | oSNy . 86 | 1air o | s oo
CY31 §/8 | ECH83 7/6 | EZ80 §5/6 | PEN4¢ 3/ | |0C73 9/ 00170 6/~ BCZI1 7/8 9N1090 20/6 | | 606G 8/- | 6SQ7GT 6/~ | 1487 18/— | 7158  80/—
D1 1/8 | ECLSO 6/~ /6 | EFL20017/6 | | OCS1 5/ OC200 10/6 BYSS  7/6 2N10912/- | | 6CSG 8/ | 6857 - 3/— | ioD2 6 | 117A 8-
D4l 8/8 | ECL82 /8 | F/6057 = 36 e A R e e 6CHS 4/8 | 6U4GT 9/6 20?4 12/8 | 724A  15/-
D61 6/~ | ECL83 10/- | F/6061 &/~ | PL38 18/- % - G6CL8 9/- | 6V6G » 5/- 7= | 767 18/-
D77 3/ | ECL86 9/~ | F/6063 4/~ | PL8 2-| Uls /- | VUSSA 4/ 188 4/6 | 6TR /- | gowy 19, | BVEGT 7/6 25ua'r 5/8 | 801 8/-
DA30 12/6 ( EF36  8/6 | Fw4/s008/6 | PL82 @/6 ( U26 11/~ | VUSS 68/- | 1T4  3/- (6USG 4/8 | gng° g |eveMm g/ 8- |s03 22/8
DAF96 8/~ | EF37A 7/- | FW4800 8/6 | PL83 | U26 11/~ | VX3208 b/~ | 243 5/- | oV4G 8/ | gpg 8/~ | 6X4 3/8 eaz-m 8/6 | 807 8/-
DDé1  4/- | EF40  8/- | G1/236GR9/- | PL84 @/ | U27 B/ | W2l /- | 2B26 B/ | GX4G  8/8 | g5y prg | 6X6G B/- (2525 7/6 | 8o 8/-
DFi3 5/~ | EF4 - | Goojpc 5/~ | PLoOO 138 ) R0 M8 WIS 8- | 2020 W | O¥SO 48 | gpsar gje | SXSGT /S (2626GT 86 (13 a5
DFOl 8/~ | EF50 /6 | GM4 - | PM24A B/~ | UB2  4/6 | Wil B/ | 20264 3/- | BYSGT /- (gpgq 4 | 6¥6G 6/~ [28D7 6/~ |gi5 85
DF92  3/- | EF62 6/~ | GZ82 10/- TS 13/- | U191 11/8 | X66  7/8 7ic | SYSWGTB | g™ gy | 6-30L2 10/- | 30 5/- | 829B  50/-
DF96 6/~ | EF63 4/8 | Gz34 10/~ | PT25H 7/6 [ UBOL 17)- | XBIM 18/- | 2C45  22/8 = |eF1z 5/ 5/- [30cis /8 | 882 15/
DHG3 b/~ |EFSs 8/- | HKs4 2%/6 | PT25M 7/6 | UABCSO 6/~ | X118 8- | 2046 80/ 524G /6 | gpgq g |7B7 _7/6 30018 11/~ | 8334 4B/~
DK96 56 | EF71 7/6 [ HL2K #/6 [ BX4 14/~ | UAP42 9/~ X145 8- | 2051 12)- | 5240T 8/~ |gpys 48 | 7C5 10/~ | 3085 g | 866A 14/-
DL92 4/- | EF72 5/~ | HL23 6/~ | PX25 1%/ | UBC4L 8/- [ YF /| 2021 §/- | 6AB? - |eF3 - | 7C 7/- | 30FL1 1¢/8 | 884  10/-
DL93 4/~ | EF73 5/~ | HL23DD §/- | PY33 8¢ | UBFE0 &/8 | Y03 o laka - feMR B [apgs g | 267 B/- | 30016 11- | 964 4
DLO4 5/9 | EF74 4/ | HL4 - | PY80  b/8 | UBFSY 88 ) Y66 4/~ [SA4  4)- | OAGS  B/6 | gpgy g |7H7  7/8 |30P12 9/~ [966 /8
DLOG 7/~ | EF80 - | HVR2 9/~ | P¥B1 8 | UBL21 10/- | Y66 /- | 3B7 5/- | 6AG7 /- | gaga g/@ | 7Q7 . 7/~ | 30P19 13.{- 956 9/
DL810 8/- | EF8 18 | K3A 80/~ PYS82 18 'l{CCBﬁ 8/6 fBIOOl 20/- | 3324 9/- | 6BAHG6 10/- GH6M 1/8 | 7V7 5/- | 30PL1 8/~ | 957 5/~
DY86  7/6 (EFS6 8/ | KTsz /- (P¥8s - | UCHAZ B/- | Z801U 10/- | 8D6 4/ MBAJT 8/- | gygwa 10/ | 7¥4 B/~ | 30Pri3 18/ | 908A 4/
ESOF 23/~ | EF89  5)- | KT33C @/- | PY800 §/- [ UCHSL 6/- | 13 i- | SE20  §0/- | GAKS  B/- | gy 8- [ 724  4/8 | 35L6GT 7/~ | OR.
ES8CC 12/- | EF91 /8 | KT44  5/9 | PZ1-36 9/- 6J6G  2/- | 8D2 2/8 | 35T = 17/6 | VCR97 40/
ES0CC 10/- | EF92 /- | KT63 4/~ | PZ1-75 18- |. 6J6 8/8 | 9D2 8/- | 35W4 5/~ | VCRG17 50/~
EAN 1~ |ERO6  §/- | KT66 16~ |QP1 6/ GI6W 6/~ | 9D6  2/- | 3523 10/~ | VCR517B55/~

i~ | EF95 B/~ | KT67 25/~ | QP25  5/- 637G  5/- | 10F9 9/ | 35Z4GT 6/~ | VCR517C80/-
Eances 19 | E¥18g /6 | K178 zg::n 3&“;;‘}}0 A LA ] 6J7M 8/~ | 12A6  2/8 | 35Z50T 6/~ | 6CP1 30/~
EAF42 8/- [ EHS0 7/8 | KTW6L 4/8 | Q81202 8- 170 GOLDHAWK ROAD, W.I2 MANY OTHERS IN STOCK include Cathode Ray Tubes
EB34 1/8 | BL32 8/9 | KTW63 B)- | QV04/7 8/- Shepherd: Bush 4946 and Special Valves. U.K. Ordera below £1 P. & P.1/-; over
EBS1  §/- | EL34 10/~ | KTZ41 n;_lnlo - o 9.5.30 Thursdoy 9-1 £1,2/-; over £3, P. & P. free. C.0.D. 2/6 extra, Overseas !
EBC33 _6/- | EL3% 5/~ | KTZ63 5- | RS i | POR S dinln, IFSay fps Pl ‘ Postage extra at cost.

The SUPER 6

LONG AND MEDIUM WAVE
TRANSISTOR RADIO

% 6 trapsistors and diode. r 350mW. <k Superhet, Ferrite rod aerial.
v Component positions and references printed on back of board. ¢ Wooden
cabinet llx'f}xa}i- % Vinyl covered. + 63X 4in, speaker. + Booklet
. Free with kit. + Lining up service. 9 All parts:supplied separately.
rlte for lllt B.A.E. please, VT9 or P.P.9. (3/9 with kit),

compLeTE sET OF PARTs onLy £4.0.0
OR FULLY BUILT 88.78 Tax & Carr. Paid (PLUS b/- POST)

AM/FM (V.H.F.) RADIO GRAM CHASSIS £15.15.0

JONES TYPE CO-AXIAL
CONNEGTORS Sﬁﬁ::ﬁe‘:ﬂ xgog-! xo‘iimA Chlg:ni !\ew manufacture. Dial 14} x 4in. in

Plck-up. Ext. Speaker, Ae,, E., lml Dipole Sockets. Five pushbuttons—
LW., MW, 8.W,, F.M. and Gram. Aligoed and tested. Tone control. 1000-1

Low cost miniature co-axial with M.: 200-560 M.; 88-100 Mc/s; 6-17 Mc/s. EZ.80 rect., ECHS1, EF89, EABCS0,
] ELB84, ECC85. s-ohm speul:errequjred 9 x Gin. E'Illpucnl Speaker w-
brass shells, screw thread coupling. TERMS : £5.5.0 down and 0 monthly payments of £2.5.0, Total H.P. price

216.10.0. Circult diagram 2/8, V.H.F. Dipole 12/8. Feeder 6d. yd. Carr. to
N. Ireland 20/- extra.

Cannon Electric

SRl T el 8 B 1 L. ——

(Great Britain) Ltd., CANNON: NEW é PUSHBUTTON STEREOGRAM CHASSIS
Lister Road' M.W; 8.W.1; 8.W.2; VHF; Gram; Stereo Gram. Two separate channels for
Stereo Gram with balance control. Also operates with two speakera on Radlo.

Basingstoke, Hants. Pl_uus Chaasis skze 15”3 77 64* high. Dial cream ond red 16”x 3. ECCH5; ECHSI;
Tel: Basi EF89; 2 x ECLS6; EM84 and Rect. 100-550M; 18-51M; 60-187M; §6.100 mofs.
el: Basingstoke 3171 s e Price £19.19,0 carr. paid or £6.13.0 deposit and 5 monthly payments of 56/6

Total HL.P, price £20.15.6, Carriage to N. Ireland, 20/- extra.

GLADSTONE RADIO

CAN NnN 66 ELMS ROAD, ALDERSHOT, Hants.
(@ mins, trom Station snd Busca.) Aldershot 22240
ED WEDNESDAY AFTERNOON CATALOGUE

BULK ENQUIRIES INVITED FOR EXPORT

Registered Trademark

838




Wi-2. TRANSISTORISED

WIREL! INTERCOM
No' wires, no Installation needed,
simply plug them into AC power

point and talk. Units have press-
to-talk lock switch and on-off volume

EAGLE AFM100. AM-FM TUNER

DP303. DOOR PHONE INTERCOM AM 535-1605 K/s.
" istorized

Ultra sensitd

designed so that you may answer
the door from within for greater
convenience and safety.

SYSTEM

high x 105/, ,in. wide x 8in. deep. £1

5 watts RME £8.10.0.

EAGLE PRODUCTS

Sub-miniature 6 transistor 3 diode F.M,
Tuner. Covers 88-108 Operates

£6.12.6 £5.14.6

amplificat
fecdback
Two mike
controls.

SBub-miniature 3 watt transistorised
push-pull radio amplifier on printed
cirouit. Ideal unit for Intercoms, Baby
Alarms, Radio Tuners, etc. Complete

PR e ed & £3.126
Algo available EG104. £3-2.6
£2.5.0

One Wati

and EG2004 260 mW

§5.70.S. STERED SELECTOR
SWITCH

Other P.A. models available,

SC10F. RECTANGULAR
REFLEX HORN SPEAKER

Seven position

7 Will handle up to
60 watts of Audio power.
€omplete with instretns. £1 '1 0.

TE180. SINE SQUARE WAVE

AUDIO GENERATOR
SINE WAVE: 20-~200,000 cps in four

bands.

SQUARE WAVE: 60-30,000 cps. Input
impedance 0-5,000 ohms. Especially
designed for HI-FI Radio and TV
Service men who require a dependable

UD40H CARDOID

available.

EAGLE SA100. 10W INTEGRATED STEREO AMPLIFIER

The perfect answer for the music lover who wants full range

4 1 2 Other intercoms fidelity in a compact system. Features an Sin. full range
il . available. high compliance speaker with an output capacity of 20 watts
RMB. Frequency response: $0-20,000 c.p.s, Resonant
frequency: 80-40 c.p.s. Sensitivity: 97 db/w. Flux
density: Over 12,000. Impedance: 15 ohm. Size 14jin.

4.14.0

As well as this beautifully designed speaker there are two
other modeis M8G5, 10 watts RMS at £12.12.0 and MS40

All three speakers are finished in magnificent rosewood and
the entire cabinet filled with sconstic damping material.

MAGNETIC STEREO CARTRIDGES

from 9-volt battery, micro miniature M10076 GOLD M1007F. SILVER
circuit giving brilliant FM reception. nse: 20-20,000 cps  Response: 20-18,000 cps
Ready to use, simply connect to your Hi Output: 5MV at 1Ke/ Output: 10MV af. 1Kt/
¥i amplifier. Instructions supplied. s e, ;. Sem/Sec.
Btylus: 0.5 Mil diamond Stylus: 0.7 Mil diamond
Tracking Pressure Tracking Pressure
1-2.5 grama. 2-4 grama.

PAS41 50 Watt~

An outstanding combination &f reflex horn and driver
unit for car mounting, to deliver wide angle high

stereo switech for quality réproduction. Weatherproof, waterproof and
selecting  all or shockproof. Output 10 watts.

seven different com- 3 £7 '1 5 '0
binations for HI-F1 Also available 8C b watts, 24.2.6 and BCI5F:
Bpeaker systems. 10 watts £14.12.8.

SRR 1.19.6 MICROPHONE  pDM31C. CARDOID 3
? Features a pop- DYNAMIC 5 S8
K142. VACUUM TUBE proof diaphragm MICROPHONE L s
VOLTMETER and nn]:.oeriof antl  gunerh quality with e
feed-back proper- Bihiz
i % e hall head for distri- impedance
This high quality V.T.V.M. ix an indis- ties, reduces feed-  1utad carlold front- H i)
pensable test instrument for the techni- back and room re- o) pideoup, Output: :&lclj;] ur]‘;nmu
cian-engineer. It is & highly accurate verberation. O/D: gugh.  Responsc: 'Si\](“ o
D.C. Voltmeter, A.C. Voltmeter and —42 db. Rew 01000 eph ﬁvm‘gq“l'h
(‘I,D:l'::m:;::;r incorporating s 6in. full ld.l‘nla‘n cp«";n- Impedance 50k ahm. 30-11.000
3 * 50K ohm im- £7.7.0. o
Also a full range of other meters pedance £8.8, £86. [y

A compact, versatile integrated
unit for monaural or stereophonic
reproduction from record player,
tape recorder and tuner. Power
output 5 watts per channel. Fre-
quency response 40-20,000 ¢.p.s.

control, Ideal Intercom or Baby Alarm o ) L > i
L Combines a host of advanced features that casily make it the finest AM-FM tuner in its
ot ofiice, £494.12. g]“e"“e' class. A tuned RF stage on FM, AFC cironit and a heavy flywheel giving smooth but

effortless tuning, built in AM Ferrite aerial. FM.§5-108Mc. £29.0.0

MS80. 20W ROSEWOOD SPEAKER

Both feature singularly smooth reproduction and ineisive suparation of stereo channels

ALL TRANSISTOR PUBLIC ADDRESS AMPLIFIERS

Two new models offering the last word in P.A.

All transistorised eirenit, negative

uit reduces distortion to & i
inputs high and low with |
Plus inputs for TAPE, TUNER and
RECORD PLAYER.

PA340 30 Watis

£36.0.0
£56.0.0

SR165. ALL BAND
COMMUNICATION RECEIVER

This entirely new professional type commu;
receiver features frequency coverage of
30 Mc/s for complete general coverage. In parti-
culay ham handx are arranged in the same calibra-
tion scale, o that the band switching can be
acenmplished rapidiv. £43

DM24HL

27 other microphones available.

LATEST EAGLE PRODUCT TSASD
44 WATT ALL TRANSISTOR
STEREO AMPLIFIER
Gram and radio inputs—output Im-
pedance 3-16 ohmu. Bilver anodized
aluminium front panel complete with

matching metal k.n(;:)l‘;‘ 1 0 gns.

RELDA RADIO LTD

VAILABLE POST FREE AND COVERED
Callers Welcome at our

(Dept. P.E 12)

FOR FULL DETAILS OF THESE AND MANY OTHER ITEMS SEND FOR FREE
COMPREHENSIVE CATALOGUE. EAGLE NEWS AND ORDER FORM. ALL ITEMS
A

BY 12 MONTHS' GUARANTEE.

HI-FI SHOWROOM — 87 TOTTENHAM COURT ROAD, LONDON. W.1

87 Tottenham Court Road, London, W.1.

TE-188. RF §
A stable wide range signal generator
with a range of 120 Ko/s-280Mc/s on 8
bands. Features a large 4}in. vernier
tuned, etched circular dial for easy
accurate frequency adjustments.

C

plete with £20.1 5.0

instructions.

\)
LASP, AC ELIMINATOR .
with a double wound step down transfor-

mer to operate v Radios,
ete., from AC Mains. £1 '8-6

FSW1. FOOT SWITCH

Hnap actlon foot switch with skid proof
rubber base pad. Plugs intn your Tape
Recorder remote control system but
special adaptor supplied enables this to

be wsed with all other  ff.

Tape Recorlers,
- CSK.10

Seli-powered
crystal set kit
with private
earphone. Bup-
phied complete
with
Instructions.

MCK.2. MORSE CODE KIT
Twn station morse code kit supplied
with instructions, 30ft. of commection

wire and morse code £2 2 o

vharts.

EEK28, 28
PROJECT CONSTRUCTIONAL KIT
This advanved educational kit is exeel-
lent for beginners as well as the more
advanced experimenter. Not even &
soldering iron ix needed. Complete with
A0 page buoklet giving full details
of suggested virenits. £

WIRELESS MICROPHONES
WMD09 (as illustrated)
Pocket FM = Wireless
transmitter complete
with tie-pin microphone.
Transmits clearly up to
100 yde. and is fully
tunable over the entire
. Simply used
with an FM .radio or
tuner.

Also available WMB0S
1.0.0

Professional stick type
"M Wircless Microphune.

Thexe cannot be upcr:ated in U.K.




HI-FI AMPLIFIERS — TUNERS —— RECORD PLAYERS

GARRARD
PLAYER _
AT-80

A must for the tape
enthusiast. Four channels. Battery operated. Similar styling to

TRANSISTOR MIXER. Mt;dai TM-1.
Model AA-22U Amplifier. Kit £11.16.6 Assembled £16.17.6

20+-20W TRANSISTOR STEREO AMPLIFIER. Model AA-
22U, Outstanding performance and appearance. Kit £39.10.0
(less cabinet). Attractive walnut veneered cabinet £2.5.0 extra.

Assembled incl, cabinet, £59.15.0

GARRARD AUTO/RECORD PLAYER. Model AT-60, less
cartridge £13.1.7. With Decca Deram pick-up £17.16.1 incl. P.T.

Many other Garrard models available, ask for Lists.
HI-FI MONO AMPLIFIER. Model MA-5. A general purpose

5W Amplifier, with inputs for Gram., Radio. Modern functional
appearance, Kit £11.9.6 Assembled £15.15.0

TR

HI-FI MONO AMPLIFIER. Model MA-12. 10W output, wide freq.
range, low distortion. Use with control unit.
Kit £12.18.0 Assembled £16.18.0

3 + 3W STEREO AMPLIFIER. Model S-33. An easy-to-build, low
cost unit. 2 inputs per channel. Kit £13.7.6 Assembled £18.18.0

DE LUXE STEREO AMPLIFIER. Model S-33H. De luxe version of
the S-33 with two-tcne grey perspex panel, and high sensitivity neces-
sarytoacceptthe Decca Deram pick-up. Kit£15.17.6 Assembled £21.7.8

HI-FI STEREO AMPLIFIER. Model S-89. 9-+9W output. Ganged
controls. Stereo/Mono gram, radio and tape inputs. Push-button seiec-
tion. Printed circuit construction. Kit £28.9.6 Assembled £38.9.8

POWER SUPPLY UNIT. Model MGP-1. Input 100/120V, 200/250V,
40-60 c/s. Output 6-3V, 2.5A A.C. 200, 250, 270V, 120mA max. D.C.
Kit £5.12.6 Assembled £7.2.6

s s A i

[EZE®) Make the most of your leisure time..

.Hear the BBC stereo FM programmes
on the TRANSISTOR
STEREO FM TUNER |

Elegantly designed to match the .
stereo Amplifier, AA-22U, ;
Many features including: Pre-assembled and aligned RF
tuning unit, 4 stage IF amplifier, Automatic freq. control,
printed circuit board, 14 transistor circuit. Available in two
units, sold separately, can be built for a

TOTAL PRICE KIT (STEREO) TFM-1S £24.18 incl, P,T.
KIT (MONO) TFM-1M £20.19 incl. P.T. can be converted
to stereo with converter kit extra, cabinet also extra.

W I O T I T

TRANSISTOR RECEIVERS

"“"OXFORD" LUXURY PORTABLE
Model UXR-2, Specially designed for
use as a domestic or personal portable
receiver. Many features, including solid
leather case. Kit £14.18.0 incl. P.T.

TRANSISTOR PORTABLE. Model
UXR-1. Pre-aligned L.F. transformers,
printed circuit. Covers L.W. and M.W.
Has 7" :© 4" loudspeaker. Real hide case.

Kit £12.11.0 incl. P.T.

JUNIOR EXPERIMENTAL WORK-
SHOP. Model EW-1. More than a toy!
Will make over 20 exciting electronic
devices, incl.: Radios, Burglar Alarms,
etc. 72 page Manual. The ideal present!

Kit £7.13.6 incl. P.T,

‘““ MOHICAN " GENERAL COV. RE-
CEIVER for Amateur or Short Wave
listening. Send for leaflet.

Kit £37.17.6 Assembled £45.17.6

WELCOME TO OUR LONDON HEATHKIT CENTRE
233 Tottenham Court Road, W.1

We open MONDAY-SATURDAY 9 a.m.-5.30 p.m.
THURSDAY ... 7 11 a.m.-2.30 p.m.
Telephone No.: MUSEUM 7349

WHEN YOU ARE IN TOWN, WE HOPE YOU WILL VISIT US THERE

840

TEST INSTRUMENTS

Our wide range includes:

3" LOW-PRICED SERVICE OSCILLO-
SCOPE. Model 0S5-2. Compact size 5"
7§ 12" deep. Wt. only 9%lb. “Y" bandwidth
2 c¢/s-3 Mc/s 4:3dB. Sensitivity 100mV/cm
T/B 20 c/s-200 kc/s in four ranges, fitted mu-
metal CRT Shield. Modern functional styling.

Kit £23.18.0 Assembled £31.18.0

5" GEN.-PURPOSE OSCILLOSCOPE.
Model 10-12U. An outstanding model with
professional specification and styling. “Y "
bandwidth 3 c/s—4-5 Mc/s + 3dB. T/B10c¢/s-
500 kc/s. Kit £35.17.6 Assembled £45.15.0

DELUXELARGE-SCALE VALVE VOLT-
METER. Model IM-13U. Circuit and speci-
fication based on the well-known model V-TA
but with many worth-while refinements. 6"
Ernest Turner meter. Unique gimbal bracket
allows operation of instrument in many posi-
tions. Modern styling.

Kit £18.18.0 Assembled £26.18.0 VVM, IM-13U

AUDIO SIGNAL GENERATOR. Model AG-9U.
10 c/s to 100 ke/s, switch selected. Distortion less than
0-1%, 10V sine wave output metered in volts and dB's.

Kit £23.15.0 Assembled £31.15.0

VALVE VOLTMETER. Model V7-A, 7 voltage
ranges d.c. volts to 1,500. A.C. to 1,500 r.m.s. and 4,000
peak to peak. Resistance 0-1 0 to 1,000M o with internal
battery. D.C. input resistance 11Ma. dB measure-
ment, has centre-zero scale. Complete with test prods,
leads and standardising battery.

Kit £13.18.6 Assembled £19.18.6.

MULTIMETER. Model MM-1U. Ranges 0-1-5V to
1,500V a.c, and d.c.; 150¢A to 15A d.c.; 0-20 to 20Ma
44" 50uA meter. Kit £12.18.0 Assembled £18.11.6

R.F. SIGNAL GENERATOR. Model RF-
1U. Up to 100 Mc/s fundamental and 200
Mc/s on harmonics. Up to 100mV output.

Kit £13.18.0 Assembled £20.8.0

SINE/SQUARE GENERATOR. Model
1G-82U. Freq. range 20 ¢/s-1 Mc/s in 5
bands less than 0.5% sine wave dist. less
than 0-15x sec. sq. wave rise time.

Kit £25.15.0 Assembled £37.15.0

TRANSISTOR POWER SUPPLY.
Model IP-20U. Up to 50V, 1-5A output.
Ideal for Laboratory use. Compact size.

Kit £35.8.0 Assembled £47.8.0

1G-82U

Prices and specifica-
tions subject to change
without notice




TAPE AMPLIFIERS — TAPE DECKS —— CONTROL UNITS

FM
TUNER
FM-4U

STUDIO-
MATIC
DECK

Available in two units. R.F.
P.T.) with L.F. output of 10-7 Mc/s

and |.F. amplifier unit, with power supply and valves (£13.13.0).
Total Kit £16.8.0

HI-FI FM TUNER. Model FM-4U,
tuning unit (£2.15.0 incl.

STUDIOMATIC 363" TAPE DECK. The finest buy in its
price range. Operating speed: 13", 33" and 74 p.s. Two tracks,
"wow' and “flutter” not ureater than 0- 15/ at 74" p.s. £13.10.0
With TA-1M Tape Pre-amplifier kit £31.5.6

HI-FI AM/FM TUNER. Model AFM-1. Available in two units
which, for your convenience, are sold separately. Tuning heart
(AFM-T1—£4.13.6 incl. P.T.) and IL.F. amplifier (AFM-A1—
£22.11.6). Printed circuit board, 8 valves. Covers L.W., M.W.,
S.W., and F.M. Built-in power supply. Total Kit £27.5.0

WIDE RANGE OF HI-FI CABINETS, send for details.

L A T A

AM/FM
TUNER

TRUVOX D-93 TAPE DECKS. High quality stereo/mono tape decks.
D93/2, 4 track, £36.15.0 D93/4, $ track, £36.15.0

TRANSISTOR INTERCOM. Models XI-1U and XIR-1U. A time-
saving device for office, shop or for the home. Master unit X1-1U will
operate up to 5 remote stations. Master, XI-1U Kit£11.9.6 Assembled
£17.9.6. Remote, XIR-1U Kit £4.9.6 Assembled £5.18.0. Send for
full specification leaflet.

MONO CONTROL UNIT. Model UMC-1. Designed to work with
the MA-12 or similar amplifier requiring 0-25V or less for full output.
5 inputs. Baxandall type controls. Kit £9.2.6 Assembled £14.2.6

STEREO CONTROL UNIT. Model USC-1. Push-button selection,
accurately matched ganged controls to -+t 1dB. Rumble and variable low
pass filters. Printed circuit boards. Kit £19.19.0 Assembled £27.5.0

T T R T T TR

Enjoy building a Heathkit model @

SPEAKER SYSTEMS

HI-FI SPEAKER SYSTEM. Model
SSU-1. Ducted-port bass reflex cabinet
“in the white". Two speakers. Vertical
horizontal models with legs, Kit £12.12.0,
without legs, Kit £11.17.6 incl, P.T.

The BERKELEY SLIM-LINE
SPEAKER SYSTEM, fully finished
walnut veneered cabinet for faster con-
struction.  Special 12° bass unit and
4" mid/high frequency unit. Range
30-17,000 c/s. Size 26" - 17" only 74" deep.
Modern attractive styling. Excellent value.

Kit £19.10.0 Assembled £24.0.0

COTSWOLD SPEAKER SYSTEMS.
Outstanding performance for price.
MFS: Size 36" :: 164" . 14" deep.

Kit £25.12.0 Assembled £33.17.0

STANDARD: Size 26"': 23" 144" deep.
Kit £25.12.0 Assembled £33.17.0

TLEERLELEEREETERRE RO RO LEL R DL R TR

Berkeley

NEW MODELS available shortly.

Transistorised FM Stereo Decoder, SD-1
Can be used with any FM tuner havmg facilities for multiplex
output. Compact size 34" X 3{” x 9" deep.

Kit £8.10.0 Assembled £12.5.0

High performance Car Radio, CR-1
Tastefully styled to harmonise with any car colour scheme.
Many special features, can be purchased for a
TOTAL PRICE Kit (less speaker) £12.17.0 incl. P.T.
Quality 8" x 5" speaker. £1.8.6 incl. P.T.

SEND FOR THE LATEST
FREE CATALOGUE

Deferred terms available in UK over £10
Prices quoted are Mail Order prices

DAYSTROM LTD  ouls+n

GLOUCESTER
T T R TR

| ADDRESS

“AMATEUR"” EQUIPMENT

80-10m TRANSMITTER, DX-40U,
Power inputs 75W. C.W., 60W peak
CC phone. Output 40W to aerial.
Provision for VFO.

Kit £29.19.0 Assembled £41.8.0

SSB ADAPTOR, SB-10U
Kit £39.5.0 Assembled £45.18.0

AMATEUR BANDS RECEIVER.
Model RA-1. To cover all the Amateur
Bands from 160-10 metres. Many special

features, including: half-lattice crystal
filter; 8 valves; signal strength "“S"
meter; tuned R.F. Amp. stage.

Kit £39.6.6 Assembled £52.10.0

160-10M TRANSMITTER. Model DX-
100U. Careful design has achieved high
performance and stability. Completely
self-contained.

Kit £81.10.0 Assembled £106.15.0

COMMUNICATIONS TYPE RECEIVER. Model
RG-1. A high performance, low cost receiver for the
discriminating listener. Frequency coverage: 600
kc/s-1:5 Mc/s and 1-7 Mc/s-32 Mc/s.

Kit £39.16.0 Assembled £53.0.0
REFLECTED POWER METER and SWR
BRIDGE. Model HM-11U. Indicates reliability, but
inexpensively, whether the RF power output of your
TX is being transferred efficiently to radiating
antenna. Kit £8.10.0 Assemb|ed £10.15.0

OUTSTANDING "AMATEUR" EQUIPMENT
A wide range of American Amateur SSB equip-
ments is now available in the U.K. Why not send
for full details of range, for example:

FILTER TYPE SSB TRANSCEIVERS
Models for 80, 40 or 20 metre bands.
Model HW-12 (80M) £67.10.0 Kit.

Model HW-22 (40M) | £66.0.0 each kit.

HM-11U

80M Transceiver

Model HW-32 (20M) / price incl. duty, etc. HW-12
Without obligation please send me (Tlch here)
i FREE BRITISH HEATHKIT CATALOGUE.................. . B
| FULL DETAILS OF MODEL(S).....c.ccccovrvmrrvrerirenenens 0
i (Please write in BLOCK CAPITALS)

i NAME .........
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YOU CAN

NOW BUY THE
WORLD’S FINEST
SPEAKER VALUE
DIRECT FROM

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 15 ohms.

Power handling capacity in appropriate enclosures :(—
780 Mk. V Price £3.19.7
8 in. 6 watts r.m.s. 12 watts peak. (inc. 11/7 P.T. and P. & P.)
7100 Mk. V Price £4 .14 .3
10in. 8 watts r.m.s. 15 watts peak. (inc. 13/9 P.T. and P. & P.)

7120 Mk. V Price £4 .18 .6
12in. 10 watts r.m.s. 18 watts peak. (No P.T. but inc. P. & P.)

Send for full technical data sheet with
suggestions for enclosures to:

REPRODUCERS AND AMPLIFIERS LTD.
Frederick Street, Wolverhampton England

P4

LOUD SPEAKER MANUFACTURERS TO THE
RADIO INDUSTRY SINCE 1930

10/ BARGAIN SALE! 10/-

10/- PISTOL-GRIP SOLDERING IRON (USUALLY 25/-) 10/-
10/- 20 well assorted TRANSISTOR ELECTROLYTICS. 10/-
10/- 3 Television Smoothing Condensers. 200/200uf.,
200/100uf., 300/125/50uf., 275 volt. 10/-
10/- 50 assorted % Watt 59, Resistors. (Long Leads). 10/-
10/- 100 assorted  to 4 watt mixed resistor types, values. 10/-

10/- 100 % to 3 watt Close Tolerance types. 10/-
10/- 100 assorted Silver Mica/Ceramic/Polystyrene Con-
densers 10/-
10/- 50 assorted paper condensers .00 to .5uf. 10/-
10/- 100 miniature paper condensers (Mixed values). 10/-
10/- 50 untested TRANSISTORS (excellent value). 10/-
10/- 6 NPN or PNP Switching Transistors (min. 200 mc/s). 10/-
10/~ 10 Transistor Holders. 10/-
10/- ACOS MONO PICK-UP HEAD COMPLETE WITH
NEEDLES. 10/-
10/- 3 Miniature earpieces complete with plug and lead. 10/-
10/- 20 Diodes. Very high quality. 10/-
10/- Magnetic Lapel Microphone with plug and lead. 10/-
10/- 37, 4” or 5” Low impedance LOUDSPEAKER. 10/-

10/- SIGNAL INJECTOR R.F./I.F./A.F. parts and circuit. 10/
10/~ Car Rev. Counter, Parts and Circuit (excl. meter). 10/-
10/- 12 pre-set potentiometers mixed. 10/-

10/- FREE! 10/- FREE! 10/- FREE! 10/- FREE
10/- FREE! Any Eleven Items for £5/-/-! 10/- FREE !
Rush your order now! These prices cannot be repeated!

G. F. MILWARD

17 Peel Close, Drayton Bassett, Nr. Tamworth, Staffs.
Phone: TAMWORTH 2321 POST ONLY
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Ao Deose lonitncte CLEAW

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-
cause density is controlled |
and the polishing of the 4
contacts is achieved by a
gentle brushing motion.
With coloured nylon
handle for complete
insulation and easy
size identification.

E Manufactured in France
i British Patents applied for

@ Grain size 200, thickness 55/100 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 400, thickness 25/100 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, W.1. Phone: GROsvenor 6482
As supplied 1o the War Office, U.X.A.E.A., Electricity Generating Boards, British Railways
and othe: public authorities; also to leading electronic and industrial users throughout the
United Kingdom.




manual.

HA-§3A COMMUNICATION

RECEIVER OUTSTANDING VALUE
High class receiver covering 550 kefs.-31 me/s. on 4
bands. lncarpm-nm 7 valves plus rectifier, RF stage,
illuminated ‘S’ meter, 1.5uV sensitivity, electrical
bandspread on the 80/40/20/15 and 10 metre bands,
slide rule dial, aerial trimmer, B.F.0., noise limiter,
Qutput for phones or speaker.
240 v. A.C.

Operates on 115/220/
Supplied brand new and guaranteed with

24 gns. Carr. 10/-.

LAFAYETTE HA-55A
AIRCRAFT RECEIVER
108-136 Mo/s, High selectivity and
senaitivity. tes 2 RF stages
including 6CW4 Nuvistor, 8 tubes for
11 tube performance, solid state power
supply, adjustable squeich control, slide
rule dial, built in 4in. speaker and front
220/240V. A e

10/-.

TE-800 20,0000 /YOLT
GIANT MULTIMETER

6 in. full view meter,
2 colour seale. 0/2.5/10/
250/1,000/5,000 V. A.C.
ﬂfﬂllﬂﬁ]lo’ﬁo;
250/1,000/5,000 V.
QIWpAJllOIlDO’uDOmAJ
10 amp. D.C. 02K/
200K / 20 MEG. OHM.
£12/19/8. F. & P. 5/-.

90,000 0.p.v. 0/.1/.5/5/60/
! 250/1,000 v. D.C. 0/2.6/
il 10/50/2580 1,000 v. A.C.
0/.05/.5/5/50 /250 mA.
0/5K/50K/G00K /5 meg.
2. .0001—2 mid.—20
—22db. £519.8, P. &
P, 8/-.

GARRARD:{'EDCORD PLAYERS

BRAND NEW
BR[‘-J‘) Player, mono 78
000 Changer, mono or stereo l!n 188
2000 Changer, mono or stereoc £6 6 0
AG0 Changer, mono or stereo £7 10 ﬂ
3000 Changer—Stereo £719 6

AT6 Mark IT.. . 881986
8P20 Player, ny .. 291886
A60 Changer, mono or l!.ereﬂ 2910 6
AT0 (less cart.). - ... 221100
LABS&0 ... . 825 00
401 Transcription 230 00

All plus P. & P. §/-.

MAIN LONDON
AGENTS FOR

19,

Al items available as $4.10.86.

advertised

DAR
Built 2519,
EQUIPMENT Ampiige: Dellc 80,15,
Micro FM Radio hll £5.19.68,

SINCLAIR TRANSISTOR AMPLIFIERS
Z12 Amplifier ura- PZ.3. Power Pack 79/6; X10 Amplifier
ilt 25,1 54/-; X20

\IO Power Pack
£7.19.8, X20 Power Pack
Micro 4, 58/8;

Micro amyp 28/8; Micro lnjectlon 27/8. Post Paid,

TRANSISTORISED
TWO-WAY
TELEPHONE
INTERCOM.
Operative over amaziogly
long distances.
call and preas
buttons. 2-wire connection.
1000's of applications.
Beautifully finished in
ebony., Supplied complete
with batteries and wall
brackets.
£6.10.0, pair. P. & P. 3/6.

HAGKAVOX 363 TAPE DECKS
New 3-speed tape deck, supersedes old
Collaro studio deck. 2-track £10.10.0.
4-track £18, 10.0. Carr. Paid.

PCRI RECEIVERS

Brand new condition, fully tested amd
checked before despatoh. 3 waveband with
R.F. stage, wonderful mlue BAO-2080
metres, 180- ﬁ40 metres, 5.6-18 Mc/s with
£8.19.8. Carr. 10/6 with
Plug in external power units 230
v.a.c. 35/- or 12 v.d.c. 18/6.

AMERICAN TAPE
First grade quality American tapes,
Brand new. Discounts for guantities.
3in., 225it, L.P. acetate. ..........
3}in., 600it. T.P. mylar
6:1:..600“ std. plastic  .......... B
Gin., 900it. L.P, acetate .. o
Bin., 1,200it. D.P. mylar . .. 1B/=

Gin., 1,800ft. T.P. mylar ... . 35/=
53in., 1,2001t. L.P. acetate . . 12/8
5|In 1 SDOEL D.P.mylar ........ 22/8

400ft. T.P. mylar ..
I 200“. std. mylar ..
I,SDUI‘I. L.P. acetate
1,8001t. L.P. mylar . .
2,400it. D,P. mylar .
fln 4,6001t, T.P. mylar

Postage 2/-. Over £3 post pa]d.

CALLERS WELCOME !

Open 9 s.m, fo 6 p.m. every day Monday
to Baturday. Trade supplied.

\%\Q\“\‘\\" ALY

,‘j q

LAFAYETTE
2-WAY RADIOS

Superb guality, Brand
new and guaranteed.

1 Transistor £7.10.0 pr.
6 Transistor $17,10.0 pr.
10 Transistor with range
boost £22.10.0 pr.

Post exira.
These cannol be operated

~ MODEL 1QM TRANSISTOR CHECKER
It bas the fullest ca-
pacity for checking
Ico.
adaptable

mA. Resistance for

diode 2000 — 1

MEG. Supplied complete with unlrmlwus.
battery and leads. £8/19/8. P. & P
VARIABLE YOLTAGE
TRANSFORMERS

Brand New—Fully Shrouded. Input 230y,
30/80 e/s. Ontput 0-260 Volta.

""" Portable—
Metal Case with Meter-
Fuses, ete. £8/17/8.

N nscnnsns :
00m:

l)iucuun!'n for quantities.

-

TEST EQUIPMENT

PORTABLE OSCILLOSCOPE CT.52
pact (97X 87X 161°) general purpose’ scope.

A com|
10 c/s-40 kefs. Band width 1 Mc/s.
CRT. Foroperation on 200/260 v.
with metal transit case, strap, tes
Brand new. 222.10.0, Carr. lO.'
instructions.

Supyhed complete with

OS/8B/U OSCILLOSCOPES
High quality Foﬂ.nble
American Oscillose

e.rt. T.'B 3 cil-.ﬁokk’c,'- x

\mp. 0-2 Mc/s. Power
requirements 105-125v.
A.C. Bupplied in brand
uew condition, lnlly
tested. £25, Carr.
10/-. Builable 230/115v.
former 15/8,

ERSKINE TYPE 13 DOUBLE
BEAM OSCILLOSCOPE

Time base 2 ¢/s-7560 ke/s. Calibrators at
100 kejs and 1 Mc/e. Beparate Y1 and Y2
amplifiers up to 56,0 Mc/s. Operation
110/230 wvolt A.C. Bupplied in perfect
working order. #28/10/-. Carriage 20/-.

TE-20 RF SIGNAL GENERATOR

Accurate wide range signal
generator covering 120 !r.c_lt.-zso

Mecfs on 6 banda,

calibrated. Vuinble R.F.
Operation

¥. A.C. Brand pew with in-

al.:gmtiam. 212100, P. & P.
/8.
8.A.E. for details.

|

| LAFAYETTE NUVISTOR
GRID DIP METER

Compact true one band operation.
Frequency range 1.5-180 Mc/s. 230v.
AC operation.
with all coils and instructions. £12.10.0,

LAFAYETTE TE-46
RESISTANCE CAPA-

CITY ANALYZER

2 PF—2,000 MFD. 2 ohms—
200 Megohms. Also: checks
impedance, turns ratio,
ipsulation 200/250v. A.C.

Brand New £15, Carr. 7/6. | Carr.. B/-.

Bupplied complete

TE22 SINE SQUARE WAYE |
AUDIO GENERATORS
Sine 20 cps to 200 |
ke/o. on 4 hnndﬂ
| 3quare: 20 cps
20 kejs. Output |
impedance 5,000
ohma. 200/240 v.
A.C. operation.
Supplied Brand

teed with instruc-
tion manual and leads.  £15, Carr, 7/6. |

NOMBREX EQUIPMENT

Tranaistorised Audio Generator 10-100,000 ¢/s.
Sine or square wave.

Transistorised Blgn:\l Generator
350 Me/s.

150 kefs.
£10.10.

Transistorised resmaace capacity bridge 10).
100 Meg(Q, 1 pi-100uF. £9.

| Transistorised Iurlueliun bridge 1uN-100H,
| 218,
New and Guaran- | ypit, output 1-15v. up to 100 mA.

Maina operated Transistor power supply
.10.0,

All above post paid with battery.

ex-stock.

TE-51
20,0000/ YOLT
MULTIMETER

0/ 660/ 120
1,200V. A.C.
0/3/30] 60/ 300/
600 / 3,000V. D.C,
0/ 60uA | 12 | 300
MA

0/ GOK | 6 Meg. )
85/, P. & P.2/6.

MODEL PV-58 VALVE
VOLTMETER

11 meg. input. 7
volt ranges.
1,500 v. 7

ranges i Y.
4,000 Peak to Peak.
Resistance .2 ohm to
1,000 megohm., Deci-

inatructions,

Jeads and probe.
£12/10/-. P. & . 3/6.

2 A -

CLEAR PLASTIC PANEL METERS
First grade quail:ilr. Moving Coil panel meters, available
B.AE,

for iMlustrated leaflet. Discounta for

quantity. Available as follows: Type MR. 38P. 1 21/32in.
square fronts.

100V D.C. ..

Al .
160V A.C, ..

22/6
300V A c. .. 2218
¢ 500V 22/6
50V D.C.... 22/8 "S"Heteﬂm)l 89]'6

Larger sizes a\‘ni]a'hle—!_and for liats.

HODBL TE-12
20,000 0.B.V. 0/0.6/
6 /30/120/600/1,200/
3,000/6,000 V. D.C.
0/6/30/120/600/
1,200 V. AC. 0/
6011A/6/60/600 MA.
0/6K/600K/6 Meg./
60 Meg. @ 50 PF.
.2 MFD. £5610.8,
P. & P. 3/6.

MODEL 500, 30,000
o.p.v. 0/.5/1/2.5/10]
25 | 100 500

| I !
1,000v. D.
0f 25/ 10 ] 2]
100 |/ i !
1,000¥.

D.C,
0 [ 60K | 6 Meg. [ 60,
Meg 2. £8/17/6
Post Paid.

(RADIO) LIMITED

Phone: GERRARD 8204/9155

Cables
LISLE STREET, LONDON, W.C2

SMITHEX LESQUARE
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MAGNAVOX-COLLARO
363 TAPE DECKS

The very latest 3-speed model—1i,
33, 7§ i.p.s. available with either } track
or } track head. Features include:
Pause control; digital counter; fast
lurvard n.nd. rewnnd new l-pole !ull}'
£i motor

Bize of top plate 13fF x 11 x
Bi!n. deep helow unit plate. For 200/
50v. A.C. mains 50 c.p.s. operation.
New unused and fully guaranteed.

LIND-AIR PRICE

1 track model t track model
9.6

.10.0 £
Carriage and Packing 7/6 extra.

