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Scottish Insurance Corporation Ltd
38 EASTCHEAP + LONDON - EC3

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:

(a) Loss or damage to installation (including in the
case of Television Sets the Cathode Ray Tube)
TE L E VI S I O N by Fire, Explosion, Lightning, Theft or Accidental
External Means at any private dwelling-house.
(b) (1) Legal Liability for bodily injury to Third
S E TS ) Parties or damage to their property arising
out of the breakage or collapse of the Aerial
Fittings or Mast, or through any defect in
R E C E I V E RS the Set. Indemnity £10,000 any one accident.
(i) Damage to your property or that of your
landlord arising out of the breakage or

AND collapse of the Aerial Fittings or Mast, but
not exceeding £500.

TRA NSMITTERS The cost of Cover (a) is 5/— a year for Sets worth £50

or less, and for Sets valued at more than £50 the
cost is in proportion. Cover (b) (i) and (ii) costs only
2/6 a year if taken with Cover (@), 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 write to the
Corporation’s Office a proposal will be submitted for
completion.

Write for full details, quoting reference 5304, to:—
THE MANAGER

SCOTTISH INSURANCE CORPORATION LTD,,
38 EASTCHEAP, LONDON E.C3

www americanradiohistorv com



SINCLAIR Z.12

INTEGRATED 12 WATT
AMPLIFIER AND PRE-AMP

For size alone, the Z.12 marks an important advance
in quality design, for its amazing compactness opens
up exciting new vistas in amplifier housing and applica-
tion. Combined with this are fantastic power and
superb quality which can provide an effortless output
of 12 watts R.M.S. continuous sine wave from the
unique eight transistor circuit used. Basically intended
as the heart of any good mono or stereo hi-fi system,
the size and efficiency of this Sinclair unit make it
equally useful for a car radio (with the Micro-6 for
example), a high quality radio with the Micro FM,
in a guiar, P.A. or intercom system, etc. Other
applications are certain to suggest themselves to
constructors. The manual included with the Z.

circuits by which inputs can be matched (and switched
in) to the pre-amp. The size, performance and price
of the Z.12 all favour the constructor seeking the
finest in transistorised audio reproduction—it is in
fact today’s finest buy in top grade high fidelity.

SINCLAIR MICRO FM

COMBINED FM TUNER RECEIVER

Less than 3" x 13" x 3"
and professional in every
way, 7 transistor FM using
pulse counting discrimin-
ator for superb audio
quality. Low I.F. makes
alignment unnecessary.
Tunes 88-108 Mc/s. The
telescopic aerial suffices
for good reception in all
but poorest areas. Signal
to noise ratio —30dB at 30
microvolts, Takes stand-
ard 9 v. battery. One out-
let feeds to amplifier or
recorder, the other al-
lows set to be used as a
pocket portable, Brushed
and polished aluminium
front, spun aluminium
dial. A fascinating set to

build. Complete kit inc. aerial,
case, earpiece and in-
structions.

SINCIAIR MICRO-6

The world’s smallest radio

£5.19.6
Unequalled for power, selectivity : g n
and  quality. Six stage M.W

receiver. 2 R.F. amplification, '
double diode detector, 3 stage !
A.F. amplifier. A.G.C., etc. The |
Micro-6 is completely self-contained el
in white, gold and black case, 14/5” =

x 13/10" x 1/2”. Plays anywhere.

Easy to build. Complete kit of parts

o o
with earpiece and instructions. 59 6

FULL SERVICE FACILITIES AVAILABLE TO S|

GUARANTEE

SINCLAIR RADIONICS LIMITED
22 NEWMARKET ROAD, CAMBRIDGE
Telephone: OCA3-52731

SEPTEMBER 1966

If you are not completely satisfied when you receive your purchase from
us, your money will be refunded at once in full and without question.

12 WATTS R.M.S. OUTPUT

2
details mono and stereo tone and volume control 15 WATTS R.M.S. MUSIC POWER (30 WATTS PEAK)

% Ultra linear class B output and
generovus neg. feed back.

% Response—15 to 50,000 c/s
+1dE.

% Output suitable for 3, 7.5 and

L

SINCLAIR S

15 obm
speakers may be used in parallel.
% Input—2mV into 2K ohms.

Y Signal
than 60dB.

CONTINUOUS SINE WAVE

(24 W. PEAK)
Built, tested
and
loads. Two 3 ohm guaranteed.

to noise ratio—better

89/

E

REO 25

A NEW DE-LUXE PRE-AMPLIFIER AND CONTROL UNIT

Designed specially to obtain the very
finest results used with two Sinclair
Z.12’s for stereo. The best quality com-
ponents, individually tested before
acceptarce, are used in its construction,
whilst the overall appearance of this
compact de-luxe pre-amp and control
unit refl the professi | elegance
which characterises all Sinclair designs.
The front panel is in solid brushed and
polished aluminium with beautifully
styled solid aluminium knobs. Mounting

is simple, and the PZ.3 will comfortably
power the Stereo 25 together with two
Z.12’s. When fitted, the Sinclair 25
will grace any type of hi-fi furniture.
Frequency response 25 c/s to 30 kc/s
+1dB  connected to two Z.12's.
Sensitivity Mic. 2ZmV into 50kQ:
P.U. —3mV into 50k(: Radio —20mV
into 4.7kQ. Equalisation correct to
within -+1dB on RtAA curve from
50 to 20,000 c/s. Size 64" X 24" X 24
plus knobs.

A HI-FI STEREO ASSEMBLY FOR £22.18.0
All you require is one Stereo 25 Unit (£9.19.6) two Z.12%s
(£8.19.0) and one PZ.3 (£3.19.6). As an optional extra, you could

include the Micro FM (£5.19.6).

BUILT, TESTED
e £9.19.6
GUARANTEED OLA A
NCLAIR CUSTOMERS n SINCLAIR
PL3

value L. S S A

?or which | enclose cash/cheque/money order

Transistorised mains power unit

specially designed for Z.12,
Will power two Z.12's and Stereo 79 6
5 with ease,

SINCLAIR RADIONICS LTD., 22 NEWMARKET ROAD, CAMBRIDGE

Please send

NAME
ADDRESS. |

RC9

www americanradiohistorv com
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34+3W 10W
STEREO POWER
AMP. AMP
$-33H MA-12

10W POWER AMPLIFIER. Model MA-12. 10W. output, wide freq. range,
low distortion. For use with control unit. Kit £12.18.0 Assembled £16.18.0

3 4+ 3W STEREO AMPLIFIER. Model $-33. An easy-to-build, low cost unit.
2 inputs per channel. Kit £13,7.6 Assembled £18.18.0

DE LUXE STEREO AMPLIFIER. Model S-33H. De luxe version of the
§-33 with two-tone grey perspex panel, and higher sensitivity necessary to

accept the Decca Deram pick-up. Kit £15.17.6 Assembled £21.7.6

HI.FI STEREO AMPLIFIER. Model §.99. 9 4 9W output. Ganged
coutrols.  Stereo/Mono gram., radio and tape inputs. Push-button selectior.
Printed circuit construction, Kit £28.9.6 Assembled £38.9.6
TRANSISTOR PA/GUITAR AMPLIFIER, PA-2. 20W amplifier. Four inputs,
Variable tremolo. New Low Price Kit £39.19.0 Assembled £54.10.0
50W VALVE PA/GUITAR AMP., PA-1. Kit £54-15.0 Assembled £74.0-0

HI-FI AMPLIFIERS ~---- TUNERS ----- RECORD PLAYERS

. GARRARD . 204 20W
. PLAYER STEREO

AT-60 “n‘n AMP.

2 AA270

TRANSISTOR MIXER. Model TM-1. A must for the tape enthu-
siast. Four channels. Battery operated. Similar styling to Model AA-22U
Amplifier. With'cabinet. Kit £11.16.6 Assembled £16.17.6

204 20W TRANSISTOR STEREO AMPLIFIER. Model AA-22U.
Outstanding performance and appearance. Kit £39.10.0 (less cabinet)-
Assembled £57.10.0 Attractive waluut veneered cabinet £2.5.0 extra.

GARRARD AUTO/RECORD PLAYER. Model AT-60.

less cartridge £13.1.7 With Decca Deram pick-up £17.16.1 incl. P.T.
Many other Garrard models available, ask for Lists.

HI-FI MONO AMPLIFIER. Model MA.5. A general purpose 5W

Amplifier, with inputs for Gram., Radio. Attractive modern styling.

Kit £11.9.6 Assembled £15.15,'|‘.I

T LR T e 00000 O R

INSTRUMENTS

3" LOW-PRICED SERVICE OSCILLOSCOPE.
Model OS-2. Compact size 5" x 7§” x 12” deep.
Wt. only 931b. “Y” bandwidth 2 ¢/s-3 Mc/s+3dB.
Seusitivity 100mV/cm. T/B 20 ¢/s-200 ke/s in four
ranges, fitted mu-metal CRT Shield. Modern
functional styling.

Kit £23.18,0 Assembled £31.18.0

5 GEN-PURPOSE OSCILLOSCOPE. Model
10-12U. An outstanding model with pro-
fessional specification and styling.  “Y” band-
width 3 ¢fs—4.5 Mefs+3dB. T/B 10 ¢/s-500 kc/s.

Kit £35,17.6 Assembled £45.15.0

DE LUXE LARGE-SCALE VALVE VOLT-
METER. Model IM-I3U. Circuit and speci-
fication based on the well-known model V-7A but
with many worth-while refinements. 6" Frnest
Turmer meter. Unique gimbal bracket allows
operation of instrument in many positions. Modern

styling.  Kit £18.18.0 Assembied £26.18.0

AUDIO SIGNAL GENERATOR. Model AG-9U.
10 ¢fs to 100 kcfs, switch selected. Distortion less than
0.1%, 10V sine wave output metered in volts and dB’s.

Kit £23.15,0 Assembled £31.15.0

VALVE VOLTMETER. Model 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 0.1€) to 1,000MQ with internal battery.
D.c. input resistance 11M( dB measurement, has
centre-zero scale. Complete with test prods, leads and
standardising battery.

Kit £13.18.6 Assembled £19.18.6

MULTIMETER. Model MM-1U. Ranges 0-1.5V to
1,500V a.c. and d.c.; 150uA o 15A d.c.; 0.2Q to 20MQ.
44" 501 A meter. Kit £12.13.0 Assembled £18.11.6

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

Kit £13.,18.0 Assembled £20.8.0

SINE/SQUARE GENERATOR. Model
1G-82U. Freq. range 20 c/s-1 Mc/s in 5 bands
less than 0.5% sine wave dist. less than 0.153
sec. sq. wave rise time.

Kit £25.15.0 Assembled £37.15.0

TRANSISTOR POWER SUPPLY.
Model IP-20U. Up to 50V, 1.5A output.
Ideal for Laboratory use. Compact size.

Kit £35.3.0 Assembled £47.8.0

s

1G-82U

Prices and specifications
subject to change without
notice

The World Leader in Quality Kitsets

Easy-to-follow instruction manuals show you how to build the models

STEREO TRANSISTOR FM TUNER

Designed to match the AA-22U
Amplifier. Available in separate units
comprising Models TFMT-1 RF Tuning
{J\:I\it £5.h§.0 incll. f}l’.T. and TFA-IM
Mono Amplifier, power supply, etc.

£15.3.0 kit or TFA-1S (Stereo) IF Amplifier, etc, £19.2.0 kit, TFM-1
14 transistor circuit. Pre-assembled and aligned “front-end”. 4 stage IF
Amplifier. AFC. Printed circuit construction. Walnut veneered,
finished cabinet available as optional extra. Can be built for:

Total Price kit (Mono) £20.19.0 incl. P.T.
Total Price kit (Stereo) £24.18.0 incl. P.T.
Cabinet £2.5.0 extra. Send for {ull details.

0000

TRANSISTOR RECEIVERS

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

TRANSISTOR PORTABLE. Model UXR-1.
Pre-aligned LY. transformers, printed circuit.
Covers L.W. and M.W. Has 7" x 4" loud-
speaker. Real hide case.

Kit £12.11.0 incl. P.T.

JUNIOR EXPERIMENTAL WORKSHOP.
Model EW-1. More than a toy! Will make
over 20 exciting electronic devices, incl:
Radios, Burglar Alarms, ctc. 72 page AManual.
The ideal present!  Kit £7.13.6 incl. P.T.

JUNIOR TRANSISTOR RADIO. Model
UJR-1. Single transistor set. Excellent
introduction to radio. Kit £2.7.6 incl. P.T.

"""""""""""O"""‘m*
WELCOME TO OUR LONDON HEATHKIT CENTRE
233 Tottenham Court Road

x

]

)

]

: We open MONDAY - SATURDAY 9 a.m.-5.30 p.m.
4 THURSDAY voo bham.=230 p.m.
4 Telephone No: MUSeum 7349

(]
*

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

GG OO OO PO PGB P AT AT A e K

THE RADIO CONSTRUCTOR
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TAPE AMPLIFIERS ------ TAPE DECKS ------ CONTROL UNITS

MAGNAVOX
DECK

HI-FI FM TUNER. Model FM-4U.
tuning unit (£2.15.0 incl. P.T.) with LF. output of 10.7 Mc/s, and L.F.

Available in two units, R.F.

amplifier unit, with power supply and valves (£13.13.0). Mav be used
free standing or in a cabinet. Total Kit £16.8.0

MAGNAVOX “363” TAPE DECK. The finest buy in its price

range. Operating speeds: 137, 33" and 74" p.s.  Two tracks, “wow”
and “flutter” not greater than 0.15% at 7{” p.s. £13.10.0
MAGNAVOX deck with TA-IM Kit £31.5.6

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

wvnrn—n« i
“ e
[Tevey

! 9 TRUVOX

DECK

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

AVAILABLE SHORTLY. MULTIPLEX ADAPTER, SD-1.
Will convert most FM tuners to stereo, fully transistorised.
Assembled £12.5.0 Send for full details and delivery,

Self powered.
Kit £8.10.0

MONO CONTROL UNIT. Model UMC-1. Designed to work with the
MA-12 or similar amplifier requiring 0.25V or less for full output. 5 inputs.
Baxandall tvpe controls. Kit £9.2.6 Assembled £14,2.6

STEREO CONTROL UNIT. Model USC-1.
accurately matched ganged controls to 4 1dB.
filters. Printed circuit boards. Kit £19.19.0 Assembled

Push-button selection,
Rumble and variable low-pass

£27.5.0

L

First in dependability - first in performance

Convenient credit terms available in U.K. over £10

SPEAKER SYSTEMS

HI-FI SPEAKER SYSTEM. Model SSU-1.
Ducted-port  bass reflex cabinet “in the
white”, Two speakers, Vertical or horizantal
models with legs, Kit £12,12.0, without
legs, Kit £11,17.6 incl. P.T.

THE BERKELEY Slim-.line SPEAKER
SYSTEM, fully finished walnut veneered
cabinet for faster construction. Special 127
bass unit and 4” mid/high frequency unit.
Range 30-17.000 ¢fs. Size 26” x 17" x onlv
78" deep. Mlodern attractive stvling. Ex-
cellent value.

Kit £19.10.0 Assembled £24.0.0

COTSWOLD SPEAKER SYSTEMS. Out-
standing performance for price.
AES: Size 36" x 164" x 14” deep.
Kit £25.120 Assembled £33l 7.0
STANDARD : Size 26”7 x 23" x 144" deep.
Kit £25.12.0 Assemhbled £33.17.0

Berkeley

O

HI-FI CABINETS

A wide range available including:

GLOUCESTER. Kit
£18.10.0 incl. P.T.

MALVERN. Kit £18.1.0 incl. P.T.
CHEPSTOW. Kit £11.18.6 incl. P.T.
We can also make available the well-

known RECORD HOUSING range of
fully finished cabinets,

RO PP PP Orssrrssrsrsssrsrodssrssssssrsess

SEND FOR THE LATEST
FREE CATALOGUE

INSTRUMENT AND AMATEUR RADIO BROCHURES
AVAILABLE ON REQUEST

X oo g -

Y e

—

I Without obligation please send me
FREE BRITISH HEATHKIT CATALOGUE |

FULL DETAILS OF MODEL(S)

|

“AMATEUR” EQUIPMENT

THE ‘‘“MOHICAN” GENERAL COVER-
AGE RECEIVER. Model GC-1U. With
4 piezo-clectiic transfilters, variable tuned
B.I'O. and Zener diode stabiliser, this is
an excellent fully transistorised general
purpose receiver for Amateur and Short
wave listeners. Printed circuits, telescopic
aerial, tuning meter and large slide-rule dial.

Kit £37.17.6 Assembled £45.17.6

AMATEUR BANDS RECEIVER. Model
RA-1. To cover all the Amateur Bands
from 160-10 metres. Many special features,
including: half-lattice crystal filter; 8 vaives:
signal strength *“*S” meter; tuned R.F.
Amp. stage.

Kit £39.6.6 Assembled £52,10,0

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

Kit £81.10.0 Assembled £106.15.0

COMMUNICATIONS TYPE RECEIVER. Model
RG-1. A high performance, low cost receiver for the
discriminating listener. Frequency coverage: 600 kcfs—
1.5 Mc/fs and 1.7 Mc/s-32 Mc/s.

Kit £39.16.0 Assembled £53.0.0
REFLECTED POWER METER and SWR BRIDGE.
Model HM-11U. Indicates reliably, but inexpensively,
whether the RF power output of vour TX is being
transferred efficiently to radiating antenna.

na
Kit £8.10.0 Assembled £10.15.0

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

FILTER TYPE SSB TRANSCEIVERS.
Models for 80, 40 or 20 metre bands.

Model HW-12 (80M) £67.10.0, Kit. incl. 80M Transceiver
Model HW.22 (40M) £66. 0.0, Kit. duty, HW.12
Model HW-32 (20M) £66. 0.0, Kit. etc.

(Tick here

| |

Prices quoted are Mail Order prices. | (Please write in BLOCK CAPITALS) |
NAME

DAYSTROM LTD 2rrrnes, | avowss =
GLOUCESTER DEPT. RC.9
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For personal, technical service

AND GOOD STOCKS OF COMPONENTS, ACCESSORIES, EQUIPMENT

ALUMIN, CHASSIS. |8g. Plun
Undrilled folded 4 sides, 2” dee|

6”7 x4”, 4/6,8” x 6”, 5/9; 10" x7" 6/9
127 x 67, 7/6; 12 x 87,8/, e

x 127, 2/—; 127 x 187, 3/-; I2"x24"

4/- etc.
EXPANDED ANODISED

METAL-Attractive gilt finish "

4” diamond mesh 4/6 sq. ft.
Muitiples of 6” cut. Max, size 4'x3’,
47/6 plus carriage.

BONDACOUST Speaker

including 24”7 x 57, 3/8; 24" x 33",
3-; 337 x 87, 5/2:'33" 'x 317, 38
33" x 177, 12/6. All accessories and
tools in stock,

BI-PAK SEMIGONDUGTORS

8 RADNOR HOUSE, 93/97 REGENT STREET

LONDON, W.1

LOW COST SILICON CONTROLLED RECTIFIERS

ALUMIN, SHEET. 18g. 6" x 6” Cabinet Acoustic Wadding (1" 50 PIV | Amp. ... 8/6

1/-; 6" x 97, §]6; 6” x 127 2/—; 12”7 thick approx.) 18” wide, any length 100 PIV 7 Amp. ... 10/6
x I2" 4/6 each. cut, 6/- yd. Free Circuit Diagrams with SCR orders
TYGAN FRET {Contem. pat.) | VEROBOARD — All sizes

One 10/- Pack of your own
FREE choice with orders valued FREE

£4 or over

Vol 15—5K 50 Trans. mixed untested 10/
WE ARE SINCLAIR SPECIALISTS —2°MH(T;”§;:;'I-:::‘|_0“- 3 OCI139 Trars. NPN Mullard .. 10/—
We carry full stocks of these famous all-British | anite Midget Type 17 22";“;'":5"? 2N g%s«lmr;flglo :8;"
de:: ns os advertised and give prompt delivery. | diam. Guar. | year, LOG 4 OaAfOED' ‘;ansﬁ Ward /8] 0_
RO-6 Six stage vest-pocket rcvr, (Kit)59/6 | or LIN ratiosiess Sw., 3/6. WLt Hu CLUA conaa 10/-
MICRO-FM 7 transistor FM tunef/rcv{s (Knt) IDP gw 5/—, Twin Stereo :g w:iffg;cQFR1;r‘}r;:n:NPPrQ.P :g;‘
ess 7/6. g g H : i
2.12 combined |2w amp. & pre-amp. builc 89/ éG(I:Ok 2 Mog. oyl ARt LAt i) b s
STEREO 25 de luxe pre-ampjcontrol unit ondensers — Silver NPN Trans. OC139, 2N 1308 .. 190/-
(stereo) built £9 19 Mica, All values 2pF to 2 10 Amp Sil. Rect, 50/100 PIV 10/-
Coramnis, 84 Tub, 450 } B Ame SCR IS0 BTV 19/~
TRANSISTOR COMPONENTS eramics, 3 Sil. T 25303 PNP - 10, -
465 - T.C.C. etc, 0,001 UF to fEplicans] . S
i Lt & S e 08 U 1 Ariricf Conputn D -
5/—; get Driver Tra I, 6/—; Di O/Put = rans. Eqvt. AFI116/7
Push-| plull 3 ol"-ms 6[—"‘Elcctrlc Col:::onio:-‘l Hunt, 1/6. 025 T.C .C. ;%OGO“J Tr;"‘l"TEq"' g;‘Ylll:l; :8/:
— 1/9, etc, etc. 00 Mc/s Sil. Trans, ] /.
M|dget Type 15V | uF-50uF each 1/9; 100uF 2 Bi-d I T Yi
/-1 2.5, 5, 75 and 10mH R, F choke cach 2/¢ Clgse Tol. S/Micas— 3 Diah e Trams. Ocas 10/~
Conganl.FrlrISgV wkg. .0} uF to .04uF, 9d. ;8&5 O&)p:;SOO'p/F, I':}. 2 Poi'er "I"r::s. OC‘;G]JS ..... IOI:
Faniog Condensere. |- 8 00" 208 + 17¢pF 22E-1000F, 34, To0pt 3 BN Frane Mullard e 19/~
/6, Ditto with trimmers:9/6. 365oF single, 7/6. e ";-.fﬁfj_m 3 OCT5 Teans. Mullard ... 10/=
Sub-min. 3" pF, 300pF, pF, 7/~ 3 NPN Sil. Trans, - .
Midget Vol. Control with edge control knob, Range 100-10MQ 20% | ;‘owersll'r:r::.mcggoml‘gs Vits. :gj—
KQ with switch, 4/9, ditto les: he 3/9. and {W, 3d., W, 5d. i
s switcl (Midget ' type  modern 5 OA47 Gold Bonded Diodes 10/-
Send 3d, for lotest fists. e S 1 OA202 Sil. Diodes Sub-Min 10/
We mnnulacturl Trans- 'D.-IG:I-"S‘&):I:.‘NS"V, “*w' 6:: 8 OA8I Diodes Sub-Min. ... 19/~
formers and Chokes of all (1000-Imeg.) Other 3 Sil. Rects. 400 PIV 500mA B0IS
types. Enquiries invited for values 9d. 1% W, |/6 Tunnel Diodes IN3720 15/—
Protos & small runs. etc, etc, Unijunction Trans. 2N2646 15/~
6 BY 100 Sil. Rects............ 20/-

RADIO COMPONENT SPECIALISTS

70 Brl[ltock Road, Thornton Heath, Surrey
TERMS—C.W.0. or C.O.D. Post and Pocking up to $lb. |/=;
lib. 119, 3ib., 3/-, 5ib. 3/9, 8ib., 4/6.

THE MODERN BOOK CO
RADIO VALVE DATA

CHARACTERISTICS OF SEVEN THOUSAND VALVES—SEMICONDUCTOR DIODES
AND RECTIFIERS—TRANSISTORS—CATHODE RAY TUBES
9s. 6d.

New Eighth Edition

1966 World Radio TV Handbook. 28s. Postage 1s

1966 World Radio TV Summer Supplement
1966. 12s. 6d. Postage 6d.

Transistors for Technical Colleges. By L.
Barnes. 25s. Postage 1s.

Brimar. Valve & Cathode Ray Tube Manual
No. 10. 7s. 6d. Postage 1s 3d.

Radio & Line Transmission. By G. L. Danielson
& R. S. Walker. Vol. 1. 21s, Vol. 2. 22s. éd. Postage
1s. each.

Radio & Audio Servicing Handbook. By G. J.
King. 30s. Postage 1s. éd.

Understanding Lasers and Masers. By S.
Leinwoll. 13s. 6d. Postage 1s.

100s of semiconductor bargains incl. Logic Modules send 2/6 for 3
months mailing. Add /- post & packing per order.
CASH WITH ORDER PLEASE. - MAIL ONLY.

Postage Is.

Getting Started with Transistors. By L. E.
Garner. Jr. 28s, Postage 1s.

Servicing Electronic Organs. By C. R. Pittman
& E. J. Oliver. 30s. Postage 1s. 3d.

Basic Theory & Application of Transistors
By U.S. Dept. Army. 10s. Postage 1s.

Worked Examples in Electronics & Tele-
communications. By B. Holdsworth & Z. E,
Jaworski. Vol. 1. 25s. Vol. 2, 22s. éd. Postage
1s. each.

Radio Circuits. A Step by Step Survey. By W, E.
Miller revised by E. A. W. Spreadbury, 25s.
Postage 1s.

Complete Catalogue 1s.
We have the Finest Selection of English and American Radio Books in the Country
19-21 PRAED STREET (Dept RC) LONDON W2
Telephone PADdington 4185

68 THE RADIO CONSTRUCTOR

www americanradiohistorv com



A Mullard inspiration

Here is the latest
from Mullard’s top designers,
the 10 + 10 Stereo

10410 STEREQ

This remarkable pi-mode stereo amplifier has
been engineered by Tates ta very high
standards. Gain experience and enjoyment in
the thrill of constructing this superb amplifier.
Undoubtedly a piece of electronic precision,
the Mullard designed 10 + 10 costs no more
than ordinary equipment, and building can
commence for as little as £5. 5. 0.

Circuits, parts lists and assembly procedure
are fully detailed in the 10 + 10
Construction Manual.

Send for your copy today, 12/6d, post paid,

- e e

Tates Electronic Services Ltd., Waterloo Road, Stockport, Cheshire. Telephone: Stockport 7301,

TATES ELECTRONICS
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ESTABLISHED ‘ 1865

Savings in this old established Building Society
combine sound investment with an attractive
return

THE DUCHESS OF KENT
PERMANENT
BUILDING SOCIETY

Member of the Building Societies Association

Shares are in units of £25 each (maximum
investment £5,000) . . . BUT, for the smaller
saver, Subscription Share accounts may be
opened with any sum from 1/- upwards.
Interest is payable half-yearly on Fully Paid
Shares—credited annually on Subscription
Shares—all interest accrues monthly

Withdrawals at short notice

INTEREST IS AT 4.9, PER ANNUM

(There is NO DEDUCTION FOR INCOME TAX, as
this is paid by the Society)

For further information apply to
DUCHESS OF KENT
PERMANENT BUILDING SOCIETY
289/293 Regent Street London W1
Telephone MUSeum 4876-9
Please send to me, without obligation, free brochure and
a copy of the audited statement of accounts. (I under-

stand that | shall not be troubled with calls by repre-
sentatives)

Name

(If lady, please state Mrs. or Miss)
Address

R.C.
(Please use Block Capitals for both name and address)

BOUND VOLUME No.19

of “The Radio Constructor’’

FOR YOUR LIBRARY

Comprising
780 pages
plus index

Volume 19 August 1965 to July 1966

PRICE 30/- Postage 3/6

Special discount of 10/- for regular readers

Where the 12 monthly issues making up the
volume are returned, the price is only 20/~
plus 3/6 postage

Available only from:—

Data Publications Ltd.
57 Maida Vale London W9
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Any holes n
your knowledge of
TRANSISTORS ?

