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SIX GOOD REASONS 

WHY YOU NEED THE 

NEW EDITION OF THE 

Mullard 
MAINTENANCE MANUAL 

MAINTENANCE MANUAL 16 

1 This is a completely new and up-to- 
date edition including data on all current 
replacement valves, semiconductors 
and cathode ray tubes. It contains 
valuable new material essential as 
reference for every Service Engineer. 
2 Supplementary data sheets will be 
issued from time to time to provide data 
on new types. This service is included 
in the initial price of 16/-. 
3 The binding of this edition is specially 
designed to allow the supplementary 
data sheets to be inserted simply and 
without gluing. 
4 The manual contains full data on 178 
separate types and the equivalents list 
of current types provides cross-refer- 
ences to 480 types. 
5 All devices are listed in alphabetical 
order for easy reference. 
6 The data on each type has been care- 
fully compiled to supply the information 
which the Service Engineer is most 
likely to require, including very clear base 
diagrams for each type. 

Published by Mullard Ltd. U.K. Price 
16/-. Get your copy from your radio dealer 
or order direct from MULLARD LTD., 
MULLARD HOUSE, TORRINGTON 
PLACE, LONDON, W.C.1. (Postage and 
packing 1s. Od. extra.) 

*NOTE: A few copies of the previous 
edition are still available at 10/6d. each 
(postage and packing 1/- extra). 

MVM 3293 
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THE SKYROVER 
Controls: Waveband Selector, 
Volume Control with On/off 
Switch, Tuning Control. In plas- 
tic cabinet, size 10" x 64.'" x 34", 
with metal trim and carrying 
handle. 
Con now be built for 

£8.19.6 
P. and P. 5/- extra 

H.P. Terms: 
20/- dep. & 
I I months 
at 16/6 

FOR THE FINEST RANGE OF 

TRANSISTOR RECEIVERS 
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. 

SAVE£2 ! US TO MAKE THIS GREAT OFFER 

HUGE PURCHASE OF S ENABLES 

THE SKYROVER 
and THE SKYROVER DE LUXE 

GENERAL SPECIFICATION. 7 transistor plus 2 diode Super - 
het, 6 waveband portable receiver. Operating from four I.5V torch 
batteries. 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, 13 M, 16 M, 19 M and 25 M, 
with band -spread tuning for accurate station selection. The coil 
pack and tuning heart is completely factory assembled, wired and 
tested. The remaining assembly can be completed in under three 
hours from our easy to follow, stage by stage instructions. 
SPECIFICATION: Superhet, 470 kc/s. All Mullard transistors and 
diode. 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 available separately. 
Fur U2 batteries 3/4 extra. 
Data receiver, eceiver, 2/6. 

extra, refunded if you purchase 
the parcel. 

THE SKYROVER DE LUXE 
Tone Control circuit is incorporated, with separate Tone Control 
in addition to Volume Control, Tuning Control and Waveband 
Selector. Ina wood size 11}"" x 6}"" x 3", covered with 
a washable material, with plastic trim and carrying handle. Also 
car aerial socket fitted. 

de 
H.P. Terms: -25/ - 

Con now be built for posit and I I 

P. and P. 5/- extra months at 20/ - 

READY BUILT BARGAINS 
BOY'S TRANSISTOR 

RADIO 

1110909111 
Ready built, 2 -transistor 
pocket radio. In attractive 
plastic case. Size only 4" x 24"I". Fitted with 24"' 
loudspeaker. Socket for 
personal earpiece and tele- 
scopic 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" x 24" x I", with 24" speaker. 
Uses single PP3-type battery. Supplied complete 
with personal earpiece and leather case. Tunable 
over full Medium waveband. 

LASKY'S PRICE 69/6 
complete with all accessories. Post Free. 

TRANSFILTERS by BRUSH CRYSTAL CO. 
TO -01B 465 kc/s t 2 kc/s 
TO -01D 470 kc/s f 2 kc/s 
TO -02B 465 kc/s f I kc/s 
TO -02D 470 kc/s t I kc/s 
TF -01B 465 kc/s d= 2 kc/s 
TF -01D 470 kc/s d= 2 kc/s 

616 each 
P. & P. 6d. 

RECORDING TAPE SPLICER 
By famous manufacturer, all metal nickel plated 
construction. With separate razor blade- 
securely clamps tape while splicing. 
Listed at 18/6 LASKY'S L 

PRICE 14/6 Post Free 

GUITAR PICK-UP 
Crystal-high imp. Size only 14"x4" x}". Clips 
to fingerboard -no screws. Complete with cable. 

LASKY'S 15/11 P. & P. 1/ - 

FAMOUS MAKE 
TAPE 

DECKS 
MODEL R7 BY 

WELL KNOWN 
BRITISH MAN- 

UFACTURER 

Two speeds -34 and 74 i.p.s.; three high quality 
motors. Will record and replay IN BOTH 
DIRECTIONS. Fast forward and rewind. 
Supplied less heads, space is provided for fitting 
4 heads of any type, to give full working in both 
directions on either I, 2 or 4 track. Unit plate 
size 13" x IS", depth below top of plate 54". 
Will take 7" spools. Tape position counter fitted. 
For 200-2.50 volt 50 c.p.s. mains. Two-tone grey 
finish. Perfect order. Supplied less heads. 

LASKY'S PRICE £9.19.6 
Carriage and Packing 10/6 extra. 

TAPE DECK MOTORS 

le Deck 
for the Collaro Studio 

Deck - new and unused. 
200-250V A.C. Take-up, re- 
wind and capstan. Listed at 
E2 5s. each. LASKY'S PRICE 
14/I1 each. P. & P. 2/6. 
Set of three 351-. P. & P. 6/-. 

High quality tape deck capstan motor made by 
E.M.I. Holland. Bi-directional. Size: 4" dia., x 
2" high. I" x 4" spindle. 
LASKY'S PRICE 19/11. P. & P. 3/6. 

TAPE POSITION INDICATOR 
Open type --as used by most makers. With 
re -set knob: 
3 DIGIT 7/6; 4 DIGIT 10/6. P. & P. 9d. on each. 

REALISTIC SEVEN 1 * 7 -transistor Superhet. * 350 milliwatt 
111 output into 4" high flux speaker. * All com- 

ponents mounteo on a single printed circuit 
board, size 54 x 
54" in one corn- 
piece assembly. * Plastic cabinet 
with carrying 
handle, size 7" x 
10"x 34", available 

II Grey. 
i Blue/Grey or 

Easy 
* -----.è," 

E yto read Dial. 
*Ex ternal socket 
for car aerial. * I.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: £5.19.6 
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 standard model 
-PLUS a superior wood cabinet in contempor- 
ary styling. ALSO a full vision circular dial 

FOR ONLY t 
P. & P. as std. model E1 EXTRA 

LAFAYETTE TAPE 
Famous American Brand-Fully Guaran- 
teed at record low prices. In sealed 
cartons. 
5in double play, 1,200ft. Mylar base ... 15/ - 
Sin long play, 900ft. Acetate base ... 10/ - 
Sin standard play, 600ft. PVC base ... 8/6 
54in long play, 1,200ft. Mylar base ... 15/- 
54in double play, 1,800ft. Mylar base... 22/6 
5.4in long play, 1,200ft. Acetate base ... 12/6 
54in standard play, 850ft. PVC base ... 11/6 
7in standard play, I,200ft. Mylar base... 12/6 
7in long play, 1,800ft. Mylar base ... 19/6 
7in double play, 2,400ft. Mylar base ... 25/- 
7in long play, 1,800ft. Acetate base ... 15/- 
3in message tape, 150ft ... ... ... 3/6 
Sin message tape, 225ft ... ... ... 4/11 
Sin message tape, 300ft ... . 7/6 
P. & P. I/. extra per reel; 4 reels and over Post Free. 

Full range of triple play tape available. 

HI-FI TAPE RECORDER HEADS 
High Impedance Record Play. Low impedance 
erase. Upper or lower track. 
LASKY'S fie 

PRICE L7/ Post free per pair. State 
track required when ordering. 
MARRIOTT "X" Type } track heads. Record/ 
Play and Erase. 

LASKY'S 
PRICE GNS. PAIR 

4 -Track heads Record/Play and Erase 59/6 pair. 

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

LASKY'S 14/6 PAIR P. & P. 1/6 PRICE 

TRANSISTORS 
All New and Guaranteed 

GET.SI, GET.S5, GET.S6-2/6; 837A, 874P- 
3/6; OC.45, OC.71, OC.81D-4/6; OC.44, 
OC.70, OC.76, OC.81 (matched pair 10/6)- 
5/6; AF.I 17, OC.75, OC.171, OC.200-6/6; 
OC.42, OC.43, OC.73, OC.82D-7/6; OCP.71 
-9/6; OC.28, OC.201, OC.204-I5/-; OC.205, 
OC.206-1916; OC.28-24/6. 

33 TOTTENHAM COURT ROAD WI 207 EDGWARE ROAD W2 152/3 FLEET STREET EC4 
2 mins. Oxford St. Nearest Station: Goodge St. Few yards from Praed St. (ELECTRONICS Fleet St. Ltd) FLEet 2833. 

MUSeum 2605 PADdington 3271/2 Open all day Thurs. Closed 1 p.m. Sat. 

Tottenham Ct. Rd. & Edgware Rd. addresses open all day Sat. Close I Thur. Please address all Mail Orders to Dept. W at above Edgware Road address 
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S-33 

HI-FI AMPLIFIERS TUNERS - RECORD PLAYERS - +-- 

S-99 

HI-FI 6W STEREO AMPLIFIER. Model S-33. .3 watts per channel 0.3% 
distortion at 2.5W/chnl., 29dB N.F.B. Inputs for Radio (or Tape) and Gram, 
Stereo or Monaural, gangéd controls. Sensitivity 200mV. £13.7.6 
DE LUXE STEREO AMPLIFIER. Model S -33H. De luxe version of the 
S-33 with two-tone grey perspex panel, and higher sensitivity necessary to 
accept the Decca Deram pick-up. £15.17.6 
HI-FI STEREO AMPLIFIER. Model S-99. 18W output. 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 c/s. Output 6.3V, 2.5A A.C. 200, 250, 270V, 120mA max. D.C. 

£5.2.6 
A wide range of American equipment available under direct mail order scheme. 
Full details and catalogue 1/- post paid. i 

AT -6 MA -12 

COLT/RING 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 334 and 45 r.p.m. Very heavy 12" 
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 

IIIIIRIIIIIIIIIIIIIIIIIIIIIIII 

' " D4TSaM 2) Enjoy Yourselfand sa v e li1 o n ej 
FOR THE INSTRUMENTALIST 

PA AMPLIFIER PA -1. The 
ideal compact unit for VOCAL- 
ISTS, INSTRUMENTALISTS, 
RECORDS, with 50 Watt out- 
put, 2 Heavy Duty Speakers. 
Variable TREMOLO. Elegant 
modern cabinet. £54.15.0 
Legs optional extra 17/6 set of 4. 

POWER AMPLIFIER MA -50. 
50W output. £19.18.0 

ELECTRONIC ORGAN 
(fully transistorised). Ideal for Soloists, Home use, Groups. Full 20 
WATTS VOLUME. £187.10.0 Matching bench £14.10.0 extra. 

11111IIIIIIIIIIIIIIIIIIIIIIIIIIIII1IIIlIIIIIIIIIiIIIIIIIIIlIII1 

TRANSISTOR RADIOS 
LATEST MODEL! "OXFORD" 
LUXURY PORTABLE. Model UXR-2. 

,Specially designed for use as a domestic, 
'tar or personal portable receiver. Many 
features, including solid leather case. 

£14.18.0 
TRANSISTOR PORTABLE. Model UXR- 
1. Pre -aligned I.F. transformers, printed 
circuit. Covers L.W. and M.W. Has 7" 
x 4" loudspeaker. Real hide case. 

£12.11.0 

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

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

s 

i 

UXR -2 

UXR-1 

c. 

UJR-1 

Money -back Guarantee 
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 price will be cheerfully 
refunded. 

* 

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 cm. at 1 kc/s. T/B covers 10 c/s -500 kc/s. 
Please send for full details. £32.12.6 
23" PORTABLE SERVICE 'SCOPE. Model OS -L This 
is a light, compact oscilloscope, ideal for servicing, etc. 
Dimensions 5"x 8"x 144" long. Weight 104 lb. £21.18.0 

ELECTRONIC SWITCH. Model S -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 
and 15,000 c/s. Sig. freq. response 0-100 kc/s. ±1dB. 
Separate gain controls and sync. output. Sig. input range 
0.1-1.8V r.m.s. £12.13.0 
AUDIO SIGNAL GENERATOR. Model AG -9U. 
10 c/s to 100 kc/s, 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 IOpF to 1,000µF, resistance 1000 to 
5MO and power factor. 5-450V test voltages. With safety 

C -3U switch. £10.10. 

New ! DE LUXE LARGE-SCALE 
VALVE VOLTMETER. Model 

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 IM -13U 
CAPACITANCE METER. Model CM -1U. Direct-_ 
reading 44" scale. Full-scale ranges 0-100µµF, 0-1,000µµF 
0-0.0IµF and 0-0.1µF. £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 peak. Resistance 0.10 to 1,000M0 with internal battery. 
D.c. input impedance 11M51. 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.; 15OµA to I5A d.c.; 0.20 to 20M51. 
44" 505A 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 output on all bands. £13.8.0 

V -7A 

RF -1U 

ALL MODELS ALSO AVAILABLE ASSEMBLED AND TESTED. 
PRICES AND FULL SPECIFICATIONS ON REQUEST 

794 THE RADIO CONSTRUCTOR 
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- TAPE DECKS - -- CONTROL. UNITS .- TAPE AMPLIFIERS f--w- 
COLLAR() D-93 

COLLARO "STUDIO" TAPE DECK. The finest buy in its price 
range. Operating speeds: ir, 3}" and.71 pg. Two tracks, "wow" 
and "flutter" not greater than 0.15% at ,7}" p.s. £17.10.0 

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

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

HI-FI AM/FM TUNER. Model AFM-1. Available in two units 
which, for your convenience, are sold se,arately. Tuning 'heart 
(AFM-T1-4.13.6 incl. P.T.) and I.F. amplifier (AFM-Al- 
£21.16.6). Printed circuit board, 8 valves. Covers L.W., M.W., 
S.W., and F.M. Built-in power supply. Total £26.10.0 

i 

FM -4 AM/FM 

HI-FI FM TUNER. Model FM -4U. Also available in two units. R.F. 
tuning unit (£2.15.0 incl. P.T.) with I.F. 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 -!S, £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. Pugh -button selection 
accurately matched ganged controls to f 1dB. Negative feedback, rumble 
and variable low-pass filters. Printed circuit boards. £19.10.0 

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIVIIIIIIIIIIIIIIIIIIIIIIIIIIIVIIIIIIIIIIIII IIIIIIIIVII 

Building these Ifeathki't 
modelsDATSTAOMj 

SB -10U 

DX -40U 

AMATEUR EQUIPMENT 
SINGLE SIDEBAND ADAPTOR. Model SB -10U. 
May be geed with most A.M. transmitters. Less than 
3W R.F. input power required for 10W output. Operation 
on 80, 40, 20, 15 and 10m bands on U.S.B., L.S.B. or 
D.S.B. £39.5.0 
AMATEUR TRANSMITTER. Model DX -40U. Covers 
all amateur bands from 80 to 10 metres; crystal controlled. 
Power input 75W C.W., 60W peak controlled carrier 
phone. Output 40W to aerial. Provision for V.F.O. 
Filters minimise TV interference. £33.19.0 
New Model RG -1 

COMMUNICATIONS TYPE RECEIVER. 
À high performance, low cost receiver for the discrimin- 
ating listener. Frequency coverage: 600 kc/s -1.5 Mc/s 
and 1.7 Mc/s-32 Mc/s. 
Send for full specification. £39.16.0 
VARIABLE . FREQUENCY OSCILLATOR. Model 
VF -1U. Calibrated, 160-10 m. Fundamentals on 160 
and 40m. Ideal for our DX -40U and similar transmitters. 

£10.17.6 
AMATEUR BANDS RECEIVER. Model 
RA -1. To cover all the Amateur Bands 
from -160-10 metres. Many special features, 
including: half -lattice crystal filter; 8 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-electric transfilters, variable tuned 
B.F.O. and Zener diode stabiliser, this is 
an excellent fully transistorised general 
purpose "receiver for Amateur and Short 
wave listeners. Printed circuit boards, 
telescopic whip antenna, tuning meter and 
large slide -rule dial, 10 transistors. £37.17.6 
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 design 
has achieved the stability and high per- 
formance for which the DX -100U is noted 
and no less than 35 disc ceramic capacitors 
reduce TVI to a minimum. £79.10.0 

A wide range of American amateur equipment. 

All models also available assembled 
Deferred Terms available in U.K. over £10 
Send coupon for FREE illustrated catalogue of British 
Heathkit range to: 

RG -1 

RA -1 

DAYSTROM LTD 
DEPT. RC.7 
GLOUCESTER 

SSU-1 

MFS 

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 15e 
housing a 12 bass speaker with 2" speech 
coil, elliptical middle speaker together with 
a pressure unit to cover the full frequency 
range of 32-20,000 c/s. Capable of doing 
justice to the finest programme source,' its 
polar distribution makes it ideal for really 
Hi-Fi Stereo. 

COTSWOLD "MFS" SYSTEM. Specially 
developed to give best possible results in 
email rooms. This minimum floor space 
model is based on standard Cotswold. Size: 
36" high x 161" wide x 144" deep. 

Either Model £23.4.0 

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 it an overriding 
consideration, this range includes 
kits, ready assembled cabinets or 
fully finished cabinets, and has at 
least one model to suit your require- 
Ments. Send for full details. "GLOUCESTER=' 

Other models from our wide range include:- 
NEW! SELF SUPPORTING AERIAL TOWER, Model HT -1. - 

for Commercial TV, fringe - TV reception, Radio Amateur use. 
32 ft. high, square section (full erection instructions). HT -1G 
(gal finish) £35.15.0. HT -1 (red oxide finish) £29.15.0. Range 
of accessories, TV, VHF, FM aerials, etc. 

Without obligation please send me (Tick here) 
I FREE BRITISH HEATHKIT CATALOGUE...... .__....._._._._......... 

FULL DETAILS OF MODEL(S) .....................___....._._ ..__.__..................._... 

(Please write in BLOCK CAPITALS) I 

NAME .... - 
ADDRESS _...._...,.-.r _. 

DEPT. RC.7 
L - - - - - -- --- -- ---- --- ---- 
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7 VALVE AM/FM RADIOGRAM CHASSIS 
Three Waveband & Switched Gram Volve line-up ECC85, ECH8I 
positions. Med. 200-550m. Long 1,000- EF89, EABC80, EL84 

EM81, EZ80 ontn. V 88-95s Mt Phillips 1:.; <;;.;j;;;;...,._, 
_ _ 

Continental Tuning insert with perme- 
ability tuning on FM & combined AM/FM 
IF transformers. 460 kc/s and 10.7 Mc/s. 
Dust core tuning all coils. Latest circuitry 
including AVC & Neg. Feedback. 3 watt 
output. Sensitivity and reproduction of a 
very high standard. Chassis size 134"x 64". 
Height 7+". Edge illuminated glass dial Ilex 34". Vert. pointer Horiz. station Aligned 
names. Gold on brown background. A.C. and tested Carr. & 
200/250V operation. Magic -eye tuning. ready for E13.10.0 V.0 los. 7/6. Circuit diag. now available. use. 
Comp. with 4 knobs -walnut or ivory to choice. Indoor FM aerial 3/6 ex. 3 S2 
P.M. Speaker only required. Recommended Quality Speakers 10" Elac H/D, 30/-. 
13}" x 8" E.M.I. Fidelity, 37/6 12" R.A. with conc. Tweeter, 42/6. Carr. 2/6. 

TAPE DECK BARGAINS! 
BSR MONARDECK 

Type TD2 
Twin -track ... ... ... £7. 7.0 
Four -track ... ... ... £9.10.0 

Carr. 5/- 

COLLARO STUDIO 
3 -SPEED DECK 

Twin -track ... ... ... £10.10.0 
Four -track (Michigan 

heads) ... ... ... £14.10.0 
Carr. 7/6 

New VALVES Reduced 
Boxed Bargain Prices 
1T4 3/6 
1R5 6/- 
155 6/- 
354 7/- 
3V4 7/- 
DAF96 8/- 
DF96 8/- 
DK96 8/- 
DL96 8/- 
ECC81 7/- 
ECC82 7/- 

ECC83 7/- 
ECL82 10/- 
ECL80 9/- 
EF80 7/6 
EF86 8/6 
EL84 7/- 
EY51 9/- 
EYB6 9/- 
EZ81 7/- 
GZ32 9/6 
EM84 8/6 

PCC84 8/- 
PCF80 8/- 
PCL83 10/6 
PCL84 10/- 
PL81 9/6 
PL82 9/- 
PL83 8/- 
PY32 10/6 
PY81 8/- 
PY82 7/- 
U25 10/6 

Electrolytics All Types New Stk. 
TUBULAR CAN TYPES 

25/25V 1/9 8+8/450V 4/6 
50/12V 1/9 16+16/450V 5/6 
50/50V 2/- 32+32/275V 4/6 
100/25V 2/- 50+50/350V 6/6 
8/450V 2/3 60+250/ 
4/350V 2/3 275V 12/6 
16+16/450V 5/6 100+300/ 
32+32/450V 6/6 275V 12/6 
1000/25V 3/9 2000+4000/ 

6V 3/6 
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 
3' 150ft. 3/9 225ft. ... 4/9 300ft. ... 6/6 3" 450ft. 12/6 
5" 600ft. 11/6 900ft. ... 15/- 1,200ft. ... 23/6 4" 900ft. 25/- 
5}^ 850ft. 14/6 1,200ft. ... 17/6 1,800ft. ... 29/6 
7^ 1,300ft. 17/6 1,800ft. ... 22/6 2,400ft. ... 37/6 
Post and Packing -3" Reels 6d. Each additional Reel 3d. 4" to 7" Reels 1/-. 
Each additional Reel 6d. 
EMPTY TAPE REELS (Plastic): 3" 1/3; 5" 2/-, 5;" 2/-, 7" 2/3. 
PLASTIC REEL CONTAINERS (Casettes): 5" 1/9, 5}" 2/-, 7" 2/3 

Jack Plugs. Standard 2}" Igranic 
Type, 2/6. Screened Ditto, 3/3. 
Miniature scr. 1}", 2/3. Sub -min. 1/3. 
Jack Sockets. Open Igranic Moulded 
Type, 3/6. Closed Ditto, 4/-. Minia- 
ture Closed Type, 1/6. Sub -min. (deaf 
aid) ditto, 1/6. 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. 

Soldering Irons. Mains 200/220V 
or 230/250V. Solon 25 watt Inst., 
22/6. Spare Elements, 4/6. Bits, 1/- 
65 watt, 27/6 etc. 
Alumin. Chassis. 18g. Plain 
Undrilled, folded 4 sides, 2" deep, 
6" x 4", 4/6, 8" x 6", 5/9, 10"x 7" 
6/9, 12" x 6", 7/6, 12" x 8", 8/- etc, 
Alumin. Sheet. 18g. 6" x 6", 1/-, 
6"x9",1/6,6"x12",2/-,12"x12". 
4/6 etc. 

DE LUXE RECORD 
PLAYER KIT 

Incorporating 4 Speed Garrard Auto -Slim unit 
and Mallard latest 3 w. amplifier (ECL 86 and 
EZ 80), volume, bass and treble controls, with 
8" x 5" 10,000 line speaker. 
Contemporary styled two-tone cab- 
inet, charcoal grey and off-white with 
matching blue relief. 
Size: 17;" x 16" x 8". 

c COMPLETE KIT tsi 3.1 nsv 
Carr. & ins. 10/-. .Xr .7 
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/-. 

Volume Controls -5K-2 Meg - 
ohms, 3" Spindles Morganite Midget 
Type. 1}" diam. Guar. I year. LOG 
or LIN ratios less Sw. 3/-. DP. Sw. 
4/6. Twin Stereo less Sw. 6/6. D.P. 
Sw. 9/6 (100 k. to 2 Meg. only). 
} 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 - }" diameter. 
Stranded cond. Famous mfrs. Now 
only 6d. per yard. 
Bargain Prices -Special lengths: 

20 yds. 9/-. P. & P. 1/6. 
40 yds. 17/6. P. & P. 2/-. 
60 yds. 25/-. P. & P. 3/-. 

Coax Plugs 1/-. Sockets I)-. 
Couplers 1/3. Outlet Boxes 4/6. 

Condensers-S/Mica all values 2pF to 
I,000pF 6d. Ditto Ceramic 9d. each 
.005, .01 and .1, etc., 1/-. Pape 
Tubular 450V .001 mfd to .01 mfd and 
.1/350V 9d..02-.1 mfd 1/-,.25 mfd 1/6 
.5 mfd 1/9. 

Close Tol. S/Micas-l0% 5pF-500pF 
Bd. 600-5,000pF 1/-. 1 % 2pF-100pF 
9d. 100pF-500pF 1Id. 575pF-5,000pF 
1/6. Resistors -Full Range 10 ohms - 
10 megohms 20% } and 4W 3d., ditto 
10% 4d., }W 5d. (Midget type modern 
rating) I W 6d., 2W 9d. Hi -Stab 5% 

4W 100 ohms I megohm 6d. Other 
values9d. 1%-}W 1/6. W/W Resistors 
25 ohms to IOK 5W 1/3, IOW 1/6, 15W 
2/-. Pre-set T/V Pots. W/W 25 
ohms -50K 3/-. 50K-2 Meg. (Carbon) 
3/-. 

TRANSISTOR BARGAINS 
Brand New-BVA Ist Grade 

OC44 8/6 OC70 5/6 
OC45 8/- 0071 6/- 
OC8ID 7/6 GEX34 2/9 
2/OC8I 15/6 OA70 2/9 
GETI14 6/6 OAS' 2/9 
OC72 7/6 GEXI3 2/9 
AFI 17 9/6 

Speakers P.M. -3 ohms 24" E.M.I 
15/6. Goodmans 3}" 16/6. 5" Rola 
15/6. 6" Elac 16/6. 7" x 
15/6. 8" Kola 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 4" x }" diamond mesh 
4/6 sq. ft., multiples of 6" cut. Max 
size, 41t. x aft. 47/6. Carr. extra. 
TYGAN FRET (contemp. pat.) 12" x 
2" 2/-, 12" x 18" 3/-, 12" x 24" 4/-, 

18" x 18" 4)6, etc. 

BON DACOUST Speaker Cab. Acous- 
tic Wadding, superior grade, I" thick, 12" 
wide, any length cut 1/6 per ft, 4/- per yd. 
ENAMELLED COPPER WIRE- 
S g-38g,s 4/3; 

4g-20g, 
9g-g440g,/6; 4/6, 

22g -28g, 
3/-; 

TINNED COPPER WIRE -14-22g. 
2/6 } lb. 
PVC CONNECTING WIRE -10 
colours ( or chassis wiring, etc.) -Single 
or stranded conductor, per yd., 2d. 
Sleeving, I mm. and 2mm., 2d. yd., etc. 
KNOBS -Modern Continental types: 
Brown or Ivory with Gold Ring, I" dia., 
9d. each; 11", I/- each; Brown or Ivory 
with Gold Centre, 1" dia., 10d. each; If', 
1/3 each. LARGE SELECTION AVAILABLE. 

TRANSISTOR COMPONENTS 
Midget I.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 0/Put Push-pull 3 ohms 6/9 
Elect. Condensers -Midget Type 15V 
Imfd-50mfd, ea. 1/9. 100mfd. 2/-. 
Ferrite Aerial -M. & L. W. with car 
aerial coupling coil, 9/3. 
Condensers -150V. wkg. .01 mfd. to 
.04 mfd., 9d. .05 mfd., .1 mfd., 1/-. 
.25 mfd., 1/3. .5 mfd., 1/6, etc. 
Tuning Condensers. J.B. "00" 208+ 
I76pF, 8/6. Ditto with trimmers, 9/6. 
365pF single, 7/6. Sub -min. 5" DILEMIN 
IOOpF, 300pF, 500pF, 7/-. 
Midget Vol. Control with edge control 
knob, 5kS2 with switch, 4/9, ditto less 
switch, 3/9. 
Speakers P.M. -2" Plessey 75 ohms, 
15/6. 24" Continental 8 ohms, 13/6. 
7" x 4" Plessey 35 ohm, 23/6. 
Ear Plug Phones -Min. Continental 
type, 3ft. lead, jack plug and socket. 
High Imp. 8/-. Low Imp., 7/6. High 
sensitivity M/coil 8-10 ohms, 12/6. 
Brand New. Mfrs. surplus 1st grade. 

I OC44 & 2 OC45, 15/6. 
I OC8ID & 2 OC81, 15/-. 
All above and 0A81, 32/6, post free. 

JASON FM TUNER UNITS 
Designer -approved kit of parts: 

FMTI, 5 gns. 4 valves, 20/-. 
FMT2, £7. 5 valves, 35/-. 
JTV MERCURY 10 gns. 

3 valves, 22/6. 
JTV2 £13.19.6. 4 valves, 28/6. 

NEW JASON FM HAND- 
BOOK, 2/6. 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-IOpF, 1/- 
3-30pF, II-. 
METAL RECTIFIERS- STC Types- 
RMI, 4/9; RM2, 5/6; RM3, 7/6; RM4, 
16/-; RM5, 2I/-; RM4B, 17/6. 

MULLARD "3-3" HI-FI AMPLIFIER 
3 VALVES 3 WATT 
3 ohm and 15 ohm Output. 
A really first-class Amplifier 
giving Hi-Fi quality at a 

reasonable cost. Mallard's 
latest circuit. Valve line-up: 
EF86, EL84, EZ81. Extra H.T. 
and L.T. available for Tuner 
Unit addition. This is the ideal 
companion Amplifier for FM 

tuner units. 

TECHNICAL SPECIFICATION-Freq. Response: ± IdB. 40 c/s -25 kc/s. 
Tone controls, max. treble cut 12dB at 10 kc/s. Max. Bass Boost 14dB at 
80 c/s sensitivity: 100MV for 3W output. Output Power (at 400 c/s); 3W 
at 1% total harmonic distortion. Hum and Noise Level: At least 70dB 
below 3W. 
COMPLETE KIT (incl. valves, all Bronze Escutcheon Panel, Print - 
components, wiring diagram and ed Vol., Treble, Bass, On -Off, 
special quality sectional Output Trans.) supplied with each kit. 
BARGAIN PRICE £6.19.6 cary. 4/6. Recommended Speakers -R. Allen 
Complete wired and tested, 8 gns. 12" with tweeter 42/6, WBHFIO-12 
Wired power 0/P socket and addi- E4.7.6, Goodmans Axietce 
tional smoothing for Tuner Unit, Axiom 10 £6.5.0, Audiom 51 £8.10.0. 
10/6 extra. Carr. extra. 

Send for detailed bargain lists, 3d. stamp. We manu 
facture all types Radio Mains Transf. Chokes, Quality 
0/P Trans., etc. Enquiries invited for Specials, Proto 
types for small production runs. Quotation by return. 
RADIO COMPONENT SPECIALISTS 
70 Brigstock Rd., Thornton Heath, Surrey 
THO 2188 Hours; 9 a.m.-5 p.m., 1 p.m. Wed. Terms 
C W.O. or C.O.D. Post and Packing up to } lb. 9d., 1 lb. 
113, 31b. 2/3, 5 Ib. 219, 8 lb. 3/6. 
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We will pay you for 
your photographs! 
Completely built Micro -6 sets are 
understandably a rarity at head office 
which is why a couple of our secre- 
taries slipped into the test room to 
listen for themselves and got caught 
in the act by the works manager who 
had his camera handy. If you have 
any amusing or interesting pictures of 
the Micro -6 in use, let us see them. 
3 gns. will be paid for each one 
published. All prints submitted will be 
returned. 

DESIGNS WITH A PEDIGREE 
It is but little more than a year ago that the name 

Sinclair Radionics appeared to the public for the first 
time, offering entirely new concepts in micro -radio 
receiver design. The impact was fantastic. There had 
never been anything like it before. Various other 
designs were introduced leading up eventually to. the 
world's smallest radio-the Micro -6 and then the 
TR750 Power Amplifier. Today, Sinclair is the best 
known and most quoted name in anything to do with 
transistor designs for constructors. 

TWO -FOLD TRIUMPH 
There are two simple, but exclusive reasons 

behind this triumph-firstly the extraordinary effi- 
ciency of Sinclair Micro Alloy Transistors (Golden 
MATs). These make possible standards of performance 
far ahead of anything the public can obtain from other 
transistors. Secondly, there are the designs themselvi" 
These come from a team accustomed to wo:' 4 to very 
high standards in transistorised electrons, for this 
group is but part of Sinclair Radionics Ltd. who are 
in fact industrial electronic consultants! 

So we are well used to solving problems and 
every design we produce for you is exhaustively tested 
long before being advertised. That is why Sinclair 
Micro Transistor Designs have completely captured the 
imagination and enthusiasm of constructors everywhere. 

They have never had the chance to build to these pro- 
fessional levels in the transistor field before, to say 
nothing of the pleasure and satisfaction to be obtained 
from the wonderful performance of Sinclair designs. 

'IT COULD HAPPEN TO YOU! 
There are other intriguingly efficient designs using 

MATs which are well worth trying. These will be found 
in the three books advertised on the following pages. In 
the meantime we learn that a number of constructors 
wearing Micro -6 receivers on their wrists, on being 
asked the time have replied with a somewhat far away 
look, "Half past Housewives Choice" or words to that 
effect. Why not? The Micro -6 on its "Transrista" strap 
is setting a new and original fashion in listening. 

She finds Micro -6 irresistible 
R.J.W., Ely, Cambs., who wrote this from hospital, states: 

"I have completed one of your Micro -6 receivers but unfortunately 
it endeared itself to one of my female visitors. I have need, therefore, 
to build myself another. Although forced to lie in bed I found the kit 
quite easy to assemble and it helped pass a few hours for a number of 
days. I would appreciate it very much if you could send the kit as soon 
as possible: With the set that I completed, I found that the incoming 
signal was quite fantastic." 
F.B., Ashford -in -the -Water, Nr. Bakewell, Derbyshire, writes: 

"I have recently constructed a Micro -6 kit and found it a most re- 
warding experience. Even in this `black spot' of reception areas the results 
are truly surprising. I am 50 years of age and this is my first venture 
in the field of practical electronics! Or had you already guessed?" 

NOW TURN TO NEXT PAGES 
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THE WORLD'S SMALLEST AND MOST EFFICIENT 

SINCLAIR MICRO -6 - the world's smallest Radio 
SIZE 14/5" x 13/10" x " 

COVERS M.W. BAND 

WEIGHS LESS THAN 

1 OZ. COMPLETE WITH 
SELF-CONTAINED AERIAL 

AND BATTERIES 

When you have built this wonderful set, you will find it your constant 
companion everywhere-indoors and out-in car, bus, train-wherever you 
want to listen. Its power is such that it ensures good reception under the 
severest operating conditions, yet it is so small that you can wear your 
Micro -6 like a wrist -watch! Tuning covers the entire medium waveband 
with bandspread over the higher frequency end to ensure better separation 
of Luxembourg, Continental and other stations. Listening is by means of 
the lightweight high quality earpiece provided (except when you want to use 
the set with the TR750 and a loudspeaker). The earpiece switches the Micro -6 
on when plugging it in. THE SET IS SO WELL DESIGNED AND THE 
INSTRUCTIONS SO CLEAR THAT ANYONE CAN BUILD THE 
MICRO -6 AND HAVE IT WORKING IN A SINGLE EVENING: All parts 
including earpiece and instructions come to 

Mallory Mercury Cell Type ZM.312 (2 required) -1/11 ea. 

S9 '6 
SINCLAIR TR750 
POWER AMPLIFIER 
MAKES A CAR RADIO OF YOUR MICRO -6 
This outstandingly successful power amplifier builds on to a printed circuit board 2" x 2" and includes its own volume control with on -off 
switch. The TR750 is primarily intended to provide powerful loud- 
speaker reproduction from the Sinclair Micro -6 or Slimline receivers, thus enabling owners of these sets to use them also for car radios, loud- 
speaker portables or domestic radios. Amongst many other useful 
applications, the TR750 makes an excellent record reproducer used 
singly for mono or paired for stereo. 
Frequency response ±IdB from 30 to 20,000 c/s. Transformerless out- put of 750 milliwatts for 10mV input into 2kí2, using standard 25-3511 
speakers. Operates from 9-12V supply. 