‘tf 50V. SERVO
SYSTEM
A unique offer of a
pair of 60-volt, 50-
cycle servos that
enable remote indi-
cation of
position to be made.
These are ideal for
monitoring Wind
Directions in the comiort of the home, ar
the position of an aerial system for amateur
broadcasting  enthusiasta. The exact
poll.'.lun of a roulette wheel could be
** by n magician wusing our

system.
It should be noted that 50 v. is readily
obtainable, by using the 200-250-volt tap
on any mains transformer.

Rize of magslipmotor 3}in. x Tin.

Cost of pair, 76/-, plua 5/- P.

SELECTOR
DRIVE

A very interesting

item with

THE ELECTRONICS & SCIENTIFIC CENTRE

PROFESSIONAL :
ELECTRIC INBTANT ™
HEAT SOLDER GUN |
Ideal for model ma-
kers, home repalu.
electronla. radio, TV, _\
ete. Unique teaturel
incinde mterchunge
able tips, extension barrels, comfortable
grip with trigger control, *‘ U " shaped
34in. bit to minimise wear. Light beam
is automatically directed onto end of
bit when ONJOFF trigger is in use.
86 watt element with special wventila-
tion. Complete with 2-pin, & amp. plug
230-260 volts. Spares 49/6 P. & P.2/8
available,

SUPER LIGHTWEIGHT
PILOT'S HEADSET
COMPLETE

WITH BOOM
MICROPHONE

Made to highest
Ministry specifica-
tions, as used by
Airlines. High imp.
Complete with 6ft.
cable. 75)-. P. &
P. 2/6.

‘SMITH’ 1/10th. second
RECORDING ¢
STOPWATCH

UNREPEATABLE
AT ONLY 77/8.

events, records,
ete., yourself with this
excelient ex - gerviee
timer, offered at rock
bntwm bargam prlce. Pattern 3169, manu-

applications  consist-
ing of an electro-

mi t and brass
tooth wheel. A switch wafer and contacts
are coupled to this and are arranged
1o be on for 10 pulses and off for the next
18. An auxiliary contact is normally nn.
but off for one |n every 25 pulses; complete
‘with suppréssor resistors and a series con-
tact to facilitate continuous operation.
Absolutely Iideal for window displays,
swltching lampa or models, 12 or 24 v.
D.C. Brand New and Boxed. 12/8,
inc. P. & P

SINCLAIR
SUPER MINIATURES

Micro 6 miniature radio £2/19/6, llcro'}‘l(
(tuner/receiver) 25/19/8, PZ3 M.P.

Z-12 12 watt amp and pn-amp,
fully built £4/8/8. Btereo 26 pre-amp
control unit, fully bullt £9/19/6. P & P.
3/8 each.

OYNDHIIOHOUO CLOCK
MOTORS

Oeund for 40 revolutions per hour. 230v. 50
mounting flanges. 29/8.
P. &F.1/8,

MODEL MAKER'S
llnlll.m D.C. Motor. Idesl for driving a
or can be used as a
Tlnhnmehr Speed. 10,900 r.p.m. at 230

to government speci-
flcations,  Jewelled movement, 1/10th
sec, recorder, 0-15 min. register and
functions with three pressures (start,
stop and return) on crown. 14 Days
Approval for cash. 12 Months' Guarantes,

FANTAVOX STEREO
AMPLIFIER MODEL MG-333

The Stereo MG-333 is a compact and hand-
somely designed dual chanoel amplifier for
use with stereo record playera and AM or
FM tuners. The amplifier operates from a
power source of 1056-1256 (or 200-240)
volts, 50/80 cycle AC, and is equipped
with individeal volume controls for each
channel, a continuously variable tone
control, and a stereo-monophonic mode
switch. Price £8/19/8. P. & P. 8/6.

MULTIMETERS
C.1001. 20,000 O /volt £3/12/8, P.& P 3/6.
B.4. 1,000 gjvolt. £2/2 P. & 3/6
NH.200. 20,000 0 /volt #8/-/-, P. & P 6/6
CABY B.40. 10,000 0 fvolt. £8]2/8. P. & P.
M.K. 30,000 @ /volt. £9/19/6.
/6. New AVO Meters from stock.

26/19/8. F. & P.8/8.

TRANSISTORS

1/6|0C81D  8/-|MATI21 8j8
XA102 1/8(0C170 78 30107 8-
XAl04 1/8]0C171 8/8|ACY21 8§/~
GETS  2/-|MA303 §/-|AC107 14/8
GET103 4/-|8B344 3/-|AF115 8/8
GET104 4/-|V16/20F 8/-(AF117 718
0Cl6 10/-| V60/201F B/-(ACY20  B§/-
0cC23 - | MAT100 7/9|28014 44/6
1/9| MATI20 f

78
6/-| MAT101 8/8|28018
(Postage & Packing 1/-).

MINILAB
71 Tester.

A.XTINTID-AXER I.A

Ellectromnics)
X.tAd.

53 TOTTENHAM COURT
LANgham 3853

MANY MORE INTERESTING BARGAINS AVAILABLE AT THE SHOP
844

DEPT, PE3

ROAD, LONDON W1,

OLRUS ELEGTRONIGS LTD.

PADdington 1515
9 NORFOLK PLACE (off Praed St.) LONDON, W.2

FULLY GUARANTEED
TRANSISTORS — DIODES — ZENER

PCL85 9/- | AC107 10/- | GET113 5/~ | 0AZ208 6/8 | OC66 26/-

VALVES

DAF91 4/8 |

DAF96 8/8 pCLSS 8 | AC126 sa GET114 4/- | 0AZ200 8/8 OC70 I
DF1 8/~ | PL36 - | AC127 | GET115 8/~  OAZ210
1 PL81 - | ACI27Z ;u | u!-‘.'rns 047211
PL&2 /6 | ACI28 /8 ‘ 0AZ212
| PL83 /8 | AC176  7/8 VI\T?IS u#- 0AZ213
PL84 6/8 | ACY17 /8 | NKT216 7/8 | 0AZ222
PY32 /8 | ACY1S 5/8 |
PY81 - | ACY19
PY83 = ‘ ACY20
UBC41 7/8 | ACY21
UBCS1 7/8 | AD140
UCCB5 /8 | ADI149
TUCH42 /8 | A D161
UCLs2 7/8 | AD182
UL41 8/8 | ADT140
L84  8/8
UY85 5/8 ‘ AF102 1
5U4GB §/8 | AF114 2/8 | 0C24
5Y3GT B/ | AF115 2/6 | 0C25
SZ4GT 8/ | AF115 8- | ocas |
) BLOGC 718 | AF117 3/- | oc2s |
EF80 5/~ | 6SN7GTB | AF118 2/8 | 0C29 | oc
EFS8  8/3 I i~ | AFI24 £/8 | 0C35 [
EL41  8/8 | gvegT 6/8 | AF125 | OAS 8/6 | OC36
EL84  4/8 | gX5GT 6/- | AFI128 8/~ | 0A200 /3 | OC41 |
EMB4 7/~ | o51.8GT 8/8 | AF127 B/ | 0A202 4/8 | OC42 o’
EY6L 7/~ | 35L6GT 6/ | AF139 .15/~ | OA210 7/8 | OC43 1
EY88  6/8 | 35Z5GT 5/8 | AF186 18/8 | 0A211 9/8 | OC44 6/~ | 00203 10/8
EZ40  7/8 | 50L6GT 6/8 | AFY19 BR/8 | 0AZ200 OC44M  5/8 | 0C204 1B/~
EZ80 B/~ AFZ11 17/- | 11/- | 0045 4/- 06 15/~
GZz32 zo,'~| | AFZ12 12/8 | 0AZ201 | 0C4sM 4/- | 0C206 23/8
PCCB4 6/~ | ASY26 6/6 10/- | OC46  5/6 | ORPIZ 8/8
PCC89 11/- ASY28 6/8 | 0AZ202 8/8 | OC47 7/8 | ORPEO B/
PCF80 7/ ASZ20 7/8 | OAZ203 8/8 | OC57 16/ | 18202 4/8
PCF86  8/6 | GET20 10/~ | 0AZ204 8/6 | OC58 17/6 | 28012 20/~
PCLE2 7)- | | GET102 8/- | OAZ205 8/8 | OC59 18/8 | 230124
PCLSS 88 | GET103 4/6 | 0AZ206 8/8 | 0C60 17/8 | 25/~
PCL84 7/8 GET105 8/6 | 042207 9/8 | 0Csc  28/8 | 28013 20/-
C.W.0. ONLY P.P.2/-in£ I /- Minimum

METAL WORK — PANELS — CHASSIS
FOR P.W. P.E. CONSTRUCTIONAL PROJECTS

5 in recommended enclosure. Impedance 5, 8 or

Richard Allan

HIGH FIDELITY

SPECIFICATION—Bass Unit: Natural
resonance 40 c.p.s. Flux density 14,000 Gauss.
Total flux 56,000 Maxwells, Tweeter Unit:
Flux density 6,000 Gauss. Total fux 9,000
Maxwells, Ovwerall: Height 1lin. (28 cm),
width 6%in, (16.5 c¢m), depth 2}in. (6.4 cm

weight 51b. (2.3 kg).  Power handling 10 watts

15 oh
TECHNICAL DETAILS:

‘The unit is a compact and self contained loudspeaker system which only
needs to be fitted Into a simple cabinet of the recommended design to
produce a h!gh fidelity Ioudspeaker of the highest quality.

‘The unit consists of 5in. bass unit 4in. tweeter and crossover network
mounted Dn a dutalumln plate which forms the front panel of the com-
plete enclosure.

The method of assembly of the module is unique in that the cone and
synthetic rubber surround of the 5in. bass unit are moumed dlrec:ly omn
the duralumin front panel and the ceramic magnet s supported
stantial pillars attached to the panel. The cumentlona! chassis wilh a]l
its disadvantages is thus eliminated.

The tweeter is a special version of the 460T unit with a doped cambric
su_l_rrgum and extremely light suspension system.

e crossover network is a five element circuit using ferrite cored
gl\ducliars and reversible electrolytic capacitors mounted on a printed
rcul
Free constructional detalls of the recommended cabinet are readily
available from us.

‘Where larger power handling is required several units may be mounted
in a large cabinet, multiple units may also be mounted in a column enclos-
ure to form a high power handling, high quality line source. The unit may
aiso be mounted directly into existing equipment or in cavities in walls, etc.

unit forms the drive system of the ‘Minette’ enclosure for

see separate leaflet. Patents anplled t'or.
Price £8 plus £1.8.3 tax
For further idaﬂtpi'mu mnteel

RICHARD ALL.

RADIO LIMITE
Bradford Rd., Gomersal.
Nr. Leeds, Yorks.

Tel.: Cleckheaton 2442/3




RADIOS...

NOT BUILD ONE OF OUR
PORTABLE TRANSISTOR

“ A wonderful range of transistor radios using first grade components for guaranteed results " .

FIRST FOR PERFORMANCE,
QUALITY AND PRICE!

f‘i;:m

Amazing performance and specification
FULLY TUNABLE ON ALL WAVEBAND:

condenser.
with gilt trim and shoulder and hand straps.  Size 9"

The perfect portable and the ideal car radio.
+% EXTRA BAND FOR EASIER TUNING
OF PIRATE STATIONS, etc.

NEW ROAMER SEVEN Mk Iv

7 WAVEBAND PORTABLE OR CAR RADIO

Now with PHILCO MICRO-ALLOY R.F, TRANSISTORS

@ 9 stages—7 transistors and 2diodes

~  Covers Medium and Long Waves, Trawler Band and three Short Waves to approx. 15 metres.

Push-pull output for room filling volume from rich toned 7" x 4” speaker. Air spaced ganged |tuning

Ferrite rod aerial for M & L Waves and telescopic aerial for S Waves.
7" :. 4" approx.

(Uses PP7 batteries available anywhere.)

Total cost of parts now only £5. I 9.6 ?.sa;:.

Real leather-look case

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

Rod Aerial.
fittings. Size-6} % 33 X

This amazing receiver
may be builc for only

Approx. 350 Milliwatts push pull output.

NEW MELODY MAKER SIX

3 WAVYEBAND PORTABLE.

@ 8 stages. Six transistors and two diodes.

Covers Medium and Long Waves and extra Band for easier tuning of Pirate Stations, etc. Top
quality 3* Loudspeaker for quality output.

Two RF stages for extra boost. High ‘Q" 6" Ferrite
Handsome pocket size case with gilt

1% in. (Uses long-life PP6 battery). Carrying strap 1/6 extra.

£3.9.6 5"

Parts Price List and usrk[?‘f‘d plans 2f-. (Free with
{4

NEW TRANSONA FIVE

“Home, Light, A.F.N. Lux. all at good volume"
G.P., Durham
@® 7 stages—5 transistors and 2 diodes
Fully tunable 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
it

6% x 4% 2 1lin. with red speaker grille. (Uses 1289 battery available
anywhere.)

Total cost of all 42/6 P. &P. Parts Price List and easy build
parts now only 36 plans 2/- (Free with kit)

POCKET FIVE

@ 7 stages—5 transistors and 2 diodes.

Covers Medium and Long Waves and Traw=
ler Band, a feature usually found in only the
most expensive radios. On test Home, Light,
Luxembourg and many Continental stations
were received loud and clear. Designed round
supersensitive - Ferrite Rod Aerial and fine
tone 23in. moving coil speaker, built into

S8TOP PRESS!

Pocket 5 Med and Long wave
version with minfature speaker

attractive black and gold case. Size

5% x 1} % 3kin. (Uses 1289 battery, 29/6 P. & P.

_ai\‘vaiiahle aniywhere.) K e 3-
otal cost of zll _ 1

parts now only 42/6 3/6

Parts Price List and easy build plans 1/é (FREE with Kit)

NEW ROAMER SIX

NOW WITH PHILCO MICRO-ALLOY R.F.
TRANSISTORS
@ 6§ WAVEBAND!!
@ 8 stages—é transistors and 2 diodes
Listen to stations half a world away with this 6
waveband portable. Tunable on Medium and
L - 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
74 x 5% % 1din. (Carrying Strap 1/6 extra.)
% EXTRA BAND FOR EASIER TUNING OF LUX, ETC.
£3 |9 6 P. & P, Parts Price List and easy build
. L 3/6 plans 2/- (Free with kit)

Total cost of all
parts now only

TRANSONA SIX

@ B8 stages—§ transistors and 1 diodes

This is a top performance receiver covering full
Medium and Long Waves and Trawler Band.
High-grade approx. 3in.'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 61 *: 4% x 1lin. (Uses PP4 battery available
anywhere.) Carrying Strap 1/- extra.

Parts Price List and easy build

Total cost of all P.&P
e A plans 116 (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, 3in.
heavy duty speaker, top grade transistors,
volume control, tuning condenser, wave
] change slide switch, sensitive 6in. Ferrite
. ) rod aerial. Push-pull output. Wonderful
reception of B.B.C. Home and Light, 208 and many Continental stations.
Handsome leather-look pocket size case, only 63 x 3% X 1jin. approx.
with gilt speaker grille and supplied with hand and shoulder straps.

Total cost of all £3 9 6 . & P. Parts Price List and easy build
parts now only Lo, 3/6 plans 2/~ (Free with kit)

Callers side entrance
l Barratts Shoe Shop.
6la HIGH STREET,

SUPER SEVEN

@ ? stages—T transistors and 1 diodes

Covers Medium and Long Waves and Traw-
ler 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, 3Jin. speaker (will drive

arge speaker)., Size 7% ¢ 51 ¢ Iin. (Uses 9v battery, available
anywhere.) o

5 " P i i i
Total cost of all £3. I9‘6 P.& P arts Price List and easy build

3/6

BEDFORD.

parts now only plans 2/- (Free with kit)

Open 9—35 p.m.
Saturdays 9—12.30 p.m.

52367

Phone:

845



ARE YOU LOOKING
FOR THE USUAL?

(Seeing the above, our artist said
“Yes, preferably 36-24-36").

You may perhaps remember our advertisement
“Are you looking for the unusual?” showing a
double-headed elephant. (We found him too costly,
having to feed two ends, so we exchanged him
for the above which doesn’t need feeding at all!)
We would like to mention in passing one customer
who wrote to us, “If you can supply a UX5 valve
holder, | will believe you have two-headed
elephants in stock!!” WE SENT HIM ONE BY
RETURN OF POST—a valve holder, not an
elephant!!

All this preamble (we hope you are still with us)
leads up to the point that we thought we would
like to show you a list of the most ordinary items
in our current catalogue. Here we go: We start
with Aerials, Batteries, Books (over 150 titles
listed), Boxes, Cabinets, Chassis, aluminium (over
140 different sizes), Chokes, R.F. and L.F. coils (6
different makes, over 160 different types), Con-
densers (let's just say this section runs into
I7 pages), Connectors (over 96 types), Tag Boards
and Tag Strips (over 40 types), Dials and Drives
(over 50 types).

Our Components Catalogue costs 7/6
plus 1/6 postage, but every catalogue
contains 5 vouchers, each worth |-
when used as directed. Send your
cheque or P.O. for 9/- today.

Eddystone Receivers and Components (the entire
range), Kits (over 200), Knobs (over 80), Lamps,
pilot, neon and fittings (5 pages), Lektrokit (the
entire range), Miscellaneous (this includes such
items as nuts, bolts, washers, grommets, solder
tags, Paxolin both sheet or tube, etc.), Pick-ups,
Gram Motors, Styli (these last three run to 8
pages), Relays, Rectifiers, Resistors (5 pages),
Soldering irons, Loudspeakers, Switches (over
120 different types), Tapes, Tape accessories,
Test Gear (5 pages), Tools (3 pages), Transformers,
Output, Mains Auto, Battery charger and Tran-
sistor (this section runs to |2 pages), Transistors,
Transistor holders and heat sinks, Valves and
Valve holders, Wire, cable and feeders, finishing
up with Z for Zener Diodes.

This is not everything that is in the catalogue but
we hope it's enough to show you the scope, and
make you grab your pen to fill in the coupon.

[mrmnmmmne e

“
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Please write your Name and Address in block capitals

Home Radio Ltd., Dept. PE, 187 London Rd., Mitcham, Sy.




wt » Practical Electronics

A STIMULANT FOR STUDENTS THIS MONTH

NTHUSIASM for further education abounds each
autumn as evening classes commence. Enrol-

ments for vocational and non-vocational courses CONSTRUCTIONAL PROJECTS
take place in large numbers at technical colleges and

other institutions. Correspondence  Schools, TRAIN CONTROLLER 852
although not limited to seasonal sessions, find their LINEAR SCALE CAPACITANCE
intake of students swelling this time of the year. : METER 868

But alas, past experience warns us that ere the
year has ended, numbers of these once ardent seekers ”:\.};IEPCI;_?FTEIED STEREO 873
after knowledge will have been seduced by rival
attractions or will have weakly succumbed to some THE LUMOSTAT 882
latent apathy. The initial heat and fire of their
enthusiasm will have wilted with the onset of winter.

These early fatalities are partly explained by the SPECIAL SERIES
fact that the initial stages of many cout{ses 3f blln
struction are in certain respects the most formidable.
Electronic theory is a case in point. The abstract THE ELECTRONIC ORGAN—I 848
nature of this subject demands adequate demonstra- SHORT CUTS—4 859
tion by practical models to supplement theoretical
dissertation, particularly so where the level of treat-

ment precludes extensive mathematical proof. GENERAL FEATURES
Unfortunately such demonstration facilities are

either very limited or entirely lacking in many courses D.C. AMPLIFIERS 860

dealing wi:jh electronifc pliincipIeCsi. 'li:hesc courses INGENUITY UNLIMITED 889

usually tend to cater for the needs of examination

papers set by the various professional bodies and SOME NEW SEMICONDUCTOR

practical work is rarely called for. On the other DEVICES 893

hand there is no doubt that practical experimental
work adds immeasurably to the interest of the subject.

In this respect, modern techniques help the elec- NEWS AND COMMENT
tronics student to help himself. Between atten-
dances at college or stints at the textbook he can get EDITORIAL 847
to grips with the realities of electronics in his home, THE 73 PAGE 856
and at no exorbitant cost in tools, components, and
materials. The basic principles he has been taught SLECTREmMO RN 880
can be tested in this practical way. From such BOOK REVIEWS 897
beginnings he can in due course proceed to construct ELECTRONICS AT
simple functional devices which are not merely MANCHESTER 898
practical exercises in the application of more ad- ELECTRONIC ORGAN KIT 898
vanced theory but have some permanent value. MEETINGS 898
But most important of all, active participation in DETACHED PARTICLES 901

the practical side of electronics will provide an addi-
tional stimulant during those precarious first weeks READOUT 902
of the autumn session. And once that hazard is
passed, the rest is likely to prove (well, comparatively)

plain sailing! Our [anuary issue will be published on

Thursday, December |5

All correspondence intended for the Editor should be addressed to: The Editor, PRACTICAL ELECTRONICS, George Newnes Ltd., Tower
House, Southampton Street, London, W.C.2, Editorial and Advertisement Offices: PRACTICAL ELECTRONICS, George Newnes Ltd.,
Tower House, Southampton Street, London, W.C.2. Phone: Temple Bar 4363. Telegsrams: Newnes Rand London. Subscription Rates
including postage for one year, to any part of the world, 36s. © George Newnes Ltd., 1966. Copyright in all drawings, photographs and
articles Kubhshed in PRACTICAL ELECTRONICS is specially reserved throughout the countries signatory to the Berne Convention and
the U.S.A. Reproductions or imitations of any of these are therefore expressly forbidden.




Our author is a well known authority on electronic organs, and is also widely experienced as a
designer and builder of pipe organs. He is president of the Electronic Organ Constructors Society.

A great deal has been written about electronic
organs, but they still remain, to most people,
something of a mystery. Why are there so many
types of organs, using all kinds of generating systems
to produce what appear to be the same kinds of
sounds? What has one make got that is better than
another make? Above all, why do they cost so much?

In this series of articles we will try and explain these
things, and to do this we must go back to funda-
mentals and see how early investigators viewed the
art and why some methods were bound to fail.
Firstly, however, we must remember that one cannot
define an organ of any kind more exactly than to say
it is a sustained tone instrument capable of producing
a variety of tonal qualities which can be used singly
or in combination. What these tonal qualities are,

'HE first recorded experiments were by C. E. J.
.1 Delezenne in 1837. He used a toothed iron wheel
turned by hand in front of an electromagnet, as in
Fig. 1.1. By varying the speed he found he could vary
the frequency of the e.m.f. induced in the coil, and hence
the pitch of the note. The sound was heard in a crude
telephone receiver. This idea was put into Dele-
zenne’s head by the earlier experiments of Savart,
who held a piece of card against the rotating teeth
when the pitch of the note could be heard audibly.

Then we come to the monumental concept of
Thaddeus Cahill, who in 1895 devised and made a
complete series of alternators all driven by belts from
pulleys of the correct diameters to give the intervals
of the equally tempered scale. But not only did Cahill

848

and what other effects may or may not be desirable,
depend on whether the instrument is intended for the
serious musician, for church or liturgical work; or for
home entertainment, where the romantic and popular
qualities are predominant. In other words, we find
the same situation which has existed for so many years
in the pipe organ world; the division between the
church organ and the theatre organ.

This first article will give the reader an insight into
some of the experiments and devices which led up
to the present state of the art; for all readers of this
journal are experimentally-minded and it must always
be remembered that many of the early workers knew
exactly what they wanted, but the materials and
processes simply did not exist to interpret their ideas.

ELECTROMAGNET TOOTHED IRON WHEEL

I

[

Fig. I.I. Delezenne’s tone wheel
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provide 73 odd generators, he knew that if some of these
frequencies were added together as harmonics of the
fundamental note, complex sounds like trumpets and
violins could be formed.

Helmholz, Fourier and Rayleigh had already found
and analysed the number and strength of these har-
monics, so Cahill devised a formidable array of switches
and relays to introduce resistors controlling the
amplitude of these harmonics.  The whole of the
arrangement is too complex to draw here, but it can be
seen in British patents nos.: 8725, 1897; 3666A, B, C,
1903. Distribution and financial difficulties caused
the abandonment of this project, and the reader will
have no difficulty in recognising in this invention the
fundamentals of the Hammond organ.

Next we move on to 1910, when W. Duddell dis-
covered that an oscillatory circuit connected across an
arc lamp could be used to produce musical tones.
At that time, the arc was in widespread use for high
power radio telegraph transmitters. Obviously this
was not a basis for a serious design.

FIRST VALVE ORGAN

With the advent of the three electrode valve and the
consequent ability to amplify, coupled with the rapid
development of circuits in the 1914-18 war, it was now
getting more feasible to reduce the bulk of the apparatus
and we find the indefatigable Lee de Forest producing
a valve, “‘organ” in 1915. No need for an illuminated
console then, as all valves used a tungsten filament with
a light output equal to about 6 candlepower!

However, the old bogey of instability was still not
conquered, so after a lapse of some years we find the
Russian Leo Theremin working on the simple instru-
ment in which the tuning capacitance for the b.f.o.
employed was a metal rod like a car aerial. By
bringing the hand near to this rod, the pitch could be
altered and gliding tones produced. Another rod
altered the volume by hand capacity, whilst a foot
switch was used to cut off the note (Fig. 1.2). First
made in 1924, the “Theremin” has been used until
quite recently for solo work with-an orchestra.

Circuit diagram of the original theremin

By this time the stage was set for great expansion
in the art, but the first multi-note instrument came from
Oskar Vierling in Germany in 1927. He made a two
manual and pedal organ using gas tubes as relaxation
oscillators, and this seemed to have stimulated other
experiments. Coupleux & Givelet in France installed
a two manual valve oscillator organ in the broadcast
studios of Poste Parisienne.

THE TRAUTONIUM

So far, it is very doubtful if any of the investigators
understood how to form musical tone colours from the
various waveforms which they produced, and it is
fairly certain that it was the novelty of the devices
which attracted attention. But in Germany, a great

The two manual organ designed by O. Vierling. This
instrument uses neon tubes to generate sawtooth wave-
forms
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snwsn—:_'urao BRONZE BAKELITE CYLINDER deal of work was going on on tonal research in con-
CONTACT STR nection with orchestral instruments, and to assist
in this Professor F. Trautwein devised the ingenious
apparatus which he called the Trautonium (true tone).
So advanced was he in his ideas that the instrument
is still in use and in fact, seems unlikely to be superseded.
In Fig. 1.3 we can see the elements of the idea. An
elliptical rod of bakelite has a spiral groove cut around
it, and in this is wound a high resistance wire in coiled
form. ' Above the rod is a metal strip which cannot
touch the wire because it is inside a springy metal gauze
surrounding the coiled wire. 1If, however, the outside
of the gauze envelope is depressed at any point, the
strip contacts the wire and this is used to vary the grid
FLEXIBLE TUBE CONTAINING bias of a thyratron relaxation oscillator which—in
CONDUCTIVE JELLY METAL GAUZE turn—alters the pitch. Each rod (there are two, one
\ above the other) has a compass of about 21 octaves.
' The waveform is a sawtooth. But this is not all;
[ Fig. 1.3.  Elements of trautonium frequency control under the rod is a rubber tube like a bicycle inner tube.
; This contains a jelly-like conductive substance, and
| KEY since the touch rod and gauze are mounted on springs,
it is possible to depress the whole lot further and
| squeeze the rubber tube; this alters the resistance of the
liquid and allows the signal to pass to the amplifier.

’J; + Dr Trautwein devised a great many tone forming
circuits including percussion and sustain circuits, and
the results made every other investigator sit up and
take notice. The original patents are dated 1928 but
the “Trautonium” is used (with later modifications)

RESISTANCE WIRE

EHE'L#ESED for concert work to this day.
PLATE The trautonium, it will be noticed again, used gas

tubes; this was because at that time, Germany had
brought these to a great state of perfection. Now
M. Martenot in France appeared with some ingenious
ideas. He went back to the melodic instrument, that
is, one on which only a single note at a time can be
played. His playing keys could move slightly side-
ways and advantage of this was taken to alter the fre-
quency of a b.f.o. so that some gliding tones could be
produced. Then as the keys were depressed further,
a resistance was reduced in value, so that the loudness
A was proportionate to depth of touch. By using the
finger to rock a key, rather in the way a cellist does
with his string, a similar kind of vibrato was produced.
Some of these instruments are still in existence.

EARTHED
SEGMENT

LIVE SEGMENT

Fig. 1.4. Principle of the electrostatic organ

DRAWBARS ELECTROSTATIC GENERATOR

|
I
‘ [ s e So far as valves were concerned, there was still
T trouble with instability of pitch and regulation of power
2 ” supplies, so this type of organ receded into the back-
— The pgreatest advance was that due to the John
y

TO AMPLIFIER

ground.
Compton Organ Co. when in 1932 they devised the
4 electrostatic generator which they still use. By

engraving a groove in a metallised disc in the form of a
: 1 r - sine or other wave, and rotating a web-like metal

mim

*

electrode just above it, the cyclic changes in capaci-

tance when a potential is applied to the disc can be
—W—l l_ transferred to a valve and amplified as in Fig. 1.4.
1f a series of such scanners is driven by a belt running
Gte over properly proportioned pulleys, then we have a
7 CONTACTS musical scale. If there are enough multiples of one
l | particular groove on a disc, then we have octaves of the
e "————__'—I*—z‘ scale. By adding some of these together, we can
| I have complex tones. There are many practical
| -"Nj l_ﬁ_ advantages of this system, apart from the permanence
e Lo R (MR of tuning, and this was the first successful departure
- from valves—although a few rotating photoelectric
Fig. 1.5, Principle of the electromagnetic organ generators had seen a brief existence in the interim.
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MAGNETIC TONE WHEEL

Continuing the search for stability, Laurens
Hammond launched his magnetic tone wheel organ
now so well known—and fundamentally unchanged
after more than 30 years. The rotating iron discs
have a tooth formation giving the nearest possible
approximation to a sine wave, and the signals from the
pickup coils are fed to contacts under the keys which
transfer them to a selector switch mechanism for mixing
in a transformer in any desired manner. See Fig. 1.5.

Since the generator is gear driven, tuning is perman-
ent. It is interesting to note that it is not possible,
by any economical combination of gear teeth, to
produce the exact interval of a semitone. Each
alternate note is fractionally- sharp and then flat in
pitch. It is partly this which gives the characteristic
sound to a Hammond.

In later models, many ingenious additions have been
made, but historically the foregoing represents the
basic organ design.

The reed organ, using wind from foot bellows, was a
great favourite in the United States from about 1850
onwards. The reeds used are also noted for constancy
of tune, and this led the American F. Hoschke to use
wind-driven reeds operating as variable capacitances
as in Fig. 1.6. Although the sounds produced were
limited in tonal variety, they were extremely pleasing
and indeed even today this is a very fruitful field for
experiment. Later the Hoschke organ became the
Everett Orgatron, and later still, the Wurlitzer organ.
This model has only been withdrawn a year or so ago.

Then we must not forget the German Welte photo-
electric organ. The Hoschke patents date from 1934,
the Welte from 1936. Large glass discs carrying
photographically-reproduced copies of ready made
waveforms were rotated in front of long photocells.
Each playing key operated a small shutter which
allowed light from a flashlight bulb to pass through a
slit and so scan the waveform, as in Fig. 1.7. Again,
constant speed pulleys ensured accuracy of pitch,
and in fact this organ was a success.

POST WAR ADVANCES

But then came the second war, and with it a
tremendous advance in component and valve design.
Intensive research regardless of cost produced all the
parts required to restore the valve organ to the position
it looked like losing for ever, and in addition, new
magnetic materials, dielectrics and alloys enabled
research into many new circuits to succeed. This
brief historical survey could not include the many
ingenious but hopeless ideas on which so many investi-
gators worked, but we can conclude by mentioning the
first successful post-war organs in order of appearance;
Constant-Martin, Conn and Baldwin. It is to these
companies that everyone owes a debt of gratitude
because they laid the foundations of stability, good
keying, and successful tone formation.

The present trend is to use transistors, or valves and
transistors, although some makers prefer valves for
large organs; they have certain advantages still.

In the next article we will try and explain what the
basic musical requirements of an organ call for and
what the various terms mean. This will lead us to
examples of the most modern circuits and in due
course to a design for a quite comprehensive organ
which will have two manuals and pedals and be
transistorised throughout.

e o

Fig. 1.6. Vibrating reed
generator

() PART OF GLASS DISC
&

PART OF
PHOTOCELL

[ I

LR

SHUTTER MAGNET

Fig. 1.7. Magnetic shutter for photoelectric organ

The Everett Orgatron shown here uses vibrating reeds as
variable capacitances in its tone generating system

————— IJ;'I” o
R T 0 At

851



HE circuit outlined below was evolved to provide a
model railway enthusiast with a “‘foolproof®’
Besides

means of controlling an electric train,

providing complete protection against overloads, the,

circuit gives good overall performance and a high
degree of control.

OVERLOAD PROTECTION

Let us consider first the performance of a shunt con-
nected d.c. motor; that is one with the field winding in
parallel with the armature winding. If the motor is
stationary, then, when the supply is switched on the
current through it will initially be very high, limited
only by the low armature resistance. Once the motor
armature starts turning, a voltage is induced in its
winding due the the dynamo effect;: the winding
rotates in the motor field. This back e.m.f. tends to
oppose the applied voltage, and hence reduce the supply
current.

If unloaded, the motor will run up to some speed
such that the armature opposing voltage plus the
voltage due to the product of armature current and
resistance, is equal to the supply voltage. If the motor
is mechanically loaded, the speed falls, and the armature
current will increase to maintain the relationship.
Conversely if the motor is to be speeded up for a given
load, the supply voltage must be increased: the motor
will then run faster and draw more current.

There are two possible ways of controlling the
motor, firstly by supplying it from a constant voltage
supply, and secondly from a constant current supply.
In both instances control being affected by altering
either the supply terminal voltage or current as
appropriate.

In this instance a constant current control was
decided upon since it offered the following features:
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(a) Maximum current limitation could be readily
built in, thus protecting the power supply against short
circuits caused by metal objects being placed across the
rails;

(b) If the train is overloaded and refuses to start, the
current could not rise to a value sufficiently high to
damage the motor;

(c) Such a controller will give constant acceleration
of the train up to the required speed.

' CONTROLLER THEORY

The theoretical circuit diagram is shown in Fig. 1.
The a.c. mains supply is stepped down to 20 volts
by the transformer T1, then rectified by the diodes DI
and D2, giving a d.c. output smoothed by the large
electrolytic capacitor Cl. A stabilised voltage of
6:2V is established across R2 and VR1 by the Zener
diode D3. Any proportion of this voltage can be
applied to the base of transistor TR1 by adjustment of
the wiper of potentiometer VR,

Suppose now that the wiper of VRI is at the
“grounded” end of the track; no voltage is applied to
the base of TRI, which is cut off. Thus no current
passes through R3, so there is no drive voltage to the
base of TR2, which is also cut off. Similarly TR3 is also
cut off and no current flows through the load.

If the wiper of VR1 is moved to some other position,
a voltage is applied to the base of TRI causing it to
conduct. Its collector current produces a voltage
across R3, which drives TR2 on and hence drives TR3
on. Current through the load and R8 builds up until
the voltage across R8 almost equals that picked off
VRI.

When this state is reached the current remains
constant at that value. It is seen that the current
through the load is independent of the load resistance.




=VE

R1
3900

D3

62 ¥
0AZ290 3

A2
%mn

5K1

ouTPUT

———
sK2

1kl RS
2:20
+VE

Fig. I. Circuit diagram of the model train controller. VRI is the speed control and 52 is the forward|reverse control

If the load becomes effectively a short circuit, then the -

current through it cannot rise above the value deter-
mined by the setting of VRI.

Values of VR1, R2, RS, and the Zener diode D3 are
chosen such that the maximum value of voltage which
can be applied to the base of TR1 is 2:5V, and hence no
more than 1A, producing a 2-2V drop across R8, can
flow through the load. The circuit is thus protected
against short-circuits across the output terminals. If
the engine is overloaded and refuses to start, the
maximum current through it cannot exceed 1A

If, however, 1A is considered too much current for
safe control, R2 can be increased to reduce the
maximum voltage that can be applied to the base of
TRI1, and hence reducing the maximum current that
can flow through R8 and the engine.

PRACTICAL POINTS

There are a few practical points to watch. The final
transistor TR3 is a power transistor dissipating, at most,
about 6 watts. It must be mounted on a heat sink;
a suitable one is shown in Fig. 2a. The transistor
should be insulated from it by using the customary mica
washer, and clamping it on with nylon screws. All
holes should be carefully deburred and smoothed so

-5«;—+— % —]

: &

"
o o e

TN

< TWO HOLES DRILL
4BA CLEARANCE

———r - HEAT SINK FOR TR3
OB e MATERIAL Y4
;g R ALUMINIUM
Mg 46ty
- T
e Y ~ . TWO HOLES
e DRILL 34, DIA

Fig. 2a. Construction of the heat sink for TR3

that no damage is inflicted on the mica washer. The
mounting face of the transistor and the corresponding
area of the heat sink should be smeared with silicon
grease to improve thermal conductivity.

Transistor TR2 should be mounted in a copper heat
clip, see Fig. 2b. It is quite permissible to leave this
free standing as shown in the layout diagram Fig. 3,
but it may of course be attached to the chassis or front
panel, provided that the case is isolated from the
collector of the transistor,

For a power supply of this kind it is essential that the
winding resistances of the transformer are low, other-
wise there will be a large voltage drop in the windings.
The d.c. voltage across Cl, at full power output, may
fall to a value too low to maintain the Zener diode
current. Should this be the case, there will be large
changes in load current for variations in the load.
Normally large changes in the load should not produce
more than small, about 5 per cent, changes -in the
current through it.

A suggested layout for the components on printed
wiring board is shown in Figs. 3 and 5. The Zener
diode and its associated resistor R1 should be mounted
clear of the board since they can get quite warm. The
Zener diode should in this case be mounted on a heat
sink.

e :

.-—*" il
1% b

l HEAT SINK FOR TR2
1 MATERIAL Y3 COPPER

| @Hm

TRA......0C81
TR2.....ACI27

Fig. 2b. Details of the cooling clip for TR2 and transistor
connections (looking at the wire ends)

oo
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Fig. 3a. Layout of components on the board Fig. 3b. Connections and breaks on the
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COMPONENTS. . .

Resistors

Rl 390Q |I-5W R4 1002 R7 2200 IW
R2 -5k R5 15Q R8 220 5W
R3 1kQ R6 1-5kQ

All 10%, W carbon except where otherwise stated
Potentiometer

YRI 1k£ linear carbon

Capacitor

Cl  2,000xF elect. 50V

Transistors

TRI OC81 TR2 ACI127 TR3 OC35 (Mullard)
Diodes

DI, D2 GI3M or ZRII (2.off)
D3 OAZ290 (6:2V 7W Zener)

Transformer
Tl Mains transformer. Pri: 0-205, 225, 245V;
Sec. 20-12-0-12-20V r.m.s., 0-7A (d.c. rating)
(Radiospares)

Switches
SI Double pole on/off toggle switch
S2 Double pole change over toggle switch

Lamp
LPI Neon indicator with series resistor Rx
mounted in holder

Miscellaneous
Veroboard 0-15in square hole matrix, 24in x 24in
Aluminium sheet 16 s.w.g., 84in x 4%in,and 3in x 3in
Copper cooling clip for TR2
Plywood for box 8%in x 4%in x 2%in
Mounting clip for capacitor Cl
Mica washer, nylon screws, silicon grease for TR3

SK| and SK2 output sockets

FRONT PANEL

e

The whole can be mounted on the front panel
(Figs. 4 and 5) fitted with mains switch S1, neon warning
light LP1, and a reversing switch SW2.

Before putting into service the following electrical

checks should be made. Check that the collector
(case) of TR3 is insulated from the heat sink. With the
mains supply connected and switched on, check that the
voltage across R7 varies with adjustment of VRI.
Connect a 15 ohm 15W resistor across the output
terminals, and set VR1 to maximum output voltage.
Monitor the voltage across R8, which should be about
2-2V (current 1A). Short circuit the output terminals
and check that the voltage across R8 changes by not
more than about 5 per cent.

The unit is now ready for service. It is not advisable
to provide full eutput to the train immediately otherwise
a derailment may result. Careful operation of the
control, by increasing the output slowly, is quite
adequate to give the desired realistic effect. Similarly,
always slow down the train, using VR 1, before reversing
direction. These points are common knowledge to
most model railway operators but do tend to be over-
looked by some. +*

AC. MAINS

/ MAINS
TRANSFORMER

OUTPUT
sk2
0 Ats [~ 1
81 |

5
VEROBOARD ———»-|

FORWARD / REVERSE
SWITCH

LP{ S1A,B
NEON ON/OFF SWITCH
INDICATOR

Fig. 5. Panel mounted components and their connections to the component board
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“No Royal Road”, said Mr Smith

In “The 73 Page™ last time some
attention was paid to the variety of
fields open to the practical elec-
tronician to till today, with special
reference to the attractions of
amateur radio transmitting. To
enthusiasts prepared to pursue morse
and theory sufficiently intensively to
be able to pass the required examina-
tion in each, the acquisition of a
transmitting permit is not difficult,

Yet this was not always so; and
the following Christmas Tale,
appropriate to the season at which
this number of PracTiCAL ELEC-
TRONICS appears, tells a story of
“‘what used to be”, that may well
surprise many members of the
younger generation.

Le-Brand

Towering above the narrow streets
of the City of London—for this was
before the war had swept many of
them away and long before the
minarets of the new Barbican business
section were thought of—the central
Post Office building of St. Martins-
le-Grand had a forbiddingly granite
look to the young person in his middle
teens who presented himself there one
Saturday morning forty years ago to
take a morse code test.

The *“le-Grand” bit itself was
intimidating enough. And to set
foot on its massive staircase seemed
an impertinence indeed. No wonder
the ascent to the upper floor where
the test was to be taken was accom-
panied by a corresponding descent in
morale. “Screw up your courage to
the sticking point” Shakespeare had
said, so he did just this, and his
school cap as well, emblem of
inferiority and immaturity and best
stowed into the jacket pocket.

Twenty minutes later the great
staircase took on quite a different
look: it might as well not have been
there as ‘the schoolboy candidate
lolloped down it three at a time
oblivious of anything but the fact
that he had passed.
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No piece of paper told him so: it
was sufficient to have it by word of
mouth from the diffidently pre-
occupied elder of the Post Office who
had thumped the big brass morse key
at him in that upper room, sending
him odd sentences from the Morning
Post to discover if he could receive at
that speed of *‘ten per” (anyone
could send).

Self Training in Morse

Yes, ten words a minute was all he
had to send and receive (it is twelve in
1966). To attain this speed posed
no problems to the short wave
listener of a generation ago, for most
of what there was to listen to came in
morse anyway, and if you hoped to
get anything out of your listening,
well, you just had to learn it.

What this meant in actuality was
that most of the candidates who
presented themselves for the Post

S e 5
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In the early days of British b

trigger off in an individual the initial
interest in amateur radio. Forty
years ago, just as today, it could be
the chance overhearing of an
amateur transmission which sets his
footsteps on the road to the trans-
mitting licence.

Strange Voices

This is how it had been with our
young climber of the St. Martins-le-
Grand stairway all those years ago.
Ever since the day, years before that,
when his father bought a wireless set,
he had been intrigued by the strange
voices that he could hear mingling
with the transmissions of the British
Broadcasting Company on the
medium wave band.

Who were 250 and 2QC and 5KA
to be heard at tuning points not very
far from 2LO and 5IT? They and
others like them operating quite

roadcasting the transmitting stations of the BBC

used GPO-allotted amateur type callsigns. Probably the most famous of these
was 2L0, a self-evident callsign for the capital city’s first broadcasting station,
situated at the top of Marconi House in the Strand. This official BBC picture
shows the original 2LO transmitter with its football-size valves and much ex-
posed high voltage wiring! This transmitter is now preserved at the BBC
London Region transmitting station at Brookmans Park in Hertfordshire.

Office morse test had already served
a self imposed and willingly accepted
apprenticeship in copying telegraphy
over a period of—quite often—
many years, not to mention the *‘old
sweats” from World War One who,
learning it in battle, never forgot it.

All in all, the morse test held few
fears except the normal psychological
one of ‘“‘examination nerves’.
Climbers of the St. Martins-le-Grand
staircase generally carried with them
a few extra words per minute above
the required ten to overcome that
particular hazard.

To pass the morse test, although a
landmark, watershed, milestone, or,
perhaps more electronically, marker
pip in the career of aspirants to a
transmitting permit, was in reality
“the end of the beginning”.

