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A sustained demand for the Mullard
" Reference Manual of Transistor Circuits”
has led to a further printing of the second
edition. Over 35,000 copies of this
important reference work have been sold
to technicians, service engineers, junior
designers and electronics students.
Whatever your interest in transistor circuitry
you will find this Manual a proved and
valuable source of reference—comprising
300 pages, with 241 diagrams, and
describing more than 60 circuits.

Get a copy of the Mullard " Reference
Manual of Transistor Circuits from your
local Radio Dealer or direct from Mullard
Ltd. (Postage and packing, 1s. extra).
Overseas readers should enquire at their
local Mullard Agents.

N Published by —

UK Price 12/6d.

Mullasd] MULLARD LIMITED - MULLARD HOUSE - TORRINGTON PLACE - LONDON - W.C.I.

MVM/CAID7D
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~ TRANSISTORISED

'COMMUNICATIONS RECEIVER

—the EDDYSTONE "960°

500 KC/SercsorrorcrtOuons -30 Mc/s

Nineteen semi-conductor devices

Six ranges cover 500 kc/s to 30 Mc/s
Good frequency resolution

High sensitivity

Two selectivity positions—one with crystal filter
Excellent frequency stability

Audio output up to one watt

Precision slow motion drive

Internal heavy duty battery

Provision for using external power supply
Robust construction

High reliability

Modern styling and finish

Ilustrated brochure giving full specification and other information available on request from the manufacturers:

STRATTON & CO. LTD

| Telephone Priory 2231/4 BIRMINGHAM 31 Telex 33708

APRIL 1963
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LONDON’S L
EQUIPMENT AND COMPONENTS

&

STOCKS OF

SPEEDY MAIL ORDER SERVICE

Three
transistors are used with OA79 and
OA91 diodes, followed by OC81D and
two OC81s in push-pull. LF. Frequency
470 kc/s.

Covers the full medium and long wave-
bands.

Mullard  AF117 alloy diffused

Sockets are provided for a personal
earpiece or tape recorder, and car radio
aerial. Large internal ferrite rod aerial
gives high sensitivity. Operates from four
1.5 volt pen torch batteries.

* %

OROVER 6"

as featured on Page 603 of the

March issue of RADIO CONSTRUCTOR

A 6 TRANSISTOR PLUS TWO DIODE RECEIVER
USING THE LATEST CIRCUITRY.

*

*
£5.1.6

instructions.

Cabinet size 64" x 4" x 134",

P. & P. 4/- extra.

All componeats mounted on a single printed
circuit. Easy to build from simple stage-by-stage

With carrying
handle. All coils and if.s ready wound.

Data and
instructions separately 2/6. Re-
funded if you purchase the parcel.

ALL COMPONENTS AVAILABLE SEPARATELY

BUILD IT YOURSELF

| REALISTIC “7”

The finest receiver at present available
for home construction. Fully tunable
long and medium wavebands. Uses
7 Mullard Transistors: OC44, 2 OC45s,
©OC71, OCBID and 2 OCS8Is, plus Crystal
Diode OA70. T

£5.19.6

:Post and Packing
: 4/6.

7 Transistor
Superhet. 350
milliwatt out-
put into 4"
high flux
speaker. All
components

C > single printed
circuit board, size 54" x 54", in one complete
assembly. Plastic cabinet with carrying handle,
size 7" x 10" x 34", in choice of colours: red/ §

mounted on a

grey, blue/grey, all grey. Easy to read dial.
External socket for car aerial. LF, frequency
470 kc/s. Ferrite Rod internal aerial. Operates
from PP9 or similar battery, Full comprehensive
data supplied with each Receiver. All coils
and |.F.s, etc., fully wound'ready for immediate
assembly.

CAN BE BUILT FOR £5.19.6
PP9 Battery 3/9 extra. P. & P. 4/6 extra.

paza and instructions separately, 2/6, refunded
if you purchase the parcel.

THESPRITE

i A 6-Transistor Superhet
Miniature Personal

POCKET RADIO

% Fully tuneable over Long and Medium wave-
bands % Uses single PP3 battery % Ferrite
Rod aerital  High sensitivity circuit % LF
Erequency 470 kcfs J Transistors used: 3 x
Philco 2067's, 2 x Mullard OC81 M, OC8l DM
and OA90 diode * 3” speaker 4 Printed circuit
” 2” 4 Slow Motion Drive % In very
attractive plastic case, size 47 x 24”7 x 3",

FOR YOUR CONVENIENCE and in order to
ensure perfect results, The Sprite is supplied
to you with R.F. and I.F. stages. Driver and
Output stages, ready built with all components
ready mounted on the printed circuit. In order
to complete assembly you only have to fit the
wave-change switch, tuning condenser and drive,
volume control, earphone socket and aerial rod;
the remaining components all having been
prefitted at the factory for you. The Sprite
is offered as above, pre-assembled, plus cabinet,
speaker and all components for final construction
at the inclusive
price of

Data and Instructions separately

, 2/6. Refunded if parcel is
purchased. Real calf leather
case, wriststrap, personal ear-

Postage and Pack- phone and case for earphone

ing 3/6 extra  and battery 12/6 the lot extra.
Make no mistake this is a SUPERHET receiver
of genuine commercial quality. It is not a
regenerative circuit.

‘manufacturer.
|

CAR-PORTABLE RADIO

1
SCOOP!!
Brand new and unused—by famous British
Fully guaranteed. Original list
price £26.18.11.
fully transistorised go-anywhere portable
that automatically becomes a car radio simply
by sliding into a metal car-tray.

% Covers full medium and long wave
band * All-transistorised supsrhet
% Internal ferrite rod aerial * P

button wave change ¥ All connections
to car battery-—booster speaker—car
aerial automatically accomplished by
sliding into metal car-tray.

Battery drain is exceptionally low—the life gf
the self-contained battery within the set is
approx. 200 hours. Transistors used: | OC44,
2 OC45, | OCB2d, 2 OC82 and dioge. Com-
pares with set costing at least double.
Contemporary finish in two-tone red and grey
vyanide, washable material. Supplied complete
with car extension loudspeaker, car-tray and
full easy-to-follow fixing instructions.

Internal loud k provides ample volume as

BETA TWO

A 2-Transistor plus 2 diode personal receiver
for home construction. Uses printed circuit
and ferrice rod aerial. Personal earphone gives
clear reception for private listening. Tunes
over full medium waveband. Size 5}” x 33" x 14”
overall. All components available separately.

Gan be built for 21 /-

GET THIS SUPERB
100-PAGE CATALOGUE

Read all about hi-fi equipment of every kind in
our superb Catalogue. Over 100 large pages
(114” x 84", in photogravure and colour.

Price 5/-, plus part post 6d. (returnable in full on
making your first hi-fi purchase from the Cata-

a portable. Separate 8” x 5”7 speaker with
8” x 6” baffle, for car fixing.

Carrying handle folds away when not in use.
The scale is illuminated when the set is
operating in the car-tray.

Dimensions 94" x 74" x 3",

As a car radio this receiver operates only from
a 12V electrical system, either positive or
negative earth. As a portable it is powgred by
its own internal battery type PP9 or equivalent.

LASKY’S PRICE £10.19.6

MUSeum 2605

2 mins. Oxford St. Nearest Station: Goodge St..

PADdington 3271/2

Few yards from Praed St.

7 iogue). Call or send for it right away!
B ostoRe R Blextne Also send for our latest Components complete with tray, all car fittings, 8” x 57 car
including personal earphone, cabinet, etc. Catalogue. Complete new edition of over 100 speaker and baffle. Carr. and Pack 7/6 extra.
Circuit diagram and step-by-step instructions pages. 84" x 54”. Invaluable for the *ham’’ or PP9 Battery 3/9 extra, supplied with full fitting
1/6. (Free with parcel.) serviceman. Price 2/~, post 6d. and installation instructions.
33 TOTTENHAM COURT ROAD - Wt 207 EDGWARE ROAD - W2 152/3 FLEET STREET * EC4

FLEet 2833
Open all day Thurs. Closed 1 p.m. Sat.

TottenhamCt. Rd. & Edgware Rd. addresses open all day Sat. Close | Thur, Please address all Mail Orders to Dept. W at above Edgware Road address

634
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70 AMBITIOUS ENGINEERS

s — THE LATEST EDITIO

N OF ENGINEERING OPPORTUNITIES

Have you sent for your copy?

ENGINEERING OPPORTUNITIES
is a highly informative 156-page guide to
the best paid engineering posts. It tells
you how you can quickly prepare at home
for a recognised engineering qualification
and outlines a wonderful range of modern
Home Study Courses in all branches of
Engineering. This unique book also gives
full details of the Practical Radio & Elec-
tronics  Courses, administered by our
Specialist Electronics Training Division—
the B.I.E.T. School of Electronics, explains
the benefits of our Employment Dept. and
shows you how to qualify for five years

promotion in one year.

We definitely Guarantee

$NO PASS —NO FEE”

Whatever your age and experience you can-
not afford to miss reading this famous book.
If you are earning less than £25 a week
send for your copy of “ENGINEERING
OPPORTUNITIES” today—FREE.

BRITISH INSTITUTE OF ENGINEERING
TECHNOLOGY (incorporating E.M.I. Institutes)

'WHICH IS YOUR
PET SUBJECT?

Mecnanical Eng.,
Electrical Eng.,
Civil Engineering,
Radio Engineering,
Automoblle Eng.,
-Aeronautical Eng.,

Radi

Gen. Cert, of Education
Etc., etc.

(Dept. SE/23 ),29 Wright's Lane, London, W.8

TICAL  INCLUDING
gg\ﬁmﬂ“ TOOLS!
b Dioison of

Basic Practical and Theore-
tic Courses for beginners in

AM.Brit.|.R.E. City & Guilds

Production Eng., Radio Amateurs' Exam, ing at home with
Building, Plastics, R.T.E.B. Certificate practical equipment.
Draughtsmanshlp, P.M.G. Certificate Ask for details.
Teievision, ete. _ Practical Radio |
GETSOME | Mot B0, E.T.
LETTERS AFTER [ ©*“intommaon "¢ SCHOOL OF
YOUR NAME! ELECTRONICS
IRl POST COUPON NOW /
“';‘i"'_';m"- Please send me your FREE 156-page
L1.0.B. **ENGINEERING OPPORTUNITIES”
‘-'5'_‘?3?:' {Write if you prefer not to cut page)
A.M.Brit.1.R.E.
City ;Bulldl o R SO

B.1E.T {incorporat-
ing E.M.1. Institutes)
NOW offers you a
real laboratory train-

o, T.V. Electronics, Ete.,

ADDRESS

SUBJECT OR EXAM
THAT INTERESTS ME

20,000 U.P.V. MODEL TP-5S.
Reads Voltage up to 1,000; D.C. at
20,000 ohms per volt and A.C. at
10,000 o.p.v.; D.C. Current to
500mA; Resistance o 10 Meg.;
LCapacitance to 0.1uF; Decibels from
—20 to +36. Size 33" x 51" x 13”.
£5.19.6.

2,0000.P.V. Model TP-10 £3.19.6. 30,000 0.P.V. Model
TEST METERS 500 £8.19.6. SAE for illustrated leaflet.

COMBINED VIBRATOR/MAINS
UNIT. The Power Pack section of
the Army R.107 Receiver. Has Vibrator
for 12 volts D.C. operation, and Mains
Transformer for 100/250 volts A.C.
Output 12.6 volts 3 Amps LT, and
250 volts 100mA HT. Complete with
Vibrator, 6X5G Rectifier, and connect-
ing data. Ideal for driving TCS or
Type 52 Receivers, etc., or Mobile
Equipment. BRAND NEW IN MAKER'S
CARTONS, ONLY 45/- (carr. 5/6).
LAVOIE UHF WAVEMETER
MODEL 105. Coverage 375/725 Mc/s.
Complete with correct Calibration
Chart. First-class condition. Battery
operated and portable, size 117 x 87 x
74”. ONLY £3.19.6 (carriage 7/6).
AVOMETERS MODEL 7. Re-
conditioned and in perfect order, with
leads, internal batteries, and instruc-
tions, ONLY £11.0.0. (Regd. post 5/-).
AVOMETER MODEL 7 LEATHER
CASES, fitted with carrying handle
and long strap. BRAND NEW.
ONLY 32/6 (post 2/6).

device. Aerial crimmer.

PCR COMMUNICATION RECEIVERS
Manufactured by Pye and Philips. One of the Army’'s most versatile and
sensitive sets, RF stage and 2 of IF, using 6 British 1.O. type valves Large
180 degrees. Illuminated and Calibrated Dial. Flywheel tuning with locking
Tone and volume controls.
panel jacks for speaker or phones. In black metal case, size 177 L x 8" M x10”
D. Model PCR covers 6-18 Mc/s, 200-550 metres and 850-2,000 metres
and has internal 5" speaker. £6.19.6. Model PCR2 has similar L & M wave-
band coverage. Short wave 6-22 Mc/s, but no speaker. Used but excellent
condition, £5.19.6. Model PCR3. As PCR2 but has 2 Short Wave Bands,
2,0-7.0 Mc/s and 7.0-23.0 Mc/s, and Medium Wave Band 190-550 metres.
ONLY £8.8.0. Every receiver aerial tested before despatch. Add 10/6 carr.

Band switch from

THE “GOOD COMPANION” Mk. 11

Using transfilters, the latest manufacturing technique
to save alignment difficulty.
‘As described in “ THE RADIO CONSTRUCTOR™, August issue
THE FINEST COMBINED PORTABLE and CAR RADIO
YET DESIGNED FOR THE HOME CONSTRUCTOR
Y% 750mw ety
output,

“% 6 transis-
tors and 1
diode.

% Full

Medium and
Long Wave
coverage.

% Quality
speaker.

% Brilliantly
styled 2-tone
cabinet, size
117 x 8”7 x 3".
% Very fine
tuning with
calibrated dial.

v Latest printed circuit. ¥ Internal high gain aerial with car aerial
socket., Easy to follow construction data (available separately 3/6).
All parts sold separately
and full illustrated details
will be sent on request, Total Cost
With alternative luxury cabinet using 77 x 4” speaker, £10.19.6.
Either type, plus 5/- post and ins. (Battery 3/6 extra.
““Practical Wireless” 6 TRANSISTOR PERSONAL RECEIVER. 2
band, printed circuit, etc. Building cost £7.19.6. ‘‘Pocket 4” TRAN-
SISTOR PERSONAL. Ideal for beginner. Building cost 42/6.

All components sold separately, price lists for either of above, SAE.

all models. Designed to operate from bulky
EXTERNAL power supply, but any set can
be fitted with BRAND NEW COMPON-
ENTS INTERNAL PACK for 200/250V a.c.

at extra cost of £2. 5.A.E for illustrated Jeaflet

HARRIS ELECTRONICS (LONDON) LTD (oerr. M)
138 GRAY'S INN ROAD LONDON WC1  Telephone TERminus 7937

Please include carriage costs on ALL items. (Open until | p.m. Saturdays.)
We are 2 mins. from High Holborn (Chancery Lane Station) and 5 mins. by bus from Kings Cross.

APRIL 1963 635
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L Sig. input range 0.1-1.8V r.m.s. £1
" RESISTANCE CAPACITANCE BRIDGE.
 factor.

. AUDIO SIGNAL GENERATOR.
. AG-9U.

SINGLE SIDEBAND ADAPTOR. Model
SB-10U. May be used with most A.M. trans-
mitters. Less than 3W R.F. input power
required for 1OW output. Operation on 80,
40, 20, 15 and 10m bands on U.S.B., L.S.B.
or D.S.B. £39.5.0
AMATEUR TRANSMITTER. Model DX-
40U. Covers all amateur bands from 80 to
10 metres; crystal controlled. Power input
75W C.W., 60W peak controlled carrier
phone.. Output 40W to aerial, Provision for
V.F.O. Filters minimise TV interference.
£33.19.0
GRID-DIP METER. Model GD-1U.
Functions as oscillator or absorption wave
meter, With plug-in coils for continuous
frequency coverage from 1.8° Mc/s to 250
Mcs. £10.19.6
Three Additional Plug-in Coils Model 341-U
extend coverage down to 350 kefs. ‘With dial
correlation curves. 17/6
TRANSISTOR GRID-DIP METER. Model
XGD-1. Similar to GD-1U. Fully transistor-
ised with a frequency range of 1.8 to 45 Mc/s.
£10.18.6
23" SERVICE °SCOPE. Model Os-1.
Light, compact portable for service engineers,
Dim. 5” x 8” x 144" long. Wt. 104lb,
£19.19.0

DX-40U

GD-1U

“GLOUCESTER”

GL-58 AM/FM TUNER

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 LF. amplifier (AFM-A1—£20.13.0). Printed circuit board, 8 valves.
Covers L.W., M.W., S.W., and F.M. Built-in power supply. Total £25_G.G

HI-FI EQUIPMENT CABINETS. Our four cabinets meet a wide variety of
tastes and requirements: the “CHEPSTOW”’ designed for those who have little
floor space, the contemporary *“MALVERN? for the Tape and Gram. enthusiast,
and the “GLOUCESTER” Mk, I and II for those with traditional tastes.
Supplied “in the white”. Prices from £11.12.G to £18_10,0
An additional range of assembled and finished cabinets is now available from
us, details on request.

GOLDRING LENCO TRANSCRIPTION RECORD PLAYER. Model
GL-58 with G-60 pick-up arm and Ronette 105 cartridge. £18.19_2

GARRARD AUTO/RECORD PLAYER, Model AT-6. With Ronette 105
cartridge. £13,12.1 With Decca Deram pick-up £]4.G.1

Prices include free delivery in U.K.

#« Construction is so sim

5” OSCILLOSCOPE. Model 0-12U. Has
wide-band amplifiers, essential for TV servicing,
FM alignment, etc. Vertical frequency response
3 cfs to over 5 Mc/fs, without extra switching
T/B covers 10 c/s to 500 kcfs in 5 ranges.
£38.10.0
ELECTRONIC SWITCH. Model S$-3U
(Oscill pe Trace Doubler.) Enables a
single beam oscilloscope to give simultaneous
traces of two separate and independent signals.
Switching rates approx. 150, 500, 1,500, 5,000
and 15,000 c/s. Sig. freq. response 0-100 kc/s.
+ 1dB. Separate gain controls and sync. output.

1.15.6

. Model C-3U. Measures capacity 10pF to
1,000uF, resistance 100Q to 5SMQ and power
5-450V test voltages. With safety
£9.5.0
Model
10 c/s to 100 kc/s, switch selected.
Distortion less than 0.1%, 10V sine wave
output metered in volts and dB’s, £21.9.6
TRANSISTOR INTERCOM. Models XI-1U
& XIR-1U. The master unit uses a 4-transistor
amplifier, constructed on a printed circuit
board, and an internal 9V battery.
Remote stations use a similar battery for
call only. Up to five remote units can be
ordered for each master.

XIR-1U (remote) £4.7.6
XI-1U (master) £10.19.6
SUGDEN MOTOR UNIT ‘‘CONNOIS-
SEUR CRAFTSMAN”, Heavy duty
motor operating at 334 and 45 r.p.m. Very
heavy 127 turntable. Virtually no rumble.

1.(26.6.6

switch.

AG-9U

MONEY-SAVING “PACKAGED DEALS”

" For the benefit of customers wishing to purchase several units
of their Hi-Fi equipment at the same time, useful price
- reductions are offered. Such “‘Packaged Deals” may include
 RECORD PLAYERS and TAPE DECKS of your

\ preference, not necessarily featured in our catalogue.

TA-1S

§-33 COLLARO

NEW DE LUXE STEREO AMPLIFIER. Model $-33H. De luxe version of
the S-33 with two-tone grey perspex panel, and higher sensitivity necessary to
accept the Decca Deram pick-up. £15.17.G

HI.FI 6W STEREO AMPLIFIER. Model $-33. 3 watts per channel 0.3%
distortion at 2.5W/chnl., 20dB N.F.B. Inputs for Radio (or Tape) and Gram,
Stereo or Monaural, ganged controls, Sensitivity 200mV. £13.7.6

COLLARO “STUDIO” TAPE DECK. The finest buy in its price range.
Operating speeds: 13”7, 33" and 74" p.s, Two tracks “wow” and “flutter” not
greater than 0.15% at 74" p.s. Long Term Speed stability better than 0.5%.

£17.10.0

TAPE RECORDING/PLAYBACK AMPLIFIER. Thermomcter type record-
ing indicators, press-button speed compensation and input selection. Printed
Circuit Board.

Mono Model TA-IM  £19.2.6 Stereo Model TA-1S  £24.10.0
HI.-FI MONO AMPLIFIER. Model MA-5. A general purpose 5w
Amplifier, with inputs for Gram., Radio. Presentation similar to S-33.

£10.19.6

4 W-B TRANSISTOR PORTABLE RECEIVER. Model
RSW-1. In a handsome leather case it has retractable whip
aerial and socket for car radio use, Covers Med., Trawler and.

two S wave bands. £19,l7,6

HI-FI SINGLE CHANNEL AMPLIFIER.
Model MA-12. 12W output, wide freq.
range, low distortion. £11.9.6

POWER SUPPLY UNIT. Model MGP-1.
Input 100/120V, 200/250V, 40-60 cfs.
Output 6.3V, 2.5A A.C. 200, 250, 270V,
120mA max, D.C. £5.2.6

MA-12 RSW-1

Ele fromy start to ﬁmsE

A

P NP,

SEND FOR FREE ILLUSTRATED

ATALOGUE

0.

636

o D~ PP PN
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You can build any of these Models [

VF-1U

THE “MOHICAN” GENERAL COVERAGE RECEIVER. Model GC-1U.
With 4 piezo-electric transfilters, variable tuned B.F.O. and Zener diode stabiliser,
this is an excellent fully transistorised general purpose receiver for Amateur and
Short wave listeners. Printed circuit boards, telescopic whip antenna, tuning
meter and large slide-rule dial, 10 transistors, £39.17.6
AMATEUR TRANSMITTER. Model DX-100U. The world’s most popular,
compact and completely self-contained Amateur Transmitter. Covers all amatcur
bands: 160-10 m. 150W d.c. input. Careful design has achieved the stabilily
and high performance for which the DX-100U is noted and no less than 35 disc
ceramic capacitors reduce TVI to a minimum. £74.19.0
VARIABLE FREQUENCY OSCILLATOR. Model VF-1U. Calihrated,
160-10 m, Fundamentals on 160 and 40 m. lIdeal for our DX-40U and similar
transmitters. £11.17.6
BALUN COIL UNIT. Model B-1U. Will match unbalanced co-axial lines to

balanced lines of either 75 or 300Q2 impedance. £4.15.6

Q MULTIPLIER KIT. Model QPM-1. May be used with receivers having

450-470 kcfs L.F.; provides either additional selectivity or signal rejection.

Self-powered. £7.12.6
Deferred terms available over £10

MM-1U

RF-1U

VALVE VOLTMETER. Model V-7A. 7
voltage ranges d.c. volts to 1,500, A.C. to 1,500
r.m.s. and 4,000 peak to peak. Resistance 0.1Q
to 1,000MQ with internal battery. D.C. input
impedance 11MQ. dB measurement, has centre-
zero scale. Complete with test prods, lead and
standardising battery. £13.18.6
MULTIMETER., Model MM-1U. Ranges |
0-1.5V to 1,500V A.C. and D.C.; 150p.A to 15A |
D.C.; 0.2Q to 20MQ. 44" 50uA meter.
£12.10.0
R.F. SIGNAL GENERATOR. Model RF-1U,
Up to 100 Mc/s fundamental and 200 Mc/s on
harmonics and up to 100mV output on all bands.
£12.15.6
AUDIO WATTMETER. Model AW-1U. Up
to 25W continuous, 50W intermittent.
£15.15.0
AUDIO VALVE MILLIVOLTMETER. Model
AV-3U. ImV-300V A.C. 10 c¢fs to 400 kc/s.
£14.17.6
AUDIO SINE-SQUARE WAVE GENERA-
TOR. Model AO-1U. Covers 20 cfs to 150
ke/s and square waves to 50 kefs in four ranges.
Maximum output 10V, distortion less than 1%.

,gz.so;

i‘f

[he i 1nstruct10n manual giudes you step- by-step

Truvox D83 FM TUNER

HI-FI FM TUNER. Model FM-4U. Alsc available in two units. R.F.
tumng unit (£2.15.0 incl. P.T.) with LLF. output of 10.7 Mc/s, and amplifier
unit, with power supply and valves (£12.6.0). Total £15_l 0

'dI‘Rll(JVOX D83 & D84 TAPE DECKS. High quality mono/stereo tape

D83, 2 track, for highest fidelity.
DM’(ldenucal presentation), 4-track, £2;.ng.g

STEREO CONTROL UNIT. Model USC-1. Push-button
selection, accurately matched ganfed controls to 4 idB. Negative
feedback, rumble and variable low-pass filters.  Printed circuit

boards. £19. 10.0

ELECTRICITY MAINS EXTENSION KIT. Model PUE-1. Com-
pletely safe, conforms fully to I.LE.E. Regulations, ideal light and power
source to ou[—bun]qus (or for soil heating). Complete with sockets,
cables, switches, lampholder, junction box, etc. £4.15.6

MAINS POWER SUPPLY—BATTERY ELIMINATOR KIT.
Model UBE-1. Designed to supply 9V or 12V d.c. to transistor receivers.
Mauny other uses. Sizes: 3%” x 24" x 13", £2.17.6

TRANSISTOR PORTABLE. Model UXR-1l. Pre-aligned LF.
transformers, printed circuit. Covers L.W. and M.W. Has 7° x 4”
loudspeaker. Real hide case. £12.11.0

TELEPHONE AMPLIFIER. Model TTA-l. Easy-to-assemble.
Transistorised, enables hand-free conversation. Ivory toned cabinet.

£1.9.6

APRIL 1963
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THE
“COTS-
woLD”

HI-FI SPEAKER SYSTEM. Model SSU-1.
Ducted-port bass reflex cabinet “in the white”.
Twao speakers. Vertical or horizontal modc]s
with legs £11.12.0 without legs £10.17.6
CAPACITANCE METER. Model CM-1U.
Direct-reading 44" scale.  Full-scale ranges
0-100p.1.F, 01,0001 F, 0-0.01F and 0-0.1p.F
£15.15.0 !
HEATHKIT ELECTRONIC WORKSHOP.
Model EW-1. This educational kit will teach
and amuse your children. It can make 21
exciting experiments including transistor radios,
burglar alarm, radio or TV silencer, intercom,
etc. £7.13.6
JUNIOR TRANSISTOR RADIO. Model
UJR-1. Single transistor set, Excellent intro-
duction to radio. An instructive present.
£2.7.6
HI-F1 STEREO AMPLIFIER. Model $-99.
18W output. Ganged controls. Stereo/mono
gram., radio and tape recorder inputs. Push-
button selection. Printed circuit construction.
£27.19.6
THE “COTSWOLD”, This is an acoustic-
ally designed enclosure 26” x 23” x 15§”
housing a 12” bass speaker with 27 speech
coil, elipucal middle speaker together with
a pressure unit to cover the full frequency
range of 32-20,000 c/s. Capable of doing |
justice to the finest programme source, its
polar distribution makes it ideal for really
Hi-Fi Sterea.
COTSWOLD “MFS” SYSTEM., Spe-
cially developed to give best possible
results in small rooms. This minimum
floor space model is based on standard
Cotswold.  Sige: 36” high x 164" wide
x 14{” deep.  Either Model, £23.4.0

* PUPEpR Without obligation please send me (Tick here)
Assembled models also 1 FREE BRITISH HEATHKIT CATALOGUE
available — prices on? FULL DETAILS OF MODEL(S) . ....cooooe
re - I (Please write in BLOCK CAPITALS)
Ll quest. ' NAME .. ....oomne.
D AY s T R o M LT D DEPT. RC4 : ADDRESS ........
GLOUCESTER DEPT. RC4
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COLLARO STUDIO TAPE RECORDER KIT
SPECIAL BARGAIN OFFER. Comp. Kitonly £28 carr.12/6 [

Famous mfr's. surplus offer-—listed 42 gns. I
A quality Tape Retorder Kit based on Mul-
"""‘:}«‘Iand's famous design—EF86, ECC83, EL84,
EMB81 and Rectifier. Specially designed Kit

for Collaro latest Studio Deck, freq. re-

sponse 1-3dB, 60 c/s-10 ke/s. Amp. and

Power Pack already wired, inter. unit

wiring only required. Cabinet size: 18" x
163" x 6” finished in contemp. 2-tone

blue Rexine with gilt Speaker Escut-
cheon. Magic Eye indicator. Circuit
and Tech. H/book, supplied free with
kit. Send 3d. stamp now for full details
of today's outstanding Tape Recorder

L-_-___—--'-

Bargain.
i CABINET £3.15.0. P. & P. 66
COLLARO TAPE DECk [ AMPLIFIER KIT 4‘,5,51'2/“ fia: g;—
£1 2.10.0 Carr. 7/6 If above items are £12.19 6P &P.
P el pur.chased together s 10/—
New All Eﬁctr:?ytu:s’llTypes New Stk.
Boxed VALVES Guaranteed |  TUBULAR CAN TYPES
1T4  6-|ECC83 8/-|PCCa4 9/6 | 202y Hialb el
1Rs  7/8|ECraz 10/e|pcre0 w6 \2ohav 472 | ot eiey b
1S5 7/6|ECL8O 10/6 PCL83 12/6 | 30005y 21~ | ao saratay
34 TI6[ERD B/ |PCLs4 12/6 L |
ave  76\Erse 12/elPist 126133307 23 | OBV rae
DAFS6 oo |ELas Bl6|pLa2 96 163 Y6450V 576 | 100,430/
DF9s 9/ |Evs1 9/6|PLa3 106 | 151157420y 56 1 1004 3 3
okss /- |Evee 101-(Pv32 12/6 | b 4% 2000t 4000,
e e oo
/-|GZ32 12/6\PY Ersin Multicore Solder 60/40 3d.
ECCB28/|EMBA  9/6/U25  12/6 | pir vara. 4o a6, ere.

RECORDING TAPE—REDUCED BARGAIN PRICES

Famous American Columbia (CBS) Premier Quality Tape at
NEW REDUCED PRICES. A genuine recommended Quality Tape
—TRY IT! Brand new, boxed and fully guaranteed. Fitted with leader

and stop foils.
Standard Long Play Double Play
5 600ft, 13/- 9001t, 17/6 1,2001t, 31/6
54 900ft, 16/— 1,200fc, 19/6 1,8001t, 37/6
77 1,200fc, 21/— 1,8001t, 28/6 2,400ft, 47/6

Post and P:ckm;. per reel, 1/—, plus 6d. each for additional reels.
SPECIAL OFFER-—3" mfrs. surplus tape, Std. 150 ft. 3/9, L.P. 225 ft.
4/9, D.P. 300 {t. 6/6. P. &. P Iper reel 6d. Plastic Tape Reels 3” 1/3 572/,
53" 2/-, 7” 2/3. Plastic Spool Containers 5” 1/6, 53" 2/-, 7"

Jack Plugs. Standard 2{” lgranic
Type, 2/6. Screened Ditto, 3/3.
7f:1/i6r|iature 147, 2/3. Screened Ditto,

Jack Sockets. Open Igranic
Moulded Type, 3/3. Closed Ditto,

Soldering Irons. Mams 200/220V
or 230/250V. Solon 25 watt Inst.,
22/6. Spare Elements, 4/6. Bits, 1/-
65 watt, 27/6 etc.

Alumin. Chassis. 18g. Plain
Undrilled, folded 4 sides, 2” deep.

Volume Controfs—5K-2 Meg-
ohms, 3” Spindles Morganite
Midget Type. 14" diam. Guar.
LOG or LIN ratios less

DP. Sw. 4/6. Twin
Stereo less Sw. 6/6. D.P. Sw. 8/—,

COAX 80 OHM CABLE
High grade low loss Cellular air
spaced Polythene—4” diameter.
Stranded cond. Famous mfrs.
Now only éd. per yard.
Bargain Prices—Special
lengths 20 yds. 9/-. P. & P. 1/6.

40 yds. 17/6.
60 yds. 25/-. P. h
Coax Plugs 1/-. Sockets 1/-.

Couplers 1/3. Outlet Boxes 4/6.

Close Tol. $/Micas—10%, 5pF-
500pF 8d. 600-5,000pF 1/-. 1%
2pF-100pF 9d. 100pF-500pF 11d.
575pF-5,000pF 1/6. Resistors—
Full Range 10 ohms—10 megohms
20% } and W 3d., 3W 5d. (Midget
type modern rating) 1W éd, 2W
9d. Hi-Stab 10% W 5d., W
7d. 5% W 9d.,, 1% W 1/6.
W/W Resistors 25 ohms to 10K
5W 1/3, 10W 1/6, 15W 2/-. Pre-
set T/V Pots. W/W 25 ohms.—
50 K 3/-. 50 K-2 Meg. (Carben) 3/-.

JASON FM TUNER UNITS

Designer-approved kits of parts:
FMTI1, 5 gns. 4 valves, 20/-.
FMT2, £7. 5 valves, 37/6.
JTY MERCURY 10 gns.
JTV2 £13.19.6. 4 valves, 32/6.

NEW JASON FM HAND-

BOOK, 2/6. 48 hr. Alignment

Service 1/6. P. & P. 2/6.

Speakers P.M.—3 ohms 2}” E.M.I.
17/6. Goodmans 3}” 18/6. 5" Rola
17/6. 6" Elac 18/6. 7” x 4” Good-
mans 18/6. 8” Rola 20/-. 107
R. x A. 25/-. 9" x 6” Goodmans
25/-. E.M.L Twceter 29/6.
Speaker Fret—Expanded bronze
anodised metal }” x {” diamond
mesh, 4/6 sq. (t., multiples of 6"
cut. Max. width 4

TYGAN FRET (contemp pat.)
127 x 12" 2/-, 12" x 18" 3/-
127 x 24" 4/-, 18" x 18" 4/6

BARGAINS a5 er uNITS

Single Players carr. 3/6
Garrard SRB10 £5.5.0
B.S.R. Latest Model TU12  72/6

E.M.l. Junior 985" 67/6

ENAMELLED COPPER WIRE—
§Ib reels, 14g-20g, 2/6; 22g-28g, 3/-;
30g-40g, 3/9. Other gauges quoted
for.

PVC CONNECTING WIRE—
10 colours (for chassis wiring, etc,)—
Single or stranded conductor, per yd.,
2d. Sleeving 2d. yd.

TRANSISTOR COMPONENTS

Midget 1.F. 5—465 Kefs %" diam. 5/6
Osc. Coll—%” diam. M/W. 5/3
Osc. coil M. & L.W. 5/9

Midget Driver Trans. 3.5:1 6/9
Ditto O/Put Push-pull 3 ohms 6/9
Elect. Condensers—Midget Type

12V 1mf{d-50mfd, ea. 1/9. 100mfid, 2/-.

Ferrite Aerial—M. & L. W. with
car aerial coupling coil, 9/3.

Condensers—150V. wkg. .01 mfd,,

to .04 mfd., 9d. .05 mid., .1 mid., 1/-.
.25 mid., 1/3. .5 mfd., 1/6, etc.
Tuning Condensers. 1B, 00"

208 +176pF, 8/6. Ditto with trimmers,
9/6. 365pF single, 7/6. Sub-min.
3" DILEMIN 100pF, 300pF, 500pF, 7/-.
Midget Vol. Control with edge
control knob, 5kQ) with switch, 4/9,
ditto less switch, 3/9.

Speakers P.M.—2" Plessey 75 ohms,
15/6. 234” Continental 8 ohms, 13/6.
7" x 4” Plessey 35 ohm, 23/6.

Ear Plug Phones—Min. Continental
type, 3ft. lead, jack plug and socket,

High. Imp. 8/-. Low Imp., 7/6.
TRANSISTOR BARGAINS
Brand New—BVA 1st Grade

OC44 8/6 OC70 5/6

OC45 8/- OCH 6/-

[o]et:]] T7/6 GEX34 2/(9

2/0C81 15/6 OA70 2/9

GET114 6/6 OAB1 2/9

ocn 76

SPECIAL o(;FCEGRD

OC44 1

2/0c45}1'/‘ 2/0C81 }"/‘ ;

TRIMMERS, Ceramic (Compres-
sion Type)—30pF 70pF, 9d.; 100pF,
150pF, 1/3; 250pF, 1/6; 600pF 1/9
PHILIPS, Bee Hive Type (conc.
air spaced)—-?.—BpF, 1/—-; 3-30pF, 1/-.
KNOBS—Modern Continental
types: Brown or Ivory with Gold
Ring, 17 dia., 9d. each; 1§”. 1/- each;
Brown or |vory with Gold Centre,

3/9. Miniature Closed Type, 1/9. 67 x 47, 46, 8" x 67, 5/9, 10”x 1" Auto-Changers carr. 5/~ | 17 dia., 10d. each; 1§”, 1/3 each.
Sub-min (deaf aid) dirco, 113, 6917 165 T 12t T 8- e, [Garrard ATEMono 9 gns. LARGE SELECTION = AVAILABLE.

= " 67 )= arrard "Auto-Slim" -15.0| METAL RECTIFIERS, STC Types
opomy 12 Brico’ Croed 576, 6w ijares A mroa/s 1y 42, | Gollare C60. £619.6| Rt 49 RM2, 5/6: RM3, 76;
Twin Phono Sockets (open), 1/6. 4/6 etc. -S-R. { ) ot RM4, 16/— RM4B, 17/6.