All parts inc. MAT and 
Magnagain Transistors 3916 Ready built for ire,- 45 and instructions come to mediate use 

Supplied with plug for connecting to Micro -6 and Slimline. 

SINCLAIR RADIONICS LTD., 69 HISTON ROAD, CAMBRIDGE. Telephone 53965 
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TRANSISTORISED DESIGNS FOR CONSTRUCTORS 

A.G.C. SINCLAIR GOLDEN MAT 

1st R.F. 
Amp. 

2nd R.F. 
Amp. Detector 

Li1st A.F. J 2nd A.F. J 3rd A.F. 
Amp. Amp. Amp. 

6 -STAGE POWER AND SELECTIVITY 
The Micro -6 uses Micro -Alloy Transistors in a completely new 
circuit as follows: Two stages of R.F. amplification are followed 
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. 

CHASSIS 
VIEW 

WEAR IT LIKE 
A WRIST WATCH 
The "Transrista" Strap holds the 
"Micro -6" securely in position 
when wanting to wear the set on 
the wrist. Elegantly styled in 
black or grey nylon, made 
specially to take this famous set. 7'6 

FULL SERVICE FACILITIES AVAILABLE TO ALL SINCLAIR CUSTOMERS 

I 
I 
I 

I 
I 
I 

SINCLAIR MICRO 
INJECTOR 
FOR TESTING ALL TYPES 
OF EQUIPMENT 
Using two MICRO - 
ALLOY TRANSIST- 
ORS, this invaluable 
device generates and 
injects a test signal into 
any partof a receiver or 
amplifier at any fre- 
quency from 1 kc/s 
to 30 Me/s, by means 
of which the loca- 
tion of faults can be 
rapidly found. 
Powered by a 6d. stan- 
dard battery which will 
lastfor about months. 
Size 14/5"x 13/10"x 
excluding the 3/5" 
probe, by far the small- 
est instrument of its 
kind available. Assem- 
bly and operation are 
extremely simple. 

All parts 
with ins- Q 
[ructions LÌ 6 come co 

Ready 
built and 32/6 tested 

MAKE A F.M. 
TRANSM ITTER 

WITH THE MICRO -AMP 
Smaller than a 3d. piece. With 

a frequency response from 30 to 50,000 c/s f I 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 an output suitable for any earpiece or even 
loudspeaker. With MAT Transistors, compon- 
ents, printed circuit and instructions, including Lux 
how to make a F.M. Transmitter, parts come to 

SINCLAIR 'SLIMLINE' 
THE EXTRA -EASY TO BUILD SET 

Gives you Europe in the palm of your hand. 
Has self-contained ferrite rod aerial and 
takes standard PP5 battery, measures 215/16" 
x 111116" x f". Tunes over the entire medium 
waveband. Using Sinclair MAT T ransistors and 
special circuitry for power and quality; listen- 
ing is by means of the lightweight earpiece 
provided. Building is particularly 
easy. All parts, incl. royal blue & gold 
case, earpiece, & instructions, come to s fflg MI M IM 

TO SINCLAIR RADIONICS LTD., 69 HISTON 
Please send items detailed below £ s d 1 

TOTAL £ 
For which I enclose cash/cheque/money order RCJ -----M_ BM Ma OM MIR 1 -M -------IBM -- -------- 

NAME 

ADDRESS 

MAT 100 

MAT 101 

MAT 120 

MAT 121 

ADT 140 

TRANSISTORS 
High gain low level ... ... 7/9 
Extra high gain, low level ... 8/6 
High gain, medium and high 

level ... ... ... ... 7/9 
Extra high gain, medium and 

high level ... ... ... 8/6 
For FM, TV, VHF and UHF ... 15/- 

SINCLAIR `MAGNAGAIN' 
POWER OUTPUT 
TRANSISTOR 
With a power handling 
capacity up to 30 watts and 
twice the normal power 
gain, the Sinclair "Magna - 
gain" out -performs any- 
thing in its class and brings 
new scope to constructors 
in hi-fi audio. 

181- 

3 IMPORTANT BOOKS 

FOR CONSTRUCTORS 
* "22 Tested Circuits Using Micro Alloy 

Transistors" Post free 5/6 
* "Tested Short Wave Receivers Using 

MATs" Post free 5/6 
* "Tested Superhet Circuits for Short 

Wave and Communication Receivers, 
using MATs" Post free 6/6 

All three ordered together, 16/6 

THE WORLD'S 
SMALLEST 
BATTERY 
Mercury Mallory Cells Type ZM312 
(or RM312) as used in the Micro -6 
offer wonderful opportunities for 
micro -miniaturisation. Each I/II, 
or in packs of 6, special price 

1016 

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. 
If you do not wish to cut out the coupon, please 
quote RC.7 when ordering. 

ism inn me --- ------- si MI 

ROAD, CAMBRIDGE Phone 53965 I 

I 
1 

I 
I 
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MULTIMINOlej 
The newly improved model of this famous AVO pocket size multi -range 
instrument has been enthusiastically acclaimed in all parts of the world 
for its high standards of accuracy and dependability as well as for its 
modern styling, its highly efficient internal assemblies, and its resistance 
to extremes of climatic conditions. 
It is simple to use, one rotary switch for 
instant range selection, only one pair of 
sockets for all measurements, and a 2} 
inch clearly -marked scale -plate. It is 
supplied in an attractive black carrying 
case complete with interchangeable test 
prods and clips, and a multi-lingual 
instruction booklet. 

RESISTANCE: 0-2MO in 2 ranges, using 1.5V cell 
SENSITIVITY:10 00001V on d.c. voltage ranges 

1,0000/V on a.c. voltage ranges 

46,14 

to send you a full 
specification of this 
great little instru- 
ment. It measures 
only 71" x 4" x 1}" 
and weighs only 24 oz. 

*MN O) L T D 
AVOCET HOUSE, 92-96 VAUXHALL BRIDGE ROAD, 

LONDON, S.W.I Telephone: VlCtoria 3404 (12 lines) 

MM 19 

i` äi 
' icaoai 

JACKSON 
the big name in PRECISION components 

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

Cat. No. 5265 Price 12/6 

"00" Twin Condenser 

Designed for use in 
miniature transistor 
receivers. The front 
(aerial) section is 208 pF 
to provide coverage for 
medium waves, and the 
rear section is 176 pF, 
which may be padded to 
match the oscillator- 
very robust yet light- 
weight. Front area 1-" 
x1 "x lie" deep. 

JACKSON BROS. (LONDON) LTD. 
Dept. RC, KINGSWAY-WADDON, 
CROYDON, SURREY 

Phone: Croydon 2754-5. Grams: Walfilco, Souphone, London 

PRICE LISTS & INFORMATION ON 

Various Designs in 

Practical Radio Wireless R,S,G.B, 
Wireless Constructor World Bulletin 

KINDLY NOTE 
CHANGE OF ADDRESS 

OSMOR 
FACTORY AND OFFICES 

540 PURLEY WAY 
(Near Airport) 

CROYDON, SURREY 
Telephone: CRO 5148/9 
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AERIAL 

EQUIPMENT 
TWIN FEEDER. 300 ohm twin 
ribbon feeder similar K25, 6d. per 

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. Coin - 
piece with indicator bulb. A MUST 
for any Ham Shack. ONLY 22/6 

Ili Ii 
I. 
i 

CHAS. H. YOUNG LID. 
yard. K35B Telecon (round), 1/6 per EACH. Post free. 
yard. 75 ohm twin feeder, 6d. per 
yard. Post on above feeders and 

1/6 length. 
BANDCHECKER MONITOR, 
3.00-35.00 Mc/s in 3 switched Bands. 

MIDLAND AGENTS 
cable, any 

COPPER WIRE, 14G, H/D, 140íc, 
0-1mA Indicator. Monitor Socket. 
Very sensitive, 03.13.6. P. & P. 2/6. 

17/-; 70fí, 8/6. Post and packing 2/6. 
Other lengths pro rata. VARIABLE CONDENSERS. All 

FOR FEEDER SPREADERS. 6" Ceramic 
type F.S., 10d. each. Postage 1/6 
up to 12. 

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/-. 

EDDYSTONE CERAMIC CENTRE PIECE for RACK MOUNTING PANELS: 

RECEIVERS & COMPONENTS 
dipoles, Type AT, 1/6 each. P. & P. tJ-. 

2 METRE BEAM, 5 ELEMENT 

19" x 51", 7", 84", or 10}" black 
5/9, 6/6, 7/6, 9/- 

respectively.crackle P. 

W.S. YAGI. Complete in box GELOSO VFO UNITS. 4/102 with 

* NATIONAL 
with 1" to 21" masthead bracket. 
Price 49/-. P. & P. 3/6. 

new dial and escutcheon. Outputs on 
80, 40. 20, 15 and 10. For 2-807 or 

RECEIVERS & TRANSCEIVERS SUPER AERAXIAL, 70/80 ohm 
coax, 300 watt very low loss, 1/8 per 

6146 Tubes. Only 08.15.3, valves 
to suit, 24/-. ALL POST FREE. 

yard. P. & P. 2/-. SHADED POLE MOTORS, 230V 

* GREEN & DAVIS CONVERTERS 

* KW EQUIPMENT 

TOUGH POLYTHENE LINE, 
type MLI (í001b), 2d. per yd. or 
12/6 per 100 yds. Type ML2 (2201b), 
4d. per yd. or 25/- per 100 yds., ML4 
(4001b), 6d. per yd., post free. 

or 110V operation, ideal for fans, 
blowers or models. Single Unit 12/6, 
plus 2/- P. & P., or Pair 01, plus 
2/6 P. & P. 

PARMEKO TRANS. 200/200 

* MOSLEY AERIALS 
Ideal for Guys, L.W. Supports, 
Halyards, etc. 

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

CHAS. H. YOUNG LTD 
N.P. FACILITIES AVAILABLE 170-172 Corporation St., Birmingham 4 
PART EXCHANGES Please print your address. No C.O.D. under C. 'phone CEN 1635 

COMPONENTS FOR THE 

"ALL BAND 
COMMUNICATION RECEIVER" 
as featured on page 699 in the May issue 

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 31" 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, 4-12 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.F. TRANSFORMER IFT.11/465 kc/s 
A miniature I.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 14" x }}" square. Price 6/6 each 

Also available for 1.6 and 10.7 Mcls. 

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 14" x }}" square. Price 5/- each 

Also available for frequencies of 85 kc/s, 100 kc/s and 1.6 Mc/s. 

"BASIC SUPERHET 
FOR BEGINNERS" 
as featured on page 688 in the May issue 

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 41" x 21" 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 

WORKS HOLIDAY; GOODS CANNOT BE DISPATCHED 

FROM 25/7/64 TO 10/8/64 INCLUSIVE 

PLEASE SEND S.A.E. WITH ALL ENQUIRIES 

DENCO (Clacton) LTD 
(DEPT. RC), 357/9 OLD ROAD 
CLACTON -ON -SEA, ESSEX 

JULY 1964 801 

www.americanradiohistory.com



RADIOKITS 3 WATT AMPLIFIER 
25ft connecting Wire. 3 Rolls 2/6 

HOME RADIO 187 LONDON RD. 
MIT 3282 MITCHAM, SURREY 

BUILD THIS FINE, 3 WATT 
AMPLIFIER 
This kit is complete down to the last 
nut and bolt, with clear diagrams and 
instructions, separate treble and bass 
control, and adjustable input. 

PRICE £5.9.6 

BARGAINS ! ! 
F.M. Transformers ... 6/- Pair 
F.M. High Quality Diodes ... 2/6 Pair 
Ceramic Switches 2 Wafer, 2 Pole 4 Way 

each wafer. 7/6 

Carbon Microphone Inserts 1 /- Each 

Add 1/6 Postage & Packing for each parcel 

CAN YOU ANSWER THE FOLLOWING 
QUESTIONS P 
I. What is a transfilter? 2. What are preferred values? 3. Can 

a ribbon microphone be used out of doors ? 4. Where can you 
buy a 5/8" polythene plug ? 5. Where can you buy 130 different 
sizes of metal chassis, available in four different finishes? 6. What 
is the formulæ for the reactance of a coil ? 7. Where can you 
buy a volume control for a Philips 470A? 8. What is the 
colour code? 9. What is a dust bug? 10. Where can you 
buy cartridge 
connecting tags? 

The answer to all the above 
questions plus 5,000 other items 
listed, priced (800 of them illus- 
trated) and carefully indexed 

are to be found in the 
HOME RADIO CATALOGUE 

Price 2/6 
Plus 116 Postage & Packing 

r Please send latest Catalogue. I enclose 4/- to cover postage and packing. 
PLEASE WRITE YOUR NAME AND ADDRESS IN BLOCK CAPITALS 

NAME 

ADDRESS 

HOME RADIO LTD., Dept. RC, 187 London Road, Mitcham.] 
1.1.111 
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Some ODservations on Simple Audio Generators 
By A. S. Carpenter, A.M.I.P.R.E. 

Notes that may help readers who are considering experiments with audio generators, and which 
are based on practical work carried out by the author 

S IS WET I KNOWN, ANY SERIOUS 
work or experimenting done 
on audio amplifiers requires 

the use of certain apparatus addi- 
tional to the common general pur- 
pose test meter. The human ear is 
a relatively insensitive organ in- 
capable of discerning low order 
distortion, and it is therefore gener- 
ally desirable to permit the eye to 
check for deficiencies by displaying 
the output of an amplifier under test 
on a cathode ray oscilloscope. 

It is immediately obvious that the 
combination of audio amplifier and 
oscilloscope is of little practical use 
unless some sort of input signal is 
applied to the amplifier. A waveform 
of known shape is required and this 
must be provided by an additional 
unit in the form of an audio signal 
generator. If a sine wave is fed into 
an amplifier from such a unit one 
might expect to see a similar wave - 
shape displayed on a c.r.o. connected 
to its output. In actual fact, however, 
considerable degradation is likely, 
especially in poorly designed or 
cheap apparatus. 

Other equipment may include a 
wattmeter, or output meter, and a 
sensitive valve voltmeter, etc., so it 
is immediately clear that the much 

Fig. 1. A typical audio oscillator 
employing a feedback transformer 
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used-and abused-general purpose 
testmeter plays but a small part in 
the scheme of things. Many keen 
hobbyists like to experiment from 
time to time with something different 
from the usual run of receivers and 
tuners, etc., and audio generators 
may be a suitable outlet for their 
energies. 

An audio oscillator is not very 
difficult to construct and, as may be 
seen the simple "back fed" type 
shown in Fig. 1 requires only the 
triode valve, two resistors, two 
capacitors and a suitable trans- 
former. The latter could readily be 
a physically small (since no d.c. flows 
in its windings) intervalve type 
having a ratio of 3:1. This circuit is 
reminiscent of simple reaction sys- 
tems in which "T" is made a radio 
frequency transformer and where 
energy is fed externally from anode 
to grid of the valve and phased 
regeneratively. 

Oscillations at audio frequencies 
can also be obtained from the 
transformerless circuit depicted in 
Fig. 2 and this circuit was described 
in an earlier issue of this journal.1 

The heavy attenuation due to the 
phase shifting network may be 
lessened by utilising a Wien -type 
network connected up as shown in 
Fig. 3. In this circuit oscillation 
occurs due to the phase reversals 
which take place within the valves, 
the frequency of operation being 
decided mainly by the components 
R1, C1, R2, C2. 

Although either of these circuits 
may be used and adjusted to give a 
good waveform at a selected fre- 
quency, their usefulness is limited by 
this condition. 

Varying the Frequency 
Audio oscillator construction is 

simple but it is not always easy to 
obtain a good waveform, particu- 

1 A. S. Carpenter, "Fixed Frequency 
Audio Oscillator", The Radio Constructor, January 1964. 

larly if the apparatus is intended to 
cover a wide range of frequencies. 
Of the three circuits mentioned that 
shown in Fig. 3 is probably the most 
useful where variable frequency 
working is required. The output is 
essentially a sine wave and, since the 
main frequency -determining com- 
ponents are RI, R2, C1 and C2, 
variable frequency operation is pos- 
sible by making either the resistors 
or the capacitors variable in value. 
Switching adds further versatility to 
such a circuit, and can permit a 
coverage of, say, 20 c/s to 20 kc/s. 

In the interests of efficiency high 
slope pentodes are normally used in 
conjunction with Wien networks, but 
triodes may be employed if a 
relatively low output can be tolerated. 
The use of double triodes, for 
example, allows economies in chassis 
space, and may well offer an attrac- 
tive proposition to the home con- 
structor. Unfortunately the output 
is limited when a sine wave is 
needed, and the 1 volt r.m.s. likely 
to result is inadequate for 
"squaring". It is, nevertheless, a 
comparatively simple matter to 
construct a suitable square wave 

C4 

o 

Fig. 2. A phase -shift audio 
generator 
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generator as a separate item, if this 
is needed. 

The output-taken from between 
C4 in Fig. 3 and chassis-might not 
always prove to be a good sine wave 
at any particular frequency, but it 
may be corrected by changing the 
value of R4. If a 25k12 variable and 
a 6.8kSl fixed resistor are wired in 
series at this point a variable "form" 
control is obtained. When the 
cathode resistor is low in value a 
distorted, or square wave output, 
results; and this is made purer, at 
the expense of amplitude, by in- 
creasing the value of the resistance. 

But even if these modifications are 
made to the basic circuit of Fig. 3, 
other problems arise. For example, 
the simple type of "form" control 
described, although attractive in that 
it offers a choice of sine/square 
outputs, suffers from the disadvan- 
tage that, in use, it affects the operat- 
ing frequency and introduces in- 
accuracies to the scale calibration. 
Furthermore, loads dissimilar in 
value also affect the operating 
frequency to some extent, but this 
difficulty can, fortunately, be eli- 
minated by using a cathode follower 
stage after C4. 

A Practical Unit 
The circuit of Fig. 4 shows an 

experimental audio oscillator, recent- 
ly constructed along the lines just 
discussed, which provides a sine 
wave output in the range of 20- 
20,000 c/s with reasonable accuracy, 
at moderate cost, and without 
involving the use of too many valves. 
No power supply is shown since it is 
intended that supplies be picked up 
from the workshop power pack. 

The oscillator proper consists of 
the circuit around V1, and this is 
similar to that discussed in connec- 
tion with Fig. 3. Variable frequency 
working is incorporated, VR1 and 
S1 S2 acting as fine and coarse 
controls respectively. 

It may be noted that the capacitor 
values associated with S1 are identical 
with those connected to S2 and that 
the values in circuit are multiplied, 
or divided, by 10 each time the 
ganged switches are rotated. 

As stated earlier the combination 
of capacitors and resistors in circuit 
largely decides the operating fre- 
quency, which may be found from 

1 

fo - 
2nVCl, Ri, C2, R2 

or, more simply fo = 1 
2nCR, 

where C1=C2, R1=R2, and where 
the values are in farads and ohms. 
Thus, if S1 S2 is at position "2" and 

A view of the audio generator constructed by the author. The switch below 
the frequency selector dial is marked as selecting "sine" or "square wave", 

but this was later discarded and converted to S4 of Fig. 4 

assuming maximum resistance to be 
in circuit via VR1 

fo- 
27c1 

106 

CR 
or fo= 

27,CCR 

(CR in MSl and pF values). 
Inserting these values, i.e., 500pF 

and 1M 
106 106 

fO 6.28 x 500 x 1 3,140 
=300 c/s approximately 

With VR1 close to minimum, 3,000 
c/s results, but in practice the 
frequencies are lowered somewhat 
due to circuit conditions and to the 
presence of RI and R2. It is 
interesting to note, however, that 
both 400 c/s and 1,000 c/s are 
included in the same range-which 
is automatically multiplied, or 
divided, by 10 as S1 S2 is manipu- 
lated. 

It may be mentioned in passing 
that VR1 consisted of a conventional 
2 -gang logarithmic track potentio- 
meter in which the normal "top" 
end connections were left open 
circuit, thereby eliminating cramping 
at the high frequency end of the 
scale. Use of a higher grade com- 
ponent would normally be desirable 
or, as an alternative, fixed resistors 
in association with a variable twin - 
gang capacitor may be employed. 

Waveshaping and Amplitude 
It is found when using triodes that 

the cathode resistor of Vi(a) must 
be fairly high in value if a good 
waveform is required and, although 
it is not difficult to generate a pure 
signal at say 1,000 c/s, at 100 c/s it 
is by no means easy to do so. Still 
greater difficulty is experienced as 
the frequency is lowered, and the 

Fig. 3. An audio generator employing a Wien -type frequency -selective 
network 
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IC2 C3c4C C6 

500 5000 50_,,.., 50Ó0 
pF pF pF 500 pF 

P R4 
15kn 

ECC 81 

51,2 ganged 
1= 20-2CX.)c/s 
2= 200-2000c/s 
3= 2-2OKc/s 

R20 
Ikn 

VI 

Heaters 

R21 

Fig. 4. The circuit of a complete audio generator offering frequencies from 
20 c/s to 20 kc/s 

valve usually sets its own limit. 
Acceptable low frequency sine wave 
forms can only be generated, it 
seems, if a low output is tolerable. 

It has also been found that in a 
variable frequency unit of this kind 
amplitude varies considerably as 
VR1 is manipulated, the output 
falling at the end of the scale 
associated with highest frequency. 
This is a well-known and familiar 
phenomenon but is obviously most 
undesirable when measurements are 
to be made to equipment under test. 
The usual way to overcome it is to 
employ a feedback circuit and use 
therein a temperature dependent 
element such as a thermistor. In the 
circuit shown a somewhat similar 
principle is involved, since Di is a 
junction diode which is temperature 
sensitive. Part of the output is fed 
back from Vi(b) anode via CI t and 
Rib and affects the cathode circuit 
of Vi(a) such that reasonably con- 
stant amplitude is maintained over 
the range in use. This, unfortunately, 
further attenuates the available 
output, but it is a desirable inclusion 
for the reasons given. A suitable 
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diode can be obtained from one 
section of a junction transistor, the 
lead being connected to pin 8, Vi(a) and the collector lead to the junction 
of R5 and R18. The emitter is left 
unconnected and R18 experimentally 
adjusted. If R18 is too low in value 
Vi(a) will become cut off whereas, if 
a high value is used, control will not 
be obtained.2 
Cathode Follower and Amplifier 

In Fig. 4, V2(a) acts as a normal 
cathode follower, a high impedance 
being presented to the audio oscil- 
lator proper due to the heavy 
feedback across R12. V2(b) amplifies 
the generated signal. The "phone" 
facility is useful and serves as a 
check on unit functioning, the item 
used being an ex -equipment low 
impedance insert paralleled by a 
simple push -to -make, push -to -break 
Switch. The highest frequencies 

2 The author employed an 0081 in the 
Dl position, and states that this gave better 
results than an 0A70. If the frequency 
control is swung suddenly hard over from 
one extreme to the other the output resets 
itself gradually and not instantaneously, 
thereby indicating a degree of dependence 
on temperature.-EDrroR. 

VR2 

50kn 

R19 
Ikn 

250V QC 

RI7 
Okra 

generated will only be available to 
bats (and, perhaps, cats!). 

Outputs are made available by 
means of a simple potentiometer 
circuit and are selected by S4i 
resistors R15 R16 and R17 being 
chosen experimentally to provide a 
10:1 ratio output. 

General 
It is not proposed to give a 

detailed method of scale calibration 
here. The expèrimental model was 
first set up on Range 2 where 
accurate check -points are obtainable 
against B.B.C. tuning signals. If a 
correctly tuned piano is available 
this range can be reasonably well 
calibrated, using B.B.C. signals later 
for final checking. Middle C may be 
considered f=260 c/s, whereupon 2f 
(octave rise)=520 c/s, and so on. 
The output may also be applied to 
the c.r.o. If, for example, a 1,000 c/s 
waveform from the generator is 
displayed and the c.r.o. timebase set 
to lock with the fundamental and 
left, a further lock will result as the 
generator is slowly adjusted to a 
higher frequency, i.e., at 2,000 c/s 
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and, again, at 3,000 c/s, etc. 
Alternatively the c.r.o. may be set 

to 50 c/s together with the generator. 
(An accurate 50 c/s may be obtained 
from the a.c. mains supply.) If the 
c.r.o. is left at 50 c/s, multiples will be 

detectable at 100 c/s, 150 c/s, 200 c/s, 
and so on, and these may be marked 
in as required. It is essential to 
ensure that the c.r.o. is not itself 
initially set to a multiple. 

A suitable scale may easily be 

made using indian ink and a bow 
pen with a piece of Bristol board. 
Legends are obtainable with the aid 
of Data Publications "Panel -Signs", 
and may be protected with clear nail 
varnish. 

CAN ANYONE HELP? 
Requests for information are inserted in this feature free 
service undertake to acknowledge all letters, etc., recei 
correspondents. Circuits, manuals, service sheets, etc., 

o reasonable 

Type 78 Receiver.-A. C. Evans, "Miskin", 1 Sels - 
more Cottages, Salterns Lane, Hayling Island, 
Hants, would like information on this U.S. Services 
receiver Ref. No. 10D/1307, with particular reference 
to power supplies and pin connections at rear of set. 

* * * 

Cossor Instruction Manual.-E. Shaw, "Sunning - 
dale", Village Lane, Washington, Co. Durham, 
requires the loan or purchase of the manual for the 
Cossor TV Alignment Pattern Generator, model 
1320. 

* * * 

Small Computor Circuit.-J. A. Barnard, Northload 
Farm, Theale, Wedmore, Somerset, is interested in 
constructing such a design (cost in region of £10 
to £50) to be used for demonstration purposes. Can 
any reader supply a circuit or information? 

of charge, subject to space being available. Users of this 
ved and to reimburse all reasonable expenses incurred by 
lent by readers must be returned in good condition within 
period of time. 

Philips Radiogram, Type 572A.-J. Maguire, 30 
Blessington Street, Dublin 7, Eire, urgently requires 
service sheet, circuit or any other information on 
this pre-war set. 

Transmitter BC625A, Receiver BC624A.-A. J. 
Christ, 42A Albert Road, Morecambe, Lancs, 
requires service sheets or manuals.-A.M. Nos. 
T5017 and R5019 respectively). 

* * * 

Stuzzi Transistor Tape Radio Tuner.-G. F. Allen, 
17 Finnemore Road, Hainault, Ilford, Essex, 
requires circuit diagram. 

* * * 

American "Knight -Kit" FM Tuner.-C. W. Falkner, 
Thames Valley Grammar School, Fifth Cross Road, 
Twickenham, Middx., request all technical data on 
this unit. 

Trade Review 
HIS EXCEPTIONALLY FINE HAND DRILL IS SHOWN 

in the illustration herewith and it incorporates 
a fully enclosed double pinion bevel drive 

which prevents any accidental trapping of fingers 
or clothing and additionally protects the user from 
being soiled by any lubrication medium. 

The drill has a keyless +in capacity self -centring 
chuck and a hollow translucent amber plastic handle 
in which spare drills may be contained, the handle 
being specially contoured for, easy grip and control. 

The hand drill weighs 1 lb 15oz and has a length 
of 13in. The streamline body of the drill is die-cast 
and enamelled blue. The retail price is £1 19s. 6d. 
and is available from all ironmongers and tool 
dealers. 
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THERMO-ELECTRIC 

"SENSING DEVICE 

By David Aldous 

Using a transistor as a temperature -sensitive element 

THE UNIT DESCRIBED IN THIS ARTICLE IS A "THERMO- 
electric" sensing device. It was designed and 
built in order to gain experience with d.c. 

amplifiers and, also, to test the effectiveness of a 
transistor when used as a temperature -sensitive 
element. This last application makes use of the 
temperature/leakage current characteristic of the 
transistor. 

VRl 

TRI 

Flexible 
leads 

Circuit Description 
The circuit of the unit is given in Fig. 1. In this 

diagram TRI is the setlsing transistor, and its base 
bias is controlled by R1, R2 and VR1. Since VRI 
is capable of controlling the base bias, it functions 
as a "temperaature range" control. 

The collector of TRI connects directly to the base 
of TR2, which provides the first stage of the d.c. 

To controlled 
circuit 

o 

TR3 

-9V 

Fig. 1. The circuit of the temperature sensing device 

The device consists basically of a transistorised 
d.c. amplifier following the transistor which func- 
tions as the temperature sensitive element. Varying 
leakage currents in the sensing transistor are then 
amplified so as to operate a controlled circuit 
incorporating, say, a meter or a relay. 

amplifier. The main function of TR2, apart from 
amplification, is to give a phase reversal to the 
signal from TRI: - An increase in leakage in TRI 
(due to an increase in its temperature) causes a 
decrease in collector current in TR2. Because of 
the direct connection between the collector of TR2 
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and the base of TR3, this decrease results in an 
increased collector current in TR3. Thus, the 
overall effect is that increased collector current in 
TR1 results in increased (and amplified) collector 
current in TR3. 

The resistors R7 and R8 form a potential divider 
across the supply and feed the emitter of TR3, this 
taking up a potential which is only slightly below 
(i.e. slightly more positive than) that of TR2 
collector. The potential at the emitter of TR2 is, 
similarly, only slightly below that at its base. 

Thermal stabilisation of the d.c. amplifier is 
provided by returning R3 to the base of TR2. If, 
for instance, leakage current were to increase in 
TR2, this would cause the potential at its collector 
and, hence, at the base of TR3, to fall. The emitter 
potential of TR3 would similarly fall, and this 
change would be passed back to the base of TR2 
via R3, whereupon it would counteract the initiating 
increase in leakage current. Should there be an 
increase in leakage current in TR3, the loop, via R3 
and TR2, will cause a compensating drop in the 
potential on TR3 base. 

In operation, the "temperature range" control 
VR1 is set to a value determined by the temperature 
of the surroundings of TR1. Low values in VR1 are 
required when the temperature is low, and high 
values when it is high. When heat is applied to TR1 
its collector current rises, causing a fall in the 
potential on TR2 base. TR2 collector current then 
decreases, resulting in an increase in collector 
current in TR3. TR3 collector current thus increases 
with temperature, and operates the controlled 
circuit accordingly. 

The Sensing Probe 
In use, TR1 may be fitted into a "sensing probe", 

it being connected to the d.c. amplifier by three 
flexible leads as indicated in Fig. 1. 

Components List 

Resistors 
(All fixed values 10% watt) 

R1 8.2kû 
R2 330kû 
R3 6.8kû 
R4 33kû 
R5 47kû 
R6 4700 
R lkû 
R8 10kû 

Transistors 
TR1 0081 or OC81D 
TR2 0081 
TR3 0081 

Miscellaneous 
10 -way tagboard (see text) 
9V battery 
Controlled circuit components (meter, relay, etc.) 

TR1 is mounted in the desired position, after 
which VR1 is adjusted as required. It is possible, 

To warning 
circuit 

Additional 
resistor 
(approx. iskn) 

11 

R8 

Fig. 2. A relay in the collector circuit of TR3 may 
be made to "latch on" by means of a spare pair of 

contacts 

with low settings in VR1, to obtain an output signal 
for small changes in TR1 leakage current at tempera- 
tures which are nearly as low as 0°C. 

Suggested Applications 
A number of applications may readily suggest 

themselves to the reader. A typical instance would 
consist of using the unit as an electronic "thermo- 
meter". In this case a meter having an f.s.d. of 1 

or 2mA could be connected in the collector circuit 
of TR3, VR1 being replaced by a switch and a 
number of fixed resistors in order to give definite 
temperature ranges. 

Another possible application is as a "thermal 
sentry". The sensing transistor would be mounted 
in proximity to the component or equipment under 
test, a relay being connected in the collector circuit 
of TR3. Too high a temperature would then cause 
the relay to energise, whereupon it could switch on 
a warning light or other indicator. The relay could 
also switch off the component or equipment under 
test. A further idea would consist of employing a 
spare pair of contacts on the relay so that the latter 
"latched on" after being initially energised. A 
suitable circuit is shown in Fig. 2. 

These are only two of the many possible applica- 
tions for the device. 

Construction 
The prototype was built on a Bulgin 10 -way 

tagboard (10 pairs) type C125, and this provided a 
very rugged method of construction as well as 
allowing a tidy layout to be achieved. This tagboard 
is convenient, also, since it it fitted with 6BA 
threaded fixing bushes. All components were 
mounted on the tagboard with the exception of the 
sensing probe and VR1. Other methods of assembly 
may, of course, be used, and the parts layout is not 
in the least critical. 
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he circuits presented In this series have been 
designed by G. A. French, specially for the enthusiast 

who needs only the circuit and essential data 

:\ 

suggested circuits 
3 

NE OF THE PROBLEMS WHICH 
beset tape recorder enthu- 
siasts occurs when it is desired 

to obtain good quality recordings 
from mains -operated domestic a.m. 
receivers. The main difficulty is that, 
whereas it is conventional practice 
for tape recorders to employ isolated 
chassis, almost all domestic a.m. 
receivers have "live" chassis which 
are connected to one side of the 
mains supply. 

Good quality al is normally 
available at the diode load of the 
a.m. receiver, but this cannot be 
coupled directly to the input of the 
tape recorder without connecting 
together the two chassis. The 
recorder chassis, together with any 
exposed metalwork it may have 
which is at chassis potential, then 
becomes "live" and is a source of 
considerable danger. At the same 
time, without such a direct connec- 
tion between the two chassis hum 
level may become intolerable. 

Occasionally, this difficulty is 
overcome by feeding the tape 
recorder from the secondary of the 
output transformer in the radio 
receiver, this secondary being isolated 
from the receiver chassis. However, 
the isolation provided by the receiver 
output transformer may not neces- 
sarily be reliable, and there is the 
further disadvantage that the a.f. 
available at its secondary will have 
greater distortion than that appearing 
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across the diode load, because it will 
have passed through a voltage 
amplifier and an output stage. 

This month's Suggested Circuit 
offers a somewhat unconventional 
approach to the problem, in that it 
causes the signal for recording to be 
obtained from the i.f. amplifier of the 
receiver rather than from the diode 
load or any subsequent stage. The 
modulated i.f. signal is then amplified 
and detected in a separate add-on 
unit, after which it is ready for 
application, at good quality, to the 
input socket of the tape recorder. 
The circuit necessitates a very simple 
modification to the receiver, and it 
provides adequate isolation without 
the introduction of hum. On the 
debit side is the fact that the 
additional i.f. amplifier and detector 
unit employs a valve, whose heater 
and h.t. supplies have to be obtained 
from the tape recorder (or from a 
separate power supply). Neverthe- 
less, the circuitry involved is very 
simple and straightforward, and 
many enthusiasts may consider that 
the benefits which are conferred 
well outweigh the power supply 
disadvantage. 

The circuit may only be employed 
with tape recorders having isolated 
chassis. 

The Circuit 
Fig. 1 illustrates the modifications 

required to the a.m. receiver together 

with the circuit of the add-on unit. 
As will be noted, the modulated 

i.f. is taken from the anode of the 
i.f. amplifier in the receiver by way 
of the 2pF capacitor C1. (The i.f. 
amplifier shown in Fig. 1 follows 
the receiver frequency -changer, and 
immediately precedes the detector 
circuit.) The modulated i.f. is then 
passed, via two lengths of screened 
cable and a coaxial socket and plug, 
to the add-on unit, where it is applied 
to the grid of an EBF89. Resistor 
R1 functions as grid leak and is 
returned to one of the EBF89 diodes, 
the latter providing bias for the 
pentode section by reason of its 
contact potential. 

The EBF89 amplifies the i.f. 
signal in normal manner, and this is 
then fed, via IFT1, to the detector 
circuit given by R4, R5, C4, C5 and 
the remaining diode. R5 is a volume 
control, and the detected a.f. at its 
slider is passed to the tape recorder 
input circuits via C7. 

R6 and C6 provide decoupling 
from the h.t. circuits in the recorder. 
A secondary function is provided by 
R6 in so far that its relatively high. 
value ensures that the EBF89 
pentode operates at an h.t. potential 
of the order of 100 volts. This 
relatively low voltage is permissible 
since the pentode is not required to 
offer a high degree of gain in the 
present application, and the resultant 
h.t. current drain from the tape 
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recorder power supply becomes 
approximately 5mA only. 