What, then, of the *‘start of the
beginning? To this question we
bent some attention last time in our
review of the random pulses that

[ U
legitimately on the 220 and 440
metre wavelength, then allotted to
amateurs, were a source of interest
and delight to the nation’s 200,000
“‘wireless enthusiasts’’, avid for new
stations and new voices to log.

Even more to the point, could one
of them advise him how to go about
getting his feet on the start of that
road to " the transmitting licence?
And so he wrote to Mr Smith of
Herne Bay. He liked Mr Smith.
He had heard him so frequently that
he felt he almost knew him.

His reply, though full of helpful
information, contained a cryptic
sentence to the effect that there was
no royal road to becoming a trans-
mitting amateur, a remark that sent
our young hopeful to his dictionary.
“Royal road: a way of attaining
without trouble” it said.

And that seems to be where we
came in—and where we must pick up
this story (this frue story) next time.




Tiny 3% reel gives up to 53 hours playing time
Now —revolutionize your battery tape recorder, add hours of
extra playing time and enjoyment with Kodak Quadruple
Play Tape, the modern miracle in-sound recording. Just one
tiny 34" reel holds 800ft. of tape—enough for up to 55 hours
playing time.* (That's over 100 '‘pops' with time to sparel).
And a 4” reel, holding 1,200 ft. can give you up to 72 hours
playing time. There's a 3" reel, too. Sound recording
pleasure has never been extended like this before!

THE SECRET

The secret of these phenomenally long playing times lies in

the unigue thinness of the tape base. The thinner the base

the greater the length that can be wound on to a given

reel—and the longer the playing time.

Kodak Quadruple Play Tape, has a base so fantastically thin

i_lg's even thinner than the oxide coating on Standard Play
apel

STRENGTH WITH LENGTH

Microscopically thin as it is, Kodak Quadruple Play Tape is
no weakling. The Polyester base has been specially
pre-stretched and treated to overcome distortion during use.
In fact, it will stand up to every stress likely to be met with
under all normal conditions, no matter what the make of your
battery tape recorder. And if you exercise a little extra care
you can even use Kodak Quadruple Play Tape on mains
recorders, too.

TOTAL UNIFORMITY :

Advanced techniques of emulsion coating, developed in
Kodak's world-famous research laboratories, have been
applied to Quadruple Play Tape with the result that its oxide
coating is uniform to within millionths of an inch. The
combination of smoothness, sensitivity and signal-to-noise
ratio that stems from this extreme coating precision cannot

be equalled by any other tapes in the world.

.PLANNED FOR LOW SPEEDS

Another unique extral Kodak Quadruple Play Tape is
actually planned for low-speed operation and has a boosted
high-frequency response at low tape speeds. This means
that at the speeds you'll most likely be using with a portable
you'll suffer far less of the usual drop in quality. Your
battery portable will surprise even youl

You don't miss a
minute of pleasure
with the tape

that playson ...
andon...and onl

Amazing Kodak Quadruple
Play Tape brings mains
recorder playing times to
battery portables!

What the magazine ‘Tape Recorder’ said about
Kodak Quadruple Play Tape.

“My tests show that the sensitivity at optimum bias is higher
than normal, that the high-note response is much improved over
normal tapes and that the drop-out count and amplitude fluctu-
ation are the lowest of any tape yet tested”.
“Test tones and sustained musical notes showed a smocthness
seldom heard at this tape speed (3% i.p.s.)".

Review by Alec Tutchings.

MINIMUM PRINT-THROUGH

Normally, thin tapes are highly susceptible to print-through.
But Kedak Quadruple Play Tape has a remarkable
resistance to this unwelcome 'echo’ effect.

In fact, print-through is up by only an inaudible 1-56dB on
Standard Play Tape. This feature alone would be enough to
set this tape apart|

ACCLAIMED BY THE EXPERTS

Britain's Sound Recording press and many independent
experts have been unanimous in praising this and other
Kodak Tapes. The BBC and ITV use millions of feet of Kodak
tape—and so do professional recording studios the world
over. Without a doubt Kodak Tapes have set totally new
standards in performance and guality—standards of which
you can now take advantage. Fill in the coupon below forfull
details — then see your Kodak dealer and give your recorder
the tape it really deserves!

*4-track 1§ i.p.s.

Kodak Tapes—Standard. Long.
Double, Triple and Quadruple
Play—are available from Kodak
Photo Dealers everywhere.

[ —————————— e -1
| ToKodakLtd., Dept. 70, Kodak House, Kingsway, London WC2 1
= Please send me full details of all Kodak Tapes :
| I
NA i L
G i
| ADDRESS_ - g
| |
| = — i
I '
] T |
I PE |
o e o i et e i e S e ek i

' KODAK SOUND RECORDING TAPES...the best tapes in the world
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PRECISION SOLDERING EQUIPMENT

Instant-heat Soldering Gun

Solders in seconds... heats immediately ... cools quickly. Long reach... built-in
spot-light. Perfectly balanced, lightweight, comfortable to use. Two position
trigger for dual-heat control.

EXPERT Dual-Heat Gun. 8200D 57/6.

EXPERT Soldering Kit. 8200D-PK 72/6.

Kit contains: Expert Gun; resin-cored solder: cleaning brush ; soldering aid
tool ; spanner; 2 spare bits. In fully fitted polypropylene carrying case.

The MARKSMAN Soldering Iron

Compact, lightweight, highly efficient, gives full 25 w. heat at tip.
Screw-in tips and long reach for tight space working. Handle always
cool.

MARKSMAN Soldering iron SP25D 25w. 240v. 29/-.

MARKSMAN Soldering Kit SP25D-K. 38/-. Kit contains: Marksman
Iron ; resin-cored solder ; soldering aid ; 2 spare tips.

Manufactured by the world's largest makers of quality soldering tools.

wﬂﬂﬂﬂﬁ_ El._ECTR.IC CORPORATION . HORSHAM . SUSSEX . TEL: HORSHAM 60807
A New Martin Recordakit

designed specially for the MAGNAVOX 363

3 WATTS OUTPUT Get the best out of your MAGNAVOX STUDIOMATIC
TAPE DECK with a Martin Recordakit assembly. This
® comprises everything you want te make a superb two or four

track 3-speed recorder (taking 7 in. reels) at a price {)ilja; w:Ll
- save you pounds. The basic Martin units are assembled an
BUTLET FOR HI-FI AMH tested, making it necessary for you simply to fit and connect
& them together in accordance with the detailed instructions
book supplied. When built, your Martin Recorder appears as
shown here. The lid is detachable. Case with speaker, and

KIT M4 less
case and deck
(four track) but
inc. valves, screws,

SOLDERING NOT E : 2 e
deck afso available., Details on request. MARTIN wire, track switching,
NECESSARY Rl]?{(;ORDAKlTS have long been famous for tll'leir higg etc. £15.19.6
performance standards, q_ualily of materials, simplicity an KIT M2 less case and deck (iwo track) but incl.

® dependability. The latest is the best yet. valves, wire, screws, etc;  E14.19.6

SEPARATE RECORDING ' - - - e -
LEVEL AND VOLUME . Martin Audiokits for Hi-Fi
el The uniguely reliable kits with ' Add-on-ability "

No other system allows you to @® 5-stage input Selector £2.7.6
enlarge your installation stage @® Pre-amp/vol. control £1.17.6
by stage as Audiokits do. They ® Pre-amp/tone controls £3.2.6
comprise a wide range of very well @ 10 watt amp. (3 ohms) £5.12.6
made prefabricated transistorised units @® 10 watt amp. (15 chms) £6.12.6
in which connections are standardised ® Mains power supply £2.15.0

throughout and from which anything from a simple i el A A s v SR AR

straight amplifier to an elaborate hi-fi stereo amplifier r

with FM tuner can be built. The Recordakit described above MA'_RT'" ELECTRON":S_ LTD.

can be combined with your Audiokit assembly if you wish. 154 High St., Brentford, Middlesex I
Full details of [] Recordakits [ Audiokits

please
FROM PRE-AMP TO A HI-FI STEREO/FM ASSEMBLY NAME et L
Martin Recordakits and Audiokils are obtainable from good stockists everywhere. I
In cases of difficully please write direct. Trade enguiries invited. ADDRESS............. O, LA el TR TR Y

MARTIN ELECTRONICS LTD fiissres s gremrrone | gy |
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IN AN earlier “Short Cut” (September issue) we saw
how the value of resistances in parallel can be
estimated easily, by turning each resistance into a
combination of resistances of the same size. This is
not always possible: resistance values are sometimes
awkward. So let’s look at some graphical aids which
take most of the labour out of the process.

CLASSICAL APPROACH

Any number of resistances in parallel can be dealt
with two 4t a time, by repeated application of the
formula Riot = RyR,/(R; + R,). But the arithmetic
involved may be rather tedious: what is needed is a
way of avoiding calculation altogether.

Since

1 ) | 1
"R YR |- R etc.

we can find 1/Rot by adding together the reciprocals of
all the individual resistances, and then take the
reciprocal of 1/Riot which is equal to Riot. This can be
done with the aid of a table of reciprocals, or, more
conveniently, with an “inversion chart” (Fig. 1).

When using this chart, both resistances must be in the
same factorial units, and if one goes from upper to

10,000

10,000 1000 = 100

Fig. 1. Inversion chart for finding the combined value of

twao resistances in parallel

Y
. - -~ ¢ -
Fig. 2. * Wall and ladder *’ method of finding the total
resistance of two in perallel

PART FOUR—RESISTANCE CHARTS

lower scale in one half of the calculation one must go
from lower to upper in the second half. P

Example: What is the equivalent of 1 megohm and
100 kilohms in parallel? Converting 1 megohm into
1,000 kilohms and going “upper to lower”’ we read from
the chart: 1,000 units for the 1,000 kilohms and 10,000
units for the 100 kilohms. Adding these gives 11,000
units, and the reciprocal of this (from the chart) will
give the answer in kilohms. ]

Since the chart does not include 11,000 it cannot be
used directly. But it can be extended as required: the
rule is: multiply one scale and divide the other by the
same number. We want 11,000 on the lower scale, so
we multiply by 10, and 11,000 is now left of centre.
The corresponding value on the upper scale, as marked,
is 910, and this must be divided by 10 to produce the
required answer of 91 kilohms.

LADDERS AND WALLS

One kind of problem often found in maths textbooks
is based .on two ladders placed against two facing walls.
Given the lengths of the ladders and the distance
between the walls, you may be asked to find how far
above the ground the ladders cross. Reduced to its
essentials, the problem is shown in Fig. 2, and the general
solution is found from

= . b
" (@+b)

The lengths @ and b can be found by applying
Pythagoras’ Theorem. Now, this equation is identical,
except for the choice of letters, to the parallel resistance
formula.

R;R,

At e w1
This means that the same geometrical construction can
be used to solve the “tworesistances in parallel”” problem.
The method of finding Riot is as follows:

1. Draw a horizontal line ¢ of any convenient
length. (The ground.)

2. Draw a pair of parallel lines at right angles to it.
(The walls.)

3. Mark off on the vertical lines distances correspond-
ing to the resistances R, and R, (e.g., 2'7
inches for 270 ohms).

4. Draw in the cross-lines. (The ladders.)

5. Measure the perpendicular Ryt which is the
parallel equivalent of R, and R,.

Exactly the same procedure can be used .for
capacitances in series, since Ciot = CCo(Cy + Cp)
which has the same form as Riot = R R:/(R; + Ry).
And inductances in parallel have a similar arrangement
Lot = LyLo[(L, + Ly).
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D.C. A\mpliifiers

BY G.D.HOWAT

Fig. la. The simplest form
- ot’ di

. The output is negative
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CERTAIN ambiguity must be cleared up at the start:
A this concerns the initials d.c. as used in the title
and elsewhere throughout this article. These letters
can mean oné of two things: direct current amplifiers,
or directly-coupled amplifiers. The former meaning
refers to circuits which are intended primarily for
amplifying steady voltages, that is devices with input
and output terminals where a steady voltage of 1 volt
across the input produces, say, 10 volts across the
output, 2 volts in gives 20 volts out, 3 volts in gives 30
volts out, and so on. Such a device has a value of gain
(10 in this case) which is entirely analogous to the gain
of any a.c. amplifier.

The second meaning, directly-coupled amplifiers,
refers to the electronic configuration of the circuit
instead of its purpose. A directly-coupled amplifier
has no coupling capacitors or transformers between
the stages, but instead, the anode of one valve is
connected to the grid of the next either directly, or via a
network containing only resistance and/or inductance.

These two names are not inter-changeable. Many
direct current amplifiers are directly coupled, but there
are other types that are not. Directly-coupled ampli-
fiers certainly will amplify direct current but they can
also be used for a.c. signals. This article is concerned
with direct current amplifiers of the directly-coupled
type, but a few brief comments on other forms of direct
current amplification will be given at the end.

A SIMPLE DIRECT CURRENT AMPLIFIER
The simplest possible direct current amplifier (here-
after called d.c. amplifier) is shown in Fig. 1a. When
no signal is applied to the input a certain amount of
anode current flows in the valve thus developing a fixed
voltage across the anode load Ra.. If a fixed negative

voltage is applied to the valve grid the anode current
By connect-

decreases and the voltage across R falls.

e
——o0
Ra  outPUT
INPUT Rq INPUT
[ |

ing a voltmeter across Ra this system could be calibrated
by applying known input voltages to the grid and
drawing a graph of these input voltages against the rise
in anode voltage. The circuit could.then be used as a
voltmeter, unknown input signals being found by noting
the rise in anode voltage and reading off from the graph
the input voltage required for such a rise.

A circuit such as this would certainly work, and by
using high resistances in the grid circuit (Rg in Fig. 1a)
an electronic voltmeter of extremely high input resist-
ance is produced. However there are several undesir-
able features about such a simple arrangement. For
example in one way it ““‘works backwards’ in the sense
that increasing the input actually decreases the output
voltage: although this is of no consequence electrically,
it is aesthetically displeasing.

More important from the electrical point of view
is the mere presence of the no-input voltage in the
output. A more satisfactory arrangement is one where
no input signal gives no output, a voltage appearing
across the output only when something is applied to the
input. This may be accomplished by using a bridge
network as in Fig. 1b. In this case the steady d.c.
across the anode load is balanced by an equal voltage
taken from the appropriate point on a bleeder circuit
across the h.t. supply. In the absence of any input on
the grid, a voltmeter is connected across the output
terminals and adjusted to read zero by the Set-Zero
control. Any voltage now applied to the grid will
cause a reading on the meter by changing the anode
voltage and unbalancing the bridge. Many valve
voltmeters work on this or a similar principle.

This example of a valve voltmeter was discussed in
some detail as it illustrates the whole point of a d.c.
amplifier. A small voltage applied to the input pro-
duces a larger voltage across the output, altering the
input causes the output to change in direct proportion.

rect current amplifier. Fig. Ib. Bridge circuit. An
input signal produces a

‘sgoing’* ““positive™” output
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Fig. 2. Large negative bias
voltage on V2 grid

Fig. 3. An alternative arrange-
ment (to Fig. 2) is to return
the cathode of ¥Z to a point
above earth




In Fig. 1 only negative input signals can be satisfactorily
amplified, a. positive input would cause grid current to
flow and although amplification would still occur, the
input/output characteristic would be unlinear. To
make possible amplification and measurement of
positive or negative inputs the grid must be biased
negative with respect to the cathode. The various ways
of doing this will be discussed in some detail shortly.

MULTI-STAGE AMPLIFIERS

So far we have considered only one-valve circuits
used as voltmeters. There are many applications
where the voltage gain provided by one valve is in-
sufficient, this being partly due to the comparatively
Jow gain of each stage. It is then necessary to build
multi-stage amplifiers and a number of new problems
arises. In conventional amplifiers of a.c., especially
those dealing with audio frequencies, multi-stage
amplifiers are fairly simple, the coupling between con-
secutive valves being accomplished by resistance and
capacitance. The capacitor connected between the anode
of one valve and the following grid will pass the a.c.
signals with little attenuation, but prevents the high d.c.
potential on the anode from being transferred to the
grid of the next valve,

When amplifying d.c. it is impossible to use coupling
capacitors between stages since obviously these would
not pass a d.c. signal. It is here that directly-coupled
amplifiers are useful since they do not use capacitors to
transfer the signal from one stage to the next. The
anode of one valve is connected to the grid of the next
and the great difficulty arising as a result of this is
preventing the high voltage on the anode from reaching
the grid of the following valve, which must be negative.

One way of doing this is given in Fig. 2. Here a
negative bias is used of approximately the same voltage,
but opposite polarity, as the h.t. supply. In the absence
of any input to the amplifier the potentiometer VR is
adjusted so that the grid of V2 is a few volts negative
with respect to the cathode. As the anode of VI rises
and falls in potential so the grid of V2 also rises and
falls in sympathy; however, while the anode swings,
say, 200 -- 10 volts, the grid of V2 swings -~ 5 volts
arclmnd a steady negative voltage of, for example, 10
volts,

This is then one way of directly coupling the stages in
an amplifier which overcomes the problem of the
potential difference between the anode and grid.

+HT.  Fig. 4 (left). This is a develop-
ment from Fig. 3. A double triode
is used, one half as a signal
amplifier, while the other passes
heavy current to maintain the
common cathode at a high
potential :

INPUT [ ) :

Fig. 5 (right). A practical two
stage d.c. amplifier. The voltage
gain is about 75

However it does so at a price, and this price is the
attenuation of the signal. In the example given the
negative bias is about equal to the h.t. voltage and for
V2 grid to be 10 volts negative the slider of VR must be
slightly more negative than the anode of V1 is positive.

Under these conditions the coupling resistors R1 and
R2 will be equal and the signal appearing at V2 grid will
be half that at V1 anode. If the bias is made twice as
negative as the h.t. is positive, then for the same bias on
V2 grid R2 = 2R ; so only a third of the signal is lost in
transfer. This idea can be taken further of course but
is limited by the practical difficulties in obtaining a very
high negative bias, and by the fact that the setting of VR
becomes more critical as the bias is increased.

If making the grid negative is impractical then the
converse can be tried, that is making the cathode
positive. This is done simply by returning the cathode
to h.t. as well as to earth as in Fig. 3. The value of R3
will be several times that of R4 and it is usually only
practical to run the cathode at up to one-eighth of the
h.t. voltage. Beyond this point the effective h.t. supply
to the valve becomes so reduced that distortion, in the
form of non-linear input/output response, begins to
appear. Since the anode of V1 will almost certainly
be at least half the h.t. voltage or higher, it is necessary
to make R1 several times the value of R2 in order to
drop V2 grid to below the potential of the cathode.
This attenuates the signal to such an extent that the
voltage gain between V1 anode and V2 anode is a mere
24 times.

A modification of Fig. 3 uses a double triode with
one half acting as signal amplifier while the other half
passes a heavy current to keep the common cathode
potential high. This circuit is given in Fig. 4 and there
is little to say about it as the general characteristics are
those of Fig. 3.

Although the “positive cathode’’ stage as in Fig. 3
is of little use in the later stages of an amplifier, it can
be very useful in the input stage. Here the input on the
grid must be kept down to plus or minus a few volts,
and returning the cathode to h.t. so as to maintain it 4
few volts positive provides an efficient high impedance
input stage. Fig. 5 is the circuit of a working d.c.
amplifier with a voltage gain of about 75. Used to

drive a 6in cathode ray tube, this gave a spot deflection
sensitivity of 1 volt/cm, or about - 4 volts to move
the spot from top to bottom of the screen.




SEPARATE POWER SUPPLIES

If cost is no problem in building a d.c. amplifier,
then several simple stages may be put in series using
an independent power supply for each stage. - Such an
amplifier is shown in Fig. 6. With careful design this
arrangement can be made very effective and efficient
as there are no coupling resistors to attenuate the signal,
also each grid except the first automatically receives the
required negative bias due to the standing current in
each anode load. The most obvious difficulty with this
“stepped’’ system is the necessity of providing separate
power supplies for each stage. Each individual supply
is small but the cost of building one for each stage tends
to mount up over a multi-stage system.

It is possible to use a single power supply and in-
corporate a series of potential dividers to give several
series-connected supplies, each being of a much lower
potential than the original. This is a wasteful method
as a lot of power is dissipated as heat in the potential
dividers and also interaction between stages with
effectively a common power supply can produce un-
wanted feedback with resultant complications.

GAIN CONTROL PROBLEMS

Unless the amplifier is required for one specific
purpose only, it is customary to incorporate a gain
control somewhere in the circuit. In conventional a.c.
amplifiers 'a gain control can be incorporated almost
anywhere in the circuit but unfortunately this is not the
case with d.c. amplification. Suppose that the resistors
R1 and R2 in Fig. 2 and Fig. 3 were replaced by a
potentiometer track and the slider connected to V2
grid; altering the setting of this potentiometer would
vary the amplification by, in effect, varying the ratio of
R1 and R2. However, it would also alter the bias
point of V2 which must be kept constant in order to
prevent the grid from either going positive (R1 too
small) or going too negative and cutting off the valve
(R1 too large).

An alternative method of gain control in a.c. ampli-
fiers is to have one stage as a cathode follower, using
the track of the potentiometer as the cathode resistor,
and tapping off the required amount of signal on the
slider. This method too is of no direct use in d.c.
amplifiers for the same reason as before, i.e. altering the
setting of the control would still alter the bias point of
the next stage.

several
series

Up to a point these problems can be solved by using
a ganged potentiometer, one half acting as in an a.c.
circuit while the other half somehow cancels out the
changing bias. Fig. 7 is a simple way of using a cathode
follower as part of the gain control in a d.c. circuit:
VR1b selects a negative bias which cancels out the effect
of voltage across VR1a. The output is at a constant
potential unless some input is applied to the valve grid.

A better solution is to have all the required gain
controls connected between the amplifier input ter-
minals and the first valve grid. As explained before,
and shown in Fig. 5, the input stage of a d.c. amplifier
usually uses a “positive cathode™ arrangement rather
than biasing the grid negative.

LIMITATIONS DUE TO “DRIFT”

Any audio amplifier has a certain minimum signal
which it can amplify; below this level the noise inherent
in the circuit makes amplification useless. The lower
limit of input for a d.c. amplifier is set by the stability
of the circuit, and this in turn is dependent on tempera-
ture changes in components, slow changes in com-
ponent values with age, and variations in the supply
voltages. The slow variations in these factors produce
a slow change in the supposedly fixed amplification of
the circuit, this manifests itself in, for example, frequent
re-adjustment of the Set’ Zero control.

Such slow changes are known as drift and are usually
more marked in d.c. than a.c. amplifiers. Drift is
clearly undesirable and can be minimised by such
methods as using high wattage, close tolerance resistors,
using a stabilised power supply, and having a well
ventilated chassis to keep down temperature changes.
A small drift in any d.c. potential in the input stages will
be amplified by later stages as a signal, so every effort
is needed to ensure a very stable input stage.

Despite all precautions there is always drift to a certain
extent and this places a definite upper limit to the
complexity of a d.c. amplifier. Using directly-coupled
stages of the types described so far, it is very difficult
to use more than three stages of amplification; beyond
this limit even a few millivolts of drift in the first stage
are amplified to the extent of overloading the final stage.
Even with three directly-coupled stages the bias and/or
h.t. may need to be stabilised to ensure drift-free
operation,

Fig. 7. Cathod
_ part of gain «
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OUTPUT ARRANGEMENTS

The type of output stage employed depends on the
purpose for which the d.c. amplifier is intended to
fulfil. The output signal appears as a variation in the
anode voltage of the output stage valve. If this is to
run a cathode ray tube in an oscilloscope the anode
can usually be coupled direct to one of the Y plates; if
the amplifier is acting as a voltmeter then the output
is better taken from between the anode and a backing-
off network as in Fig. 1b.

Sometimes the circuit has to be arranged so that the
output terminal is at earth potential when no signal is
applied and varies above and below earth with positive
and negative inputs to the amplifier. In this case it is
necessary to use an output similar to the coupling
method of Fig. 2, the output coming from the junction
of R1 and R2 and being set.to zero in the absence of
any input by VR. The chief snag about this kind of
output is its extremely high output resistance, this being
several megohms in some cases.

NEGATIVE FEEDBACK

We have already said that the voltage gain of d.c.
amplifiers of the types discussed here is not very high, a
net gain of 5-10 times being fairly average. This is due
partly to the loss across the coupling resistors, but it is
aggravated by the inevitable addition of negative current
feedback. This problem can now be considered in
some detail..

One of the unusual features of d.c. amplifiers is the
virtual absence of capacitors anywhere in the circuit.
In most audio equipment cathode resistors are by-
passed by capacitors of various values, but this is not
so in the amplifiers mentioned here so far. Suppose we
consider just what happens to a signal when amplified
by a valve not having a cathode by-pass capacitor.
This will show just where the signal is lost.

In Fig. 8, suppose that the grid is made more negative
with respect to the chassis, then the valve passes less
current so the voltage across Ry falls. This drop in
voltage across Rx means that the grid-to-cathode
voltage change is less than the input voltage change
between grid and earth because some of the input has
been cancelled out by the change in potential of the
cathode. In the case of an a.c. amplifier the cathode
capacitor keeps the voltage across Rk almost constant,
so the grid-to-cathode swing is almost the same as the

input grid-to-chassis swing. It is these two drawbacks,
the loss across coupling resistors and the inevitable
negative feedback which reduce the gain of this type
of d.c. amplifier to low values. Obviously capacitors
across the cathode resistors will have no effect on
d.c. signals.!

DETERMINING THE LOSS OF GAIN

It would be interesting to discover how much each
of these factors affects the gain. The loss due to the
coupling resistors can be found from simple potential
divider theory; to find the effect of negative feedback
the following set of experiments was performed.

First, using the circuit of Fig. 9a the voltage gain was
measured for d.c. signals driving the grid negative, this
gain was measured as the change in voltage across the
anode load divided by the change in grid voltage which
caused this. In this circuit, where there is no cathode
resistor and hence no feedback, the voltage gain was
almost exactly 10. Next, a battery was inserted in the
grid circuit biasing the grid 6 volts negative (the
effective internal resistance of the battery was only a
few ohms). The voltage gain of this arrangement,
shown in Fig. 9b, was measured by the same technique
using positive and negative inputs but taking care not
to run the grid positive. There was still no feedback
due to a cathode resistor, but some feedback did occur
as a result of the internal resistance of the battery. The
voltage gain now dropped slightly, to 9-7.

At this stage a 1 kilohm resistor was inserted in the
cathode circuit as in Fig. 9c. Initially this was un-
bypassed and the voltage gain for d.c. was measured
and found to be 4:8. Using a 50c/s a.c. signal from
the valve heater circuit the a.c. gain at this frequency
was also measured; it turned out to be 5:0. Then a
16uF electrolytic capacitor was connected across the
cathode resistor and both a.c. and d.c. gain re-measured.
The a.c. gain was now 10, but the d.c. gain was un-
affected though there was now a noticeable time needed
for the circuit to settle down after the d.c. was applied;
that is, when the d.c. was applied to the grid the anode
rose slowly to its new value instead of rising sharply
as it did when C was absent.

The results of these experiments can be summarised as
follows: In the absence of negative current feedback




the (negative-going) d.c. gain was 10, this value repre-
senting the maximum gain attainable using this
particular set of component values. The addition of
an un-bypassed cathode resistor introduced a degree
of negative current feedback which reduced both a.c.
and d.c. gain to about half their original values.
By-passing the cathode resistor with a large-value
capacitor restored the a.c. gain to its former value
but had no effect on the absolute d.c. gain, though it
introduced a delaying factor in the amplifier.

All this gives a somewhat paradoxical result as far
as the design of d.c. amplifiers is concerned. If a
cathode resistor is inserted in the amplifier stage this
provides some bias for the grid but reduces the gain of
the stage by negative feedback. The cathode resistor
can be omitted by returning the grid to a negative bias
supply but this automatically causes attenuation of
the signal across the coupling resistor. Directly-
coupled amplifiers of this type of circuit are therefore
of necessity something of a compromise between
several evils.

A note at this point on the measuring of the 50¢/s
gain of the amplifier as in Fig. 9c. As in the d.c.
experiments, the gain is measured as output signal
voltage across anode load divided by input signal
voltage between grid and chassis. The input voltage
can be found easily with' an ordinary a.c. voltmeter
but measurement of the output a.c. is complicated by
the standing d.c. across the anode load. To measure
the output an a.c. voltmeter in series with a large-value
capacitor is connected across the anode load—the
capacitor blocks the d.c. allowing only the wanted a.c.
to reach the meter. To be strictly accurate the a.c.
voltage drop across the capacitor should be taken into
account, and this can easily be found from the equation
giving the impedance of a capacitor at a given frequency.

A.C. PERFORMANCE

~ The question might well be asked—to what extent
do the d.c. amplifiers described here amplify a.c.?
The quick answer to this is—not very much. In
designing simple apparatus to deal with d.c. only, no
attempt is made to eliminate or neutralise stray induct-
ance and capacitance, so for frequencies from a few
hundred cycles per second upwards there is a steady
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falling off of the a.c. response. This does not mean
that it is impossible to build a circuit which will amplify
a.c. as well as d.c. Modern oscilloscopes sometimes
incorporate amplifiers which have a response from d.c.
to 50Mc/s or more, but these work on principles
rather more complex than those described here. It is
of course very useful to extend the response as far as
possible up the frequency scale in order to avoid
rounding off sharp pulses which include very rapid
potential changes.

D.C. PHASE SPLITTER

Before concluding this article it would be interesting
to consider a few variations on the ideas so far given.

In order to drive a cathode ray tube to give optimum
results it is usual to employ push-pull deflection of the
plates and to do this some form of phase splitter is
required, analogous to that used in an audio amplifier
to drive a push-pull output stage. A simple d.c. phase
splitter is shown in Fig. 10 and is similar to the a.c.
circuit called the split-load phase splitter. With the
grid connected to the cathode, about 100 volts is
present across each 22 kilohm resistor, and when the
grid is 10 volts negative with respect to the cathode this
falls from 100 to 25 volts per resistor. The difference,
from 200 volts down to 50 volts, is enough to drive
most oscilloscope tubes.

The real problem with this type of circuit is finding a
suitable driver stage to work it. . The most obvious
solution is to connect the anode of the driver direct
to the grid of the phase splitter, via a potential divider
to adjust the voltages if necessary. Such a circuit in
practice loses so much signal due to negative feedback
in the very large cathode resistor that the gain is
barely above unity. Whatever the voltage swing
between earth and anode of driver, the swing between
grid and cathode of the phase splitter is-only a fraction
of this and the output voltage changes across both
22 kilohm resistors is quite inadequate for driving any-
thing but the most sensitive cathode ray tubes. After
a great deal of trouble the only satisfactory way of
driving the phase splitter was found to be the use of a
bridge network in the anode of the driver which ivas run
from an independent power supply.

FROM PHASE
- SPLITTER
ANODE

FROM PHASE
SPLITTER

Fig 12. Cascode arrangement
following the phase splitter
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850-0-350v. lﬂﬂll\\ 8.3v.
'|DO 0 360v. 150mA, ﬁ 3v.

9

450- 0430\ 250mA. 8.3v. 4a,c.t.,6v.3a .
TOP SHROUDED DROP-THROUGH TYPE
0-250v, 70mA, 6.3v. 2a., 0-5-6.3v. 2a
00mA, 6.3v. 3.

300-0-300+. 130mA, 6.3v.
suitable for Mullar:
350-0-360v. 100mA, 6.;
350-0-350v. 160mA, 6.3v, 4a, 0-5-6.3v. 3a
FILAMENT/TRANSISTOR P/P TRANSFORMERS
6.3v. 1.5a 8/9, 6.3v. 22 7/9, 6.3v. 32 9/0, 6.3v. Ga  19/0
12v. 1a 8/9, 12v. 3a or 24v. 1.5a 19/9, 42v. 2a 27/8
AUTO (8tep UP/Step DOWR) TRANSFORMERS
0-110/120v.-200-230-250v
50- BFJ vmus 2 250 watts .
150 w 29/11 500 watts ....
CHABEER 'I‘R.ANSPORMERS
0-9-15v. 1}a.. 0-9-15v. 5a
0-9-16v. 24a.... 16,’9 0-9-15v. 6a
0-9-15v. 3a .... 18/9 0-9-15v. 8a
OUTPUT TRANSFORMERS
E-t;;u'\dar\l Pentode 5,0000 to 3Q or 7,0000
03

r 150 .

r 1

m-m pull EL84 to 3 or 150 m 2w
Push-pull Ultra Linear for Mullard 510, ete. .
Push-pull 15-18 watts, suhulmlh wound 6L8,

KT66, ete., for 3 or 150
Push-pull 20 watt high- qudlll,\

wound, EL34, 8L6, KTG6, e

150 fully shrouded .....
SMOOTHING CHOEES
150mA, 7-10H, 2500 12/9.

S0maA, 10H, 3500 7/9
100mA, 10H, 2000 9/11.

G0mA. T0H, 4000 4/11

3 walls output.
Tone und Switch. ans operation
isolated chassis. Ci

AD149, ADI49, OCI27Z,
SWITCH EQUALISATION to

Characteristics for Gram and

s
TAPE MONITORING FACILITIES, SEHSITIVITIIES.
Micro-
phone 4.5 mV. Tape Head 2.5 mV. Radio/Aux or Ceramie P.U,

HUM LEVEL:
HARMONIC DISTORTION at 10 Watis R.M.S. 1,000 e.p.s. 0.3%,
Carr. IGI‘
Complete Kit of parts with full constructionul details and point to
ns. or deposit
- and 9 monthly payments of 33/8 (Total £17.11.9).
9 Gns.

LEEDS

5/7 County (Mecca) Arcade
Briggate. Tel. 20252

238 Edgware Rd., W.2
Tel.: Paddington 1629
96 High Holborn, W.C. |
Tel.: Holborn 9874

MIDDLESBROUGH

106 Newport Road
T=I. 47096

SHEFFIELD

13 Exchange Street
Tel. 20716

LEICESTER

32 High Street
Tel. 56420

LIVERPOOL

73 Dale Street
Tel.: Central 3573

MANCHESTER

60a/60b Oldham Street
Tel.: Central 2778

NEWCASTLE

41 Blackett Street
Tel. 2146

AUDIOTRINE HI-FI SPEAKER SYSTEMS

Consisting of matched 12in. 12.000 line, 15 ohm
high quality speaker; cross-over unlt and
Tweeter, Smooth response and extended /
frequency ronge ensure surprisingly realistic
reproduction. Standard 10 watt rating. Or
Senior 20 watt inc. Pane 122/10 5 G

speaker £8.19.9, Carr. 7/6. Or ns.

;?ep. gl:- aml 9 mthly. pmts. of 15/4 (Total £7,19.0).
ATT.

AUDIOTRINE HI-FI LOUD SPEAKERS

Heavy cust construction. Latest high efficiency ceramic
magnets. Dual Cone for extended frequency
range. Plastic treated surround giving low’
resonant frequency. Response 30-20,000
€.p.8. Impell.mce 3 0': 15 ohmes.

HF811D 8in.1

HF100D 10 in.

HFI121D 12 in.

HF127D 12 in.

Type BMI.
climinator, Size 5§ x 4f x %in.
approx. Completely replaces
batteries supplying 1.4v. and 90v.
where A.C. mains 200/250v. 60 c/a is
available. Complete kit with dia-
gram 44/8 or ready for use 59/8,

POWER PACK KIT

Consisting of Mains Transformer, Metal Rectifier, Elec-
trolytics, smoothing choke, chassis and circuit, 200/250v.
A.C. mains, Qutput 250v. 60mA, 6.3v. 2a or with 22 9
metal cover 26/8. l’

AUDIOTRINE HI-FI TAPE RECORDER KIT
REALISM

AT INCREDIBLY LOW .
ASSEMBLED IN

An all-dry battery

latest Magnavox ’I‘a.pe-
deck. The Audiolrine
High Quality Tape
Amplifier with
switched equal-
isation for each of

Negative feed

TECHNIC.
SPECIFICATIONS ODM.PARE HOEE THAN
FAVOURABLY with SIMILA MPLIFIERS
AT TWICE THE CDBT

and

—ThlB.

11 Gns.

Or fitted in beautiful
Or Deposit £3,12.0 and

Pairs).
Radio/Aux. (4) Tape Head/ Microphone.

Operation of the Input Selector Bwitch assures appropriate
equalisation.

Rigid 18 s.w.g. Chassis,
and Sin. Deep. Neon Panel Indicator.

parts, point to point wiring di:
12/6 Unit factory built 25 Gns. or deposit 84/- and 9 nmuihly
payments 56/8 (Total £28.14.9),

Depnsat £4.15.0 and 9 monthly payments 86/10 (Total £34.7.8).

3 epeeds.  High
Flux P.M. Speak-
er, cmpty Tape
Spool, a Reel of Best Quality Tape
and a handsome Portable Cabinet of
latest styling fimished dark grey leathercloth with silv
chrome trimmings, eto. Size 14} x 17 x B}in. and cireuit.|
Purchased separately would total approx. £34, erforms-|
ance equal tn umtn in the £50-£60 class. 8,A.E, for leaflets.
TEBRMS: Deposit 4 gns. and 9|
6, monthly paymts. of 59/68 (Totall
(.arr. 29 4 gns.). 4 Track Model 3 gna,
19/6 extr,

A DUAL CHANNEL VERSK
ing Twin Printed Circuits.
Matched Components.
0 —52dB at 1,000 c.p.s,
ion Input Selector, Bass Control,

N OF THE SUPER 15, Employ-
Close tolerance Ganged Pots

Treble

posi
Cantrol, Volume Control, Balance Control, Stereo/Mono Switch,
Tape Monitor Switch, M1lna Switch. INPUT S0C.

(Matched

(1) Magnetic P.U, (2) Ceramic or Crystal P.U. (3)

Size approx. 12in. Wide, 3in. High
Attractive Facis Plate

Spun Silver Matching Knobs. Above facilities, ete., except

for Ganging and Balance Control, apply also to Super 15.

E UNITS ARE EMINENTLY SUITABLE FOR USE WITH

THES:
ANY MAKE OF PICE-UP OR MICROPHONE (Crystal, Ceramic, Magnetic, Moving Coil,
TLY AVAILABLE, SUPERB SOUND OUTPUT

QUALIT! CAR BE
TE ANCILLARY EQUIPMENT. All required

- 8} Gns.

Fitted cabinet as Super 15 29} Gns, Carr, 15/-

rlﬂ

Send S.A.E. for leaflei.

ALL COMPONENTS, ETC. ARE OF A HIGH STANDARD AND SUPPLIED BY LEADING BRITISH MANUFACTURERS,
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EXCEL

W

Through this 1GS
3-way Training Method :

MASTER THE THEORETICAL SIDE

From basic principles to advanced applications,
you'll learn the theory of electronic engineering,
quickly and easily through ICS. That's because
each course is set out in easy-to-understand terms.

MASTER THE PRACTICAL SIDE

ICS show you how to develop your practical
abilities in electronic engineering—alongside 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
To many this aspect is a bitter problem. Even
3 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, Computers, 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. RADIO/T.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 of the Association of British Correspondence Colleges

FoR FREE HANDBOOK POST THIS COUPON TODAY

LC.5., Dept. 151, INTERTEXT HOUSE,
PARKGATE ROAD, LONDON, 5.W.11

ADDRESS

SR T L i ———

! OCCUPATION . AGE 12.66
INTERNATIONAL CORRESPONDENCE SCHOOLS
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R R . TR e

DAVIS & WHITWORTH LIMITED
SEMICONDUCTOR SPECIALISTS

SPECIAL CHRISTMAS OFFER
ALL 10/- PACKS AT 8/- EACH

VALID ONLY ON ORDERS RECEIVED BEFORE 31st DEC., 1966

VAI.UE PACK 50 MIXED UNTCOTED W" 8/- |

6 Matched Trans. | OC44, 20C45, | OCBID, 20CS8I Iﬂfﬁ]

4 OAI0 Diodes Mullard 30 PIV | amp ...... .- 10/~ |
15 Red Spot AF Trans. PNP Factory Tested ......... 10/-
I5 White Spot RF Trans. PNP Factory Tested ...... 10/ |
4 Silicon Rect. 3 amp. 100-400 PIV Unmarked ...... 10/— ‘
I 60 watt Sil. Power Trans. 5 Mc/s NPN ............ 10/ |
4 OAS5 Germ. Gold Bonded Diodes Mullard ...... 10/-
5 OA47 Gold Bonded Diodes Mullard ............... 10/ |
4 OA202 Sil. Dicdes Subminiature Mullard......... 10/- |
2 Low Noise Trans. NPN NF 4 dB 2N929/30 ...... 10/- |

3 Sil. Trans. 25303 PNP VCB25 Ic 100 mA Texas... 10/- |
10 Assorted Computer Diodes ................cc....... -
4 Zener Diodes 250 mW 51 volts ............

4 2G417 Texas Trans. Eqvt. AFII&/II7 Mullard ...... 10/— |

2 200 Mc/s Sil. Planar Trans, NPN BSY26/27 5TC 10/ ‘ ﬂ

2 Bi-Directional Trans, ASY66 PNP STC ............ 10/- | /'
3 Zener Diodes 400 mW 3-3 8-2 I5:0 volts 5% ... 10/— {

4 Germ. Trans. High Current Mullard OC4......... 10/ | PER
2 Power Transistors | OC26, | OC35 ......... ... 10/— | PAGK
5 Sil. Rect. 400 PIV 250 mA LR, ....ccovvreniesnnnnns 10/-|

3 OC71 Transistors Mullard ......... ceanes 10]-

3 OC75 Transistors Mullard .........ccocvivieinennnnn. 10/ |

3 NPN Sil. Trans. 70 Mc/s ZT43 Ferranti ......... 10/ |

4 NPN Switching Trans, Asstd. OCI39, 2N1308, etc. 10/ |
2 10 amp. Silicon Rect. 50 and I00PIV ............ [

6 Germ. Diodes 4 OA70 4 OA79 Mullard
6 Sil. Rect. 120 PIV 100 mA Ferranti ............... 10/ |
| Power Trans. 90 watts 40 volts Germ. Clevite... 10/- |
4 Germ. | Amp. Rect. PIV 200/300 AEl Stud |
3 Sil. Rect. 400 PIV 500 mA BYI0I, BYI14.........
5 Metal Alloy Transistors Mat Type ............ 3
5 Texas 2G344A Trans. Eqvt. OC44 Mullard .

[ 9% ONE 10/- PACK OF YOUR OWN & ”
FR[[ CHOICE WITH ORDERS VALUED FR[[

£4 (FOUR POUNDS) OR OVER

ANOTHER FIRST FROM DAVIS & WHITWORTH LTD,

THE ‘TACHO BLOCK'
This encapsulated block will turn any O-ImA meter into a
perfectly linear and accurate rev. counter for any car. State
4 or 6 cylinder, Cost 20/-.

FIRST EVER LOGIC KITS
Learn for yourself how computers work, even make one for
yourself. Full instructions for a noughts and crosses machine,
binary counters, timers, etc. L.I. 5 gns. L.2. 10 gns. No need
to purchase both kits, you can start with L.2 which in-
corporates L.I. DETAILS FREE.

OTHER BARGAINS
Unijunction transistors 2N2160 15/— each. NKT Audio Set
3AN2 4 trans. 15/~ BSY95A transistors 10/— each. 4-Solar
cells inc. book of instructions 10/~, 2-NPN, PNP, comp.
pair. ACI28, ACI76 10/-. 2N |5 99 or equivalent 25/-.
Power C/P pair NPN. PNP. AOI61/162 20/-. Z2AI50CF.
I5 volt Zener 10/-.

Silicon controlled rectifiers, |100PIV 7-amp 10/6. 400PIY
7-amp. 30/-. 600PIV 7-amp 45/-. 400PIV l-amp 25/-,
200PIV 16-amp 25/-. 300PIV lé-amp 30/-. 400PIV |16-amp
40/-. 600PIV I6-amp 55/-.

FREE CIRCUIT DIAGRAMS

WITH ALL SCR ORDERS

NO CONNECTION WITH ANY OTHER FIRM

For complete lists and substitution charts send I/- in stamps,
add I/- post and packing per order.
222/4 WEST ROAD
WESTCLIFF-ON-SEA, ESSEX
Tel.: Southend 46344




The bridge circuit action, as described at the beginning
of this article and shown in Fig. 1b, gives no voltage
across the output unless there is an input applied to the
valve. When using the bridge network to drive the
phase splitter as' in Fig. 11, the Set Zero control is
adjusted so that there is no voltage across the 100 kilohm
bridge load resistor (Rp in Fig. 11) when V1 grid is a
few volts negative of its cathode, and signals of either
polarity can then be accepted. VI in Fig. 11 can be
preceeded by any type of d.c. amplifier, but this must
be run from the same power supply as V1 itself. V2
must have its own separate supply.

