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World Radio TV Handbook, 1964.
22s. Postage 1s.

The Radio Amateur’s Handbook.
A.R.RL. 1964 ed. 36s. Postage 2s. 6d.
Frequency Divider Organs for the
Constructor. By A. Douglas. 25s.
Postage 1s.

Television Explained. By W. E. Miller.
12s. 6d. Postage 1s.

Principles of Radio and Electronics.
By E. H. Jones. 45s. Postage 1s.
Introduction to Lasers and Masers.
By A. Lytel. 16s. Postage 1s.

Radio and Television Reference Data.
Compiled by J, P. Hawker. 10s. 6d,
Postage 1s.

Transistor Radios Circuitry and Ser-
vicing. By Mullard. 5s. Postage 6d.

THE MODERN BOOK CO

Understanding Amateur Radio. By
A.R.R.L. 18s. Postage 1s. éd.

A Beginner’s Guide to Radio. By F. J.
Camm. 7s. éd. Postage éd.

Principles of Semiconductors. By
M. G. Scroggie. 21s. Postage 1s.

Horizontal Sweep Servicing Hand-
book. By J. Darr. 30s. Postage 1s.

Radio, Television and Electrical
Repairs. By R. C. Norris. 50s. Postage
2s.

Radio and Electronic Hobbies. By
F. C. Judd. 21s. Postage 1s.

Principles of Colour Television. By
G. N. Patchett. 16s. Postage 9d.

Radio Valve Data 7th Ed. Compiled
by “W.W.” Ts. 6d. Postage 10d.

We have the Finest Selection of British and American Radio Books in the Country
Complete Catalogue 1s.

19-21 PRAED STREET (Dept RC) LONDON W2

Telephone PADdington 4185

THE DUCHESS OF KENT

PERMANENT
BUILDING SOCIETY

Member of the Building Societies Association

1865

ESTABLISHED [Eok N

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

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 359, 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
103 Cannon Street London EC4
Telephone MANsion House 8011

Please send to me, without obligation, free brochure
and a copy of the audited statement of accounts. (I
understand that | shall not be troubled with circulars
or calls by representatives)

Name .

(If lady, please state Mrs. or Miss)

Address

R.C.

(Please use Block Capitals for both name and address)
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[ASKYS

FOR

THE

FINEST

RANGE OF

TRANSISTOR RECEIVERS

RADIO

We consider our construction parcels to be the finest value on the home constructor market,

If on receipt you feel not competent to build the set, you may return it as received within 7 days,
when the sum paid will be refunded, less postage.

batteries.

THE SKYROVER
Controls: Waveband Selector,
Volume Control with Onjoff
Switch, Tuning Control.
tic cabinet, size 10” x 64" x 347,

with metal trim and carrying
handle.

diode.

THE SKYROVER

and the SKYROVER DE LUXE

GENERAL SPECIFICATION. 7 tramsistor plus 2 diode super-
ihet, 6 waveband portable receiver. Operating from four 1.5V torch
The SKYROVER and SKYROVER DE LUXE cover the
full medium waveband and short waveband 31-94 M, and also 4
separate switched band-spread ranges, I3 M, 16 M, 19 M and 25 M,
with band-spread tuning for accurate station selection.
pack and tuning heart is c
tested. The remaining assembly can be completed in under three
hours from our easy to foilow, stage by stage instructions.

SPECIFICATION: Superhet, 470 kc/s.

The coil

| bled, wired and

p ly factory

All Mullard transistors and

Uses 4 U2 batteries. 5 Ceramic Magnet P.M. Speaker.
Easy to read Dial Scale. Band.spread Tuning. 500mW Output.
Telescopic Aerial and Ferrite Rod Aerial.
WAVEBAND COVERAGE: 180-576 M, 31-94 M, and band-
spread on 13, 16, |19 and 25 metre bands.

All components ovailable separately.

Four batteries included

Data for each receiver, 2{6 extro, refunded if you pur-

Can be built for H.P.
Terms:—  free
£I°0I906 22/- dep. & chgse the parcel.
Il months
P. ond P, 5/- extra at 21/~

THE SKYROVER DE LUXE

Tone Control circuit is incorporated, with separate Tone Control
in addition to Volume Control, Tuning Control and Waveband
Selector. in a wood cabinet, size | 14" x 64" x 3",

a washable m:
car aerial socket fitted.

Can be built for ‘lzilgo

P. and P. 5/— extra

erial, with plastic trim and carrying handle, Also

H.P. Terms:—126/-
deposit and i}
months at 24/6

covered with

READY BUILT BARGAINS

BOY’S TRANSISTOR RADIO. Ready
built, 2-transistor pocket radio. In
attractive plastic case. Size only 4” x 24" x
”. Fiteed with 23” loudspeaker, Socket
for personal earpiece and telescopic aerial.
Works from single PP3-type battery.
Fully tunable over full Medium waveband. }
Supplied complete with earpiece, telescopic
aerial, carrying purse and 9 volt
battery. Ideal Birthday Present.

LASKY’S PRICE 42/-

with all accessories. Post Free,

6-Transistor Pocket Radio.Fully
built. 4”7 x 24 x 17, with 23
speaker. Uses single PP3-type
battery. Supplied complete with personal ear-
piece and leather case. Tunable over full Medium
waveband. LASKY'S PRICE 79/6
<complete with all accessories. Post Free.

TRANSFILTERS by BRUSH CRYSTAL CO.

TO-0IB 465 kefs + 2 kefs
6/6 cacn

TO-02D 470 kefs £ | kefs P & P. 6d.

TF-01B 465 kefs + 2 kefs
TF-01D 470 kcfs + 2 kcfs

RECORDING TAPE SPLICER
By famous manufacturer, all metal nicke! plated
construction. With separate razor blade—
securely clamps tape while splicing.

Saeeedla<lisls L#:I‘&:YE’S 14/6 Post Free

GUITAR PICK-UP
Crystal—high imp. Size only 14’ x2”x1". Clips
to fingerboard-no screws. Complete with cable.

L;:l‘&:YE'S 15/11 P. & P. 1/-

METER
KIT

This outstanding
meter was featured by

Practical Wireless
in the January
1964 issue. Lasky's

are now able to offer
the complete kit of
parts as specified by
the designer. The
“Sixteen’” Multirange offers the home constructor
and serviceman an instrument that will meet most
of his requirements for voltage, current and
resistance measurement. There are |6 switched
ranges: 9 for voltage measurement, 4 current
ranges and 3 resistance ranges. All British com-
ponents are used throughout. The instrument case
is supplied with the meter movement buiit-in.
The two scales are clearly printed in black on
white and are very easy to read,

RANGE SPECIFICATION

D.C. volts: 0-2.5-25-50-250-500 at 20,000Q2/V.
A.C. volts: 0-25-50-250-500 at 1,00002/V.

D.C. current: 0-501LA, 0-2.5-50-250mA.,
Resistance: 0—2,00002, 0-200k 2, 0-20M Q2.

Basic movement: 40maA f.s.d. moving coil. With uni-
versal shunt full scale deflection current is SOmA.
Size/finish: Black plastic case 33" x 53" x 13",
Controls: 12 position range switch; separate slide
switch for A.C.v olts—D.C. ohms; ohms zero
adjustment pot. meter; meter zero.

External connections: Two 4mm sockets for test
lead ptus.

Power requirements: One 15V and one |.5V
batteries. Complete with all parts and full
construction details.

This offer is exclusive to Lasky’s!

;QISC':(EY’S ‘50'906 P. & P, 5{—

H.P. Terms:—21/- dep. and 5 months at 21/-
Data and circuit available separately 2/6, refunded
if all parts bought. Pair of batteries, 2/5 extra.

REALISTIC SEVEN

% 7-transistor Superhet. 4 350 milliwatt
output into 4” high flux speaker. % All com-
ponents mountea on a single printed circuit
board, size 54 x
54” in one com-
plete bly.
% Plastic cabinet
with carrying
handle, size 7” x
10” x 34, available
in Blue/Grey or
all Grey. *
Easy to read Dial.
Jc External socket
for car aerial.
1.F. frequency
470 kc/s. % Ferrite rod internal aerial. Oper-
ates from PP9 or similar battery. % Full
comprehensive data supplied with each re-
ceiver. % All coils and I.F.s, etc., fully wound
ready for immediate assembly.
An Outstanding Receiver. LASKY’S PRICE
for the complete parcel including Transistors,
Cabinet, Speaker, etc., and Full Construction

Data. Can be built for: £5 I9 6
* ®

P, and P, 4/6
PP9 Battery, 3/9. Data and instructions
separately, 2/6. Refunded if you purchase
the parcel.

REALISTIC ‘Seven’ De Luxe

With the same specification as sgandard model
—PLUS a superior wood cabinet in contempor-
ary styling. ALSO a full vision circular dial

FOR ONLY £1
P. & P. as std. model EXTRA

THE SPRITE
CAN BE 79/6 P. ond P.

BUILT FOR 3/6 extra
% Six-Transistor Super-

et Miniature Per-

sonal Pocket Radio
% Long and medium

wavebands

% Ferrite Rod Aerial
% I.F. Frq. 470 kc/s
8 % 3” speaker
% Printed circuit 2}” x 2*
% In Plastic Case. Size 4" x 24" x 3.

In order to ensure perfect results, the SPRITE
is supplied to you with R.F. and L.F. stages.
Driver and output stages ready built with all
components mounted on the printed circuit.
The SPRITE pre-assembled, plus cabinet,
speaker and all components for final construc-
tion, can be built for 79/6. Postage and
package 3/6 extra. Data and instructions
separately 2/6. Refunded if parcel is purchased,
Real calf leather case, wrist strap, personal
earphone and case for earphone and battery,
12/6 the lot extra. Make no mistake, this is a
SUPERHET receiver of genuine commercial
quality. It is not a regenerative circuit.

HEADPHONES .
S. G. Brown type F earphones—moving iron
2,0000). Hand-held type, but a headband could

easily be fitted.
14/6 PAIR P. &P. 1/6

LASKY'S
PRICE
TRANSISTORS

All New and Guaranteed
GET.S1, GET.S5, GET.S6—2/6; 837A, 874P—
3/6; OC.45, OC.7l, OC.81D—4/6; OC.44,
OC.70, OC.76, OC.81 (matched pair 10/6)—
5/6; AF.117, OC.72, OC.75, OC.170, OC.17],
0OC.20 /6; OC.25, OC.42, OC.43, OC.73,
0C.82D—7/6; OCP.71—9/6; OC.20!, OC.204
—I15/—; OC.205, OC.206—19/6; OC.28-24/6.

33 TOTTENHAM COURT ROAD : W1
2 mins. Oxford St. Nearest Station: Goodge St.

MUSeum 2605

Tottenham Ct. Rd. & Edgware Rd. addresses open all day Sat. Close | Thur,

PADdington 3271/2

207 EDGWARE ROAD - W2

Few yards from Praed St.

152/3 FLEET STREET - EC4
(ELECTRONICS Fleet St. Ltd) FLEet 2833,
Open all day Thurs. Closed 1 p.m. Sat.

Please address all Mail Orders to Dept. W at above Edgware Road address

MAY 1964
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—— HI-F1 AMPLIFIERS =

S-33 S-99

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

DE LUXE STEREO AMPLIFIER. Model S-33H. De luxe version of the
S-38 with two-tone grey perspex panel, and higher sensitivity necessary to
accept the Decca Deram pick-up. £15.17.6
HI-FI STEREO AMPLIFIER. Model $-99. 18W ocutput. Ganged controls.
Stereo/Mono gram., radio and tape inputs. Push-button selection. Printed
circuit construction. £27.19.6
POWER SUPPLY UNIT. Model MGP-1. Input 100/120V, 200/250V.
40-60 cfs. Output 6.3V, 2.5A A.C. 200, 250, 270V, 120mA max, D5.C. t
£3.2,
A wide range of American equipment available under direct mail order scheme.
Full details and eatalogue 1/- post paid.

ERS =

"RECORD PLAYERS ——=

St

GOLDRING LENCO TRANSCRIPTION PLAYER. Model
GL-58. With G-60 pick-up arm and Ronette 105 cartridge. £18.19.2

GARRARD AUTO/RECORD PLAYER. Model AT-6. With
R 105 cartridge. £13.12.1 With Decca Deram pick-up £14.6.1

SUGDEN MOTOR UNIT “CONNOISSEUR CRAFTSMAN?®.
Heavy duty motor operating at 33} and 45 r.p.m. Very heavy 127
turntable. Virtually no rumble. £16.6.6
HI-FI MONO AMPLIFIER. Model MA-5. A general purpose 5W
Amplifier, with inputs for Gram., Radio. Presentation similar to S-33.

£10.19.6
HI-FI MONO AMPLIFIER. Model MA-12. 12W output, wide
freq. range, low distortion. +11.18.0

MA-12

0

.rﬁ_ <

i

TEST INSTRUMENTS

New!

5 GENERAL-PURPOSE LABORATORY OSCIL-
LOSCOPE, Model I0-12U. This outstanding oscil-
loscope, with its professional specification and styling
fulfills most laboratory and service requirements. Vertical
frequency response 3 c/s to over 5 Mc/s, sensitivity 10mV
r.m.s. per em. at 1kefs, T/B covers 10 c/s—500 kc/fs,
Please send for full details, £32.12.6

23" PORTABLE SERVICE 'SCOPE. Model OS-1. This
is a light, compact oscilloscope, ideal for servicing, etc.
Dimensions 5”x 8”x 144" long. Weight 104 Ib. £21.18.0

ELECTRONIC SWITCH. Model $-3U (Oscilloscope
Trace Doubler). Enables a single beam oscilloscope to
give simultaneous traces of two separate and independent
signals, Switching rates approx. 150, 500, 1,500, 5,000
gnd 15,000 cfs. Sigl; freé:l. response O—lgO kefs. +1dB.
eparate gain controls and sync. output. Sig. input range
0.1-1.8V r.m.s. £12.18.0

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

£22.10.0
RESISTANCE/CAPACITANCE BRIDGE. Model C-3U.
Measures capacity 10pF to 1,000uF, resistance 100Q to

SMQ and power factor. 5-450V test voltages. With safe
switch. £1 .5

DE LUXE LARGE-SCALE
® VALVE VOLTMETER. Model

C=3
New

IM-13U. Circuit and specification based on the
well known model V-7A but with many worth-

while refinements. 6” Ernest Turner meter.
Unique gimbal bracket allows operation of in-
strument in many positions. Modern styling.

Please send for full details £18.18.0

CAPACITANCE METER. Model CM-1U. Direct-
reading 44” scale. Full-scale ranges 0—-100upF, 0—1,000ppF
0-0.01F and 0-0.1uF. £15.15.0

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 gcak Resistance 0.1Q to 1,000MQ with internal battery.
D.C. input impedance 11M(Q. dB measurement, has
centre-zero scale. Complete with test prods, lead and
standardising battery. 13.18.6

MULTIMETER. Model MM-1U. Ranges 0-1.5V to
1,500V A.C. and D.C.; 150pA to 15A D.C.; 0.2 to 20MK.
41" 50pLA meter. £12.18.0

R.F.. SIGNAL GENERATOR. Model RF-1U. Up to
100 Mc/s fundamental and 200 Mc/s on harmonics and
up to 100mV ofitput on all bands. £13.8.0

IM-13U

RF-1U
ALL MODELS ALSO AVAILABLE ASSEMBLED AND TESTED.
PRICES AND FULL SPECIFICATIONS ON REQUEST

650

Better quality at lower cost. ..

TRANSISTOR RADIOS
LATEST MODEL! “OXFORD*
LUXURY PORTABLE. Model UXR-2.
Specially designed for use as a domestic,
car or personal portable receiver. Many
features, including solid leather case.

£14.18.0

TRANSISTOR PORTABLE. Model UXR-
1. Pre-aligned LF. transformers, printed
circuit. Covers L.W. and M.W, Has 77
x 4” loudspeaker. Real hide case.

£12.11.0

TRANSISTOR PORTABLE RECEIVER.
Model RSW-1. In a handsome leather case,
it has retractable whip aeriai and socket for
car radio use. Covers Med., Trawler and
two S wave bands. £19.17.6

JUNIOR TRANSISTOR RADIO. Model

ii®

My

UJR-1. Single transistor set. Excellent
introduction to radio. £2.7.6
B 0

FOR THE INSTRUMENTALIST

PA AMPLIFIER PA-1. The
ideal compact unit for VOCAL.
ISTS, INSTRUMENTALISTS,
RECORDS, . with 50W (100W
pk output), 2 Heavy Duty
Speakers. ~Variable TREMOLO
Elegant modern cabinet. Send
for full specification,

£54.15.0

Legs optional extra 17/6 set of 4.

ELECTRONIC ORGAN
(fully transistorised)

Ideal for Soloists, Home use, Groups. Full 20 WATTS VOLUME.

Matching bench £14.10.0 extra. £187.10.0

I Money-back Guarantee
x

y Rl

Daystrom Limited unconditionally guarantees that each Heathkit
product assembled in accordance with our easy-to-understand
instruction manual must meet our published specifications
for performance or the purchase prige will be cheerfully
refunded.

o > >k

THE RADIO CONSTRUCTOR

WWW.americanradiohistorv.com



——TAPE DECKS

0

by building Heathkit models

; .
COLLARO W ! i’ D-83/4
COLLARO ‘‘STUDIO” TAPE DECK. The finest buy in its price

range. Operating speeds: 13", 33" and 74" p.s. Two tracks “wow”
and “flutter” not greater than 0.15% at 74 p.s. £17.10.0

TRUVOX D93/2 & D83/4 TAPE DECKS. High quality mono/
stereo tape decks.

D93/2, 2 track, £36.15.0 D83/4, 4 track, £29.8.0

HI-F1 AM/FM TQNER. 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-Al—
£21.16.6). Printed circuit board, & valves. Covers L.W., MW,
S.W., and F.M, Built-in power supply Total £26 10. 0

SPEAKER SYSTEMS

HI-FI SPEAKER SYSTEM. Model SSU-1.
Ducted-port bass reflex cabinet “in the
white”’. Two speakers. Vertical or horizontal
models with legs £11.12.0 without legs
£10.17.6.

THE ‘‘COTSWOLD”. This is an acoustic=
ally designed enclosure 26” x 23" x 154
housing a 12" bass speaker with 2”7 speech
coil, elliptical middle speaker together with
a pressure unit to cover the full frequency
range of 32-20,000 cfs. Capable of doing
justice to the finest programme source, its
polar distribution makes it ideal for really
Hi-Fi Stereo.

COTSWOLD ‘MFS” SYSTEM. Specially
developed to give best possible results in
rooms. This minimum floor space
;%Odlﬂ is b?ssed on ;tamiir*d gotswold ize:

” high x 164”7 wide x
Either Model £23.4.0

0
HI-FI EQUIPMENT CABINETS

A wide range of equipment cabinets
are available to meet the differing
needs of enthusiasts. Designed for
max. operating convenience or for
where room space is an overridi

consideration this range includes
kits, ready assembled cabinets or
. — i ly ﬁnishedd i:abincts, and has at
b o ” east one model to suit your require-

RO EESER i ments. Send for full details.

Other models from our wide range include

NEW! SELF SUPPORTmG AERIAL TOWER, Model HT-1.
for Commercial TV, fringe TV reception, Radio Amateur use.
32 ft. high, square ’section éful.l erection instructions). HT-1G
(gal finish) £35 15.0. HT-1 (red oxide finish) £29.15.0. Range
of accessories, TV, VHF, FM aerials, ete,

All models also available assembled
Deferred Terms over £10 ]

Send coupon for FREE illustrated British catalogue I
of Heathkit range to: !

 DAYSTROM LTD 2:55isin |

MAY 1964

———=CONTROL UNITS———

TAPE AMPLIFIERS

FM-4 AM/FM

S

‘HI-FI FM TUNER. Model FM-4U. Also available in two units. R.F.
tuning unit (£2.15.0 incl. P.T.) with LF. output of 10.7 Mc/s, and amplifier
unit, with power supply and valves (£13.3.0). Total £15.18.0

TAPE RECORDING/PLAYBACK AMPLIFIER. Thermometer type

recording indicators, press-button speed compensation and input selection.
Mono Model TA-1M, £19.18.0 Stereo Model TA-1S, £25.10.0

{ 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 type controls. £8.12.6
STEREO CONTROL UNIT. Model USC-1. tush-button selection,

accurately matched ganged controls to 41dB. Negative feedback, rumble
and variable low-pass filters. Printed circuit boards. £19 10.0

IKMHIMMMMHMHHHHHIIIIﬂmll|IIIIIHIIIlllIIIIIIIIIIIIII]][H]IIIIHIII]IIIHIIIII!UIIHIII!I[III]I[!II

AMATEUR EQUIPMENT

SINGLE SIDEBAND ADAPTOR. Model SB-10U.
May be used with most A.M. transmitters. Less than
JWR.F. mput power required for 10W output. Operation
%n 80, 40, 20, 15 and 10m bands on U.S.B. I;CSB or
AMATEUR TRANSMITTER. Model DX-40U. Covers
all amateur bands from 80 to 10 metres; crystal controlled.
Power input 75W C.W., 60W peak controlled carrier
phone. Output 40W to aerial. Provision for V.F.O.
Filters minimise TV interference. £33.19.0

New Model RG-1
COMMUNICATIONS TYPE RECEIVER.
A high performance, low cost recciver for the discrimin-

atinig listener. Frequency coverage: 600 kc/s—1.5 Mcfs
and 1.7 Mc/s—32 Mc/s. Y / /

l_iI Send for full specification. £39.16.0
RS e VARIABLE FREQUENCY OSCILLATOR. Model

DX-40U VF-1U. Calibrated, 160-10 m. Fundamentals on 160
and 40m. Ideal for our DX-40U and similar trmfanit;nﬁ
£10.17.

AMATEUR BANDS RECEIVER. Model
RA-1. To cover all the Amateur Bands
from 160-10 metres. Many special features,
including: half-lattice crystal filter; 8 valves;
signal strength “S” meter; tuned R.F.
Amplifier Stage. Send for spec. £39.6.6
THE ‘“MOHICAN” GENERAL COVER-
AGE RECEIVER. Model GC-1U. With
4 piezo-clectric transfilters, variable tuned
B.F.O. and Zener diode stabiliser, this is
an excellent fully transistorised general
purpose receiver for Amateur and Short
wave listeners, Printed circuit boards,
telescopic whip antenna, t\mmg meter and
large slide-rule dial, 10 transistors. £37.1

AMATEUR TRANSMITTER. Model DX-
100U. The world’s most popular, compact
and completely self-contained Amateur
Transmitter. Covers all amateur bands:
160-10 m. 150W d.c. input. Careful dcsxgn
has achieved the stability and high pe

formance for which the DX-100U is notcd
and no less than 35 disc ceramic capacitors
reduce TVI to a minimum. £79.10.0

A wide range of American amateur equipment. See Mail Order Scheme.

Wlthout obligation please send m (Tick here)
FREE BRITISH HEATHKIT CATALOGUE._....__._.____ TR e—Y

FULL DETAILS OF MODEL(S)
(Please write in BLOCK CAPITALS)

NAME
ADDRESS ... e e ety Do -

WWW.americanradiohistorv.com



7 VALVE AM/FM RADIOGRAM GHASSIS

Three Waveband & Switched Gram Volve line-up ECCB8S5, ECHBI
positions. Med. 200-550m. Long 1,000~ EF89, EAEBISI:B? 5%34
2,000m. VHF/FM 88-95 Mc/s.  Phitlips 81, EZ80
Continental Tuning insert with perme-
ability tuning on FM & combined AM/FM
IF transformers. 460 kcfs and 10.7 Mc/s.
Dust core (umng all coils. Latest circuitry
including & Neg. Feedback. 3 watt
output. Sensmvndy and reproductlon ofa
very high standard. Chassis size 134”x 64"
Height 74”. Edge illuminated glass dial
1137 x 34”. Vert. pointer Horiz. station
2867;.; SOId on brownbllalackground A.C. ind tested
0V operation agic-eye tuning.
Circuit diag. now available, :i:dy for £13 10 0 Ins 716

Comp. with 4 knobs—walnut or ivory to choice. indoor FM aerial 3/6 ex. 3
P.M. Speaker only required. Recommended Quality Speakers 10” Elac H/D, 30/-.
134" x 8” E.M.I. Fidelity, 37/6 12” R.A. with conc. Tweecter, 42/6. Carr. 2/6.

TAPE DECK BARGAINS!

COLLARO STUDIO
3-SPEED DECK

Alignea

BSR MONARDECK

Vi T k. £10.10.0
- wm-trac 'y 3
Twin-track ... ... £7. 7.0 Fotratoatk (Mu:hugan
Four-track ... ... ... £9.10.0 Berck) L £14.10.0
Carr. 5/~ Carr. 7/6
Electrolytics All Types New Stk
New VALVES Reduced § "FUBULAR | CAN TYPES
Boxed Bargain Prices
25/25V 1/9 | 84+8/450V  4/6
174 3/6 ECCE3 7/-|PCC84 8/} 50/12y 1/9 [ 16+16/450V 5/6
1RS  6/-|ECL82 10/-|PCF80 8/ | Sq/5ov 2j- | 324320275V 46
155 6/~ ECL8C 9/-PCL83 10/6 | {0025 2/~ | S0+4+50/350V 6/6
3S4 7/-|EF80  7/6|PCL84 10/- 8/450V 2/3 | 604250/
3v4  7/-EF86  8/6|PL81  9/6 | 4350y 2/3| 275V 12/6

DAF96 8/-|EL84  7/-\PL82  9/- 141 16/450V 5/6 | 1004300/
DF96 8/-|EY51  9/-|PL83 8/~ 374 37/450V 6/6 275V 12/6

DK96 8/-|EY86 9/-|PY32 10/6
DLo6 8/|E281 7i-|Pyai g 1000725V 3/9 20004000/

ECC817/-|GZ32 9/6|PY82

(3% 3/
7/~ in M A
ECCB27/-|EMB4 8/6|U25  10/6 Ersin Multicore Solder 60/40 4d.

per yard. Cartons 2/6, etc.

NEW BRITISH RECORDING TAPE

Famous Mfr. Bulk Purchase—Genuine recommended Tape Bargain,
Uncond. Guar. Fitted Leader & Stop Foils (except 3”).

St'd. (PVC base) L.P. (PVC base) D.P. (Milar base) Triple Play

37 150fc.  3/9  225fr. ... 4/9  300ft. ... &/6 3" 450ft. 12/6
S5” 600ft. 11/6 900fc. ... 15/— 1,200ft. ... 23/6 47 900ft.  25/-
53”7 850ft, 14/6 1,200ft. ... 17/6 1,800ft. ... 29/6

7”71,300fc. 17/6 1,800fr. ... 22/6 2,400ft. 37/6

Post and Packing—3” Reels 6d. Each additional Reel 3d. 47 to7” Reels 1/-.
Each additional Reel 6d.

EMPTY TAPE REELS (Plastic): 3” 1/3; 5” 2/-, 53" 2/-, 7" 2/3.
PLASTIC REEL CONTAINERS (Casettes): 5” 1/9, 53" 2/-, 7" 2/3

Jack Plugs. Standard 24" lgranic Soldering Irons. Mains 200/220V
Type, 2/6. Screened Ditto, 3/3. op 230/250V. Solon 25 watt Inst.,

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

4/6. Twin Stereo less Sw. 6/6. D P
Sw. 9/6 (100 k. to 2 Meg. only).

4+ Meg. VOL Controls D.P. Sw.
+” flatted spindle. Famous Mfrs.
4 for 10/- post free.

COAX 80 OHM CABLE

High grade low loss Cellular air
spaced Polythene —1” diameter.
Stranded cond. Famous mfrs. Now
only 6d. per yard.
Bargain Prices—Special lengths:
20 yds. 9/-. P. & P. /6.
40 yds 17/6. P. & P. 2/-.
60 yds. 25{—. P, & P, 3/—.
Coax Plugs I/-. Sockets /-,
Couplers /3.  Outlet Boxes 4/6.

Condensers—5S/Mica all values 2pF to
1,000pF 6d. Ditto Ceramic 9d. each,
005 .0l and .l, etc., 1/-. Paper
Tubular 450V .001 mfd to .01 mfd and
.1/350V 9d. .02 mfd 1/-,.25 mfd |]:
5 mid 1/9.

Close Tol. S/Micas—10%, 5pF-500pF
8d. 600-5,000pF /-, 1% 2pF-100pF
9d. 100pF-500pF Ild. 575pF-5,000pF
[/6. Resistors—Full Range {0 ohms—
10 megohms 20% ¥ and {W 3d,, ditto
10% 4d., WV 5d. (Midget type modern
rating) IW 6d., 2W 9d. Hi-Stab 5%
+—4W 100 ohms | megohm 6d. Other
values 9d. 1% {W 1/6. W/W Resistors
25 ohms to 10K SW /3, IOW 1/6, I5W
2/-. Pre-set T/V Pots. W/W 25
ghms—SOK 3/-. 50K-2 Meg. (Carbon)

TRANSISTOR BARGAINS
Brand New—BVA [st Grade
QC44 8/6 QC70 5/6
QC45 8/— (olev ] 6/—
QCs8iD 7/6 GEX34 2/9
2/0csl 15/6 QA70 2/9
GET(14 6/6 QA8| 2/9
OC72 7/6 GEXI3 2/9

AFL17 916

Speakers P.M.—3 ohms 24” E.M.l.
15/6. Goodmans 34" 16/6. 5” Rola
15/6. 6” Elac 16/6. 7” x 4” Goodmans
15/6, 8” Rola 19/6. 10” R. x A, 25/-.
9” x 6” Goodmans 22/6. E.M.I.
Tweeter 22/6,

Speaker Fret—Expanded gilt ano-
dised metal i” x " diamond mesh,
4/6 sq. ft., multiples of 6” cut. Max,
size, 4ft, x 3ft. 47/6. Carr. extra.

TYGAN FRET (contemp. pat.) 12”7 x
127 2/-, 12" x 187 3], 127 x 24” 4]-,
18” x 18" 4/6, etc.

BONDACOUST Speaker Cab. Acous-
tic Wadding, superior grade, | thick, 12”
wide, any length cut 1/6 per ft, 4/ per yd.
ENAMELLED COPPER WIRE—
1lb reels, 14g-20g, 2/6; 22g~28g, 3/—;
36g-38g, 4/3; 39g—40g, 4/6, etc.
TINNED COPPER WIRE—|4-22g.
2/6 £ 1b.

PYC CONNECTING WIRE—IC
colours ( or chassis wiring, etc.)—Single
or stranded conductor, per yd., 2d.
Sleeving, Imm. and 2mm., 2d. yd., etc.
KNOBS—Modern Contlnen[al types:
Brown or Ivory with Gold Ring, 1" dia.,
9d. each; 13”7, 1/- each; Brown or Ivory
with Gold Centre, 1” d|a 10d. each; 147,
1/3 each. LARGE SELECTION AVAILABLE.

TRANSISTOR COMPONENTS

Midget |.F."s—465 kc/s %" diam. 5/6
Osc. Coil—%" diam. M/W. 5/3
Osc. coil M. & L.W. 5/9
Midget Driver Trans. 3.5:1 6/9
Ditto O/Put Push-pull 3 ohms 6/9

Elect. Condensers—Midget Type |5V
| mfd-50mfd, ea. I/9. 100mfd. 2/,
Ferrite Aerial—M. & L. W. with car
aerial coupling coil, 9/3.
Condensers—|50V. wkg. .01 mfd. to
.05 mfd., .| mfd., 1/-.
.25 mfd., 1/3. .5 mfd., 1/6, etc.

Tuning Condensers. J.B. 00" 208+
176pF, 8/6. Ditto with tnmmers, 9/6.
365pF single, 7/6. Sub-min. #” DILEMIN
100pF, JOOPF 500pF, 7/-.
Mudget VYol. Control with edge control
knob, 5k with switch, 4/9, ditto less
swmch 3/9.

Speakers P.M.—2" Plessey 75 ohms,
15/6. 24” Continental 8 ohms, 13/6.
7" x 4”7 Plessey 35 ohm, 23/6.

Ear Piug Phones—Min. Continental
type, 3ft. lead, jack plug and socket.
High Imp. 8/—. Low Imp., 7/6. High
sensitivity M/coil 8-10 ohms, 12/6.
Brand New. Mfrs. surplus Ist grade.

| OC44 & 2 OCA45, /6.

1 OC8ID & 2 OC8 l 15/-.

All above and OABI 32/6, post free.

JASON FM TUNER UNITS
DQesigner-approved kit of parts:

FMTI, 5 gns. 4 valves, 20/-,

FEMT2, £7. 5 valves, 35/—.

JTVY MERCURY 10 gns.

3 valves, 22/6.

JTV2 £13.19.6. 4 valves, 28/6.
NEW JASON FM HAND-
. 48 hr. Alignment
Service 7/6. P, & P. 2/6.

TRIMMERS, Ceramic (Compression
Type)— 30pF, 50pF, 70pF, 9d.; 100pF,
150pF, 1/3; 250pF, 1/6; 600pF, 1/9.
Philips Concentric Type—2-10pF,
3-30pF, I/~

METAL RECTIFIERS- STC Ty
RMI, 4/9; RM2, 5/6; RM3, 7I6' RM4
16{~; RM5, 21/~; RM4B, I716

MULLARD “3—

3” HI-FI AMPLIFIER
3 VALVES 3 WATT

Miniature scr. 147, 2/3, Sub-min, 1/3. 22/6. Spare Elements, 4/6. Bits, 1/

Jack Sockets. Open Igranic Moulded
Type, 3/6. Closed Ditto, 4/—. Minia-
ture Closed Type, 1/6. Sub-min. (deaf
aid) ditto, /6. Stereo Jack Sockets, 3/6,
Stereo Jack Plugs, 3/6.

Phono Plugs, 9d. Phono Sockets
(open), 9d. Ditto (closed), I/-, Twin
Phono Sockets {open), 1/3.

Grundig Continental. 3 p. or 5 p.
plug, 3/6. Sockets, 1/6.

65 watt, 27/6 etc.

Alumin. Chassis. 18g. Plain
Undrilled, folded 4 sides, 2” deep,
6” x 47, 4/6 8” x 6”, 5/9, 10"x 7”7
6/9, 127 x 6”, 7/6, 12 x 8", B[ etc,
Alumin. Sheet. 18z, 6” x 6”7, 1/-,
6” x 97,16, 6” x 127, 2{~, 12" x 12”.
4/6 etc.

DE LUXE REGORD

PLAYER KIT

Incorporating 4 Speed Garrard Auto-Slim unit
and Mullard latest 3 w. amplifier (ECL 86 and
EZ 80), volume, bass and treble contrels, with

8” % 5” 10,000 line speaker.
Contemporary styledetwo-tone cab-
inet, charcoal grey and off-white with
matching blue relief.

Size: 174" x 16” x 87,

COMPLETE KIiT
Carr. & ins. 10/-. £1 3-1 9-6
Catalogue and Construction details
2/6 (free with kit).

FRONT SECTION, which houses amplifier
and speaker, is detachable from cabinet. Price
as separate unit for stereo, £5.17.6. Carr. 5/-.

3 ohm and 15 ohm Output.
A really firstclass Amplifier
giving Hi-Fi quality at a
reasonable  cost, Mullard’s
latest circuit. Valve line-up:
EF86, EL84, EZ8I. Extra H.T.
and L.T. available for Tuner

652

Tone contr: max treble cut |2dB

3W.
COMPLETE KIT (incl. valves, all
components, wiring diagram and
special quality sectional Output Trans.)
BARGAIN PRICE £6.19.6 carr. 4/6.
Complete wired and tested, 8 gns.
Wired power OfP socket and addi-
tional smoothing for Tuner Unit,
10/6 extra.

'TECHNICAL SPECIFICATION—Freq. Response 4 IdB. 40 c/s-25 kcfs.

100MV for 3W output. Output Power (at 400 c/s); 3W
harmonlc distortion. Hum and Noise Level: At least 70dB

Unit addition. This is the ideal
companion Amplifier for FM
tuner units.

at 10 kc/s. Max. Bass Boost 14dB at

Bronze Escutcheon Panel, Print-
ed Vol,, Treble, Bass, On Off,
supplied with each kit.
Recommended Speakers—R, Allen
12” with tweeter 426, WBHF10-12
£4.7.6, Goodmans Axiette £5.5.0,
Axiom 10 £6.5.0, Audiom 51 £8.10.0.
Carr. extra.