RMS5, 21/-;

RECORD PLAYER CABINETS
Contemporary style, rexine covered cabinet
in mottled red and white polka dot. Size 184"
x 134" x ht. 84", fitted with all accessories
mcludlng baffle board and agodised metal fret.
Space available for all modern amplifiers and
auto-changers, etc. Uncut record player
mounting board 14” x 137 supplied.

MULLARD “3— 3” HI-FI AMPLIFIER
3 VALVES 3 WATT

3 ohm and 15 ohm Qutput
A really first-class Amplifier
giving Hi-FI  quality at a

reasonable  cost. Muilard’s Cabinet Price £3.3.0 Carr. and Ins. 5/—
latest circuit.  Valve line-up: 2-VALVE 2 WATT AMPLIFIER
EF86, EL84, EZBI. Extra H.T. Twin stage ECL82 with vol. and neg. feedback

and L.T. available for Tuner
Unit addition. This is the ideal
companion Amplifier for FM

tone control. A.C. 200/250V with knobs, etc.,
ready wired to fit above cabinet. £2.17.6.
P.& P.1/6. 6" Speaker and trans, 22/—. P.P. 2/~
COMPLETE R/PLAYER KIT. | Ditto RECORD PLAYER KIT
As ill. inc. BSR UA14 Unit | with BSR UA20 Unit. New
Reduced Price £12.10.0. Carr.7/6. | Reduced Price £11.19.6. Carr. 7/6.

/—\ Send for detailed bargain lists, 3d. stamp. We manu-

- tuner units,
TECHNICAL SPECIFICATION—Freg. Response 4+ 1dB. 10 kc/s. Max. Bass
Boost 14dB at BO c/s sensitivity: 100MV for 3W output. Qutput Power (at
400 cjs); 3W at 1% total harmonic distortion. Hum and Noise Level: At
least 70dB below 3W.

facture all types Radio Mains Transf. Chokes, Quality

COMPLETE KIT (incl. valves, all Bronze Escutcheon Panel, Print- for S Is, Proto~
components, wiring diagram and ed Vol.,, Treble, Bass, On-Off, 8LPe;r{::ssm:hcprggz:!ro'?rl::l_ted uuor;a:f::l;;'re(urn
speclal quality sectional Output Trans.} supplled with each Kit c'ALlSTS
ONLY £6.19.6 carr. 4]6. R e e S aeak TR RADIO COMPONENT SPE

&
12" with tweeter 52/6, WBHFI0- 12
£4.10.0, Goodmans Axiette £5.5.0,

Complete wired and tested, B8 gns.

Wired power O/P socket and addi- 70 Brigstock Rd,, Thornton Heath, Surrey

| p.m. Wed. Terms

THO 2188 Hours; ) a.m., —& p.m.,
tlloolv;alex::r;?c:hmg for Tuner Unit, Axiom 10 £6.5.0. 194,6 C.W.0. or C.O.D. Post ond Packallnsg up t0 4 Ib 9d., 1 tb.;

1{3 31b.,2/3 51b.,2!9 8
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MULLARD
3-VALVE PRE-AMPLIFIER
CONTROL UNIT

fDesmned malnly for Mullard Range of Ampllf‘ers also suitable

for any Amplifier requiring input up to 250
mV. Incorporates 5 input channels, including
for Tape and Magnetic Pick-ups. Separate Bass
and Treble controls. High pass filter 20 to 160
¢/s. low pass filter 5-9 Kc/s. Totally enclosed
in case, size 114" x 41" x 4”.

KIT OF PARTS £10.10.0 ASSEMBLED AND TESTED £13.13.0

MULLARD ‘5-10° MAIN AMPLIFIER

For use with MULLARD 2-stage pre-amplifier with
which an undistorted power output of up to |
watts is obtained. SPECIFIED COMPQONENTS
AND MULLARD VALVES including PARMEKO
MAINS TRANSFORMER and choice of PARMEKO
or PARTRIDGE Output Transformer,

£10.0.0

COMPLETE KIT
(Parmeko Output Trans.)

ASSEMBLED AND TEsTED £13.10.0

ABOVE INCORPORATING PARTRIDGE OUTPUT TRAFSFORMER £1.6.0 extra.

THE MULLARD 510/RC AMPLIFIER
The popular complete '' 5-10 ** incorporating Con-
trol Unit providing up to 10 watts. Specified com-
ponents and new ULLARD VALVES. Includes
PARMEKO MAINS TRANSFORMERS and choice of

the latest PARMEKO or PARTRIDGE output
Transformers.

Price : COMPLETE KIT .............. £12.0.0

ASSEMBLED AND TESTED ........... £16.0.0

with PARTRIDGE QUTPUT TRANSFORMER £1.6.0 extra.

COMPLETE KITS
OF PARTS

Designed by MULLARD-—presented by STERNS strictly to specification

MULLARD’S 2-VALVE PRE-AMPLIFIER TONE

CONTROL UNIT

Employing two EF86 valves and designed to op-

erate with the Mullard MAIN AMPLIFIER but

also perfectly suitable for other makes.

% Equalisation for the latest
characteristic,

% Input for Crystal Pick-ups and variable reluc-
tance magnetic types.

% Input (a) Direct from High Imp. Tape Head.
Pre-Amplifier.

+ Sensitive Microphone Channel. % Wide range BASS and TREBLE Controls.

kIT oF PARTs £6.6.0 ASSEMBLED AND TEsTED £9.10.0

COMBINED PRICE REDUCTIONS

{a) The KIT OF PARTS to build both the “5-10" Mnm Am

R.LAA,

(b) from a Tape Amplifier or

and the 2-Stage Pre-Amplifler.. o0 ‘15.15.0
() T 110" ad the 2-Scage Pra-Ampliflr both Awamblad 151 40 o
With PARTRIDGE OUTPUT TRANSFORMER £1.6.0 extra,

Y aive ProAmptiiar . ould. e IEIY Main AmRRIer Y £19.10.0
Fuatag i a2 Yae I AmelTer R AN £25.40.0

THE MULLARD 33/RC

HIGH QUALITY AMPLIFIER DEVELOPED FROM
THE VERY POPULAR 3-WATT MULLARD * 3-3
DESIGN. T OF PARTS .. £8.8.0

ASSEMBLED AND TESTED £11.10.0
Complete to the MULLARD specnﬂcatlon including
PARMEKO OUTPUT TRANSFORMER. Switched
inputs for 78 and L.P. records plus a Radio posmon.
Extrlabfuwer to drive a Radio Tuning Unit is also
available

RECORD PLAYERS
THE COLLARO "‘JUNIOR " 4-speed single player with separate

crystal Pick-Up ... i et i £3.1°.0
GARRARD SRP gle Record Player fitted with high
OULPUL CryStal PICK-UP. . o o . o e e e e e s £5. 0.0
THE NEW GARRARD UTOSLIM '* 4-speed Autochanger
WiIth CPYStal PICK-UP . . - ot s et et eee e aeaee et aencaceinen £7.10.0
GARRARD ** AUTOSLIM DE LUXE' 4-speed Autochanger,

£11. 8.0

Incorporates transcnpnon Pick-up Arm .. ...ttt
THE C LI ‘UC60 ' 4-speed autochanger unit with Stu

R TS T T £6.19.6
B.S.R. Mod.l UA14, a 4-speed Mixer Autochanger with crystal
ick-up £6.10.0
he new GAARARD Model 4HF High Quality Single Record Player
fitted with the latest T.P.A. 12 pick-up arm and G.C.S, crystal Cartridge £16.17.6

PHILIPS Model AGIO0I6. A 4-speed Player which can be operated
both manually and automatically. Suitable for Mono or Stereo
operation

£12.12.0

THE MONO-GRAM
A small Amplifier of genuine high quality perform-
ance. Incorporates new MULLARD ECL86 Valve,
separate BASS and TREBLE controls and produces
up to 3 watts undistorted output.

£6 10 0

KIT OF £4.10.0 ASSEMBLED and

TESTED .
Perfectly suited for Portable Installations for which
purpose we offer ., . PORTABLE CASE £3.10.0, the
AMPLIFIER (Kit) and B x 5 in. SPEAKER (£1). All
for £9.0.0. Alcernatively with ASSEMBLED AM-
PLIFIER £10.0.0.
The case quoted above will accommodate some 4
speed Single Record Units. A larger model for auto-
changer is available for extra 10/~. With this Equip-
ment a COMPLETE PORTABLE RECORD PLAYER
CAN be built for from £14.0.0.

Carriage and insurance on each above, 5/- extra,

%, PARTS

 Stereo Amplifiers

MULLARD’S “10410” STEREO AMPLIFIER
A HIGH FIDELITY DESIGN PROVIDING
UP TO 10 WATTS (per channel). SUP

REPRODUCTION FREQUENCY RESPONSE
FLAT TO WITHIN 3dB from 3 cjs to 60
kcis at S0mW. .
TOTAL HARMONIC DISTORTION AT 10}

WATTS, s
£24.0.0 ”&4&4* R

1%
PRICE : (a) ‘ASSEMBLED AMPLIFIER
Built to the highest technical standards and
ON

{As illustrated).
(b) KIT of PARTs £20.0.0

presented strictly to MULLARD'S specuﬁcanon Two spacvally designed GILS
QUTPUT TRANSFORMERS with 20% taps are used.

We can also supply the assembled MAIN AMPLIFIER only for operation with our
DUAL CHANNEL PRE-AMPLIFIER ; this provudes for a more versatile Installation
and be essential if a low output Maznenc Pick-up is to be used. When ordering,
specify loudspeaker impedance.

(a) THE ASSEMBLED MAIN AMPLIFIER and ASSEMBLED DUAL

CHANNEL PRE-AMP £34
(b) KIT of PARTS for both Units £27.0.0

THE “TWIN THREE”
STEREO AMPLIFIER

ASSEMBLED AND TESTED for £9.0.0
(Carr. & Ins. 7/6 extra)
Based on a recent desngn by MULLARD LTD.,

is ideally suited for use in PORTABLE RECORD
PLAYERS for which purpose we offer a specially
designed case :

It incorporates MULLARD ECL 86 Valves, separate

BASS and TREBLE CONTROLS and produces up to 3 watts

per channel. Frequency response 40 c/s to 30 Kc/s size |13 in, x 3 in, x 5 in,
To construct a STEREO PORTABLE RECORD PLAYER we offer :—
Assembled AMPLIFIER with two ROLA 8 in. x 5 in, LOUDSPEAKERS and PORTx
ABLE CASE for £I6 I0 (] (Carr and ins. 7/6 extra)

THE “TUDOR”
STEREO AMPLIFIER

price onLY £15.0.0

A self-contained Amplifier designed to pro-
vide high quality stereophonic and mono-
phonic reproduction. Each channel provides a rated output of 6 watts and for
monophonic operation approx. |2 watts is produced. Separate BASS and TREBLE
CONTROLS

POSTAL ENQUIRIES and S
MAIL ORDERS TO . . . £

STERN RADIO LTD.

6-12, TUDOR PLACE, TOTTENHAM COURT RD.

MULLARD DUAL CHANNEL PRE- "AMPLIFIER

A four Valve design for both STEREOPHONIC and
MONOPHONIC operation. Operate equally well
with any make of Ampllﬁer requiring input of up to

250 mjv.
KIT OF PARTS £12.10.0

——

AsSEMBLED AND TesTeD £15.0.0

DEMONSTRATION and SHOWROOMS AT

STERN RADIO LTD.

109, FLEET ST. LONDON, EC4
TEL. FLEET ST, 5812/3
OPEN...3 a.m. to 6 p.m. SAT. close 1 p.m.

PREMIER RADIO

23, TOTTENHAM COURT RD.
LONDON, W1, TEL. MUSEUM 6128/9
OPEN...9 a.m. to § p.m. THURS. close 1 p.m

LONDON, W1, TEL. MUSEUM 6128/9

APRIL 1963
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Build this
13-Valve DOUBLE GONVERSION
GOMMUNICATIONS REGEIVER

incorporating . . .

% Separate local oscillator in first converter
stage, and triode hexode for second converter
stage

% Frequency range 1.6-29.0 Mc/s, covering all
amateur short wave and broadcasting bands

% High efficiency “front-end” with plug-in coil
units using standard coils

% Choice of 2 detectors

% LF. Filter

% Headphone or speaker outputs
% Signal strength meter

% Beat frequency oscillator

Y Noise limiter

Full constructional
details start in . . .

Also in the May issue:

Building a Transistor-
ised Test Meter (cover-
ing 160 kc/s—10 Mc/s)

Building an Electronic
Flash Unit

Geiger Counter Digital
Register

'MAY ISSUE on sale APRIL 5th
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% PERFORMANCGE

| THE

—BREAKTHROUGH
% IN SIZE * DESIGN

* QUALITY * VALUE

| SINGLAIR SLIMLINE

The comp

The Sinclair Slimline is the smallest receiver of them all, only 23" x 1§” x §”.
Yet, in performance and design it far surpasses every other set on the market.
Using only its internal ferrite rod aerial it will receive all stations on the medium
wave band including Home, Light, Third, Luxembourg, and dozens of
Continental transmissions. The case is in deep royal blue with gold lettering and the
calibrated dial is in gold on white. Both were designed by a professional artist. The
earpiece provided gives superb reproduction free from noise or distortion and the
volume is sufficient even for use in a car. The receiver uses a completely new reflex
circuit developed by engineers at Sinclair Radionics Ltd. All the components used are
brand new and MICRO-ALLOY TRANSISTORS are empioyed throughout. The
result is a radio with the sensitivity and selectivity of a good superhet but with no alignment
pr s are mounted on a printed circuit board and clear detailed
instructions are provided. Assembly is perfectly straightforward and simple even for a
beginner, yet the brilliant performance will more than satisfy the expert.

TOTAL COST OF ALL PARTS 49/6 p.p. 1/6

Smallest of
its type in
the world

*

Out-performs
amplifiers 20
times as large

*
Overall size
Pradelv b
L ——— 28/6
ACTUAL SIZE Plus 1/6 P. & P
1. Power gain 60dB. (1,000,000 times).

2. Frequency response 30 ¢/s to 50 kc/s+1dB.

3. Works on any voltage from 1.3 to 9V.

MICRO-AMPLIFIER

4. Drives any earpiece or loudspeaker.

5. Simple to assemble with ordinary tools.

6. Uses micro-alloy transistors throughout.
7.

Free applications data gives circuits for using micro-
amp in micro-radios, transmitters, etc.

MICRO-ALLOY
TRANSISTORS

MATI100 7/9 MATiIO1 8/6
MATI20 7/9 MATI21 8/6

Y% Easily the best for ail A.F., R.F. and V.H.F. applications.
% Extremely high gains, typical betas of 150.

% Cut-off frequencies of 120 Mc/s.

% Gold plated for protection and easy soldering.

SEND FOR COMPLETE BOOK ON MATS,

22 TESTED CIRCUITS USING
'MICRO-ALLOY TRANSISTORS”
Only 5/9 including postage

This book includes new circuits for amplifiers, transmitters,

micro-radios, F.M. Tuners, etc.

TELEPHONE CAMBRIDGE 53965
—

SINCLAIR RADIONICS LTD 69 Histon Road Cambridge

TRADE ENQUIRIES INVITED

APRIL 1963
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HOME RADIO OF MITCHAM|

| DEPT. AC 187 London Road Mitcham Surrey MIT 3282
STOCKISTS FOR THE INCOMPARABLE

TL12PLUS 12W amp. (Mono) 18 gns.

Shop hours 9 a.m. to 6 p.m. (Wed. 1 p.m.)

LEAK HI-FI
EQUIPMENT

This superb equipment is still the standard by
which all other Hi-Fi is judged. Full range of"
pre-amplifiers, amplifiers, mono and stereo, and
also tuners normally in stock.

POINT ONE STEREO pre-amp. 20 gns.

POINT ONE PLUS pre-amp. 12 gns. VARISLOPE STEREO pre-amp. £25
VARISLOPE 111 pre-amp. 15 gns. TL25. 25W amp. 24 gns.
STEREO 20.20VV stereo amp. 29 gns. TL50. 50W amp. 32 gns,

TROUGH LINE FM/VHF TUNER £29.7.6.
=

I still the best Short Waver
GLOBE KING
100A

Ll Explore the world
f from your armchair.
Build this truly am-
azing one valve bat-
tery set which gives
really world-wide reception at minimum
. cost. Learn morse and listen in to
- shipping and amateurs, etc. Extra
" stage can be added later. Kit of parts
* with three coils covering 10 to 100
metres £3.19.6, post 1/6.

MULLARD AMPLIFIERS
ON PRINTED CIRCUITS

We can supply printed circuit boards
ready drilled and clearly marked for
the following Mullard Amplifier circuits:

Mullard **3-3"" 3 valve 3 watt 7/6

Mullard *'5-10” 5 valve 10 watt 12/6 |
Mullard 3 watt ECL86 amplifier 7/6 ]
Mullard 10 watt ECL86 amplifier 12/6 |

Can be used in pairs for stereo
PLEASE ADD 1/- POSTAGE TO ORDER

| HAVE YOU HAD OUR
"SUPER CATALOGUE?

% 172 PAGES

% 600 PICTURES

% OVER 5,000 ITEMS
PRICE 2/6 Post 9d.

HOLIDAYS AHEAD

The UNIC Dry Shaver oper-
ates from a single U2 cell
and will give you a quick
clean shave anywhere. Ideal
for holidays, camping, car
rallies, etc. Swiss precision
engineered. PRICE £2.18.10,
complete, post paid.

wu] for shelf or -cabinet

I pack £13.19.6,
E ’contamed power pack £15.14.6, post 1/6.

F.M. TUNER

A really first class lmmaculalely engineered
FM/VHF tuner designed to bring crystal
clear interference free Hi-Fi reception
to all the B.B.C. programmes. Coverage
86 to 104 Mc/s. Complete in neat case
mounting. Size
PRICE without power
With  self-

11”7 x 64" x 37,
post /6.

m
EDDYSTONE RECEIVERS

MODEL 870A Compact size, light weight, at-
tractive styling, make this the ideal dual purpose
domestic and Short Wave Receiver. Full Long
and Medium Wave plus three Short Wave bands
covering 12 to 2,000 metres. Gear-driven full
width dial with special vernier logging scale.
Built-in speaker. Operates on_any voltage AC
to DC 110 to 250 volts, PRICE £30.17.6,
carriage paid U.K. EXPORT PRICE £26.0.0,
carriage 30/—.

MODEL 840C 3 valve 5 waveband full Com-
munications Receiver. Full «pecification on
request. PRICE £58.0.0, carriage paid U.K.
OQverseas shipping on request.

MODEL 940 12 valve 5 waveband de luxe Com-
munications Receiver. Full specification on
request. PRICE £125, carriage paid U.K.
Overseas shipping quoted on request.

MODEL 960 Fully transistorised Communica-
tions Receiver using 12 transistors and 7 diodes.
Covering 500 kc/s to 30 Mc/s. Operates from
12 volt dry battery or car accumulator. PRICE
£135, carriage paid U.K, Overseas shipping on
request.

WE ARE MAIN STOCKISTS FOR
HEATHKITS

- Build your own Tape Recorder

SPECIAL OFFER JACK PLUGS
BRAND NEW GRUNDIG TYPE J2
JACK PLUGS. WILL FIT STANDARD
IGRANIC JACK SOCKETS AS WELL.
Normal price §5/- each. OUR SPECIAL

PRICE 1/6 EACH, Plus 6d. post to order.

I~ EDDYSTONE 898 DIAL

The finest slow motion dial drive assembly
available, and essential for all high grade
tuners, transmitters, and test gear. 110
to 1 gear driven reduction drive with
special vernier logging device. Size
91” x 53”. PRICE £3.11.4, post [/6.

LEKTROKIT

We carry the full range of the LEKTRO-
KIT chassis construction system and

| components and we can offer a by-return
{ service to schools, laboratories, research

depts, etc. Write in on official heading
for full details and prices.

TRANSISTORS

Every one brand new and individually
boxed and fully guaranteed Why chance
spoiling results with “‘surplus”
best can be obtained at these low prices.
AF114 11/-. AFI115 10/6. AF116 10/-.
AFI17 9/6. 0OC26 25/-. OC44 11/-,
QC45 10/-. OCT70 6/6. OCT1 6/6. OCT2
8/-. OC75 8/-. OC76 8/-. OC78 8/-.
OC139 13/6. OC140 29/-. OCP71 26/-.
MATIOI 8/6. MATI2l 8/6. also most
dwd;s and the latest Zener diodes in
stoc!

with a RECORDAKIT

It is easy and economical
to build your own high
quality ‘tape recorder R .
with a Martin Recordakit. The amplifier is
already wired up, and tested and a few simple
tools are all that are required to assemble, thus
saving pounds. Send 3d. stamp for details of all
models.

MODEL “C™ Twin track 3 speed Collaro
Studio deck complete with amplifier Hi- Fi
9”7 x 5” speaker, modern two-tone carrying case,
and full instructions. PRICE £29.18.0.

when the |

HEADPHONES Brand new lightweight

high-resistance (4000 ohms)
headphones, fully adjust-
able and very sensitive.
1deal for short wave and
crystal sets, etc. PRICE
15/-, post 1/6. Brown’s
Type “F 37/6. Ericssons
professional type £4.2.6.
Brown’s Super K low impedance Mono or Stereo
£6.10.0 high impedance versmn £8.3.0.

4 (Overseas Post 7/6).
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Comprehensive

Studio Control Unit

By M. J. Pitcher, B.Sc.

Part 1

In which the author describes a compact and self-contained unit which provides *‘professional”
control facilities for tape recording. It may also be employed with public address systems

FYYHE CONTROL EQUIPMENT DESCRIBED IN THIS
article was designed after a close inspection of
similar equipment manufactured for pro-

fessional use. Much of the versatility of the unit
derives from the facilities which the author observed,
and has resulted in the production of tape recordings
superior in every way to those made with many
separate pieces of apparatus joined together by
confusing masses of tangled wire.

Stereo enthusiasts should note that the provision
of two identical high quality mixing channels
permits the unit to be used for stereo working, with
monaural monitoring. The author has not, so far,
been bitten by the stereo bug and cannot write from
experience of this application.

The unit has also been used as a pre-amplifier to
feed the public address system of a theatre, the
object being to mix a number of microphones, tape
recorders and turntable. Very satisfactory results
were obtained. ’

In this article, the unit is discussed from the
viewpoint of the tape recording application.

Design Considerations )
Control equipment must be capable of performing
many functions. Signals must be accepted from a

Front view of unit

wide variety of sources, amplified if necessary,
controlled and mixed. The output level of the unit
should be of the order of half a volt so that it can
be fed into almost any make of tape recorder or
amplifier.

It is desirable to have monitoring facilities, both
by meter and loudspeaker. The really enthusiastic
amateur will devise a control room separate from
the studio to permit the use of the loudspeaker at
reasonably high power, but headphones can be used
for monitoring in the studio if need be.

Signals to the studio can be arranged by using a
cue-light, but a more satisfactory arrangement is to
incorporate an ‘“inter-com” (which is called, in
professional jargon, ‘‘talk-back”.) This allows the
operator to talk to the studio through a loudspeaker.

Fig. 1 illustrates the possible inter-connections
of the various sections of the unit. Both mixing
channels A and B have duplicate output sockets,
so that it is possible to connect them to other
equipment, such as tape recorders, without mutual
interference. The provision of these sockets enables
the user to employ each section on its own
independently of the use being made of other
sections. It was felt that the construction of a fully
integrated amplifying system, having built-in con-
necting leads, would detract from the general
usefulness of the unit.

The sound sources for which any individual
constructor must make provision depend on the
accessories at his disposal. In this design, which
aims at being comprehensive, provision has been
made for the acceptance of microphones of either
low or high impedance. Additional inputs can be
taken from (a) radio, (b) crystal pick-up (with
built-in compensating network), (¢) tape recording,
and (d) electric guitar pick-up.

The circuit diagram, shown in Fig. 2, is drawn
with two outlet sockets for each of the mixers in
channels A and B. While virtually any socket may
be used, the author fitted coaxial sockets and normal
jack sockets; the former are used to make the
semi-permanent connections between the various
sections of the unit and the latter to make connection
with external equipment such as a tape recorder or

THE RADIO CONSTRUCTOR
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Fig. 1. Block diagram for the complete control unit

a public address system. Each pair of sockets is
wired in parallel and, providing that each socket
terminates in a high impedance, two identical
signals can be obtained from each mixer.

It will be seen from Fig. 5 that the two mixers
can be operated independently when required and
monitored separately by moving the selector key to
the required channel. One instance of this might
be the attachment of radio tuners, or crystal feeders,
to each channel so that each mixer is supplying a
separate programme. These can in turn be fed from
the mixer by means of the auxiliary sockets to a
tape recorder and external amplifier each programme
being monitored at choice. In this application the
selector key shorts the signal from one mixer to
ground to prevent cross talk in the monitoring
amplifier. The resistors R;7 and Rjg prevent the
signal output from the mixer stage from being short-
circuited.

For more ambitious forms of studioc working
both channels can be combined by depressing the
channel selector key. This provides four low-level
microphone channels together with four high level
inputs. The outputs from the auxiliary sockets are
now strapped and both supply a combined signal.
Extremely professional mixing can now be carried
using ‘“‘close microphone” techniques and accurate
control of balance can be maintained. The monitor,

APRIL 1963

of course, carries the combined signal but is also
of great use in its ability to monitor the channels
separately when it is necessary to locate microphone
faults without the need of fading the volume settings
which have probably been set with some care.

A “system output” socket is shown in the
monitoring amplifier circuit. This socket supplies
a signal identical to that being fed to the monitoring
amplifier and can be used to supply external equip-
ment. It may be of some use to supply an amplifier
having a greater power output when the available
outlets on the mixers are in use and high power is
required for some special purpose. The internal
amplifier has ample power for normal requirements.

Telephone keys were chosen for the selector and
talk-back switches. These are less cumbersome to
use than rotary switches, although some care is
needed in wiring to avoid capacitative coupling.
So far as is possible the *‘live”” contact leaves should
be separated by leaves which are earthed.

A further feature, which has proved to be of great
value, is the provision of jack sockets in the output
leads from the pre-amplifying valves of channel A.
These provide signals which can be fed into the
Aux. sockets of channel B. Alternatively, one can
be used to feed the talk-back circuit and provide
full volume on the studio speaker.
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Fig. 2. Circuit diagram of the pre-amplifier/mixing unit. Jacks J3 and J4 are required for Channel A only. Inputs to
1 and G, may consist of the circuits shown in Fig. 4

Components List

(Fig. 2)
Resistors. (All fixed values are 109 4 watt) Capacitors
R; 390kQ high stability Cy 0.25uF
R,  100kQ high stability C, O0.1uF
R;  390kQ high stability C; 0.25uF
R; 100kQ high stability Cq4 O.1pF )
Rs 470kQ Cs, Cig 16+ 16uF 350 w.v. electrolytic
Rg 470kQ C¢ 0.05uF
R;  470kQ C;  O.1uF
Rg 470kQ Cg, Co SOwF 12 w.v. electrolytic
Rg 1.5MQ C11 Olp.F
Rig 3.3kQ
R;; 100kQ Valves
R, 1MQ V: EF86 Mullard
Rz 47kQ V, EF86 Mullard
Ris 2.7kQ Vi  ECC83 Mullard
R;s 27kQ
Rig 15kQ Jacks
VR; 500kQ potentiometer, log T3, J4, J5, J¢  With closed circuit leaf
VR, 500kQ potentiometer, log J; Juck
VR3 500k potentiometer, log Jg, Jo Miniature jack socket
VR4 500kQ potentiometer, log (NoTE: Jacks J3 and J4 are required for Channel A
VRs 500kQ potentiometer, log only.)

The Mixer Circuit

The mixing circuit, shown in Fig. 2, is based upon
the Mullard circuit for a “Four Channel Input-
mixing Pre-amplifier”.! The wiring layout used by

1 Chapter 10, Circuits for Audio Amplifiers, published by Mullard
Ltd. The author offers grateful acknowledgments to Mullard Ltd.
for their consent to the publication of the circuit in modified form.
Muilard Ltd. are in no way associated with, or responsible for, the
modifications which have been made,

646

Switch
S:  Ganged with VR;

the author is shown in Fig. 3. The microphone
switch and transformer visible in the photograph
are not shown in this diagram (nor in Fig. 2). They
are sited to the left and right of the EF86 amplifying
valves. The valve panel, shown in Fig. 7 (), has
provision for the fixing of two switches and two

THE RADIO CONSTRUCTOR
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transformers. The layout adopted produces a very
clean appearance and no trace of instability has
been detected. All mains wiring to the valve heaters
should be kept as close to the chassis as possible
and clear of other wiring; similarly all signal-
carrying wiring should be kept short.

The only difference between channel A and
channel B mixing sections is that one of them has
two extra jack sockets, shown as J3 and J4 in Fig. 2.
The provision of microphone transformers, for
ribbon and moving-coil microphones, is purely
optional on either channel. A circuit by means of
which both high and low impedance microphones
can be switched into use from a single socket is
shown in Fig. 4 (¢). This is presented separately
from the main circuit for the sake of clarity and the
switches and transformers are those indicated in
Fig. 7 (b).

Only one snag has appeared as a result of adopting
the circuit design shown in Fig. 4 (¢) and that is
that under certain circumstances the amplifier
suffers from radio breakthrough. This can only
happen when the high impedance connection is used
and the equipment is operated near a high-powered
transmitter. The fault can be cleared by cleaning
up all dry joints, and ensuring reliable connections
at plugs, sockets, and valve pins. The fault is,
however, not likely to occur if the microphone and
cables are efficiently screened and properly earthed.

Alternative arrangements for microphone connec-
tions without a switch, are shown. Fig. 4 (a)
illustrates a method of connecting a crystal micro-

4

EF86 :)
Chassig g=a )
] Gitoswiteh ™ ) A

or Input
(Fig.4)

An interior view showing the layout

phone. It will be noticed that the 10MQ resistor,
R37, appears in Figs. 4 (b) and (c¢). Exceptionally
good results can be obtained if high quality crystal
microphones are used because the input impedance
is very high.

The arrangement illustrated in Fig. 4 (b) is for
low impedance microphones, It will be essential
here to use a low impedance connection through
screened balanced line, and a 3-pole jack and jack
plug will be needed.

The levels of each of the four channels is con-
trolled by VR, VR, VR3 and VR4. Overall control

EF86 ~“.
o a

- — ‘Ecs v\i") Chassis

Fig. 3. Tagboard and associated components showing wiring. The front and middle panels have been folded down in
this diagram. The microphone input components of Fig. 4 are not shown here, nor is the wiring to jacks J3 and J4
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Fig. 4 (a). High impedance input arrangement suitable

for crystal microphone; (b) low impedance input

arrangement suitable for microphones of 30-50()

impedance; (c) circuit which switches from high to

low impedance input and uses only one input jack
socket

is obtained by VRs; this is the channel “master
control”,

“On the air” cue-lighting can be provided by
employing a potentiometer fitted with a switch in
the VRs position. As already noted, the author
considers this facility to be of doubtful value for,
working with amateur performers, there seems to
be more attention paid to scripts and instruments
than to the winking light. The talk-back key has
proved to be of much more value.

Monitoring

The Iloudspeaker monitoring circuit should,
ideally, be taking a signal from the tape, amplifying
it to the strictest of hi-fi standards, and delivering

a8

Components List

(Fig. 4)
(Component references apply to Figs. 4 (a), (b)
and (¢))
Resistors
Ry;  10MQ high stability 4 watt
Rys 10MQ high stability 4 watt
Capacitors
Ci7 0.05uF
Cos  0.005uF
Switch

S;  d.p.d.t., make before break (Radiospares)

Transformer
T;  Mic transformer, single hole mounting

Jacks
Ji, J»  3-pole, insulated mounting

power to a perfect loudspeaker. The writer has no
wish to dissuade really keen types from going to
such a length, especially if they possess recording
equipment to justify the expense. The simple
amplifier shown in Fig. 5 can, however, be used with
equipment costing less than, say, £100 to produce
first class results. The reason is that the level of
power is so low that such distortion as exists is not
objectionable.

About one and a half watts is available at maxi-
mum power. This, delivered to a good speaker in
a properly designed enclosure, is more adequate for
monitoring. In fact, that amount of power let
loose in a small control room can have a shattering
effect on one’s ears. Admittedly, the power is not
enough to “shout down” a noisy hall-full of
chattering performers, but it is quite sufficient for
talk-back in large rooms and small halls.

The gain of the monitoring amplifier is very high
and care is needed in wiring to keep grid leads
short and efficiently screened. The purpose of using
the highest possible gain (negative feedback is
avoided for this reason) is to enable the talk-back
system to be operated from a crystal microphone
directly. The sound level is sufficient for talk-back
to a small room, full power requires the insertion
of a plug in one of the pre-amplifiers to provide
extra boost.

The monitoring meter circuit is conventional. An
audio signal is taken from the anode of the triode
V@) and, after rectification, is applied to the grid
of V4(p). This triode is self-biased to pass a current
of ImA by virtue of the high resistance, R4, in its
grid circuit. The current can be varied to be slightly
in excess of ImA by altering the value of Rjs, final
adjustments being carried out by the shunt potentio-
meter, VRg.

The needle of the meter shows full-scale deflection
under no-signal conditions and the reading falls to
zero when the rectified signal drives the grid
sufficiently negative to reach cut-off.

THE RADIO CONSTRUCTOR
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Speaker Transformer
Type MR/T Elstone

Keys
Channel selector and talk-back. See diagram for
contact details

Speakers
Monitor and talk-back

Clungd _'S&Icctor ( in Control Room)
Wi
Talk BackKey |
=" e
=3
cuaus)l .
§-1e
oo
CHB
InputSocket  Rpy
g W
C—wwh— ik @ .
Rig
gmmm of PreAmg)
Talk BackL.5. (301)
{ in Studio) ’
ELSTONE MR/T Db%”
Components List
(Fig. 5)
Resistors. (All fixed values 10% 4 watt unless
otherwise stated)
Rj7, Rig  100kQ
R IMQ 209
Ry 1.5kQ
Rz; 100kQ
Ry 470kQ
R,3 680Q
Rys 4.7MQ
Rys 100kQ

Ry 4.7kQ 2 watt
VRg 2002 (or to suit meter) pre-set

Capacitors
Ci2  50uF 12 w.v. electrolytic
C1 3 O.ZSHF
Cis4 O.1pF
Cis  SOuF 350 w.v.
Ci6 SOuF 12 w.v.

Valves
V4 ECC83 Mullard
Vs  EL91 Mullard
Rectifier
Diode type WX6

APRIL 1963

Meter
0-1mA moving coil meter

Sockets ,
4 required. 2 input, 1 talk-back input, 1 system
output

Jacks
2 required (for speakers)

Power Unit
To provide 300V at 25mA and 6.3V, centre-
tapped, at 1.2A (plus cue-lights, etc.) Com-
ponents as required.

(To be continued)
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The circuits presented in this series have been
designed by G. A. FRENCH, specially for the enthusiast
who needs only the circuit and essential data

ested circuits

No. 149 Experimental Regenerative Detector

ESPITE THE ADVENT OF TRAN-
sistor receivers, mains opera-
ted valve superhets for the

broadcast bands still remain popular.
The conventional a.m. superhet
receiver comprises an h.t. rectifier
circuit and four signhal-handling
stages, the latter consisting of the
frequency changer, the i.f. amplifier,
the a.f. voltage amplifier, and the
output stage. Detection is achieved
immediately before the a.f. voltage
amplifier, and may be provided
by a germanium diode, or by a
diode incorporated in either the
i.f. or a.f. voltage amplifier valves.

When the full sensitivity of the
four valve line-up is not needed (as
occurs, for instance, when the main
requirement is the reception of
local stations only) it would seem
that an economy could be effected
by omitting one of the stages.
This month’s circuit suggests an
approach along such lines, and the
accompanying diagram depicts a
possible method of obtaining detec-
tion immediately after the frequency
changer. The loss of the i.f. amplifier
is partly made good by the use of a
regenerative detector circuit, which
has the secondary advantage of
improving i.f. selectivity despite
the fact that only a single i.f. trans-
former is retained. The complete
receiver may then contain two
valves only, one of these being the
frequency changer, and the other a
triode-pentode which combines the
functions of a.f. voltage amplifier
and output stage.

650

Before proceeding further, it must
be stated that the present circuit
is entirely experimental in character
and that, despite its apparent
simplicity, it may well prove tricky
to put into practical operation.
The circuit should only be tackled
by the experienced constructor who
i prepared to experiment with
components and component values,
and who fully understands the
principles involved. Different lay-
outs and i.f. transformers may cause
varying results, and this fact must
similarly be borne in mind.

Operation

The circuit of the regenerative
detector appears in the accompanying
diagram, which also includes the
output stage and some of the power
supply components.