Of course we are really doing things in a somewhat
absurd fashion here, using a form of phase-splitter as
the output section; in conventional audio equipment
the phase splitter only has the job of supplying power
to, usually, a symmetrical push-pull output stage.
The reply to this is that there is nothing simple in d.c.
circuitry which is analogous to an a.c. push-pull
output stage. The following arrangements have been
attempted, all based on a form of cascode arrangement.

CASCODE ARRANGEMENTS

Fig. 12 applies the outputs from the phase splitter to
the two halves of a twin triode in cascode, again taking
the outputs from one cathode and one anode.

Another idea was to use two such cascodes and
strap both grids together. The output from the
cathode of the phase splitter went to the grids of one
such cascode pair which had no cathode resistor but
retained the anode load and took the output from the
“top” anode. The anode output from the phase
splitter went to both grids of the other cascode pair,
this had no anode load but retained the cathode load
at the bottom and took the output from this.

Both these ideas worked in the sense that they
provided some output when a signal was applied to the
phase splitter. Unfortunately both were non-linear and
one acted as an attenuator instead of an amplifier!

CHOPPER-TYPE D.C. AMPLIFIER

There are, of course, other types of d.c. amplifier
than those discussed here. Other forms of coupling
between stages can be used, there are several forms of
coupling found in transistorised circuits, including the
so-called long-tailed pair, which are very useful in this
respect. Alternativély the d.c. input can be made to
modulate an a.c. signal which is then amplified and
measured in the usual a.c. way. This modulation is
carried out in a chopping device which may be either
mechanical or purely electronic, and the complete
circuit is called a chopper-type d.c. amplifier.

This article should have outlined the simpler design
features of d.c. amplifiers of one type. It is a field of
study with considerable scope for experimental work
since the uses of d.c. amplifiers are numerous. They
can be used to amplify the output of photo-electric
tubes and other units which produce small, fairly steady,
d.c. voltages. They are used in computers of some
kinds and in various forms of research, often as parts
of oscilloscopes. Bearing in mind the considerable
difficulties involved, the study and construction of
this type of circuit presents something of a challenge
which is very interesting to attempt to meet.

Reference

1. For a much fuller discussion of this type of feedback
see the article “Impedance and Negative Feedback’ by the
same author, published in Practical Electronics, May 1966.
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REMOTE TEMPERATURE
MEASUREMENT

How to keep constant check on the
temperature of a greenhouse or hot
water tank froma remote position, using a
negative temperature coefficient resistor.

TAPE RECORDER
CONTROL UNIT

A small automatic device for switching a
tape recorder on and off at set times
during the owner’s absence.

INTEGRATED STEREO
AMPLIFIER

Constructional details of the high quality
design given in the December issue.

And other Constructional Features

JANUARY ISSUE ON SALE DEG. 15

Order your copy now!

Practical Electronics
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Tmz basis of this instrument is a flip flop circuit
which is triggered by pulses generated in a multi-
vibrator. The use of a flip flop ensures that the pulses
are of constant width. The pulses are then clipped
by a Zener diode before being fed to a meter which
measures the average current flowing in the output
stage.

The reading on the meter is dependent on three
things: the frequency, amplitude, and the width of the
pulses. Now the width of the pulses depends on the
time constant of the flip flop and, in turn, the time
constant of the flip flop depends on the amount of
capacitance present in the circuit; it follows therefore
that if the frequency and the amplitude are held con-
stant then the reading on the meter will be a direct
measure of the capacitance present in the flip flop,
and also the meter will have a linear scale.

It was decided to include in the meter comprehensive
self-check facilities, so that the calibration of the
instrument can accurately be checked on all four
ranges at the turn of a switch and also the internal
battery voltage can be measured. The four ranges
have full scale deflections of 0-001xF, 0-01xF, 0-1xF
and 1-0uF. The leakage of the capacitor under test
can also be assessed.

The overall result is a linear scale capacitance
meter that is easy to use and check, and which enables
quantitites of capacitors to be checked very quickly.
The author feels that this item of test gear would be a
very useful addition to anybody’s workshop.

THE CIRCUIT

The circuit of the linear scale capacitance meter
is shown in Fig. 1. The first two transistors TR1 and
TR2 form a conventional symmetrical multivibrator.
The frequency of the multivibrator is controlled by
sections a and ¢ of the range switch S1, which switch in
pairs of capacitors. . The output of the multivibrator
is differentiated by C13 and fed to the first stage of a
flip flop, TR3.

For the time being we will assume that the function
switch 82 is in the CALIBRATE position, i.e. position 1,
and that the master switch S3 is in the on position, i.e.
position 2. Under these conditions S2a allows the
calibration capacitor selected by SId to be used as the
time constant of the flip flop circuit. The output
from TR4 is clipped by the Zener diode D2 before
being fed to the meter M1 via S3b and S3c. The
meter is set to full scale deflection by the variable
resistor selected by S1b.

So it can be seen that all that is necessary in order
to calibrate the instrument is to set S2 to the CALIBRATE
position and set the range switch to each position in
turn and adjust the appropriate calibration resistor
VR 1-4 for full scale deflection on M1,

LINEAR SCALE,
CAPACITAN

METER

By B. CRANK
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With the capacitor to be tested (Cx) connected across
the test terminals and the appropriate range selected
on S1, the switch S2 is placed in the READ position,
position 2. S2a disconnects the calibration capacitor
and S2a, b and c bring into circuit Cx as the flip flop
time constant capacitor. The meter will now read the
value of Cx. v

LEAKAGE TEST FACILITY

If it is desired to assess the leakage rate of Cx, then
S2 is set to position 3 LEAKAGE. This switch, inci-
dentally, is spring loaded to this position and if released
returns to position 2. One side of Cx is connected,
via position 3 of S2b and the current limiting resistor
R6, to 9 volts negative. The other side of Cx is con-
nected via position 3 of S2¢ to the meter. The diode
D1 will not appreciably affect the meter reading as it is
now reverse biased. The meter is connected to the
positive supply line via one of the calibration resistors,
and because of this the meter will read slightly different
leakage rates depending upon which range is selected,
but as this function of the instrument is only meant
as an indication and not a measurement it was thought
not to be worthwhile to provide an extra way on S2
to connect the meter directly to the positive line on this
function.

POWER SUPPLY

The capacitance meter is powered by a 9 volt battery,
such as type PP6. The battery voltage is reduced to
62 volts and stabilised by the Zener diode D3 and
resistor R10.

All that remains to be discussed now are positions
one and three of S3. Position one of this switch is the
OFF position, the negative side of the BY]1 battery is
disconnected by S3a and a short circuit is placed
across the meter by S3b and c in order to damp the
movement for protection in transit.

Position 3 of S3 is for measuring the battery voltage.
The negative side of the meter is connected to the nega-
tive side of the battery via S3b, the meter multiplier
resistor R9, and S3a. The positive side of the meter
is connected to the positive line by S3c.

W




si 52 s3
RANGE SWITCH  FUNCTION SWITCH  MASTER SWITCH
1....0-001yF 1....CALIBRATE 1...0FF YL
2... 00WF 2....READ 2...0N
3. OpF 3.... LEAKAGE 3...BATTERY CHECK
4. 1-0pF L

SKi{

——0 1
TEST CLIPS o CAPACITOR

UNDER TEST

R0 22040
AN

R3 R4 RS
33k0 1kn 56kl

€43

100pF
'-II—»—@

0C44

COMPONENTS

All the components used are standard items. There
are however one or two points that are worth men-
tioning in this connection.

The capacitors C9, 10, 11 and 12 should be as accur-
ate in value as possible. C9 presents no problem in
this respect as one per cent components are easily
obtainable. The other three may present a little more
difficulty, and if the constructor has no facilities for
selecting accurate components, a useful method to
adopt will be suggested under calibration.

The switches used for S2 arid S3 are lever operated
wafer types. They lock in two positions and are
spring loaded to return to centre from the third. The
spring loaded positions are used in the BATTERY
CHECK and LEAKAGE functions of the instrument.

The switches were obtained from the Specialist
Switch Company and it is recommended that beginners
especially who wish to follow the point-to-point
wiring instructions use the switches specified, since
the contact arrangements on other switches may not
be the same and could lead to confusion.

The meter can be any 50zA moving coil movement,
the physical size of which will be determined by the
constructor’s pocket. If possible, obtain a meter
scaled 0-10, but otherwise a paper scale can easily be
made up and glued over the original.

CONSTRUCTION

The first task to be tackled is the case. The author
used a metal box with hinged lid measuring 8%in x
53in X 3%in deep. This is actually a readily avail-
able item since it is marketed by large stores as a
“lunch box™.
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Fig. I.
meter

Circuit diagram of the linear scale capacitance
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Fig. 2.  Details of potentiometer bracket ““A”’ and
case bracket ““B”. The material is 18 s.w.g. aluminium
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A piece of black Lantex should be cut to fit the recess
in the face of the lunch box and then placed on one side.
. Brackets “A™ and “B” are made up from 18 5.W.g.
sheet aluminium as shown in Fig. 2. The “bottom”
of the case is then drilled to take the parts in the
positions shown in Fig. 2. Ensure that there is
adequate clearance when the box lid is shut.

Remove all the components from the box. Place
the previously cut sheet of black Lantex in position
and mark the back of it for the necessary holes, using
the drilled case as a template. Drill the Lantex front
panel. Note that the screws which hold S2 and S3
do not protrude through the front panel, but the back
of this panel is recessed to take them. The panel
is held in place by the meter flange and by sockets
SK1 and SK2—this prevents the appearance of the
instrument being spoiled by visible screws.

METAL BOX BY'x 5% x 4"

Readers may be interested in two tools the author
has recently acquired which have been useful in con-
struction work of this kind. The first is a pair of
pop riveting pliers, which enables items to be quickly
riveted in place from one side of the work only without
hammering. The second is a *“Monodex” sheet metal
cutter, and this enables circles to be cut from metal
after drilling only one }in hole without distorting tke
metal—saves all that laborious drilling and filing.

PERFORATED BOARD

The next stage in construction is to mount the com-
ponents on the piece of perforated board as shown in
Fig. 4. The positive and negative rails are made
from 18 s.w.g. copper wire. It will be noticed that
all points on the board have a letter and figure reference.

PERFORATED sm{o a3 2y

{

BRACKET ‘A’

Y4 SPACERS

N

WIRING SCHEDULE

WIRE Ne. FROM T0 WIRE No. FROM T0 WIRE No. FROM T0
[ PB/K2 Ste/w 9 PB/K25 52¢/2 17 S2b/w SKi
2 PB/ai BY{/+VE 10 PB/040 53¢/3 18 S2c/w SK2Z
3 PB/KS Sta/w 11 PB/Q40 VR1/SLIDER 19 $3c/2 Sib/w
4 PB/K8 Ci.2384 12 PB/C40 52b/3 20 VR Sib/1
5 PB/K#H C56.748 13 PB/A40 S3a/2 21 VR2 Sib/2
6 PB/O2A $3b/2 14 M{ -YE S3b/w 22 VR3 Sib/3
7 PB/K22 S2a/w 15 S2¢/3 S3b/2 23 VR4 Sib/4
8 PB/K25 €9.1041 842 16 S2a/t Sid/w 24 M1 +VE S3c/w

Fig. 3. Interior of the capacitance meter case. Wiring cable forms are shown and each individual connection is listed

in the accompanying wiring schedule. For clarity it has been necessary to omit capacitors CI-C4 inclusive which have a

commpn connection wire 4—see Fig. 5
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| 43

JTD BATTERY
+VE

0 0 10 0 0
bsic/w Sta/w ©1,2,3,4 | ¢5.6.7.8  s3b/2)
MOUNTED MOUNTED
ON St ON Sic
COMPONENTS . . .
Resistors

RI  33kQ R 7 27k}

R2 kO R 8 22k}

R3 33kQ R 9 200kl°

R4 1kQ RIO 2200

All £-109%, 3W unless otherwise specified

Potentiometers

VRI-4 30k} wire wound, preset (4 off)
Capacitors

ClI  0-001nF C 8 I-0uF

C2 0-0luF C.9 0:001uF 195

C3 0O-lpF CI0 0-01xF 1 <ia

C4 |-0uF Cll 0-luF it

C5 0-001nF Ci2 |-0uF J

Cé6 0-0luF CI3 0-0001uF

C7 0O-luF

All high quality paper or plastics dielectric, 150V
working.

Semiconductors
TRI-4 OC44 (4 off)
Di OAB8I

Switches
S| Wafer, normal rotary type: 4-pole, 4-way
52 Wafer, lever operated, one side spring biased
to centre: 3-pole, 3-way. Type S5/106/3
S3 AsS2
All three switches obtainable from Specialist
Switches Ltd., 23 Radnor Mews, London W.2.

Miscellaneous
BYI 9 volt battery, PP6é or equivalent
Ml Moving coil meter, 50uA f.s.d.
SKI, 2 Wander sockets, with plugs (2 off)
Two crocodile clips. One pointer knob. Per-

forated plastics board 2tin x 43in Case: lunch-
box 8iin x 54in x 3%in (Woolworths). Black
Lantex sheet (Home Radio, Cat. No. ZA&9). Alu-

minium sheet. Screws, wire, sleeving, etc

110 szc/2 T0 $3¢/f3
T0 T0 T0 SLIDER T0 T0 !
sza/w ¥ c9,10,41,12 OF .VR1 S2b/3 $3a/2
MOUNTED
ON Std «

Fig. 4. Assembly of components and wiring on the
perforated laminated plastics board which' measures
43%in % 2}in. Numbers in brackets identify individual
connecting wires as listed in the table given in Fig. 3

ASSEMBLY OF COMPONENTS

The switch S2 is wired before fitting to the case,
reference to Fig. 5 will show how the tags on the wafer
switches are identified.

Connect a2 to b2. )

Connect a length of wire to the following contacts
and mark for future identification.

aW, al, bW, b3, cW, c2, c3.

Mount all the components in the case with the
exception of the battery case bracket “*B™. Carefully
note the way in which S1 is orientated—this is easily
done by checking the position of the blank tags. The
switches S2 and S3 are mounted so that the spring
loaded position is to the rear.

WIRING UP PROCEDURE
During the wiring up operation, reference should be
made to Fig. 1 and Fig. 3. Tick off each stage as it is
completed, line by line as given below; this prevents
parts being omitted and makes it easy to see how far
one has got if interrupted during the process.
Cl1 to Sla/l
C2 to Sla/2
C3 to Sla/3
C4 to Sla/4
Join free ends of these four capacitors together.
CStoSic/l’ )

C6 to Slc/2 j Sleeve as necessary.

Sleeve as necessary.

C7 to Sic/3

C8 to Slic/4
" Join free ends of these capacitors together.

R9 between S3b/3 and S3a/3

S3b/1 to S3c/1

S2¢/3 to S3b/2

S3b/2 to PB/021

S3b/w to M1 negative

S3c/2 to Sib/w

S3c/3 to PB/Q40
S3c/w to M1 positive
S3a/2 to PB/A40
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S2a/l to Sid/w
S2b/3 to PB/C40
S2a/w to PB/K22

Sla/w to PB/KS

Junction of C1-C4 to PB/KS$
Slc/w to PB/K2

Junction of C5-C8 PB/K11

S2¢/2 to PB/K25
S2b/w to SK 1
S2¢/w to SK2

Wipers (centre tag) VRI-VR4 together and to
PB/Q40

Upper tag VR1 to SlIb/I

Upper tag VR2 to S1b/2

Upper tag VR3 to S1b/3

Upper tag VR4 to S1b/4

S3a/w to negative battery clip
PB/Q1 to positive battery clip.

If you have known accurate components for C9—
C12, these may now be fitted on Sid; if not proceed
as follows.

CALIBRATION

Fit the battery case bracket “B™ and insert and
connect the battery.

Label switches as follows:

1 S2 S3
0-001xF CALIBRATE OFF
0-01xF READ ON
0:1uF LEAKAGE BATTERY CHECK
1-0uF

Make up a pair of short test leads using wander plugs
and crocodile clips.

Switch S2 to READ and S3 to oN.

Bring the meter to mechanical zero using the adjust-
ing screw.

Switch S1 to 0-0J1xF and connect a 0-0014F one per
cent capacitor C9 across the test leads. Adjust VR1
until the meter reads full scale deflection.

Switch to the 0-01xF range and adjust VR2 until
the meter reads 1 (one tenth full scale).

T0 PB/K25

(9)“ T0 10 TO M1 | S3
PB/C40 sK2 PB/021  —VE

1} A
(12) (18) (6) (14)

52

Remove C9 from the test leads. Select a 0-01xF
capacitor and connect across test leads. Note meter
reading; if not full scale, connect further small capaci-
tors in parallel until meter reads exactly full scale. Do
not touch VR2. The combination of capacitors so
formed is C10,

Switch to the next range up with CI0 still across test
leads. Adjust VR3 till meter reads one tenth full
scale. Connect a 0'1uF capacitor and pad with
parallel capacitors until full scale results. The result-
ing combination is C11.

Proceed in a similar manner for the 1x4F range, so
forming CI2.

Connect the so-formed capacitors C9 to Cl12 to the
appropriate positions on Sld. Join the free ends of
these capacitors together and connect to point PB/K25.

FINAL TEST

With the capacitance meter switched on and the
CALIBRATE position selected, the meter should read
full scale in any position of the' range switch. Any
errors that may creep in due to temperature changes,
etc. can be corrected using the appropriate potentio-
meter.

With the master switch set to BATTERY CHECK the
meter should indicate the battery voltage.

With the function switch set to LEAKAGE and the
test leads shorted together the meter should read near
full scale; if it does not, connect a fairly Jarge value
resistor in parallel with R6.

WAFER NEAREST PANEL

Fig. 5. Details of the switch
contacts and the wiring to
other components. Points
on the perforated board
(Fig. 4) are indicated thus: 5
PB/C40, etc. v

TO
PB/Q40
0 T0 0 0
(10) VRT  VR2 VR3 VR4 T0
—= PB/KH

(15)

R9

(@) /n)

2

m)l (13) (24)
T0 T0 T0

BY1 —VE PB/A40 M1 +VE




INPUT SENSITIVITY for full rated output
250mYV at “PHONO” input

250mYV at “TUNER” input

5mV at “MIC” input

INPUT IMPEDANCE
50MQ at “PHONO?” input
50MQ at “TUNER” input
10kQ at “MIC” input

CROSSTALK

Better than 75dB at lkc/s

TONE control—bass
+18dB, —15dB at 40c/s

TONE control—treble
-+-18dB, —18dB at 15ke/s

BALANCE control
20dB total between channels

SIGNAL-TO-NOISE RATIO
Better than 90dB at full rated output

FREQUENCY RESPONSE
20c/s to 18kc/s - 2dB

OUTPUT to feed tape recorder
300mV r.m.s. at 5:6k()

OUTPUT per channel
I5 watts r.m.s. maximum in |5 ohms

TOTAL HARMONIC DISTORTION
Less than 0:3% at 10 watts

SINCE the adveni of transistors in 1948 a great deal of
work has been done to bring a new technique to the
state of the art as it is today. It wasn’t until the middle
fifties however that very much use was made of the
transistor with regard to the high fidelity market, this
being promoted initially by H. C. Lin of America,

Transistor high fidelity equipment in this country is
only a relatively recent achievement and this has usually
been in the form of commercially built units. There
have however been theoretical descriptions of a few
original circuits but the amateur constructor has had
little to choose from in the way of complete con-
structional amplifiers.

It is, therefore, appropriate that the design described
in this article incorporates modern techniques in

e i b s oo

By. R. Hirst

PART ONE

achieving a high performance compatible with a
professional appearance. One unique feature, for
example, is the use of the field effect transistor to
obtain a very high input impedance, particularly useful
for matching ceramic or crystal cartridges with
negligible change of the input signal.

The wide range frequency response is obtained by
omitting audio signal transformers and relying as far as
possible on direct interstage coupling. Negative feed-
back is necessary in high quality amplifiers: and has
been fully employed here. Consequently, it was
necessary to compensate for the resulting loss of gain by
adding extra amplifying stages. Power amplification is
derived from the use of complementary symmetry out-
put stages feeding a pair of 15 ohm loudspeakers.
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The metal-work requires only the facility to produce a
right-angled bend in sheet aluminium and some means
of cutting and drilling the required holes in the material
in the first instance. The chassis itself acts as the heat-
sink for the output transistors and supports the entire
arrangement of plugs, sockets and controls, the only
separate item being the component assembly board.
The final assembly and wiring instructions are given and
the finished unit is shown in the photographs both with
and without the wooden encasement.

FIELD EFFECT TRANSISTOR

When using transistors difficulty has been en-
countered when trying to provide a very high input
impedance to cater for capacitive output elements such
as the crystal and ceramic transducers that are to be
found on the majority of modern disc replay units.

With the introduction to the market of the field effect
transistor this problem has been reasonably well over-
come. These devices are still relatively new to the
commercial domestic market and still tend to be on the
expensive side, although not prohibitively so. If the
constructor does not require the 50 megohm input
impedance, resulting from the inclusion of the field
effect transistor in the front end, then an alternative
circuit has been indicated using conventional transistors
giving an input impedance in the order of 5 megohms
(see Fig. 1).

This alternative circuit uses the same component
structure as the configuration designed around the field

effect transistor (Fig. 2), but with minor differences in
the value of one or two components.

The circuitry around TR2a and TR2b using the
fe.t. has only a very small degree of gain but the
considerable amount of feedback over TR2 and TR3
reduces the distortion to a minimum. This feedback, in
conjunction with the bootstrapping arrangement,
establishes the very high input impedance.

With an input impedance of 50 megohms it is possible
to reproduce, quite linearly, frequencies of the order of
I5¢/s when the transducer has a capacitance in the
region of 500pF. However in the alternative circuit
(Fig. 1), where a transistor replaces the fe.t., the
response from a similar capacitive source will be 3dB
down at about 65c/s; still quite adequate for the
majority of users.
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R5a/b R8a/b Ri2a/b | CTa/b
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kA k0 ko TBF

Ri0a/b I.Rh;
47 kN NKT 0013

(:ﬂq_lh | - Reverse polarity of this

| Capacitor asshownhere
=l
B80yF Rila/b to Céa/b
/ 2.2kfL
CS5a/b
ggulb ——().047 R9afd
K uF 1k
+ From Siband52
WIPERS 7

Fig. 1. Transistor stage to replace the f.e.t. circuit if very
high input impedance is not required

CIRCUIT DESCRIPTION

The main power amplifier of each channel contains
six Transistors TR4-9, five of which are directly
coupled and shown in Fig. 2. This coupling of the
output stages and driver transistor assists in maintaining
a relatively accurate d.c. operating point which, under
normal conditions, would tend to change due to
temperature variation if the d.c. feedback is omitted.

Tracing this compensating action through TRS,
TR6, TR7, TR8, and TRY, it will be noticed that, if
the leakage current in TRS increases, then the collector
voltage of this transistor will tend to go more positive,
thus biasing TR6 in such a fashion that the collector
voltage of this transistor biases TR8 on. Con-
sequently the collector of TR8 and the emitter of TR9
promote a rise towards the positive rail at the junction
of the emitter of TR9 and the collector of TRS.

We can see that this change in voltage is fed back
via the preset potentiometer VRS to the base of TRS.
As the voltage goes more positive at the base of TRS
then this transistor makes an effort to decrease the
current flowing in its collector circuit, restoring the
collector voltage to its original condition.

The lower output pair of transistors TR7 and TR9 also
assist in this compensating action in a slightly different
manner. As the collector of TRS5 rises towards the
positive rail, then both TR7 and TR9 emitters rise in the
positive direction. This rise is reflected back to the
base of TRS5 once again reducing the collector current
flow in TRS and restoring the circuit to its earlier
condition.

This feedback path also acts upon the a.c. signal
linearising the response over the output configuration.
However, this feedback is presented in the form of
shunt feedback and tends to lower the input impedance
of TRS5. Unless fed from a substantial current source
it would introduce distortion and attenuation that
would not be compatable with the quality of perfor-
mance required. In order to reduce this effect, a
further stage TR4 was introduced, whereby the further
phase shift over this stage enabled the use of a series
form of feedback. This not only increased the input
impedance of the main amplifier as a whole but reduced
the distortion occasioned by inter-transistor coupling.
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At this point the amplifier is conducive to accepting
tone correction networks that are not affected to any
great degree by spurious loading of the following
circuitry.

The a.c. working of the main amplifier is similar in
many ways to the standard common emitter con-
figuration in as much as TR4 and TRS follow this
principle. However TRS5 is the initial stage of a
directly coupled circuit feeding a cascaded common
emitter pair in the form of TR6 and TRS the resultant
output being out of phase to the input of TRS.

TRS5 also feeds a further cascaded pair, TR7 and
TR9 this time connected in the common collector
configuration. The output of this pair is in phase with
the input to TR5. Therefore it can be seen that phase
inversion has taken place in the output circuitry by
virtue of TR6 and TR7.

The main amplifier is terminated in a 500xF capacitor
feeding directly to the 15 ohm loudspeaker. From the
Jjunction of this output capacitor and the loudspeaker, a
sample of the output signal is fed via R18 back to the
emitter of TR4 providing about 26dB of negative feed-
back over the entire configuration. As previously
explained this feedback not only linearises the response
as a whole but tends to increase the input impedance of
the amplifier.

The main amplifier has an input impedance in the
order of 100 kilohms and a sensitivity of about 20

- Fig. 3. Grapﬁ of the output pow

“distortion

millivolts for an output power of 10 watts and at this
output power the distortion was in the order of 0-3 per
cent being measured as the total harmonic content
(Fig. 3).

The tone controls are of an established pattern with
approximately 18dB change (except bass cut 15dB) in
both the upper and lower frequency levels above and
below the flat response, indicated in Figure 4.

D.C. CONDITIONS

The a.c. conditions of the pre-amplifier stage in
relation to the high impedance input point have been
explained in an earlier paragraph. However the d.c.
conditions again revolve around a directly coupled
configuration promoting temperature compensating
action of a similar nature to that indicated in the
explanation of the output stages.

In this particular case the “drain’ of the field effect
transistor, TR2, would tend to move towards the
negative rail as a result of an increase in temperature,
biasing TR3 into the on condition and taking the
collector of TR3 in a more positive direction.

This positive movement, unlike the action of the
main amplifier, is fed into the “‘source” path of the f.e.t.
and causes the “source” to move in a more positive
direction. This action in effect is similar to making the
“gate” circuit more negative, thus closing the “‘gate”
circuit and reducing the “drain” current. This
reduction in “drain’ current causes the “drain” voltage
to move in a positive direction, once again restoring the
circuit to its original condition.

The introduction of a further stage is necessary to
obtain the input sensitivity that is required to drive the
amplifier to its full output when a microphone is the
source of the signal input. In this instance the input
has been arranged to cater for a low impedance micro-
phone, such as a moving coil type. Any microphone
with an impedance of up to 10 kilohms is eminently
suitable as long as the output voltage is greater than
5 millivolts r.m.s. under normal user conditions.




'COMPONENTS . . .

Resistors

Rla and Rlb
R2a and R2b
R3a and R3b
R4a and R4b
R5a and R5b
Réa and Réb
R7a and R7b
RB8a and R8b
R9a and R9b
R10a and R10b
Rlla and R11b
RlI2a and RI2b
RI3a and R13b
Rl14a and R14b
R15a and R15b
Rl6a and RI6b
R17a and RI7b
R18a and RI8b
R19a and RI19b
R20a and R20b
R2la and R21b
R22a and R22b
R23a and R23b
R24a and R24b
R25a and R25b
R26

R27

R28

R29a and R29b
R30a and R30b
R3la and R3Ib

Where component numbers are suffixed a and b, one is required for each channel

330k 02
56k
120k 2
1kQ
47k Q
6:-8k()
47M0Q
2:2k 2
1k
47k Q2
3-9kQ
2:2kQ
2-7k 2
2:2M0
47k Q
10k Q)
2702
3:3kQ)
6-8k ()
-8k
10k Q2
3900
4702
470
Tk
1202 10W wirewound
6802 10W wirewound
220k €2 (with neon lamp)
1-5kQ)
27k Q)
2700

All 1094 % watt high stability carbon except where
otherwise stated

Potentiometers
VRla and VRIb
VR2a and VR2b
VR3a and VR3b
VR4
VR5a and VR5b
VRéa and VR6b

Capacitors

Cla and Clb

C2a and C2b

C3a and C3b

C4a and C4b

C5a and C5b

Céa and Céb

C7a and C7b

CBa and C8b

C% and C%b

Cl0a and C10b
Cllaand Cllb
Cl2a and ClI2b
Cl3a and Cl3b
Cl4a and Cl4b
Cl5a and CI5b
Clé

Cl7

Cl8a and Cl8b
Cl9a and Cl%
C20a and C20b
C2la and C21b

10k log carbon twin ganged
10k () log carbon twin ganged
10k €2 log carbon twin ganged
15002 linear wirewound

1M linear carbon preset
1k} linear carbon preset

20.F elect. 16V
50.F elect. 40V
47pF ceramic
80uF elect. 2-5V
0-047.F polyester
32uF elect. 10V
164.F elect. 10V
50uF elect. 40V
2:5uF elect.' 16V
0-22.F polyester
80uF elect. 2-5V
150pF ceramic
32uF elect. 64V
50uF elect, 40V
500uF elect. 50V
2,500uF elect. 64V
2,500.F elect. 64V
0-015.F polyester
0-15uF polyester
0-047uF polyester
0-47uF polyester

Transformer
T! Mains transformer: pri, 0-240V; sec. 0-58V at
50mA
(Belclere Limited, 385 Cowley Road, Oxford)

Transistors
TRla and TRIb
TR2a and TR2b
TR3a and TR3b
TR4a and TR4b
TR5a and TR5b
TRéa and TRéb
TR7a and TR7b
TRBa and TR8b
TR9%a and TR%9b

Diodes

BC107 (Newmarket)

2N3819 (Texas)

NKTO0013 (Newmarket)

BCI107 (Newmarket)

NKT217 (Newmarket)

BFY5! (Mullard)

BCY31 (Mullard)

NKT403\ (Newmarket) Matched
NKT403 | pairs at |A d.c.

Dlaand DIb OA9%9 (Mullard)
D2a and D2b OA99 (Mullard)

D3-Dé

1B40K 10 bridge rectifier (Texas)

Plugs and Sockets
SKla—4a and SKIb-4b single pin coaxial phono
sockets with plugs (8 off)
PL5 3-way mains plug (chassis mounting) with
socket (type P73 Bulgin)

Fuse and Lamp

FS| 5A cartridge fuse and holder
LPlI Neon indicator with 220k} resistor

Miscellaneous

Front panel 18 s.w.g. aluminium l4in - 8Lin

Rear panel 18 s.w.g. aluminium 4in
Fixing brackets 24 s.w.g. aluminium 33in

(2 off)

43in

i
l{5in

Capacitor clips to suit Cl6 and CI7
Perforated s.r.b.p. sheet 0-1in square matrix of holes

Sin ¢ 3%in

Softwood and veneer for case

Modern style knobs (7 off)

Capacitor half clips for Cl5a and CI5b

Mica washers, nylon screws, silicon grease for

transistors

Mounting feet 2in high
Nuts and bolts, Letraset lettering for panels
Tinned copper wire, 22 s.w.g. and 12 s.w.g.

Alternative components for transistor BCI07 used in
second stage (see Fig. I).

Resistors
R5a and R5b
Rilaand R11b

Transistors
TR2a and TR2b

BCI107 (Newmarket)
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Fig. 5a. Component assembly of one channel. The components of the second channel are shown with connections
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Half-way stage in assembly, showing the component board in position. Some of the chassis mounted components are still
to be fitted and wired. Some wires should be extra thick (see text)

This stage from a d.c. point of view is of a standard
nature where the temperature stability depends upon
the emitter to base voltage constancy. The inclusion
of an emitter resistor obviously tends to promote some
form of compensation.

As the temperature rises the emitter current of TR1
tries to increase thus dropping a greater voltage across
the emitter resistor, making the emitter potential more
positive or, in other words, the base potential more
negative. This action closss down the Vpe charac-
teristic and reduces the current through the emitter
circuit restoring the circuit to its original condition.

The a.c. gain in this configuration could be con-
siderably greater than that achieved, but has been
deliberately reduced by the introduction of series feed-
back by virtue of the emitter resistor that has been left
undecoupled. This has given rise to a much higher
input impedance and reduces the distortion in the stage
by a considerable degree.

Yet due to the relatively high gain transistor used in
this stage, it still provides a gain in the order of 36dB.
This results in an input sensitivity in the order of 5SmV
for full output when the gain control is in the maximum
position. The signal-to-noise ratio is still very high,
the noise being some 70dB below the signal.

TRANSISTORS

With reference to the Mullard devices, there is no
direct equivalent without some slight modification to
the circuitry of the amplifier., The manufacturers state
that these transistors are obtainable from their distri-
butors.

The only unit that may pose a problem, is the f.e.t.
2N3819. In this instance there are near replacement
types that can be used, these being TIXS 41, TIXS 42,
TIS 34, TIS 14 and the 2N 3821 series, as supplied by
the manufacturers, Texas Instruments, Manton Lane,
Bedford. All the Newmarket transistors are ex-stock,

BOARD CONSTRUCTION

_ The main amplifier board in this particular
instance is a perforated s.r.b.p. sheet with a hole
matrix of 0-1 in. The interconnecting wiring is made

.up from 20 s.w.g. tinned copper wire (Fig. 5b).

It is essential that all joints are mechanically sound
prior to soldering because, should any semi-soldered or
dry joints be present in the final construction. they could
quite easily result in totally different performance
figures being obtained upon test.

g——_‘

This in the main is due to the rather heavy current
operation that is found in a transistorised amplifier
handling some considerable power. Any poor joints
represent an impedance which can conceivably promote
positive or negative feedback over some of the stages
with disastrous results. This factor cannot be too
strongly stressed as the whole performance of the
instrument depends upon very low impedance supply
return paths.

After the amplifier board has been fixed in position
two pieces of 12 s.w.g. tinned copper wire have been
introduced in order to ensure that the return path to the
chassis should contain as little impedance as possible.
Should these pieces of copper wire be omitted then the
input sensitivity of the microphone input stage
deteriorates by as much as 20dB and also promotes
instability in this particular stage.

It is worthwhile checking the component board two
or three times prior to final fixing to the rear chassis as
any removal of this item would be a tedious operation
once the amplifier is completely wired.

From a mechanical point of view the board was fitted
with hank bushes so that there should be no necessity
to hold nuts and washers while trying to screw up the
fixing bolts, and while this is not strictly necessary it will
prove to be of considerable help in the final construction.

For those who have the required facilities it will be
quite easy to make the board as a printed circuit
proper; quite obviously this will save a great deal of
time in the construction.

Next month: Constructional details,

assembly and testing.
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HIGHLIGHTS FROM THE CONTEMPORARY SCENE
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"ew Fﬂﬂml‘iﬂs nneﬂEd ON 24th October the Earl Mountbatten of Burma

opened a new clean air zone, a dust free assembly line,
T'ms young lady (above left) is assembling “time @t Dover where Avo valve testers and other instruments are
. ui_f_ervtall" un:!n'sa in the new Hewlett-Packard plant near Peing assembled (above right).
the Forth road bridge in Scotland. Keeping a watchful : : :
eye is Lord Hughes (centre), Joint Pa:liail;engtary Under- NOW oceupying new premises at Chandless Ford is the

factory of Vero Electronics. Below we show two pictures
of the manufacturing process of Veroboard. On the left is
a press and indexing mechanism with a sample sheet
mounted under it. This machine can be programmed to
e pierce a known matrix of holes in the copper clad material.
b On the right, the milling machine cuts away the unwanted
copper between each row of holes to leave the familiar
copper strip pattern of Veroboard.

Secretary of State for Scotland, who performed the
inaugural ceremony of the new plant,




West London Traffic Control

NONG new traffic control systems now developed
is this Plessey XL9 on-line computer. Two such
systems are being installed for the Ministry of
Transport in West London. They will form part of
what is claimed to be the world’s most advanced
fully integrated computer controlled traffic system.

Smoke Alarm

LTHOUGH this ‘‘cage” (above) may

seem unimportant to look at, it
holds the secret of a new type of fire
alarm developed by the Vigilante Fire
Alarm Company of Shoreditch,
London. This device sets off a
powerful alarm immediately a small
amount of smoke is detected. Hence,
the alarm is raised earlier than with
many conventional heat or flame
detecting devices.

Laser Gyro

THREE ring lasers illuminate the face of a technician who makes
final inspection of an advanced laser gyroscope developed by

Honeywell Systems and Research scientists in past 12 months.

Each ring uses two contra-rotating beams of coherent light to

sense angular attitudes in one axis.

Myriad 1l

Tms new microelectronic computer
(below), Myriad*II is a simpler
version of Myriad [ developed by
Marconi.
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by M.L. MICHAELIS M.A.

PART TWO

CONTINU]NG from the penultimate paragraph of last
month’s article . . .

There is no need to change any control settings when
making a long series of pictures from film strips at the
same enlargement factor and on the same type of paper,
since a darker denser negative will automatically
reduce the photocell current, making the capacitor take

longer to charge up to cut-on for the univibrator and
thus leading to the correctly increased time of exposure.
The actual time of exposure is immaterial as far as
mental considerations are concerned. When the
picture has been aligned, it is merely necessary to press
the start switch and then wait until the lamp goes off
again of its own accord after the correct exposure has
taken place.

PERFORMANCE SPECIFICATION

FUNCTIONS

(a) Enlarger and Photocopy Unit Exposure
Control, Auto and Timer functions.

(b) Precision voltage stabiliser for Enlarger.

(c) Switchboard for Safelights, etc.

INPUT VOLTAGE
A.C. Mains.

SWITCHED OUTPUTS

Black & White Safelight

Colour Processing Safelight

Red Safelight

Subdued White Light

Photocopy Unit 400W, via
Circuit, A.C. Mains.

STABILISED OUTPUT

185/245V 400mA d.c. for Enlarger, Stabilised,
via Exposure Control Circuit.

CHARACTERISTICS OF STABILISED D.C.
CUTPUT FOR ENLARGER

(a) Any output voltage between
245V d.c. may be set with VRI.
(b) The set output voltage is constant to better
than:
+ 125mV for input mains voltage (a.c.)
changes + 30V about nominal value.
=+ 350mV between no-load and full load.
(c) Output impedance = approx. 10 ohms.
(d) Ripple on output: NO LOAD: 25mV r.m.s.
FULL LOAD: 50mV
r.m.s.

A.C. Mains, via

individual

toggleswitches
xposure Control

185V and

(e) Surge performance:
The cold resistance of a lamp filament s
approx. 10% of working hot resistance.
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The switch-on surge of a 75W lamp is thus
750W peak. This surge causes a maxi-
mum dip of 6V with a mean recovery
time of 7 milliseconds. The dip and
recovery are dead-beat, without any
overswing or damped oscillation.

The output voltage is disturbed for a
maximum time of |0 milliseconds (half
a mains period) and to a maximum extent
of 6V, due to lamp switch-on surges.
(Oscilloscope measurements).

CHARACTERISTICS OF EXPOSURE TIMER
FUNCTION

Coarse Control: 0-5 to 30sec in |l approx.
logarithmic steps.

Fine Control: 0-25 to 2-5 times (multiplication
factor).

Resulting Total Range: jsec to 75sec.

Accuracy and Reproducibility: 5% (within
tolerance of all photographic materials).
The timer runs via the stabilised d.c. supply
and is thus unaffected by even large mains
voltage fluctuations

CHARACTERISTICS OF AUTOMATIC EX-
POSURE FUNCTION

Same total range §sec to 75sec as for timer,
on automatic basis for wide range of paper speed
and picture size settings.
Leakage time in slowest setting: at least |20sec,
photocell connected but completely dark.
Leakage time in fastest setting, photocell dis-
connected: at least 60sec (wiring insulation
check).

The automatic exposure function runs via
the stabilised d.c. supply and is thus un-
affected by even large mains voltage fluctuations.
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Fig. 3. Front panel details, with engraving as on prototype

AUTOMATIC EXPOSURE SEQUENCE
Contact 2 of RLB rests shorting V7 grid pin 2 circuit
to chassis when the relay RLB is de-energised, as it
always is except during an exposure. Its positive
supply line is interrupted at contacts 5,6 of the exposure
control switch (a GPO keyswitch) S7. The negative
side of the coil of RLB is connected straight through to
the rectifier D5-D8, whilst the positive supply from C6
via R16, R17 and the closed contact of RLC/1 reaches
centre contact 5 of S7 via resting contacts 8,9 of S7.
Between contacts 5 and 6 the circuit is still open, so that
RLB 'is not energised. The exposure is started by
momentarily pressing down the keyswitch S7 and
releasing it again immediately (it does not latch in this
direction). This makes contacts 5,6 without breaking
8,9, so that the energising circuit for RLB is completed
and this relay pulls in. So also does the main circuit
breaker RLA which switches-on the lamp, because it
receives its positive through connection via 5,6 and 2,3
of S7. Both relays RLB and RLA now remain
energised even when S7 is released because as soon as

B i L e

RLB is energised its contact 1 moves over and bridges
5,6 of S7. Contact 2 of RLB has also opened, so that
the grid circuit pin 2 of V7 is now free for the selected
capacitor to begin to charge up positively. Conditions
remain steady as far as the relays are concerned, with
the lamp on, until grid pin 2 of V7 reaches cut-on. This
results in RLC dropping off momentarily, which in
turn causes RLB and RLA to drop off since the contact
of RLC interrupts their common positive line. The
holding contact A on RLB is immediately lost, so that
the relays do not re-energise when RLC pulls in again
after the brief response pulse of V7. The lamp remains
off and the grid capacitor is discharged via RLB contact
2. A new exposure sequence can take place only when
$7 is momentarily pressed down anew. :

CONTINUOUS LIGHT AND
INTERRUPTION OF EXPOSURE

In between exposures, the enlarger lamp is required
to be switched on continuously for setting-up the next
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MODULE A

picture. This facility is provided by the upward move-
ment of the keyswitch S7. All GPO keyswitches of this
kind have three positions—a centre one and a *‘down”
as well as an “up”. The down position is here non-
latching and was used to start an exposure. The up
position latches and provides continuous light by giving
the circuit breaker RLA direct positive feed via 1 of S7.

The second upper contact 9 of S7 serves the purpose
of permitting premature termination of an exposure.
The contacts should be bent such that a very slight
upward movement of the toggle breaks 9, long before
2 moves over to 1 in the fully latched-up position.
Contact 9 is directly in series with the contact of RLC
and thus has the same effect. It terminates the exposure
and zeroes the computer when it is momentarily opened.

The keyswitch S7 thus provides a very convenient and
neat “joystick™ control of the lamp. An exposure,
whether by time or automatic compution, is started by
briefly depressing the toggle. It can be terminated
prematurely at any moment by lightly tipping the
toggle upwards, and continuous set-up light is obtained
by latching the toggle right up. If the toggle is held
down, a new exposure is commenced as soon as a
previous one is completed, in continuous sequence as
long as the toggle is held down. This is the “‘repeat”
function where required.

Fig.5. Constructional details
of the two sub-assemblies—
module A and module B.
MCI and MC2 are chassis
fixing bolts for modules. Use
washers and brass nuts os
stand-off bushing (approx

tin).

MODULE B

SAFETY MEASURES

Relay RLA is required because neither RLB nor the
keyswitch will make or break a 75W d.c. lamp circuit
without considerable danger of exciting a non-
extinguishing d.c. arc. Both components will normally
switch 75W a.c. at 220V, but not d.c. A special type of
relay with a very fast snap action, large substantial
contacts and two-point interruption is necessary for
efficient interruption of the d.c. circuit. The type of
circuit-breaker relay used for switching-on a rotary
transformer set via a small switch on the dashboard of a
motor vehicle carrying electronic equipment is very
suitable. A 24V model is here required, as originally
intended for vehicles with a 24V accumulator battery.
The contacts will normally switch 220V just as efficiently
as 24V; no trouble whatsoever was here experienced
with the prototype.