N

Send for detailed bargain lists, 3d. stamp, We manu-
facture all types Radio Mains Transf. Chokes, Quality
O/P Trans., etc. Enquiries |nv-ted for Specnals, Pro:o-
types for small production runs.

uot
RADIO COMPONENT SPECIALlSTS

70 Brugsto:k Rd., Thornton Heath, Surrey

E THO 2188 Hours 9 o.m.—6 p.m., | p.m
st. C.W.0. or C.O.D. Post and Packing up to 4 Ib. 9d., I ib.

tion by retu

Wed. Terms

1946 13, 30b. 2/3, S 1b, 219, 8 Ib. 3/6.
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And now an Amplifier for the Micro-6

This month, we announce a new design for constructors—the
Sinclair TR.750. Basically, it is intended as a companion
power amp for the Micro-6 since so many have asked us for
it, but whoever builds this amplifier will find it useful for a
lot more applications as well. In common with other
Sinclair designs, the TR.750 is a micro-miniature instrument
with original features and enormous power. In fact, it is so
small, that you could put it together with the Micro-6 into
an empty:20-cigarette packet, and have room to spare! Yet
the TR.750 incorporates its own volume control and on-off
switch, and has an undistorted output of three-quarters of a
watt.

Using these two Sinclair units, you can have a first-class
car radio which can be fitted with an absolute minimum of
inconvenience. .Or you can make a unique two-unit portable
or home receiver with loudspeaker. You can use your
“Slimline” in the same way also, if you wish. By using the
appropriate accessories, high-fidelity standards for domestic
listening are easily obtained. A pair of TR.750s can be used
in stereo. In fact, wherever extreme compactness is required
together with power and quality, you will find the Sinclair
TR.750 the very job for you.

AFTER THE LAUNCHING, THE DELUGE

The Micro-6 has met with an even more enthusiastic response
from set builders than did our original Slimline, which never-
theless continues to be very popular, particularly with new-
comers to transistor building. It will come as no surprise,
therefore, to constructors who already know what Sinclair
stands for, to learn that letters of praise and appreciation are
now pouring in daily as more and more builders make and
use the smallest radio set in the world.

F.W., Luton writes—*'Am very pleased with the quite remark-
able results obtained from this very small receiver.”
J.C.F.M., London, W.14 says—*“The set worked very well
indeed and I congratulate you on its performance.” Similarly,
D.F., Monkseaton, Northants, congratulated us on the design
of the set, and continues, “The performance is quite unbe-
lievable. I have shown it to a number of my friends and they
have all been very impressed.”

From Abingdon, Berks, S.H.L. recalls difficulties he had with
a set three years ago and goes on to state: “Not only was I
able to build your set successfully straight off, but the initial
price was a pound less, and the performance in the sensitivity,
selectivity and indeed every other way was fantastically
better.” G.J., Nottingham, favoured us with detailed observa-
tions for which we thank him. ““I very much enjoyed the four
or five hours work necessary to complete it (the Micro-6)
which was accomplished almost without swearing, unlike most

MICRO-6 A SENSATION AT 1964 PARIS
ELECTRONIC COMPONENTS SHOW

When exhibited at the 1964 Paris Electronics Compon-
ents Exhibition, the Micro-6 created an instant sensation. |
Nothing like it had ever been seen or heard before in
Europe, and now demand for this amazing receiver is
growing rapidly on the Continent as well. Next it is
expected that the world’s smallest receiver will be on
show at the New York World's Fair.

THREE MORE PAGES OF SINCLAIR NEWS FOLLOW THIS

MAY 1964

other sets I have made,” writes G.J. ‘“‘When finished, it worked
at once. I consider the conception brilliant and I am very
pleased with it. It has, of .course, aroused much interest
amongst my friends.”

“THE FINEST LITTLE SET”

“Having been a transistor fiend for the last eight years, I must
say it is the finest little set I have ever constructed. Please
send me one more of these marvellous little instruments,”
writes R.K., Preston.

In Aylesbury, Bucks, J.G.H. logged “3 B.B.C. programmes
and at least 12 foreign stations with good selectivity, more
strength than was needed and no fading on Luxemburg.”

“LEAVES MY 6-TRANSISTOR SET STANDING’’

S.H., Wilmslow, Cheshire, is “‘truly amazed at the quality and
sensitivity of this set. It leaves my 6 transistor set standing.
Volume enables programmes to be heard clearly even in a
noisy metal framed department store.”

And so we could go on. As with all letters from which we
quote, the originals may always be seen at our offices.

TWO-WAY PROTECTION FOR YOU

Remember, when you buy a Sinclair design, you are fully
protected by our unique guarantee whereby should you not
be immediately satisfied with your purchase, your money is
refunded without question. And for those whose building
may need some servicing, our own technical service depart-
ment can quickly put things right for you.

Referring back to letters sent to us, we should point out that
we also get our share from constructors who build other
Sinclair designs including the Signal Injector, the Micro-
Amplifier and the Slimline as shown overleaf.

C. M. Sinclair

Says
Mike
Farrard

our
favourite
customer

“He buries it
in the garden
if he doesn’t
like the

programme”’
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World’s
Smallest

Radio

When you have built your Micro-6, you
will find it a constant companion every-
where—indoors and out—in car, bus, train
—wherever you want to listen. Its power
and sensitivity are such that it ensures
good reception under the severest listeaing
conditions, yet this amazing receiver
measures only 14/s” x 13/;5” x !f,” and
WEIGHS LESS THAN ONE OUNCE
complete with batteries and self-contained
ferrite-rod aerial. Tuning is over the
entire medium waveband with bandspread
over the high frequency end and for better
separation of (Continental stations. You

A.G.C.
[ —1
WEIGHS LESS THAN
1st RF. | [2nd RF. Detector ONE OUNCE COMPLETE
Amp. Amp. IN CASE WITH TWO
- MALLORY CELLS !
[Farlmearleas]  BUILD IT -
Amp. Amp. Amp.

6-STAGE POWER AND SELECTIVITY

BUILD

IN AN EVENING! ™~

ACTUAL SIZE

listen with the lightweight high-quality
earpiece which switches the set on when
plugged in. Constructors at every level of
experience are enthusiastically building
and using this British designed set, ac-
claimed by all as the smallest and most
efficient receiver of its kind on earth.

N cHassis
VIEW
ACTUAL SIZE

*

o

The Micro-6 uses Micro-Alloy Transistors in a completely
new circuit as follows: Two stages of R.F. amplification
are fc.lowed by an efficient double-diode detector which
drives a high-gain 3-stage A.F. amplifier. Powerful A.G.C.
applied to the first R.F. stage ensures fade-free reception
from the most distant stations tuned in. Everything
including ferrite-rod aerial and batteries is contained
within the elegant tiny case,

SINGLAIR MIGRO-6

‘Although the Sinclair Micro-6 has been designed to standards of compact-
ness never before thought possible, building is simple and straightforward
when the iculously detailed instructions are followed. All parts including
MAT transistors, diodes, printed circuit board, lightweight earpiece, case
and dial, and well printed instructions come to

MALLORY MERCURY CELL. Type ZM.312 1/11d each

There is enough space to accommadate twa Mercury Cells in the Micro-6 which
will give it maximum performance,

96

SINCLAIR RADIONICS LTD., 69 HISTON ROAD, CAMBRIDGE. Telephone 53965
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ACTUAL SIZE

SINCLAIR
TR
750

. . .and a NEW Sinclair Power
Amplifier to match the Micro-6

This is a high-quality power amplifier contained within extremely
compact dimensions, having sufficient output to drive a full-size loud-
speaker with more than encdugh volume for normal domestic require-
ments. It includes combined finger-tip operated volume control with
on-off switch, and is easily mounted in whichever way is most convenient
to the user. Together with the Micro-6 it makes an unusual and
thoroughly efficient car radio or portable loudspeaker set. The TR750
can also be used with the “Slimline”. Other applications will readily
suggest themselves to the keen constructor, ranging from record
players, hi-fi installations and intercom systems to baby alarms’ Per-
formance characteristics are brilliant—} watt transformerless output
with response within 4+ 1dB from 30 to 20,000 c/s—hi-fi by any standards!
Operating requirements are from 9 to 12 volts. Input 10mV into
2k ohms for 0.75 watts out at 23-35 ohms.

SIZE_ZII X 2” X %Il

750 MILLIWATTS UNDISTORTED OUTPUT
IDEAL FOR USE WITH EITHER THE
SINCLAIR MICRO-6 OR SINCLAIR ‘SLIMLINE’

MAKES AN EXCELLENT CAR OR
PORTABLE LOUDSPEAKER SET

Full building and operating instructions are included
with parts for the TR.750, which includes latest type

Metal Alloy driver transistor and new Sinclair “Mag- ,
nagm[\" output transistor, micro-miniature compon-
ents including volume control with on-off switch, A
and printed circuit board. Total cost comes to.

Ready built and tested 45/=

IT°’S ANOTHER WORLD-BEATING SINCLAIR HICRO-DESIGN

UNIQUE SINCLAIR GUARANTEE [1o SINGLAIR RADIONICS LTD, © HISTON Roao

If you are not completely satisfied with your purchase

CAMBRIDGE

(we are confident you will be delighted) your full purchase I Please send. parts for building ....—..coe....... Micro-6 Receiver(s) and |

B T s s it ithodhgusption. e e Mallory Cell(s) Type ZM312 at 1/11 each, also ........ |

FULL SERVICE FACILITIES AVAILABLE TO ALL I TRT50 Amplifier(s) for which | enclose £ 2 4 I
SINCLAIR CUSTOMERS y

If you do not wish to cut coupon from this page, please mention l NAME I

RC.5 when sending us your order on ordinary paper I ADDRESS..___.. :

A

MORE SINCLAIR DESIGNS ON THE NEXT PAGE | s
_,—————————

e e e i e e o

MAY 1964
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DESIGNS THAT ARE YEARS AHEAD

*
*

The triumph of Sinclair designs is twofold—firstly
they embody advanced techniques using transistors
and micro-miniature components in a variety of
attractive applications; secondly they make it
possible for anyone to build with assured ease and
success and thereby enjoy using really advanced
equipment. All designs are provided with weli-presented
instructions.

FULL SERVICE FACILITIES AVAILABLE TO
ALL SINCLAIR CUSTOMERS

PROMPT, PERSONAL ATTENTION TO ALL
ORDERS

FIRST OF THE SINCLAIR
MICRO-RECEIVERS

This is the set that gives you Europe in the palm of
your hand. It has a seif-contained ferrite rod
aerial and accommodation for a standard PP5
battery, yet measures only 215/36” x 111/35” x #”.
Tunes over the entire medium waveband and
can be used in cars, trains and buses. Using
Sinclair MAT Transistors and special circuitry, it
provides great power and quality; listening is by
means of the lightweight earpiece provided.
Buitding is particularly easy.

SINCLAIR
SLIMLINE

All parts, including
royal blue and gold
case, earplece, and
instructions, come to

49/6

SINCLAIR MICRO-AMPLIFIER

Smaller than a 3d. piece.

AS USED IN LABORATORIES, RESEARCH
ESTABLISHMENTS, ETC.

This fantastically smail, powerful amplifier is
smaller than a 3d. piece. With a frequency
response from 30 to 50,000 c/s + |dB, and
power gain of 60dB (1,000,000 times) it
makes a superb broadband R.F. amplifier as
< well as a sub-miniature hi-fi amplifier with
Actual size = an output suitable for any earpiece or even
d ker. This amplifier makes a valuabl
tool in the hands of the experimenter, and
is widely used in industry, research, etc.
With MAT Transistors, micro-miniature
quality components, micro-printed circuit
and instructions.
40 dB gain at | Mcls

Y% With detoiled in-
structions, applications
data and circuitry

28/6

SINCLAIR MICRO-INJECTOR

THE SMALLEST AND MOST
EFFICIENT OF ALL INJECTOR
TEST DEVICES

It is amazing how useful this precision
instrument is. Using two MICRO-ALLOY
TRANSISTORS it generates and injects a

test signal into any part of a receiver or
amplifier at any frequency from | kc/s to

30 Mc/s. By this means the location of
faults can be rapidly found.

The Sinclair Micro-Injector is powered by

a 6d. standard battery which will fast for All

w:th

eriiions e 2716

parts

about 6 months. lts size s 144s” x 1310

t , excluding the probe which is 3[5” fong,
y far the smallest instrument of its kind

available. Ready built

Assembly is extremely simple. teSted

and 32/6

VALUABLE BOOKS
FOR THE CONSTRUCTOR

% 22 Tested Circuits Using Micro Alloy

Transistors” Post free 516
* "Tested Short Wave Receivers Using

MATSs” Post free  5/6
% “Tested Superhet Circuits for Short

Wave and Commum:aunn Receivers,

using MATs’ Post free 6/6

All three ordered together, 16/6

SINCLAIR GUARANTEED TRANSISTORS

MAT 100 High gain low leve/ a 7/9
MAT 101 Extra hlgh gain, low level 8/6
MAT 120 High gain, medium and high level , 7/9
MAT 121 Extra high gain, medium and h|gh level 8/6
ADT 140 For FM, TV, VHF and UHF A I 15/~

_ating instructions and

SINCLAIR TR5 QUALITY AMP.

WITH COMBINED PRE-AMP. AND } WATT
POWER AMPLIFIER

Uses 5 matched transistors and
temperature compensating di-
ode to give transformerless
undistorted output of 500mW,
into 15 ohms. Sensitivity
—0.5mVY. Power gain 80dB.
Frequency response 50 cfs to
20 kcfs 4-3dB. Size 24" x 13"

59,6 x #”. Operating voltage 9V.

READY BUILT
AND TESTED

Complete with oper-

applications data

: 1 T0 SINCLAIR RAI]IONIIIS lI

CAMBRIDGE

| NAME ...

I ADDRESS,

I B RCS ...

- B TR G T e < T T
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69 HISTON ROAI;-I

UNIQUE SINCLAIR GUARANTEE

Whatever you buy from Sinclair Radionics
is sold to you on a complete satisfaction or
money refunded guarantee subject to goods
being returned as received. FULL SERVICE
FACILITIES AVAILABLE TO ALL SIN-
CLAIR CUSTOMERS.

SINCLAIR MICRO-6 — SEE PREVIOUS PAGES

'SINCLAIR RADIONICS LTD

69 HISTON ROAD, CAMBRIDGE

If you do not wish to cut out the coupon, please quote RC.5 when ordering
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CHAS H. YOUNG LTD.

SOLE MIDLAND AGENTS
FOR

* EDDYSTONE
RECEIVERS & COMPONENTS

* NATIONAL
RECEIVERS & TRANSCEIVERS

* GREEN & DAVIS CONVERTERS
* KW EQUIPMENT

AERIAL
EQUIPMENT

TWIN FEEDER. 300 ohm twin
ribbon feeder similar K25, éd. per
yard. K35B Telecon (round), 1/6 per
yard. 75 ohm twin feeder, 6d. per
yard. Post on above feeders and
cable, 1/6 any length.

COPPER WIRE, 14G, H/D, 140ft,
17/—; 70ft, 8/6. Post and packing 2/6.
Other lengths pro rata.

FEEDER SPREADERS. 6” Ceramic
type F.S., 10d. each. Postage 1/6
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 1”7 to 24” masthead bracket.
Price 49/—. P. & P. 3/6.

SUPER AERAXIAL, 70/80 ohm
coax, 300 watt very low loss, 1/8 per
yard. P. & P. 2/~.

TOUGH POLYTHENE LINE,
type MLI (100Ib), 2d. per yd. or
12/6 per 100 yds. Type ML2 (2201b),
4d. per yd. or 25/~ per 100 yds., ML4
(400Ib), éd. per yd., post free.
Ideal for Guys, L.W. Supports,
Halyards, etc.

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 22/é
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. 2/6.

VARIABLE CONDENSERS. All
brass with ceramic end plates and
ball race bearings. 50pF, 5/9; 100, 6/6;
160, 7/6; 240, 8/6; and 300pF, 9/6.
Extension for ganging. P. & P. 1/-.

RACK MOUNTING PANELS:
19”7 x 547, 77, 83", or 104", black
crackle ﬁmsh 5/9 6/6, 7/6 9/-
respectively. P. 2/-.

GELOSO VFO UNITS. 4/102 with
new dial and escutcheon. OQutputs on
80, 40. 20, 15 and 10. For 2-807 or
6146 Tubes. Only £8.15.3, valves
to suit, 24/-. ALL POST FREE.

SHADED POLE MOTORS, 230V
or 110V operation, ideal for fans,
blowers or models. Single Unit 12/6,
plus 2/—- P. & P., or Pair £1, plus
2/6 P. & P.

PARMEKO TRANS. 200/200
40mA, 6.3V, 3A. New, not ex-W.D.
Only 12/6. P. & P. 2/6.

* MOSLEY AERIALS

@ H.P. FACILITIES AVAILABLE
@ PART EXCHANGES

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

CHAS. H. YOUNG LTD

170-172 Corporation St., Birmingham 4

’phone CEN 1635

COMPONENTS FOR THE

‘““ALL BAND
COMMUNICATION RECEIVER”

as featured on page 699

COIL TURRET CT.7/B

This turret is the basic portion of the CT.7. It comprises cadmium
plated steel frame (51" deep x 41" high x 34" wide), silver plated
contacts, polystyrene insulation and rotary turret movement,
incorporating Aerial, Mixer and Oscillator Coils for the three
bands 1.5-4 Mc/s, 412 Mc/s and 10-30 Mc/s. Price 75/-
Coil strips for the long and medium wavebands may be purchased
separately for incorporation in the turret. Price 10/6 each
The turret requires a 315pF tuning capacitor. A suitable 3-gang
component with ceramic insulation is available. Price 19/-
Air spaced concentric trimmers 3-30pF Price 3/6 each

I.LF. TRANSFORMER IFT.11/465 kc/s

A miniature |.F. Transformer for 465 kc/s giving excellent per-
formance at low cost. Coils are litz wound and permeability
tuned with high-grade iron-dust cores and silver mica capacitors.
Screening Can 12” x 13” square. Price 6/6 each
Also available for 1.6 and 10.7 Mc/s.

BEAT FREQUENCY OSCILLATOR COIL
BFO.2/465 kc/s
These compact coils are wound on a bakelite former complete
with adjustable iron-dust cores enclosed in an aluminium screening
can measuring 13” x +2” square. Price 5/- each
Also available for frequencies of 85 ke/s, 100 kefs and 1.6 Mcfs.

M l—\~Q “BASIC SUPERHET

FOR BEGINNERS"”

as featured on poge 688

COIL PACK CP.3/F

This 4-waveband coil pack is for use with a 500pF 2-gang condenser
and covers the standard Long, Medium and Short Wavebands
with the addition of the band 50-160 metres (1.85-6 Mc/s). It
comprises of Aerial and Oscillator coils with iron-dust tuning
cores, wavechange switch and mica compression trimmers mounted
on an aluminium plate measuring 44” x 24” x 1” (not including
spindle). Price 49/— plus 8/2 P.T.=Total 57/2
Two-gang 315pF Tuning Condenser Price 14/8

General Catalogue covering full range
of components, send 1/6 in stamps

PLEASE SEND S.A.E. WITH ALL ENQUIRIES

DENCO (Clacton) LTD

(DEPT. RC), 357/9 OLD ROAD
CLACTON-ON-SEA, ESSEX
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—HOME RADIO of MITGHAM

DEPT. RC, 187 London Road,

Mitcham, Surrey. MIT 3282

SOME UNREPEATABLE BARGAINS!!

Some exceptionally well made S.W.
Tuning Condensers, silver plated
and split end vanes. }” spindle with
extension for coupling two or more
together.

Single gang size 13”x 11 x 117 Cap. 50 Pf. 4/6 Worth 10/-

NON ELECTROLYTIC DUBILIER
NITROGOL CONDENSERS

8Mf 600 volts ... 17/6
4Mf 600 volts ... 5/6
2Mf 800 volts ... 5/6
2Mf 600 volts ... 4/6
2Mf 500 volts ... 2/6
2Mf 500 volts (WEGO) 1/-

Single gang size 13" x 14" x 1}” Cap. 60 Pf. 5/6 Worth 11/6
Twin gang size 23" x1}” x14” Cap. 50 Pf. 8/6 Worth 15/-

Also for S\W. Work:

Meters by WESTON 2 inch scale

500 Micro Amp full scale deflection. Scaled 0-15 and 0-600.

Price 17/6

A high quality Output Transformer

Primary 7000 Ohms. Secondary 3 Ohms.
Suitable for Mullard ECL 86 Valve.

Price 6/6 Worth 12/6

Air Tuner Condensers. 14” X 14" x 17 Cap. 20 Pf. 3/9
Worth 6/9

Air Trimmer Condensers. 14” x14“ %1~ Cap. 100 Pf. 2/6 for 3
Worth 21/=

Air Dielectric High Efficieney Tuning Condensers with widely
spaced Log-shaped Plates. 2” X 27 x 14" 20 Pf. 4/6
Worth 10/6

Similar Condenser to above, but plates not so widely spaced.
2" x 13" x 14” 160 Pf. 4/-

Worth 7/6

2 Gang 500 Pf. Tuning Condenser 3/6

Car Radio Suppressor Kits

Consisting of:
4 Plug Suppressors, 1 Coil Condenser.

Price 5/- Worth 12/-

Please add 1/6 for Postage & Packing on all the above items

50,000 Readers CAN'T BE WRONG!

This is the approximate number of readers who have purchased and use our
catalogue, and the number grows daily. The reasons are not hard to find,

Post Coupon Today

with P.O. for 4/-
to include P. & P.

658

NAME .
/

but to highlight a few: 200 Pages, over
800 Ilustrations, over 5,000 Components
described and priced (all except 14 actually
in stock) backed with a By-Return Mail
Order Service.

PLEASE WRITE YOUR NAME AND ADDRESS IN BLOCK CAPITALS

I ADDRESS

| HOME RADIO L

TD., Dept. RC, 187 London Road, Mitcha

pl
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Transistor Audio Generator

By G. C. Dobbs, G3RJV

A neat and inexpensive unit employing non-critical component values

REQUENTLY, DURING THE CONSTRUCTION OR
servicing of an amplifier, tape recorder, or the
audio stages of a receiver, one requires to

inject a suitable test signal. The author was recently
faced with such a problem during the construction
of a tape recorder. Rather than resort to “finger
on the grid” methods, a simple audio generator was
quickly constructed from bits and pieces about the
shack. This little unit proved to be so successful
that it was built up into a permanent piece of
equipment.

The Circuit

No originality can be claimed for the circuit,
which is basically a form of Hartley oscillator. The
feedback is maintained by inductively coupling the
collector of the transistor to the base through a
small audio transformer, T;. The output is taken
from the emitter resistor which is a potentiometer,
and which also acts as an output amplitude control.

The oscillator requires very few components and
is very cheap to build. The transistor used was an
OC71, although any reasonable surplus audio
transistor would have done the job. The choice of
transformer is not critical, and any low ratio audio
type should perform quite well in this circuit. The
windings should have a fair number of turns and
the resistance of each should not exceed 2kQ. An
ideal transformer is an intervalve component with

Above-chassis view of the generator

‘a ratio between 1:1 and about 5:1.

C; and the
output capacitor C, should preferably be low
voltage miniature types, and the potentiometer can
be any suitable type between 1 and 5kQ. The power
required was at 4.5 volts, and a battery was made
up for the job. This consists of three 1.5 volt
sections connected in series. Three U12 cells were
taped side by side and connections soldered directly
on to the ends. A miniature slide-type switch was
used in the Sy(a) (b) position.

AAAAAAAA
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Circuit diagram of the transistor audio generator

Components List

Resistors
R;  270kQ } watt 209
Ry 1kQ to 5kQ potentiometer

Capacitors
C1  O0.1gF
C; O0.1uF

Transistor

TR; OCT1, or similar audio type

Transformer
Intervalve transformer (see text)

Switch
S1(a) () d.p.s.t. slide switch

THE RADIO CONSTRUCTOR
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The complete unit was built on an aluminium
chassis measuring 3 x 2 x 14in deep, this giving
generous room for construction. The transformer
was mounted on the top of the chassis, with a cut-
down if. transformer can providing a screen. The
transformer leads were taken below the chassis
through two slots. The potentiometer was mounted
on the front, and the switch on the left hand side
of the chassis. To provide a handy output a piece
of twin flex was taken through a }in grommet at
the back, two crocodile clips being attached to the
end for connections. An aluminium clip held the
batteries in place in the rear of the chassis.

Switching On

When the unit has been completed, a pair of high
resistance headphones should be connected across
the output clips, and the power switched on. If an
audio tone is not heard, the transformer will
probably have been connected in the wrong phase,
and the connections to one winding should be
reversed.

Below-chassis view showing component layout

The prototype has been in use for several months
and has, during this time, served many purposes.
It has been used as a service instrument, a morse
oscillator, a modulation checker and there is even
a possibility of its being used to provide a c.w. note
for an s.s.b. transmitter.

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.

Oscilloscope, Type 10, No. 10SB/180.—A. Holt, 78
Rathmore Crescent, Southport, Lancs, requires the loan
or purchase of the service manual or circuit diagram.

* * *

Marconi HP.112 VHF Transreceiver (Mobile Unif).
—W. Burke, 6 Belgrave Terrace, Glasgow, W.2, wishes
to obtain ‘service manual or circuit diagram, also any
data on the associated vibrator power unit.
* * *

Indicator Unit Type 62A.—G. A. Cables, “Tullich”,
Béaconhill Road, Milltimber, Aberdeen, would like any
information on usage or circuit. details.

* * *

Transmitter/Receiver B44 Mk. IL.—A. E. Harvey,
39 Curlieu Road, Oakdale, Poole, Dorset, wants circuit
diagram, manual and/or any other information. Either
loan or purchase, all expenses met.

* * *

Verdik Tape Recorder.—R. E. Norgan, 29 Howeth Road,
Ensbury Park, Bournemouth, Hants, requires the service
sheet. Valve line-up is 6BR7, 6BW6, 12AX7, 6X4 and
6ESGT. All expenses met and all letters answered.

* *

*

Hallicrafters Marine Radiophone Model HT-11B.—EA1
F. Matimong, CPO’s Mess, H.M.S. Osprey, Portland,
Dorset, is in urgent need of circuit diagram or any other
data.

MAY 1964

Marconi CR300/1 Receiver.—R. Scrimgeour, 19 Welling-
ton Street, Dundee, Angus, requests circuit or any other

information.
* * *

National HRO-MX Receiver.—P. R. Whittle, 94 New-
house Crescent, Watford, Herts, wishes to obtain the

manual or circuit.
* * *

G.E.C. Overseas 7 (BC4178L).—W. Hunter, “Hazel-
dene”, Ballygally, Larne, Co. Antrim, N. Ireland,
requires service sheet or circuit, loan or purchase.

* * *

PP Indicator Type ID-84/TPS-1B.—M. Turner,
24 Oakleigh Avenue, Off Green Lane, Bolton, Lancs,
requires circuit diagram for this unit which is part of
the American radar set Type AN/TPS-1B.

* * *
CR100 Receiver.—R. Armstrong, 63 Summerfield Road,

Solihull, Warks, wishes to buy or borrow circuit or any
other details of this receiver.

* * *
No. 19 Set.—P. 1. Peters, 59 Manvers Road, Swallow

Nest, Sheffield, wishes to obtain circuit or any other
data.
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suggested circuits

R3
T8

ANY RECORD PLAYERS, THESE
days, are used almost entirely
for the reproduction of “pop”

music. As such, a very attractive
additional feature consists of fitting
a preamplifier and mixing circuits
which allow a microphone to be
plugged into the record player
-amplifier. The microphone may then
be used for ‘“‘accompaniments” with
the record being played; a facility
which will appeal especially to the
younger members of the family. The
availability of a microphone input
can have more serious applications
also, and could include such in-
stances as voice training or the
provision of commentaries to home
movies and the like.

This month’s article describes a
circuit which should adequately
meet the requirements of a combined
record and microphone amplifier.
Although emphasis has been placed
on economy, the amplifier is still
capable of offering an output in
excess of 5 watts as well as having a
chassis which is fully isolated from
the mains by way of a double-wound
transformer. The amplifier does not
fall into the high fidelity category
(using the term in its undebased
sense) but it can still offer a high level
of quality, this being comparable
with any valve radio or record player
having a single-ended output stage.

The Circuit

The circuit of the amplifier appears
in Fig. 1 and, as may be seen, is quite
straightforward and free from com-
plication.
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The circuits presented in this series have been
designed by G. A. French, specially for the enthusiast
who needs only the circuit and essential data

No. 162 Record Player Amplifier with
Microphone Input

The microphone input is applied
to the grid of Vi) by way of Cj.
The cathode of Vi) is connected
direct to chassis, grid current bias
being provided by the high value
grid resistor, R;. The microphone
employed may be a crystal type or a
moving coil type fitted with its own
step-up transformer to provide a
high impedance output. Capacitor
C; is included to prevent micro-
phones of the latter type from
reducing the grid-cathode resistance
and, thereby, the grid current bias.

The amplified microphone signal
voltage appears at the anode of
Vi@), and is applied to the Mic.
Vo&ume control, R4, via C;. The
signal level tapped off by the slider
of Ry is then passed to the grid of
Vie) via Rs. Also passed to this grid
via i?q, is the signal obtained from
the Gram Volume control Re. Resis-
tors Rs and Ry are included in
circuit to reduce interaction between
the two volume controls. Without
these resistors, one signal would be
subject to very heavy attenuation as
the slider of the volume control for
the other signal approached the
earthy end of its track. Even with
Rsand R in circuit there is still some
interaction but the effect, in practice,
will not be serious. Rs and Ry are
given values which allow the external
grid-cathode resistance. for Vyg) to
remain within its limiting value of
IMQ for operation with cathode
bias.

Vi) amplifies both microphone
and gram signals, these being applied
via Cg to the grid of V,. This valve

www.americanradiohistorv.com

amplifies in normal manner, feeding
the loudspeaker by way of output
transformer T;. A top-cut ‘tone
control circuit, given by C7, Ry3 and
Ri4, is connected across the primary
of Tl.

H.T. and heater voltages are given
by mains transformer T,, the h.t.
circuit employing a bridge rectifier
consisting of diodes D; to Dy
Bridge h.t. rectifiers have been used
extensively by commercial receiver
and record player manufacturers for
quite a few years in applications of
this nature, but they do not seem to
feature very frequently in home-
constructor designs. The advantage
of the bridge rectifier is that it offers
full wave rectification from a single
h.t. winding and, therefore, enables
a cheaper and smaller mains trans-
former to be employed than is the
case with the two-diode full wave
circuit. “Suitable rectifiers and trans-
formers are currently available on
the home constructor market.*

Following conventional practice,
the rectified h.t. voltage appearing
across reservoir capacitor Co is
applied to the anode circuit of Vj,
whilst the smoothed voltage across
C, is fed to the screen grid of this
valve. Since the heavy anode current
of the output valve does not flow
through the smoothing resistor, the
latter suffers a low level of dissipa-

* For example, a mains transformer with
secondaries of 250 volt 60mA and 6.3 volt
2A is available from R.S.C. (Ltd.), 5 County

e, Leeds 1; and a 250 volt 75SmA
contact cooled bridge rectifier is available
from Henry’s Radio Ltd., 303 Edgware
Road, Londén, W.2.
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Mic. input

<

Speaker
t transformer

350V wkg.

Mains
tmn1s_form¢r

with Ry3

7%
Amplifier
chassis

D —Dg4 Bridge rectifier

250V 60mA

Fig. 1. The circuit of the combined record player and microphone amplifier

tion. Also, a relatively high h:t.
voltage is available for the anode.
The anode of Vi) obtains its h.t.
supply from the smoothed voltage
across Cy, further decoupling, given
by R3 and .C;, being provided for the
anode supply to Via).

It will be noted that the amplifier
does not incorporate negative feed-
back. This has been omitted as it is
anticipated that constructors making
up the amplifier will use an inexpen-
sive output transformer in the Tj
position. When an output trans-
former of this type is employed, it
frequently happens that only a low
level of feedback (say to the cathode
of Vi(v)) is possible before instability
sets in, with the result that no great
advantage accrues from the use of
the feedback. In the interests of
simplicity, therefore, feedback has
been omitted from the present
circuit.

Further Points

There are several further points
which require discussion.
. The first of these is that the pick-up
is shown as being connected direct
to the Gram Volume control, Rg.
This method of connection should
give acceptable results with many
crystal pick-ups, although it may be
found in some cases that pick-up
output is too great. In such an
instance, R¢ may be reduced to
500kQ and a resistor having a value

MAY 1964

lying between 470kQ and 1.5MQ
inserted in series with the upper end
of its track. When this alternative
circuit is employed, it may be
beneficial also to shunt the volume
control or the series resistor with a
capacitor of 50 or 100pF.

The Mic. Input socket may be of
the coaxial type. Alternatively, a
jack socket could be used. If a jack
is employed, it would be helpful to
fit a type which short-circuits the
input when the jack plug is with-
drawn, as shown 1 Fig. 2. This will
reduce the effect of hum pick-up in
the grid circuit of Via) when the
microphone is not plugged in, and
which could become audible when
the amplifier is used with records
only. Such hum, if at low level, will
be partly masked by background
noise (and damped out if a moving
coil microphone is used) when the
microphone is plugged in.

The speaker transformer may, as
inferred above, be an inexpensive
component. Its primary should be
capable of carrying a current of
50mA.

As will occur immediately to
readers who have had experience of
audio amplifier work, there will be a
strong risk of acoustic feedback if
the microphone is placed too close
to the loudspeaker when the amplifier
is set to a high gain level. This
acoustic feedback will result in the
generation of a howl. If the micro-
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phone is used in the same room as the
speaker it should be positioned
behind the latter (assuming that the
speaker is almost completely en-
closed at the back) whereupon
sufficient amplification without
acoustic feedback should be available
to meet the requirements of “pop
sessions” and the like. Obviously,
the Mic. Volume control will need to
be set, under these conditions, to a
level slightly below that at which
acoustic feedback occurs.

None of the component values in
Fig. 1 are in any way critical, and it
should be possible to employ
resistors with 209 tolerance in all
positions except those where a 109,
tolerance is specifically indicated.
All resistors may be } watt types
unless otherwise shown.

It is doubtful whether any diffi-
culties will arise due to instability at
other than audio frequencies. Never-
theless, there is a high level of gain
in the amplifier, whereupon such
instability becomes feasible. Should
this occur it may be cleared by
inserting a grid stopper resistor of
some 5 to 20kQ in series with the
control grid of V,. The resistor
should be fitted such that its body is
close to the valveholder tag.

Reducing Hum

It is probable that the greatest
difficulty likely to be encountered in
making up the amplifier is the
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To grid
VA_o_ ‘l of Viq
]
2R
Fig. 2. If a jack is

employed for the
microphone input socket,

this may have an
earthing = contact, as
shown here

obviation of excessive hum. Because
of this it will be advisable to take a
number of precautions.

The heater wiring to V; and V,
should be tightly twisted and kept
well away from the grid circuits of
Vi) and Vyp). The chassis connec-
tion to the heater circuit should be
made near the mains transformer.

Valve V; should be fitted with a
screening can, and screened wire
should be employed for the wiring in
Vi) grid circuit. It would be
preferable to employ the bus-bar
method of chassis connection, the
bus-bar being a length of heavy-
gauge wire connected to chassis at
one point only. In this instance, the
best point would be at the earthy
side of the Mic. Input socket. Chassis
connections should then be made to
this bus-bar in approximately the
same order as they appear in the
circuit. The heater earth may, on the
other hand, be made to chassis
instead of the bus-bar as was just
mentioned, If a coaxial socket is
employed for the gram pick-up, its
earthy side should be connected to
the bus-bar and not to chassis.
Since, however, the amplifier will
probably be employed in the same
cabinet as the gram deck it may not
be necessary to employ a chassis-
mounting socket for the pick-up in
any case, direct connections being

made instead. The metal housings
of R4y and R may be at chassis
potential (this being usually ensured
automatically by way of their
mounting bushes) but the earthy
ends of their tracks should be
returned to the bus-bar.

The gram deck metalwork may be
bonded to the amplifier chassis at

‘{\ho——L .
e} 1 Connections
. i IS to mains
:'T"f:ry L via 3-core
2 | : lead
*L..L._>NJ
= E
Amplifier
chassis

Fig. 3. Where three-way
mains sockets are
available, the amplifier
chassis may be directly
connected to earth

any convenient point. The screened
cable to the pick-up should only be
earthed to the appropriate point on
the bus-bar, and care should be
taken to avoid any connection
between this screening and the metal-
work of the gram deck.