Vi is a standard frequency changer
of the ECHS81 class, and it is
anticipated that this will employ
coils which enable it to tune over
the medium and long wavebands,
or over the medium waveband
only. The anode of Vi connects
to the primary of a standard 465
ke/s (nominal) if. transformer, the
secondary of which couples to the
grid of Vi) and R,C; in parallel.
V3@ functions as a leaky-grid
detector, the grid leak and capacitor
being provided, at the earthy end
of the secondary, by R; and Cj.
Since detected a.f. appears on its
grid, V() also provides a.f. amplifi-
cation, and the a.f. at its anode is
passed to the volume control by

www.americanradiohistorv.com

way of an rf. filter which will
shortly be discussed.

In addition to a.f., amplified
r.f. appears at the anode as well,
and this is fed back to the earthy
end of the i.f. transformer secondary
by way of trimmer C;. When C;
is adjusted to give a high capacitance,
V@ functions as a Colpitts oscil-
lator in which the earthy tap into
the capacitances across the coil is
given at the junction of Cgk and
the combination Cak, Ci and C,.
The purpose of the circuit is that C;
be adjusted such that V() is just
below oscillation point, whereupon
both sensitivity and selectivity are
enhanced by the regenerative effect
which results. It should be noted
that the circuit allows a standard
if. transformer to be employed,
and that no feedback winding or
tap in the secondary is required.

The r.f. at the anode of V()
has to be bypassed to chassis in
the coupling circuit to the volume
control, and this is achieved initially
by the low-pass filter R3Cs. A
further filter is given by Ry, the
resistance in Rs above the slider,
and the Cgk of Vo).

Vapb) is connected in a conven-
tional ~output circuit, its anode
being supplied from the reservoir
capacitor Cg, and its screen-grid
from the smoothed supply following
Rs. The presence of a rectifier
is indicated by the cathode of V3,
but a metal rectifier or contact-
cooled rectifier could, of course,
be employed just as readily as a
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valve rectifier. It is assumed that the
power supply will be of a simple
nature, employing, say, a half-wave
rectifier and a 6.3 volt heater trans-
former. If an ECL86 is employed
in the V, position, the h.t. current
consumption of this valve would
be of the order of 30mA for a
potential of 250 volts.

Experimental Points

Due to the experimental nature
of the circuit, a number of factors
have to be discussed.

An ECL86 is shown in the
diagram, but practically any other
triode-pentode of similar type should
function equally well. The pentode
bias components and speaker trans-
former ratio specified apply only
to the ECL86, and may require
modification if other triode-pentodes
are used.

The j.f. transformer would, best,
be of the type which is intended
to feed into a diode detector, rather
than the type which, in a normal
line-up, would appear between the
frequency changer and i.f. amplifier.
The reason for this is that such an
i.f. transformer usually has a tighter
coupling between the two windings
to make up for damping losses
in the detector circuit. In the
present application, the secondary
is loaded by what is virtually a
standard diode circuit.

Whilst it is probable that little
difficulty will be experienced in
obtaining oscillation in Vi, it is
very desirable for C; to be capable
of bringing the detector stage
smoothly up to the point at which
oscillation commences. As readers
who have had experience with a
t.r.f. receiver having a good reaction
circuit will appreciate, the whole
value of an arrangement such as
that shown here lies in smooth
control over regeneration.

A factor which may cause “fierce”
regeneration as C; is increased
in capacitance is that the Cgkgyof
V() offers.a higher reactance than
does the capacitance combination
between the anode and chassis.
In consequence, the oscillatory volt-
age applied to the grid will tend to
be higher than that appearing on
the anode, instead of lower. If it
appears that this state of affairs
is resulting in ‘“‘fierce” reaction, or
in reaction with backlash, it may
be alleviated by connecting a capaci-
tor of some 5 to 10pF between
the grid of V3() and chassis. This
will, of course, necessitate re-
alignment of the i.f. transformer
secondary. Further alleviation may
be given by reducing the value of
C,, and this could, in practice, be
as low as 25pF without excessive
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The circuit of the experimental regenerative detector

loss of detection efficiency. The
value of the trimmer itself is also
subject to experiment, but it would
probably be adequate to commence
with a standard 60pF mica compo-
nent here.

Other factors affecting the opera-
tion of the regeneration circuit
will be given if a high level of r.f.
is passed to Vy@p). This condition
will be indicated when variations
in the volume control setting modify
the reaction adjustment, and could
be cleared by adding a further
200pF filter capacitor between chas-
sis and the junction of R4 and Rs.

Although it would, at first sight,
worsen the ratio between anode and
grid oscillatory voltages, it might
be found helpful in practice to add
a capacitor of some 20 to 100pF
between the anode of Vi@ and
chassis. This point may readily
be checked by experiment.

Setting Up The Circuit

The best method of setting up the
circuit initially would consist of
applying an amplitude modulated
signal generator to the signal grid
of the frequency changer. The
generator should be set to the
intermediate frequency, whereupon
the detector circuit may be set up
and final adjustments made to C;
and the cores of the i.f. transformer.

After this process has been
completed the oscillator and signal
frequency circuits for the frequency
changer could then be connected up
and aligned. Care should be taken
to ensure that coils and wiring
operating at frequencies approaching
the intermediate frequency are kept
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well away from the detector com-
ponents. This point applies, in
particular, to medium wave signal
circuits, which may resonate around
500 kc/s when the tuning capacitor
is at maximum capacitance.

Normal aerial and oscillator coils
may be employed. It is possible
that the overall receiver may not
have sufficient sensitivity to operate
satisfactorily with a ferrite frame
aerial. In consequence, a conven-
tional aerial coil, used in conjunction
with a small aerial, would be
preferable.

-Advantages and Disadvantages

The main advantage offered by
the detector circuit is that its use
results in a fairly sensitive superhet
which employs only two valves in
addition to the h.t. rectifier. A
very compact layout can, in con-
sequence, be employed. Also, the
fact that a Colpitts combination
is employed for regeneration allows
the use of a conventional if. trans-
former.

One disadvantage of the circuit
is its experimental nature: it may
be necessary to adjust component
values in ordér to obtain smooth
regeneration. A further point is
that, if C; is set very close to the
oscillation point, the circuit may
go into oscillation at a later time if,
say, the h.t. voltage rises. Again,
it is not feasible to obtain an a.g.c.
voltage from the detector. A
negative voltage which is proportion-
al to signal strength is available at
the junction of R; and C,, but the
low degree of amplification before
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this point limits the effectiveness
of any a.g.c. loop which can be
set up. Also, this negative voltage

will increase by a large amount if
the circuit goes
whereupon the setting up of C;

on received signals (a process which
may be required occasionally) would
become difficult to carry out.

into oscillation,

CAN ANYONE HELP?

Requests for information are inserted in this feature free of charge, subject to space being available. Users of this

service undertake to acknowledge all letters, etc., received and to reimburse all reasonable expenses incurred by

correspondents. Circuits, manuals, service sheets, etc., lent by readers must be returned in good condition within
a reasonable period of time.

Grateful Thanks.—J. Gearing, “The Swallows™,
Hammond Road, Hatfield Broad Qak, Nr. Bishops
Stortford, Herts, would like to thank all those
readers who replied to his request for a circuit of
the Philips type L2G77B-01 receiver. So many
replies were received that it would, in fact, take a
long time to reply individually. The receiver is now
complete and working.

* * *

Audiomaster Conway Stereo Pre-Amplifier.—L. F.
Keel, 40 Chandlers Road, St. Albans, Herts, would
appreciate the loan of a circuit diagram or manual
of this unit—or would purchase.

* * *

Mine Detector No. 4 or 4A.—R. A. Pyatt, 23
Arundel Drive, Orpington, Kent, wishes to borrow
the official instruction book. Alternatively, will any
reader who has used this unit successfully please

write.
# * *

Canadian Marconi 52 Receiveg.—W. Pszczola, 203
Chepstow Road, Newport, Mon, urgently requires
the service manual for this receiver. Borrow or

purchase.
¥ * *

Ferguson 16in Console TV Model 989.—G. Ridge-
way, 72 Nailcote Avenue, Tile Hill, Nr. Coventry,
Warks, requires the manual or service sheet of both
the above (Serial 11215) and the Tuner Unit Bl

Serial 28397,
* * *

Hallicrafters S27 Receiver.—J. C. Knight, The
Corner House, Manor Road, Tongham, Surrey,
wishes to obtain the circuit diagram or manual.

* * *
Regentone Tape Recorder RTS51.—C. Fish, 8
Roxeth Green Avenue, Harrow, Middlesex, requires

on loan for one week the service sheet for this
equipment.
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Adaptor Frequency Range No. 1— A16051/1.—
E. W. Sprigg, 3 Somerset Road, County Bridge,
Willenhall, Staffs, requires information on the
power socket connections at the rear of this unit
and also the power requirements.

* * *

Surplus Tubes.—A. Basden, 7 Leyden Park, Bonny-
rigg, Midlothian, would like to obtain full data on
the following—3EGI1, 3AP1, 5BP1, 5CP1, 5NPI,
VCR97 and VCRI138.

* * *

Philips Radio Type 209U-19.—A. Purcell, 28 Cran-
for Avenue, Knutsford, Cheshire, would like to
obtain the circuit diagram complete with com-
ponents list for this receiver—serial number NR.E,
78108E02.
* * *

Radio Compass Receivers BC433C, BC433G, Moni-
tor Type 25.—B. F. Baker, Wellington Street,
Russell, New Zealand, requires to purchase the
manuals or circuit diagrams of these equipments.
Serial number of the latter unit is 10T/90 TS273.

* * *

Receiver W5737.—M. Gibbs, 81 Selsdon Road,
South Croydon, Surrey, wishes to obtain any in-
formation, circuit, etc., on this receiver—especially
the power requirements.
* * *

Linear L50 50 Watt Amplifier.—P. Wood, 28
Robertson Road, Lhanbryd, Nr. Elgin, Moray- .
shire, Scotland, would like to obtain a circuit
diagram of this amplifier, loan or purchase.

* * *

Transmitter/Receiver Type TR3576.—A. F. Harri-
son, “Woodlands”, Drury Lane, Mortimer, Berks,
requires the circuit or manual or any other available
information on this unit (Ref. No. 10DB/6477).

* * *
Miller ““English’’ or ‘‘Martinette’’ Organs.—W. R.
Seymour, Park Cottage, Mill Lane, Blackpill,

Swansea, wants the loan or purchase of the service
manuals for these instruments.
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Add-on RF. Stage
for
F.M. TUNERS

by
K. D. RENDALL

HE ADD-ON R.F. STAGE TO BE
T described is suitable for any

f.m. tuner covering the standard
f.m. band of 87.5 to 100 Mc/s. It
was designed to help increase the
signal to noise ratio of a commercial
tuner currently used in an area which
is most unfavourable for reception
on the v.h.f. bands. The add-on unit
may also be of use to those who
experience a lot of flutter, etc., due
to the passage of heavy vehicles near
their home.

The gain is of the order of 10,
as measured with an *“‘S> meter over
the range 88-97 Mc/s and this was
found to be quite enough to overcome
the low signal strength. As will be
seen from the circuit in Fig. 1, the
amplifier consists of the Mullard
double triode ECC88 used as a
cascode amplifier. There are two

tuned circuits and one neutralising
coil; this latter does not appear to be
a critical component as the author
wound half a dozen of various sizes
and could detect no significant
change in performance.* Increased
gain can be obtained by varying the
windings on the input and output
coils; this was tried and then
rejected as the increased gain can
only be obtained with a loss of
bandwidth, and an external tuning
knob would then be needed to peak
the amplifier for a particular fre-
quency. The final result is a small
unit that is merely left on a shelf at

* The coil between the two triodes of the
ECCB8 takes up the position normally
occupied by the “‘peaking coil” in conven-
tional v.h.f. cascode circuits. The latter can
be made to offer regeneration with con-
sequent loss of bandwidth, and this would
be undesirable in the present appiication.

RS »ov+
WW—5oh)

Cs |

Fig. 1.
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The circuit of the add-on unit
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the back of the receiver and which
requires no adjustment at all since
the bandwidth is broad enough to
make the problem of drift assume
no importance.

Layout

The layout of the various com-
ponents can be seen from the
photograph of the interior, wherein
the aerial components are to the

L] 9Turns
20 SWG,

Enamelled

Copper

L2 2Turns

24SW6. ==
PVC.Covered

Copper

Ls 2 Turns L4 1l Turhs
245WG5, = 20 SWG.
PVL Covered Enamelled

(14

Fig. 2. Winding details for (a)
Ls. (b) the input coil and (c) the
output coil

Components List
Resistors (All | watt 109%)

R; 27k 2
R, 8242
R; 100k Q
Ry 100k
Rs 1.5k Q2
Capacitors

C 5—15pF pre-set, silvered disc
(see illustration)

O )
C3, 4,5, 6 1,000pF
Valve

ECC88 Mullard

Miscellaneous
2 coit formers, dia. +; in, length in,
Zin fixing centres
2 dust cores to fit formers

1 BY9A valveholder, 2 coaxial
sockets
Chassis, case, etc.
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Dimensions of the screen

(b). The main holes in the chassis. The }in sides are bent up (the rear side
does not appear in the photograph of the prototype). The holes for the coil
assume %in fixing centres

right. Due to the frequencies
involved it is necessary to keep
wires short. Even half an inch of

wire has a high inductance at 100
Mc/s, and if wiring is too long the
whole circuit might have to be
redesigned in order to make the
amplifier tune to the desired band.

The coils are wound on Aladdin
formers having a diameter of fin
and a length of %in (See Fig. 2). L,
consists of 9 turns of 20 s.w.g.
enamelled copper wire. Lj is 2 turns
of 24 s.w.g. copper wire with a p.v.c.
covering—this is interwound with
L;. Thecoil Lsis 7 turns of 20 s.w.g.
enamelled copper wire wound with a
&in internal diameter. Ly is 12
turns of the same wire as is used for
Ly. Lsis 2 turns of 24 s.w.g. gauge
p.v.c. covered copper wire inter-
wound with L.

Chassis i
The chassis and screen are prefer-
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ably made of tin plate to the dimen-
sions shown in Fig. 3. Although it
is slightly harder than aluminium
to work, tin plate is suggested since
one is able to make connections as
short as possible by soldering to the
nearest point rather than looping
them around the chassis to an earth
tag. The valveholder should be
mounted first, followed by the
valve screen between the two halves
of the valve. The screen is best
mounted by soldering it to the
centre spigot first, then to pins 5
and 9, and finally soldering the two
ends to the chassis. The coil
formers are mounted next, their
bases being on the top of the chassis.
This is partly to save space and
partly to ensure that they do not
become damaged when components
are soldered to the chassis. The
coils may be wound with the formers
in situ. All the capacitors used are
ceramic and the resistors are all
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4+ watt 10%. The power supply
leads are brought through the chassis
by means of lead-through insulators.
This has been done so that the tuned
circuits are not affected if the leads
are moved around. The power leads
are then fed through one of the
ventilating holes in the case.

When all the wiring has been
completed and checked it is advisable
to insert a meter in the h.t. lead
before switching on. If the current
consumption is more than 15mA
then the constructor must switch off
and check for short-circuits in the

TABLE

(Voltages measured on prototype
with Avo Model 8. Supply volts 250)

Valve Pin Voltage above chassis
1 200
2 90
3 90
4 6.3 (a.c.)
6 90
8 1.4

wiring or in the valve. When all is
as it should be, the only thing left is
to line up the amplifier. The unit
output is coupled to the receiver and
its input connected to the aerial.

Tune the receiver to a weak signal,
adjust the input and output coils for
maximum gain, then set the pre-set
capacitor C; for maximum signal in
the centre of the band of frequencies
to be received. The gain should then
be of much the same amplitude all
over this band. If this is not so, then
the coils should have their coupling
varied by opening or closing the
turns until the requisite results are
obtained.

The author has had one of these
units in use for the last six months.
It has been no trouble at all and it
has enabled him to fully enjoy
reception of the f.m. bands in a
fringe area.
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NEWS
AND

COMMENT . ..

A Growing Hobby?

As the years go by one sees
changes gradually taking place in the
interests of people, this often being
reflected in the type of hobby being
pursued. Increased leisure and living
standards have given a great boost
to spare-time activities, none the less
hobbies to some extent compete with
each other and not all spare-time
activities are as flourishing as they
once were.

Radio, as a hobby, still seems to
be expanding and membership of
societies such as the Radio Society
of Great Britain continues to grow.
In this country there are approaching
10,000 licensed amateur transmitters
and, rather surprisingly in view of
the costs involved, more than 100
amateur TV licence holders. The
news that a seventeen-year-old
schoolgirl recently obtained her
amateur transmitting licence may be
an indication of a widening field
from which recruits to radio may in
future be found.

The schoolgirl who achieved this
distinction, usually reserved for the
stronger sex, was Miss Beatrice
Whitaker of Kensal Rise, London.
We understand from a newspaper
report that G3RIW, Miss Whitaker’s
call sign, also collects lizards and
goes in for photography. She is
studying physics, chemistry and
zoology at Haberdasher’s Aske’s
school in preparation for G.C.E.
“*A” level examinations in June. We
wish her every success.

Chromasonics

Readers who expressed interest in
the articles on the above subject by
F. C. Judd, A.lInst.E., which recently
appeared in this magazine, will be
interested to learn that Mr. Judd is
giving demonstrations of this new
art form in the Stuzzi Demonstration
room at the International Audio
Festival and Fair to be held at the
Hotel Russell, Russell Square,
London, from 18th to 21st April.

Chromasonics has been described
as “a new and exciting form of art
which employs sound as the artist
and uses a special electronic impulse
generator as a palette.” For those
who missed the articles a brief
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description of what happens is that
a generator accepts music or other
sounds which it scans for signals and
then interprets these signals into
shape, colour and movement. In-
structions in the form of electrical
impulses for entire programmes can
be recorded on magnetic tape.

Mr. Judd is Technical Editor of
Amateur Tape Recording and author
of our recently published Radio
Control for Models.

L.S.W.L. Contest

We congratulate the International
Short Wave League on the success
of their listening contest run in co-
operation with The World Radio
Television Handbook organisation.

The contest took place between
Ist November and 2nd December.
During this period 13 international
short wave stations broadcast pro-
grammes containing questions on
radio, and listeners were invited to
enter the competition by submitting
answers to either of the above or-
ganisations. No fewer than 510
entries were received from 51 dif-
ferent countries.

Due to the generosity of manufac-
turers some valuable receivers were
donated as prizes, and 62 runner-up
awards were also given. It was the
first international short wave listen-
ing contest organised by the League
and was the largest competition of
its Xind to have been held; we look
forward to hearing about their next
venture.

Warning

Messrs. Stratton & Co. of Bir-
mingham, who incidentally provided
one of their famous Eddystone 840C
communications receivers to the
L.S.W.L. contest, have been troubled
by the illicit use of the call sign of
their amateur radio station, G6SL,
by a person calling himself “Bill”".

We gladly give publicity to this
matter as illegal transmitting not
only interferes with the pleasure of
the genuine amateur, but also to
warn anyone who may be tempted
to transmit without a licence, that
severe penalties can ensue from a
G.P.O. prosecution, including the
confiscation of the offending ap-
paratus.
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Electronic Organs

The secretary of the Electronic
Organ Constructors’ Society has
informed us that as a result of
articles on the construction of a
transistor organ by S. Astley, the
society has welcomed quite a num-
ber of new members. He states that
it says much for the distribution of
our magazine that enquiries have
come from all over the world. Any
reader interested in the programme
and activities of this society should
write to the Honorary Secretary,
D. J. Tanner, 56 Leadale Avenue,
Chingford, London, E.4.

R.A.LB.C.

The following amusing “jingle”
appeared in a recent number of
Radial, the monthly journal of the
Radio Amateur Invalid and Bedfast
Club.

ELECTRIC LOVE
If she wants a date ~—Meter
If she comes to call —Receiver
If she wants an escort —Conductor
If she’s slow of com-

prehension —Accelerator
If she goes up in the

air —Condenser
If she gets hungry —Feeder
If she’s a poor cook —Discharger
If she eats too much —Rectifier
If her hands are cold —Heater
If she fumes and

splutters —Insulator

If she wants a holiday —Transmitter
If she is narrow in her

views —Amplifier
If she stays out late —Controller
IF G3XYL’s TX flares

up —Fader out

The Radio Amateur Invalid and
Bedfast Club is an excellent volun-
tary organisation for the benefit of
radio amateurs who are physically
handicapped. Both transmitters and
listeners are catered for and there
must be many stories of great courage
where members have not allowed
their handicaps to interfere with the
pursuit of their hobby. As evidence
of this, we notice that in the latest
list of members issued there are no
fewer than 20 blind members who
are licensed transmitters. Amateur
Radio seems an ideal interest for
those who might otherwise feel cut
off from their fellows.

It is of interest to learn that the
Club now has 170 eligible members
and a further 100 local representa-
tives and supporters. Membership
is free, the monthly newsletter
entails a minimum subscription of
4s. per annum. The secretary is
Mrs. Frances Woolley, of 10 Sturton
Road, Saxilby, Lincoln, and she
would be pleased to supply details
to any of our readers.
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Simple Ratemeter for
Radioactivity Measurements
By M. J. DARBY

$ EGULAR READERS WILL REMEMBER THAT A
simple Geiger-Miiller counter using a loud-
speaker was described in the February issue

of this magazine.! The present article describes an.

instrument which employs one of the three types of
Geiger tubes previously suggested, but the method
of counting is completely different.2

The Ratemeter

A Geiger counter is employed when it is desired
to count each individual ionising particle or gamma
ray photon entering a Geiger tube. A loudspeaker
may be employed to convert the electrical impulses
into audible impulses or “clicks” which can then be
counted. If, however, the number of particles
entering the Geiger tube per second is so great (i.e.
more than a few per second) that a person cannot
count the clicks, a fairly expensive piece of electronic
equipment known as a scaling unit must be
employed. This automatically counts the impulses
and displays the total number of counts, usually by
means of a neon counter plus a mechanical register.

A ratemeter is a piece of apparatus which does
not register each individual particle entering the
Geiger tube, but merely shows (by means of a
meter) the approximate total number of particles
entering the tube per second or per minute at any
given time. It is the simplest and cheapest method
of measuring count rates which are too large for
human counting.

Principle of Operation

Each time a particle of ionising radiation enters
a Geiger tube which has the normal operating
potential applied to its electrodes, a small current
pulse will pass through the tube. This was explained
in the previous article. When a reasonably large
number of pulses are entering the tube per second,
the pulses can be smoothed out or integrated
electrically to give a fairly steady current which is
then measured. This is the principle of the rate-
meter. The faster the count rate, the greater the
current indicated.
~ In actual practice the current passing through the
Geiger tube (a fraction of a microamp, except at
high count rates) is too small to be measured by
merely connecting the output to an ordinary meter.

1 “A Simple Geiger-Miiller Counter” by J. B. Dance, m.sC. The
Radio Constructor, February, 1962.

2 The instrument described in this article is based on a design
published by the Mullard Educational Service.

656

A transistor is used in the ratemeter described here
in order to amplify the current from the Geiger tube.
Despite this, a fairly sensitive meter is required to
measure the current, as it is still comparatively
small.

The Circuit

The circuit of the ratemeter, excluding the h.t.
supply for the Geiger tube, is shown in Fig. 1. The
transistor is used in a grounded emitter circuit so
that it can act as a current amplifying device.

The output current from the transistor passes
through the meter, M. When the switch S, is open
no resistor shunts the meter and, if M is a 0-50
microammeter, the scale will range from zero to
approximately 6,000 counts per minute.

The shunt resistor, Ry, has a value equal to one
quarter of the resistance of the meter. When the
switch S; is closed, four fifths of the total current
will pass through R; and only one-fifth through the
meter. In this case the scale will read from zero to
approximately 30,000 counts per minute.

R may be made from a suitable length of insulated
resistance wire. If the meter and a suitable resistor
in series with it are connected across a d.c. supply
voltage so that a full scale deflection is obtained,
the shunting of R, across the meter terminals should
reduce the deflection by a factor of five, that is from
50 to 10wA. S; may be either a toggle or rotary
switch.

Integrating Capacitor )

The electrolytic capacitor, Cy, should have a value
of at least 1,000uF. This capacitor integrates the
current pulses and causes a fairly steady current to
flow through the meter. It is essential that a large
value component be used for C; or extremely violent
meter fluctuations will occur and the sensitive
movement may be damaged. A large value of
capacitor is, in any case, essential or the meter
fluctuations will virtually prevent any useful reading
from being obtained.

A larger value of capacitor than that specified
smooths out the fluctuations rather more efficiently
but each measurement will take longer, as the larger
the value of the capacitor used the longer it takes
to charge to a steady voltage. A suitable working
voltage for C; is 6.

Safety Resistor )
The resistor R is a current limiting component.

THE RADIO CONSTRUCTOR
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Fig. 1. Circuit diagram of the Ratemeter
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It prevents the Geiger tube and the transistor base-
emitter circuit from passing excessive currents during
periods of very high radiation intensity. It is
important that the value of Ry should not be less
than about 3MQ or the tube may not be adequately
protected. :

The Geiger Tube

Halogen quenched Geiger tubes are recommended
for use in the ratemeter because they require less
than half the h.t. voltage which is required by
organically quenched tubes. The halogen quenched
tubes suggested below also have the advantage that
they give comparatively large output pulses.

The Mullard Geiger tube type MX108 is recom-
mended for measuring total beta and gamma
activity. It has a thin mica end window through
which beta particles can enter. An alternative
version of this tube, the MX108/01, is available; it
has an even thinner mica end window than the
MX108 and can therefore be used to detect very
low energy beta particles. The MXI108 is to be
preferred unless very low energy beta particles are
to be detected.

The MXI115 is suitable for measuring gamma
radiation only. It has no end window and is there-
fore cheaper than the MX108.

The MX142 is suitable for measuring the activity
of liquid samples.

Further details of these Mullard Geiger tubes
were given in the previous article. They all fit into
the same type of base (Belling-Lee type L773) and
are interchangeable.

The Transistor

The higher the gain of the transistor used, the
more sensitive the ratemeter will be. A high gain
transistor is desirable so that the meter need not
have a full scale deflection of less than 50uA—which
would make it very expensive.

Although high gain germanium transistors are
available, it is unfortunate that they have a high
leakage current which would introduce a zero error
in the meter reading. This could be eliminated by
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Components List—Fig. 1

1 metal box (see text)

1 meter, 0-50pA (see text)

1 battery, 4.5 volt (see text)

R; 3.3MQ, } watt, 10% (see text)

R, See text

C; 1,000uF, 6 volt working electrolytic

TR Mullard OC202 silicon transistor

S; Two-way, single-pole switch (rotary or toggle)

S» Two-way, single-pole switch (rotary or toggle)

1 Geiger Miiller tube type MXI108, MX115 or
MX142 according to type of work required.
Mullard. (See text)

1 tube holder, Belling and Lee type 1773,

A two way non-reversible connector will be
required for the h.t. connections if the power pack
is external to the ratemeter.

using the transistor in a bridge circuit with stabilisa-
tion against temperature change.

A rather simpler solution involves the use of a
silicon transistor which has a much lower leakage
current (less than 1pA) than germanium transistors.
The Mullard silicon transistor with the highest
current gain (o) is the OC202 (typical o’ =70) and
this type is therefore the one recommended for use
in the ratemeter. The OC202 gives over twice the
sensitivity of the OC201 (typical «=30) and over
three times that of the OC200 (typical x=20), but
the OC201 or the OC200 could be used in the rate-
meter with a more sensitive meter.

The usual precautions should be taken when
soldering the transistor into circuit.

Battery

A small 4.5 volt battery is required. The current
drain does not exceed 250pA at any time and there-
fore any small battery of the correct voltage is
satisfactory; it should have a very long life. A “flat”
torch battery is convenient.

An on/off toggle switch (S5) is included, but it is
doubtful whether this is worthwhile, as the leakage
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Fig. 2. Circuit of a suitable power supply for the
Geiger tube. MRy should be rated at not less than
1kV P.LV.

current of the silicon transistor is so very small that
the permanent drain would probably not affect the
life of the battery appreciably.

H.T. Supply

The h.t. supply voltage should be adjusted to
between 420 and 430 volts. A stabilised supply is
desirable, but not essential. If an unstabilised
is used, some variations in the meter readings will
occur if appreciable mains voltage fluctuations take
place. The h.t. current required is very small—only
a few pA.

A suitable unstabilised supply is shown in Fig. 2.
Either a valve or metal rectifier may be used. The
transformer h.t. secondary winding is 350 volts
r.m.s., but half of a 350-0-350 volt winding could
be used. When capacitor input is used, such a
transformer provides about 500 volts at no load.

The variable resistor R; of Fig. 2 acts both as a
smoothing resistor and also as a variable voltage
control which enables the h.t. voltage to be adjusted
to the required value of 420 to 430 volts. R; and
R act as a potential divider. When the h.t. voltage
is being adjusted a high resistance voltmeter should
be used, or the voltage will rise excessively above
the required value when the meter is disconnected
after the measurement. A 20,000 ohms per volt
meter (e.g. a Model 8 Avometer) or a valve volt-
meter is suitable.3

3 It might be advisable to employ the Model 8 Avometer on the
1,000 volt range so that it presepts 20MQ to the circuit. Even so, a
rise of several volts is possible when the meter is disconnected.

vz 5 i 3
£201 Counts_per min X 100Q

Fig. 3. Typical calibration graph for the more
sensitive range
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Construction

The individual constructor must decide whether
the h.t. supply is to be mounted inside the ratemeter
or whether it is to be in a separate unit. It may be
considered desirable to construct a separate h.t.
supply in order to enable the ratemeter itself to be
of the smallest possible weight and size. The Geiger
tube itself will normally be mounted on the outside
of the ratemeter case, but it could be fitted at the
end of a separate lead.

The size of the metal box required for the rate-
meter will depend very much on the size of the
meter used. If great accuracy is not required a small
14#in square 0-50 microammeter (obtainable from
Henry’s Radio Ltd.) may be used. The ratemeter
itself (excluding h.t. supply) could then be mounted
in an Eddystone diecast box of dimensions
4% x 38 x 2%&in (manufactured by Stratton and
Co. Ltd., Cat. No. 650).

If a larger and more expensive meter is used or
if the power supply is mounted in the same case
as the ratemeter, a larger box will probably be

504

40 1

30
Reading
#A 20

104

0 ST 1 15 20 25
E202 CQUE!S X_1000

Fig. 4. Typical calibration graph for the less sensitive
range

required. Thediecast box of dimensions 73 x 44 x
2 %in, also manufactured by Stratton and Co. Ltd.
(Cat. No. 845), may be suitable.

The base for the three Geiger tubes suggested is
the Belling-Lee type L773 which fits into a 14in
diameter hole (the same diameter as that required
for an international octal valveholder).

The appearance of the finished instrument may
be much improved by fitting a small chromium
plated carrying handle such as those manufactured
by Stratton and Co. Ltd. (Cat. No. 608).

Calibration

For any specified count rate, the current passed
by the Geiger tube varies according to the character-
istics of the individual tube used. It will also vary
widely with the applied h.t. voltage. Again, the gain
of silicon transistors varies between individual
components of the same type. Before really
accurate readings can be obtained it is therefore
essential to calibrate the ratemeter for the particular
transistor and Geiger tube used at a definite value
of h.t. voltage. If the Geiger tube or transistor are
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ever replaced or if the h.t. voltage is changed,
re-calibration is necessary.

Ideally the instrument should be calibrated by
taking connections from the Geiger tube electrodes
to both the ratemeter and to a decade scaling unit.
When a radioactive source is brought near the
Geiger tube the number of counts per minute can
be found from the scaling unit and the reading of
the ratemeter noted. Thus, by repeating this process
at various count rates a calibration graph for each
range of the ratemeter can be drawn.

If no scaling unit is available, the ratemeter may
be calibrated by means of an audio amplifier and
a radioactive gamma emitter. The Geiger tube
should be connected to an audio amplifier as
described in the previous article so that a click is
heard from the speaker each time a particle of
ionising radiation enters the tube. The tube should
be moved to such a distance from the radioactive
material that the pulses are not too fast to be
counted, although the ratemeter will indicate
practically zero because the count rate is so low.
The distance of the tube from the radioactive
material is then measured.

The Geiger tube can then be moved closer to the
radioactive material until a reasonable deflection
(about 10 to 20pA) is obtained on the ratemeter.
The pulse rate will now be too great for auditory
counting. The distance of the tube from the active
material and the meter reading are noted. As the
count rate is inversely proportional to the square
of the distance between the radioactive material and
the Geiger tube, the fast counting rate at the smaller
distance can be found. Hence a few calibration

points can be obtained for the more sensitive range
of the ratemeter.

Calibration need only be carried out for the more
sensitive range of the ratemeter, as the other range
will be exactly five times less sensitive if the value
of R, has been chosen correctly,

Performance

Two typical calibration graphs, one for each
range, are shown in Figs. 3 and 4. Tt can be seen
that the rate is accurately linear with respect to the
meter reading up to at least 25,000 counts per
minute—a very desirable feature in a ratemeter.
This high count rate is unlikely to be exceeded by
any reasonably safe radioactive material which the
normal amateur experimenter will meet. Another
range could be added if desired, but at higher
counting rates the current indicated by the meter
would be somewhat smaller than expected from the
linear relationship existing at the lower count rates
shown in Figs. 3 and 4.

Caution

All radioactive materials should be regarded as
highly toxic—even the material on a luminous
watch—and great care should be taken to ensure
that no fine radioactive particles are inhaled. The
hands should always be washed after experiments
with radioactive substances.

The ratemeter described is not designed for alpha
particle detection; the absence of a reading on the
ratemeter does not therefore necessarily imply that
the material being examined is not radioactive, as
it might be an alpha emitter.

R.S.G.B.
CONTESTS DIARY

April 6~7 ... Low Power Contest
April 21 «+ D/F Qualifying Event
May 5 «. ... First 144 Mc/s Portable Contest

July 6-7
July 21 ol
September 7-8 ...

Second 144 Mc/s Portable Contest
D/F Qualifying Event
V.H.F. National Field Day

May 12 ... D/F Qualifying Event September 15 ... D/F National Final

May 19 .. DfF Qualifying Event September 22 Low Power Field Day

May 26 First 420 Mc/s Contest October 6 ... « R.AE.N. Rally

June 8-9 . National Field Day October 19-20 ... 7 Mc/s DX Contest (phone)
June 15-16 ... 70 Mc/s Contest October 27 Second 420 Mc/s Contest
June 23 w: 1,250 Mc/s Tests November 2-3 7 Mc/s DX Contest (c.w.)
June 30 ..« D/F Qualifying Event November 9-10 Second 1.8 Mc/s Contest

November 16-17 ...
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understanding

N LAST MONTH’S CONTRIBUTION TO THIS SERIES WE
I examined the relationship between wavelength
and frequency, after which we returned to the
tuned circuit, dealing with skin effect, iron dust and
ferrite cores, and circuit symbols.
We shall now carry on to a consideration of
dielectric losses in both the capacitor and the
inductor of a resonant circuit.

Capacitor Dielectric Loss

In our examination of tuned circuits we have, up
to now, assumed that the major “losses” which
occur are due to the inductor, the ‘““losses” offered
by the capacitor being very small in proportion.
This assumption is quite adequate for normal
practical work, provided always that a capacitor
type suitable for the resonant frequency of the
tuned circuit is employed.

Before proceeding further we shall now briefly
examine the causes of ‘“losses” in a capacitor, as
these ‘“‘losses” also have an important bearing on
the design of the inductor.

Several effects occur in a practical capacitor
which prevents it from functioning as a perfect
component. One set of effects may be described as
being purely “resistive” in character, and they are
given by the inevitable resistance in the plates,
terminations and connections to the capacitor,
together with the resistance of the dielectric. By
the choice of suitable materials it is, however,
possible to keep the resistance of the plates, termina-
tions and connections at a very low value, and the
resistance of the dielectric at a very high value.

Another effect is known as dielectric absorption,
and its presence may be demonstrated very effectively
with practical capacitors. If a capacitor having a
relatively large capacitance (around 2pF) is charged
so that a potential of several hundred volts appears
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across its plates, a spark will appear if its terminals
are momentarily short-circuited because of the
heavy discharge current which flows. Although it
would seem that the capacitor is then discharged,
it will often be found possible to obtain a further
spark if the terminals are short-circuited again a
few seconds later. Sometimes, it may even be
possible to obtain a third or a fourth spark in this
manner.l

The reason for the second and subsequent sparks
is that not all the energy stored in the dielectric is
released during the intitial heavy discharge. After
a few seconds have elapsed the remanent energy
becomes available as a further charge on the plates,
whereupon a second spark may be given.

A reverse effect (which may not be demonstrated
so effectively) appears when a source of e.m.f., such
as a battery, is connected to the capacitor. We first
of all have the charge current with which we are
already familiar, and this is followed by a much
smaller current which gradually decreases. This
second flow of current does not cause an increase
in the charge on the plates; it is, instead, ““absorbed”
by the dielectric. Thus, we have the overall effect
where, due to dielectric absorption, a capacitor
absorbs a greater quantity of electricity than may
be held as a charge on its plates. This additional
quantity of electricity may, then, only be released
at a similarly slow rate.

Dielectric absorption, together with the “resistive”
effects discussed previously, make up the major
part of the overall “‘losses” which occur in a practical
capacitor. Also, dielectric resistance, plus dielectric
absorption, make up the major part of the overall
dielectric loss.