The anode current of V7 pin 6 depends upon the
setting of VR2. D9 was thus added in order to
nevertheless maintain nominal operating voltage across
RLC. This is important to prevent overheating in the
higher current settings, since RLC is energised con-
tinuously except during the brief response pulses
terminating an exposure. At the same time D9
bypasses inductive surges when V7 anode pin 6 current
is cut off suddenly. This bypass function is under-
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Fig. 6. Timing bank switch
assembly built up from two
12-way wafers (Radiospares
““makaswitch’’).  Since only
Il positions are required an
8 B.A. screw should be
inserted in one of the holes
in the index plate to stop the
switch at position ““2’°. The
spare tag at position ““ | ** js
used to anchor the earthing
ring: this should be made of
16 or 18 s.w.g. tinned copper
wire

Chassis

taken by C7 and C8 respectively for RLA and RLB.
R16 and R17 were added to stop spitting at the contacts
of S7 which formerly took place due to the instan-
taneous transfer of charge from C6 to C7 and C8.

THE TIME FUNCTION

When S8 is switched over to the time function, the
other wafer of 89 with larger capacitors is brought into
circuit, so that the required times of charge are obtained
with smaller charging resistors. The virtual resistance
of the photocell may take on values up to a 1,000
megohms or more in feeble light, which are not con-
veniently realisable with standard carbon resistors on
the time function. Thus whilst quite small capacitors
ranging from about 1,000pF to 0-1xF are required in
conjunction with the photocell, values some 10 times
greater are required for the time function in conjunction
with the largest values of conveniently obtainable
carbon resistors.

In contrast to the automatic function via the photo-
cell, the time of charge of the capacitors via ordinary
resistors is exponential, not linear, and is strongly
dependent upon the applied input voltage to the top end
of the resistor chain. This aiming voltage is thus
stabilised, coming from the neon tube V6. Chiefly
R25 and R27 constitute a bleeder for this input voltage
on the time function only, feeding some lower voltage
to R24 + R23 as .actual charging resistors. A set
of 11 logarithmically staggered capacitors between
15nF and 1-Ou4F will give a set of logarithmically
staggered times of run from 05 seconds to 30 seconds
with VR2 set mid-way. The range of control of VR2
considered as time multiplication factor is some 0-25 to
2:5 with the specified component values.

For initial calibration, set VR2 exactly mid-way and
then adjust the value of R27 by adding other series and/
or parallel resistors until the time of run is exactly 30
seconds with the 1xF capacitor in circuit. Then without
moving VR2 trim the other capacitors by judicious
selection and/or parallel additional capacitors until the
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“wafer S9b

sequence  0-5/1/1-5/2/3/5/7-5/10/15/20 seconds is
obtained for the other switch positions. Then find the
positions of VR2 which quarter, halve, x1-5, double,
and Xx2-5 these times, and mark them on a multiplica-
tion factor scale attached to VR2. The action of VR2
is to shift the cathode potential of V7 and thus the
voltage to which the capacitors must charge before
pin 2 grid cuts on and brings a response pulse.

Thetotalrange of calibrated timesis thus fromaneighth
of a second to 75 seconds, covering all exposure times
required for enlarger and film-to-film as well as photo-
copy work. The very short times are best calibrated in
the “repeat” function whilst holding S7 down and
counting the time taken for 10 sequences. Subtract
one second for the 10 response pulses of 01 seconds
duration each and divide the remainder by 10. The
result is the duration of one run, and if not correct,
modify the relevant capacitor value.

CALIBRATING THE AUTOMATIC
FUNCTION

It is convenient to mark the scales of S9 and VR2
only in seconds and time multiplication factors as
described above for the time function, since only these
times are an unambiguous attribute of the Lumostat.
The particular settings corresponding to a definite paper
speed and picture size in the automatic function setting
will also depend upon the geometry of the enlarger
system. It is therefore a good procedure to prepare a
table of “'seconds’ setting of S9 for each type of paper
or copy film used in conjunction with a fixed set-up, and
another table giving “factor” setting of VR2 appropriate
for each picture size. The settings according to these
two tables will be found to be mutually independent for
all normal purposes.

The final instalment of this article next month will
contain constructional details of the photocell sensing
unit as used in the automatic function, and also a
general discussion concerning the operation of the
Lumostat.



BSR UA70

now with cueing device

BSR add yet another plus feature to the remarkable UA70
automatic/manual turntable unit by including an integral
mechanical cueing device — and without increasing the price.
This cueing device allows the pick-up arm to be raised or
lowered at any selected point on a record during manual play.
Raising the cueing lever lifts the pick-up arm which may then
be positioned above the record at the chosen point. The
stylus is lowered gently to the groove by returning the lever
to the rest position.

Now, more than ever, the UA70, with its wealth of outstanding
design features, fine engineering and high performance,
provides the selective listener with a turntable unit of quality
unsurpassed in this price range.

THE WORLD’S LARGEST MANUFACTURER OF RECORD CHANGERS AND TAPE DECKS
BSR LIMITED, MONARCH WORKS, OLD HILL, STAFFORDSHIRE

887



A7

(MINUS X)

ALPHABETICALLY...
we can list the names

GEOGRAPHICALLY...
we can list the countries

All over the world students know that
CREI HOME STUDY COURSES are sup-
plying the answer to their need for
advanced Technical Education in the field
of Electronic Engineering Technology.

CREI PROGRAMMES ARE AVAILABLE IN:
Electronic Engineering Technology
Industrial Electronics for Automation
Computer Systems Technology
Nuclear Engineering

Mathematics for Electronic Engineers
Television Engineering

Radar & Servo Engineering

City & Guilds of London Institute: '
Subject 49 and Supplementary Studies
Subject No. 300

Write for free brochures to:

C.R.E.l. (London) (Dept. P.E.3.)
WALPOLE HOUSE, 173 /176 SLOANEST.,LONDON S.W.1
Telephone: Belgravia 8662

INTERNATIONAL DIVISION OF CAPITOL RADIO ENGINEERING INSTITUTE WASHINGTON D.C.

Please send me {for my information and entirely without obligation) full details

l of the educational programmes offered by your institute....
Send details of the City & Guilds Programme ..............coocoeeeee.
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C.R.E.1. (LONDON) (DEPT. PE3) WALPOLE HOUSE, 173-176 SLOANE STREET, §.W.1 I
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888

I R T Y T ) AN

L.S.T. COMPONENTS
23 NEW ROAD, BRENTWOOD, ESSEX

OUR FAMOUS BARGAIN PACKS :

25 Audio Transistors 2G371/81 .......cevvveeevnnennennnnn 10/-
25'R.F. Fransistors DEAIIT .ooir.iiivinvinssscisivesimtn 10/-
25 Switching Transistors 2N 1303/5/7 PNP ............ 10/-

6 Silicon Transistors NPN High and Low Voltage ... 10/—
8 Silicon Rectifiers 100 PIV 750 MA.............c0uvenns
6 BY 100 Silicon Rectifiers 800 PIV 550 MA
4 OCI6 (Equivalent) Power Transistors .
6 OC76 Switching Transistors ............
12 Miniature Diodes CG63H ...............0eevnnnn..
3 2.5 K ohm Potentiometers with Locking Nuts
125 Untested Computer Diodes .........c.ceovnnnnn.

All the above and more in our October Catalogue.
16 Pages including valuable Reference Section.
Thousands of Types Listed. — Circuits included.
Send | /- Stamps.

WE ALSO STOCK:

Light Cells Field Effect Transistors
BRPIL e 9/6 2N3819 “P"" Channel ... 29/9
OCP71 19/6 2N3820 **N" Channel... | Each
Thermistors Tunnel Diodes
5 T 23/~ INBTES  iiiiionbiiin 29/6
Unijunctions S.C.R'S
......... /6 Many Types Stocked Including:
Zeners: Example:— 2N3528 200 PIV 3.2 Amp
OAZIOB ......... 3/6 @ 18/9 each
Neons: Miniature Glass Neons Ideal for “Neon Novelties”
A T I W ) |/6 each. 15/— dozen

EPOXY PLANAR TRANSISTORS 2N2926
The most popular Gain Spread is 150-300 Beta.
In Stock at L.S.T. 4/9 each. Reductions for quantity.
(Other Gains available)

Postage: Please Add 9d. Postage — Orders under 10/—

For quick, easy faultless soldering

Easy to use and economical. Containing 5
cores of non-corrosive flux, instantly
cleaning heavily oxidised surfaces. No extra
flux required. Ersin Multicore Savbit Alloy
reduces wear of copper soldering iron bits.

Contains 12 ft. of

coil 18 s.w.g.

Ersin Multicore

Savbit Alloy. Quick

and easy to use.
2/6 each

SIZE 12

Ideal for home
constructors.
Contains 102 ft.
of 18 s.w.g. Ersin
Multicore Savbit
Alloy on a plastic
reel, 15/- each
(Also available

in other sizes)

SIZES5 NEW SIZE 15
HANDY SOLDER 21 ft coil of 60/40
DISPENSER Alloy, 22 s.w.q. in

adispenser. Ideal
forsmallcompon-
ents, transistors,
diodes, etc.

3/- each

BIB MODEL 3
WIRE STRIPPER
AND CUTTER

Strips insulation
without nicking

‘the wire, cuts

wire and splits
plastic twin flex.
4/- each

From Electrical or Hardware shops. If unobtainable write to:
MULTICORE SOLDERS LTD., Hemel Hempstead, Herts. M29 A




possible improvement of

TREMBLER BURGLAR ALARM

©NI=IIVIE

N THIS feature we hope, from time to time, to be able to
l publish suggestions submitted by some of our readers on the
projects previously described in
PRACTICAL ELECTRONICS; short contributions on other subjects
may be included. The aim is not to find fault or undermine the
abilities or knowledge of our contributors.
original article is par exellence but it could be improved or adapted
to suit individual requirements. The views expressed by readers
are not necessarily those of the Editor.

His burglar alarm is easily constructed from readily available com-

ponents and the layout is in no way critical. It comprises two separate
units; the alarm unit and a remote trembler unit. The relay is a surplus
Post Office type with all but two sets of make contacts removed. The
spare contacts are used to make the trembler units.

Trembler Unit

The trembler unit is shown in Fig. 1. Two contacts are bent and
mounted vertically on a base cut from Perspex or wood. A brass nut,
used as a weight, is soldered to one of the contacts to encourage it to
tremble. The sensitivity of the unit is controlled by the adjustment of a
bolt fixed through a metal L-piece mounted on the base board. Two
wires, each connected to one of the contacts, lead to the alarm unit.

Alarm Unit

The wiring and function of the alarm unit is best described by reference
t? Fig. 2. A slight movement of the trembler unit will cause the relay to
close.

The first set of relay contacts will lock the relay in the closed position.
This action also closes the second pair of contacts and causes the bell to
ring. The bell will continue to ring until either the alarm unit is switched
off or the battery runs down.

Once the alarm is set off any interference with, or even the complete
removal of, the trembler unit will not stop the bell from ringing. The
trembler unit can be adjusted so that any attempt to interfere with it will
set off the alarm.

Setting Up

The trembler unit can be screwed to a door or window or fitted to the
front gate. The alarm unit is installed well inside the house in an occupied
room. Once the trembler unit is installed the sensitivity can be adjusted
by experiment. Care should be taken not to make it too sensitive as it
may then be liable to be set off by accident.

In one location the vibrations of a passing vehicle were sufficient to
trigger the alarm. Experiment showed that the alarm could be set off by
dropping a drawing pin on to a table from a height of six inches.

Adjustments must be made with the alarm unit switched off. Apart
from adjusting the bolt the function of the trembler can be varied by
experimenting with different weights. The unit will operate in any
position but its final position will depend on the type of movement it is to
detect. For the detection of slight vibrations it is most sensitive in the
vertical position.

Test Switch

The test switch is simply a bell push wired in parallel with the wires
leading to the trembler unit. It allows the alarm to be tested without
having to visit the remote trembler unit. The circuit does not draw
current from the battery until the alarm is sounded. The life of the battery
is obviously prolonged and it was for this reason that it was decided to
incorporate the test switch. It enables a quick check to be made and the
serviceability of the battery is not taken for granted. After testing, the
alarm is reset by switching off and on again.

Sgt. F. Crimmins,
Hong Kong.

WEIGHT

SENSITIVITY,
ADJUSTMENT

DU

It may well be that the

.‘:517 CONTACTS

PERSPEX (OR
WO0OD) BASE

A

h

YR

TO TREMBLER
UNIT(S)
T 2l
I ] BELL
EB \ ON/OFF SWITCH
AND RESET
1L
PUSH TO TEST 6V LANTERN
BUTTON BATTERY
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NEON MULTIVIBRATOR

FULL CONTROL

HE series Neon Novelties

included several oscillators
but not a multivibrator. The
circuit here (Fig. 1) is very
sensitive to voltage and the
frequency of operation changes
with the supply voltage. Here
the frequency of oscillation is
about lkc/s.

The value of R1 may need to be
found by experiment but should
be between 600 kilohms and 850
kilohms for oscillation to occur.
V2 fires at a lower voltage which
can be found with the circuit in
Fig. 2. The mark/space ratio
can be adjusted by variation of

C2-R2 and C3-R3.

I was prompted to find another source of supply for
the thyristor at a much reduced cost, and to provide
the facility of increasing the range of speed control
(Thyristor Control Unit, June 1966). There are three
possible methods of providing control over the full
mains sine wave.

1. A triac may be used, this is a bi-directional
thyristor, and apart from the excessive cost, entails
complete redesign of the unit.

2. A full wave bridge rectifier may be used to convert
the mains sine wave into positive going excursions, over
which the thyristor may have control. This means
four silicon rectifiers which must be mounted on a heat
sink inside the control unit. The peak repetitive
current through the rectifiers would have to be about
3A and the peak surge current in the order of 10A. In
view of this and the cost of four rectifiers, this method
was rejected.

3. The third method was adopted, and consists of
one silicon rectifier shunting the thyristor in the
negative direction, and brought into circuit by the
half/full switch.

With the switch in the ‘“‘half” position control is
exercised over the positive half cycle; the negative half
cycle is unused. With the switch in the “full’”’ position,
the negative half cycle is used complete and the positive
half cycle is controlled by the thyristor. Therefore the
speed of the drill or other device may be controlled
from near zero to the maximum for normal mains
input. Fig. 1 shows the modified circuit diagram, and
Fig. 2 shows the load waveform.

The rectifier chosen to carry this out is the Texas
18423, which is 400V p.i.v., at I0A. This is obtainable
from LST Components, 23 New Road, Brentwood,
Essex. The thyristor type CR74 is also obtainable
from LST Components, and has an increased current
rating, the maximum power handling capacity of the
unit is increasec to 1-25kW. The price of the rectifier
is 14s 9d and the thyristor is £1 7s 6d.

If the unit is to be left switched on for long periods,
then a few ventilating holes may be drilled in the side of
the box near the resistors R1a and R1b

A. Thomas,
Potters Bar,
Middlesex.
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KEDOCO Adams-Norken

THERE IS AN ADAMS-NORKEN
SOLID STATE MODULE TO SUIT
ANY TAPE OR HI-FI APPLIGATION

YES, THE ADAMS-NORKEN SYSTEM PROVIDES YOU WITH THE MOST UNIQUE AND UP-TO-DATE METHOD OF DESIGNING YOUR OWN
INDIVIDUAL TAPE AND HI-FI SET-UP. FROM A RANGE OF SEPARATE MODULES YOU CAN S8ELECT THOSE WHICH MEET YOUR OWN
SPECIAL REQUIREMENTS. SHOULD YOU, LATER, WISH TO CHANGE OR EXTEND YOUR SYSTEM THEN IT I8 SIMPLE TO REDESIGN
AROUND THE MODULES YOU ALREADY HAVE AND ADD FURTHER ONES. A BASIC ALL TRANSISTOR TAPE RECORDER FOR
EXAMPLE CAN BE ASSEMBLED FOR AS LITTLE AS £13.126 FROM FOUR MODULES. COMPLETE AND COMPREHENSIVE WIRING
INSTRUCTIONS ARE SUPPLIED WITH EVERY PURCHASE.

LEADERSHIP IN SOLID STATE ELECTRONICS

ILLUSTRATED IS THE POWER OSCILLATOR MODULE. THE HEART OF ANY PROFESSIONAL TAPE RECORDER. IT
PROVIDES 55 Kc/s RECORDING BIAS, ADEQUATE ERASE POWER AND 75 VOLTS SMOOTH D.C. AT 1 mA FOR A
RECORDING AMPI.IFIER. PRICE 69,'- ASSEMBLED.

SEND 9d. TO COVER COST OF POSTAGE AND PACKING FOR
ILLUSTRATED BROCHURE DESCRIBING THE WHOLE RANGE OF
A TRANSISTORISED PRODUCTS TO:

KEDOCO ELECTRONICS, DEPT. PE, Rortititmununtiinciciniiutiatiacasncins

SUBSIDIARY OF ADAMS-NORKEN LTD. 3 GUARANTEE 3
SALES AND MAIL ORDER DEPT. ALL. OUR PRODUCTS ARE GUARANTEED
76 VICTORIA ROAD, SWINDON, WILTS AND SHOULD YOU NOT BE SATISFIED WITH
TEL: SWINDON (OSW3) 27660 ) YOUR PURCHASE YOUR MONEY WILL BE
PERSONAL CALLERS WELCOME REFUNDED WITHOUT QUESTION.
9.0 a.m.—6.30 p.m. Sats. included. Weds. early closing I IS S S T A A A S I A SSRGS
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I.R.S. BARGAINS IN KITS, COMPONENTS AND EQUIPMENT

* % % T.R.S. FM. STEREO DECODER

on Mullard design and produced by T.R.S.
Bniltln stereo indicator, 6-transistor model, readily
adaptable for use with \ll\e tuners as well. For
9-12 v. operation. Complete kit with circnit and
instructions MIID,‘B (plus p,‘p 2/6).

TWO FAMOUS MULLARD AMPLIFIERS
Mullard design and T.R.S. kits assure
quality and value.

MULLARD “8-3" S-valve Hi-Fi |
qua.l:tya!mnmhl!eoll Bass Boost l
and quality secti
output transf (8 and 15 ohms) |

“E.107

WE ARE SINCLAIR SPECIALISTS

40 c/s-25 ko/s+1 dB. 100 mV. for | heavy duly ulira-

We carry full stocks of these world-famows all-British designs ~3W, lessthan 1% distortion. Bronze & quality out-
as adverlised and give prompt delivery. escufcheon panel, Complete Kit only aﬂ mm“‘”"? !B-
MICRO-8 Six stage vest-pocket revr. (Kit) .... 59/8  £7.10.0 Carr. 7/6, Wired and tested | gopp 7/8.
;I&RD-P‘E 'Qr]'i;mator FM ',‘\lmer-revr (ll){“lltl) s ﬁ.é.i.g £0.10.0. built 11}

combing w. amp and pre-am it .
STEREQ £5 de luse pre-impjcanteol tnit butlt . 29000 2-VALVE PRE-AMP. UNIT. Based on Mallaeh famous

“CIR-KIT’’ FOR INSTANT CIRCUIT MAKING
Indispensable for contructors, Enablea you l 5 /

2-valve (2xEF88) circuit with Iull equalisation with volume,
bass, treble, and 5-pos, selector switch. Size 8in. x 8in. x 8}in.
Complete kit £8.12.6. Ready built 28, 10.0. Casr. 5/6.

7 VALVE AM/FM R.G. CHASSIS
3 wave-band, L/M/FM, Permeability tuning on F.M. Large,
clear dial A. V. C guud neg. feedback. Magic eye, 3 w. output.
reuit diagram available, Aligned, tested

to produce “'printed ecircnits” quickly and
cleanly. Kit No. 3 inc. baseboard, pro-
cessed copper and strip sheet a8 ndvertised.

6 VALVE AM/FM TUNER UNIT
. 190 m,, 550 m.,
F.—86 Mc/s-103

Mefs., 6 valves and
metal rectifier. Self-
contzined power wunit.
Magic-eye, 3 push-
button controls, un, [off,
Med., VHF. Diodes
and hlgh output sockets wuﬂ: gain control. lluminated
2-colour perspex dial 11} x din. chassis size 11}in x din. x
5lin. Strongly recommended for use with Mullard amplifiers
below. For A.C. mains 200/250v. Unbeatable value. Complete
kit, inc. Power Pack asillustrated, 11 gns, Carr, 7/6, Ditto less
Power Pack 10 gns, Carr, 7/6. Circuit and Const. details 4/8.
Free with kit.

AC
and rea.d} for u.ee HS 18.8 (Carr. and ins. 8/6). 8,A.E. brings
full details.

TRANSISTOR COMPONENTS
Midget I.F."s—485 ch! Fin. diam, first, second or

third, ea .. 5/8
Osc. Coil M /=
Midget Driver Trnnl B/=
Midget Output Trans. Puuh Pull—3 ohms 6/~
ELEC. CONDENSERS, Midget 1 mfd.-50 mid. ea, 1/9
100 mfd, all 16V, WORKINg, . . ..o ecvuvnincevninnnss 2=

CONDENSERS. 150v. working: .01 mfd., .02 mid.,
.08 mfd., .04 mid, 10d.; .06 mid., .1 mfd. 1/-; 25 mfd.
1/3; .5 mitd. 1/ etc.

MIDGET TUNING UOHD!E;{E:H MIDGET VOLUME

MISCELLANEOUS
ENAMELLED COPFPER WIRE—?2 oz. reels 14 g.-20 g. 8/-;
mg.ns; 8/6; 30 g.-34 g. 4/8; 36 g.-38 g. 4/9; 30g.-40 g.
5/- €

!‘m COPPER WIRE. 16-22 g. 4/- 20z. v
BONDACOUST Speaker Cabinet Acoustic Wadding (lin.
thick approx.) 18in wide, any length cut, 8/~ yd.
VEROBOARD—AIl sizes including 21 x 6in., 3/8: 24 x 3}in.,
8/-; 31 x5in., §/8; 31x3}in., 3/8; 3ix1nn . 12/8. Al
accessories nml tools in stock.
VOLUME CON' L8. LOG and LINEAR—GK-2meg. 3in.
Spindles Morganite Midget Type 1}in. diam. Guar. 1 year.
LOG or LIN ratios lesa Sw., 8/8. DP. Sw. 5/-. Twin Btereo
leas 8w., 7/8. D.P. Sw., 8/6 (100k to 2 Meg only).
mn'l'ﬂll-lmhrn ratings full range 10 ohms to 10
egohms, $0 Hw.sdea ditto 1 w. 84, ea., 2 w. 8d. ea.,
ﬂ% i-iw Gd ea., 6% Hi-Btab,, i}w &Leu (beluw]DO
ohme and over 1 meg. Bd, ea). 1 » Hi-stab., . 1/8 ea,
(below 100 ohms. 2/« ea.).
ERSIN MULTICORE BOLDER, 60/40 4d, per yard. Cartons
8d., 1/-, 2/8 ete.
WIREWOUND RESISTORS 25 ohm to 10 K. 5 w. 1/3.

10 w. 1/6. 16 w. 2/-. BO!DE!IKM Silver Mica. All values
B!mlmtdd Dilto ceramics 9d. Tub. 450v.
T.C.C. & oﬂlm[d oOllDdadl.’Bﬁﬂv 10d. .02 MF

iuoiﬂ 500 v. 1/-. .25 T.C.C. 1/8. .5 T.C.! .2,-.

CLOSE TOL. B/MICAS. 109 & pf. 500 pf. 8d. 600-5,000 pf.
1/=, 1% 2 pi. 100 pi. 114, 100 pi. - 2501)! 1/2. 270 pi. - 800
pf. 114 300 pf. - 5000 pf. 2/-

ALUMIN, CHASSIS, 13g. Pl::.ln Undrilled folded 4 sides*
2in. deep, 6in.x4in., 4/8; 8inx6in., 5/9; 10in.x7in.
6/9; 12in. x 6in., 7/6; 12in. x 8in., 8/- etc.
ALUMIN, SHEET. 18g. 6in.x6in. 1/-;
6in. x 12in. 2/-; 12in. x 12in., 4/- each.
TYGAN FRET or,Vynair speaker fabrie, 12in.x 12in., 8/-;
12in, x 18in., 8/=; 1%in, x 24in., 4/~ etc.

SEND 3d. FOR VALUABLE MONEY-SAVING LISTS—
PACKED FULL OF INFORMATION.

Gin. x %in., 1/8;

POSTAL AND PACKING CHARGES
Terms: C.W 0. or C.0.D., post and packinyg §ib, 1/-,
Lib. 119, 316, 3)-, 51b. 3)9, i, 416, ete.

TRANSFORMER MANUFACTURING
SERVICE

ic
We manufacture all types Radio Mains, Transf,
Quelity O/P.Trans., etc. Enquiries invited lor Inﬂ:h“'
prototypes production runs, Quotations by

RADI

70 BRIGSTOCK ROAD, THORNTON

Established 1949

COMPONENT SPECIALISTS
HEATH,SURREY

(A few doors from Thornton Heath Station, Southern Railway)
Telephone: THO 2188. Hours: 9 a.m.—6 p.m. daily. 1 p.m. Wed.

TWO-YEAR GUARANTEE EX-RENTAL TELEVISIONS

17 in. £11.10.0 Channels for all areas
3 star Guarantee Demonstrations daily from
% Tube Large Selection
% Valves Personal collection or
% Components Insured
ILLUSTRATED FREE LIST Carr, 30/-
RADIOGRAM CABINETS

£9.10.0

19 Gns.

Superbly made and styled in Veneered 5 y
English Walnut An elegant Stereogram Cabinet in modern
LIFT UP LD TO CHANGER AND RECORD Veneered Teak
STORAGE COMPARTMENT BLACK LEATHERETTE SIDE PANELS

Post:un 8' X 57 Twin Speakers
Diameter: 40 x 164 x ISi
Legs 1 gn. Carr. 30/-
Other Models — Send for List

T.V. TURRET TUNERS /6
New Less Valves, Slim Models SI-
_:,r:ss Button Models 19/6. P. &

Diameter: 52 x 174 x 12

Speaker positions for Twin 10" x 5%
Speakers

TI\ANSISTOR CASES
916 97 X 6 X 3IF*
P.2/6. Hlny colours.
TMNSISTOR CASES
19/6. Cloth covered, many
colours. Size 9§"x 64" % 31"
P. & P. 3/6. Similar cases
in plastic 7/6.
RICQID PLAYER CABINETS 49/6. Latest
d covered cabi Takes any modern
Autochanger. P.&P.7/6.

SINGLE PLAYER CABINETS 19/6. P.&P.7/6.

DUKE & CO. (LONDON) LTD. “|3,lQNFSRD RoAD

OR PARK, E.iI2
Phone: ILFord 600-1-2-3, Liverpool Street—Manor Park—I0 mins. Stamp for Free List.

VALVES £l per 100. Assorted
TV and Radio. Surplus ex-rental
dismantled receivers, Post 4/6.
Send for list.
TRANSISTORSJ{-eaCh ocsl,
OC8ID, AFII7.

892

NEW EDITION

RADIO VALVE
DATA

CHARACTERISTICS OF 7,000 VALVES

TRANSISTORS e SEMICONDUCTOR

DIODES & RECTIFIERS e CATHODE
RAY TUBES

Compiled “WW " 8th edition. 9/6
Postage | /-

Inter. G.E.C. TRANSISTORMANUAL.
18/-. Postage 2/-,

BASIC ELECTRONICS, by Grob. 36/-.
Postage |/6.
BASICTHEORY AND APPLICATION
OF TRANSISTORS. 10/-. Postage /-,
MICROELECTRONICS, by Keonjian.
45/-. Postage 1/6,

100 IDEAS FOR DESIGN ’66, from
Electronic Design. 15/=. Postage I/-,

TAPE RECORDER SERVYICING
MANUAL, by H. W. Hellyer. 63/~
Postage 2/-.

TELEVISION RECEIVER THEORY
No. |, by G. H. Hutson. 35/-. Postage 1/6.

THE MODERN BOOK CO.

BRITAIN'S LARGEST STOCKISTS
British and American Technical Books
19-21 PRAED STREET
LONDON, W.2
Phone: PADdington 4185 -

Closed Saturday | p.m.
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by D.G.WHITEHEAD B.Sc.

RECENTLY there have been a number of semi-
conductor devices developed which promise to
increase considerably the role played by solid state
elements at high frequencies. Three such devices are
the Step Recovery Diode, the Hot Carrier Diode, and
the }tfeml Base Transistor. These are described in this
article.

THE STEP RECOVERY DIODE

The step recovery diode is especially useful as a
multiplier for the generation of microwaves, but can
also be used for the production of extremely fast pulses.
In fact, as a generator of powerful nanosecond (10-°
second) pulses it has no equal.

All conventional semiconductor diodes conduct in
the reverse direction for a short period of time im-
mediately following forward conduction. This con-
duction results from carriers which have been injected
and stored during forward conduction and will cease
when all the stored charge has been removed. The
step recovery diode has a large stored charge but has
the remarkable property of switching from reverse
conduction to its cut-off state at a speed little short of
instantaneous. A typical diode, the Hewlett Packard
hpa 0104 will switch from a reverse conduction of
100mA to its cut-off state in 200 picoseconds, i.e.
2 x 10-%seconds. Indeed, some diodes now available
have transition times measured in femtoseconds (10-13
second). This combination of switching speed and
current level is not attainable with any other device
known at present.

The effect can be observed by applying an alternating
voltage -across the diode and observing the current
flowing through it by means of an oscilloscope. Fig. 1
shows a comparison between an ordinary semiconduc-
tor diode and a step recovery diode. The negative
going current is the stored charge flowing out of the
diode before conduction ceases.

To operate the device as a frequency multiplier, the
sudden change in current is made to give a high Q
tuned circuit a *‘kick™. The tuned circuit will ring at its
resonant frequency and if the kicks from the diode are
arranged to arrive at the correct time an oscillation will
build up.

For example, if we wish to derive a 2,000Mc/s signal
from a 100Mc/s source we must arrange that the diode
is switched on and off by the 100Mc/s excitation and the
resulting fast current edge will, if fed into a high Q tank
circuit tuned to 2,000Mc/s, produce a 2,000Mc/s signal,
power being fed into the tank circuit every 20 cycles.
Fig. 2 shows the simplicity of this method. Output
powers of 100mW at 2,000Mc/s have been obtained by
this method using commercially available diodes. In
the near future it is expected that diodes will be available

£
|
|
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sampling pulses.

to provide output power of the order of a watt in the
range 1-2Gc/s and 50 to 100mW in the range 8-12Gg/s.
(Gefs = 10°%/s.)

Extremely fast pulses can also be produced quite
simply. If the diode is allowed to conduct in the
forward direction (see Fig. 3) and is then switched off,
reverse current will flow through the diode and hold
point A just slightly negative. When the diode ceases
to conduct, point A4 will fall rapidly to a voltage deter-
mined by the resistors. This voltage fall can occur in
picoseconds. If now an output is taken via a small
capacitor from A4, a negative going pulse of extremely
fast rise time and several volts in amplitude is produced.
Pulse circuits of this nature are now finding a use in
sampling oscilloscopes to provide the necessary fast

THE HOT CARRIER DIODE

The hot carrier diode has characteristics almost
opposite to those of the step recovery diode. This
device is also known as a meral-silicon diode or a
Schottky barrier diode.

As mentioned earlier, all semiconductor diodes
conduct slightly for a short time in the reverse direction
due to the stored charge being removed. This stored
charge sets a high frequency limit to the usefulness of
the diode. The metal-silicon diode does not have this
drawback. The principle behind it is not new, but it is
only recently that production techniques have been
developed to make the diode a commercial possibility.

894

The theory of operation may be seen by referring to
Fig. 4. The device consists of a small area of metal
evaporated onto an n type piece of silicon. When the
diode is forward biased, electrons are injected from the
semiconductor into the metal. These electrons have a
much higher than average energy in the metal, hence
the term *‘hot carrier”. The electrons lose energy in
the metal mainly by inter-electronic collision and when
the polarity of the bias is reversed no appreciable
number can be withdrawn into the semiconductor,
carrier storage being virtually eliminated. Accord-
ingly, hot carrier diodes can be used effectively in pulse
and high frequency applications such as detection,
mixing and limiting at microwave frequencies and the
clamping and gating of fractional nanosecond pulses.

THE METAL BASE TRANSISTOR

Finally there is the metal base transistor. This has
been suggested as a possible successor to the present
transistor.

The theory states that transistor action can be pro-
duced by sandwichinga very thin layer of metal such as
gold, between two pieces of semiconductor. The metal,
which should be less than 2 % 10-fcm thick, forms the
“base” of the transistor. At the semiconductor-metal
emitter junction ‘‘hot carriers”, i.e. electrons with a
high energy content, can be injected into the metal base.
As the base region is very thin, most of the electrons
pass through and reach the other junction with
sufficient energy to surmount the energy barrier present
and be “‘collected” by the semiconductor collector.

It should be apparent that this action is very similar
to that performed by the holes in a normal transistor.
The important difference is that the current flow is
maintained by electrons which have a much higher
mobility in the metal base than holes do in a semi-
conductor base. This means that the transit time
through the device, which with present day transistors
limits their application to frequencies less than 1,000
Mc/s, is very much less and calculations predict that the
metal base transistor should be capable of working at
frequencies well into the S-band. *

PRACTICAL WIRELESS
Double Sided Blueprint
to build
| % HOME INTERCOM UNIT
! % BEGINNERS’ 5-BAND TRF

Also—Receiving the new V.H.F.
Stereo Broadcasts

December issue out NOW 2s. éd.

PRACTICAL TELEVISION

AERIAL ERECTORS’' INTERCOM
REACTIVATING VALVES &
CRT’s
FIELD SYNC SUPPLY SYSTEM
December issue out Nov. 24. 2s.




PRACTICAL! #
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a new 4-way method of mastering

ELECTRDNICS

by doing — and — seeing

1 OWN and
HANDLE a
complete range of present-

day ELECTRONIC PARTS
and COMPONENTS

BUILD

2p
and USE

a modern and profes-
sional CATHODE RAY
OSCILLOSCOPE

3)

READ and
DRAW and
UNDERSTAND
CIRCUIT DIAGRAMS
| o

A ré.,?;f ' y

@ VALVE EXPERIMENTS

@ TRANSISTOR EXPERIMENTS
@ AMPLIFIERS

@ OSCILLATORS

@ SIGNAL TRACER

4 } CARRY oUT oVER 40 EXPERIMENTS ON BASIC ELECTRONIC
CIRCUITS AND SEE HOW THEY WORK .

. INCLUDING .

@ PHOTO ELECTRIC CIRCUIT @ A.C. EXPERIMENTS

® COMPUTER CIRCUIT

@® BASIC RADIO RECEIVER
@ ELECTRONIC SWITCH
@® SIMPLE TRANSMITTER

@ D.C. EXPERIMENTS

® SIMPLE COUNTER

® TIME DELAY CIRCUIT

@ SERVICING PROCEDURES

This new style course will enable anyone to really understand electronics by a modern, practical and visual method—
no maths, and a minimum of theory—no previous knowledge ‘required.
to test, service and maintain all types of Electronic equipment, Radio and TV receivers, etc.

It will also enable anyone to understand how

I"_ e ————— e - ot o i o it Gt o - - G b —
POSTNOW : To: BRITISH MATIONAL RADIO SCHOOL, READING, BERKS. Please —:

F [ for I send your free Brochure, without obligation, to: we do not employ representatives \
BROCHURE l Y R N R R I B s SR e OIS Bt T BLOCK CAPS !

| or write if you prefer not to cut page l PRIESRBNNT o dovecn o L) 4 il ot s e L e bl ¢ S b PLEASE PE I2 !
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DL LUKE PLAYERS

duH.nuh ITxHlen. m
flox loundspesker and High
Quality fie:

rs _ ready
built. Quality ontput. Volume
snd Bass conirols. All items
fit together perfectly.
Special instructions

POST
FREE

TO BUILD
YOURSELF
PORTAELE
As illustrated.
standard player
or autochanger.
RCS 3

WATT AM-
Ready madeand

CABINET SUPERIOR AMPLI-
FIER. Ready made and
tested. Guaranteed better
sound! Fully isclated AC
Mains Transiormer 4 watt
ountput. ECL86 friode
pentode valve,

£819.6
£8. 9.6
Garrard AT60 with
.18 diecast turntable £10.19.6
GARRARD TEAKWO0OD BASE WE.1 12][6
Takes 1000, 2000, 3000, SP25, AT60.

Q@ MAX CHASSIS CUTTER

Ccmp|e:e aq%:e, a pun:h. an Allen screw and key

Lin. 1 1&in I Zin. 22/6
fin. I4,‘9 II 18/- 2|n 34;3
iin. 15/6 in. 18/6 24in. 37/9
Fin. 15/9 i 20/-  2%in. 44)3
lin 18/- 14i 20/6 lin.sq. 31/6

BARGAIN XTAL PICE-UP ARM Complete with
ACOS LP-78 Turnover Head and Stylii 20/-; Sterec 30/-.
SPEAEER FRET Tygan various colours, 52in. wide, from
10/- ft.; 26in, wide from 5/- ff, SAMPLES S.A.E.
EXPANDED ME‘I’AI: Gold or Silver 12 X 12 in. 6/=.
NEW GARRARD GRAM MOTORS 100-130v. A.C. 15/-
pair for 200/250v. (in series), or 10/- each Post Free.

FULL WAVE BRIDGE SELENIUM RECTIFIERS:
2, 6 or 12 v, outputs, 1} amp., 8/9; 212, 11/3; 4 a., 17/6.
CHARGER TRANSFOR! Tapped input 200/250 v.

MERS.
for t.huglng at 2, 6orl2v, 1} amps., 15/6; 2 amps., 17,'0.
4 amps., 25/-. Circuit i.nelad.nd Amp meter 5 amp, 10/8.
_...__._.__——-———_

. 28 morss v. 8/8
. 2/3 | 250/26 v. 8
. 23 7/8

8/- 8/-

. 8-+8/450 3/6
- 88| §-118/450 v. 8/9
. 19| 18+18.'450 v. 4/3 | €0-+100/850 v. 11/8
. 2/- | 82-32/3560 v. 4/6 | 100+200/275 v.12/6

PAPER TUBULARS
350v.-0.1 9d., 0.51/9; 1mHd, 3/-: Sm!ll 150v. 8/-.
WW-DWltuo.Niﬂd 0.11/-;:0.2851/8 DB!.'-
1,000v.-0.001, onon.oood 0.047,0.1 2/6.
E.H.T. CONDENSERS. 0. ﬂﬂlmld 7kV., 6/8; MkV 10/6.
MIN. ELECTROLYTICS. 1, 2, 4,5,8, 16, 25,30, 50,100,
%ﬂmﬁ lﬁv 2,'& 500 1000 mid 151 8/8; 2000 mid. 26w. 7/-,
CERAMIC. 5 pP 10 0.0 d., 9d.
PULSE (!EB.AHIOB 10 pF. to 180 F.. 12 kV., 2/8.
SILVER MICA. Close tolerance (plus or minus i pF.
47 yF 1[4 I!.lﬂo 1",;, 50 to 800 PF lf- 1.000!05 000 pF., 2/-.
TWIN " 208 pF. pF., ; 365 pF., minia-
ture ,10[- EW ni‘. standard with frimmers, 8/-;
midgot less trimmers, 7/8; 500 pF. slow motion, standard 8/~;
small 3-gang 500 pF. 18/6. Blngla “Q" 365 pF. 7/6.
SHORT WAVE. Single 10 pF., 25 pF., 50 pF., 75 pF.,
100 pF., 160 pP., 5/6each. Can be ganged. Couplers §d. each.
TONING. Bohr] dlalectrw. 100 pF., 300 pF., guUDnP +3/8 each.

TRIMMERS. pression mlmic A 0 pF., 9d.;
100 pF., 150 p!' 1!3 250 pF., 1/8; 600 pF., 750 pP 1/8.

BEST SRITISH PVC RECORDING TAPES
7in 1800H 7in. 2400%....... 28/8

. 24/8
. 18/8

P,
Spare Snwh 2/8, Tape Splicer Bje, Leader Tape 410
Tape Heads: Collaro 2 track 28/6 pair. B.8.R. 4 track 70/-.

MAINS TRANSFORMERS .7

2/6 each
250 BDmA 6.3v.35a. Recﬂﬂer 6.3 v.25/-:1 a.

MIDGET 220 v, 45 mA., 6.3 v. 2 A ...... 15/8
SMALL, 300-0-300 v. 70 mA., v.4a 19/8
HEATER TRANS. 6.3 v. 1} a,, 7,’3 ‘8.5v. 48, .... 10/6
Ditto tapped sec. 1.4 v., 2, 8, 4, 5, 6.3 v, 1} amp.

0]
GENERAL PURPOSE LOW \'OLTAGE Outnuh B 4, 5,
6,8,9,10,12,15,18,24 and 80 v. at 2 25).
Ditto, 1 amp., 5, 10, 15, 20, 25, 30, 35, 40, 55, 60.. 29/8
Sub-Min, Mains fo § v. 80 mA. 1 3 1} > 1iin.. 78
AUTO TRANSFORMERS 0-11&!30 v
60w. 18/8; 150w. 25/-; 500w. 82/8
CRYSTAL MIKE INSERTS
1% x gin. 6/8; BM3 1 X {in.7/6; ACOS 11
TANNOY CARBON MIKE with Switch ...
MOVING COIL HEADPHONES 100 ohms (ex.
'HONES 2000 ohms

H.R. HEADPHOKNES 2000 chms Super Quality

7l
InpulfOutput

MOVING COIL TER EPLOE. 79 /6
0-1,000v. A.C./D.C., oh.m 0 to 3" meg. etc,
MOVING  COIL  MULT! 20K,
0-2,500v. D.C. 20,000 ohms per valt, 0-1,000v. A.C 99/‘6
Ohms 0 to 6 meg. 50 Microamps full scale

EW MULLARD TRANSISTORS
orm B]- oc72 7,‘6 Oﬂﬁlb 7/6; 0081 7/8; AF115 10/6;

11/-; OC44 8/-; 0045 8/-; 0C171 9/-; OC170 8/8;
ml'? 9/6. 0C26 12/6; Transistor Holders 1/3,

?ALVE HOLDERS. EA50 6d. MOULDED Int. Oct.6d.

azda Oct. 6d.; B7G, BSA, BSG, BOA, 8d.; B7G with can
ljll BI9A with ean 1/0. Ceramic OOTAL, EF50, B7G,
B9A, 1/~ Valve base plugs B7G, BOA, Int. 0Oct., 2/3.

TRANSISTOR MAIRS ELIMINATORS, FAMOUS “POWER
MITE™. 9 VOLT. SAME SIZE AS PP BATTERY.

FULLY SMOOTHED. FULL WAVE CIRCUIT. 45/ T
WEYRAD P50 — Transistor Coils
Spare Cores.................. 8d

RAZW 6 in. Ferrite Ae:ilsl

Driver Trans, LFDT4.
Prioted Circuit, PCAL.

J.B. Tuning Gm:
Weyrad Booklet .

Volume Controls | 80 onx Goax 6d 7.
Long spindles. Midget 8i: Semi-air  spaced  Cable
SE. onms 0.5 :I[eg gl.'éu:: yd. 17/6, 60 yd. 25/-.
LIN. L/8 3/-

/=, YBIHGELOWLDSEI /6
Stereo L/S 10/8, D.P. 14/6. Idesl Hnnl

COAXIAL PLUG 1/-. PANEL SOCKETS 1/-. LINE S0CE-
ETS 2/-, OUTLET BOXES, SURPABE OR FL'UHH 11‘5
BALANCED TWIN FEEDERS 6 yd 80 or 300 ol

1966 GRAM
CHASSIS

F:ve Valves: ECHS1,
Long., Med., Short. EF88, EBC81, EL84, EZ80,
12-month gnarantae A.C. 200-250 V. Femu Aarm-l
5 watts 3 ohm, Chassis 13}in. X 7in, £|0 |0

Three Wavebands:

13in X 4in. Two pilot I.nmps E‘our Knohl
Aligned calibrated. Chassis isolated from mains
B.B.C.

HIGH GAIN TV. PRE-AMPLIFIER BAND

Tunable channels 1 to 5. Gain 18 dB. EGBM va.ln

Kit price 32/6 or §5/- with power pack. Details 6d.

BAND ITI 1.T.A.—same prices. Tunable channels 7 to 13.

Band 1 or IT1. Coils and cireuit only, 9/6. Chassis 4/,
B.B.C. 2 SUPER BOOSTER transistor model. Ready built 75/-.

BLANK ALUMINIUM CHASSIS. 18 sw.g. 2in.