Whatever your interest in transistor
circuitry, you will find the Mullard “Refer-
ence Manual of Transistor Circuits”, a
valuable source of reference.

The publication describes more than
sixty circuits for both domestic and in-
dustrial applications.

REFERENCE MANUAL OF TRANSISTOR

CIRCUITS U.K. Price 12/6 Post extra |/«

Mullard]  Gef your copies from your radio dealer, or send
remittance with order to:

MULLARO LTO-MULLARG HOUSE-TORRINGTON PLACE- LONOON WE1

JACKSON @&

the big name in PRECISION components

Precision built radio components are an important
contribution to the radio and communications
industry. Be sure of the best and buy Jackson

Precision Built Components.

BALL-DRIVE DIAL

All the ‘works’ of this dia! are inside the knob. No space is wasted
behind the mounting panel, and the dial can be fitted directly to the
spindles oi one-hole-fixing tuning capacitors and potentiometers.
Mounting is simplicity itself, and requir—s driiling only one 4BA
clearance ho!s. (A template is provided.)

* Takes standard 0.25in. spindles. % 4:1 ratio. % Dial 4in. diameter.
% Scale 0-100 (Type A) or blank (Type B). * Powerful: output torque
260xz.—inches min. % Low backlash. Made 1n England Price 27/- each

Phone: Croydon 2754-5.

JACKSON BROS. (LONDON) LTD.
(DEPT. R.C.), KINGSWAY-WADCON, CROYDON, SURREY
Grams:

W alfilco, Souphane, London

muirs K Kl 1 '
CHAS. H. YOUNG LTD.

MIDLAND AGENTS FOR
EDDYSTONE

Receivers & Components
TRANSMITTERS, RECEIVERS and
SUNDRY EQUIPMENT BY

KW ELECTRONICS
GREEN E.C.E.

WITHERS ELECTRONICS
CODAR RADIO

H.P. Facilities Part Exchanges

AERIAL
EQUIPMENT

TWIN FEEDER. 300 ohm twin
ribbon feeder similar K25, éd. per
yard. 75 ohm twin feeder, éd. per
yard. Post on above feeders and
cable, 2/= any length.

COPPER WIRE, 14G, H/D, 140ft,
30/=; 70ft, 16/-. Post and packing 3/3.
Other lengths pro rata.

FEEDER SPREADERS. 6” Ceramic
type F.S., 10d. each. Postage 2/6
up to 12.

CERAMIC CENTRE PIECE for
dipoles, Type AT, 1/6 each. P. & P.1/-.

2 METRE BEAM, 5 ELEMENT
W.S. YAGI. Complete in box
with 17 to 24” masthead bracket.
Price 49/-. P. & P. 4/-.

SUPER AERAXIAL, 70/80 ohm
coax, 300 watt very low loss, 2/3 per
yard. 50 ohm 300 watt, 2/6 per yard.
P. & P. 2/6.

TOUGH POLYTHENE LINE,
type MLI (100lb), 2d. per yd. or
12/6 per 100 yds. Type ML2 (220lb),
4d. per yd. or 25/- per 100 yds., ML4
(400lb), éd. per yd. lIdeal for Guys,
L.W. Supports, Halyards, etc. Post-
age 1/6 on all line.

ABSORPTION WAVEMETERS.
3.00 to 35.00 Mc/s in 3 Switched
Bands. 3.5, 7, 14, 21 and 28 Mc/s.
Ham Bands marked on scale. Com-
plete with indicator bulb. A MUST

for any Ham Shack. ONLY 25/-
EACH. Post free.
BANDCHECKER MONITOR,

3.00-35.00 Mc/s in 3 switched Bands.
0-1mA Indicator. Monitor Socket,
Very sensitive, £3.13.6, P. & P. 3/6.

VARIABLE CONDENSERS. All
brass with ceramic end plates and
ball race bearings. 50pF, 5/9; 100, 6/6;
160, 7/6; 240. 8/6; and300pF, 10/6.
Extension for ganging. P. & P. 2/-.

SEALED RELAYS. 12v. 105 {2 coil
Type A. 4 Pole c.o. 15/

Type B. 2 Pole c.o. +2Pole Norm.
ON. 12/6 P.&P. 1/6

For Immediate Delivery
CODAR MOBILE £39
WITHERS Im. COMM. £74

K.W.

PSU. £25
PSU, £32
PSU., £40

VESPA, £110
2000, £173
2000A, £195

At your service
G2AK, G3LAY, G3VFV, G3VJP

CHAS. H. YOUNG LTD
170-172 Corporation St., Birmingham 4

Please print your address. No C.O.D. under £1.

’phone CEN 1635
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6BW6
POWER AMPLIFIER

by Wilfred Smith

This simple amplifier incorporates a comprehensive tone control and provides an output that is more
than adequate for normal domestic listening.

HE AMPLIFIER TO BE DESCRIBED EMPLOYS A
3 valve circuit, has bass and treble tone
controls, and is capable of feeding some

2 to 3 watts of audio power to a 3Q speaker. Nega-

tive feedback is used to improve the frequency

response and to bring the amplifier into the good
quality category. The three valves include the

h.t. rectifier, and all remaining parts are kept to

a minimum. When complete, the amplifier measures

about 9in long, 54in deep and S}in high.

The famiiar aluminium chassis is not employed,
here, the bus-bar type of earth connection being
used instead to obviate hum loops.

The Circuit

The input is applied directly to the grid of V()
via a length of screened cable from the input socket.
See Fig. 1. Screened cable is imperative here because
of the close proximity of the mains transformer
and the heater wiring. After amplification the

rY

AAAAA.
VYWY

A
NYYY

Volume

¥

= VRo
"~ Bass

3

ECCa3 ¢y

o

AMAA

AAMAA

..|||_‘

7

Fig. 1. The circuit of the 6BW6 Power Amplifier
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Fig. 2. lllustrating chassis dimensions, and the manner in which transformers Ty and T, are mounted

Components List

Resistors
(All fixed values 4 watt 109 unless otherwise stated)
R; 1MQ

R, 24kQ
R; 220kQ
R; L5MQ
Rs  150kQ
Rg 2.7kQ
R;  220kQ
Rg 10kQ
Ry  560kQ
Rjo 4.7kQ
Ry 270Q
Rz 4.7kQ

VR; 1MQ Lin. Potentiometer
VR, 1MQ Lin. Potentiometer
VR3 1MQ Log. Potentiometer

Capacitors
C;  0.01pF paper
C2  50pF silver mica
C3  500pF silver mica
C4  330pF silver mica
Cs  0.003uF paper
Cs  25uF electrolytic 6V wkg.
C7 0.01pF paper
Cs  0.01uF paper
Co  25uF electrolytic 25V wkg.

SEPTEMBER 1966

Cio 324-32uF electrolytic 350V wkg.
Ci1  8uF electrolytic 350V wkg.

V:; ECC83
V2, 6BW6
Vi EZ81

Transformers
T;  Output transformer. Ratio 50:1, with tags.
T, Mains transformer; Standard primary;
Secondaries 250-0-250V at 60mA and
6.3V centre tapped at 2A. (R.S.C. Ltd.
54 Wellington Street, Leeds 1.)

Switch
Si s.p.s.t., on-off switch

Sockets

Input coaxial socket

3-way output socket

3 B9G valveholders with centre spigots

Miscellaneous

3 control knobs

Clip for ClO

Paxolin for chassis, etc.
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3-way output
socket

To earth
socket

To T, primary -~
A

T e
primary

secondaries

To HT. and heater
centre taps

Earth connections
to pot. cases

;‘f \ﬁ\*

To mains

-IEFont panel

Fig. 3. Details of under-chassis wiring. The wire connecting the earth points together should be bare tinned copper of
about 16 s.w.g.

signal is passed, via isolating capacitor C,, to the
tone control circuit, R3 being the anode load for
Vi(a). In the tone control circuit, VR; and VR,
are the treble and bass controls respectlvely The
output from the tone control network is taken
from the junction of the sliders of VR; and VR;
to the track of the volume control VR3j, the slider
of which then connects to the grid of V(). Again,
screened cable must be used for this connection.
Resistor Rg provides cathode bias for Vi) and
it is bypassed by Cs. R+, provides the anode load
for Vi), the output of which is taken via C,
and grid-stopper Rg to V3, the output stage.

Paxolin board

Bracket

Hardboard
front or
rear panel

Fig. 4. How the Paxolin board is secured to the front
and rear panels. Bracket material may be dural,
aluminium or mild steel
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The anode load of V, is the primary of the
output transformer T, this matching into a 3Q
speaker. Negative feedback is provided by Co.

The power supply stage is conventional, employ-
ing a double-wound mains transformer to obviate
the use of a live chassis with its attendant shock
risk.

Construction

The components are fitted on a stout Paxolin
board, this being secured to a hardboard front
panel and a hardboard rear panel by means of
metal angle brackets. Assuming that the mains
transformer and output transformer have the
same, or closely similar dimensions to those used
by the author, the Paxolin board dimensions should
be 5x8%in, as shown in Fig. 2. If larger trans-
formers are employed, the board dimensions will
have to be modified accordingly. As is illustrated
in Fig. 2, the lamination clamp of T; measures
4 x2}in, whilst that of T, measures 1}x23in.
The heights of these components are 13in for T,
and 2%in for T>. The transformers are positioned
as in Fig. 2, mounting holes being marked out
from the components themselves.

The three valveholder holes have next to be cut
out, these taking up the positions shown in Fig. 2.
When the valveholders are fitted they will take
up the orientation shown in the under-chassis
wiring diagram of Fig. 3, and so their mounting
holes should be drilled accordingly.

THE RADIO CONSTRUCTOR
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A further hole is required in the Paxolin board
for the bolt securing the mounting clip for Cjq.
The position of this hole is not critical and it is
only necessary to ensure that it enables C;q to
take up the position shown in Fig. 3.

Also required are two holes to allow the passage
of leads to T, and another three holes to allow
the passage of leads to T;. The positions of these
holes may, again, be judged from Fig. 3.

It is next necessary to make the front and rear
panels. These each measure 51 x9in and the
Paxolin board is secured to them by means of angle
brackets made of dural, aluminium or thin mild
steel, as illustrated in Fig. 4. On the front panel
are mounted the oa/off switch S;, the coaxial
input socket and the three potentiometers. These
take up the positions illustrated in Fig. 5. Fig. 5§
also shows that the underside of the Paxolin
board is 2}in above the lower edge of the front
panel.

The rear panel is shown in Fig. 6, and it will
be seen that this mounts a 3-way socket providing
connections for the speaker and for earth. The
rear pane! also has ventilation holes and these
may be made in the manner illustrated, or in any
other convenient form.

The Paxolin board and front and rear panels
should first be bolted together. The method of
assembly employed for these parts makes the
provision of a suitable cabinet at a later date a
relatively simple matter,

The components may next be fitted and wired
up, following the wiring diagram of Fig. 3. Con-

Top view, showing the valves and transformers

nections to Tj, above the chassis, are illustrated
in Fig. 2. Some output transformers will not have
the same tag layout as that shown, and care should
be taken to ensure that correct connections are
made. At this stage, the negative lead of Cy is
not connected to T; secondary. Also, the earth
connection to Ty secondary is made in temporary
fashion only, as it require§ changing during the
testing procedure. Either secondary tag may be
used for the temporary earth connection.

The connections to the mains transformer
primary depend upon the local mains voltage.
The primary leads corresponding to this voltage

—
Angle bracket securing paxolin Paxolin board
board to front Paml f
| Y2
Tl ombenlyutpulembm bt ..I"\t_—:_ __"i:__ byt 1 ’
: \ g
L. e e e
. [ |
o ) D
w \u Input socket | 2hd
S A S T ()
" ﬁ,t) |
l i) !
i | i
— 144"~ |'I4'-——I . 15—
4° —
~~ 9o* S o

Fig. 5. The dimensions of the front panel
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Holes for ventilation

/ 2

Angle bracket

3-way output socket

Fig. 6. The rear panel. An alternative style may be employed for the ventilation holes, if desired

are connected to the mains circuit, the unused
lead (or leads) being carefully taped up so that
there is no risk of accidental contact to any com-
ponent or terminal.

Operation

After wiring is completed, carefully check all
connections for errors and dry joints. Next,
connect an ohmmeter between the earth bus-bar
and the junction of Rjg, Ry2 and Cjo@). A very
high resistance should be present after the electro-
lytic capacitors have charged up. Should there
be a low resistance, recheck all the wiring. If all
is well, connect a loudspeaker to the output socket,
apply the mains and switch on. After about 20
seconds a slight hiss should be heard from the
speaker, and all valve heaters should be alight.

Next, connect a suitable signal source such as
a crystal pick-up or a radio tuner to the input
socket, check that this is reproduced over the loud-
speaker and that the three potentiometers are
functioning correctly.

At this stage, maintain a watch on the under-

side of the chassis to ensure that there is no over-
heating in any of the components. All components
should run satisfactorily within their ratings.
With the prototype, it was found that T, became
only slightly warm after several hours of continual
use.

The final step consists of connecting the negative
lead-out wire of Cg. Connect this to the secondary
tag of T; which does not have the earth connection,
and observe results whilst reproducing a signal.
Then, reverse the Co and earth connections to T
secondary and check again. Whichever method
of connection offers lower volume level is the
correct one for negative feedback, and Cy and the
earth lead should then be soldered permanently
into circuit.

It will be found that the amplifier offers adequate
gain and output with good quality. One precaution
which needs to be observed is that it should not
be operated unless a loudspeaker is connected
to the output terminals. If the loudspeaker is
not connected, high a.f. voltages may appear across
the primary of T; and there may be a risk of damage
in consequence.

MORE EMI COLOUR FOR BBC

Following the recent contract for EMI Colour Television Cameras Type 2001 the BBC has placed an order with
EMI Electronics for a Telecine Colour Vision Switching System to meet the exacting requirements of routing both NTSC

and PAL colour signals.

The EMI system includes Video Switching Modules Type 767 and Video Amplifier Modules Type 254 arranged as
three independent matrices within one assembly. Matrix 1 has fourteen inputs and six outputs, Matrix 2 has twenty-one
inputs and four outputs, and Matrix 3 seven inputs and six outputs. The modules are fed from a Power Supply 231 with

automatic standby facilities.
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SUGGESTED CIRCUIT No. 190

or more fuses in the power supply

circuits of electronic equipment.
Quite often, however, such fuses can
blow without the user of the equip-
ment being immediately made aware
of the fact. This point is especially
true with equipment having, say, a
number of fused h.t. supply lines,
since the blowing of a fuse in one of
these lines may put a small section
only of the equipment out of use and
will not affect the remainder. The
failure of the fuse might not then be
immediately apparent, and time may
be wasted before its condition is
later realised.

This state of affairs can be
eradicated by circuits which give
positive indication of fuse failure,
and two suitable methods are des-
cribed in this article. The first
method is not new or original, but
it is included because of its general
interest and because it provides a
useful introduction to the method
which follows. The latter has been
specially devised by the author for
this article in the “Suggested Circuit”
series.

IT IS CUSTOMARY TO EMPLOY ONE

Positive Failure Indication

Fig. 1 (a) illustrates a typical
power supply circuit in which a
source of h.t. potential is applied
to a load (i.e. one or more stages in
a piece of electronic equipment) by
way of a fuse. The presence of h.t.
is shown by a neon bulb which is
connected, via its series resistor, to
the h.t. line after the fuse. If h.t. is
present the neon bulb glows. If,
then, the fuse blows, the neon bulb
extinguishes.

The author feels that the exting-
uishing of the neon bulb provides
only a negative indication of fuse
failure. The attention of the equip-
ment user is less liable to be caught

SEPTEMBER 1966

by the extinguishing of a neon bulb
than it would be if the failure caused
a second bulb to glow. A circuit
capable of providing this added
facility is shown in Fig. 1 (b). If,
in this diagram, the fuse blows, the
voltage across indicator NE; drops
to zero and it becomes extinguished.
At the same time the supply voltage
is now applied, via the load, to NE,,
which commences to glow. A
positive indication of fuse failure
has therefore been achieved since a
second bulb now becomes illumina-
ted. If the two neon bulbs are
mounted behind ““lenses” of different
colours the change in operating
conditions is at once obvious. Where
a number of fuses, each provided
with the circuit of Fig. 1 (b) are em-
ployed, analternative scheme tousing

FLASHING FUSE FAILURE INDICATOR

By G. A. FRENCH

differently coloured “lenses” consists
of mounting all the neon bulbs which
carry out the function of NE; in one
row, and all those which carry out
the function of NE, in a second
row. Fig. 2 (a) shows the bulbs
fitted in this manner to a front panel.
The transference of illumination in
one circuit from the first row to the
second then offers a striking indica-
tion of fuse failure, as may be seen
from Fig. 2 (b).

In cases where it is desired to be
advised only of the blowing of a
fuse, the NE, circuit can be employed
on its own in each fuse, as is shown
in Fig. 3 (@). The faiéure of any fuse
is then at once indicated by the
illumination of a neon bulb which
normally remains extinguished.

The circuits of Fig. 1 (b) and Fig.

Fuse
—OO~
Fi
s R, Series
resistor
HT
supply Load
Neon
NE,
(a)
Fi
——Oo~ 00— ‘
Ra
HT Al
‘Ulil;i)' NEp Load
NE,

(b)

Fig. 1(a). A canventional fuse and neon bulb indicator circuit. The neon bulb
extinguishes if the fuse blows
(b). In this circuit, nean NE; glows when the fuse blows
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Neon bulbs

FUSE BLOWN O// O

O O
\‘// \\l/ A N/,
Fuse Goob =0 >0z -0 =02
AR N RN
FUSE FUSE FUSE  FUSE
1 2 3 a4
(a)
Ny
Fusesown O -0 O O
NIV v’ Nz S
FusE Goob ~O< O -O- 207
) I\ // \\ I\
FUSE FUSE FUSE  FUSE
| 2 3 a
)

Fig. 2(a). A panel layout in which bulbs in the NE, circuit position (see
Fig. 1(b)) are in the “Fuse Good" row, whilst bulbs in the NE, position
are in the "‘Fuse Blown” row

(b). The fact that Fuse No. 2 has blown is readily apparent here

3 (a) are suitable for supply voltages
between some 100 and 500 volts, the
neon series resistors being given
values applicable to the voltage.
Although operation has just been
described in terms of direct voltage,
the circuits will function equally well
with an alternating voltage supply.
An important point is to ensure that
the effective resistance offered by
the load is sufficiently low when the
fuse has blown to enable a neon
bulb in the NE, position to become
illuminated with adequate brilliance.
If, for instance, the fuse were in an
h.t supply line and the load consisted
of a single valve stage with no
resistive potentiometers across the
supply rails for screen-grid supplies
and the like, the effective resistance
offered after fuse failure (due, say,
to an intermittent fault) could be
comparatively high. In such in-
stances, it may be helpful to add an
additional resistor across the load,
as shown in Fig. 3 (), to reduce the
effective resistance in series with
NE,. This resistor will usually need
a value which causes it to pass
about ImA when the fuse is intact,
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and so the extra loading it causes
is negligible. However, neon bulb
energising currents are relatively so
low that it should be found, in
practice, that the addition of such
a resistor is rarely required.

Flashing Indicator

The method of fuse failure indica-
tion illustrated in Figs. 1 (b) and 3 (@)
is simple and reliable, but the writer
decided to investigate a more
sophisticated method using a single
neon bulb to cover both the fuse-
intact and fuse-blown conditions.
It was intended that the neon bulb
would be steadily illuminated whilst
the fuse was intact, but would flash
on and off continually when the fuse
blew. A flashing light would, of
course, be much more capable of
catching the attention of the user
than would the steady illumination
of neon NE; offered by the method
just discussed.

A neon bulb may be made to
flash on and off continually by
connecting it in the circuit of Fig. 4,
in which a capacitor is connected
across the bulb, a resistor of fairly
high value is connected in series,
and a direct supply voltage is
applied. With correct component
values the circuit then functions as a
relaxation oscillator in the following
manner. On application of the supply
voltage the capacitor commences to
charge via the series resistor until the
voltage across its plates reaches the
striking voltage of the neon bulb. This
then ignites, drawing current from
the capacitor until the voltage
across its plates falls below the

sttgw NE> -
T
(a)
From fuse ]
;o e T Lood
(b

Fig. 3(a). If visual indication of fuse failure only is required, the NE, circuit

may be used on its own

(b). In cases where the load can offer a very high effective resistance after
fuse failure an additional resistor may be connected across it.
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Fig. 4. When the requisite

component values are employed,

this circuit enables a neon bulb

to operate as a relaxation
oscillator

burning voltage. The neon bulb
then extinguishes and the capacitor
commences. to recharge until the
voltage across its plates once more
reaches the striking voltage. Again
the neon bulb ignites, and another
cycle commences. The only further
comment that need be made here
about the operation of this circuit is
that the value needed in the series
resistor for relaxation oscillation to
occur is normally much larger than
that recommended for optimum
brilliance in the bulb.

A number of possible circuit
configurations capable of changing
a neon bulb from steady illumination
to the flashing mode on fuse failure
were checked by the author, these
leading up to the final circuit which
is shown in Fig. 5 (a). In this
diagram a d.c. supply of 200 to
250 volts is applied to fuse F,
and, thence, to the load. When the
fuse is intact current flows to the
neon bulb via R; and R;, diode
D; passing current in the forward
direction. Diode D; inserts negligible
resistance and the neon bulb is
steadily illuminated at good brilliance
level since R, offers a low series
resistance. When the fuse blows
the upper supply rail to the load
falls to the same potential as the
lower supply rail, whereupon diode
D; becomes reverse-biased. The
neon bulb is now supplied via the
relatively high value resistor Ry,
and the component values become
such that the neon bulb flashes at a
regular frequency, thereby indicating
that the fuse has blown.

The neon bulb specified in the
circuit is the Hivac 16L (available
from Henry’s Radio Ltd.). This is
a small wire-ended type, and was
employed in the prototype circuit.
The particular bulb used by the
writer had a striking voltage of 76
and a burning voltage of 60. At
voltages of 200 to 250 the specified
series resistance for the 16L is
220kQ, and R; and R; in parallel
approximate to this value. Thus,
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when the fuse is intact the neon
bulb runs at correct brilliance level.
When the fuse blows, the flashes
given by the bulb are similarly at
good brilliance level due to the
mnitial discharge current from Cj.
The frequency of flashing may vary
with different neon bulbs and
different values (within its tolerance)
in C;, whereupon it may be necessary
to slightly adjust R; to obtain the
flashing speed required. The value
of 2MQ shown in the diagram
gave a flash rate of approximately
2 per second with the prototype
circuit, the range of values in Rj
over which flashing occured being
from about 1.5 to 2.5MQ. Diode
D; should be a silicon rectifier
having a peak inverse voltage higher
than the applied direct voltage. An
0OA210 (p.i.v.=400 volts) would be
more than adequate here.

The two resistors R; and R; can
be %+ watt 10% components. C;
may be a paper or plastic-foil

component having a working voltage
greater than the striking voltage
of the neon bulb.

It should be possible to employ
neon bulbs other than the 16L in
the circuit of Fig. 5 (a), but it will
probably be necessary to find
alternative values for R; and Rj
and, perhaps, C;. Different supply
voltages may also be catered for,
provided that these are greater than
some 20 volts above the striking
voltage of the neon bulb. Obviously,
the values of R; and R, will then
have to be changed accordingly.
Also, the p.i.v. requirement in D;
may alter. A useful feature of the
circuit is that its operation is
independent of the effective resist-
ance offered by the load after the
fuse has blown. The neon bulb
will flash reliably, irrespective of
whether the load presents an open-
circuit or a short-circuit.

By the addition of a second diode
the circuit may be made to operate

A
O~0——
¥
* g 2 *
2Mn ¥ =
:;RZ
+ 240kn
DC.
supply Load
200-250V ﬁ
NE . G
HIVAC O-25uF
6L
#* Adjust for required flashing speed
(a)
F
O~
¥ D ¥ D0
+ +
* R 2 2R2
Ma ¥ 2150k
AC.
supply
200-250V Load
NE; A G
HIVAC 0 o5,F
6L

# Adjust for required flashing speed
b

Fig. 5(a). With this circuit a single neon bulb is steadily illuminated when
the fuse is intact and flashes at a regular rate when the fuse blows
(b). The same circuit principle may be used for fuses in a.c. mains circuits,
but it is necessary to add a second rectifier
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with a fuse in a 200 to 250 volt
a.c. mains supply circuit. The
appropriate circuit is shown in
Fig. 5 (b), in which the additional
diode is D,. Operation is the same
as for Fig. 5 (a) except that current
in the R; and R; circuits only flows
during the half-cycles where the
upper supply terminal is positive.

In consequence, the values of R;
and R; are proportionately reduced.
As with Fig. 5 (a) it may be necessary
to adjust the value of R; to obtain
the desired flashing rate in the
neon bulb. Both diodes are silicon
rectifiers. Since C; can become
charged to the striking voltage of
the neon bulb, the diodes should

have a peak inverse voltage rating
equal to the peak voltage of the
applied a.c. plus this striking voltage.

A minimum p.i.v. figure offering a
small safety margin would be 450. In
the prototype circuit the author em-
ployed two silicon rectifiers type
BY100 in the Dy and D; positions.
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Adding Machine
for 12-Volt Operation

by P. D. Somerville

This simple adding machine employs a telephone
dial and runs from a 12-volt car battery. It is
assumed that the reader is familiar with simple
relay and electro-magnetic counter operation.

OME TIME AGO A FRIEND REQUESTED THE WRITER
to make an electronic adding machine capable
of working from a 12-volt car battery. This

was to be used for motor car rallies, so that the
number of miles to be covered could be totalised.

The writer used an ex-G.P.O. telephone dial,
a 12-volt relay and an electro-magnetic counter.

The electro-magnetic counter had to be rewound
as it was of the 48 volt variety. This process con-
sisted of stripping off the existing winding and
rewinding the former with the contents of a 4 oz.
reel of 22 s.w.g. enamelled copper wire. It is
possible, however, to obtain 12-volt counters.
If one of these is used there is, of course, no necessity
for rewinding,

Relay Operation

- The relay has to be capable of operating with
12 wvolts. Practically any relay will do provided
it is sufficiently quick-acting and that the contacts
will carry the current needed to operate the electro-
magnetic counter. The relay requires one break
contact set only.

The telephone dial impulse springs may be
readily identified by operating the dial. These
remain closed until the dial is released after selecting
a number, whereupon they open the same number
of times as the number selected. Thus, on selecting
number 5 and releasing the dial, the impulse springs

SEPTEMBER 1966

On- 1
Off
Relay Electro-
coil magnhetic
counter L
Telephone dial e
505 Rl e _ 12Volts |
HOX) comac -
[{e) o) L +
Oy A Dial impulse
‘IL H springs
[ S -

The circuit of the simple adding machine

open 5 times then revert to their normally closed
condition. It is because the impulse springs indicate
the number dialled by opening, instead of closing,
that it is necessary to interpose a relay between
them and the counter. Another reason for including
the relay is that the counter current, at 12 volts,
may be too heavy for the impulse springs.