Due to the isolation offered by the
mains transformer, it is possible to
connect the amplifier chassis direct
to a reliable earth. Thus, if a three-
way mains socket is available, the
amplifier may be fitted with a three-
core mains lead as shown in Fig. 3,
whereupon the use of the earth
connection may further assist in
reducing hum. It should be adequate
to make the earth connection to the
chassis at some convenient point
near the mains transformer, and not
necessarily to the bus-bar.

There is a slight possibility of
modulation hum, and this may
usually be cleared by reversing the

mains connections to the primary
of T2.

These precautions may appear to
be somewhat excessive for a simple
three-stage amplifier, but they are
nevertheless worthwhile because of
the very high gain offered by Vi)
and V() in cascade. Final tests for
hum should be made with both
volume controls at maximum and
with the grid circuit of Vj¢) open-
circuit. If a jack such as that shown
in Fig. 2 is used, hum tests should be
carried out with a dummy jack plug
inserted in order to break the
earthing contact.

It will be noted, incidentally, that
the mains on-off switch, S;, is ganged
with Rj3, instead of with either Rg4

or Rg. The reason for this is that
the mains wiring does not then have
45 4 &3V
200- 3
Vi (V2 500n "inding
9 5 " odTn

,_.__r\_t
AAAAA.
Ww

Fig. 4. When excessive
hum is difficult to
eradicate, it will prove
helpful to add a
humdinger

to approach the grid circuit of Vi),
and there is less risk of hum in
consequence.

If excessive hum is still trouble-
some despite all the measures referred
to above, it will be necessary to fit a
humdinger, as shown in Fig. 4. This
1S a pre-set potentiometer having a
value lying between 200 and 500Q
and it should be mounted near the
mains transformer. It is adjusted for
minimum hum. If desired, it may be
replaced, after setting up, by two
fixed resistors having appropriate
values.

PYE WINS LARGE CONTRACT
IN DENMARK

What is believed to be one of the largest single contracts ever placed for a mobile radiotelephone network has
been awarded by the Danish State Police to Pye Telecommunications of Cambridge, England.

This contract, valued at about £250,000, is for a fixed and mobile radiotelephone network to cover the whole of
Denmark. The radiotelephone equipment, which is to be fitted at police headquarters throughout the country and
in police cars and on motorcycles, is of the most modern design employing fully transistorised receivers and instant

heating transmitter valves.
at the Central Headquarters.

Transmissions from mobiles may be picked up at any of a number of reception points and
Automatic voting equipment selects the best signal at all times.

The tender was awarded to this British company in competition with both international and local manufacturers
and after extensive field trials by the Danish Police.
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High Quality
TAPE
AMPLIFIER

By B. M. SANDALL, G3LGK

N THE DESIGN OF A TAPE AMPLIFIER INTENDED FOR
use with the smaller type of deck, a number of
basic requirements have to be taken into account

if optimum performance is to be obtained. These
requirements will now be considered.

Basic Requirements

1. With the availability of high quality pro-
grammes, a recorder should do justice to the full
frequency range provided. This implies a good
frequency response between 40 and 10,000 c/s for
the average programme. Also, for the best sounding
result, the frequency response outside these limits
should not vary abruptly but, rather, fall away
gradually.

2. With the tape heads now available, . attention
has to be paid to good response, such that the
required frequency range can be obtained at 33in/
sec on most decks (and at 1§in/sec on a few out-
standing models). The small deck can then give.
excellent results in this respect.

3. To obtain the greatest realism in the final resuit,
the signal-to-noise ratio must be good, whereupon,
in tape equipment, two main problems arise. The
first of these is that the gain required in a tape play-
back system is so high that even the smallest stray
hum pick-up in the early stages of the amplifier can
be disastrous. In the system to be described in this
article, hum is negligible even with playback gain
set to maximum, a circumstance which is seldom
necessary. The second problem is that “hiss” from
the tape system may arise from the use of unsuitable
components, circuitry or tape. The circuit to be
described here ensures that the hiss reproduced at
full gain is due to the tape rather than circuit short-
comings, and is completely negligible when using
good tape.

General Arrangement of Recorder

Bearing in mind the points just mentioned, the
only question which the constructor must decide is
the model of deck to use. For all general purposes,
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with the noted exception of piano and church organ
recordings, the level of speed variations in the
B.S.R. “Monardeck” type TD2 was found to be
entirely satisfactory, and this was the deck used by
the writer in the prototype recorder. Those inter-
ested in obtaining exceptionally good piano and
church organ recordings, which are found to show
up even the slightest “wow”, or speed variation,
would require a more expensive deck.

Having decided on the deck to be used, the other
main points of the recorder may be decided.

In this unit, the internal loudspeaker was intended
as a monitor only, and the fullest quality can only
be expected when a good external speaker is used.
Even so, very good results are obtained “as is” for
general domestic use.

The complete recorder was to be housed in a
small case, and be reasonably portable as a complete
unit. The prototype weighed 18lb complete.

Amplifier Circuit

Provision has been made in the amplifier for the
usual connection points and facilities. Briefly, these
are:

1. Inputs for microphone, gram or radio.

2. Low level output for external amplifier when
needed (also suitable for feeding a second recorder
when re-recording).

3. Use of the amplifier for radio, gram or micro-
phone, without using the tape facility.

4. Monitoring whilst recording, either via an
external speaker or via the low level output socket
and external amplifier.
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5. Automatic muting of the internal speaker when
an external speaker is plugged in and, also, during
recording. (The external speaker may still be used
during recording, if desired.)

6. De-magnetising of the tape heads every time
the amplifier is switched off the recording position.
This is essential to avoid hiss in the final recording.

7. When recording, the amplifier gives excellent
results with almost any good microphone, being
sufficiently sensitive even for the best ribbon types
(one millivolt sensitivity).

8. From the quality point of view, the use of twin
track recording is recommended, but the final
decision is-left to the constructor, as head switching
is simple enough on the standard B.S.R. 4-track
model, and will not affect the choice of circuit in
any way. The prototype employed the 2-track model.

These points considered, we may now discuss the
main amplifier circuit and construction.

The Main Amplifier Chassis 7

The main amplifier chassis houses all the ampli-
fying stages, and is built in the normal box form,
enabling the controls to be grouped conveniently
at the front of the deck. The circuit diagram is
given in Fig. 1,
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The first stage employs a low noise pentode type
6BR7. This is the most critical stage of the amplifier,
and has been designed to take no more current in
the anode circuit than is needed to provide the
required amount of low distortion signal for the
following stage. This ensures that the high stability
resistor in the anode circuit is given the best chance
to live up to its name.

The first stage is only used during playback, and
its grid is earthed during recording to avoid any
possibility of unwanted signals reaching the record-
ing circuit. Its output is also disconnected from the
following stage by the insertion of the microphone
plug in its socket. )

To make the frequency response of the system as
level as possible, a tone equalisation circuit is in-
cluded between the output of the first stage and the
input of the second. This circuit allows for a large
amount of bass lift, and also a small amount of
treble lift at the extreme upper end of the range,
this being needed to correct for the losses which
normally occur in a tape recording system. Inserting
the tone correction circuit in this position in the
amplifier ensures that it is automatically discon-
nected during the recording process, the small
amount of correction needed for recording being
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Components List
(Fig. 1)

Resistors

(All fixed resistors 4 watt 10% unless otherwise
specified)

R; 2MQ

R;™ 390kQ

R;  100kQ high stability
Ry 1kQ

Rs 150kQ

Rs 100kQ

R7  500kQ potentiometer, linear track
Rz 27kQ

Ry 2MQ
Rjp 2.2kQ
R;; 1kQ
Rj2 220kQ
Rj3 33kQ
Rjs 100kQ
Ri;s IMQ

Ris 500kQ potentiometer, log track
R;7 100kQ

Ry 1kQ

Rjo 680kQ

Rjp 5.6kQ

Ry 3Q 2 watt

Ry 470Q

Ry; 68kQ

Ryy 47kQ

Rys 500kQ potentiometer, linear track, pre-set
Rys 10MQ

Ry7; IMQ

Capacitors
C;  330pF ceramic or silver-mica
C;  0.1uF paper’
C3  50uF electrolytic, 6V wkg.
Cs  O.1uF paper
Cs  8uF electrolytic, 350V wkg.*
Cs  8uF electrolytic, 350V wkg.*
C;  500pF ceramic or silver-mica
Cs  0.002uF paper
Co  0.02uF paper

* In single can

provided at a later stage in the amplifier.

The second stage consists of oné-half of a double-
triode type 12AX7. Once again, this must be
regarded as a fairly critical stage, as it is the first
stage of the amplifier when recording from low level
signals, such as are given by microphones. Other-
wise, the stage has a very straightforward circuit,
and calls for no special comment. During playback,
it is the second stage of the amplifier. Due to the
use of a 2MQ grid leak, the recorder may be used
with crystal microphones of almost all types, in
addition to other microphones with high impedance
outputs.

The third stage is the other half of the 12AX7,
and it provides additional amplification both on
record and playback. During recording, when using
the high level input socket, the signal is fed to its
grid, the plug again disconnecting the previous
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Cio 0.05¢F paper

Ci1 0.054F paper

Ci2  16pF electrolytic, 350V wkg.
Ci3  0.1uF paper

Ci4 '0.1uF paper

Cis SOuF electrolytic, 25V wkg
Cis SO0OpF ceramic or silver-mica
C17 SO0pF ceramic or silver-mica
Cis  0.1uF paper

Valves

Vi 6BR7

V2 12AX7

V3 ECLS2

Vs Y63
Diode

D; OAS8I
Switches

S1  4-pole 3-way (Record—Wind/Amp—Play-

back)

Sockets and Plugs

J1, 2, 3 Jacks with break contact

Sockets A, B Coaxial sockets

Jack plugs and coaxial plugs to suit above
3 BYA valve holders

1 Octal valve holder

Transformer
T;  Speaker transformer, 45:1 or 50:1, 60mA.
primary, 3 watts

Record/Playback/Head
See text. Prototype used head fitted to B.S.R.
“Monarch™
TD?2 twin-track deck

Speaker
7 x 4in 3Q loudspeaker

stages in the interest of lowest noise level. The
output of the third stage is passed to the volume
control, which is thus in a position to control the
gain on both recording and playback.

It will be noted that no cathode bypass capacitors
are employed with the 12AX7. This results in con-
siderable negative feedback, and quality improves.
If a microphone with a very low output is used,
the gain may be increased to suit by decoupling the
first cathode with a 25uF capacitor, but the proto-
type gives sufficient gain for a Reslo ribbon micro-
phone (with transformer step up) without the
necessity for bypassing either cathode of the 12AX7.

The Fourth Stage

Following the volume control, there, are strictly
speaking, two stages, but ds they are so closely
allied to each other we will consider them as a
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single stage for our purpose. This may be even
more acceptable when we see that the fourth
‘“stage” consists of an ECL82 dual valve.

The needs for the fourth stage are quite different,
depending on whether the unit is being used for
replaying or recording a tape.

On playback the ECL82 acts as a high quality
output stage capable of about 3 watts of high
fidelity output to a 3 ohm speaker, which may be
either external or internal. Heavy negative feedback
is employed to reduce the distortion to a very low
level, and particular care has been taken to see that
the output is correctly matched to the loudspeaker
load. This is most important, as the same circuit
is used during recording to supply the actual
recording signal to the head, and any distortion
produced in the output would also be recorded.

When recording, the ECL82 stage is the last part
of the recording amplifier, and it feeds the recording
head via a suitable network, part of the signal also
being used for the recording level indicator. Whilst
in use for this purpose, a loudspeaker may be used
to monitor the programme by way of the external
speaker socket. Plugging in the external speaker
overrides the automatic muting which is applied to
the internal speaker during recording, and the
external unit will function normally. The limitations
to this method of monitoring are that it may not
be used during recording via the microphone
because of feedback, and the volume level must still
be set to suit the recording process. The design is
such, howeyver, that a comfortable speaker volume
is then produced. The components in the recording
network have been chosen to give the necessary
treble boost during recording, and they have no
effect whatever on the reproduction from the
speaker.

The function switch has three positions: Record,
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Components List
(Fig. 2)

Resistors |
(A1l resistors % watt 109 unless otherwise specified)
R2s
Ryo 1kQ 1 watt
R3p 47kQ
R3; 1000 1 watt

Capacitors
Ci9 300pF compression trimmer
Cyo 0.005uF mica 350V wkg.
Cs;  0.0054F mica 350V wkg.
Cy2  0.005uF mica 350V wkg.
Cy3 2uF electrolytic 150V wkg.
Cy4 8uF electrolytic 350V wkg.

Valve
Vs 12BH7
Sockets and Plugs

2 coaxial sockets and plugs
1 B9A valve holder

Transformer
T,  Push-pull bias/erase oscillator transformer
type WF1388 (Mullard). Available from
Home Radio (Mitcham) Ltd., under Cat.
No. PATS85B

Wind/Amp and Playback. It will be noted that the
record/playback head is still connected in circuit
when Wind/Amp is selected. This connection is
necessary as it ensures that the head is demagnetised
by a slowly dying signal from the oscillator. Other-
wise, the sudden breaking of the bias signal when
switching from Record could magnetise the head,
causing noise and distortion on the recorded tape.

Tone Control

After the care taken in the first stages of the
amplifier to obtain a level frequency response, very
little additional tone correction will be found
necessary. A simple type of treble cut control has
been included for use when desired, but even this,
in the writer’s unit, is usuaily at the level response
position. On the other hand, it will quite often be
found desirable to employ additional tone controls
when recording from a pick-up, etc., and a circuit
which has been found very useful is shown in Fig. 5.
This is a circuit employed in the Mullard series of
pre-amplifiers. It is built up into a unit which is
independent of the main recorder, whereupon it
forms a very handy accessory when recording from
records or any source where bass or treble lift or
cut is desirable.

The tone control may be fitted in a small case,
say 6 x 2 x 2in, and its output is taken to the micro-
phone input of the recorder to make up for the loss
of signal which occurs in the control circuit. With
the recorder gain set at about mid-position, the
auxiliary volume control may be used to avoid
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overloading when working from large inputs, such
as would be given by a crystal pick-up.

The Recording Level Indicator

The type of indicator employed is the tuning
indicator type Y63. This is very satisfactory in use,
gives a better response to fast signals than a meter
could provide and does not require an expensive
circuit. It is fed from a diode, which rectifies a
portion of the output signal to feed d.c. to the
control electrode. A pre-set control, Rys, is provided
to set the indicator deflection to a suitable sensi-
tivity.

The Bias Oscillator

To obtain the lowest background noise on the
recorded tape, a good bias waveform is required,
and it is produced here by the use of a push-pull
oscillator incorporating a 12BH7 valve. (See Fig. 2.)
The low impedance secondary of the coil is used to
supply the erase head, and the bias is obtained via
capacitor Cyo from one anode of the oscillator.
The oscillator frequency is approximately 50 kc/s.

To obtain the best frequency response from the
complete equipment, some means of adjusting the
bias voltage at the recording head is needed, and
this is provided by Cjys,.

Construction—The Main Amplifying Stages
The most essential requirement with the main

Components List

(Fig. 3)
Resistors
R3z 100Q 109% 4 watt
R3; 100Q 10% 1 watt
R3s 30Q 209 5 watts
R3s 3500 209 3 watts

Capacitors )
Cys 100uF 350V wkg. electrolytic
Cys 200uF 350V wkg. electrolytic

Valve
Ve EZ80

Switch
S;  2-pole 1-way mains on-off

Socket
1 B9A valve base

Transformer

T3  Mains transformer, fully shrouded, upright
mounting. Primary: 200/220/240 volts.
Secondaries: 250-0-250 volts at 60mA ;
6.3 volts at 2.5 amps (minimum); 6.3
volts at 0.6 amps (minimum). Note: Vg
heater could run from a common 6.3 volt
3 amp secondary with V; to Vs

Fuses
1 1 amp fuse and holder
1 250mA fuse and holder
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amplifying stages is to use a busbar type of earth
lead to which all earthing points in the circuit are
taken. The busbar is connected to chassis at one
point only, this being at the tape head input socket.
The general layout of the main components may be
judged from Figs. 4 and 6. ;

The metal case of the capacitors Cs, Cs and Cy
is not connected to the chassis, it being insulated
with suitable taping at the mounting clip. The case
is then earthed by a lead to the busbar. This
practice avoids the multiple earth paths which so
often result in hum. The busbar is shown in Fig. 1
in heavy line, and the various components should
be connected:to it as nearly as possible in the same
sequence as occurs in the circuit. In connecting the
power supply to the main amplifier chassis, the only
earth connection should be made via the h.t.
negative lead to the end of the busbar remote from
the input end of the amplifier. No other connection
should be made to the chassis of the power supply
as the possibility of earth “loops” causing hum is
then considerable. There is no actual connection
between the heater supplies and the chassis of the
main amplifier, this being made, in the power supply
unit, to the negative h.t. lead. The heater wiring
in the amplifier should be twisted and laid close to
the chassis.

Screened wire is employed in some parts of the
circuit as indicated in Fig. 1. In Fig. 6 the upper
and lower sides of the chassis are shown opened
out flat, and this diagram illustrates the wiring
layout around the record/playback switch. The
leads from the recording amplifier output and those
in the loudspeaker circuit should be laid as close
to the chassis as possible, and away from other
components in the amplifier. One end of each
screened lead in the amplifier (apart from those
illustrated in Fig. 6) is earthed to the busbar at
one point only along its length, and is not allowed
to touch the chassis elsewhere. It is relatively
unimportant which end of a screened lead is
earthed. In the prototype, coaxial cable of good
quality was used for the screened leads.

250mA

Main HT+
250V

R34 Rag

AAAA_ - AAAAA. -
vyyy yyyy

4+

=] 6
ol

Chu;;
( busbar in
amplitier)

Cas

Fig. 3. The power supply
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~ It should be added that, since the circuit uses a
separate pre-amplifier stage (V;) for playback,
wiring to the switch is far less critical then with
many other circuits. Feedback is caused by close
coupling between the input and output circuits.
The recording output is earthed during playback,
and the grid of V; is earthed during Record or when
the amplifier function is selected.
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Fig. 5. A tone control unit which may be employed

externally. It forms a handy accessory for recording

from records or from any source where bass or treble
lift or cut is desirable
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When completed, a metal bottom and metal end-
covers should be fitted to the amplifier chassis to
ensure complete screening.

Oscillator Construction

The r.f. signal generated by the bias ¢scillator
has a nasty habit, if no care is taken, of leaking
into other circuits of the main amplifier, with often

Components List
(Fig. 5)

Resistors
250kQ potentiometer, log track

R37 39kQ 10% 4 watt
Rig 68k 109 4 watt
R3g 250kQ potentiometer, log track
R4o 6.8k 10% 4 watt
R4 250kQ potentiometer, log track
Capacitors
Cy7 560pF silvermica or ceramic
Cys 8,200pF silver mica or ceramic
Cp9 0.002uF paper
C3o 0.02uF paper
Sockets and Plugs

2 coaxial sockets and plugs
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unusual results in respect of amplifier performance.
For this reason, the bias oscillator is constructed
on a small chassis, separate from the main unit, and
connected to the appropriate points by screened
leads.

The small chassis is then mounted at the rear of
the cabinet, away from the main amplifier chassis.

The Power Supply

The main enemy of tape heads and amplifiers,
namely the mains transformer and smoothing
circuit with its stray magnetic fields, is also mounted
on a small chassis, this being again situated at the
rear of the cabinet. Fig. 3 shows the power supply
circuit.

To keep hum on the h.t. line down to a very low
level, smoothing is carried out by a TV type of twin
capacitor having a value of 100+200pF. This gives
a very quiet background, even though the usual
smoothing choke is replaced by a resistor. This last
point also has the advantage of removing another
source of stray magnetic fields from the construc-
tion. A transformer giving 250-0-250 volts is quite
adequate, and does not strain the 350 volt reservoir
and smoothing capacitors unduly.

General Layout

The general layout inside the case is shown in
Fig. 4. The depth of the case is 44in, the tape deck
being mounted on a wooden panel at the surface.
The depth of the power supply and amplifier chassis
is 4in, and that of the oscillator chassis 3in. The
general layout shown should enable electronic
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components to clear the underside of the deck, and
this point should be checked in individual units
owing to possible variations in component size.

To prevent the formation of hum loops in the
supply wiring, the h.t. negative supply from the
power unit connects to the main amplifier chassis
only. This supply is then carried to the oscillator
chassis via the outer conductor of the screened cable
carrying the bias voltage. Thus, the bias cable
between the two chassis must be connected before
the oscillator receives h.t. There is no other earth
connection to the oscillator chassis. As may be
gathered from Fig. 6, the h.t. positive supply to the
oscillator chassis is routed back via the power supply
chassis.

The deck is earthed by a single lead to the power
supply chassis. Care must be taken to ensure that
no connection exists between any of the head leads,
or their screening, and the tape deck.

Setting Up

With the main selector switch set to the amplifier
position, the unit may be tested as any normal audio
amplifier. When satisfactory, it should be switched
to Record, and a test recording made. This is then
played back by rewinding and switching to Playback.
There should be no setting up required in the
Playback position, so this may be taken to give a’
good guide as to the recorded quality.

In setting up the bias control, the point should
be chosen where quality is least distorted. If too
much bias is used, the signal will be short of treble,
whilst if insufficient is used, distortion will be
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evident. Bias is increased by screwing in the com-
pression trimmer Cjg, and reduced by screwing it
out.

With practice, the optimum amount of gain, and

the deflection it gives on the indicator, will soon be
found. By adjustment of the pre-set control in the
indicator circuit, a convenient deflection may then
be set for the full modulation level.

HE TRIGISTOR IS A THREE TERMINAL P.N.P.N.
silicon semiconductor device manufactured by
Solid State Products Inc. of Massachusetts.

It is basically the same type of device as the silicon
controlled rectifier, but has been primarily designed
for use in logic and multivibrator circuits where the
power is small. The functioning of thé Trigistor
will not be discussed in detail since it is similar to
that of the silicon controlled rectifier, the operation
of which was described in “The Silicon Controlled
Rectifier’” by M. J. Darby (The Radio Constructor,
September 1962, page 93).

The Trigistor is normally in its non-conducting
or high impedance state, but when a positive-going
pulse is applied to its trigger electrode the device
conducts. The Trigistor returns to its high resistance
state when the current passing through it falls
sufficiently or when a negative-going pulse is applied
to the trigger electrode.

The two characteristic stable states possessed by
this device make it ideal for use in multivibrator
circuits. The simplification which can be achieved
by the use of a Trigistor instead of the conventional
transistor multivibrator circuit is apparent from
Figs. 1 and 2. This simplification is possible because
the Trigistor, like the silicon controlled rectifier, is
effectively two transistors in one unit. Simplification
+v

Fig. 1. The basic Trigistor bistable circuit
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THE TRIGISTOR

By J. B. Dance, M.Sc.

of circuitry tends to bring the added advantage of
increased reliability.

In the conducting state, currently manufactured
Trigistors pass a current ranging from about 1 to
8mA, the voltage drop from the collector to the
emitter being less than 1 volt. The dynamic resist-
ance is about 10Q in the conducting state. In the
high resistance state the Trigistor leakage current is

+V
=z =
= -3
< <
O Volts
]. 1 -v
|
Input-—ﬁJ
Fig. 2. The conventional transistor bistable circuit

normally less than 1pA. Repetition rates of up to
about 200 kc/s can be attained with the present
series of Trigistors, but the manufacturers expect
this frequency to be raised to at least 1 Mc/s as new
types are developed.

The use of Trigistors in various types of multi-
vibrator circuits, memory circuits, shift registers, ring
and binary counting circuits is discussed in the
publication 4 Survey of Some Basic Trigistor
Circuits (3C Series of Silicon Trigistors), which is
available from the manufacturers, Solid State
Products Incorporated, 1 Pingree Street, Salem,
Massachusetts, U.S.A. This publication is Bulletin
No. D410-02, 3-60.
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NEWS AND COMMENT ..

BB.C. 2

We shall soon know whether
B.B.C. 2 is to be a true alternative
to B.B.C. 1, and whether we shall
escape from the tyranny of two
competing systems competing for the
same audience at the same time.

The programmes are certainly not
going to be all of the Third Pro-
gramme variety as the following
details of future broadcasts show.

On Saturday afternoons there will
be a two-hour live magazine from
4 p.m. to 6 p.m., introduced by Gay
Byrne, as an alternative to sport.
Saturday evenings will have “Inter-
national Cabaret”, produced and
directed by Buddy Bregman, with
the top-line artist being given a
twenty to twenty-five minute spot.
Heading the list in the first show is
Shirley Bassey. Other top-liners
signed include Roy Castle, Anna
Maria Alberghetti, Gordon and
Sheila Macrea, Mel Torme, Margaret
Whiting and Juliet Prowse. Al-
together fourteen programmes are
ready in outline.

On Sundays there is a musical
show, “The Best of Both Worlds™,
presenting the world’s leading com-
poser-arrangers. So far they include
Mantovani, David Rose, Robert
Farnon, Nelson Riddle, Stanley
Black, Andre Previn, Percy Faith
and Frank Chacksfield.

Monday has a new-style comedy
show which has no script, but with
ad lib. sketches and material
prompted by the audience. The
producer, David Croft, explains that
the idea is an extension—in light
entertainment terms—of exercises
carried out in drama school. Those
taking part include Lance Percival,
Victor Spinetti, Peter Reeves, Jeremy
Hawke and Anne Cunningham.

Jazz is being presented for the first
time in a regular series on Tuesdays.
Duke Ellington has recorded two
programmes and other editions will
feature Dave Brubeck, the Modern
Jazz Quartette and Oscar Petersen.
In addition there would be single
shows from Tony Bennett, Allan
Sherman and Arkady Raikin.

Pinhead Amplifier for Distant Light

Signals

One of the newest aids to space
communications is a tiny device, not
much bigger than a pinhead, which
is sensitive to extremely faint light
and which can detect and amplify

signals carried on as little as one-

thousand millionth of a watt of light.
It was developed by David E.
Sawyer of the Sperry Rand Research
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Centre and is called a photopara-
metric diode. It may eventually
become the heart of a communica-
tions receiver unit no bigger than a
matchbox, which could be used in
space.

Mr. Sawyer says that more
advanced models of the device may
be able to detect and amplify a signal
carried through space of only one
trillionth of a watt of light. (A
trillion is the numeral one followed
by 18 zeros.) Detecting such an
infinitesimal amount of light is
roughly comparable to someone on
the moon being able to see the glow
from a single 400-watt bulb in a
lamp on earth.

Pictures That Make Figures

Specialised electronic equipment
that can convert graphs, maps and
engineering drawings into digital
information in the form required for
a computer is made by Benson-
Lehner, a firm that has broken new
ground in feeding graphics into a
computer and getting graphics out.
The “picture” to be studied is
electronically scanned and auto-
matically converted into a series of
mathematical points which feed
directly into the computer. The
Teverse process is to accept digital
data from a computer and convert
it into graphical form. . Weather
charts, traffic surveys, PERT critical
path analyses and machine tool
control data are among the applica-
tions to which the plotters can be
put.

The company calls its equipment
“the eyes and hands of the com-
puter”’.

Road Safety

The ingenuity with which advances
in electronics are applied to various
activities is a fascinating study. We
recently learned of a new use for
closed-circuit television. American
scientists are studying the cause of
highway accidents with a driving
simulator.

A saloon car is part of the
simulator but it does not move.
Instead, a screen in front of the
windscreen gives the driver views he
would normally see from a car in
motion.

The illusion of driving is created
by a closed-circuit television system
set up on the model of a landscape,
over which the TV camera moves in
accordance with the way the driver
steers the car.

The model landscape contains
miniature houses, telegraph poles,
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various types of road lines, curbs,
moving and stationary cars and
pedestrians, all of which appear to
the driver in life size on the screen.
To add realism, an engine-sound
generator under the bonnet dupli-
cates the sounds made by a moving
car.

Throughout his manoeuvres the
driver’s actions and reactions are
watched from a monitoring console.

The device simulates normal
driving conditions at speeds up to 70
miles an hour and can give the
illusion of driving at dusk and at
night, as well as in sunlight.

The simulator was designed by the
Goodyear Aerospace Corporation of
Akron, Ohio.

Shakespeare and The Radio Amateur

St. George’s Day, 23rd April,
1964, will mark the 400th Anniver-
sary of William Shakespeare’s birth
and will be celebrated throughout
the world, particularly at Stratford-
upon-Avon, where there will be a
Festival of commemorative activities
extending from April to September.

The Stratford-upon-Avon and
District Radio Club will be operating
an amateur radio station.

The station will be in Henley
Street overlooking Shakespeare’s
birthplace and the call sign will be
GB2WS. The public will not be
allowed in the station but they will
be able to see and, most probably,
hear what is going on.

A special request was made to the
Postmaster-General for the use of
the call sign GB2WS and the club is
most grateful that permission was
granted.

A unique QSL card has been
compiled for this occasion which
will depict a photograph of the
poet’s birthplace and the motif
specially designed for this Festival.

Leading radio manufacturers have
lent their equipment to set up this
station. We hope their kind co-
operation will bring much pleasure
to those amateurs in many parts of
the world who will be unable to go
to Stratford-upon-Avon.

The festivities start on 22nd April
with the opening of the new Shake-
speare Centre, so it is hoped that
Station GB2WS will go on the air
that evening about 17.00 hours
G.M.T. 1t will continue on 23rd,
24th and 25th April from 08.00 to
17.00 hours G.M.T. on the 20, 40
and 80 metre bands.

All contacts will be acknowledged
by QSL through the R.S.G.B.
Bureau,
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understanding

N LAST MONTH’S ARTICLE IN THIS SERIES WE
continued our discussion on sound reproduction,
dealing in detail with the magnetic diaphragm

earphone. We shall now carry on to the loud-
speaker.

The Moving-Coil Loudspeaker

The loudspeaker, or speaker, is a very familiar
device, and its function is to reproduce, as sound,
the electrical signals fed to it. There are a number
of different types of loudspeaker, but one of these,
the moving-coil loudspeaker, is employed very much
more frequently than any of the others. We shall,
in consequence, commence by dealing with this type
of loudspeaker.l

To understand the functioning of the moving-coil
loudspeaker we have, first of all, to return to the
basic relationships between electric current and
magnetic flux which we examined in Part 12 of this
series.2 At that time we saw that, if a current is
passed through a straight conductor, a circular
magnetic field appears around it. This may be
demonstrated by the situation illustrated in Fig.
205 (a), which shows some of the lines of magnetic
force about the conductor. The direction of
magnetic lines of force is from north pole to south
pole, and the individual lines are provided with
arrows which indicate that direction. In Fig. 205
(a), the upper end of the conductor is connected to
the positive terminal of the source of e.m.f. which
causes the current to flow, the lower end being
connected to the negative terminal. For our present
discussion, it will be helpful to view the conductor
end-on, as in Fig. 205 (), it being assumed here
that the conductor passes at right angles through

1 The moving-coil loudspeaker is also referred to, particularly in
American literature, as the dynamic loudspeaker or, sometimes, the
electro-dynamic loudspeaker.

2 “Understanding Radio”, part 12, August 1962 issue.
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By W. G. MORLEY

the paper on which the diagram is printed. The
positive end of the conductor (the upper end in
Fig. 205 (a)) is now towards us, and we indicate
this fact by putting a + sign at the end. The
circular field is then that which appears in the plane
of the paper, and it will be noted that the direction
of the lines of force is clockwise. Fig. 205 (c) shows
what occurs if we re-draw Fig. 205 (a) in the same
manner, but with the negative end of the conductor
towards us. We indicate that this is the negative
end by putting a dot in the centre of the circle which
represents the end-on view of the conductor. Once
more we obtain our circular magnetic field, but the
direction of the lines of force is now in the opposite
direction, i.e. anti-clockwise.

In Fig. 206 (@) we see a horseshoe magnet together
with the lines of force which appear immediately
between its two poles. The direction of these lines
of force is, as indicated, from north pole to south
pole. In Fig. 206 (b) we introduce the conductor
of Fig. 205 (@) between the poles of the magnet and
with the positive end towards us, whilst in Fig.
206 (c) we show the same state of affairs with the
conductor drawn end-on. We also add the circular
magnetic field around the conductor.

I we now examine Fig. 206 (¢) we will note that,
to the right of the conductor, the circular lines of
magnetic force are in the same direction as those
due to the permanent magnet whilst, to the left of
the conductor, they are in the opposite direction.
As a result, the strength of the magnetic field to the
right of the conductor becomes increased, because
the field from the conductor augments that from the

‘permanent magnet. At the same time, the strength

of the magnetic field to the left of the conductor
becomes weaker, since the lines of force in opposite
directions cancel each other out. The result is that
the composite field takes up the appearance shown
in Fig. 206 (d).

THE RADIO CONSTRUCTOR
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The lines of force in Fig. 206 (d) are considerably
different from those shown in Fig. 206 (a) because
they are distorted out of their natural shape. In
consequence they exert, upon the conductor, a force
which will allow them to revert to their original
condition. (Another way of stating this is to say
that lines of magnetic force tend to follow the
shortest path and that, if they have the same
direction, they repel each other. The lines of force
to the right of the conductor are longer and more
compressed than those to the left of the conductor,
and they exert a force to the left in consequence.)

If the conductor is free to move it will then be
shifted to the left, as indicated in Fig. 206 (e).
However, since it remains in the magnetic field due
to the permanent magnet the same conditions as
exist in Fig. 206 (d) will still apply; and it will
continue to-be shifted to the left until it has passed
to a point on the outside edge of the magnet field
where field strength is negligible. If, on the other
hand, the conductor is held in position by a
restraining force, such as would be given by a
spring, it will suffer displacement to the point at
which the restraining force offered by the spring
becomes equal to the force resulting from the
interaction of the two magnetic fields. This dis-
placement will increase if the strength of the
magnetic field about the conductor increases, due
to increased current flow through it. The displace-
ment will also increase if the strength of the field
due to the permanent magnet increases (as would
occur, for instance, if the magnet were replaced by
a more powerful one).

Fig. 206 (). The lines of force immediately between
the poles of a horseshoe magnet
(b). Introducing a straight conductor, with positive
end towards the reader, between the poles of the
magnet
(c). The lines of force_about the conductor of (b)
together with those due to the permanent magnet
(d). The combination of the two fields causes a force
to be exerted on the conductor, moving it to the left
(e). Even after the conductor has shifted to the left,
it is still in the field of the magnet, and it is still
subject to the force
(f). If the negative end of the conductor is towards
the reader, the interaction of magnetic fields causes
it to suffer a force moving it to the right
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Fig. 205 (a). When a current is caused to flow through
a conductor, circular lines of magnetic force appear
around it, as shown here
(b). In this diagram the conductor of (a) is viewed
end-on, with the positive end towards the reader.

5 The field has a clockwise direction
(). If the negative end of the conductor is viewed
end-on, the field has an anti-clockwise direction

When the current flowing in the conductor is
reversed in direction, as in Fig. 206 (f) where the
negative end is towards us, the field around the
conductor becomes anti-clockwise. This then
augments the permanent magnet field on the - left
hand side of the conductor, and reduces the field
to the right of the conductor. The conductor then
suffers a force moving it to the right.

By employing similar reasoning it may also be
seen that the force applied to the conductor reverses
in direction if the permanent magnet field is reversed.
If, therefore, the permanent magnet of Fig. 206 (d)
is turned over so that its north pole is below the
conductor and.the south pole above, the conductor
will suffer a force moving it to the right instead of
to the left. Similarly, if the permanent magnet
poles of Fig. 206 (f) are reversed, the conductor will
suffer a force moving it to the left instead of to
the right.

Lines of force

?@N i

Horses‘hoe magnet

End of conductor

® ®
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Fig. 207 (a). Cross-sectional view through a typical
magnet and pole-piece assembly for a moving-coil
loudspeaker. It is assumed here that the upper end
of the cylindrical magnet has a south pole
(b). As may be gathered from this top view, the
pole-piece assembly completely encloses the magnet,
leaving only a circular air-gap

Cylindrical

Top of magnet
rod magnet \
\

Pole-piece assembly

In a moving-coil loudspeaker, the magnet
employed may take up the appearance illustrated
in Figs. 207 (@) and (b). In these diagrams we have
a cylindrical rod magnet having a pole at either end.
The lower end of the magnet is fitted to a soft-iron
pole-piece assembly which completely encloses it
except for a small circular air-gap at the top end.
Fig. 207 (a) shows a cross-section through the centre
of the construction whilst Fig. 207 (b) gives a top
view showing the air-gap and the upper end of the
cylindrical magnet. Due to the presence of the
pole-piece assembly, the pole at the lower end of
the rod magnet is now effectively shifted until it
appears in the pole-piece metal surrounding the
upper end of the rod magnet. In consequence, a
strong magnetic field appears across the air-gap,
the lines of force taking up the form shown in
Figs. 207 (@) and (b). In these two diagrams we
assume, for purposes of explanation, that the upper
end of the bar magnet has a south pole, whereupon
the direction of the lines of force is towards the
magnet.