The three screened cables in the 
circuit diagram are earthed to differ- 
ent points in the general assembly. 
The outer conductor of the screened 
cable immediately following C1 is 
earthed to the receiver chassis. The 
function of this screened cable is, 
primarily, to prevent undesired coup- 
lings between its centre conductor 
and earlier stages in the receiver. It 
is most important to note that the 
outer conductor of the coaxial 
socket mounted on the receiver is 
not connected to the outer conductor 
of this screened cable. The only 
connection which is made to the 
outer conductor of this socket occurs 
when the coaxial plug is inserted. 
The receiver coaxial socket is 
mounted on the back of the receiver 
and is the only additional component 
which appears outside the cabinet 
and which can be touched. 

The screened cable coupling the 
input coaxial plug to the grid of the 
EBF89 takes its earth connection 
from the chassis of the add-on unit. 
The outer conductor of this cable 
also connects to the outer conductor 
of the coaxial plug which terminates 
it. 

The remaining screened wire is 
that which carries the a.f. output of 
the unit to the tape recorder. In this 
case, the outer conductor of the cable 
is earthed to the outer conductor of 
its coaxial plug. To avoid the forma- 
tion of hum loops, this screened 
cable is not earthed at any other 
point. 

In Fig. 1 it is assumed that the 
tape recorder has a coaxial input 
socket but, in practice, the sockets 
employed may be jacks; 2 -way 
sockets, or other types. The appro- 
priate plug would then, of course, be 
employed instead of the coaxial type 
depicted in the diagram, the outer 
conductor of the screened cable still 
connecting to the earthy side. 

Additional Points 
There are a number of additional 

points which require a little further 
discussion. 

The first of these is concerned with 
the fact that the pentode section of 
the EBF89 is biased by diode 
contact potential instead of by the 
more conventional cathode bias. 
Either method of biasing requires a 
resistor and a capacitor and so no 
saving in components is effected. 
On the other hand, the method 
employed in Fig. 1 has the marginal 
advantage that the cathode of the 
double -diode -pentode is at chassis 
potential, and that the feedback 
which tends to arise with double - 
diode -pentodes used in the present 

I.F transformer 
in receiver 

R6 

22knlW 

Additional 
comments 
and wiring R3 

CI 2pF kn 
(see text) i/ Coaxial plug 

I 

Coaxial 
socket 

I 

I.F 

amplifier 
In 

receiver 

mm. 
Receiver 
chassis 

Mounted on 
receiver 

HT+ 
200-250V 
(From 
recorder) 

C7 Coaxial 

002yF Plug -21 
A.F output 

to recorder 

2yF 

To recorder 
chassis 

45 6.3V 
From 

(recorder) 

Fig. 1. The receiver modifications and the add-on unit. The latter consists 
of the components around the EBF89 

application becomes slightly reduced 
in consequence. 

The intermediate frequency in the 
receiver will lie within the range of 
450 to 475 kc/s, as is common with 
a.m. receivers. The i.f. transformer 
in the additional unit is a standard 
component intended for operation 
at these frequencies. 

The a.f. output offered by the unit 
will be at a high level, being equal 
to, or somewhat in excess of, that 
available at the diode load of a 
standard receiver. The output of the 
unit will then connect to the appro- 
priate input socket of the tape 
recorder. To avoid distortion, R5 
should have a value which is not 
greater than 25 % of the input 
resistance at the recorder socket. 
The value for R5 shown in Fig. 1 

assumes a recorder input resistance 
of MO or more, and lower input 
resistances will necessitate corre- 
spondingly lower values in R5. If a 
suitable gain control is already 
available in the recorder, the variable 
component shown in the R5 position 
could be replaced by a fixed resistor, 
C7 connecting to its junction with R4. 

There is only one direct connection 
between the additional unit and the 
receiver, this being made by way of 
C1. The coupling provided by this 
capacitor will allow a small propor- 

tion (which may vary according to 
the self -capacitance of the inter- 
connecting screened cables) of the 
i.f. voltage on the receiver i.f. 
amplifier anode to be applied to the 
pentode grid of the EBF89. The loss 
in i.f. level is then made good by the 
amplification offered by the EBF89 
pentode. 

Mains modulation is feasible if a 
50 c/s voltage should happen to 
become impressed on the grid of the 
EBF89, the worst conditions occur- 
ring when the receiver and tape 
recorder chassis have a potential 
difference of 250 volts a.c. between 
them. However, the 50 c/s a.c. 
voltage can only be passed to the 
EBF89 grid via Cl and the self - 
capacitance of the screened cable in 
the receiver. These represent the 
upper half of a potential divider, the 
lower half being the very much 
smaller impedance offered by R1 and 
C2 in series. 

Modifications to the Receiver 
The modifications to the receiver 

consist of connecting CI to the anode 
of the i.f. amplifier and of fitting the 
screened cable and the coaxial 
socket. Care should be taken to 
ensure that neither C1, nor any 
unscreened wires connecting to it, 
approach the grid circuit of the i.f. 
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Anode tag 

If' amplifier 
valveholder 

Screened cable to 
coaxial socket 

(a) 

(b) 

Chassis tag 

IF transformer 

Fig. 2 (a). A convenient method 
of providing C1 is given by 
twisting two insulated wires 
together, as shown here. This 
enables a simple means of 
adjusting the capacitance to be 
effected during setting up. The 
wire insulation most be adequate 

for mains voltages 
(b). An alternative method of 
obtaining the capacitance 

required in C1 

amplifier or any of the frequency - 
changer components. To meet this 
requirement, it will probably be 
preferable to connect Ci to the 
appropriate tag of the i.f. trans- 
former in the receiver, rather than 
to the anode tag of the i.f. amplifier 
valveholder. 

C1 could be a ceramic component, 
which must have a working voltage 
of 250 a.c. Its value may need 
adjustment during final setting up. 
In practice, however, it will be 
preferable not to use a physical 
component here, the capacitance 
being given by two insulated wires 
twisted together, as in Fig. 2 (a). 
If the receiver employs conventional 
wiring, the required coupling could 
alternatively be given by twisting an 
insulated wire around that connect- 
ing the anode tag of the valveholder 
to the i.f. transformer. (See Fig. 

2 (b).) If a twisted pair is employed 
instead of a physical capacitor, the 
final capacitance it offers may be 
reduced during the setting up pro- 
cedure by partly untwisting the pair 
and cutting off excess wire. The 
wire employed for the twisted pair 
must have insulation capable of 
withstanding 250 volts a.c. 

The screened wire inside the 
receiver should have a low self - 
capacitance and be capable of with- 
standing 250 volts a.c. between 
conductors. It could consist of 
standard coaxial cable. The outer 
conductor may be earthed at any 
convenient point on the receiver 
chassis. 

As was mentioned above, the 
outer conductor of the coaxial socket 
must not be connected to the outer 
conductor of the screened cable; and 
the only additional component in 
the receiver which appears outside 
the receiver cabinet, and which may 
in consequence be touched, is the 
coaxial socket. 

The Add -On Unit 
The circuit around the EBF89 and 

if. transformer may be built up in 
the form of a separate add-on unit 
connecting to the receiver and tape 
recorder by flexible leads terminated 
in plugs. The tape recorder would 
then need to be fitted with a power 
output socket offering chassis, h.t. 
positive and heater supply connec- 
tions. The h.t. current consumption 
of the unit will be of the order of 
5mA, as stated earlier. The heater 
requirement is 6.3 volts at 0.3 amps. 

Low capacitance screened cable 
should be used for both the input 
and output leads to the add-on unit, 
and coaxial cable would provide a 
good choice here also. To prevent 
excessive losses, the input lead 
should not be longer than some 2ft 
or so. The power supply leads and 
the output coaxial cable should also 
be kept reasonably short. 

If space allows, the additional unit 
could be fitted into the tape recorder 
cabinet itself, thereby eradicating the 
necessity for a power output socket 
on the latter. 

The layout around the EBF89 is 
a little critical, and care must be 
taken to ensure that wiring and 
components in the pentode anode 
and detector diode circuits are kept 
well away from the wiring and 
components in the grid circuit. 

Setting Up 
After the unit has been constructed 

and the receiver modified, the circuit 
has to be set up. For this process the 
a.f. output of the unit should be 
coupled to an a.f. amplifier feeding 

a loudspeaker. Usually, the tape 
recorder can provide this facility. 

The unit is then plugged into the 
receiver, and a modulated signal 
generator applied to the signal grid 
of the frequency -changer and ad- 
justed to the receiver i.f. The cores 
of IFT1 in the additional unit are 
then adjusted in the normal manner 
for maximum output and sym- 
metrical response. The output of the 
signal generator must be reduced as 
alignment proceeds, and it has to be 
remembered that the receiver a.g.c. 
circuits will still be functioning 
normally. In the absence of a signal 
generator, the receiver should be 
tuned to a station, and IFT1 adjusted 
for optimum response of that 
station. The loudspeaker of the 
receiver will, of course, still repro- 
duce the same signal as is fed to the 
amplifier following the add-on unit. 

If the a.f. output from the add-on 
unit is excessively high it may be 
reduced by reducing the value of Cl. 
In most cases this will involve the 
reduction of the capacitance in the 
twisted pair. The final value of Cr 
should be that which allows the ä.f. 
output of the additional unit to be 
commensurate with that available 
at the diode load of the receiver. 

After the unit has been set up and 
Ci finally adjusted, the unit input 
plug should be removed from the 
socket in the receiver. The i.f. 
transformer in the anode circuit of 
the receiver i.f. amplifier should then 
be realigned, in order to take up the 
additional capacitance to chassis 
introduced by C1 and the screened 
lead to the coaxial socket. The 
adjustments required to this trans- 
former should be almost negligibly 
small. 

The Circuit in Use 
The add-on unit should prove to 

be very simple to operate in practice. 
Before a recording session, the 
receiver is tuned in carefully to the 
desired station, after which the 
add-on unit is plugged into the 
receiver socket. Recording then 
proceeds in the usual manner. The 
receiver volume control and a.f. 
circuits will not affect the recording 
process, and the receiver loudspeaker 
may reproduce the programme at 
any desired level. 

Due to the component values 
employed in the coupling circuit 
between the receiver and the add-on 
unit, it is extremely unlikely that 
modulation hum will be imposed on 
the a.f. signal fed to the tape 
recorder. However, should such 
hum occur it may be eradicated by 
reversing the mains connection to 
the receiver and/or the tape recorder. 
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NEWS AND COMMENT . . 
"Pirate" Radio 

The pros and cons of the ethics 
of the broadcasts from radio stations 
situated on ships moored off the 
Essex coast, outside territorial 
waters, continue to flow thick and 
fast. 

There may very well be a good 
case for commercial radio in this 
country and for the setting up of 
local stations, rather like local news- 
papers, but "pirate" radio is a 
somewhat different proposition. 

Some of the objections to "pirate" 
radio stations which may not be 
readily appreciated were outlined by 
Mr. Stephen Stewart, Director - 
General of the International Federa- 
tion of the Phonograph Industry, in 
a letter to The Times. 

His first point was that these 
stations are "pirating" the property 
of other people. He was, of course, 
referring to the royalties payable to 
composers, musicians, etc., but 
which are unenforceable against 
stations broadcasting from outside 
territorial waters. This matter has 
now been partly dealt with, as we 
understand that the proprietors of 
"Radio Caroline", and "Radio 
Atlanta", have voluntarily agreed to 
pay the appropriate fees to the 
Performing Rights Society. It should 
be noted that such payments are 
voluntary. 

Secondly, Mr. Stewart stated that 
the "pirate" radio ships are broad- 
casting from outside territorial 
waters to escape the laws of England 
but expect the protection of inter- 
national law on the high seas; 
although their action is expressly 
forbidden by the International Tele- 
communications Convention. 

His third, and probably most 
important observation, was that 
although only popular music was 
being broadcast, other stations could 
come into being and broadcast pro- 
grammes containing obscene material 
or even subversive propaganda; they 
would have no licence to lose. 

Our guess is that, in due course, 
a mainland station, or stations, will 
come into existence to meet the 
demand for round-the-clock "pop" 
music, and that such stations will 
mean the end of "pirate" radio with, 
or without, changes in international 
law regarding the use of the high seas. 
Amateur Licences 

Radio Amateurs, like the B.B.C. 
and I.T.A., have to keep within the 
terms of their licences, no "pop" 
music broadcasts for them, and 
many of the restrictions are under - 
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standable in the light of the fore- 
going remarks on the position of 
"Radio Caroline", etc. Frequency 
allocations, output power restrictions, 
the giving up of transmitting equip- 
ment in wartime are all obvious 
conditions in the amateur's licence. 

With effect from 1st June amateur 
transmitting licences are to be issued 
in a revised form. The services of the 
Radio Society of Great Britain's 
G.P.O. Liaison Committee were 
utilised in effecting this revision. 
This is yet another instance of the 
work done by the R.S.G.B. on behalf 
of all radio amateurs and we strongly 
recommend those interested in short 
wave radio who are not already 
members of the Society, listener as 
well as transmitter, to send to them 
for the leaflet about membership 
mentioned in their advertisement on 
page 857 of this issue. 

From the details given in the 
R.S.G.B. Bulletin we can mention a 
few of the changes in the licence 
conditions. The new licences are the 
Amateur (Sound) Licence A, the 
Amateur (Sound) Licence B (the 
new phone -only u.h.f. licence), the 
Amateur (Sound Mobile) Licence 
and the Amateur (Television) 
Licence. The Amateur (Sound) 
Licence B restricts use of the trans- 
mitter to frequencies above 420 
Mc/s and is for phone -only. 

Phone -only licences will have call - 
signs in the G8 plus three letter 
series. Amateur television stations 
will have G6 ... /T calls. 

Log keeping requirements have 
been extended. Amateurs are now 
specifically authorised to receive 
transmissions in the Standard Fre- 
quency Service. The use of record- 
ings intended for entertainment is 
prohibited, of course, but special 
recordings of audio frequency tones 
can be used. 

Presumably because of previous 
confusion on the issue, a new sub - 
clause has been added to the licence 
conditions making it clear that 
speaking into the microphone is 
operation of a station and is re- 
stricted to the licensee and other 
holders of U.K. amateur licences or 
the Amateur Radio Certificate issued 
by the P.M.G. 
Audio -Visual Teaching Aids 

A residential conference on audio- 
visual teaching aids will be held at 
Loughborough College of Tech- 
nology from the 10th to 12th 
September next. Arranged by The 
Institution of Electrical Engineers 
Science and General Professional 

Group on Education and Training, 
the conference will cover such topics 
as educational and teaching films, 
closed-circuit television, calculus pro- 
gramming and teaching machines. 

An introductory lecture on 
"Teaching devices" will be given by 
H. W. French, B.Sc., M.I.E.E., 
H.M.I., on Thursday evening, 10th 
September. The remaining pro- 
gramme will be devoted to short 
lectures followed by discussion. 

A scientific exhibition will run 
concurrently with the discussion 
sessions. Offers of exhibits are 
invited within the following cate- 
gories : 

(a) Audio visual aids, including 
teaching machines, language 
laboratories, closed-circuit tele- 
vision, video tapes and loop 
films. 

(b) Electrical engineering labora- 
tory demonstration equipment. 

(c) apparatus developed at teach- 
ing establishments, including 
laboratory and demonstration 
equipment for electrical en- 
gineering courses and general 
and special courses for techni- 
cians, and college -built audio- 
visual aids. 

Those wishing to offer exhibits for 
consideration for inclusion in the 
exhibition should apply to the 
Secretary of the Institution for 
application forms as soon as pos- 
sible. 

Further information and registra- 
tion forms are available from the 
Secretary, the Institution of Electrical 
Engineers, Savoy Place, London, 
W.C.2. 
I.E.A. Exhibition 

Mr. L. S. Yoxall, Chairman of the 
Exhibition Committee of the 1964 
Instruments, Electronics & Auto- 
mation Exhibition held at Olympia 
at the end of May had many 
interesting comments to make on a 
successful event, we only have space 
available for one short topic. 

"Mr. Edward Heath, the President 
of the Board of Trade, noticed 
during his tour of the I.E.A. the 
youth of the technicians manning the 
stands. I will say that I was even 
more impressed by the low average 
age of the visitors, men in their late 
twenties and early thirties who are 
already in important executive posi- 
tions. This accent on youth is most 
encouraging because these young 
men are already taking over the 
industrial reins that, we all believe, 
will guide us into an era of pros- 
perity." 
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Automatic 
Variable 
Audio 
Oscillator 

By D. B. Hulse, A.M.Inst.E. 

THIS ARTICLE DESCRIBES A UNIQUE CIRCUIT EM- 
ploying the well -established neon relaxation 
oscillator, and it is mainly the result of a 

demonstration given to the author's class of elec- 
tronic students. It was thought that the circuit, 
though relatively simple, could serve as a useful and 
reliable piece of equipment in almost every con- 
structor's workshop. 

Before entering into full details of the final circuit, 
it may be of some use to revise the fundamental 
principle of operation of the neon relaxation oscil- 
lator, the circuit of which is shown in Fig. 1. 

Operation 
At the instant of application of d.c. supply voltage 

E, the voltage appearing across capacitor C will be 
zero; thus the whole of supply voltage E appears 
across resistor R. However, this condition soon 
changes, for capacitor C tends to charge towards 
voltage E. The mathematical expression relating to 
this condition is given by : _t 

v=E (1-e CR) 1 

where v =instantaneous voltage across C 
E =applied steady d.c. voltage 
e =base of Naperian logs (=2.7183) 
R =resistance of R (in ohms) 
C =capacitance of C (in farads) 
t =instantaneous time from zero (secs) 

The product C x R is called the time constant and 
is usually denoted by t, the unit being seconds. It 
follows that when t = CR, the instantaneous voltage 
AT, will be 63 % of E. 

Now, since neon lamp Ne is connected across C, 
there comes a time when the instantaneous capacitor 
voltage equals the striking or ionisation potential 

of the neon lamp. Thus, neon Ne will discharge 
capacitor C until its extinguishing potential is 
reached, whereupon the discharge ceases. Capacitor 
C now recharges, and the above process is repeated. 
The graphic interpretation is shown in Fig. 2, from 

Emits 

II t2 t (time) 

which it can be seen that the striking and extin- 
guishing voltages, vs and ve respectively are repre- 
sented by: 

_ t2 

vs=E (1-eCR) 2 
and 

-1 
ve=E (1-eat) 3 

From these two expressions, it can be shown that 
the frequency generated by the circuit of Fig. 1 is 
given by 

1 frequency, f-CR 
loge E-ve 

4 

E-vs 
this being based upon a negligible discharge time 
relative to charge time. 

From this expression, variations in the values of. 
C, R or E will alter the frequency since, for a given 
neon lamp, vs and ve are virtually constant. 

Thus, in order to alter the frequency of the oscil- 
lator we have three choices in variables. In the 
complete circuit, the main variable is the supply 
voltage, E. 

Final Circuit 
The final circuit is shown in Fig. 3 and may 

appear to be quite unlike that of Fig. 1. 
The principal features of the circuit are: (a) it 

produces three simultaneous outputs, (b) it generates 
audio frequencies from a few c/s to around 10 kc/s 
automatically, and (c) it requires no power supply 
but utilises the available h.t. voltage of the amplifier 
under test, with very small current drain. 

Description 
The main oscillator components are R3 to R9, C2, 

neon Ne, and switch S2. The positions of this 
switch are calibrated in terms of h.t. supply voltage 
rather than frequency. The reason for this is simply 
to provide the correct time constant, CR, for a 
given supply voltage, E, in order to cover the 
required frequency range (expression 4). If, for 
instance, the oscillator is connected to a 300 volt 
supply where previously it was connected to a 100 
volt supply, changing S2 from position (a) to posi- 
tion (c) will cause approximately the same range of 
frequencies to be generated as occurred before. 
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Oscillator section 

The three outputs available are produced simul- 
taneously, since the discharge and recharge of cap- 
acitor C2, via neon Ne, R8 and R9, produce wave- 
forms as shown in Fig. 4. Note the wave shape of 
outputs 1 and 2. These correspond to the discharge 
of C2 through Ne, R8 and R9, and have the appear- 
ance of steep -fronted pulses. These pulses are excel- 
lent for the testing of audio amplifier frequency 
response. Also, output 1 is in antiphase with output 
2, although the two are approximately equal in 
magnitude, being at around 1 volt peak value each. 
Output 3 takes the form of a sawtooth, it being the 
charge and discharge voltage appearing across C2. 
This output has a peak -to -peak value of around 12 

volts, which is suitable for applying to the control 
grids of most output valves. 

Low values are specified for C3 and C4 in order 
to preserve a steep -fronted wave pulse at outputs 1 

and 2, even when these feed into high resistance 
loads of the order of 1Mû. The low value chosen 
for C5 is not primarily for the preservation of wave 
shape, but is mainly to ensure that different loads 
do not cause excessive frequency variation. Output 
3 is best fed into a high impedance rather than into 
a low impedance. 

The variable h.t. voltage is derived by operation 
of switch S1. In position (a), capacitor C1 is 
coupled to the h.t. line via R1; thus, in a matter of 
seconds, C1 will charge up to full h.t. voltage, and 
the frequency output will rise rapidly from the 
lowest to the highest frequency depending upon the 
setting of switch S2, and the h.t. voltage. With 
switch S1 placed in position (b), capacitor C1 (which 
is charged to full h.t. voltage) releases its charge into 
the oscillator section, thus producing a "run down" 
in frequency. This takes effect for about 5 to 6 

minutes. A frequency coverage is automatically 
provided, therefore, from about 10 kc/s to around 

Components List 

Resistors (20 % unless otherwise specified) 
R1 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 
VRl 

47kû 3 watts 
470kû 1 watt 
820k12 4 watt 
2.7Mû 4 watt 
2Mû 4 watt 
2MS2 * watt 
1.5M1) 4 watt 
2.7k2 10% 4 watt 
2.7kû 10% 4 watt 
2Mû linear pot. 

Capacitors 
C1 See text 
C2 500pF, 750V wkg, mica 
C3 10pF, 500V wkg, mica 
C4 10pF, 500V wkg, mica 
C5 20pF, 500V wkg, mica 

Miscellaneous 
*Ne Hivac Neon Lamp, type CC8L 

S1 2 -pole, 4 -way rotary switch 
S2 1 -pole, 5 -way rotary switch 
M.E.S. lampholder if Hivac neon lamp is used 

If this lamp cannot be obtained, any other type whose Vs =70V 
and ye -60V should be satisfactory. 

O 

HT volts 

Vs 

A yeolP3 

O 

-ve 

Ì 

+ve 

e Ì vR9-OIPO 

h 

VRg=O/PO 

a useful 20 c/s. Putting switch S1 to position (c) 
couples C1 once again to the h.t. line, this time via 
the variable resistor VR1 and resistor R1. Thus, by 
selecting a suitable value of resistance in VR1 it is 
possible to govern the rate at which C1 charges up 
towards full h.t. voltage. Since the oscillator section 
is connected across C1, this rising voltage causes 
the oscillator to produce a frequency sweep from a 
few c/s to the highest audio tone around 10 kc/s, 
the time taken varying from around three seconds 
to several minutes. This condition is governed by 
the setting of VR1, the h.t. voltage and the setting 
of S2. Finally, in position (d) of switch Si, capacitor 
C1 is omitted from the circuit and is replaced by 
resistor R2. This, together with VR1, produces a 
potential divider whose midpoint is connected to 
the oscillator section. Thus, by adjustment of VR1, 
manual control of frequency can be obtained. 
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Conclusions 
With reference to the value of capacitor Cl, the 

author employed a 32µF, 600V d.c. working type, 
but the value is not critical and may consist of any 
figure from around 8 to 50µF, providing the d.c. 
working voltage is adequate. The former value will 
provide shorter "run-up" and "run-down" times 
and vice versa. 

An alternative arrangement for outputs 1 and 2 
is to replace resistors R8 and R9 by a potentiometer 
having a value of 5kOE The wiper may connect to 
chassis and the extreme ends of the track to C3 and 
C4. Such a control will enable the user to vary 

outputs 1 and 2 to suit his requirements. 
When using the oscillator to produce a constant 

frequency (position (d) of Si), switch S2 may be 
employed to produce five different frequencies 
depending in value upon the h.t. voltage and the 
setting of VRI. 

Finally, two precautions are necessary before 
putting the unit to use: (a) check the h.t. rail 
voltage so that a correct setting of switch S2 can be 
made, (b) if the amplifier is of the a.c./d.c. type, 
check for a live chassis before connecting the negative 
lead or the result may well be a dangerous shock. 

A RADIO t 
HAVING LEARNED HOW TO TURN OFF AN ALARM 

clock whilst remaining asleep, the author was 
faced with a serious problem-how to wake 

up at a reasonable hour in the morning! 
The solution to the problem is described below, 

and its success can be judged from the fact that for 
the last four months the author has been woken up 
within a quarter of an hour of the specified time, 
and without the traumatic shock of an alarm bell 
in full cry. 

The Circuit 
At a pre -determined time, a pair of contacts in 

an alarm clock are closed, energising a relay that 
switches on the power to a transistor radio tuned 
into the local station. 

Reference to Fig. 1 will demonstrate that, with 
S1 in the "on" position as shown, the closing of 
the clock contacts causes the relay coil to be con- 
nected across the 9V battery. Contact pair 1 then 
close and completes the power supply circuit for 
the radio. At the same time contacts 2 close and 
ensure that the relay remains energised until Si is 
switched off, no matter what the clock contacts do. 

If Si is turned to the "off" position, the relay 
coil circuit is opened and prevents further drain 

Slb Sla 

Fig. 1. The circuit of the "Radio Lark" 

K 
By M. LORD 

from the battery, whilst Si,(a) completing the 
receiver power circuit, ensures that the latter con- 
tinues to function normally. 

Modifying the Clock 
If the alarm mechanism in the majority of clocks 

is examined, it will be found that, at the set time, a 
gear wheel ("A" in Fig. 2) springs forward, whether 
the alarm is set to ring or not. This forward motion 
is used to make contact between the frame and the 
contact strip mounted on it. 

The contact strip can be made from one of the 
contacts of an old relay, bent so that when the gear 
wheel "A" is in its normal held -back position, there 
is about i in gap between it and the contact strip. 
The contact strip must, of course, be mounted in 
such a way that it is insulated from the metal clock 
frame. Two leads, one from the contact strip, and 
the other from the metal frame are then taken to a 
miniature jack socket mounted on the back of the 
clock. 

Alarm timing 
spindle 

Contact 

Insulation 

Gear wheel Ä / 
Spring 

Front plate 
of clock frame 

Earth contact 

To jack socket 
in back of clock 

Fig. 2. Adding contacts to the clock 
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Components List 
Relay -1,00051 coil, with 2 sets of contacts, normally 

open* 
51 -2 -pole, 2 -way toggle switch 
Miniature jack plug and socket 
2 flat 4.5V torch batteries 
}in plywood for case, wire, etc. 

The relay should be capable of energising at 9 volts. 

Construction 
The control unit is assembled, as shown in Fig. 3, 

in a small box made of }in plywood, which can be 
used as a stand for the clock. The bottom of the 
cabinet must be removable to facilitate replacement 
of the two 4.5 volt torch batteries used to energise 
the relay. However, as the total drain is only about 
9 to 10mA, the batteries will last for some three to 
four months with normal use. 

Two grommets in the back of the case provide 
exits for the leads to the radio and the clock. 

Operation 
Normally, S1 is kept in the "off" position. Before 

retiring, the clock alarm is set to the required time 
(with the button pressed down so that the bell will 
not ring in the morning) and the radio switched 
on and tuned in. S1 is then switched to the "on" 
position, causing the radio to be switched off until 
the contacts in the clock close; whereupon your 
choice of programme creeps into the room to 
herald the start of another day. 

Burma's No'ta-The device described in this article switches the 
battery supply to a transistor radio which is, of course, completely 

Miniature jack plug 

(to clock) 

4 

I3/4 

TOP VIEW 

6 

2 -core flex 
to rtlio 

FRONT PANEL 

Fig. 3. The layout employed by the author 

isolated from the mains supply. Because of the low insulation 
offered in relays which are available on the home -constructor market, 
we do not recommend that the device be used for switching mains 
receivers or other mains -operated equipment. 

COMMERCIAL EQUIVALENTS 

of By ALAN GUY 
AMERICAN V.T. VALVES 

In our August 1963 issue we published details of surplus American electronic equipment coding. 
We now follow this with a detailed list giving commercial equivalents for surplus American valves 

MANY CONSTRUCTORS MUST HAVE VALVES IN THE 

"junk box" which they are unable to use, 
because they cannot be identified. Such 

valves, removed from American ex -Government 
equipment, will probably have a VT number, and 
in this connection the following list may help in 
identification and make these items usable. The list 
has been compiled over a period of years from. 
observation and recording details of valves possessing 
both the VT number and the commercial number, 
and it is hoped that it will be of use to those con- 
structors who, like the author, are not fortunate 
enough to possess unlimited funds for their hobby. 

VT No. 
VT -2 
VT -4-B 
VT -4-C 

Comm. Equiv. 
WE205B 
211, 242A, 311 
211 Special 

VT No. 
VT -28 
VT -29 
VT -30 

Comm. Equiv. 
24, 24A 
27 
OIA, 01 

VT -5 WE215A, 215A VT -31 31 
VT -7 WX12 VT -33 33 
VT -17 860 VT -34 207, F307 
VT -19 861 VT -35 35/51 
VT -22 204A VT -36 36, 36A 
VT -24 864 VT -37 37, 37A 
VT -25 10 VT -38 38, 38A 
VT -25-A 10 Special. 10Y VT -39 869 
VT -26 22 VT -39-A 869A, F369B 
VT -27 30 VT -40 40 
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VT No. Comm. Equiv. VT No. Comm. Equiv. VT No. Comm. Equiv. VT No. Comm. Equiv. 

VT -41 851, 951 VT -100 807, RK39, VT -147 1A7GT VT -209 12SG7 
VT -42 872, F353A HY61 VT -148 1D8GT VT -210 1S4 
VT -42-A 872 Special fil. VT -100-A 807, 807A VT -149 3A8GT VT -211 6SG7 
VT -43 A45, 845, 945, 

WE284D, 384D 
VT -101 837, RK44 
VT -103 6SQ7 

VT -150 6SA7 
VT -150-A 6SA7GT 

VT -212 958 
VT -213-A 6L5G 

VT -44 32 VT -104 12SQ7 VT -151 6A8G VT -214 12H6 
VT -45 45 VT -105 6SC7 VT -151-B 6A8GT VT -215 6E5 
VT -46 
VT -46-A 

866, 966 
866A, 966A 

VT -106 803, RKE8A, 
WE322A 

VT -152 6K6GT, 
6K6GT/G 

VT -216 816, 866JR, 
2B26 

VT -47 47 VT -107 6V6 VT -152-A 6K6G VT -217 811 
VT -48 41 VT -107-A 6V6GT, VT -153 12C8 VT -218 100TH, RK38 
VT -49 39/44 6V6GT/G VT -154 814, 12C8Y, VT -219 8007 
VT -50 
VT -51 
VT -52 
VT -54 

50, 585, 586 
841, PT841, 941 
45 Special 
34 

VT -107-B 6V6G 
VT -108 450TH, WL450, 

HK854H 
VT -109 2051, WL630 

RK47 
VT -161 12SA7 
VT -162 12SJ7 
VT -163 6C8G 

VT -220 

VT -221 

250TH, RK63, 
HK454 
3Q5GT, 
3Q5GT/G 

VT -55 865 VT -111 2525D5, 5BP4/ VT -164 1619 VT -222 884 
VT -56 
VT -57 
VT -58 

56 
57 
58 

1808P4, 1802P4 
VT -112 6AC7/1852, 

1852 

VT -165 1624 
VT -166 371A 
VT -167 6K8 

VT -223 

VT -224 

1H5GT, 
1H5GT/G 
RK34 

VT -60 850 VT -114 5T4 VT -167-A 6K8G VT -225 WE307A, 307A 
VT -62 801, 801A, 310 VT -115 6L6 VT -168-A 6Y6G VT -226 3EP1/1086P1 
VT -63 46 VT -115-A 6L6G, 6L6GA VT -169 12C8 VT -227 7184, KR7184 
VT -64 800, RK30 VT -116 6SJ7 VT -170 1E5GP VT -228 8012 
VT -65 6C5 VT -116-A 6SJ7GT VT -171 1R5 VT -229 6SL7GT 
VT -65-A 6C5G VT -116-B 6SJ7Y Ceramic VT -171-A 1R5 Loctal base VT -230 350A 
VT -66 6F6 base VT -172 1S5 VT -231 6SN7GT 
VT -66-A 
VT -67 

6F6G 
30 Special 

VT -117 6SK7 
VT -117-A 6SK7GT 

VT -173 1T4 
VT -174 3S4 

VT -232 1148, E1148, 
HYE1148 

VT -68 6B7 VT -118 832 VT -175 1613, 6L6GX VT -233 6SR7 
VT -69 
VT -70 

6D6 
6F7 

VT -119 2X2/879 
VT -120 954 

VT -176 6AB7/1853, 
6AB7, 1853 

VT -234 HY114/B, 
NU114/B 

VT -72 842, 942 VT -121 955 VT -177 1 LH4 VT -235 HY615, NU615 
VT -73 843 VT -122 WL530, 530 VT -178 1LC6 VT -236 836 
VT -74 5Z4 VT -124 1A5GT, VT -179 ILN5 VT -237 957 
VT -75 75 1A5GT/G VT -180 3LF4 VT -238 956 
VT -76 76 VT -125 1C5GT, VT -181 7Z4 VT -239 1LE3 
VT -77 
VT -78 

77 
78 

1 CSGT/G 
VT -126 6X5 

VT -182 3B7/1291 
VT -183 1R4/1294 

VT -240 710A, WL538, 
8011 

VT -80 80 VT -126-A 6X5G VT -184 OB3/VR90, VT -241 7E5, 1201 
VT -83 83 VT -126-B 6X5GT, VR90 VT -243 7C4, 1203 
VT -84 84/6Z4 6X5GT/G VT -185 3D6/1299 VT -244 5U4G 
VT -86 6K7 VT -127 100TS VT/187 F375A, 975A, VT -245 2050 
VT -86-A 6K7G VT -1277A 100TS Modified GL512 VT -246 918, CE1, PJ23 
VT -86-B 6K7GT VT -128 1630, A5588 VT -188 7E6 VT -247 6AG7 
VT -87 6L7 VT -129 304TL, WL525, VT -189 7F7 VT -248 3CP1/1808P1 
VT -87-A 6L7G HK304L VT -190 7H7 VT -249 CK1006, 1006 
VT -88 6R7 VT -130 250TL, VT -191 316-A VT -250 EF50 
VT -88-A 6R7G HK454L VT -192 7A4 VT -252 923 
VT -88-B 
VT -89 

6R7GT 
89 

VT -131 12SK7 
VT -132 12K8 

VT -193 7C7 
VT -194 7J7 

VT -254 304TH, WL535, 
HK304M 

VT -90 
VT -90-A 

VT -91 

6H6 
6H6GT, 
6H6GT/G 
6J7 

VT -133 12SR7 
VT -134 12A6 
VT -135 12J5GT 
VT -135-A 12J5 

VT -195 CK1005, 1005 
VT -196 6W5C 
VT -197-A 5Y3GT/G, 

5Y3GT 

VT -255 

VT -256 
VT -257 

705A, 8021, 
WE705A 
GL486, ZP486 
K7 

VT -91-A 6J7GT VT -136 1625 VT -198-A 6G6G VT -259 829 
VT -92 6Q7 VT -137 1626 VT -199 6SS7 VT -260 VR75/30 
VT -92-A 6Q7G VT -138 1629 VT -200 VR105/30, VT -264 3Q4 
VT -93 
VT -93-A 
VT -94 
VT -94-A 
VT -94-D 
VT -95 
VT -96 

6B8 
6B8G 
6J5 
6J5G 
6J5GT 
2A3 
6N7 

VT -139 OD3/VR150, 
V R150/30, 
VA150 

VT -141 53L, WL531 
VT -142 WE31DY1 
VT -143 805, WE331A, 

905, RK57 

VR105 
VT -201 25L6 
VT -201-C 25L6GT, 

25L6GT/G 
VT -202 9002 
VT -203 9003 
VT -204 3C24, HK24G 

VT -266 

VT -267 
VT -268 
VT -269 
VT -277 
VT -279 
VT -282 

1616, 866JR, 
660 
578, WL578 
12SC7 
717A, WE717A 
417, WL417 
GY2, D161831 
ZG489 VT -97 5W4 VT -144 813 VT -205 6ST7 VT -286 832A 

VT -98 

VT -99 

6U5/6G5, 6U5, 
6G5 
6F8G 

VT -145 5Z3 
VT -146 1N5GT, 

1N5GT/G 

VT -206-A 5V4G, 274B 
VT -207 12AH7GT 
VT -208 7B8 

VT -287 
VT -288 
VT -289 

815 
12SH7 
12SL7GT 
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I 

Transistor Tape Recorder Circuits 

by C. Swires PART 2 

The concluding article of a two-part series describing tested transistor applications in home 
constructed tape recorders 

The Level Meter 
HE CIRCUIT OF THE LEVEL METER SECTION IS 

shown in Fig. 6. In this diagram, a.f. from 
C22 in Fig. 4 (published last month) is applied, 

via the pre-set potentiometer R41, to the first 
transistor TR10. This transistor and TR11 function 
in a conventional amplifier circuit, the output 
being fed to the bridge rectifier D1 to D4 and, 
thence, to the 0-100µA meter M1. In the original, 
a small Japanese level meter was employed for 
M1. 