The circuit of the adding machine appears in
the accompanying diagram. When the on-off
switch is closed, the relay operates by way of the
dial impulse springs. There is also a momentary
current through the coil of the counter before
the relay contacts break, but the counter is too
slow in operation to indicate a number.

On dialling a number the impulse springs open
the appropriate number of times, the relay de-
energises a similar number of times, and the counter
indicates the number selected. When successive
numbers are dialled the counter totalises them.
Thus: 244-+48=14.

When numbers greater than 10 are desired, the
0 on the dial has to be selected for the number
of tens; e.g. 34 is three 0’s and a 4.

One can also multiply using the adding process.
Thus: 3x4 is 3 dialled 4 times. Division and sub-
tracting are beyond the scope of this instrument.

The best type of counter is the resettable type,
but the others can sometimes be modified to reset.

Editor’s Note

Counters, relays and dials may be obtained from a
number of suppliers, including Henry’s Radio, Ltd.;
L. Wilkinson (Croydon) Ltd., Longley House, Longley
Rd., Croydon, Surrey; Samson’s (Electronics) Ltd.,
9 and 10 Chapel St., London, N.W.1,; and Service Trading
Company, 47-49 High Street, Kingston-on-Thames.

It may be found necessary to slow the dial slightly
(or to speed counter operation) if dial impulse spring
circuit interruptions are too fast for the counter to
follow. Information on the adjustments which can be
made here was given in “In Your Workshop” in the
June 1963 issue.
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Beta-ray backscatter apparatus being used by ultra Electronics (Components)
Limited to measure the thickness of precious metal plating in production
processes

AND .

UP-TO-DATE!

A Beta-ray backscatter apparatus
to measure non-destructively, on a
production basis, the thickness of
precious metal plating is being used
by Ultra Electronics (Components)
Limited.

Long and careful investigation
has shown the apparatus to be
capable of extremely rapid and
highly accurate thickness measure-
ment. By using this technique rather
than the micro-sectioning method,
many more components can be
checked in a much shorter time to a
much higher degree of accuracy.

The component is placed on an
aluminium plate above a radio-
active source. Beta-rays are then
emitted, and pass through a slot in
the aluminium plate, through the
electro-deposited coaiing, and, on
striking the base material, are
reflected back into a dectector.
From this, the thickness of the
plating is read off from a direct
reading meter.  Calibrations are
carried out by taking readings on
known standards.

REGULAR STEREO TRANSMISSIONS
AT LAST

These notes are being written just before the com-
mencement of the BBC stereo transmissions therefore
most readers with the necessary equipinent will have
already sampled these broadcasts.

The beginning of these transmissions is greatly to be
welcomed and will delight those who have been actively
campaigning for them for so long.

One of our advertisers, Daystrom Ltd., have shown
their usual energy and resource by anticipating the
BBC decision. They have designed a new British Tran-
sistorised FM Stereo Decoder. The decoder will be
available in November and is suitable for use with Heath-
kit Tuners, models FM-4U and AFM-1, and, because it is
self-powered, it may also be used with most other makes
of FM Tuner.

The kit will be priced at £8 10s. 0d. and will also be
available already assembled for £12 5s. 0d. Further
information may be obtained direct from Daystrom Ltd.,
Gloucester.

The transmissions will be on the pilot-tone system
which has been extensively tested in the Music Programme
and the system is a fully compatible one.

The stereo transmissions will be available at first
only to listeners within the service area of the Third
Network VHF transmitters at Wrotham and Dover
(South-East England) but it is planned to extend them to
the Sutton Coldfield VHF transmitter (Midlands) in
approximately twelve months and to the Holme Moss
VHF transmitter (North of England) in approximately
fifteen. months.

Further extensions of the service, both in relation

to coverage and to the number and character of the
stereo programmes transmitted, will be considered in
the light of public reaction and of the economic resources
available.

WORKED ALL ZONES AWARD

One of our readers, Mr. Allan Herridge, G3IDG, has
recently been investigating the origins of the Worked
All Zones (WAZ) Award and he has kindly written to
us as follows:

“l have discovered that the WAZ idea did not
originate with Radio Magazines Inc. of N.Y., and not
even in the year 1938.

It was, in fact, first suggested in R/9 magazine dated
November, 1934, The same break-down of the world
into 40 Zones applied then and, apart from some call-
area changes (the introduction of VE6, 7 & 8 and W@, and
the re-allocating of some American States after the war),
the whole thing appears to be as it exists today.

The idea does not seem to have caught on at that
time, though, and neither did it when Radio magazine
tried it again in their February, 1936 issue. In fact, it was
not until it was once again suggested by them in the
January, 1937 issue, that WAZ finally found favour.
From then, until it was decided to suspend it for the
duration in February, 1941, Radio ran a WAZ Honor Roll,
and it is interesting to note that in the four years of its
pre-war existence only three amateurs (ON4AU, and the
late G2ZQ & J5CC) managed to work All Zones.

After the war CQ magazine, as successor to Radio,
announced the resumption of WAZ in their January,
1947 issue, and the latest figures (CQ, June 1966) show
2892 WAZ Certificates issued in just over 19 years.”
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THE JBL MINUET

It is always of interest to learn of
developments in aspects of our hobby
which have emanated from the U.S.A.

There has recently been intro-
duced the James B. Lansing
“Minuet”, a remarkably small en-
closure for the quality and volume
of sound which it offers.

JBL’s smallest system uses the
LEST passive radiator for bass
performance which is truly exciting
for an enclosure of such limited
dimensions (it is only 164 x 9 x 8in).

The LES8T is a full-range loud-
speaker which achieves smooth,
extended response probably never
before realized in a unit only 20cm
in diameter. The LE8T delivers full
bass by employing a cone especially
mounted to permit very long linear
travel. The mid-range and highs are
transparently pure. Pure silver
impedance controlling ring extends
treble range. The performance of
the LES8T in an enclosure of this
size is excellent.

Details of availability and other
information can be obtained from
Ad. Auriema Ltd., 125 Gunnersbury
Lane, London W.3.

NORTHERN RADIO SOCIETIES
ASSOCIATION CONVENTION

The above Association was formed
in January 1965 for the purpose of
promoting a Convention devoted
to Amateur Radio at Belle Vue,
Manchester.

This Convention was duly held in
October 1965 and was a great success.
Accordingly it was decided to hold
a second Convention on the 3rd and
4th September 1966, again at Belle
Vue, Manchester.

Many aspects of Amateur Radio
will be covered. The main feature
will be an Exhibition in the Lancaster
Hall at Belle Vue. Amateur stands
will form a major part of the
Exhibition and it is hoped that many
Societies will be represented.

Further information may be
obtained from the Chairman, I. D.
MacArthur, G3NUQ, of 55 Lang-
dale Road, Bramhall, Cheshire, or
the Secretary, C. J. Fox, G3HII, of
21 Egerton Road South, Chorlton-
cum-Hardy, Manchester, 21.

We wish the Convention every
success. As we have stated on a
previous occasion, we wish it were
possible for the annual R.S.G.B.
exhibition to move around.

SEPTEMBER 1966

COMMENT

The James B. Lansing **Minuet'’

NEW CROWN PORTABLE TAPE REGORDER

The Heddon-Smith Group Ltd., have recently introduced two new Crown
portable tape recorders one of which, Model CTR 5450 is shown below. It
operates from four U2 batteries or a.c. mains, is twin track, two speed 1§ and
3% i.p.s. Incorporating 5 transistors it takes up to 5in spools and has an
output of 700mV. Features are fast forward wind facility, record level
indicator, tone control, and a safety button device is provided to prevent
accidental erasure of tape.

It weighs 7.9Ib. and measures 114 x 8% x 4{in.

Price complete with remote control dynamic microphone and magnetic
earphone is 294 gns.
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Measuring Current with a Voltmeter

by John Black

How to find the current consumption and power requirements of mains or d.c. operated equipment
with a low-cost testmeter.

ANY CONSTRUCTORS POSSESS MULTI-TEST-

meters, but the majority of these, whilst

having a.c. voltage ranges, do not have
a.C. current ranges.

Despite the lack of a.c. current ranges, these
simple meters may still be employed to find the
current consumption and power requirements of
mains operated equipment, the measurements
being made by means of the simple approach
described in this article. As is explained later,
the technique may also be used for measuring
direct currents. with the aid of testmeters having
voltage ranges only, or whose current ranges are
too low for the current to be measured.

Mains Current Measurements

For mains current measurements, the only
additional item of “test gear” needed is a 10Q
resistor of 10 watt rating. The method used is
shown in the accompanying diagram, in which it
may be seen that the 10Q resistor is in series with
one of the mains supply leads to the equipment
being checked. The current consumed by the
equipment is found by measuring the a.c. voltage
dropped across the resistor, and evaluating from

E
the Ohm’s Law equation, I=§.

If, for instance, it is found that 2.4 volts is dropped

across the resistor, then
I 2.4
10

=0.24 amps.

For a mains voltage of 240 this will correspond
to a power consumption in the equipment of
0.24 X240, which is approximately equal to 60
watts. .

The use of a 10Q resistor has the advantage of

Testmeter
yyYvy
l Series I
resistor Equipment

AC.mains under
test

[ T
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simplifying the arithmetic. One has only to move
the decimal point.

A slight discrepancy in the current measurement
is caused by the fact that the voltage applied to
the equipment is the mains supply voltage minus
the voltage dropped across the resistor. In the
example just given, the drop across the resistor
was only 2.4 volts, whereupon there should be
little alteration in the current consumption of the
equipment. Nevertheless, if it is felt that the
reduction in voltage might shift the working char-
acteristics of the equipment, a 1Q resistor should
be used in place of the 10Q2 component. The current,
in amps, is then equal to the volts appearing across
the resistor.l

A 10 watt rating for the 10X resistor is suggested,
this catering for currents up to 1 amp. If it is
intended to measure higher currents the wattage
rating may be increased or, preferably, the 1Q
resistor may be used.

Care should be taken to avoid shock when
measuring mains currents with the aid of the
resistor. Where practicable, it should be inserted
in the neutral line.

Direct Current Measurements

Direct current measurements may similarly be
made by using the resistor in series with the d.c.
supply. Normally, these measurements will be
at low voltages, whereupon it will be desirable to
(eimploy the 1Q resistor to avoid excessive voltage

rop.

For accurate measurements on a.c. or d.c.,
the series resistor should have a tolerance of 19
and suitable types may be bought, although they
may not be generally available through home-
constructor retail channels. If necessary, the
resistor could be assembled from a number of
lower wattage types, having suitable values and
tolerances, connected in parallel. Alternatively,
suitable resistors may be made up from resistance
wire.2 80/20 nickel-chrome wire of 20 s.w.g. has,
for instance, a nominal resistance of 1.52Q per
yard, whereupon a resistance of 1Q is given by
approximately 2ft. of this wire.

1 With equipment employing half-wave h.t. rectifiers and in which
a heavy h.t. current flows, as in a television receiver, it would probably
be better to use the 1Q resistor. It should be remembered, also, that
accurate readings cannot be obtained with such equipment, since a
non-sinuscidal voltage is applied to the testmeter.—Editor.

2 A wide range of resistance wires is available from Post Radio
Supplies, 33 Bourne Gardens, London, E.4.—Editor.
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Understanding ., ....
Radio

LINKING THEORY WITH PRACTICE

A PRACTICAL PROJECT

GENERAL-PURPOSE POWER SUPPLY UNIT

This is the first of several practical projects which our author will be using to provide the many
readers following this series with an opportunity to put into practice the theory they are learning

N LAST MONTH’S ARTICLE IN THIS SERIES WE CON-
cluded our discussion on the factors which can
affect oscillator frequency stability, then carried

on to basic oscillator circuits of the type employed
in amateur transmitting equipment. We next
dealt with the effect known as “squegging” and
concluded by seeing how positive feedback, as is
employed in an oscillator, may be used to provide
regeneration in a grid leak detector circuit, with
a consequent improvement in performance.

In this month’s article we shall introduce an
interesting innovation to this series, this consisting
of constructional details for easily assembled
practical equipment based on the theoretical
matters which have been previously discussed.

Practical Units

We have covered a considerable amount of
ground since this series of articles commenced,
and it now becomes possible to think in terms of
practical assemblies to provide working illustrations
of the theoretical points which have been covered
in earlier articles. Some considerable thought
has been given to this departure, and it was finally
decided to develop a number of assemblies which
not only showed a typical approach to practical
circuit design but which also enabled the reader
to make equipment capable of further use apart
from that of merely demonstrating points of theory.

SEPTEMBER 1966

It was also decided that the assemblies to be
described should involve the very minimum of
metal-working. To this end, the assemblies will
be built up on chassis made from prefabricated
Lektrokit chassis construction parts. Many readers
will already be aware of the Lektrokit chassis con-
struction system, in which a number of different
chassis plates, provided with holes suitable for
the easy mounting of components and valveholders,
etc., may be bolted to standard chassis rails. The
Lektrokit system is primarily intended for laboratory
development work, but it may also be employed
for the construction of permanent equipment and
it lends itself ideally to our present requirements.
The use of a prefabricated chassis system tends to
result in some assemblies being larger in overall
size than would occur if they were constructed
on conventional chassis specifically made for them,
but this is a small disadvantage when weighed
against the fact that no drilling or chassis bending
is required, and that the tedious task of cutting
out valveholder holes and the like is avoided.

The immediate programme for future articles
in the “Understanding Radio” series consists of
the description of a simple mains power unit capable
of offering sufficient power for receivers and ampli-
fiers, whose construction will then be covered in
later articles. Immediately following the power
unit will be a description of the construction of a
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Components List

Resistors

R; Part of neon bulb assembly, see NE;

R, 27kQ 5 watts
Capacitor

C; 32uF 350V Wkg, electrolytic. Cat No.

EC44 (Home Radio (Mitcham) Ltd.)

Inductors

L, 10 Henry, 90mA, smoothing choke.

“Hygrade” (Radiospares)

T, Mains transformer type MT1AT, Douglas.
Secondaries: 250-0-250V at 80mA; 6.3V
at 3A; 6.3V at 1A (tap, SV at 2A). (Henry’s

Radio Ltd.)
Valve
Vi EZ80
Lamps
NE; Signal lamp, List No. D.841-250V, water-
clear “lens’ (Bulgin)
PL; Pilot lamp, m.es., 6.5V 0.15A (Radio-
spares)
Switch
Sy Rotary toggle switch, d.p.s.t.,, List No.

5.256 (Bulgin)

Plug and Sockets
1 Octal plug. List No. P.112 (Bulgin)
1 B9A valveholder
1 International Octal Valveholder
1 M.E.S. bulb holder (See Note 2 below)

receiver using triode valves, this also being built
up on Lektrokit parts. The articles will then
revert to theoretical matters for several months,
after which the points learned in these will be applied
to further receiver and amplifier designs.

88

Screws, Nuts
33 6BA cheese- or binder-head screws, #in.
2 6BA cheese- or binder-head screws, 14in.
35 6BA nuts
6 6BA washers

Miscellanecous
4in pointer knob
2 6BA solder tags
2 4BA solder tags
1 4in grommet
2-core flexible mains lead
Connecting wire, solder, etc.

Lektrokit Chassis Parts
All Lektrokit parts are available from Home
Radio (Mitcham) Ltd. Those marked with an
asterisk (*) are available in quantities of 10 or 12.
2 Side Plates No. 1. Part No. LK-301
1 Chassis Plate No. 1 Part No. LK-111
1 Chassis Plate No. 2 Part No. LK-121
1 Chassis Plate No. 3. Part No. LK-131
2 Chassis Rails. Part No. LK-201
*] Tagstrip 5-way. Part No. LK-2231
*4 Spacers No. 2. #in. Part No. LK-2521
*1 Plastic Clip No. 3. Part No. LK-2831 (or suit-
able alternative for securing mains lead to chassis)

*10 Insulators, Lead-Through, No. 1. Part No.
LK-2021
Note 1. Radiospares components may be obtained

through retailers only.

The m.e.s. bulb holder is available at
Woolworth’s stores, and is discussed in
next month’s issue.

Note 2.

In this month’s article we introduce the power
supply unit. With one small exception, all that is
required for the construction of this unit are screw-
driver, pliers, side-cutters and soldering iron. The
exception is given by the necessity to modify two
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Fig. 2. Earlier versions of the mains transformer specified had 4 volt taps in the heater windings, as in (a). Currently
manufactured transformers have the tag identification shown in (b)

of the Lektrokit chassis rails used in the assembly,
this being a process that can be carried out with
the aid of a small hacksaw and vice. A small
hacksaw and vice of the type available in Wool-
worth’s stores at low cost will prove to be quite
adequate for this task, which only takes a minute
or two to carry out.

The Power Unit
In the design of the power unit which forms the
first of our constructional projects a number of

factors have been taken

into account.

It was

decided that the power unit should be capable
of providing an adequately smoothed h.t. supply
of the order of 250 volts with currents up to 65mA.
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Fig. 3. How the Lektrokit parts are assembled to form the chassis. The two Chassis Rails are modified before assembly
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The ease of assembly with Lektrokit parts is well
demonstrated by this view of the completed power
unit,

A 6.3 volt hcater supply was also required, this
offering currents up to some 3 amps. Although
the primary purpose of the power unit is to supply
subsequent constructional projects in the ‘““Under-
standing Radio” series of articles, it was intended
that it should also be suitable for any other equip-
ment of the same nature which the reader might
wish to construct. In consequence, the h.t. and
heater outputs are brought out to an octal socket,
so that any suitable equipment can be plugged in.

The circuit of the power supply unit is shown
in Fig. 1. For the receivers and amplifiers envisaged,
a high level of h.t, voltage regulation is not considered
necessary, whereupon a simple full-wave rectifier
circuit with reservoir capacitor becomes quite
acceptable. The muains transformer specified has
an h.t. secondary of 250-0-250 volts at 80mA,
whilst the maximum limiting output current for
the EZ80 rectifier employed is 90mA. The h.t.
current requirement for the power unit is, in conse-
quence, comfortably met. The mains transformer
also has a 6.3 volt secondary winding rated at
3 amps which, again, meets requirements adequately.
A 6.3 volt pilot lamp connected across the heater
supply indicates that the unit is switched on and
operative, whilst a neon bulb indicates the presence
of h.t. voltage.
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The output of the power supply unit is coupled
to an octal valveholder, into which an octal plug
may be inserted. It will be noted that one side of
the 6.3 volt output connects to pins 1, 2 and 3,
whilst the other side connects to pins 6, 7 and 8.
The reason for using three pins for ¢ach connection
is that the Bulgin octal plug specified for use with
the socket is rated at 1 amp per pin. If the con-
sumption, at 6.3 volts, of equipment connected to
the unit is in excess of 1 amp, then connection
may be made by way of two or three of the plug
pins in parallel, according to the current required.
The 6.3 volt output is not connected to chassis
at any point in the power unit. All chassis con-
nections to the heater supply will be made in the
equipment which couples to the power unit.

In any rectifier circuit incorporating a reservoir
capacitor it is important to ensure that the series
limiting resistance per rectifier anode does not
fall below the minimum figure specified by the
manufacturers of the rectifier.t For the EZS80,
the minimum limiting resistance figure (quoted
by Mullard) is 125Q for 250 volts r.m.s. a.c. input
per anode. In our power unit the rectifier is supplied
by a mains transformer, whereupon we have first
to check the resistance of the secondary and primary
windings to see what limiting resistance these pro-
vide. The resistance offered per rectifier anode by the
transformer is the resistance of half the h.t. secondary

1 See “Understanding Radio” for March 1965,
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Fig. 4. Cutting the Chassis Rails to enable them to take three Chassis Plates

(i.e. from the zero centre-tap to either 250 volt
terminal) plus the “reflected” resistance from the
pnmary 2 This is equal to Rg+N2Rp where Rg
is the secondary resistance in the rectifier anode
circuit, Rp is the primary resistance and N is the
secondary-to-primary turns ratio (which is equiva-
lent to the voltage ratio). N is expressed as a
fraction and with, for example, a 2:1 step-down
transformer would appear as 4. With a mains
transformer having voltage taps in the primary,
the primary resistance to the highest tap offers
the worst case and is that which should be used
in the calculation. The resistance of the two halves
of the h.t. secondary of the transformer specified
for the present power supply unit was measured
and it was found that one half had a resistance
of 200Q and the other half a resistance of 210Q.3
The primary winding, between the zero and 250
volt terminals, had a resistance of 33Q. Since
the ratio between the 0 to 250 volt primary and one
half of the h.t. secondary is 1:1, the N2 expression
becomes 1. The lowest resistance offered, per anode,
by the transformer to the rectifier is, therefore,

2 See “Understanding Radio” for July 1963.

3 The half of the h.t. secondary which is wound on the inside
will have a slightly lower resistance than the half wound on the
outside because it employs less wire,

200Q plus 33Q, or 233Q., This is well in excess
of the minimum limiting resistance figure quoted
by the rectifier manufacturer and so no physical
series limiting resistors are required. In our power
unit, the internal resistance in the transformer
windings provides all the limiting required.

It may be added that in practice it is frequently
unnecessary, in exercises of the type just described,
to measure the primary resistance of the mains
transformer, The secondary resistance per anode
should first be checked. If this is in excess of the
minimum limiting figure quoted for the rectifier
there is no need to proceed further, since the rectifier
manufacturer’s requirements are already met by
this resistance on its own. In the present case
the calculation was, however, carried out in full
for purposes of demonstration.

The reservoir capacitor should be capable of
passing the ripple current in the rectifier circuit.
For home-constructor applications, a simple “rule-
of-thumb” is to assume that reservoir capacitor
ripple current for a full-wave rectifier at 50c/s is
of the order of 1.4 times the d.c. load current.
As will be seen, we shall be drawing an overall
maximum d.c. load current approaching 80mA,
which corresponds to a ripple current of 1.4 times
80, or 112mA. (The direct current in excess of

Lead-out wires REAR
B : o
- '\"'
If( |
R o
CRCR
o o
|~ %] o o.l %)
| oo /
Chassis plate .‘ T L
No.3 !
//

Octal valveholder

FRONT

Chassis plate No.2

B89A \‘valvcholdcr

Fig. 5. Fitting the main components above the chassis
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65mA is drawn by R, and NE,). The capacitor
specified for the C; position is quoted in the Home
Radio catalogue as having a maximum ripple
current of 200mA, which gives a reasonable safety
margin. The capacitor specified also has a working
voltage of 350, which will allow for the tendency
of the rectified voltage in the circuit to rise to the
peak value of the applied alternating voltage under
low-load conditions.

The insulation between the cathode and heater
of the EZ80 rectifier is sufficient to withstand 500
volts maximum. The heater could, in consequence,
be connected to the same 6.3 volt supply as is used
for other valves in the associated equipment and
which would normally be at chassis potential
(e.g. one side of the 6.3 volt supply could be connec-
ted to chassis). In the present case, a separate
heater winding offering 6.3 volt at 1 amp is available
in the mains transformers and this can be used to
supply the rectifier heater on its own. To prevent
the risk of high static voltages appearing in this
separate heater circuit, one side of the heater
winding may be connected either to chassis or to
the cathode of the rectifier. It is marginally prefer-
able to connect it to the rectifier cathode, since it
may be assumed that the cathode-heater insulation
is slightly more vulnerable to breakdown than the
insulation between the 6.3 volt winding and other
windings on the transformer.

The transformer specified has an electrostatic
screen between primary and secondary.4 This
screen is connected to chassis.

There is no smoothing capacitor after the smooth-
ing choke. In some of the equipment which will
later be connected to the power unit, the smoothing
capacitor will also provide a low source impedance
for a.f. and r.f. currents. To avoid long connecting
leads to this low source impedance, the necessary
smoothing capacitor will in consequence be fitted in
the chassis of the supplied equipment.

The neon bulb, NE;, offers a convenient indication
of the presence of h.t. voltage. It is supplied in a
self-contained assembly which includes the series
resistor needed to keep neon current at a safe level.
The neon draws a current of approximately 1.5mA.

After some thought, the writer decided not to
include a fuse in the h.t. positive line. The absence
of a fuse does, however, make it necessary for the
constructor to take especial care to avoid accidental
h.t. short-circuits in equipment connected to the
power unit.

Finally, a bleeder resistor, Ry, is connected across
the h.t. output. This component is included for
two reasons. First of all, it is possible to switch
on the power unit without an external load con-
nected whereupon the reservoir capacitor may, in
the absence of R, remain charged after switching
off again. Unexpected and unpleasant shocks may
be received from the capacitor in this condition.
(The neon bulb and its series resistor cannot be

4 The screen in a mains transformer may consist of a thin shim
of brass or copper fitted around the primary but with its ends insulated
from each other to prevent the appearance of a ‘‘short-circuited turn”,
or it may be a layer of winding wire to which connection is made
at one end only.
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relied upon to ensure quick and complete discharge
of the capacitor after switching off the mains supply).
Secondly, under very low load current conditions,
the voltage output from the power unit, without
R,, could rise to a somewhat undesirably high
level. The bleeder resistor, which draws some 10mA,
prevents the appearance of such high voltages.
This resistor dissipates some 2.7 watts. Since
the wattage ratings ascribed to resistors available
through home-constructor channels are frequently
the maximum limiting ratings, R, is specified in
the Components List as 5 watts.

The output voltage of the prototype, at zero
external load current, was 290 volts. At an external
load current of 65mA, this dropped to 230 volts.

The Mains Transformer

Before proceeding further, it is necessary to give
a brief note concerning the mains transformer.
This is the type MT1AT, manufactured by Douglas
Electronic Industries, Ltd., and it is a robust
component which may be readily mounted on the
Lektrokit metal-work. The MTI1AT transformer
has, however, recently undergone a small change
in design, and since earlier versions of the transformer
may still be held in retailers’ stocks, this change
will be briefly noted here.

The original version of the transformer had the
secondary tag layout shown in Fig. 2(a). It will
be seen that both heater windings offer 6.3 volts,
and that one is tapped at 4 volts, whilst the other
is tapped at 4 and 5 volts. The taps enabled the
transformer to cater for a wide range of heater
voltages in home-constructor and similar equip-
ment. However, since the war the use of valves
with 4 volt heaters has virtually completely declined.
The 4 volt taps in the transformer have now there-
fore been discontinued, and currently produced
transformers have the secondary tag layout shown
in Fig. 2(b). Some interim transformers were
manufactured with the same general tag layout
as in Fig. 2 (b), but the identifying label alongside
the two bottom right-hand tags (0 and 6.3) may
bear the figures 0, 4 and 6.3. If such a transformer
is obtained, the figure 4 on the label should be
ignored.

The Chassis
We may now proceced to gonstructional matters.
The chassis of the power unit is made up from
the following Lektrokit parts: two Side Plates
No. 1; two shortened Chassis Rails; one Chassis

" Plate No. 1; one Chassis Plate No. 2; and one

Chassis Plate No. 3. These parts are assembled
together as shown in Fig. 3.

The three Chassis Plates just mentioned are
manufactured from 18 s.w.g. half-hard aluminium
alloy sheet, and all are punched with a uniform
pattern of }in. diameter holes. (These holes are not
shown in Fig. 3). Chassis Plate No. 2 also has
six holes for B7G or B9A valveholders, and Chassis
Plate No. 3 has two holes for octal valveholders.