11t would be preferable not to emplay an electrolytic capacitor for
this experiment, as such a capacitor may be damaged by the heavy
discharge current which flows when the terminals are short-circuited.
Paper capacitors will normally give the effect.
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In normal radio work with tuned circuits it is
possible to keep capacitor losses at a much lower
level than inductor losses by the simple process of
selecting a capacitor type which is suitable for the
frequency at which the tuned circuit is resonant.
For a number of insulating materials dielectric
loss increases with frequency, with the result that
the choice of a suitable capacitor at a particular
frequency may be almost entirely governed by the
dielectric material itself. Speaking in very general
terms, it can be said that the dielectric loss in
ceramic capacitors is acceptably small for frequencies
up to 1,000 Mc/s, and that the corresponding
maximum frequencies for mica and polystyrene
capacitors are of the order of 100 Mc/s. Paper
capacitors would not normally be employed in
tuned circuits at frequencies above 100 kc/s. So far
as variable capacitors are concerned, ‘““air-spaced”
components with ceramic mountings for the fixed
vanes (a conventional construction) would be
suitable at all frequencies up to 1,000 Mc/s. Pre-set
variable capacitors, or trimmers, could employ
mica or ceramic as the dielectric or mounting
material for frequencies up to 100 Mc/s, and a
purely ceramic construction for frequencies up to
1,000 Mc/s. In practice, however, mica trimmers are
rarely used above 30 Mc/s or so because of the
mechanical limitations in their performance. These
maximum frequency figures are intended only to
apply to capacitor types in terms of the dielectric
employed, and they do not take into account the
mechanical design of individual capacitors. The
latter may limit the maximum frequency of an
individual capacitor for reasons of layout, excessive
lead length or excessive inductance.?

Inductor Dielectric Loss

As we have noted earlier,3 capacitance exists
between the turns of a coil. It can be assumed that
all the individual capacitances appearing between
all parts of the wire in the coil form one single
capacitance across its terminals, this being known
as the self-capacitance of the coil. This self-
capacitance is shown in Fig. 115 (a), wherein it
appears as a single fixed capacitor connected across
the coil. If the inductor is employed in a parallel
resonant circuit, as in Fig. 115 (b), the self-capacitance
will be in parallel with the external capacitor,
whereupon the resonant frequency will be lowered
and part of the circulating current will flow in the
self-capacitance. If the inductor is employed in a
series resonant circuit, as shown in Fig. 115 (¢), we
may again have an undesired current flow through
the self-capacitance.

With a component which is designed to offer
capacitance we are able to choose a dielectric

2 See ‘““Understanding Radio” part 9, May 1962 issue, which
discusses the inductance of paper and plastic film capacitors. It
should be noted that all practical fixed capacitors exhibit a very
small amount of inductance, this being provided largely by the
inductance of their wire lead-outs or other terminations. This very
small inductance can become troublesome at frequencies above
20Mc/s or so, and is kept to a low level by connecting the capacitor
into circuit with as short a lead length as is possible,

3 In “Understanding Radio” part 13, September 1962 issue,
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Fig. 115 (a). The self-capacitance of an inductor may
be represented as a single capacitor connected across
its terminals
(b). Part of the circulatory current in a parallel
resonant circuit may flow through the self-capacitance
of the inductor

(c). Current may similarly flow through the
self-capacitance when the inductor is connedted in a
series resonant circuit

material which has a very low dielectric loss at the
frequency at which it is intended to work. In the
case of the self-capacitance of an inductor, however,
our choice of dielectric is largely restricted to the
insulating material on the winding wire itself; and
this will usually be enamel and/or a covering of
cotton, rayon or silk, all of which present relatively
high dielectric losses. In consequence, the self-
capacitance of the coil not only appears as a capacitor
but it also appears as a capacitor which can introduce
high “losses” into the resonant circuit. These are
known as the dielectric losses of the inductor. It

should be added that, if the inductor consists of

a single-layer coil wound on a former, the latter
forms part of the dielectric between turns and may
add to the dielectric losses.

In order to reduce dielectric losses in a coil, it is
helpful to keep the self-capacitance to a low value.,
With coils requiring a relatively large number of
turns, this can to a certain extent be achieved by
wave-winding, which may cause adjacent wires in
each layer to be partly spaced away from each other,
In addition, the wires in each layer of the wave-
winding cross those in the previous layer at an
angle, instead of running parallel to them. The
additional spacing and angled crossings reduce
self-capacitance, the additional spacing also allowing
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V.
Coil pies connected in series
M691

Fig. 72. The self-capacitance of a wave-wound coil

may be reduced by spl:ttmg the winding into separate

“pies”. (This diagram is reprinted for convenience
from the September 1962 issue)

the dielectric between the wires to consist in part of
air, which exhibits low losses. The wave-winding
technique ensures, further, that turns at one end of
the coil are kept well away from turns at the other
end, a factor which is of considerable value in
keeping self-capacitance down. Unfortunately, it is
often desirable for wave-wound coils to be protected
from the atmosphere, whereupon a subsequent
impregnating operation in wax or varnish is requxred
after winding. The impregnant then replaces the air
between the turns, with the result that its greater
dielectric constant will cause an increase in self-
capacitance. Also, the impregnant will present a
higher dielectric loss than the air it replaces. Perhaps
the best impregnating material is polystyrene, which
offers a low dielectric loss, and this is frequently
employed instead of wax or varnish in wave-wound
coils intended for use in radio frequency resonant
circuits,

The self-capacitance of a wave-wound coil may
be significantly decreased by winding it in “‘pies”,
or sections, as shown in Fig. 72.4 Each individual
pie has its own self-capacitance, and the total self-
capacitance, given by the individual self-capacitances
in series, is less than that which would be offered
by a smgle pie coil wound for the same inductance
with the same wire. On the other hand, the mutual
inductance between turns in separate pies is lower
than that between turns in a single pie, with the
consequence that a coil wound in two or more
sections requires more turns to achieve the same
overall inductance than does a single-pie coil.
Because of this effect, the introduction of pies
causes an increase in winding wire resistance which
offsets the advantage given by reduced self-capaci-
tance and, in most cases, it is undesirable to employ
more than three pies for resonant circuit inductors.
Many wave-wound coils intended for tuned circuits
have, in practice, a single pie only.

Wave-wound coils are usually encountered in
tuned circuits operating at frequencies from some
50 kc/s to 5 Mc/s or so. There is little advantage
in wave-winding a coil having less than about 25
turns, as such a coil does not allow an adequate
“build-up” of the wave-winding pattern to be
given, and it tends to consist of little more than

4 See ‘“Understanding Radio" part 13.
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two or three layers which are uneconomical to wind
and which have little advantage over single-layer
coils.

Single-layer coils are wound directly on to the
former, in which case dielectric losses in the latter
contribute towards the overall dielectric loss of the
coil. Where high Q values are required, it is usual
to employ a former made of “low-loss” material
such as ceramic or polystyrene. It is advantageous,
also, to space the turns so that each is separated
from its neighbour by air or by a ‘“low-loss™
impregnant or protective coating such as polystyrene.
An alternative construction is shown in Fig. 116 (a),
in which the coil is wound on a ribbed former. In
this instance the only points at which the coil wire
closely approaches the former are at the ribs,
whereupon the coil becomes almost entirely suspen-
ded in air. This technique may be taken further by
making the coil entirely self-supporting, as in
Fig. 116 (b). The coil of Fig. 116 (b) is wound with:
a heavy-gauge (i.e. thick) wire for mechanical rigidity
(and low resistance) and it may be provided with
two or three strengthening strips of low-loss
insulating material to give final support. In practical
radio work where single-layer coils are required to
have high values of Q, it is common practice to
wind these on ceramic formers, or ribbed formers of
the type shown in Fig. 116 (a). The self-supporting
coil of Fig. 116 () is more usually found in trans-
mitters than in receivers. Where high values of Q
are not required, a single-layer coil may be close-
wound on an inexpensive former made of materials
which fall into the Bakelite or Paxolin categories.
Adjustable iron dust cores are normally provided.
Such coils may be found in the short-wave tuned
circuits of domestic “all-wave” receivers, in which

Former Ribs

b J—-—— o]
i

M692
Fig. 116 (a). Dielectric loss may be reduced by
winding a coil on a ribbed former

(b). A further reduction in dielectric loss may be
achieved by making the coil almost entirely
self-supporting as shown here
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Fig. 117. The dimensions of a wave-wound coil

a high level of Q is not expected, and they are much
cheaper to produce than spaced coils wound on
low-loss formers.

Inductor Efficiency

Up to the present, we have referred to inductor
“losses” without itemising the factors which make
up such losses. We can now see that the major
constituents of inductor losses are skin effect and
dielectric loss. When the coil has an iron dust core
we have to add the losses due to eddy currents in
the core.

In addition to losses, the Q of a coil may be
affected by its shape and dimensions. With air-cored
single-layer coils it is usually desirable to ensure that
the length is not greater than one and a half times
the diameter nor less than one half of the diameter.
Shapes within these limits will, in general, ensure
that optimum Q is approached. With air-cored
single-layer coils it will generally be found that
increases in diameter result in increased values of Q.

The optimum shape for a coil is qualified when
iron dust cores are used, as these modify the
magnetic field about the windings. Nevertheless, it
is usual for single-layer coils with cores to be wound
such that the length is, very approximately, equal to
diameter. For best results the core should always
be longer than the length of the coil. Wave-wound
coils are generally designed to have a depth which is
roughly equal to, or slightly less than, the length of
the coil. See Fig. 117. However, when an iron dust
core is fitted it may be desirable to reduce depth
and increase length so that more of the winding wire
approaches the core. Again, the core should be
somewhat longer than the length of the coil. With
pot core assemblies the shape of the coil is dictated
by the internal shape of the core. The coil is
designed so that it nearly fills the space available
inside the core.

It should be noted, finally, that the efficiency of a
coil may be reduced if large areas of metal are
allowed to approach it too closely. Eddy currents
are induced in such areas of metal, and there is a
consequent loss of energy. Speaking in very general
terms, large areas of metal should not be allowed
to approach the sides of air-cored coils by less than
half the coil diameter, nor approach the ends by a
distance less than the diameter itself. When iron
dust cores are employed this restriction may be
slightly relaxed, because of the partial concentration
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of the field of the coil inside the core. When a pot
core is used, nearly all the field is contained in the
dust core material, and large areas of metal may
closely approach the outside of the pot core without
seriously upsetting coil performance,

Practical Tuned Circuits

Since it is possible to change the resonant frequency
of a tuned circuit by altering either the inductance
or the capacitance, we have available a means of
readily changing the frequency at which a radio
receiver is most sensitive, The circuits employed for
frequency selection, or tuning, in practical radio
receivers are almost always of the parallel resonant
type, and they may take up the basic form illustrated
in Fig. 118 (a). In Fig. 118 (a) we have an inductor
with a variable capacitor in parallel, the combination
giving a tuned circuit whose resonant frequency
may be varied by turning the spindle of the capacitor.
The capacitor spindle is mechanically coupled to a
knob on the front panel of the receiver, whereupon

M693

Fig. 118 (a). A simple resonant circuit as employed
for tuning a receiver
(b). By using a two-gang variable capacitor two
resonant circuits may be kept in step with each other
(c). The addition of trimmers and adjustable iron dust
cores allows the two circuits to be kept more accurately
in step
(d). The basic permeability tuning arrangement. The
coil has an iron dust core whose position can be
adjusted by a knob on the front panel of the receiver
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Fig. 119 (a). Resonant circuits which are adjusted to
a pre-set frequency may employ a coil and trimmer as
shown here
(b). Modern practice tends to replace the trimmer by
a fixed capacitor, frequency adjustments being made
with an iron dust core

the latter may be employed for tuning the receiver.
The variable capacitor in this application is described
as the tuning capacitor.,

A receiver may have two tuned circuits resonant
at the same frequency, whereupon these may be
tuned in step by means of a two-gang capacitor, as
in Fig. 118 (b). The dashed line in this diagram
indicates that the two capacitors are ganged together.
It is very difficult, in practice, to ensure that the
two resonant circuits have exactly the same stray
capacitances, or that the two inductors have exactly
the same inductance. In consequence, it is usual to
add low capacitance trimmers to the circuits and to
provide the inductors with adjustable iron dust
cores, as in Fig. 118 (¢). The trimmers may be
adjusted so that, when the variable capacitor is set
to minimum capacitance, both resonant circuits
have the same parallel capacitance. Similarly, the
two iron dust cores may be adjusted to provide the
same inductance in each coil. Usually, the tuning
capacitor spindle of a receiver is coupled to a tuning
scale calibrated in frequency (or wavelength),
whereupon the trimmers may be set up to perform
the secondary function of ensuring that the resonant
frequencies of the two circuits agree with the tuning
scale calibration when the tuning capacitor is at
minimum capacitance.5 Agreement with the tuning
scale when the tuning capacitor is at maximum
capacitance may afterwards be achieved by adjusting
the iron dust cores in the coils. It will be noted that
the trimming operation occurs at the high frequency
end of the range covered by the tuning capacitor,
and that the dust core adjustment occurs at the low
frequency end of the range.

A number of radio receivers have been produced
in which tuning of the resonant circuits is achieved
by varying the inductance instead of the capacitance,
as shown in Fig. 118 (d). In these receivers a fixed

£ Actually, it is better to carry out this trimming process when the
tuning capacitor vanes are slightly enmeshed, as discrepancies between
the two sections of the capacitor are then taken up more accurately.

M695
Fig. 120. As explained in the text the self-capacitance
of a coil restricts the tuning range of a variable
capacitor
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capacitor is employed in parallel with the coil, and
the inductance is varied by an iron dust core which
moves into and out of its windings. The movement
of the core is controlled by a tuning knob on the
front panel of the receiver, and it is possible to
gang two or more resonant circuits by a mechanical
coupling between their cores. Such circuits have
trimmers in parallel with the coils to compensate
for varying stray capacitances. Arrangements of
this type are described as employing permeability
funing, and they were quite common in domestic
receivers manufactured before the war (particularly
on the Continent). They are, however, encountered
only infrequently at the present time.6 It will be
noted that the inductor of Fig. 118 (d) has an
arrow drawn through it, this indicating “variable”.

Many receivers employ tuned circuits which are
pre-set to a specific frequency and are not adjustable
from the front panel at all. In earlier receivers these
tuned circuits consisted of air-cored coils with
parallel trimmers as in Fig. 119 (a), whereas, in
present-day receivers, it is almost unjversal practice
to employ fixed parallel capacitors and adjustable
iron dust cores, as in Fig. 119 (b). The assembly of
Fig. 119 (b) is cheaper and takes up less space than
that of Fig. 119 (a). Also, if the assembly of Fig. 119
(a) employs a mica trimmer (as would normally be
necessary for reasons of cost) its long term frequency
drift is worse than that of Fig. 119 (b).

Inductor Self-Capacitance and Tuning Range

As we have seen, it is desirable to keep the self-
capacitance of a coil to a low level because this assists
in reducing dielectric losses. There is a further
advantage to low self-capacitance in an inductor
which becomes evident when the coil is employed
in conjunction with a variable tuning capacitor.

In Fig. 120 we have a coil and variable tuning
capacitor in parallel, the self-capacitance of the
coil being represented by Cs.c. When the tuning
capacitor is set to maximum capacitance, the total
capacitance across the coil is that provided by the
tuning capacitor plus Cg.c. Csc will normally be
much lower than the maximum capacitance of the
tuning capacitor, with the result that the resonant
frequency at maximum capacitance will be only
slightly lower than that which would be given by
the tuning capacitor on its own. When the tuning
capacitor is set to its minimum value, its minimum
capacitance will approach, or even be less than,
that offered by Cs... The addition of Cs.. across
the tuning capacitance may then cause the resonant
frequency to drop to a much lower figure than would
be given by the tuning capacitor on its own. Thus,
whilst a high self-capacitance in the inductor may
have little effect at the low frequency end of the
range covered by the tuning capacitor, it may
seriously limit the range at the high frequency end.

Next Month
In next month’s issue we shall carry on to discuss
the transformer.

6 Except in car radio receivers, where permeability tuning circuits are
quite often employed.
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Photo-Sensitive Relays

By R. C. CRAFER

It is not generally realised that phototransistors may be employed as self-generating
photo-electric cells. The second circuit in this article describes an application of this type

PHOTO-SENSITIVE DEVICE IS A DEVICE WHICH IS
A actuated when light falls upon it. It can be

an extremely useful piece of apparatus when
employed in such systems as burglar alarms,
counting circuits, devices for opening garage doors
and so on. Such an instrument consists of a photo-
sensitive head, a sensitive relay, and the associated
circuitry,

tor illumination

//// Optimum
direction

Glass envelope

E247 Erg.l

The Photo-Sensitive Head

A suitable photo-sensitive head is provided by an
OCT71 transistor with the paint having been removed
very gently with a knife. (An OC71 is suitable
because it is relatively inexpensive and is constructed
in a glass envelope.) Removing the paint reveals a
cylindrical glass envelope, one end of which is filled
with a translucent grease. Embedded in this grease
is the transistor junction. This junction responds
to light, being most sensitive when it is illuminated
as shown in Fig. 1.
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Circuits

For a relay which will close at 0.5mA, the circuit
shown in Fig. 2 is suitable. It will operate in
daylight conditions. )

It can be seen from the current-light graph of
Fig. 3 that the current through the phototransistor
increases as the light falling upon it increases. The
operation of the circuit is very simple: light falling

———f — — — —dark current(Ic(o))

0 light
£249 Fig.3

on the transistor causes a current to flow round
the circuit which is more or less in proportion to the
light intensity prevailing. This current is shared
between the relay and the sensitivity network R;
and Rj. Adjustment of R; can set the relay to close
over a wide range of light intensities. R, is purely
a safety resistance to prevent the full supply voltage
appearing across the phototransistor when the value
of Ry is zero.

1f the circuit were to be used with artificial lighting
which could be beamed on to the transistor, the
relay could be replaced with a less sensitive type
(1.5 to 2mA) and the sensitivity control dispensed
with, for it only wastes useful current.
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For conditions where the light used is not so
bright as normal daylight, the circuit shown in Fig.
4 would be more suitable.
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In this instance, the phototransistor (TR ) is used
to generate its own photo-electric voltage. This
appears across the potential divider Rj, which is
the sensitivity control. The slider of R is taken to
the base of an amplifying transistor TR;. The relay
in the collector circuit may have a sensitivity of up
to SmA, depending on the gain of the transistor.
This circuit should only be used for low intensity
light because the voltage-light curve of a self-

Photo Sensitive Relay

generating phototransistor doubles back on itself
at high light intensities. See Fig. 5.

To obtain a rough idea of the self-generating properties of a photo-
transistor, we connected the collector of an OCP71 to the positive
terminal of a 0- 100pA meter, and the base and emitter to the negative
terminal. The meter gave readings around 50pA when the OCP71
was in sunlight or was close to an electric light bulb.— FEdizor.

FLUX SENSITIVE MAGNETIC HEADS

The normal type of replay magnetic head used in
tape recorders has an output which is proportional
to the rate of change of the magnetic flux in the
head gap. The flux changes as the recording tape
passes across the head gap. A completely different
type of head is now being manufactured by the
M.S.S. Recording Company Ltd., Colnbrook,
Bucks, which provides an output directly propor-
tional to the flux in the head gap.

The output of these M.S.S. heads does not depend
on the rate of change of flux in the gap and it is
therefore independent of the speed of the magnetic
tape past the head. The signals on the tape can be
read even when the tape is stationary.

Such heads are not used for audio recording but
are extremely useful in the data processing field.
They can be used for reading instructions from a
magnetic store at any desired rate. The linearity is
better than 29 for outputs up to 10 millivolts.

The track width is 0.030in and the heads can be
made up into multi-track assemblies with any num-
ber of tracks up to 16.

The manufacturers can also supply small solid
state oscillator and amplifier units for use with the
heads; these units give a d.c. output of -+5 volts,
the polarity depending on the direction of the
saturation magnetisation of the tape.

DOCKING TELEVISION

FURTHER MARCONI! MARINE ORDERS

Hard on the heels of the first permanent fitting of closed-circuit television for docking purposes on the Lowland
tanker Border Chieftain comes news that the Marconi International Marine Co. Ltd. has been instructed to supply similar
installations for two 53,000 ton tankers on order with Sasebo Heavy Industries, Tokyo, for the Kuwait Oil Tanker Co.
Ltd. These will be similar to that fitted in the Border Chieftain and will each employ a fixed-aspect camera mounted on
the foremast and a monitor in the wheelhouse.

Each of the two tankers, due for delivery in late 1964 and early 1965 respectively, will also have a very compre-
hensive range of Marconi Marine communication and navigational aid equipment, including “Oceanspan VII” main
transmitter, “Argonaut” VHF radiotelephone, ““Lodestar’”’ automatic direction-finder, and the new *“Hermes" radar
with true motion. !

The fitting work will be carried out by the Marconi Marine Company’s agents in Japan, Cornes & Co. Ltd.
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This month, Smithy’s able assistant Dick decides to break the monotony of servicing television
receivers by tackling what appears to be the simplest job in the Workshop. He finds, unhappily,
that it is the simplest jobs which usually turn out to be the most complicated!

“Y’M FED UP WITH TELEVISION SETS,”
I announced Dick. “Fed up to
the teeth!”

“Last month you were complain-
ing,” Smithy remonstrated gently,
“because there was nothing to do.
Now you’re complaining because
there’s oo much to do.”

“Idon’t mind having plenty to do,”
replied Dick. “What I'm cheesed
off with right now is that, for the
past week, I’ve been doing nothing
else but tellys. You’d think that
every TV set in the district had chosen
last week to pack up in.”

“We've certainly had a rush of
them,” confirmed Smithy, “but I'd
prefer things to be busy rather than
quiet.”

“I couldn’t agree more,” declared
Dick, “but what chokes me is the
lack of variety. There is a deadly
monotony about the continual stream

of duff television sets which arrive

on my bench. Besides, what about
me?”’

“What about you?’ asked Smithy
unsympathetically.

“I've got my future to consider,”
protested Dick. “Here am I, a
growing lad who is just feeling his
way through the intricacies of
electronics; and what do I find?”’

“I don’t know,” said Smithy
resignedly, “what do you’ find?”

“I find my path barred,” retorted
Dick hotly, “by the demands of
sordid economics. Instead of gaining
experience with the more varied
applications of modern electronics I
am forced to concentrate in one
single arid field.”

“To wit?”

“To-wit,” snorted Dick in disgust,
“tellys!”
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- helplessly.

A Find

With the gait of one who has the
chain of the galley slave about his
ankle, Dick walked mutinously
towards the racks at the end of the
Workshop. He gazed scornfully at
the unbroken ranks of unserviceable
television receivers awaiting repair.

“Well, I don’t know,” said Smithy
“By the look of those
racks it seems as though you’ll have
to continue in that arid field of yours
for quite a few days yet.”

However, his remarks were inter-
rupted by a sudden triumphant yell
from his assistant.

“T've found it!” called out Dick
exultantly, holding up a small. and
battered plastic cabinet. “I’ve found
a genuine non-telly repair! Here it
is: a real honest-to-goodness sound
radio, complete with medium wave

. tuning scale and three feet of throw-

out aerial. It’s no wonder I hadn’t
seen it before—the poor little thing
was hidden by hulking great TV
cabinets.”

Triumphantly, Dick carried his
prize back to his bench, where he
immediately loosened the two screws
securing the back.

“This is a smasher,” he said
exuberantly, looking inside the
cabinet. “It’s only got four valves

and there’s hardly any other works

inside the case at all. This is the
job for me!”

“Thank goodness you’ve found
something that pleases you,” remar-
ked Smithy, turning back to his
bench. “Even if only because it
allows me to get on with some work
of my own for a change.”

Smithy’s comments went un-
noticed, because Dick was now
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completely engrossed in his find. He
plugged the little set into the mains,
switched on and noted with satisfac-
tion that the valve heaters lit up
immediately. Laying the throw-out
aerial along his bench he experimen-
tally swung the tuning dial. The
faint sound of music reached his
ears as he carefully tuned in the
local medium wave station, and he
experimentally adjusted the volume
control. This was, however, already
at its maximum setting.

Frowning, Dick quickly discon-
nected the mains, took off the
knobs and removed the chassis
from the cabinet. Turning the chassis
over he quickly located the tags of
the main h.t. electrolytic capacitor.
He re-applied the mains  supply,
switched on and checked h.t. poten-
tial, whereupon his meter gave a
voltage reading of 100. Scratching
his head, Dick applied his finger,
held against the blade of a screw-
driver, to the grid of the output
valve. He was rewarded by a low
hum from the speaker. The valve
preceding the output stage was
unfamiliar to him, and he first of all
checked in the valve manual to
ascertain its grid pin. He next
applied his finger to this pin, via
the screwdriver, but all he could hear
was a faint crackle in the speaker.
He switched off once more and
quickly checked the resistance
between the grid and chassis. His
meter indicated a short-circuit, and
a smile of intense satisfaction
appeared on his face.

It would be pleasant if, for a while
we could now stop and take stock
of Dick at this stage of the proceed-
ings, as he sat supremely happy with
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Fig. 1. A typical t.r.f. circuit of the type encountered by Dick. The component values shown here are representative,

and alternatives for the Vy position are 12K7 and 12SK7 and, for the V, position, 12J7. (As is explained in the text,

coil specifications are critical. Coils equivalent to Lsl4, as employed in most commercial receivers using this basic
circuit, are not available on the home-constructor market)

his findings of apparently low h.t.
voltage and an ostensible short-
circuit between the grid of the valve
and chassis. And how agreeable it
would then be if we could carry on
to recount the confirmation of
Dick’s initial diagnosis, the successful
repair of the little receiver, and the
final jubilant progress with it to the
“Repaired” stock. But, unhappily,
life for the service engineer rarely
proceeds along such smooth and
well-oiled tracks and it is, instead,
subject to all the vagaries and
buffetings of the Fates. So it was to
be with Dick—but let us read on.

Dick’s smile quickly disappeared as
he traced the wiring from the grid of
the valve. After several minutes of
almost incredulous examination and
re-examination, he finally pushed
the chassis away from him.

A Simple T.R.F.

“Smithy!”

“Hallo.”

“This set,” pronounced Dick,
“couldn’t possibly ever have
worked!”

“Why not ?”

“For a start,” said Dick, “the
h.t. is purposely kept down to a
fantastically low level. Also, it’s
got no detector in it at all!”
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The Serviceman’s iron descended
upon its rest with unwonted violence,
after which he followed the well-
worn path over to Dick’s side. He
gazed dispassionately at the chassis
on Dick’s bench.

“l think T've got a manual for
this set somewhere,” he pronounced,
after a moment. ““I can see that
we’ll have to get a circuit in front of
us if you're even going to under-
stand how it works.”

After some rummaging, Smithy
produced a service sheet, and he
laid this down on Dick’s bench.
His finger hovered over the circuit
diagram. (Fig. 1.)

“This class of receiver,” stated
Smithy, “came into prominence in
the boom radio years after the war.
So far as I know, sets employing
this circuit line-up were still in
production a few years ago. As
you can see, the circuit uses three
valves and a rectifier in a simple
medium-wave-only t.r.f. arrangement
and the components required are
so few that the receiver can be made
at an extremely economical price.
Despite the apparent simplicity of
the circuit, a set of this nature can
give a performance which is, from
the point of view of sensitivity and
selectivity, not so far short of that
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of a superhet. There are plenty of
sets using this basic circuit knocking
around these days, although some
of them may have aliernative
valves and slightly different com-
ponent values.”

“There are quite a few things
in the circuit which puzzle me,”
commented Dick, “but, even so, |
don’t see why it should give such a
good performance. After all, it’s
only a three-valve t.r.f.,”

“Perhaps so,” said Smithy, “but
then the circuit doesn’t show you
all the tricks that are incorporated
into the overall design. Actually,
this overall design is very clever,
because it uses a number of quite
ingenious dodges to keep down
manufacturing costs.”

“I just can’t see it,” persisted
Dick. “For instance, when I checked
the h.t. potential just now 1 found
it was only around 100 volts.
Now that I've got the circuit
diagram in front of me 1 can see
the reason. The h.t. rectifier taps
into the heater dropper more than
halfway down!”

“That’s true enough,”” said Smithy.
“In the days when this type of set
first went into production, manu-
facturers were still using output
valves of the 35L6 class, and these
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have a maximum screen-grid voltage
of 110. Hence the low h.t. voltage
in the chassis vou have there. Don't
forget that the 35L6 is an American
valve which is intended to work in
a.c./d.c. receivers operating from
110 volt mains, and so it is quite
at home with the somewhat reduced
h.t. voltage you’ve got on that
chassis.”

“Then 100 volts on the h.t. line
is O.K.?”

“I should say so,” stated Smithy:.

“Very well,” continued Dick ag-
gressively, “what do you say about
the grid of V,, the valve preceding
the 35L67 When I touched it just
now all I got was a faint crackle,
and I then found that it had zero
ohms down to deck. I've. since
discovered that it has a tuned
circuit which couples it directly to
chassis.”

“That’s right,” agreed Smithy.
“The tuned circuit is given by L4
and CL).”

“But it doesn’t make sense,”
protested Dick. *“You've got a
tuned circuit pumping r.f. into the
grid of V; and you've got a 0.0IpF
capacitor taking a.f. out of the
anode! There isn’t the faintest
vestige of a diode, or of a grid leak
and capacitor, anywhere. 1t's as
I said just now——this set just doesn’t
have a detector!”

Smithy chuckled.

*“V2" he explained gently, “is the
detector.”

“Hey?”

“That's right,” confirmed Smithy.
“It’s an anode-bend detector. 1If
you look at the component values
around it you’ll see that its cathode
has a high value of series resistance,

R7, and that its screen-grid is
similarly fed via a high value
resistor, Rs. The result is that

the valve is very nearly cut off,
and there is considerable distortion,
at the anode, of the input signal
applied to the grid. This input
signal is amplitude modulated r.f.
and, because of the heavy distortion
to which it is subjected, detected
a.f. becomes available at the anode.
The detected a.f. is then passed
to the following valve, which is
the 35L6.”

_ Dick slowly digested this informa-
tion.

“What,” he asked suspiciously,
“are the advantages of using an
anode-bend detector ?”’

“There are two main advantages,”
said Smithy, “and the first of these
is that you get a considerable
degree of amplification in the valve
itself. The second advantage is
that the grid and cathode offer
no more damping on the input
tuned circuit than do the grid and
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Fig. 2. The r.f. filter given by C(», Ry and the input capacitance of V3

cathode of a straightforward r.f,
amplifier valve. In consequence, the
tuned circuit functions practically
at maximum efficiency, and offers a
full contribution to the overall
selectivity of the receiver.”

“Well, m dashed,” said Dick,
impressed. “If the anode-bend detec-
tor has all these advantages, why
isn’t it used more frequently ?”’

“Mainly,” replied Smithy, “be-
cause it introduces distortion. You
see, you detect by working on a
non-linear part of the valve’s IaVg
curve, and the detected a.f. is
subjected to the same degree of
non-linearity. Usually, the resultant
distortion isn’t too bad if you have
a large signal input, and the circuit
becomes acceptable, therefore, for
inexpensive receivers of the type
we’re considering here.”

“One thing T've noticed,” com-
mented Dick, *“is that there appears
to be very little r.f. filtering in the
circuit after V,. 1 should have
thought that you’d get both a.f.
and r.f. at the anode.”

“You do,” confirmed Smithy.
“In the present instance, however,
the circuit employs one or two
minor dodges to prevent trouble
on this score. The first is the use
of the grid-stopper Ro. In conjunc-
tion with Cy, and the input capaci-
tance of the 35L6 this forms a fairly
effective r.f. filter.” (Fig. 2).

“It doesn’t look very effective
to me,” said Dick critically. ‘“‘After
all, you must have stacks of r.f.
at the anode of V;, and the input
capacitance of the 35L6 will only
be a few puffs anyway.”

“You're right in the first part,”
said Smithy, “and wrong in the
second part! There is plenty of
r.f. at the anode. On the other hand,
the input capacitance of a 35L6
is a lot higher than just a few puffs.
In point of fact, it is 13.2pF.”

“Which is fairly high, [ suppose,”
agreed Dick, reluctantly. “Even
so, the filter doesn’t appear to me
to be exceptionally efficient.”

“It isn’t,” agreed Smithy. I
would guess that quite a lot of the
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rf. finds its way to the anode of
the 35L6. It can't do any harm
there, however, because it’s shunted
down to chassis via the 0.0IpF
tone-correction capacitor, Cy4, and
the reservoir electrolytic, C,. If
you remove the tone-correction
capacitor in quite a few sets of this
type, the resultant r.f. instability
causes them to howl like banshees!”

The R.F. Circuit

“Well,” said Dick, “that seems
to clear up my queries concerning
the detector. 1 suppose that the
r.f. stage is pretty straightforward.”

“It is,” confirmed Smithy. “V,
is a common or garden variable-mu
r.f. pentode, and its gain is adjusted
by Rs4. Ry then functions as the
volume control for the receiver.”

“Why,” asked Dick, “does the
top end of R4 connect to h.t.
positive via R;?” -

“In order to give you a minimum
volume position,” explained Smithy.
“If R4 were merely a variable
resistor in series with the cathode
ycu'd never be able to get V,
entirely cut off, and it would be
impossible to reduce volume to a
sufficiently low level when receiving
powerful signals. By applying a
positive potential to the top end
of Ry, it is possible to cut V, off
completely. There is, incidentally,
an alternative method of achieving
minimum volume with sets of this
nature which you may encounter
occasionally.”

Smithy scribbed a circuit in the
margin of the service manual.
(Fig. 3).

“With this alternative arrange-
ment,” he continued, “the volume
control pot is still in series with
the cathode of the pentode. How-
ever, as you decrease volume you
also apply a continually decreasing
resistance across the primary of
the aerial coil. When you're at
minimum  volume, that primary
is shorted out, and no signal can
get through at all?

“Blimey,” said Dick, looking
at  Smithy’s circuit in disgust.
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“What a ghastly way of setting
about things!”

“Shocking, isn’t it 2’ agreed Smithy
cheerfully. “Still, it saves a resistor!”

“There’s something else I've
noticed,” said Dick. “The on-off
switch is only inserted in one side
of the mains, and that’s the chassis
side.”

“True enough,” said Smithy, “and
there’s a reason for that, too.
This is that, when the set is switched
on, the mains lead going to the
switch assumes chassis potential
and so it can’t radiate any hum.
The on-off switch will be ganged
with R4, and the mains lead can
follow any route to the switch
because, so far as the chassis is
concerned, it carries no mains
voltage.”

Faulty Component

Smithy glanced at his watch and
started.

“There 1 go again,” he grumbled,
‘“‘gassing away as usual when 1
should be working! Anyway, let’s
have a quick stab at this set, and
see if we can clear it up.”

Smithy sat down at Dick’s bench
and picked up his assistant’s prods.
He switched on the chassis and
waited for the valves to warm up.

“Ah, here we are,” he remarked
after a moment. ‘‘I’'m now checking
the screen-grid potential for V,,
and I’'m getting a reading of about
30 volts. Which seems fair enough
to me.”

“Isn’t it a bit low?” queried Dick.

“Not at all,” said Smithy. “Our
superior Workshop testmeters have
a resistance of 10,000 ohms per
volt, and I’'m using this one on the
100 volt range. Which means that
there’s 1MQ between the test
prods. The screen grid series
resistor is 2.2MQ, so I can expect
to read about a third of the available
h,t, voltage. O.K.?”

“Yes, of course,” replied Dick.
“I’d forgotten that the screen-grid
resistor had such a high value.”
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“We now,” continued Smithy
“check the anode voltage. Where-
upon we find a sum total of sweet
Fanny Adams!”

“Perhaps,” volunteered Dick, “the
470kQ resistor has gone open.”

“Quite probably,” agreed Smithy,

switching off the receiver. ‘“Never-
theless, a quick resistance check
between anode and chassis would
seem to be called for. It’s quite
possible that C;; has gone short-
circuit instead.”

Smithy’s test soon revealed that
no short-circuit existed, and it
was a matter of moments only to
fit a new 470kQ resistor in the Rg
position.

“l must say,” said Smithy con-
tentedly, as he placed Dick’s solder-
ing iron back on its rest, “that
it’s a real pleasure to get away
from printed circuit receivers and
on to some of these older sets for
a change. It does the spirit good
to be able to fit a replacement
resistor between two strong and
solid tags!”

Smithy switched on the receiver
and waited for it to warm up.
After a short while the speaker
suddenly gave voice to a loud
whistle. Smithy adjusted the tuning
capacitor to discover that the
whistle was a heterodyne with the
local station. He turned the dial
further, to find that several other
stations could also be received, each
accompanied by its own violent
heterodyne. Between heterodynes,
the set produced a loud and fierce
hiss. Smithy turned back the
volume control whereupon, at a
half-setting, the heterodynes and
hiss disappeared. Experimentally,
Smithy readjusted the tuning capaci-
tor and was able to tune in the local
medium wave transmitter. By ad-
vancing the volume control to a
level just short of oscillation point,
the transmission became audible
at quite adequate strength.

“That doesn’t sound too bad,”
commented Dick.

wWwWw americanradiohistorv com

“It should be quite a lot better
than this,” replied Smithy. “Some
sets of this type do go into oscillation
very near the maximum volume
position, but in this case I'm getting
oscillation with the control only
half advanced. Hand me a 0.1uF
capacitor, Dick.”

Dick picked up a capacitor and
handed it over to Smithy.