The pre-set potentiometer R41 is set up to adjust 
the gain of the amplifier to the requisite level, 
so that the required indications are given by the 
meter. 

If desired, a suitable switch circuit and a series 
resistor could be added, these being wired up to 
allow the meter to read battery voltage as well. 

Bias Oscillator 
The bias oscillator circuit is given in Fig. 7, 

and this consists of a bottomed oscillator transistor 
providing a sine wave output at a nominal frequency 
of 58 kc/s, the frequency of oscillation being 
governed by C36. 

R41 

Pre-set 

From record 
amplifier 

JULY 1964 

Coil L5 is constructed on an LA1 pot core, 
employing the turns shown in the Table. The 
windings are made in successive layers on the 
bobbin provided with the core, in the same order 
as they appear in the Table, viz: 

1. 5-6; 200 turns 
2. 1-2; 5 turns 
3. 3-4; 15 turns 

In the author's version, all enamelled wires 
were brought out and colour coded by slipping 
short lengths of sleeving over them for identification. 
If the unit fails to oscillate, reverse the feedback 
winding (1-2) as this must be correctly phased. 

Components List 
(Fig. 6) 

Resistor 
(All fixed resistors are * watt 10%) 

R41 1001a2 pre-set potentiometer 
R42 150kû 
R43 10k12 R47 68kû 
R44 27kû R49 10k0 
R45 2.2k12 R49 4.7û 
R46 4701) R50 1k2 

Capacitors 
12V C28 50µF electrolytic 6V wkg. 

C29 10µF electrolytic 12V wkg. 
C30 100µF electrolytic 18V wkg. 
C31 8µF electrolytic 12V wkg. 
C32 50µF electrolytic 6V wkg. 

Transistors 
TR10 0071 
TR11 0071 

Diodes 
D1 to D4 0A81 

Meter 
Moving -coil 0-100µA 

Fig. 6. The level meter circuit 

819 

www.americanradiohistory.com



Table 
Windings on L5. All wire is enamelled (see text 
for assembly instructions). 
Winding 

5-6 
1-2 
3-4 

Turns 
200 34 s.w.g. 

5 24 s.w.g. 
15 34 s.w.g. 

Fig. 7. The bias oscillator 

Components List 
(Fig. 7) 

Resistors 
R51 22kû + watt 10% 
R52 4752 * watt 10% 

Capacitors 
C33 0.51.I.F paper 
C34 0.01µF paper 
C35 500pF compression trimmer 
C36 400pF mica 
C37 250pF mica 

Transistor 
TR12 0081 or OC81D 

Inductors 
L4 As L3 (see text) 
L5 Oscillator coil (see text) 

I2V 

Bias 
output 

Pin A Pin B 

A filter is also fitted in series with the bias output, 
this consisting of the series tuned circuit given 
by C35, C37 and L4. The filter passes the bias 
frequency but rejects a.f., and it was introduced 
after trouble was experienced due to audio frequen- 
cies getting back into the oscillator and modulating 
it. This caused irregular waveforms and distortion 
of the oscillator output. Coil L4 is the same as 
L3, consisting similarly of 250 turns of 30 s.w.g. 
enamelled wire on a Mullard LA1 pot core, and 
having an inductance of 12.6mH. C35 is a 500pF 
compression trimmer. 

Switching Circuits 
The overall switching circuits employed are 

illustrated in Fig. 8. As will be seen, the only 
switching required consists of the application 
of power to the appropriate units in the recorder. 

On playback, the power is switched to the 
playback amplifier, which then functions with 
its own head. No connections are made to the 
bias winding on the playback head. 

On record, the power supply is fed to the record 
amplifier, the bias oscillator, and the level meter 
circuit. These then operate in conjunction with 
the recording head. 

This method of switching has the advantage 
that input and output leads are not brought close 
together on the switch, and that the danger of 
instability due to unwanted couplings is therefore 
obviated. 

Fig. 8 also shows the five -way push button unit 
employed in the author's recorder. The two 
outside buttons switch motor circuits which provide 
fast wind and re -wind respectively, whilst the 
centre button provides a stop facility. In these 
last three positions, power is disconnected from 
both the playback and recording circuits. 

If desired, the switching shown in Fig. 8 could 
be carried out by a three-way rotary switch separate 
from the tape deck switching circuits. In one 
position the rotary switch could feed power to 
the playback amplifier, in the central position it 
could cut off all power, and in the third position 
it could apply power to the record amplifier, bias 
oscillator and level meter. 

Setting -Up Procedure 
If an oscilloscope is available, this should initially 

be connected across the bias winding of the record 
head between terminal B of the record head and 
chassis. Trimmer C35 (Fig. 7) is then adjusted for 
maximum bias voltage as indicated by the oscil- 
loscope. 

_L - 
Play amp. 

o + 

I2V 

Record 

amp. 

Bias 
oscillator 

1 

f PLAYISTOPI REC I 

Level 

Five -way push button unit 
shown with all buttons in 

up position 

Fig. 8. Switching circuits. These do not include the 
switching circuit required for the tape deck motors 

The oscilloscope is next connected between the 
collector of TR9 (Fig. 4) and chassis, whereupon 
trimmer C27 is adjusted for minimum bias voltage, 
as shown by the oscilloscope. During this check 
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Mains 
input 

0.50, 
Battery charger 
transformer and 
rectifier 

XU6II 

12V input Smoothing 

+ I4VD.C. 

500-, 
NF 

D9 
XU6I1 

12V 

Fig. 9 (a). A mains power unit capable of feeding both 
the transistor and the motor circuits 

(b). A mains power unit for the transistor circuits 
only 

Components List 
(Fig. 9 (b) ) 

Capacitors 
C38 500íF electrolytic 18V wkg. 
C39 500p.F electrolytic 18V wkg. 

Diodes 
D5 to Ds Selenium bridge rectifier (see text) 
D9 Silicon diode type XU611 

Transformer 
T3 Mains transformer (see text) 

Choke 
L6 Smoothing choke (see text) 

no input should be applied to the record amplifier. 
If no oscilloscope is available the recorder may 

be set up in the following manner. 
Because of the two heads employed it is possible, 

when both record and playback circuits are switched 
on, to hear a recording a fraction of a second 
after it has been made. Firstly, a signal is fed into 
the record amplifier, this being preferably music. 

If the bias acceptor circuit is out of adjustment 
a weak and distorted recording will be heard. 
Adjust C35 (Fig. 7) until the distortion clears. 
This trimmer is then left at its optimum setting. 

Trimmer C27 should now be adjusted for 
maximum audio output, this being the condition 
when the maximum amount of bias voltage is 
rejected by the rejector circuit. 

If, during the setting -up procedure, it is found 
that the input level to the playback âmplifier is 
obviously excessive, the gain of the recording 
amplifier should be turned down. 

The level meter circuit has next to be set up. 
Probably the best method of doing this is to make 
a recording on the machine, and compare the 
playback level with that of a pre-recorded tape, 
or with that of a tape from a commercial model 
which has been recorded at correct level. 

When the recording made on the transistor 
recorder is at the same level as the tape with which 
it is being compared, the variable resistor R41 

(Fig. 6) should be adjusted to give a suitable reading 
on the level meter. The level meter scale may 
then be marked to indicate peak recording level, 
this being, preferably, at about three-quarters of 
f.s.d. 

Power Supplies 
The complete recorder may operate either from 

a battery supply or from a mains supply unit. 
In the original recorder, the 12 volt supply (whether 
from battery or mains) was required to feed the 
tape deck motors as well, the total current require- 
ment being of the order of 400mA. For interest, 
the mains power unit circuit employed is shown 
in Fig. 9 (a). The mains transformer and bridge 
rectifier shown here were taken from a battery 
charger, the associated voltages being indicated 
in the diagram. The smoothing choke requires a 
maximum resistance of 512 and as high an inductance 
as possible. A minimum of 100mH is recommended. 

For battery operation, a 12 volt d.c. input is 

connected as shown. The XU611 rectifiet ensures 
that correct supply polarity is applied to the tran- 
sistor and motor circuits. 

An alternative mains supply suitable for the 
transistor circuits on their own is shown in Fig. 
9 (b). This circuit is basically the same as that of 
Fig. 9 (a) but there are some small changes due 
to the reduced current requirement. The mains 
transformer was salvaged from an old radio, and 
has an r.m.s. secondary voltage of 12. The rectifier 
is an 0.5 amp selenium bridge unit of the same 
type as is employed in Fig. 9 (a). The smoothing 
choke L6 is a RadioSpare miniature having an 
inductance of 60mH and a resistance of 5.512. 

The XU611 diode in both Figs. 9 (a) and (b) 
is to prevent damage in case the external battery 
is connected with incorrect polarity. It may be 
omitted if no external battery is to be used. 

Preventing Motor Interference and Stray Pick -Up 
If the constructor intends to employ a battery - 
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Fig. 10. The layout, under the 
tape deck panel, employed with 

the prototype recorder 

operated tape deck the follow- 
ing points, encountered by the 
author with his own machine, 
will very probably prove to be 
helpful in overcoming inter- 
ference. 

The prototype employed a 
capstan motor having a gover- 
nor which operated a centri- 
fugal switch. It was found 
that the governor circuit was 
the main source of interference, 
and all leads carrying low level 
signals (i.e. from the heads, 
etc.) had to be kept well away 
from the motor. It was also 
found helpful to connect a 
0.01 p.F capacitor across the 
motor, and further capacitors 
of the same value at several 
points along its supply line. 
motor, and further capacitors of the same value 
at several points along its supply line. 

Another precaution consisted of placing a 
mumetal shield around the motor and of bonding 
this to the tape deck panel by way of a copper 
braid. 

It was found advisable to screen at least the 
first two stages of the playback amplifier. As 
mentioned above, these two stages were mounted 
inside a small metal box. The associated compo- 
nents may be conveniently fitted on small tagboards 
inside the box. 

The recording output choke, L2 (Fig. 4) should 
be mounted well away from the mains transformer, 
or it will pick up hum and pass it into the recording 
head. 

Initially, interference was also fed into the 
amplifiers by way of the supply voltage rails. 
Very thorough decoupling of the amplifier supply 
lines, as shown in the circuit diagrams, was employed 
to reduce interference from this source. 

Smoothing choke 

Rectifier 

Recording output choke 

Take-off god motor 

Capstan motor 

Mains transformer - 

Smoothing capacitors 

Take-up spool motor/ 

I watt output stage 

Mains Input -jnd 12V 

input sockets 

A Complete Layout 
The complete recorder layout employed by the 

author is shown in Fig. 10. This is presented for 

Push button unit,projects 
- below deck 

Recording amplifier with 
bias and meter circuits 

Gain Rec. vol Rec.vol. I 

ybock amplifier less 
output stage mounted 
in screened metal box 

Bearing for flywheel 

Input sockets and ex 
speaker socket mount- 
ed on sloping panel 

1st stage of record 
amplifier 

interest only, but it nevertheless gives an idea 
of the manner in which the various sections of 

General layout of units in the author's prototype. 
(Compare with Fig. 10) 

the recorder may be positioned in order to keep 
mutual interference at a low level. 

Aerial Tower Contracts for B.B.C's 
Carmarthen T.V. and V.H.F. Relay Station 

The B.B.C. has awarded a contract to the Cambrian Construction Company Limited, of Carmarthen, for the construction of the building for the Carmarthen TV and VHF sound relay station. A contract has also been placed with the J. L. Eve Construction Company Limited, of Morden, Surrey, for the erection of the 120ft aerial tower. 
The new relay station is being built on a site about one mile north of Carmarthen. It will transmit the B.B.C. TV 

Service for Wales and the three sound programmes on VHF and provide improved reception for some 13,000 people 
in the town of Carmarthen. The new station is expected to be completed by the end of 1964. 
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The thirty-fourth in a series of 
articles which, starting from first 
principles, describes the basic theory 

and practice of radio 

part 34 

understanding radio 

IN LAST MONTH'S CONTRIBUTION TO THIS SERIES WE 
discussed the practical construction of the 
moving -coil loudspeaker. We then carried on 

to the manner in which the baffle prevents attenua- 
tion of the lower audio frequencies due to com- 
pressions and rarefactions from the front and rear 
of the cone flowing into and cancelling each other. 
We concluded by showing that the cabinet of a 
conventional domestic radio receiver offers a 
measure of separation between the front and back 
of the cone and thereby acts, somewhat inefficiently, 
as a baffle. 

We shall now carry on to examine other methods 
of housing the loudspeaker. 

The "Infinite Baffle" 
We have seen that, for adequate reproduction of 

the lower audio frequencies, it is necessary for the 
sound produced at the rear of the cone to be 
prevented from reaching the front, and vice versa. 

It would seem, at first sight, that the simplest and 
most efficient method of obtaining separation 
between the front and rear of the cone would be 
given by completely enclosing the loudspeaker in a 
box, as shown in Fig. 222. Compressions and 
rarefactions produced at the rear of the cone cannot 
then possibly reach the front. 

Unfortunately, the completely enclosed box raises 
a number of subsidiary problems, these being of 
particular importance if the loudspeaker is intended 
to provide a high quality response. We shall now 
examine these problems, working from the viewpoint 
of high fidelity reproduction. 

As we shall see in more detail next month, all 
moving -coil loudspeakers exhibit resonances in 
their response, these causing the sound output to 
increase at the resonant frequency. If a high 
fidelity system were to employ an enclosed box 
loudspeaker housing in order to obtain efficient bass 

By W. G. MORLEY 

reproduction, it would be sensible practice to use a 
loudspeaker having a cone with a fairly large 
diameter, say loin or so, in order to ensure that 
adequate low frequency reproduction was available 
in the first place. Such loudspeakers have resonant 
frequencies which lie, typically, in the range of 40 
to 75 c/s. 

When the loudspeaker is fitted in the completely 
enclosed box, a fixed quantity of air occupying a 
relatively small volume is presented to the rear of 
the cone. This small quantity of air has the same 
effect on the cone as would be given by stiffening 
the surround and speech coil centring device, and 
the result is that the resonant frequency of the loud- 
speaker increases. The increase in resonant fre- 
quency may be so high as to cause it to fall within 
the more readily perceptible range of audio frequen- 
cies. Resonances at such frequencies are un- 
desirable, and it is partly because of this effect that 
completely enclosed boxes have not been extensively 
used in the past. A further point is that the addi- 
tional stiffness offered by the enclosed volume of air 
reduces the efficiency of the speaker. 

Fig. 222. The "infinite baffle". 
In this enclosure the loudspeaker 
is mounted in a completely 
enclosed box, the only aperture 
being that for the loudspeaker 

itself 
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It has to be remembered, nevertheless, that the 
completely enclosed box of Fig. 222 is only a 
scaled -down version of the situation which exists 
when the loudspeaker is mounted on a hatch in a 
wall between two rooms, as in Fig. 220.1 In the 
previous instance, the room behind the loudspeaker 
also represented a completely enclosed box. It may 
be seen that the usefulness of the closed box prin- 
ciple depends to a. very large extent upon the volume 
of the air enclosed, and that a very large box should 
not suffer excessively from the disadvantages just 
mentioned. Such a box would, however, be too 
large for installation in normal domestic sur- 
roundings. 

Another feature of the closed box is that it is 
possible for resonances to be set up in the enclosed 
air, the frequencies at which these occur depending 
upon the size and shape of the box .2 These could 
affect the reproduction from the loudspeaker, as 
they would modify the stiffening effect on the rear 
of the cone at the resonant frequencies. Their effect 
may, however, be considerably reduced by lining 
the interior of the box with rock wool, glass wool 
fibre, or any similar soft and sound -absorbent 
material. 

Despite the shortcomings just discussed, small 
completely enclosed boxes for loudspeakers have 
been occasionally used for high quality and high 
fidelity reproduction in the past. One method of 
overcoming the loudspeaker resonance problem has 
consisted of using loudspeakers with resonant 

I Published in last month's issue. 
2 To be precise, these effects are normally described as being due to "standing waves". In Fig. 189 of "Understanding Radio" (Part 30, February 1964 issue) we saw that it was possible to set the air at resonance in a cylinder with one end open when the length of the cy- linder was one half -wavelength at the frequency produced by a sound generating device positioned near the open end. Standing waves occur when a reflected wave augments a generated wave, as happened with the cylinder. In loudspeaker housings the reflections take place at the inside walls; and it is usual in this context to refer to "standing wave" conditions for the cases where reflected waves have a cancelling effect as well as when they have an augmentative effect. The instance where a reflected wave has a cancelling effect may be described as an "anti -resonance". 

Fig. 223. The reflex enclosure. 
This is completely enclosed 
except for an aperture, or port, 
on the same surface as the 

loudspeaker aperture 

Increases 

Speech -coil 
impedance 
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Frequency (c/s) 

(a) 
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impedance 
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Fig. 224. Illustrating the effect on loudspeaker 
resonance of the reflex cabinet. The curve at (a) shows 
the very pronounced single resonant peak given when 
a typical loudspeaker is mounted on a flat baffle. The 
reflex cabinet may cause the single peak of (a) to be 
resolved into two smaller peaks, as at (b). In practice, 
the single peak will more probably change to three or 

more small peaks, as shown in (c) 

frequencies around 20 c/s. The increased resonant 
frequency introduced by the use of the box may not, 
then, be sufficiently high to become objectionable. 

In recent years there has been a re -appraisal of 
enclosed box design, this having been brought about 
by the increasing popularity of domestic high 
fidelity reproducing systems. This increasing popu- 
larity has offered a commercial spur to the design 
of small loudspeaker housings which are still 
capable of offering good reproduction. It has been 
found possible, by specifically designing the loud- 
speaker for use in the box, to obtain high fidelity 
performance in housings which have a total volume 
of 2 cubic feet or even less. Such units tend to have 
lower efficiencies (in terms of sound output for 
electrical power input) than do alternative housings 
employing different techniques, because of the small 
volume of enclosed air. However, this disadvantage 
is outweighed by the advantages of small size and 
good response.3 

3 Low loudspeaker efficiencies are, within reason, acceptable in high fidelity systems provided there are substantial compensatory 
advantages such as improved response or, as in the instance referred to here, reduced hcusing size. This is because it is relatively simple and fairly inexpensive to obtain an increased power from the equip- ment feeding the loudspeaker in order to make up for its loss of 
efficiency. 
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Fig. 226. The basic labyrinth enclosure 

Because the completely enclosed box offers 
infinite separation of the air on either side of the 
loudspeaker cone, it is frequently referred to as an 
"infinite baffle". This term is not, however, strictly 
accurate. An "ideal" infinite baffle is given by a 
flat baffle with an infinitely large area, and which 
presents an infinitely large volume of air to the front 
and rear of the cone. The completely enclosed box 
does not present an infinitely large volume of air 
to the rear of the cone. 

Another term which may be introduced at this 
stage refers to the housings in which loudspeakers 
are fitted, and which are intended to modify their 
performance as compared with that in free air or 
on a flat baffle. Such housings are referred to as 
enclosures. 

The Reflex Enclosure 
An alternative to the completely enclosed box is 

the reflex enclosure (which may also be referred to 
as the vented enclosure). The reflex enclosure is of 
particular value for high fidelity reproduction, and 
it offers important advantages when compared with 
the completely enclosed box. 

A reflex enclosure has the typical shape illustrated 
in Fig. 223. It is completely enclosed except for an 
aperture, usually described as the port, on the same 
surface as the aperture for the loudspeaker. 

The operation of the enclosure depends on Ile 
principle of the Helmholtz resonator. If a body of 
air is completely enclosed except for one small 
aperture it will exhibit a single resonant frequency. 
In the reflex enclosure the housing is given dimen- 
sions which cause the resonant frequency to be close 
to, or the same as, that of the loudspeaker fitted 
inside it. The resultant effect is that, at resonance, 
the motion of the cone becomes "damped", and the 
latter does not exhibit the increased amount of 
movement at this frequency that would be given if 
the loudspeaker were mounted on a flat baffle. Thus, 
the effect of loudspeaker resonance-increased 
output at the resonant frequency-is reduced. 

Due to the fact that the air in the enclosure 

resonates at a single frequency, it can be considered 
as being approximately analogous to a tuned 
circuit. So, also, can the loudspeaker at its own 
resonant frequency.4 In the reflex enclosure system 
these two "tuned circuits" are coupled together very 
tightly, with the result that we obtain rather the 
same effect as we saw when we examined over - 
coupled band pass circuits.5 When mounted on a 
flat baffle, the response of the loudspeaker may offer 
a single peak, as shown in Fig. 224 (a). When it is 
mounted in the reflex enclosure the single peak, 
following our experience with over -coupled band 
pass circuits, may change to two smaller peaks on 
either side of the frequency corresponding to the 
previous peak, as shown in Fig. 224 (b). In practice, 
the analogy with band pass circuits is not quite as 
precise as this, as a number of other factors have to 
be taken into account, and the single original peak 
could quite possibly change to three or more 
smaller peaks, as shown in Fig. 224 (c).6 Neverthe- 
less, the new curve given by the reflex enclosure is 
obviously a considerable improvement on that 
shown in Fig. 224 (a). 

Another feature of the reflex enclosure is that, 
at and near its resonant frequency, the sound 
emerging from the port is 180° out of phase with 
that generated at the back of the loudspeaker cone. 
Without laying too much stress on the (somewhat 
simplified) tuned circuit analogy we have just 
mentioned, it is still reasonable to say that a phase 
reversal of this nature is what would be expected 
from the analogous electrical circuit. Since the 

4 Analogies with electrical circuits are commonly used in loud- 
speaker enclosure design. In the present instances, the analogous 
circuits would contain inductance, capacitance and a relatively high 
value of resistance. - 

5 See "Understanding Radio" parts 27 and 28, November and 
December 1963 issues. 

6 In Fig. 224 the performance of the speaker is indicated by plotting 
speech coil impedance against frequency As will be explained next 
month, this method of measurement is very helpful in obtaining an 
approximate idea of speaker response, and is particularly useful in 
indicating resonant frequencies. It will be noted also that the hori- 
zontal frequency axis is graduated with a logarithmic instead of a 
linear scale (in which the graduations would be evenly spaced), and 
this point will be similarly discussed next month. 

Fig. 225. It is frequent practice 
to fit a tunnel behind the port 
of a reflex enclosure, as shown 

here 
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sound from the port is 180° out of phase with that 
at the rear of the cone it is in phase with the sound 
from the front of the core. When the front of the 
cone produces a compression, the rear of the cone 
produces a rarefaction, whereupon the 180° phase 
reversal in the enclosure results in the appearance 
of a compression at the port. The sound from the 
port then augments that produced at the front of 
the loudspeaker cone. 

Summing up it may be said that, if a loudspeaker 
is fitted in a reflex enclosure having a resonant 
frequency close or equal to that of the loudspeaker, 
two advantages accrue. The first of these is that the 
movement of the cone is "damped" at its resonant 
frequency, with the result that a single peak (such 
as that shown in Fig. 224 (a)) changes to two or 
more much smaller peaks (as in Fig. 224 (b) or (c)). 
The second advantage is that the reflex enclosure 
offers enhanced reproduction at frequencies around 
the resonant frequency, thereby improving bass 
response. 

The resonant frequency of the reflex enclosure 
depends upon its internal dimensions, the area of the 
port and the thickness of the enclosure material 
surrounding the port. In Fig. 223 the thickness 
surrounding the port is that of the material from 
which the enclosure is made. Frequently, this 
dimension is effectively increased by fitting a tunnel 
behind the port, as in Fig. 225. 

The Labyrinth Enclosure 
An earlier design which is of interest in high 

fidelity applications is given by the labyrinth en- 
closure. In the labyrinth enclosure the rear of the 
cone is presented to what is effectively a long pipe 

Throat 

(a) 

(b) 

Mouth 

Mouth 

Fig. 227 (a). The shape of the conical horn 
(b). A typical example of exponential horn shape 

or tube, this being folded to conserve space. An 
example of the folded pipe construction is shown 
in Fig. 226. The length of the pipe is normally made 
equal to one quarter of the wavelength of the lowest 
frequency it is intended to reproduce (or a frequency 
slightly lower), and it is preferable to have this 
frequency equal to the resonant frequency of the 
loudspeaker. Under these conditions there is some 
"damping" of cone movement at the resonant 
frequency, with a consequent improvement in 
response. 

If the end of the folded pipe remote from the 
loudspeaker is brought out to a port on the same 
face of the enclosure as the loudspeaker aperture, 
there is an augmentation in sound output around 
the frequency at which it presents a half wavelength. 
This frequency is, of course, twice the resonant 
frequency of the loudspeaker. Since the length of 
the pipe is now a half wavelength, the sound 
emerging from the port is 180° out of phase with 
that being generated at the rear of the cone (because 
it has travelled through a half a wavelength in the 
pipe) and it is therefore in phase with that produced 
at the front of the cone. However, this effect may 
similarly occur for sound at 14 wavelengths, 24 
wavelengths and so on. Also, the sound at the open 
end of the folded pipe will be out of phase with that 
produced at the front of the loudspeaker cone at 
frequencies corresponding to 1 wavelength, 2 wave- 
lengths, and so on. Unless preventive steps are 
taken, the result may be a series of peaks and 
troughs in the frequency response of the loud- 
speaker and enclosure assembly-an obviously 
undesirable state of affairs. In practice, this short- 
coming can be obviated by heavily lining the walls 
of the folded pipe with sound absorbent material, 
with the result that the only significant enhancement 
in sound output offered by the enclosure occurs at 
the half wavelength condition only. 

An alternative approach to the labyrinth enclosure 
consists of looking upon the folded pipe merely as 
a means of taking up sound radiation from the rear 
of the cone. The folded tube may have the same 
length as in the instance we have just considered, 
but it is assumed that, due to the considerable loss 
in sound energy which occurs along its length, it is 
unimportant whether the end remote from the loud- 
speaker be closed or open. 

The Horn 
Although acceptable for domestic use, the 

methods of loudspeaker mounting and the various 
enclosures we have considered up to now all tend 
to be somewhat inefficient. A much greater efficiency 
is provided by the horn, which we shall now 
consider. 

A simple horn may have the conical shape 
illustrated in Fig. 227 (a). A moving -coil loud- 
speaker is fitted at the throat and the horn then 
opens out to its widest section at the mouth. Better 
results are given by the exponential horn shown in 
Fig. 227 (b). The sides of this horn are curved 
instead of straight, and it gains its name because 
the continuing increase in cross-sectional area from 
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the throat to the mouth follows an exponential 
function.7 

The horn offers a high level of efficiency because 
it "matches" a small cone diameter to a large 
volume of air. It suffers from the fact that it is only 
effective above its cut-off frequency, this depending 
upon the mouth area and the degree of taper. 
Horns with large mouth areas and gradual tapers 
are necessary if reproduction at low frequencies is 
required. In this respect, the cut-off frequency of 
an exponential horn is about eight times lower than 
that of a conical horn with the same outside 
dimensions. 

Because of their high efficiency, horn loud- 
speakers offer excellent results in public address 
work where it is necessary to provide sound 
coverage over wide areas. They are also used in 
cinemas and large halls. Because of the large size 
needed for adequate reproduction of the lower audio 
frequencies, horns having the basic shape shown in 
Fig. 227 (b) cannot be employed in domestic high 

7 Ax=Atekx, where Ax is the area at distance x from the throat, 
At is throat area, k is "taper constant", and e is 2.718. 

fidelity installations. Nevertheless, some ingenious 
designs have been produced in which the horn is 
folded (in rather the same way as the pipe in a 
labyrinth enclosure is folded) thereby enabling a 
horn of large dimensions to be provided in a 
relatively small space. Where a tweeter and woofer 
combination are employed, it is occasional practice 
to employ a horn with the tweeter. Since the 
tweeter is only required to work at high audio 
frequencies it may employ a horn having small 
overall dimensions. 

For almost all horn applications, the loudspeaker 
employed is specifically designed for coupling to the 
throat of the particular horn with which it is 
intended to be used. It will then frequently have a 
much smaller cone diameter than is encountered in 
loudspeakers intended for mounting in enclosures 
or on baffles. 

Next Month 
In next month's issue we shall carry on to various 

methods of diffusing the higher audio frequencies, 
after which we will return to the basic moving coil 
unit. 

Studio Techniques in Magnetic lope Recording 
F. C. JUDD, A.Inst.E. 

AGNETIC TAPE IS THE FINEST KNOWN RECORDING 
medium in existence today, in fact many 
may not know that all disc material is 

first recorded on magnetic tape which can be edited 
and mastered with comparative simplicity. Note 
the comment "comparative simplicity". Whilst 
the techniques of editing and mastering are not 
difficult manually, they do require a considerable 
amount of practice, as well as keen imagination, 
to achieve perfection. 

Such techniques that are used can, however, 
be adopted by the amateur recordist and, when 
correctly applied, greatly enhance recordings made 
on domestic and semi-professional recorders. 

One must first become accustomed to the idea 
of cutting magnetic tape. Most people are reluctant 
to do this in view of the high cost of recording 
tape. To offset this, the fact remains that this is 
the only way to edit a tape and produce a profession- 
al finish and continuity which is free of annoying 
clicks, false starts, belated fades and so on. 

Cutting and Splicing 
So we must learn to cut and splice tape correctly 

and with the right sort of equipment. To begin 
with, so-called splicing fluid is difficult to use, 
and it should not, in fact, be used at all for normal 
editing. The only satisfactory method of splicing 
a tape after an unwanted piece has been cut out 
is to use a splicing block with a diagonal cutting 
slot. The diagonal splicing cut is made with a 
non -magnetised razor blade after which adhesive 

splicing tape (never use Cellotape or similar adhesive 
tapes) is applied and trimmed. Butt joints can also 
be made and are often necessary if the space between 
one point of the recording and the next is small. 
There are of course a number of semi -automatic 
splicers available which are invaluable in the 

Splicing block 

Diagonal cut 

Splicing tape 

Trim 

Correct method of making a diagonal cut and splice 
in magnetic tape 
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studio, owing to the speed at which a splice can 
be made. 

Tape splicing to a professional degree calls for 
practice, but the reward is an interesting recording 
with smooth continuity. To this end particular 
attention should be made to working with a script, 
particularly for documentaries, interviews, plays 
and the like, where speech, sound effects and 
music have to be mixed, cut in or cross faded. 
Many recording enthusiasts try to emulate the 
professional finish by using the "superimposing 
button" or "pause control". but neither of these 
can provide any more than a poor imitation of the 
desired effect. For example, so-called superimposing 
reduces the level of the pre-recorded material and 
will often introduce a thud or click. Pause button 
control makes the recording jerky and there is 
the risk of clipping the start or finish of a recording. 

Part of the author's studio for recording, (left) Sony 
and Telefunken Studio recorders, (centre) audio 
generators and monitoring rack and (right) general 
purpose recorders, etc. Note that recorders are 

set at waist height on suitable benches 

Mixers and pre -Amplifiers 
The only method of successfully mixing several 

signal sources is by use of a proper microphone 
and signal mixer. Passive mixers comprising 
three or four paralleled volume controls may 
introduce noise and hum and severely attenuate 
all but high level signals such as those from a pre - 
amplified source. A well designed electronic mixer, 
or transistorised mixer, is essential if mixing of 
effects and music, etc., is to be carried out properly. 

This leads now to the use of pre -amplifiers and/or 
mixers with tone controls. When mixing sound 
effects in music from gramophone records the 
proper pre -emphasis should first be applied for, 
without it (i.e., with the pick-up fed straight to a 
linear mixer), the signals will have excessive treble 
and no base. It is preferable to use a conventional 
pre -amplifier with R.I.A.A. characteristics for the 
pre -amplification of gramophone records. The 
output from the pre -amplifier, now linear, can 
then be fed to a high level input on the mixer. 
A mixer should, by the way, have at least two 
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microphone (high or low impedance) inputs and, 
say, two high level inputs (high impedance for a 
maximum of 1 volt input). 

Tone Controls 
Conventional tone controls on a standard type 

of pre -amplifier or mixer are extremely useful 
when making a master tape from an original 
recording. They can be used, discreetly of course, 
for reducing noise level (hiss) and unwanted low 
frequency sounds such as wind noise and hum. 
A pre -amplifier with sharp cut-off at below 120, 
60 and 20 c/s is useful here and, together with 
bass cut and lift and treble cut and lift, enables 
all kinds of signal correction to be applied during 
the recording of a master tape. It should be added 
that, before the master copy is made, all editing 
should have been carried out and the original 
checked right through for clicks, etc. 

Monitoring 
Now a few words about monitoring and auxiliary 

equipment. In all recording some method of 
monitoring the incoming and recorded signal 
is essential. To this end most semi-professional 
recorders have separate recording and replaying 
heads. The replay head can be coupled to an 
external amplifier and loudspeaker system or 
headphones for direct listening to the recording 
itself, but whatever external amplifier is used it 
must have 1:he necessary C.C.I.R. replay character- 
istic. 

Monitoring of ingoing signals and, for that 
matter, recorded signals can only be successfully 
carried out in a room from which no sound can 
reach back to the microphone. On closed circuits, 
such as from a pick-up or another tape recorder, 
there are no problems with feedback. To this end 
speech can often be recorded first and then copied 
on to the final recording with effects and music, 
since the entire circuit is then closed to feedback 
of any description. 

For special echo effects one can feed an extra 
replay head through a suitable frequency correction 
amplifier back to the main recording amplifier. 
The correction in the head amplifier should be 
approximately C.C.I.R. with roughly 10dB bass 
cut below 100 c/s, and 20dB cut above about 
5,000 c/s, to prevent rumble and noise building up 
on the returned signals. 

Equipment 
Finally a few words about auxiliary equipment 

and layout. If two or three tape recorders are in 
use they should be reasonably close together for 
ease of operation. In the writer's studio five 
recorders are often in operation simultaneously, 
making it necessary to sometimes start or stop all 
five together. 

Mixers and pre -amplifiers can be grouped to- 
gether in a rack for ease of operation. It should not be 
forgotten that a large quantity of screened con- 
necting leads with various kinds of screened plugs 
will be required. Inter -connection of equipment, 
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especially between high impedance inputs and 
outputs, requires a little care as hum loops can 
easily be set up. For this reason it is sometimes 
necessary to earth different tape recorders and 
amplifiers through the interconnecting leads and 
employ one common earth line. 

This article had been all too brief to cover the 
more subtle points about magnetic recording, 
but the hints which have been given, plus a little 
practice and experiment, should soon put the 
reader on the path to really successful and perhaps 
highly creative recording. 
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What could be easier than replacing 
a burnt -out Mains Transformer? 

This month, Smithy the Serviceman helps his able assistant Dick to embark on this simple 

project. Unfortunately, as Smithy finds out very soon, Dick can never tackle a job of this nature 

in quite the same way as anyone else! 

TIIE 
IMPORTANT QUESTION WE 

have to ask ourselves," pro- 
nounced Smithy, "is what 

burnt it out in the first place?" 
Smithy the Serviceman and his 

assistant gazed solemnly at the 
chassis which was now reposing on 
Dick's bench. The large radiogram 
cabinet from which it had been taken 
was pushed to one side, and two 
wires trailed from the twin speakers 
mounted at each end of its front 
surface. 