Two Chassis Rails are available in the Lektrokit
system, one having a length corresponding to two
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Chassis Plates, and one having a length corres-
ponding to four Chassis Plates. The most con-
venient layout for the power supply unit is
given on three Chassis Plates and it was decided,
for the sake of the appearance of the completed
power unit, to modify two of the longer Chassis
Rails so that they could take three plates. All
that is required is to cut away the end section of
each Chassis Rail as shown in Fig. 4, whereupon
a group of 6BA clear holes becomes available, at
the cut end, for bolting to the Side Plate. As was
mentioned earlier in this article, the Chassis Rails
can be cut very quickly with the aid of an inexpensive
hacksaw. After the Chassis Rails have been shorten-
ed the assembly of Fig. 3 is then made up, the parts
being secured together with Lin 6BA screws and nuts.
No other metal-working processes whatsoever
are involved, and the chassis is now complete!

Mounting The Main Components

The first component to be mounted is the mains
transformer, and it is fitted to the Chassis Plate
No. 1. The transformer should be mounted as
shown in Fig. 5, with the primary tags (0, 200,
230, 250) at the rear, and the tags for the h.t. and
heater secondaries at the front. Looking at the
transformer from the front of the chassis, the
250-0-250 h.t. secondary tags are at the bottom
left, as in Fig. 6. The transformer should be position-
ed so that two rows of 3in. holes in the Chassis
Plate are visible behind its frame. It may be secured
with four %in, 6BA screws, with washers under
the heads to accomodate the wide mounting slots
in the transformer frame.

The smoothing choke has next to be fitted, and
this is mounted on the Chassis Plate No. 2. The
choke is secured with two 4in. 6BA screws having
washers under the heads, and is positioned such
that two rows of }in. diameter holes are visible
behind its clamp and laminations. The lead-out

Fig. 6. Front view, showing the manner in which the
mains transformer should be mounted

wires from the choke should protrude at the front.

The B9A valveholder is next fitted, and it takes
up the orientation shown in Fig. 5.

The last of the main components to be fitted
is the octal output socket. This is mounted on the
Chassis Plate No. 3. The octal valveholder should
have the same orientation as is shown in Fig. 5. A
6BA solder tag should be fitted below the chassis un-
der the mounting nut adjacent to pins 4 and 5.

Next Month
In next month’s issue we shall give further
assembly and wiring details for the power unit.

Recent Publication . . .

MICROWAVE PRIMER. By Albert Camps and Joseph A. Markum. 198 pages, 53 x 8%in. Published by W. Foulsham

& Co. Ltd. Price 30s.

“Microwave Primer"” is another title in the Foulsham-Sams Technical Books series, and its American origin offers
no hazards to the English reader because the subject-matter is universally applicable. The book is primarily aimed at the
person wishing to enter the field of microwave technology or who wants a broader comprehension of the subject. The
authors have employed the slightly unusual device of presenting the text in question and answer form, This approach
pays off dividends in the present volume since it enables each question to be dealt with in its entirety and with proper

emphasis.

The book is based on extensive laboratory experience and deals very adequately with an exceptionally wide range of
topics in the microwave category. Mathematics are employed where necessary but, in general, the treatment is non-

mathematical.

Instead of chapters, “Microwave Primer” is divided into four sections, these being headed “Introduction To Micro-
waves”’, “Transmission Lines”, “R.F. Components’ and “‘Measurement Techniques”. it is impossible, in this short review
to list the exceptionally large numbers of subject covered. Apart from material on microwaves, Section 1 includes details
on engineering drawing and on all the mathematics needed in the later parts of the book. Section 2 offers comprehensive
information on, amongst many other subjects, wave propagation, transmission lines, waveguides and matching. The
third section includes details on masers, lasers, parametric amplifiers and cavity resonators, whilst Section 4 includes
V.5.W.R. measurements, the use of the Smith Chart, and noise factor measurement. So far as the reviewer can ascertain,
there is not a basic question on microwave technology at its present state that is not dealt with at sufficient depth to
enable fundamental operation to be understood. Each answer is, of necessity, brief, but a commendable economy of
words enables the maximum amount of information to be given in the space.

“Microwave Primer” is warmly recommended for the newcomer to microwaves and for anyone whose work neces-
sitates occasional ventures into this field.
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Pocket Voltage
Indicator and
Oscillator

by P. J. LeRiche

Based on a device featured in the “‘Suggested Circuit” series, this instrument offers approximate
measurements of voltage and has a very high input impedance. The only power supply required
is a 3 volt battery.

OME TIME AGO, G. A. FRENCH DESCRIBED A POCKET
valve voltmeter using the sub-miniature tuning
indicator type DM70.1 Although the idea

1 G. A. French, “Pocket Valve Voltmeter”, Suggested Circuit
No. 147, The Radio Constructor, February 1963. This article described
a simple unit incorporating a DM70 tuning indicator powered by a
1.5 volt cell and a 90 volt h.t. battery. The voltage to be measured was
applied between grid and filament of the DM70, whereupon an
approximate indication of its value was given by the length of the
fluorescent column displayed. The device had a very high input
impedance and could also be used with an a.c. probe.—Editor.

appealed to the writer, the h.t. battery it employed
did not, and in consequence the circuit described
in this article was evolved.

The present circuit lacks, to some extent, the
simplicity of that described by G. A. French,
but offsetting this is the fact that only a 3 volt
supply, obtainable from two U16 cells, is required.
Furthermore, the unit can also be used as a small
and convenient audio generator.

Viewing
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Fig. 1. The circuit of the unit. The DM70 is a small tuning indicator having a fluorescent column whose length varies
with the applied grid voltage. It has wire lead-outs which connect directly into circuit. The voltage to be measured is
applied to the ** 4" and **-" terminals
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Components List (Figs. 1 and 2)

(Note: As is explained in the text, some components
may need to be adjusted in value).

Resistors
(All # or ;%5 watt 209, unless otherwise stated)
R; 62Q5%

R, 47kQ
R; 10kQ
Ry 6.8MQ
Rs 10MQ
R 10MQ
R, 22MQ
Valve
V; DM70

Switch
S;  s.p.s.t. toggle

Battery
B; 3 volts (two U16 cells in series)

Capacitors
C; 1uF, electrolytic, 250V wkg
C; 0.01uF ceramic, disc or tubular
Cs,4 0.01pF ceramic, tubular

Transformer
T; Step-up (see text)

Semiconductors
TR; O0OC72
Dy XU604
D, 0OAS81

The Circuit

The circuit is shown in Fig. 1 and it can be seen
that it consists basically of a transistorised audio
oscillator, employing an OC72 transistor, which
feeds a step-up transformer to obtain the h.t.

C3 7
l__ll A'A'A'A'A E T -
~ D2 h 4 EER(, fC4
OABI [+ =
[ L oe
+——o Earth

Fig. 2. The circuit of the a.c. probe

voltage. Rectification is achieved by means of
the silicon diode D; and the resultant h.t. voltage
is smoothed by C;. An audio output at about
lke/s is obtained from the collector of TR; via
the 0.01uF capacitor C;. The output is, however,
a long way from a pure sine wave, and it varies
from a pulse to a rather poor square wave as the
current drawn by Vj is altered. The filament of
the DM70 is rated at 1.4 volts, and to save an
extra pole on S;, the full 3 volts of the battery
is applied via the dropping resistor R;. This
component has a tolerance of 5% to avoid any
risk of damaging the valve.

The rectifier employed in the prototype was an
XU604, but any silicon type with a p.Lv. rating
of at least 500V should be suitable. It is possible
that a small contact-cooled selenium component,
(such as the Siemens E250C50, which would require
no heat sink) might be better, as this could more
readily withstand transients. However, the com-
ponent used in the prototype functions perfectly
well, quite possibly because it receives a certain
amount of protection from the high internal im-
pedance of the high voltage supply, this being in
the order of 1MQ.2 The smoothing capacitor,
Cy, is probably larger than is necessary, but the
component specified was used as it was to hand.

2 The XU604 is a 140 volt r.m.s. (500 p.i.v.) silicon rectifier rated at
500mA, whilst the E250CS50 is a 250 volt (max input) component
rated at S0mA. Since the current drawn by the DM70 is of the order
of 100uA only, these rectifiers are employed considerably below their
normal ratings. However, their relatively low cost justifies their
choice here.—Editor.
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Fig. 3. General layout of components in the case. The depth of the latter is 13in
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Fig. 4. Dimensions of transformer laminations used
in the prototype

A smaller value would be permissable and would
reduce the slight delay of the flourescent column in
reaching its final length.

Almost any small power transistor could be
used in the TR, position, but one with a lower
power rating than the OC72 is not recommended
as it may be incapable of supplying sufficient h.t.

Voltages to be measured by the unit are applied
to the “~+-” and *“— test terminals, and an indica-
tion of their value is given by the length of the
fluorescent column in the DM70.

The grid resistor Rs should not be omitted or
increased in value as otherwise the unit can be
affected considerably by electrostatic charges.

The circuit of the a.c. probe is shown in Fig. 2,
and is quite straightforward and conventional
in design; it is, in fact, very similar to that described
by G. A. French. lts d.c. output connects to the

. 2

+* and “—" terminals in Fig. I.

Construction

The prototype was housed in a small hardboard
box measuring approximately 4} x2Fx1%in, the
layout being shown in Fig. 3. There is, of course,
nothing to stop the constructor altering these
dimensions over quite wide limits. Unless somewhat
smaller components are used, however, it will
not be found possible to reduce the size by any
large amount.

The transformer is held in position between
S| and the end of the box by means of small pieces
of wood attached to these parts. The piece attached
to the box is held by a screw so that the transformer
can be removed if necessary. The other piece of
wood is glued in position to the back of S;, and
it also holds three pieces of 16 s.w.g. wire to which
the OC72 is soldered, this providing a convenient
mounting for the transistor. A transistor holder
could equally well be employed. The DM70 is held in
place by passing pieces of sleeving over its leads
and glueing these to the case. The battery is soldered
directly into the circuit, it being found unnecessary
to mount or connect it in any other way.

The transformer is wound especially for the
unit and uses a #in stack of E and T laminations
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Table I

Transformer Winding Details
Collector Winding:—3,700 turns 40 s.w.g. enamelled
copper wire tapped at 370
turns.

Base Winding:—230 turns 28 s.w.g. enamelled
copper wire (Base winding put
on first)

Core:—+4in stack, see text and Fig. 4.

having the dimensions shown in Fig. 4. These
laminations were taken from an old transformer.
Similar results will be given with laminations
having approximately the same dimensions, and
the main point to observe is that the cross-sectional
area of the centre is about gsq in, as in the author’s
transformer. U and T laminations may also be
used, instead of E’s and I's. The laminations are
interleaved (i.e. alternate E’s and I's), and winding
details are given in Table I. The constructor
should not be discouraged by the number of turns
in the collector winding as these can be wound
on quite quickly once construction has started.

After the transformer has been finished, a mock-up
of the circuit should be made, omitting the valve.
When any mistakes have been found and corrected,
the battery may be connected and the unit switched
on. The h.t. voltage across C; must now be checked,
this being done with either a 10,000Q/volt meter
on the 100 volt range, a 2,000Q/volt meter on the
500 volt range, or a 1,000Q/volt meter on the 1,000
volt range. Whichever of these is used, a reading
of about 85 to 90 volts should be obtained. If a
valve voltmeter with a resistance of at least 10MQ
is used, a reading in the range of 155 to 175 volts
can be expected. Small changes in h.t. voltage
may be effected by altering R, but this resistor
should not be reduced in value below about 15 to
20kQ. Larger changes may be made by modifying
the h.t. winding on the transformer. If the unit
oscillates at far too high a frequency and only
gives about 20 to 30 volts, or does not oscillate
at all, the connections to the base windings should
be reversed.

The a.c. probe was housed in a 5in length of %in
dural rod with a {in hole bored down the centre.
The layout of the components is shown in Fig. 5,
these being insulated from the case by a length
of 6mm sleeving. There is no reason why a case
made of insulating material should not be used
instead of the dural tube.

Sensitivity
As can be seen from Fig. 6, the sensitivity of the

Fig. 5. How the a.c. probe components are wired
together inside the probe housing
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Table II
Measurements made on the Prototype

3V consumption, no input 33mA
H.T. consumption, no input 90uA
H.T. voltage, no input 85V*
H.T. voltage, DM70 cut-off 165V*
Internal resistance of h.t. supply (approx) IMQ

unit is not constant, but varies considerably below
about —8 volts. This is not a disadvantage, as
it enables small voltages of the order of a volt or
less to be easily detected, whilst still enabling the
unit to be used up to 20 to 30V.

Increased sensitivity is not easily obtained. It
could be achieved by reducing the h.t. voltage,
but this would be at the expense of brightness.
Reducing the source impedance of the h.t. supply
would also improve the situation and without
this disadvantage. A reduced source impedance
would probably be given by using thicker wire
in the h.t. winding of the transformer, replacing
TR; by a more powerful transistor and reducing
the value of R;. These measures would also modify
the h.t. voltage, and in consequence the h.t. winding
of the transformer would need to be tapped at
several points so that this can easily be remedied.
It should be pointed out that these schemes for
reducing the h.t. source impedance are suggestions
only, and they have not been tried by the writer
in practice.

Uses

The unit has a large number of uses. 1n addition
to such applications as alignment of superhets,
testing of audio equipment and null indication
with bridges, it can be used for less obvious purposes.
Typical examples are given by the testing of insula-
tion or capacitors. In the latter case, connect the

Display length
4 L (mm)

and
sensitivity

" ()

Ho

9

L against V

dL against V 0

av
20 B -6 -4 12 10 -8 -6 -4 -2 %o
Input voitage =V volts

Fig. 6. Curves showing display lengths in mm and
sensitivity <gTL/mm /V> against input voltage

capacitor under test across the input in series with
a 9 volt battery; the initial jump of the display
gives a rough indication of the capacitance if it
lies between about 100pF and 1uF, and the length
of the column indicates the state of the insulation.
The writer feels sure that these, and the many
other uses to which the unit can be put, will make
it an almost invaluable tool in every workshop.

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

Ekco Transmitter/Receiver Type CE40/12.—Fg.Off.
T. D. Marsden, Officers Mess, RAF Binbrook,
Lincolnshire,—this equipment is 11-14 volt operated
and bears the serial number WR476. Circuit,
service sheet or manual, loan or purchase.

* % *
““The Radio Constructor’’.—K. V. Williams, House
3, Fire Station, College Road, Birmingham, 22C,—
requires copy of the July 1959 issue—now out of
print. Gladly pay 5/- and refund postage.

% * %

Bush TUG26.—N. Miller, 29 Chadacre Road,

SEPTEMBER 1966

Stoneleigh, Surrey,—borrow or purchase circuit or
service sheet.

* * *
Jason Argus A. M. Tuner,—J. R. Ault, 17 Hollyhedge
Road, West Bromwich, Staffs,—constructional and
alignment details.

* * *
Recording C.W. Signals.—C. W. Waite, 55 Wood-
house Drive, Keighley, Yorks,—has a high speed
tape recorder 10G/36 Type UG6A No: 3744Z,
maker Marconi. Circuit diagram and use of same
to record amateur band c.w. signals.
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VHF/FM
Feeder Unit

by V. E. Holley

This versatile unit may be employed as a v.h.f./f.m. tuner with its own monitor a.f. output stage,

as a tuner unit with a cathode follower output, or as a complete receiver. Readily available

components are employed and a special feature is the crystal controlled oscillator which provides
switched station selection with absolute freedom from drift.

HIS unit was designed to feed the Light and
Home Service v.h.f. programmes into a public
address system. In its original form, it may

have rather limited general application but, by
minor modification, it can serve as a high quality
tuner or receiver for domestic use. Construction
does not present any real difficulties but it is desirable
that the constructor shall have had some previous
experience of broad-band high frequency circuits,
where the physical form often has quite a lot to do
with the performance. The cost has been kept low
by using cheap and easily obtainable valves and"a
minimum of other components.

R.F. Stage

Referring to the circuit of Fig. 1, it will be seen
that the signal from the dipole aerial is applied to the
coil L; and thence to the grid of the first valve, a
high gain pentode type EF91. The coil and the
input capacitance of the valve form a circuit of
favourable L/C ratio which is slug tuned broadly
to the band of frequencies to be received. The coil

Front view of the receiver. The mechanical linkage
to switch S; can be readily seen here
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L, which loads the anode circuit of V;, is similarly
tuned and the amplified signal is passed via capacitor
Cs to the grid of the mixer valve, V3. It will be
noticed that all decoupling is to the valve cathode
and thence to chassis, and that the anode circuit of
V; is also decoupled to the cathode of V3. This is
an arrangement which permits high gain without
loss of stability. As well as making a useful con-
tribution to the overall sensitivity, the V; stage
serves to isolate the aerial from the local oscillator,
the second harmonic of which falls in television
Band III.

Oscillator

Frequency stability is always a problem with
oscillators. Valves and their bases, and most other
components, have positive temperature coefficients
and so, as the temperature rises in the chassis, the
effective capacitance across tuned circuits tends to
increase, with the result that the operating frequency
of the oscillator drifts low. This effect is most
marked at high frequencies and with f.m. reception
it has quite a distressing effect on the quality of
reproduction. Of the several solutions available to
the designer, that of controlling the oscillator by
means of a quartz crystal is probably the most
accurate and reliable, and it has been adopted in
this tuner.

The crystals are cut to operate on the fifth mechan-
ical overtone so that they work directly at oscillator
frequency. They are resonated in a grounded grid
oscillator formed by the valve V,, the coil L3 and
associated capacitors, an arrangement which has
the merit of simplicity and which needs few com-
ponents. Switch Sy(,) selects the crystal appropriate
to the transmission to be received, while Sy, intro-
duces the capacitance required to resonate it.
Crystal XTAL; in Fig. 1 is that for the highest

THE RADIO CONSTRUCTOR
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Components List

N.B. Components marked with an asterisk (*)
may not be required if the a.f. sections of Figs.
2 or 3 are employed.

Resistors

(All fixed values 4 watt 10%;, unless otherwise stated)
R;  47kQ

R, 1500
R; 4.7kQ
R4 4.7k Q
Rjs 150Q
Rg 10k Q
Ry 22Q
Rg 1.2MQ
Ry 4.7k Q
Rip 470Q
Ri1 4.7k
Rz 150Q
Ri3;  47kQ

R4 100k Q2 209
Ris 47k Q, 1 watt

Rig 47Q
E:; g'gtg}matched 49 or better
Rig  27kQ
*Ryo  220kQ2
*Ryr  470kQ
:Rzz 2.7kQ
S
24
Ros  1kQ, 5 watt
*VR; IML, potentiometer, log track with

d.p.s.t. switch

Capacitors
(All 350V wkg. unless otherwise stated)
Cy 0.002u.F disc ceramic
C, 0.002u.F disc ceramic
Cs 0.002u.F disc ceramic
Cy 0.002u.F disc ceramic
Cs 39pF tubular ceramic
Ce 0.001uF tubular ceramic
Cy 470pF disc ceramic
Cg 15pF silver-mica
Co 15pF silver-mica
Cio SpF silver-mica
Ci1 2pF ceramic
Cy2  2-8pF concentric trimmer (Mullard)
Ci3  0.002uF disc ceramic
Ci4  0.002uF disc ceramic
Cis  0.01pF disc ceramic
Cis  0.01pF disc ceramic
Ci7  0.01pF disc ceramic
Cig  47pF ceramic
Ci9  0.01pF disc ceramic
Cz0  270pF ceramic
Cy 270pF disc ceramic
Cra 270pF disc ceramic
Cy3  8uF electrolytic, 25V wkg.
Ca4 1,500pF tubular ceramic

www americanradiohistorv com - _

Css 0.1u.F paper

*Czs  0.01pF paper

*Ca7  0.01pF paper

*Cag  0.001uF paper

*Cy9  500uF electrolytic, 25V wkg.
Csp  32uF electrolytic
Csy 16uF electrolytic

Inductors

Ly,2,3 Wound on three 0.276 in dia. formers type
351/8BA with v.h.f. cores (Denco). See
text and Fig. 8.

IFT;,2 10.7 Mc/s if. transformers type IFT.
11/10.7 (Denco)

IFT3 10.7 Mc/s ratio discriminator transformer
type RDT.1 (Denco)
*T, Speaker transformer, 70:1
T, Mains transformer. Secondaries (see text)

250-0-250V at 80mA; 6.3V at 3A. Drop-
through, maximum outside chassis dimen-
sions 34 X 3ins

Valves
A\ EF91
vV, EC91
V3 EF91
V4 EF91
Vs EF91
Vs EB91

*V, ECL80

Vs 6X4

Switches

Si@®) d.p.d.t. wafer switch. (See text and Fig. 9
Sz On-off. Ganged with VR,

Sockets
(Valveholders are ceramic or nylon loaded, and
fitted with centre spigot)
3—B7G with screen (for Vi, V, and Vi)
4-—B7G without screen (for V4, Vs, Vg and Vg)
*] —B7G without screen (for V)
1—pilot lamp holder
1—coaxial aerial input socket (with plug)
I—coaxial or phono output socket (with plug)

Crystals

As required. Type 2MM, state frequencies (sce text).
(Cathodeon Crystals Ltd., Linton, Cambridge)

Miscellaneous
*1—3Q speaker
1—6.3V 0.3A pilot lamp
2—knobs
16 s.w.g. aluminium for chassis
Hardware for switch S; linkage
Connecting wire, screened lead, etc.

THE RADIO CONSTRUCTOR




frequency transmission and is resonated by the
fixed capacitor Cig; crystal XTAL, and the air-
spaced trimmer C); are for the next lower frequency.
A third channel can be added by introducing a third
crystal and another trimmer and fitting a 2-pole,
3-way switch in place of the 2-way component of
Fig. 1.

The method by which the oscillator voltage is
introduced to the mixer valve must not impose too
great a load on the oscillator or it will cease to
function. This requirement is met by assigning
values of 2pF to the coupling capacitor, C;; and
1.2MQ to the mixer grid resistor, Rg.

Mixer and LF. Stages

The valve V3 is arranged as an additive mixer.
Signal and oscillator frequencies are applied to grid
No. 1 and the resultant intermediate frequency of
10.7 Mc/s is extracted from the anode circuit by the
transformer, IFT;. Resistor Rg and capacitor Cys
provide decoupling which, as with Vy, is to the
valve cathode. The conversion conductance is high
and the stage contributes its full quota to the overall
gain.

The i.f. signal is passed on for further amplification
by the valve V4 in a conventional i.f. stage which
needs no explanation. and thence by way of trans-
former IFT; to the following stage.

Limiter

A second i.f. stage is formed around the valve Vs,
which is operated as a limiter. The anode current,
reduced by resistor Rs to a low value, is further
restricted by the negative bias generated at the grid
by resistor Ry3 and capacitor C;g, and as a result
the valve is able to amplify incoming signals up to
a predetermined limit only. Thus, interference

HT+
S33kn 451
&—°
' 0005 = 3a
8F é" 4 uF
350vI = 220ka
wkg T oonF
ECL82
Mo Lo
C26
7
_l e e
3 2
;_LL 470kn
22 Y SOpF SOpF 6800
kT Movwkg 25VwkgT I watt
S N |

.

Fig. 2. A suggested alternative a.f. section which
offers a greater output than does the ECL80 in Fig. 1
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HT+
Zikn
[is
 8pF
T 350V wkq
AF output
—)

Fig. 3. If the receiver is employed as a tuner unit, a
6C4 cathode-follower may be fitted instead of a
triode-pentode

from car ignition systems and other man-made and
natural static, are not reproduced in the limiter
output.

If the receiver is to be used in an area of high
field strength, the limiter stage will not be necessary
and can be omitted entirely, the anode of V4 being
connected directly to the ratio detector transformer,
1FTs;.

Detector

From the anode of Vs, the signal is passed through
the transformer, IFT3;, to a simple symmetrical
ratio detector formed by the double diode valve,
Vg, and its associated R/C network. The audio
output appears at the junction of capacitors Cy;
and Cz; and, after passing through the de-emphasis
network Rj9/Ca4, is available through capacitor
Cys for delivery to an audio amplifier. A pair
of crystal diodes of the GEX34 type could be used
instead of the valve Vg, but the valve is cheaper
and avoids the need to find a matched pair of
crystal diodes.

Modifications

Beyond the detector, the circuit meets the special
requirement of the prototype for pilot a.f. and
output stages, using a triode-pentode value type
ECL80. This serves merely to monitor the output
and does not, of course, do justice to the quality
of the transmission being received; most domestic
users will want something better. If a complete
receiver is required, a triode-pentode type ECLS82,
in the circuit of Fig. 2, may by substituted for
V4 with acceptable results. If, on the other hand,
the audio signal is to be fed to a separate amplifier,
it may be taken direct from C,s; but a better ar-
rangement would be to fit in place of V4, a cathode
follower stage as in Fig. 3, so that the signal can
be carried at low impedance to any desired distance
without high frequency loss.
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Fig. 4. Plan view of the chassis showing the location of the principal components, the positions of the mains and output

transformers being indicated by the dashed outlines.

The location of Ls is shown in Fig. 9. Also shown in Fig. 9 is the

orientation of the valveholders. The diameter of the hole for the pilot lamp may be made to suit the particular lamp
assembly employed, it being remembered that clearance for Sy spindle is needed. In the prototype, the lamp passes through
a rubber grommet

Power Supply

The mains transformer in the prototype is rated
at 250V 80 mA and 6.3V 3A. These ratings will
be suitable (so far as h.t. is concerned) for a complete
receiver using the ECL82 output valve, but if a
tuner only is being constructed, a 60 mA transformer
will suffice. Full-wave rectification is by valve,
6X4, and it will be seen that its heater is connected
in parallel with those of the other valves.l If the
transformer has a separate rectifier heater winding,
it is better to use it and so avoid the large difference
of potential between heater and cathode. Smoothing
is by resistor Rys in conjunction with electrolytic
capacitors Czp and C3;. The value of Rzs will
of course, require adjustment according to the
load current, taking into account the constructor’s
modifications to the a.f. circuits. Mains switching
is incorporated with VR;.

1 The 6X4 requires a minimum supply resistance per anode, at
250 volts r.m.s., of 33002, and this resistance should normally be
present in the windings of the mains transformer. Constructors
should measure the d.c. resistance of either half of the h.t. secondary
and add to this the d.c. resistance of the primary. If the resultant
sum is less than 3300, additional resistors should be inserted in
series with each anode of the 6X4 to bring the supply resistance up
to this figure.
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Construction

The unit is constructed on a chassis of 16 s.w.g.
aluminium sheet, 10x5x2ins, details of which
are given in Fig. 4. Good ventilation is important
and it will be seen that a number of vents are
provided in the deck of the chassis for this purpose.
The programme selector switch must, for electronic
reasons, be sited close to V; and in order that
the external controls may be presented symmetrically
to the user, the switch control is transferred 34in
to the left by a mechanical linkage made from
strips of 18 s.w.g. brass. Details of this are given
in Fig. 5, while Fig. 7 shows the aluminium bracket
on which the switch itself is mounted.

Screens are required across the bases of Vj
and V3 to separate the input circuits from the
output. These are made from one piece of sheet
aluminium as shown in Fig. 6 and secured by a
single bolt to the rear chassis runner. Correct
orientation of the valve bases is of course, essential,
and the necessary information is given in Fig. 9.