In Figs. 208 (a) and (b) we introduce into the
air-gap a coil wound on a thin cylindrical former,

Coil and former

©] ®

Fig. 208 (a). Introducing a coil and former into the
air-gap
(b). Top view of the coil and former inside the air-gap

Former Coil

e
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this being so mounted that it is free to move in and
out of the assembly without touching either side of
the air-gap. We then apply a source of e.m.f. such
that the outer end of the coil is positive. The result
is shown in Fig. 209 (a), wherein we have turned the
assembly through 90° in order that it may be
compared with Fig. 206. The situation existing in
the upper part of the air-gap is, now, exactly the
same as occurred in Fig. 206 (d), apart from the fact
that, because we are employing a coil, we have
more than one conductor in the permanent magnet
field. As in Fig. 206 (d) the permanent magnet
north pole is uppermost. Similarly, the current
flowing through the conductors is in the same
direction as occurred in Fig. 206 (d), and so we may
put a + sign in their centres. Exactly as occurred
in Fig. 206 (d) these conductors then suffer a
displacemient to the left.

<
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Fig. 209 (a). The effect of applying an e.m.f. with the

polarity shown here causes the coil to move to the

left. Reversing polarity causes it to move to the right

(b). The vibrations of the coil former may be made
audible by coupling it to a cone

The current flowing in the coil conductors in the
lower section of the air-gap of Fig. 209 (a) cor-
responds to a positive terminal below the paper (or
a negative terminal above) whereupon we may place
a dot in their centres, similar to that shown in
Fig. 206 (f). In consequence the field about the
conductors is now anti-clockwise. This does not
result in these conductors moving to the right,
however, because the permanent magnet field in this
section of the air-gap (compared with that in the
upper section) is also reversed. As a result, this
section of the coil moves to the left as well.

The above description of operation applies to any
cross-sectional view of the coil in the air-gap, and
it may be summed up by saying that, under the
conditions shown in Fig. 209 (a), all sections of the
coil suffer a force causing them to move to the left.

If the current flowing through the coil is reversed,
all sections of the coil will suffer a force moving
them to the right.

THE RADIO CONSTRUCTOR
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We now have the basic requirements for a moving-
coil loudspeaker and the next step consists of
adding a cone to the coil former, as in Fig. 209 (b).
This cone will then move to the left or right according
to the direction of the current flowing through the
coil. If we apply an electrical signal obtained from,
say, a carbon microphone and transformer,3 then
the cone will move in sympathy with the com-
pressions and rarefactions which 1mpmged on the
microphone diaphragm and will, in consequence,
reproduce the original sound.

In Figs. 207 and 209 (q¢) we assumed that the
centre pole of the magnet and pole-piece assembly
was a south pole, since this assisted in the process
of explanation. However, the polarity of the magnet
is unimportant in practice, since the function of the

3 See ““Understanding Radio”’, part 30, February 1964 issue.

loudspeaker is to reproduce an alternating quantity
in frequency and amplitude. Reversal of magnet
polarity merely results in the cone moving inwards
where it would otherwise move outwards, and this
does not affect the reproduction from a single loud-
speaker. Whilst referring to this point, it should be
mentioned that for certain applications employing
more than one loudspeaker fed from a common
signal, it is desirable that all the loudspeaker cones
move inwards and outwards in unison (i.e. in phase).
If for any reason the cone movement of one loud-
speaker is out of phase, it may be brought into
phase by the simple process of reversing the connec-
tions to its coil.

Next Month ;
In next month’s article we shall continue to
examine the moving-coil loudspeaker.

SIMPLE FREQUENCY COINCIDENCE INDICATOR

By J. R. Knight

HEN CALIBRATING A.F. OSCILLATORS, FILTERS
and similar equipment, it is often necessary
to know when two alternating currents are

of exactly equal frequency. This may be done by

ear, listening for zero beat. However, the unit
shown in the accompanying circuit diagram will not
only provide this indication, but can also show when
one frequency is an exact multiple of the other, up
to ratios of about 10 to 1.

Operation

The frequencies to be compared are fed to the
grid of V;, which acts as a detector by drawing grid
current on positive half-cycles. The difference fre-
quency is applied to the neon, which then flashes in
time with it. At zero beat, the neon remains either
continually on or continually off.

In the prototype, which employed a 100 volt neon,
R4 was 1MQ. The value of this resistor should be
found by experiment, however, and it should be
such that the neon is just below lighting up when
no signal is applied to the grid of the valve.* A
negative grid signal will then cause the neon to
strike. Any small neon from 75 to 180 volts should
be suitable.

* This requirement could be met by adjusting R3 also.—EDITOR.
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Valve Type

Vi1 can be any small triode or pentode (e.g. 6J5,
6C4, EF91, etc.). A 6J5 was used in the prototype.

The complete unit was assembled on a small
square of hardboard with the neon projecting
through the panel. Screw terminals were provided
for the inputs. The h.t. voltage should be 200, and
the L.t. supply that which suits the valve. H.T. con-
sumption with the prototype was 4mA. The a.f.
input required is about 3 volts peak-to-peak and,
as a refinement, input potentiometers could be fitted.
The inputs must be of about equal amplitude.
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ELECTRIC
POWER CABLE

TRACKER
By C. Morgan

ITH THE BEST INTENTIONS IN
the world, coupled with an
experience of house wiring

for electric power and light, the
writer set off to assist a fnend who
had recently moved into a ‘“‘not-so-

” dwelling.

On arrival at the appointed place,
an inspection was made to check the
condition of the wiring and its.
insulation, and to see if it was
possible to obtain at least some
form of lighting for the occupants
during the hours of darkness.

It was found that the insulation,
fuses and switches were all in order,
but that the previous tenant had no
idea at all where the cables that
supplied the power and light were
positioned. These were set into the
walls and floors in a manner that
defied detection. .

The haphazard cable layout had
resulted because the structure of the
house had been altered from time to
time, and the wiring had been re-
routed to comply with the require-
ments of the existing tenants. It
‘was also found, after further inspec-
tion, that although some cables were
connected to the supply they dis-
appeared into the walls and were
terminated with insulating tape. The
original position of the plug or
switch had been filled in flush to the
wall so that the terminating point
was impossible to find.

Observing that the new owner
wanted to make several alterations
in the structure of the walls, and that
the possibility of short-circuiting
some hidden mains supply wiring
would not help, it was decided to
build a tracking unit to find the
elusive cables.

Construction of the Tracker

The tracker is constructed in two
parts. The first part was required to
inject into the cable some form of
electrical signal, and the second part
was required to pick up and track
this signal along the length of the
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cable. The tracker also had to be
capable of determining if and where
a broken wire existed along the
length of the wiring system.

The first part, the signal injector,
includes a 4 or 6 volt electric bell
with the gong removed, or a buzzer
if this item is to hand. Also required
are a 4 or 6 volt battery, and a spare
speaker transformer in good con-
dition. Any valve speaker trans-
former may be employed, and the
circuit is in no way critical so long
as all components are in good
working order.

Tt will be seen in the circuit

®
Buzzer
4 or 6V

battery

\V
&

O

Switch
O\
Speaker
transformer
o ——
i Output
L
@.}
witch
\
- “am_ Battery
Output +
Buzzer
Speaker
transformer
Fig. 1. The signal injector

section of the cable tracker
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diagram of Fig. 1 that the positive
terminal of the battery is connected
to one terminal of the buzzer, this
being in series with a wmdmg on
the speaker transformer and the
switch. When the switch is closed, a
circuit is completed to the buzzer
via the transformer winding, where-
upon the buzzer operates. The
winding in the buzzer circuit is, for
radio applications, the secondary of
the transformer, and it is that which
has the lower resistance. The higher
resistance winding (the primary for
radio applications) connects to the
output terminals and, thence, to
twin flex terminated in crocodile
}:lips and having a length of several
eet.

If the battery and buzzer are in
good order, the latter should start
operating when the switch is closed.
If this does not happen, the trouble
may be due to the small resistance
inserted by the transformer winding,
and the buzzer armature adjusting
screw will require resetting. If the
buzzer still fails to operate after
making this adjustment, it will
probably be because the transformer
is connected up the wrong way
round, and the high resistance
winding is in the buzzer circuit.

The output leads from the speaker
transformer are connected to the
fuse box after the fuses have been
removed and the mains supply
switch has been made safe.

The signal injector assembly can
be made quite compact if the two
main components and the battery
are mounted inside a small wooden
box. This makes for a neat appear-
ance, and allows the buzzer to be
muffled, a point which is of assistance
when tracking is taking place in a
position where both units are very
close together.

The Pick-Up Unit

The second unit consists of a
simple two stage transistorised
amplifier, a personal earphone having
a resistance of 200 to 5000, and a
small low frequency smoothing
choke. See Fig. 2.

The amplifier is simple enough to
construct, and can be made up into a
small wooden box about 4in long,
2in wide, and 1in deep. Four small
terminals, two at each end of the
box, will suffice for connecting the
choke and the personal hearing aid
in circuit.

It is strongly advised that a
personal hearing aid phone be
used for this unit. The writer has
used a headphone of the same
resistance, but the distinct advantage
of the personal ear piece has to be
tried to be believed. Not only is
the personal ear piece smaller and,

THE RADIO CONSTRUCTOR



Components List
(Fig. 2)
Resistors

(All resistors } watt 10%)
R; 100kQ

R, 1kQ

Rs 6.8kQ

Ry  6.8kQ
Capacitors

(All capacitors electrolytic, 3V wkg.)
1 8uF
C; 8uF
C; 8uF

Transistors
TR; OC71
TR, OC72

Choke
Low frequency choke. See text

Earphone
Hearing aid earphone, 200 to 500Q
resistance

Switch
On-Off switch, s.p.s.t.

Battery
3 volt battery

therefore, more compact, but the
gain in sound level is very remark-
able.

The Lf. choke is connected to the
input of the amplifier by a length of
twisted flex, so that it may be
orientated in awkward corners and
confined spaces.

Tracking Procedure

There are several ways in which
tracking of the hidden cable can be
carried out. The first thing to do is
to check that everything is working
correctly. To do this, switch on the
battery and buzzer, and ensure that
the latter is operating.

Next, switch on the pick-up unit
and bring the 1.f. choke near to the
buzzer or transformer. A very loud
buzzing should be heard in the
earphone, and this will indicate that
everything is functioning properly.

Follow this by making certain
that the operator of the tracker has
pulled out all the fuses in the main
fuse box, and that the main switch
has been opened. If children are
liable to tamper, the main switch
should be secured in the off position
with stout wire.

Connect, at the fuse box the
output leads from the buzzer unit
to the cable it is intended to trace.
Next, place the tracker unit Lf.
choke near the wall. It will be
obvious, by rotating the choke,
which direction the cable is going,
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Fig. 2. The circuit of the pick up unit

since the signal will become fainter
when the choke is moved away from
the cable. Over half a mile of hidden
cable has been tracked in this manner,
so there is no fear that the signal will
fade out in any house wiring.

It is possible‘that the signal will
suddenly drop in signal strength at
a switch. Should this be the case
put the switch into the make position,
and the signal will continue at its
original strength. If, at any time, a
loud and clear signal almost ceases,
the fault can be due to one or two
things. One of these is that the
wire has broken in the wall; whilst
the other is that the cable was
previously terminated in a socket
which has since been shifted.

It does not matter greatly whether
the buzzer unit is clipped to power
or light cables as long as a pair is
selected. Interaction will take place
along the cables and the buzzing
will be heard on all wiring.
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Coil X
Coil: 150 turns of 26 swq.
wire

'F-ig. 3. Asearch coil for tracking
underground cable
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If one has no desire to disturb the
mains fuses, another method of
investigating the wiring is to first
break the mains switch (and wire it
into the off position if children are
around) then clip the crocodile clips
on to any convenient socket, light
or power, and continue as before.

Underground Cable

It is also possible to track under-
ground cable with this equipment,
but with the proviso that both ends of
the cable must be open circuited so
that the signal can radiate at
adequate strength. Short-circuited
leads will impose a load on the
transformer, and cause it to offer a
reduced signal level.

The nature of the ground in
which the cable is buried will have a
very marked effect on the signal
being heard via the amplifier. If
the ground is dry and does not
contain a lot of clay, a cable can be
tracked at a depth of two to three
feet. If the ground is of heavy clay,
then poor results can be expected
with the 1.f. choke, and a different
type of search coil will have to be
made.

The alternative search coil is
wound on two lengths of Iin x lin x
2ft light timber joined at their
centres to form a cross. The ends
of the timber need to be slightly
rounded and smooth. Two terminals
mounted on the wood provide
termination points for the 150 turns
of 26 s.w.g. insulated wire required
for the coil. See Fig. 3.

After the turns have been wound
on, they can be given a protection
in the form of insulation tape to
prevent damage to the coil. This
completed frame can then be used
to track the cable in a manner
similar to that employed in the
Services to detect land mines.
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Wsing Ex-Government
Cathode Ray Tubes

By H. N. Rutt

In this article, our contributor gives details concerning severadl
ex-Government cathode ray tubes which are still currently available.
Because of the difficulty of obtaining reliable information on these
tubes, we do not necessarily guarantee the accuracy of the operating

conditions or base connections quoted.—Editor

N THE SURPLUS MARKET AT THE
moment there are many types
of ex-Government cathode ray

tubes but it is, unfortunately, prac-
tically impossible to ascertain their
base connections and working volt-
ages. This article provides details
on several ex-Government c.r.t’s the
author has used or about which he
has obtained information.

The ACR13

The ACR13 has base connections
as in Fig. 1, but it appears that the
connections to the X and Y plates
are not rigidly maintained—these
vary from tube to tube, although
they may easily be found by experi-
ment.* The tube has a 4V 1A
heater, but the heater-cathode in-
sulation will not stand high voltages,
as seems to be the case with all
ex-Government tubes. Typical work-

* This effect could possibly be due to
varying orientation between the body of the
tube and its base.—EDITOR.

Base= BI2D
VCRS7, VCRI38,
VCR138A, ACRI3
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ing conditions would be: coating
strapped to A3 and Al, +190V; G,
(brilliance), about —600V +£30V;
cathode, —560V; A2 (focus), 300V.
The tube is an equivalent to the
VCRY97, VCR138 and VCRI138A,
except in size. It measures 16%in
long with a 5%in flat round screen
and it produces a green display.

The VCR138 and VCR138A

The VCR138 and VCR138A ap-
pear to be identical, although the
writer does not have the dimensions
for the 138A. They work quite
satisfactorily in the same circuit as
the ACR13, but the focus control
needs considerable readjustment.

The VCR138 measures 131in long
by 2%in (neck) and has a 3in flat
round screen, having a green display
It provides better focusing than the
ACR13 which, in the author’s cir-
cuits at least, gives a rather ‘“‘fuzzy”
trace. The base connections to the
VCR138 and 138A are identical to
those of the ARC13, although again
the X and Y connections may vary.

The VCR139A

The VCRI139A has base connec-
tions as in Fig. 2. However, the
author has little other information
on this tube as he has had no prac-
tical experience with it.

General Points

As a very general guide to the
characteristics of the tubes men-
tioned here, those of the G.E.C.
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tube type E4205/B/7 may be taken,
though the base connections are not
the same. All the ex-Government
cr.t’s the author has seen have a
4V 1A heater.

The author has encountered two
faults with these tubes, one of which
nearly caused him to scrap one. The
first fault is very common and
obvious, and is easily remedied.
This is that the cement joining the
Bakelite base to the glass neck of
the tube breaks away. However,
when sticking the base back, great
care should be taken not to twist the
base in relation to the neck of the
tube, or either the wires inside the
base may short-circuit or the vacuum
seal may be damaged. It is possible
‘to check whether or not the wires
have been twisted on the B12D
based tubes, as will now be explained

Base=B{2B
VCR 139A

The second fault may readily
cause a perfectly good cr.t. to be
thrown out. The symptom is that
one of the tube connections suddenly
goes open-circuit or intermittent. If
this happens on a B12D based tube,
the two countersunk screws on the
base should be carefully removed,
whereupon the flat part of the base
will fall out. It may then be found
that the connection which has gone
open-circuit has corroded through
at the point where it is soldered to
the base contact. If this has hap-
pened the wire may be soldered back,
using a heat sink to prevent the glass
seal cracking. When doing this, one
should be very careful not to touch
the long piece of glass tubing which
provides the cr.t. seal. If this is
touched with a hot iron or tapped
with the heat sink it may cause the
tube to implode.

By removing the base plate one
may also check, when gluing back
a loose base, that the wires are not
twisted together.

The writer hopes that this article
may be of some use to readers who
would like to use these tubes, and he
would advise constructors not to buy
other tubes unless they are sure they
can obtain information on their
base connections and characteristics.
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TAILOR-MADE
TAGBOARDS

By A. Kinloch

You can make tagboards to any dimensions
with this novel cost-saving scheme

AGBOARDS CAN BE BOUGHT FROM MOST RADIO
components suppliers but, when several are
required, it is more economical to make them

oneself. This can be done very easily with the aid

of an eyelet plier (with 300 eyelets) obtainable from

Woolworth’s stores. The eyelets are intended for

fitting to flexible materials, but they can be used for

eyeletting rigid sheets if the following instructions
are followed.

O 00 00 O OO0 0 0 O Length of

largest
component

O?OOOOOOOOO»

b

316" diameter l. Diameter of largest
holes component

Fig. 1. Drilling the tagboard

1. Obtain a strip of Formica or Paxolin about
2in wide and as long as is necessary. [Its thickness
should be +&in maximum. Formica offcuts,
obtained from a do-it-yourself shop, may be
cheaperl than Paxolin, and they have the advantage
of being suitable for marking with a pencil if one
of the lighter colours is used.

2. As shown in Fig. 1, drill two rows of holes
with a #in drill, the rows being spaced from each
other by the length of the largest component to be
mounted on the tagboard, and the distance between
the holes in each row being equal to the diameter
of the largest component. Make sure the holes are
clean.

3. Obtain a gold-coloured eyelet.2 These are
easily tinned, without preparation, if resin cored
solder is used.

4. Insert plunger of pliers through hole. If
Formica is used, insert plunger through from
plain side.

5. Place eyelet, broad flange up, on plunger.
Push it down into hole in board. Keep plunger and
eyelet aligned with hole. (See Fig. 2.)

Glngen Eyelet
16 max. v i
&ﬁ Sy
// NN
% % Board
A7)
L-3/|6”-[
dia.
@
N
NN =
-/ /
®
©
Fig. 2 (a). Inserting the eyelet and pliers

(b). The eyelet dfter setting
(). The eyelet after final tightening

6. Close pliers firmly to set eyelet. Though the
eyelet is more rigid than the cloth or other materials
for which it is intended, Formica and Paxolin are,
in their turn, much more rigid than the eyelet.
Greater care must be taken when making tagboards
than when eyeletting soft materials.

le——
AN

Fig. 3. Soldering a component lead-out to the

tightened eyelet

7. After all eyelets have been set with pliers,
reverse the board and ‘tap the expanded part of
each eyelet with a hammer to tighten it.

1 A strip measuring 2ft by 2in cost the author 6d.
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2 Any colour, if it i$ imparted by a metallic coating, will be suitable
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This month Smithy the Serviceman,
discussion on the -subject of ali

T IS AN UNDENIABLE FACT THAT

the sturdy foundation and im-

permeable fabric of the great
institutions which make up our
British heritage stem from the
unshakable traditions built up over
the years by disciplined, dedicated
and self-effacing men, whose only
guiding star is their unselfish devo-
tion to duty. Thus it was in the
Workshop, and at no time was
tradition more evident than on
Friday evenings when Smithy the
Serviceman undertook the principal
r0le in the ceremony of Handing
Over the Staff Pay-Packet.

It was on these occasions, when
the last voltage reading had been
taken for the day, when the soldering
irons had finally cooled down, and
the eldritch 400 c/s wail of the signal
generators had died away, that
Smithy would walk slowly to his
desk, extract the small buff packet,
and hand it with due solemnity to
his waiting assistant. On the parti-
cular day on which our episode opens
this familiar rite had proceeded in its
habitual manner and it concluded,
as always, in an outraged reaction
from the recipient of the pay-packet.

The Toiler

“Cor,” said Dick with complete
disgust as he opened the packet.
“Cor stone the perishing crows.”

The Serviceman sighed.

“I have never yet”, he pronounced
desolately, “given you a pay-packet
for which you have evinced even the
slightest particle of gratitude.”

“I should think not, indeed,”
snorted Dick, holding the slip from
the packet up in front of the Service-
man. *“Just look what they’ve done
to me!”

Smithy peered wearily at the piece
of paper.
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“It looks all right to me,” he
announced after a moment.

“All right?’ queried Dick in a
tone of utter disbelief. “What about
all this tax, then?”

Smithy looked once more at the
figures on the slip of paper.

“It’s exactly the same”, he said
aggrievedly, “as you pay each week.”

“Hubh,” snorted Dick. “That’s the
sort of answer us workers always
get. We toil all week for our
miserable crust, and what happens 7

“I don’t know,” said Smithy.
“What does happen ?”

“It gets taken from us,” replied
Dick indignantly, “leaving us a paltry
pittance with which to keep up our
failing strength and support our
ailing family.”

Smithy inspected Dick’s healthy
and well-nourished frame.

“You seem to be doing pretty well
on your paltry pittance,” he re-
marked. “And, in any case, you
haven’t got an ailing family to
support.”

“I'm not likely to have, either,”
said Dick darkly, “after I've paid
tax on the measly dole which comes
to me each Friday.”

Smithy gave up the unequal
struggle, and turned to his bench to
tidy up his tools and equipment for
the night. In the meantime Dick
carefully counted the not inconsider-
able quantity of notes contained in
his packet and carefully stowed them
away in his wallet. Suddenly, a
thought struck him and his face
brightened.

“By the way, Smithy,” he called
out cheerily. “There’s another out-
standing matter between us.”

Smithy banged the pliers he was
holding down on his bench. .

“And what’s that?” he asked
sarcastically. “Have you received
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aided as always by his able assistant, Dick, completes his
gning home-built receivers without a signal generator

ten bob too much?’

“Now, don’t be like that,” replied
Dick. “I’m talking about a further
gen session you promised me
recently. We were going to finish off
our natter about lining up home-
built superhets without a signal
generator.”

Smithy’s expression cleared a little.

“Well”, he remarked, “I must
admit I'd welcome any subject other
than lolly at the moment. We’ve got
a quarter of an hour to spare before
we pack in for the night, so we might
as well devote it to superhet align-
ment as to anything else. How far
had we got?”’

Dick, his complaints about the
meagreness of his wage already
forgotten, settled himself comfort-
ably on his stool and concentrated
for a moment.

“If you remember,” he said, “we
started off with the problems be-
setting' the home-constructor who
knocks up a medium and long wave
superhet and who doesn’t then have
a signal generator to line it up with.
We carried on to a typical medium
wave valve superhet, and to the
important point that the oscillator
tuned circuit is the one which ‘tunes
in’ the required signal. Adjusting the
oscillator trimmer or padding capa-
citor gives an effect equivalent to
adjusting the tuning knob on the
front of the set.”

“Ah yes,” said Smithy. “I remem-
ber now. After that, we went on to
the instance where you have a
variable padding capacitor in series
with an air cored oscillator coil.
Assuming that the if stages are
already lined up, the process of
alignment then consists of adjusting
the oscillator trimmer at the high
frequency end of the band so as to
‘tune in’ a signal whose frequency

THE RADIO CONSTRUCTOR



corresponds to tuning dial calibra-
tion, and of adjusting the aerial
trimmer so that this signal comes in
at maximum strength. After which,
the tuning capacitor is turned to the
low frequency end of the band and
the oscillator padding capacitor
adjusted to ‘tune in’ a second signal
whose frequency also corresponds to
dial calibration. If this procedure is
repeated again and providing the
aerial tuned winding has the correct
inductance, the whole range can then
be considered as being lined up.”

“You next”, chimed in Dick,
“changed from an air cored oscillator
coil to an iron dust cored type,
replacing the variable padding capa-
citor with a fixed capacitor having a
value appropriate to the range.
Whereupon the procedure was the.
same as before, except that you
padded by adjusting the iron dust
core of the oscillator coil at the low
frequency end of the range instead
of the variable padding capacitor.”

“That’s right,” confirmed Smithy.
“Incidentally, an iron dust cored
oscillator coil and air cored aerial
coil is the sort of combination you’ll
find in such things as medium and
long wave receivers with open frame
aerials. The inductance of the aerial
tuned winding in such receivers is
fixed and cannot be altered.”

Adjustable Aerial Inductance
Smithy drew a notebook towards
him and beckoned his assistant over.
“Well now,” he announced,
sketching out a circuit in the note-
book, ‘“‘carry on to fresh ground.
Let’s take a look at the case where
the aerial tuned winding also has
adjustable inductance. This will
occur if the coil is fitted with an
adjustable iron dust core. (Fig. 1.)
“In this instance the alignment
procedure is much the same as
before, but we have the considerable
advantage of having another variable
in the circuit. As occurred in the
previous case, we start off by setting
the two-gang tuning capacitor to the
high frequency end of the band with
its moving vames some 10 to 20
degrees short of being fully dis-
engaged. We inject a signal into the
aerial circuit whose frequency cor-
responds to dial calibration, and we
‘tune in’ this signal with the oscillator
trimmer. Next, we bring it up to
maximum strength with the aerial
trimmer. We then go down to the
low frequency end of the band, with
the ganged capacitor vanes fully
enmeshed except for some 10 to 20
degrees, and inject a mew signal
which once more corresponds to dial
calibration. We ‘tune in’ this new
signal with the oscillator dust core.
Finally-—and now we come to the
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Aerial trimmer

I To signal
--grid of
frequency
changer
Aerial
coupling *

Osclllator tuned
winding

Aerial tuned
winding

Fig. 1. The tuned circuits in the frequency changer stage of a medium
wave valve receiver when both aerial and oscillator coils have adjustable

iron dust cores.
component.

new bit—we bring this signal up to
maximum strength by adjusting the
aerial coil iron dust core.”

“I'm with it,” said Dick. “This
adjustment is the same as the padding
adjustment to the oscillator tuned
circuit. You align the aeiial tuned
circuit by varying the trimming
capacitance at the high frequency
end of the band, and by varying the
coil inductance at the low frequency
end. Just like you do with the
oscillator tuned circuit!”

1] To signal
m grid of
Fzrritz:ll Aerial ﬂ::'umc)l
rod trimmer Crelrg s
aerial |f! (
!
]
1
| S 2N
Fig. 2. If a ferrite rod

aerial is employed instead
of the iron dust cored
aerial coil of Fig. 1, an
adjustment of aerial tuned
circuit inductance is still
possible

‘“That’s the idea,” said Smithy.
“And the great advantage which
results is that you now know that the
aerial tuned circuit is resonant at
correct frequency at the low fre-
quency end of the band, because
you’ve adjusted the aerial tuned
inductance to make it so. With the
circuits I showed you during our last
session you had to keep your fingers
crossed that the coil manufacturer
had put the right inductance into the
coil. If he hadn’t, you had to bodge
things around in the manner I
described at that time.”

“The variable aerial inductance is
a big improvement,” commented
Dick. “It makes everything very
much easier, doesn’t it ?”’

“It does indeed,” replied Smithy.
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The two variable capacitors comprise a two-gang
A.G.C. components are omitted for simplicity

“You’ll get the same effect with a
ferrite rod aerial as well, of course.
(Fig. 2) If a ferrite rod aerial is
used, you adjust the aerial trimmer
at the high frequency end of the
range exactly as before. You then
go down to the low frequency end
and ‘tune in’ your signal with the
oscillator iron dust core, after which
you bring the signal up to maximum
strength by sliding the aerial coil
along the fertite rod. (Fig. 3.) If
you slide it towards the centre of the
rod you increase its inductance. If
you slide it towards the end of the
rod you reduce its inductance.”

“That’s simple enough,” com-
mented Dick. “How do you inject
the signal into the ferrite rod ?°".

“If you have got a signal genera-
tor,” 1eplied Smithy, ‘“‘you couple
its output to a coil having about
half a dozen or so turns and a
diameter of three to six inches. This
coil is mounted a short distance
away from the end of the ferrite rod
so as to give an inductive coupling
to it. The dimensions and turns of

Cojl

C—————— (i —
=y m@cc

I— ]| =

—_— >
Reduce inductance

Fig. 3. It is conventional
practice to wind a ferrite
rod aerial coil on a
former which is a sliding
“fit on the rod. Inductance
increases as the coil is
moved towards the centre
of the rod, and reduces
as it is moved towards
the end
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the coil aren’t terribly important
provided it gives you the desired
inductive coupling. If you don’t have
a signal genny you just work with
received signals. And we are, of
course, mainly interested at the
moment in the case where no signal
generator is available.”

“Of course we are,” said Dick.
“I keep forgetting that!”

“There are”, continued Smithy,
“a few more points I would now like
to clear up before proceeding further.
The first is that, with some com-
mercial receivers or sets made up
from kits, the service manual or the
kit instructions will tell you the
points on the tuning dial at which
you should trim and pad. If they
don’t, then it’s safe on medium
waves to trim with the tuning capa-
citor vanes 10 to 20 degrees short of
being fully disengaged, and to pad
with the tuning capacitor vanes 10
to 20 degrees short of being fully
enmeshed. Also, since the trimming
adjustments will slightly affect the
padding adjustments, and vice versa,
you have to go through the whole
trimming and padding routine at
least twice to get everything spot-on.
If the alignment is badly out when
You commence, it would be worth
repeating the whole operation a
third time or, even, a fourth time.”

Tuning Scales

“There’s something,” remarked
Dick, “that I've just thought of.”

“What’s that?”

“We’ve assumed up to now,” said
Dick, “that the receiver has got a
tuning scale. However, many home-
constructor sets just don’t have
tuning scales. Indeed, the sets are
built first and the tuning scales
appear afterwards!”

“That’s true enough,” chuckled
Smithy. “This represents the case
where the home-constructor buys a
set of coils and couples them up to a
two-gang tuning capacitor in the
usual manner, after which he has to
start alignment completely from
scratch. Things are still not too
difficult, however, because the coil
manufacturer will state the range of
his coils when they are used with a
particular value of tuning capacitor,
and this gives you all the clues you
want. One way of starting alignment
then consists, after the i.f. stages have
been lined up, of setting the tuning
capacitor to minimum capacitance
with its vanes completely disengaged.
You then adjust the oscillator
trimmer to ‘tune in’ a signal whose
frequency corresponds to the high
frequency limit of the band as
quoted by the coil manufacturer. If
you like, you can roughly align the
aerial trimmer at the same time,
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bringing the incoming signal up to
maximum strength. You next set the
tuning capacitor to maximum capa-
citance with the vanes complerely
enmeshed. With the oscillator iron
dust core you then ‘tune in’ a signal
whose frequency corresponds to the
low frequency limit of the band, as
quoted by the coil maker. Again,
you can roughly align the aerial core
or adjust the position of the aerial
coil on the ferrite rod, until this
signal is also at maximum strength.
You next repeat the oscillator
trimmer adjustment with the tuning
capacitor vanes fully disengaged, and
the irop dust core adjustment with
the, tuning capacitor vanes fully
enmeshed, and the two ends of the
range should then finally agree with
the figures quoted by the coil
manufacturer. The result of all this
is that your oscillator circuit now
covers the specified range for the
coil. It shouldn’t be adjusted any
more, and you then turn your
attention to the aerial tuned circuit.
Set the tuning capacitor vanes so
that they are disengaged by about
10 to 20 degrees and, if you have a
signal generator, inject a signal whose
frequency is accepted by the receiver.
Remember that in this case, so far
as the choice of signal frequency is
concerned it is the oscillator circuit
which is now in command and not
the tuning scale or the signal
generator. In practice, the signal
frequency provided by the signal
generator will, of course, be just a
little lower than that at the high
frequency end of the range. If you
haven’t got a signal generator, tune
in a signal which falls into the 10 to
20 degree region. You then trim the
aerial circuit for maximum signal
strength. You next go to the low
frequency end with the tuning
capacitor vanes 10 to 20 degrees
short of being fully enmeshed and
repeat the operation by adjusting the
inductance of the aerial tuned coil.
As I just said, the thing to remember
is that the oscillator circuit is now in
command all the time so far as
signal frequency selection is con-
cerned, because you have set it up to
agree with the coil maker’s range
figures. All you are finally doing is
to bring the aerial tuned circuit up
to scratch at the usual trimming and
padding points.”

“This sounds a bit too good to be
true,” commented Dick. “‘Are you
sure that youw’ll always be able to
align the oscillator circuit to the top
and bottom frequencies as easily as
that

“I wouldn’t be too dogmatic about
it,” admitted Smithy. “You might,
for instance, have a tuning capacitor
witha bit more or a bit less capacitance
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‘operation.

than it’s supposed to have. And there
may be other factors which qualify
But there’s no need to
worry about this, and all you’ll find
as a result is that the desired top
frequency is not quite within oscil-
lator trimmer range or that the
desired bottom frequency is not
quite within oscillator iron dust core
range. Unless there is a fault some-
where the top and bottom frequen-
cies should, however, be only a wee
bit out, whereupon you can accept
the situation. In this instance you
work to a top frequency which is
near to the required one whilst still
giving you a bit of oscillator trimmer
adjustment in hand. Similarly, you
work to a bottom frequency which is
near to the required one but which
still gives you a bit of oscillator iron
dust core adjustment in hand.”

“That seems”, commented Dick,
“to be a commonsense approach.”

“It is,” replied Smithy. ‘‘Although
it can be a bit confusing to the new-
comer. The main thing to do is to
always bear in mind the principles
involved, remembering that it is the
oscillator tuned circuit which selects
the signal to be received.”

“What happens,” asked Dick, “if
you just go out and buy a set of coils
from one maker, a tuning capacitor
from another maker and a tuning
dial from a third maker ?”’

“If you’re lucky,” replied Smithy,
“they should all go together quite
nicely. Unless the tuning capacitor
is badly out so far as its maximum
capacitance is concerned, you should
be able to get the oscillator tuned
circuit to agree with the medium
wave scale at the high frequency end
when the tuning capacitor vanes are
disengaged by about 10 to 20 degrees,
and at the low frequency end when
the vanes are fully enmeshed except
for 10 to 20 degrees. If the tuning
capacitor has a different law than
that for which the tuning dial was
designed you’ll get some small dis-
crepancies in calibration between the
high and low frequency ends but, in
the circumstances, you’ll just have
to put up with these.”

“What do you mean,” asked Dick,
“by different.law ?”’

“The law of a tuning capacitor,”
explained Smithy, “is the relation-
ship between vane rotation and
capacitance. It depends upon the
shape of the vanes. But there’s no
need to let it worry us here because
there shouldn’t be a very great dif-
ference between the different laws so
far as tuning capacitors sold on the
home-constructor market are con-
cerned.”

Tracking

“There’s another point,” remarked
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Dick, “which I’ve just remembered.”

“Oh yes,” replied Smithy, “and
what’s that 7”

“The purpose of the trimming and
padding operations,” said Dick, “is
to ensure that the aerial tuned circuit
always resonates at a frequency
which is equal to oscillator frequency
minus the intermediate frequency.
We know that this is true at the
trimming and padding points, be-
cause we set up the trimmers and
dust cores accordingly. But what
happens in between?”

Smithy chuckled.

“I was wondering,” he grinned,
“how long it would take you to get
round to that! What you’ve intro-
duced here is the important question
of tracking. With the superhet, the
term ‘tracking’ defines the ability of
the signal and oscillator tuned cir-
cuits to maintain a fixed frequency
difference when they are adjusted by
a common control. If, at all posi-
tions of the ganged tuning capacitor,
the resonant frequency of the signal
tuned circuit is always lower than
that of the oscillator tuned circuit
by the intermediate frequency, you
have perfect tracking.”

“Blimey,” said Dick. “From the
way you put it, it sounds as though
perfect tracking is something that’s
difficult to achieve.”

“It isn’t only difficult,” replied
Smithy, “it’s well-nigh impossible!
Or, at least, it’s well-nigh impossible
in theory. If you have a well-
designed frequency changer circuit
you’ll get a tracking curve which is
only correct at three points (Fig. 4).
Tracking is correct at the trimming
and padding points and at a fre-
quency which is about halfway
between. At all other points there is
an error either in one direction or in
the other.”