"It's certainly a good burn -out," 
commented Dick. "I don't think 
I've ever seen a mains transformer 
which is so completely a charred 
wreck as this one!" 

"That's the whole point," com- 
mented Smithy. "Now, there are, 
rough check, two things which can 
cause a mains transformer to burn 
out. One of these is a continuous 
small overload which results in its 
running above its specified rating 
over a long period of time. And the 
other is a suddenly applied overload 
which causes it to burn out in a 
matter of seconds. The problem is, 
which of these two caused the 
burn -out we've got here?" 

Causes of Overload 
I would plump," remarked Dick 

promptly, "for the second cause of 
overload." 

I think I'd agree with you," said 
Smithy. "But I'd be interested to 
know your reasons." 

"If the overload had been in 
existence for a long time," explained 
Dick, "that tranny would have been 
smelling to high heaven every time 
the set had been switched on for half 
an hour or more. Whereupon the 
cause of overload would have been 
found good and early, because 
there's nothing like a smell of 
burning to make the customers call 
in a service engineer!" 

"That's exactly my own reason- 
ing," said Smithy. "It seems, 
therefore, as though we'll have to 
start looking for something which 
would cause the other possibility -a sudden overload. Is there 
anything on the job ticket to give us 
a clue?" 

"All that our job tickets say," 
commented Dick gloomily, "is 'Set 
u/s.' Still, I'll have a shufti." 

Smithy's assistant found the label 
attached to the back of the cabinet, 
and his face took on an expression 
of utter ama7Pment as he scanned its 
scribbled surface. 

"Believe it or not Smithy," he said 
in a tone of wonder, "but we have 

actually received a communication 
from the Outside World. Just listen 
to this! 'Dial lamps suddenly went 
out, accompanied by loud hum from 
set. Programme gradually faded 
away and set was silent after about 
10 seconds'." 

"That's excellent," said Smithy 
enthusiastically. "If that report 
gives a true picture of what happened, 
it tells us exactly what to look for." 

"Just like that?" 
"Just like that!" confirmed Smithy 

cheerfully. "Everything points to a 
sudden short on the heater line. To 
start off with, the fault came on 
abruptly, which indicates a sudden 
overload. Secondly, the dial lamps 
went out. If there had been, say, an 
h.t. short, the dial lamps would still 
have stayed lit, even if their brilliance 
dropped a bit. Thirdly, the pro- 
gramme continued. If there'd been 
a sudden h.t. short it would have 
stopped dead." 

"But that doesn't explain two 
other things," protested Dick. "For 
instance, how did the programme 
continue without any heater power?" 

"Because," replied Smithy, "the 
valve heaters would still be hot 
enough to continue emitting for a 
short period. Also, despite the heavy 
overload in the heater circuit, the 
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h.t. secondary of the transformer 
might still have supplied sufficient 
h.t. potential to cause some sort of 
signal to appear from the speaker. 
If the h.t. electrolytics were in good 
order, these would have held up the 
h.t. voltage for a short while, also." 

"That doesn't explain my second 
query," objected Dick. "If there was 
a sudden heater short, how about the 
loud hum from the speaker?" 

"That hum may not have come 
from the speaker," grinned Smithy. 
"It probably came from the trans- 
former laminations!" 

"Hey?" 
"I'm quite serious," chuckled 

Smithy. "Don't forget that the 
primary current in a transformer 
increases when the secondary current 
increases. With the dead short on 
the heater line which I'm assuming, 
the primary current would have 
risen to a very high level indeed. 
This would cause a similarly high 
magnetisation of the laminations." 

"That's all very well," protested 
Dick, "but where does the hum 
come in?" 

Wire trapped 
under clip, 

Fig. 1. A short circuit in the 
heater supply of the radiogram 
checked by Dick and Smithy 
was caused by a dial lamp lead 
being trapped under the lamp 

holder clip 

"I'm leading up to that," said 
Smithy. "The magnetisation of the 
laminations will be at its strongest 
on each half -cycle peak. All the lam 
sections at one end of the coil will 
then have a North pole and all the 
lam sections at the other end of the 
coil will have a South pole. This 
occurs under normal conditions as 
well, of course, but as the magnetising 
force with the overload is now very 
much greater, the lams will suffer far 
more repulsion from each other than 
is normally the case." 

"I get it;" said Dick. "The lams 
will be undergoing much stronger 
repulsion forces than usual, and 
these will reach a peak 100 times a 
second. Since they're only clamped 
down tightly enough to cater for 
ordinary magnetising forces, the 
increased magnetising force causes 
them to give rise to an audible hum." 

"That's the idea," confirmed 

Smithy. "Anyway, let's have a hunt 
around and see if we can dis- 
cover . 

"I've found it already," inter- 
rupted Dick, who had been taking a 
quick look at the chassis. "One of 
the dial lamp leads is trapped under 
its clip." (Fig. 1.) 

"Good show," said Smithy, ex- 
amining the point indicated by 
.Dick. "The wire insulation under 
the clip must have gradually worn 
away with time. The insulation on 
the wire going up to the lamp holder 
looks a bit cooked, too; and this 
pretty well confirms the fact that the 
short occurred here. It's a pity that 
the set -maker used rather thick wire 
for this connection." 

"How's that?" 
"If he'd employed the thinnish 

wire many manufacturers use to 
supply dial lamps," explained 
Smithy, "the wire would have 
probably burnt out first and saved 
the tranny." 

How To Raise Difficulties 
Smithy walked over to the cup- 

board and selected the service 
manual for the receiver. 

"You'd better start replacing the 
heater wiring between the point 
where it shorted out and where it 
couples to the mains tranny," he 
called out, "it's insulation will be 
pretty unreliable now." 

"I've already started," replied 
Dick. "Incidentally, I'm quite 
certain about that short now. The 
wire is well-nigh welded to the dial 
lamp bracket." 

Smithy acknowledged this infor- 
mation with a nod and started 
rummaging in one of the mysterious 
boxes he kept at the bottom of the 
spares cupboard. After some 
minutes, he eventually produced a 
replacement mains transformer and 
carried it back to his bench. 

"Nearly finished now," said Dick 
enthusiastically, as he busied himself 
with his soldering iron. "It was just 
a straight run from the dial lamp 
holder to the output valve socket, 
and that's the point where the heater 
lead from the tranny connected as 
well." 

He turned round. 
"Hallo," he remarked suspiciously. 

"What's that grubby -looking thing?" 
"It's the replacement transformer," 

explained Smithy patiently. 
Dick examined the component 

with a distrustful eye. 
"Isn't it", he remarked, "a bit 

gash?" 
"Gash ?" 
"Odd job looking." 
"Certainly it isn't," snorted Smithy 

indignantly. "It's a perfectly good 
transformer which offers exactly the 

same voltages and currents as the 
old one did." 

"It looks", said Dick dispassion- 
ately, "pretty rough to me, anyway. 
The lams are all rusty." 

"That won't stop it from working," 
replied Smithy irritably. "All that's 
wrong with it is that it's been in 
stock for a few years." 

"A few years?" queried Dick. 
"Blimey, that tranny must have been 
part of the W/T gear on the Ark. 
When they weren't using it as a 
depth -sounding weight, that is." 

"Nonsense," said Smithy heatedly. 
"Anyway I'll leave you to fit it on the 
chassis." 

Dick picked up the offending 
component and held it up against the 
chassis. 

"It doesn't", he grumbled, "even 
fit the same holes." 

"You would raise difficulties", 
accused Smithy, "if you won first 
divvy on the pools. Both the trans- 
formers are upright -mounting types, 
so you've only got to drill an extra 
hole or two for the new one." 

For one brief moment, it appeared 
to Smithy that he had finally over- 
come all his assistant's objections. 
But any fleeting sensation of triumph 
he may have felt was banished as 
Dick finally thumped the trans- 
former down on the bench in 
disgust. 

"The job," he stated flatly, "is 
impossible!" 

"It's what?" 
"It's impossible," repeated Dick, 

with conviction. "It's quite im- 
possible to wire in this new trans- 
former." 

A look of complete disbelief 
spread over the Serviceman's face. 

"Am I dreaming?" he queried 
incredulously. "Did you really say 
it was impossible to wire in that 
transformer?" 

"I did," said Dick assuredly. 
"The job just can't be done!" 

"And why not?" 
"Just look at it," replied Dick, 

pointing a contemptuous finger at 
the component. "All the lead -out 
wires are the same colour. It's 
impossible to tell which are primary, 
and which are secondaries." 

The Serviceman heaved a long 
drawn-out sigh. 

"I must have heard everything 
now," he said heavily. "Hasn't it 
occurred to even the dimmest 
appendages of that numbskull organ 
which you call a brain that you can 
trace out the wires with an ohm- 
meter?" 

"What's the use of that," replied 
Dick bad-temperedly, "if you don't 
know what the resistance of each 
winding should be in the first 
place?" 
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"You don't need to know," 
shouted Smithy heatedly. "You've 
just got to use a bit of commonsense. 
An attribute, I should add, which 
seems to be completely absent from 
your dim-witted make-up." 

By now, Smithy and Dick had 
taken up attitudes on either side of 
the disputed transformer reminiscent 
of two dogs snarling over a bone. 

"All right then," bellowed Dick 
belligerently. "Call me names, I 
don't care!" 

"I shall," snarled Smithy. "You 
are a feather -brained nincompoop." 

Dick stiffened. 
"And you", he said slowly and 

carefully, "are a great hairy nit!" 
With an expression of demoniac 

fury Smithy picked up the trans- 
former and advanced upon his 
assistant. Alarmed, Dick moved 
hastily backwards. 

"Now, take it easy, Smithy," he 
stammered apprehensively. "I didn't 
mean that. And it's no worse than 
what you've been calling me, any- 
way." 

The Serviceman underwent what 
was patently a moment of intense 
self-control. He slowly relaxed and 
replaced the transformer on the 
bench. 

"That's all right, boy," he said 
eventually. "I only picked it up to 
show you how to sort out the lead - 
out wires." 

"Of course, of course," replied 
Dick hurriedly. "I'll get my test - 
meter switched over to an ohms 
range straight away." 

It is usually around page 167 that 
Secret Agent 007 is rescued from the 
torture chamber. Thus it was with 
Dick, and his air of relief could not 
have been exceeded by the intrepid 
James Bond himself. With trembling 
fingers Dick plugged a pair of croc- 
odile clip test leads into his meter 
and switched it to read resistance. 
Gradually the temperature dropped. 
The adrenalin seeped back to its 
accustomed places. 

Tracing Transformer Connections 
"There we are, Smithy," remarked 

Dick brightly. "The meter is all set 
up ready for you to use." 

"Fair enough," grunted Smithy. 
He pulled a pad of papers towards 

him and sketched out a circuit 
symbol for the mains transformer. 
(Fig. 2.) 

"Right -ho," he said. "Now, the 
replacement transformer we are 
going to fit has a primary winding 
with taps at 200, 220 and 240 volts. 
The h.t. secondary is centre -tapped, 
and it offers 260 0 260 volts at 
60mA. Finally, we have a 6.3 volt 
heater winding giving a current of 
3 amps. O.K.?" 

"Sure," said Dick. 
His tone of voice was that of the 

dutiful underling who is eager to 
please. 

"Now," continued Smithy, "the 
first thing I should mention is that, 
with mains transformers of the type 
used in radio work, it is usual to 
wind the primary on first, the h.t. 
secondary on next, and the heater 
winding or windings on last. The 
result is that the primary winding is 
on the inside, the h.t. secondary is 
in the middle, and the heater winding, 
or windings, is on the outside. This 
fact is often of help when you're 
trying to trace out the lead -out wires." 

"You can't see where the wires 
come out of the winding on this 
transformer," objected Dick. "It's 
shrouded, and the lead -out wires 
come out through grommets at the 
bottom." 

Smithy turned a glowering eye on 
his assistant. 

"I know it's shrouded," he said 
shortly, "I was just starting off by 
speaking of general cases. Anyway, 
let's carry on to the business of 
sorting out the wires with the aid of 
an ohmmeter." 

Smithy pulled the transformer 
towards him and splayed out its 
leads. 

"A significant point", he re- 
marked, "is that it's very common 
practice to use `self -wire' lead -outs 
for the heater winding or windings. 
By that I mean that the winding wire 
is itself brought out as a lead -out. 
When this is done, heater winding 
lead -outs consist of single strands of 
thick insulated copper wire usually 
covered with sleeving, and they are 
very readily identified because the 
other lead -out wires are of the 
stranded flexible type. If you want 
to connect `self -wire' heater winding 
lead -outs into circuit you have, of 
course, to cut back the sleeving and 
scrape off the enamel insulation as 
well. If a heater winding has a 
centre -tap, you will frequently find 
that the two halves of the winding 
are wound separately, the two inside 
ends being taken through a single 
piece of sleeving and joined together 
at the point where they leave the 
sleeving. This is very helpful, by the 
way, because it identifies a heater 
winding centre -tap straight away. In 
this case, it is important to remember 
that the only point at which the 
inside ends of the two windings 
connect together is actually at the 
ends of the sleeving. If you cut the 
wires back you must solder them 
both to the point in the chassis at 
which they are intended to connect. 
This ensures that the two inside ends 
of the winding still remain joined 
together." 

"I see," said Dick. "So you start 
off by finding the thick single strand 
lead -outs, and you then assume that 
these are heater windings." 

"That's right," agreed Smithy. 
"If you want to make absolutely 
certain, you can make a quick 
resistance check between the two 
ends, or between the two ends and 
the centre -tap if there is one. 
Windings which are intended to give 
6.3 volts at 1 amp or more will have 
a resistance less than 1 û. You may 
occasionally find resistances of 111 
or very slightly more in heater 
windings which give 6.3 volts at 
0.5 amps or less. But the actual 
value of resistance doesn't really 
matter because it will be very much 
lower than that given by the other 
windings." 

"What happens if you've got more 
than one heater winding?" 

"If the lead -out wires can't be 
identified," said Smithy, "you have 
to check which wire belongs to 
which winding by the ohmmeter 
check. This is, really, more of a 
continuity test than a resistance 
test." 

Dick thought for a moment. 
"The transformer could have a 

6.3 volt and a 5 volt winding," he 
remarked. "How would you identify 
these?" 

260V o-.. 
60nW 

0 

260'V 

63V e 
Secondaries 

240V 
220V 
20ZN 

Primary 

o 

Fig. 2. The replacement mains 
transformer provided by Smithy 

"It would be difficult to tell which 
was which from the ohmmeter test," 
said Smithy. "After you'd sorted out 
the leads for each of the heater 
windings you'd have to measure the 
a.c. voltages they give by applying 
a mains voltage to the primary later 
on, this being pretty well the last job 
you do in the process of identifica- 
tion. However, if the two windings 
were rated at different currents, you 
could probably spot the lower 
current one because the lead -out 
wire will be thinner." 

"That seems easy enough," com- 
mented Dick. "Where do we go 
from here?" 

"We carry on," said Smithy, "to 
finding which of the wires connect 
to the primary and h.t. secondary." 

Smithy, now entirely engrossed 
in his subject, appeared to have 
completely forgotten the near - 
mayhem of several minutes ago. He 
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drew the replacement transformer 
towards him and, after a quick visual 
examination, isolated the two stiff 
heater winding wires. He quickly 
touched the testmeter clips to their 
ends, and was rewarded with an 
indication of nearly zero ohms. He 
proceeded to apply the testmeter to 
the other leads. 

"I begin", he pronounced, "by 
connecting one of the ohmmeter 
clips to any lead selected at random. 
I then find all the other leads which 
show continuity to that lead and 
group them all together. At this 
stage I don't bother about the actual 
resistance readings which the meter 
gives." 

Smithy occupied himself for a few 
moments with the meter, and 
eventually separated four leads. 

"Here we are," he said. "I've got 
four leads which show continuity to 
each other. Since the primary 
winding is the only one with four 
lead -outs, this must be the one I've 
got here. I now have to find which 
is the zero volt lead, and which are 
the 200 volt, 220 volt and 240 volt 
leads. Obviously, the highest 
resistance will appear between the 
zero and 240 volt leads, whilst the 
lowest resistance will appear between 
the 200 and 220 volt leads and 
between the 220 and 240 volt leads." 

Smithy applied the test clips once 
more and grunted with satisfaction 
after several further seconds had 
passed. He tore four small pieces of 
paper from the pad, marked them 
"0", "200", "220" and "240", and 
passed them over the wires he had 
identified. 

"That's that little job done," he 
said with satisfaction. 

"What resistance readings did you 
get?" 

"I'll just check finally," said 
Smithy, re -applying the clips. "I'm 
getting 400 between the zero and 
200 volt taps, 440 between the zero 
and 220 volt taps, and 480 between 
the zero and 240 volt taps. (Fig. 3.) 
These readings are fairly representa- 
tive of a reasonable quality trans- 
former intended to give the secondary 
currents I referred to earlier. So 
we've got this part of the tranny 
sorted out." 

Fig. 3. The resistance appearing 
across the various sections of the 

primary winding 

"Was it my imagination," asked 
Dick, "or did I get the impression 

24av 
220V 260n 

that the meter needle was a bit 2oov 510n } 
sluggish when you took those 
resistance measurements?" 

250n 
260V 

"It probably did take a little 
longer than usual to reach its 

63V o 
final reading," confirmed Smithy. 
"There's a fair bit of inductance in 
the primary winding of a mains 
transformer, you know, and the 
function of inductance is to oppose 
changes in the current which flows 
through it." 

I see," said Dick, pleased. "It's 
always nice when you find some of 
the real basic theory turning up in 
practice." 

"It is indeed," remarked Smithy, 
a sudden glint appearing in his eyes. 
"Anyway, let's see you repeat the 
readings I've just taken." 

"That'll be a piece of cake," said 
Dick boastfully. "This is junior 
grade stuff!" 

Carelessly, Dick picked up the 
testmeter clips and held them up 
against two of the primary leads. 

"I told you it was a piece of cake," 
he pronounced. "I'm getting the 
same 480 reading that you had just 
now." 

Dick released the clips, then gave 
a sudden yell and jumped away from 
the bench. 

"Dash it all, Smithy," he said 
aggrievedly, "I've just got a belt!" 

"That", chuckled the highly 
delighted Serviceman, "is another 
example of basic theory turning up 
in practice! If you'd paid proper 
attention to what I was doing you'd 
have seen that, when I disconnected 
the ohmmeter clips, I took care to 
keep my fingers away from the 
transformer leads themselves." 

"But what", asked Dick, "gave 
me the belt ?" 

"The back e.m.f. in the trans- 
former winding," said Smithy. "As 
soon as you disconnected the ohm- 
meter lead the field in the trans- 
former collapsed and induced a high 
voltage in the winding. As, it seems, 
you noticed!" 

"Well, you could have warned me 
about it," grumbled Dick. "It 
wasn't much of a shock, admittedly, 
but it made me jump because it was 
so unexpected." 

"That", said Smithy dispassion- 
ately, "will give you a little bit of 
useful experience. You'd better try 
sorting out the h.t. secondary leads 
now." 

With considerably more care, 
Dick applied the test clips to the 
remaining lead -out wires. 

"I'll first", he said, "find three 
wires with continuity between them, 
.like you did with the primary. There 
are only four wires left so this 

Fig. 4. The resistance of the h.t. 
secondary winding 

shouldn't take long." 
Dick selected his three wires and 

bent them so that they laid alongside 
each other. 

"I'm on the final stage now," he 
announced. "One wire gives 2500 
to the second wire and 2600 to a 
third wire, whilst the second and 
third wires have 5100 between them. 
So the first wire must be the centre - 
tap and the second and third wires 
the outside ends of the h.t. second- 
ary." (Fig. 4.) 

"You'd better mark the centre -tap 
lead -out with a bit of paper," said 
Smithy. "If you twist the three 
together, you'll then be able to 
locate the group and the centre -tap 
when you wire the transformer up. 
Incidentally, those resistance read- 
ings are pretty representative of what 
you would get from a 260 0 260 
volt h.t. secondary rated at 60mA, 
such as this one is. You should note, 
also, that they are considerably 
higher than the primary resistances." 

"There's something that puzzles 
me here," remarked Dick. "So far 
as I can see, the centre -tap isn't at 
the centre." 

"How come?" 
"Well," said Dick, "one half of 

the winding gives me 2500 and the 
other half gives me 2600. If there 
was a true centre -tap, the resistance 
of each half would be the same." 

"No it wouldn't," contradicted 
Smithy. "Don't forget that half of 
the winding is nearer the centre of 
the complete transformer winding 
than the other half, so it needs less 
wire for the same number of turns. 
In consequence it will show a slightly 
lower resistance." 

"I never thought of that," ad- 
mitted Dick. "You live and learn!" 

"You do, indeed," agreed Smithy. 
"At any event, the transformer is 
now ready for wiring into the 
chassis. You would be well advised, 
however, to carry out a final 
resistance check on all windings 
after you've soldered up the joints 
and before you apply power." 

"Another check?" questioned 
Dick. "What do you need that 
for?" 

"Just to make certain that you 
don't damage anything," replied 
Smithy. "The risks resulting from 
an incorrect connection are very 
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high. You might, for instance, 
accidentally apply the mains voltage 
to, say, the 200 and 240 volt primary 
tappings instead of to the correct 
primary points. (Fig. 5 (a).) Such 
a connection wouldn't do this 
section of the primary winding any 
good at all, and it could also cause 
some pretty hefty voltages to appear 
across the secondaries as well. You 
might also, by accident, get the 
centre -tap and one end of the h.t. 
secondary transposed. (Fig. 5 (b).) 
The result is that one half of the 
rectifier has twice the correct h.t. 
potential applied to its anode. It 
will then work as a half -wave 
rectifier and pass twice the correct 
potential to the h.t. electrolytics. 
The consequences of this incorrect 
connection are rather too awful to 
contemplate." 

"I see your point." 
"Now, before concluding," said 

Smithy, "I just want to mention 
another two types of mains trans- 
former. The first is the type which 
used to be known as a `converter' 
transformer because it was useful for 
Band III-Band I TV converters." 

"I know the type you mean," said 
Dick. " `Converter' transformers 
usually have half -wave secondaries 
giving about 200 to 250 volts at 
20mA or so, plus a heater winding." 

"That's right," confirmed Smithy, 
"with these transformers you'll 
usually find that primary resistance 
is of the order of 100 to 30012 and 
that secondary resistance is in the 
range of 200 to 50012. The primary 
should have the lower resistance of 
the two. The heater winding 
resistance will, normally, be of the 
order of 112 or less. The other type 
of mains transformer I wanted to 
mention also has a single secondary 
winding, but it isn't intended for 
feeding into a half -wave rectifier. 
It feeds, instead, into a bridge 
rectifier. (Fig. 6.) This is a very 
popular component with radio manu- 
facturers at the moment, because it 
is cheaper than the full -wave trans - 

Rectifier 

To H.T. 

smoothing 
components 

Reservoir , ---.1 
capacitor 

(a) (b) 

Fig. 5. Considerable damage may result from incorrect connection to a 
mains transformer because of inaccurate identification of the lead -out wires. 
In (a) the mains supply is applied to two of the primary taps instead of the 
correct points. In (b) the connections to one end of the h.t. secondary and 

the centre -tap are transposed 

former feeding a two -diode rectifier 
and because contact -cooled bridge 
rectifiers are now available at low 
cost. If a transformer of this nature 
is intended to drive a standard radio, 
radiogram or record-player, its h.t. 
secondary resistance will be of the 
order of 15012 or so. Its primary 
resistance will be roughly around 
40 to 5052 or so, as with the full -wave 
transformer we checked just now. 

"There's only one other point you 
haven't covered," said Dick, "and 
that has to do with finally sorting 
out different heater windings when 
there are more than one." 

"So far as that is concerned", 
replied Smithy, "there isn't a great 
deal to add to what I've already said. 
If you've got, say, a 6.3 volt winding 
and a 5 volt winding you identify 
these after you've cleared up the 
other windings. You apply a mains 
voltage to the appropriate points on 
the primary and measure the heater 
secondary voltages off-load with an 
a.c. voltmeter. A point to watch 
here is that the off-load heater 
winding voltages will probably be 
some 0.2 to 0.5 volts higher than 
their nominal figures. This is because 
transformer manufacturers usually 

Fig. 6. The bridge rectifier h.t. circuit. The h.t. secondary provides the 
same voltage as would be given by either half of a centre -tapped winding 

feeding a two -diode full -wave rectifier 

put an extra turn or two on heater 
windings to allow for loss of effi- 
ciency when the windings are loaded." 

A Spare Wire 
"That seems fair enough," said 

Dick. "Incidentally, I feel that I 
should apologise for what I said to 
you just now." 

"Oh that!" commented Smithy. 
"I must say that it was hardly the 
way to address the senior member of 
the staff." 

"You were," Dick reminded him, 
"calling me some pretty weird things 
as well, you know." 

"Perhaps I was," admitted Smithy. 
"Anyway, you gave me the needle 
because you kept saying the job was 
impossible." 

"It still is!" 
It was as though the bull, tor- 

mented first by the picadors and then 
excited further to fury by the chulos, 
was once more facing the matador. 
Smithy rolled a bloodshot eye 
towards his assistant. 

"Go on," he said, through 
clenched teeth. 

"It's all right, Smithy," replied 
Dick soothingly. "I'm only pulling 
your leg. But there is one outstand- 
ing item which needs to be cleared 
up before I can finally connect up 
that transformer." 

"And what is that?" 
"There's a spare lead -out wire we 

haven't dealt with yet," said Dick, 
busy with the ohmmeter, "and it 
doesn't connect to any of the other 
wires at all." 

Smithy gradually relaxed. 
"Well," he conceded eventually, 

"I suppose you have a legitimate 
point there. That wire will connect 
to the screen between primary and 
secondary windings. Not all trans- 
formers have such a screen." 

"What's it for?" 
"To prevent capacitive couplings 
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H.T. rectifier 

To FLT. 

smoothing 

components 

Reservoir 
capacitor 

HT scoondory 

Inside end 
of seconda 

63V 

Fig. 7. If a mains transformer feeds a half -wave rectifier circuit, a reduction in mains -borne interference and modulation hum may often be achieved by ensuring that the inside end of the secondary (that nearer the 
primary) connects to chassis 

between the primary and the h.t. 
secondary," replied Smithy. "It 
reduces the effects of mains -borne 
interference and modulation hum. 
You connect this screen to chassis. 
Usually, it consists of a single layer 
of copper or brass foil wrapped 
round on top of the primary, the 
ends being insulated from each other 
to prevent the formation of a shorted 
turn. I have also heard of a single 
layer of wire being used for the 
purpose as well, one end of the layer 

connecting to the lead -out whilst the 
other is left free. Which reminds me 
of an interesting little dodge you can 
use with those `converter' trans- 
formers we were talking about a few 
moments ago. One end of the 
secondary of these transformers 
normally connects to chassis whilst 
the other goes to the h.t. rectifier. 
If you ensure that it is the inside end 
of the secondary which is connected 
to chassis (Fig. 7), the first winding 
layer of the secondary then acts also 

as a reasonably efficient screen, and 
can reduce the effects of mains -borne 
interference and modulation hum. 
Another way of looking at it is to 
say that the bulk of the capacitance 
between primary and secondary goes 
to the first few turns of the secondary, 
which are then either at or very close 
to chassis potential. Since trans- 
formers of this type rarely have a 
screen between primary and second- 
ary; this little dodge can often pay 
dividends." 

"That's a neat idea," remarked 
Dick. "I haven't heard of that one 
before." 

"It's just", said Smithy modestly, 
"one of the many little pearls of 
wisdom which I drop from time to 
time. Anyway, are you now finally 
convinced that you can fit that 
dratted transformer?" 

"Oh definitely," replied Dick 
airily. "Now that this little matter 
of the lead -out wires has been sorted 
out there's nothing holding me back 
at all!" 

And, with this statement from his 
assistant, the sorely pressed Service- 
man had to remain content. After 
all, as he reasoned to himself after- 
wards, Dick was trying. 

That was the trouble. 
Dick was so very trying. 

Transistor Oscillator 
for F.M./I.F. Alignment 

HE OSCILLATOR DESCRIBED HERE WAS CON- 
structed recently for the purpose of aligning 
an f.m. tuner. It is powered by a dry battery, 

thus saving the expense and inconvenience of a 
power pack, as would be required for a valve 
oscillator. 

The circuit diagram is given in Fig. 1, and will 
be seen to consist of a transistorised Hartley 
oscillator. This circuit was found to oscillate 
reliably with a 4.5 volt supply and uses very few 
components. Details of the oscillator coil are given 

Components List 
RI 1501x1 4 watt 
CI 27pF ceramic 
C2 3-30pF concentric trimmer 
TRI OC44 
L1 See Fig. 2 
R.F.C. 2.5mH r.f. choke 

By N. H. C. GILCHRIST 

Fig. 1. The circuit of the oscillator 
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Iron dust core inside coil 

Fig. 2. Details of the oscillator coil 

in Fig. 2. Stray capacitances may necessitate a slight 
adjustment to the number of turns, but the dust 
core and trimmer should allow a sufficiently wide 
tuning range to enable the optimum frequency to 
be found without trouble. It should not be necessary 
to have the core protruding from the coil, if made 
as described. In fact, oscillations may be weakened 
if the core is not inside the coil. The prototype still 
worked with the core removed, but with reduced 
amplitude. 

When the oscillator has been built and the circuit 
checked, it may be connected to a 4.5 volt battery 
in series with a 0-2.5 or 0-5mA meter. The current 
consumption should be of the order of 0.5mA, and 
the circuit may be checked for oscillation by short- 
circuiting the concentric trimmer C2, whereupon the 
current should rise to about 1.3mA. When the 

REC. 

-ve supply 

Output tag 

Fig. 3. The oscillator components mounted on a small 
tagboard 

oscillator is feeding an f.m. tuner, current consump- 
tion will be about 0.6 or 0.7mA. 

The oscillator may conveniently be constructed 
on a tagboard tin square, and built into a small 
metal box. The latter serves to screen it and prevent 
hand -capacitance effects from altering the frequency 
of oscillation. The layout of components for the 
prototype on the tagboard is shown in Fig. 3. 

The range of frequencies offered by the prototype 
lay between 10.5 and 11.5 Mc/s, and it was set up to 
operate at 10.7 Mc/s. 

The 0C44 is employed near its maximum usable frequency in this 
circuit. In consequence, it is possible that some 0C44 transistors 
may offer a less efficient performance than is described here.-EDITOR. 

ei% 

@MERU@ 

for B.B.C. Television Centre 
The B.B.C. have placed another order with The Marconi Company for Mark IV 4in image-orthicon television 

cameras for use in a new studio at the Television Centre which is due to come into operation during 1965. This new 
order is for six cameras incorporating full circuitry for both 405 and 625 line operation. The camera channels are 
engineered so that a single external switch will effect an instant change of line standard without any need for internal 
changes to the equipment. 

This order follows one for three cameras from one of the independent television companies, and another for one 
camera for General Precision Systems, to be used in an aircraft flight simulator. Granada Television Network have 
also bought a two -camera outside broadcast unit from the Company. These three orders are all for the highly successful 
Marconi Mark IV camera, whose total sales now amount to well over 700. Marconi's are therefore still the only company 
to have received orders for image-orthicon cameras in the United Kingdom this year. 

The order from the B.B.C. increases still further the Corporation's considerable investment in 42in image-orthicon 
cameras from Marconi's and other major suppliers and brings the total number of Marconi 4in image-orthicon cameras 
supplied to the B.B.C. to over ninety. 
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Miniature 
"Top -Band" Receiver 

By David Noble, B.A.Hons.(0xon) 
and David M. Pratt, Dip.Tech.(Eng.) 

A conventional circuit for 160 metres which may be easily adapted for other Bands 

HE RECEIVER TO BE DESCRIBED IN THIS ARTICLE 
was designed with several purposes in mind. 
It was mainly made to be lent to young short 

wave listeners who, having passed the Radio 
Amateurs' Examination, required a receiver in order 
to prepare themselves for the Post Office Morse 
Test. The receiver is, therefore, self-contained and 
easily transportable. To make the receiver simple 
to operate, the number of controls is kept to a 
minimum while still attaining optimum performance. 
By using multipurpose valves and semiconductor 
diodes, the number of valves is reduced, and yet the 
performance is equal to, say, an eight valve receiver. 
Despite its compactness the sensitivity and selec- 
tivity on the range covered seem quite outstanding. 

Because the primarily 
Morse practice purposes, it was designed for the 
160 metre amateur band on which the special Slow 
Morse Transmissions arranged by the R.S.G.B. are 
radiated. The circuitry of the receiver, however, 
lends itself to use on all amateur bands up to 
30 Mc/s, and by a simple modification the receiver 
may be made to cover these other bands. A guide 
as to how this may be achieved is given later in 
the text. 

Circuit 
The circuit diagram is shown in Fig. 1. In this, 

the aerial is fed via the tuned circuit, L1 and C1 to 
C3, to the control grid of the r.f. amplifier valve, V1. 
This stage uses an EF85 and, as this is a variable -mu 
valve with a high slope, it provides a large amount 
of gain for small signals. The output from the r.f. 
amplifier is inductively coupled via L2 to the control 
grid of the mixer stage. The triode section of the 
ECH81 frequency changer valve operates as the 
local oscillator, providing an output 465 kc/s above 
signal frequency which is fed to grid 3 of the heptode 
section. The 465 kc/s output from the mixer stage 
is taken from the heptode anode by means of the 
intermediate frequency transformer, IFTI. The 
secondary of this i.f. transformer feeds the control 
grid of the i.f. amplifier valve, V3. The control in 
the cathode of this valve is provided to enable the 
i.f. gain of the receiver to be varied. A limiting 
resistor, R12i is also included in the cathode circuit, 
its pùrpose being to prevent the valve from drawing 

excessive anode current when the i.f. gain control is at minimum resistance. Output is fed via the i.f. 
transformer, IFT2, to the signal and a.g.c. detector 
consisting of the 0A79 germanium diode D1. This 
rectifies the i.f. output from the i.f. amplifier, and 
feeds the audio pre -amplifier via the audio gain 
control, VR2. It further provides a negative a.g.c. 
voltage which is applied to the control grids of the 
preceding stages, so reducing their gain when a 
strong signal is received. The i.f. is filtered from 
both the audio output and the a.g.c. line by the 
network C24, C25, C26, R15 and R16. Further 
filtering is provided on the a.g.c. line by C18 and C41. The volume control, VR2, carries a double -pole 
switch, S3, which is used to switch the mains supply 
to the receiver. 

The audio stages utilise an ECL80 triode -pentode, 
V5, using the triode section as a pre -amplifier and the pentode as the output stage. The output trans- 
former is a Radiospares miniature type and matches 
the output valve into the internal 312 loudspeaker. 
A headphone jack is provided on the front panel for high impedance 'phones. The jack socket is 
arranged to switch off the internal 4in loudspeaker 
when the 'phones are plugged in. 