Coils
Coils Ly, Ly, and L3 are wound anti-clockwise

THE RADIO CONSTRUCTOR
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3-strips 18swg. brass
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Hinge-pin
Fig. 5. The switch control linkage

on formers of 0.276in diameter. The number of
turns for each  winding and the wire to be used
are given in Fig. 8. The wire should first be straight
ened by stretching and then close-wound on to a
piece of %in rod, putting on an extra turn. Remove
the rod and slip the coil on to the former, where
it will be a tight spring fit. The turns should then
be adjusted for number and spaced out by one wire
diameter, after which a coat of clear cellulose
or cellulose cement will ensure that they do not
move. It is a good idea to make the secondary
of L3 14 turns so that half a turn is available for
adjustment when the testing stage is reached;
it is easier to subtract than to add!

Crystals

The crystals, type 2MM, are supplied to order
in small hermetically-sealed cans with wire ends
for soldering directly into circuit. They are manu-
factured to a tolerance of - .015% of the nominal
frequency and a much closer tolerance on the
difference between any two of a set. The number
required should therefore be ordered as a set,
stating the transmissions to be received and the
intermediate frequency required, i.e. 10.7 Mc/s
below the transmission.

Other components

The wattage and voltage ratings for resistors
and capacitors are given in the components list

l P 134" ( 2*

Cut-out for
> / | V3 base
% i
\Bcnd‘/ L___l![li' 3

Fig. 6. The under-chassis screen

6BA(2I¢ar

Cut-out for |
L Vi base i

381, 1
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38" dia
|

-Bend 90°

6BA clear
Fig. 7. The bracket on which switch S| is mounted

and the type of capacitor to be used is stated in
each case. It is important to adhere to this specifica-
tion. Resistors Rj7 and Rig in the detector circuit
should be matched as closely as possible. Valve
bases should be ceramic or nylon loaded so as
to reduce the positive temperature co-efficient to
a minimum.

20 swq. tinned copper 26swg enamelled

5
L

Grid(1) 3 —t1 @ et
sY2urns —% L —" {wm

R| (2) T Chassis (4)
 E——

L /(4)

3)
[4))]

Ry (1) 1

20swg tinned
4 turns copper
Anode() | I
L2
72
'O —\._C/— (2)

20swg. tinned copper 30sw.g enamelled

2__ Chassis (3)

HT. (DA
4 turns - Sy i turn
Se—— 4)
Anode( )
———
L3 (3

@00
(€0} —(2)

Fig. 8. Details of coil construction
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Length of Iésvlc.;.wirc soldered to spigot of Vg

Fig. 10. Detail showing the construction of the detector
component sub-assembly at Vg

Wiring

Tinned copper wire of 22 s.w.g., covered with
Systoflex, is suitable for all the wiring, which can
be completed in any desired order. The connections
to be made and the approximate paositions of
the components are shown in Fig. 9. Here, the
wiring has been “opened out” for clarity; in con-
struction it is important to follow v.h.f. technique
and reduce all connections to absolute minimum
length, This is particularly important in the early
stages and it will be found that few wires, other
than the h.t. and heater lines, need be longer than
gin if the specified components are used. De-
coupling resistors should be mounted vertically
so that, when all else is complete, the h.t. line
can be run round to each in turn, well away from
the “hot” parts of the circuit where it will not
be likely to introduce unwanted coupling between
stages. Fig. 10 shows in elevation how the detector
sub-assembly is mounted on the base of Vg.

Testing

When the wiring is complete, the usual check
should be made with a meter applied between
Cs; and chassis to see that there are no short-circuits
in the h.t. wiring. After this, power can be applied
and further checks made to verify that voltage is
present at the appropriate valve electrodes.

LF. Alignment
" If a signal generator is available, it is best to
commence by aligning the i.f. and detector trans-
formers to 10.7 Mc/s as follows. Remove V3
and connect a high resistance d.c. voltmeter (20,000
ohms per volt or better) positive to chassis and
negative to test point B (Figs. 1 and 9). Set the
generator to 10.7 Mc/s and inject an unmodulated
signal at the grid of V4. Adjust the cores of IFT;
for maximum reading on the meter, reducing the
input as the circuits come into line. Transfer the
generator to the grid of V3 and adjust the cores
of IFT; similarly. To align the ratio detector
transformer, IFT3, connect the meter to test points
D and E, observing polarity, inject a signal at the
grid of Vs and adjust the top core of the trans-

SEPTEMBER 1966

former for maximum indication. Then connect
the meter between test point C and chassis and
adjust the bottom core for zero output. As this
core is traversed through the former, the meter
reading will be observed to rise to a maximum,
then fall through zero to a reverse maximum,
then back to zero. The correct position for the
core is the zero between the two maxima. These
adjustments need not be made with very great
accuracy because the final alignment must be
carried out on the i.f. produced by the crystals.

Oscillator Alignment

To set up the oscillator, replace V,, connect a
dipole aerial (and an a.f. amplifier if a tuner only
is being constructed) and set the programme switch
to the highest frequency transmission. Commence
with the core of L3 halfway out of the former and
enter it slowly until the required programme is
received. Do not be alarmed if there is a little
distortion, as the final i.f. alignment will correct
this. Further movement of the core will increase
the volume very slightly until the point is reached
where the crystal loses control and reception
ceases. Adjust the core to a position just before
that at which control is lost. Set the programme
switch to the next lower frequency transmission
and, commencing with trimmer Cj> at minimum,
increase its capacitance slowly till the programme
is received and lost. Adjust as before to a point
just short of loss of control. Adjust any further
channels similarly.

The behaviour of crystal controlled oscillators
can be a little puzzling to those not familiar with
them. The crystal must be supplied with just the
right amount of drive from the tuned circuit. If
there is not enough, there will be no oscillation;
if too much, the tuned circuit will itself take charge
and will behave as if the crystal were absent. In
the former condition, there will be no reception;
the latter condition will be recognised by the fact
that several different transmissions can be received

2pF
L ¢
T
>
390n 2 470pF BB Voltmeter
470pF
2pF 390n e

. = =01 To
) B 5D . l voltmeter

, Diode ©
/ "/ \/

Perspex or similar

Fig. 11. The circuit and construction of a suitable
v.h.f. probe. This may be required if a 10.7 Mc/s
signal generator is not available
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An under-chassis view of the receiver, showing the
neat layout employed

by manipulation of the core of L3. If the secondary
of L3 has been given 14 turns, it is likely that there
will be a little too much drive. In this case the
extra half turn can be removed, a little at a time,
by pulling the wire carefully away from the former
until the right condition is found.

Final LF. adjustment

Though the error will be small, the i.f. produced
by the crystals with a broadcast signal will probably
not be exactly that to which the i.f. circuits have
been aligned with the generator. When the oscillator
has been set satisfactorily, therefore, the i.f. and
detector transformers must be finally adjusted
with the aid of the meter as already described,
using the crystal i.f. in place of the generator signal.

R.F. Alignment

With the negative meter lead connected to test
point B, and positive to chassis, adjust the core
of L; for maximum reading on the lowest frequency
transmission and the core of L, for maximum on
the highest.

Alignment without a generator
Alignment can be carried out quite satisfactorily

without a signal generator if one of the crystals
is first brought to resonance. With a dipole -aerial
connected, apply the v.h.f. probe of a high resistance
voltmeter to test point A and enter the core of L3
slowly into the former. As resonance is approached,
the meter reading will be observed to rise slowly
to a maximum, after which it will fall abruptly to
zero as control is lost. Adjust the core to a position
just before that at which control is lost. The circuit
and method of construction of a simple probe
which can be used in conjunction with a 20,000
ohms per volt meter is given in Fig. 11.

Having successfully resonated one of the crystals,
the i.f. and detector transformers can be adjusted
as already described.

Operation

The prototype was fitted in a polished plywood
cabinet 12 x8 x6ins, together with a small pilot
speaker. Entirely satisfactory results were obtained
at 40 miles from the transmitter, using a simple
indoor dipole. Provided with a normal outdoor
dipole and reflector, the unit would no doubt
perform well in a fringe reception area. One minor
fault appeared in service when it was found that,
despite generous under-chassis ventilation through
holes in the bottom of the cabinet, the temperature
rise after six hours continuous operation in a high
ambient temperature was such that the crystals
were unable to retain control. The temperature
rise was reduced by moving resistor R;s to a position
above the chassis and replacing Vg by a pair of
silicon diodes.2 No further trouble has been
experienced in two years’ service.

In the less arduous conditions of domestic use,
the trouble just mentioned is unlikely to appear
but, if the unit is to be used under conditions of
limited ventilation, it would be prudent to re-
position resistor Rjs.

2 The silicon diodes could be type BY100. Care should be taken,
when using these diodes, to ensure that the nominal h.t. secondary
voltage does not exceed 250 volts (as would occur if the mains tapping
to the primary were set too low).—EDITOR.

Sudbury BBC-2 Station

The BBC has placed a contract with Bailey & Goates Ltd., of Sudbury, Suffolk, for the construction of the building
for the UHF transmitting station which is to be built some three miles south-east of the town.

The Sudbury station is one of the first group of high-power stations for BBC-2, which it will transmit on Channel

44 with horizontal polarisation. It is expected that the service from Sudbury will start during the autumn of 1967. The
area served will extend over the southern part of Suffoik, including Sudbury, Hadleigh, Ipswich and Felixstowe, and
most of northern and eastern Essex including Braintree, Colchester, Harwich, Clacton-on-Sea, Frinton, Walton-on-the-
Naze, Witham and a large part of Chelmsford.
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This month Smithy the Service-
man, aided as always by his able
assistant, Dick, embarks on a
discussion of the ingenious circuits
which appear in the sound chan-
nels of current 405-625 line TV
receivers

OR THE TENTH TIME THAT
morning, Dick switched the
dual/standard TV chassis on
his bench to 625 lines and, for
the tenth time that morning, the
Workshop was inundated with the
raucous sound of a 50 ¢/s field buzz.

Smithy gritted his teeth.

Dick switched back to 405, and
the air became full of melody as
the music which accompanies Test
Card D was reproduced by the
loudspeaker. Dick scratched his
head uncertainly, then returned to
625 lines, turning the volume control
to full as he did so.

Again, the Workshop was flooded
with the harsh nerve-rending buzz.

Stabilising Capacitor

It was too much for Smithy.
Furiously, the Serviceman crashed
his iron down on its rest, stood up
and stalked over to his unsuspecting
assistant. He lowered his head until
his mouth was some three inches
from Dick’s right ear.

“For the love of Mike,” he
roared, over the noise, “turn that
racket down!”

Even Smithy was mildly surprised
at the reaction to this request. The
completely engrossed Dick, shattered
out of his preoccupation by the
unexpected Stentorian bellow, swung
his head wildly to the right to
find a baleful eye poised several
millimetres away from his own.
Had The Radio Constructor been
quite a different type of journal
and our readers Eskimos the fact
that the noses of Dick and Smithy
then rubbed together for a fleeting
instant could well have heralded a
passage which, in the days when
authors made a living the easy way,
ended in a neat row of asterisks
printed across the page. But the
present circumstances were not at
all conductive to that sort of malarky,
and the only asterisks which could
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enter a description of subsequent
events would be ascribed to the
comments of Dick as, under the
unexpected stimuli of sound, sight
and touch, he shot up from his
stool, tripped over his soldering
iron lead and fell heavily to the
floor.

Smithy looked down at him
meditatively, then reached over and
turned off the chassis on Dick’s
bench. Relative silence returned to
the Workshop, broken only by the
mutterings of Smithy’s assistant as
he lay prone on the floor. Eventually,
Dick picked himself up, and began
a lengthy and involved examination
for broken bones.

“You must,” he said bitterly at
length, ““be stark staring bonkers.
Goodness knows what damage I've
done to myself.”

“If I am bonkers,” replied Smithy
equably, “it’s because you’ve made
me that way. All you've done this
morning is pump out 50 cycle buzz
at full blast, with the result that
it’s only my innate self-control which
has prevented me from going
completely up the wall.”

“At any rate,” retorted Dick
accusingly, “I don’t go around
shouting down peoples’ lug-holes
like you do. Blimey, I reckon I must
be stone-deaf on the right hand side
after what you did just then.”

He applied a finger tip to his left
ear and listened intently as he
experimentally tapped a screwdriver
on his bench.

“Well,” he remarked reluctantly,
“my right ear doesn’t seem to have
completely broken down. No thanks
to you, though!”

Smithy decided to steer the subject
to a safer channel.

“Why,” he asked, ‘“‘were you
kicking up that din, anyway?”

“1,”” pronounced Dick, “have got a
fault.”

“You have,” replied Smithy with-
out hesitation, ‘“‘many.”

“The fault,” continued Dick acri-
moniously, “‘is in this TV here.
Every time I switch it to 625 lines
and tune in the local BBC-2 station
I get a dirty great buzz on
sound.”

“Have you,” asked Smithy,
“checked the stabilising capacitor in
the discriminator circuit?’

An expression of doubt passed
over Dick’s face.

“Well,” he said, a little un-
certainly, ‘I haven’t exactly done
that.”

“Also,” went on Smithy, ‘“have
you checked the resistors in series
with that stabilising capacitor? Usu-
ally, one of these is a pre-set skeleton
pot and you could find an open-
circuit there.”
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Band V-V

aerial
UHF tuner
Band 1111
aerial
405-625
Common Vision vision Video To CRT
VHF tuner LF amplitier LF amplifier detector amplifier To sync
stage separator
38-15Mc/s (405 only)
6Mc/s intercarrier (625 only)
il FM. discriminator De-emphasis
Intercarrier 625
and sound ‘*_1 AF amplitier Speaker
o 405 P
I.F amplifier
Sound
| AM. detector interference
3815Mc/s limiter

Fig. 1. Block schematic diagram showing the signal-handling sections of a 405-625 television receiver. Circuit operation,
including i.f. response switching, is discussed by Smithy

Dick looked uncomfortable.

I must admit,” he said unhappily,
“that I haven’t got quite as far as
doing that yet.”

“Then what in blazes,” asked
Smithy irritably, “have you done?”

*“Nothing very much in particular,”
replied Dick miserably.

There was silence for a moment.

“To tell you the honest truth,”
confessed Dick suddenly, “I’'m not
altogether certain where I should
even begin with this particular snag.
These 405-625 sets aren’t anything
near as easy as the old 405-only
jobs were, and I haven’t got entirely
used to the things that go on
inside them. I did get the service
sheet out, but the only thing they’ve
forgotten to include in the circuit
diagram is the new Victoria Line!”

“Some of the 405-625 TV circuits,”
admitted Smithy, ‘“‘are a wee bit
complicated at first sight. But it’s only
because of the 405-625 switching.
I suppose I'd better give you some
background on the circuit of this
receiver so that I can get you
started off in the right direction.
Otherwise, you’ll be messing around
with it for ages.”

Forgetting his recent injuries,
Dick leaned forward eagerly and
pulled the service manual, open at
the circuit diagram, to the front of
the bench. Smithy cast an experienced
eye over it.

“Well, this,” he said, ‘‘represents
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quite a standard set-up so far
as the line-up of the individual
sections in the receiver are concerned.
(Fig. 1). You've got separate u.h.f.
and v.h.f. tuners, with the output
of the u.h.f. tuner going into the
v.h.f. tuner. The u.h.f. i.f. output is
applied to the mixer in the v.h.f,
tuner when the channel selector in
the latter is set to the appropriate
position. This setting also stops
the v.h.f. oscillator from running,
whereupon the v.h.f. mixer acts
as an 1f. amplifier, giving you an
extra stage of i.f. amplification when
you’re receiving u.h.f. signals.”

405-625 L.F. Layout

“That,” commented Dick, *is
fair enough. What happens after the
tuners 7’

“You then,” said Smithy, “‘enter
the if. section of the receiver.
Which, I will agree, has a lot more
gubbins in it than you’ll encounter
in a 405-only if. strip. The first
thing to remember is that, on 405
lines, the standard vision carrier
i.f. is 34.65 Mc/s and the standard
sound carrier i.f. is 38.15 Mc/s.
On 625 lines the standard vision
carrier if. is 39.5 Mc/s and the
standard sound carrier i.f. is 33.5
Mc/s.”

“On 405 lines,” interjected Dick,
“the sound carrier i.f. is above
the vision carrier i.f. On 625 lines
it’s below the vision carrier i.f.”
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“That’s right,” agreed Smithy.
“And the consequence is that some
pretty crafty switching of tuned
circuits is fitted in the vision if.
strip of a 405-625 set since it has
to accommodate these two quite
different sets of frequencies for the
two standards. It’s impossible to
generalise on the switching circuits
used here because they vary con-
siderably from make to make, but
most sets follow the same overall
pattern. This consists of applying
the i.f. output from the v.h.f. tuner
to a common i.f. amplifier employing
a single valve. On 405 lines this
amplifies both 34.65 and 38.15 Mc/s
signals and on 625 lines it amplifies
both 39.5 and 33.5 Mc/s signals.”

“That’s the same basic idea,”
interjected Dick, “‘as you get in
405-only sets. You usually have a
common i.f. amplifier in these sets,
and this handles both the 34.65
and the 38.15 Mc/s i.f. signals.”

“Exactly,” agreed Smithy. ‘A
further similarity is that, in the
405-625 set, a sound i.f. output is
taken off at 38.15 Mc/s after the
common if. amplifier when you’re
switched to 405 lines, and is passed
to the sound if. amplifier. The
remainder of the signal is then fed to
the vision i.f. amplifier.”

“What about the 33.5 Mc/s
sound if. on 625 lines?” asked
Dick. “Isn’t that taken off after the
common i.f. amplifier ?”
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*No,” stated Smithy, “‘and this is
for a very good reason which I'll ex-
plain to you in a minute. The vision
i.f. amplifier in these 405-625 sets
usually employs a single valve and,
when you’re switched to 405 lines,
it amplifies the 34.65 Mc/s vision
carrier i.f. and its modulation
sidebands in the same way as in a
405-only set. When the 405-625
receiver is switched to 625 lines the
second vision i.f. amplifier handles
the 39.5 Mc/s vision carrier i.f. and
the 33.5 Mc/s sound carrier i.f.,, and
it feeds borh of these to the vision
detector. I should add that, on 625
lines, the overall if. amplification
given to the 33.5 Mc/s sound
carrier i.f. is by no means as great
as that given to the vision carrier
i.f. and its sidebands. Nevertheless,
the 33.5 Mc/s signal is fed to the
vision detector at quite an appreci-
able level.”

“Well, I'm dashed,” said Dick
suddenly. “Of course it is! That’s
so that you can get your 6 Mc/s
intercarrier sound signal. Why, I'd
almost forgotten about the fact that
you use intercarrier sound on 625
lines.”

Smithy cast a despairing glance at
the ceiling.

“Y must confess,”” he remarked
eventually, *““to a slight raising of the
spirit at the thought that, after all the
405-625 sets that have passed
through your hands in the last year
or two, you've actually remembered
that they use intercarrier sound.”

“I also remember,” said Dick
proudly, “how the intercarrier sys-
tem works, too. If you apply two
frequencies to an a.m. detector, you
get a beat frequency equal to the
difference between them. It’s the
same effect as you have with the
b.f.o. in a short-wave superhet. If
you tune in a short-wave signal so
that its carrier passes into the
receiver i.f. at, say, 460 kc/s, then
set the b.f.o to run at 459 kc/s,
you get a 1 kc/s beat note with the
received carrier. In the 625 line
case you feed a 39.5 Mc/s and a
33.5 Mc/s signal to the vision
detector, whereupon you get a
6 Mc/s beat in the detected output.
And that 6 Mc/s is the intercarrier
signal.”

“Well, you've got that off pat
enough,” said Smithy, a note of
reluctant approval entering his voice.
“The 6 Mc/s beat is, of course,
heavily amplitude modulated by
the vision signal as well as being
frequency modulated by the sound
signal. So you've got to remove
the amplitude modulation if you’re
to reclaim the frequency modulation
and reproduce it over the receiver
loudspeaker. With the set you've
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been tormenting me with this
morning, it’s obvious that the
amplitude modulation was not being
removed, and that it was sailing
right through to the audio amplifier
stages.”

Intercarrier Advantages

But Dick was more interested in
Smithy’s explanations than in the
receiver on his bench.

“What,” he asked, ‘“‘is the point
of using this intercarrier system,
anyway? As I suggested just now,
why not simply take off the 33.5 Mc/s
sound if. after the common i.f.
amplifier and passitontoa 33.5 Mc/s
i.f. amplifier ?”

“The intercarrier system,” replied
Smithy, ‘“has several advantages
over the alternative system you've
just suggested, and which make it
more attractive for the set-maker.

is at a high level, this being achieved
without using any more amplifying
stages than are needed for the vision
i.f. in the first place. Also, it’s
possible to get quite a bit more
amplification at negligible extra cost
by passing the intercarrier signal
through the video amplifier as
well. A second advantage is that
the intercarrier frequency is fixed
by the broadcast carriers put out
at the transmitter. No matter
how much the tuner unit oscillator
drifts off frequency, and provided
that both vision and sound carrier
i.f.’s arrive at the vision detector,
that intercarrier beat stays rocke
steady at 6 Mc/s. Apart from the
frequency modulation that’s on it,
of course.”

“Doesn’t tuner drift,”” asked Dick
incredulously, ‘“have any effect on
the intercarrier frequency at all?”

To start off with, the intercarrier “Nary,” replied Smithy, “a
signal obtained at the vision detector sausage. The tuner unit u.h.f.
625 line
vision detector To video
14 STVVS amplifier
ne ;
:l grid
! W~ L filter
! — components Intercarrier
Last vision oLl off
1£. secondary T -
capqacitor

A4

S

J
To 6Mc/s tuned coil

(@

To anode load
and CRT.

take-off
capacitor

T

Intercarrier

(=

Video amplitier

6Mc/s rejector

anode

Te 6Mc/s
tuned coil

(b)

Fig. 2 (a). Simplified circuit {with 405-625 switching omitted) showing how

the 6 Mc/s intercarrier signal is taken off after the 625 line vision detector

(b). The intercarrier signal may, alternatively, be taken off at the video
amplifier anode
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UH.F tuner

VHEFE tuner

38:15Mc/s (405 only)

Vision 405- 625
LE amplifier vision detector
= stage

Video amplifier

6Mc/s intercarrier (625 only)

Intercarrier

and sound

LE amplifier

Fig. 3. Some 405-625 receivers do not have a common i.f. amplifier, whereupon the interconnection between sections
takes the form shown here. The remainder of the line-up is the same as in Fig. 1

oscillator runs higher than signal
frequency, so let’s assume that it
drifts half a megacycle high. The
difference frequencies will then
similarly increase by half a meg, so
that the vision carrier will come out
at 40 Mc/s and the sound carrier
at 34 Mc/s.”

“Blow me,” said Dick, impressed.
“I see what you mean now. What-
ever happens to the oscillator
frequency, the intercarrier frequency
always appears exactly at 6 Mc/s.”

“Provided,” repeated Smithy,
“that both the vision and sound
carrier i.f.’s appear at the vision
detector. Which brings in the
further advantage that, since the
intercarrier frequency is fixed, the
circuits which amplify it and recover
its modulation can be designed to
give optimum performance at that
particular frequency.”

“How do you take off the inter-
carrier signal 7

“There are several methods,”
replied Smithy. “But the most
usual one these days seems to consist
of taking it off by way of a low
puffage capacitor. This capacitor
can appear after the vision detector
(Fig. 2(a)) or after the video amplifier
(Fig. 2(b)), the capacitor normally
having a value between 3 and 5pF.
There’ll be a 6 Mc/s rejector circuit
after the take-off point to prevent
the 6 Mc/s beat appearing on the
screen. When the take-off point is
at the anode of the video amplifier,
the rejector circuit usually follows
immediately afterwards.”

Sound I.F. Amplifier

“I seem,” said Dick happily,
“to be picking up quite a good bit
of gen this morning. I like these
general theory seshes.”
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“I'm afraid,” commented Smithy,
“that the present general theory
sesh is now about to come to an
abrupt close. The only further
thing I want to say is that, in some
405-625 receivers, you don’t have
a common i.f. amplifier immediately
following the v.hf. tuner. The
38.15 Mc/s 405 line sound if. is,
instead, taken off immediately after
the v.h.f. tuner, whereupon it is
applied to the sound amplifier.
(Fig. 3). However, everything else
remains the same and you still have
intercarrier working and a sound
amplifier handling both the 38.15
Mc/s i.f. and the 6 Mc/s intercarrier
signals. In this case the sound
amplifier normally has two valves.
In the previous case, where we had
the common i.f. amplifier, the
sound amplifier normally has one
valve. And that, me old mate, is
the end of general theory for this
morning.”

“Well, that’s a nice approach, I
must say,” complained Dick bitterly.
“After first of all scaring the wits
out of me by bellowing down
my earhole and then getting me
all geed—up on 405-625 sets, you
next proceed to drop the subject
flat. What’s more, you do so just
when we're getting to the really
interesting bit.”

“To wit?”’

“To what?’

“To wit?”

“Gosh, Smithy,” said Dick,
daunted, “I think you really are
going doolally!”’

“All 1 said,” remarked Smithy
irritably, ‘“‘was ‘to wit’.”

“To whoo!”

“There are times,” Smithy sighed,
‘“‘when an impenetrable barrier seems
to rise up between you and me,
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rendering it completely impossible
to communicate by way of speech.
If you think I’'m trying to do Percy
Edwards out of a job by saying
‘to wit’, let me try a different ap-
proach. What is the burden of
your complaint 7’

Dick gathered his thoughts.

*“I was complaining,” he replied,
“at your ending our natter on
405-625 general theory just as we'd
got to the bit that’s of greatest
interest to me.”

“And what is that?”’

“The fault in this set on my
bench,” said Dick promptly.
“You've already told me that the
6 Mc/s intercarrier signal is heavily
amplitude modulated by the vision
carrier when it’s applied to the inter-
carrier amplifier section. And I now
see that, with this set, that vision
carrier is not being removed in the
intercarrier amplifier as it should be.”

“Neither is it,” confirmed Smithy.
“Now, when I said just now that 1
was going to call it a day on general
theory, I meant that I was about
to get down to something a bit more
practical, instead. In other words,
I'm going to help you clear the
snag on this set.”

“Ding-dong,” said Dick, pleased.
“Just the job! Where do we start?”

“The first thing to do,” replied
Smithy, ‘“is to have a shufti at
the circuit of the sound if. and
intercarrier amplifier of the receiver.”

He pulled the service sheet towards
him and examined the circuit section
in question. (Fig. 4).

“Excellent, excellent,” he remarked
cheerfully, “you couldn’t have any-
thing simpler than this.”

Dick’s jaw dropped open.

“Simpler 7 he repeated unbeliev-
ingly. “You call that simple ?”’
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“Of course it’s simple,” said
Smithy, ‘“as you’ll soon see if we
trace it through. I’ll start off with
the two switches set to the ‘405’
position. The 38.15 Mc/s sound
carrier i.f. isfed to Ly; and Cgs, which
are tuned to that frequency, and
thence to the grid of the pentode.
This amplifies in the usual way
and the signal on its anode is
applied to the primary of the
38.15 Mc/s transformer and to the
primary of the 6 Mc/s transformer.
Having the two windings in series
is just the same idea as having
465 kc/s and 10.7 Mc/s i.f. windings
in series in an a.m./f.m. sound
receiver. In this instance only the
38.15 Mc/s winding responds to
the signal at the pentode anode,
and this frequency is applied to
the a.m. detector, D;. An a.g.c.
voltage is fed back to the grid of
the pentode via Rgg, and you’ll
note that this a.g.c. circuit applies
to 405 line reception only. The
detected a.f. is next passed to a
standard sound interference limiter
given by Rgg, D4, Rgg anfl Cog.
Normally, D4 is held conductive
by Rgs and Rgg, whereupon it

simply passes on the detected a.f.
to the following volume control.
At the same time, the detector, Dy,
is connected into circuit with a
polarity which causes detected inter-
ference pulses to be negative-going.
If a strong interference pulse is
received, therefore, the upper ter-
minal of diode D4 goes highly
negative. The lower terminal of
Dy also tries to go negative but is
restrained from doing so at the
same speed as the upper terminal
because Cgg is relatively slow to
discharge. The pulse will have
come to an end before the lower
terminal of D4 has made any large
negative excursion, with the result
that D4 is cut-off during most of
the pulse. In consequence, only a
very small amount of the pulse is
passed to the subsequent a.f. ampli-
fier and its audible effect is con-
siderably reduced. Is that little bit
0.K.??