“Dash it all,” exploded Dick,
“that’s a lot of help, I must say!
What’s the use of going through all
this rigmarole of trimming and pad-
ding if the circuits are going to be
out of bonk over nearly all the rest
of the scale 7

“Hold your horses,” soothed
Smithy, ‘“‘things are by no means as
bad as all that! The curve I’ve
sketched out looks pretty awful, I'll
admit, but that’s only because I've
rather exaggerated the errors. If,
with a good quality set of medium
wave coils, you get three-point
tracking as in the curve you’ll find
that the error at all other points is
almost negligible. The way to test
this statement out is to get a good
medium wave receiver, trim and pad
it up carefully, then check at various
points over the range to see how
much adjustment the aerial trimmer
needs to bring the aerial tuned circuit

MAY 1964

Oscilkator
frequency /
high

Points of correct tracking
~ |

Oscillator
L frequency

it

T

Tuning capacitor rotation

90 " 180
Mi33

Fig. 4. A tracking error curve representative of what may be provided by

practical two-gang superhet tuning circuits.

The oscillator and signal

frequencies have the correct. frequency difference relationship only when
the curve is on the zero line

spot-on to its correct frequency.
You'll find, in practice, that the
adjustment you need, at even the
worst places, is very small indeed.”

“Perhaps so,” conceded Dick,
“but you're talking about a commer-
cially-made receiver or a set of that
order. What I’m talking about are
home-made sets where you've just
bought the odd pair of coils on spec.”

“There’s no reason,” replied
Smithy, “why the same, or very
nearly the same, degree of tracking
accuracy shouldn’t be obtained.
The essential point here is to ensure
that the fixed padding capacitor
used with the oscillator coil is exactly
the value specified-by the coil manu-
facturers. A silvered mica capacitor
should be employed here and I, per-
sonally, wouldn’t dream of using a
component whose tolerance was
greater than 4-59%,. Many set manu-
facturers employ +2% components
in the medium wave padding capaci-
tor position, so that will give you an
idea how critical this component is.”

“I see,” said Dick. “I must re-
member that point in future. There’s
another thing 'm not too certain
about, and that concerns the tuning
capacitor. Some two-gang tuning
capacitors don’t have the same
capacitance in each section.”

“That’s right,” confirmed Smithy.
“One of the sections has smaller
vanes and is intended to be employed
in the oscillator circuit. Since it
offers a lower capacitance you can
connect it directly across the oscil-
lator tuned winding, and you don’t
need the fixed padding capacitor.”

“That’s just the job, then,” com-
mented Dick. “All problems of
tracking and padding are solved in
one step!”

“I’'m sorry,” replied Smithy, “but
'T'm afraid they’re not. The reason
is that two-gang capacitors of this
nature are carefully designed to
operate with a particular intermediate
frequency in the 450 to 480 kc/s
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range, and over a particular range
of frequencies in the medium wave
band only. You still need a fixed
padder if you’re going to receive
long waves. Also, you still have to
adjust the oscillator iron dust core.
If a two-gang capacitor of this
nature is part of a receiver kit then
I will agree that it is a very useful
component. But it could give you
quite a lot of trouble if you tried to
use it with just any odd set of coils,
because it may not offer the effective
padding capacitance such coils re-
quire. It would be safer to employ
an ordinary ganged capacitor and
the fixed padding capacitance speci-
fied by the coil maker.”

Aligning the Receiver

“That seems fair enough,” con-
ceded Dick. “Now, how about the
actual alignment of a home-built
receiver without a signal genny?”

“Right you are,” said Smithy,
equably. “We’ll start off with the
medium wave valve receiver we’ve
used as an example all along. Let’s
assume that you’ve bought yourself
a medium wave aerial coil or a
medium wave ferrite rod aerial, a
medium wave oscillator coil, and a
pair of if. transformers whose
nominal frequency is in the range of
450 to 480 kc/s. You have carefully
assembled these together on a chassis
using a good and reliable circuit,
you have checked all connections and
wiring, and you now want to switch
on and tune in Radio Luxembourg.
Also, of course, you haven’t got a
signal generator.

“You begin,” continued Smithy,
“by the simple process of switching
on the receiver, turning the volume
up to full and giving it a minute or
so to warm up. If you’re not using
‘a ferrite frame you couple a reason-
able wire aerial to the aerial coupling
coil. After which you carefully
adjust the tunifg capacitor until you
pick up a signal.”
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Fig. 5. During initial

alignment, it .may prove

helpful to temporarily

connect an aerial to the

signal grid of the

frequency changer, as
shown here

“Just like that?”

“Just,” confirmed Smithy, “like
that! If you can’t hear anything at
all, temporarily connect a wire aerial
to the signal grid of the frequency
changer via a 50 to 100pF fixed
capacitor (Fig. 5). This will bypass
the aerial tuned circuit and allow at
least the local station to beat with
the oscillator frequency.”

“But how does the signal get
through the i.f. amplifier ?’ asked
Dick. “When you’re starting off
raw like this, your i.f. transformers
will be miles out of alignment.”

“No they won’t,” said Smithy.
“What you forget is that. the last
check the manufacturer does at the
iLf. transformer factory is to pop
each transformer into a test jig which
presents more or less the-same circuit
conditions which you have in your
receiver. The transformer is then
aligned to the nominal if., and its
performance checked on a ’scope or
a meter. The result is that, when you
buy it, it’s already aligned for you!
If you connect it into your receiver
with reasonably short leads and with
the tag connections specified by the
maker, then it will be very nearly
spot-on. In consequence, you should
be able to get at least a weak signal
through the if. amplifier of your
receiver immediately after switching
on.”

“I'm beginning to see what you
mean at our last session,” said Dick,
“when you talked about not messing
about with the cores of i.f. trans-
formers and coils before using them.”

“Good,” commented Smithy,
briskly. ““The important thing is
never alter the core positions in any
home-constructor coil or i.f. trans-
former until you’ve got it wired up
into the set. This is because the
cores, and especially those of the i.f.
transformers, should have been

686

placed very near to their final posi-
tion as a result of factory tests.
Anyway, let’s return to our receiver.
Unless something is wrong you
should, after switching on, almost
certainly be able to pick up a signal
in the manner I've just described.
The next thing to do is to tune in
that signal to maximum strength by
means of the tuning capacitor, pay-
ing no attention whatsoever to dial
calibration or anything like that.
Next, leave the tuning capacitor
severely alone and align the i.f. cores
for maximum signal. If, at the end
of this operation, signal strength is
very high, reduce it by reducing
aerial length or by orienting the
ferrite rod. You may even have to
tune in a weaker station if the exist-
ing station is now too strong. One
of the secrets of successful alignment
is to finish off with a signal which is
Just audible above background noise.
Such a signal isn’t masked by a.g.c.
action and it makes alignment peaks
much more obvious. You’ll be quite
unlucky if, at the end of this proce-
dure, your i.f. amplifier isn’t aligned
at, or close to, the desired frequency.”

Smithy pasued for a moment to
collect his thoughts.

“The next job,” he said, “consists
of trimming and padding the aerial
and oscillator coils, and we’ve
already gone into that. In this
instance you might find that you
have to alter core positions quite a
lot more than was necessary with the
if. transformers, but don’t lose too
much sleep over it. Ferrite rod
aerial coils may, in particular, be
quite a long way from their final
positions on the rod but this can be
due to a lot of factors. If they were
set up at the factory, they may, for
instance, have shifted whilst being
despatched.”

“How do you get your trimming
and padding frequencies?’ asked
Dick.

“From stations which are on the
air,” replied Smithy. “If possible,
it’s a good plan to have another
receiver available. It’s difficult to
identify individual stations in the
B.B.C. Home network because these
usually all transmit the same pro-
gramme at the same time. So you
will probably find it easier to work
with Continental stations, where-
upon your second receiver will
enable you to identify these and the
points on the dial at which they
should appear. There are stacks of
powerful Continental stations which
you can receive in the evening and
at night time, and you select those
whose frequencies are closest to the
required ones needed for trimming
and padding. Signal strength is un-
important so far as oscillator tuned
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circuit adjustments are concerned,
but you always want to try and make
your final aerial tuned circuit adjust-
ments with as weak a signal as
possible.”

“What about a medium wave
receiver using transistors 2

“You follow exactly the same
routine as with the valve receiver.
The i.f. transformer cores should be
very near their final positions and
0, once more, you first of all try to
get a signal through the i.f. ampli-
fier. It may help here to temporarily
apply a wire aerial to the base of the
mixer-oscillator via a 1,000pF cap-
acitor during initial alignment (Fig.
6). You must get the i.f. amplifier
lined up first before you touch any-
thing else. You then trim and pad
as for the valve set.”

Long Waves

“What,” asked Dick, “about long
waves 7’

“The long wave band,” said
Smithy, “is trimmed and padded in
much the same way as the medium
wave band. It will have its own
fixed padding capacitor, this having
a lower value than that needed for
medium waves, and” a typical value
here would be of the order of 150pF.
You will probably find that tracking
on long waves is not as good as on
medium waves, particularly near the
ends of the tuning range. In conse-
quence, and unless otherwise detailed
in the instructions for the receiver,
it’s usually preferable to trim with
the vanes engaged by, say, 20 to 30
degrees and to pad with the vanes
fully enmeshed except for 20 to 30
degrees. This procedure should
result in the B.B.C. long wave Light
Programme transmitter coming in at
about its correct position on the dial
with the aerial trimmer at or very
near its correct point. If the receiver
is a valve set using iron dust core
aerial coils instead of a ferrite rod
aerial, you may well have a circuit in
which the medium wave coils are

\&ooow

From aerial
tuned circuit

scillator
coil

Mixer-
oscillator

Fig. 6. ‘With transistor
receivers, a temporary
aerial connection can be
made to the base of the
mixer-oscillator via a
1,000pF capacitor
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completely switched out on long
waves, and vice versa. Alignment is
then a piece of cake because adjust-
ments on the long wave band do not
affect medium wave band alignment,
nor do medium wave adjustments
upset the long wave band alignment.
If the circuit uses a ferrite frame,
you may find that the long and
medjum wave coils are in series, the
long wave coil being shorted out on
medium waves. In this instance the
settings of the medium and long
wave windings® on the ferrite rod
tend to affect each other a little. The
thing to do here is to carry out the
medium wave alignment first and
then the long wave alignment. You
next go back to medium waves and
finally adjust the medium wave
ferrite rod coil for best position at
the medium wave padding frequency,
then return to long waves and adjust
the long wave ferrite rod coil for
best position at the long wave pad-
ding frequency. If the long wave
coil needs more than a smail amount
of adjustment, it would be advisable
to finally repeat the medium wave
adjustment once more.”

“This all seems clear enough,”
commented Dick. “However, some
sets don’t have coil switching which
isolates the two bands so completely
as the type you’ve just referred to.”

“True enough,” agreed Smithy.
“Youw'll find that many commerci-
allymade valve receivers employ cir-
cuits in which the various adjustments
have to be made in.a particular order

because of common trimmers, or
things of that order. The same
applies to the majority of transistor
superhets on the home-constructor
market at the time being. These
usually employ a single oscillator
coil both for medium and long
waves and, here again, the aerial and
oscillator trimmers and dust cores
have to be aligned in a certain order
for correct results. It’s impossible
to particularise here, because there
are so many different versions.
There’s no real problem though, be-
cause alignment then proceeds as
described in the instructions for the
kit, or in the magazine articleé in
which the circuit appears.”

Packing Up

“Summing up,” said Dick thought-
fully, ““it would seem that the first
secret of lining up a medium and
long wave superhet without a signal
genny consists of getting the if.
amplifier correctly aligned before
you tackle anything else.”

“That’s right,” said Smithy. “And
don’t forget you’ve got to line up
the i.f. amplifier first even when you
use a signal generator.”

“As you say,” agreed Dick.
“Whereupon, so far as the home-
constructor is concerned, the most
important thing is to avoid the
temptation to fiddle about with the
i.f. transformer cores until he actually
comes to adjust them.”

“That’s correct,” confirmed
Smithy. ‘Unless you’re very un-

lucky, you should be able to rely on
the pre-alignment resulting from the
factory test to enable you to get a
signal through the if. amplifier
first go.”

“What happens if you’re unlucky ?”’

“If you’re unlucky,” said Smithy,
“then you have to accept the inevit-
able and bring a signal generator
into use to get the i.f. amplifier on
to correct frequency. But my own
experience tells me that, in the vast
majority of cases, and provided a
little common sense is employed, it’s
quite possible to get a home-con-
structor medium and long wave
superhet reliably lined up without
using a signal generator at all.”

Smithy glanced at the Workshop
clock and gave a start.

“Do you know,” he snorted, “I've
been nattering here for a good half-
hour after packing-up time? WNow
that you’re flush, how about stand-
ing me a cup of char and a wad
down at Joe’s Caff?”’

“Me stand you?” queried Dick
indignantly. ‘Blimey, just how tight
can you get? Weren’t you paid
today 7

“Of course not,” replied Smithy,
affronted. . “A man of my standing
and responsibility has his salary paid
into his bank account once a month.”

“It’s the end of the month now!”

“Ah yes,” said Smithy, relent-
lessly steering his reluctant assistant
through the door. “But the bank
i.sx}’t open now. Whereas Joe’s Caff
lS .77

book reviews ...

LOUDSPEAKERS. By E. J. Jordan.

227 pages, 5% x 81in.

Published by Focal Press.

Price 42s.

This book, which appears in the Focal Press “Technique of Sound Reproduction” series of titles, deals with both
the theoretical and practical aspects of loudspeaker design.and performance.

Where mathematics are required to put

over particular-points, mathematics are used; but this need not deter the reader who seeks information of a less precise
character, as-he is also catered for. The book covers, in detail, a wide range of subjects in the reproducer field, these
including sound radiation, loudspeaker drive systems, cones and suspensions, dividing networks, enclosures, electrostatic
loudspeakers and stereo reproduction.

STEREO FOR BEGINNERS. By B. J. Webb.
Ltd. Price 7s. éd.

It is a pleasure to review a book that sets out, with complete competence, to do exactiy what its title indicates.
Stereo For Beginners gives advice which is aimed at exactly the right level, and it is always leavened with a commendable
admixture of common-sense. Thus, in the chapter “Converting To Stereo’ we find: “The conversion of 4 record player
or ordinary one-piece radiogram to stereo is just not worth while. If you have an instrument of this kind in good
condition, and you wish to go over to stereo, by far the best thing you can do is to sell it, give it to someone for a
wedding present or, if it is quite modern and has been well kept externally as well as being electrically sound, trade it
in when getting new equipment.” Good sensible advice such as this is met throughout. ‘

Stereo For Beginners is intended for the high fidelity enthusiast who purchases his equipment ready-made from the
various manufacturers in this field. It is not a “constructional” book in so far as the reader is not expected to build,
say, his own amplifier. Indeed, a high level of technical knowledge is not required of the reader at all, apart from an
ability to understand the simple basics of tape and disc recording. The book covers the history of stereo; stereo
recording; stereo from discs, tape and radio; the purchase, installation and maintenance of stereo equipment; and room
acoustics and phasing. There is an exceilent chapter devoted to typical questions and answers, this dealing, amongst
other things, with the problems of matching together different items of equipment which so beset the newcomer to
high fidelity reproduction. .

At its low price of 7s. 6d., Stereo For Beginners represents excellent value, and can'be confidently recommended to
those readers who wish to embark on stereophonic reproduction in the home.

118 pages, 51 x 8%in. Published by Miles Henslow Publications
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Basic Superhet for Beginners

by James S. Kent

Part 1

In this two-part series, the author commences by describing a basic receiver design suitable
for construction by beginners and continues in Part 2, to be published next month, with various
additions and modifications which may be carried out to the basic design

T IS THE GENERAL EXPERIENCE OF MOST RADIO

I hobbyists that there eventually occurs the phase
when, having constructed and operated several

“straight” or t.r.f. receivers, the urge to build a
superhet gradually becomes the dominant factor
with reference to future plans. It is at this particular
point that most enthusiasts pause, somewhat
dismayed and uncertain—or even puzzled, at the
perils and much overrated difficulties of launching
upon such a venture.

Such a hobbyist, wishing to construct a superhet,
soon finds that the first hurdle to clear is the obtain-
ing of a sound and proven design which is
adequately suited to his needs. Comparatively new
to the technique and without an extensive radio
library to consult, he must perforce await publication
in the current radio press for a suitable design to
appear—whereupon the chances are that it may
either be beyond his capacity in both complexity
and cost or unsuitable for other reasons. The real
need, of course, is for a receiver which can be
constructed firstly in basic form, and later expanded
stage by stage into a communication type equip-
ment. With such a design he is able, having built
the basic circuit satisfactorily, to add the various
additional stages as time and available cash permit.
Alternatively, he is able to discontinue constructing
additions, leaving the receiver completed at any
particular stage of advancement as and when he
wishes.  Again, the beginner is able, by the means
presented here, to build the design in easy stages
—a great advantage from many points of view.

In this article the beginner will find that all these
considerations have been borne in mind, the only
assumption being that, having previously con-
structed several t.r.f. designs, the reader is perfectly
capable of following a circuit diagram. With the
receiver featured here, all the components are
currently available on the market and miniature
valves are employed.

Prior to commencing construction, the reader
may well be advised to study this two-part article
in its entirety and, having done so, to arrive at a
decision as to which form the completed receiver
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will take. For example, if it is decided to add an
extra if. stage after the basic circuit is completed,
sufficient chassis space must be allowed at the
outset for such an addition. Alternatively, the valve
holder and i.f. transformer could be mounted in
position at the time of initial construction—the
wiring up of this stage then taking place at a later
date. Such forethought also applies to all the
additions appearing in Part II of this series, and a
careful appraisal of these will repay the intending
constructor during the later stages, and indeed in
the final outcome, of the completed receiver.

Basic Receiver

A careful study of Fig. 1 will show that the
receiver conforms to sound standard practice,
comprising a frequency changer (ECH42), an if.
stage (EF41), detector, audio and a.g.c. stage
(EBC41), and an output stage (EL41). This is the
basic design around which the home constructor
can incorporate the refinements to be described
later, and which can also be very easily converted
into a communications type receiver if this is so
desired. Alternatively, with the addition of the
power supply (see Fig. 3) this design will prove to
be excellent as an ordinary long, medium and short
wave receiver for domestic use.

Coils and Coilpacks

The coilpack is of great importance by virtue of
the fact that it comprises the heart of the receiver
and also, in conjunction with the variable capacitors
(Cz, 3, 7 and g), determines the frequency coverage
of the set.

In the design featured, it is assumed that the
reader intends to construct the receiver in order to
later convert this into a communications set. This
being so, the coilpack specified in the Components
List is one which covers medium wave, long wave,
and two short wave ranges. However, the type
specified need not necessarily be incorporated, as
there are others with various frequency coverages
which are also available. With these units, the
maker includes full connection details together with
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Fig. 1. Circuit of the basic receiver. The circled letters are
N dealt with in Part 2
Components List
(Figs. 1 and 3)
Resistors Capacitors
(All fixed resistors 4 watt 10% unless otherwise Ci:  100pF silver mica
specified) C,  500pF variable (ganged with Cg)
R; 27kQ 1 watt C,  25pF variable (ganged with C7)
R, 1IMQ C4 0.01yF tubular (Mullard)
Rz 27kQ 1 watt Cs  0.01yF tubular (Mullard)
Ry 180Q Cs  50pF silver mica
Rs 220kQ *C;  25pF variable (Home Radio Ltd., Cat. No.
R¢ 33kQ VC69)
R; 150Q Cg  500pF variable (Denco Ltd.)
Rg 47kQ Co  200pF silver mica
Rg 1MQ Cio 0.05¢F tubular (Mullard)
Rjg 100kQ Ci11  0.05¢F tubular (Mullard)
Ry 270Q Cy2  0.1pF tubular (Mullard)
Rip 22kQ Ci3 0.01yF tubular (Mullard)
Ry; 250kQ pot log track, with d.p.s.t. switch Ci4 25uF electrolytic 12V wkg.
Ris 1IMQ Ci5 200pF silver mica
Rjs 3.3kQ Ci6 200pF silver mica
Ris 1MQ Ci7 0.01yF tubular (Mullard)
Ry 150kQ C;s 4uF electrolytic 350V wkg.
Ris 25kQ Cio 50pF silver mica
Rjo 470kQ Cyp 0.01yF tubular (Mullard)
Rop 200Q Cy;  0.002uF paper
C,> 100pF silver mica
Valves Cp3  25uF electrolytic 25V wkg.
Vi ECH42 Mullard 1tCs4 32uF electrolytic 350V wkg.
V, EF41 Mullard TCss 16y.F electrolytic, 350V wkg.
Vs EBC41 Mullard 18:: ::;ﬁ Cys are in a single can
V4 EL41 Mullard Output Transformer
Vs EZ40 Mullard Ti1 Type 117E (H. L. Smith & Co. Ltd.)
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LF. Transformers
IFT; 465 kc/s type IFT11
IFT; 465 kc/s type IFT]1
(Denco Ltd.)

Mains Transformer
Pri: 0-200-220-240V; Secs: 250-0-250V, 120mA ;
6.3V (centre-tapped) 4A; 6.3V, 1A. Type 7023
(H. L. Smith & Co. Ltd.)

L.F. Choke
L; 10H, 120mA, 200Q, Type M101 (H. L.
Smith & Co. Ltd.)

Dials
Panel Signs transfers, Set No. 6

Flexible Coupler (C3 Cr)
Eddystone (Home Radio Ltd., Cat No. 893)

other information on the pack. Usually only five
soldered connections are required to wire the pack
to the remainder of the circuit. From the foregoing
it will be seen that the choice of coilpack largely
depends on the reader’s intentions with regard to
the final outcome of the receiver—domestic or
communications.

Valves

The valves employed in the design are taken from
the Mullard B8A range. These have a number of
advantages, particularly when compared with older
valves of the octal type. Their performance in a
circuit of this nature is equivalent to that which
would be offered by B7G and B9A valves, and they
are available in the component market at low cost.
The if. amplifier and double-diode-triode valves
incorporate internal screens, and this- feature
provides an advantage in that external metal
screens for these valves, which are the most sus-
ceptible to unwanted external couplings, are not
then required.

LF. Transformers

These components are extremely important in
any superhet and those specified are of the modern
miniature type having a high “Q”. As supplied by
the manufacturer, they are complete with full
connection details and other data. It is recom-
mended that the types specified are obtained.
Connections for these are shown in Fig. 1.

Resistors and Capacitors

For best results there is no doubt that new and
branded components are best in the long run and,
although some tolerances are admissible in the
design, it is far better, and cheaper, to obtain the
values specified. The use of surplus components is
not advised.

Speaker and Transformer

These are specified in the Components List but it
may be that a speaker is already to hand. This
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Valvekolders
BB8A (5 off) McMurdo)

Speaker
3Q impedance

Coilpack
Type CP3F (Denco Ltd.)

Fuse and Holder
Cartri(;ge type with 1A fuse (H. L. Smith & Co.
Ltd.

Chassis and Panel
See text (H. L. Smith & Co. Ltd.)

Metal Stand-off Bracket (C7)
Home Radio Ltd., Cat No. 708/A

being so, there is no reason why it should not ‘be
used providing that it will match into the output
transformer.

Circuit-Frequency Changer

It will be noted from Fig. 1 that the frequency
changer stage is built around the triode-hexode
ECH42. This is an excellent valve for use in a
receiver designed to work on the short wave ranges.
After an initial warming up period, there is little or
no frequency drift apparent—a very important
point at the comparatively high frequencies en-
countered on short waves. )

The valve base connections are shown as numbers
around the circuit representation for the valve. The
hexode screen grid is fed from the h.t. positive line
via Ry which, with R3, forms a potentiometer. The
capacitor Cy4 is the bypass component. The grid of
the hexode (pin 6) is connected to the green tag of
the coilpack via C; (see Fig. 2 (a) and (b)), and to
the variable capacitors C, and Cs3. The variable
capacitor C, is the main tuning component and is
one section of the S00pF two-gang capacitor. The
small bandspread capacitor C; is wired in parallel
across C,. The required trimming capacitors, not
shown in Fig. 1, are supplied with the coilpack and
are an integral part of this unit as received from the
manufacturer or supplier.

The hexode anode is connected to the h.t. positive
line via the if. transformer primary winding, the
secondary winding of which is connected to the
following stage, V5, and the a.g.c. (automatic gain
control) line.

The cathode of V; (pin 7) is taken to chassis
(earth) via the resistor Ry, and is bypassed by Cs.
The oscillator triode anode (pin 3) is connected to
the red tag of the coilpack via the components Cog
and R;. The oscillator grid (pin 4) is wired to the
coilpack (blue tag) via Cs and also to the cathode
via the resistor Rg. The oscillator grid is tuned by
the variable capacitors Cg (500pF main tuning) and
C; (bandspread).

A.G.C. is applied to the grid of the hexode (pin 6)
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from the a.g.c. line via R,.

Coilpack

The coilpack connections are shown in Figs.
2 (a) and (b) as well as Fig. 1. The black tag connects
to the aerial input and the yellow tag to chassis.
Fig. 2 (a) is the circuit representation whilst Fig.
2 (b) shows the physical layout of the pack and the
required connection points, together with the
associated trimmer capacitors.

The coilpack specified covers the following
ranges when a tuning capacitor with a 500pF
“swing” is used (although this coverage is slightly
altered with the addition of the bandspread capaci-
tors C3 and C7): long wave, 800 to 2,000 metres
(375 to 150 ke/s); medium wave, 194 to 550 metres
(1,546 to 545 kc/fs); short wave 1, 50 to 160 metres
(6 to 1.85 Mc/s); and short wave 2, 16 to 50 metres
(18.75 to 6 Mc/s).

With such a frequency coverage (16 to 2,000
metres approx.) it will be readily appreciated that,
in order to receive signals on wavelengths below
16 metres, it wil be necessary to construct a
converter for use with the receiver. This in itself
is no disadvantage for, in order to adequately cover
such higher frequencies efficiently, a converter is
really necessary in the writer’s’ opinion.

The specified bandspread capacitors C3 and Cy
are single gang components which must be ganged
together by means of a flexible coupler, the rear
capacitor (C7) being secured to the chassis by means
of a metal stand-off mounting.

The switch positions for the various ranges are
also shown in Fig. 2 (b).

LE. Stage

The EF41 is a variable mp pentode which is
eminently suitable as an i.f. amplifier in receivers
of the type discussed here. It is fitted with an
internal screen, and the anode and control grid
lead-out- wires are screened from each other, with a
resulting grid to anode capacitance of less than
0.002pF. This results in the risk of undesirable
feedback from anode to grid being reduced to a
minimum. The third grid, i.e. that nearest the
anode, is internally connected to the cathode and
to the valve screen. It should be noted here that
valveholder tags corresponding to the apparently
blank valve pins (those to which no connections are
shown) should not be used as anchoring points for
other components. This applies also to the EL41
in the V4 position. These are “internal connections’’
pins, and are used internally within the valve as
supports for other electrodes—hence the basic
rigidity of the valves electrode structures as a whole.

Cathode bias is applied to V, by way of the
components Rj; and C;3 whilst h.t. potential is
supplied via R to the screen grid (pin 5), this being
bypassed to chassis via Cy,. The anode is connected
to the h.t. positive line via the primary winding of
IFT,.

The i.f. stage is of great importance in this, as in
any other superhet design, for the reason that most
of the signal amplification and selectivity is derived
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Fig. 2 (a). 'Circuit representation of the coilpack

showing trimmer and padding capacitor values

(b). Layout of the coilpack showing the positions of

individual coils, trimmer capacitors and colour coded

connection points. Also shown are the wavechange
switch positions

from it. With the single i.f. stage as shown, it is
imperative to obtain high gain if overail satisfactory
amplification is to be achieved. The circuit shown
here fulfils these requirements.

Detector, A.G.C. and First Audio Stage

In this stage the EBC41 double-diode-triode has
been specified. One diode (pin 5) is used for
detection and the other diode (pin 6) for a.g.c.
rectification. The triode section is utilised as the
first a.f. amplification stage, this having an amplifica-
tion factor of 40 to 50 times. With an a.f. gain of
this order, which is rather more than that normally
required, a reserve becomes available—a useful

.advantage when operating over the short wave

ranges.

The circuit has been simplified as much as
possible in order that beginners may successfully
complete this stage. The cathode (pin 7) is taken
to chassis by way of the bias components R;5 and
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"’I’”Chossis
Fig. 3. Power supply circuit

Ci4, the latter being an electrolytic component
which must be connected in the correct manner as
shown, positive end to the cathode and negative
end to the chassis. On the actual component the
lead-outs and marked + and — or, alternatively,
the positive end is coloured red and the negative
end black. The cathode is also wired directly to
Ri3, a variable potentiometer, the other end of
which is connected to the if. bypass components
Riz, Cis and Cis. From the centre tag of this
potentiometer, Cy7 is connected directly to the grid
(pin 3), from which electrode R4 is taken to chassis.
The anode (pin 2) is supplied with h.t. potential via
the two resistors Ry7 and R;is, from the junction
of which Cjg connects to chassis. The anode
connects to capacitors Cyg and Cyy, the latter
component acting as a bypass for any i.f. voltages

LF choke mounted under chassis
\

\

that may still be present, while the former is the
coupling component into the following stage.

The detector diode (pin 5) is connected directly
to the if. transformer secondary winding as shown.
The a.g.c. rectifying diode (pin 6) is connected to
chassis via Rjg and to the anode of V2 via the
coupling capacitor Cjo. The a.g.c. time constant
resistor Rg also connects to pin 6 of V.

Output Stage

The output stage is built around the ELA41, which
is capable of delivering some 4 watts of audio to
the speaker.

The grid (pin 6) is taken to chassis via Ris. The
cathode (pin 7) is connected to chassis by way- of
R2¢ and Cp; which together form the bias com-
ponents. The screen grid (pin 5) is taken directly
to the h.t. positive line. The suppressor grid
(grid 3) is internally connected to the cathode. The
anode (pin 2) connects directly to the output trans-
former primary winding, the other end of which
carries on to the h.t. positive line. The capacitor
C7; acts as a tone control. The speaker is fed from
the secondary winding of the transformer, one side
of which is connected to chassis.

The output transformer, as supplied, is complete
with a colour code label giving full information on
the correct connections. It does not matter which
way round the secondary lead-out wires are con-
nected to the speaker.

The foregoing, apart from the power supply about
to be described, completes the general description
of the basic receiver. It is a sound, well tried
design, conforms to the valve manufacturers
recommendations, and is one which the beginner
can confidently commence to construct with every
chance of success and confidence in the final
outcome.

Those beginners requiring theoretical knowledge
of the superhet, quite outside the scope of this
article, are advised to obtain one of the many

Ez40

X

Cg:;)zs .-:’O:’}[Mﬁmj" ™

Mains
transformer

__EBC 4l Fig. 4. Above-chassis main

=== component layout
Cagssl
_ : L _EL4l
V3 Va4 I
ECH42___ \\O Cg & Output trans-
v Vo 7/ former mounted
T c AN under chassis
- — = C3
P Fi2_ \ ~
Bandset ™ £ 1 ~ Bandspread
\
capacitors capacitors
EF4L
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"Panel-Signs’  Dials

/
/ \
/ \
Bandset I . Bandspread
{main tuning) | L —— Caand C
Fig. 5. Front panel layout 3 7
. . A, Czﬂnd Ca of fig.!
showing simplicity of controls Ot o) o)
with the basic design ot hig.
-0 oS
J’ e iy
Wavechange — T~ Audio gain
switch ‘on/otf

excellent publications now available on the book-
stalls. One such book to be recommended is
Foundations of Wireless published by Iliffe & Sons
Ltd., and ‘available direct from the Modern Book
Company (see advertisements for address).

Power Supply

For those readers graduating from battery to
mains powered receivers, this step is possibly one
of the most fearsome of all. The “high voltages”
may have a certain deterrent effect, but these need
not unduly discourage the newcomer to a.c. mains
equipment. Sooner or later, with progress through
the hobby, the enthusiast must at some point make
the change. In actual fact the danger is very slight
if one reasonable precaution is taken. This is: never
tinker with the receiver power supply, or the
receiver itself, at any point in the circuit with the
set connected to the a.c. mains. This means that
the mains connecting plug must be withdrawn from
the power socket whilst modifications, etc., are
being carried out. Provided this simple precaution
is carried out, no danger exists.

Fig. 3 gives the circuit of the power supply. The
rectifying valve is the EZ40 which is sufficiently
rated, together with the remainder of the com-
ponents specified, to supply adequate power to the
receiver complete with the modifications to be
described in Part II of this series. The mains trans-
former is, in fact, somewhat over-rated, the type
specified being included at the outset in order to
cater for all later additions to the circuit. As such,
it will run cool, however long the period of opera-
tion. Readers not wishing to proceed with the
additions to be described in Part II can, of course,
obtain a mains transformer having lower ratings
than those specified here. In such a case, the h.t.
current requirement would be 70mA and heater
current requirement (for V; to Vy4) 1.5A.

The switch shown in the a.c. mains supply to the
power pack is incorporated with the volume
control, Ry3, of Fig. 1. A l-amp fuse is included
in the a.c. mains supply to the receiver.
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The mains transformer has three a.c. mains input
tappings which should be used according to the
local voltage supply. All the transformer wires
shown are colour coded so that no possible mistakes
should occur when wiring up this part of the circuit.
The transformer primary winding is fitted with four
wires, these being the mains input tappings 240V
(red), 220V (green), 200V (vellow) and OV (black).
The two input voltage tappings not used should be
wrapped separately with insulation tape and tucked
away alongside the transformer. The remaining
tapping lead should be cut at some point along its
length and wired to the 1A fuse, this being mounted
on the chassis apron at a suitable point. The
primary wiring should then be terminated at the
switch on the rear of the volume control. From
the other tags of this switch the mains input wiring
should be taken through the rear of the chassis via
a rubber grommet and thence to the mains plug
itself. The brown wire, connected to the trans-
former screen, should be connected direct to chassis.

Dealing with the h.t. secondary winding, the two
orange wires should be connected to the valveholder
pins as shown, one to Pin 2 and the other to Pin 6.
The white centre-tap should be connected direct to
chassis.

The transformer is fitted with a separate heater
winding supplying 6.3V at 1 amp for the rectifier

Hair line scribed on rear
surface and filled with
Indian ink

Edge of Perspex
sheet

Fig. 6. Showing how cursors' may be cut out and
marked from a small sheet of Perspex

693

www.americanradiohistorv.com



valve, the lead-out wires being cream coloured and
connecting to Pins 1 and 8 of the EZ40. Pins 7
and 8 of the EZ40 are connected together. The
remaining winding is that supplying heater current
to Vi to V,, this being centre-tapped to chassis.
The two grey wires should be terminated in a small
tagstrip mounted near the transformer, heater
supplies then being taken to the receiver valves
from this tagstrip.

The Lf. choke (see Components List) is also
conservatively rated in order to cater for later
additions.

The power supply is entirely conventional and the
inclusion of the mains transformer ensures that full
isolation from the a.c. mains is achieved. The a.c.
is converted to pulsating d.c. by the rectifier (EZ40),

this then being smoothed by the capacitor input.

filter given by Cs, C4 and the Lf. choke. The
heater supplies to the receiver itself should be taken
to the respective valveholders via twisted wires.
That is, the two heater leads must be twisted around
each other, this considerably assisting in cancelling
out any a.c. hum.

The cathode of the rectifier (pin 7) is taken to
one wire of the 1.f. choke (it does not matter which
of the two choke wires is connected), the other wire
of the 1.f. choke then being taken to a tagstrip from
which all h.t. positive potential for the receiver is
taken. Connected to either side of the choke are
the filter capacitors C;4 and C,s. These two capa-
citors are contained within a single metal can and
the whole assembly is mounted on the chassis by
means of a metal clip. ‘This fixing slip itself forms
the earthing connection by virtue of being bolted
to the chassis. The capacitor positive connections
are clearly marked on the can itself, the actual tags
being colour coded.

Provided the above paragraphs are carefully read
in conjunction with the circuit of Fig. 3, the beginner
need have no fear of trouble with his first power
pack. For this reason, the circuit has been shown
separately although it is, in fact, an integral part
of the receiver itself,

Completed Receiver—First Stage

Having previously planned which form the
receiver will finally assume, and the chassis and
panel having been drilled and cut out to conform
with such plans, wiring up of the receiver should
now be commenced. All the information is con-
tained in Fig. 1, including valveholder connections
and those for the coil pack.

Having completed the receiver this far, carefully
check all the wiring and connections, insert the
rectifier valve EZ40, connect the plug to the mains
supply and switch on. Do not insert any other
valve.