7 x 4in., 5/8; 9x 7in., 6/6; uxSIn ﬂlﬂ 11 x 7in. 710,

13 x 8in. B,B 14 x1lin, 12/8; 15x 14in.,
ALUMINIUM PANELS 18 s.w.g. 12x12in, 5/8; 14x 8in.

4/6; 12x 8in. 8/8; 10x 7in. 2/8; 8x 6in. 2!-' 8x din, 1/6.

‘| GROUP MODELS FOR VOG#LH

BAKER 12in. STALWART

An inexpensive loudspeaker for
High Fidelity. 3 ohm or |5 ohm models

PRICES GNs.
(State 3 or 15 ohm)

CATALOGUE S.A.E.

BASS, LEAD and ARS
80-10,000 cps. Voice Coils 15 ohme. Heavy duty

‘Group 25’ ‘Group 35’ ‘Group 50’
18 Sgns., ﬁ-ﬂ?;gns. 152 IBgns.

LDU'DIPEAKEB! P.M. 3 O » Sin.,
7in. X 4din., 15/6 each; Bin. SS!B. Min IB,'B mu: 30/
12in. 30/-; (15 ohms 85/-); 10  Bin. 22/6; 5in. 21/-;
E.M.I. Double Cone 13} 8in., 3 or 150hm modals. 45/-.
W.B. 10in. HF1012, £5.10.0.; 8in. HF812, £4.10.0. Crossover
85/-. Horn Tweeters 3-16 Ko/s. 10w 20/8; BDwSOKuil 99/8.
-cirenit 2/8, close-circuit 4/6.

c!mzmu Lesd Socket 7/8. DIN 3-pin 118 Lead 8/6.

0 Plugs 1/-. Socket 1/-. Banana Plugs 1/-, Soekes 1/,
IACK PLUGS STANDARD. Chrome 3/-, DIN 3-pin 3/6,
WAVE-CHANGE SWITCHES WITH LONG SPINDLES.
2p. 2-way, or 2 p. 8-way, or 8 p. 4-way 3/6 each; 1 p. 12-way, or
4 p.2-way,or 4 p. 8-way, 3/8 each.
Wavechange “ MAKITS 1 p, 12-way, 2 p. 8-way, 3p. 4~ way.
4p. 3-way, 8 p. 2-way. Prices include click spindles, adjustable
stops, spaces, ete., 1 waler, 10/8; 2 waler, 15/-; 3 waler, 19/6;
4 waler, 24/-; 5 waler, 28/6; extra walers, 4/8.
TOGGLE SWITCHES, 8.0., 8/ 0.9., 8/6; d.p.d.t., 4/
SPEAKER-FRET. Tygan varions colours, 52in, wide from
10/-1t.; 28in, wide from 6/~ it. Samples, large, 8.A.E.
EXPANDED METAL. Gold or Silver 12 X 12in. 8/-,

AM TUNER DIUM WAVE.

‘Three Transistor
superh.st Beady huﬂt Prinlud. Circuit, Ferrite Aerial, 19 ,[6
Size 5. Ideal for Tape Recorders.

M 'wmm 88 109 Heg‘l Six Transistor. Superhet. Ready

built, Printed Circuil l Calibrated

slide dial funing. Slu 8" X 4" x 23",

3 WATT QUALI mm 4 'I‘nnnl!ol 15}!_
Push-Pull Ready hnl!l with volume control

e e e
NEW MARUFACTURERS smwg&nr BBC 2 A.EB.IAI-S

Model
BBC 2 Five Element Outdoor Wall Mounting ..

% RADIO BOOES % (Posiage 9d.)

Radio, T.V. Valves, Diodes, Transistor equivalents
High Fuiehty Speaker Enclosures and Plans.
Transistor Superhet Commercial Receivers .
Mallard Audio Amplifier Manual ..........
Radio Valve Guide, Books 1, 2,3,4,0r §
Practical Radio Inside Out
Transistor Audio Amplifier Manual .
Bhortwave Transistor Receivers
Transistor Communication sm
International Radio Btations List
Modern Transistor Circuits for Baginnura
Sub-Miniature Transislor Receivers .
‘Wireless World Radio Valve Data

At a glance valve equivalents

RESISTORS. Preferred values, 10 ohms o 10 meg,
IWaiw,1lw,20%4d.;1} w.8d.; 8w, 1/-: 2w, 10%54
HIGH STABILITY. % w. 1% 9/~ Preferred vaiues,

10 uh.uu to 10 meg. l\im: 59, 10 ohms to 22 meg., 8d.

5 wait to 8.2 ohm 3 w. f /8
10 wait WB{B-WOUID RESISTORS 1 1]9
15 watt 10 ohms to 6,800 ohms
10K, IEK, ZUK 25K, 10W, 3.’-
MAIN PPERS. !idgat With sliders. 0.3 a., 1K.,
0.2 a., 1zx 0.15 BK 0.la,2K, ﬂ,‘-each
LINE CORD 100 o twin plus resistance. 1/- it

ALL PURPOSE 'I‘RMEISTDB ?n-mmm
14 db gain. 250v. or v. input. Ready bnﬂt Inth Hnlem

STELLA RECORD PLAYER AMPLIFIER
4 watt. 2 stage. 3 to 7 ohm, Neg. feed back. UCL82. U¥85
200-250v, A.C. tapped input. Chassis size 8 x 2} x 4in, ]ngh.
Gold/Walnut knobs, Volume and Tone cantmll on separate
Polished Wood Panel 6 x 2in, Brand ns
makers’ guatantee. BARGAIN PRICE P &P 1/8.

for Mikes, Pick-T) 5 / -
and circuit Post

WEE-WO'IIIH'D 4-WATT
STANDARD SIZE POTS.
LONG SPINDLE VALUES
50 OHMS to 100 K., 7/6.

Instr

WIRE-WOUND 3$-WATT

POTS. Ministure T.V. ‘
Values 10 ohims to 30 K.,'3/3,
Carbon 30 K. fo 2 meg.

TELESOOPIG CHEOME AERIALS. A6in. extends to 35, ADD-ON BABY ALARM UNIT T 3 8 Chua oy 0078 001, 1l

6/6 each. CAR AERIAL PLUGS 1/6. Eotknll 1/3. ALT istor. For any make of T.V, or Radio, Only three D3034, 1,75 : 10'1'. Push Pnl?nrolvz !0‘:' 00788.’0!}8 11}-

v REMOTE CONTROL connections, Made by K.B., R.@.D. and Regentone. Cirenit |  D3058, 11.5: IOHMHDB ohms for 0072, OCBL.. ... 11f-
provided and instructions for use with all makes. No

For FPhilips 19TGLLIA battery required. Ready built and guaranteed. 30[,'_ C.R.T. BOOSTER TMNSFORMERS

,  125A, » With microphone, BARGAIN PRICE. Post Free. for heater cathode short or Iailing emisgion. 25%; and 50%
23TE111A, 113A, 121A, boost, 200/250v, AC innn!. S!ltu tuhu voltage 5
”II‘IAA. B%A ST1033A, THE :‘Ngr?ﬂ‘l' required, £ or 8 or 13 v, -

0 » L B —
Cossor CT1810A, 21A, Esﬁl.’ABER A';IED EXTENSION LOUDSPBAKER
Prics 3 fas. REGORDING HEAD In tosth eream plastio exbingt ‘

Our I3 Post DEMAGNETISER any radio, com, |
Price 12 6 Free mains radio, tape recorder, ete. =
Brand New. indes Lt Toway cable, LOARR HAK. 31015 30/- Eost
Mullerd O0ASL pots,, switches, 5§ resistors 200/250 v. A.C. Size: 73" x 53" x 8° Free
RETURN OF POST DESPATCH Minimum P.P. Charge 1/6 unless otherwise stated. C.0.D. 5[- extra. Full List 1/-. CALLERS WELCOME

RADIO COMPONENT SPECIALISTS

337 WHITEHORSE ROAD, WEST GROYDON

Written guarantee with every purchase. (Export: Send remittance and extra postage, no C.0.D.) Buses 133, 68 pass door. S.R. Stn. Selhurst, Tel.: THO 1665
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Book reviews

FUNDAMENTALS OF RELIABLE CIRCUIT
DESIGN

By Mel Xlander

Published by lliffe Books Ltd.

Volume |: 197 pages, Btin X 5{in. Price 30s.

Volume 2: 138 pages, 81in. X 5{in. Price 27s 6d

EL XLANDER is obviously a circuit designer with a
M high degree of philosophical perception. His
logical and remarkably simplified approach to the
subject of circuit analysis is well exemplified by this
two volume book.

Volume 1 describes how Ohm’s Law and Kirchhoff
Laws can be used as the.basic tools for equating linear
d.c. circuit values, whether they be simple parallel
circuits or more complex series parallel circuits with
more than one d.c. supply source.

The next logical stage is to bring in capacitance and
inductance, star and delta networks, tolerances, and
control circuits.

A fully descriptive appendix gives definitions and
algebraic equations which keeps the level of com-
prehension within the bounds of most readers of
PrAcCTICAL ELECTRONICS.

The reasoning applied in Volume 1 is expanded in
Volume 2 to provide a better understanding of diodes
and transistor circuit design.

Specific practical electronic circuits are avoided
because once the method of design analysis is grasped
the rest should come with ease. After all semicon-
ductors are basically resistive components and can be
treated in d.c. circuits as pure resistances in networks
similar to those given in Volume 1.

For students in electronic engineering and design
these two volumes, although a little expensive for
paperbacks, will provide a greater understanding of
their studies. The purpose behind them is to encourage
one to think clearly and logically; a valuable asset to
subsequent research work. AM.

TELEVISION RECEIVER THEORY PART |

By G. H. Hutson

Published by Edward Arnold (Publishers) Ltd.

238 pages, 10in x 7}in. Price 35s

1s is an excellent book. The author is Senior
Lecturer in Radio & Electronic Engineering at
Canterbury Technical College, and he has written it
“for technicians engaged in the servicing or manu-
facture of television receivers and for students of
television generally”. It is not a guide to fault-
finding, but an explanation of how television receivers
work, written on the assumption that unless you know
how they should work you are not well equipped to find
out what has gone wrong with a faulty one.

The people for whom this book is written will never
be called upon to design receivers, and for this reason
mathematics is virtually excluded. On the other hand,
it is not an elementary textbook: circuits and their
operation are gone into with thoroughness and in great
detail. Both transistor and valve circuits are included.

This is the first of two volumes.
explanation of television in general terms, and then goes
on to examine the following circuits in detail: vision
detectors, video amplifiers, synchronising pulse
separators, and differentiators and integrators. There

A Al Ik St L g e Bl e b o kT

It begins with an |

is a detailed chapter on interlacing, and another on
*“field processing circuitry™, i.e. the parts which handle
the frame pulses.

This leaves (for the next volume) the *“front end™ and
i.f. stages, the time bases, audio section, and c.r.t.
circuitry.

The present volume is well printed and illustrated,
and the price is relatively modest. G.W.

BEGINNERS GUIDE TO PRACTICAL
ELECTRONICS

By R. H. Warring

Published by Lutterworth Press

192 pages, 8tin  6in. Price 18s 6d

E author states that the emphasis throughout this

I book is on practical electronics for beginners.

*“No special theoretical knowledge is necessary in order
to understand the projects described™.

And yet from his writing it must be assumed that the
reader does know what, for example, capacitors and
inductors do, and what kilocycles, microfarads,
Ferroxcubes, and many other terms really mean.

Here is compiled, in a somewhat haphazard sequence,
a compendium of information and projects which, one
feels, can only leave the absolute beginner in a certain
amount of confusion.

The idea of writing a book of this nature is to be
commended. It could have been a useful aid to the
practical man, but it is unfortunate that errors appear.
For example, a transistor collector is' connected
directly to its own emitter in one circuit, while its
equivalent wiring diagram shows no emitter wire at all.

It appears that the diameter of wire used for coil
winding is determined “by its stiffness” rather than
looking up the current ratings on a later page. Perhaps
we should *“‘guesstimate by comparing with a similar
coil” as he suggests?

However perhaps it would be a good idea to be
guided by the various Mullard designs throughout the
book; then perhaps we can build some of the projects
even if we don’t fully understand how they work.

M.A.C.

REGULATIONS FOR THE ELECTRICAL
EQUIPMENT OF BUILDINGS
Published by the Institution of
Electrical Engineers
242 pages, 8lin x éin. Price 17s éd
His is the fourteenth edition of the familiar *“Wiring
Regulations™ which took effect from October 1
1966. The increasing use of ring mains in domestic
installations as well as the use of a wider variety of
appliances makes this book almost essential to the
householder, particularly those contemplating under-
taking their own wiring.

Special attention is drawn to the earthing arrange-
ments via water pipes, now not recommended in view of
the increasing use of plastics for piping.

A new section on caravan and caravan site installa-
tions is included following the withdrawal of the
hitherto separate publication.
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MANCHESTER . . . . . . ELECTRONICS ON SHOW AT MANCHESTER . . .. .. ELEGTRONIGS

Tm-: current credit squeeze is having little effect on the
electronics industry. Although imports of foreign
goods are restricted many overseas Companies avoid
such difficulties by setting up factories in this country.
The same is also true of British Companies.

Although a few glum faces were evident at the 21st
Annual Exhibition and Convention of the Institution of
Electronics, held in Manchester in September, the
atmosphere generally was more of an intellectual
rather than a sell or buy nature. A continuous
programme of films and lectures ran concurrent to the
exhibition.

This is the time when Northerners come together for
their own smaller brand of components show. Hence
the presence of wholesalers and lesser known firms
than one expects to find at an Olympia type of exhibition
in London. Some larger Companies were exhibiting
their usual wares.

On arrival our reporter was told that there was
little really new to be found there. In fact many of
the exhibits could have been seen in London during the
past twelve months or more.

Nevertheless, students from Manchester schools
obviously showed an interest in what they saw, even if
the exhibition was on a small scale.

Of particular interest was a range of visual study aids
shown by A. M. Lock & Company of Oldham. These
aids to teaching electrical and electronic theory are
necessarily of large proportions for classroom
demonstration and include meters (about 12in high), a
wave demonstration machine (about 2ft long), a
transformer kit, and other electro-magnetic devices,
the likes of which are imported from the U.S.S.R.
because, we are told, of the “limited equipment
manufactured in this country”.

Some particularly interesting’ transducers, based on
the electro-magnetic variable reluctance principle,
were shown by Associated Engineering Limited of
Rugby. A new version about }in long was included.
These particular devices were being demonstrated by
their insertion into the wall of a piston of an internal
combustion engine. They will detect the proximity of
metallic materials about 0-020in from the transducer
face. 'In this example, minute irregularities in the
machined cylinder can be detected, as well as giving a
warning of excessive wear or vibration.

Belling and Lee have introduced a new version of the
familiar flexible terminal block in moulded p.v.c. The
clamping screws have rotating pressure pads on the tips
to prevent the risk of cutting the wire strands.

NEW PORTABLE ELECTRONIC ORGAN KIT

HE ‘““MAYFAIR” portable electronic organ, is fully

polyphonic (i.e., chords may be played). Ten
tone colours are available operated by rocker tabs above
the 49-note fully-sprung keyboard: 167, 8" and 4’
pitches are available on each key, employing six octaves
of generated tones. Vibrato is tab-controlled and a
spare tab is provided for fitting percussion as an
optional extra. Two pre-amplified outputs are fitted,
overall volume being controlled by foot-operated
expression control. The console dimensions are
30in x 154in X 9in and weight 35 pounds.

Based on semiconductors (170 transistors and diodes)
and printed circuit boards throughout, a fully illustrated
instruction manual and conventional circuitry simplifies
matters for any new constructor in this field. Twelve
master oscillators are tuned to the chromatic scale, the
remaining frequencies being obtained by binary
division. After distribution and isolation, frequencies
are keyed by 4-pole gold alloy switches under the play-
ing keys, passed to the tone forming unit for waveform
mc&diﬁcation and finally to pre-amplifiers and expression
pedal.

Designed primarily for use in schools, groups and for
home entertainment, organists used to two manuals and
‘pedals might be somewhat critical of the *“Mayfair”
organ but, at the price of a monophonic keyboard and
in view of it’s portability (legs may be detached and
stowed), this instrument is a compromise: a large and
comprehensive organ is proportionally expensive
whereas a solo keyboard is musically unsatisfactory. A
13-note pedal board may be fitted as one of the extra
items offered with the Kkit. .

A demonstration model is on show at the showrooms
of Henry’s Radio Limited, 303 Edgware Road, London,
W.2. The complete kit for building costs 99 guineas.

ELS.
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Meetings . . .

ELECTRONIC ORGAN CONSTRUCTORS
SOCIETY

LONDON
Date: December 10 A
Time: 2.30 p.m. (Admission By Ticket Only)

Address: St. David’s Church Hall, Lough Road,
London, N.7. i
Applications should be made to the Hon. Sec. E. Kirk, 66,
Arnold Crescent, Isleworth, Middx.

JOINT MEETING

Date: November 22 :
Title: Colloguium on “Sound On Film”
Time: 9.30 a.m.

Address: 1.E.E. Savoy Place, London, W.C.2.
This is a joint conference sponsored by the Institution of
Electrical  Engineers, British Kinematograph Sound &
Television Society and the Television Society. Tickets are
available from L.E.E. Savoy Place, London, W.C.2.

EXHIBITION
LONDON
Date: December 2-3 :
Title: Eighteenth Exhibition of Cardio-Pulmonary
Apparatus
Time:  2-9 p.m. Friday, 9 a.m.-1 p.m. Saturday

_Address: Piccadilly Hotel, Piccadilly, London, W.1.
Tickets available from the Exhibition Secretary, The
Society of Cardiological Technicians Ltd., Guy's Hospital,
London, S.E.1.

COURSES

LONDON A
Days:  Tuesday Evenings
Subject: Electronic Music
Time:  7.30 p.m. 3 ?
Address: Streatham & Tooting Institute, Hillcroft
School, Beechcroft Road, London, S.W.17.



26 AMP ON/OFF BWITCH. Mains heavy duty
type rotary with control knob, B5/8 each.
MAINE TRANSFORMER Upright mounting
with primary tapped 200, 220, 240 v. H.T.
secondary s 260-0-250 v. at 100 mA. and it has
two L.T. secondaries of 6-3 v. 1} amp.—unused
(removed from equipment), 15/- plus 3/6 post
and insurance,

HI-FI SPEAKER BARGAIN
12in.High fidelity loud-
speaker. High !!\:x‘per-
manent magnet type
‘with either 8 or 16 ohm
speech coil.Will handle

new by famons maker.
Price £28/6 with built-in
tweeter 35/-, plus 3/6
post and insurance,
8POT OR FOG LAMPS
Made by Lucas, Flat or
Pencil beam 36 wt. Suitable
for ear, boat, caravan, ete.,
Complete with 6 v. or 12 v.
bulb, flex cables and fixing
bolt. Remarkable bargain
12/8, plus 3/6 post and
insurance.

LUMINOUS CORD SWITCH
This can hang on the end of a flex or it can be
inserted into a flex, It has a built in neon
which makes it luminous in the dark. Made for

electric blankets but ideal in dark rooms, ete.

Normally 10/8, our price 8/8 each or £3 doz.,

FINE
TUMERS

80 pi with long indle
as jllustrated, 1/6, or
12/- doz. Twin 50 pf not
quite such long spindle,
2/8, or 24/- doz.

12 v. INVERTER
Fully transistorised for operating a 20 watt
fluorescent tube or other 20 watt mains device.
lﬂlsea;i' long by 15" x 13", £38/10/0 post and
ns. 3/-.

THOUSANDS OF TRANSISTORS

at cut prices
(e.g. Silicon N.P.N. 5/-.) Send 1/6 for latest
list and equivalent chart, and circuits:
8.C.Rs. (Thyristors) 100 v. 1 amp 6/6, 3 amp
7/8, 12 amp 16/~ 400 v. 1 amp 15/=, 3 amp
17/8, 5 amp 22/8, 26 amp £8; 50 v. 1 amp 8/6,
3 amp 7/6, 10 amp 10/-, 25 amp 30/-.

DON'T MISS THIS it will save you £100

9 v. Nickel Cadmium Battery type -l

PP3 (fits all popular pocket
transistors). Can be recharged
800 times. Price with transformer
type battery charger, only 52/6
P. & i. 3/, Chargeable replace-
ments also in stock for U7 1£/8,
U11 23/-, U12 88/-.
NO SOLDERING
POCKET 3

Lots of fun to build
and good results when
finished — complete
kit with detalled in-
structions and crystal
earpiece — batteries
1/2 extra — £5 value
only 19/6 plus 3/- post and ins.

MISCELLANEOUS BARGAINS

o amp ear battery charger rectifier 10/8 (post
3/6); Reed switch with magnet 6/8; } meg pots
8/= doz., ditto with d.p. sw. 10/- doz.; Silicon
Rect. BY100, 350 v. 250mA, 4/8 each, 3 for 18/-;
Miniature pick-up with Cosmocord Crystal
wt_ridge and sapphire stylus 3/8; 4 transistor
audio amplifier 19/8; turret tuner, less bottom
cover and valves 7/8 each; Neons (Midget) 1/6
each, valve type 10/6 doz.; slide switch miniature
1/8, mains type 2/-; toggle switch : 30 amp
relay for controlling heating 88/ 80 watt
fluorescent kit 17/8 (post 3/8), 4 pole change-over
switch for series parallel working 4/8.

8.0.R. Light Dimmer. Can also be used to
control the speed of Motors, drills and the heat
from or to critical instrument circuit recently
rl_eqc'nbed in Practical Eleetronics. Mains opera-
tion this fita into 13 amps socket outlet box.
All the components including the silicon con-
trolled rectifier, Available. as a kit. Price
£4/10/0, plus 2/9 post and ina.

BE FIRST THIS YEAR

Boil heating wire and
transformer. Suitable

for atandard size
garden  {rame. 19/8
plus 3/6 post and ins,

INFRA RED
HEATERS

Make up one of these lalest type heaters.
Ideal for bathroom, etc, They are simple
to make from our easy-to-follow instruc-
i gilica loged designed for the correct infra-red wave-
length (3 microns). Price for 760 watta element, all parts, metal casing as
illustrated, 21/6, plus 3/6 post and ins. Pull awitch 3/- extra.

MULTI-MAINS BOX

These are 4 x 15 amp. sockets
mounted on a metal box already for
wiring to your power plug—intended
for mounting on bench or wall—for use in
workshops — laboratories — exhibitions —
displays, etc, They avoid the use of dangerous

bakelite maultiplugs and adaptors and other
hook-ups. Price only 18/8 plus 6/- post and
insurance.

SQUARE D ADJUSTABLE TIMER

This is a fine American made unit designed for precision. The time period
is adjusted by a knurled screw. The delay period can be set anywhere from
hours or seconds. The end of the delay operates & microswitch—and re-
setting can be remote controlled or manually reset. The unit is for wall
mounting and is approx. 4in. x Tin. x 4in. Price 89/8 plus 3/6.

FINE RECORD PLAYERS ARE ‘GARRARDS’

and because they have been making
record players for so long GARRARD
are your best choice—big range always
in stock.

1000 £5/5/0 AT60 £11/11/0

2000 £8/9/6 P25 £10/9/0

3000 £7/19/6 LABS0 £24/0/0
SRP12 £3/9/8

7/6 for post and insurance.
Complete with service sheet and templet

THIS MONTH’S SNIP
ELECTRIC BLANKET OUTFIT

A thirteen yard, 70 watt waterproof element with temperature control
by Thermal balance—and a double pole blanket switch In pastel blue
bakelite—with enclosed neon ON/OFF indication—both items ideal for
renovating a defunct or doubtful blanket—supplied complete with
layout and other instructions only 12/8 plus 1/6 post and ins,

FLUORESCENT SNIP

Your opportunity to instal mon-flicker strip lighting at silly price—this
month we offer the famous A.E.L (Mazda) énstant start lighling transformer
suitable for one, 41t. 40 watt tube or two, 21t. 20 watt tubes. This transformer
i listed at over £7, but this month you can buy the complete kit comprising
instant start choke/transformer, two tube ends and two Terry clips to hold
tube. Special enip price only 14/ plus 3/9 post and insurance—don't miss
this tremendous bargain,

See in the Dark—INFRA-RED BINOCULARS

These if fed from a high voltage
source will enable objects to be
seen in the dark, providing the
objects are in the rays of an infra-
red beam. Each eye tube con-
taine a complete optical lens
system as well as the infra-red
cell. These ogtical systems can
be used as lens for T.V, cameras
—light cell, ete. (details
supplied). The binoculars form part of the Army night driving (Tabby)
equipment. They are unused and believed to be in good working order, but
sold without a guarantee. Price £2/17/8 plus 10/- carringe and insurance.
Handbook 2/6.

FIELD TELEPHONE UNIT

Officially known a8 remote control
units No. 1, essentially these are tele-
phones with additional facilities—each
unit contains magneto type ringer and
bell—as well as transformer—relay
and switches. A pair of these will give
you two way communication over
distances up to five miles—unused and
in good condition, 38/8 each plus 7/6 carringe and insurance.

MAINS/TRANSISTOR POWER PACK

MAINS POWER PACK designed to operste transisior sets and amplifiers.
Adjustable output 8 v.-8 to 12 v. for |:{°lu 500 mA (class B working), Takes
the place of any ol the following batteries: PP3, PP4, PPS, PP7, PP and
others, Kit compri mains translormer-rectifier, smoothing and load
resistor. 5,000 and 500 mfd. condenser. Zener diode and instructions.
Real snip at only 14/8 plus 3/- post.

SELF REPAIRING FUSES

Sounds good doesn't it—we can’t offer quite that but we can offer a fast
acting overload trip which will save you having to repair fuses every time
you do something which would normally blow a fuse. The trip works first
and as you would instal this on or near your bench all you do is to switch on
again. This is made by Westinghouse. Regular price about £10 each.
We offer them this month at 28/8, plus 5/- post and insurance. Not many
in stock so hurry or you will be too late.

CONSTRUCTORS’ COLUMN
NIM

tricks and will provide endless
amusement as well as education
into computerisation. Kit com-
prises all the components, the printed front panel
and full instructions, The box is not included
but this can be made very simply from plywood.
Price £4/17/8, plus 8/8 post and ins,

BIMPLE RECEIVER FOR LOW VOLTAGE
a TRF transistor set powered from the Bun or a
1} v. cell. Sultable for children or others who
forget to switch off. 4 N.P.N. silicon transistors,
diode and all other components necessary to
build this circuit described in Wireless World
Oct. are available as a kit price 30/-, plus2/6 post
and ina.

ELECTRORIC CONRTROLLER FOR MODEL
LOCOMOTIVES, A device to overcome jerky
stopping and etarting is described in Wireless
World Oct. All components including fve
transistors, 4 diodes, mains transformer, etc.,
to build this circuit is available as a kit price
#4, post and ina. 2/6.

NOUGHTS AND CROSSES MACHINE This
machine described in Bept. (65) Practical Elec-
tronics is impossible to beat and will provide
endless fun at home and econsiderable attraction
(and profit) at charity do's and fetes, ete. Ii
employa 19 swilches and 9 bulbs and these and
the components necessary to make this are
available, price $4/10/0 post and ina,

MULTI PURPOSE NEON TEST UNIT
Robust, useful and instructive—test insulation—
capacity — continuity — resistor — volume
controls—also acts as signal injector and LT
fault finder—kit comprises néon indicator,

4 way waler swilch, ebonite tubes, mxlatc:-lu,
only

condensers, terminals, etc., with diag,
7/6 plus 2/6 post and insurance.

STUPENDOUS OFFER
=y
£ll ;

e

Only recently
o

or
Note these features:
Long dial. Push

Long
pull
and feed back. Ferrite naerial.

and
output,

Bix
transistors.  Cabinet size 4fin. x 3in. x 1iin.
with carrying strap. You get everything you
need and instructions. 39/8 plus 3/6 p. & p. or
supplied with made up chassia 10/- extro. Battery
1/9 extra. Data separately 2/6.

. COUNTER
or direct resding Irequency meter
Employing a special frequency discriminator the
instrument is just right for many of the joba
you have wanted to do—it can be permanently
installed as a rev counter or as a portable in-
strument it will do such jobs as measuring fre-
quency of time base—pulse generator—Afip-fiop,
ete., ete. Kit comprises: metal front panel all
prepared and stove enamelled, moving coils
meter, 4 specially tested transistor and diodes and
all the necessary resistors and condensers and
circuit diagram (separately 2/6) all for 89/8 plus
2/6 post and ina.
OZONE OUTFIT—for removing smells and
generally improving any oppressive atmos-
phere. Kit consiste of Philips Ozone Lamp
and mains unit, only needs box, 18/8 plus 6/6
carr, and ins,
Bolid Staie Ignition. Big things are claimed of
Electronic ignition systems and if you would
like to try for yourself a circull as described in
Practical Electronies (Sept. 1966). This requires
& gilicon controlled rectifier, four transistors and
other components available as a kit, price £5/10/0
post free.
Rain Sensor. Here’s a simple unit that will kelp
your wife. Rings a bell or flashes when it rains.
All the components and data 89/8, postage 2/6.

Where postage Is not definitely stated as an
extra then orders over 23 are post free.
Below £8 add 2/9.

ELECTRONICS

(CROYDON)
Dept PE, 102/3 TAMWORTH ROAD, CROYDON, SURREY (Opp. W. Croydon Stn)
and at 266 LONDON ROAD, W. CROYDON

LIMITED
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10 TRANSISTOR
ORTABLE RADIO

GETS WORLD WIDE RECEPTION
RON CURTAIN MIRACLE! i3 R R L )

oW £I0 I9 6”"5‘2’" Deposit

THIS MAGNIFICENT RUSSIAN 8 WAVE BAND RADIO
REPRESENTS THE FINEST VALUE WE HAVE EVER
OFFERED! Yes, you could pay up to 3 times our price for
an 8 Wave Band Radiol Go to any dealer and see for your-
self. You'll see that our price is a mere fraction of the true
value! Yes, only £10.19.6, box and post 4/6, or send £3 dep., balance 18 ftly.

Elymnnts of 11/11 (Totll Credit Sale Price 274/6) + post. The impossibi e
as been done. The Russians have triumphed in producing this fantastic 8 Wi

Band Radio that YOU can have for hardly more than the cost of an ordi
single wave cheap Transistor! Another proof of the fantastic ability of Russia}
the field of electronics! H. & G., Britain's great discount house has secured a huge
quantity allocated to the U.K. They've just arrived, Brand spanking new and
ready for use, YOU GET THIS AMAZING SET FROM US AT A PRICE THAT
BEARS NO RELATION TO ITS TRUE VALUE! Yes, B saparate wave bands,
including Standard Long, Medium and Short to cover the entire world,
Umqu- side control wave band selection unit gives incredible ease of
station tuning! Hurry and test for yoursell—thousands of stations and
different transmissions at your fingertips 24 hours a day, even including
amateur "Hams’', 'Pirate’ radio stations, ships, etc. —truly nothing is secret! The
Radio enthusiast can have the world in the palm of his hand! You must hear
it for yourself to believe it! Listen to the superb, sweet tonel Control it from a
whlspgr to a roar thac will fill a hall! Runs =conomn::|ly on standard batteries—
take it anywhere. Perfect also for use in your car—any spead, any
direction! SIZE 104" ¥ 71" ¥ 3!". Made to give years of perfect service.
Beautifully designed. Aun:nve contrasting colours. Complete with internal
ferrite rod aerial and built-in telescopic aerial axtending to full 38”
angth Also coloured Radio manual, including simple operating instructions
and circuit diagram. Can also be utad as extension ampli for record
pll er, radiogram, tape recorder, or public address. 12 months' guaran-
tee and after sales service. Send or call. Refund if not delighted. Free Cata-
logues, Binoculars, Telescopes, Watches, Cine Cameras and Projectors, etc.,

or see thousands of bargains at any of our B stores,

oW! NO NEED TO PAY |
N"~"FANTASTIC PRICES -

ﬁ"a"rﬁ”z””f:.ﬁ-%% TAPE

£5|9m REGORDER

PRICE REALLY
PULVERISED!
WHAT A
GIFT!
Simply send
10/- deposit,
balance 18
fortnightly
;lym-nu of

/9 (total Credit
Sale Price 149/6)
plus post. Amazing
cash price £5.19.6, post
5/ Fabulous! Fabulous!
Fabulous! Check catalogues and
rices in the U.K. and see for yourself!
gl ‘H. & G." offer you the first Battery/
Hllns model for £5.19.6 in history! Ohhmlhle only
from us! MNOW you can record sound and ° sing-songs,’ and play back at
home on A.C. mains or record and play outdoors—anywhere, using auxiliary
batteries. Built-in speaker. What tone! What volume! Simple forward/re-
verse, record/play back and volume control. Complete with super sensitive
microphone, earpiece for personal fistening, flex and plug. Truly a compre-
hensive set. Complete in carry case. Send or call. Refund guarantee, 2
Tapes for 25/-. Set of standard batteries 2/6. State if required,
Callers walcome at any of our 8 stores, thaullnd: of bargains on
view, you will save ££'s and £££'s if you shop at ‘H & G'.

Headquarter & General Supplies

Guildferd (Thurs. 7). 121 High St., Colchester (Thurs. 1). 93-95 High St., Iramlnr.“ !wth st., lem)nrd (Thura 1). Stores open until 6 p.m. Sat., Fri. 7 p.m.

’D.p&. rl,'ug,’u‘-:oo Coldharbour Lann. Lculhburudlnct.. S.l.!
Holhorn (Thurs. 1). 7 Oxford St. (W,
1 h End, Croydon (Wed. 1). 149 High Sz..

Tllurs 8,

COMPOMNENTS Send your list of require-
ments for competitive quotation by return
of post.

ROTARY SWITCH BARGAIN Parcel
of 12 very useful rotary switches (assorted)
for only 5/- (plus 2/- P.P.). Worth at
least £3. Money back guarantee.

RESISTORS { watt 59, carbon film

TRANSISTOR
SPECIFICATION & SUBSTITUTION
HANDBOOK

NEW ELECTRONICS
CATALOGUE

resistors, 10Q) to I0MQ. Brand new, not
surplus. 5d. each. P.P. |/- on any order.

POTENTIOMETERS 5K lin, 15KQ lin,
100K lin, 250KQ) lin, IMQ log, 1ML lin,
2MQ log, 2MQ lin. 1/- each, P.P. éd.

With double pole switch 500KQ) log,
S00KS lin, 1M log. 2/- each, P.P, 6d.

With single pole switch 10KQ lin, 50K
lin. 2/- each, P.P. éd.

Pre-sets 5K} lin, 250K lin, 250K} log,
300KQ lin, 2MQ lin. 1/~ each, P.P. 6d.
Skeleton pre-sen 50K() 5d. each or 3/9

per doz.

Slider pre-sets 2 ZMQ 7d. each or 5/é per
doz. P.P. 6&d.

RESISTOR PACKS 100 well assorted
values and types, Jw. to 2w., |19, to’ m 0.
hy-stabs, etc. Asuper huyaLT/‘G. P.P. I /6.

CAPACITOR PACKS 100 well assorted
silver micas, ceramics, papers, electro-
Ilyt61cs air-spaced variables, etc. 10/-. P.P.

VALVEHOLDERS B%A paxolin. 2/- per
dozen. P.P. 1/6.

1/Octal low-loss ceramic. Il for 10/-
P.P. /-

U X4 low-loss ceramic. 6 for 9/-. P.P. /-,
HEADPHOMNES German made with
cushioned ear pads. 5 and 2000 ohm
versions. 29/-. P.P.2/-

BRIAN J. AYRES & CO.
Dept. EB, 8 Hartfield Road
Wimbledon, London, S.W.19
Telephone: Wimbledon 6063

New 1967 Ed. By Tec-Press 23/6

Contains over 5,000 American, Japanese,
British, etc., types, and over 30,000 com-
puter selected substitutes.

Radio Valve Data, new Bth ed. by
Wireless World. 10/é

ABC’s of Silicon Controlled Rectifiers,
by Lytel. 17/=

Elements of Transistor Pulse Circuits,
by Towers. 36/-

Multi Channel Radio Control, by
Warring. 13/6

Proximity Detectors and Metal Loca-
tors, how to build. 21/-

Computer Circuit Projects you can
build, by Boschen. 22/-

Electronic Motor Control, by Lytel. 31/é

Understanding Digital Computers, by
Benrey. 17/-

Modern Dictionary of Electronics, by
Graf, very comprehensive. 48]

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)

THE SHOP AT YOUR ELBOW
FULLY COMPREHENSIVE

INCLUDING :

COMPONENTS

TEST EQUIPMENT
VALVES

TRANSISTORS

HI-FI EQUIPMENT
ELECTRONIC APPLIANCES
RECEIVERS

AMPLIFIERS

AND SPECIAL SERVICES

SEND P.O. FOR 1/6 TO:

DEPT. PE/1
dca ELECTRONICS LTD.
28 UXBRIDGE ROAD
EALING, W.5
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RECRUITING DRIVE

The R.A.F. College Cranwell was
open for inspection by some 150
guests from the academic world
recently during a technical sym-
posium.

The purpose of this grand gather-
ing with an abundance of top brass
was to make clear to the educational
authorities the considerable oppor-
tunities the modern Air Force has
to offer in its engineer branch to
young men qualified in the applied
sciences. Such candidates can obtain
engineer cadetships leading to per-
manent commissions as Engineer
Officer. The chance to follow a
career as a professional engineer
with all the very real advantages
experienced by the serving officer
must sound attractive to many
technically minded youngsters.

The Engineer Branch (formerly
the Technical Branch) is divided
into two sections—mechanical and
electrical, and it is the latter section
of course which includes radio, radar
and the other specialistic electronic
devices and systems.

It was with particular pleasure
and anticipation that yours truly
made a return visit to Cranwell:
in rather different circumstances, 1
might add, to a previous ‘visit”.
With a group of fellow scribes, I
listened to part of the morning
session. Afterwards we were shown
around the fine contemporary build-
ing known as Trenchard Hall which
houses the applied science technical
training laboratories.

The aerodynamic, engine, and
weapon laboratories were well
featured, but I was disappointed
at the rather meagre amount of
electronics we were allowed to see.

Incredible as it may sound, not a
single transistor or other solid
state specimen manifested itself dur-
ing these wanderings. The black
boxes we did see, such as airborne
navigational equipment, were com-
pletely enigmatic so far as their
innermost parts were concerned.

. . . Perhaps it was lack of some-
thing of a real technical appeal that
caused my mind to wander back

detached

to the days when the old No. 1
Electrical and Wireless School occu-
pied the neighbouring area. ... My
reverie of those far off days was
however short lived. Looking down
at the stiletto marked floor tiles
(barely six months old) in the
corridors I was brought back abruptly
to 1966. The W.A.A.F.s of those
earlier days were issued with a
sturdier and less incisive kind of
footwear than that worn (apparently)
by the present day secretarial staff.
Then, the *‘stiletto”, like the tran-
sistor, had yet to be invented. Now,
both have left their mark on our
civilization and things will never
be the same.

SUCCESS STORY

Thanks in part, no doubt, to you
industrious constructors, the makers
of a certain well known wiring board
have had to open up another factory.
This new building near Southampton
devoted largely to the production of
VYeroboard, was officially opened
last month by the Regional Con-
troller of the Board of Trade.

This product is a good example of
the seemingly obvious—when you
know how! The story of its inven-
tion is not without interest, since the
firm originally responsible, Vero
Precision Engineering Ltd., was not
directly concerned with electronics.
Two of their engineers thought up the
idea of pre-made printed wiring
and used this for their own purposes

It says: ““Be sure to keep your
head down’”

particles

JOHN VALENCE

in the course of some work con-
cerned with electronic equipment
for machine tool control. Somebody
in the Company was sufficiently
foresighted to appreciate the com-
mercial potentiality of this board,
and now the whole -electronics
industry it seems is beating a path
to their doorstep.

Now why can't [ think up some-
thing like that! Sentiments wistfully
echoed by mary of my readers, I
have no doubt.

BATTLE COURSE

That Battle of 900 years ago that
we English in our own peculiar way
insist on celebrating has been making
the news in one way or another
over the past month. As much as
I would like to be in the fashion, I
confess seeing little justification for
introducing either King Harold or
The Conqueror on this page, incon-
sequential though these notes may
often be.

But wait!—a colleague has just
come to my rescue with an account
of a visit he paid the other week
to Aldermaston Court. This grand
19th Century manor house is the
headquarters of the British Institute
of Engineering Technology, who
run correspondence courses for a
large range of subjects, including
electronics. From some background
notes provided by this organisation,
it appears that the present building
is the third to occupy this site. The
original manor built nearly 1,000
years ago was held by King Harold
and it then passed into the possession
of William after that rather famous
affair near Hastings.

Back to more relevant matters.
My colleague tells me he was much
impressed by the scale of operations
conducted by this organisation in the
field of postal tuition, although as
he mentions, this particular method
must fall short in certain respects
when compared with direct tuition.
Still for those in remote areas, a
correspondence course is often the
only practical way to acquire know-
ledge and pass professional examina-
tions.
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A SELECTION FROM OUR POSTBAG

Sideways etching

Sir—In your October issue you
have published a letter on electro-
lytic etching. As most experi-
menters will use a 12V model rail-
way transformer for this I would
like to warn them of a pitfall.

To limit the current to about an
ampere a bulb or resistor must be
placed in series with the bath.
When all the unprotected copper
has been etched away 12V will
appear between the edges of the
protected board and the solution.
This is quite sufficient to cause
rapid sideways etching of the
copper and ruin the board. My
advice is to watch the process
closely and switch off immediately
the etching is finished. If this is not
done a blank piece of s.r.b.p.
will result. I know I’ve done it!

N. D. Benyon,
Penrith,
Cumb.

By thunder ...

Sir—I have just read your very
interesting article on Thunderstorms
(October 1966), and would like to
make one or two observations on
this subject.

As a science graduate in the
early 1920’s I had a 40ft high single
wire aerial with a 60ft horizontal
top, over water-logged soil in
North Wiltshire. Varnished glass
insulators were used. ;

When a rain storm, or wide area
shower, approached from the North
West it was often preceded by
several small *“‘outrider” clouds.
Before the rain arrived these,
passing overhead, allowed me to
draw 1in sparks from the aerial, or
light the Geissler tubes fairly
common early in the century.

* Generally this was not possible
after the rain arrived, and no other
observation indicated the possibility
of lightning or thunder, i.e. your
diagram Fig. 2 might be changed to
show this electrification type.

As a senior chemistry master,
now retired, I have not had com-
plete satisfaction from theories of

902

“free” electrons and the valency
theory. About 20 years ago I
distilled some mercury under water-
pump vacuum, in home-made
apparatus with an air cooled con-
denser. The glass was all in one
piece for batch distillation. During

distillation at intervals an electrical .

discharge appeared to travel the
length of the condenser from
receiver to distillation flask.

Such appearance may be a
delusion as far as direction goes,
but it always reminded me of the
possibility of evaporation below
and condensation above producing
lightning flashes. I intended to
repeat this condensation with a
spiral condenser so that magnetic
fields might enable electrical
quantities to be measured. How-
ever, in retirement I might have a
go with steam to see whether such
phenomena are present.

Reading the voluminous natural
facts in your article I wondered
whether - investigation of the
phenomenon noted above could
help with future -thunderstorm
explanation. I know of no
quantitative data on such evapora-
tion-condensation cause of elec-
trical discharge, and offer my
apologies if such data is in your

possession.
R. T. Dale,
Bridford,
Devon.

Your observations of light flashes in
mercury vapour. columns when distilling
mercury under vacuum are in fact a well-
known phenomenon which virtually always
occurs under such conditions. In modern
research equipment requiring reasonably
high vacuum one often uses a mechanical
pump backed by a mercury distillation
pump. The latter is virtually always
flashing away merrily and indeed the
electromagnetic radiation therefrom can
be troublesome in causing interference to
some sensitive experiments.

Your comments regarding your aerial
are extremely interesting. | have fre-
quently found shower conditions where
the character of the radioactivity
digressed from that for ordinary rain, in
the direction of the thunderstorm
character. but “not quite making it”.
The weather as such did not visibly
suggest thunder character, but rather

just sharp showery conditions. In many
cases but not all, there was sharp medium-
wave radio interference of the thunder-
atmospherics type.—M.L.M. ‘

Sir—I noticed with regret the over-
all title given to the six projects in
the October issue; is it really
necessary for this excellent journal
to follow the “‘pop” idiom of mini-
cars, mini-dogs, mini-mice, mini-
skirts, etc.?