“What I'm going to do now,”
said Smithy, “is to advance the
volume control until the set’s
oscillating again, and bridge any
decoupling capacitors which could
possibly have gone faulty. The
first one I’ll tackle is Cs in the screen
grid circuit of Vi. No luck! Cyg
in the screen grid circuit of V;
comes next. Still no luck! Let’s
try popping my capacitor across
the h.t. supply. This should tell
us if the smoothing electrolytic
is working satisfactorily as an r.f.
bypass as well.”

An expression of annoyance crept
over Smithy’s face as the instability
still continued when the 0.1uF
capacitor was bridged across the
smoothing capacitor.

“Why not pop it across the
reservoir capacitor ?” suggested Dick.

“As you like,” said Smithy.
“I’d forgotten about that one for
the moment.”

The Serviceman applied the 0.1uF
capacitor across the reservoir capaci-
tor, whereupon the oscillations
ceased completely.

“How about that, then?” said
Dick proudly.

“Very good,” admitted Smithy.
“Just for the sake of interest,
what made you think of the reservoir
capacitor ?”’

“Because of what you said earlier,”
replied Dick. “You said that
there was an r.f. bypass circuit
from the anode of the 35L6 to
chassis which was given by the
tone-correction capacitor in series
with the reservoir capacitor.”

“Very good,” repeated Smithy,
“and I'm glad that you absorbed
what 1 said on the subject. Anyway,
the thing to do now is to fit a new
reservoir capacitor. The old one is
probably still doing its job fairly
well so far as rectifier ripple is
concerned, but it doesn’t seem to
be so hot at r.f. decoupling. Since
I've seen this job through so far,
I think I'll hang on now to the
bitter end and see how ihe set
finally ackles.”

Short Aerial

Smithy rose and allowed Dick
to carry on with the task of fitting
a new electrolytic capacitor. After
the replacement component had
been wired in, Dick switched on and
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listened expectantly. The set now
reproduced a number of stations
at more than adequate volume and
with surprisingly good selectivity.
There was, also, no trace of
instability, even at the full volume
setting.

“That’s not bad at all,” remarked
Smithy judicially. ‘“You’ll notice
that the set is nearly on the point
of oscillation at full volume without
actually going over the top. The
result is that you get a reaction
effect which sharpens up the select-
ivity very considerably.”

Dick turned to the circuit diagram
and frowned.

“I can’t see any feedback circuit,”
he said, “so how do you get the
reaction effect ?”’

“Through random couplings,” re-
plied Smithy. *“There are enough
random couplings in the layout
to bring you just up to the point
of oscillation at full volume setting.
With some sets using this circuit
you may find that you go into
oscillation at maximum volume,
but this should only occur over the
last few degrees of volume control
rotation if the set’s been laid out
properly.”

Dick nodded his understanding,
and continued to experiment with
the tuning dial.

*‘One thing I notice,”” he remarked
after a moment, *“is that this set
appeats to be a little insensitive
at the low frequency end of the
band.”
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“I'm glad you mentioned that,”
replied Smithy, “because it has
reminded me to tell you to fit a
longer aerial.”

“A longer aerial 7’

“That’s right,”” agreed Smithy
cheerfully. “These sets need about
ten to twelve feet of throw-out
aerial to tune the primary winding
of the first tuned circuit. It looks
as though the aerial on this particular
set has been cut down at some time
in its life.”

Dick’s face took on an expression
indicative of total incomprehension.

“I’'m now,” he announced, “com-
pletely lost! How on earth can a
longer aerial tune up the primary
winding ?”’

Smithy grinned. )

“It's quite easy, really,” he
chuckled. “You must remember
that it's common practice in any
broadcast band receiver to give
the primary of the aerial coil a

large number of turns of fine wire

in order that it may resonate, with
the aerial-earth capacitance, at a
point somewhat lower than the
lowest frequency in the band covered.
(Fig. 4(a)). This resonance then
gives a boost to signal strength
at the low frequency end, and
counteracts the falling off given
by the reduced L/C ratio in the
secondary tuned circuit. With a
receiver of this type, you normally
get the desired aerial-earth capacitan-
ce with about ten to twelve feet
of throw-out aerial wire. Too low
an aerial-earth capacitance may
cause the primary winding to
resonate in the band itself, and you
may not then get the boost where
you want it.”’

“If you've got a primary tuned
circuit in the aerial stage,” asked
Dick, “isn’t it going to upset the
secondary tuned circuit?”’

“Not to any great extent,” replied
Smithy. *“The tuned circuit given
by the aerial-earth capacitance and
the primary winding is purposely
given a very low Q by employing
thin wire for the winding. Now, a
particularly knobby point about
the class of receiver we’re discussing
here is that the same technique
for boosting the response at the
low frequency end is used for the
inter-stage coil, LiL,;, as well
(Fig. 4(b)). In this instance, the
external tuning capacitance is the
output capacitance of Vy, which is
very much smaller than the aerial-
earth capacitance. Because of this,
L; is wound with many more
turns of fine wire than L, whereupon
it resonates partly with the output
capacitance of Vi and partly with
its own self-capacitance. I should
add that L;
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is also, of course,

partly tuned by its own self-
capacitance. But  that  self-
capacitance will be largely swamped
by the aerial-earth capacitance,which
will be of the order of 100pF.”

“You live and learn,” said Dick
philosophically. “What are the
two low value capacitors C; and C;
for?”

“To boost performance at the
high frequency end!”

“*Come off it, Smithy,” protested
Dick. “You're pulling my leg
now!”

“No I'm not,” laughed Smithy.
“By using primary windings which
resonate just beyond the low fre-
quency end of the range, the latter is

boosted so much that a drop
becomes apparent at the high
frequency end. The low value

capacitors then increase the coupling
at this end.”

“Blimey,” said Dick, supremely
impressed, “‘there are certainly some
hidden gubbinses in this receiver!
We have, for instance, coils which
allow maximum coupling all over
the band at the cost of just a little
extra wire and a couple of capacitors.
Also, we have a regeneration circuit
which uses no components at all,
because it employs random couplings.
We next have a detector which
offers stacks of gain with negligible
damping on its input tuned coil
and whose only snag is that it
introduces a small level of distortion.
And finally we have the absolute
bare minimum of r.f. filtering after
the detector, because one of the
filter capacitors doubles up for
tone-compensation and the other
is provided free with each output
valve!”

“I told you it was an ingenious
circuit,” chuckled Smithy. “‘Indeed,
I think that it represents one of the
most successful cost-cutting designs
which have ever been employed in
commercial radios for domestic
use.”

Back To TV

Satisfied that all was now well,
Smithy left his assistant to complete
his work on the receiver. Dick
replaced the throw-out aerial with
a new lead of more acceptable
length, after which he returned the
chassis of the little set to its cabinet,

Satisfied with its performance,
he carried the set over to the
“Repaired” rack, after which he
glanced over the receivers which
were still awaiting attention.

“Looking for another radio?”
called out Smithy.

“No fear,” replied Dick. “I’ve
had enough of radio for one day,
I'm going to pick out a television
set—they’re less complicated!”
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HIGH IMPEDANCE
TRANSISTOR VOLTMETER

By J. B. DANCE, M.Sc.

) /7HEN AN ORDINARY TEST METER IS SWITCHED
to a voltage range and connected to two
points in a circuit being tested, the meter

will take a certain amount of current from the
circuit. The current taken by a good voltmeter
is small, but if the circuit has a very high internal
impedance (or resistance) between the two points
being tested a large drop in voltage will occur at
the moment the test meter is connected. Thus
the true voltage between the points can only be
measured whilst the test meter is actually connected,
since the voltage rises again when the meter is
removed.

When the circuit being tested has an internal
impedance which is much lower than that of the
test meter being used, the drop in voltage during
the measurement is smail. A normal test meter
is therefore quite satisfactory for measuring h.t.
supply voltages, as the impedance of such supplies
is usually comparatively low. If, however, the
test meter has an impedance which is less than
the internal impedance of the circuit under test,
the measured voltage will be less than haif the
value it had before the meter was connected. The
solution to this problem lies in the use of a high
impedance voltmeter.

Available Methods

There is a large variety of high impedance voltage
measuring devices. If an electrostatic voltmeter
can be used, the difficulty will be eliminated, as
these meters have almost an infinite resistance.

S3 (On.0ft)

w5 T %

99

Fig. 1. Circuit of the High Impedance Transistor
Voltmeter. The values of the unmarked components
differ in versions **A” and ““B”.. (See Components List)
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Such meters can, however, be used only for voltage
measurements in excess of about one hundred
volts.

Gas filled cold cathode circuits can be used to
measure voltages; they have a high impedance,
but are very tedious to use as the operator normally
has to determine the rate of flashing of a neon
bulb. Potentiometer methods can be excellent,
but they are often fairly complicated.

Valve voltmeters and cathode ray oscilloscopes
are excellent instruments for use as high impedance
voltmeters, impedances of more than 20 MQ
being quite common,

Transistor Voltmeter

If a simple, portable, direct-reading voltmeter
of reasonably high impedance is required, the
constructor will find that a transistor voltmeter
is very convenient. Although the internal impedance
of such an instrument is not as high as that of most
valve voltmeters, it has the advantages that the
power supplies are self-contained and that the
instrument is much cheaper, simple and light in
weight.

Two versions of the instrument are described.*
Version “A”, using a 0-1 milliammeter, has an
impedance of 22kQ per volt, whilst the better
version “B”, using a more expensive 0-100 micro-
ammeter, has an impedance of 150kQ per volt.

* The instrument described in this article is based on a design
published by the Mullard Educational Service.

Components List
Version “A” Version “B”
R,  25kQ linear pot 10k linear pot
Ry 22kQ 5% L watt 150kQ 19 | watt
Rs 220kQ 59 4 watt  1.5MQ 1% 4 watt
Rs 2.2MQ 59 4+ watt 15MQ 19 4 watt

Common to both “A” and “B”
R; 50kQ linear pot
Ry 47kQ 20% ' watt
Sy 1-pole, 2-way toggle
S 1-pole, 3-way rotary
S3  2-pole, 2-way toggle
TR OC71 (Mullard)

Miscellaneous
Red insulated terminals (2)
Black insulated terminals (2)
Control knobs (3)
Small 1.5V cells (2)
Tagstrip (see text)
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The current taken from the circuit being tested
does not exceed 50pA for version “A” or TpA
for version “B”. The circuit is the same for both
versions, but some of the component values differ.

Principle of Operation

The circuit of the instrument is shown in Fig. 1.
Let us first consider the case when the test terminals
are not connected to any circuit. The transistor
base current will then be zero and the leakage
current will flow from Cell 1 through the transistor
collector-emitter circuit. In order to obtain a
meter reading of zero at zero input voltage, it is
therefore necessary to balance this leakage current
by an opposite current from Cell 2, The potentio-
meter R; is adjusted until the current through it
just balances the transistor leakage current; that
is, until a zero reading is obtained when the input
voltage to the test terminals is zero.

The circuit can be considered as a bridge which
is balanced when no current flows to the transistor
base. When the test terminals are connected to
the voltage to be measured, a small current will
flow in the transistor base circuit causing a change
in the collector to emitter impedance which un-
balances the bridge. The amount of unbalance
depends on the base current and hence on the
applied test voltage.

If the component values are as stated for version
“B” of the circuit and the instrument is switched
to the 1 volt range, an input of 1 volt will cause a

\" 1
current of approximately — =-—————
BE Y R, 150,000
flow in the base-emitter circuit of the transistor
(as_suming the base-emitter impedance to be neg-
ligible compared with Ry).
As the transistor is in the common emitter

= 6.7uA to

1
t
1
1
1
1
1
1
I

4

®

WARM/COOL

e
Sty

SENSITIVITY

100V~

Tag
'°V|; , RANGE Strip
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&

992

[ TR

Fig. 2. The positions of the main components. Those
shown dotted are secured below the chassis
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Front view of the completed instrument

circuit, it acts as a current amplifier. If the current
gain («) of the particular transistor employed is
50, the collector current will be 50 X 6.7=335pA
approximately. This is in addition to the leakage
current which has been balanced out by the current
drawn from Cell 2. The sensitivity control is
then adjusted until the current flowing through
the meter is exactly 100puA so that a full scale
deflection is obtained.

Ranges

S, is the range switch and is used to select one
of the resistors R4, Rs or R4 These resistors
should be of a tolerance which is not wider than
+59% for version ‘“A’”. Better linearity can be
obtained from version “B” and it is therefore
worth while using 1% tolerance resistors for Ry,
Rs and Rg when this version is constructed.

Warm/Cool Switch

The leakage current of the transistor varies
considerably with temperature. It is therefore
necessary to include a switch (S;) which can short-
circuit resistor Rj if the temperature should be high.
This enables the current passing through Cell 2
to be made exactly equal to the leakage current
over a wide range of temperature.

Construction

The instrument can be constructed in many
different ways, as the layout is not important.
The meter is not included on the chassis of the
instrument itself in the method of construction
described here, and this has the advantage that a
useful micro- or milliammeter is not permanently
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Fig. 3. Chassis drilling diagram (bottom view). The
diameter of the holes marked *“‘T" should be suitable
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Rear view of the prototype constructed
by the author

for the terminals used

tied to the apparatus and that it can be used for
other purposes when the voltmeter is not in use.
The meter is connected to the two terminals on the
chassis of the instrument when the voltmeter is
being used.

The Chassis

The positions of the main components of the
instrument are shown in Fig. 2. The size of the
prototype chassis was 6in long by 4in wide by lin
deep, but a smaller instrument could have been
made if miniature components had been in stock.

A detailed chassis drilling diagram is shown in
Fig. 3. The chassis was cut from a sheet of tinplate
8in long and 6in wide. After bending, the corners
were secured with 6 BA nuts and bolts. Some
constructors may prefer to solder the corners.

A rotary switch was used for S; and toggle
switches for S3 (on/off) and S; (warm/cool).

The Transistor

The OC71 transistor was mounted on a tagstrip;
three insulated contacts are required. The strip
used by the writer was a small section clipped from
a 28-way tagstrip in which each third tag is con-
nected to chassis by the mounting bracket, If
another type of tagstrip is used, the drilling diagram
(Fig. 3) should be modified.

The usual precautions should be taken to avoid
overheating the transistor when it is soldered into
the circuit.

Mounting the Cells

Wires were soldered to the two 1.5 volt cells,
care being taken not to overheat any part of the
cells during this operation.

The two cells were insulated from each other
and from the chassis by cardboard. They were
held in position by a tinplate bracket (Fig. 4) and a
piece of foam rubber which was compressed by the
bracket. The bracket consisted of a rectangular
piece of of tinplate of size 34 x 14in. Four holes
(6BA clearance) were drilled as shown in Fig. 4
and the bracket was then bent as illustrated so
that it could be mounted to the chassis.

The cells used in the prototype were ordinary dry
cells of 14in length and %in diameter. If another
size of cell is used, the chassis drilling diagram
(Fig. 3) and the bracket (Fig. 4) should be modified
appropriately.

The current drain from each cell is very small and
their life should therefore be virtually the same as
their “shelf” life.

Terminals

Four insulated terminals are required, two red
and two black. They fit into the holes marked “T”
in Fig. 3 and these should be drilled to the size
required for the particular terminals used.

Preliminary Adjustmerits

The following adjustments should be made each
time immediately before the instrument is used.

THE RADIO CONSTRUCTOR
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Fig. 4. Bracket used for mounting the two 1.5V cells

(1) After switching on, short-circuit the test
terminals and adjust the *‘set zero” control for
zero reading on the meter.

(2) If a zero reading cannot be obtained, switch
over the warm/cool switch and adjust the
*“‘set zero” control for a zero meter reading.

(3) The sensitivity of the instrument must now be
adjusted. After switching to an appropriate
range, connect a source of known voltage
(e.g. a small cell or power pack) to the test
terminals and adjust the sensitivity control
until the meter reading is correct for the
voltage used. If the sensitivity is adjusted in
this way at one point on one range, all ranges
should be correct if R4, R5 and Rg have been
chosen correctly.

The meter is now ready for use, but the zero
should be checked occasionally, as a temperature
change may require the preliminary adjustments to
be repeated.

Performance
Version “B” has a linear scale and a very high
input impedance; it is a very useful instrument.
Version “A” had a somewhat lower input impe-
dance, but is still much higher than that of all but

i-0 S :
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Voitage applied to the Instrument 6998

Fig. 5. Graph showing slight departure of version ‘A"
from linearity
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Terminals

T'P'

(121

Fig. 6, A more simple circuit which requires a silicon
transistor

the more expensive test meters. The scale of the
version ““A” prototype was not quite linear (see
Fig. 5) and for accurate work a calibration graph
should be plotted. One graph suffices for all ranges.

Possible Modifications
The circuit which has been described can be

modified in many ways. The following are a few of

the many possible suggestions.

(1) A range to measure up to 1,000 volts could be
added. An extra position on the switch Sp
would be required and an extra resistor
connected to the switch contact. The value of
this resistor is 22MQ, 5% for the version “A”
or 150MQ, 1% for version “B”. Other
intermediate ranges could be added if desired.

(2) If an OC44, OCI170 or OC171 transistor is
used, the current gain is approximately
doubled. A meter which is half as sensitive
as those suggested could then be used or
alternatively the values of R4, R5 and Rg
could be doubled. This would double the
impedance of the instrument.

(3) An OC202 high gain silicon transistor (current
gain = 70) could be used in the simpler type
of circuit shown in Fig. 6. Silicon transistors
have a negligible value of leakage resistance
and therefore the part of the Fig. 1 bridge
circuit which is used to balance out the
leakage current of the transistor can be
omitted. The modified circuit of Fig. 6 is
easier to use, as no zero setting control is
employed. Unfortunately high gain silicon
transistors are still more expensive than
equivalent germanium types.

(4) A semi-conductor diode may be included in
the input circuit so that measurements of
alternating voltages may be made. The scale
will require some modification by the inclusion
of an extra resistor for alternating voltage
measurements.
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A 6—TRANSISTOR
PRINTED CIRCUIT
oo e SUPERHET ¢ o ¢

BY WALLACE STUDLEY

This receiver is constructed around a standard printed board and, although the modifications
detailed are fairly easy to carry out, beginners are advised not to be over-ambitious in tackling
this receiver, especially if they are unaccustomed to printed circuit and transistor superhet
techniques. Access to a signal generator or modulated alignment aid is essential. No stress
is laid on transistor soldering precautions as these are assumed to be already well known.

ESPITE SOME DISADVANTAGES, APPARATUS USING
D the printed circuit technique is generally
neater in appearance and more compact
than conventionally wired equipment. The tech-
nique is particularly well suited to transistorised
units, but is not generally practical from a con-
structor’s point of view unless he invests in a kit.
There is, however, a suitable printed circuit
board available in a standardised form to home
constructors, this being the “Weyrad” type PCAI.
Upon this board it is possible to construct a complete

6-transistor superhet receiver that will cover both
medium and long wavebands. Because the board
measures 8% x 23in, the finalised receiver is physically
larger than a pocket model, but this can be con-
sidered a desirable feature, since a speaker of
relatively generous size can be fitted and better
audio quality obtained thereby. A suitable cabinet
size is 10 x 6 x 4in, and this will enable a PP9 type
battery to be included if a modern elliptical speaker
is employed.

When purchased, the PCA1 board has all com-
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ponent legends plainly printed in yellow ink at
the appropriate points on its plain side, and there
is little chance of going wrong since one has only
to take the appropriate component, slip its lead-out
wires through the holes provided, and solder in
position on the copper side. Provided that the
correct item is selected each time as the work pro-
ceeds, foolproof circuitry is obtained and a receiver
can be completed in a surprisingly short time.

The Reason for the Modification

The board was originally designed to accommodate
a receiver having a single-ended (transformerless)
output stage operating in Class B push-pull with
two OC72 transistors or their equivalents, and
providing some 250mW of audio power. Although

single-ended Class B output stages are still ¢ la mode
transistor types which afford higher output powers
have now largely superseded the OC72’s, and a
pair of OC81 matched transistors will provide
some 500mW if suitably driven, and more if heat
sinks are fitted. This output pair may be preceded
by a OCS81 driver transistor but the frequency
changer and intermediate amplifier stages can
remain as originally conceived.

From a constructor’s viewpoint some benefit
is derived from using an output transformer instead
of the single-ended circuit, since the transformer
is considerably less expensive than the relatively
high impedance speaker otherwise required; often
a suitable 3Q type will already be to hand.

Circuit amendments cannot be put into practice,

Components List

(Fig. 1)
Resistors (All 109 unless otherwise stated) Transistors (Mullard)

1 6k TR, 0oC44
R» 10kQ TR, OC45
R3 3.9kQ TR;  OC45
R4 56k Q2 TR4 OC81D
Rs 6.8kQ TRs/¢ OC81 (matched pair)
R¢ 1kQ Diode OA70
Ry 1.2kQ
Rg 3.9kQ Inductors
Ry 33kQ Ferrite Aerial RA2W (Weyrad)
Rio 4.7kQ Oscillator Coil P50/1 (Weyrad)
R 1kQ IFT1/2 P50/2 (Weyrad)
Ri» 470Q 1FT3 P50/3 (Weyrad) )
Ri3 39kQ T LFDT4 (500mW) (Weyrad)
Rig 1kQ Ta OPT1 (500mW) (Weyrad)
Rys 10k Q2
%15 Egﬁg Printed Board

17
Ris 6300 Type PCA1 (Weyrad)
ﬁ;g 286(? Tuning Capacitor

Rp; 8.2kQ—5%

Rp2 8.2kQ—5%

Ry 100k Q

VR; 5k Potentiometer (log.)

C 0.1pF, 200V, paper
C 0.01uF, 200V, paper
C; 8uF Elec., 6V

Cy 0.1¢.F, 200V, paper
Cs 56pF Mica 5%,

Cs 18pF Mica 5%

Cq 0.1u.F, 200V, paper
Cs 0.1¢.F, 200V, paper
Co 0.01pF, 200V, paper
Cio 100pF Elec., 12V
C11 SlJ.F Elec., 6V

C12 None

Ci3 100uF Elec., 6V

C14 215pF 3 %

Cis 175pF 39 (see text)
C16 IOOlJ.F Elec., 12V

APRIL 1963

C7 Jackson Bros. Type “00” with trimmers
(208 +176pF)

Tuning Drive
Jackson Bros. Epicyclic

Speaker
8in by 3in or as required

Switch
4-pole, 3-way rotary

Miscellaneous
Battery—PP9 or similar (9V)
Insulator
Spindle coupler
Press stud connectors,
Flexible leads
Solder
Wood oddments
Screws, etc.
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Rear view of the receiver also showing another printed
circuit board partly completed

however, without upsetting the pre-arranged
layout of the PCA1 board. Fortunately, the work
need not become complicated since the alterations
only affect the audio stages; it is in fact only
necessary to re-route a few components at one end

of the board.

The Circuit

The circuit of the receiver is shown in Fig. 1
and this will immediately be familiar in its various
sections. TRj, TR, and TR3 perform the usual
duties of mixer/oscillator and intermediate amplifiers,
whilst diode D; provides the audio signal and
a.g.c. bias. Complete stability exists in the if.
amplifier due to the inclusion of neutralising
circuits, and there is really little that can go wrong
provided the completed stages are properly set up.
No trimmers are depicted for C;; as these are
fitted to the tuning capacitor when purchased.

Audio is taken from VR; as required and
injected into the base of TR4 via Rjp, Cqi. The
audio signal reappears in amplified form at TR4
collector and the driver transformer, Ty, provides
the correct impedance match into the output
pair, TRs and TRg. These operate in Class B
push-pull in the interests of output power and
battery economy.

A degree of a.c. negative feedback is introduced
into the output stage via RB; and RB, to improve
both the response and the stability.

Although some small loss of output occurs
due to the use of this circuit, the improved audio
quality is more than adequate compensation,

678

It will be appreciated that should the signal
at the collectors of TRs and TRg increase
at any given time so does the amount fed
back and vice versa, and not only does this
result in a more level response but, also,
the transistors are stabilised; since these are
temperature conscious components, any
device that will assist in stabilisation is
worth while.

" In passing, it may be noted that a receiver
constructed along the lines depicted in Fig. 1
continued to work well when the battery
potential had fallen to 6V and, although
output power was then Ilimited, audio
quality was not adversely affected. Another
receiver in which the a.c. feedback circuit
was exchanged for the more usual “bleeder”
network to provide the forward bias for the
output pair did not perform so well under
the same circumstances.

The output transformer, T,, provides the
usual service of matching the output pair
to a 3Q speaker; some 6dB of feedback is
taken from the secondary and applied
degeneratively to the base of TR4 via Ry.

All switching can be controlled with a
single knob by incorporating S;-4 in one
wafer, and it can be arranged for the battery
to be entirely disconnected at the *“Off”
position as shown. If this is considered unnecessary
only one pole may be switched, S; and its wiring
being then ignored and its tags left free. ‘

It may be noted that no coil or transformer
pin designations appear on the diagram. This is
because they are not needed; coils cannot be
incorrectly connected if the legends printed on the
board are observed. It may be further noted that
there are some irregularities and component
omissions in the amplifier section—no capacitor
Cy2 is shown for example—nor is there an Ryg
or Rj7. This is due to the modified circuit require-
ments.

Constructing the Modified Receiver

Initial work consists of fitting the twin gang
tuning capacitor Cy7 and making sure that none
of the fixing bolt heads accidentally contact the
negative supply line along the edge of the board;
should this happen the battery will be effectively
short-circuited and other damage may be done.

Resistors are next placed in position up to
and including Ris exactly as designated on the
board, each lead-out wire being cut off to allow
not less than 4in to be bent over and lie flat on
the copper side, thereby enabling a good joint to be
made.

Note. No “spot soldering” (i.e. soldering wires
where they appear through the board and then
snipping off level) should be carried out, or noisy
or nil results will be obtained.

Capacitors up to and including C;p are next
fitted, all “4 signs being ignored regarding these
except those referring to C; and Cyo.

The oscillator coil and i.f. transformers can then
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be fitted and soldered, observing the Jlocations
given on the board.

At this stage transistors TR;, TR, and TRj;
can be sleeved and fitted, the base lead of TR;
being left temporarily unsoldered. The transistors
cannot be connected incorrectly if the “E” “B”
and “C” marks on the board are followed.

The driver transformer, T, is now taken and
the lower centre spill adjoining the green spot is
bent clear. The transformer is then fitted to the
board as indicated and the five remaining spills
which pass through firmly soldered. Resistors
RB; and RB; (8.2kQ) are next inserted, one end
of each being placed in the holes designated Ry
on the board and soldered. See Fig. 2. The free
ends of these resistors are soldered, one each to
the two upper spills of T nearest to the adjacent
end of the board, i.e. one on each side of the core
stack.

There are three spills in all projecting on either
side of the core stack at the top of transformer T,
and the central one on one side of this stack should
be joined to the central one on the other side by

Fig. 2. The Additional Wiring around Ty.

means of a short length of p.v.c. wire. A plain wire
is next soldered in place of Ry7, as marked on the
board.

Resistors Ryg, Rio and Ryg are next inserted ds
designated, but references to Rjy;, Ry;, Ry are
ignored.

Capacitor Cy; is then fitted but in the opposite
polarity to that indicated on the board; this point
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Fig. 3. The two-deck plan suggested in the text
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General view of the assembly

will be referred to later under “Further Modifica-
tions”.

There is no Cjy; but Cy3 is fitted where indicated,
also one end of Cj4 (close to the P50/1 can). The
free end of C;4 connects to C17B.1

Ci6 is not marked on the board but is easily
fitted by letting its negative lead-out wire (sleeved)
pass around the edge of the board to contact the
end of Ry4 which is remote from Cyy. The positive
lead-out wire may be inserted in the hole marked
“Ci2+” and continued, on the conductor side, to
contact the lower end of the volume control location
(this connecting to the positive supply line).

The volume control proper and the switch are
more conveniently mounted on a separate panel.

Transistors TR4 to TRg are next fitted as marked
on the board but TRs collector should not be inserted
in the “C” hole. Instead it is transposed to one of
the holes marked “Rj4” nearby—the one closest to
its own emitter “E” marking. Both of the emitters
of TR5 and TRg must be externally interconnected
(across the other side of the board) by means of a
short insulated lead. This completes most of the
work on the board.

Mounting the Volume Control and the Switch

A small panel offers the best way of mounting the
volume control and switch, and of the various ways
in which this can be effected perhaps the simplest
is to make use of a ‘‘double deck’’ arrangement as

1Cy; is the oscillator section of the two-gang capacitor, and has
the lower capacitance.—Editor.
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b outlined in Fig. 3. Very little weight is
involved and the printed board may be held
clear of the panel at one end by a simple
wood spacer and small screw whilst an
epicyclic reduction drive with an adjustable
standard spindle coupler provides the same
spacing at the other end.

The width of the panel may be as shown
but the depth will vary with different models,
for it is on this panel that the speaker may
be mounted.

The output transformer, T;, can be
located wherever most convenient and
either on the board or on the panel, the
centre spill of its primary being connected
to “Ci¢—" and the other two primary
spills to the collectors of TRs and TRg,
where it will be found that holes are avail-
able. The secondary spills are connected to
flexible leads and thence to the speaker, the
feedback resistor, Rf being ignored until
such time as the receiver has been set up
and alignment completed. After this it is
only necessary to make the appropriate

external connection to the base of TR4 and
the positive line, temporarily at first to

incorrectly phased feedback.

When the phasing is correct the volume

level should drop as Ry is connected.

A standard size component can be used
for VR and the switch need not be a sub-miniature
type. There is no difficulty over wiring the switch
even when the panel and board are in position.
Switch connections are shown in Fig. 3.

The aerial is most simply held by means of a lin
insulated mounting, this being essential since one
end is in connection with the decoupled negative
line on the board. Flexible leads should be used for
aerial connections and these should be just long
enough to permit the coils to be slid along the rod
when alignment is carried out.

The battery leads, suitably fitted with stud
connectors, are soldered to the arms of S; and Sy,
care being taken to ensure correct polarity.2

There are two connections to make from the
switch to the board, viz. Cjs to Cy4, and S; pole
to the base of TR; (which may now be soldered).
There is also a connection to be made from the
two white tags on the aerial to the board at the
junction of Ry, C;, R; and a hole is provided for
these. The blue aerial tag should be connected to
Ci7A and the black tag to the nearest point on the
board carrying the positive line.

This completes the construction and the receiver
may be aligned after checking in the usual way, the
intermediate frequency being 470 kc/s. No problems
should arise over the medium waveband but on the
long waveband slight changes to the value of Cis
might be beneficial in obtaining optimum results.

2 The copper sections on the board carrying the positive and
negative supplies may be readily identified. The positive supply line
is that to which the coil cans are earthed. The negative supply lines
appear on either side of R4, the negative terminal of the battery
beigdg. applied (after the switch) to the same section that C;¢ connects.
—Editor.
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If quick results are required fit a trimmer instead,
and when the required working is secured replace
this with a fixed value component after making the
appropriate measurement,3

Current demands are modest and, from a 9V
supply, a reading of 8 to 10mA should be obtained
under no-signal conditions with a suitable meter
connected in series with the output transformer
primary centre-tap; this reading should rise to
approximately 30mA on application of a signal of
suitable strength.

No sub-standard transistor types should be used.
Sensitivity and selectivity will be excellent and, if a
good speaker is in use, quality will be superior to
that of some commercial models, The prototype
was capable of separating the Luxembourg signal
from that of a local regional transmitter radiating
on 1457 kc/s and situated only eight miles distant.
No external aerial was used.

Further Modifications

If an additional transistor stage is inserted between
the diode and the driver transistor, TR4, greater
output results. Suitable circuitry for use with a
OC71 transistor is shown in Fig. 4. All the com-
ponents in this diagram can be considered *“‘extras’
with the exception of C;y; which is the original item
but which will, in this case, need to be connected
in the sense marked on the board; this is the
opposite to the previous case. The components may
be fitted to a small group board or tagstrip and so

3 The manufacturers of the board and ferrite aerial recommend
a 150pF capacitor across the yellow and black terminals, this capacitor

4700,

Fig. 4. An additional stage to give increased output

form a sub-chassis. Rj2 is omitted from the board
and becomes the 470Q input resistor shown in
Fig. 4. The output from the OC71 collector may be
fed to one of the now unused Rj» holes—that
adjacent C;;—as marked on the board.

Care should be taken, however, when the 7-tran-
sistor configuration is adopted in case the output
stage becomes overrun; the use of heat sinks for
the output transistors is recommended.

A car aerial coupling coil can also be fitted if
desired and wired to a suitable input socket.

The dial and general frontal appearance may be

coming into circuit on the long waveband only. If needed, it could

be fitted at the switch tags.—Editor. chosen to suit individual choice,

Tape Recorders to Help Silence Vehicle Exhaust Systems

Society is becoming increasingly noise-conscious, but most people cannot remember a particular noise for very
long. So noise-abatement experiments are relying more and more on tape recordings made during comparative tests.

Development engineers at Morris Motors Ltd.’s Radiator Branch, at Oxford, use two tape recorders supplied by
E.M.l, Electronics Ltd. for measuring the acoustic performance of vehicles’ exhaust systems under light engine load.
One of the tape recorders is also used for recording transient noise conditions and for the cold testing of exhaust
systems in the laboratory.

When vehicle exhaust noise is to be analysed, the car or van is parked on hard standing in an open place, The
ambient noise level should not normally exceed 65 dbC. Two microphones are placed one at each side of the tail pipe
in such a manner that they are not in direct contact with the exhaust gas. One microphone is connected to an RE321
portable tape recorder and the other to a noise Jevel meter. Tape recordings and decibel readings are taken for engine
speeds of 2,000, 3,000, 4,000 and 5,000 r.p.m. '

Back in the laboratory, the recordings obtained are individually transcribed on to a closed loop of tape fitted to
a TR52 tape recorder. Analysing equipment is used to obtain 1/3 octave spectograms and the overail noise level is set
to correspond with the particular engine speed being measured. The spectrograms so obtained enable a comparison
to be made between different exhaust systems fitted to a particular vehicle.

Tape recordings are also made of transient noise conditions and a closed loop made of each complete noise cycle,
Signal loss due to the gap between the erase and record head on the TR52 tape recorder is utilised to switch the filters
in the 1/3 octave spectrometer. This is done by rectifying the signal from the extension loudspeaker output and using
the resulting d.c. to operate a relay which, in turn, switches the 1/3 octave filter mechanism. The 600 ohm line output
from the tape recorder is used to supply the signal to the filter input.

It is thus possible to obtain automatically a pen recording of loudness against time for each 1/3 octave filter setting.
This enables a three-dimensional graph to be constructed of loudness versus frequency versus time.

During cold testing of exhaust systems in the laboratory, the TR52 tape recorder plays back a recorded tape of
“white noise’’—constant amplitude noise at all frequencies audible to the human ear. A re-entrant loudspeaker unit is
used to drive noise into the inlet end of the exhaust system. Noise emitted from the tail pipe is then picked up by a
microphone and analysed in the usual way.

Attenuation of the silencer can be found by replacing the silencer with a section of exhaust pipe and repeating the
experiment. The difference between the two spectrograms obtained is equal to the attenuation.
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Multi-point Soldering Bit for

Printed Circuits

F THE CONSTRUCTOR MAKES OR REPAIRS PRINTED-
circuit sets, he will be faced sooner or later with
having to unsolder simultaneously anything from

three to six joints holding a component to the board.
This process is always tricky and can be disastrous
unless a technique is worked out and the right tools
used.

The urgency of finding a simple method was
recently brought home to the writer by a traumatic
experience in a school radio club. One young
enthusiast, who had put together a transistor por-
table kit using a printed circuit board had soldered
in both the i.f. transformers the wrong way round.
Each was fixed by five joints and the only hope was
to find a way of unsoldering them all in one move.
In this case the solution was to round up five club
members, each with a soldering-iron, poise one iron
over each joint, shout “now”, and push the i.f.
transformer off the board as the solder softened.
This succeeded, but it was a nasty moment!

This event led to a consideration of what is to be
done in such a predicament when one is entirely
alone or unable to whip up a soldering-iron rally to
assist, and the logical solution seemed to be to
produce a single bit capable of melting several joints
at a single application. The accompanying diagram
shows how this was accomplished when a similar
problem occurred later.

A short length of 14 s.w.g. tinned copper wire was,
at one end, twisted round the bit of a 50 watt
soldering-iron. The other end was led down the side
of the bit and formed with long-nosed pliers into a
foot of such a shape that, when applied to the group

B.B

By B. B. Rafter

of joints to be unsoldered, it made contact with each
simultaneously. The tip of the copper bit rested on
one side of the foot and was eventually soldered to it
for better heat transfer. With the iron well heated,
the foot was gently and quickly applied to the group
of joints, whilst the component was gently prised off
the circuit board. Replacement was then a com-
paratively simple matter,

Shank of soldering
_/fron

14swg tinned
“copper wire

Copper bit of
soldering iron

/

4 Shaped Multi-point’
bit made to fit over
group of solder

joints on printed
circuit board

M652

It cannot be too strongly emphasised that speed
and deftness are really vital, but properly applied
the instrument cannot fail to give the desired result.
Obviously, also, the shape shown will not serve for
every job of this type, but it is a simple matter to
form one specially for each separate repair.