Assuming a meter, even a simple one, to be
available, the presence of h.t. voltages may be easily
ascertained by connecting the meter, switched to the
appropriate ranges, between the positive potential
points and the chassis. This having proved satis-
factory, switch off and remove mains plug from the
socket. Do not allow the rectifier valve to run for
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any period of time longer than is necessary to carry
out these simple tests. Next, insert the remainder
of the valves into their respective valveholders,
connect the aerial and earth and also the speaker.
Insert the mains plug and switch on. All the valves
will be seen to light up. A signal of some kind
should then be tuned in. With the pre-aligned
coilpack and i.f. transformers this should be a
relatively easy matter provided the circuit has been
correctly wired. The gain control should be turned
to maximum (fully clockwise) and a weak signal
selected. Carefully adjust the i.f. transformer cores
in order to obtain the loudest response, repeating
the process two or three times until no further
improvements can be obtained. The -coilpack
should not be required to be touched, although
slight adjustments are sometimes required to allow
for circuit wiring and stray capacitances, etc.; in
any event, these alterations should only be of a
slight nature.

Having completed the foregoing, the -reader is
now in a position to add the further stages as, and
when, time and available cash permit; these stages
being described in Part II of this series.

Construction

Construction of the basic receiver largely follows
commonsense lines, each stage following that
preceding in an orderly fashion from the aerial
input to the speaker output. The speaker is con-
tained within a separate cabinet and the layout of
the chassis is shown in Fig. 4.

No measurement details are given, these largely
depending on the final form it is intended that the
receiver should take. Generally speaking, a chassis
measuring some 8 x 12 x 3in should be adequate
for the complete design. This chassis depth is
required in order -to accommodate the coil pack
specified and such a chassis may be obtained from
the supplier—see Components List. Suitable panel
dimensions for use with this chassis size are 14 x 9in.

The components should be laid out on top of the
chassis as shown in Fig. 4, due attention being paid
to the fact that all of the tuned circuit wiring should
be as short and direct as possible. Lay out the
components, bearing in mind that Part II of this
series will contain details of an extra if. stage;
b.f.o. stage; voltage stabiliser and a “magic eye”
tuning indicator. The b.f.o0. stage will be positioned
alongside the bandspread capacitors, and the added
i.f. stage between IFT; and V3. The added stabiliser
valve will be positioned between the ECH42 and
the front panel, alongside the main tuning capacitor.

The next stage is to mark out the chassis and drill
accordingly. Drilling details for the i.f. trans-
formers are supplied with these components, whilst
those for the valveholders will be self-evident..

Front panel details are shown in Fig. 5 and from
this it will be seen that the two dials are taken from
the Panel-Signs Set No. 6. Note should be taken
of the measurements of these dials before drilling
the front panel. The dials themselves are designed
for self-calibration once the receiver has been
completed, the various bands and known frequencies
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being calibrated and marked on the dial with indian
ink or ordinary bail-point pen. In the latter case,
the amateur bands may be marked with a red and
the broadcast bands with a black colour, thereby
imparting to the dial an attractive finish. Once
calibration has been completed, the whole area of
the two dials may be covered with small sheets of
clear Perspex, this protecting them from damage
and dust. . Two pointers may easily be made of the

same material, hair lines being scribed and filled in
with indian ink as shown in Fig. 6.

The front panel of Fig. 5 is that of the basic
design only, and more controls will be added as the
additions to be described in Part II proceed. These
added controls will consist of a.g.c. on/off switch,
i.f. gain, tone, audio filter, b.f.0. switch, b.f.0. pitch
control and phone socket.

(To be continued)

Transistorised
Thermometer

by Carlton D. McVey

An intriguing application for the ubiquitous OC71

AVE YOU EVER TAKEN YOUR TEMPERATURE WITH
H a clinical thermometer, and spent valuable time
trying to locate the elusive mercury column?

The type of thermometer suggested here saves
unnecessary time and eyestrain. It takes advantage
of the thermal instability of the well-known OC71,
which changes resistance wﬁen heat is applied.

O-ImA
&
o

(o o] Sknvtf

A L
470k W |.3-26V

S

This causes more collector current to flow which,
in this particular circuit, shows as a reading in the
meter. See Fig. 1.

AAAAA

Good thermal contact with the transistor shell

will raise the reading from 0.1mA to about 0.8mA.
The constructor, after building the unit, should
calibrate it against a standard mercury column
thermometer and mark the graduations on the meter
scale. The preset meter shunting resistor R, can be
adjusted to set the “normal” reading (98.4°F) at a
convenient point on the scale. The transistor should
be placed under the tongue to obtain good thermal
contact, and a suitable method of construction is
shown in Fig. 2.

Waterproof cover (Smm sluving)

Red 'spot

For an attractive variation the paint can be
scraped from the transistor shell, thus enabling the
meter to be used for detecting infra-red radiation
or, in photography, as a light meter. This assumes
an old type OC71 without a metal case—alterna-
tively an OCP71 phototransistor can be used.

10th International VHF/UHF Convention

The 10th International VHF/UHF Convention will be held on Saturday, 16th May, 1964, at Kingsley Hotel, Bloomsbury

Way, London, W.C.1.

The programme will be as follows: Morning, exhibition of trade and amateur products; afternoon, programme of
lectures having a wide interest to all v.h.f./u.h.f. enthusiasts; evening, dinner and presentation of prizes.

Tickets may be obtained from the VHF/UHF Convention Treasurer, F. E. A. Green, G3GMY, 48 Borough Way,
Potters Bar, Middlesex. Convention only, 3s. éd.; convention and dinner, 27s. éd.

MAY 1964
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3-Transistor
Intercom

FRANK G. EDWARDS

HE THEORETICAL CIRCUIT FOR THE INTERCOM
system described in this article is given in
Fig. 1. As may be seen, three transistors are

employed in cascade, Talk-Listen switching being

effected by S;.

Components

Component values are not critical and Red Spot
transistors for TR; and TR, and Yellow/Green
Spot for TR3; may be used. However, for better
results the Mullard transistors OC71 and OC72
should be employed for TR;,, and TRj respectively.

As the input is at_low impedance, unscreened
wire to the remote point may be fitted. Quite long
distances are possible, and the unit can be used
between any two rooms in a house.

The two speakers were each 3Q units, both acting
as microphone and loudspeaker. The two trans-
formers each had a ratio of 10:1 (i.e. 300Q to 3Q
impedance).

Although a larger speaker was possible the
author used a 3in type in the unit containing the
amplifier. A 6 x 4in speaker was employed at the
remote position.

Initially, the amplifier was powered by an Ever-
Ready PP3 battery, but a power unit giving 9 volts
and running from the mains was later substituted.
Since the intercom was in operation for relatively
long periods of time this was found to be more
economical.

This system uses only one amplifier, with the
result that the person at the amplifier end can call
the other but, unless the unit is left on all the time,
he cannot be called. If a simple buzzer is used this
difficulty is overcome, as shown in Fig. 1. When the
person at the amplifier end wishes to call the
second person he ensures that his switch is in the
talk position, and calls him up via the remote
loudspeaker. When the second person wishes to
call the person at the amplifier end he presses the
buzzer and waits until he hears an answer. A bulb
or bell might also be used. The positive supply lead
is employed as one of the leads to the buzzer, and
thus only 3-core cable is necessary, the first core
being from contact 4 on switch S;, the second
being the lead common to the positive supply line
and the buzzer battery, and the third connecting to
the buzzer. The buzzer can be fitted together with
a small battery to tite side of the amplifier cabinet.

Another way of overcoming the difficulty is to

Fig. 1. The circuit of
the 3-transistor inter-
com system

R 2 3
i
Remote speaker *’Cl'«
T
# ———— = =
\ J—% | E
SN ] 10
\ -
A\
Wiring to remote
position
4% |
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o ) Positive supplyﬁ +
N rail

Wiring to

Remote  hemote position 6.
/ .
‘switch 4 8
4
|l ot g

Fig. 2. An alternative method of providing calling
facilities from the remote position. S3 is now in the
positive supply line

supply the person at the remote end with a switch
in parallel with the on/off switch S3, so that he may
turn on the amplifier and make the call when he
wishes. In this case, the person at the amplifier end

Components List

(Fig. 1)

Resistors

(All 10% 4 watt)

Ry  220kQ

R, 22kQ

R3 47kQ

R4  220kQ

Rs 22kQ

R¢ 47kQ

R; 18kQ

Rg 10kQ

Ry 120Q
Capacitors

Ci  2uF electrolytic 6V wkg.
C,  2uF electrolytic 6V wkg.
Cs  2uF electrolytic 6V wkg.
Cs  50pF electrolytic 6V wkg.

Transistors
TR;, TR; OC71 or Red Spot (see text)
TR3 OC72 or Yellow/Green Spot (see text)

Switches
Si d.p.d.t. switch
S;  s.p.s.t. push-to-make switch
S3  s.p.s.t. switch

Transformers )
Tq, T, 10:1 (transistor output transformers
would be suitable)

Batteries
9 volt battery (if used—see text)
3-6 volt battery (to suit buzzer)

Miscellaneous
2 speakers, 3Q (see text)
1 buzzer
8-way tagboard (8 pairs)
Terminals, case, etc.

MAY 1964

must always remember to leave the unit in the
Listen position when it is not in use.* The on/off
switch S3 would now have to be in the positive
supply lead to the amplifier and the three wires to
the remote speaker would be as follows: the first
from number 4 on switch S;, the second from the
positive supply lead after S3, and the third from the
positive supply lead before S3. (See Fig. 2.)

Construction !

The author built the amplifier and the speaker
into a box which measured 12 x 71 x 3in deep. The
back panel overlapped by #in at each side and had
two holes at each top corner, as shown in Fig. 3,
to hook on to two nails in the wall.

The amplifier was built on an 8-way tagboard,
this being bolted to the front panel at the left of
the speaker. See Fig. 4. Below the tagboard were
fitted the transformers and, in the centre, switch S;.
The battery (if used) can be held in a clip at the
bottom right hand corner.

The components should be assembled to .the
tagboard first, long leads being left to make connec-
tion with the transformers and the battery or power
unit. The tagboard assembly, together with the
speaker, switches, sockets and output and input
transformers, should then be bolted to the front
panel of the box and finally wired up.

Before switching on or connecting up the supply,
the wiring should be checked against the circuit
diagram. If the wiring is then found to be correct
the unit should be tested.

* The Talk-Listen switch could, alternatively, be of the spring-
loaded type, returning automatically to the Listen position when
released. —EDITOR.

Holes for nails Holes for nails

/
3/4” Y \ 3
d| Speaker \3

Oon VA it
Talk L
%6 a (1} isten p 72
oft - / /©
| /S

Y

— -

1Y 77
\ 1 \
bt ]
Overlap Terminals to remote Overlap
speaker
2 dh = S
=

Fig. 3. The general appearance and outside dimensions
of the amplifier case
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~(53) + (Battery)

The system should work first time; if not, the
wiring should be checked for dry joints. When
everything is operating correctly the back panel can
be screwed to the box and hooked on to the wall as
described.

The author covered the whole of the front panel
with speaker fabric and the sides with Fablon.

Speaker

Fig. 4. Internal layout
of the amplifier case
looking at the back of
the front panel. Note
that transformers Ty
and T, are mounted
with their cores at
right angles to each
other. The buzzer and
buzzer battery of Fig.
1 are not shown here,
these components
being mounted outside
the case

PP3 Battery
+

Alternatively, the speaker aperture only could be
covered with fabric, and the whole of the box with
Fablon.

If there is any tendency towards instability in the amplifier, it
may be helpful to connect a 50 or 100iF capacitor across the supply
lines after S;.—EDITOR.

Centenary of S. Z. De Ferranti
(1864—1930)

A Special Exhibition at the Science Museum

This year marks the centenary of the birth of S. Z. de Ferranti, pioneer of the use of electric power.

The Museum is commemorating the occasion in two ways: a special exhibition is being held, and a Science Museum
booklet is being published giving an account of some aspects of S. Z. de Ferranti's work.

The exhibition will be opened at 11 a.m. on 9th April, the day of Ferranti's birth, by his grandson, Sebastian Z. de

Ferranti. It will remain open until 31st August.

Members of the press are most welcome to attend the opening and to have prior view of the exhibition earlier
that morning, or by appointment. They can also be sent, on receipt of an application, a copy of the booklet mentioned

above.

S. Z. de Ferranti is perhaps best known for his Deptford scheme of 1890 for the supply-of electricity; for it can be
said that the power station at Deptford, which was part of this scheme, was the forerunner of the modern power station.
The circumstances which governed the choice of site at Deptford were much the same as those deciding the placing
of a thermal power station today: land was available and reasonably priced, cooling water was plentiful and coal could

be readily delivered.

Ferranti planned to install generating plant with an ultimate capacity of 120,000 horse-power,

sufficient to light the whole of London, and to carry the current to substations in London at the then unheard-of pressure

of 10,000 volts.

Dr. Ferranti is also automatically associated with the invention and manufacture of electrical equipment; in particular

generating equipment and transformers and the schemes incorporating them. An account of this side of his work is,

of course, given in both the exhibition and the booklet, and drawings from Ferranti’s own sketch books are used to

illustrate it.
is also shown.
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But, in addition, something of his lesser-known work on steam engines, turbines and cotton spinning
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All-Band
Communications

Receiver

by R. MURRAY-SHELLEY

This article describes an ambitious communications receiver which may be built by the more
experienced constructor. As is explained in the text, the design employs some unusual features,
including panel trimmers for both the aerial and r.f. tuning circuits

ERIOUS SHORT WAVE LISTENING REQUIRES THE USE
of a receiver whose sensitivity and selectivity
are somewhat above those of the average

domestic superhet. Further, specialised facilities are
required such as, for example, a beat frequency
oscillator to allow reception of unmodulated carrier
wave signals. Many of these facilities are in-
corporated in the receiver described in this article.
The circuit is adaptable and alternative circuitry has
been shown where appropriate.

Design Features

Perhaps the foremost problems which confront
the designer of circuits such as this are those of
sensitivity and selectivity. In addition the main-
tenance of low noise levels throughout the circuit
is of paramount importance.

Referring first to the question of sensitivity, it
was decided to employ an r.f. stage in addition to
two stages of i.f. amplification. The valve type used
in all these stages is the 6BA6 which has a charac-
teristically high gain, whilst at the same time
generating little noise.

Tuning the r.f. amplifier introduces additional
selectivity as well as additional gain into the circuit.
No if. filter was fitted in the prototype since
‘coverage of the broadcast (long and medium)
wavebands was incorporated, and too much
selectivity would result in a drastic loss of audio
quality.

The choice of the intermediate frequency in single
superhet receivers of this kind must always be
something of a compromise. A high frequency such
as 1.6 Mc/s favours good image rejection which is
particularly important at high frequencies, while a
low frequency results in good adjacent channel

MAY 1964

selectivity though poor image fejection. According-
ly, the standard frequency of 465 kc/s was chosen,
thus striking a balance between the factors men-
tioned.

The. Circuit

The circuit diagram is shown in Fig. 1. A coil
turret is employed, this offering a particularly
efficient method of band-switching which eliminates
many of the switching losses associated with
conventional coil packs. The turret as supplied
covers the frequencies 1.5 to 30 Mc/s in three bands,
(1.54 Mc/s; 4-12 Mc/s; 10-30 Mc/s). In addi-
tion, separate coil strips may be purchased covering
the long and medium wavebands for incorporation
in the turret.

The signal received at the aerial passes via C; to
the aerial coils which are tuned by VCjy(a). Panel
mounted trimmers are employed in conjunction
with both the aerial coils and the mixer coils. The
reason for this is that accurate alignment over the
whole of a band is not normally possible with pre-set
trimmers unless a very high quality tuning capacitor
is employed. A pre-set trimmer is used in the
circuit associated with the local oscillator.

The amplified signal from the r.f. stage is passed
to the second stage, the frequency changer. A single
triode-hexode is used as a combined mixer and
oscillator. The usual objection to the use of a single
valve as a frequency changer is that the oscillator
frequency may be ‘‘pulled” by strong signals,
though no serious problems have arisen in the
prototype due to this cause. The output from the
frequency changer is at a frequency of 465 kc/s, and
the signal is now amplified by the two i.f. amplifiers.
As previously mentioned, no i.f. filter was employed
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HT+

Replaces IFT)

Ist IF

SpF .
amp. grid

12AH8 pin6 AGC.

Fig. 2. A filter circuit which could replace IFT;

in the prototype, though additional selectivity may
be secured if such a filter is fitted. A simple, though
none the less effective, filter can consist of two i.f.
transformers connected back-to-back as shown in
Fig. 2. This filter may be inserted in place of IFTj.
A loss of signal strength will occur, however, if such
a filter is included.

A 6AT6 double-diode-triode valve acts as de-
modulator, a.g.c. rectifier and audio amplifier.

The A.G.C. System

An effective a.g.c. system of the delayed type is
incorporated in this circuit. A.G.C. voltages are
applied only to the i.f. amplifiers and not to the r.f.
stage since this could adversely affect the signal to
noise ratio. Neither is a.g.c. applied to the frequency
changer since this could detract from its efficiency.
To avoid overloading of the r.f. stage and the i.f.

HT+
=Rogq
=47k

el lry

= Cog
16pF =220 A
; | kn O02yF

IFT3

Cio ;
I00pF:
Co mm Rao 2Ry
o5 IMn EJLIVIN
pF
5\

AGLC. line

Fig. 3. A modified detector circuit which gives direct
a.g.c.
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Rear view of the writer's receiver

strip on very strong signals, manual gain controls
are fitted in the cathode circuits of the r.f. valve and
the first i.f. valve.

As mentioned above, the a.g.c. is delayed. This
means that the a.g.c. system will only commence to
operate with signals above a certain level, full
sensitivity being retained for very weak signals. The
delay voltage is produced across the cathode resistor
Ryg, of the 6ATS, (Vs.) No a.g.c. voltage can be
produced until the signal on the a.g.c. diode exceeds
the voltage across Rjg, i.e. exceeds the cathode
voltage.

The one drawback to this form of delayed-a.g.c.
concerns the use of tuning meters. A tuning meter
is normally inserted in such a manner that its
operation is dependent on. the a.g.c. operation.
Such a meter would, therefore, not give a reading
on very weak stations when the a.g.c. system would
be inoperative. If the inclusion of a tuning meter is
contemplated it might be worthwhile incorporating
a direct a.g.c. system; that is, a system which
operates on all signals irrespective of their level.
A modified circuit giving direct a.g.c. is shown in
Fig. 3.

A switch is incorporated (in both Fig. 1 and
Fig. 3) which short-circuits the a.g.c. line and
renders the system inoperative. This can be useful
when receiving c.w. transmissions since, otherwise,
the a.g.c. system might try to follow the morse
signals.! Normally the system is left switched on
(S3 open).

The audio output stage is conventional, a high
slope EL84 being employed. Good h.t. smoothing
ensures that no hum is discernible on the output.
The power supply is conventional.

Provision for high impedance headphones is
made, a signal being extracted via C,5. The internal
loudspeaker may be short-circuited by S, when
phones are employed.

A beat frequency oscillator is included in the
design. The theory of the b.f.0. is well known. It

11t may be possible, also, for the outi)ut from the b.f.o. to cause
an a.g.c. voltage to be developed which reduces receiver sensitivity
to weak signals.—EDITOR.

THE RADIO CONSTRUCTOR
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The components under the chassis

is an oscillator tunable to about 2 kc/s either side
of the i.f. (i.e. tunable, here over the range 463 to
467 kc/s). When the signal from the b.f.0. is mixed
with the signal at the intermediate frequency, a beat
note whose frequency is the diffecence between the
if. and the b.f.o. frequency is produced, thus
rendering unmodulated c.w. transmissions audible.
The b.fo. may also be used to supply the missing
sideband and make s.s.b. (single side band) trans-
missions intelligible. The b.f.o. is turned on and
off by S4, which short-circuits the tuned winding
on the b.f.o. coil. This switching method is prefer-
able to that normally employed (viz: fitting a switch

Aerial Oscillator Mixer

f ‘colls colls colls
AB CiD E FIGH JKL
oo 0 00 N0

Fig. 4. The connections to the coil turret. The letter
designations agree with those given in Fig. 1

in the anode circuit), since it means that the valve
is not left for long periods without an anode
potential—such a practice could ‘“poison” the
cathode.

Depending on the layout, C34 may not be re-
quired, sufficient pick-up being obtained by strong
radiation from the b.f.o. circuit. The pitch of the
beat note produced is controlled by VCs.

Components

In general there is a fairly wide tolerance per-
missible in most of the component values. This
tolerance does not apply, however, to the com-
ponents associated with the oscillators or the various
tuned circuits. Decoupling capacitors such as C,
have been given a nominal value of 0.1pF. Any
value above about 0.05pF can, however, be used.
Carbon composition resistors are employed in
almost all cases though these should, if possible, be
new to ensure that they will generate little noise.

No electrical bandspread has been fitted, reliance
being placed on a very good quality slow motion
drive. A three gang bandspreading capacitor could,
nevertheless, be fitted. A suitable value would be
about 25pF each section.

Reduction drive Front panel
X y
= S S S
= \_n0 / SR S
| ) [ ) ] I |
RF amp 6AT6 BFO
BFO.
T
@ @ Coil E
Fig. 5. A suggested above- o
chassis layout for the major VG IFT3 ELB4
components a
2nd IF
. amp. .
Coil turret IFT> ! T
b =) @ lst IE @ ‘
amp. Ez8
@ T
N\
Frequency changer
Chassis size approx. 14'x8% 11/2"
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The question of the tuning dial assembly calls for
some comment. In the prototype a plain dial
calibrated 0-100 was used in conjunction with a
vernier scale. It is felt that this type of dial makes
alignment easier than does the type already cali-
brated in terms of frequency. Indeed, calibration
may be more accurate in the long run if a plain dial
is used, since accurate calibration graphs can be
drawn between the scale readings and frequency, a
signal generator being used to provide calibration
points.

Individual constructors always, and quite rightly,
have their own ideas on equipment housing. The
prototype was built into an aluminium case obtain-
able from an advertiser in this magazine, the size
of this case being 15 x 9 x 7in high. It is suggested
that this is the minimum size of case which should
be considered. Panel-Sign transfers ensure a
professional finish.

Construction
The construction of the receiver is greatly simpli-
fied by the use of the coil turret already mentioned.

The connections to this turret are shown in Fig. 4.

A suggested component layout is shown in Fig. 5.

Throughout the receiver it is essential to keep all
signal-carrying connections absolutely as short as
possible. Liberal use has been made of “stopper”
resistors in the grid and anode circuits of the various
stages. For these to be effective they must be
_positioned very close to the grid and anode tags.
Any leads carrying signals which are of appreciable
length should be screened. The connections to the
potentiometers should be screened.

Earth connections in the prototype were made to
chassis solder tags in the normal way. The inter-
mediate frequency transformers should be bolted
very firmly to the chassis, otherwise instability may
result. Screening cans should be fitted to all valves
with the exception of the audio output valve and

704

Fig. 6. A suggested front panel
layout

\
‘Aerial socket

the h.t. rectifier. If long leads are found to be
necessary when connecting to the tuning capacitor
VGC,, these should be screened, coaxial cable being
used.

The chassis in the prototype was home made from
sheet aluminium, and was about 14 x 7 x 14in in
size. A commercially made chassis could, of course,
be used.

An internal speaker of 61in diameter was fitted
to the prototype. With such a speaker fitted inside
the receiver case, made as it is of metal, care must
be taken to ensure that everything is mechanically
solid and stable otherwise cnnoying vibrations and
buzzes will result. There might also be feedback to
the tuning capacitor.

If additional coil ‘strips are purchased to enable
the receiver to cover the long and medium wave-
bands, care should be taken when fitting them into
the turret to ensure that the fine wire connections
to the coils are not damaged.

A suggested layout for the front panel is shown
in Fig. 6.

Alignment and Operation

The coil turret used in the prototype was supplied
with the coil cores pre-aligned, thus saving much
trouble. In any event the first step in the alignment
procedure is to align the i.f. amplifier. If a signal
generator is available this should be set to 465 kc/s
with a.f. modulation switched on, and a signal
injected at the mixer grid. An output meter (or a
valve voltraeter connected across Rag) will also be
required. The i.f. transformer cores are then
adjusted for maximum output starting with IFT;
secondary and ending with IFT; primary.

If a signal generator is not available the trans-
formers may be aligned by ear assuming a local
station can be received, as will probably be the case.
A slightly more accurate method which does not
require the use of a signal generator consists of

THE RADIO CONSTRUCTOR
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connecting a high resistance voltmeter (at least
10,000 ohms per volt) between the a.g.c. line and
the chassis. (Connect the positive side of the meter
to the chassis). Now tune in a local station and
adjust the i.f. transformer cores for a maximum
reading on the meter. Note that on local stations
in the medium and long wavebands the a.g.c.
voltage can exceed 80. The a.g.c. system should of
course be switched on during this process.2

Once the i.f. strip has' been aligned, and assuming
that a plain dial has been employed and that the
coil turret has been supplied pre-aligned, little more
remains to be done. The receiver should now be
capable of receiving many stations, and the oscillator
trimmer should be set to some arbitrary position
about midway through its range. Final peaking of
the signal can then be carried out using the panel
trimmers.

If a dial already marked in terms of frequency or
wavelength is to be employed, then the alignment
procedure is more complicated. The i.f. strip should

2 In the present circuit, the secondary of IFT; does not enter the
a.g.c. loop. Whilst all other i.f. windings may be aligned against
a.g.c. voltage, IFT; secondary will need to be aligned for maximum
a.f. output.—EDITOR.

R R R R R RREE——————

be aligned as before, though now a signal generator
should be used and the i.f. set to 465 kc/s exactly.

Next tune to the highest frequency band and
inject a signal near its low frequency end at the mixer
grid. Set the tuning capacitor VC; such that this
frequency is shown on the receiver dial and adjust
the oscillator coil core to receive the signal. Now
tune to the top end of the band and repeat the
process, this time adjusting VC;. Repeat a similar
process for all bands. Next inject the signals at the
r.f. stage, and align the mixer coils in a similar
manner. Finally align the aerial coils by injecting
the signal at the aerial. Notice that VC;, VC3 and
VC; are all aligned at the upper frequency end of
the 10-30 Mc/s band.

The receiver aerial input circuits are designed to
match into a long wire end-fed aerial which should,
of course, be as high as possible. Changes in the
aerial system will usually involve adjusting the panel
aerial trimmer VC;.

Finally check the operation of the b.f.o. The core
of the b.f.o. coil should be adjusted such that the
b.f.o. oscillates at the intermediate frequency with
the pitch control, VCs, at about the centre of its
range.

RADIO TOPICS

by Recorder

might be helpful to prepare a short
glossary of phrases employed by
TV set-owners to describe the defects
in their receivers, together with what
you will actually find if you are
persuaded to undertake their repair.

Cause and Effect I
Complaint.  “It’s just a loose
screw.”

S" REGULAR READERS MAY BE
aware, I tend to get involved
every now and again in the

odd bit of spare-time servicing for
friends and acquaintances. So far as
radio receivers are concerned, 1 don’t
object to these occasional jobs. If
the truth be told, indeed, I enjoy
doing them, because the faults are
usually fairly simple to clear and it
isn’t too difficult to obtain any spare
parts that are needed for replace-
ments. Also, I obtain a certain
feeling of accomplishment after get-
ting a recalcitrant radio back into
working order again.

My reactions towards TV receivers
are, however, very different. In my
opinion, the only sensible way of
dealing with a TV repair which in-
volves anything more complicated
than changing a valve is to tackle it
in a correctly fitted-out service work-
shop with plenty of spare parts on
hand. Without suitable servicing
facilities one can spend hours chasing
a snag which could be located within
five minutes in a proper workshop.
I have a fairly busy day and, apart
from doing TV jobs for close rela-
tives and the like, I' find that 1
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begrudge wasting time needlessly in
this manner. There is also the risk
that the set is suffering from a faulty
vertical output transformer or deflec-
tion yoke, or any similar component
which is difficult to replace other
than through the manufacturer’s
service depots. So, when an ac-
quaintance drops a hint about the
shortcomings of his TV I maintain
a wary silence, and hope it will all
blow over soon.

Despite this watchfulness I have
still been caught in the past by one
or two of those characters who are
on the lookout for favours on the
cheap, and I have always been fas-
cinated by the manner in which they
minimise the symptoms when intro-
ducing the subject. “It only requires
a slight adjustment, old boy,” they’ll
say soothingly. Whereupon, if you
do take a look at the set, you’ll find
a completely blank screen, a burnt-
out line output transformer and half
the valves missing. But once you’ve
carried out the symbolic act of
removing the back to discover these
facts, boy, you’re hooked!

For the benefit of newcomers to
this little social hazard, 1 thought it

Www.americanradiohistorv.com

Actual fault. Junior has managed
to pull off the channel selector knob
and has carefully pushed back all
the oscillator slugs, breaking off the
internal coil former threads in the
process.

Camplaint. ‘““There’s a faint flicker
every now and again.”

Actual faul:. The picture is com-
pletely lost under continual white
flashes resulting from a fantastic
firework display in the line output
cage. For the last six weeks they’ve
had to keep all the doors and win-
dows open to disperse the smell of
corona:

Complaint.
wire.”

Actual fault. A supply lead came
adrift from the tuner unit and clever
Uncle Harold, in an attempt at
repair, has broken three feed-
through capacitors, snapped off the
fine tuning vane, dropped a great
blob of solder all over the top and
into the pins of the cascode valve-
holder, and has lost all the tuner
mounting bolts, which are 5BA and
unobtainable locally.

Complaint.  “There’s
smell of scorching.”

“It’s only a loose

a funny
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Actual fault. Grandma airs her
nighty by hanging it over the top
and back of the set.

Complaint. “I think it’s the little
valve near the back of the set.”

Actual fault. This complaint re-
presents a very cunning ploy which
must always be regarded with the
greatest suspicion. When you ap-
proach the valve you will find fhat
it has a top cap which has come
away from the glass in its connecting
clip. They knew that all the time,
but they have craftily stuck it back
on again with Plasticine. So, wheh
the top cap comes off in your hands,
it’s all your fault.

Complaint. “We don’t seem to be
able to get BBC-2.”

Actual fault. Receiver was manu-
factured in 1946.

Complaint. *“We just thought
we’d have the valves tested.”

Actual faulr. This is Uncle Harold
again. After pestering' someone to
let him use a valve tester, he’s
replaced all the valves in the wrong
holders. His greatest difficulty was
getting BOA valves into B7G sockets,
and vice versa, but he’s succeeded.

Complaint. “The sound seems a
little weak.”

Actual fault. Baby has emptied
potty into loudspeaker grille.

Comparative Chassis Testing

Turning towards the more serious
aspects of servicing, I was interested
to note recently that a service
manager friend of mine occasionally
falls back on what I remember as a
war-time dodge whenever he is faced
with a particularly elusive snag in a
television receiver.

During the war, a lot of my time
was spent in the repair and main-
tenance of v.h.f. aircraft transmitter-
receivers, and the only servicing aids
we had were a multi-testmeter and a
unit which comprised a crystal-
controlled signal generator giving an
output at aerial frequency plus a
meter for lining up the transmitter
section. Occasionally, we bumped
into snags which were difficult to
locate with these instruments.

If we had run out of ideas on a
particular fault, our final approach
was to take another transmitter-
receiver known to be good and set
it alongside the faulty one. We then
connected the two chassis together
with a crocodile clip lead and took
comparative resistance readings to
chassis around the suspect stage or
stages in the two sets. To take a
very simple example (and one which,
really, wouldn’t require this tech-
nique) let’s assume that the cathode
resistor of one of the receiver i.f.
amplifiers in the faulty set had gone
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The Garrard record changer Model 3000 LM. The specially developed pick-up arm
ensures that pick-up performance is unimpaired by arm mass or resonance.

high in value. During the compari-
son check we would alternately
measure, first in the good receiver
and then in the bad receiver, the
resistance of each valve electrode to
chassis. A high cathode bias resistor
would soon become apparent with
this approach. If resistance checks
at all parts of the suspect stage or
stages failed to indicate the where-
abouts of the fault, we next applied
power supplies to the two chassis
and measured voltages in the same
manner.

This procedure, which fell un-
ashamedly into the “working in the
dark” category, quite often produced
results where all else had failed.

I was therefore very interested to
find that my service manager friend
occasionally employs this idea with
television receivers when all other
attempts at tracing a fault have
proved unsuccessful. It is, of course,
necessary to have a good receiver of
the same type as the faulty one, but
this is not too difficult in service
workshops where a fairly small
range of makes is handled. It is also
necessary to make certain that the
potentiometers and switches in both
chassis are set to the same position,
as different settings here may infro-
duce misleading discrepancies.

The comparison idea can, inci-
dentally, be quite useful with printed
circuit boards, as the comparative
tests may be made to corresponding
points on the copper patterns with-
out having to bother about the actual
circuit points to which they corre-
spond. It is only necessary to start
circuit tracing when a discrepancy
has been found.

Audio Developments

The accompanying photograph
illustrates a new record changer, the
Model 3000 LM, which is manufac-
tured by Garrard Engineering Litd.
This unit has been successful in the
highly competitive American market
and is now being introduced in
Britain. A new development is the
use of a low mass pick-up arm, this

www.americanradiohistorv.com

enabling the pick-up cartridge to
give a true performance unimpaired
by arm resonance and mass. The
arm, designed for use with high
quality stereo pick-up cartridges
having low tip mass and high stylus
compliance, offers an exceptional
tracking ability. This ability is main-
tained in the vertical direction also,
and warped discs are reproduced
with the minimum amount of wow.
The Model 3000 LM will play up to
eight records automatically in mixed
sizes at 16%, 334, 45 or 78 r.p.m.

Also just introduced by Garrard
is a battery operated version of their
Autoslim changer. Battery operated
units of this type tend to give trouble
due to the oxidation of the governor
contacts and the copper commutator
segments of the motor, but this
problem has been overcome in the
Garrard changer by using an alloy
of nickel and gold for the governor
contacts and a special silver alloy
for the commutator segments. The
motor fitted is the new Model 32BM,
which has been designed specifically
as a drive unit for sound reproducing
equipment. Current consumption is
stated to be less than that of a flash
lamp bulb.

Electric Vehicle Charging

One of the problems which arise
with vehicles propelled by their own
storage batteries is the difficulty of
efficient charging at high currents
when the vehicle is at rest. Unless
care is taken to reduce current
abruptly as the storage battery
approaches maximum charge, it is
possible for overcharging to take
place. Also, placing reliance on
battery terminal voltage to control
the charge may cause an unnecessary
reduction in charging current before
the charge is finally complete. The
result is that charging time is partly
wasted.

A development which overcomes
these problems and which is suitable
for lead-acid batteries has been
introduced by Harmer and Simmons
Ltd.; and it was demonstrated at
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the 1964 A.S.E.E. Electrical Engin-
eers Exhibition held at Earls Court
from 18th to 25th March. The
Harmer and Simmons “Cyclocat”
rapid charger is controlled by a
probe which monitors the amount
of gassing occurring in the battery.
A charge of 27 amps is applied to
the battery until gassing commences,
at which point the probe reduces the
charge by an amount depending on
the quantity of hydrogen involved,

and continues to do so until the
charging current is reduced to a
trickle that the battery can withstand
for very long periods. In this manner
the “Cyclocat” automatically gives
the optimum charge throughout the
charging period. Since there is a
minimum of gassing and the tem-
perature of the electrolyte does not
ris¢ unduly, topping up is cut down
also.

The unit incorporates an electronic

control circuit, is completely static
and requires virtually no mainten-
ance. It is continuously rated, and
is designed to withstand the vibra-
tion which may occur when it is
mounted on a vehicle. It measures
13} x 13} x 9in and weighs 90Ib.
The unit is suitable for charging 24
lead-acid cells (48 volts) from a 200
to 250 volt 50 c/s mains supply, and
may operate from any standard 13
amp domestic socket outlet.

THE NEW DUAL-STANDARD TV SETS

By Gordon J. King, Assoc. Brit. L.R.E., M.T.S., M.L.P.R.E.

PART 1

This is the first of an important new series which fully describes the 405-625 line television
receivers currently appearing on the market. This article introduces the subject of 405-625
line reception by examining the two signals

N THIS NEW SERIES OF ARTICLES IT IS PROPOSED TO
investiate the recently launched 625 line
television system, to compare it with the old

405 line system and to examine some of the circuits

which are used in the new dual standard models,

The best place to start is at the signal itself, so
let us recapitulate on the old 405 line signal. The
most significant feature of this signal is that the
modulation is positive-going, as shown in Fig. 1 (a).
At (b) is shown the signal after rectification
(detection).