Perhaps herein lies a cause of the
so called “Brain-drain”—Mini-
think. (with apologies to George
Orwell.)

S. A. Hardy, AS.ER.T.,
R.A.F., Lyneham,
Chippenham, Wilts.
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Hi Flex 10/12 Loudspeaker Enclosure £11.19

SRR
Schubert Equipment Cabinet 37gns.
Housing Hi-Fi is our business . . . turntables, tape recorders,
loudspeakers, tuners, amplifiers, records, tapes . .. there's a
RECORD HOUSING cabinet to suit your equipment.
Send for illustrated catalogue giving full details of over 20
different cabinets, plus stockists’ list (U.K. only) to:

RECORD HOUSING (pepe. pE12)
Brook Road, London, N.22. Tel.: BOWes Park 7487

o DLY. with
GOODMANS
HIGH

3 FIDELITY
S MANUAL

A new, larger and more colourful edition—revised and completely
up-to-date. It contains articles of particular interest to the D.LY.
enthusiast—including special beginners page, advice on stereo,
stage-built systems and full cabinet drawings. Whether building or
improving your own audio set-up or choosing a complete 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-—_--—_—--—_—---

Please send me a free copy of the Goodmans Highl
Fidelity Manual
! |

] Name ...

L—--————-—-— L ]
GOODMANS INDUSTRIES

Axiom Works, Wemblay,Middlesex
Telephone: WEMbley 1200
A Division of Radio Rentaset Products Ltd,

A
TUNER-AMPLIFIERS

WITH

STEREQ RADID

%0

227M MONO TUNER-AMPLIFIER £40 1 6
(illustrated)

127 STEREO TUNER-AMPLIFIER £40 1 6
(excluding stereo radio decoder)

127M MONO TUNER-AMPLIFIER £29 18 9

OPTIONAL CASE, teak and vinyl hide £3 10 0

Three tuner-amplifiers, identical in size and similar
in styling, each with the same high performance
AM-FM Tuner incorporated.

The 227M provides 10 watts power output whilst
the 127M, with 5 watts output, is designed for those
whose power requirements are more modest.

The 127 is the stereo version of 127M, having two
amplifiers, each of 5 watts output.

All three have similar facilities; pickup and tape
inputs, tape recording output, bass and treble tone
controls.

M5 STEREO RADIO DECODER £1410 0

Enabling any of our current stereo tuner-amplifiers
and tuners to receive the BBC's new stereo
broadcasts.

For full details and technical specifications of all
models, plus list of stockists, post coupon or write
mentioning 12PE/66.

ARMSTRONG AUDIO LTD.
WARLTERS ROAD, N.7
Telephone: North 3213
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Practical Electronics Classified Adverfisements

1/6 extra.

| The pre-paid rate for classified advertisements is 1/- per word (minimum order 12/-), box number
Semi-displayed setting £3 . 5. 0 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.

FOR SALE

FOR S8ALE. Oscilloscopes — Galvanometers —
Evershed & Vignolles Meggers., Also other

items and components. Free list, Stamp
lease. R. & E. MART, Box 9, G.P.O.,
unbridge Wells, Kent.

GRAGCKLE PAINT. Black or Grey, 1 pint tins
4/~, post 6d. from the component specialists.
SERVIO RADIO, 156-8 Merton
‘Wimbledon, London, 8.W.19.

HAMMER PATTERN
HAMMERITE 5554
PANELS, METALWORK
3/6 TIN ® JUST BRUSH ON @
WITHSTANDS 150°C, OIL, WATER, Etc.

2! oz. tins 3/6 4 gallon 35/-*

1 pint 7/6 I gallon 58/.*

1 pint 15/- (* sent by road)
Carriage: Orders up to 5/-, 9d; up to 10/-, 1/9;
over 10/-, 2/9. Colours: Blue, Silver, Black or
Bronze. Return of post service, Monday to Friday.
From your component shop or direct from the

manufacturer:
FINNIGAN SPECIALITY PAINTS (PE)
Mickley Square, Stocksfield, Northumberiand
Tel. Stocksfield

Road,

S8EE MY CAT. for this and that. Tools,
materials, mechanical and electrical gear—
lots of unusual stuff. This Cat, is free for the

asking. K. R, WHISTOX (Dept. CPE),
New Mills, Stockport
ELECTRONIC COMPONENT TRAYS

Manufactured from Toughened
Polystyrene
Comprising 6 compartments 43" x 11" x 37
2/- each, (Heavy Duty Type 3/-). Post paid.
Trade Enquiries — Other Sizes

AEROVAC LTD.
Bath Road, Nailsworth, Glos.

VENNER TIME SWITCHES. Reconditioned,

14 day clock, once on once off every 24 hours,

Jewelled movement, fully guaranteed, 15 amp.

37/6. P. & P. 2/6. A. R, BATCHELOR,
' (E.M. Dept.) 4 Park Road, Bromley, Kent.

ELECTRIC
IRON

SOLDERING

|

FANTASTIC
BARGAIN OFFER
Lightweight

Pistol
Grip handle. 40 10 -
watt, 240 - 250v.

AC. detachable

handle forms cover POST FREE
for iron when not in use. With
4ift. Safety 3-core flex. Indis-
pensable for every home handy-
man. A boon to model makers and
@ necessity for every electronics
enthusiast. Offered to you at this
new amazing price.

C. H. SERVICE (Dept. PE)
Lusted Hall Lane, Tatsfield, Kent,

904

FOR SALE

(continued)

SERVICE SHEETS
(continued)

RELAYS. & assorted 12-24 volt Ex-Equip-
ment, 20/-, p. & p. 4/-. We can supply most
relays as recommended in this journal.

GOVERNMENT SURPLUS. Electrical and
Radio Equipment. Our new catalogue No. 18
now ready, 2/6 Post Free, cost refunded on
purchase of goods over £2. ARTHUR SALLIS,
Radio Control Ltd., 93, North Road, Brighton.

C. Core Transformers
Mains Prim; Tapped 200/240V. Sec.;
80, 140, or Ser.220 volts. 100 Milli-
amps, 6.3V, 1.BA, 6.3V, |A Terminal
Tags, Mu-Metal Screened.
Size: 3 X 3 x 3%ins.
14/6 post paid.
A.E.l. Semi-Conductor Rectifiers
Type GI5M, PVI 300 volts, 500 m.a.
at 2/6 each, post paid.

Cash with erder (no C.0.D.)

(SEND S.A.E. FOR LISTS)

JACK PORTER LTD.
(Established 1928)
30/31 College Street, Worcester

FIVE-TON FACTORY CLEARANCE: Radio.
TV Electrical Components in mixed parcels.
Example: 22Ib. mixed parcel £1, p.p. 7/6.
Speakers, grilles, valves, bases, i.f.s. covers,
condensers, etc. Hundred other items. S.A.E.
list and postal orders to P. NEWTON, 16
Shalcross Crescent, Hatfield, Herts.

™A COMPUTER FOR 59/11d?
YOU MUST BE JOKING!”

Digi-Comp is no joke. Itisacomplete mechani-
cal equivalent of a giant electronic brain,
designed so that you can see just what it is that
makes a computer function. Digi-Comp calcu-
lates, solves problems and plays games, and is
accompanied by an instructionand programming
manual that explains binary methods and ele-
mentary logic in terms comprehendable to
anyone who can count—primary school to Ph.D!
Send 59/11 or 4d. stamp for details to:

I-COR SYSTEMS (Plastics Section)
18 STAMFORD HILL, LONDON, N.16

SERVICE SHEETS

SERVICE SHEETS for all makes Radio, T/V,
Tape Recorders, 1925-1066. Prices from 1 {-.
Catalogue 6,000 models, 2/6. Free fault-
finding guide with all sheets. Please send
stamped addressed envelope with all orders/
enquiries. HAMILTON RADIO, Western Rd.,
St. Leonards, Sussex.

CIRCUIT, COMP., VALUES, Avo model 7. 2/6
lus mS.A.E. TELRAY, Maudland Bank,
reston.

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:

NARIDT iiviicinsisasssontnssnngeoissseasaeedia

To: S.P. DISTRIBUTORS
30 Baker Street, London, W.1
Please supply Service Sheets for the
following :

L E R R R O e o
Model No.: Radio/TV
«Make:! .ooeereeeriiiniiiisnna essisnn
Model No.: Radio/TV
MEKe: -vovivssrsrusssanissssnaravessanmaases
Moadal No.o-...c.occcovainaii Radio/TV

| ‘also require the new 1966 list of
Service Sheets at 1/6 plus postage.
(please delete items not applicable)

| enclose remittance of ......ccccevaniane
which includes postage

MAIL ORDERS ONLY pec.Pe

TAPE RECORDERS, TAPES, ETC.

TAPES TO DI8C—using finest professional
equipment—45 r.p.m. 18/-. S.AE. leaflet.
I]?EROY. High Bank, Hawk Street, Carnforth,
Aancs.

WANTED

SHORT OF MONEY
FOR XMAS?

CASH BY RETURN FOR

CERTAIN TYPES OF

RELAYS AND CONTACTS

NO QUANTITY TOO
SMALL

Send S5.A.E. for details

112 GROBY RD., GLENFIELD
LEICESTER




TRANSFORMERS

TELEVISION:!

From your OWN Car Battery
Famous DELCO TRANSFORMER trans-
forms 12 or 24v. supplv_ s
to mains Power e
for TV, 1" drills,

NOW ONLY
£6-10-0

C.0.D. 2/6 extra.

110/250v. output

MAGNETIC RELAY SWITCHES.
12v., 40 amp. Contacts for lz 6
remote switching. ............Each
INDOOR TELEVISION AERIAL. 15 L
Extending Single dipole. ...Each
VIBRATOR POWER-PAK. Stepl2v.u
to MAINS output. For Universal AC/DC
razors, small fluorescent fittings, 32(6

ZIv. Inpul

PAGIOB, 08, .iiiibosiserassrsens Onk
HOOVER ROTARY TRANSFORMERS.
Bv. lnput,250\’.nutpul.12".input,25 &
490v. output. 32 watts.
GENERATING SETS. Brand New. TINY
TIM, 12v. 300 watts. In Fuck'mg case,
S8ELF STARTING. Normal List £35
Price £76. Price Delivered

Send NOW— Delivery by relurn

JAMES WALKER, ELECTRONICS DIVISION

8chool House, Wood Walton, Huntingdon
Phone Abbots Ripton 368. 9am. to 10 pm.

BOOKS AND PUBLICATIONS

SURPLUS HANDBOOKS

19 set Circuit and Notes 4/6 P.P. 6d
1155 set Circuit and Notes 4/6 P.P. 6d
H.R.O. Technical Instruction P.P. 6d
38 set Technical Instructions. P.P. 6d
46 set Working Instructions P.P, 6d
B8 set Technical Instructions. ... P.P. 6d
BC. 221 Circuit and Notes ...... 3/6P.P. 6d
Wavemeter Class D Tech. Instr. 3/6 P.P. 6d
18 set Circuit and Notes ...... 3/6 P.P. &d
BC.1000 (31 set) Circuit & Notes 3/6 P.P. éd
CR.100/B.28 Circuit and Notes 8/6 P.P, 9d
R.107 Circuit and Notes........ 5/- P.P. 6d
A.R.B8D. Instruction Manual ..I15/-P.P. 1/6
62 set Circuit and Notes 4/6 P.P. 6d

52 set Sender & Receiver Clrcuits §/-. post free
Circuit Diagrams 3/- each post free,
R.I1I6/A, R.1224/A, R.1355, R.F. 24, 25, & 26,
A.1134, T.1154 (all models) BC.342, BC.312,
BC.348.J.E.M.P. BC.624. 22 set.

Resistor colour code indicator 1/6 P.P. éd.
S.A.E. with all enquiries please.

Postage rates apply to U.K. only.

. Mail ordet only to:
Instructional Handbook Supplies
Dept. P.E., Talbot tleu:e,azs Talbot Gardens

eeds

NOTICES

INGORPORATED PRACTITIONERS in Radio
and Electronics. (I.P.R.E.) LTD. Condi-
tions of Membership and Examination Syllabus,
1/-; 1066 Examination Question Papers, 2/-;
Sample Copy of LP.R.E. “ Review', 2[=.
Dept. F, 32 Kidmore Road, Caversham,
Reading, Berkshire.

EDUCATIONAL

TELEVISION SERVICING
RADIOTELEGRAPHY
RADAR MAINTENANCE

Full and Part-time Training Courses

Apply:—Director, British School of Telegraphy,
20 Penywern Road, Earis Court, London, 8.W.5

EDUCATIONAL
(continued)

B.8c.(ENG.), A.M.l.Mech.E., AM.LE.R.E., City
& Guilds, ete., on “ Satisfaction or Refund of
Fee' terms. Wide range of expert Home
Study Courses in Electronics, Computers,
Radio, T.V., etc. 132-page Guide—FREE.
Please state subject of interest. BRITISH
INSTITUTE OF ENGINEERING TECH-
NOLOGY (Dept. 124k), Aldermaston Court,
Aldermaston, Berks.

8TUDY RADIO, TELEVISION AND ELEC-
TRONIC8 with the world's largest home
study organisation. I.BE.R.E., City & Guilds,
R.T.E.B., ete. 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.l.Mech.E., A.M.L.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 132-page handbook
—FREE. B.LE.T. (Dept. 125k), Aldermaston
Court, Aldermaston, Berks.

SITUATIONS VACANT

TEST AND INSTALLATION ENGINEER for
Language Laboratories, interesting and grow-
ing fleld of advanced electronics. ELEC-
TRONIC CLASSROOMS LTD., 197 Lower
Richmond Road, Surrey. Telephone: G. E.
SPARK, Prospect 4463, for appointment,

SITUATIONS VACANT (continued)

RADIO TECHNICIANS

A number of suitably qualified
candidates are required for permanent
and pensionable employment. (In various
parts of the UK. including London, but
primarily Cheltenham. Also opportunities
for service abroad.)

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 25 £962 (highest age pay on entry)
rising by four annual increments to £1,104.
Prospects of promotion to grades in
salary range £1,032—£1,691. There are a
few posts carrying higher salaries.

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)
Government Communications Headquarters
Oakley

Priors Road

CHELTENHAM, Glos.

TECHNICAL TRAINING by

1CS

IN RADIO, TELEVISION AND
ELECTRONIC ENGINEERING

First-class opportunities in Radio and Electronics await the | € S trained man.
Let | €S train YOU for a well-paid post in this expanding field.

1 CS courses offer the keen, ambitious man the opportunity to acquire, quickly and
easily, ghe specialized-training so essential to success. Diploma courses in Radio/
TV Engineering and Servicing, Electronics, Computers, etc. Expert coaching for:

LN

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 | C S can help YOU in your
career. Full details of | C S courses in Radio, Television and Electronics will be

sent to you by return mail.

MEMBER OF THE ASSOCIATION OF BRITISH CORRESPONDENCE COLLEGES.

e e e vt e o T e e T e T T

International Correspondence Schools
(Dept. 152), Intertext House, Parkgate Road,

London, S.W.I1.

INTERNATIONAL [
CORRESPONDENCE [RETNAOR
|
SCHOOI-S l ADDRESS
|

A WHOLE WORLD |

OF KNOWLEDGE |
AWAITS YOU !

1
|
|
I
Block Capitals Please '
I
|
I
|
|
I

12.66
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RECEIVERS AND COMPONENTS

SEMICONDUCTORS —close equivalents; 0035,
4/9; 0C72, 2/-; AF114, OC171, 3/-; AF115,
00170, 2/6; 0C44, 2/6; OC45, !I-; 0CT1,
1/9; BY100 , #/3; 30Mc/s surface-barrier,
2/-; OA70, 8d.; P. & P., 9d.

19 Harbeck Road Bournemouth Hants.

FIRST GRADE SEMICONDUCTORS
2N2926 B 55-110 @ 4/3 B 150-300 @ 4/9
926 5 90-180 4,

2N2! 8 @ B 235-470 @
2N3702 5/6 1N?704 5/6 2N3663 14/~ OCB3 5/6

U.J.T. 2N2426 Ilp‘l SCR. C22D 400V 7-4A 35/-
MILLTRONICS
| Uliswater Road, Levarstock Gresen
Hemel Hempstead, Hertiordshire
C.W.O. Post Free. 5.A.E, List Mail Order Only

SILICON RECTIFIERS 50 PIV, 1-5A; 400
PIV, 0-75A, 2/8. 12V zeners 5% IW, 3/6.
All orders post 6d. J. COOPER, Outwell,
‘Wisbech, Cambs.

SEMICONDUCTOR BARGAINS

Ge. DIODES: OAS, OA7, OA47, OABI all 1/6
each; GEX66 2/-; GEX94] 2/6; AAZIZ 33
AAZI3 5/-; sX63i 3/=; OAID I/

ZENERS OAZ200 IO,’- OAZZDI 5/-; OAZ202
AZ206 T/=; 207 9/-; OAZ208 to
0A22l3 6/=; 27v 600mw 1/6.

TRANSISTORS: OC23 IOI OC25 11/-; OC28

0 3/6; OC200 9/-
C204 17/=; 2N706 5/9; 2N7II4;‘9 INIJ.CMS[-
2N1305 6/-; 2N 1308 10/-; 2N1309 IU;-.

Send fer details of our new range of regulated
power supplies.

25v/4A, 25v/1A, 25v/2A, TSv/4A.
P. & P. 2/6 in the £, minimum 1/6
ELECTRO PROCESS SERVICES

éd, SUN STREET, HITCHIN, HERTS
Tel. 51215

COMPONENTS, VALVES, TRANSISTORS, ote.
Call or send 6d. for list. ROGERS, 31 Nelson
Street, Southport.

ARMATURES

Immediate Exchange Service
All makes Vac. Armatures. From 27/6
Quantity Discounts Lists
JERVIS-TONGE LTD.
Indus:rlal Estate, Derby Road, Clay Cross,
Derbyshire
Tel.: Clay Cross 2998 & 2598

TRANSISTOR COMPONENTS by Post at
Competitive Prices. S.A.E. for List. G W.
BATTLE, 110 Church Road, Higher Tran-

mere, Birkenhead.

R.&R.RADIO & TV SERVICE

Dept. P.E.
44 Market Street, Bacup, Lancs. Tel. 465

Salvage Valves Good Emission Guaranteed

EF80 16 | 30P4 T/~ | 0FLI 8-
ECCB2  3/- EB9I i~ usol 76
ECLBO  3/6 EFB5 5~ | PLB2 48
30F5 5~ | 3oLl B~ s I
PCFB0  4/- EY86  4/- PCCB4  4/-
PL8I 5/- | 6UAGT S/- PYSI s
PZ30  5/- PY33 6 3ol 6/~

SPEAKERS Ex TV 3 ohmimp, 5" Rnd. and 6" X 4°
3/6. B" Rnd. 6/=. Post 2/6.

BY 100, Rectifiers complete with 10 watt res. &/=.
Fo;u 6d. Fireball Tuners, less cover cans 9/- post
paid.

Video, printed circuit panels, ideal for stripping 5/6,
Post I'fé lsfo-r ‘II po;: paid. : ;

Tubes from £1, callers only.

Line output transformers, Scan coils, tuners, ete.
S.A.E. for prompt reply.
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RECEIVERS AND COMPONENTS
(continued)
COMPONENTS BONANZA! S.A.E. for big list!

A. J. BASSETT, 28 Park Road, Chorley,
Lancs.

ECONOMY SEMICONDUCTORS
T Build B Vee*  le* Pt* Price
2mam GN  40-200 20 300mA 0-I15w 4/3
2NI305 GP 40-200 20 300mA 015w 4/3
2N3702 SP  60-180 25 200mA 02w 4/9
2N3702 SP  150-300 25 200mA 02w 6/-
ggfg: Sm 125-500 40 100mA 03w 7/9

20
BCIO9 SN 240-900 20 100mA 03w B/6
6645 S 3

N 250- IS5 25mA 03w’ 3/é

45 SN500-1000 |5 25mA 03w 4/3
CS$2926 SN 90-180 18 100mA 03w 3/9
C52926 SN 150-300 18 100mA 0-3w 4/-
52926 SN 18 100mA 03w 4/9

26 235-470 I
2 NZm:: CS52926 but 0-2w, any selection  4/—
N3053 SN 50-250 60 700mA /e
2N3242 SN 175¢ /9
N3390 SN 25 200mA 02w 7/6
: sil,, G: ger'm., N: NPN, P: PNP, * max.
Special for November only: 2N3702 @ 4/4d each
Rectifiers: BY238, 850V IV A, 1'5KV su
4/6. Resistors iw 5%carbon film high stabs, 4 "
to I0M 0, 2/3 dox. 17/6 per 100. Catalogue 6d.
All Texas. IR and Newmarket devices available.
ELECTROVALUE
& Mansfield Place, Ascot, Berkshire

NEW COMPONENTS

% TRANSISTORS—Matched Output Kit
©OCBID and 2-0C8 '.'6
R.F. Kit: OC44 and 2-OCA45
OC44, 45, 1 7‘2 Bl and 81D Equiva-
T T 3=
* nlSlS‘rOns—S" Hi-Stab Carbon Film
750 to IHn (l w:u) 10 off, one preferred
value ....... esemansy <M
* CAPACIT°RS—M|mature Poiyes:er Foil:
160 YDC/100 V.
33 pF to .IuF:5 oﬂ. one preferred value 3/6
\I5)4F to .47uF 5 off, one value ............ 5/.
% ASSORTED CAPACITORS — New
Paper, Polyester, Electralytic, etc., 100 off 9/6
% ASSORTED RESISTORS—Hi-Stab.
300 off (5%, {&. &, I watt, worth £3) ... 15/=
(P. & P. 1/6 per order, CW.O.)

ELMBRIDGE INSTRUMENTS LTD.

Island Farm Ave., West Molesey, Surrey

RECEIVERS AND COMPONENTS

(continued)

BY100 rectifiers 4/- each any quantity. Post
gaid BLAKE, 524 Runcorn Road, Birming-
a

m 12.

SPECIAL OFFER

I Watt S.T.C. 300 MC/S N.P.N.
Silicon Planer. Transistors. With
data. Limited Stocks. £I for 6.

3/- each. OC44, OC45, OC70,
OC71, OCsl, OC8ID, OC200,
Get 16, Get 20.

4/- each. AFI14, AFII5, AF116,
AF117, OCI70, OCI7I.

5/- each. OCI|39, OCI40, Get
7, Get B, Get 9, XCI4l, BYI00,
OA2l1.

ZENER DIODES

3.9v. to 26 volt, 4w. 3/6 each,
1.5w. 5/-, 7w. 6/= each.

Send éd. for full lists: inc. 5.C.R.
Zeners.

BSY 27, 7/6 each. OC20, 10/-
each.

Cursons
78 Broad Street
Canterbury
Kent

BI-PAR SEMICONDUC:

E 8 RADNOR HOUSE
ons 93/97 REGENT STREET

LONDON, W.I|

| AMP (TO-5 :ala 7 AMP (STUD)
PIV EAC

LOW COST SILICON CONTHOLLID RECTBFI!(HS (T?VRISTOHS) FACTORY TESTED

Free SCR Literature including

PIV E.ACH Circuit Diagrams for Light
100 .. 10/6 Dimmers, S;eed Controllers,
400 . AC Power Switch, etc., with
600 . 45/ 600 .. . 55/~ SCR orders or on request.

25 PIV Power SCR 50 Amp, Spu:nal PEICR v oeonsissisons 35/-

valued £4 or over

400 .. 1
FREE Sge'cleo,';rl::ck:lf‘gmg'::; FREE andfor.LOGGa'tEs,”aeDﬂ?oLris Units, FREE

Timer Units, etc., details free

VALUE Al 50 TRANSISTORS Iol

u NTESTED

10 SCR’s 38'5?'&"5;?&’&‘2‘.5153 20[

©OC139 Trans. NPN Mullard

Drift Trans. 2N1225 100 M/Cs .. 10/~
Matched Trans, OC44/45/81/81D 10/~
OAI0 Diodes Mullard ,........ 10/~
I5 Red Spot AF Trans. PNP 10/
I5 White Spot RF Trans, PNP 0
Sil. Rects. 3A |100/400PIV ........ . -
NPN Trans. OCI 92Nl308, ETC. .. 10/~

10 Amp. Sil. Rect. 50]!
Diodes 4 OA70, 4 OA

3 AMP SCR 100 PlV ¥
Sil. Trans, 25303 PNP . ..
G344A Trans, Eqvt.OC4
Assorted Computer Diodes.
Zeners 5,68, 10, 12Vies ..... .« 10/=
2G417 Trans. Eqvt AFI|I6|‘T-- .

200 M/Cs Sil. Trans, BSY26/7 .
Bi-directional Trans. ASY66.
High Current Trans. OC42
Power Trans, OC26/35 ..
gl. Rects. PIV 250mA

HGWA.U!—HUHMNAHN&&EMU—DN&&MMA@NU
»

NPN Sil. Trans, 70 MIC: ..... 'y 1=
Power Trans, OC20 100 Vits .. ¥

OA47 Gold Bonded Diodes
OA202 5il. Diodes Sub=Min .
OC77 Trans. Mullard ....
OABI Diodes Sub-min ...
Sil. Rects. 400 PIV 500 mA

—Sm——NO—N—NF—N-—N—LH_MO——NWUMU

High vit. AF Trans. PNPAC'{IT
Sil, Rect. 750mA, 100 PIV TEXAS
BSY95A Sil, Trans. STC

Sil, Trans. OC200 Mullard

1

1
Sil. Power Rect. 6 Amp. 1
AF139 GERM, Trans. 1500 M/Cs . |
Sil. Power Trans. 100 M/Cs sTC BUYII. | /=
Zener Diodes 3-|5vits. Mixed 400mW .. 1|
OAS Gold Bonded Diodes Mullard ..... |
2N1132 PNP PLANAR Trans. Sil... 1
2N697 NPN PLANAR Trans. Sil .. 1
GERM. Power Trans.eqvt.OCIl6 Hu
UNUUNCTION Tr:ns. 2N2646 G.E
Sil. Trans, 60VCB P‘{J‘C: ZT 13/84

il. PLAN N 100M/Cs

Sil, Trans, ISI(M 150 HIC‘ HFE 200 NPN. 15/-
SCR's50PIV I TO-5 ca
Tunnel Diode INJ%.O (‘I'D—S
2N2160 UNIJUNCTION 'l'rans TO—S can 15/~
Sil. Rect. 5 Amp. 400 PIV Stud ..

M. Power Trans. OC28/29 .
2N 174 Power Trans. 150W. PNP Ic I5A. .
Sil. Rect. IJ BY 100800 PIV 550mA ... 20/~

Sil, Rect, PIV 200/500mA .......... 20/
Transistor Manual by G.E. 648 pages .... 30/=
Silicon Controlled Rect. Manual (‘s

Mixed Sil. & GERM. Trans. New erkﬂd 30/-
Mixed Semiconductors New Marked ... 40/=
Logic Module Handbook & Catalogue ... 17/6

Our vast stocks chan;e d::ly \mth hundradl of
rgains £14
send 2/6 to cover 3 months mailing of our latest

steck lists, eqvt. charts, circuits, etc.

Fhmmum Order 10/-. CASH WITH ORDER

ASE. Add 1/- postage and packing per

Order. GUARANTEED by return postal service,
Overseas add extra for Airmail.




RECEIVERS AND COMPONENTS
(continued)

REPANCO Transistor Coils and Transformers
for the Constructor. Send stamp for list.
RADIO EXPERIMENTAL PRODUCTS
LTD., 33 Much Park Street, Coventry.

NEWMARKET TRANSISTOR SETS for P.E.
Mini-Board Projects. Project 1, 14/8; pjt. 2,
18/-; pjt. 3, 18/-; pjts. 4 and 5, 11/-; pjt. 6,
19/8. Post Free. C.W.O. Mail only. Brand
new. HARVEY, 29 The Drive, Potters Bar,
Herts.

MISCELLANEOUS

CONVERT ANY TV BET into an Oscilloscope
Diagrams and Instructions, 12/6. REDMOND,
42 Dean Close, Portslade, Sussex.

TRANSFORMERS Rewound. Output or
mains. Specials made to order. Reasonable
prices. 5.A.E. enquiries, RATCLIFFE, 2
Station Road, Holmfirth, Yorks.

BERNIESOUND !AUDID EIIEIHEEIII)
Design-Build-Repair-Modify
All types of Electronic Equipment
For estimates write to:—
Mr. Brown, 1 Effie Place, London, 8,W.6.

PRACTICAL ELECTRONICS Miniature R/C
Design. Automatic Dark Room Exposure
Control Unit. Electronic Party Games.
Miniboards and all constructional projects
going back to Issue 1. Send s.a.e. for your
choice of itemised price lists. AJAX ELEC-

TRONICS, 18A, Rumbold Road, Fulham,
London, S.W.6.

PRINTED CIRCUIT SERVICE

Prototypes, Layouts, Photo Work,
Production Runs, or One Offs
Express Service on all Orders

MECELEX & CO.
Whycliffe Mills, High Church Street
Basford, Nottingham
Tel.: Nottingham 77357

RAYRIK LTD. assemble and wire electronic
equipment and P.C, boards. Gul 3280/9525.

Please
mention

PRACTICAL
ELECTRONICS

when
replying
to
Advertisements

NEW CIRCUITS
Football Pool Computer . 3 s ¥
Multiplying/Dividing Computer . - A
Simultaneous Equation Solver . 5 .
Quadratic Equation Solver
The above analogue computer :m:um all
based on the Wheatstone Bridge, are not
expensive to build and all parts areavailable.
Circuits, wiring diagrams, instructions,
priu lists, 4/6 post free.
meters at new reduced'pnre.r TK20A,

33! posl 3/-; EP10K, 67/6 post 3/-; EP20K,
85/- post 3/-; EP30K, 105/- post 4/6; EPS0K,
145/- post 4/6; EP100K, 165/- post 4/6.
Further details on request.
1% High Stab Resistors, W, 2/-. Stock list
on request.

PLANET INSTRUMENT CO.

25 (E.) Dominion Avenue, Leeds 7

Switches

available from Cockrobin
Controls include various panel-mounting
types, toggle, push-button, semi-rotary,
etc., all by leading makers and useful for
many projects described in * Practical
Electronies "

Also available is the *‘Cockrobin"
panel-mounting lampholder for M.E.S.
bulbs, a special design which positively
prevents cross-illumination from adjacent
bulbs,

Send or illustrated list of these and
other items, price 9d. including U.K. post.

(Overseas, 6d. plus postage, weight 2 oz.)

COCKROBIN CONTROLS
36 Villiers Avenue, Surbiton, Surrey

Asrial Wire: Pure copper, insulated; still available
in 75 ft. reels at excellent price of §/= + 1/-P. & P.
Test Lead Kit: Truly excellent value. Consists of
two ideal 1ensnh test leads with probes, and plug-in
attachments (spade connectors, crocodile clips and
eireult probes). All in plastic wallet for only 8/8 +
1/3P. & P,

Loudspeakers: We carry a range of spenkars to
suit every application. T)-'pical ex.mp.zs are:
1. Westwell 0.2W; 8 chm; 2} in. 7s. 8d.

2. Westwell 0.2W; 8 ohm; 3 in. dll. 9. 8d.
3. Norman 3ohm;7 X 4 in. elliptical
suitable for most car radios 13s. 6d.

1/6 P. & P. on above speakers.
4. Elac 20W; 16 ohm; 12 in. dia. top
quality power speaker £6. Gs. 0d.
8/-, P. & P. on above speaker,
EXCLUBIVE TO BOTHWELL ELECTRIC
SUPPLIES (GLASGOW) LTD.
Due to a massive purchase from abroad, we can still
offer you at the fantastic price of 8/8 (P. & P, 1/-
per horn) a miniature high frequency horn, sultable
for use as a burglar and fire alarm; motor cycle alarm,
and all warning devices. Demand for this unique
offer has been great, so order now and avoid
disappointment. 1. 5,‘-! 5V. D.C. only.

ttery
1. Eagle Model L.\-—B? with self contained pilot
light. 9V. d.c. to suit most. trnnslntor radios, ete.
28/6 + 1/-P. & P,
2. The NORMAN eliminator. replaces even a PP9
battery and is ideal for an experimental hench
power supply. Same size as PPO.
20/6 +- 1/6 P. & P.
SINCLAIR PRODUCTS: Complete range in stock
including the new 12 wati 12 amplifier and power
supply. Usual prices—post free.
MAGNETIC EAR-PIECES: Another fabulous offer
from Bothwell Electric Supplies. Comiplete with 3-5
mim. jack-plug only. 8/- each. P. & P. 6d. each,

: A selection of beautifully
covered loudspeaker cabinets in stock, suitable for
use with mono -and stereo systems. From: 17/3
each. 3/6 P. & P.

SEMICONDUCTORS: We carry nrange of transistors,
diodes, rectifiers and other devicesto meet your every
need at competitive prices, e.g.

0A 81 diodes 2/3 i
OC 44 transistors 8/4

OC 45 transistors 3/4

2N 2926 Silicon Planar NPN trans. 4/8

‘Write or call now for our cmnpnuenu list.

BOTHWELL ELECTRIC
SUPPLIES (Glasgow) LTD.
84 EGLINTON STREET
GLASGOW. C.5. Tel, 04150Uth 2004
Member of the Lander Group

Poat
free

Basic guides for the
enthusiast — a new
series in question and
answer form:

Q. & A. ON AUDIO

Clement Brown
80 line diagrams.

Q. & A. ON
ELECTRONICS

Clement Brown
60 line diagrams.

Q. & A. ON
TRANSISTORS

Clement Brown
60 line diagroms.

Q. & A. ON RADIO
AND TELEVISION
H. W. Hellyer

70 line diagrams.
each 8s. 6d.

from booksellers or 9s. 6d. by
post from GEORGE NEWNES,
Tower House, Southampton
Street, W.C.2

| -

104 pages.

112 pages.

96 pages.

128 poges.

NEW RANGE U.H.F. AERIALS FOR
BBC 2 (625) line transmissions

All U.H.F, aerials now fitted with tilting bracket
and 4 element grid reflectors.

l..oft Mounting Arrays, 7 element, 3§/-.
1 element, 42/6. 14 element, 50/-. 18 element,
51.‘!. Wall Mounting with Cranked Arm,
7 element, §0/-, 11 element, §7/-, 14 element,
75/-. 18 element, §2/6. Mast Mounting with
%I‘n clamp. Izelemlesnt 42/6; 1% element, 55/~

/=
Mounting Arm)s, Complete, '.' element,
72/8; 11 element, 80/-; 14 element, 87/6; 18 element,
95/-. _ Complete assembh’ lnstmcﬂms wlth every
unit. Low Loss Cable, 1/§ vd.
amps from 75-/. State clearly cmnnel number
requlred on all orders.

BBC ' ITY * F.M. AERIALS

BC (Band 1). Telescopic
oft, 21/-. External S§/D, 38/-.
"H" £2.10.0.
ITV (Band a). 3 element Joft
array, 25-/, element, 35/=,
Wall mounting, 3 clement, 35/-.
5 element, -
Combined BBC/ITV. Loft
1+3. 41/3; 145, 48:" Wall
mounting 143, 56/3; 1+5,63/9;
Chimney 1+3, 63/9; 145, 71/3.
';f'lill’ transistor pre-amps from
D=

F.M. (Band =J. Loft S/D, 12/6, “H”, 30/-, 3
element, Szél. External units available. Co-ax.

Send 6d. stamps for illusttated lists.
Quotations for speeial arrays avallable
on request

K.V.A. ELECTRONICS (Dept. P.E)
27 Central hud-./Now Addington
Surrey
LOD 2266
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INPUT B0ov. A 5060 | [|GHT SENSITIVE SWITCH

BRAND N = " o | Kitof parts, including ORPI2 Cad-

Buy di Fw Carriage Paid. ! 00y Suiphide Photocell, Relay,

uy direct from the importer,§ Transistor and Circuit, etc., price

ke"arzre;::sn(c:;d. e couptry-| 25/- plus 2/6 P. & P. ORP 12 in-
pares) from ] il

4 to 50 amp. from stock. IT::‘_"#"; ;I‘"’u't' 10/6 each, plus

OPEN TYPE (Panel Mounting) A.C. MAINS MODEL
% amp, £3. 3. 0. lamrz. £: 10. 0. Incorporates Mains Transformer, Rectifier

2% amps, £5. oy H v
e : and special relay with 3, 5 amp mains cfo
TT:FPE‘DIEOD E_YPE 25 amps contacts. Price inc. circuit 47/6 plus 2/6
€5, 17, 0. 4amps, £8. 7. 6. -p-u&-E— —
5amps, £9. 0. 0. 8zmps,y LIGHT SOURCE AND PHOTO
CELL MOUNTING

12 amps, £19. 10, 0. 15 amps, | Precision engineered light source with
£22. 0. 0. 20 amps, £32. 10. 0." focusible lens assembly and ventilated lamp
37.5amps, £65. 0. 0, 50 amps, | housing, to take MBC bulb, Separate photo
£85, 0. 0O, cell mounting assembly for ORP.12 or simi-
1.5 amp. portable fitted metal case | 1ar cell, with optic window. Both units are
volemeter, lamp., switch, etc. £8.10.0 | single hole fixing. Price per pair £2.10.0
P.& g.’ 10/-.  Similar to above 2.5 _plus 3/6 P. & P,
e rtntes oy i S O e [T UNISELEGTDR SWITCHER

100 WATT POWER RHEOSTATS (NEW Ly 6/ Bank ;g o:or:i'cicooril 2; vr;opﬂ-f;idging I
AVAILABLE IN THE FOLLOWING VALUES LA '

£13. 10. 0. 10 amps, £17. 0. o.l

?rigging Wiper ot
- T ank 25 position, 4 non-bridging |
| ohm, 10 a.; 5 ohm, 4.7 a.; 10 ohm, 3 a.; - ‘)DN-‘Q g Bridging Wipzr' o r

25 ohm, 2 a.; 50 ohm, 1.4 a.; 100 ohm, | a.; & 6 Bank arranged to give 3 bank, 50 wiper
250 ohm, .7 a.; 500 ohm, .45 a.; 1,000 ohm, 8 Bank arranged to give 4 bank, 50 wiper
280 mA; 1,500 ohm, 230 mA; 2,500 ohm, .2 a. Diameterl These switches have been carefully
3tin. Shaft length Zin., dia. 3in. All ac 27/6 each,lremoved from equipment.

P. & P. 1/6. All at 35/~ each. P. & P. 2/6.

25 WATT POWER RHEOSTATS 230 VOLT A.C. GEARED MOTORS
10 ohm, 1.5a.; 25 ohm, | a.; 50 ohm, .75a.; 100 chm, ,52.;§ 5 r.p.m. |7 |b, inch £2.9.6. P. & P. 2,
250 ohm, .3a; 500 ohm, .2 a; 1,000 ohm, .I5a; 1,500 chm,§ 13 r.p.m. |-45 Ib. inch £2.17.6. P, & P. 2,
.122.32,500 ohm, .| a; allac 14/6. P. & P I/6. —— dBQrpm. 26 1b.inch £2.2.0. P. & P. 2
“CABY" MULTI-RANGE TEST | SOUND POWER OPERATED 1 METERS
METER Model B40, D.C. volt, EX-ADMIRALTY HEAD 5 21" Flush Round

— 0-5v.,2-5v, at 10,000 L& A.C. AMMETERS

- ohm pervolt. Idealfor - AND BREAST SETS =R

transistor circuit test- Vo Bt aet o
ing. A.C. and D.C. o su sets connected.

volt, 10v.. 50v..250v.. | YP will provide perfect
500 ;.' 1,000 v. ac 4,000 intercorc?. \l;lvul:aaueries
£ 2 rcic. | required, ill operate”
ohm per val, Resis: | up'to 4 mile. Price 17/6 All 21/- each, p. & p.
ohm. 2 mes.. 20 meg. 182¢h plus P. & P, 4/6 or extra. 0-300 V. A.C,
Repa'ir servr‘%e'availab%é | 32/6 per pair. P. & P. 6/.- mjc Rectifier £1.9.0.
P

0-25, 0-50, 0-150 V.

SEE A — e — — — — — — —
Price includes Test Leads, Battery, UNIVERSAL DEMONSTRATION TRANSFORMER
Instruction book, Pac_k!ng and Post A complete composite apparatus, com=
(U.K.). £6.2.6. 3 additional models B prising a Transformer and electro-
available from 54/ to £14.14.0. magnet with removable coils and
Leaflet gladly sent on request. pole pieces. Coil tapped for
— —— —

AD D TE VOl TAGE ) 230v, 220v, |10v, 115v; 6, 12,
g‘?{.?t[.’rj%ch_AMAm: YLTGE . 36, Tle. ,;.C. T‘:-uese :oils are

. d for D.C. experi-
Input 230v. AC @, also used for peri
B

Stenzyl Type

ments. Complete with all
Output 0-260v. AC "3 accessories as shown. £17 -+
Output 0-240v. DC | = / 15/- carriage. Leaflet on
Fitted large Scalé / request
genlieeet s Vol = WIMSHURST ELECTROSTATIC GENERATORS
meter, Neon Indicator, Fully Fused.

. - - £13/17/6, carr. U.K. (B.R.S.) 10/-. Leaflet on request.
Strong attractive metal case |57 + 8 By e s
i e e nmac year- | VENNER 14-DAY CLOCKWORK TIMESWITCH
able, smooth stepless Voltage Varia- g s cad 3 \
tions over full range. Price £30.[5 amp. 230 v. contact | on/off every 24 h. Fitted in metal
C. &P. £2. case with key. Used but guaranteed. 47/- + 3/-P. & P.
—-— .l——-——___—_—_——

SENSITIVE GALVANOMETER BUILD AN EFFICIENT STROBE UNIT

Centre Zero 300-0.300. Mi- FOR ONLY 37/6. We supply a simple circuit diagram
cro amp. ohm. approx. g and all electiical partsiincluding the NSP2 Strobe tube which
Calibrated 30-0-30 in clear will enable you to easily and quickly construct a unit for
divisions. Mounted in sturdy infinite variety of speeds, from | flash in several seconds to
sloping front case with top v several thousands per minute. 37/6 plus 3/-P. & P.
ter&nipnaés. Priceh£4.lo.0. - _?(EI— — — — — — — —
P. . 2/6. Matching volt meter calibrated 0-
and 0-15'v. D.C. £4.10.0. P. & P. 2/6. ; COMPACT HEAVY DUTY 6 volt DC RELAY
D.C. Ammeter 0-6a and 0-3a. £4.10.0. P, & P. 2/6. | 6-9 volt DC operation 30 ohm coil 2 X 10 amp
Set of 3 matching instruments, £12,19.0 p. & p.4/6 ¢ c/o contacts, will handle up te 250 volt AC,
T TE S - ‘: e wmman | Size |§” high X 24" % 14", Price 7/6 plus |/6
L.T. TRANSFORMERS All primaries 220-240 volts. | p_ & P, 3 for 20/- post paid.
Ty Sec. Taps Price Carr. .

pe No. — i — — — — —
130,32, 34,36 v. at 5 amps. ...... I ==

30, 40, 50'v. 3¢ 5 amps. - .. ONSTANT VOLTAGE TRANSFORMER

2

3 10,17, 18 v. at 10 amps.