C’s NEW WELSH REGIONAL

HEADQUARTERS

Work is about to start on the first stage in the construction of new B.B.C. premises on a 10-acre site at Baynton
House, Llandaff, Cardiff, following the award of a building contract to Sir Robert McAlpine (South Wales) Ltd. The
new building will become the headquarters of the B.B.C. in Wales.

Six new sound studios, one an orchestral studio of 3,500 square feet, are to be built to replace the existing studios
in Park Place and Charles Street. There will also be a television news and interview studio (television studios at Broad-
way are already in operation), administrative and technical offices and a new sound outside broadcasts base with garage
and maintenance accommodation for the outside broadcasts vehicles. Provision will be made in the grounds for the

parking of private cars.

The architects for the new headquarters are Sir Perc

Building Department, Mr. R. H. S. Howell, O.B.E.
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y Thomas & Son, in association with the B.B.C.’s Head of
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VARIABLE

SHUNT

By QUTAIBA BASSIM EL-DHUWAIB

Employing a transistor as a non-linear devicé in order to extend meter
range

E AFTEN USE PERMANENTLY
W connected d.c. meters to

measure the voltage given by
a power supply. Whilst a linear
moving-coil meter works satisfac-
torily with a constant voltage power
supply, it is not always as helpful
with variable voltage supplies. This
is due to the difficulty of reading the
instrument accurately when low
output voltages cause the needle to
be near the zero end of its scale.

To overcome this difficulty it is
possible to employ a multi-range
voltmeter incorporating a range
switch and a number of series
resistors, but this increases costs.
Also, it is necessary to have to
continually adjust the range switch
so that the effective full-scale deflec-
tion is always higher than that
offered by the supply.

An alternative solution consists of
using a meter which is very sensitive
near zero and much less sensitive at
fs.d. This may be achieved by
connecting a device which exhibits
non-linear resistance across- the
terminals of the meter. The device
acts as a shunt and, when the voltage
across it is low, exhibits high
resistance. When the applied voltage
is high, its resistance may drop to
about one tenth of its previous value.

A Transistor Shunt
One method of obtaining a non-
finear shunt is by using a transistor.

E255
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a.f. transistors would also be satis-
factory but might require changes
in both Rm and R¢. Table I shows
the actual current which flowed
through the meter and transistor
combination, together with the meter
reading obtained. The results were
obtained by using the circuit shown
in Fig. 2, the actual current being
indicated by the standard millia-
METER ..
Use as a Voltmeter
The disadvantage of the variable-
shunt meter using the transistor is
that it does not have a constant value
of internal resistance. This changes,
with change of current, from between
about 1.1kQ to about 0.2k€2. The
combination could be converted into
TABLE 1

Meter Reading  Actual Current

(% of f.s.d.) (=A) \ Standard i
g 20 meter Variable
1 3 voitage
%g g; - power
Vari supply
40 146 e
50 205
60 304
70 410
80 564
90 760 e
100 1,000

a 0-10 voltmeter by connecting a

. . 9.8k} resistor in series, he
The negative terminal of the meter : L DN

is connected to the base and may be
regarded as the *‘ground”, whilst the
positive terminal is connected to the
emitter. (A p.n.p. transistor is
assumed here.) Current is then
allowed to pass. The emitter-base
junction acts as a diode in shunt
with the meter; it becomes forward
biased and a small current passes
through it. Now, if we connect the
collector to the base, the current
carriers injected into the

correlation between voltage and
current readings would be somewhat
less than 10%;. If we were to increase
the series resistor to give 100 volts
f.s.d., the correlation figure im-
proves to less than 19, whilst for
300 volts f.s.d. it is less than 19,
and so on.

Table II gives voltage, meter
reading, and effective f.s.d. for the
0-300 voltmeter instance. It is clear

collector junction reach
the ‘“‘ground” and the
shunt increases. The tran-
sistor could be said to be
in the grounded-base con-
figuration with the collec-
tor having no supply.

To adjust the fs.d. of
the meter, resistor R¢ is
added between the collec-
tor and the ‘“‘ground” as
shown in Fig. 1.

In a practical experiment
carried out by the writer,
a 0-100uA meter was
shunted by a transistor
such that fs.d. became
ImA. The total meter
resistance Rm (sec Fig. 1)
was 1k, the resistor Rc
was 100, and the tran-
sistor was an OC71. Other

www americanradiohistorv. com
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TABLE II

Meter\
Reading Actual  Effective

(% of (1)'.s.d.) Vo](t)age f.s.d.
10 6.9 69.0
20 15.9 79.5
30 27.6 92.0
40 43.8 109.5
50 61.5 123.0
60 91.2 152.0
70 123.0 175.7
80 169.2 2115
90 228.0 253.3
100 300.0 300.0

from this table that low voltages can
be read almost as easily as high
voltages.

Temperature Effects

The most important effect of
temperature is change in I, which,
in the grounded emitter configura-
tion, is multiplied by «’. However,
the transistor is acting here in
grounded base. Moreover, I¢o does
not pass because the collector
junction is not reverse biased. As a
result of these points, the tempera-

E257

ture effect on the comtbination of
meter and transistor becomes negli-
gible.

Alternative Values

Table III shows the results given
with R¢=0 and Rp=1.8kQ, using
the circuit of Fig. 1. The shunt
current increases with decrease of R,
and increase of Ry,. The maximum
current that can be passed depends
on the transistor; thus, an OC71 can
pass 10mA and an OC72 120mA.1

Another use for the transistor

TABLE III
Meter Reading Actual Current
(% of f.5.d.) (nA)
0 0
10 35
20 90
30 185
40 340
50 595
60 1,035
70 1,650
80 2,550
90 3,750
100 5,300

shunt is shown in Fig. 3. In this
instance two transistors are employed
with a centre-zero meter. Reverse
voltage applied to either transistor
merely causes its base-emitter junc-
tion to be reverse-biased, and the
transistor does not suffer damage
thereby.

1 These figures apply, approximately, to
the maximum rated collector currents for
these two transistors, whilst maximum base
currents are 2 and 20mA respectively.
Unless base current in the variable shunt
can be ascertained, it might be safer to work
to base current limits rather than collector
current limits.—Editor.

LIGHT - BEAM

TRANSMITTER-RECEIVER

by J. EMMETT

Speech and music may be transmitted over a beam of light without interconnecting wire or a
radio frequency link. In this article, our contributor describes a particularly successful
light-beam transmitter-receiver which he has designed and built himseif.

T 'RANSMISSION OF AUDIO FREQUENCIES VIA A BEAM
of light has been, for some time, the subject
of experiments by the writer. With the advent

of the phototransistor suitable transmitters and
receivers become a feasible proposition, and the
writer has had his greatest success with the trans-
mitter-receiver described in this article. The good
results obtained have been partially due to the fact
that both the transmitting bulb and the receiving
phototransistor are fitted into a lens system which
provides a closely aligned beam. Despite the fact
that a bulb rated only at 5.5 volts and 0.3 amps is
employed, reliable communication has been ob-
tained at distances in excess of 400 yards.

The transmitter-receiver incorporates a standard
transistor amplifier which operates both whilst
transmitting and receiving. When transmitting, &

684

microphone is coupled to the input terminals of
this amplifier. The a.f. output of the amplifier'then
modulates the light from the bulb, the output being
superimposed on an adjustable direct current which
flows through its filament. When receiving, a
phototransistor feads a transistor pre-amplifier, the
output of which is fed to the main amplifier. The
latter then drives the loudspeaker.

The Circuit )

The circuit of the transmitter-receiver is given in
Fig. 1. In this diagram, switches S; to Ss are
ganged, providing “Transmit”” on Position 1, and
“Receive” on Position 2.

When S,.s is set to Position 1, the phototransistor
and pre-amplifier are switched out of circuit and
the microphone is coupled to the volume control

THE RADIO CONSTRUCTOR
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Ry, the slider of which connects to the input of
the main amplifier. This latter employs the line-up,
0OC71, OC81D and two OC81’s, and offers an output
of S00mW or more. It was obtained as a kit from
Henry’s Radio Ltd.

The output of the main amplifier is passed, via
S4, to the 1 : 3 transformer T;, the secondary of
this transformer being connected in series with the
transmitting bulb. The direct current flowing
through the bulb is controlled by Ry;. The amplified
microphone signal modulates the bulb current and,
in consequence, its illumination.

On “Receive” (S;.5 in Position 2) the power
supply is passed, via Sp, to transistors TR; and
TR,. TR, is a phototransistor, and it is biased by

Components

There are a number of important points con-
cerning the components used in the transmitter-
receiver, and these will now be dealt with.

An OCP71 phototransistor is recommended for
the TR position, although it should be pointed out
that the writer has obtained equivalent results with
“surplus” phototransistors obtained, at much lower
cost, from Henry’s Radio Ltd. An OC71 with the
protective paint scraped away (see Fig. 2) could be
used, but it has been found that the more recent
versions of the OC7] are opaque and cannot
therefore be employed for this application.

The choke in the base circuit of TR, is experi-
mental. It may be necessary to employ a component

Components List

Resistors (all fixed resistors W 10%)

R; 150kQ

R, 25kQ potentiometer; pre-set

R; 10kQ

Ry 680Q

Rs 56kQ

Rg 10kQ

R; 6.8kQ

Rg 680Q

Ry 3.3kQ

Rio 5k potentiometer (with switch)

Ri;  50kQ potentiometer, pre-set

R;2 508 potentiometer, 2W
Capacitors

C; 0.5uF

C, 50uF 6V wkg electrolytic

Cs  50uF 6V wkg electrolytic

Cs 0.04uF
100uF 12V wkg electrolytic

Transistors
TR; OCP7I1 (see text)
TR, GETI106, OC200 (see text)

Inductors
CH; Choke, 2 to 20H (see text)
T;  Transformer, ratio 1:3 (see text)

Switches
S1  On-off. Ganged to Ryo
S,.s 4-pole 2-way wafer (see text)

Other Components

Bulb—pre-focus 5.5V, 0.3A

Speaker—3Q

Microphone—surplus magnetic insert, 2kQ im-
pedance (Electronic Precision Equipment Ltd.)

Main amplifier—OC71, OC8ID, 2 X OCS8I,
3Q output (Kit from Henry’s Radio Ltd.)

Lenses—as required (see text)

Red celluloid filter

le S2

means of potentiometer Ry. The choke
in the base circuit of TR; allows d.c.
due to steady light to pass to earth and
eradicates frequent readjustments in Ro.
These were necessary in earlier versions
where the choke was omitted. The col-
lector current in TR, varies according
to the modulation of the light by which
it is illuminated, and this electrode is
coupled to TR, via C;. TRz amplifies
in normal manner, the signal on its
collector being fed, via Rg and the
volume control Rjp, to the main
amplifier. The output of the latter
connects, via Ss, to the loudspeaker.
Cs and Rj; form a tone-adjusting
circuit, and are not essential to the

=R
150k02

AAAA

10k

AAAAAA
W
b
%l
»
b3

R3

AMAM
Wy

operation of the transmitter-receiver. If
desired, they may be omitted.
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S2 -Ss Ganged
Position | —Transmit
Position 2—Receive
Fig. 1. The circuit of the transmitter-receiver
685

www._americanradiohistorv.com



transmitter~ receiver in its cabinet

The complete

of different inductance when finally setting up.

TR; may be a GET106, or a silicon transistor
such as the OC200. An OC71 has been tried in
this position, but it caused background hiss to be
excessive.

The microphone is a magnetic insert of low-
medium impedance (2kQ), and is a surplus type
available from Electronic Precision Equipment Ltd.

Transformer T is home-constructed, and is made
up in the following manner. Obtain a single-ended
speaker transformer capable of handling 5 watts or
more and with the 3Q secondary winding on the
inside. Remove its laminations. Next, remove the
primary and determine the number of turns on the
34 winding. Wind on three times as many turns
with 26 s.w.g. cnamelled wire and put a layer of
tape on top. Replace the laminations. These should
previously have been butt-assembled (i.e. all the
“E” laminations on one side and all the “I”
laminations on the other) and they should now be
re-fitted in the same manner. If a spacer consisting
of thin card or paper was previously interposed
between the two sets of laminations this should also
be re-fitted. These precautions ensure that the
steady direct current which flows through the new
winding on ‘““Transmit” does not saturate the
laminations. The previous 3Q winding now connects
to the output of the main amplifier via Ss, and the
new winding is inserted in the bulb circuit.

—SMALLER DOT

s
‘CLEAR JELLY

|
i

Fig. 2. The light-sensitive section of a non-opaque
oc7

6998
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If desired, suitable laminations can be
bought, in which case winding details are as
follows:

Wind a layer of tape on the core.

Wind on 30 turns of 26 s.w.g. enamelled
wire.

Add a further layer of tape.

Wind on 90 turns of 26 s.w.g. enamelled
wire.

This method of construction is relatively
cheap and simple, but it is desirable to
employ a core at least as big as that for an
§ watt audio transformer.

The transmitting bulb needs to be a type
drawing a low current and having a small
filament. If the filament is too heavy, all the
higher frequency modulation will be cut off.
With bulbs such as are used in cycle head-
lamps it is possible to see the filament cooling
after switching off, and these are of no use
for the present application. The writer found
that best results were obtained with a pre-focus
torch bulb rated at 5.5 volts 0.3 amps.

Resistor Ryy regulates the direct current flowing
through the bulb. It needs to be rated at 2 watts or
more,

TERRY CLIP

? ] :
TUBE 6999

Fig. 3. The lens assembly, showing how the bulb and
phototransistor are fitted to an extension of the
Transmit-Receive switch

The battery required for the transmitter-receiver
has to be capable of providing adequate current for
relatively long periods. The PP types are of no use
here because of their high internal resistance.
Mercury cells or double life pen-cells are cheapest,
whilst small nickel-cadmium cells (DEAC units) or
accumulators are preferred.*

The Focus Unit

The focus unit comprises a Paxolin or cardboard
tube some 3in long, in which are fitted one or a
pair of enlarger condenser lenses. Two such lenses
are shown in Fig. 3, and it is their function to create
as narrow a beam as possible. The smaller lens is
closer to the bulb, and the prototype employs a 2in
type and a 3iin type with 2in spacing between
them. Optical condenser lenses can be obtained
{rom most photographic dealers and a 2in diameter,
4in focus, lens costs around 11s. 6d. However,
moulded 2in types are sometimes available much

* DEAC cells are available from G, A. Stanley Palmer and Co.
Ltd., Maxwell House, Arundel Street, London, W.C.2.— Editor.
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cheaper, at prices around 2s. each. The con-
structor is advised to check with photographic
supply sources in order to obtain suitable
lenses at reasonable cost.

A common lens system is employed for
both the bulb and the photo-transistor, the
latter two components being mounted on an
extension of the spindle for S;_s. This arrange-
ment causes the bulb or the phototransistor
to be moved to the focal point of the system
as applicable, whenever ‘“Transmit” or ‘“‘Re-
ceive’ is selected.

A piece of red celluloid (available from
most model shops) may be placed over the
open end of the tube in order to improve
selectivity., This it does by acting as a filter
and reducing the light spectrum passed to the
phototransistor. The red celluloid clears the
buzz given when incident light from mains-
operated lamps falls on to the focus tube.

Assembly

The completed transmitter-receiver was fitted in
a light-tight cabinet measuring approximately
9 x 4 x 4in. The speaker and microphone should be
mounted behind a grille. The volume control and
on-off switch, the Transmit-Receive switch, and the
power control (Rj3) should be fitted on the side of
the cabinet. The bias and tone controls, R, and
R,i, are pre-set, and may be mounted inside. A
larger case, 11 x 4 x 4in would be better, as this
would enable large batteries to be carried.

If desired, the components associated with TRy
and TR, may be fitted to a printed circuit board.
A suitable design is shown in Fig. 4.

Testing and Setting Up

After the transmitter-receiver has been completed
and the wiring carefully checked, it requires to be
set up. Before switching on, the controls should
be adjusted in the following manner.

Bias (R»): one-third to one-half from positive end.

Tone (Ry1): half way.

Power (R2): near positive end.

Select “Receive,” switch on and turn up
the volume. Face the unit (without the red
celluloid filter) towards a mains-operated
lamp. If there is no 100 c/s buzz, there may
be no light falling on the sensitive area of
the phototransistor. Other possibilities are
that the inductance of the choke in the base
circuit of TRy is too low, or that the bias
control needs adjusting.

Switch to “Transmit” and turn up the
power control until the bulb glows. Keep
volume at a low level at this stage. This is
because it is possible to burn out the bulb
by speaking near the microphone if a high
volume level has been selected when the bulb
is bright. Aim the set at a wall, preferably
in the dark, and adjust the position of one
lens (or both, if necessary) until a bright
image of the filament is seen. This procedure
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Fig. 4. A suitable printed circuit layout for
the phototransistor and pre-amplifier stages

should then be repeated as far away from the wall
as possible. A distance of 15ft is suitable.

A torch should next be positioned so that it
shines towards the set and is in the centre of the
beam from the transmitting bulb. Switch to
“Receive” and position the phototransistor so that
its sensitive area is in the focus from the torch beam.

Finally, set the power control to cause approxi-
mately 3.7 volts d.c. to appear across the bulb. It
is not possible to see the modulation of the light
from the transmitting bulb, but it should flicker.
when the microphone is tapped.

Results with the Prototype

The prototype has been tested up to a distance
greater thap 400 yards and there has been hardly
any loss. However, aiming is critical, as is to be

The extension oh the Transmit- Receive switch
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be expected considering the narrow beam width.
Different versions will vary but, by careful adjust-
ment of the lens system, it should always be possible
to receive if the transmitting light is visible. If the
transmitter-receiver is used during the day, when
there is no risk of 100 ¢/s buzz from mains-operated

lamps, the red celluloid filter can be removed with
a consequent increase in power.

In addition to speech, music has also been trans-
mitted. This has been subject to loss of treble,
which has been easily corrected by adjustment of
the tone control.

TRADE REVIEW . ..

Heathkit Valve Millivoltmeter
Model AV-3U

F THE NUMEROUS KITS WHICH DAYSTROM LTD.
now market in this country, those for the
construction of laboratory equipment are

possibly of even more interest to the radio construc-
tor than the more conventional equipment such as
audio amplifiers, amateur radio transmitters, etc.
Whilst this latter type of equipment can be assembled
from scratch by purchasing the required com-
ponents, few laboratory instruments can be made
up in this manner. It is by making use of the
Heathkit range that the “do-it-yourself” constructor
of electronic equipment can provide himself with a
selection of such test instruments—and at a price
within his reach.

An example of this occurred recently. An instru~
ment was required which would measure a.c.
voltages over a wide range of frequencies, the
particular job in hand being that of assembling
some audio filters for a RTTY terminal unit. This
type of millivoltmeter is not easily borrowed, and
even though it was likely to be put to quite a lot of
use during the course of time, the cost of purchasing
such an instrument would not have been justified.
Fortunately, Daystrom Ltd. have such an instrument
available in kit form—the Millivoltmeter Model
AV-3U.

- once a start was made, rapid progress resuited . . .
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The completed Heathkit Valve Millivoltmeter

The writer had already some experience of
assembling Heathkit equipment. The detailed sted
by step instructions and the foolproof designs have
always resulted in the equipment being pleasureable
and interesting to build and they have always
worked right from the initial switching on. It was
with some trepidation however that the construction
of this laboratory type instrument commenced.

The kit arrived extremely well packed and a
preliminary check revealed that all the components
were enclosed and undamaged. A general idea of
the principles of the instrument and the sequence
of assembly was soon obtained from a perusal of
the Instruction Manual and once a start was made,
rapid progress resulted—thanks to the well thought
out sequence of construction. No snags were met
at any time, though some of the assembly stages
have to be carried out with due care and attention
to ensure that no wrong connections are made, such
for instance as the assembly of the range switch.

The instrument was completed in two or three
evenings of spare time and needless to say it worked
right from the word go! Now the proud possessor
of an audio type millivoltmeter, which has already
proved its usefulness in more ways than expected,
the writer confidently recommends the Heathkit
range of kits to fellow readers.

THE RADIO CONSTRUCTOR
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1-Valve T.R.F. Receiver
Using a 12AT7

By I. K. Gurney

The simple receiver described in this article has the advdntages of

extreme simplicity and low cost.

Some of the success with the

prototype may be due to the fact that the components and layout

employed provide regeneration and, hence, an improvement In

sensitivity and selectivity. It must be pointed out that regeneration

may not similarly occur in other receivers built to the same circuit
and layout.—Editor.

small radio set from one of the

more aged of the community
was met by the author. The receiver
which was finally constructed is
described here.

Since the author does not have an
unlimited supply of money and time
it was decided that a t.r.f. set must
suffice. As the public are critical of
any receiver which does not give a
professional performance, it seemed
doubtful at first whether a tr.f.
would perform to the necessary

SOME TIME AGO AN APPEAL FOR A

Resistors (all }W unless otherwise

stated)
Ri IMQ
R; 1MQ
R3 22kQ
R4  3.3MQ
Rs 200Q

Re¢ 1.5 to 2kQ2 2 watts
VR; 500kQ potentiometer, log
track

Capacitors
C; 100pF
C; 0.001 to 0.01uF
C; 0.01pF )
C4  50uF, 12 w.v. electrolytic
Cs, Cs 16+ 16uF, 275 w.v. electro-

Iytic

500pF variable, solid di-
electric

See text

VCi
VG,

Coils and Transformers
Li, Ly See text
T; Mains transformer. Secon-
daries: 220V at 20mA,

6.3V at 0.3A minimum
T,  Speaker transformer. Ratio:
approx. 65:1
APRIL 1963

standard. Nevertheless, design com-
menced with the requirement of
adequate selectivity being kept well
in mind. It was felt that sensitivity
was less important in this instance
provided, of course, that the local
B.B.C. transmitters could be received
at good strength.  Conventional
parts were employed, and the utmost
use was made of the spares box.

The Circuit

. The circuit of the receiver is given
in Fig. 1. Reception is on medium

Components List

Valve

Vi@ ®) 12AT7, ECC81
Rectifier

MR; Metal or contact-cooled,

220V at 20mA

Wavetrap may
be inserted

and long waves and the use of
separate r.f. transformers, one for
each band, results in an enhanced
performance. The long waveband
was included because of varying
reception strength of the medium
wave Light Programme transmission.
VR adjusts volume, and it functions
also as a reaction control. There is
no deliberate regeneration circuit in
the receiver, and the necessary feed-
back is provided mainly by random
coupling between the speaker trans-
former and the aerial coils. The
presence of this coupling vas
checked with the prototype by
placing an earthed screen betiveen
the transformer and the coils,
reaction ceasing when the screen
was present. Reversing the leads to
the speaker transformer primary had
no effect on regeneration with the
prototype, although this could occur
with other receivers employing the
same circuit and layout.

A measure of negative feedback for
the output triode is given by Ra.
C; provides top-cut, and causes the
output to have an acceptable tone.

The power supply is quite con-
ventional, employing an inexpensive
mains transformer having an isolated
single-phase h.t. winding. The
chassis of the receiver is, in con-
sequence, isolated from the mains

supply.

Switches
Sia) @ d.p.d.t. wavechange
S, s.p.s.t. on/off

Speaker
3Q impedance:

here

=

s
AAA- g2 —-
AN

&
%

T2

¢ 220V .
Ly ,
s 521
AC
4 Mains
2Rs T
63V
Long Wave
Medium W
Medium Wave M686

Fig. 1. Circuit of the receiver.
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12AT7
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Fig. 2. The positions of the principal components

Construction

The receiver was constructed on a
small aluminium chassis 6in wide by
3in deep. Fig. 2 illustrates the
positions of the main components
above and below the chassis, wiring
between these following normal
commonsense practice. The valve
projects above the chassis and is not
screened. A large metal rectifier is
shown in Fig. 2 but this may be
replaced by a small contact-cooled
component if desired. None of the
wiring was found to be critical, but
it is necessary that all leads to the
grid of Vi) be kept short. Failure
to observe this precaution may
result in quite a considerable loss of
efficiency.

The coils for the prototype were
wound on 3in diameter formers as
shown in Fig. 3. If the constructor
does not wish to wind his own, the
Wearite coils type PHF1 and PHF2
would fulfil the job equally well.

Final Points

After all wiring has been carefully
checked the set can be switched on.
With the prototype it was found that
a whistle was evident when VR; was
advanced to maximum. Optimum
volume was then given when a
station was tuned in and VR;
adjusted just below the oscillation
point.* The set should then be tried
out, using the aerial with which it
will be in permanent use. The best
length is around 20 to 30 feet,
although good results with a shorter
length or with a “bed-springs” aerial
can be obtained.’ If the aerial is
longer than 30 feet, a series capacitor
should be inserted in the VC;
position, as shown in Fig. 2. VC,;
should be adjusted for greatest

* As was pointed out in the introduction,
this condition may not be attained in other
receivers employing the same circuit and
layout.—EDITOR.

L (secondary winding)
MEDIUM
WAVES 35turns pile wound
(primary winding)
[75turns pile wound
;;;;;; ¥ (secondary winding)
Lo 1
LONG
WAVES 75turns pile wound
(primary winding)

All windings employ 34smg. cotton
covered wire
Mé688

Fig. 3. Coil winding details

signal strength commensurate with
selectivity, and it is unlikely that a
value in excess of 200pF will be
needed.

If a local station causes inter-
ference on medium waves, a wave-
trap may be inserted at the point
indicated in Fig. 1. A suitable wave-
trap consists of a coil paralleled by
a trimmer as in Fig. 4. For wave-
lengths between 300 and 500 metres,
the coil can consist of 50 turns of

Moe89

Fig. 4. How a wavetrap may be
connected into circuit

34 s.w.g. cotton covered wire pile-
wound on a {in dowel, and the
trimmer may have a maximum value
of some 450pF.

The receiver has been used in the
Midlands and in London, and has
given a good account of itself in both
nstances.

THE “CRYSTELLA” FM TUNER—CORRECTION
In the Components List for Fig. 1 (page 519, February issue) the de-emphasis resistor R;o was specified as 47Q.
The correct value for this component is 47k().
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Some U.H.F, Amplifier Gircuits

S TIME PASSES, MORE AND MORE CONSTRUCTORS
, become interested in the ultra high frequency

section of the radio spectrum. However, one
of the greatest difficulties associated with u.h.f.
reception is that of obtaining satisfactory low noise
amplification at the frequencies used. Difficulties
arise when ordinary grounded cathode pentode
circuits are used above about 100 Mc/s, as poor
noise factors are obtained. The constructor will
usually have to choose between a grounded grid
amplifier and a cascode r.f. stage, but u.h.f. tran-
sistor circuits are now becoming more common.
It is unfortunate that transistors for use above
1,000 Mc/s are still priced at a figure which is
greater than most amateur constructors care to pay.
Input Stubs Anode Line Output

[
[
[N
o S §

M43
Fig. 1. Circuit of the 400 Mc/s Jow noise amplifier

Components List
(Fig. 1)
Li.4 15 turns 26 s.w.g. enamelled copper wire &in
i.d. air-cored

R; 68Q
Ry 3.3kQ
Cy, Cs 100pF

Cy.s 1,000pF feedthrough
C;  3-10pF concentric trithmer

Anode Line
1l 18.3cm
I, 5.6cm
I3 10.2cm

APRIL 1963

Valve Circuits

Valve Used

A number of u.h.f. amplifier circuits are given in
Figs. | to 6 using the A2521 valve which is manu-
factured by the M-O Valve Company Ltd. and
which has a mutual conductance of about 15SmA/
volt. The circuits are for use at 400 Mc/s, 900 Mc/s
and 1,250 Mc/s, but any intermediate value of
operating frequency can be obtained by appropriate
scaling of the length of the tuned lines.

The A2521 is intended for use as a grounded
grid Jow noise r.f. amplifier at frequencies up to
about 1,250 Mc/s. It has a B9A base and its heater
rating is 6.3 volts at 0.3 amp. The CV2433 has
similar characteristics to the A2521, but its heater
rating is 6.3 voits at 0.37 amp. The pin connections
and operating conditions of the A2521 valve are
shown in the Table.

The circuits shown use the “trough line” technique
which enables the tapping points on the tuned line

e uh2in,

r
5 ) 3'ain,
5 x |
‘&e \
TR "I T % Anode/Grid tine
i ‘ | Output
L,J 2in | HT+ 20 swg Copper Chassis 2in.deep
M434

Fig. 2. Layout of the 400 Mc/s low noise amplifier
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M435

Fig. 3. Circuit of the 900 Mc/s low noise amplifier

Components List
(Fig. 3)

Li.4 15 turns 24 s.w.g. enamelled copper wire }in
i.d. air-cored

R; 680
R, 3.3kQ
Ci.3, 5 1,000pF feedthrough
C4 680pF
C@ 47pF
C;  3-9pF ceramic trimmer
Anode Line
1 5.5cm
1z 2.8cm

to be easily adjusted. The copper lines are mounted
in a trough or chassis of copper or brass about 1%in
deep. The size of this chassis depends on the
frequency of operation.

The tuned line is made of %in diameter copper
rod mounted 4in above the base of the chassis. One
end of the line is soldered directly to the anode pin
of the valveholder and the remote end is either
short-circuited to the chassis or mounted on a small

Operation of the A2521 as a Class A Grounded Grid

Amplifier
Frequency 1,250 900 400 200 Mc/s |
H.T. supply 180 180 180 180 volts
Anode current 16 | 16 16 16mA
Bandwidth ) ]

(4+3dB) 20 50 6 4 Mc/s
Power gain 9 10 17 14.5 dB
Noise factor* 11.1 9.5 6.7 | 4.6 dB
Noise factort — 12.6 8.0 1 4.6dB

* Measured with a gas discharge noise source.

+ Measured with a coaxial noise diode source (CV2341)
but not applying transit time corrections to the result.

In each case the input circuit was adjusted for minimum
noise factor.
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tuning capacitor depending on whether three-
quarter wavelength or half wavelength lines are
used.

Fairly similar circuits using coils instead of tuned
lines can be constructed for use at frequencies up
to at least 300 Mc/s, but above this frequency the
small size of the coils required causes difficulties.

Construction

The orientation of the valveholder must be as
shown. A transverse metal screen should be placed
across the socket and well soldered to the walls of
the chassis in order to completely screen the output
from the input. All the five grid pins and the centre
spigot of the valveholder should be soldered to the
centre screen using a wiring jig whilst doing so in
order to prevent distortion of the valve pins.

. gin. "
|

Heater

11gin.

Anode/Grid line

M436
Fig. 4. Layout of the 900 Mc/s low noise amplifier

Coaxial sockets are used for the input and the
output connections, All external connections for
h.t. heaters and bias are made through chokes and,
feedthrough capacitors to the outside of the chassis.
A baseplate should be fitted to the chassis to ensure
efficient all round screening.

Tap Positions

The input and output impedances can be matched
to the required value by varying the positions of
the tap along the line. The tap positions shown in
the circuits are for output and input impedances
of 50Q) and for the bandwidths stated.,

400 Mc/s Amplifier
The circuit of a low noise amplifier for use at

THE RADIO CONSTRUCTOR
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Anode Line Output
input Stubs \ o4
‘ A252 \ Cela.]
- —
/.

M437

Fig. 5. Circuit of the 1,250 Mc/[s low noise amplifier

Components List

(Fig. 5)
L4 8cm 26 s.w.g. copper wire on in dia. former
Ry 68Q
R; 3.3kQ
Cy, Cg 47pF

Cs  0-5pF ceramic trimmer
C3  40pF mica spaced capacitor
Ca7  1,000pF feedthrough

Anode Line
11 4cm
I 2.5cm
I3 Icm

400 Mc/s is shown in Fig. 1. A half wavelength
angde tuned line is used. The h.t. supply required
is about 180 volts at 16mA.

The power gain is about 17dB when the input
circuit is adjusted for minimum noise factor and the
bandwidth is about 6 Mc/s, but both bandwidth
and power gain can be adjusted by altering the

4in.
) Vi,
Vh
S Ce
L2
L3
Tink
Shorting strip  Mica sheet Y G
To blas
Resistor input
M438.
Fig. 6. Layout of the 1,250 Mc/s low noise amplifier
APRIL 1963

coupling between the anode circuit and the output
line.

A noise factor of 6.7dB was measured with the
input circuit adjusted for minimum noise factor
when a gas discharge noise source was used. Under
the same conditions a noise factor of 8dB was
measured using a CV2341 coaxial noise diode source
without applying transit time corrections.

The chassis layout diagram is shown in Fig. 2.

900 Mc/s Amplifier

Fig. 3 shows the circuit of a low noise amplifier
for use at about 900 Mc/s. The basic circuit is very
similar to that of the 400 Mc/s low noise amplifier,
but the chassis can be made much smaller owing to
the shorter lengths of resonant lines required. A
half wavelength anode line is used. The r.f. output
is tapped off the anode line at a point 2.7cms from
the anode end and passes through Cg to the coaxial
output socket,

A valveholder employing very low loss insulation
such as p.t.f.e. (polytetrafluoroethylene) should be
used. The chassis layout diagram is shown in
Fig. 4 and it is most important that the transverse
screen should fit closely over the valveholder and be
soldered in position with tags 4, S and 6 in the output

1000 Me/s Cavity

+i5v -Isv
M439

Fig. 7. Circuit of 1,000 Mc/s r.f. amplifier using the
Philco T2351 transistor

compartment. Tags 3 and 4 are soldered directly
to the opposite sides of the screen. Tags 1 and 9
are soldered to the socket screening boss and the
boss is soldered to the screen as shown in Fig. 4.
The power supply is 180 volts h.t. at about 16mA.
The bandwidth is about 50 Mc/s and the power
gain about 10dB. A noise factor of 9.5dB has been
measured using a gas discharge noise source with
the input circuit adjusted for minimum noise factor.
Under similar conditions a noise factor of 12.6dB
was measured using a CV2341 coaxial noise diode
without applying corrections for transit time.

1,250 Mc/s Amplifier

The circuit of a 1,250 Mc/s low noise amplifier
is shown in Fig. 5. The basic circuit is again very
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M440

Fig. 8. Circuit of a 200 Mc/s r.f. amplifier employing
the Philco T2028 transistor

similar to the two amplifiers alrcady discussed, but
a three-quarter wave-length anode tuned line is
employed in this circuit. It is connected to the
anode pin at one end and is short-circuited to
chassis at the other end (as far as r.f. voltages are
concerned) by the d.c. isolating capacitor C3. This
capacitor is formed by separating the shorting strip
from the chassis with a sheet of 0.005in mica and
securing the surfaces with nylon screws. This
arrangement gives a capacitance of about 40pF.
The chassis layout diagram for the 1,250 Mc/s
amplifier is shown in Fig. 6. It can be seen that the
chassis used is approximately two-thirds of the size
of that used for the 900 Mc/s amplifier described
previously.

As in the case of the two amplifiers discussed
previously, the anode voltage should be about 180
and the anodc current about 16mA. A p.tfe.
valveholder should be used.

The bandwidth is about 20 Mc/s and the power
gain is about 9dB when the input circuit is adjusted
for minimum noise factor. The bandwidth and
power gain may be adjusted by altering the coupling
between the anode circuit and the output line, but
a limit is reached when the awplifier becomes
unistable,

+l2v

Ma4)

Fig. 9. A 200 Mc/s r.f. amplifier using the Philco
2N1742 transistor
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The noise factor was found to be about 11.1dB
when a gas discharge noise source was used and a
correction was applied for the noise generated in
the second stage of the equipment used.

Amateur Television

Readers may be interested to know that
G3KKD/T has received television pictures from
G3NOX/T at a distance of about 51 miles and at
a frequency of about 430 Mc/s. The r.f. stage
employed in the receiver used consisted of a grounded
grid A2521 stage similar to that shown in Figs. 1
and 2. A 64-element stack aerial placed 76 feet
above the ground was used. This was reported in
the R.S.G.B. Bulletin, February 1962, page 400.

Transistor Circuits

A 1,000 Mc/s Amplifier

The circuit shown in Fig. 7 is an r.f. amplifier for
frequencies of about 1,000 Mc/s using the Philco
T2351 coaxial u.h.f. transistor. This is a micro
alloy diffused base transistor with a typical maximum
operating frequency of about 3,500 Mc/fs. The
power gain of the circuit shown at 1,000 Mc/s is not
less than 8dB and the noise factor is about 8.5dB.

+i2v

M442

Fig. 10. A 200 Mc/s r.f. amplifier with the Philco
2N502A transistor

200 Mc/s Amplifiers

Three 200 Mc/s r.f. amplifiers are shown in Figs. 8
to 10 inclusive, various Philco transistors being
employed in these circuits,

The circuit of Fig. 8 employs a very low noise
w.h.f. transistor T2028. The power gain at 200 Mc/s
is not less than 16dB and the noisc factor is not
greater than 4.5dB. This type of circuit is con-
veniently used with the T2029 transistor as mixer
and the T2030 transistor as oscillator at frequencies
from 30 to 1,200 Mc/s.

The 200 Mc/s r.f. amplifier shown in Fig. 9 using
the 2N 1742 transistor provides a power gain of not
less than 14dB and a noise factor of 5.5dB. This
type of circuit may be combined with the 2N1743
transistor as mixer and the 2N1744 transistor as
oscillator for use at frequencies from 30 to 600 Mc/s.

THE RADIO CONSTRUCTOR
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The circuit of Fig. 10 using the 2N502A transistor
provides a power gain of at least 10dB at 200 Mc/s
and a noise factor of not more than 7dB. The

typical gain of this circuit is 12dB.