C.W. Operation 
A beat frequency oscillator is included to enable 

c.w. telegraphy reception to be achieved. This 

The clean and tidy layout of the components under 
the chassis 
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Fig. 1. The circuit diagram of the miniature Top Band receiver, C31 connects to the junction of IFT2 and D1 

Components List 

Resistors 
(All fixed resistors + watt unless otherwise specified) 

R1 56kû 
R2 18052 
R3 1.5kû 
R4 1Mû 
R5 33kû 
R6 lkû 
R7 47kû 
Rs 33kû 
R9 100kû 
R10 560kû 
R11 1kû 
R12 18012 
R13 111412 

R14 68kû 
R15, 16, 17, 18, 19 47k2 
R20 1.5Mû 
R21 100kû 
R22 47Oû 
R23 100kû 
R24 1k12, 1 watt 
R25 1Mû 
VR1 25kû potentiometer, linear track 
VR2 500k12 potentiometer, log track, with d.p.s.t. 

switch (S3) 

Capacitors 
C1 220pF silvered mica 
C2 4-60pF concentric trimmer, Mullard type 

E7879 
C3 75pF variable, ganged with C9 and C14 

(see text) 
C4, 5, 6 10,000pF ceramic tubular 
C7 220pF silvered mica 
Cs 4-60pF, as C2 
C9 75pF variable 
C10 100pF silvered mica 
C11, 12 10,000pF ceramic tubular 
C13 100pF silvered mica 
C14 75pF variable 
C15 4-60pF, as C2 
C16 220pF silvered mica 
C17 10,000pF ceramic tubular 
C18 0.112F, 125V wkg., polyester 
C19, 20 2,000pF ceramic tubular 
C21 10,000pF ceramic tubular 
C22 4,000pF ceramic tubular 
C23 2,000pF ceramic tubular 
C24, 25 500pF ceramic tubular 
C26 100pF ceramic tubular 
C27 10,000pF ceramic tubular 
C28, 29 100pF silvered mica. 
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C30 150pF silvered mica 
C31 4.7pF ceramic tubular 
C32 10,000pF ceramic tubular 
C33 25µF, 25V wkg., electrolytic 
C34, 35 10,000pF, ceramic tubular 
C36, 37 16+32µF, 350V wkg., single can electro- 

lytic 
3,000pF silvered mica, ±24 % (see text) 
1,100pF silvered mica, ±24% 
1,000pF ceramic tubular 
0.1µF, 125V wkg., polyester 

C38 
C39 
C40 
C41 

Inductors 
L1 Denco miniature dual purpose coil, Blue, 

Range 3 
L2 Denco miniature dual purpose coil, Yellow, 

Range 3 
L3 Denco miniature dual purpose coil, Red, 

Range 3 
L4 Denco B.F.O. coil type BFO 2/465 
IFT1, 2 Denco I.F. Transformers type IFT.11/ 

465 (or Radiospares "Standard" I.F's) 
T1 Output Transformer, Radiospares type 

"Midget" 
T2 Mains Transformer, 250-0-250V, 60mA; 

6.3V, 2A, Radio Supply Co. Ltd., 5 
County Arcade, Leeds 1 

Valves, Diodes 
V1 Mullard EF85 
V2 Mullard ECH81 
V3 Mullard EF85 
V4 Mullard EF91 
V5 Mullard ECL80 
Dl Mullard 0A79 
D2, 3 Mullard BY100 

employs an EF91, V4, in a simple anode feedback 
circuit oscillating at 465 kc/s. The output is loosely 
coupled by C31 to the second i.f. transformer, and 
the h.t. to the stage is switched on by means of 
Si(b). S1 is a double -pole toggle switch, and Si(a) short-circuits the a.g.c. line to chassis when the 
b.f.o. is switched on. This is necessary to prevent 
the output from the b.f.o. from generating an a.g.c. 
voltage, and so limiting the reception of weak c.w. 
signals. 

A miniature 250-0-250V., 60mA transformer is 
used for the power supply. Two silicon h.t. rectifiers 
are employed in order to save space and heater 
current. A smoothing choke is obviated by taking 
the h.t. for the output stage anode circuit from the 
reservoir capacitor, and using a wirewound resistor 
to provide the smoothing for the rest of the circuit.' 
Switch S2 mutes the receiver by breaking the h.t. 
supply for V1, to V4 where it is opened. 

It will be noted in Fig. 1 that a common cathode resistor, R22, provides bias for both the triode and pentode sections of Vt. Although this arrangement might appear to offer excessive bias for the triode it functions satisfactorily in practice at the h.t. voltage of 250 em- ployed in the receiver. The relatively low value of 100k0 for R23 is intentional; higher values may result in instability. Care should be taken to ensure that the correct mains tapping into T2 primary is employed. 1f, for instance, a 250 volt mains supply is applied to the 200-210 volt tapping, the maximum p.i.v. for D2 and D3 might be exceeded.-EDITOR. 

Sockets, etc. 
J1 Coaxial socket type L604/S/Cd (Belling - 

Lee) 
J2 Jack socket type P.72 (Igranic) 
7 B9A valveholders, with centre spigot 
1 B7G valveholder, with centre spigot, skirt and 

screening can 
Mains input plug and socket type P360 (Bulgin) 

Switches 
Sl d.p.s.t. toggle switch. Type 8370/K7 

(N.S.F.) or equivalent 
S2 s.p.s.t. toggle switch. Type 8280/K16 

(N.S.F. or equivalent 
S3 d.p.s.t. switch. (On VR2) 

Metalwork 
Main chassis type "K", 16 s.w.g., 10+ x 5 xl4in 
B.F.O. chassis type "M", 18 s.w.g., 2 x 14 x $in. F=+in 
Case type "W", 18 s.w.g., 114 x 5$ x lin, with 

16 s.w.g. panel 

Loudspeaker 
4in loudspeaker, 30 impedance 

Miscellaneous 
1 Epicyclic slow motion drive. Cat No. 4511 

(Jackson Bros.) 
2 Tagstrips type T19 (Bulgin) 
2 Tagstrips type T20 (Bulgin) 
Speaker grille 
Knobs, grommets, screws, etc. 

Components 
Wherever possible, standard components are used 

throughout. The coils, L1, L2 and L3 are Denco 
dual purpose coils. These coils are colour coded 
according to their purpose, and plug into B9A 
valveholders. A blue coil is used for the r.f. ampli- 
fier, while the heptode of the frequency changer uses 
a yellow coil, and the local oscillator a red one. 

Denco miniature i.f. transformers may be used 
for IFT1 and IFT2, and the chassis drawing, Fig. 3 
shows drilling details for these. In the prototype, 
however, Radiospares "Standard i.f. Transformers" 
were used, but these are slightly larger and require 
different drilling arrangements. 

The b.f.o. coil is also manufactured by Denco, 
and the circuit employed for the b.f.o. is that 
recommended by the makers. 

The tuning capacitor, C3, C9, C14, is taken from 
the ex -Government RF27 unit and is chosen for its 
low -loss insulation and robustness of construction. 
In order to fit the capacitor on the chassis, the 
spindles will require shortening slightly. A small 
bush type coupler is recommended in place of the 
original flexible type. So as to avoid the con- 
sequences of mechanical misalignment, rubber 
grommets are used to provide a resilient mounting. 
An epicyclic slow motion drive is used, with a 
suitable pointer made from brass wire. 
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Use on Other Bands 
The Denco Range 3 plug-in coils used in the r.f. 

circuitry are designed to tune from 1.67 to 5.3 Mc/s 
with a 300pF tuning capacitor. In order to achieve 
adequate bandspread a tuning capacitor of only 
about 65pF swing is used in the receiver, and fixed 
capacitors, Ci, C7, C16, are provided in parallel to 
bring the coverage to the 1.8-2.0 Mc/s amateur 
band. By the choice of a suitable value for the 
parallel capacitors, the receiver may also be made 
to tune the 3.5-3.8 Mc/s (80 metre) band. Similarly, 
Range 4 coils may be used for the 7 and 14 Mc/s 
bands, while Range 5 coils will cover the 14, 21 

and 28 Mc/s bands. 
For the constructor wishing to make this receiver 

Fig. 3. Chassis drilling details. 
The material is 16 s.w.g. 
aluminium, and the sides are 
bent down along the dotted 
lines. The holes for C36, C37 
may vary in position and 
diameter for different versions 

of this component 
I5n6. 

Fig. 2. Drilling dimensions for 
the front panel. Hole diameters 
are indicated in the Table. The 
material is 16 s.w.g. aluminium. 
The mounting holes for the 
speaker may vary in position 

from those indicated here 

for several amateur bands, it is recommended that 
the parallel capacitors, C1, C7 and C16i be connected 
across the appropriate solder tags on the coils 
themselves, a complete set of coils being used for 
each amateur band. With this form of construction 
the use of band -switching, which may prove com- 
plicated and inefficient, is not necessary.2 

Chassis Construction 
The receiver is built on a conventional 16 s.w.g. 

2 C39, connecting to pin 3 of L3 in Fig. I, is the oscillator padding 
capacitor for Range 3. C38, connecting to pin 4, is the padding 
capacitor for Range 4, and may be deleted if this range is not required. 
No padding capacitor is required for Range 5, the lower end of the 
tuned winding connecting direct to chassis via pin 6. If coils for 
other bands are fitted, it will be necessary to retrim C2, Cs and, 
perhaps, C15.-EDITOR. 
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aluminium, 4 -sided chassis measuring 10* x 5 x 
1 -tin. It is housed in a cabinet 11} x 7 x 51in with 
a front panel 11-1- x Tin. The metalwork may be 
obtained ready drilled from H. L. Smith and Co. 
Ltd. For readers who prefer to drill their own 
metalwork, the material can also be supplied blank. 

Drilling details of the front panel and main chassis 
are given in Fig. 2 and Fig. 3 respectively, and the 
Table gives the various hole sizes. To give a neat 
appearance, the metalwork for the prototype was 
silver -hammer sprayed at a local cycle shop. 

Assembly 
The components are assembled as shown in 

Fig. 4. The space between pins 1 and 9 on the 
valveholders is indicated, and the recommended 
orientation of the valveholders should be followed 
in order to keep the various leads as short, as 
possible. It will be found necessary to leave fitting 

-3/4 2' 3/4' 

1/4 

3%' 
_ems 

A® 

Bend 
down 

15p 

3/4 

í I/, OA 

Bend 

y'down 

AEB 

35/8 

Fig. 5. Details of the b.f.o. chassis. The sides are 
bent up along the dotted lines (see Fig. 6). The 

material is 18 s.w.g. aluminium 

Fig. 4. How the receiver is 
wired up. The concentric 
trimmers C2, Cg and C15 are 
connected across pins 1 and 6 
of L1, L2 and L3, and they are 
omitted here to show the wiring 
underneath. The heater wiring 
is earthed at pin 4 of V3 

the output transformer to the chassis until after the 
wiring associated with the smoothing capacitor has 
been completed. 

In order to support several components four 
Bulgin tagstrips are used in the assembly of the 
receiver. Two of these are modified by removing 
one tag with a pair of wire cutters. 

Wiring up of the receiver should not cause 
difficulty provided normal constructional techniques 
are used and leads are kept as short as possible. 
Work should be commenced with the heater wiring 
and power supply. It is then suggested that the rest 
of the wiring be carried out in order, commencing 
with the r.f. amplifier and ending with the a.f. 
amplifier. 

Beat Frequency Oscillator 
The b.f.o. is built on a small sub -chassis which is 

centrally positioned towards the front of the main 
receiver chassis. The fixing holes for the b.f.o. are 
not shown on the main chassis drawing as these 
are best drilled after assembly of the b.f.o. chassis. 
The sub -chassis is made from 18 s.w.g. aluminium, 
and the dimensions and drilling information are 

Fig. 6. Wiring diagram for the b.f.o. unit. C31 
and R17 finally take up the positions indicated in Fig. 4 
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TABLE 
Key to Holes on Chassis Drawings 

A lin dia. (6BA clearance) 
B in dia. (5BA clearance) 
C hin dia. (4BA clearance) 
D din dia. 
E lin dia. 
F Mn dia. 
G lin dia. 
H Mn dia. 
J Hin dia 
K -tin dia. 
L lin dia. 
M 11 -in dia. 
N 31in dia. 

given in Fig. 5. Fig 6 shows the assembly of the 
unit using the recommended Denco b.f.o. coil. The 
four leads to the b.f.o. feed through a -kin diameter 
rubber grommet in the main chassis. 

Alignment 
As with any superheterodyne receiver, optimum 

performance can only be obtained if a signal 
generator covering the i.f. and r.f. ranges is available 
for the alignment. The writers are not suggesting 
that it would be impossible to get the receiver working 
without a signal generator, but in order to obtain 
full benefit from a receiver of this kind, the use of 
an accurate signal generator is essential. 

For those not familiar with superheterodyne 
alignment a suggested procedure is given for 
guidance, the i.f. circuits being lined up first. 

A power output meter or a.c. ammeter is con- 
nected across the secondary of the output trans- 
former, T1. The i.f. and a.f. gain controls, VR1 and 
VR2 are set at maximum and the switch S1, to the 
b.f.o. position. The b.f.o. valve, V4, is removed 
from its holder. 

A modulated signal on 465 kc/s is then injected 
at pin 2 of the frequency changer valve, V2, and its 
output increased until a signal is obtained on the out- 
put meter. Working back through the receiver, begin- 
ning with the secondary of IFT2 and ending with the 
primary of IFTI, the cores of the i.f. transformers 

31/4 

Fig. 7. The transparent dial cover. The material 
is 1 in Perspex 

Looking down at the top of the chassis. The b.f.o. 
sub -chassis may be seen immediately behind the 

front panel 

are then adjusted for maximum. The output from 
the signal generator is reduced as necessary, keeping 
the output level as low as practicable. As the tuning 
of one coil may affect the tuning of another, the 
procedure is then repeated. The b.f.o. valve, V4, 
is then placed in its holder and allowed to warm up. 
L4 is then adjusted to give a comfortable beat note 
with the signal generator. 

The r.f. circuits are next aligned. With the controls 
as they were for i.f. alignment. With the b.f.o. valve 
removed, the signal generator is now fed into the 
aerial socket, J1. With the tuning capacitor set at 
10° (vanes almost fully in mesh), and the signal 
generator set at 1.8 Mc/s, the core of L3 is adjusted 
until the signal is heard. Now, with the vanes 
almost fully open at 170°, and the signal generator 
set at 2.0 Mc/s, the trimming capacitor, C15, is 
adjusted until the signal is heard. This procedure 
is repeated until no further adjustment of either 
the core or the trimmer is required. 

The core of L2 is adjusted for maximum output 

The appearance of the b.fo. chassis 
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of the 1.8 Mc/s signal at 10°, and the trimmer, Cs, 
is adjusted to peak the 2 Mc/s signal' at 170°. These 
should be adjusted alternately until no improvement 
can be obtained. 

Similarly, the core of L1 and the trimmer, C2, are 
adjusted for optimum output of the 1.8 and 2 Mc/s 
signals respectively. 

While carrying out the alignment of the various 
circuits, the output from the signal generator should 
be kept as low as possible so as to prevent any stage 
from being overloaded. 

The alignment is now completed and the b.f.o. 
valve may be replaced in its holder. 

Conclusion 
When receiving c.w. signals, the audio gain 

control should be set at maximum and the volume 
adjusted with the i.f. gain control. On telephony, 
however, the reverse applies, the volume being 
adjusted with the a.f. gain control. 

With only a very short aerial connected to the 
input socket, stations in the 1.8-2.0 Mc/s amateur 
band will be heard very strongly. The performance 
of this receiver will be found to be superior to that 
of many commercial communications receivers. 
The receiver will be found ideal for the short wave 
listener wishing to build his own equipment, or for 
the licensed amateur who wishes to confine his 
activity to one band. 

THE NEW DUAL -STANDARD TV SETS 
By Gordon J. King, Assoc. Brit. I.R.E., M.T.S., M.I.P.R.E. PART 3 

This third article in our series on 405-625 line receivers deals with the tuner circuits and 
techniques employed for dual standard reception 

AST MONTH WE INVESTIGATED THE VISION I.F. 
channel response requirements for the 405 and 
625 signals. It was shown that a passband of 

8 Mc/s is required in the i.f. channel on the 625 
standard owing to the fact that both the sound and 
vision signals are carried through it. On the 405 
standard the passband is little more than 3 Mc/s, 
since rejectors are employed in the vision i.f. channel 
to put a deep trough into the response at the sound 
frequency. 

It was intimated that dual standard receivers are 
designed essentially to give the correct 625 response 
characteristics and that the 405 response charac- 
teristics are provided by the switching in of suitably 
tuned rejector circuits. In that way, the response is 
narrowed and shaped so that it matches that of 
405 -line -only models. 

Before we go on to look at the tuner units and the 
i.f. channels, it is worth noting that in some dual 
standard models, particularly those which were 
designed specifically to be later converted to 
"switchable" models, two i.f. strips are featured. 
One is the normal 405 -line -only strip with its 
associated sound channel and the other (which was 
sometimes fitted afterwards, whne conversion was 
required) a suitably tailored 625 -line -only strip 
complete with intercarrier sound section and 
(sometimes) its own detector and video amplifier. 
The "conversion unit" may also contain a flywheel 
controlled line oscillator section for 625 line use, as 
the higher velocity of the scanning spot coupled with 
the negative vision modulation of the 625 standard 
can influence the line synchronising if direct sync 
is used. We shall have more to say about that later. 

V.H.F. Tuner 
For the time being let us look at the tuner units 

themselves. In Fig. 10 is shown the circuit of a 
v.h.f. tuner used in some dual standard models. 
This is very similar to the v.h.f. tuner of 405 -line -only 
models. We have a double -triode cascode r.f. 
amplifier at VI and a triode -pentode frequency 
changer at V2, with the pentode as the mixer and the 
triode as the local oscillator. 

The tuner shown has thirteen v.h.f. channel 
positions plus a "u.h.f." position. 

The aerial signal is applied, via the isolating 
capacitor C1, the static discharge resistors R1 and 
R2 and various i.f. and image rejectors, to the grid 
of the first triode section, the tuned circuit being 
selected by S1 and S2. The anode of the first triode 
is "loaded" by the cathode of the second triode in 
the conventional cascode manner. Bandpass coup- 
ling tuned circuits, selected by switches S3 S4 and 
S5 S6, feed the signal from the cascode anode to the 
mixer control grid. 

The oscillator coil for the required channel is 
selected by switches S7 S8, with fine tuning provided 
by the variable element of C318. 

U.H.F. Tuner 
In Fig. 11 is given the circuit of the u.h.f. tuner. 

This employs two triode valves, V16 and V17, with 
the former serving as the r.f. amplifier, in the earthed - 
grid mode, and the latter as a self -oscillating mixer, 
also in the earthed -grid mode. 

Owing to the nature of the signals ordinary coils 
cannot be used for tuning and in place are used 
resonant lines, called trough lines or lecher wires. 
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Fig. 10. Circuit 
diagram of a v.h.f. 
tuner used in dual 
standard receivers, 
showing also the u.h.f. 
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These wires are shown in the circuit by the extra 
thick lines. The aerial coupling wire, for instance, 
is between C203 and C204, and the signal input wire 
connects to the cathode of V16. The anode wire of 
the r.f. amplifier between C209 and C210 is bandpass 
coupled to the mixer input by the wire between 
C216 and C217 and the loop connected to V17 

cathode. The oscillator wire is between C219 and 
C220. 

In other words, apart from the type of valves and 
circuit configuration, the lecher wires in Fig. 11 

serve the same purpose as the inductors in the 
circuit of Fig. 10. The lecher wires are not switched, 
however. Instead they are tuned by variable 
capacitors, C227 tuning the signal input wire, C228 
tuning the r.f. amplifier anode wire, C229 tuning the 
mixer input wire and C230 tuning the local oscillator. 

These variable capacitors form a four -section 
tuning gang which is mechanically coupled to the 
u.h.f. channel selector knob. This is rather like the 
tuning gang (but smaller) in an ordinary radio set. 
Some of the lecher wires have trimmers at each end 
for ganging and padding, and they are adjusted in 
turn at the high and low frequency ends of the u.h.f. 
band to ensure a relatively linear channel coverage 
over the range of the tuning gang. These are, in 
fact, adjusted in a similar manner to the trimmers 
and padders in a radio set. 

When resonated, the lecher wires have developed 
upon them a standing wave of the signal in the 

CclBact daed an UHF 

UHF 
LE 

PrIbE 

tuner, which is akin to the standing wave set up on 
a tuned aerial in the presence of a signal. Signal 
energy can thus be introduced or extracted by a 
coupling loop placed in proximity to the lecher wire. 
In practice, such a coupling loop may be formed by 
a section of the tuner chassis, upon which the r.f. 
connections are critically proportioned. In effect, 
the tuning capacitors tend to vary the length, and 
hence the resonant frequency, of the wire, and it is 
in that way the the u.h.f. channels are tuned. Either 
the channel selector knob itself is marked in channel 
numbers or some sort of tuning dial geared to a 
slow-motion drive, similar to those used in radio 
sets, is provided. 

The u.h.f. aerial is coupled to the tuner through 
the isolating capacitor C200 on the centre conductor 
and C201 on the outer conductor, with R200 and 
R201 acting as static discharge components. The 
signal is, in fact, developed across a loop from 
whence it is coupled to the signal input lecher wire. 
In this section of the circuit there is a "three -stage" 
coupling arrangement. The signal across the input 
loop is low impedance, and the impedance is raised 
by the capacitively -tuned lecher wire. From here 
the signal is coupled into the relatively low im- 
pedance of V16 cathode circuit. 

This gives a useful degree of input tuning, which 
would otherwise be impossible owing to the low 
impedance aerial coupling and cathode circuits. 
Early u.h.f. tuners, in fact, used only three variably - 
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tuned circuits, and omitted the input tuning. 
However, this proved entirely unsatisfactory owing 
to the high ratio of image (second channel) rejection 
needed on the u.h.f. channels. The planning 
authority recommend an image rejection in the order 
of 53dB (minimum) and this is possible only by the 
use of the four tuned circuits as contained in the 
tuner circuit in Fig. 11. 

Image Rejection 
The image rejection problem can be considered 

by assuming a vision i.f. of 39.5 Mc/s (the "standard") 
and the set working on Channel 23 where the vision 
carrier is 487.25 Mc/s, thereby giving an oscillator 
frequency of 526.75 Mc/s. Now, Channel 33 has a 
vision carrier of 567.25 Mc/s so, should this signal 
gain admittance to the mixer when the set is working 
on Channel 23, the resulting 1 Mc/s beat, arising 
from the production of a 40.5 Mc/s i.f. due to the 
Channel 33 signal, could give bad interference 
patterns on the picture. 

Oscillator radiation is also another important 
point at u.h.f., and the tuned input circuits help to 
reduce this also. A further aid in this direction is 
the heavy screening surrounding the u.h.f. tuner. 
Should it be necessary to remove the case or shields, 
it is most important that they are securely fitted 
again before use. Apart from increasing the 
radiation potential, badly fitted screens could detune 
the critical alignment and considerably impair the 
tuner performance. 

In the past, adequate screening of the v.h.f. tuner 
has been desirable in the interests of interference 
avoidance. In the future, however, it will assume 
a greater importance, since harmonic radiation from 
the v.h.f. tuner oscillator circuit can cause bad 
patterning on the u.h.f. channels. 

Fig. 11. Circuit diagram of a u.h.f: tuner 
used in dual standard receivers. Instead 
of coils, lecher wires are used. These are 
the thick lines trimmed at each end and, 
in some cases, tuned by a variable capacitor 

High Slope Triodes 
We have seen that there is quite a difference 

between a v.h.f. tuner and a u.h.f. tuner. It is worth 
noting that triode valves of the frame grid type 
become highly desirable at frequencies above v.h.f. 
No u.h.f. tuner of recent design features a cascode 
stage, for the noise performance of this is far 
inferior to that of a high gm (mutual conductance) 
triode, and the PC88 and PC86 valves, used as r.f. 
amplifier and self -oscillating mixer respectively, are 
very good high gm triodes. 

To allow good "earthing" at the grid electrode at 
u.h.f., the PC88 has five grid connections and the 
internal structure of the valve is close to the bottom 
of the envelope. These multi -parallel paths for r.f. 
tend to reduce the residual inductance between the 
grid and its external circuit. The valve also has a 
very good screening efficiency between its cathode 
and anode, thereby avoiding feedback problems. 

U.H.F. tuners are made by Mullard, Sydney S. 
Bird and Sons Limited (Cyldon), and others, but 
all the designs follow the lines discussed in the 
foregoing paragraphs. At u.h.f. the mechanical 
stability of a tuner is of great importance. To this 
end, most u.h.f. tuners are built into a substantial 
metal case of 16 s.w.g. material. The case is parti- 
tioned by steel plates to form the necessary troughs 
to accommodate the input and output coupling 
circuits and the tuned lecher wires. Oscillator 
radiation is kept to a minimum by the use of a 
copper foil gasket between the top cover and the 
case itself. This is held under pressure by a rubber 
or p.v.c. pad clamped under the top cover plate. 

Tuner Stability 
Although the frequency of the u.h.f. local oscil- 

lator is several times above that of its v.h.f. counter - 
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part, the frequency drift should be no greater. This 
represents one of the biggest problems in the design 
of u.h.f. tuners, and to assist in its resolution some 
tuners incorporate an automatic frequency correc- 
tion (a.f.c.) system. One of the Mullard u.h.f. 
tuners, for example, features this facility. A.F.C. 
permits press -button channel selection, an attribute 
which would otherwise be impossible at u.h.f. 

The effects of oscillator drift in a v.h.f. tuner are 
well known, and consist of detuning of the sound 
and sound -on -vision interference accompanied by a 
loss of picture quality. 

On the 625 standard, however, the intercarrier 
signal at 6 Mc/s is always held at a constant fre- 
quency in spite of oscillator drift. This is because 
the intercarrier signal is created by the beating of 
the sound and vision carriers, and these are always 
held at very accurate frequencies at the transmitter. 

Nevertheless, oscillator drift can prove embarras- 
sing since, for one thing, it can disturb the balance 
of the f.m. sound section and thus introduce 
considerable harmonic distortion (rather similar to 
that caused by a detuned f.m. radio receiver). It 
can also upset the balance of the sound and vision 
signal levels at the vision detector and produce 
harmonic distortion and/or intercarrier buzz. This 
latter symptom is rather similar to that of the 
"vision -on -sound" interference experienced on 405 - 
line -only sets due to intermodulation and misalign- 
ment of the sound i.f. channel. 

The aim at the present for u.h.f. tuners is to keep 
+200 kc/s for 

change in supply voltage or a 30° C rise in tempera- 
ture above ambient. Although this drift is about 
twice that allowed for v.h.f. tuners, it is very good 
bearing in mind the much higher frequency. 
Undoubtedly, the oscillator stability performance of 
u.h.f. tuners will improve as more are made, as it 
has done so far as v.h.f. tuners are concerned, 
making it now possible to eliminate the fine tuning 
control! 

There is another factor with u.h.f. tuners which 
is less important with v.h.f. tuners, and that is the 
signal handling characteristics of the r.f. stage. 
When the four channels of a local group are all 
carrying signals, the tuner will, in effect, receive four 
signals together at almost the same level. Owing to 
the small degree of selectivity between the aerial 
and the r.f. amplifier valve, this valve will also 
receive four signals simultaneously (in practice, the 
tuned signal will be a little higher than the others 
of the local group). Now, if this valve is running 
hard (that is, receiving strong signals) some degree 
of non -linearity is probable and this can cause 
inter -modulation of the four sound and four vision 
signals, giving rise to picture patterns and sound 
buzz. 

The aerial will not help much in this respect, of 
course, since as we saw in Part 1 of this series most 
u.h.f. aerials are purposely designed to embrace all 
the channels of a local group! Tuner a.g.c. may 
eventually be required, but so far manufacturers are 
not catering for this. 

Fig. 12. A view of the v.h.f and u.h.f. tuners in a dual 
standard set. The u.h.f. tuner is towards the front of 
the cabinet, where the rear of the tuning scale can 

clearly be seen 

U.H.F. Coupling 
If we look again at the circuit of Fig. 10 we shall 

see that the i.f. output of the u.h.f. tuner is coupled 
in between chassis and the junction of R4 and R16 
at the bottom right-hand corner of the circuit. 

When S6 is in the "u.h.f." position, the u.h.f. 
signal is applied to the signal grid of V2(a) via an 
inductor and u.h.f. switch contact. R16 then acts 
as the grid leak. Actually, this network forms a 
secondary i.f. coupling unit. 

The primary i.f. coupling network is contained 
in a screened section of the u.h.f. tuner, and com- 
prises L10, L13 and associated components. Apart 
from tuning the required i.f. signals, this network 
acts as a low-pass filter, since it lets through the 
relatively low -frequency i.f. signals whilst blocking 
the u.h.f. signals and oscillator frequencies. Coaxial 
cable is used to couple the output of the u.h.f. tuner 
to the mixer input switched circuit of the v.h.f. 
tuner. 

Also, in the "u.h.f." position of the v.h.f. tuner, 
h.t. is fed from the main h.t. line of the v.h.f. tuner, 
through R13, to the u.h.f. tuner, this being removed 
in the "v.h.f. channel" positions. The h.t. supply 
to the v.h.f. r.f. valve and local oscillator sections 
is also removed in the "u.h.f." position due to 
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switches S3 and S7 S8 turning to "blank" tags. It will be understood, of course, that the gain of a u.h.f. tuner is lower than that of a v.h.f. tuner. This, coupled with the fact that the u.h.f. aerial 
signal is nearly always below the level of the v.h.f. aerial signal, means that some extra lift should be given to the i.f. signal before it is passed on to the 
i.f. amplifier channel. This is the reason for coupling the u.h.f. i.f. signal through the mixer section of the v.h.f. frequency changer valve. Approximately equal level sip, aLs are then obtained at the i.f. channel input from both the v.h.f. and u.h.f. 
transmissions. 

The i.f. output circuit of Fig. 10 is fairly con- 
ventional, L5 being the i.f. coil and C18 the coupling 
capacitor (producing a form of pi coupling). The i.f. signal is fed out at low impedance through 
coaxial cable, and at this point appears the 405 line sound and vision intermediate frequencies when the v.h.f. tuner is in the "v.h.f. channel" positions and 

the 625 line sound and vision intermediate frequen- 
cies when the v.h.f. tuner is in the "u.h.f." position. 

The characteristics of the signals at the i.f. output 
are closely similar to those of the transmission (see 
Figs. 5 and 6 of Part 2), but the carrier frequencies 
are, of course, replaced by the intermediate frequen- 
cies and the relationship of the sound and vision 
signals is reversed due to the fact that the local 
oscillators of the tuners are working above the 
frequencies of the incoming signals. 

In Fig. 12 is shown the u.h.f. tuner at the front 
and the v.h.f. tuner at the rear (that is, in the fore- 
ground) of a conventional dual standard receiver. Note the rear of the u.h.f. tuning scale, which uses 
pulleys and a drive -cord arrangement as in radio 
sets. 

Next month we shall see how the vision i.f. 
amplifier is switched to accommodate both standards. 

(To be continued) 

Versatile 
PART 1 

HE INSTRUMENT DESCRIBED IN THE FOLLOWING 
pages is a simple and extremely versatile 
oscilloscope using a three inch cathode ray 

tube. The final design shown was evolved only 
after a considerable number of other circuits had 
been tried and rejected. The writer has used this 
oscilloscope on various types of radio and electronic 
pulse work for the past few months with considerable 
success. 

Circuit Diagram 
As will be seen from the circuit diagram in 

Figs. 1 (a) and (b), a relatively simple circuit is 
employed using miniature all -glass valves, with 
single ended deflection on both X and Y plates. 
All the valves, with the exception of the rectifier, 
are of the same type, this making any future replace- 
ments both cheap and simple. Keeping the cost 
to a minimum was a major consideration throughout 
the design and no special or difficult -to -obtain 
components are used. The complete c.r.o. can 
be built for less than £10 and if a careful search 
is made on the surplus market, for less than £5. 
Many of the refinements often included in larger 
and more elaborate oscilloscopes are left out, 
as a lot of these are rarely used anyhow. The 
omissions are stabilised h.t. lines, switching for 
direct connection to the deflection plates, push-pull 
amplifiers on one or both deflection systems, a 
compensated switched Y attenuator, and facilities 
for external triggering. These omissions do not 
detract from the usefulness and versatility of the 

Oscilloscope 
by P. Cairns, A.M.I.P.R.E., G3ISP 

c.r.o., whose complete specification is shown in 
the Table. It will be seen that this specification 
compares favourably with many commercially 
produced oscilloscopes. 

The cathode ray tube used is a 3BP1 and it can 
be bought quite cheaply on the surplus market, 
complete with mu -metal screen. A particularly 
fine focus can be obtained with this tube. 

The functions of the various stages are quite 
straightforward. V2 and V3 comprise the Y amplifier, 
these two triode -connected pentodes being a.c. 
coupled in cascade, whereupon a high overall 
amplification factor is obtained. To achieve a 
reasonably wide bandwidth, however, the gain is 
reduced by using low values of anode load (R10, 
R15) and negative feedback is applied by means of the un -bypassed cathode resistors (R8, R13) and 
the common load resistor Rn. R11 is decoupled 
by a low value capacitor, C5, to increase the h.f. 
response of the amplifier. Large values of coupling 
capacitor (C3, C4, C6) are used to give a good 
1.f. response. The response of the amplifier is 
shown in the graph in Fig. 2, the gain being 100, the sensitivity approximately 175mV/cm. and the 
response -3b$ between 5 c/s and 110 kc/s, with 
a useful gain up to 400 kc/s. The square wave 
response is particularly good, rise times of 11.1S 
being accepted without overshoot. 

A straightforward gain control (R7), is used, as 
the compensated attenuator originally tried out 
was rather difficult to set up to obtain the best 
square wave response. It also occupied more 
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space and required quite a number of extra com- 
ponents. Either coaxial socket or ordinary plug 
and socket inputs are available. 

The synchronising stage, V4, is a simple amplifier, 
and adequate decoupling from h.t. ripple, etc. 
is obtained by R32 and C17. A small part of the 
output signal from the Y amplifier is taken via 
R16 and C16 to the sync. control R29, which can 
be adjusted to pass just sufficient input signal 
to lock the timebase. The sync output signal is 
fed to the timebase through the coupling capacitor 
C18. 

The timebase, V6, uses a Miller-Transitron 
circuit and gives a good sawtooth waveform having 
a linear sweep with rapid flyback on all ranges. 
The four coarse ranges are selected by S3, which 
switches into circuit the integrator feedback 
capacitors C19 to C26. The fine control R39 allows 
sweep speeds to be covered which fall between the 
four coarse steps, ample overlap being allowed 
between steps to compensate for differences in 
component tolerances and circuit time constants. 
The output sawtooth waveform to the X amplifier 
is via the internal/external switch S4. The sync 
signals are fed to the suppressor grid of V6 thus 
locking the timebase scan sweep to the signal 
under observation. Diode D4 clamps positive 
signal tips at chassis level, thus synchronising 
occurs mainly on negative signal components. 
This helps to prevent double synchronising. 

The diode V5 provides flyback suppression. 
During flyback periods the screen grid of V6 is 
driven negative, and this allows the diode V5 to 
conduct. The resultant negative pulse developed 
across the load resistor R33 is applied to the c.r.t 
grid via the blocking capacitor C15. This means 
that the c.r t. grid is driven beyond cut-off during 
flyback periods. During the scan sweep the screen 
grid of V6 is going positive. The cathode of V5 
also goes positive with respect to its anode and the 
diode becomes non -conducting. 

The X amplifier, or timebase amplifier, V7, 
employs a straightforward R -C circuit, the valve 
being triode -connected. The input signal; either 
external (if the c.r.o. is being used for Lissajous 
figures and the like), or the internal from timebase, 
is passed via the coupling capacitor C27 and gain 
control R41. The latter serves as the X expansion 
control. Large value coupling capacitors (C27, 
C28) and a rather high value cathode bias resistor 
(R42) are used in this circuit to preserve maximum 
timebase linearity on the slower sweep speeds. 
Though the overall gain of this stage is only in 
the region of 10, it was found to be adequate for 
practical applications, linearity being considered 
rather more important than gain. 

The X and Y shift controls, R47 and R19, are 
both alike, consisting simply of the centre section 
of a resistor divider network. Their purpose is 
to alter the d.c. potential on the respective c.r.t. 
deflection plates. Isolation from the signal source 
is provided by the high value resistors R. and 
R17. The shift controls are decoupled also through 
C29 and C7, this helping to prevent pick-up and 

TABLE 
Complete Specification For The Oscilloscope 

Y Amplifier 

Timebase 

X Amplifier 

Synchronising 

Internal Cal. 

Dimensions 

5 c/s to 110 kc/s -3dB. Gain over 
flat portion of frequency character- 
istic =100. 50 % down at 150 kc/s. 
Useful gain up to 400 kc/s. Maximum 
sensitivity approximately 175mV/cm. 
Very good square wave and pulse 
response. No overshoot with rise 
times up to 1µS. 
175mS/cm to 50µS/cm in four 
switched ranges. Approximate ran- 
ges: range one, 175-10mS/cm; range 
two, 20mS--500µS/cm; range three, 
5mS-250µS/cm; range four, 2mS- 
50µS/cm. Fine control gives ample 
overlap on all ranges. 100% flyback 
suppression on all ranges. The X 
gain control gives trace expansion 
of approximately 8 screen diameters. 
3 c/s to 25 kc/s -3dB. Gain 
approximately 10. 50 % down at 
35 kc/s, useful gain up to 50 kc/s. 
Switching facilities for external use. 
Continuously variable from zero 
to over sync. 
50 c/s square wave. 3 volt peak -to - 
peak amplitude. Exact 1:1 mark - 
space ratio. Rise time better than 
5µS. 
Height 9in. Width 81in. Depth 
14in. - 

extraneous signals reaching the deflecting plates 
from these parts of the circuit. Due to the rather 
long time constants in these circuits and the large 
coupling capacitors employed, a slight delay 
in the action of the shift controls is unavoidable. 
However, to obtain an instant shift action would 
involve extra circuitry, components and d.c. 
coupled amplifiers, which the slight advantage 
of an instant shift control action does not really 
warrant. 