From these diagrams it may be seen that the
transmitted power rises towards peak white and that
the power is almost zero at the base of the sync
pulses.

Vision Modulation

The British 625 line signal differs in this funda-
mental concept in that the modulation is negative-
going. Negative modulation is shown in Fig. 2, the
transmitted waveform at (a) and the demodulated
waveform at (b).

At Fig. 1 (b) it is seen that zero modulation
occurs at the base of the sync pulses, that the
modulation is at 309 level at black and at 100%
level at peak white. At Fig. 2 (b) a significant factor
is that zero modulation is not at peak white level,
but that at peak white the modulation is about 16%,
(some authorities quote this as 10%).* This
prevents the d.c. potential due to the signal across
the video detector load from dropping right to zero
at peak white, a factor that can prove useful from
the practical aspects of the video circuitry, as we
shall understand later.

Apart from the polarity of the modulation, the
two signals differ in other respects. A 405 signal,

* The 625 line parameters quoted by the B.B.C. in 1962 stated a
blanking level of 72.5 to 77.5% of full modulation, and a peak white
level of 10 to 12.5%,.—EDITOR.
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for example, has a line repetition frequency of
10,125 cfs while that of a 625 signal is 15,625 c/s.
The British 405 and 625 standards both use a field
repetition frequency of 50 cfs, because this matches
the power supply frequency and avoids problems
arising from asynchronous working.

Lines and Fields
A complete picture on either standard is composed
of two interlaced fields, each field comprising

exactly half the number of lines of a complete
picture. Thus, a 405 field has 2024 lines and a 625

@

Picture signal _

o )
+
Peak white - N 100 . f
/f\'\\ M Modulation
Black level \/ [ Lag Percentage

\\\/,/ S

Fig. 1. Transmitted vision waveform of the 405 line
signal. Note, in (a), that the modulation depth
increases with increase in white signal. At (b) is
shown the 405 vision signal after demodulation; also
approximate modulation percentages
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Fig. 2. Transmitted vision waveform of the 625 line

signal. Note here that the modulation depth

decreases with increase in white signal, maximum

modulation occurring at the tips of the sync pulses (a).
At (b) is shown the signal after demodulation

field 3121 lines. Not all of these lines carry active
picture elements, since a few of them occur during
the field sync pulse period when the picture signal
does not rise above black level.

The line repetition frequency is given by multi-
plying the number of lines of a field by the field
frequency. Try this and you will find that you get
the frequencies given above.

Since the field frequency is unchanged it follows,
of course, that the scanning spot must sweep
horizontally across the screen to trace out a line
of a 625 line picture in approximately two-thirds
of the time taken to trace out the line of a 405 line
picture. Line period times are, in fact, approxi-
mately 100 microseconds for a 405 line picture and
64 microseconds for a 625 line picture.

Carrier Spacing

On 405 lines the sound and vision carriers as
transmiitted are separated by 3.5 Mc/s while on 625
lines the separation is 6 Mc/s. There is also another
important distinction and that is that on 405 lines
the vision carrier is higher in frequency than the
sound carrier while on 625 lines the opposite is true
—the vision carrier is lower in frequency than the
sound carrier.

An increase in number of lines means that the
vertical definition of a picture is automatically
improved. It does not mean, however, that the
horizontal definition is likewise improved. The only
way that the horizontal definition can be improved
is by arranging the complete television chain—from
camera to picture tube—so that its response to
changes in picture element brightness is speeded up.

We have seen that on 625 lines the scanning spot
travels horizontally across the tube face about 309
faster than on 405 lines. Now, if the rate of change
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of brightness of the scanning spot on 625 lines is
limited to that set for a top value on 405 definition,
the effect will be an apparent decrease in 625 defini-
tion, since the spot will have covered a greater dis-
tance on 625 lines for a maximum rate of change
of brightness as established by the 405-line system.
(It should be remembered, of course, that it is the
speed at which the brightness of the scanning spot
can change which defines thin, vertical picture
elements.)

In other words, simply to retain the original 405
horizontal definition on 625 lines the rate of change
of brightness of the scanning spot should be increased
in proportion to the increase in scanning spot
velocity.

We must remember, though, that the increase in
number of lines has improved the vertical definition,
so we require more than just a restoration of the
horizontal definition. We require an improvement
over the 405 definition to match the better vertical
definition! i

Horizontal Definition and Bandwidth

The rate at which the scanning spot on the picture
tube screen can change in brightness is governed by
the overall bandwidth of the television system as a
whole. An instantaneous change in brightness of a
picture element theoretically requires an instan-
taneous change in brightness of the scanning spot.
But an instantaneous change of current through a
circuit or change of voltage across a load just can-
not be accommodated, since this would necessitate
a bandwidth from d.c. to infinity!

Look at Fig. 3. At (a) is shown a pulse of bright-
ness plotted against time which could, in fact,
represent an element of the picture as “seen’ by the
camera tube. At one ‘instant in time the pulse
represents both zero brightness and maximum
brightness. It then stays at maximum brightness for
the period of the pulse, after which it falls to zero
brightness in zero time. Actually, this is an impos-
sible pulse, but it does, at least, serve to illustrate
the definition aspect of television.

At (b) we have “geared” the brightness pulse to
a voltage pulse, the voltage being zero at zero bright-
ness and maximum at maximum brightness. Here
we see that it takes a little while for the voltage to
build up to a maximum, which it does by following
a curve. Likewise, at the finish of the brightness
pulse the voltage takes a little while to fall back to
zero again, and follows a similar curve as before.

Now, when it is remembered that the brightness
of the scanning spot in the picture tube follows the
curve at (b) and not that at (a), it can be understood
why there is a limit to the horizontal definition.
This is shown better at (¢). Here the voltage change
due to brightness change is considerably more dis-
torted and suppressed.

The greater the bandwidth of the vision channel
throughout the television system, the more faithfully
will the change in brightness of the scanning spot
follow the change in brightness of a picture element.

For the 405 line standard the horizontal definition
approximately equals the vertical definition when
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the bandwidth of the vision channel is about 3 Mc/s.
If something happens in the receiver to reduce the
bandwidth, then the horizontal definition falls below
the vertical definition. In this case the fine detail
of a picture may not cause any voltage output at all,
or a very small, distorted output, as shown in Fig.
3 (c). The voltage output at (b) would be quite
acceptable from a highly defined brightness pulse
as at (a).

To give the same 405 definition on 625 lines, it
follows that the bandwidth should be raised to
about 4.5 Mc/s. This is true, but since it is required
to improve on the 405 definition, a vision bandwidth
of about 5.5 Mc/s is used on the 625-line standard.

To accommodate this greater bandwidth and the
greater spacing between the sound and vision
carriers, a 625 channel has an overall width of 8§ Mc/s
as compared with the 5 Mc/s channel width of the
405-line system.

So much for the vision signal. On sound there
is one fundamental difference between the two
standards. That is, amplitude modulation is used

on 405 lines and frequency modulation on 625 lines. -

A .M. is used for both vision signals.

The parameters of the two signals are compared
in Table I.

Now that we know more about the two signals,
we must go back to the aerial or input, for it is here
that the first major difference between the two
standards is encountered.

TABLE I
Parameters 405 625
Number of lines per field . . 2023 3123
Number of fields per picture 2

2
10,125 ¢/s | 15,625 ¢/s
100 S 64 uS

Line repetition frequency . .
Approximate line period . .

Vision modulation . . . A.M. A.M.
positive negative
Vision/sound carrier spacing | 3.5 Mc/s 6 Mc/s
Carrier relationship - Vision Sound
above above
sound vision
Channel width ol 5 Mc/s 8 Mc/s
Vision bandwidth .. Approx. | Approx.
3 Mc/! 5.5 Mc/s
Sound modulation . . s A.M. F.M.

Bands and Channels

So far, the 405 line programmes are accommo-
dated in the thirteen channels of the v.h.f. (very
high frequency) Bands I and III, while the 625 line
programmes are accommodated in the forty-four
channels of the u.h.f. (ultra high frequency) Bands
IV and V.

Band T extends from 41 to 68 Mc/s and holds
five 5 Mc/s channels, Bard III extends from 174 to
216 Mc/s and holds eight 5 Mc/s channels, Band
IV extends from 470 to 582 Mc/s and holds fourteen
8 Mc/s channels and Band V extends from 614 to
854 Mc/s and holds thirty 8 Mc/s channels.

Band II is not, of course, used for television
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Fig. 3. The bandwidth of a television system dictates
how accurately the change in brightness of the
scanning spot on the picture tube screen is tied to
the instantaneous brightness of the picture element
as ‘““seen’’ by the camera tube. At (a) is a pulse of
brightness which changes (for the sake of illustration)
from zero to maximum in zero time. In (b) the
voltage caused by the brightness change follows a
curve to maximum and a reciprocal of the curve from
maximum to zero. This would give reasonable
definition. Bandwidth restriction, however, could
distort and suppress the voltage change to that
shown at (c). Such a response would give very poor
horizontal definition

broadcasting at all, it being concerned with f.m.
sound broadcasting over the spectrum of from 87
to 100 Mc/s approximately. Band II does not
concern us in this series of articles.

The final plan for national coverage of the 625
programmes has néw been established. Each area
is allocated four u.h.f. channels whose channel
numbers (frequencies) have been carefully chosen
to avoid or minimise co-channel, adjacent channel
and other beat interference effects. Thus, we have
the selected channels for a given area which are
separated by predetermined guard channels.

In some areas, typically London and Suffolk, the
four channels are accommodated in a spectrum of
88 Mc/s (e.g. four channels being used out of a
total of eleven channels—eleven 8 Mc/s channels
equal 88 Mc/s). In other areas a far wider spectrum
is necessary to accommodate the four selected
channels. In West Sussex, for example, a spectrum
of 312 Mc/s is used, embracing Channels 27, 55,
58 and 66.

In the London area Channels 23, 26, 30 and 33
have been chosen, and Channel 33 is the first to go
on the air. It is the general idea initially to put
only one of the four allocated channels on the air
in any one area.

The first u.h.f. channel made operational in any
area will carry BBC2, the second operational chan-
nel ITV2 and the two remaining channels could
later—possibly on a temporary basis while the
whole TV system is changing over to 625 lines—
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Fig. 4. A pair of Yagi arrays in stack formation.
(Belling & Lee Limited)

carry BBC1 and ITV1. 1t is also likely that colour
will be launched on one of the u.h.f. channels.

Polarisation

V.H.F. television commenced operations with
vertically polarised transmitters. Later, horizontal
polarisation was introduced to alleviate co-channel
interference (interference resulting from the use of
a common channel by two or more stations).

U.HL.F. television is to commence operations with
horizontally polarised transmitters, though later
there is the possibility that some booster stations
may have to employ vertical polarisation to avoid
interference troubles.

The London station on Channel 33 will run at a
power of 0.5 megawatt at sound and vision carrier
frequencies of 573.25 Mc/s and 567.25 Mc/s respec-
tively. This is the last but one channel in Band IV
—the top channel being No. 34. The mean wave-
length of Channel 33 is in the order of 54 centi-
metres, and the length of the dipole is about 95%
of half the wavelength (the 95% reduction is due
to the slight decrease in velocity of the wave on
passing through the aerial).

U.H.F. Aerial

Generally, therefore, the u.h.f. dipole is about
one-eleventh the length of the v.h.f. Band I dipole.
The “signal grip” on the u.h.f. channels, then, is
approximately one-eleventh of that on the Band I
channels. This means that it is essential in almost
all areas to enlarge the u.h.f, aerial metalwork by
the addition of directors and a reflector system.

Some u.h.f. aerials have 32 elements in all, though
the reflector system, even when it comprises a num-
ber of elements, is looked upon as just a single
element by manufacturers and dealers, as a means
of standardisation.

The Yagi array is the most popular and some-
times two or four arrays are stacked and connected
for signal addition. Two arrays stacked are shown
in Fig. 4. Here co-linear dipoles and mesh reflectors
are also featured. Adding elements-and stacking
not only increase the gain but also the directivity.
High directivity is often desirable on the u.h.f.
channels to provide high discrimination against
reflected signals.

The possibility of reflection increases with increase
in frequency for two reasons. One is that there are
many more potential reflectors at u.h.f. (any con-
ducting object in excess of half a wavelength can
act as a reflector) and the second is that u.h.f.
signals behave more like light rays from the reflec-
tion aspect than do v.h.f. signals.

U.H.F. aerials have an inherently wider band-
width than comparable v.h.f. aerials, and it is not
unduly difficult to design for a bandwidth of ‘88
Mc/s or more. Thus, in many areas just a single
array will ultimately be responsive to the signals
from the four u.h.f, channels. London area aerials
now being sold embrace Channels 23 to 33. It is
hoped, of course, that all the stations of a local
group will be co-sited—like the three or four
stations of a. group of f.m. transmitters.

Co-siting may not always be possible, so that in
some cases tWo or more separate aerials may be
needed to receive the four local channels, but this
condition does not yet arise. Separate, highly-
tuned 8 Mc/s wide arrays may also be needed to
get the best results in poor reception areas, and
there will be many of these to start with. _

Transistorised boosters will become popular, not
only for u.h.f. but also for v.h.f., the latter to allow
the use of indoor or attic v.h.f. aerials, so that the
chimney stack can be used to accommodate the
more critical v.h.f. arrays. ;

So far, then, we have seen how the new 625 line
signals compare with the old 405 line signals and
also how the channels differ. Next month we shall
Commence a stage-by-stage comparison of the
receiver circuits, eventually revealing how modern
receivers are cleverly designed to switch from one
standard to another without deterioration in per-
formance.

(To be continued)

NEW RANGE OF ZENER DIODES INTRODUCED BY MULLARD

Mullard have introduced a new range of close-tolerancé zener diodes rated for a maximum power dissipation of 400mW at an ambient
temperature of 25°C. At present the range comprises fourteen types with zener voltages between 4.3V and 15Y, The diodes are suitable for
use in voltage reference circuits, coupling and bias circuits for d.c. amplifiers, and as voltage-shift elements in digital circuits. They are housed in

all-glass sub-miniature encapsulation (DO-7).

New Type Numbering System

In common with Mullard semiconductor power devices (i.e. thyristors and rectifier diodes), zener diodes now have a type number which, as

well as identifying the device also indicates its characteristics.

Zener diodes with the same current rating will be given a range number—the 400mA series having a range number BZY88. Individual diodes
with different voltage ratings will then be identified by adding further letters and figures to the range number. For example, in the case of
BZYBB-C4V3, C indicates a nominal Zener-voltage tolerance of .%5%, V replaces the decimal point and the figures indicate an operating voltage

of 4.3.
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I. M. REES

UE TO ITS CHEAPNESS AND SIMPLICITY, THE
ohmmeter described here will be found ideal
for both the beginner or the experienced

constructor who requires a simple but efficient
instrument which can, in many cases, be built
from the spares box.

One of the main difficulties experienced by the
writer in constructing ohmmeters is the hand-
engraving of meter scales. This has been dispensed
with in the present design and the constructor will
find a ready-calibrated conversion scale available
in Fig. 2. This can be either copied or cut out and
stuck on to the instrument panel. All that is then
required is to compare the meter deflection against
the chart to obtain a direct ohms readings.

The Circuit

The circuit appears in Fig. 1 and, as can be
seen, is quite conventional. Two ranges are available,
these being 0-100kQ and 0-2kQ.

No range switch is incorporated, and this function
is carried out by the special linked test lead shown
in Fig. 3.

COMMON 1

Fig. 1.. The circuit of the dual-range ohmmeter

Components List

Basic Instrument

M; O0-1mA, moving coil meter, 100Q internal
resistance

R; 2kQ pre-set potentiometer, wirewound

R, 3kQ carbon, } watt, 209

B; 4.5 volt flat torch battery

With Modification
R3 4.7kQ carbon, } watt, 20%,
B, AsB;

The higher range is selected by plugging the
linked test lead into the socket marked ‘‘common”
and leaving the link free. The other single test
lead is then plugged into socket 1. In order to
take a reading the instrument must first be adjusted
for full scale deflection, this being done by short-
circuiting the ends of the test leads and adjusting
R;. Resistance is then read by comparing the
deflection of the meter against the conversion
scale.

e A o
8 o ™ V)]
x = x x o o
N — 5 2 > o N—
> |[£_%0 |%|«s* T 35 388 88
o BLIR R ROL ¥ IIT 1
| T [ T T { | I { l I III | T I I l'|
mA O A 2 -3 4 ‘5 ‘6 -7 -8 9 IO
l ] I 1 | l | I | l 1 I l L ' L l ! l
e |MLI&A' ll,_Il,UJ,;J,, L1
La 50 |B0s000(|85133388388 72
o] 5 88 @ 2”5 5 55
5 55 8§
Fig. 2. The conversion scale. This may be cut out, or copied
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Banang plugs

Fig. 3. The test leads. For fow ohms readings the

linked plugs are inserted into the “‘common” socket

and socket 1. The remaining plug is inserted into
socket 2

On the lower range the linked lead is left in
the “common” socket and the link is inserted into
socket 1. The other single lead is then plugged
into socket 2. On this range, and with the test
leads open-circuit, the meter will be at full scale
deflection (if not adjust by means of Rj). The
actual value of resistance is then indicated and
read as before.

It is obvious that, on the high ohms range,
the resistance under test is in series, thereby limiting
the flow of current through the meter. On the
low ohms range the resistance under test shunts
the meter.

Note that when connected for low ohms measure-
ment the battery is connected permanently in
circuit; thus it is wise to disconnect the leads when
not in use in order to conserve the battery.

It will be seen that the Components List specifies
a meter having an internal resistance of 100,
It is essential to employ a meter having this resist-
ance, or the conversion scale of Fig. 2 will be
incorrect. If meters having different internal
resistances are used, a mew conversion scale will
need to be made.

Construction

Any suitable layout will accommodate this
instrument, and the writer chose a simple arrange-
ment using a piece of aluminium bent up as shown
in Fig. 4. A 2iin meter was to hand and the
appropriate hole and fixings were then made.
The three sockets should be arranged as indicated
to avoid crossover of the leads. The type employed
were insulated sockets which are secured by single

Fig. 4. The simple layout adopted for the prototype

nuts. The potentiometer should preferably be of
the wirewound variety and need be a pre-set
component only, as occasional adjustments are

-all that will be necessary when the battery voltage

falls. Enough room should be left under the
potentiometer for the conversion scale. As the
life of the battery is very long the connections to
it can be soldered, the battery itself being held
in position by an elastic band. Ensure that the
polarity of the battery is correct before connection.

My
_+@_
] 1
By W, 5y B) === 45V
* _l
+
R)
R3 W
4
Ro
J 3kn
X2 COM [ 5

L»o-:zoon(f

Fig. 5. Amodified circuit which allows the measurement
of resistance up to 200k

Modification

The simple addition of a series resistor and a
second 4.5 volt battery makes possible an extension
of the higher range by a multiplication factor of
two (0-200kQ). The modified circuit appears in
Fig. 5.

IRAN CHOOSES BRITISH TV EQUIPMENT

Government of fran has ordered image orthicon television cameras and associated equipment from EMI Electronics
Ltd., to equip a TV studio in Teheran and an outside broadcast vehicle.
Included in the contract are EMI’s new transistor modular sound equipment, vision mixing consoles, several studio

monitors and a Transicom intercommunication system.

Negotiations for this contract, worth £33,000, were conducted in conjunction with Ampex International of Fribourg,
Switzerland, who will provide videotape recording equipment.
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Broadcasting

A review has recently been made by the B.B.C. of the possible future of stereophonic broadcasting in this country,
taking into account the results of the experimental work that has been done, the response to the experimental trans-
missions, and the fact that stereophonic broadcasting has been introduced in the U.S.A. and Canada and that regular
experimental transmissions are being made in Germany and Holland.

The B.B.C. believes that stereophony can produce a worthwhile improvement in reproduction, especially of music,
and believes that there is a demand for it, which, though a minority demand, is nevertheless substantial. Stereophonic
broadcasting on the VHF network would encourage VHF listening, would provide a new market for receivers and-would
no doubt assist the industry in its export trade. It is obvious, however, that no definite plans can be made to introduce
stereophonic broadcasting until the system to be used has been decided upon.

The adoption of a common system for general use in Europe was considered by the C.C.LR. in February 1963, but
no recommendation was made. The question will no doubt be considered again at the interim meeting of the C.C.LR.
Study Group in the spring of 1965, but it now seems unlikely that the C.C.I.R. will agree upon a European system until
its next Plenary Assembly in 1966. - If a recommendation is made then it would be necessary to obtain the approval of
the Postmaster-General to the introduction of stereophonic broadcasting™in this country and he would no doubt wish
to receive the advice of his Television Advisory Committee.

Meanwhile the B.B.C. proposes to continue the present experimental dual-transmitter transmissions during the
winter months up to the time of the C.C.LR. meeting in 1966 and also to continue the experimental compatible trans-
missions from Wrotham. In each case it may be necessary to alter the schedule of transmissions as a result of changes
in the hours of transmissions of normal programmes.

The B.B.C. will continue to study the technical problems affecting the introduction of a stereophonic service, so
that the situation can be reviewed if there are any significant developments.

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 should be submitted in writing.

Correspondence should be addressed to the Editor, Advertising Manager, Subscription Manager or the Publishers,
as appropriate.

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. Whether handwritten or typewritten, 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. Photographs should be clear and accompanied by negatives. Details of topical ideas and 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 reply or return, and should bear the sender’s name and
address. Payment is made for all material published.

Production.—Letterpress/contact litho.

Published in Great Britain by the Proprietors and Publishers Data Publications Ltd. 57 Maida Vale London W9
Printed by A. Quick & Co. (Printers) Ltd. Oxford Road Clacton-on-Sea England
Obtainable abroad through the following Collets Subscription Service Continental Publishers & Distributors Ltd “William Dawson & Sons Ltd'
Australia and New Zealand Gordon & Gotch Ltd. Electronics Publications (Australia) South Africa Central News Agency Holland *‘Radio Electronica
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A NEW-FRACTICAL wAY
of UNDERSTANDING

RADIO - TELEVISION - ELECTRONICS

Including : Transistors; VHF(FM * Hi-Fi Equipment;
Computers; Servo-Mechs. Test Instruments; Photo-
electrics; Nucleonics; etc.

Radiostructor—an organisation specialising in
electronic training systems—offers a new self-
instructional method using specially designed
equipment on a ‘“do-it-yourself” basis. You
learn by building actual equipment with the
big kits of components which we send you.
You advance by simple steps, performing a
whole series of interesting and instructive
experiments—with no complicated mathe-
matics! Instructional manuals employ the
latest techniques for showing the full story
of electronics in a practical and interesting
way—in fact, you really have fun whilst
learning!

S To RADIOSTRUCTOR (Dept. G149), READING, BERKS. l
? Please send brochure, without obligation, to: l
. *Name ... I

LEADS THE WORLD Bater . - e
IN ELECTRONICS TRAINING

. . Your Career
« . Your Own Business
. . An Absorbing Hobby

it W RS 64 |
(We do not employ representatiyes) *Block Caps Please [

— 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 RADIO CONSTRUCTOR

16 words at 9d.
=.12/-

ALL WORDING

IN
- BLOCK LETTERS
PLEASE
I 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.)

DIRECT TV REPLACEMENTS LTD. Largest stockists
of TV components in the UK. Line output trans-
formers, Frame output transformers, Deflector coils
for most makes. Official sole suppliers for many
set makers. Same day despatch service. Terms
C.O0.D. or C.W.O. Send S.AE. for quotes. Day and
night telephone: Gipsy Hill 6166.—126 Hamilton
Road, West Norwood, London, S.E.27,

THE INCORPORATED PRACTITIONERS IN
RADIO AND ELECTRONICS (I.P.R.E.) LTD.
Membership conditions booklet 1s. Sample copy of
I.P.R.E. Official Journal 2s. post free.—Dept. D,
Secretary, 32 Kidmore Road, Caversham, Readmg,
Berkshire.

SERVICE SHEETS for all makes Radio/TV, 1925-1963.
Prices from 1s. with free fault-finding guide. Catalogue
6,000 models, 1s. 6d. S.A.E. enquiries. All types of
modern/obsolete valves. Books. Components. S.A.E.
lists. —Hamilton Radio, 13 Western Road, St. Leon-
ards, Sussex.

CATALOGUE No. 15. Government surplus electrical
and radio equipment. Hundreds of items at bargain
prices for the experimenter and research engineer,
2s. 6d. post free. Catalogue cost refunded on purchase
of 50s.—Arthur Sallis Radio Control Ltd., 93 North
Road, Brighton.

S.E.S. SERVICE SHEETS for all Television, Radio,
etc. Lists 1s. 6d. plus S.A.E.—Sun Electrical Services,
38 St. George’s Road, Hastings, Sussex.

METALWORK. All types cabinets, chassis, racks, etc.,
to your specifications.—Philpott’s Metalworks Ltd.,
Chapman Street, Loughborough.

BRAND NEW Standing Wave Indicators IM-81/UP
with instructions. Described in Radio Constructor,
January 1964, £5, P.P. 155.—EWS Co., 69 Church
Road, Moseley, Birmingham. Letters only.

TRANSISTORS, 100% Red or White Spots, 1s. each.
OC44/5, OC71, OC81, 3s. 6d. each; OC170, OC171,
AF117, 4s. each; OC26, 10s. each. 1,001 other snips.
IS(.A.E. list.—Cursons, 78 Broad Street, Canterbury,

ent,

FIND TV SET TROUBLES IN MINUTES from that
great book The Principles of TV Receiver Servicing,
10s. 6d., all book houses and radio wholesalers. If not
in stock, from—Dept. D, Secretary, 32 Kidmore
Road, Caversham, Reading, Berkshire.

continued on page 717
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BENTLEY ACOUSTIC
CORPORATION LTD

38 CHALCOT ROAD CHALK FARM LONDON Nw1
THE VALVE SPECIALISTS  Te/ephone PRIMROSE 9090
ALL GOODS LISTED BELOW IN STOCK

OA2  4/6/6/30L2 83 ACITP TBIELA2 /6 PYBT 5/ MIDGET
OB2 _ 6/-|7Bi 12/6|AZ 5/9|EL8l  8/3|PY82  4/9[SILICON
OZAGT 4/3{7B7 = AZ3I 6/6|EL83  6/9|PY83  5/9|RECTIFIERS
IA7GT  7/9|7C5 713{AZ41  6/6|ELB4  4/9|PY88  7/9|Mullard
IC5 6/3]7C6 6/9|B36 4/9lEL85  7/6|PYB00  6/6|BY100
1G6 6/-|7D6  14/6|BL63  10/6{ELB6  7/3|PY8OI _7/-
IH5GT 7/9|7H7 5/9]CCH35 12/6|EL91  2/6|R10°  26/6|Output 250
L4 2/3[7R7  1246|CL33 11/6[EL95  5/6|RI9 6/6|volt at %
ILD5  4/-|7S7  14/6{CY3I  5/9|EL360 27/-|T4I 9/-lamp. No lar-
ILN5 _ 4/6|7Y4 5/-|DAF96 5/9(EL820 -16/4{TDD4  8/-|ger than a
IN5GT 8/6|9BW6 9/6|DF66 15/—|ELLBO0 20/5{TH233  6/9|shirtbutcon!
IR5 4/-|9D7 7/6|DFse  5/9|EM4  17/9|TP2620 17/6(7/~ each
154 5/-|10CI  9/3|DF97 10/—|EM34 11/6|TY86F §1/8
155 3/6/10C2  12/3|DH76  3/6|EM7I  13/6{U12/14 7/6|TRANSIS-
174 2/3|10D2  11/8|DK40 I5/6/EM80  6/3|U18/20 6/6|TORS &
1U4 5/6|I0FI  10/-|DK32 6/9lEM8I  7/-[UIS  48/6|DIODES
1Us 5/3]I0LDI1 9/6|DKS6  6/3|EM84  6/9|U22 /9
2D21  5/6{10PI3  8/3|DL68 I5/—|EM85  8/9|U24  12/6|AAI29 4/6
2X2 3/_ 10PI4 t1/6]DL96  5/9|EM87  7/6|U25 8/6|ACI07 14/6
ol12A6  2/3|DLSIO 10/6[EN3I  10/={U26 7/6|ACI127 9/6
3A5 6/9 12AC6  8/6|DM70  S/-[EY5I  5/9lU3I 6/9|AD140 25/
3B7 5.-|12aD6 9/6|DYs6  7js|EYBl  7/3|lU33  13/s|AFI02 27/6
3D6 3/9|12AE6  8/-|EBOF  24/-[EY83  9/3lU35  1&/s|AFII4 11—
3Q4  5/3|12AH8 9/-|EB3F  24/-[Evss  9/6]U37  29/-|AFII5 10/6
3Q5  7/-|12AT6 4/6lEBBCC 10/-|EY86  5/9|U45  15/6|AFIl6 10/—
354 4/6/12AU6  5/9|EIBOF 19/6/EY88  8/9|U76 4/6|AFIIT7  5/6

3v4 5/ 9/ 2
5R4GY 8/6{12BA6 5/9|EACS1 3/3|EZ4l  6/-|U282 12/3|AFI27 96
5T4 7/-|12BE6  4/9)EAF42  7/6|EZB0  4/-|U30I 11/3[BYZI3 11/6
5U4G  4/6|12BH7  6/9IEB41  4/9[EZ8l  4/-|U329  9/=|MATI00 7/9
5v4G_ 7/6|127GT 7/3|EBSI  2/3|GZ32  7/6|U403  9/9|MATI0I 8/6
5Y3GT 4/3|12K5  10/-|[EBC4l 6/6/GZ33 17/6|U404 6
573 7/-|12K7GT 3/6|EBC8I 5/9/GZ34 10/-[Us0I 16/
5Z4G  7/-|12K8GT 9/-|EBF80  5/6/GZ37 14/6|U4020 6/6]OA5 ~ 6/-
6A8G  5/9|12Q7GT 3/6[EBF83  7/3|HABCS0 9/3 UABCa0 5/- OAl0 8-
6AG5  2/6|125A7  6/9|EBF89  6/3|HL4IDD 8/6|UAF42

6AG7  5/9|125C7  4/-|EBL21  8/-|HL42DD 8/6|UBCAI 6[3 OA73  3/-
6AK5  4/9|125K7  3/-|EC70  4/9|HN309 25/-|UBC8I 6/3|0A73  3/-
6AQ5. 5/9]125Q7 8/-|EC8I 27/6|HVR2 "8/3|UBFB0 5/9|0A81  3/-
6AT6  3/9l19AQ5 7/3|EC92  6/6|HVR2A 8/9|UBF89 6/9|OA85 3/-
6AU6  5/3{I9HI  6/-|ECC32 4)-|KT33C 4/-|UBL2I 9/9|0A86 4/-
6AV6  5/620D1 10/-|ECC34 21/7[KT36 29/1|UC2  6/3|OA%0  3/-
688G 2/6/120F2  11/6|[ECC35 5/-|KT41 7/6|UCC84 8/910A9I  3/-
6BA6  4/6|20L1  12/6|ECC40 7/-|KTel  6/9]UCC85 6/3|OA95  3/6

We require for prompt cash settlement gll types of valves, loose or boxed,
but must be new. Send list of types available for offer by return.

6BE6 4/9120P 1 12/6|ECCBI 3/6|KTW6I 4/9|UCF80 8/9]OA210 9/6
6BH6 5/3120P3 12/-|ECCB2 4/6|KTW62 5/6|UCH2] 8/3|0A211 13/6
6BJ6 5/6120P4 13/6|[ECCB3  4/6]KTW63 5/6/UCH42 7/-|OCI6W35/—
6BQT7A 7/6{20P5 12/3|ECCB4 5/9{KT66 12/3|UCH8] 6/6/0CI19 25/-
6BR7 8/6|25A6G  7/6|ECC85 6/3|KT88 28/-(UCL82 7/9{0C22 23/~
6BR8 8/-|25L6GT 6/-|ECC88 8/9{MKT4 17/6|UCL83 8/6/0OC23 57/-
6BW6  6/9|125Z4G  6/6|ECCI8911/6|MUI4  4/6|UF4| 6/9|0C25 12/-
6BW7  5/-(25Z5 7/3|ECCB04 16/4|N78 26/-|UF42 7/6]0C26 25/
6C5 4/-127SU  23/3|ECF80 6/-{N339 -15/-|UF80 6/3|0C2% 125/6
6C9 10/9|28D7 6/9]ECFB2 6/3 PABC80 6/9|UF85 6/9/0C35 18/—
6CD6G 18/-[30CI5 9/-IECFB6 11/6|PCB6 10/3|UF86 9/-|OC36 21/6
6CH6  5/-130C18 10/6]ECH2] 9/9|PCB8 14/7{UF89 6/-|OC4I 8/~
6D3 9/6130F5 5/9]JECH35 6/3|PC95  [1/8[UL4I 6/9|0C42 5/
6D6 3/-130FLI 9/3IECH42  7/6|PCS7 7/9|UL44  23/3|OC43 12/6
6E5 9/6{30FL12 11/-|[ECHB8] 5/9|PCCB4 5/6|UL46 8/6/OC44  8/3
6F| 9/6/30L15  9/3|ECHB3 6/6|PCCB5 6/9|UL84 6/— OC44PMII/-
6F6G 3/9130P4 12/3]ECH84 9/6/PCCB8 10/6|/UM4  15/2/0C45  8/-
6FI3 4/9|30P12  7/6|ECL8B0 6/-|PCC8% 7/9|UM34 16/10|OC45PMIQ/~
6F23 6/3[30P19 12/3|ECL82 7/-IPCCI18910/6|UMBD  8/3|OC65 22/6
6F24 9/6[30PLI_ 8/6]ECLB3 9/6|PCFB0 5/6|URIC 6/6|OC66 25/—
6F33 3/6|30PLI3 9/6|ECL86 8/9|PCF82 6/3|UU6 9/-|1OC70  6/6
615G 3/-130PL14 12/6|EF22 6/6|PCF84 8/6|UUS8 11/6]|OC71 3/6 |
616 3/—|35A5 20/9{EF36 3/31PCF86 - 7/9|UYIN 10/3|0C72 8/-
617G 4/6|35L6GT 6/9|EF37A  6/6/PCL82 6/6|UY2I 8/-|OC73 16/-
6K7G 1/3135W4  4/9|EF39 3/9IPCLB3  7/9iUY4] 4/6|0C74  8/-
6K8G 3/3|35Z3  16/4|EF40 8/91PCL84  7/-1UYB5 5/-|OC75 8/-
6K25 24/-|35Z4GT 4/6|EF41 6/9|PCL85  7/6|VP4 14/6|0C76  8/6
6LI 10/-{35Z5GT 5/9|EF42 4/9|PCLB6 8/9|VP4B  20/510C77 12/-
6L6 6/6{50C5 6/6|EF73 5/-|PCL88 12/6|VPI3C 7/-]OC78 8/—
6L7GT 4/6{50L6GT 6/3|EF80 3/9|PEN46  4/3|VP23 2/6/0C81

6LI8 10/-{52KU  14/6]EF83 9/9[PEN383 10/3|VPI33 9/9|0C8ID 4/—
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6LD20  5/6{72 6/6{EF85 4/9|PL33 9/-|VRIO5 5/6/OC82 10/-
6N7GT 5/—177 5/—|EF86 6/-|PL36 8/-IVR150 4/9|0C83  6/—
6P28 11/6|78 4/9{EF89 4/-1PL38  16/-|W76 3/6|OC84 8/~
6Q7G 4 5/3|EF9 L 3/-iPL8] 6/9 C13% 12/-

6V6G 3/9|150B2 16/6|EL32 {61PY31 6/-|X79 27/-|OCP71 17/6
6V6GT  5/6 IBSBT 34/111EL33 6/9|PY32 8/6 XH(I 5) 6/6/TS2 12/6
6X4 3/9! [6|EL34 8/6|PY33 8/9|Y 5 15/-

5763 7/6|E {—1TS3
6X5 4/6]AC6PEN 4/91EL4I 7/3|PY80 5/-| 266 7/3IXA103 15/~

All goods new and first grade only, subject to makers’ full guarantee. We
do not sell second-hand goods, manufacturers’ rejects or seconds (often des-
cribed as *‘new and tested’), nor items from second-hand equipment. Com-
plete catalogue of over 1,000 valves, also resistors, condensers, metal
rectifiers, microphones, loudspeakers, etc., with conditions of sale, 6d.
Terms of business: Cash with order or C.0.D. only.
Orders over £3 post free. . 3/6 extra

Pnstlpackmg 6d. per item,
II ord ers despatched same
da D. orders by teleph h until
3.3’0 p.m. Any parcel insured against damage m transit for 6d. extra. We
are open for personal shoppers 8.30-5.30, Sats. 8.30 a.m.-{ p.m.
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JACKSON @

the big name in PRECISION components

Precision built radio components are an
important contribution to the radio and
communications industry.