“Sure,” said Dick. “That inter-
ference limiter circuit has been
used for years now; in 405-only sets
as well as in 405-625 ones.”

“Good,” commented Smithy
briskly. ‘All that remains to be

said is that the detected a.m. signal,
after passing through the inter-
ference limiter, is then fed to the
volume control and the wusual
triode-cum-pentode a.f. amplifier
you find in TV receivers. Let’s
now see what happens when we
switch to ‘625°.”

Smithy picked up a screwdriver
and indicated the two switch sections
concerned.

“The first thing,” he continued,
“is that the 6 Mc/s intercarrier
signal is applied to coil Ly3. This,
in company with the series capaci-
tance to the take-off point and
stray capacitances, resonates at
6 Mc/s. There is no a.g.c. now,
and the 6 Mc/s signal is passed to
the pentode grid via Cg7 and R77.
The signal amplitude will be greater
than the cathode bias of the pentode,
whereupon the pentode acts as an
a.m. limiter, R;7; and Cg; being
the associated grid leak and capaci-
tor. You'll find a grid leak and
capacitor at this point in other
receivers, too, these similarly allow-
ing the valve to function as a
limiter. In some sets the screen-grid
voltage is reduced on 625 lines,

HT+

6Mc/s from
intercarrier
3815
Mc/s take -off
capacitor

Ry9
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A 625 O-OlF ifi
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I 4os
R
Rggz  C99 !
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Fig. 4. A405-625 sound i.f. and intercarrier amplifier, which is representative of current design and practice. (it is assumed
that component suffix numbers below those shown here appear elsewhere in the receiver circuit)
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Fig. 5. The basic phase discriminator circuit with representative component

vajues. The i.f. amplifier valve will normally be a limiter. The circuit may

be readily differentiated from the ratio discriminator due to the diode polarity
and the absence of a stabilising capacitor

thereby reducing the grid base of
the pentode and making it more
effective as a limiter. The limiting
offered by the valve is not perfect,
partly because of the heavy amplitude
modulation on the intercarrier signal
given by the vision signal, and
further limiting has to be carried
out by the discriminator circuit.
The majority of 405-625 receivers
use a ratio discriminator for the
intercarrier signal, and that is what
has been done here. The ratio
discriminator diodes are D, and
D;.”

“Hey,” interrupted Dick. ‘“Hang
on a jiffy! How can you be so
confident that it’s a ratio discrimina-
tor? Why couldn’t it be a phase
discriminator? That’s got two diodes,
too.”

Smithy chuckled.

“Apart from the point,” he
said, “that a phase discriminator
doesn’t give any amplitude limiting
and so wouldn’t be used in the
present application in any case,
there is the fact that either circuit
possesses features that make it
stand out a mile in circuit diagrams.
The ratio detector has two diodes
facing in opposite directions, as
occurs in the circuit in our service
manual, whereas the phase discrimi-
nator has two diodes facing the same
way. (Fig. 5). Another feature is
that the ratio discriminator has an
electrolytic stabilising capacitor, the
two diodes being connected with a
polarity that causes signal voltage
to charge it. The stabilising capacitor
will normally have a value of some 4
to 10uF, and it’s Cgs in our service
manual circuit. It’s the stabilising
capacitor which causes the ratio
discriminator to have its limiting
action, by the way.”

“Is it?" asked Dick.
it do that, then?”

“How does
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“It's a fairly simple process,”
replied Smithy. “If you look at the
circuit diagram in the service manual
you’ll see that the 6 Mc/s inter-
carrier signal is appled to the
primary of the discriminator trans-
former, Ljs, which couples to the
secondary, Ly7. If, for the moment,
we ignore Rg2 and Rgi, we can see
that the 6 Mc/s signal across the
secondary feeds into the load
resistance given by Rgy4 and Rgs in
series, and into the stabilising
capacitor, Cgs. Now, if Cgs were
out of circuit the secondary would
feed into the load resistance on its
own and this, assuming constant
forward resistance in the diodes,
would provide a fixed measure of
damping in the transformer circuit
regardless of the input amplitude.
When we add Cgg, however, we
get a different effect. When the
input signal amplitude is constant
Cos charges up to a steady voltage.
If signal amplitude increases, how-
ever, an additional charging current
flows into Cgg, and this, so far as
the transformer is concerned, is
just the same as would occur if the
load resistance were decreased in
value. The transformer circuits
suffer increased damping therefore,
this counteracting the increase in
signal amplitude. Similarly, if signal
amplitude decreases, a discharge
current flows from the capacitor,
less current has to be provided by
the discriminator transformer and
it behaves as though it had an
increased load resistance. It suffers
less damping and this counteracts
the decrease in signal amplitude.
The time constant in the load re-
sistance and stabilising capacitor
circuit is normally of the order of
0.06 to 0.1 seconds, which means
that the circuit soon settles down
to an average input amplitude,
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and limits amplitude modulation and
impulsive interference above some
15 ¢/s or so.”

“Why,” queried Dick, ‘‘are Rg2
and Rgs put into the circuit?”

“To get a really high level of
a.m. limiting,” explained Smithy in
reply, “everything in the circuit
has to be carefully balanced out.
There are a lot of variables which
can’t be closely controlled, these
including the coupling factor be-
tween the primary and secondary of
the discriminator transformer, and
tolerances on value in the load
resistors and the stabilising capacitor.
In consequence, the circuit is de-
signed so that the effect of the
stabilising capacitor and its load
resistance is just right when a
series resistance between, say, 2
and 5kQ is inserted between the
diodes and the stabilising and load
circuit. The circuit is then finally
set up for optimum limiting by
adjusting this series resistance. In
our own circuit the series resistance
is given by Rg; and Rgs, and the
final adjustment is given in Rgp.
If all is well, there should be enough
range in Rg; to take up all the
variables and tolerances which ap-
pear elsewhere in the circuit and
allow optimum limiting to be
achieved. 1 should add that the
optimum limiting only occurs at
one frequency (Fig. 6), but this
doesn’t worry us in our present
case because we are working with
an intercarrier signal which is spot-on
at 6 Mc/s. In practice, you normally
adjust Rg, for minimum field buzz
on a broadcast TV signal.”

Smithy paused for a moment.

“Well,” he said, collecting his
thoughts, “we’ve veered away a
little from the immediate topic,
which is the passage of the inter-
carrier signal through the sound
amplifier. You'll recall that we
applied the 6 Mc/s signal to the
pentode grid whereupon, after the
limiting this pentode gives on 625
lines, the signal appears across the
primary of the 6 Mc/s discriminator
transformer which, in company with
its associated stabilising capacitor
network, provides further limiting.
The discriminated a.f. appears at
the open end of the tertiary winding,
L,s, and is passed to the volume
control via filter resistor Rg, and
series resistor Rog. Rygg, in company
with Cog, gives a 50uS de-emphasis
circuit which bashes down the
50uS pre-emphasis which the B.B.C.
boys stick onto the sound channel
at the transmitting end.”

Final Case

“Why, that’s neat,” exclaimed
Dick appreciatively. *“On 405 lines,
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Cgo is the time constant capacitor
needed for the sound interference
limiter.”

“These 405-625 sets are full of
cunning little tricks like that,”
replied Smithy. ‘“Anyway, let's have
a look at this one you’ve got here.
Since one way of getting a ratio
discriminator to detect a.m. is to
take the stabilising capacitor out of
circuit, let’s examine that component
first.”

Smithy cast an expert eye over
Dick’s chassis, and located .the
ratio discriminator stabilising capaci-
tor. He gave it a light exploratory
prod with his finger.

Effortlessly, one end of the capaci-
tor came adrift from the printed
circuit board.

“Ye gods,” snorted Smithy
irately, “is this all that’s wrong?
Am I to understand that I've been
wasting all this time just because you
can’t recognise a badly soldered
electrolytic!”

Recognising the danger signs,
Dick hurriedly rushed to the sink
to fill the battered Workshop kettle
and prepare the teapot, and as
quickly rushed back to the receiver
to re-solder the capacitor whose
means of support was 509 below
the norm. Thus it was that, later,
the mollified Serviceman, smoothed
in spirit by the sound of clear music
from Dick’s repaired receiver and

Centre

frequency

FREQUENCY

Fig. 6.

If a signal which is simultaneously amplitude and frequency

modulated is applied to a ratio discriminator, the discriminator output
(as displayed on an oscilloscope running at the f.m. frequency) takes up the

typical appearance shown here.

The sloping line given by frequency

discrimination widens on either side of the centre frequency due to the
appearance of the amplitude modulation. In this case a.m. limiting is most
efficient at the centre frequency

soothed in body by the life-giving
properties of the precious fluid in
the disgraceful mug at his side,
gave vent to an expression of content
with the world in general and with
Workshop affairs in particular.
With a glance at the clock, Dick

decided that he’d give Smithy just
another five minutes to ripen before
he broached the subject of poor
line linearity on 625 lines only. As
occurred in the orther 405-625
receiver he’d unsuccessfuilly attempt-
ed to repair that morning.

THE RHYTHM METHOD OF MORSE TUITION

We were very interested to be given the opportunity recently of trying out the Rhythm Method of Morse Tuition
available from G3HSC, The Morse Centre, 45 Green Lane, Purley, Surrey.

G3HSC makes available to students wishing to learn the morse code, two specific courses:

The complete Course consists of three records, together with explanatory literature. There is a Beginners 12in
L.P. record; and Advanced Students 12in L.P. record and a 7in E.P. Speed Check Record. All of these may be played
at 33, 45 and 78 r.p.m., giving a great variety of morse speeds. This course, including postage (U.K.) costs £4 4s 0d.

The Beginner’s Course consists of two records; a 12in Instruction record and one 7in E.P. recording simulating a
G.P.O. amateur transmitting licence morse test. Together with instruction book, this course costs £3 Os 6d.

We found the teaching sequence logical and easy to grasp. As G3HSC states—"A book is read by eye; morse is read
by the ear’’. “The interpretation of heard morse is entirely a matter of recognising rhythm”.

The beginning of the Course provides the morse symbols clearly and definitely recorded and, by playing the early
grooves over repeatedly, the student will rapidly memorise the sound of them. As one progresses through the records,
new symbols are introduced and the speed is increased. Learning morse is, of course, a matter of constant practice but
it is often difficult for the beginner to receive the signals which would cater for his needs. One cannot always easily
find morse at the required speed on a radio receiver, nor can one always find a friend who is prepared to put in a lot of
time giving practice on a morse buzzer.

We felt that these records would be a great help to anyone wanting to learn the code and would also be much ap-
preciated by the more experienced wishing to improve their speed of reception. They should be avaiiabie in every radio
club or school where morse is taught, for both class and individual tuition.
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This article, covering the construction of the

BASIC RADIO CONTROL

Part 3
By F. L. THURSTON

6-Transistor Receiver

super-regenerative receiver which is intended for

use with the transmitter described last month, concludes this particular series of three articles.
Further articles by the same author are planned and these will be appearing in the near future.
They will continue the same theme by carrying on to the construction of more complex systems.

OLLOWING LAST MONTH’S DESCRIPTION OF .THE
F single channel “carrier” type transmitter, we

now deal with a suitable receiver system. The
receiver to be described has a six-transistor super-
regenerative circuit, with a relay output.

The Receiver

The block diagram of the receiver is shown in
Fig. 1. The signal from the aerial is fed into the
super-regenerative detector stage, and the detected
output is then passed on to the filter-amplifier
circuit. In the absence of an input signal the output
of the filter-amplifier consists of a great deal of
noise, which falls to a very low level when a carrier
signal is picked up by the aerial. The noise signal
is rectified and smoothed, and the resulting d.c. is

used to bias a transistor ““switch” in the Off position.
In the absence of this noise, the bias voltage dis-
appears and the switch turns On. The switch drives
the output relay, which may then be used to operate
an external circuit such as a motor or actuator, etc.

The full circuit diagram of the receiver is shown in
Fig. 2. Dealing with the circuit in detail, the super-
regenerative detector comprises TR;, R, Rz, R3,
C,, C3, C4, L1 and Ly, with the aerial signal fed to
the collector of TRy via C;. Due to the feedback
capacitor, Cs, from the collector to the emitter, the
circuit is in a permanent state of oscillation, operat-
ing in the high a.f. or low r.f. range. In the absence
of an input signal at the aerial this oscillator signal
contains a great deal of noise while, if a signal is
present at the aerial the oscillator signal is modulated

Aerial
ﬁ ~ve
-
v
Super -regenerative Filter / amplifier Rectifier D.C. operated ‘switch’ Relay
detector

Fig. 1. Block diagram of the “‘carrier” type receiver
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Fig. 2. The circuit of the super-regenerative receiver

Components List

Resistors

(All resistors } watt carbon, 10%)
R; 22kQ
R, 6.8kQ
R3 6.8kQ
Ry 12kQ
Rs 4.7kQ
R¢ 1kQ
Ry 4.7kQ
Rg 2200
Ry 4.7kQ
Ryo 2.2kQ
Ry 47kQ
Rjz  3.9kQ
Ry 1kQ
Rjs 68kQ
Ris 22Q

Capacitors

(All capacitors sub-miniature, 9V wkg or greater.
The prototype employed sub-miniature capacitors
obtained from Newbury Radio (Forest Gate)
IF:t_(Ii), 274 Romford Rd., Forest Gate, London,

C; 12pF

C; 12pF

Cs 18pF

Cs  2uF electrolytic
Cs 0.002 uF

Cs¢ 0.01pF

C7  8uF electrolytic
Cs 0.01uF

Co  16uF electrolytic
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Cio 0.04uF

Cn1 16pF electrolytic

Ci2  50pF electrolytic

Ci13  SOpF electrolytic

Ci4 2uF electrolytic

Cys 1uF electrolytic
Inductors

Ly 114 turns of 24 s.w.g. enamelied wire,
close-wound on Radiospares 0.27 in former,
with iron-dust core.

L, 100 turns of 36 s.w.g. enamelied silk-
covered wire on 100kQ } watt 209, resistor
(see text). Pile or scramble-wound.

Transistors
(Transistors are available from Newbury Radio,
(Forest Gate) Ltd.)

TR; 2G414 (Texas)
TR; —TRg NKT274 (Newmarket)
Diodes

D1, D2 OA202 (Mullard)

Relay
RLA; Grundig type G3693, 300Q coil (Home
Radio (Mitcham) Ltd.)

Miscellaneous
Veroboard, 0.1 in hole matrix, dimensions as
in Fig. 3(a). .(Newbury Radio (Forest Gate) Ltd.)
9-volt battery
Wire, sleeving, etc.
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by the modulation signal of the carrier; thus, if the
carrier signal is NOT modulated, the oscillator
signal will not be modulated either, and the noise
disappears.

Thus, the output of the super-regenerative detector
consists of an unwanted oscillator signal of fairly
high frequency, either with or without the noise
which is needed to operate the later stages of the
circuit. This mixed signal is first passed through a
filter network comprising Cs, R4, and Cs, which
attenuates the unwanted oscillator signal by a
considerable degree whilst attenuating the noise
signal by only a small amount. To give the required
filter characteristics with a minimum degree of
attenuation of the wanted signal, it is necessary to
terminate the output of the filter at a high impedance,
and the emitter-follower, TR, is used for this
. purpose.

The output of the filter appears at TR, base, and
hence at TR, emitter. TR; emitter is direct-coupled
to TR3 base. TRj3 is wired as a common emitter
amplifier, with its collector load bypassed for high
frequency signals by Cg; thus, TR3 amplifies the
wanted noise or a.f. input signal by a considerable
amount, but gives negligible amplification to the
unwanted high frequency signal. Similarly, TRy is
also wired as a common emitter amplifier with its
collector load, Rg, bypassed for high frequency
signals by Cio, and again tends to amplify the
wanted signal whilst rejecting the unwanted one.
Thus, the final output of the filter-amplifier circuit,
appearing at TR4 collector, consists of the wanted
a.f. signal only.

To minimise the number of components used in
the TR,-TR3-TRy circuit direct coupling is used;
whilst, to obtain good temperature stability, d.c.
feedback is used between TR4 emitter and TR base.

A low impedance output (necessary for driving
the rectifier and smoothing circuit) is obtained by
feeding the signal from TRy collector to a second
emitter-follower stage, TRs, which has an emitter
load given by Rya.

The low impedance output signal is fed, via Cy4, to
the two rectifiers, D; and D3, and the resulting d.c.
is smoothed by Cis and fed to the base of TR¢. It
should be noted that the output of the rectifier
circuit is positive in polarity, so that, in the presence
of a noise input, the emitter-base junction of TR
is reverse-biased and the transistor is cut off. In the
absence of the noise signal and, thus, the positive
bias, base current is allowed to flow via R4, and
TRg is biased hard on, operating the relay, RLA.

The circuit uses a 9 volt battery supply, with
decoupling networks R3-Ci3 and Rg-Cy2 interposed
between the major sections of the circuit to prevent
instability.

Construction

No particular effort has been made to miniaturise
this particular circuit as it is primarily intended for
use in model boats, where space is not too restricted
and a fairly high pay load is permissible. Neverthe-
less, the receiver only measures 3% x 14 x lin,
complete with relay. The writer feels that the
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business of trying to obtain the ultimate in micro-
miniaturisation in radio control receiver circuits is
frequently a complete waste of effort, since it is
usually found that the receiver is, in any case, the
smallest part of the payload (both in weight and
physical size) even in model aircraft. Batteries,
servos, etc., are by far the largest components of the
whole control system.

Construction of the unit is started by cutting the
Veroboard panel to size, as shown in Fig. 3. Then,
drill the two holes in the panel as indicated. Next,
very carefully break the copper strips exactly as
shown, using either a small drill or the special cutting
tool that is available for this operation. Clean up
the lands between the copper strips with the aid of a
small modelling knife, making sure that no short-
circuits are occuring.

The wiring up of the panel is a delicate and fairly
complex operation, and is best carried out “by
numbers”, in the following manner.

(1). Secure the coil former in place. This can be
accomplished either by cutting off the base of the
former and pushing the body into the hole, securing
it with glue or, as in the case of the prototype, by
merely pushing the complete former into the hole
from the copper side of the panel, relying on friction
to hold it in place. Now wind the coil onto the
former using 24 s.w.g. enamelled copper wire,
start by soldering one end of the wire into hole
2J, then close-winding 114 turns clockwise, from
the base upwards, finishing off by soldering the
remaining end of the wire into hole 5G.

(2). Wire shorting links, using bare 32 s.w.g.
tinned copper wire, as follows; 3J to 3H, 3F to
3E, and 18] to 18L.

(3). Wire shorting links, using sleeved 32
s.w.g. wire, as follows; 1J to 11J, 9H to 11F, 11G
to 12E, 11H to 14C, and 14H to 16B. Finally,
wire a link from 31J to 31C.

(4). Solder the following components in position,
noting that all components fitted now and in
later steps are mounted vertically; C; between
1G and 1I, C; between 4] and 4G, C; between
3G and 3D, R between 2H and 2F, R, between
2E and 2B, R; between 3C and 3B, and C4 between
1E and 1B (with polarity indicated).

(5). Solder one end of a length of 36 s.w.g.
enamel and silk covered copper wire to the lead
of a high value (100kQ) 1 watt resistor, close
up to the body, and tightly wind 100 turns on to
the resistor body, finishing off by soldering the
free end of the wire to the remaining resistor lead.
Coat the resulting inductor, L, with a covering
of polystyrene cement (as used in plastic modelling)
to hold the windings in place. L, may be either
pile-wound or scramble-wound. When dry, solder
L, between 4C and 6D.*

(6). Solder TRy in place with its emitter to
8D, its base to 8F, and its collector to 8G. Solder
the aerial, a 24 inch length of ordinary insulated

* The resistors available in the home-constructor market under
the nominal description “quarter watt’’ vary somewhat in dimensions,
The resistor used in the prototype for L, had a body length of  in and
a diameter of approximately § in, and a resistor of similar dimensions
should be employed by constructors.—Editor.
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A —drill to clear relay securing bolt
B - drill to clear coil former ( approx. !/4°dia)
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Fig. 3(a). Dimensions of the Veroboard, showing also the points where the strips are cut and the holes drilled
(b). The components fitted to the Veroboard

multi-strand wire, to 2I. This completes the actual
super-regen detector circuit, and, if required,
this part of the circuit can now be given a functional
test. Temporarily connect a 9 volt supply with
its positive to 4B and its negative to 12J, and
connect a crystal ear piece across Rj, (alternatively,
connect the output across Rj to an audio amplifier
via a blocking capacitor). If the circuit is working
correctly a strong hissing or rushing noise should
be heard. Now, press the “transmit” button on
the transmitter (described last month); if the
circuit is working correctly the noise should cease
or fall to a very low level. It may be necessary to
adjust the core of L; to get the circuit to operate
correctly. If no rushing noise is heard initially,
suspect a wiring fault or a faulty component.
When this functional check has been completed,
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remove the temporary battery and earphone
connections.

(7). Solder Cs between 7C and 8B, R4 between
8C and 10C, Cg between 10B and 12C, C; between
10F and 11C (note polarity), and Rg between
9J and 9I. Solder TR, in place with emitter to
10G, base to 10H, and collector to 10J.

(8). Solder TRj in place, with its emitter to
13D, its base to 14E, and its collector to 13F.
Solder Rg between 13B and 14D, Rs between 15B
and 15E, R; between 151 and 14F, and Cy; between
13J and 13H (observe polarity).

(9). Solder Cg between I5H and 15F, Ry
between 16G and 161. Solder TRy in place with
its emitter to 18E, its base to 19F, and its collector
to 18G; solder Cy between 17B and 17D, (observe
polarity) Rjo between 19B and 19E, and Cy;
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Side view, showing the position taken up by the
relay

between 21B and 21E (observe polarity).

(10). Solder Cjo between 18H and 20G, solder
TR in place with its emitter to 22F, its base to
22G, and its collector to 22I. Solder Cj3 between
20H and 20J (observe polarity), Rj3 between 22J
and 24J, R;, between 23B and 23F, and Ry be-
tween 24C and 24E. Now solder a positive battery
lead to 24B, and solder a negative battery lead to
28J. This completes the wiring of the major part
of the circuit, less the rectifiers, relay, and “switch”.
The circuit can, at this stage, be given a further
simple functional check, if required, in the following
manner.

Inspect the reverse (copper) side of the Vero-
board and check that no short circuits are occuring
across the lands; if satisfactory, connect a 9 volt
battery to the unit, taking care to ensure that
the correct polarity is observed. Connect a crystal
or high impedance earpiece across Rjz via a small
blocking capacitor, whereupon a strong rushing
or hissing noise should be heard. Now press the
“transmit”’ button on the transmitter; if the circuit
is working correctly the noise should cease or fall
to a very low value. If the circuit functions correctly
at this stage, remove the battery and complete
the rest of the circuit wiring, as follows:—

(11). Mount the small 300 ohm relay in position
on the Veroboard panel (see photographs); solder
a lead from 28F to one of the relay coil terminals,
and another lead from 26J to the other relay coil
terminal. Now solder one lead from one of the
relay contact pins to 311, and a second lead from
the other relay contact pin to 31G.

(12). Solder C;4 between 24F and 26E (observe
polarity), D, between 25B and 27E (observe polarity),
D; between 28E and 28D (observe polarity),
Cys between 27B and 27D (observe polarity).
Solder TR¢ in position with its emitter to 31B, its
base to 30D, and its collector to 30F; solder Rys
between 28B and 30B, and Rjs4 between 32C and

Test Voltages

TR; | TR2 | TR3 | TR4 | TRs | TR¢

Collector |5.6v*| 6.2v[1.2v|3.5v [ 6.4v | 9v

Base 1.5V 1.1V | 1.1V [1.2V | 3.5V ] OV

Emitter 1.6V|1.1V[1.0V|1.1V{3.6V| OV

32D. Finally, solder one output lead to 32G and
a second output lead to 32I.

Testing

This completes the assembly of the receiver
circuit, and the unit is now ready for testing. Check
the reverse side of the Veroboard panel and make
sure that no short circuits are occuring across the
lands. If satisfactory, wire a small bulb in series
with a suitable battery and connect the combination
across the receiver output leads; now connect the
receiver to its own 9 volt supply and check the
operation of the unit. At the moment that the
receiver supply is connected the relay should
operate and the bulb should light up, but after a
second or so the relay should turn off again of
its own accord, and the bulb should extinguish.

Now press the “transmit”” button on the trans-
mitter. The relay on the receiver should energise
and the bulb should light up. If the relay does
not operate, try adjusting the core of L;.

If the circuit operates correctly, carry out a
range check. Two people are needed to carry
out this test, one holding the transmitter in the
normal way, keying the “transmit” button on
for (say) 1 second in every five while the other
person walks away from the transmitter with the
receiver held in his hand, preferably with the aerial
fixed in the vertical position. The core of L; should
be adjusted by trial and error to give the best
posgible range, which should be approx. 150-200
yards.

The receiver can be installed in the model either
by simply packing it between foam rubber or
cotton wool, or by bolting it down with rubber-
faced clamps; the former method, although very
crude, is to be prefered, as it gives greater pro-
tection to the circuit in the event of a crash. The
receiver must be powered by its own batteries,
separate from any that are used to drive the actual
model or servos, and the aerial must be kept as
far away as possible from electric motors or moving
metal surfaces.

The accompanying Table shows test voltages
obtained with the prototype using an Avominor
on the 10 volt range and with a new 9-volt battery
fitted to the receiver. Overall current consumption
is 3.3mA under no-signal conditions.

DESIGN AND CONSTRUCTION OF MEASURING BRIDGES

Part 3 (conclusion) of this series will appear next month.
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RADIO TOPICS...

T IS INTERESTING TO SEE THE

manner in which valve heater

circuits for television receivers
have developed over the years.
This point was brought home to me
a week or so ago when I had a
quick look at an acquaintance’s
somewhat elderly receiver. 1 was
rather surprised to find that it
included a hefty mains transformer
and that this transformer supplied
all the valve heaters in parallel.

The a.c./d.c. TV receiver, in
which all the valve heaters are in
series, made its début in the U.K.
before 1950, by which year most
manufacturers had changed over to
this system. One or two set-makers
still continued with a mains trans-
former and parallel heaters for a
number of years after 1950, and it
was one of these models which I
encountered. And which was still,
I should add, giving quite an accept-
able picture.

Series Chains

Until the last few years, the use
of a series heater chain with a
dropping resistor sitting at the top
presented an extremely familiar
background to the TV servicing
scene. So much so, indeed, that 1
had almost forgotten that television
sets ever had mains transformers
and parallel heaters.