All of the transistors used in the 200 Mc/s circuits
shown are micro alloy diffused base types.
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notes, this country is looking

back somewhat ruefully upon
what is generally concluded to have
been the worst winter in living
memory. Blizzard stories have ap-
peared in almost as great a profusion
as blitz stories after the last war.
We have also had demonstrated
to us, beyond any shadow of doubt,
the fact that our present electricity
generating system cannot meet the
needs of the country when the
country needs it most.

ﬁ T THE TIME OF WRITING THESE

The Electric Fire

To a certain effect, one can
sympathise with the problems of
the Central Electricity Generating
Board in this respect, and one
would certainly not apportion any
blame for the cuts which resulted
when, for instance, pylon insulators
became encapsulated in great blocks
of ice because of freezing fog.
Also, so far as generating capacity
is concerned, the C.E.G.B. has to
continually fight local interests when-
ever a new power station or a new
run of transmission lines has to be
added to the system. We must
either accept the existence of pylons

APRIL 1963
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in the countryside or resign our-

selves to a non-expanding system
of electricity generation.

The real reason for the widespread
power cuts during the bitter weather
was, of course, the widespread
use of electric fires and other
electrical heating equipment. In
essence, an electric fire is nothing
more than a partial short-circuit
connected across the mains supply.
The shorting conductor gets red-
hot (as it should do when you
consider the current which flows
through it) and this gives off the
heat. Despite this fact, the lay
public was not informed in sufficient
detail during the crisis that dis-
proportionately large currents were
being consumed by electric fires.
Some actual consumption figures
would have helped a great deal
here. Many non-technical people
were, indeed, under the impression
that they were playing their part in
saving electricity just as effectively
by switching off a 60 watt lamp
in the hall as by switching off one
bar of an electric fire. They were
never told that the electric fire bar
consumed as much current as
sixteen 60 watt lamps.

In a typical house one might
have two rooms in use, each with
a 100 watt bulb. Also switched on
in one room might be a television
receiver (140 watts) and, in the
other room, a valve table radio
(50 watts). Total consumption then
comes to 390 watts. If, however,
just one bar of an electric fire

WWW._americanradiohistorv.com

{1 kilowatt) is switched on in
addition, the consumption jumps
to 1,390 watts, which is 34 times
the original figure. Switch on a
second bar and consumption hops
to 2,390 watts; a figure which is
no less than 64 times the initial
consumption.

If the C.E.G.B. cannot meet
rising demands for electricity in
the future it may be well advised
to ease sales pressure on the voracious
electric fire. The trouble is that,
when the demands of electric fires
cause cuts in cold weather, all other
electrical services, including domestic
and road lighting, railway signalling,
and hospital equipment, are left
without power as well.

De-Freezing Pipes

An interesting technique which
has been developed during the
winter has been the thawing out
of water pipes by passing an electric
current through them. This is,
of course, an obvious application,
but it needed the Arctic conditions
of the early part of this year to
provide the necessity which mothers
invention.

To thaw out a pipe, connection
is made at its two ends and a
current is caused to pass. Provided
that a metal circuit appears between
the two connections, the heating
effect of the current then allows
a gentle thaw to take place. Pipes
fracture at the time of freezing
but the breach only becomes ap-
parent when the water thaws, and
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so the electrical technique, in com-
mon with any other pipe de-freezing
method, does not prevent bursts.
Qn the other hand, it does offer a
simple method of thawing out
a pipe which is buried below the
ground or is situated in a similarly
inaccessible place. A suitable low
voltage generator or transformer
operated from the mains supply
would be capable of providing the
de-freezing current, and it would
seem that this should preferably
be alternating in order to reduce
the risk of arcs to neighbouring
conductors. Obviously, the voltage
applied to the pipe must not be
connected to earth in any way
(apart from the connections to the
pipe itself) and, under no circum-
stances, must there be any direct
connection to the electricity mains
supply. The electrical de-freezing
system cannot be employed if
rubber or plastic junctions appear
in the pipe circuit.

So far as 1 can judge from the
provincial papers and from what I
hear, electrical de-freezing appears
to -have originated in the West
Country and in Wales. The tech-
nique is by no means entirely safe
and, in this respect, I cannot do
better than quote the words of the
Chief Fire Officer for Glamorgan,
as reported in the South Wales
Evening Post for 13th February,

“This de-freezing technique has
been the cause of two fires in the
Glamorgan county area within the
last week, and householders are
reminded that if this method of
de-freezing is misapplied there is a
risk of fire and explosion.

“In the de-freezing technique

current is passed through a length
of frozen water pipe, and heat is
generated, causing the pipe to thaw
itself out, )
_ “However, in both of the fires
in Glamorgan the current followed
an unplanned circuit and an arc
occurred with nearby gas pipes.

“Escaping gas from the pierced
pipes caused fires which could have
been far more serious.

“If de-freezing of pipes by electric
current is attempted, it should be
used only on the underground
length of service pipe between the
stop tap outside the house and the
consumer’s stop tap within the
premises.

“A.C. equipment, operating at
no more than 6 volts and producing
150 amps, is advisable.

“The plumbing and wiring arrange-
ments of the average house are so
complex that the best advice for
householders who are thinking of
trying this technique as an answer
to their problems is—leave things
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in the hands of the experts from the
Water Board.”

Bursts
With reference to the question
of bursts themselves, polythene

piping is becoming fairly common
for cold water systems these days
and, unlike the lead piping it
supersedes, is capable of expanding
and does not burst. However, 1
have often felt myself that bursts
with lead piping could be completely
eradicated by the simple process of
changing from a round cross-
section to an oval cross-section.
If a pipe of round cross-section is
sealed (by ice) at its ends, and its
contents expand slightly, a fracture
must result because the round shape
offers the maximum cubic capacity
for surface area. If, alternatively,
the pipe has an oval cross-section,
fracture need not occur. All that
then happens is that the expansion
causes the oval shape to become
slightly rounder.

A Halt In The Desert

Turning, with some relief, to a
much warmer climate, the Royal
Air Force passes on a tale of the
desert in which an unnamed Arab
must have suffered far greater
discomforture than any pirate tele-
vision viewer who has been caught
out by one of the new G.P.O.
detector cars.

During a recent R.A.F. exercise
in Libya, a “Sarah” beacon, of
the type carried by aircrew, was
placed in an isolated spot of the
desert. It was then the task of
No. 103 Squadron, at El Adem,
near Tobruk, to locate the beacon
and bring it back.

In the meantime, however, the
beacon was spotted by a wandering
Arab who must have felt that this
interesting little device, which had
(like the Desert Lily) apparently
popped up from nowhere, could
well be the subject of further
investigation in the privacy of his
tent. In consequence, he bore it
home and, doubtless because he
had more pressing matters to
attend to, concealed it in a flour
sack.

Several hours later he was amazed
to find a Sycamore helicopter
hovering over his tent. The helicop-
ter then landed, and its pilot entered
the tent to ask for the beacon back.

Telescopic Masts Displace Aircraft

A news item which also has to
do with the Royal Air Force
concerns the telescopic masts manu-
factured by A. N, Clark (Engineers)
Ltd. of Ryde, Isle Of Wight. The
Clark range of masts is well-known
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amongst amateur transmitters, and
they have the special feature that
they are air-operated. They have
been used in many parts of the
world where it is needed to raise
relatively light objects, such as
aerials, microphones, television
cameras, floodlights and spotlights,
quickly and easily to heights up to
80ft above the ground.

This company has now secured
an order for fifteen trailer-mounted
70ft masts for the Royal Air Force.
These masts will be used for checking
aircraft landing beam signal strength
and elevation at R.A.F. stations.
Up to now, this task has been
carried out by the costly use of a
test aircraft, in addition to ground
personnel.

U.H.F. Transmitters For The
B.B.C.

The introduction of 625 line
television in Bands IV and V
approaches, and the B.B.C. is

already ordering the equipment
required for the new transmitting
stations. A contract valued at
approximately £650,000 has, for
instance, been placed with Marconi’s
Wireless Telegraph Company for
twelve transmitters of new design,
together with the ancillary equip-
ment.

Each of the Marconi transmitters
consists of a vision and sound
driving unit type BD463 and a
vision and sound amplifier type
BD378. The outputs of the BD463
at vision and sound radiated fre-
quencies is 100 and 12 watts
respectively, and the corresponding
outputs from the BD378 are 25 and
S kilowatts.

In the BD463 driving unit, the
vision r.f. signal is derived from a
crystal controlled transistorised os-
cillator which has the crystal and
the first oscillator stages mounted
in a temperature-controlled oven.
Oscillator output is 1 watt in the
range 14 to 28 Mc/s, this representing
one thirty-second of the radiated
vision frequency. The oscillator
is followed by a low power multiplier
unit which provides one output
at a quarter of radiated vision
frequency and another, for use by
the sound mixer circuits, at one
sixteenth. The first of these outputs
drives four grounded-grid stages,
the first two of which are doublers
and the remaining two amplifiers.
The resultant signal is 12 watts
at radiated vision frequency, and
this is passed to a newly-developed
diode modulation circuit which is
the subject of a patent application.

The modulated r.f., now at 1
watt peak level, is fed to a further
amoplifier whose output is split,

‘THE RADIO CONSTRUCTOR



by a hybrid circuit, into two equal
components with 90° phase difference.
These equal components are ampli-
fied separately, then re-combined
in a second hybrid circuit to provide
a 100 watt signal which is fed
directly to a Kklystron amplifier
in the BD378. The quadrature
arrangement is employed to ensure
that varying input impedances in
the klystron do not affect the per-
formance of the preceding amplifier.

The output of the klystron feeds the

aerial.

On the sound side, the output
at one sixteenth of radiated vision
frequency given by the low power
multiplier unit is processed, by a
combination of multiplying and
mixing with a frequency modulated
signal, to give an output of 12
watts on the sound radiated fre-
quency. This is passed to a second
klystron in the BD378 unit, which

provides a final output to the aerial
of 5 kilowatts. As will be noted,
the transmitter employs frequency
modulated sound, as is required
for the 625 line system.

An important feature of these
new transmitters is that, after
video modulation, the video r.f.
signal passes through a correction
unit which ensures that it meets
the stringent requirements imposed
by colour television.

“Packaged " Control for TV Transmitters

The LT.A. television transmitter which came into operation recently at Strabane in Northern Ireland is operated
entirely by remote control using a new “packaged” control system built by Standard Telephones and Cables Limited.
This was supplied through Pye TVT Ltd., who built the transmitter.

This S.T.C. remote control system, priced at about £5,500, has also been supplied for the Marconi television
transmitter at Stavanger, Norway. It has been built into the .T.A.’s Foel Drych station in North Wales to control
the Brynchain *“boost” transmitter which will be commissioned shortly.

The Selkirk 1.T.A. transmitter in Scotland, brought into service recently, is controlled from Carlisle using this
S.T.C. system. )

The equipment consists of a control desk at the control centre and an apparatus cubicle at the distant transmitter.
It provides controls and indications for up to 36 circuit breakers or contactors and a further 36 circuit indications, along
with safety alarms.

A NEW-FRACTICAL WAY
oF UNDERSTAND/ING
RADIO - TELEVISION - ELECTRONICS

Including: Transistors; VHF/FM; Hi-Fi Equipment;
Computers; Servo-Mechs. Test Instruments; Photo-
electrics; Nucleonics; etc.

Radiostructor——an organisation specialising in
electronic training systems—offers a new self-
instructional method using specially designed
equipment on a “do-it-yourself” basis. You
learn by building actual equipment with the
big kits of components which we send you.
You advance by simple steps, performing a
whole series of interesting and instructive
experiments—with no complicated mathe-
matics! Instructional manuals employ the
latest techniques for showing the full story
of electronics in a practical and interesting
way—in fact, you really have fun whilst
learning! ) )

T -1

POST NOW |'

To RADIOSTRUCTOR (Dept. G149), READING, BERKS. I
Please send brochure, without obligation, to: l
|

.. Your Career
. . Your Own Business
. . An Absorbing Hobby

I0STRUGTOR

“LEADS THE WORLD
IN ELECTRONICS TRAINING

*Name
*Address ol i e s e N R R '
(We do not employ representatives) *Block Caps I'Ioau_J
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 SCOTTISH INSURANCE
CORPORATION LIMITED
383 EASTCHEAP - LONDON - EC3

TELEVISION SETS, RECEIVERS AND TRANSMITTERS

Television Sets, Receivers and Short Wave Transmitters are expensive to acquire and you no doubt
highly prize your installation. Apart from the value of your Set, you might be held responsible should injury
be caused by a fault in the Set, or injury or damage by your Aerial collapsing.

A “Scottish™ special policy for Television Sets, Receivers and Short Wave Transmitters provides the
following cover:

(@) Loss or damage to installation (including in the case if Television Sets the Cathode Ray Tube) by
Fire, Explosion, Lightning, Theft or Accidental External Means at any private dwelling-house.

(b) (i) Legal Liability for bodily injury to Third Parties or damage to their property arising out of the
breakage or collapse of the Aerial Fittings or Mast, or through any defect in the Set. Indemnity
£10,000 any or~ accident.

(ii) Damage to your property or that of your landlord arising out of the breakage or collapse of the
Aerial Fittings or Mast, but not exceeding £500.

The cost of Cover (@) us 5/- a year for Sets worth £50 or less, and for Sets valued at more than £50 the
cost is in proportion. Cover (b) and (ii) costs only 2/6 a year if taken with Cover (a) or 5/— if taken alone.

Why not BE PRUDENT AND INSURE your installation—it is well worth while AT THE VERY
LOW COST INVOLVED. If you will complete and return this form to the Corporation’s Office at the
above address, a proposal will be submitted for completion.

NAME (Block Letters) " e A LT p— e
If Lady, state Mrs. or Miss
ADDRESS (Block Letters) e et et et e et

...... e .J/B

L WATT 4-TRANSISTOR AMPLIFIER

@  Watt Peak Output
® Output to 3Q Speaker
® 9 Voits Operated

@ Push-pull Output Stage

A PRINTED CIRCUIT
HIGH GAIN AMPLIFIER

Size 5 x 2 x 1in. PI‘IGB 45/_ P.1;&6P.

we NEW

TRANSISTOR O
Designed By
Mel Electronic
ONLY £4.15.0.

|
|
!
|
I
I
I
I
I
l
I
I

fralblPy3/8 Using four Newmarket transistors (two
TOTAL BUILDING COST 5 s .
USING NEW HIGH GRADE PARTS SEND S.AE. ONLY | NKT251°s and two NKT252 s). ldeal for inter-
' FOR FREE DETAILS comm. or as record player amplifier.
FULL AFTER SALES SERVICE and Information on | _ __ __ __ __ ___ __ __ __ __ __ . __ S S
y other o Transistor | )
esigns
@ MEDIUM WAVE, LONG WAVE/LIGHT PROGRAMME | 2 WATT 4-TRANS|ST0R AMPI'IFIER
@ 6 TRANSISTORS -+ DIODE | with Two Drivers and Push-Pull Stage
All components @ SUPERHET CIRCUIT [ . 3 ohms output
e @ AUTOMATIC WAVECHANGE | Size 5 x 2 x 1zin. 1,000 ohms input
MEL @ 500mW PUSH PULL OUTPUT 9 volt battery operated
ELECTRONIC |
co. @ PRE-TINNED PRINTED BOARD ) H
@ EXCELLENT RESULTS | Ready Built 62/6 ».».1ss
MEL ELECTRONIC COQ. R/O 240 HIGH STREET BECKENHAM KENT
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SMALL ADVERTISEMENTS

Private: 3d. per word, including address.
Minimum charge 2/6.
Use of Box Number, 2/- extra.

9d. per word. Minimum charge 12/-.
Terms: Cash with order.

All copy must be received by the éth of the
month for insertion in the following month's
issue. The Publishers cannot be he'd liable in any
way for printing errors or omissions, nor can they
accept responsibility for the bona fides of advertisers.

Trade:

PRIVATE

FOR SALE £10. Cossor 339 Double-beam oscilloscope, instruction
manual, circuit, test leads. Telephone: GUL 5775, 9 a.m. 1o 6 p.m.
(I:Ir\’:'“;le_Mr. Burrows, 114 Fleet Road, Hampstead, London,

FO_R SALE. Unimat universal miniature bench lathe, for drilling,
light machining, turning, etc. Maodel makers complete powered
workshop. Complete with extra chucks, drills, grinders, sanders,
etc. A.C. motor, 250V, 50 c¢/s. £20.—Box No. F169

“FOR SALE. Mullard double-beam oscilloscope type L101, with
ieirvnce manual. £25, 0.n.0.—239 Collenswood Road, Stevenage,
erts.

WANTED. Collector requnres early wireless valves, pre-1925. Details
and price to-—~Box No. F170.

FOR SALE. ARS88D with p.v.c. wiring. £28,—Trow, 28 Prospect
Hill, Rawtenstall, Rossendale, Lancs.

FOR SALE. 160 metre Table-Top transmitter., 10 watt, phone and
c.w., in polished oak cabinet, 154 x 84in deep x Bin high. Separate
power supply, 250V 50 c/s input. Aerial change-over relay included
in Tx, as well as power relays in power supply. A very neut Tuable-
Top unit. £20, o.n.o.—Box No. 71.

WANTED. Q.S.T. for April 1960..—Langford, 20 Eastlake Avenue,
Parkstone, Dorset.

FOR SALE. Smart Creed type 3 teleprinter. Completely overhauled,
many new parts, including keyboard. A.C. motor, 250V, 50 ¢fs,
;\;pp;:els;gd. Black matt silence cover. £10, plus carriage.—Box

0. g

FOR SALE. R1155B with built-in output stage, £5. Q-fiver Com-
mrand receiver, £3. Power supply (mains) 250V, 100mA, £2,
Goodmans Axiom speaker, £5.—Goodwin, “Aynhoe”, Darvil
Road, Ropley, Hampshire.

WANTED. Reflectograph Model 400 or Model D or E. Ferrograph
or Vortexion considered. Manual for Reflectograph 500 required.
Please state model, make and price.—B. K. Kelly, 56 Kingsway,
Waterloo, Liverpool 22.

Continued on page 701
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BENTLEY ACOUSTIC
CORPORATION LTD

38 CHALCOT ROAD CHALK FARM LONDON NW1
THE VALVE SPECIALISTS  Telephone PRIMROSE 9090
ALL GOODS LISTED BELOW IN STOCK

OA2 ..15/-7H7 .. 8/-|D43 ..17/9{EL360 27/=|SP6| .. 3/6) MIDGET
OB2 ..17/6(787 34/11|DAF96 7/-EL820 18/2|SU25 ..27/2| SILICON
OZAGT 5/-|7Y4 .. 7/6|DD4l 13;7{EL82]1 25/11|T4]l .. 9/= RECTI-
1A5 .. 6,-|8D2 .. 3/6/DF66 . ISI— EL822 19/6|TDD4..12/6] FIERS

1A7 .. 12/=|9BW6 l4ll| DF96 .. 7;6(EM4 .. 17/9|TP22 . 15/=|
ICS ..12/6|9D2 .. 4/~[DF97 .. 9/=|EM34.. 9/6|TY86F 13/~ Mulilard

1G6 . . 17/6]10C1 . 12/6|DH76  Si-[EM7I 22/8|Ul2/14 86| BYI100

IH5GT 10/6[10C2 "25/11{DK40 21/I0|EM80.. 9/=|Ul6 . .10/-[Qutput 250
IL4 .. 3-10D2 .. II/B DK92.. 8:6/EMBI 9/6{U18/20 8/6|v. at  amp.
ILDS5 .. 51— 10FL ..10/—|DK96.. B/6|EM84 .. 10'6|UI9 .. 48/6/No larger
DL66 .. 17;6|EMB5 16, 10|U22 8/~|than a shirt

=
z
@
T
=
]
=
7
1

) INSG;I'-I0/6 10PI4 18/9]DL68 .. 15/=|EN3I ..71/={U24 ..29/1|bucton!

IR5 .. 5/6|12A6 .., 5/=|DL96 .. 7/—|EYA| 7/6jU25 15/9 8/ each.
154 .. 9/=[12AC614/11|DL510 10/6(EYB3 ..16/2|U26 9/~
1S5 .. 4/6/12AD616{10(DM70  7/6/EY86 7i-{U3l . 11/6] TRANSIS-
1T4 .. 3/=12AE6 12/3|DY8B6 13/-|EZ40 .. 6/6|U33 29/1 TORS &

1U4 ..12/6{12AH8 12:6{EBOF .. 30/~|EZ4] .. 7/=|U35 29/I| DIODES

1US . 5/6|12ATé6 7/6|E83F ..30/-|EZ80 .. 6/=|U37 32/4|/GD3 .. 5/6
2021 . .15/-[12BA6 8/=IEIB0F Jd4;6(EZ8I .. 6/-[U45 .. 15/6{GD4 .. 5/6
2X2 .. 4/6]12BE6 EABCB0 9/-|GUS0  41/6|U50 .. 5/6|GD5 .. 56
3A4 .. 6/-|I12BH7 IB/B|EACY9I 4/-|GZ30.. 9/-|U52 .. 4/6|GD6_.. 5/6
3A5 .. 10/6|1J7GT 8/6|EAF42 9/-1GZ32..10/-|U76 .. 6/~(GDI2.. 4/-
IB7 ..12/6{12K5 .. 17/6(EB4l ... 8;6{GZ33..19/5]U107 ..17/6/GDI5.. 8/-
ID6 .. 5/=|12K7GT §/-[EB91 .. 4/~|GZ34..14/=|UI9] .. 14/7|GDI6.. 4/=
3Q4 .. 7/6|12KB .. 14/-[EBC4l 8/-|HL2 .. 7/6]U20I ..16/2(GETI0617/6
3Q5 .. 9/6|12Q7GT 5/=|EBC81  8/=|HN309 29/1]U2B| ..I19/5|GETI14 6/6
3S4 .. 6/-[125A7 8/6|EBFBO 8/-[HVR2 10/-(U282 . .22/=|GET873 9/3
3v4 .. 7/6{125C7 8;6|EBFB3 |3/T|[HVR2A 6/-|U30I ..22/8|GETB74 9/6
SR4GY 17/6|125K7  6/-|EBF89 9/6/KT2 .. 5/-|U329 ..l14/=JGEX36 10/=
5T4 ...14,-[125Q7 11/6/EC70 . . 12/6|KT33C.. B/=[U339 ..16/2|GEX45/1 6/6
5U4G  4/6|19AQS5 10/6(ECBI ..27/6|KT36 ..32/4/U404 .. 6/6/GEX64 11/6
5V4G..10/-[I9HT ., 10/-|EC92 . . 1}/B|KT4l ..29/1{UBO| ..26/2|GEX66 l5/-
5Y3 .. 5/6|20D1 [4/11(ECC32° 5/6|KT44 . 12/6|U4020 18/2]AFI02 27/6

5Z3 ..19/5|20F2 25/11 ECC3423/II KT6! ..12/6|UABCBO 9/=|AFI 14 11/=
5Z4G.. 9/-|20L1 23/3|ECC35 8/6 . UAF42  9/6|A 10/6
6A8 .. 9/-|20P1 125/11|ECC40 ao .. 12/=|AFl16 l0/=
6AG5.. 5/620P3  22/8|ECCBI 5/-|KT88 ..43/6|UBC4! 8/6|AFII7 9/6
6AKS5.. 8/- 20P4 2]/3 ECC82 5/-|KTi0l 32/4]UBCBI 1J/-|AFII8 20/—

6AQ5 7/6|20P5 22/B|ECC83 6/6/KTWS6I 6/6|UBF80 9/-[MATIO00 7/9
6AT6 .. 5/6|25A6G 10/6|ECC84 T/6|KTW62 7/6|UBFB9  9/6|[MATIOI 8/6
6AU6..10/=|25L6GTI1/6/ECCE5 7/6|KTW63 6/6/UCC85 T7/6|MATI20 7/9
6BB .. 3/-|25Z4G 11/6/ECCBS 21/=|MHL4 7/6|UCFB0 13/-|MATI2I 8/6
6BAG6 .. 6/~[25Z5 ..10/6|ECFB0 10/6]MS4B 22/8|UCH42 9/6/OA5 .. 6/—
6BE6 .. 6/=|27SU 25/11leCF82 i0/6|MUI4 8/-lUCH8] 9/6]OAI0.. 8/~

We have large stocks of new but obsolete valves. Quotation on receipt of
S,A.E. Valves also wanted, loose or boxed, but must be new.

6BH6 .. 8/=28D7 .. 7/- ECF86 19/5IN37 25/11|UCL82 $9/6/OA70.. 3/_
6BJ6 .. 6/=|30C! 7/6|ECH35 6/6/N78 ..29/1|UCL8316/11|OA73.. 3/
GBQ7A 22/6[30CI5 12/-|ECH42 9/6|Ni08..29/1|UF4] .. 9/-|OA79.. 3/
BR7 9/=130F5 6/=|ECH8) 7/6|/N308..18/1{UF42 ..12/6|/OA81 .. 3/=
68R8 _.16/4{30FLI  9/6|ECH83 13/7|N339..15/~|UFB0  10/6|QA85 .. 3/-
68W6 10/6{30FL12 12/6/ECHB4 16/2|PC95 .. 13/-|UFB5 9/-|OABE .. 4/~
6BW7  5/=|30LI 7/=|ECLBO 7/={PC97 11/8]UF86 13/6]OA9I .. 3/~
6C5 .. 6/6/30LI5 9/=[ECLB2 9/6|PCC84 7/-|UF89 .. 8/=|OA95
6C9 ..13/6[{30P4 15/=|ECLB3 18/9|PCCB5 9/6|UL4I 1.10/6/OA210" 9/6
6CD6G 35/8|30P12  7/6|ECLBE 14/7|PCC88 18/—|UL44 25/11/OA2I1 13/6
6CH6.. 7/6/30PLI  9/6]EF22 ..14/=[PCCBY B/6[UL46 ..14/6/OCI6WI5/- |
6D6 .. 6/6 30PLI3 I016 EF36 .. 4/=|PCCI18919;5{ULB4 8/6 OCl9..15/=
6E5  .12/6(35A 20/9|EF37A 8/-|PCF 7/6|UM4 .23~
6F1 10/— 35LGGT 9/6|EF39 .. 4/6(PCF82 7/- UM34 IOIIO 0C26..125/=
6F6G .. 7/=|35W4  7/6|EF40 .. I5/-|PCF84 16/2{UM8B0 14/11|OC35..18/=
6FI3 ..10/={35Z3 ..18/2(EF4] .. 8/-|PCF86 9/6/URIC..18/2(0C36..21/6
6F23 . .10/6|35Z4GT 6/-|EF42 ..10/=|PCLB2 8/=(UU6 ..15/-|OC4l.. 9/-
6F24 .. 96 3SZSGT 9/-|EF50(A) 7/=|PCL83 9/6|UUB 125/11|OC43 I2/6
6F33 .. 7/6/50C5 . 10/=|EFS0(E) 5/=|PCL84 7/6|UUI .. 6/6|/OC44
615G .. 5/-{50L6GT10/=|EF73 ..10/6/PCL8S 10/=|UYIN 18/2 OC44PM 9/]
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6J6 .. 3/=152KU [4/4|EF80 5/—|PCL86 16/2]UY2t .. 16/2/OC45.. 9/=
6J7G .. 4/6|53KU..23/3|EFB5 6/-[PEN46 4/6|UY41 .. 6/6 OC45PI“I 9/-
6K7G.. 2/-|72 .. 4/6]EFB6 8:6|PL33 .. 18/9[UYE85 .. 6/-[OC65..22/6

6K8G.. 5/-(80 .. 9j-|EFB9 .. 9/=|PL36 10/=|VMS4B 15/=|OC66..15/~
6K25 ..19/5(B3 .. 15/=|EF91 .. 3/6|PL38 125/LI|VP4 . 15/=|OC70.. 6/6

6L1 ..22/8(85A2 ..16/~|EF92 .. 3/6|PL8I 8/6{VP4B ..22/8|OC71.. 6/6
6L6G . 7/6|90AG..67/6|EF97 . 13;/-|PLB2 .. 7/6|VPI3C 7/-|OC72.. 8/-
6L7GT 7/6/90AV .67/6/EF98 . 13/=|PLB3 .. 9/-|VP23 .. 6/6/OC73. 16/=

6LI8 ..13/-|90CG..37/6|/EFI83 18/2|PLB4 11/I[VRIOS 7/-(OC75.. 8/

6N7 8/-|90CV . .42/-|EF184 9/6|PL820 18/2]VRI50 7/-|OC76.. 7/~
6P28 15/II 90CI .. 16/=|EK32 .. B/6|PMB4 15/2|W76 5/=|0C77.. 12/~
6Q7G  6/—|150B2 I6/6 EL32 .. 5/=[PX4 ..10/6 W8IM  6/-|OC78.. 8/-
6R7G ..10/=|150C2 15/-1EL33 . .12/6|PY3] ..16/2]X61 ..12/6/OC8I.. 8/~

65L7 .. 6/-|1858T 38/10|EL34 . I5/=|PY32 10/6|X65 ..12/6]OC82..10/~
6SN7 .. 5/6|807 .. 6/={EL37 23/1i[PY33 10/6[X66 ..12/6|/OC8B3.. 6/~
6U4GT 12/6i5763 .. 7/6|EL38 17/—|PYB0 .. 6/—|X76M..14/=lOCB4.. 8/6
6USG  7/6 AC6PEN7/6 EL4] .. 9/~(PYBI .. 6/6 )<7B ..26/2/0C140 19/~

6V6G. . 4/6|AZ3I 0/-|EL42 .. 10/=|PY82 .. 6/-|X .40/9|0CI70 9/6
6V6GT 8/6|AZ4l. .ll/] ELBI ..16/2(PYB3 .. 7/6| XD(I 5) 6/6 OCi71 106
6X4 .. 4/6(B36 .. 9/-|EL83 ..19/5|PY88 ..13/=|XF 8/-OCP71 17/6
6X5 .. 5/-|BL63 .. 7/6|EL84 6/6{PZ30 ..17/6 XFY34 I716 PXCIOl 6/6
6/30L2 10/=|CL33 ..18/9|EL8S ..10/6/R16 25/11|XFY54 18/-|PXCIOIA,

7B7 .. 8/6]CYI ..18/2|EL86 te/10|R18 ..18/2|XH(I.5) 6/6 6/6
7C5 .. 8/~|CY3L..11/=|ELII .. 4/=|RI9 ..19/5|Y63 .. 7/61XAI03 15/~
7C6 .. 8/~IDI5 ..13/6lEL9S .. 10/6!SP41 .. 3/6'Z66 .. 9/6/XAlI04 18/

We require, for prompt cash settlement, all types of valves, loose or boxed,
but must be new.

All goods new and first grade only. Please note that we do not sell secondhand
goods. Complete list of valves, resistors, condensers, metal rectifiers, loud-
speakers, transformers of all types and other components 6d.

Terms of business:—Cash W|th order or C.0.D. only. Post 6d. per item,
Orders over £3 post free. C.0.D. 2/6 extra. All orders despatched same day.
C.0.D. orders by telephone accepted for immediate despatch until 3.30 p.m.
Any parcel insured against damage in transit for 6d. extra. We are open

for personal shoppers 8,30—5.30. Sats. 8—1 p. m,
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RADIO
CONTROL FOR
MODELS 5 ircrar

BY F. C. JUDD

With sections on
servo-mechanisms by RAYMOND F. STOCK

More than 200 illustrations — circuits, working diagrams,
photographs & tables. Each page is packed with information

l 5 S.
el L e 5 W L

This book is basmally an amalgamatlon of “Radio Control for Model Ships, Boats and Aircraft”
and ‘“‘Radio Control Mechanisms”. Additional material has been added on Multi-Channel |
Operation; Transistorised Radio Control Receivers—Simple and Three-Channel; A Compact
Eﬁ‘CIency Aerial; Deac Battery Information; Licence Conditions, etc.

To Data Publications Ltd., 57 Maida Vale, London, W.9

Please supply......cccco.COpy (i€s) of your latest publication
“RADIO CONTROL FOR MODELS” DATA BOOK No. 16 at 15s.
each, postage 9d.

NAME

ADDRESS.......

Z BLOCK LETTERS PLEASE
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| | RETURN-OF-POST
SMALL ADVERTISEMENTS | SERVICE

ON CASH OR C.O.D. ORDERS

continued from page 699 { @ LATEST TEST METERS  Cash Price Deposic Mehly/Prcs,

Hire Purchase
AVO Model 8 Mark Il £24, 0. 0 £4.16. 0 12 of £1.15
AYO Model 7 Mark £4. 0. 0 120f £1
AVO Multiminor M v £1.19. 0 12 of
T.M.K. TPIO £1. 3.6 3of £1
T.M.K. TPS5 (I.IS. 6 3of £1
T.M.K. Model 500 £1.15. 6 120f
TAYLORI‘TODEL 127A E} ; 2 Ig o: %
CABY A- . 7. o .
IERADE CABY B-20 g £2. 0.0 3of £I.
B e ae of any of the ab, l?fuo_ The AVO Mode!
[ H F T 0 the above supp e ree on request, e odels
DIRECT TV .REPLACEMENTS LTD. Largest stockists of TV 7uandesaz;rse°bo::ylatest models from current production—-not to be confused
compfonents ubt};le U.K. Il‘u;e output transformers, Frame output with Government Surplus.
transformers, Deflector coils for most makes. Official sole suppliers ;
for many set makers. Same day despatch service. Terms C.0.D. ' GRAMOPHONE EQUIPMENT . )
or C.W.0.. Send S.A.E. for quotes. Day & Night telephone: Qtt té"s',?_SIRE‘SDELS I DepoHltre ;‘:;fhﬁ;eu
H S1 yirmts,
TIDeway 6666. 138 Lewisham Way, London, S.E.14. RECORD CHAMGERS
GARRARD AUTOSLIM
. . X o P £7.2. 6 £1,8 6 12of 12
META_%WQRK. 1.;Sdll types cabinets, ﬁhassns,« racks, etc., to your GDRI}ARDATAel.::osLPIG; R P R ams
t .—Phi ) 5 e-luxe ono e .9 . 6, of
g:xghc;xo:%r&sgh hilpott’s Metalworks Ltd., Chapman Street, CARRARD AUTOSLIM
: De-luxe AT6 (S/M PU) 2 £12. 5.4 £2.9.4 120f 18/~
B.S.R. UAI4 (TC8 Mono PU) . £6.19. 6 £1. 7.6 [2o0f [ VRS
B.S.R. UAI4 Monarch
SERVICE SHEETS (1930—1962) from Is. Catalogue 6,000 models, (TCGS StereoILPI7 ) £7,19, 6 £1.11. 6 120f 12/4
1s. 6d. S.A.E. enquiries.—Hamilton Radio, 13 Western Road, :g: 6(TCG Mono PU) . £7.19. 6 £1.11. 6 120f 12/4
StrLeonards,Sussex, CiCs Sreo/LPIT8) ... .. £B.I9.6 £115.6 120f 138
BS.R. T lz(TcsslNGLPEU)RECO'Z?WNBAL“As 6 3of £1.1.0
THE INCORPORATED PRACTITIONERS IN RADIO AND B.S.R. 531 TC8 MM°"°pU T £418.8 €1.8.8 3of £1.6. 8
ELECTRONICS (LP.R.E.) LTD. Membership conditions | GARRARD (snmofmnzno Uy £S. 901 £LI201 3of £1.9.0
booklet 1s. Sample copy of 1.P.R.E, Official Journal 2s. post free. TRANSCRIPTION UNI S
—Secretary, 20 Fairfield Road, London, N.8. GARRARD 4HF (GC8PU) ... £l6 £3.6.6 120f £1. 4.5
PHILIPS AGIOI6 (S/M PU) ... (ILII. 0 £1. |0- 0 120f 18/6
Manv of the above can be supplied for sterec working. See our Gramo-
ALL TYPES OF LINE OUTPUT TRANSFORMERS SUPPLIED phone Equipment List for decails.
(RETAIL & TRADE). Finest service in the country. Send S.A.E. TAPE RECORDING EQUIPMENT
for return of post service. Terms C.W.O. or C.O.D. Trade . -rAQpE DECKS
enquiries invited.—D, & B. Television (Wimbledon) Ltd., 131 Hire Purchase
Kingston Road, Wimbledon, London, S.W.19. Telephone: ALL CARRIAGE FREE Cash Price Deposit Mthly/Pmts.
CHErrywood 3955. COLLARO STUDIO. Latest
mod-l Two track. Bradmatic
Four Fracic, M Heaasl H707.0 B30 3O 302
tt
CATALOGUE No. 15. Government surplus electrical and radio Bosll';! "I"?)cz T:';"ll‘.’r“k Gt . £8.19. 6 £L.16. 6 Izgf 13/7
equipment. Hundreds of items at bargain prices for the experi- Four Track . £14.14. 0 £2.18. 12 of 11/8
menter and research engineer, 2s. 6d. post free. Catalogue cost MARTIN TAPE AMPLIFIER KITs
re3t'unded on purchase of 50s.—Arthur Sallis Radio Control Ltd., g’-vz mmpliﬂarl
‘93 North Road, Brighton. FOBECE 8311y 2-Track £ 8311-4-V 4-Track £12.12. 0
or
Deck -M 312-4-M 4-Track £9. 9.
FIND TV SET TROUBLES IN MINUTES from that great book . i‘,n_si':‘ ey Tooveny e rac Y
The Principles of TV Receiver Servicing, 10s. 6d., all book houses R sl e
and radio wholesalers. If not in stock, from Secretary, LP.R.E., Deck B312-CP 2-Track £8. 8. 0  8312-4-CP 4-Track £9. 9. 0

20 Fairfield Road, London, N.8.

Drop tgroﬁzhsassembly for mounting 8312 Pre-Amp under Collaro

Deck
. [ < Cases fitted with speaker. For Collaro Studio Deck and 8311
JOIN THE INTERNATIONAL S.W. LEAGUE. Free Services to Rmpiaos Z35e0. reed with speaker. For Collara Studio Deck an

members including Q.S.L. Bureau. Amateur and Broadcast For B.S.R. TD2 Deck and 8312 Amplifier, £4.4.0.