The power unit is conventional, a standard 
350-0-350 volt, 60mA transformer being suitable. 
Three 6.3 volt heater windings are used, that 
for the amplifier and timebase valves being centre - 
tapped to chassis to reduce hum. A full -wave 
rectifier is used for the h.t. supply with L -C smooth- 
ing. R1 and R2 are limiting resistors. R3 gives a 
certain amount of loading and acts as a discharge 
path for the smoothing capacitors if the h.t. supply 
to the rest of the circuit should become broken. 
The total h.t. current drain under average working 
conditions is in the region of 35mA, the h.t. line 
voltage being about 345. 

Astigmatism Control 
A pre-set astigmatism control, R5, is connected 

in a divider network across the h.t. supply. It 
allows the A3, Y2 and X2 plates to be pre-set 
to the same mean d.c. potential as the X1 and Y1 
plates. This gives, an improvement in focus, as 
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winding 

L1 Screening box 
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C15 
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X amp. 

output 

To anode V5 
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input C16 

Cal. 
output S3 S3b ganged 

Fig. 1 (a). The circuit of the power supply and c.r.t. section of the oscilloscope, 
together with the Y amplifier 
(b). The timebase and calibrator sections 
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Components List 

Resistors 
(All fixed resistors 10% -I watt unless otherwise 
stated) 

R1, 2 47052 1 watt 
R3 100162 1 watt 
R4 22kû 
R5 looks) potentiometer, linear 
R6 56kû 
R7 1Mû potentiometer, log. 
R8 82Oû 5% high stability 
R9 l00û 
R10 22kû 2 watts, 5% high stability 
R11 5kû 2 watts, 5% high stability 
R12 1Mû 
R13 820û 5% high stability 
R14 10012 
R15 22kû 2 watts, 5% high stability 
R16 330kû 
R17 MO 
R18 6.8kû 
R19 250k2 potentiometer, linear 
R20 47kû 
R21 100kû 1 watt 
R22 50kû potentiometer, linear 
R23 3.3kû 
R24 220kû 1 watt 
R25 500kû potentiometer, linear 
R26 150kû 1 watt 
R27 47kû 
R28 100kû 
R29 1Mû potentiometer, linear 
R30 10uû 
R31 22kû 
R32 82kû 
R33 470kû 
R34 330kû 
R35 22kû 
R36 22kû 2 watts 
R37 47kû 2 watts 
R38 220kû 
R39 1Mû potentiometer, linear 
R4o 27kû 
R41 500k1) potentiometer, linear 
R42 3.3kû 
R43 1005) 
R44 22kû 2 watts 
R45 1 MS) 
R46 47kû 
R47 250k2 potentiometer, linear 
R48 6.8kû 
R49 220kû 
R50 56kû 
R51 2.2kû 
R52 3.3kû 

Capacitors 
C1, 2 32+32µF electrolytic, 450V wkg. 
C3 0.25µF paper 750V wkg. 
C4 0.25µF paper 350V wkg. 
C5 220pF silver mica 350V wkg. 
C6 0.25µF paper 350V wkg. 
C7 0.1µF paper 350V wkg. 

Cs 0.5µF paper 500V wkg. 
C8, 10 0.5µF paper 1 kV wkg. 
C11, 12 0.1µF paper 350V wkg. 
C13 0.1µF paper 500V wkg. 
C14 0.1µF paper 350V wkg. 
C15 0.1µF paper 500V wkg. 
C16 0.001µF paper 350V wkg. 
C17 
C18 
C19 
C10 
C21 
C22 

8µF electrolytic 350V wkg. 
0.001µF paper 350V wkg. 
0.25µF paper 350V wkg. 
0.05µF paper 350V wkg. 
0.01µF paper 350V wkg. 
0.002µF paper 350V wkg. 

C23 0.5µF paper 350V wkg. 
C24 0.1µF paper 350V wkg. 
C25 0.02µF paper 350V wkg. 
C26 0.005µF paper 350V wkg. 
C27 28 1µF paper 350V wkg. 
C29 0.1µF paper 350V wkg. 

Inductors 
T1 Mains transformer. 200-250 volt primary. 

Secondaries: 350-0-350V 50mA; 6.3V 2A 
centre -tapped; 6.3V 1A; 6.3V 1A. (Radio - 
spares "Heavy Duty" mains transformer or 
equivalent) 

L1 Smoothing choke. 10 henry. (Radiospares 
"Hygrade" Smoothing Choke or equivalent) 

Valves 
Vl EZ80, EZ81 or 6V4 
V2, 3, 4, 6, 7 EF91, Z77, 6AM6 
V5 EA50 

Cathode Ray Tube 
Type 3BP1 with mu -metal screen and base 

Transistors 
TR1, 2, 3 0071 

Diodes 
D1, 2 rectifiers type K3/40 or K3/45 
D3, 4, 5 0A81 

Switches 
Si d.p.s.t. toggle switch 
S2 s.p.s.t. toggle switch 
S3 2 -bank Yaxley switch, 1 -pole 5 -way each 

bank 
S4 s.p.d.t. Yaxley switch 

Valveholders and Sockets 
1 B9A valveholder with screening can 
5 B7G valveholders with screening cans 
5 input sockets 
1 coaxial socket 

Miscellaneous 
1 3 -volt pen torch battery 
10 pointer knobs 
Grommets, tagboards, tagstrips, etc. 
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Fig. 2. Characteristic curve for the Y amplifier, with 
frequency plotted against gain. The curve was taken 
with an input of 200m V peak -to -peak (output 20V 
peak -to -peak). The maximum undistorted output is 

270V peak -to -peak 

the best focus is only obtained when all four deflec- 
tion plates are at the same potential as A3. 

The e.h.t. voltage is derived from one half of the 
secondary winding, C8, Dl and D2, forming a 
half -wave voltage doubler circuit, smoothing being 
provided by R21, Co, and C10. The e.h.t. chain 
is made up of resistors R22 to R26, the various 
c.r.t. electrode voltages being tapped off at suitable 
points. The grid bias is varied by means of R22, 
this being the brightness control, the brightness 
increasing as the control is moved nearer the 

I cycle at 50ch 
.20ms 

IOms IOms 

3 volts 
Peak/peak 

Rise time better than 
5}!s 

Fig. 3. The output of the calibration unit as viewed on 
the oscilloscope. The slight slope on upper and lower 
edges is due to the l.f. response resulting from the 
a.c. couplings in the Y amplifier. All corners should be 

clean cut, with no overshoot or rounding 

850 

cathode potential. R23 prevents the grid from 
reaching the cathode voltage and obviates the 
possibility of its passing grid current which could 
damage the c.r.t. R27 provides isolation between 
the incoming flyback suppression pulse and the 
e.h.t. chain. The diode D3 is a further safeguard 
for preventing the grid from being driven positive 
should a component break down. The diode 
conducts if the grid goes positive with respect 
to cathode and therefore acts as a safety device. 

The focus is controlled by the potential on A2, 
R25 serving as focus control. Both the brilliance 
and focus potentiometers, anode A3, and the 
cathode are decoupled to chassis via C11 to C14, 
this minimising interference to the trace due to 
stray pick-up. The c.r.t. heaters are fed from their 
own winding on the transformer, this being "tied 
down" to the cathode by R28 and so preventing 
heater -cathode insulation breakdown problems. 

The e.h.t. output voltage should be in the region 
of 750 volts negative with respect to chassis, the 
current taken by the resistor chain and c.r.t. being 
less than one milliamp! As A3 will be between 
200 and 250 volts positive with respect to earth, 
the total voltage across the c.r.t. should be just 
under 1kV. Care should therefore be taken when 
working with the instrument "live". 

Internal Calibration Unit 
Finally we come to the internal calibration unit. 

Whilst this is not essential to the working of the 
oscilloscope, it is well worth incorporating. It 
consists of three transistors d.c. connected in 
cascade, the overall amplification being extremely 
high. The input is fed with a sine wave from the 
main heater supply. The diode D5 and the base - 
emitter diode of TR1 provide symmetrical clipping 
of each half of the sine wave. The resultant semi - 
square wave is then amplified to such an extent 
that the final output developed across R51 is an 
almost pure square wave. The 3 volt peak to 
peak output is the same value as the battery supply, 
since TR3 is driven fully between cut-off and 
bottomed conditions. The output is symmetrical, 
having a mark -space ratio of 1:1, and a rise time 
of less than 51/S. Also, no ringing or overshoot 
(see Fig. 3) occurs as the complete circuit is d.c. 
coupled. Due to the absolute symmetry and 
constant amplitude of the output the unit can be 
used for both time and amplitude calibration. 
It may also be used externally for testing audio 
equipment, etc. As the unit is switched on only 
when required, by means of S2, and takes only a 
couple of milliamps of current, its operating life 
is virtually the shelf life of the battery. Since this 
is only a three volt pen -torch type, replacement 
is both simple and cheap.1 

To be Continued 

t Since the voltage from point X swings about chassis, and the 
reference voltage for diode D5 and TRI emitter -base diode is three 
volts positive of chassis, a 50:50 clipping action may not occur. 
It seems feasible that squaring is the result of TRI and the subsequent 
transistors switching on and off.-EDrroR. 
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RADIO TOPICS .. 
by Recorder 

INCE, IN ALMOST ALL PARTS OF 
the U.K., it is nowadays 
possible to obtain reliable f.m. 

reception of the B.B.C. Home, 
Light and Third programmes, the 
construction of Band II f.m. tuners 
employing switched station selection 
offers considerable attraction. In- 
stead of having to carefully adjust 
a variable capacitor to tune in the 
required station, one merely turns 
a switch. The desired programme is 
then not only immediately available 
but is accurately tuned in as well. 

An excellent example of a switched 
tuner is given by the "Crystella" 
crystal -controlled unit, which was 
described by Sir John Holder in 
our February and March issues of 
last year. This employed the Stand- 
ard Telephones and Cables crystal 
unit type 4434, in which three 
crystals are mounted in one envelope. 
These crystals control oscillator 
frequency and ensure that exactly 
the correct intermediate frequency 
is fed to the i.f. amplifier and 
discriminator stage. 

An Ingenious Approach 
An alternative, and ingenious, 

approach to the construction of 
switched f.m. tuners has been 
originated by one of our readers, 
Mr. M. F. Trowbridge of Stur- 
minster Newton. Mr. Trowbridge 
has sent us the appropriate details, 
and I am happy to pass these on 
here. I should add that this alterna- 
tive project is best tackled by 
constructors who have had some 
experience with television turret 
tuners, and who can tackle the 
coil adjustments required. 

Basically, Mr. Trowbridge's tuner 
consists of a modified TV turret 
tuner of the PCC84-PCF80 type 
followed by a conventional 10.7 
Mc/s i.f. strip and discriminator. 
The original i.f. transformer in 
the turret tuner is removed and is 
replaced by a new 10.7 Mc/s com- 
ponent. Also, all the coil segments 
are removed, three of these being 
rewound to receive the local Home, 
Light and Third signals respectively. 
The secondary of the new 10.7 
Mc/s i.f. transformer is coupled 
to the 10.7 Mc/s i.f. strip, whereupon 
the whole assembly comprises a 
complete switch -tuned f.m. tuner. 

The prototype model used a 
conventional Cyldon turret tuner 
which had originally been employed 

R16 

to convert a B.B.C.-only receiver 
to 13 channel operation. It is 
important to note that the conversion 
details which follow apply to this 
particular tuner only. They will 
not apply to other makes of tuner, 
nor can they necessarily be guaran- 
teed to apply to other Cyldon 
tuners in the same category. Con- 
structors should be prepared to 
experiment a little, if necessary. 

The first process in the modification 
of the turret tuner consists of 
removing the existing i.f. trans- 
former and of fitting the new 10.7 
Mc/s transformer. In the prototype, 
a standard Jason component, type 
L4, was used here. Fig. 1 (a) 
shows part of the circuit around 
the pentode section of the PCF80 
in the original prototype tuner, 

(a) 

whilst Fig. 1 (b) shows this after 
modification. 

When mounting the 10.7 Mc/s 
i.f. transformer, it is unimportant 
whether the anode coil is at the 
top or the bottom of the former 
so long as opposite ends of the 
coils are made "live" to the signal. 
However, the transformer should 
be positioned so that leads are 
as short as possible in order to 
avoid instability. Holes are drilled 
in the side of the turret tuner as 
necessary to take the various inter- 
connecting wires. 

Wiring Modifications 
Several wiring modifications need 

to be carried out. In the prototype 
tuner a resistor (R12 in Fig. 1 (a) ) 
was wired across the grid coil 

HT+ 
10 7Mc/s 
transforme r 

10-7Mc/s 
LE output 

1/2 PCF80 

(b) 

Fig. 1 (a). Part of the circuit around the PCF80 in the prototype tuner 
(b). The circuit modified for switched fm. station selection 
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Fig. 2 (a). An aerial coil segment 
rewound for fm. operation 

(b). A modified oscillator and 
band-pass segment 

feeding the pentode section of 
the PCF80. This resistor (usually 
47k52) should be removed to give 
a reduction in r.f. bandwidth. 

The cathode of the PCC84 r.f. 
amplifier may be returned to a 
separate gain control circuit. If 
fitted, such a circuit can be removed, 
the cathode being returned to 
chassis via its bias resistor. (A 
typical value for a PCC84 cathode 
bias resistor is 1005)). 

The existing tuner will almost 
certainly employ P -type valves, 
these being intended for operation 
in a series heater chain at 0.3 amp. 
The PCC84 has a heater voltage 
of 7 and the PCF80 a heater voltage 
of 9. Since the 10.7 Mc/s i.f. 
strip will very probably use 6.3 
volt valves, this raises a power 
supply problem. One solution con- 
sists of replacing the PCC84 and 
PCF80 with an ECC84 and an 
ECF80, the heater wiring being 
changed as required. With the 
prototype tuner the problem was 
overcome by rewinding the second- 
ary of a 6.3 volt heater transformer 
to give an output of 9 volts tapped 
at 7 volts, and by applying these 
two voltages to the valves according- 
ly. Pin 4 of each valve was con- 
nected to chassis and the appropriate 
supply applied to pin 5. Ferroxcube 
beads were fitted, as close to the 
valveholder tag as possible, in 
the leads to pin 5 of each valve. 
(I would suggest that, if the pin 
5 tags were by-passed to chassis 
via a 1,000pF ceramic capacitor 
in the usual manner, the beads 
might not be necessary). 

The h.t. supply to the modified 
turret tuner is of the order of 200 volts. 

It is necessary for the 10.7 Mc/s 
i.f. transformer on the turret tuner 
to be connected to the first valve 
in the following 10.7 Mc/s i.f. 
strip by very short leads. The 
chassis of the turret tuner has, 
therefore, to be bolted to that of 
the i.f. strip at an appropriate 
position. This is, in any case, 
essential before the coils can be 
rewound. 

Three complete sets of coil 
segments have to be made up, 
these catering for the local v.h.f. 
Home, Light and Third trans- 
missions. All three sets of coils 
are wound with the same number of 
turns. 

To prepare a new coil segment, 
remove the existing wire from 
a Band I segment, carefully noting 
the positions of the coils on the 
former and also the direction of 
the turns. The coils are then 
rewound using either the same 
wire or wire of an equal gauge, 
making sure that the direction of 
turns is the same as for the original 
coils. Fig. 2 (a) shows a rewound 
aerial coil segment and Fig. 2 (b) 
a rewound band-pass and oscillator 
coil segment. The details given in 
Fig. 2 are those applicable to the 
prototype tuner and, as I said a 
little earlier, may not necessarily 
apply to other tuners. The aerial 
coil in the prototype was tuned by 
an adjustable core as, also, was the 
oscillator coil. The anode and 
grid windings on the band-pass 
and oscillator segment were tuned 
by moving the turns of the coil 
along the former. 

Before aligning the new coils 
it is first of all necessary, of course, 
to line up the 10.7 Mc/s i.f. strip 
and discriminator stage. It should 
then be possible to align the new 
turret tuner coils with the aid of 
received aerial signals. The three 
local f.m. stations should be tuned 
in by adjusting the oscillator core 
on each of the three band-pass 
and oscillator segments, such adjust- 
ments being carried out with the 
fine tuning cam in the middle of 
its swing. The signals are then 
peaked up with the aerial coil 
cores, and by altering the spacing 
between turns on the band-pass 
windings and the distance between 
them. 

It may be added that oscillator 
drift should be negligible, due to 
the original design features of the 
tuner when used at television 
frequencies. 

Aluminium Foil 
As most of us must bave dis- 

covered, things in electronics now 
and again turn out to be not quite 
what we had expected. So it is 
with some of the insulating materials 
which we occasionally use, and it 
would appear that especial care 
has to be taken with products 
whioh are not specifically 'intended 
for electrical purposes. 

In the article "Tailor -Made Tag - 
boards", which appeared in our 
May issue, it was suggested that 
either Paxolin or Formica be em- 
ployed for the insulating panels 
which form the basis of the boards. 
This has prompted a comment 
from some of our readers, and 
notably G3MQT, who warns that 
not all types of Formica and 
similar materials (as obtained from 
do-it-yourself shops), are suitable 
for this purpose. It appears that 
heat -resistant types may have a 
thin sheet of aluminium foil sand- 
wiched in the material, which can 
then cause short-circuits between 
any eyelets, rivets or bolts inserted 
through holes in the board. 

When incorporated, the aluminium 
foil can be seen by splitting a piece 
of the material with a sharp penknife. 
It may also be detected by laying 
a lighted cigarette on the surface 
of the material. If the material 
burns no foil is present, whilst 
if it doesn't burn this means that 
the foil is incorporated. The func- 
tion of the foil is to conduct the 
heat away. 

It should be added, incidentally, 
that pencil markings should not be 
used for marking out actual tag pos- 
itions. The graphite tracks remaining 
can cause high resistance leaks be- 
tween tags. 

The moral seems to be that 
great care should be exercised 
when using materials for insulation 
which are not specifically intended 
for the purpose, and that it would 
be best to play safe and employ 
one of the acknowledged insulating 
products such as Paxolin. 

Before concluding on this particular 
subject, I think I should make the 
additional point that the range of 
materials which we, in the home - 
constructor field, designate by the 
trade -name "Paxolin" is usually 
referred to, in electrical and electronic 
engineering, as "synthetic resin 
bonded paper" or "s.r.b.p.". Since 
the latter term is largely unknown 
amongst amateur constructors, we 
tend to employ the more generally 
used word, "Paxolin". 

Coil Wire Gauge 
I started off this month with an 

item concerning television tuners, 
and it seems as though I'll be 
finishing on the same subject as well! 
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If you look inside a television 
turret tuner employing wound coils 
(as opposed to printed circuit 
coils) for the air -cored band-pass 
anode and grid windings, you will 
often find a quite noticeable dif- 
ference in the gauge of wire employed 
for the different Band III channels. 
The anode and grid coils for one 
Band III channel may employ 
winding wire which is significantly 
thicker, for instance, than that 
used for the coils on the neighbouring 
channel. 

There is a reason for this, and 
it may well be of interest to con- 
structors and experimenters who 
work at frequencies where air -cored 
coils in tuned circuits have less 
than 4 turns or so. 

At Band III frequencies, very 
little inductance is required in 
the anode and grid band-pass 
tuned circuits. Since a straight 
piece of wire can have significant 
inductance at Band III it is necessary 
to ensure that as little inductance 
as possible is "lost" in the chassis 
wiring between the appropriate 
tuning capacitances and the points 
to which the ends of each turret 
coil proper are soldered. This 
is why turret tuners are laid out so 
that the valveholder tags are very 
close indeed to the fixed contacts 
which connect to those on the 
rotating turret. 

Even with these precautions it 
may still happen that the grid and 
anode band-pass coils proper have 
only 2 turns each for most of the 
Band III channels. How, then, 
does the coil designer cater for the 
individual channels in the Band? 

Let's assume that, for Channel 
10, both the anode and grid coils 
of a television tuner require 2 
turns each of, say, 18 s.w.g. wire. 

What happens when the designer 
starts work on the corresponding 
coils for Channel 11? Less induct- 
ance is required here, since Channel 
11 is 5 Mc/s above Channel 10, 
but he can't get it by such a simple 
expedient as reducing the number 
of turns to, say, 1 This is because 
the ends of the coil must solder 
to the contact pins moulded into 
the segment, and so he must still 
design a coil having 2 turns! Also, 
of course, the coils are air -cored, 
and so he can't play around with 
iron -dust or metal slugs. With a 
bit of luck, he may be able to get 
the reduced inductance by increasing 
the spacing between the 2 turns 
he's forced to accept. 

Channel 12 comes next, another 
5 Mc/s higher, but it will now almost 
certainly be impossible to get the 
further reduced inductance which 
is required by once more increasing 
the spacing between turns, as this 
spacing will have come to its limit 
on Channel 11: So the designer 
reduces inductance by the simple 
process of winding his 2 turns 
with thicker wire, say 16 s.w.g. 
The inductance of a thick wire 
is less than that of a thin wire and 
the difference is sufficient to be of 
importance when the coil has only 
2 turns or so. On Channel 13, 
the coil designer may be able to get 
another 5 Mc/s higher, whilst 
still retaining the 2 turns he's 
forced to accept, by falling back 
on increased spacing once more, 
or by going to a thicker wire again. 

The same process occurs for 
channels below Channel 10. In 
this case the designer can obtain 
his increases in inductance, cor- 
responding to downward steps in 
frequency of 5 Mc/s per channel, 
by decreasing spacing between turns 

where possible, and by using thinner 
wire. It is possible that, at one 
point, he may be able to change 
over from 2 turns of a thin wire 
for one channel to 3 turns of a 
thick wire for the next to obtain 
the requisite 5 Mc/s step downwards 
in frequency. 

This brief description offers a 
somewhat simplified example of 
v.h.f. turret tuner design for air - 
cored coils which have very few 
turns, and where the designer 
has to face the problem of providing 
a small change in inductance without 
deviating from a whole number of 
turns. It offers the important 
lesson that it is possible to effect 
quite significant changes in coil 
inductance whilst retaining the same 
geometry by simply using a different 
gauge of winding wire. The in- 
ductance goes up if a thinner wire 
is used and it goes down if a thicker 
wire is used. This little tip may 
well be of use to experimenters 
working at these frequencies. It 
also provides an additional reason 
why it is very desirable to use 
thick wire to connect a tuning 
capacitor to a coil which has only 
a few turns. U. you use thin wire, 
quite a lot of the tuned circuit 
inductance may appear in the 
connecting wire! 

I should mention that the effect 
I've just described only becomes 
really significant when an air -cored 
coil has less than 4 turns or so. 
Above this number of turns it is 
usually possible to obtain any small 
shifts in inductance which may be 
required from air -cored coils with 
"whole number turns" by varying 
the spacing along the former. 
Altering the winding wire gauge 
has less effect as the number of 
turns increases. 

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 Electronics" 
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... Your Career 

FOR... Your Own Business 

... An Absorbing Hobby 

LEADS THE WORLD 
IN ELECTRONICS TRAINING 

ANEIy-PRACTcAL kYAY 
of UNDERSTAND/NC 

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! 

To RADIOSTRUCTOR (Dept. G149), READING, BERKS. 
Please send brochure, without obligation, to: 

*Name .........__......_._._......------..........._.._ .................................................._........_.._..._............ 

*Address . 

7/64 I 
(We do not employ representatives) '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 be ng 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 U.K. 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.O.D. or C.W.O. Send S.A.E. 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 Is. Sample copy of 
I.P.R.E. Official Journal 2s. post free.-Dept. D, 
Secretary, 32 Kidmore Road, Caversham, Reading, 
Berkshire. 

SERVICE SHEETS, 1925-1964. From ls. Catalogue 
6,000 models, Is. 6d. S.A.E. enquiries.-Hamilton 
Radio, 13 Western Road, St. Leonards, 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 ls. 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. 

FIND TV SET TROUBLES IN MINUTES from that 
great book The Principles of TV Receiver Servicing, 
IOs. 6d., all book houses and radio wholesalers. If not 
in stock, from-Dept. D, Secretary, 32 Kidmore 
Road, Caversham, Reading, Berkshire. 

KITS, ETC., FACTORY ASSEMBLED. Singles or 
quantity production facilities available.-Evans, 83 
Walsall Road, Four Oaks, Sutton Coldfield, Warwick- 
shire. 

REPANCO COILS, i.f. transformers, ferrite aerials, I.f. 
transformers. Send s.a.e. for list.-Radio Experi- 
mental Products Ltd., 33 Much Park Street, Coventry, 
Warwicks. 

CONVERT ANY TV SET INTO AN OSCILLO- 
SCOPE. Instructions and diagrams, 12s. 6d.- 
Redmond, 26 St. John's Road, Hove, Sussex. 
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BENTLEY ACOUSTIC 
CORPORATION LTD 
38 CHALCOT ROAD CHALK FARM LONDON NW1 

THE VALVE SPECIALISTS Telephone PRIMROSE 9090 
' ALL GOODS LISTED BELOW IN STOCK 

0A2 4/6 6/30L2 8/3 AC/T1. 18/- EL42 7/6 PY82 4/9 MIDGET 
OB2 6/- 7B6 12/6 AZI 5/9 EL8I 8/3 PY83 5/9 SILICON 
OZ4GT 4/3 787 7/- AZ3I 6/6 EL83 6/9 PY88 7/9 RECTIFIERS 
A7GT 7/9 7C5 7/3 AZ41 6/6 EL84 4/6 PY800 6/- Mullard 
C5 5/- 7C6 6/9 B36 4/9 EL85 7/6 PY801 6/3 BY100 
G6 6/- 706 14/6 BL63 10/6 EL86 7/3 RIO 26/6 Output 250 
H5GT 7/9 7H7 5/9 CCH35 12/6 EL91 2/6 RI9 6/6 volt at } 
L4 2/3 7R7 12/6 CL33 11/6 EL95 5/6 T41 9/- amp. No lar- 
LOS 4/- 757 14/6 CY31 5/9 EL360 27/- TDD4 8/- gar than a 
LN5 4/6 7Y4 5/- DAF96 5/9 EL820 16/4 TH233 6/9 shirt button! 
N5GT 8/6 
R5 4/- 

9BW6 9/6 
907 7/6 

DF66 15/- 
DF96 5/9 

ELL80 20/5 
EM4 17/9 

TP2620 17/6 
TY86F 11/8 7/_ each 

S4 5/- IOC' 8/9 DF97 I0/- EM34 11/6 U12/14 7/6 TRANSIS - 
55 3/6 IOC2 12/3 DI -176 3/6 EM7I 13/6 U18/20 6/6 TORS & 
T4 2/3 
U4 5/6 

1002 11/8 
10FI I0/- 

DK40 15/6 
DK92 6/9 

EM80 6/3 
EM81 7/- 

Ul9 48/6 
U22 5/9 DIODES 

1.15 5/3 10E18 9/9 DK96 6/3 EM84 6/9 U24 12/6 AAI29 4/6 
2D21 5/6 IOLDI I 9/6 DL68 15/- EM85 8/9 U25 8/6 AC107 14/6 
2X2 3/- 101.13 8/3 DL96 5/9 EM87 7/6 U26 7/6 AC127 9/6 
3A4 3/9 I0PI4 11/6 DLSIO 10/6 EN3I I0/- U3I 6/9 AD I40 25/- 
3A5 6/9 I2A6 2/3 DM70 5/- EY51 5/6 U33 13/6 AF102 27/6 
3B7 5/- I2AC6 8/6 DY86 7/6 EY8I 7/3 U35 16/6 AFI 14 III - 
3D6 3/9 I2AD6 9/6 DY87 8/- EY83 9/3 U37 29/- AFI 15 10/6 
3Q4 5/3 12AE6 8/- E80F 24/- EY84 9/6 U45 15/6 AFI 16 10/- 
3Q5 7/- I2AH8 10/9 E83F 24/- EY86 5/6 U76 4/6 AFI 17 5/6 
3S4 4/6 12AT6 4/6 E88CC 10/- EY88 8/9 0191 9/6 AFI 18 20/- 
3V4 5/3 I2AU6 5/9 E180F 19/6 EZ40 5/3 U282 12/3 AFI27 9/6 
5R4GY 8/6 I2AV6 6/6 EABC80 5/6 EZ4I 6/- U301 11/3 BYZI 3 11/6 
5T4 7/- 12BA6 5/9 EAC9I 3/3 EZ80 3/9 U329 9/- MATI00 7/9 
5U4G 4/6 1213E6 4/9 EAF42 7/6 EZ8I 4/- U403 9/9 MATI01 8/6 
5V4G 7/6 12BH7 6/- EB4I 4/9 GZ32 7/6 U404 6/- MATI20 7/9 
5Y3GT 4/3 I2J7GT 7/3 EB9I 2/3 GZ33 17/6 U801 16/3 MATI2I 8/6 
5Z3 7/- 12K5 10/- EBC4I 6/6 GZ34 I0/- U4020 6/6 OA5 6/- 
5Z4G 7/- I2K7GT 3/6 EBC8I 5/9 GZ37 14/6 UABC80 5/- OAI0 8/- 
6A8G 5/9 I2K8GT 9/- EBF80 5/6 HABC80 9/3 UAF42 7/- OA70 3/- 
6AG5 2/6 I2Q7GT 3/6 EBF83 7/3 HL4IDD8/6 UBC4I 6/3 OA73 3/- 
6AG7 5/9 12SA7 6/9 EBF89 6/3 HL42DD 8/6 UBC81 6/3 OA79 3/- 
6AK5 4/9 12SC7 4/- E131_21 8/- 1íN309 25/- UBF80 5/9 OA81 31- 
6AQ5 5/9 12SK7 3/- EC70 4/9 HVR2 8/3 UBF89 6/9 0A85 3/- 
6AT6 3/9 12SQ7 8/- EC8I 27/6 HVR2A 8/9 UBL2I 9/9 0A86 4/- 
6AU6 5/3 I9AQ5 7/3 EC92 6/6 KT33C 4/- UC92 6/3 OA90 3/- 
6AV6 5/6 19H1 6/- ECC32 4/- KT36 29/1 UCC84 8/9 OA91 3/- 
6B8G 2/6 2001 I0/- ECC35 5/- KT41 7/6 UCC85 5/6 0A95 3/6 
6BA6 4/6 20F2 11/6 ECC40 7/- KT6I 6/9 UCF80 8/9 0A210 9/6 

We require for prompt cash settlement all types of valves, loo e or boxed, 
but must be new. Send list of types available for offer by return. 

6BE6 4/9 20L1 12/6 ECC8I 3/6 KTW6I 4/9 UCI -121 8/3 0A211 13/6 
68H6 5/3 20PI 12/6 ECC82 4/6 KTW62 5/6 UCH42 7/- OC16W35/- 
6816 5/6 20P3 12/- ECC83 4/6 KTW63 5/6 UCH81 6/6 OCI9 25/- 
68Q7A 7/6 20P4 13/6 ECC84 5/9 KT66 12/3 UCL82 7/9 OC22 23/- 
6BR7 8/3 201.5 12/3 ECC85 6/3 KT88 28/- UCL83 8/6 0C23 57/- 
6BR8 8/- 25A6G 7/6 ECC88 8/9 MKT4 17/6 UF4I 6/9 0C25 12/- 
68W6 6/9 25L6 4/9 ECC18911/6 MUI4 4/6 UF42 4/6 0C26 25/- 
6BW7 5/- 25Z4G 6/6 ECC804 16/4 N78 26/- UF80 6/3 0C28 24/6 
6C5 4/- 25Z5 7/3 ECF80 6/- N339 15/- UF85 6/9 0C29 25/6 
6C9 10/9 25Z6GT 8/- ECF82 6/3 PABC80 6/9 UF86 9/- OC35 I8/- 
6CD6G I8/- 27SU 23/3 ECF86 11/6 PC86 10/3 UF89 6/- 0C36 21/6 
6CH6 5/- 2807 6/9 ECH2I 9/9 PC88 14/7 UL4I 6/9 OC41 8/- 
603 9/6 30C15 9/- ECH35 6/3 PC95 11/8 UL44 23/3 0C42 5/- 
606 3/- 30CI8 10/6 ECH42 7/6 PC97 7/3 UL46 8/6 OC43 12/6 
6E5 9/6 30F5 5/9 ECH8I 5/9 PCC84 5/6 UL84 6/- OC44 8/3 
6F1 9/6 30L15 9/3 ECH83 6/6 PCC85 6/9 UM4 15/2 OC44PMII - 
6F6G 3/9 301.4 12/3 ECH84 9/6 PCC88 10/6 UM34 16/10 OC45 8/ 
6F13 4/9 30P12 7/6 ECL80 6/- PCC89 7/9 UM80 8/3 OC45PM10/- 
6F23 6/3 301.19 12/3 ECL82 7/- PCC18910/6 URIC 6/6 OC65 2216 
6F24 9/6 30PLI 8/6 ECL83 9/6 PCF80 5/6 UU6 9/- OC66 25/- 
6F33 3/6 3OPLI3 9/6 ECL86 8/9 PCF82 6/3 UU7 7/6 OC70 6/6 
6J5G 3/- 30PL14 12/6 EF22 6/6 PCF84 8/6 UU8 11/6 OC71 3/6 
6J6 3/- 35A5 20/9 EF36 3/3 PCF86 7/9 UYIN 10/3 0072 8/- 
6J7G 4/6 35L6GT 6/9 EF37A 6/- PCL82 6/6 UY21 8/- 0073 16/- 
6K7G 1/3 35W4 4/9 EF40 8/9 PCL83 7/9 UY41 4/6 OC74 8/- 
6K8G 3/3 35Z3 16/4 EF4I 619 PCL84 7/- ÚY85 5/- OC75 8/- 
6K25 24/- 35Z4GT 4/6 EF42 4/9 PCL85 7/6 VP4 14/6 OC76 8/6 
6L1 10/- 35ZSGT 5/9 EF73 5/- PCL86 8/9 VP4B 20/5 OC77 12/- 
6L6 6/6 SOCS 6/6 EF80 3/9 PEN46 4/3 VPI3C 7/- OC78 8/- 
6L7GT 4/6 SOL6GT 6/3 EF83 9/9 PEN383 10/3 VP23 2/6 0081 4/- 
6L18 I0/- 52KU 14/6 EF85 4/6 PL33 9/- VPI33 9/9 00810 4/- 
6LD20 5/6 72 6/6 EF86 6/- PL36 8/- VR105 5/6 OC82 10/- 
6N7GT 5/- 77 5/- EF89 4/- PL38 16/- VRI50 4/9 0083 6/- 
6P28 11/6 78 4/9 EF9I 3/- PL8' 6/9 W76 3/6 OC84 8/- 
6Q7G 4/-80 5/3 EF92 2/6 PL82 5/3 W8IM 5/9 OC139 12/- 
6R7G 5/3 85A2 6/6 EF97 11,8 PL83 5/3 X41 15/- OCI40 19/- 
6SL7 5/3 90AG 67/6 EF98 10/- PL84 5/- X61 6/3 OCI70 8/6 
6SN7 4/- 90AV 67/6 EF183 71- PM84 9/3 X65 5/6 OC I71 9/- 
6U4GT 8/6 9OCG 42/- EFI84 7/- PX4 9/- X66 7/3 OC200 10/6 
6U5G 5/- 90CV 42/- EK32 5/9 PX25 8/6 X76M 9/- 0C201 29/- 
6U7G 7/- 90C I 16/- EL32 3/6 PY3I 6/- X78 20/6 OC203 I4/- 
6V6G 3/9 15082 16/6 EL33 6/9 PY32 8/6 X79 27/- OCP71 17/6 
6V6GT 5/6 I 85BT 34/11 EL34 8/6 PY33 8/9 XH(I.5) 6/6 TS2 12/6 
6X4 3/9 5763 7/6 EL36 8/9 PY80 5/- Y63 5/- TS3 15/- 
6X5 4/6 AC6PEN 4/9 EL4I 7/3 PY8I 4/9 Z66 7/3 XAI03 15/ - 
All goods new and first grade only, subject to makers' full guarantee. We 
do not sell econd-hand goods, manufacturers' re/e ts or second (often des- 
cribed as "new and tested"), nor items from second-hand equipment. Com- 
plete catalogue of over 1,000 valves, also resis ors, condensers, metal 
rectifiers, microphones, loudspeakers, etc., with conditions of sale, Ed, 

Terms of business: Cash with order or C.O.D. only. Post/packing 6d. per item. 
Orders over E3 post free. C.O.D. 3/6 extra. All orders despatched same 
day. C.O.D. orders by telephone accepted for immediate despatch until 
3.30 p.m. Any parcel insured against damage in transit for 6d. extra. We 
are open for personal shoppers 8.30-5.30. Sets. 8.30 a.m.-I p.m. 
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THE MODERN BOOK CO 
Guide to Broadcasting Stations. Com- 
piled by "WW". 5s. Postage 6d. 
Dual -Standard and 625 -Line Television 
Receivers. By G. J. King. 8s. 6d. 
Postage 6d. 