It seems now, however, that the
TV heater dropper is also beginning
to go into retirement. This is a
perfectly understandable step, par-
ticularly when one considers the
amount of heat the series dropper
adds to that already dissipated
in the signal and scanning stages.
The voltages in a TV heater chain,
plus thermistor, can add up, typically,
to about 160 volts. This means
that, for the commonly encountered
240 volt mains, the series dropper
has to dispose of the remaining
80 volts. At the normal heater
chain current of 0.3 amps, this
corresponds to a dissipation of
24 watts.

In recent years we have seen the
appearance of silicon rectifiers as
heater “‘droppers”. These only
pass alternate half-cycles and, since
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by Recorder

their forward resistance is negligibly
low, the amount of heat they dis-
sipate is similarly negligible. Inci-
dentally, if you aren’t too certain
about how, in terms of voltage,
the silicon rectifier functions in a
heater chain, the following facts
should be of interest.

The accompanying Fig. 1(a) shows
a silicon rectifier in series with a
heater chain and a resistor. The
silicon rectifier passes half-cycles
only with the result that, following
simple half-wave rectifier theory,
the “effective” (r.m.s.) voltage across
the heater chain and resistor in
series is 0.5 times the peak value of
the applied a.c. Since peak value
is 1.414 times r.m.s. value, the
“effective™ voltage after the rectifier

Series
resistor

Silicon
rectifier
+

is 0.5 times 1.414, i.e. 0.707, times
the r.m.s. value of the applied
alternating voltage. To take an
example, let us assume that the
applied alternating voltage has an
r.m.s. value of 100, as in Fig. 1(b).
The valve heaters and resistor will
then heat up to exactly the same
temperature as if an alternating
voltage with an r.m.s. value of
100 x 0.707, or 70.7, volts were
applied direct to them, as in Fig. 1(c).
The heat dissipated in Fig. 1(c)
is exactly the same as the heat
dissipated in Fig. 1(b). If, in
Fig. 1(b), the applied alternating
voltage had the more familiar
mains r.m.s. value of 240, the
“effective”” voltage appearing across
the heater chain and series resistor
would be 240 times 0.707, or 170
volts. It should be noted that this
0.707 voltage relationship holds
good regardless of the current which
flows, and it is only necessary to
work in terms of voltage.

Should the a.c. mains in your
shack be 240 volts and you want to
use a silicon rectifier in a heater
chain circuit, you use the following
procedure. First of all, add up all
the heater voltages in the proposed
chain, then subtract this figure from

Applied Heater Appli
AC. I chain 100V RMS
{
|
(a) (b)
A'A'A'A'A
Applied AC.
707V RMS. i
i
©)

Fig. 1(a). A silicon rectifier employed with a television heater chain. The
heat dissipated in the chain and series resistor is the same irrespective of
which way round the rectifier is connected
(b). The rectifier and heater chain with an applied a.c. of 100 volts r.m.s.

(€)- Exactly the same heat is dissipated in the resistor and heater chain of
(b) if a supply of 70.7 volts r.m.s. is applied directly

www americanradiohistorv com

119




170 volts. Next, insert a series
resistor to drop the voltage figure
thus obtained. Let us assume that
you are using a chain of 0.3 amp
heaters and that their total voltage
comes to 140. This means that there
are still 30 volts at 0.3 amps to get
rid of, whereupon you top the chain
with a resistor of 100Q. See Fig.
2(a).

The resistance in the circuit
needn’t all appear after the rectifier.
Some of it could appear before
the rectifier, as in Fig. 2(4), where-
upon mains voltage tappings can
be provided. In the example we
just worked out, the 100Q series
resistance could appear, in Fig. 2(b),
as 50Q in the R; position and 50Q
in the R, position, whereupon the
mains tapping corresponds to
220 volts, as shown. When the
240 volt mains tapping is selected,
we have 100Q series resistance as
before. When the 220 volt mains
tapping is selected, the ‘‘effective”
voltage due to the rectifier is 0.707
times 220, or 155 volts. This means
that 15 volts at 0.3 amps has to be
dissipated by the series resistor,
and hence the use of a 50Q resistor
in the R, position.

Practical Circuit

In practice, it would be helpful
to insert a thermistor in the heater
circuit, to reduce the switch-on
current surge. The hot resistance
of this thermistor is then part of
the series resistance.

The fact that the silicon rectifier
causes rectified a.c. to appear across
the heater chain has resulted in
some interesting commercial design
techniques. In the Thorn 980
Series 12-inch portable, for instance,
the series silicon rectifier is con-
nected such that the top end of the
heater chain is negative of chassis.
A tap is then taken half-way down
the heater chain to provide a negative
bias voltage (after smoothing) for
the vertical output valve. Another
neat approach is evident in the
Pye 19-inch model 40F. A resistor
is inserted in the bottom end of
the silicon-diode-fed chain, and a
half-wave rectified voltage of about
14 appears across it. After smooth-
ing, this is used to power the transis-
tors used in the i.f. stages and the
tuner.

Silicon rectifiers aren’t the only
devices which replace the heater
dropper in present-day TV receivers.
Two years ago, the Thorn group
introduced a mains autotransformer
with a tap at 150 volts for the heater
chain in order to obtain cool
running. A set has also appeared
in which a series capacitor is used
for most of the valve heaters, the
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Silicon
rectifier 1000
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Fig. 2(a). A worked example in which the mains voltage is 240 voits r.m.s.,
and the total heater chain voltage is 140 at 0.3 amp
(b). Some of the series resistance may appear on the mains side of the
rectifier

remainder appearing in the h.t.
power supply circuit where they
also function as a smoothing resistor.

As a final word concerning
heater chains which are fed via
silicon rectifiers, it should be pointed
out that inaccurate voltage readings
will be given if voltage measurements
are made into the chain with normal
multi-testmeters switched to an a.c.
range. This is because bridge
rectifier moving-coil meters are only
accurate with a true sinusoidal
waveform. However, you can obtain
a useful measure of the heater
voltage by using the testmeter
switched to a direct voltage range.
A moving-coil meter reads average
voltage and will, for a half-wave
rectified voltage, give a direct
voltage reading which is 0.64 times
the: “‘effective” r.m.s. voltage. So,
if you apply a testmeter switched
to a d.c. range across a 6.3 volt
heater in a chain fed by a silicon
rectifier, you should get a direct
voltage reading of 6.3 times 0.64,
or 4 volts.

On the other hand, accurate
readings, both of voltage and
current, will be given by an r.m.s.-
reading instrument such as a moving-
iron meter.

Gymnarchus Niloticus

Turning to another matter, the
rather startling name of Gymnarchus
Niloticus does not apply to a recent
electronic invention, but to the
African Nile fish. This fish lives in
water which is so murky that it
is impossible to see more than a
very short distance indeed through
it. The Nile fish has developed an
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electrical direction finding system
for ascertaining its bearings and
detecting the presence of its prey.

The fish *‘transmits” about 300
electric pulses per second of an
amplitude between about 2 and 6
volts. Like many other fish the
Nile fish can detect very small
changes in the direction of the
electric field in its vicinity. Indeed,
it can detect changes of less than
50 microvolts per cm. Any neigh-
bouring objects cause small changes
in the electric field pattern and are
thus detected. The detecting system
in the fish has a sensitivity quite
comparable with that of a small
radio receiver, although it is admit-
tedly very different from the latter.
Thus even in the field of sensitive
electrical detection, Nature appears
to have beaten us!

New Adhesive

If you're keen on making your
own cabinets, a new adhesive is
announced which may prove to be
{.ust the thing you’ve been waiting
or.

This is Timbabond 606 Wood-
work Adhesive, and it is intended
for all joinery and cabinet-making
work. The manufacturers are Treto-
bond Ltd.,, Tretol House, The
Hyde, London, N.W.9.

The adhesive is based on a very
high quality synthetic resin dispersed
in an aqueous medium. It is
applied to one surface only and,
upon drying, deposits a translucent
non-staining glue line. It is claimed
that the resultant bond is always
stronger than the wood itself.
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Timbabond 606 has an open
assembly time of from 4 to 8 minutes,
depending on the porosity of the
wood, the ambient temperature,
the humidity and the thickness
of the applied coating. It is available
in quantities of 1 gallon, 2 Ib and
1 Ib, and may also be obtained in
5 oz tubes.

B.B.C. Colour Cameras
I note that the Marconi Company
is now in process of making the

new colour cameras ordered by the
B.B.C. for the anticipated colour
TV service starting next year.
Thirteen Marconi Mark VII
cameras, introduced in December
of last year, are currently on order.
A major feature of the Mark VII
is that four tubes are incorporated,
three for red, green and blue,
and one for luminance (i.e. black-
and-white picture). The luminance
signal is at high bandwidth ih a
colour television system and the
colour signals are at low band-

width, and the new camera enables
luminance detail to be resolved on
a single tube. This reduces the
registration errors which are in-
evitable if the luminance signal is
obtained from the output of three
separate colour tubes. It is stated
that the four tube system gives
better colour pictures than any
other camera tube configuration
known at present, and that it also
ensures that excellent black-and-
white pictures will be produced on
existing monochrome receivers.

R

Professional Panel Finish

for Prototype Instruments
by Nicholas J. Murrell, F.B.H.I.

How to give your home-built equipment that *“‘factory-fresh” look

T WAS FOUND NECESSARY BY THE WRITER TO

develop a simple, quick and reliable system

of lettering and various colour finishes for
application to instrument panels in prototype
work and small batches of instruments. The system
described in this article has proved very satis-
factory and hard wearing in use.

The Panel

Aluminium or dural is preferred for the panel
blank, although very good results can be obtained
with steel. The method adopted by the writer is
to place the various controls, sockets, etc., in
their approximate positions on the blank panel,
ensuring that such things as meters, cathode ray
tubes and indicators are not covered by the hand
when operating the switches or controls. Careful
selection of components for appearance in the
completed equipment is very desirable. For example,
a square meter looks smartest in a square case.
Control knobs should be large enough to be turned
easily and should not be spaced too closely to-
gether. It is surprising what a difference a little
thought at this stage will make, both in the ap-
pearance of an instrument and in the pleasure
given when using it.

Drilling The Panel

The next stage after marking out the panel
is to drill the necessary holes. To ensure that the
drill does not run off centre, centre-punch the
point to be drilled and use a small drill as a pilot.
Drill No. 43 is very suitable and is also the tapping
size for 6BA. The author tries to keep all fixing
screws to 6BA or 4BA, as this results in the
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use of only three drills: No. 43 for 6BA tapping,
No. 34 for 6BA clearance and 4BA tapping, and
No. 27 for 4BA clearance.

The small workshop or laboratory seldom has
a large power drill for cutting holes having a dia-
meter greater than Zin, but good results can be
obtained using Enox or similar circular hole cutters
held in an ordinary wood brace. For the small
workshop with a vertical power drill the Dormer
“Rotor Bore” circular hole cutters are very efficient,
and are worth obtaining when a large number of
holes are to be drilled.

This oscilloscope, built by the author to a Radio

Constructor design, clearly demonstrates the very

attractive appearance which results from the panel
finish system described in this article
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Square holes are always difficult to produce,
but good results can be obtained quite quickly
by first removing most of the metal with an Abra-
file saw, then placing a straight edge of steel in
the vice, clamped along the scribe line, and filing
down to the straight edge of this block It is import-
ant, when holding the panel in the vice, that card-
board packing pieces are inserted between the
panel and the vice jaws so that the panel surface
is not scratched.

Preparation For Spraying

Having drilled the panel, ensure that it is free
from burrs, and check that the controls and other
panel-mounted components fit correctly. If the
panel is highly polished it will be found that, by
using a very fine emery cloth to roughen the surface,
a better bond is obtained between paint and panel.

It cannot be stressed too much that the panel
must be completely clean and free from grease
or oil before spraying. This can be achieved by
wiping with turpentine, washing in hot soapy
water, rinsing, and drying thoroughly.

Aerosol Sprays

The most suitable spray lacquer found so far
is made by the American firm of Plasti-Kote,
Inc. This is available in aerosol cans in a wide
range of colours. Also available are air drying
hammer enamels in five colours. A little difficulty
in supplies in this country seems, at present, to
be experienced, but every effort is being made to
improve the position.

Holt’s spray enamels supplied by Halfords,
Ltd., have also proved very good indeed. They are
available in a wide range of car colours, being in-
tended for touch-up purposes. Recently introduced
are Dupli-Colour and “‘U” sprays, both giving
very good results. These are similarly available
from Halfords.

The following tips apply to all aerosol spray
paints and lacquers. Always read the instructions
on the can. Use only in a well ventilated room.
Hold the spray nozzle about 18ins from the work.
To insure that there are no blotches aim just off
the work, then bring the nozzle slowly over the
panel. Two thin coats are much better than one
thick one. When the Aerosol can is empty, on
no account pierce it or place it on a fire as the
results can be very dangerous.

Lettering

After spraying the panel with the basic colour
(or, incidentally, if using a standard case which has
already been sprayed) the next stage is panel lettering.
Data Publications Panel-Sign Transfers produce a
really “professional” finish. Panel-Sign Transfers
are obtainable from Data Publications, Ltd., 57
Maida Vale, London, W.9. They are very simple to
use and the fixing instructions on the packet are
clear and easy to follow.

There are four basic sets, each costing only 4s. 6d.
plus 4d. postage, and they represent excellent value.
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The sets are as follows:

Set 3, which gives wording in white for Receivers,
Transmitters, Amplifiers and Test Equipment, etc.
Letter size is &in high and is on six handy-size
sheets measuring 8 x 44in and containing over 1,000
words. There are also two safety panels with white
letters on a red background measuring approx-
imately 4 x 3in; the wording is “Danger High
Voltage” and ‘‘Main Control Switch”.

Set 4 is the same as Set 3, but with the lettering
in black. The safety notices have black lettering on a
red background.

Set 5 covers dials and scales, and includes one
rectangular panel, 64 x 3in, suitable for a tuning
scale, etc., one large half-round dial in a rectangular
frame of 6 X 4in, two medium half-round scales in
rectangular frames of 4 x 24in, and 18 small scales of
14in diameter, The scale colour is white markings
on a clear background.

The fourth set, Set 6, is the same as Set 5 except
that the markings are white on a black background.

When lettering the panel, it is well worth checking
that the words and symbols, etc., are in the correct
place and position (e.g. ON/OFF are the correct
way round).

Final Stage

To hold and protect the letters the panel is sprayed
with clear lacquer, such as Plasti-Kote 270 or T.S if
a Plasti-Kote product has been used. The writer
has been informed that the “U” Clear Spray also
gives good results. Ensure that the panel is really
dry before assembling. It is well worth that little
extra patience at this stage.

A Trial Run

Before starting on a panel, the writer would
suggest a trial run on, say, a piece of dural or steel
to get the feel of the system and, also, to try out any
particular designs and colour combinations which
are desired. If different spray lacquers and enamels
or other combinations are to be used, a check
should be made to see that they do not set up
chemical reactions. Some attractive results can be
obtained with suitable combinations. For example,
spraying Plasti-Kote hammer enamel with Plasti-
Kote Lacquer results in a crackle hammer finish.

Oscilloscope

The accompanying photograph shows an oscil-
loscope made up by the writer using the system
just described. The oscilloscope panel is up to the
standard found on commercial instruments. The
oscilloscope measures only 44 x 5 x 6in deep, being
finished with black lettering and green panels at top,
back and front. The side panels are dark grey. The
“Get up and go’” handle is the writer’s own design
and is comfortable to hold. The circuit is based on
the ‘‘Miniature Economical Oscilloscope” described
by M. J. Darby in The Radio Constructor for May,
1962. The lin tube gives a very clear trace. The
unit being fully portable with a built-in mains
power pack, is an ideal service instrument which is
also very attractive in presentation.
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Club Events

Basildon and District Amateur Radio Society

Hon. Sec.: J. Barker, G31JB, Milestone Cottage, London Road,
Wickford, Essex.

September 6th—Social
September 27th—Annual General Meeting—May-

flower Restaurant (adjacent to the Van Gogh, Paycocke
Road, Basildon)

British Amateur Television Club

The British Amateur Television Club will be holding
its bi-ennial convention this year on Saturday, October 8th
in the Conference Suite of the Independent Television
Authority at 70 Brompton Road, S.W.3, from 10 a.m. to
6 p.m. During the Convention, an exhibition of equip-
ment built by members including two colour picture
sources, and a short symposium of papers of general
television interest will be held.

Anyone interested will be very welcome and further
details concerning the Convention and the work of the
Club can be had from M. Cox, at 135 Lower Mortlake
Road, Richmond, Surrey.

Derby and District Amateur Radio Society
Hon. Sec.: F. C. Ward, G2CVV, 5 Uplands Avenue, Littleover,
Derby.
September Tth—Surplus Sale.

September 10th—Exhibition Station (G2DJ and
G3ERD) at Scout Headquarters, Browning Street, Derby.

September 14th—Film Show.

September 21st—D.F. Practice Night—talk in the
Club Room for non-participants.

September 28th—Social Evening (ladies are invited)
at the Electricity Board Social Centre, West Hallam.

Northern Radio Societies

September 3rd-4th—Convention, Manchester.
(See News & Comment)

Harlow and District Amateur Radio Society

Hon. Sec.: G. O'Donald, G3TLJ, ‘‘Great East’’, Harlow Road,
Roydon, Harlow, Essex.

September 25th Annual Mobile Rally.

Radio Society of Great Britain

September 11th—National Mobile Rally, Woburn
Abbey, Bedfordshire.

Numerous attractions for the Family as well as for the
mobile enthusiast.

CAR PARKING—Specially reserved Rally Car Park
TALK-IN STATIONS—GB2VHF and GB3RS

on 2 metres (144.86 Mc/s); 4 metres (70.260 Mc/s);
80 metres (3.75 Mc/s—s.s.b.) and 160 metres (1940 kc/s)

should be submitted in writing.

or the Publishers as appropriate.

Production.—Letterpress/contact litho.

Queries. We regret that we are unable to answer queries other than those arising from articles
appearing in this magazine nor can we advise on modifications to equipment described. Queries

Correspondence should be addressed to the Editor, Advertising Manager, Subscription Manager

Opinions expressed by contributors are not necessarily those of the Editor or proprietors.

Contributions on constructional matters are invited, especially when they describe the building
of particular items of equipment. Articles should be written on one side of the sheet only and should
preferably be typewritten, diagrams being on separate sheets. Typewritten articles should have
maximum spacing between lines. In handwritten articles, lines should be double-spaced. Diagrams
need not be large or perfectly drawn, as our draughtsmen will re-draw in most cases, but all relevant
information should be included. Sharp and clear photographs are helpful, where applicable. If negatives
are sent, we usually work from these rather than from prints. Colour transparencies normally re-
produce badly—black and white photographs are very much better.
techniques are also welcomed and, if the contributor so wishes, will be re-written by our staff into
article form. All contributions must be accompanied by a stamped addressed envelope for return,
if necessary, and should bear the sender’s name and address. Payment is made for all material published.

Details of topical ideas and
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BENTLEY ACOUSTIC CORPORATION LID.

47 Norfolk Road,
LITTLEHAMPTON, Sussex.
Littlehampton 2043

38 Chalcot Road, Chalk Farm,
LONDON, N.W.Il.
PRImrose 9090

VIDEO AND Hi-H

AMATEUR TAPE RECORDING,

Please forward all mail orders to Littlehampton

QA2 5/9|6/30L2 8/9|AZ3I 7/9|EF36 3/6|GZ34 10/-|PYBOI  6/3
907 7/6|DAF96  6/6|EF37TA  T/-|GZ37 14/6{U25 /-

1L4 2/3|10C| 12/6|DF96 6/6|EF39 5/-|HABCS80 9/3|U26 8/6
IRS 4/-[10C2  12/-|DK92  8/-|EF4l 9/-|KT66  12/3|UI91  10/6
1S5 3/3[10FI 9/9|DK96  7/6|EF8B0 4/3{PABC80 7/6(U301 12/6
1 T4 6|10F18  9/9|DL96 6/9|EF85 4/6|PC86 9/-|U329 9/
2D21 5/6[10LDII 9/6[OM70  5/—|EF86 6/6|PC88 9/—|U404 6/-
3D6 3/9/10P13 12/-|DY87 6/9|EF89 4/6|PC95 6/9|U80 -

801 18,

3Q4 5/3[10P14 13/-[E8BCC 12/-(EF9] 3/-|PC97 5/9|UABCB80 5/-
4 5/9|EF92 2/6|PC900  9/6|UAF42 7/9

3v4 5/-{12AU6 5/9|EAF42  7/6|EF97 10/-|PCC84 5/6|/UBC4l 6/6
5Y3IGT 4/9{12AV6 5/9{EBII 1/3|EF98 9/9|PCC85 6/9[UBCBI 6/6
524 7/6]12BA6 5/3|EBC4l  6/6|EF183  6/9|PCC88 10/6|UBFBQ 5/6
6AQS  4/9[12BE6  4/9[EBCBI  6/3|EFI84  6/6[PCCBY 11/6]UBF89 5/9
6AT6 3/6/12BH7  6/—|EBF80  5/9|EH90 9/6|PCCI189 8/9)UBL2I 10/9
6AUS 5/9/I9AQS 7/3|EBF83  7/3|EL33 6/6|PCF80  6/6{UC92  6/3
6AVE 5/6]20D1  10/-[EBFBY  5/9|EL36 8/9(PCF82 6/-jUCCB4 8/—
6BA6 4/6{20F2 11/6]EBL21 10/3|EL4I 7/6|PCF84  8/6)UCCBS 6/6
6BE6 4/3]20L1 14/-|EC92 6/6|EL42 7/9|PCF86  8/3|UCF80 8/3
6BH6 5/3|20P3 16/-|ECC40 10/-{EL8B4 4/6|PCFBOI 9/6|UCH2| 8/-
6Bl16 5/6|20P4 16/-|[ECC81  3/6{EL8BS 7/6|PCF802 10/-|UCH42 8/-

6BR7 8/3]30CI5 11/-|[ECC83 4/6|EL9S /-{PCL83  9/9|UCLB2 7/3

W 7/6]30Ct7 12/-|ECC84 5/6|ELL8BO 14/-|PCL8B4 7/6|UCLB3 9/
6CD6G 22/-{30CI8  8/-lECCBS 5/3|EM7 14/-|PCL85  8/6(UF4| 719
6CH6 6/-|30FS 8/3[ECCB8 8/9|EMBO 6/-|PCLB6  8/6|UF42 4/9
6F| 9/6{30FLI 13/-{ECC189 11/6|EMBI 7/-|PFL200 14/6|UFBO 6/3
6JSG 3/9|30FLI4 11/6|ECFB0  7/3|EMB4 5/9|PL36 9/-|UF85 6/9
617G 4/6[30LI5 12/6|ECFB2  6/3|EM8S 12/-|PLBI 7/9{UF86 9/-

6SN7 4/6)35W4 CL80 5/9|EZ40 5/6|PY82 4/9|VP4B  12/-
6V6G 3/6(85A2 6/6]/ECLB2  6/6|EZ4I 6/3|PY83 5/6|X41 10/—
6X4 3/9|807 11/9{ECLB3 10/-|EZ80 3/9|PYBB 7/3|X78 26/2
6X5 5/3[5763 7/6|ECLB6  8/-|EZBI 4/3|PYB00  5/9|X79 40/9

Terms of business: Cash with order only. No C.O.D. Post/packing 6d. per
item. Orders over £5 post free. All orders despatched same day as received
Complete catalogue including transistor section and components with terms
of business éd. Any parcel insured against damage in transit for 6d. extra.

We are open for personal shoppers 9 a.m.-5 p.m. Saturdays 9 a.m.-| p.m.

The only practical and constructive
magazine for all tape recording amateurs
and hi-fi enthusiasts.

Amateur Tape Recording monthly caters for a
practical and creative readership with topical
articles on tape and hi-fi, circuits and test
reports, club news, tapesponding and up to
date information on magnetic recording and
reproduction in all forms.
Amateur Tape Recording for:

@ circuits and constructional features

@ creative recording, hi-fi and stereo

@ video recording, test reports and new products

@ tape contests, club news and tapesponding
Order it from your newsagent now—price 2s éd
monthly—or use the subscription form below.

Make sure of the September issue containing:

A nacise cancelling microphone—constructional, tape recorder
servicing, making professional recordings, test reports on hi-fi
equipment and tape recorders, etc., etc.

Please send me Amateur Tape Recording for one year, post free.
| enclose cheque/P.O. for 30/-.

Name
Address

RC

SMALL ADVERTISEMENTS

Use this form for your small advertisement
To: The Advertisement Manager, Data Publications Ltd., 57 Maida Vale, London, W.9

Please insert the following advertisement in the .

.. issue of THE RAD1IO CONSTRUCTOR

16 words at 9d.

= 12/-

ALL WORDING

IN
BLOCK LETTERS
PLEASE
| enclose remittance of ... being payment at 9d. a word. MINIMUM 12/-.
Box Number, if required, 2/- extra.
NAME
ADDRESS

Copy to be received four weeks prior to publication. Published on the 1st of every month
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SMALL ADVERTISEMENTS

Rate: 9d. per word. Minimum charge 12/-.
Box No. 2/- extra.

Advertisements must be prepaid and all copy must
be received by the 4th of the month for insertion
in the following month’s issue. The Publishers
cannot be held liable in any way for printing errors
or omissions, nor can they accept responsibility for
the bona fides of advertisers. (Replies to Box
numbers should be addressed to: Box No.—, The
Radio Constructor, 57 Maida Vale, London, W.9)

SERVICE SHEETS, 1925-1965. From 1s. Catalogue
6,000 models, 2s. 6d. S.A.E. enquiries.—Hamilton
Radio, 13 Western Road, St. Leonards, Sussex.

GOVERNMENT SURPLUS c¢lectrical and radio
equipment. Our new catalogue No. 16 ready now,
2s. 6d. post free, cost refunded on purchase of goods
over £2.—Arthur Sallis Radio Control Ltd., 93
North Road, Brighton, Sussex.

FOR SALE. Oscilloscopes—Galvanometers—Evershed
& Vignolles Meggers. Also other items and com-
ponents. Free list. Stamp please.—R. & E. Mart,
Box 9 G.P.O., Tunbridge Wells, Kent.

CONVERT ANY TV SET INTO AN OSCILLOSCOPE.
Instructions and diagrams, 12s. 6d.—Redmond, 42
Dean Close, Portslade, Sussex.

‘““GORLER”’ TRANSISTORISED printed circuit LF,
strip 460 kc/s, five pre-aligned circuits, complete with
two transistors and diode, brand new, £3. TV Band |
and 3 transistorised tuner units, complete with three
transistors and coil biscuits for 13 channels, by
ABMP, brand new, £4. Plastic boxes with lids, size
44 x 3 x 14in, new, cream colour, strong, ideal for
small test gear, 5s. each.—Radio Communications Co.,
16 Abbey Street, Crewkerne, Somerset. Telephone:
Crewkerne 662.

RADIO CONSTRUCTOR RADIO CONTROL
SERIES. Printed circuit and component kits for ali
the main units in the present series. AUGUST
EDITION. Basic Transmitter. Printed circuit board,
drilled and ready for assembly, 10s. Complete kit of
components including coils, transistors, etc., to
complete above board, but less Xtal, 52s. THIS
ISSUE. Carrier Receiver. Printed circuit board, 15s.
Component kit which includes relay, coils, transistors
and all items required to complete the electrical
circuitry as described in the article, 110s. All items
available separately. S.AE. for list.—WASCO
ELECTRONICS, 40 Hill Street, Carnforth, Lancs.