4 6, 12 v. at 20 amps. Input 185-250 v. A.C. Qutput 230 v, A.C.
5 £5.12.6 10/6 ; Capacity 250 watt. Attractive metal case,
6
7

17, 18, 20 v, at 20 amps. 2
£5.5.0 9/— | Fitted red signal lamp. Rubber feet. Weight
£3.15.0 7/6 | 17 bs. Price £11.10.0. P, & P. I5/-.
- — —

6, 12,20 v. at 20 amps.
24 v. at 10 amps. ....oovvoeeenanaan

SERVICE TRADING C

All Mail Oders—Also Callers—Ample Parking Space
57 BRIDGMAN ROAD, LONDON, W.4
Phone 995 1560 CLOSED SATURDAY

Personal callers only
9 LITTLE NEWPORT STREET
LONDON, W.C.2 Tel.: GERrard 0576
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£6/9/6

" Solve your communica-
tion problems with this
4-8tation Transistor Infercom system (1 master and
3 Bubs), in de-luxe plastic cabinets for desk or wall
mounting. Calljtalk/listen from Master to Subs and
Bubs to Master. Ideally suitable for Business, Sur-
gery, Schools, Hospital, Office and Home. Operates
on one 9V battery. On/off switch. Volume control.
Complete with 3 connecting wires each 86ft. and

other accessories. P, & P, 4/6
ABY ALARM

Our Price ONLY

52/6

Modernize business or home with this new two-way
Portable Transistor Intercom, consisting of Master
and Sub, in strong plastic cabinets with chromium
stands. Designed as a two-way instant communiea-
tion system. Call/talk/listen from Master to Sub and
Sub to Master. Operates on one 9V b:lllel":
Complete with 80 ft. wire. Battery 2/6, P. & P. 2/6

R ‘Why not
rry boost bua-
2 ) inetlaa effi-
< clency
O ith this
ineredible
De-luxe
Telephone Amplifier. Take down long telephone
messages or converse without holding the handset.
A status symbol? Yes, but very useful one. On/off
switch. Volume Control. Operates on-one 9V, batiery
supplied for 2/8 extra. P. & P. 2/6.
Full money refunded if not satisfied in 7 days.
WEST LONDON DIRECT SUPPLIES (PE/12)
169 KENSINGTON HIGH STREET, LONDON, W.8

CRESCENT RADIOLTD.
40 Mayes Rd., Wood Green, N.22
Telephone: BOWES PARK 3206

NEWMARKET TRANSISTORS
Te N.K.T. N

VEROBOARD
Veroboard Pack, 5 boards, | spot

face cutter .. 9/6 each

2+ X 5_inch 3/8 each
24 % 3% inch 3/~ each
32 x 5 inch 2 o 4 5/2 each
31 x 3% inch 5 e 7 3/8 each
I7 X 4 inch e va .. 13/6 each
Spot Face Cutters .. " % 7]6 each

PRINTED CIRCUIT BOARD
9 x Sinch.. . . .« 111 each
12 x 12 inch .. e ow +v 3|3 each
Printed circuit kit complete 15/6 each
Printed circuits Off Cuts .. .. 9d. each
SPECIAL LINES

5 k chm pots (small) .. s .. 9d. each
| m ohm skeleton pre set pots +« 3d, each
125 veolt 250 m/a. silicon rectifiers. . 1/6 each
3 inch 150 ft recording tape 3/9 each

O.R.P.I12 cadm'm sulphide photacell 10/— each
Tape recorder rev counter e &)= each

E.M.l. TWEETERS

24 inch 3 ohm 9/6 each
3% inch 3 ochm ! S .. 12/6 each
LOUDSPEAKERS
3 inch 20 chm i e .. 9/6 each
5 X 3inch 3 0ohm .. .. 11/3 each
Speaker matching transformer A 8/6 each

SINCLAIR KIiTS AT REDUCED PRICES
X010 kit .. S w. .. £A19.6 each
X.10 buile .. . £5.19.6 each
X.20 buile ..

o .. £8.10.0 each
X.20 Power Pack .. . £4,0.0 each
A Few Left Only

Ve have large stocks of electronic components
and feel that a visit to our premises would be to
your advantage. Send l/- for our catalogue.
Please include postage with orders.




TAPE RECORDER
SERVIGINGH

MANUA

By H. W. He“yer, AMTS., ALP.RE, AMISM.

344 PAGES PACKED WITH CONCISE
SERVICING DATA AND FACTS OF
VITAL PRACTICAL VALUE TO SERVICE
ENGINEERS AND KEEN AMATEURS
ALIKE! 7 DAYS' HOME TRIAL!

Here's all the “ gen” you want about TAPE
RECORDERS and how to service them— in
one BIG 344-page practical volume that no
service engineer or keen amateur can afford
to be without! Almost every tape recorder
and deck ever released in this country—282
different models covering the output of 63 well-
known makers——are included. Every model
carries concise yet comprehensive service data,
and is fully illustrated by 345 helpful drawings,
cut-away views of mechanisms and complete
circuit diagrams. The servicing notes have
been compiled partly from manufacturers’
official data, from other trade sources, and
from bench notes and observations made by

NEW! UP-TO-DATE!
EVERYTHING YOU NEED TO KNOW
IN ONE ESSENTIAL BOOK!

DRAWINGS,
EXPLODED
VIEWS AND
CIRCUIT
DIAGRAMS

0D A

including:
Alba, Allegro, Amplion, B.S.R., Baird,
Brenell, Bush, Butoba, Collaro, Cossor,

Dansette, Defiant, Dynatron, E.M.I., Editor,
Ekco, Elizabethan, Elpico, Ferguson, Ferranti,
Ferrograph, Ficord, Fidelity, G.B.C., G.E.C.,
Garrard, Geloso, Gramdeck, Grundig,
H.M.V., Hagen, Kolster-Brandes, Korting,
Magnavox, Motek, Murphy, Peto-Scott,
Philco, Philips, Playtime, Portogram, R.G.D.,
Regentone, Robuk, Simon, Sobell, Sonomag,
Sony, Sound, Steelman, Stuzzi, Telefunken,
Thorn, Truvox, Ultra, Verdik, Volmar,
Walter, Winston and Wyndsor.

MAKES
*

MODELS

2DAYS HOME TRIAL!

the author in the course Of Sevel'a] years' D D S S S S S S -—— -

practical servicing. The principles of tape I
recording, practical repair procedures, micro- |
phones and matching are also dealt with in |
the valuable introductory section. De Luxe !
Edition (Leathercloth) 63/- (or on credit
terms—see coupon on right).

]
]
DO THIS NOW! Complete form and post in 3d. :
stamped, unsealed envelope to bring volume for
7 Days’ Home Trial. HURRY! :
i
\

Available from Booksellers, or

POST FORM Now! P

To: Dept. S.A. 110, Odhams Books Ltd., Basted, Sevenoaks, Kent.

WITHOUT OBLIGATION please send me, on 7 Days' Home Trial, Tape Recorder
Servicing Manual. Within 8 days 1 will either (a) send the Cash Price of 63/- (plus
charge for postage and packing), or, (b) send a down payment of 19/- (plus postage
charge), followed by § monthly payments of 10/- (Total Credit Price 69/-).  Alter-
natively, I will return volume in good condition, postage paid, within 8 days.

Cross out words NOT upplicable below:

I wish to pay by CASH/TERMS. I am (a) houseowner; (b) tenant in house or flat;
(c) temporary resident; (d) single; (¢) married; (f) over 21; (g) under 21.

PLEASE SIGN HERE

Your Signature

(If under 21, signature of parent or guardian)
Full Postal

S.A.110/Dec. 66............
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output in
excess of
1} watts,

® All stan-
dard British
components.
@® Built on
printed circuit panel, size 6 x 3in.

@® Generous size Driver and Qutput Transformers.
® Output transformer tapped for 3 ohm and |5
ohm speakers. @ Transisters (GET |14 or Si
Mullard OCBID and matched pair ef OCB8I| o/p).
® 9 volt operation. ® Everything supplied,
wire, battery clips, 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.

STEREC AMPLIFIER

Incorporating 2 ECLB6s and | EZBO, heavy duty,
double wound mains transformer. OQOutput 4 watts
per channel. Full tone and volume controls. Abse-
lutely complete.

ONLY

Super De-
luxe version
with ECLBS
valves, sep.
bass, treble and balance con-
trols, fullsfgad back. 8 gns.
s

WELL-KNOWN MAKERS' SURPLUS!
ONE TRANSISTOR PRE-AMP.

Suitable for use with Medium or High Impedance
mikes, guitars, ||1m pickups, tape decks, etc. For
operation from 200/300 velt H.T. rail or 9 volt
battery. Gain approx. l4:l. Fully isolated input
by Mu-Metal screened transformer. Size 41" X 1°
i Readyhull:mmplewwl:hl’ultcnrcuntdlagram
and instructions. ONLY 15/-. Post free.

SPECIAL PURCHASE! TURRET TUMNERS
By famous maker. Brand new and unused. Complete
with PCCB4 and PCFBO valves 34-38 Mc/s IF. Biscuits
for Channel | to 5 and 8 and 9. Circuit diagram
supplied. OMNLY 25/- each. P. & P.3/9.

GORLER F.M. TUNER HEAD

BB-100 Me/s 10.7 Mcfs. L.F.,, 15/-, plus 2/- P. & P.
(ECCB8S valve, B/6 extra).

TAPE DECKS

B.S.R. MONARDECK (Single speed) 3iin.
per sec., simple control, uses 53in, spools, £6/15/-.

LATEST COLLARO MAGNAVOX 363 TAPE
DECK DE LUXE. Three speeds, 2 track, takes up
to 7 in. spools. 10 gns. Plus 7/6 carr. and ins. on
each. (Tapes extra on both.)

QUALITY PORTABLE TAPE RECORDER
CASE. Brand new. Beautifully made. Few only at
49/6. P.&P.5/-.

ACOS CRYSTAL MIKES. Highimp. Fordesk
or hand use. High sensitivity, 18/6. P. & P. 1/6.

TSL CRYSTAL STICK MIKE. Listed at 45/-.
Our price, 18/6, P. & P. 1/6.

VYNAIR AND REXINE SPEAKER AND
CABINET FABRICS app. 54 in. wide. Usually 35/~
yd., our price 13/6 per yd. length (min. lyd.)
P. & P.2/6. 5.A.E. for samples.

QUALITY RECORD PLAYER AMPLIFIER
A top-quality record player amplifier. This amplifier
was used in a 29 gn. record player, employs heavy
duty double wound mains transformer, ECCB3,
ELB4, EZB0 valves. Separate Bass, Treble and
Volume controls. Complete with output trans-
former matched for 3 o:m speaker. Size 7in. w.
x 24in. d. x 5}in. h. Ready built and tested. PRICE
69/6. P. & P. 4/9.

ALSO AVAILABLE mounted on board with out-
put transformer and 6in. speaker ready to fit
into cabinet below. PRICE 89/6. P. & P. 5/9.

QUALITY PORTABLE R/P CABINET
Uncut motor board. Will take above amplifier
and B.S.R. or GARRARD Al.:m:hanger or Single
Record Player Unit. Size 18 x 14 x BL in

PRICE £3/9/6. Carr, 7/6.

4-SPEED PLAYER UNIT BARGAINS
All brand new in maker's original packing.
SINGLE PLAYERS
B.S.R. TUHDL . ovianesinees £3/9]6, Carr. 5/6.
GARRARD 5P25 De Luxe.. £I2,’I /6. Carr. 5/6.
B.S.R. GU7 with unit mDunted pickup arm.
£4/1 !M. Carr. 5/6.
AUTO. CHANGERS

Latest B.S.R. UA25 Super slim ........ -~ 6 2 &
GARR RD 1000 with special Hi-Fi cart-

BB svornerniseisnisiniaiisiiseniasnrassssrsiies e £6 19 6
GARRARD ‘AT6 £9.10.0. Carr, 6/6 on each,

All the above units are complete with t/o mono head
and sapphire styli or can be supplied with compatible
stereo head for 12/6 extra.

3-YALVE AUDIO AMPLIFIER
MODEL HA3M
Designed for Hi-Fi repro-
duction of records. A.C.
Mains operation.
built on plated heavy ;aule
metal chassis, slze 7iin. w.
x 4in. d. x . h, Incor-
porates ECCBJ ‘ELBA4, EZBO
valves, Heavy duty, double
X 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 5
them complete with knobs, valves, i
etc., wired and tested for only P. & P, 6/-.

HSL ‘FOUR’ AMPLIFIER KIT
A.C. Mains 200/250v., 4 watt, using ECC83,
Ml T ELB4, EZ80 valves
% Heavy duty double-
wound mains transformer
wu:h elecrrostatic screen.
r:ra:e Bass, Treble
anr.l volume controls, giving
fully variable boostand cut
with minimum insertion
loss. % Heavy negative
feedback loop over 2 stages
ensures high output at

BRAND NEW CARTRIDGE BARGAIN!
ACOS GP67-1. Mono complete. List price 21/-,
OQur price 13/6. P.&P. |/

BRAND NEW. 12" |5w, H/D Speakers, 3 or 15
ohm. Current production by well-known British
maker, Offered gelow list price_at 89/6. P. & P. 5/-.
Guitar models: 25w. £5.5.0; 35w. £8.8.0.
BRAND NEW 3 OHM LOUDSPEAKERS
5 in,, 12/6; 6! in., IS -3 B in., 21/=; 10 in., 25/-;

x 6in., 26/ h
xSm w.:h hl;h flux eramic magnet

8
3 ohm 23/6.
E.M.I, l3‘ x 8 in, with high flux ceramic magnet,
4'2;‘-. (IS5 uhm 45/-), P, & P. 4" & 5" 2/-, 61" & 87 2/6,
10* & 12° 3/6 per spcak.er
E.M.l. PLASTIC CONED TWEETER.
2&°. 3 ohm. Limited number: 12/6 each, P. & P. 1/6.

7-10 watt OQOUTPUT TRANSFORMERS o
match pair of ECL 86's in push-pull to 3 ohm out-
put, ONLY I1/-. P. & P. 2/6.

7-10 watt ULTRA LINEAR OUTPUT
TRANSFORMERS to match pair of ECL 82's in
push-pull to 3 ochm output. ONLY 15/, P. & P. 2/6.
MAINS TRANSFORMER for transistor power
supplies. Tapped pri 200-250v. Sec. 40-0. ac |
amp (with electrostatic screen) and 6-3v. at *5amp for
dial hmps etc, . Drop thro mounting. Stack size 1}°
x 31" x 3}° 16 P. & P. 4/6.

SMOOTHING CONDENSER. 2800 mfd. 25v.
13" dia. % 3" high 3/-. P. &P. 1/

MATCHED PAIR OF 2: WATT TRANSISTOR
DRIYER AND OUTPUT TRANSFORMERS.
Stack size |% x 1} x § in. Output trans. tapped for 3
ohm and 15 ohm cutput. 10/= pair plus 2/- P. & P.

SPECIAL OFFER! FM/AM TUNER HEAD
&au:lfull'{ designed and
precision engineered by
Dormer and Vadsworth
Led. Supplied ready ficted
with twin .0005 tuning con-
denser for AM connection.
Prealigned FM section
covers 86 — 102 Mc/s. LF
output 10.7 Mc/s. Complete
with ECCB85 (6L12) valveand
full eircuit diagram of tuner
head. Another special bulk
purchase enables us to offer

HARVERSON SURPLUS CO.

excellent quality with very low distortion factor.
% Suitable for use with guitar, microphone or
record player. % Provision for remote mounm\:
of controls or direct an chassis’

size only 7} in. wide x 4 in. deep. Overhaul heIght
41 in. * All components and valves are brand
new. % Very clear and concise instructions enable
even the InEKDEflCﬂCEd amateur to costruct
with 1009, success. % Sugplmd complete with
valves, cutput transformer (3 ohms only), screened
lead, wire, nuts, bolts, solder, etc. (No extras to
buy.) PRICE 79/6. P.&P. 6/ A
Comprehensive circuit diagram, practical ‘layout
and pars lists 2/6 (free wich kit).

This kit although similar in oppearance to HA34
employs entirely different and advanced circuitry.

10/14 WATT HI-FI AMPLIFIER KIT

A stylishly fin-
ished monaural
amplifier with an
outputof | 4watts
from 2 EL84s in
push=-pull. Super
reproduction of
both music and
speech, with neg-
ligible hum. Sep-
arate inputs for
mike and gram
allow recordsand
announcements to follow each other. Fully shrouded
section wound output transformer te match
3.15C) speaker and 2 independent valume controls,,
and separate bass and treble controls are prowded
ivin, good I:f: and cut.  Valve line-up 2 ELB4s;
E g 86, and EZB0 rectifier. Sim lu
|ns:ru:t|on bnuk et 1/6. (Free with parts.)

parts sold separately. ONLY £7/9/6. P. & P. 8.!6.
Also available ready built and tested :nmple:e
with std. input sockets, £9/5/-, P.
Carrying Case for above 28/6. P, & P. ‘!.'S

MATCHED PAIR AM/FM LF.'s, Compr:sm;

Is¢ I.F, and 2nd LF. discriminator, (465 Kc/ sflo.
I x 24" H. Wul; n;?tch FM/A

/= pair. LTD

thesesearjeeach. F.&F. | |70 HIGH ST., MERTON, S.W.19 CHErrywood 3985

3/-. Order qul:kly !
Limited number also avail-
able with precision geared
- reducucn drive.

30/-. P.&P.3/-.

Open all day Saturday

A few minutes from Wimbledon Tube Station. ear
OVERSEAS P. & P. CHARGED EXTRA. S.A.E. with all enquiries

Early closing Wed., | p.m.

(Please write clearly)

The most accurate
pocket size

CALCULATOR
in the world

Send a postcard today for free
booklet, or if you prefer, send
75/- for this invaluable spiral
slide rule on approval, with
money back guarantee if

not satisfied.

CARBIC LTD. (Dept. PE?)

54 Dundonald Road, London, S.W.19

BUILD YOUR CIRGUITS
on

VEROBOARD

— the Universal Wiring Board —
obtainable from your local Retailer
If in difficulty write to:

NORMAN ROSE (ELECTRICAL) LTD.
8 St. Chad's Place, Gray's Inn Road, London, W.C.1




“. . .. maylI state how delighted I ain with the books, und
what a contrast to the many text books I have attempted to

struggle through! . . . G. J., Hull. Signat
*, ... the Manuals are out of this world for simplicity in
learning about Electronics..”. . . P. J., Durham.

Name

A TECH-PRESS PUBLICATION

BASI

The New Picture-Book’way of learning
ELECTRICITY (5voLs)
ELECTRONICS (6voLs)

You'll find it 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 lllustrated
by an accurate, cartoon-type drawing.

The series will be of
exceptional value in
training mechanics and
technicians in Electricity,
Radio and Electronics.
WHAT THIS MONTH'S
ENTHUSIASTIC READERS SAY

POST NOW FOR THIS OFFER /!

only.

The books are based on 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.

_III.III.II---IIII---I

To Seiray Book Co.
60 Hayes Hill, Hayes, Bromley, Kent
Please send me Without Obligation to Purchase, Basic Electricity/Basic
Electronics on 7 Days® Free Trial. I will either return set, carriage paid,
in good condition within 8 days or send down payment of 15/- (Basic
Electricity) followed by 6 fortnightly payments of 10/-.
of 15/- (Basic Electronics) followed by 6 fortnightly payments of 12/6.
Alternatively, I will send 68/- (Basic Electricity—5 parts). 81/- (Basic
Electronics—6 parts) post free.

Down payment

This offer applies to United Kingdom

Tick against set required (only one set allowed on free trial).
BASIC ELECTRICITY O

BASIC ELECTRONICS O

(If under 21, signature of parent or guardian)

BLOCK LETTERS BELOW

FULL POSTAL

Address

PEI2

AT OUR
LO@K! i o*
OC71 TRANSISTORS ECH
or 27/6 doz. P. & P. 6d. 2/3 g

LATEST WIRELESS WORLD VALVE
AND SEMICONDUCTOR DATA BOOK.
Data on 7,000 types 9/6. P.&P. I/-.

GERMANIUM RECI'IFIERSZ B EACH
GJ7M 24v L amp / 2&& P.
or 24/- doz., post |/-. 3

MINIATURE GERMANIUM B
DIODES Postage 6d. Dol

SILICON RECTIFIERS 5 EACH

800v. P.LV. 500 mA. / T g

TRANSISTOR HOLDERS ]I B dozen.
3 or 5 Pin. / Ste
I/- each, post 4d. {
YEROBOARD
24" %' 5" 4/- 247 % 37 3/4
33" x 33" 4)- 33" x 5"5/8
Postage 6d. each extra.
TANK AERIALS
6 Section. Total Length 10" 10~
Perfect for Vertical Aerial or Fishing

e
PETHERICK’

Dept. P
22 HIGH STREET, BIDEFORD, N. Devon
Tel. : Bideford 3217

RADIO
SUPPLIES

LOW-COST SILICON

High-gain planar transistors from 3/6
2N2926 general purpose NPN, a.f. and r.f.
(For P.E. Vibrate Unit: circuit supplied)
8=90-180, 3/6; 150-300, 3/9; 235-470, 4/6.
2N 3702 PNP (for Class B, etc,) 5/-. ZN3704
NPN 6/-, 2N3707 High gain NPN a.f. input
transistor 6/-. Complementary matched
pairs, 2926/3702, 9/-. 3702/3704, Il/é.
TI407 Low-noise v.h.f. 450 Mc/s. 7/-.
SGS Fairchild amplifier packages.
AF10, 8-10W output (5 transistors, 2 diodes)
30/-. Cash with order, Mail order only.

AMATRONIX LTD.
396 SELSDON RD., CROYDON, SURREY

BATTERY ELIMINATORS
The ideal way of running your TRANSISTOR
RADIO, RECORD PLAYER, TAPE RECORDER,
AMPLIFIER, etc. Types available: 9v; 6v: 4}v
(single outpur) 39/6 each. P. 2/9.
9v + 9v; 6v + bv; or 4iv - 4jv (two separate
outputs) 42/6 each, P, & P.2/9. Please state
output required, All the above units are
completely isolated from mains by double
wound transformer ensuring 1007, safery.

R.C.S. PRODUCTS (RADIO) LTD.
(Dept, P.E.), Il Oliver Road, London, E.I7

SUPPLIERS OF
ELECTRONIC
EQUIPMENT
T0...

* UNIVERSITIES

* GOLLEGES OF TECHNOLOGY
* COLLEGES OF FURTHER

EDUCATION & SCHOOLS
* ALL ENTHUSIASTS

OFFICIAL SUPPLIERS TO MANY
EDUCATION AUTHORITIES

Usual Educational Discounts

OUR NEW 1966/67
illustrated catalogue
NOW AVAILABLE

(send 1/- in stamps
for your copy)

INCLUDES

A concise guide for only és. éd.

BEGINNER’'S GUIDE TO
ELECTRONICS by T. L. Squires

‘This baok provides a ** short-cut ™ for those wishing
to obtain a quick acquaintance with modern elec-
tronics. It describes as simply as possible the basic
concepts In electronic engineering. No prior technical
knowledge is assumed, mathematics being avolded
and emphasis placed on numerous illustrations.

62, 6d. paperback—limited supplies only
by post 7s. from Newnes, Tower House
Southampton Street W.C.2

Valves, Transistors, Transformers, Loud-
speakers, Recording Tape, Coils, Resistor,
Condensers, Potentiometers, Chassis,
Rectifiers, Test meters, Microphones,
Tools, Solder, etc.

ALPHA RADIO SUPPLY CO.
103 Leeds Terrace
Wintoun Street, Leeds 7
Telephone 25187

911



10 AND 20 WATT MONO AND

(9) POWER AMPLIFIERS. 10 watts
RMS output. 100mVY input. 30 ¢/s to
20 kfecs 4 1dB. 6-Transistor Push-pull.
Panel size 4 X 24 X | in. H/S 4 X 4in.
TPAI0/3 3-5 ohm spkr. £4.10.0, pp. 2/6.
TPAI0/I5 12-16 ohm spkr.

£5.5.0, p.p. 2/6
(Mains unit for | or 2 amplifiers, 59/6,

p.p. 2/6)

The Finest High Fidelity at |
Unbeatable Prices

25 WATT AMPLIFIER

New B-Transistor design. Push-pull
output for 7% to 16 ohm speaker.
150mV input. 30c/s to 20k/cs + IdB.
For use with valve or transistor pre-
amplifiers as item (10) above.

PRICE BUILT
AND TESTED £7' I"‘
(Mains unit 79/6, p.p. 2/6)

P.P.
3/-

MULTI-METERS SCOPE

EP30k 30kV £6,10.0

TPIO 2kV 75/- EP50k 50kV £8.15.0

ITI-2 20kV 69/6 500 30kV £8,17.6

TP5S 20kV £5,19.6 EP100k 100kV£10.10.0

@ CT52 Scopc; Brland MNew £22,10.
.p-

/-

(13)
PT34 IkV 39/6

Complete range of test equipment in stock

HENRY’S RADIO LTD.

303 EDGWARE RD., LONDON, W.2
PADdington 1008/9 (STD: 01-723-1008)
Thurs. | p.m.

4 Open all doy Saturday

Open Mon. to Sat. 9-6.

(15) GARRARD BATTERY
2-SPEED TAPE DECK
Brand New with R/P head,
erase/osc. head, tape cassetce
and instructions. speed
2-track 9 volt operated. List

Price 13 gns.

. &P,
price £8.19.6 ™ &%

STEREO TRANSISTOR AMPLIFIERS

(10) PREAMPLIFIERS. Binput selector.
Treble, bass, volume, filter controls,
I4mV to 100mV inputs. Battery operated
onhfgum Mains Unit. Output up to 150mV

MP2 Mono 94 X 24 X 2in. £5.10.0,
p.p. 2/6 (grey and gold front panel B/6).

SP4 Mono/Stereo, 9 X 3} X Ilfin*
£10.19.6, p.p. 3/6 (front panel plate 12/6)

@ ALL UNITS BUILT AND TESTED

(12) MWILW QUALITY
TRANSISTOR RADIO TUNER
Fully tunable superhet with excellent
sensitivity and selectivity. Output up to
4+ volt peak. Complete with front panel,
etc. 9 volt operated. For use with any
amplifier or tape recorder.

TOTAL COST
tosuis ' £3.19.6

P.P.
2/6

(14) ¥YHF FM TUNER
Supplied as 2 Preassembled Panels,
metal work Superhet design, 88-108
9 volt operated.

Total cost to assemble £12,17.6, p.p. 2/6

lus
cfs,

(16) NOMBREX TEST UNITS

% 150 kc/s—350 mcjs RF Generator
£10.10.0. All Transistor,

% 10 ¢/s—I00 kec/s Transistor. £16.19.6
Audio Generator.

(n 5 WATT AMPLIFIER

6-Transistor Push-pull, 3 chms. 6mY into

1K, 12/18V supply, 2§ X 2 X l¥in.

B ND TESTED P,
UILT A 69/6 EyH

(optional mains units 54/<)

|+ watt version 59/6. 2

Matching Preamplifier, & inputs, treble/
ss/sel Jvol controls, 6-10mV

COMPONENTS AND
EQUIPMENT. The largest
range in the country. 6/- buys
150-page catalogue with dis-
count vouchers,

Jvol
o/put. 9-18Y supply. 79/6, p.p. 2/-.
For use with any Tronsistor Amplifier

(18) FMT4l FM TUMNER. 6-transistor

SEE BACK COVER

3 diode design. Com- P
pletI:Ivubuielsclgrr‘nd t::::d £B' Io'o p25:-

(19) AMT3l. Med. Wave Tuner. Built
ready to use. 79/6, p.p. 2/-.

FOR MORE ITEMS OF INTEREST

WENTWORTH RADIO
GENUINE HIGH QUALITY COMPONENTS
GENUINE LOW PRICES

NKTI2] 9/- NKT227 8/6

KTI 6/5 NKT228 4/4
NKTI23 5/3 NKT261 3/6
NKTI24 8/5 NKT262 3/6
NKTI29 5/1 NKT263 3/6
NKTI4] 6/~ NKT264 3/6
NKTI42 5/1 NKT265 3/6
NKTI43 5/- NKT271 3/6
NKTI62 4/1l NKT272 3/6
NKTI63/25 4/l NKT273 3/6
NKTI64/25 4/l NKT274 3/6
NKT212 4/7 NKT275 3/6
NKT216 B/6 NKT676 4/4
NKT217 8/- NKT713 6/6
NKT218 4/4 NKT773 5/-
NKT221 4/l NKT774 5/-

FULL RANGE TEXAS AND NEWMARKET TRANSISTORS.
We welcome enquiries for all types of components.

1a Wentworth Court, Alston Road, Barnet, Herts
BAR 3087

RETURN OF POST ORDER AND QUOTE SERVICE

SCH s Anlls 4e +-4W RESISTORS 1002 -22M 2d.
Sl MAGNETIC MINIATURE #%W 10% MINIATURE 10Q - IM éd.
eI e EARPIECES CERAMIC CAPACITORS 4d.  30/- 100
9C8ID 206 8&3F 136 SILVER MICA 10PF-1000PF 6d.

S o cenmue | ONLY 1/- EACH HI-STABS 1% W 1/-

OCI72 416 MATIOI 86 MINIATURE TRANSISTOR ELECTROLYTICS,
S&it uéﬁ patial aig | ONE DOZEN POST FREE | ki RANGE 1/2. MAGNETIC EARPIECES
AFl14 4/6 OA70 2/- 250MW ZENERS 4/- WITH PLUG 3/-. CRYSTAL 4/4

MINIATURE POTS. LIN. 2/-
LISTS AVAILABLE. 5K, 10K, 25K, 50K, 100K, 250K, 500K, IM, 2M, 2/- each

Lists. S.A.E. Terms, cash with order, P.P. add 9d. for orders under £2

TECHNICAL TRADING Co.

All items previously ad-
vertised available, also see
items advertised in Prac-
tical Wireless. Huge Hi-
Fi and Components stocks
at all branches.

ROBOPHONE ORDERS
Your C.0.D. order exceeding £1
can be telephoned to
BRIGHTON 680722
at any time day and night

J. P. Hawker’s new hook — planned

»
TAPE 1, nivin mytasev.c. as the standard guide . .
y Double Play
3% 1504t. 2/3 3" 300ft. 4/-
4" 3001t 4/8 4" 6001t 8/=
.5 #li & £| |OUTLINE OF RADIO
51" 900it. 10/8 51" 1800it. 18/8
77 1200ft. 13/8 7" 2400it. 27/-
ng Play . Triple Play
pode wle o wl ) |AND TELEVISION
4*  4b0it. 5/8 | 5" 1800it. 25/
5" 900ft. 10/8 5!' 2400ft. 8d/-
5§ 1200 18 | 77 3600%. 44/ This introductory book starts with clear explanations of electric
7 18001t. 18/8 Quadruple Play currents, radio and audio waves and electronic components, and
Post 1/- 8" 600ft. 8/ continues through to the most advanced items of equipment such as

10 TOTTENHAM COURT RD.,, LONDON, W.I. Tel: MUS 2639
350/352 FRATTON RD., PORTSMOUTH.
72 EAST STREET, SOUTHAMPTON. Tel: 25851

ALL MAIL ORDER AND RETAIL SHOP

PARK CRESCENT PLACE, ERIGHTON

u.h.f. television tuners, multiplex stereo systems and colour television
receiver techniques. A must for your reference bookshelf. 408 pages,
Tel: 22034 over 300 diags., 30s.
From all booksellers or by post 32s. éd. from George Newnes Ltd..
“EW"ES Tower House, Southampton 5t., W.C.2

et

912



VALUABLE NEW HANDBOOK

FR [[ TO AMBITIOUS

ENGINEERS

- Have you had your copy of ‘ Engineering Opportunities” ?

The new edition of “ENGINEERING OPPOR-
TUNITIES” is now available—without charge- THIS BOOK TELLS YOU
to all who are anxious for a worthwhile post in +% HOW to get a better paid, more interest-
Engineering. Frank, informative and completely ing job.

= SGCENCINEFR Vel & 5 % HOW to qualify for rapid promotion.
'11_])_1(3 date-‘,the Hew L'\(.’l‘\EERlN(" O}TPOR' % HOW to put some letters after your name
TUNITIES”® should be in the hands of every and become a key man . . . quickly and
person engaged in any branch of the Engineering easily. .
industry, irrespectiveof age, experienceor training. | * HOW to benefit from our free Advisory
% HOW you can take advun!age of the

h
On g SATIS FACTI O N 0 R * :-i8’;‘:’9llr?:t;pz”cetégsf":;ﬁrgge, eddurcatlon
or ex 3 can su in a
REFUND OF FEE’ terms aoh o Bt T

156 PAGES OF EXPERT

Thisremarkable book gives details ofexaminations CAREER - GUIDANCE
and courses in every branch of Engineering, PRACTICAL INCLUDING
Building, etc., Outiincs the openings available and EQUIPMENT TOOLS

describes our Special Appointments Department.

Basic Practical and Theore- The specialist Elec-
T ! W 4 tic Courses for beginners in tronics  Division of
WHICH OF THESE IS Radio, T.V., Electranics,Eic.,  B.LE.T.
) 3 - b2 ] AM.LE.R.E. City & Guilds NOW offers you a
YOUR PET SUBJECT? Radio Amateurs” Exam. real laboratory train-
R.T.E.B. Certificate ing at home with
MECH. ENGIN FLEC. ENGINEERING PM.G. Carfificale practical  equipment.
G Mech. E General Electrical Eng, — Practical Radio Ask for details.
e, ATech. L sene G Radio & Television Serviting
ance Eng. — Diesel Eng Installations— Draughtsman- Practi .
. 1% s e ractical Electronics
Press Tool Design — Sheet ship Hluminating Eng. — Electronics Engineerin
Metal Weork — Welding — Refrigeration — Elem. Elec. 9 9 e flle [ ®

Automation

Eng. Pattern  Making - Science Elee. Supply —
Inspection - Draughtsmanship Mining Elce. Eng.

E”;\J'.‘m.’r’m‘.i.'_r — Production | - N You are bound to benefit from reading
vl , AL N GINEERING OPPORTUNI-
- neral s - - 3 1) e .

RADIO ENGINEERING R S R ,and if you are earning less than
General Radio — Radio & 3 ; Pr . : : R P s X
TV Servicing — TV fng Auto. Diesel Maintenance —  £30 a week you should send for your
Telecommunications — Elec- dute. £ lectrical Equipment— copy now—FREE and without

. ; Garage Management.
tronics—Sound Recording e aECHiche

Auwtomation—Practical Radio
—Radio  Amateurs” Lxanm. BUILDING

’ General Building — Heating 4
CIVIL ENGI SRING & Venrilation — Plunbing
General Civil Eng. — Muni- — Architecture — Carpentry =

obligation.

(;i,','uf Eng. — Su}zr:mafh; ‘T Painting — I:('('ra‘;‘armp - 11 TO B.L.E.T., 316A ALDERMASTON COURT L BT [ ]
Sunitary Eng. — Road Eng pecifications & antitics . P s e A g bt S
H_u[:'m;:‘u g = \fmn‘:‘;,r)—{ll ater - —JS‘;‘.-':!::":::;.;\— _4:-(5';?‘.':1(-?,”1;1‘ I ALDERMASTON, BERKSHIRE. an unsealed envelope.
L i A Rraidhmnsils; Please send me a FREE copy of “ENGINEERING
pp i S s g i : o vnhiec
WE HAVE A WIDE RANGE OF COURSES IN OTHER SUBJECTS IN- Off I OR?:[;"NIT{ES. 1 am interested in (state subject,
CLUDING CHEMICAL ENG., AERO ENG., MANAGEMENT, INSTRU- 3 2 - I
MENT TECHNOLOGY, WORKS STUDY, MATHEMATICS, ETC. W . iiviiiiiiiiiiiieiiatiaiaieansuansranamaaaaenssnnnasanes

Which qualification would increase your earnmg power?

A.M.l.Mech.E., A.MS.E., A.M.ILCE., A.M.LE.R.E., B.Sc., QMNAME ............ A S AR R R g ALl I R g o K
AMIPE., A M.LM.I., ARIBA. AIlO.B, AM.L Chem E.., A.R.ILC.S.,

M.RS.H.,, AM.LE.D.,, AAM.LMun.E.,, CITY & GUILDS, GEN. CERT. OF g ADDRESS ............ A b e b e T L
EDUCATION, ETC. } ; I

BRIT'SH INSTITU}'E OF ENGINEERING TECHNOLOGY ........................................................................ ) I
316A ALDERMASTON COURT, ALDERMASTON, BERKSHIRE [ cocooreissstoissiomiiiiiiiiisisitint it io st s

HE B.LE.T. IS THE LEADING INSTITUTE OF ITS KIND IN THE WORLD

Published about the 15th of the month by GEORGE NEWNES LIMITED, Tower House, Southampton Street, London, W.C.2. Printed in E )

THE CHAPEL RIVER PRESS. Andover, Hants. Sole Agents for Australia and New Zealand: GO I)O\ & GOTC l[ (A/sia) Lid South

Africa and Rhodesia: CENTRAL NEWS AGENCY LTD.: East Africa: STATIONERY & OFFICE SUPPLIES LTD. Subscription rate including
postage for one vear: To any part of the World £1 16. 0.




MAYFAIR PORTABLE l

ELECTRONIC ORGAN
,.'-.f:cLALL:l[_D BY EVERYONE

BUILD THE WORLD’S FIRST ALL
TRANSISTOR PORTABLE ORGAN KIT

% EASY TO BUILD WITH PRINTED CIRCUITS AND
FULLY COMPREHENSIVE HANDBOOK

% CIRCUITS USE 170 TRANSISTORS AND DEVICES

% 10 SELECTED TONE COLOURS PLUS VIBRATO

% PORTABLE TWO COLOUR CABINET WITH DE-
TACHABLE LEGS, MUSIC STAND, SWELL PEDAL

% THE ONLY COMPLETE KIT AVAILABLE IN THE

Designed by
L. W. Roche

CALL
IN AND
HEAR

WORLD
ONE FOR GROUPS, CLUBS, HOBBYISTS, HOME
PLAYED ENTERTAINMENT

SPECIFICATIONS :
® TONE COLOURS (ROCKERTABS) 10 DIFFERENT TONES CAN BE SELECTED
® SWITCHED VIBRATO @ CABINET SIZE 30 X 15¢ X 9 in. @ WEIGHT 35 Ib.
® 49 NOTE C-C FULLY SPRUNG KEYBOARD @ 6 OCTAVES OF GENERATORS
@® PRESET VOLUME CONTROL '® TONE COLOUR BLEND CONTROL

® FOOT SWELL PEDAL ® OUTPUT UP TO = VOLT ® 110/250 VOLT
MAINS OR 18 VOLT BATTERY @® FULLY POLYPHONIC

® PLUG-IN PRINTED CIRCUIT PANELS ® SIMPLE LOCKED-IN TUNING
® DETACHABLE LEGS WITH STOWAGE
® FULLY. DETAILED INSTRUCTION HANDBOOK, PHOTOS .AND CIRCUITS

® COMPLETE KIT WITH CABINET,

=

TO BUILD
YOURSELF IN EASY
STAGES. ALL PARTS
SOLD SEPARATELY

and FULLY GUARANTEED

(CARRIAGE AND

Latest 4-page

Hiustrated

Outliogua Supple-
11

ment,
Free on request,

DB R AL ALL COMPONENTS AND HANDBOOK S PACKING B onEy) ¢
peronmance | ®ALL PARTS AVAILABLE SEPARATELY 99 GNs.

DETAILED LEAFLET FREE
ON REQUEST
CALL FOR DEMONSTRATION

® HP AVAILABLE FOR COMPLETE KIT

N ALITY
A G ol ® HANDBOOK SEPARATELY, 20/- post paid

SRS A SCR's (THYRISTORS) () DEAC RECHARGEABLE BATTERIES ) TR
Bt wialsiad Ao seedte d6evn ] Op mmcxwEa mwnw | [ 8 E BEEENERE LEAS, L e T ol btmil 38, pp. 18 | Complete range in
new devices—plenty of price | POCKET RADIO 70 | 20551, T4 i i 1_;,‘.“ ® 0.6 olt mALL  AmamE % PP 1/ | siock. SendTisk of
seduotiona. Send 31 stampl jor froe |- vy paiator  supeitiety | 400 EIV (350V Rine) i+ 17/8 | o charge 3.6 volt aud 9.6 volt packs. e
i . yid * | Geared tuning. Push-puti | 100 FIV, 3 Amp Stud Type 9/68 | Fully mains isolated I P.P. Hi-fi demonstration
@) speaker output, Moulded | 400 FPIV 7 Amp (280V Rms) Stud T’ pe %"" in moulded case. 45 [r 2= TOOm Dpen,
abinet 6 X 4 ¥ =) /
— @Mt ¢k 5 i VALVE AMPLIFIERS AND TUNERS IN CABINETS “Also from stock :
69 6 @ SA100. 5 + 5 wall @ SA200. 7i + 7} watt @ AFM 100. AM/FM @ AFM 200, AM/FM | ARMSTRONG
TOTAL COST [ Stereo. 300mV Input FM version. Also Inputs for tuner to match SA100, tuner to match -SA200 | QUAD
TO BUILD P.P.2j- Tuners, PU’s, ete. O/P 4 Mag Mic. Mag PU’s, ete. ete. self-powered mmnr; 29 ns P. ﬁggmns
i ! to 16 ohms. Mai td. P[’ . ’IG
ol uning ool mads | 1018 shne, Mok nrid: * 77 10.0 T £23.10.0 %7 ianbntaoori, ve | HooERs
s k; 5/- used with any amplifier) TRUVOX
(4) BUILD A QUALITY 2 OR 4 TSA90. Transisior Stereo Amplifier in Case.

TRACK TAPE RECORDER
Nu\: 3-speed version using new ‘363"
®TWO-TRACK. Deck £10.10.0. Martin

Amplifier £14.19.6. Cabinet and speaker
7 gns. Complete kits with FREE 7in. 1200ft.

%k + 41 :\ix;ub 3 l_;\)lln ohms Oﬁpd Input 80mV
uner and P.U,'s, aing npnmte
s- £9.19.6

(5 VHFFM TUNER TO BUILD

change. Superhet printed circuit. Black- boxed d h Speak d LATEST 1966
chromed cabinet 11 % 7¢ X 35 in. (SW | Boare: foady to use with hesker it |caTtaLocue
17-50 metres). Ear(Record sockets, | watt current guarantee, Special Bargain Offer. | Have you a copy?
Push/Pull output. Buy Now! List Price 13 gns. Fully detailed
TOTAL COST “P.P. P.P. ain téd,
TO BUILD £7.19.6 3j6 price £9.9.0 3/6 Al
F STEREO DECODER I50:" piges of
7-Transistor ~ Printed  Circuit | WE CAN SUPPLY FROM STOCK MOST OF ’ < A i
Design  with Stereo  Indicator. THE PARTS SPECIFIED ON CIRCUITS IN H E N R Y s R A D l 0 LT D . equipment, erc.

For use with any valve or tran-

sistor FM. TUses pot cores to THIS MAGAZINE. SEND LIST FOR QUOTA- 303 EDGWARE RD.,, LONDON, W.2 items.  PRICE
Mullar design and ger. and | TION. ASK FOR NEW 4-PAGE CATALOGUE PADdington 1008/9 (STD 01-723-1008) 6/-, post paid.
Eo::‘p];ét: b P.P SUPPLEMENT ALSO LIST OF SPECIAL HI-FI Open Mon. to Sat. 9-6. Thurs, | p.m, Free discounc
Kit Price £5 l9 6 5 COMBINATIONS. Open all day Saturday vouchers | with
every catalogue.
?-'EO% %AOGREEQ'Iz Y M -l- You cannot afford to be wnthout
. RDVERTS SUPPLIERS OF QUALITY COMPONENTS AND EQUIPMEN gt S 4

87/105 Mc/s Transistor Superhet. Geared
tuning. Terrific quality and sensitivity.

tape, spare spool.
Teday's Valug£45 27 gNns. p.p. 15/

For valve or transistor amplifiers. 4 x 3+ X

PORTABLE RADIO TO BUILD
Special purchase reduces price

Full 3-waveband tuning. Pushbutton wave-

() TOURMASTERTRANSISTORCAR
RADIO i

7-Transistor MW/LW Car Radio.
operated, watt output.
wave-change. RF stage.

12 vele
Push-button
Supplied built,

1
@ FOUR-TRACK. Deck £13.10.0. Martin | %, Gompste wich dial plate. (FM

Amplifier £15.19.6. Cabiner and speaker 5 PP

7 gns. Complete kits with FREE 7in. 1200fc, TOTAL COST s 4
tape, spare spool, 0 TO BUILD 216

Today's Value £50. gns. P.P. I5/- (Cabinet Assembly 20/- extra)

(6) GARRARD DECKS—BRAND NEW FULLY GUARANTEED All other

1000 meno £5 19 6 S5P2S5 stereo £10 10 0 40Qllesscart, !nrm{'l'-' IO 0

1000 stereo £6 6 O SP25 Deram  £12 19 6 AT6 mono makes of

2000 mono £6 6 0 ATG6O less cart. £9 10 0 AT6 stereo £9 'ID D decks and

2000 stereo £6 9 0 AT60 mono £9 19 6 AT6 Deram £11 19 & g

30001 m sterec  £7 10 0 AT60 stereo  £10 10 0 Deccadec Mk.ll £17 17 0 cartridge

SP25 less cart, £9 10 0 AT60 Deram £12 19 6 A70 less cart. £17 17 0 in stoek

SP25 mono £9 19 6 LABBO less cart.£27 00 (P. & P. 5/= any type)

(7) GLOBEMASTER MW/LW/SW

Over5,000stock
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