No. 6/36 DRIVE

Incorporating the Dual Ratio Ball Drive providing 36-1 Slow drive
and 6-1.Fast drive under one knob with co-axial control, Scale is
calibrated 0-100 and an extra blank scale is provided for individual
calibration.

The unit consists of aluminium back plate, drive unit, scale, spare
scale. transparent cover, hair-line pointer, escutcheon and knob.
Fits in front of panel which may be any thickness up to 1” {or more
by providing longer screws).

It’s reliable if it's made by JACKSONS !

JACKSON BROS. (LONDON) LIMITED

Dept. RC, KINGSWAY-WADDON, CROYDON, SURREY
Phone Croydon 2754-5 Grams Walfilco, Souphone, London

RETURN-OF-POST

ON CASH OR C.0.D. ORDERS

Hire Purchase

@ LATEST TEST METERS

Cash Price Deposit Mthly Pmts,
AVO Model 8, Mark I1. .o £24. 0.0 £4.1 12 of £1.15. 2
AVO Model 7, Mark II . .. £21. 0.0 12 of £1.10.10
AVO Muitiminor Mark v £9.10.0 12 of 14/4
T.M.K. TFIO ... -£3,09.6 3of £1. 2.0
T.M.K. TP5S . £5.19.6 3of £1.0). 4
T.M.K. Model 500 £8.19.6 12 of 13/8

TAYLOR Model 127TA .. ... £10.10.0 5 12 of 15/8
Full details of any of the above supplied free on request. The AVO Models
7 and 8 are both latest models from current prod t to be conf
with Government surplus.

@ GRAMOPHONE EQUIPMENT

ALL LATEST MODELS
ALL POST FREE Cash Price Deposit Mthiy Pmts.
RECORD CHANGERS

GARRARD AUTOSLIM
(Mono PU) £6.17.6 £1.12.6 6 of £1. 0. 0
GARRARD AUTOSLIM

Hire Purchase

De-luxe AT6 (Mono PU) £11. 9.0 £2, 6.0 |2 of 16/11
GARRARD AUTOSLIM

AT6 (Stereo/Mono PU) o £12 £2. 94 12 of I8I
B.S.R. UAI14 (TC8 Mono PU) ... £6150 £1.10.0 6of £1.0.0
B.S.R. UAI4 Monarch
. (TC8s Stereo/LPl76) - £7.15.0 £1.18.0 6of £1.2. 0

B.S.R. U CB Mono PU) ... £7.15.0 £1.180 6éof £1.2. 0
B.S.R. UAIS C8S Stereo/LP/78) £8.15.0 £2. 60 60of £1.4.0
Many of the above can be supplied for stereo working. See our Gramo-
phone Equipment List for details.

@ AMPLIFIER KITS

We have full stocks of all components for the Mullard 510, Mullard 3-3,
Mullard 2 and 3 Valve Pre-Amp, Mullard Stereo, Mullard Mixer. Fully
detailed list on any of these sent upon request.

Instruction Manual: All Mullard Audio Circuits in “Circuits for Audio
Amplifiers”, 9/5. Post Free.

@ ILLUSTRATED LISTS

llustrated lists are available on LOUDSPEAKERS, TAPE DECKS, TEST
GEAR, GRAMOPHONE EQUIPMENT, AMPLIFIERS. Any will be sent
free upon request.

WATTS RADIO (cioex) LTD

54 CHURCH STREET WEYBRIDGE SURREY
Telephone Weybridge 47556
Please note: Postal business only from this address
Callers welcome by appointment

® 6 ft. flexible
Anatomyofa [ o
cordgrip
a
superlor Heats up
- from cold
Solderinglron o zmi
The Solon range of electric solder- Will give
ing irons includes 15 and 25 watt a lifetime
models for radio, TVand electronic off e
equipment; 65 watt models for
householdandworkshopuse. Larger 95 watt
models upto240 wattalso available. o oIET
select a radio work
Heat
concentrated
in bit

TRADE MARK
Used inindustry for over 30 years -
Obtainable from your usual radio or elsctrical supplier

13/40E

FREE siwpRinT

© Shor-Wave TRANSCEIVER

Designed for 7 Mc/s Wave Band, Can be adapted with
plug-in coils for other amateur wave bands. Crystal-
controlled two valve circuit. Case size 4” X 4” x 24",

© MAINS POWER PACK

Converts your battery transistor radio to mains oper-
ation. 9 volts D.C. output. 220/240 volts A.C.
Compact, size as 9 volts dry battery.

PRACTICAL

WIRELESS

JUNE ISSUE—ON SALE MAY 7th—2/- |
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SMALL ADVERTISEMENTS T

continued from page 715

FOR SALE. Mullard Transistors OC44, OC45, OC72,
OC170, 4s. each; OC71, 3s.; OC42, 2s. 6d.; OC35, 10s.
Transistor walkie-talkies, s.a.e. for details. Mullard
BY100 silicon rectifiers, 800V p.i.v. 550mA, 6s. each.
All post paid.—J/R TV, 4 Highcliffe Road, Blackley,
Manchester 9.

LOUDSPEAKERS. Ex TV in good working order,
tested before despatch. 6 x 4in, 6s.; Sin round and
6in round, 6s.; 8in round, 7s. 6d. Post on all speakers,
2s. C.W.O. Refunded if not satisfactory. S.A.E.
with enquiries.—R. & R. Radio & TV Service, Dept.
RC, 44 Market Street, Bacup, Lancs.

CONVERT ANY TV SET INTO AN OSCILLO-
SCOPE. Instructions and diagrams, 12s. 6d.—Box

i No. F204.
COLLECTOR interested in purchasing really early
wireless valves—First World War or earlier. Has for
1 disposal numerous mid-1920s types. Also for sale
several early crystal detectors.—Enquiries to Box

e 250
f@; mov

«91»«1

performance& :

} No. F205. ‘_49 XlOO Y lOmA
1 FOR SALE. Model A, G.B. 16 mm. sound on film, -im

photo-electric, cine projector. 16 and 24 f.p.s. With 2
N 10 watt amplifier.—Offers to: C. B. Barbour-Carr, 1

The Manor House, Burgh Castle, Suffolk.

FOR SALE. Philips 3-speed record player, 4 watt
amplifier and 8in speaker for same, £10.—Box No.

h F206
q FOR SALE. Quantity of new accumulators. Willard
R Radio-20-2, 2 volt. Size: 5in high x 34in x 2}in., Ss.

each plus carriage.—Box No. F207.

VALVES TO CLEAR. All at 5s. each, post paid. 807,
83, 5Y3, 6AGS, 6AT6, 6BS, 6BR7 6BW6, 6SA7,
6SK7 12AT7 6J6 DAF91 DL92 DK91 ECC82
EF40 EF91, ELAl EL91, IT4 ISS VRlSO VT136
T20.—Box No. F208.

KITS, ETC., FACTORY ASSEMBLED. Singles or

quantity production facilities available.—Evans, 83
>~ Walsall Road, Four Oaks, Sutton Coldfield, Warwick-

LT S MULTIMIOR e

High quality transistors and components. Postage

free over 10s., ptherWISe 6d. please. C.W.0. Mullard The newly improved model of this famous AVO pocket size multi-range

Industrial Semiconductors: GET102, 8s. 6d.; OC202, instrument has been enthusiastically acclaimed in all parts of the world
. . . for its high standards of accuracy and dependability as well as for its

24s. 6d.; OAS1, OA90, 3s.; OCTS5, OCT72, 8s.; GET114, modern styling, its highly efficient internal assemblies, and its resistance

OCT1, 6s. 6d.; AF115, 10s. 6d.; OC171, 9s. S.T. & C,  modern styling, its highly cfficient g

Thermistors (RS53, 21s.) and transistors. Exotic

It is simple to use, one rotary switch for

American transistors, some ex-stock, others to order. instant range selection, only one pair: of {
Sprague 2N1742, 24s. 6d. RCA 2N3053 n.p.n.  sockets for all measurements, and a 23
silicon triple diffused planar 60V 1A 5 watts fr=  inch clearly-marked scaleplate. 1t is

supplied in an attractive black carrying

100 Mc/s, 15s. 6d. Texas 2G403, 7s. 8d.; 2G308 (low case complete with interchangeable test
noise), 6s. 9d. Please send 3d. stamp for list.—J.  prods and clips, and a multi-lingual
Williams & Co. (C), 208 Hagley Road, Birmingham 16,  Bstruction booklet. to send you a full

specification of this

PANEL SIGNS TRANSFERS—NEW SERIES. Set 3 RESISTANCE: 0-2MQ in 2 ranges, using 1.5V cell great  little instru-
Wording—White. Set 4 Wording—Black. Set 5  SENSITIVITY: 10,000Q/V on d.c. voltage ranges Z}f,'y"ﬁ,,’; oot
Dials—one large and two medium scales, horizontal 1,000Q/V on a.c. voltage ranges and weighs only 24 oz.
tuning scale, control panels (switches, potentiometers -
and variable capacitors) having white markings on a I.LE.A. Exhibition
clear background. Set 6 Dials—as in Set 5, but the Stand N176
control pg:ﬁlS have white markings on a black back- T v S
ground. sets 4s. 6d. each, postage 3d. Limited égy ymPid iR
supply of Set 2 of the old series (Test Equipment— @ o
scales, control panels and some white wording) still: AVOCET HOUSE, 92-96 VAUXHALL BRIDGE ROAD,
available, price 3s. 6d., postage 3d. LONDON, S.W.I  Telephone: ViCtoria 3404 (12 lines) M"

continued on page 719 MM 19
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UNDERSTANDING
TELEVISION

by
J. R. Davies

WIS IS0

JRDAVIES
DATA

512 pages 299 diagrams 37’6

UNDERSTANDING TELEVISION deals with the principles of 625 line reception as fully as 405 line
reception, and explains in detail: the nature of the television signal; the cathode ray tube; receiver tuner
units; receiver i.f. amplifiers; a.f. and video amplifiers; vertical and horizontal timebases; deflector coil
assemblies; synchronising; automatic gain and contrast control; power supplies and receiver aerials. There is
also a very comprehensive section dealing with present-day colour television.

The original material for this book appeared in The Radio Constructor as a series of articles under the
same title, now completely revised and brought up to date by the author. The recently concluded “Intro-
duction to Colour Television” articles are also incorporated in full, together with additional information on
v.h.f. tuners.

A typical letter concerning the series states: “l am glad to say | have just recently succeeded in
getting the City and Guilds R.T.E.B. final certificate and | would just like to put on record that | found the
‘Understanding Television’ series, of which | have the complete set, a great help to me during my swotting.
The explanations and circuit diagrams made many things clear to me which other sources had not. Altogether
1found ‘Understanding Television’ a complete TV course in itself.”—W. D. Graham, Prestwick, Ayrshire. 2.1.64

The reader is required to have only a basic knowledge of elementary radio principles. The treatment
is non-mathematical throughout, and there is no necessity for any previous experience in television whatso-
ever. At the same time, UNDERSTANDING TELEVISION is of equal value to the established engineer
because of the very extensive range it covers and the factual information it provides.

Overall format 8} x 5} in. Hard covers (Fabroleen) in saxe blue. Gold blocking on both spine and
face. Varnished dust jacket in dark and light blue.

e o S — — . E— T G S T S TED WD I GEED TR CEED W WED WD WD G D G S s GEED W S S S

To Data Publications Ltd., 57 Maida Vale, London, W9

Please supply.........o.......copy(iés) of your latest publication. “Understanding Television”, Data Book
No. 17. Price-37/6. Postage 2/-.

NAME

ADDRESS
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SMALL ADVERTISEMENTS

continued from page 717

INTERESTED IN AMATEUR RADIO TELEPRINT-
ING? Then join the British Amateur Radio Tele-
printer Group. Details from Hon. Sec., G2UK,
East Keal, Romany Road, Oulton Broad, Suffolk.

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. Monthy 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., 21s. per annum.—Secretary,
ISWL, 12 Gladwell Road, London, N.8.

THE INTERNATIONAL HAM HOP CLUB is a
non-profit-making organisation open to RADIO
AMATEURS AND SHORT WAVE LISTENERS. OBJECT:
to improve international relationships through an
organised system of hospitality. MEMBERs offer
overnight hospitality to visiting members, subscription
10s. per annum. ASSOCIATE MEMBERS invite radio
amateurs to visit their stations. Associate membership
5s. per annum. FAMILY EXCHANGE holidays arranged,
also FRIENDsSHIP LiINkS between radio clubs. The
Clul’s official journal is free to both Full and Associate
Members.—Hon. Gen. Secretary: G. A. Partridge,
G3CED, 17 Ethel Road, Broadstairs, Kent.

SITUATIONS VACANT

SUMMER SEASONAL VACANCIES exist for amateurs
interested in P.A. equipment to work as host-
technicians with a largé firm of holiday caterers.
Season 14-18 weeks. Students with long vacations
welcomed. Applicants must like people.—Further
details from and applications to Dept. RB, Room 503,
419 Oxford Street, London, W

og\/\or
PRICE LISTS & INFORMATION ON

Various Designs in

Practicall Radio |Wireless|R.S.G.B.
Wireless | Constructor| World |Bulletin

KINDLY NOTE
CHANGE OF ADDRESS

0SMOR

FACTORY AND OFFICES

540 PURLEY WAY

(Near Airport)

GROYDON, SURREY

Telephone: CRO 5148/9

PANL

BLACK CRACKLE PAINT

Give your metalwork a really professional finish.
Easily applied by brush. Air drying.

Available by post from
THE BRUCE MILLER C€O. LTD
249 COASTAL CHAMBERS
BUCKINGHAM PALACE ROAD SWwi

4/- per } pint can which includes application
instructions, postage and packing

U.S. Gomponents at low prices

(Power) Photo Transistors~Modules, etc. -

ALL NEW'! ALL IMMEDIATE DELIVERY!
Data and circuits with all items
® (POWER) PHOTO TRANSISTOR

Complete photo-electric system in one unit,
direct

® (SOLID STATE) MODULES 14 cu. in 6V.

P.A. amplifier. Only needs carbon mike, battery and speaker
Ample volume even for 15” speaker ... 35/-

© RECORD PLAYER AMPLIFIER

Up to 2 watts from crystal plck—up into 8 or 45 ohm speaker
Very good response X E . 42—

@ CODE OSCILLATOR MODULE

27 sq 1.5V. Connect to key, battery and speaker or phones 19/
@ DIODES AND SILICON RECTIFIERS

1N34A 2/—; Phillips PH1021 600PIY 750m/A 6/6; 400PIV 2A 12/—;
gold plated 500m/A 400PIV 6/6; 750PIY 12/

@ PAPER THIN CERAMIC TRANSISTOR CAPACITORS

1" to }” sq. .001, .005, .01, .02, .025, .03, .05, .1uF... 1/4 each
@ SPECIAL ©

2N441 PNP Pc 150 watt lc 15A a.f. output |gn|t|on syste{:/sa

Operates relay
... 28/-

gold anodised %

©® BRAND NEW AMERICAN TRANSISTORS

We can now supply most U.S. transistors at prices lower than
similar U.K. types. For example: 2N1265 (OC71) 3/11; 2Né4
(OC72) 5/—; 2N147 (OC140) 9/6; 2N235A, GE3. 2N1227 (all
OC26) 14/6

OC type numbers show similarity of use and ratings.

Send l/- for reference catalogue with operating characteristics
and prices on over 200 types.

Prices include postage in U.K. Alf orders on cash terms only.

J. & J. ELEGTRONIGS

15 KENSINGTON HIGH ST., LONDON W.8

MAY 1964
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287/9 Edgware Road| BLANK CHASSIS—Same Day Service

Of over 20 different forms made up to YOUR SIZE.
London w2 Order EX/(AP::T SIZE you ;;equired to nearest 1/16th.
aximum length 35”7, depth 47.)
TELEPHONE _ Specials dealt with promptly.
PADdington 5891/7595 SEND FOR ILLUSTRATED LEAFLETS
or order straight away, working out total area of ma-
terial required and referring to table below which is for
four-sided chassis in 18 s.w.g. (for 16 s.w.g. add 1/6th).
48sq.in. 4/- 176sq.in. B/— 304sq.in. 12/-
80sq.in. 5/~ 208sq.in. 9/- 336 sq.in. 13/-
112 sq.in. "6/~ 240 sq.in. 10/~ 368 sq. in. 14/-
144 sq.in. 7/~ 272sq.in. 11/~ andpro rata
P. & P. 2/6 P. & P. 2)9 P. & P. 3/-
Discounts for quantities. Finishes arranged for
quantities of 25 or over.

FLANGES (}” or {”), éd. per bend.
STRENGTHENED CORNERS, 1/~ each corner.
PANELS
_Any size up to 3ft at 4/6 sq. fr. 18 s.w.g. (16 s.w.g. 5/3).

Plus postage and packing (orders over £2 Post Free).

CHASSIS

and
CASES
CASES

ALUMINIUM, SILVER HAMMERED FINISH  17Pe W
Type Size Price Type Size Price
U 4x4x4°*  9/6 Y 8x6x6” 25
U Six4ix4i” 146 Y 12x7x77 39~
o/ 13x7x9” a4/~
15x9x7” 46/~
Wex6x6”  19/6 17x10x9” 63/
W 12x7x7" 326 19x10x84” 67/6
W 15x9x8” 42/ * Height

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

NN=<=<

The thrills of VHF Amateur Radio can now be yours for

as low as 39/6l—complete kit (by post 2/6 extra)—tuneable ROD BANRYStI?E§ Tﬁ;!’:.;'ﬁ; WIRE

range, 70-150 Mc/s. Werite today for interesting literature, s.a.e. No quantity too small List on application

please. If a newcomer to Short-Wave radio, ask for a-free copy BRASS COPPER BRONZE ALUMINIUM LIGHT ALLOYS
of world-famous “Globe-King! S.W. kits and other receivers. STAINLESS STEEL

Home 2nd Overseas Sales. H. ROLLET & CO LTD
Johnsons (Radio) St. Martin’s Gate Worcester z

HOWIE STREET, LONDON, S.W.11 BATtersea 7872

Also at Liverpool, Birmingham, Manchester, Leeds, Glasgow____|

Hammer Finish| [HORsE

Pai nt Train by the well-known
A really beautiful effect easily applied by brush. CANDLER System

Air dries in 20 m|nu_tes. For instrument cases, of world-wide reputation
car accessories, electric fires, etc.

Note for aeromodellers: completely fuel, water and YOU TOO CAN BECOME A SKILLED OPERATOR
weather proof. Made from one of the finest Learn in your spare time and combine pl e with

modern resin systems. 2} oz. tins in blue, green, ‘Special course for Amataur Transmitting
pewter, or brick red, 3/6, 1 pint 15/, all post free. Licence, Also courses for Operators

Retailers supplied.

Send 3d. stamp for details: The CANDLER SYSTEM €O

FINNIGAN SPECIALITY PAINTS Dept. RC, 52b ABINGDON ROAD, LONDON, W.8
5 Stanley Square, Stalybridge, Cheshire Candler System Co., Denver, Colorado, U.S.A.

YOUR CAREER IN RADIO? THE

Big opportunities and big money await the qualified man in K|NG TELEBOOSTER

every field of Electronics today—both in the U.K. and through-
out the warld. We offer the finest home study training for aLl

SUTEBs e AR T iron st sipseially for che CITY & is now being manufactured and

'é'i;fiﬁi’:;;“,; 'ti‘.: f‘.a‘i‘r'.’e;.?. ‘sf!‘rﬁ.?ﬁ”‘cz;‘eiz:@t‘i'? °.‘é.’; e marketed by

COUI‘!B!_I’I elevision; L nnnstors;_ adar; _omputer_l; ervo-

W eauorignt W hiva GVER S5 VERRS snsececes T TRANSISTOR DEVICES LTD

succasses. "W are the only privately con Briciah home sety NEW ROAD, BRIXHAM, DEVON

il b R ol e siblctsionly. sFuliast deegic

' SEN)I:‘) FOR FRE E BROCHURE TO: T0 WHOM ALL ENQLAI&I)E’?E%IEIB ORDERS SHOULD BE
BRITISH NATIONAL RADIO SCHOOL > =

DEPT 4, RADIO HOUSE - READING - BERKSHIRE Telephone: BRIXHAM 3525

THE RADIO CONSTRUCTOR — BOUND YOLUMES
Volume 16, August 1962 to July 1963 Price £1.10.0. Postage 2s. 9d.

Where all issues are returned: Price £1. Postage 2s. 9d.
Also available Volume 13, August 1959 to July 1960 Price £1.5.0. Postage 2s. 3d.

We regret Yolumes 14 and 15 are now sold out

DATA PUBLICATIONS LTD 57 MAIDA VALE LONDON W9

720 THE RADIO CONSTRUCTOR

www.americanradiohistorv.com .
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TRANSISTORS, CRYSTALS, VAI.VES GGMPGNENTS& EQUIPMENT

FOR THE AMATEUR & PROFESSIONAL—TRADE SUPPLIED—QUOTATIONS BY RETURN

ALL LINES PREVIOUSLY ADVERTISED STILL AVAILABLE FROM STOCK

e s ]

%* Stethoscope Headsets
Mono Crystal or Mag-
netic, 10/6, Stereo Mag-
netic, 27/6.

* New fully retractable
car radio aerial, tamper
prool (usually 55/—) 35/-,
p.p-
*Transutor insulation
tester, £17.10.0.
% Recording tape.
American and Canadian
quality. 57 600’, 12/6;
5” 9007, 15/—; 7” 1,200’,
18/6. 7” 1,800°, 25/-;
2,400’ 7”7, 27/

* 10 watt horn tweeter,
29/6, p.p. 1/6.

% Portable oscilloscope,
£16.10.0.

Best

baby alarm, £5.1

% Signal Injector trans-
sistorised, 39/6.

“* High output tele-
phone amplifier, £5.10.0.

Y Ready-built transistor
superhet tuner, 82/6.

% 5-transistor 350mW
9 volt 15Q amplifier, 57/6

% Large range of TSL

pre-built FM units in
stock. Also AM and
AM/FM units.

% Panel meters. 50uA,
39/6; 500uA 32/6; 1mA,

5mA, 300 volt, 27/6
each. New miniature
types, clear plastic or

black moulded fronts—
Brand new and boxed.

% 5 hole chassis punch
kit, 49/6, p.p. 1/6

MULTI-METERS

Multi-range test
meters featuring easy
to read scales and
provided with fuli
operating instruc-
tions, lead and bat-
teries. Suitable for
amateurs, designers,
repair shops, all
domestic uses. Fuil
details and specifica-
tion in our catalogue.,

% PT34, 1kQ/volt .. £2.50
% M1, 2kQ/volt £2.
% THL33, 2kQjvolt (|Ilus) £3.1
% EP10K, 10kQ/volt .. . £4.
* ITI-2, 20kQ/volt £5.
% TP5S, 20kO/volt g5,
* EP30K, 30kQfvolt ... ... £6.
. £8.
£9.

% 500, 30kQ/volt

9.6
5.0
9.6
5.0
9.6
9.6
9.6
S EP50K, 50kQ/volt ... 9.6

NEW 84 PAGE FULLY DETAILED AND
ILLUSTRATED CATALOGUE.

% PRICE REDUCTIONS — NEW TYPES
ALL BRAND NEW STOCKS

PRICE 2/-

Crystal Contact Microphone, 12/6 P.P.9d.
2K, §-track Tape Head, 15/-. P.P. 9d.

Telephone Recording Attachment 12/6.
4-channel Transistor Mixer Unit, 59/6.

RUN YOUR RADIO OR AMPLI-
FIER FROM MAINS
BATTERY ELIMINATORS AND
CHARGERS

1. For PP3 or equivalent 9 volt Pocket
Radio Battery, 18/6. P.P. 1/-.

2. For PP4, PP7, PP9, 9 volt Portable
Radio and Equipment. Supplies up to
300mA, 49/6. P.P. 2/-.

3. De Luxe version of No. 1 also charges
PP3 type batteries, 24/-. P.P. 1/-.

1+ WATT 4 TRANSISTOR
AMPLIFIER

¥ Improved
Version.

+ watt peak
output.
+3dB 70 ¢/s
to 12 kefs.
Qutput to 3
ohm speaker
9 volt oper-

Built and  Kit of

Tested Parts ated.
49/6 or 39/6
P.P. 1/6 P.P. 1/6 Details on

® NEW LOW PRICE ® request.

[ TS

®
y
)
$
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l Y Transistor portable
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y
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§
%
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Tape Jack Radio Tuner, 29/-.

P.P 1/-.

TAPE RECORDERS

% COLLARO STUDIO 2-
TRACK DECK, £10.10.0.

P. 5/-
* ATRACK DECK, £13.19.6
P. & P. 5/~
% CABINET with SPEAKER
P. & P.

Y RECORD/PLAY AMPLI-
FIER KITS, 2 track, 11 gns.
4 track, 12 gns.

Leaflet on Request.

for above, 5 gns.

MAINS DECKS
Y GARRARD AUTOSLIM,
4 speed changer, £6.10.0.
% PLUG IN HEAD VER-
SION, £6.19.6.
% Stereo Version, £7.10.0.
% GARRARD ATé6 STEREO
£10.19.6. Mono £10.10.0.
Y B.S.R. UA14 4 speed,
£5.19.6. UA15, £6.5.0.
¥ GARRARD SRP10 or
BSR GU7—A4-Speed Single
Player, £5.5.0. R
All complete with cartridge.

BATTERY DECKS

All decks fitted Crystal
pick-ups.

QUALITY MICROPHONES

I STAR 45 r.p.m., 39/6. Acos 60 Stick Microphone 27/6

RO 2. 0™ 18- | Acos 39-1 Stick Micraphone 32/6

Acos 40 Desk Microphone 15/-

% GARRARD 45 rp.m, Acos 45 Hand Microphone 22/6

35/-. P. & P. 2/-. LapelfHand Microphone .. . 1276

% STAR 45 and 33 r.p.m., | 100C Stick with Stand ... .. 39/6

92/6. BM3 Stickdwith Stand - 49;6

Lapel/Hand Magnetic 8/6

% B.S.R. GU7 4 speed, 5 gns. Dynamic Stick Microphone ... 5 gns
P. & P. 2/6. Dynamic Hand/Desk MncrOphdne

with stand 52/6
Post and Packing 1/6 any type

* NOMBREX AUDIO
GENERATOR. 10 to
100,000 cfs. Sine/square,
£16.15.0, with battery.

* NOMBREX TRAN-
SISTORISED INDUCT-
ANCE BRIDGE. New
model. 1 micro H to 100 H
in 4 ranges. 'Q’ and Tan.
measurements, meter indi-
cation, etc. £18.0.0.

% NOMBREX ALL TRAN-
SISTOR SIGNAL GENERA-
TOR. 150 ke/s to 350 Mc/fs. AF
RF Mod., etc., £9.10.0, with leads,
batt., etc.

% NOMBREX TRANSIST-
ORISED RESISTANCE CAP-
ACITANCE BRIDGE.
100 mfd.,
leakage test, visual null indicator,
£8.5.0, with batt.

% NOMBREX
TOR
UNIT. 1 to 15 volts D.C. up to
0.1 amp. 230/250V, A.C. mains,
£6.10.0.

1pF to
1 ohm to 100 meg.,

TRANSIS-

POWER SUPPLY

Post and Packing 2/6 any type.

(Note increased prices as recently
announced by makers.)

% DETAILED LEAFLETS ON REQUEST %

QUALITY
STEREO HEADPHONES

8 + 8 ohms 62/6
HI-FI SPEAKERS
12”7 15 ohms, 12,000 G. 35/-
8”7, 15/16 ohm (8A7) .. 718/6
12”,15/16 ohm (CR3OAE) .10 gns
20 watt rectangular horn tweeter.. 69/6

% TRANSISTOR POCKET RADIOS

Ready to use, complete with Battery,
Leather Case, Earphone. P.P. 2/- any type.

6-Transistor Zephyr 79/6
6-Transistor De Luxe 85/—
7-Transistor Zephyr 89/6
6-Transistor MW/LW ... ... £5.19.6

% 50-0-50uA EDGE TYPE METER

Complete with circuit for use as stereo
balance meter, 25/, p.p. 1/-.

SINCLAIR DESIGNS

Sinclair 'Slimline’ ...

Sinclair Micro-6

Sinclair Micro-Injector :
S-transistor Amplifier, 9 volt

46/6

All parts in stock for PW, TSL, Repanco, Radno Constructor,
RCME, etc., designs.—Quotations by return.

AUDIO KITS FROM STOCK.

MARTIN AUDIO KITS.

NEW RANGE OF

ALL TRANSISTOR UNITS.

ALSO MARTIN RECORDAKITS AND TAPE PRE-

AMPS.

S o

DETAILS ON REQUEST.

HENRY’S RADIO LTD

PADdington 1008/9
303 EDGWARE RD.,, LONDON, W2

Open Monday to Sat. 9-6, Thurs. 1 o’clock

PLEASE TURN TO BACK PAGE

i 2l S o i S o P o

SUBSTITUTION BOXES
% Capacitor Box. Provides 9
standard values from 0.001 to
0.22 mifd. at 600 volt work-
ing, 29/6.
% Resistor Box. Provides 24
standard values at 1 watt. 15
ohms to 10 meg., 37/6.
Each box fully callbrated with
insulated leads. Invaluable for
service and design.

QUARTZ CRYSTALS
100 ke/s 3 pin . 15—

500 kcfs 2 Pin 15/-
455 kefs (AR88) 12/6
5,000 ke/s 2 Pin 10/-
10 Mcfs 2 Pin 15/—
27.255 Mc/s 15/-

HC6U 18 Mc/s to 46 Mcls 7/6.
80 frequencies 0.005% Acc.
Over 800 frequencies in
stock for all uses.

FIELD STRENGTH METER
Measures transmitter carrier
waves from 1 Mc/s to 200 Mc/s
in 5 switched fully adjustable
ranges. Contains 200pA
meter for carrier level and
earphone for modulation.
Requires no connection to
transmitter. Self-contained,

ready for use, 69/6, post free.
T
BATYERY TAPE DECK

Two-speed, 9 volt, £11.15.0,
post and packing 3/6.

P P AP
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We can supply from stock most of the
components and items specified on
circuits published in this and other
magazines and radio books. Let us

quote for your circuit.

HENRY’S RADIO LTD

303 EDGWARE ROAD LONDON W2
PADdington 1008/9
Open Monday to Sat. 9—6. Thurs. 1 o'clock

SUBHB USSR ENSHSENS

NEW CATALOGUE
84 PAGES, 10” x 74~
Up to date with new items and many
price reductions.
Fully detailed and illustrated, Price 2/~

10 WATT TRANSISTOR HI-FI EQUIPMENT

@ PRINTED CIRCUIT CONSTRUCTION @

% _POWER AMPLIFIERS — Two versions.
6-Transistor and Rectifier on 4 x 24-inch panels,
+1dB 40 ¢/s to 20kc/s.
watts with 0.25%, distortion at 400 ¢/s. 60dB
3 and 15 ohm versions.
current, only 300mA and 150mA respectively.

feedback.

® 3 ohm 10

P.P. 2/6

GUARANTEED HIGH

PERFORMANCE UNITS —will run two

% PRE-AMPLIFIER AN

D CONTROL UNIT.

tween 1.5mV and 300mV-—for all pick-ups, microphones, tuners, tape replay, separate treble,
bass and volume with cut and boost—-4-position low pass filter—40 ¢fs roll off, etc. Panelsize 9 x 23",

@ CALL FOR DEMONSTRATION AND HEAR GUARANTEED HIGH PERFORMANCE @

Buitt £5.10.0

100mV input for 10

Low

watt @ 15 ohm 10 watt

Buile £5.19.6

P.P. 2/6

@ Mains units for either of above 69[6

amplifiers. Any type p p. 2/6

COMPLETE CIRCUIT DIAGRAMS FREE ON REQUEST

For use with either of above amplifiers or
valve types—Hum-free—2{mA drain—Battery operated or from above mains units—8 inputs be-

PERFORMANCE EQUAL TO VALVE UNITS
OF FOUR TIMES THE PRICE AND MANY
TIMES THE SIZE

@ PRE-AMPLIFIER

e Dark brown and gold panel plate 8/6

e HIGH GAIN
e MAINS OR BATTERY
o LOW NOISE
® MONO OR STEREO

£5.10.0 5%

Built

TRADE DISCOUNTS
AVAILABLE—SEND
FOR DETAILS

mou
inet

less than half an hour's

MINIGRAM TRANSISTOR
PORTABLE RECORD PLAYER

@ Made by well known
British manufacturer. Fea-
tures ready built 4-transis-
tor printed circuit, 1 watt
amplifier, elliptical speaker

anywhere on long life 9 volt battery.

using ready built units and easy instructions.

MARTIN RECORDAKIT

BUILD A QUALITY
PORTABLE
TAPE RECORDER

‘Complete in every detail.

@ Pre-built units — Collaro
Studio Decks ~— Portable

VHF FM

(As described

% 4 Diodes

to 105 Mc/s

Ided two-colour cab- Cost

£26 sic

and volume control. Low Calbinzts_with Speakers. 6 | 4 AFC and AVC
current Star, constant VBEIRE G, Ll

speed 45 r.p.m. turntable [ TWO TRACK i _rm:ef ;I'rhm ns@i-
with crystal pick-up. Strong Toar sign o igh sensi-

tivity

with handle.  Plays
Requires I

FOUR TRACK |

Total
Cost

work to connect up

Size 34" x 24”

2/2 Simplified

Constructor”.)

Y% 5-Transistor

% Full coverage 87

and quality.
Output for valve or
transistor amplifiers.

building

TRANSISTOR TUNER

in December 1963 Edition of ‘““Radio

naie

TOTAL COST

£7.19.6 3¢

x 47

- ALL AUDIOKITS IN instructions. All (Cabinet assembly 20/~ extra)
= TOTAL P.P. STOCK parts sold separately,

EES 19/6 5/= (Bartery 3/9) % Leaflets on Request Detailed Circuit Book on Request !
: 4-WAVEBAND ‘THE CONTESSA’| 7-TRANSISTOR RECORD
COMMUNICATIONS + comeinep rontaste | PLAYER/RADIOGRAM
RECEIVER AND CAR RADIO % AMPLIFIER

@ 550 kec/s to 30 Mc/s—
BFO — AVC — Noise Lim-
iter — Band spread — ‘S
Meter — Telescopic Aerial
—Full Worldwide Cover-
age — 4 valve.

PRICE £24.15.0. With Full
Instructions.

BRAND NEW [N CAR-
TONS. Detailed Leaflets
on request,

@ 9 valve version of
above 40 gns. Details on
request.

TOTAL 'COST OF ALL PARTS

£9.19.6+r:

PLEASE
Tuil
TO
NEXT

PAGE

Fully Detailed and lllustrated
Leaflet on request.
All parts sold separately.

Guaranteed the Best Obtain-
able. Attractive Appearance,
Reliable Design. Quality
Performance.

AMAZING SENSITIVITY AND
SELECTIVITY ON MEDIUM AND
LONG WAVEBANDS

Y The easiest Superhet Radio to
build on the market. Features
clearly-marked printed circuit and
packaged components with full
illustrated building instructions.
Full tuning of medium and long
wave bands with unbeatable sens-
itivity and selectivity. Excellent
tone and volume with over
600mW push-pull output.

% Clearly marked horizontal
station dial with slow motion
tuning. Two-colour Biue or Beige
cabinets with Gold handles, grilles
and fittings., Size 103” x73” x 537,
includes car aerial sockets, re-
cording sockets.

Y% 6 Mullard Transistors and 2
Diodes.

UNBEATABLE FOR QUALITY AND VALUE

@© 4 watt peak output

@ Full Treble and Bass boost and cut

@ 40 ¢/s to 20 ke/s +3dB

® Inputs for Pick-ups, Radio Tuners,
Microphones, Mixers

% TWO VERSIONS AVAILABLE
12/18 volt for 15 ohm speakers
(mains unit now 60/- extra)

9/12 volt for 3 ohm speakers

(mains unit 49/6 extra)

@ Size only 6” x 257 x 2”

Ideal for mains or battery, portable or

domestic record player, grams, ete.
Or car.

BUL £5.19.6 I

www.americanradiohistorv.com
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