SEMICONDUCTORS—Good quality, close equivs.,
0OC35, 4s. 9d., OC72, 2s., OC7i, 1s. 9d., OC44, 2s.,
OC170, 2s. 6d., BY100, 4s. 3d.,, OA70, 8d. P. & P.
9d.—A. P. Wise, 19 Harbeck Road, Bournemouth,
Hants.

PRINTED WIRING PROTOTYPES. 24 to 48 hours
service for the Electronic Industry. 1 off prototypes
and small productions. Etched, Plated, Drilled.
This is an express service for customers supplying own
material and negatives. Telephone: FOX Lane 0242.

FIVE-TON FACTORY CLEARANCE. Radio, TV,
Electrical components in mixed parcels. Example:
22Ib. mixed parcel £1 p.p. 7/6d. Speakers, grilles,
valves, bases, i.f.’s, covers, condensers, etc. Hundred
otheritems. S.A.E. listand postal orders to: P. Newton,
16 Shalcross Crescent, Hatfield, Herts.

continued on page 126
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e RADID
&' CONTROL FOR
MODELS

| SHIPS, BOATS and AIRCRAFT
f 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.

192 Pages
I5s. ...

This book is basically an amalgamation of ‘‘Radio
Control for Model Ships, Boats and Aircraft” and
“Radio Control Mechanisms™. Additional material
has been added on Multi-Channel Operation; Tran-
sistorised Radio Control Receivers—Simple and
Three-Channel; A Compact Efficiency Aerial; Deac
Battery Information; Licence Conditions, etc.

To Data Publication Ltd., 57 Maida Vale, London,
WwW.9

Please supply ...copy(ies) of your publica-
tion “RADIO CONTROL FOR MODELS” DATA
BOOK No. 16.

I enclose cheque/crossed postal order for
NAME.
ADDRESS ..

BL(")CK LETTERS PLEASE
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The most accurate

pocket size

CALCULATOR

in the world

Send a postcard today for free
booklet, or if you prefer,
send 75/~ for this invaluable
spiral slide rule on approval,
with money back guarantee K

if not satisfied.

CARBICLTD.
(Dept. RCT)

54 Dundonald Road
London SW19

NOT JUST TRANSISTORS !!

We hold stock of Thyristors, Thermistors, Zener Diodes, Silicon
Rectifiers, Light Cells, Unijunctions, Field effect transistors,Varicaps,
etc., by nearly all Manufacturers and at prices you can afford: See
examples below and send 6d stamp for our new Semiconductor
catalogue.

Try our famous bargain parcels: 25 transistors for 10/-. State
Audio, R.F. or Switching type, and we are just as happy to supply
OC71 equivalents at 8d. each if you add 6d. postage!

SPECIAL: 3 ampere 400 volt SCR'S at 15/6 each. Silicon 2N706
at 4/9 each. Mullard devices in abundance example: OC75 5/-,
AF115/6/7 4/-.

L.S.T. COMPONENTS

23 New Road, Brentwood, Essex

Prompt service and satisfaction gauranteed

Radio Control

SINGLE CHANNEL TRANSMITTER
1 watt output
Kit of parts £8.0.0  Assembled £8.10.0

(LESS CASE AND AERIAL) TYPE
200/RC

Also 10 & 12 channel from £12

Receivers from £4.10.0
Demonstrated at
TELERADIO ELECTRONICS
325/7 FORE ST., LONDON, N.9

Component parts for the radio control devices
described in this magazine available ex-stock.
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continued from page 125

RESERVE CAPACITY AVAILABLE mechanical,
electro-mechanical assembly, electronic assembly and
wiring. Lead time six weeks. Top quality assurance
and supporting technical service. Based North Wales.
—Box No. F262.

YOUNG MAN REQUIRED. Keen on audio electronics,
to learn testing and service of sound equipment.
Holborn area.—Telephone Mr. Weir, CHAncery 6141.

AUY10’s, 25s. BY100’s, 4. BY124’s, 2s. 9d. OC26’s
(unmarked), 5s. 13amp. Zenners, all voltages up to
40V, 4s. OC35’s, 7s. 6d. 813 valves, 30s. 807. bases,
1s. 3d. All plus postage. S.A.E. for full lists.—2
Fitzgerald Avenue, Seaford, Sussex.

YOUR KITS EXPERTLY ASSEMBLED. Radios,
amplifiers, test gear of every description. S.a.e. for
enquiries to:—W. Thomas, 106 Wynnville, Ruabon,
Nr. Wrexham.

USEFUL PARCEL contains six sheets for printed
circuit, condensers, pots, vibrators, etc., 15s. Double,
25s.—69A Alfred Street South, Nottingham.

COMPREHENSIVE VALVE MANUALS. Five books
covering 11,000 types, 26s. P. & P. lIs. C.W.0.
Other radio books available.—Watts, 2 Greens
Stores, Stanstead, Essex.

WANTED. Copy of The Radio Constructor April 1962
issue. Cover price and postage paid. Box No. F265.

TO CLEAR BOOKSHELVES. “Radio Construction
& Repairs” (Oliver), 5s. ““The Story of Astronomy”
(Draper), 3s. 6d. *“Man in Space” (Heinz Haber), 7s. 6d.
“Realities of Space Travel” (Carter), 7s. 6d. “‘Robert
Heinlein Omnibus’ (Science Fiction), 3s. 6d. *“Best SF
Two” (Crispin), 3s. 6d. *‘See How it Works”, 5s. 6d.
“Modern Science lllustrated”, Ts. 6d. “Again Switzer-
land” (Smythe), 7s. 6d. ““Mathematics for the Million”
(Hogben), 20s. “Jane’s Fighting Ships 19587, £3.
“Harmsworth’s Wireless Encyclopedia” (3 Vols.), £5.
—Box No. F267.

WANTED. Ship’s chronometer and sextant. Details
and price to Box No. F268.

70 CM (440 M/cs) Transmitter, receiver. Aerial required.
Special interest mobile.—G8APX, Valley Farm,
Witnesham, Ipswich, Suffolk.

WANTED. Farly wireless valves and books prior to
1925. Box No. F269.

FOR SALE. Grey hammer metal cabinet, 12 x 7 X Tin,
panel, lift up lid, 30s. Black ditto, 16} x 7} x 74in,
panel & chassis, 10s. Small 4 watt amplifier, 250V a.c.,
mic/gram input, in cabinet 6 x 6 x 5%in, £2. 12in
world globe, £1. Electrical cooling fan, 6in blade
250V ac., £1. Type 197 coax relay, 7s. 6d. Valves,
all at 3s. each: VT62, 801A, CV1075, VT136, Ul4,
6B4G, 12AT7, 6AT6, 955 with base, 6AGS, DL92,
3ML, EL91, ECC82, EF40, EB91, DKS8I, T20.
0.51F 3,000V d.c. capacitors, 2s. 6d. Large box paper
capacitors wF range, 250-500V d.c., wkg., 10s. 8in
speakers in wooden cabinets, 10s.—Box No. F270.

SMALL QUANTITY of Low Frequency GEC crystals
surplus to manufacturing requirements for disposal,
at approximately 50% less than cost price, all new,
unused and boxed. 1 kc, £12 10s. 0d., 5 kefs, £10,
20 ke/s, £7 10s. 0d., 50 kefs, £5.—W. A, Smith, 40 Hill
Street, Carnforth, Lancs.

continued on page 127
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SMALL ADVERTISEMENTS

continued from page 126

WANTED. Accessories, lenses, etc, for the Zeiss lkon
“Contaflex”’,—Box No. F272.

3 OC44’s, 2 OC45’s and 30 components. The lot (on
p.c.3board), 10s. Send S.A.E. for details.—Box No.
F273.

TECHNICAL DRAWINGS, Artwork, etc. Electronic
and Radio Circuits a speciality. Moderate charges.
—B. P. Meaney, 43 Forest Road, Worthing, Sussex.

ARE YOU A MOTORING ENTHUSIAST? The
Seven Fifty Motor Club caters for all types of motor
sport—racing, rallies, hill climbs, etc. Monthly
Bulletin free to members. For full details write to:
The General Secretary, Colin Peck, “Dancer’s End”,
St. Winifred’s Road, Biggin Hill, Kent.

POSTAL ADVERTISING? This is the Holborn Service.
Mailing lists, addressing, enclosing, wrappering,
facsimile letters, automatic typing, copy service,
campaign plannmg, design and artwork, printing and
stationery. Please ask for price list.—The Holborn
Direct Mail Company, 2 Mount Pleasant, London,
W.C.1. Telephone: TERminus 0588.

“MEDIUM WAVE NEWS” Monthly during DX
season—Details from: B. J. C. Brown, 60 White
Street, Derby.

JOIN THE INTERNATIONAL S.W. LEAGUE. Free
Services to members including Q.S.L. Bureau.
Amateur and Broadcast Translation. Technical and
Identification Dept.—both Broadcast and Fixed
Stations, DX Certificates, contests and activities for
the SWL and transmitting members. Monthly maga-
zine, Monitor, containing articles of general interest
to Broadcast and Amateur SWLs, Transmitter
Section and League affairs, etc. League supplies
such as badges, headed notepaper and envelopes.
QSL cards, etc., are available at reasonable cost.
Send for League particulars. Membership including
monthly magazine, etc., 35s. per annum.—Secretary,
ISWL, 60 White Street, Derby.

MORSE 72211
EASY s s
The famous RHYTHM RECORDED COURSE cuts practice
time down to an absolute minimum {
One student, aged 20, took only 13 DAYS and another, aged 70,
took | WEEK to obtam a G.P.O. pass certificate. If you wish to

read Morse easily and naturally, please enclose 8d. in stamps for
full explanatory booklet to :

G3HSC/D - 45 GREEN LANE - PURLEY - SURREY

HAMM ERITE HAMMER PATTERN BRUSH PAINT
FOR PANELS, METALWORK, ETC.
. 3/6 TIN @ JUST BRUSH ON @ WITHSTANDS 150°C, OIL, WATER ETC.
OLOURS: blue, silver, black , or bronze.
*ox tins, 3/6. 4 pint, 7/6, | pint, 15/-. 4 gallon, 3§5/-* l gallon, 58/-.*
Carr. up to 5/-, 9d., up to 10/-, 1/9, over 10/-, 2/9. * Sent by road.
From component sho ps or direct from the manufacturer:
FINNIGAN SPECIALITY PAINTS (RC), Mickley Square, Stocks-
field, Northumberland. Telephone: Stocksfield 2280

YUKAWN AIR  MODERN rq SHELL
V712830 U\ DRYING (CRackie) FINISH

Black same price as Hammer finishes (see our main advert., page 128)

e hove 35k WIRINKLES]

at our—

SEPTEMBER 1966

NEW STYLE
SELF-BINDER

for “The Radio Constructor’’

The “CORDEX"” Patent Self-Binding Case
will keep your issues in mint condition.
Copies can be inserted or removed with
the greatest of ease.

Specially constructed Binding Cords are made from Super Linen
of great strength, very hard twisted and twice doubled. They
are attached to strong RUSTLESS Springs
under tension, and the method adopted
ensures PERMANENT RESILIENCE of
the Cords. Any slack that may develop

is immediately compensated for, and
the Cords will always remain taut and
strong. It is impossible to overstretch

the springs, as a safety check-device is

fitted to each.

PRICE 1 5, " Post Free

Available only from:—

Data Publications Lid.
57 Muida Vale London W9
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CHASSIS

287/9 Edgware Road

BLANK CHASSIS—Same Day Service

W 15x9x8"  44/- * Height

Type Z has removable back and front panels.
Type Y all-screwed construction.

London W2 Of over 20 different forms made up to YOUR SIZE.
and (Maximum length 357, depth 4”.)
CAS ES TELEPHONE SEND FOR ILLUSTRATED LEAFLETS or order
bY PADdington 5891 /1595 str.alght 'away.'workin; out total area of material re-
ql;‘l'l’el:"(l?du'dmz ydas;e) hand'rc;fe:r;n; to ulble 'bc;low
Type Y which is for four-sided chassis in s.w.g. a ummlum'
CASES ype W i 48sq.in. 4/6 176 sq.in. 9/10 304 sq. in. 15/2
ALUMINIUM, SILVER HAMMERED FINISH Type Z 80sq.in. 5/10 208sq.in. 11/2 336sq.in. 16/6
Type Size  Price Type Size  Price 1M2sq.in, 72 240sq. in. 12/6 368 sq. in.17 10
U 4x4xq”s 10/- Y Bx6x6”  26/6 TypeU  1443q.in. 8/6 272 sq.in 13/10 and pro rat !
U Six4ix4” 15/6 Y 12x7x7" 41/- Pk Py 3 PIE P 36 P 2P 4
U 8x6x6* 21/~ Y 13x7x9”  46/- A e - & P. 4=
U 15x9x9% 44/6 Y 15x9x7” 486 Discounts for quantities, More than 20 different
W Bx6x6” /- Z 17x10x9” 66— sizes kept in stock for callers.
W12x7x7” 34/- Z 19x10x8¢” 71/= FLANGES (}” or ), éd. per bend.

STRENGTHENED CORNERS, 1/- each corner.
PANELS

Any size up to 3ft at §/=sq. ft. 16 s.w.g. (18 s.w.g. 5/3).
Plus postage and packing

NYLON P.T.F.E.
ROD BAR SHEET TUBE STRIP WIRE
No quantity too small List on application
BRASS COPPER BRONZE ALUMINIUM LIGHT ALLOYS
STAINLESS STEEL
H. ROLLET & CO LTD

HOWIE STREET, LONDON, S.W.11 BATtersea 7872
Also at Liverpool, Birmingham, Manchester, Leeds, Glasgow_____|

the unique P A N L black crackle paint

4/-d. per 1/8 pt. Can
{ We regret we can only supply on cash with order basis)
BRUCE MILLER LTD.,

219 Coastal Chambers,
Buckingham Palace Road, S.W.1.

THINKING OF USING SEMICONDUGTORS?

Then you'll probably find that all the items you require are available at
highly competitive prices, through our Mail Order service,

Send a 1/3 P,O. for a price listing of over 1,000 transistors, many of
which are available from stock; or, alternatively, send a 2/- P.O, and
receive in addition: i ransi data ie: ing
approx. 200 common types held in stock, and also details of our SEMI-
CONDUCTOR INFORMATION SERVICE (which will be brought into
operation later this year),

Items in stock include: AC 127, 9/6; AC 176, 8/—; AF 124, 11/=; BCY 43,
10/8; BFY 50, 21 /—; NKT 218, 6/9; NKT 677, 8/3; NKT 773, 8/-; OC 83, 6/—;
V405A, 13/9; 2G 302, 5/8; 2G 371, 4/—; 2N 697, 13/6; 2N 706, 9/—; 2N 2712,
10/8; 2N 2924, 6/9; 2N 2926(yellow), 4/6; etc.

Please add |/~ to cover P. & P. on all orders of £2 or less.
TERMS: C.W.0, MAIL. ORDER ONLY PLEASE

M. R. CLIFFORD & CO. (C5A)

66, OLD OSCOTT LANE, BIRMINGHAM 22A,

SO PROFESSIONAL

YUKAN
.. . THE YUKAN

S[l’ - SP“\‘ AEROSOL WAY!

cet THIs air orviné HAMMER FINISH
NOW!

=

Saturday

YUKAN Aerosol spraykit contains 16 ozs, fine
» quality, durable, easy instant spray. No stove
baking required. Available in Grey, Blue, Gold,
Bronze at 14/11 at our counter or 15/11, carriage
paid, per pushbutton self-spray can. SPECIAL
OFFER: 1 can plus optional transferable snap-on
trigger handle (value 5/-) for 18/11 carr. paid.

Choice of 13 self-spray plain colours and primer (motor car
quality) also available.

-

da:
S\
Closed Thurs. afternoons

Open all

Please enclose cheque or P.O, for total amount to:
YUKAN - DEPT RC/9 - 307a EDGWARE ROAD - LONDON - W.2

YOUR CAREER IN RADIO ?

Big opportunities and big money await the qualified man in
every field of Electronics today—both in the U.K. and through-
out the world. We offer the finest home study training for all
subjects in radio, television, etc., especially for the C1 K
GUILDS EXAMS. (Technicians' Certificates); the Grad. Brit,
I.R.E. Exam.: the RADIO AMATEUR'S LICENCE; P.M.G.
Certificates: the R.T.E.B, Servicing Certificates; etc. Also
courses in Television; Tr i s; Radar; Comp s; Servo-
mechanisms; Mathematics and Practical Transistor Radio course
with equipment, We have OVER 20 YEARS’ experience in
teaching radio subjects and an unbroken record of exam,
successes. We are the only privately run British home study
Institute specialising in electronic subjects only, Fullest details
will be gladly sent without any obligation.

SEND FOR FRE E BROCHURE TO:

BRITISH NATIONAL RADIO SCHOOL

DEPT 4, RADIO HOUSE - READING - BERKSHIRE

THE RADIO CONSTRUCTOR —BOUND VOLUMES

NOW AVAILABLE
Volume 19, August 1965 to July 1966. Price £1 10s. 0d. Postage 3s. 6d.
Where all issues are returned: Price £1. Postage 3s. 6d.
Limited number of Volume 18, August 1964 to July 1965 still available, same prices
as above
We regret earlier volumes now sold out.

DATA PUBLICATIONS LTD 57 MAIDA VALE LONDON W9

Please mention THE RADIO CONSTRUCTOR when writing to advertisers
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BOOK LIST

DATA BOOKS SERIES
DB5 TV Fault Finding
96 pages. Price 6/-, postage 6d.

Profusely illustrated with photographs taken from a televisor screen depicting the faults under discussion
and containing a wealth of technical information, with circuits, enabling those faults to be eradicated.
Covers both B.B.C. and 1.T.A.

- .. A book that should be in every television dealer’s service workshop, and in every home-constructor’s, for
that matter.”—Fournal of the Television Sociery.

DB6 The Radio Amateur Operator’s Handbook
64 pages. Price 5/—, postage 5d.

Contains Amateur Prefixes, Radio Zone Boundaries, Amateur Band Frequency Allocations, Call
Areas, Charts and Maps, Areas, Codes, Mileage Tables, Prefixes/Directional Bearings, Post Office
Regulations, and much other useful operating data. For the beginner there are notes on how to use
the mass of information given to obtain the greatest satisfaction from the hobby.

‘. .. For concise knowledge in this field a few shillings well worth spending.”— Electronics (Australia).

DB14 Short Wave Receivers for the Beginner
72 pages. Price 6/-, postage 6d.

Contains a selection of both battery and mains operated short wave receivers, circuits, point-to-point
wiring diagrams and many illustrations. Introductory chapter gives much information on the Short
Wave Spectrum, Clubs, QSL’ing, Aerials, Amateur and Broadcast Band Listening, Frequencies, etc.
This book has been specially prepared for the beginner interested in short wave receiver construction and operation.

3

DBI15 Twenty Suggested Circuits
48 pages. DPrice 3/6, postage 5d.

By G. A. French. Covers subjects ranging from electronic laboratory equipment to the simplest
of periodic switches. Includes: simple and inexpensive two-valve capacity bridge, short wave regenera-
tion preselector, one-valve speech operated switching circuit, transformer ratio analyser, series noise
limiter, receiver remote mains on-off control, and many other circuits.

DB16 Radio Control for Models
192 pages. Price 15/-, postage 9d.

By F. C. Judd. Contains both theory and practical designs of simple and advanced transmitters and
receivers; basic concepts, aerials, uses of radio components, transistorised receivers, multi-channel
operation, etc. Sections on servo-mechanisms by Raymond F. Stock.

More than 200 illustrations. Circuits, photographs, tables and working diagrams.

DB17 Understanding Television
512 pages. Price 37/6, postage 2/6

By J. R. Davies. This book, which deals with the principles of 625 line reception as fully as 405 line
reception, fully explains: the nature of the television signal ; the cathode ray tube; receiver tuner units;
receiver if. amplifiers; a.f. and video amplifiers; vertical and horizontal timebases; deflector coil
assemblies; svnchronising; automatic gain and contrast control; power supplies and receiver aerials.
Also includes a comprehensive introduction to colour television.

.. . onc of the best books that aims to explain television in simple language . . .”. R.S.G.B. Bulletin.

I enclose Postal Order/Cheque for in payment for ...
NAME

ADDRESS

(Please use Block Capitals for both name and address)
Postal Orders should be crossed and made pavable to Data Publications Ltd.
Owerseas customers please pay by International Money Order
All publications are obtainable from your local bookseller
Data Publications Ltd., 57 Maida Vale, London W.$
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PRICE REDUCTIONS FOR MANY ITEMS THIS MONTH

[~ & n

i e
I\

< - - s(n) L
LET US QUOTE FOR COMPONENTS AND I

EQUIPMENT FOR YOUR CIRCUIT
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COMPONENTS & ACCESSORIES

We can supply most of the
items specified for Published
Circuits. Let us quote—send
List for speedy reply.

PRICE 6/- post paid

Catalogue costs nothing after
using the discount vouchers

| CATALOGUE IIIEITywrm
CATALOGUE 150 1966 Editi

page ition over
‘SE:‘?SQ:C"SSC‘;?" }{:::if?::-: 5,000 smck_ items at valua_!or
Accessories Etc. Over 500 money prices. Fully detailed
types in stock and ilfustrated.  Discount
1 Vouchers FREE with every

Edition,

GLOBEMASTER MW/ LW/ /SW
PORTABLE RADIO TO BUILD

Special purchase reduces prices

m

Full 3.waveband tuning. Pushbutton
wavechange, Superhet printed circuit.
Black-chromed cabinet 11 x 74 x 34",

{SW 17-50 metres). Ear/Record sockets.

TOTAL COST P.P.
TO BUILD £7.19.6 3/6.

VHF FM TUNER TO BUILD
87/105  Mc/s

(16)
/ Transistor  Superher,
Geared tuning.  Terrific quality and
sensitivity. For valve or transistor
amplifiers. 4 x 34 x 24",

TOTAL COST £6.19.6 F

TO BUILD
{Cabinet Assembly 20/- extra)

2/6

{(9) POWER AMPLIFIERS. 10 wartts
RMS output. 100mV input. 30 cfs to
20 kefs + IdB. 6-Transistor Push-pull.
Panel size 4 X 24 x 17, H/S 4x 4",
TPAI10/3 3-5 ohm spkr. £4.10.0, p.p. 2/6
TPAI0/15 12-16 ohm spkr.,

£5.5.0., p.p. 2/6
for or 2 amplifiers,
59/6, P P. 2/6)

(Mains unit

The Finest High Fidelity at
Unbeatable Prices

10 AND 20 WATT MONO AND STEREO TRANSISTOR AMPLIFIERS

(10} PREAMPLIFIERS. 8 input
selector. Treble, bass, volume, filter
controls. t4mV to 300mV inputs.

Battery operated or from Mains Unit.
Qutput up to 150mV RMS,

MP2 Mono 94 X 24 x 2”. £5.10.0, p.p.
2/6 (brown and gold front panel 8/6)

$P4 Mono/Stereo, 9 x 3t x 1§
£10.19.6, P.P. 3/6 (front panel plate 12/6)

® ALL UNITS BUILT AND TESTED

A _QUALITY TAPE
RECORDER

® BUILD

Three speeds—3 warts.

Complete kits with new 363" decks.
Supplied as preassembled sections.
Complete with portable cabinets and
Speaker—excellent quality. 7”7 1,200ft.
tape and spool and Acos 45 microphone.
*363" decks with tape.

(2 track 10 gns. 4 track £13.10.0. p.p. 5/~)

% TWO TRACK +* FOUR TRACK

3) 5 WATT AMPLIFIER

&-Transistor Push-pull, 3 ohms. 6mV

into 1K. 12/18V supply. 2§ X 2 x 14",
BUILT AND TESTED 69 P.P.
(opuonal mains units 54/-) I 2/~

I+ watt version 59/6.

New matching Preamplifier, 6 inputs,

trebie/bass/selector/volume controls. 6—

10mV ofput. 9-18V supply. 79/6, p.p. 2/~
For use with any Transistor Amplifler

DEAC CHARGER
To charge 3.6 volt and 9.6

volt packs.

PP, PP, Fully mains isolated =P.P.

27 gns 10/- 30 gnS 10/= in moulded case. 4§ 2/~

(Igb REGENT-6 MW/LW (|5) HI-FI 1 (9 DEAC CELLS

CKET RADIO TO BUILD] Equipment Rechargeable Batteries
6-Transistor superhet. Geared | o0 ial parcel 3.6 volt 500 mAJH, Size:
tuning. Push-pull output. Moulded | > 147 % 13" dia 12/6, p.p. 1/6
cabinet5 X 3 x 14”. Phone sockat prices. Levus I (& 2 1% 9925 ‘m JH. . Size:
TOTAL cos1' 69/6 have your en- | 5 . 1”7 dia. . . 20/-, p.p. 1/6
TO BUIL 2j-" | quiries  for | BRAND NEW—Offered at a
Special purchasa reduces price equipment. fraction of normal retail price

() 25 WATT AMPLIFIER

New B-Transistor design.
output for 74 to 160 speaker. 150mV
input, 30c/s to 20kc/s +1dB. For use
with valve or transistor preamplnf‘ers

Push-pull

asitem (10) above. Size2} x 2§ x 61"
PRICE BUILT P.P.
AND TESTED £7'19- 3/-
(Mains unit 79/6, p.p. 2/6)
an GARRARD DECKS

(p.p. 5/- any type)
1000 mono £5.19.6. stereo  £6. 6.0
2000 mono £6. 6.0. sterco  £6. 6.0
*SP25 mono £10.10.0. stereo £10.19.6
Autostim mono £5. 9.6, stereo  £5. 9.
*AT6é mono £8.19.6. stereo  £9.10.0
*AT60 mono  £10.10.0. stereo £10.19.6

3000LM stereo £8.8.0
(*Deram cartridge add 60/- to mono
price). All autochange (except S$P25),
complete with cartridge. Brand new.

@ VHF FM TUNER

Supplied as 2 Preassembled Panels,
plus metal work Superhet design, 88-108
Mc/s, 9 volt operated.

Total cost to assemble £12.17.6,p.p. 2/6.

(5) TOURMASTER

7-Transistor MW/LW Car Radio. 12
volt operated. 3 watt output. Push-
button wavechange. RF stage. Supplied
built, boxed, ready to use with Speaker

and Baffle ‘Car fixing kit and manufac-
turers’ current guarantee. Special
Bargain Cffer. Buy Now!
PRICE

£9.9.0°7,
12) MULTI-METERS
PT34 |kV 39/6 TP55 20kV £5.19.6
Mi 2kV 49/6 EP30k 30kV £6.10.0
TPIO 2kV 75/- EP50k 50kV  £8.15.0
EPLOk 10kV 79/6 500  30kV £8.17.6

ITI-2 20kV 69/6 EP 100k 100kV £10.10.0
EP20k 10kV 99/6

14 WILW @UALITY
)fRANSISTOR RADIO TUNER

Fully tunable superhet with excellent
sensitivity and selectivity. OQutput up
to 4 volt peak. Complete with front
panel, etc. 9 volt operated. For use
with any amplifier or tape recorder.

TOTAL COST £3.19.6 P.P

HENRY'S RADIO LTD.

303 EDGWARE RD.,, LONDON, W.2

PADdington 1008/9
Open Mon. to Sat. 9-6. Thurs. |
Open ail day Saturday.

p.m.
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TO BUILD /6
(2) NOMBREX TEST UNITS
*150 kc/s—350 m/cs RF Generator

All Transistor £9.10.0
*10 ¢/s—I100 kefs Transistor
Audio Generator £16.15.0