Translation. Technical and Identification Dept.—both Broadcast H.P. TERMS AVAILABLE on decks, amplifiers and cases. Ask for
and Fixed Stations, DX Certificates, contests and activities for quotation.

the SWL and transmitting members, Monthly magazine, MULLARD TAPE PRE-AMPLIFIER KIT
MONITOR, containing articles of general interest to Broadcast .¥V° 5:,°"‘A‘°"|‘Pr'“° llesl ’gd ’{'I‘ ;ﬁ?a'“ef‘m"’"“"“ for the Mullard
and Amateur SWLs, Transmitter Section and League affairs, etc. ape TaSgmbgier: ultyjcietaiiecilistiavatiable:

League supplies such as badges, headed notepaper and envelopes. . @ JASON F.M. TUNER KITS

QSL cards, etc., are available at reasonable cost. Send for League L Kits suppl;:ed” complete rmh every |te§n needed mcludlnzlmdstruﬁtl"on

articulars, Membership including mont m ine, ., 21s, ully iled . Separate items supplied, ask for
ger annum,.—Secretary riSlWLu llggGladw}el{ly Ro?lgdanlljgn:(:fl ] ng price list. H.P. Terms available on any kit
h * ’ 4 4 v TS FMTI, £6.12.6; FMT2 (less power" £7.15.0; FMT2 (with power),

ﬁ.ll.ﬁ; FZ:‘{I:’O fl:ses r_gvvv/ezr),ﬂ?fiﬁ FMT3 (wnth power), £I1.
THE INTERNATIONAL HAM HOP CLUB is a non-profit-making QU0 el pereiEs

organisation open to RADIO AMATEURS AND SHORT WAVE LISTENERS. X :l L!.::SFI[U\TED Irllilll;so LOUDSPEAKERS, TAPE DECKS, TEST
. 1 H 1 H H ustra ISts are availai n 'y y
OBJECT: To improve international relationships through an GEAR. GRAMOPHONE EQUIPMENT, AMPLIFIERS. Any will be sent

organised system of hospitality. MEeMBERS offer overnight hospi-
tality to visiting members, subscription 10s. per annum, ASSOCIATE
MEMBERS invite radio amateurs to visit their stations. Associate

e e Lo oo poidays araneed; | WATTS RADIO (cioei) LTI

free upon request.

journal is free to both Full and Associate Members.—Hon. Gen. 54 CHURCH STREET WEYBRIDGE SURREY
iecretary: G. A. Partridge, G3CED, 17 Ethel Road, Broadstairs, Telephone Weybridge 47556
ent.

Please note: Postal business only from this address
allers welcome by appointment

 TERMS OF BUSINESS

ALUMNIUM- BRASS, COPPER AND BRONZE- In sheet, rod, Cash with order or C.O.D. We charge C.O.D. orders as follows: Up
strip, tube, also Stainless Steel sheet. Any size cut. Complete to £3, minimum of 3/2. Over £3 and under £8, 1/6. Over £5 and under
price list, ls.—Slater Mectals (N.F.) Ltd., 17 Slater Street, £10, 1/8. Over £10, no charge. Postage extra on CASH orders
Liverpool 1. under £3 except where stated. Postage extra on overseas orders

irrespective of price.

* HIRE PURCHASE TERMS available on many items. Send for
quotation..

Continued on page 703
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The Radio Amateur’s Handbook 1963.
By A.R.R.L. 36/-. Postage 2s. 6d.

More about Loudspeakers. By G. A.
Briggs. 8s. 6d. Postage 1s.

Electronic Musical Instrument Hand-
book. By N. H. Crowhurst. 20s. Postage
6d.

Amateur Cinematography.
Bardwell. 9s. 6d. Postage 9d.
Principles of Colour Television. By
G. N. Patchett. 16s. Postage 6d.

British Transistor Directory. By E. N.
Bradley. 8s. 6d. Postage 6d.

At a Glance—Radio Valve and TV
Tube Equivalents. By B. B. Babani.
3s. 6d. Postage 6d.

Radio Valve Data. Compiled by Wire-
less World. 6s. Postage 10d.

By M.

THE MODERN BOOK CO

We have the Finest Selection of British and American Radio Books in the Country
Complete catalogue 1s.

19-21 PRAED STREET (Dept RC) LONDON W2
Telephone PADdington 4185

A Beginner’s Guide to Radio. By F. J.
Camm, T7s. 6d. Postage 6d.

Radio Control for Models. By F. C.
Judd. 15s. Postage 9d.

Fun with Radio-Controlled Models.
By E. L. Safford. 25s. Postage 1s.

Transistor Radios Circuitry and Ser-
vicing. By Mullard Ltd. 5s. Postage 6d.

The Mobile Manual for Radio
Amateurs. By ARR.L. 24s. Postage
1s. 3d.

Basic TV Course. By G. Kravitz. 32s.
Postage 1s.

Television Servicing Handbook. By
G. J. King. 30s. Postage 1s.

Problems in Radio Engineering. By
E. T. A. Rapson. 15s. Postage éd.

og\/\or
P.W. BEST SETS

Case 144 x 74 x3% 48/~
- P.W. MERCURY SIX

3 IFS and Osc. 22/-
Driver and Output 16/3

For above and all similar transistor circuits
CONSTRUCTIONAL BOOKLETS 2/6 each
COMPONENT LISTS ON REQUEST

OSMOR LTD ¢!'cREVECR s nnev

87 Maida VALE

TV FAULT FINDING s=isiof
SERIES NO. 5
Contains information and fault finding details of
both the B.B.C. and L.T.A. transmissions. Lavishly
illustrated by photographs taken from the screen
of a television set exhibiting the faults under |
discussion. A comprehensive fault finding guide
is included, and this is cross referenced to the
book itself.

Over 100 [llustrations and Diagrams
104 pages, high quality paper with laminated plastic board cover

Price 5/- Postage 5d.

“. .. A book that should be in every television dealer's service
workshop and in every home-constructor's, for that matter.”"—
Journal of the Television Society.

**. . . The book will undoubtedly be of value to TV service engineers,
particularly those who are not fully experienced in translating the
appearance of faulty pictures into the necessary adjustments or
receiver fault location.”——Wireless and Electrical Trader.

Available from your usual supplier, or direct from

DATA PUBLICATIONS LTD
London wW9o
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SMALL ADVERTISEMENTS

: continued from page 701

TRADE—continued

CASES, CHASSIS, PANELS, CABINETS, Tubular Frames, etc.
Quotations by return. Unpainted or stove enamelled, any finish.
“One off” with pleasure. Engraved Traffolite labels. Quality
assured.—J. Watson, 40 Mount Pleasant Street, Oldham, Lancs.

SURPLUS LOUDSPEAKERS (performance guaranteed). 10 x 6in,
16s. 6%in, 14s. 7 x 4in, 9s. 6d. Sin, 9s. 6d. Post free.—J, W. Barker
(Radio Dept.), 183 Lake Road, Portsmouth, Hants.

30,000,000 NEW RADIO COMPONENTS. To clear. S.A.E. list.
gﬂ‘ers ?—Albatross Engineering, High Street, Gosberton, Spalding,
incs.

TRANS!STQ]_I PARTS for 10.7 Mc/s. matched set, oscillator, 3 [.F.
an_d discriminator transformers, plus ‘audio drive transformer, plus
miscellaneous parts, 18s. 6d. set.—Radio Sales. 11a Roe Green
Lane, Hatfield, Herts.

SITUATION VACANT

ELECTRICAL AND RADIO TRADING (Weekly) has a vacancy for
a young man able to write and sub-edit technical articles on TV and
electrical equipment.—Apply in writing to—Mr. O. Pawsey,
161/166 Fleet Street, London, E.C.4.

LISTEN TO THE WORLD on TELSTAR
our 1-VALVE SHORT WAVE RADIO
Receives speech and music from all over the
world. Price includes valve and one coil cov~
ering 40-100 metres. Can be extended to
cover 10-100 metres. Can be converted to 2
e or 3 valve and ail-mains speaker use. Total

Building Costs 35/~, P. & P. 2/~. Send 2/~ for wiring

diagram and parts list.

R.C.S. PRODUCTS (Radio) Ltd., 11 Oliver Road, London, E.17

140FT. AERIAL INSTALLATION

First Government release of these brand new Marconi Coil Aerial
tuning systems, enabling operators to work their receivers or trans-
mitters to their best efficiency. Containing a drum of 140ft copper
aerial wire with insulators, etc., feeding into the matching unit, size
13” x 84" x 94", with slow motion tuning using Nos. 0-999. Originally
intended for the 52 TX-RX, a must for any poor reception areas and
serious operators, 300 only. 35/, post 5/-; two post paid.

Dept. Q J.T. SUPPLY 309 Meanwood Road Leeds 7

ANNOUNCEMENT ‘
PANL BLACK CRACKLE

We are pleased to announce that we have now been
able to effect an improvement in the formulation of
PANL black crackie with the result that the drying
conditions are far less critical and it is now not essential
to dry out in the vicinity of burning gas fumes.

In order that we can keep a closer check on storage
problems and to ensure that PANL reaches the User
in peak condition we have reluctantly decided to dis-
continue supplying through the Trade and will, as from
1st April sell direct to User only. Aithough this
step may result in an immediate drop in our sales we
feel the User will benefit by buying direct, and by the
resultant Manufacturer-to-User relationship feel this
will tead to an ultimate increase in our sales of this
product. Our new formulation has been extensively
tested over various parts of the country and we feel
very confident of the improvement we have been able
to effect.

Prices, as from 1st April, are as follows:
1 1/8th pint can (including packing, application
instructions and postage) 4/~
2 1/8th pint cans (ditto) 7/6

As a little PANL goes a very long way, we do not
recommend the purchase of more than one’s immediate
requirements, and one 1/8th pint can is normally
sufficient for the most ambitious project!

PANL IS AVAILABLE IN BLACK ONLY

All post orders to:

THE BRUCE MILLER CO. LTD

249 COASTAL CHAMBERS BUCKINGHAM PALACE ROAD SW1

E. R. NICHOLLS - 47 Middle Hillgate

BUMPER PARCEL
100 Assorted Resistors 1 Small Chassis containing
50 Assorted Condensers 60 components
1 5in 3 ohm Elac Speaker
1 Isolating Transformer & Westactors
2 Thermistors

4 Terminal Blocks.
2 Rotary Toggle Switches 100 Cartridge Fuses
ALL FOR 20/-, Post free in U.K.
20ft Steel Telescopic Mast, 50/~ High Stab Resistors 6d. ea.
List now ready for Paper Block Condensers, Valves,
Oscillators, Test Sets. S.A.E. please.
Mail Order to

33/35 CARRINGTON FIELD STREET STOCKPORT CHESHIRE

APRIL 1963

Glasgow Electronic Services
21 OLD DUMBARTON ROAD GLASGOW (3

Telephone WEST 2642

STANDARD L.F. TRANSFORMERS, 3:1 ct. sec, [2/- each;
S.l c.t. sec., 12/6 ea. Midget L.F. Intervalve Transformers, 3:1 ratio,
7/9 ea.; 5:1 ratio, 8/— ea. Midget L.F. Smoothing Chakes, 5H, 40mA,
6/— ea.; 10H, 30mA, 6/— ea. Repanca L.F. Transistor Transformers,
TT45, TT46, TT47, TT49, 5/~ ea. Silicon Rectifiers, 125V r.m.s. in 500mA,
8/ ea.; 250V r.m.s. in SOOmA, 11/9 ea. Metal Ractifiers, 250V r.m.s.
in at 250mA, 16/- ea.; 125V r.m.s. in at 60 mA, 6/~ ea.; 125V r.m.s. in at
120mA, 8/-. L.T. Rectifiers, 18V rm.s. in |A, 8/9 ea.; 22V r.m.s. in at
2A, 15/—. Meter Rectifiers, 10/9 ea. for |, 5 or I0mA movements—state
which required. Micro Switches, button or lever types, s.p.d.t. contacts
rated 5A, 250V a.c. at 6/— and 6/9 ea. respectively. Morse Keys, ex W.D.,
with normal and back spacer contacts, /9 ea. Caby Test Meter, I3
ranges, to 1,200V, a.c. and d.c., to 300mA d.c., to 100k resistance, only
54/- ea. Jackson CB804 Short Wave Variables, 25pF, 6/9 ea.; 50pF, 6/9
ea.; 75pF, 7/3 ea.; |00pF, 7/3 ea.; I50pF, 9/ ea. Jackson Caliband Dial,
a mechanical bandspread dial, ratios 6:1 and 48:1, complete ready for own
calibration, 28/~ ea. Acos 40 Xtal Mike, 20/3 ea. Acos 45 Xtal Mike,
21/9 ea. Japanese Stick Mike, metal screened body, built-in switch,
complete cable, lavalier cord, etc., a beautiful job, 39/6 ea. Miniature
Panel Meters, clear plastic cases, jewelled bearings, accuracy 29, silvered
dials, black numerals, 0-50A, 39/6 ea.; 0-500KA, 32/6 ea.; 0-ImA, 27/6
ea.; 0-5mA, 27/6 ea. Model 200H Multitester, 19 ranges, to 2,500V d.c.
at 20,000 ohms per volt, to [,000V a.c. at 10,000 ohms per volt, plus
current, resistance and capacitance ranges. A superb buy at 110/—. Slide
Switches, sub-miniature, 2/3 ea.; miniature, 2/6 ea. Miniature Edge
V.C., 3k, Sk or 10k, less switch, 3/4; same values, with d.p. switch, 5/4 ea.
Group Panels, miniature 6-way, 9d. ea.; 18-way, 2/6 ea. Tagstrips, 3
tags, 3d. ea.; 7 tags, 5d, ea.; 28 tags, {/4 ea. Osmor Chassis Cutters,
cut 2 sizes with one punch and die. No. | $* & $°,23/—; No. 2 |* & 1",
26/9; No. 3 14" & 147, 27/3; No. 4 13" & 27, 36/3 ea.

Terms of business: Cash with order; C.0.D. 3/- extra; postage extra
under £3 total value. General list stamp please.
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CHASSIS
and
CASES by

PADdington 5891/7595

287/9 Edgware Road| BLANK CHASSIS—Same Day Service

Of over 20 different forms made up to YOUR SIZE.
London W2 Order EXACT SIZE you require to nearest 1/16th.
TELEPHONE (Maximum length 35”, depth 4”)

Specials dealt with promptly.
SEND FOR ILLUSTRATED LEAFLET
or order straight away, working out total area of ma-

CASES .

ALUMINIUM, SILYER HAMMERED FINiSH - 1YPe W
Type Size rice Type Size i
U 4x4x4”* 96 Y 8x6x6”
U S5{x4x4” 14/6 Y 12x7x7”
U 8x6x6” 20/~ Y 13x7x9”
U 15x9x9” 42/6 Y 15x9x7”
W 8x6x6” 19/6 Z 17x10x9”
W12x7x7” 32/6 Z 19x10x8L” 67/6
W15x9x8" 42/- * Height

Special sizes to order. Type Z has removable
back and front panels. Type U all-screwed
construction.

~ terial required and referring to table below which is for
—Type Y  four-sided chassis in 18 s.w.g. (for 16 s.w.g. add 1/6th).
48sq.in. 4/- 176sq.in. 8/~ 304 sq.in. 12/~
TypeZ 80sq.in. 5/~ 208sq.in. 9/~ 336sq.in. 13/-
) 112sq.in. 6/~ 240sq.in. 10/~ 368 sq. in. 14/~
Type U 144sq.in. 7/~ 272sq.in. 11/~ and pro rata
| P. & P. 2/6 P. & P. 2/9 P. & P.
__ Discounts for quantities. Finishes arranged for
quantities of 25 or over.

FLANGES ({” or §"), éd. per bend.

STRENGTHENED CORNERS, 1/~ each corner.
PANELS

ot

Any size up to 3ft at 4/6 3q. ft. 18 s.w.g. §16 s.w.g. 5/3).
P. & P.(3q.in.): 721/3,1082/-, 114 2/6, 432 2/9,576 3/

The thrills of VHF can now be yours for only 39/6d,
complete kit! Tunable 150-100 Mc/s, simplified con-
struction, write today for leaflet. Also, if a newcomer to
Amateur Radio, ask for free copy of the world famous
“Globe-King" kits and receivers, stamp please to cover
postage:

Johnsons (Radio) St. Martin’s Gate Worcester |

BRASS - COPPER - DURAL - ALUMINIUM - BRONZE

STAINLESS STEEL
ROD, BAR, SHEET, TUBE, STRIP, WIRE. 3,000 STANDARD STOCK SIZES.
No Quantity too small List on application

H. ROLLET & CO LTD I
6 CHESHAM PLACE SWi1 BELgravia 4300

Also at Liverpool, Birmingham, Manchester, Leeds, Glasgow

G2ACC offers you =

e A 56 page illustrated catalogue No. 12
Your buying guide for short wave, broadcast
and transmitting components, 9d. post free
(refundable on first order). U.K. and H.M.
Forces anywhere.

SOUTHERN RADIO AND ELECTRICAL SUPPLIES

SORAD WORKS REDLYNCH SALISBURY WILTS  Telephone Downton 207

“Quality Components FOR CONSTRUCTORS

capacitors, resistors, coils, valves, transistors, controls,

chassis, transformers, speakers, pick-ups, cartridges,

stylii, and all types of components in stock.
CATALOGUE AVAILABLE ON REQUEST

J- T.‘ | F”_M ER 82 DARTFORD ROAD |

SURPLUS RADIO SUPPLIES

| 2 LAING’S CORNER MITCHAM SURREY

SEND 2/6 FOR OUR CATALOGUE OF
400 BARGAINS

(2/- REFUNDED ON FIRST ORDER OVER 10/-)

S.A.E. for list of meters

New Boxed Meters hy Sangamo Weston

50 microamps full scale deflection.  Limited quantity

19/6. P. & P. 2/6

DARTFORD KENT
Telephone Dartford 24057
SPARES, VALVES, TUBES 1930-1960
Guaranteed perfect, set tested, ex-working equipment

5U4 4/-| 787 6/~ | 20P1 4/- | KT81 6/-| PYBO 4/~
SR4 6/ | 10P13 4/~ | 20P3 6/ 1 N37 6/-| PY8B1 4/-
6AQ5  4/-|10P14  4/- |20P4  12/6 | PCCB4 4/-| PYB2 4/-
6AU6 4/ [12AT7  2/6 | 185BT 10/- | PCF8O 4/- | PZ30 4/-
6BG6  12/6 [12AU7 4/- | ECCB5 §/- | PCL82 4/~ | U191 7/6
6BQ7A 5/- [12AX7 4/- | ECC88 5/- | PCL83  4/- | U403 6/-
6CH6 6/~ | 12BH7 4/- |ECF80 5/ | PenA4  5/- | USO1 15/.
6U4 6/- | 12E1 6/- |ECFB2  5/-| Pen45 4/- | UCH42 6/-
6SN7 2/6 | 12SN7 4/~ | ECLBO  4/- | PL81 4/- { UL#1 4/
68J7 4/- | 20D1 2/6 | EL38 4/- | PL82 4/-1 OC44 8/6
787 5/~ | 20F2 4/ | EL81 6/- | PL83 4/-10C45 716
7Cs 5/~ | 20L1 4/~ | ELS0 6/- | PY31 4/-1 0OC201 15/
Most pre-war 4, 5, 7, 9-pin vaives 5/ each. P. & P. éd. per valve
VALVE PARCEL. 12 assorted, all different, 8/6. Postage 1/6.

CONSTRUCTOR'S PARCEL. 2 Ib mixed resistors, condensers:

pots, valveholders, elactrolytics, etc. 7/6, postage 2/6.
Send S.A.E. with enquiries or for list of 1,000 valves

'ST. JOHN’S RADIO 3JewsRow, SW1B Tel. VAN 8822

Volume 14, August ’60 to July 61

THE RADIO CONSTRUCTOR
BOUND VOLUMES

Volume 12, August *58 to July ’59  £1.5.0 postage 2/3
Volume 13, August ’59 to July *60  £1.5.0 postage 2/3
£1.5.0 postage 2/3
Volume 15, August *61 to July *62  £1.9.0 postage 2/9

Attractively bound in blue cloth, with gold-blocked spine

Where all issues of a volume
are returned for exchange

Vols. 12-14  12s. 6d. post 2/3
Yol. 15 14s. 6d. post 2/9

704

DATA PUBLICATIONS LTD 57 MAIDA VALE LONDON W9

THE RADIO CONSTRUCTOR

WWW.americanradiohistorv.com



Pooros

> > -
% TRANSISTORS % ZENERS
DIODES RECTIFIERS TUBES COMPONENTS

EQUIPMENT, COMPONENTS AND INFORMATION IN OUR LATEST 54-page CATALOGUE.

L o o g

% VALVES % QUARTZ CRYSTALS +* THESE ARE OUR %

SPECIALITIES
1/6 Post Free

>

and Instructions.

MODEL TP5S

8 A.C./D.C. vol-
tageupto1 000
in 5 ranges.
D.C. current 4
[l ranges up to
Il 500mA. 4range
il resistanceto10
megs. Capacity
7 dB scales, etc.
20,000
ohms/volt
Fully
Guaranteed

£5.19.6

With Test
Leads, Battery

Size 5 x 34" x 13"

5 gns.
% TE10 10,000 ohms per volt.
% CABY M1 2,000 ohms per volt, 54/-,

+ MODEL ITI-2 20,000 ohms per volt.

As Previously Advertised

89/6.

49/6

1,000 chms per volt
Model PT34
(}\/10/50/250/500/1,000 volts

C./D.C. 0/1/100/500 mA
D.C. Resistance 0/100kQ

30,000 ohms per

£8.19.6

75/-
2,000 ohms per volt
Model THL33

Ideal pocket sizes multi- voit. Model 500 0/10/50/250/500/1,000  volts
‘tester for all radio and 8 Ranges D.C. volts to 1kV.
domestic work. 7 Ranges A.C. volts to 1kV. volts

Size 33" x 23” x 1}” with
battery, leads and instruc-
tions.

5 Ranges D.C. current to 12
amps.

3 Range resistance to 60 meg.
Short circuit buzz test.

D.C.
0/10/50/250/500/1,000
A.C

0/5000.A/10/250mA D.C.
Resistance 0/10k/100k/1 Meg

All Meters Fully Guar-
anteed for & months.
Full Service Facilities.

tions,

Qutput meter dB, etc., etc.
Size 64" x 43” x 24”.
Leads, Batteries and Instruc-

With Size 57 x 34"
Batteries, Test

Instructions.

x 14"

A

Full Details in our Latest lllustra-

SELECTION FROCM OUR
STOCKS

ted Catalogue. 1/6 Post Free

1. 2,000 ohm Headphones 12/6
4,000 ohm Headphones 14/-
Stereo Phones 2 x 8 ohm 27/6

2. Make your own printed circuits. Full
details with 3 boards 6” x 3", etc. 1%/6

3. Crystal Microphones (P.P.1/6 any type)
Acos 39-1 Stick Microphone 32/6
Acos 40 Desk Microphone 15/-
Acos 45 Hand Microphone 25/
Lapel/Hand Microphone 15/-
MC24 Stick Microphone 25/
100C Stick with Stand . 39/6
BM3 Stick with Stand ... 52/6

4, Transistor Megaphone £12.10. 0

5. 250mW 4-Transistor Amplifier, built
ready to use - 47/6 P.P. 1/6

6. Complete Test Lead Kits 8/6

7. Miniature Vernier Dial 8:1, reduction

marked 0/100 for 1” spindles, 1£” diam.,

12/6; 2” diam., 14/—; 3” diam., 16/-.
8. 931A Photomultlpller Brand new
with base . 3 ... 60/—
DEAC RECHARGEABLE
BATTERIES

(a) 18 volc 100mA/fH 4”

x 17 diameter.
Brand new, sleeved, 30/-.

(b) As above but 150mA/H, 35/-.
Both types easily split into any multiple
of 1.2 volt.

Brand new.

9.
10.

12.
13.

. Crystal

Cv2886 (M2H) Liquid Samplmg Geiger
Tube, 370 volts., 22/6, P.P. 1/-.
Antex Mlnlature Malns Soldering
iron, #&%” bit., 29/6, P.P. 1/-.

Pocket lron with Pouch, 30 watt,
220/250 volt, 18/6.

Solon 15 watt, %" bit, 22/6, P.P. 1/—.

. Pocket Radio Booster Unit, for any

radio. Improves output and quality.
Size 94" x 34" diam., 27/6, P.P, 1/-.
Size 8” x 2-;-" diam,, 25/—, P.P, 1/—.
Ideal for using pocket radios in car.
125mW 9 volt Sub-min. 3-Transistor
Amplifier, 2”7 x 17 x 17, 45/-.
Telephone Coil for any ampiifier or
Recorder, 12/6, or fitted Miniature
Jack Plug, 14/-.
Contact
guitars, etc., 12/6,

Microphone for

15. Personal Earphones: 600 ohm, 10/6;
1,000 ohm, 12/6. Crystal, 8/6, 8/10
ohm, 9/6. Fitted leads, jack plugs
and sockets.

16. 2-pole 2-way Miniature Honeywell
Micro Switches, 7/6.

17. Transistor Baby Alarm, as previously
advertised, £5.10.0, P.P, 2/-. Also
Telephone Amplifier, £5.10.0, P.P. 2/-.

18. 4-Transistor 2-way Intercom, £7.10.0,
2-Transistor 2-way Intercom, 89/6.

19. Minjature Multi-section Telescopic
Aerials: 147, 3/6; 38", 6/6; 42", 10/6;
647, 17/6.

20. Miniature 3-Press Button Sw:cches,
6-pole, 2-way and on/off, 5/—, P.P. 9d.

21. Transistor Signal Injector, 42/6 For
circuit testing and checking.

22. 8”15 ochm double cone Hi-Fi Speaker,
84/-. Complete range of speakers
stocked.

23. :12-way Seclector Tube, GS12C (CV
1740), 25/- each,

24. Quartz Fibre Pocket Dosimeters
0/150R and 0/500R, 12/ each.

25. 6-Transistor speaker superhet Pocket
Radio ready to use. Complete with
leather case, phone, etc., £5.10.0,
P.P. 2/-. Fully guaranteed.

De Luxe version, £5.19.6, P.P. 2/-.

26. Bradamatic medium impedance double
winding Record/Playback Tape Head
on mounting plate. Complete with
erase head, 29/6, P.P. 1/-.

27. Sub-miniature Jack Plug and Socket,
2/6. Sub-miniature Screened Plug, 2/-

28. Standard Jack Plug, 2/6. Standard
Screened Jack Plug, 3/6

29. New Telephone Amplifier in moulded
cabinets, 79/6.

30. Tuning Indicator and Battery Level
Meter. Miniature Meter (400mA) for
Recorders, Transmitters, etc,, 24/6.

31. Crystal Mlcrophone Insercs: 27, 10/6.
13", 7/6; 3", 3/6; Acos 39-1, 15/-.

33. Antex

35,

32. Stereo Amplifier, 2 watts each chan-

nel. Brand new, 79/6, P.P. 2/-.
Precision Soldermg Iron.
220/250 volt AC/DC. Fitted quick
release 557 bit. ldeal for all transistor
work, 29/6

34, Type 38 Transmitter/Receiver, 5-

valve, 7.4-9 Mc/s, 22/6, P.P. 2/6 (sold
without guarantee).

Valve Volcmeter AC/DC/Resnscance,
etc., £9.19.6,

MINIATURE LEDEX
SWITCHES
24 volt DC rotating switches, fitted
actuator at each end of bank of con-
tacts. Uses standard switch wafers.
5 Bank or 8 Banks of Contacts, 45/-.

41, Recording Tape: 57

42. DC to AC Converter.

36. STC F15 Thermistors, 6/—; R53, 15/—,
37. ORP12 L DR Cell, 12/6; ORP60 Cell,

9/6; OCP71 Photo trans., 27/6.

. Half Track Record/Playback Tape
Heads. 2kQ impedance, 15/-.

. Personal Earphones with Jack Plug
and Socket. 8/10 ohm, 6/6; 600 ohm,
9/6; 1,000 ohm, 10/6; Crystal, 6/6.

. 7”7 x 17" Printed Circuit Panels for
etching, 5/-, post free.

600ft, 12/6;

p

5” 90Q0ft, 15/-; 7”7 1,200ft, 18/6; 7~
1,800ft, 25/—. Excellent quality.
Converts 12
volts DC, i.e. car battery, to 230
volts AC up to 15 watts, Ideal for
using electric razor, etc., in a car,
All-Transistor complete kit, 57/6,
P.P. 1/6.

% Capacitor Box.

% Resistor Box.

SUBSTITUTION BOXES
Provides 9 standard
valves from 0.001pF to 0.22pF at
600 volt working, 29/6.

Provides 24 standard
values at 1 watt. 15 ohms to 10 meg.,

37/6.
Each box fully calibrated with insulated
leads.

Invaluable for service and design.

HENRY’S RADIO LTD

PADdington 1008/9
303 EDGWARE RD., LONDON W2
Open Monday to Sat. 9-6, Thurs. 1 o’clock

IPLEASE TURN TO BACK PAGEI

FIELD STRENGTH METER
Measures transmitter carrier waves
from 1 Mc/s to 200 Mc/s in 5 switched
fully adjustable ranges. Contains 200p.A |
meter for carrier level and earphone
for modulation. Requires no connec-
tion to transmitter. Self-contained,
ready for use, 6%/6, post free.

Published in Great Britain by the Proprietors and Publishers Data Publications Ltd.

Printed by A, Quick & Co. (Printers) Ltd.
Obtainable abroad through the following Collets Subscription Service
Australia and New Zealand Gordon & Gotch Ltd. Electronlcs Publications (Ausrralia) South Africa Central News Agency Holfand ‘‘Radio Electronica™

57 Maida Vale
Oxford Road Clacton-on-Sea
Continental Publishers & Distributors Ltd.

London W9
England
William Dawson &

Registered for transmission by Magazine Post to Canada (including Newfoundiand)

www americanradiohistorv.com

Capacity and dB ranges, etc,
with
Leads and

Sons Ltd.
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PLEASE NOTE OUR HENRY S RADIO LTD NEW SUMMER CATALOGUE
NEW ADDRESS 303 EDGWARE ROAD LONDON W2 54 PAGES 103" x 74"
just 200 yds from our old address | PADdington 1008/9 Fully detailed and illustrated 1/6 post free
| Open Monday to Sat. 9-6. Thurs. 1 o'clock

““GAPRI "’ POCKET-6

6-TRANSISTOR SUPERHET

Size only
P ar "
45" x 23" x 1%

REALLY
POCKET
SIZE !
The most
compact 6-
transistor and
diode radio
with speaker
availableto the
home constructor. Features the latest in
miniature components and circuitry. Sup-
plied with Mullard transistors and two-tone
moulded cabinets in red/white or blue/
white with gold fittings. All components
are supplied in packets and clearly identi-
fied. A printed circuit is used with fully
illustrated building instructions. Push-pull
output couplzd with a sensitive and selec-
tive circuit make the "“CAPR|" hard to
beat. Fitted Earphone/Record Socket. Full
tuning on medium waves with long, wave

Light.

Iliustrated leaflet on request.

Rut £5.19.6 .. .

* Slip it into your Pocket >+

4 WATT TRANSISTOR
AMPLIFIER

Order Now! Mew design 7-transistor
amplifier and pre-amplifier. Separate
treble, volume and bass: controls. Small
size, excellent qualicy.

£5.10.0 rr.2-

Watt 4 TransistoAr
Amplifier

@ |Improved
Version

13 watt peak
output.

4+ 3dB 70c/s
to 12 kefs.
Outpu::'to 3
ohm speaker

I Built and  Kit of 9 volt oper-
Tested Parts ated.
59/6 OR 52/6 Details on
P.P. 1/6 P.P. 1/6 request

RUN YOUR RADIO OR AMPLIFIER FROM
MAINS BATTERY ELIMINATORS AND
CHARGERS
1. For PP3 or equivalent 9 volc Pocket
Radio Battery, 1ﬂ/ .1/~
2. For PP4, PP7, PP9, PPIO 9 volt
Portable Radio and Equipment Sup-
plies up to 300mA, 49/6, P.P. 2/-.
3. De luxe version of No. 1, also

charges PP3 type batteries,

29/6, P.P. 1/—.
4. Rechargeable PP3 battery. Runs as
long as 100 batteries. Completed with
charger unit, 25/-. P.P.1/-.

- A A

IGE e

THE ““ GONTESSA "

% COMBINED PORTABLE AND
CAR RADIO +%
AMAZING SENSITIVITY AND SELEC-
TIVITY ON MEDIUM AND LONG
WAVEBANDS

¥ The easiest Superhet Radio to build on
the market. Feacures clearly marked
printed circuit and packaged components
with full illustrated building instructions.
Full tuning of medium and long wave
bands with wunbeatable sensitivity and
selectivity. Excellent tone and volume
with over 600mW push-pull output.

Y Clearly marked horizontal station dial
with slow motion tuning. Two-colour

blue or beige cabinets with gold handles,
grilles and fictings. Size 103”7 x 73”7 x 3§”.

Include car aerial socket, recording sockets. £9 "9 6 P.P. 3/6
n - b

v 6 Mullard Transistors and 2 Diodes.

Guaranteed the Best Obtainable NO

TOTAL COST

EXTRAS TO BUY

Y Attractive Appearance—Rehable Deslgn—Quallty Performance
UNBEATABLE FOR QUALITY AND VALUE
Fully Detailed and illustrated Leaflet on request

“MINIRANGER” { “QuIiNTET”

POCKET
3-Transistor plus 2 Diodes. MCD|°
Smallest radio to build yourself. . i A )
Printed circuit, full tunirg. ?‘Ererasrfs_s’éoi x;IES

” " an - i 3
gatfcl;rl 3" x 2" x $”. Over 20 Ei?]ge MWILW to
uild.

cosTh 49/6 P.P. 116 E 79/6P4P.2/—-

BOTH MODELS AS PREVIOUSLY ADVERTISED

Y ALL PARTS SOLD SEPARATELY BOOKLETS

FREE ON REQUEST %

BATI'ERY RECORD PLAYERS

Y% 6-7% volt Garrard
turntable with crystal
pick-up. Plays 45 r.o.m.
Ideal for above amplifier.

B8/~ pr. 16

14 * Suitable cabinet for
%Ilﬁer and player,

6 p.p. 2

“TRANSFIVE™
PORTABLE
RADIO

Total Cost
of all Parts

£5.19.6

P.P. 2/6

A 7-stage  push-pull output printed

% G.C. 9 volt 45 r.p.m. and 33 r.p.m. circuit portablz radio of attractive
Player, _ appearance. Features 5”7 speaker, clearly
99[6 PRI marked printed circuit panel, ferrite

Y% B.S.R. 9 volt 4-speed "Hi-Grade” detailed and

aerial, carded components and fully

illustrated building instruc-

Turntable with tufn-over Crystal Pick- tions. Size 847 x 67 x 34”.
6.5.0 rr.2s. % Plans Free on Request ¢
TRANSISTOR METER BARGAINS
ALL WAVE SIGNAL GENERATOR | 50 Microamp 2” square MC . 35/-
200 kefs to 220 Mc/s in 7 switched fully | 1mA27squareMC .. ... ... 25/-
tunable bands. Variable outputs on c.w. 1?,‘,A 23" Flush round : o 30/
Mod. to 2% A.F. output. 23" Moving Coil double range Voltmeter

centre zero.

30-0-30 and 3-2-3 volts.

£7.10.0 rr. 25 Ideal for transistor tester or voltage

We can supply most of the compon-

measurements, 12/6, post free.
0/500 microamp, 23+” flush mount-

ents specified on circuits published gD - 20/~
in this and other magazines and ?')]4‘8/1238‘:/_\221, SESh DC . :g;‘
books. Let us quote for your circuit. 015 volt M., 24" FR 8/6

Competitive prices.

Miniature Panel Meters

REMEMBER_AIl T 4 | *0/50uA (DC) 39/6 *0/5mA (DC) 27/6
devices are 100% 1st Grade md Fally | *0/590uA (DC) 32/6 *0j3004 (DC) 27/6

Guaranteed, We can advise as to the
correct type to use. See our new 54-
page Catalogue for full fists.

*0/1mA (DC) 27/6 Vu Meter 42/6
“S" Meter 35/~ All Brand New Boxed
* Available Clear Plastic Front or Black
Moulded. State which.

www.americanradiohistorv.com
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