The Radio Amateur's Handbook, 1964 
Ed. By A.R.R.L. 36s. Postage 2s. 3d. 

The Tape Recorder. By C. G. Nijsen. 
13s. 6d. Postage 1 s. 

Aerials. By D. Sjobbema. 10s. 6d. 
Postage 1s. 

Frequency Divider Organs. By A. 
Douglas. 25s. Postage 1s. 

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

Radio Valve Data, 7th Ed. Compiled 
by "WW". 7s. 6d. Postage 10d. 

ABC's of Short -Wave Listening. By 
L. Buckwalter. 16s. Postage 9d. 
Radio Servicing. By G. N. Patchett and 
B. Fozard. 27s. 6d. Postage 1s. 
Amateur Radio Call Book, 1964 Ed. 
By R.S.G.B. 4s. 6d. Postage 6d. 
Basic Theory and Application of Tran- 
sistors. U.S. Dept. of the Army. 10s. 
Postage 1s. 

Audio Quality. By G. Slot. 13s. 6d. 
Postage is. 
Short Wave Amateur Radio. By J. 
Schaap. 21/- Postage 1s. 

Electronics Pocket Book. By J. P. 
Hawker and J. A. Reddihough. 21s. 
Postage 9d. 

Beginner's Guide to Electronics. By 
T. L. Squires. 15s. Postage 9d. 

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

19-21 PRAED STREET (Dept RC) LONDON W2 
Telephone PADdington 4185 

SCOTTISH INSURANCE 
CORPORATION LIMITED 
38 EASTCHEAP LONDON EC3 

TELEVISION SETS, RECEIVERS AND TRANSMITTERS 
Television Sets, Receivers and Short Wave Transmitters are expensive to acquire and you no doubt highly prize your installation. Apart from the value of your Set, you might be held responsible should injury be caused by a fault in the Set, or injury or damage by your Aerial collapsing. 
A "Scottish" special policy for Television Sets, Receivers and Short Wave Transmitters provides the following cover: 
(a) Loss or damage to installation (including in the case if Television Sets the Cathode Ray Tube) by Fire, Explosion, Lightning, Theft or Accidental External Means at any private dwelling -house. 
(b) (i) Legal Liability for bodily injury to Third Parties or damage to their property arising out of the breakage or collapse of the Aerial Fittings or Mast, or through any defect in the Set. Indemnity £10,000 any one accident. 

(ii) Damage to your property or that of your landlord arising out of the breakage or collapse of the Aerial Fittings or Mast, but not exceeding £500. 
The cost of Cover (a) is 5/- a year for Sets worth £50 or less, and for Sets valued at more than £50 the cost is in proportion. Cover (b) (i) and (ii) costs only 2/6 a year if taken with Cover (a) or 5/ -if taken alone. Why not BE PRUDENT AND INSURE your installation -it is well worth while AT THE VERY LOW COST INVOLVED. If you will complete and return this form to the Corporation's Office at the above address, a proposal will be submitted for completion. 

NAME (Block Letters) 
If Lady, state Mrs. or Miss 

ADDRESS (Block Letters) 

J/B 
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SMALL ADVERTISEMENTS 

continued from page 85.5 

COLLECTOR interested in purchasing really early 
wireless valves-First World War or earlier. Has for 
disposal numerous mid -1920s types. Also for sale 
several early crystal detectors.-Enquiries to Box 
No. F205. 

FOR SALE. Model A, G.B. 16 mm. sound on film, 
photo -electric, cine projector. 16 and 24 f.p.s. With 
10 watt amplifier.-Offers to: C. B. Barbour -Carr, 
The Manor House, Burgh Castle, Suffolk. 

FOR SALE. Philips 3 -speed record player, 4 watt 
amplifier and 8in speaker for same, £10.-Box No. 
F206. 

FOR SALE. Quantity of new accumulators. Willard 
Radio -20-2, 2 volt. Size: 5in high x 3 }in x 2}in., 5s. 
each plus carriage.-Box No. F207. 

VALVES TO CLEAR. All at 5s. each, post paid. 807, 
83, 5Y3, 6AG5, 6AT6, 6B8, 6BR7, 6BW6, 6SA7, 
6SK7, 12AT7, 6J6, DAF91, DL92, DK91, ECC82, 
EF40, EF91, EL41, EL91, IT4, IS5, VR150, VT136, 
T20.-Box No. F208. 

WANTED. Large amplifier and speaker for bass 
electronic guitar.-Angus Geddes, 28 Gunton Drive, 
Lowestoft, Suffolk. 

WANTED. Gramdeck by experimenter. Complete or 
repairable. Price, carriage paid, to Compton, Pilley 
Hill, Lymington, Hants. 

FOR SALE. Solartron 4in double beam oscilloscope 
CD1014/2. One year old, perfect condition. Cost 
£123. Bargain £65.-Telephone: Barnet 3087. 

FOR SALE. Heathkit valve voltmeter, model AV -3U. 
Unused. £15 o.n.o. Erskine Laboratories miniature 
oscilloscope, 1}in tube, £10.-Box No. F212. 

FOR SALE. Wireless World June 1954 to December 
1963. ls. each or 10s. per year. Plus postage.-Box 
No. F213. 

WANTED. Marine sextant. Cash or exchange radio 
gear. Micrometer type preferred.-Box No. F214. 

PANEL SIGNS TRANSFERS-NEW SERIES. Set 3 
Wording-White. Set 4 Wording-Black. Set 5 
Dials-one large and two medium scales, horizontal 
tuning scale, control panels (switches, potentiometers 
and variable capacitors) having white markings on a 
clear background. Set 6 Dials-as in Set 5, but the 
control panels have white markings on a black back- 
ground. All sets 4s. 6d. each, postage 3d. Limited 
supply of Set 2 of the old series (Test Equipment- 
scales, control panels and some white wording) still 
available, price 3s. 6d., postage 3d.-Data Publications 
Ltd., 57 Maida Vale, London, W.9. 

INTERESTED IN AMATEUR RADIO TELEPRINT- 
ING7 Then join the British Amateur Radio Tele- 
printer Group. Details from Hon. Sec., G2UK, 
East Keal, Romany Road, Oulton Broad, Suffolk. 

continued on page 859 

RSGB 

Publications for the 
Radio Amateur and 
Shortwave Listener 

AMATEUR RADIO HANDBOOK. Covers the whole field 
of Amateur Radio transmission and reception from funda- 
mentals to station operation. Profusely illustrated with 
nearly 700 line diagrams and more than 100 half -tones. 544 
pages bound in maroon buckram linson. Price 34s. (36s. 6d. 
post paid in carton). 

RADIO DATA REFERENCE BOOK. Data for the radio 
designer, engineer and amateur presented in the form of 
curves, tables and charts. 136 pages bound in blue buckram 
linson. Price 12s. 6d. (14s. post paid in carton). 

RADIO AMATEURS' EXAMINATION MANUAL. 
Covers the syllabus of the City and Guilds of London Insti- 
tute examination. Chapters on licence requirements and 
conditions, interference, receivers, circuits, calculations, 
semiconductors, aerials and propagation. Essential reading 
for those wishing to obtain the Amateur (Sound) Licence. 
More than 50 line diagrams. 60 pages. Price Ss. (Ss. 6d. post 
paid). 

A GUIDE TO AMATEUR RADIO. Provides the new- 
comer to Amateur Radio with basic information on 
receivers, transmitters, and aerials. Explains how to obtain 
an amateur transmitting licence. Well illustrated, 80 pages. 
New Tenth Edition. Price 3s. 6d. (4s. post paid). 

THE MORSE CODE FOR RADIO AMATEURS. A 
carefully graded selection of exercises designed to make 
learning the Morse code as simple as possible. 24 pages. 
Price Is. 6d. (1s. 9d. post paid). 

COMMUNICATION RECEIVERS. A reprint in booklet 
form of the series of articles by G. R. B. Thornley originally 
published in the RSGB BULLETIN. The G2DAF high 
performance communication receiver is described in detail. 
32 pages. Price 2s. M. (3s. post paid). 

SERVICE VALVE EQUIVALENTS. Lists the commercial 
equivalents of all CV numbered valves, cathode ray tubes 
and semiconductors useful to the radio amateur and home 
constructor. Equivalents of British Army, Royal Navy, 
Royal Air Force and U.S. Signal Corps valves are also 
given. Pocket size. 48 Pages. Price 3s. (3s. 6d. post paid). 

Obtainable from leading booksellers or in case of difficulty 
direct from the Society at the address below 

MEMBERSHIP OF THE RSGB 

A leaflet giving details of the aims and activities of the 
RSGB and the benefits of membership is available on 
request together with a complimentary copy of the 

RSGB Bulletin. 

RADIO SOCIETY OF GREAT BRITAIN, BOOK DEPT. 

28 LITTLE RUSSELL STREET, LONDON, W.C.1 
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UNDERSTANDING 

TELEVISION 
by 

J. R. Davies 

512 pages 299 diagrams 3716 

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 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. 

Some Recent Reviews 
"An extremely well written book which will be useful to anybody who wishes to gain or consolidate knowledge on the practical aspects of television ..."-British Communications & Electronics. 
"The text is well written, the diagrams well drawn and to the point, and the printing is good. Apprentices and all service engineers who wish to obtain a greater grasp of this subject will find this book very useful...."-Radio & Electrical Retailing. 

"The author goes very fully into the circuitry and theory of receiver design, and his technical explanations are easy to understand...."-Wireless & Electrical Trader. 

"The treatment is entirely non -mathematical and should be well suited to anyone who has a reasonable knowledge of radio theory. The text is profusely illustrated with diagrams and explanatory captions succinctly hammer home the relevant points-a valuable supplementary to the main text...." 
-Practical Television. 

To Data Publications Ltd., 57 Maida Vale, London, W9 
Please supply copy(ies) 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 857 

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 inlcuding 
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 FRIENDSHIP Lnsucs between radio clubs. The 
Club's official journal is free to both Full and Associate 
Members.-Hon. Gen. Secretary: G. A. Partridge, 
G3CED, 17 Ethel Road, Broadstairs, Kent. 

SITUATION WANTED 
YOUNG LADY Home Constructor, with good know- 

ledge of physics and mathematics and some practical 
experience of radio servicing, requires position in radio 
and television where servicing experience can be 
gained. Area within reasonable travelling distance of 
Brighton.-Box No. F209. 

20 SUGGESTED CIRCUITS 
by G. A. FRENCH 

No. 15 in our Data Book Series. This book 
contains the first 20 circuits to be published 
in the very popular series of the same name 

appearing in The Radio Constructor. 
The contents include: simple and inexpensive 
two -valve capacity bridge, short wave re- 
generation preselector, one -valve speech 

operated switching circuit, transformer ratio 
analyser, series noise limiter, receiver remote 
mains on -off control, and many others; 
covering subjects ranging from electronic 
laboratory equipment to a simple 2 -Stage 
Gram Amplifier. 
PRICE 3s. 6d. Postage 4d. 48 pages 

Available from your usual supplier, or direct from 

DATA PUBLICATIONS LTD 
57 Maida Vale London W9 

JULY 1964 

TESTED TRANSISTORS 
1/- each Red or White Spots. 

2/- each XA101, XA102, X8103, XB104, 0A90, 
0C430. 

3/- each 0C44, 0C45, OCT), 0071, 0081, 0081 D, 

0C200, GET16. 

4/- each AF114, AF115, AF117, 0C170, 0C171. 

5/- each 0072, 0C139 n.p.n., 00800, OC204, 
ORP60, BY100. 

10/- each 0C35, 0C26, GET571. 

ZENER DIODES 4.7 volt to 33 volt i watt, 3/6 each, 

1.5 watt, 5/- each, 7 watt, 6/- each. 

Send 3d. stamp for Full Price List, and Free 
Equivalent Chart 

B. W. CURSONS 
78 BROAD STREET, CANTERBURY, KENT 

. "a short cut" for everybody wishing to obtain a 
quick acquaintance with modern electronics .. . 

BEGINNER'S GUIDE 
TO ELECTRONICS 

by Terence L. Squires, A.M.Brit.l.R.E. 

An up-to-date guide which assumes no prior technical 
knowledge. Early chapters explain the nature of electric 
currents, pulses and waveforms. Components and circuits 
are then described and illustrated, and their operation 

clearly explained. Chapters on test instru- 
ments; principles of and basic techniques 

used in the main branches of electronics 
-radar, radio, television, medical, 

industrial and space electronics, 
computers, and on training to 

n be an electronics engineer. 
? "pIflnt i8 q(( ? 192 pages, 128 diagrams. 

E 

15s. FROM ALL BOOKSELLERS 

.. or, in case of difficulty use this 
handy form TODAY ---- ORDER HERE ---- 

Please send me by return ................_......copy/ 

copies of the new 
BEGINNER'S GUIDE TO ELECTRONICS 

15s. (16s. 6d. by post) 

Simply complete this order and post with 
cheque/postal order for 16s. 6d. to GEORGE 
NEWNES LTD., Tower House, Southampton St., 

London, W.C.2. RC/7/64 
NEWNES 
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CHASSIS 
and 

CASES by 

ALUMINIUM, SILVER HAMMERED FINISH 
Type Size Price Type Size Price 

U 4x4x4" 9/6 Y 8x6x6" 25/- 
U 5ix44x4i^ 14/6 Y 12x7x7" 39/- 
U 8x6x6" 20/- Y 13x7x9" 44/- 
U 15 x9 x9" 42/6 Y 15x9x7" 46/- 
W 8x6x6" 19/6 Z 17x10x9" 63/- 
W 12x7x7" 32/6 Z 19x10x8i" 67/6 
W 15 x9 x8" 42/- Height 

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

287/9 Edgware Road 
London W2 

TELEPHONE 

PADdingtou 5891/7595 

-Type Y 

Type Z 

/Type U 

BLANK CHASSIS-Same Day Service 
Of over 20 different forms made up to YOUR SIZE. Order EXACT SIZE you require to nearest 1/16th. 

(Maximum length 35", depth 4".) 
Specials dealt with promptly. 

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). 
48 sq. in. 4/- 176 sq. in. 8/- 304 sq. in. 12/- 
80 sq. in. 5/- 208 sq. in. 9/- 336 sq. in. 13/- 

112 sq. in. '6/- 240 sq. in. 10/- 368 sq. in. 14/- 
144 sq. in. 7/- 272 sq. in. 11/- and pro rata 

P. & P. 2/6 P. & P. 2/9 P. & P. 3/ - 
Discounts for quantities. Finishes arranged for 

quantities of 25 or over. 
FLANGES (1" or 1"), 6d. per bend. 
STRENGTHENED CORNERS, 1/- each corner. 

PANELS 
Any size up to 3fc at 4/6 sq. ft. 18 s.w.g. (16 s.w.g. 513). 
Plus postage and packing (orders over E2 Post Free). 

NYLON P.T.F.E. 
ROD BAR SHEET TUBE STRIP WIRE 

No quantity too small List on application 
BRASS COPPER BRONZE ALUMINIUM LIGHT ALLOYS 

STAINLESS STEEL 
H. ROLLET & CO LTD 

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

NOMAD CAR RADIO KIT . E6.19.6 
NOPACK TRANSISTOR POWER UNIT KIT ... ... E1.15.0 
TOP BAND Rx KIT E10. 0.0 
TOP BAND Tx 9 WATT. FULLY TRANSISTORISED KIT E14. 0.0 

NORCOL LTD 
147 LONDON ROAD, YORKTOWN, SURREY 

CAMBERLEY 3743 

PANL 
BLACK CRACKLE PAINT 

Give your metalwork a really professional finish. 
Easily applied by brush. Air drying. 

Available by post from 

THE BRUCE MILLER CO. LTD 
249 COASTAL CHAMBERS 

BUCKINGHAM PALACE ROAD SW1 

4/- per 4 pint can which includes application 
instructions, postage and packing 

Hammer Finish Paint 
The modern finish for all electronic equipment. 
(Not crackle finish.) Just brush it on, no stoving. 
The effect appears at once and dries in 20 minutes. 
As supplied to laboratories and manufacturers 
throughout the country. Looks fabulous on chassis, 
etc. In blue or pewter (other colours discontinued). 
24 oz. tins 3/6,) pint 7/6, 1 pint 15/-. From radio 
& model shops or post free from us. Trade supplied 

FINNIGAN SPECIALITY PAINTS (RC) 
5 Stanley Square, Stalybridge, Cheshire 

YOUR CAREER IN RADIO ? 
Big opportunities and big money await the qualified man in every field of Electronics today-both in the U.K. and through- out the world. We offer the finest home study training for all subjects in radio, television, etc., especially for the CITY & GUILDS EXAMS. (Technicians' Certificates); the Grad. Brit. I.R.E. Exam.; the RADIO AMATEUR'S LICENCE; P.M.G. Certificates; the R.T.E.B. Servicing Certificates; etc. Also courses in Television; Transistors; Radar; Computers; Servo- mechanisms; Mathematics and Practical Transistor Radio course with equipment. We have OVER 10 YEARS' experience in teaching radio subjects and an unbroken record of exam. successes. We are the only privately run British home study Institute specialising in electronic subjects only. Fullest details will be gladly tent without any obligation. 

SEND FOR FREE BROCHURE TO: 

BRITISH NATIONAL RADIO SCHOOL 
DEPT 4, RADIO HOUSE READING BERKSHIRE 

THE RADIO CONSTRUCTOR - BOUND VOLUMES 
Volume 16, August 1962 to July 1963 Price £1 10s Od Postage 3s Od 

Where all issues are returned : Price E1 Postage 3s Od 
Also available 

Volume 13, August 1959 to July 1960 Price £1 5s Od Postage 2s 6d 
We regret Volumes 14 and 15 are now sold out 

Please send for latest brochure containing details of our other publications 

DATA PUBLICATIONS LTD 57 MAIDA VALE LONDON W9 
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Page No. Issue AMPLIFIERS 
An Economical Amplifier and Variable Inductance Tuner, by Sir Douglas Hall, K.C.M.G., B.A.(Oxon) .. .. .. .. .. .. 416 Jan. '64 "Double -Two" Audio Amplifier, by A. S. Carpenter, A.M.LP.R.E. .. .. .. ' 753 June '64 Low -Cost High Fidelity Amplifier, by G. A. Stevens .. .. 21 Aug. '63 O.K. for Sound, by Wallace Studley .. .. .. .. .. .. .. .. 166 Oct. '63 Printed Circuit for 4 -Transistor Amplifier, by F. G. Rayer, Assoc.Brit.I.R.E. .. 516 Mar. '64 Record Player Amplifier with Microphone Input, by G. A. French .. .. .. 662 May '64 Stereo on a Shoestring, by J. C. Flind .. . .. 84 Sept. '63 The Mighty Midget, by M. J. Pitcher, B.Sc. .. 132 Sept. '63 Transistorised Pre -Amplifier Emitter Follower Unit, by John M. Twilley 111 Sept. '63 2 -Watt 9 -Volt Transistor Audio Amplifier, by A. Kinloch 309 Dec. '63 

ELECTRONICS 
An Electric Thermometer, by K. Berry 
Car Anti -Theft Device, by Brian Crank . . 
Electro-Magnetic Counters, by J. B. Dance, M.Sc. 
Electronic "Watch -Dog", by R. M. Qualle . 
Low Cost Light Beam Counter, by G. A. French 
Simple Electronic Rev Counter, by D. F. Warren 
Thermo -Electric Sensing Device, by D. Aldous 
Tone -Operated Switching Circuit, by G. A. French 
Transistorised Vibrato Unit, by Peter A. Roe, Grad.I.E.E. Two -Transistor Timer with Positive Feedback, by M. D. Devenish 

36 Aug. '63 
.. 169 Oct. '63 
.. 190 Oct. '63 
.. 601 Apr. '64 
.. 233 Nov. '63 

318 Dec. '63 
.. 808 July '64 
.. 590 Apr. '64 
.. 618 Apr. '64 

59 Aug. '63 

GENERAL 
A Calculator, by M. D. Roberts .. 120 Sept. '63 A Radio Lark, by M. Lord .. 816 July '64 An Electrical Speedometer, by Gregory J. Powell 119 Sept. '63 Annular Transistors, by J. B. Dance, M.Sc. .. 262 Nov. '63 Battery Operated Burglar Alarm, by A. Vest .. 86 Sept. '63 B.B.C.2 in Holland .. 759 June '64 Beam Deflection Tube 7360 .. .. .. .. .. .. 323 Dec. '63 Bench Power Supply, by D. Noble, G3MAW, and D. M. Pratt, G3KEP 246 Nov. '63 C -Cores for the Constructor, by P. Crawley .. .. .. .. 468 Feb. '64 Christmas Castaway Contest 350 Dec. '63 Christmas Castaway Contest-Results and Prize Winning Entry .. 612 Apr. '64 Cold Cathode Diodes and Their Uses, by J. B. Dance, M.Sc... 392 Jan. '64 Commercial Equivalents of VT Valves, by A. Guy .. 817 July '64 Electric Power Cable Tracker, by C. Morgan .. .. .. 678 May '64 Electronic Touch Button, by M. J. Darby .. 402 Jan. '64 Fault Finding in Home Constructed Equipment, by John D. Benson .. 523 Mar. '64 Golden Jubilee of the R.S.G.B. 

137 Sept. '63 Heathkit Aerial Tower Model HT1 and HT1-G.. .. 460 Feb. '64 Heat Sinks for Transistors, by R. J. Barratt, GW3DFF.. . 258 Nov. '63 High Current Power Packs, by H. N. Rutt 126 Sept. '63 Identifying Surplus American Electronic Equipment, by Ken Greenburg 62 Aug. '63 Low -Cost Variable Voltage Power Unit, by G. A. French 18 Aug. '63 Mains Overload Protection Device, by G. A. French .. 738 June '64 "Monopoint" Pick-up Arm, by N. A. Bargery .. 178 Oct. '63 New Base for Double Pentodes 740 June '64 Non -Radiating Dummy Load, by S. G. Wood, G5UJ .. .. 281 Nov. '63 Preparing Radio Panels, by J. Anderson .. .. 61 Aug. '63 Printed Circuits Made Easy, by C. Morgan 459 Feb. '64 Remote Control of Uniselectors, by A. D. Bean, A.LS.T. 760 June '64 Satin Finish for Small Parts, by C. Morgan .. 248 Nov. '63 Semiconductor Variable Capacitors, by J. B. Dance, M.Sc. 123 Sept. '63 Single Transistor Impedance Transformer, by P. Clough 422 Jan. '64 Setting Up In Business, by F. Walker 
. 118 Sept. '63 Speech on Light System for Communication, by C. Morgan 383 Jan. '64 Tailor -Made Tagboards, by A. Kinloch .. .. .. 681 May '64 The Trigistor, by J. B. Dance, M.Sc. .. .. 672 May '64 The Unijunction Transistor, by H. N. Rutt .. 775 June '64 Transistorised Thermometer, by Carlton D. McVey 695 May '64 Use of Tool Clips in Constructional Radio Work, by E. Lawrence 628 Apr. '64 Using Ex -Government Cathode Ray Tubes, by H. N. Rutt .. 680 May '64 Variable Voltage Transistor Power Unit, by K. Berry .. 181 Oct. '63 2mA Indicating Lamp for Transistor Radios, by R. M. Marston 526 Mar. '64 3 -Transistor Intercom, by Frank G. Edwards .. .. 696 May '64 1963 International Radio Communications Exhibition .. 351 Dec. '63 

IN YOUR WORKSHOP 
Page No. Issue Page No. Issue Adjustable Aerial Inductance .. 683 May '64 Long Waves .. .. .. 686 May '64 Aligning the Receiver .. 685 May '64 Noisy Reception .. 767 June '64 Base Bias Control.. .. 329 Dec. '63 Other Intermittent Connections .. 42 Aug. '63 Cascode Pre -amplifier .. 399 Jan. '64 Output Transformer .. .. 531 Mar. '64 
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Page No. Issue Page No. Issue 

Causes of Overload .. 829 July '64 Overall Switching Circuits.. .. 479 Feb. '64 
Ceramic Capacitors .. 43 Aug. '63 Overload Protection .. .. 325 Dec. '63 
Circuit Details .. 474 Feb. '64 Short Wave Receivers .. .. 255 Nov. '63 
Contact Potential .. .. 529 Mar. '64 Sound Rejector Circuit .. .. 186 Oct. '63 
Coupling Capacitors .. 530 Mar. '64 Sound Take-off Circuits .. .. 187 Oct. '63 
Detector Circuits .. .. 476 Feb. '64 Speaker Transformer Connections 327 Dec. '63 
Early Speaker Units .. 254 Nov. '63 Superhet Alignment .. .. 603 Apr. '64 
Examining the Tuner .. 764 June '64 Tracing Transformer Connections 829 July '64 
Fall -Out .. .. 253 Nov. '63 Tracking .. 684 May '64 
Faulty Receiver .. .. 472 Feb. '64 Transistor Connections 400 Jan. '64 
Flyback Suppression .. .. 106 Sept. '63 Transistor Leads .. 398 Jan. '64 
Frequency Changer Stage 604 Apr. '64 Trimming and Padding .. 605 Apr. '64 
Heater Chokes .. .. 765 June '64 Tuning Capacitances .. 330 Dec. '63 
I.F. Protection Circuit 188 Oct. '63 Tuning Scales .. 684 May '64 
Interference Limiter .. .. 528 Mar. '64 Two -Valve Receivers 256 Nov. '63 
Intermittent Oscillator .. .. 44 Aug. '63 UHF Tuner Fault .. 763 June '64 
Iron Dust Cores .. .. .. 607 Apr. '64 Vertical Synchronising Signal .. 105 Sept. '63 
Line Flyback Suppression .. 109 Sept. '63 Vision I.F. Detector .. 184 Oct. '63 
Line Output Fault .. .. 104 Sept. '63 Vision I.F. Transformer .. 185 Oct. '63 

RADIO CONTROL 
Model Control Pocket Wavemeter Monitor, by F. G. Rayer, Assoc.Brit.LR.E. .. 588 Apr. '64 

RECEIVERS 
All -Band Communications Receiver, by R. Murray -Shelley .. 699 May '64 
"Autoflex" Transistor Circuit, by Sir Douglas Hall, K.C.M.G., B.A.(Oxon) .. 776 June '64 
Basic Superhet for Beginners, Part 1, by James S. Kent.. .. .. 688 May '64 

Part 2 .. .. .. .. .. .. .. .. 769 June '64 
Design for a Long Wave Light Programme Car Radio, by Flt. -Lt. J. H. Thompson, Assoc. Brit. 

I.R.E., M.LP.R.E. .. .. .. .. .. .. .. .. .. .. 540 Mar. '64 
General Coverage Communications Receiver, Part 1, by Frank A. Baldwin, A.M.LP.R.E... 263 Nov. '63 

Part 2 .. .. 338 Dec. '63 
Heathkit High Sensitivity General Coverage Receiver, Model RG -1 .. .. 548 Mar. '64 
Heathkit "Oxford" Portable Receiver, Model UXR-2 .. .. .. 201 Oct. '63 
Inexpensive Medium and Short Wave Receiver, by Ian Macdonald 27 Aug. '63 
Mains Reflex Circuit with Transformerless Full -Wave Rectification, by Sir Douglas Hall, 

K.C.M.G., B.A.(Oxon) .. .. .. .. .. .. .. 208 Oct. '63 
Miniature Top Band Receiver, by D. Noble, G3MAW, and D. M. Pratt, G3KEP .. .. 836 July '64 
Modern "Three -Plus -One" TRF Receiver, by J. B. Willmott, A.M.LP.R.E. . . . .. 300 Dec. '63 
Reaction Circuit for Reflexed Transistors, by Sir Douglas Hall, K.C.M.G., B.A.(Oxon) .. 310 Jan. '64 
Reflexed Single -Valve Television Sound Receiver, by John K. Gordon .. .. 100 Sept. '63 
Short Wave Superhet, by V. E. Holley .. .. .. .. .. .. .. .. 534 Mar. '64 
Simplicity and Sensitivity with Two Transistors, by Sir Douglas Hall, K.C.M.G., B.A.(Oxon) 594 Apr. '64 
Simple Receiver Circuits for Short Aerials, by Sir Douglas Hall, K.C.M.G., B.A.(Oxon) .. 92 Sept. '63 
Single Transistor Loudspeaker Receiver, by Sir Douglas Hall, K.C.M.G., B.A.(Oxon) .. 57 Aug. '63 
Superhet Transistor Radio Receiver, by P. Green .. .. .. .. .. 12 Aug. '63 
The Hiker 4 -Transistor Portable Receiver .. 55 Aug. '63 
The Sinclair "Slimline" Micro -Radio Receiver .. .. 128 Sept. '63 
The "Six -Point -Three" 1 -Valve Receiver, by Michael J. Dunn .. .. .. 444 Feb. '64 
The "Sky Rover" 7 -Transistor Medium and Short Wave Portable Receiver .. 419 Jan. '64 
The "Veronica" 2 -Transistor Receiver, by D. B. Pitt .. .. 412 Jan. '64 
Three to One Transistor M and LW Tuner Unit, by A. S. Carpenter, A.M.LP.R.E. .. 608 Apr. '64 
Transistor Portable 4, by F. G. Rayer, Assoc.Brit.I.R.E. 480 Feb. '64 
Understanding Radio, Part 24, by W. G. Morley .. 32 Aug. '63 

Part 25 .. .. 97 Sept. '63 
Part 26 .. 175 Oct. '63 
Part 27 .. 242 Nov. '63 
Part 28 .. .. 312 Dec. '63 
Part 29 .. 385 Jan. '64 
Part 30 .. .. 463 Feb. '64 
Part 31 .. 596 Apr. '64 
Part 32 .. 674 May '64 
Part 33 .. 745 June '64 
Part 34 .. .. .. 823 July '64 

2 -Valve Design for Short Wave Operation, by James S. Kent .. .. 172 Oct. '63 
3 -Transistor VHF Receiver, by D. M. Bussell .. 614 Apr. '64 
6 -Transistor Superhet Pocket Radio, by A. E. Stubbs .. .. 228 Nov. '63 

RECEIVER ANCILLARIES 
Compact Constructor's Tuner, by A. S. Carpenter, A.M.LP.R.E. .. 332 Dec. '63 
Full Coverage FM Transistor Tuner .. .. .. .. 343 Dec. '63 
High Quality AM Tuner, by G. A. French .. .. 88 Sept. '63 
Some Notes on the "Crystella" FM Tuner, by Sir John Holder, Bart. .. 390 Jan. '64 
"Two -Station" Aerial Circuits without Switching, by G. A. French .. .. .. 161 Oct. '63 
Using the R1392 without Crystals, by D. F. Warren .. .. .. .. 207 Oct. '63 
3 -Transistor Tuner, by A. S. Carpenter, A.M.I.P.R.E .. .. .. 156 Oct. '63 
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Page No. Issue 
TAPE RECORDING 

Converting the IM-81/UP Standing Wave Indicator to a High Gain Quality -built Tape 
Amplifier, by B. N. Love .. .. .. .. .. 372 Jan. '64 

High Quality Tape Amplifier, by B. M. Sandal!, G3LGK 665 May '64 
Studio Techniques in Magnetic Tape Recording, by F. C. Judd, A.Inst.E. .. 827 July '64 
Transistor'Tape Recorder Circuits, Part 1, by C. Swires .. 732 June '64 

Part 2 .. 819 July '64 

TELEVISION 
An Introduction to Colour Television, Part 3, by J. R. Davies 50 Aug. '63 

Part 4 .. 112 Sept. '63 
Part 5 .. 193 Oct. '63 
Part 6 .. .. 271 Nov. '63 
Part 7 .. .. .. .. .. .. .. 346 Dec. '63 

The New Dual -Standard TV Sets, Part 1, by Gordon J. King, Assoc.Brit.LR.E., M.T.S., 
M.LP.R.E. .. .. 707 May '64 

Part 2 .. .. 780 June '64 
Part 3 .. .. .. .. .. .. .. 842 July '64 

Transistorised Home -Built Closed Circuit TV, Part 1, by R. Murray -Shelley and T. Ian 
Mitchell .. .. .. 404 Jan. '64 

Part 2 .. .. 489 Feb. '64 
Part 3 .. .. .. 544 Mar. '64 
Part 4 .. .. .. .. .. .. 625 Apr. '64 

Transistorised Television Circuits, Part 1, bÿ Gordon J. King, Assoc. Brit.I.R.E., M.T.S., 
M.I.P.R.E. .. 249 Nov. '63 

Part 2 .. 319 Dec. '63 
Part 3 .. 408 Jan. '64 
Part 4 .. 485 Feb. '64 
Part 5 .. 560 Mar. '64 
Part 6 .. 635 Apr. '64 

TEST EQUIPMENT 
A Transistorised Voltmeter, by J. Anderson .. .. 180 Oct. '63 
An Interchangeable Oscilloscope, Part 1, by J. Hillman .. 454 Feb. '64 

Part 2 .. .. .. 552 Mar. '64 
Part 3 .. .. .. .. .. .. 630 Apr. '64 

Automatic Variable Audio Oscillator, by D. B. Hulse, A..M.Inst.E. .. 814 July '64 
Crystal Market Unit, by F. G. Rayer, Assoc.Brit.I.R.E... . .. .. 236 Nov. '63 
"Double -Beam" Converter for your Oscilloscope, by A. G. Dowding .. .. .. 165 Oct '63 
Expanded Range Voltmeter, by G. A. French .. . .. .. .. 450 Feb. '64 
Expanded Scale Voltmeter with Compressed Centre Section, by G. A. French 520 Mar. '64 
Fixed Frequency Audio Oscillator, by A. S. Carpenter, A.M.LP.R.E. .. 380 Jan. '64 
Handy Signal Generator, by A. G. Dowding .. 135 Sept. '63 
Simple Frequency Coincidence Indicator, by J. R. Knight .. .. 677 May '64 
Simple Ohmmeter, by I. M. Rees .. .. .. .. .. .. .. .. 711 May '64 
Some Observations on Simple Audio Generators, by A. S. Carpenter, A.M.LP.R.E. .. 804 July '64 
"Spares -Box" Voltage Measuring Instrument, by G. A. French .. .. 306 Dec. '63 
The "Chicane" AF Oscillator, by G. A. French .. .. .. 377 Jan. '64 
Transistor and Diode Tester, by C. G. Menzies .. .. .. 742 June '64 
Transistor Audio Generator, by G. C. Dobbs, G3RJV . . .. .. 660 May '64 
Transistor Oscillator for FM, IF Alignment, by N. H. Gilchrist . .. 834 July '64 
Versatile Portable Oscilloscope, Part 1, by P. Cairns, A.M.LP.R.E., G3ISP .. .. 846 July '64 

TRANSMITTING 
High Quality Modulator Design, by D. Noble, G3MAW, and D. M. Pratt, G3KEP .. 46 Aug. '63 

RADIO TOPICS 
Page No. Issue Page No. Issue Page No. Issue 

64 Aug. '63 130 Sept. '63 204 Oct. '63 
279 Nov. '63 352 Dec. '63 423 Jan. '64 
493 Feb. '64 558 Mar. '64 639 Apr. '64 
705 May '64 783 June '64 855 July '64 

BOOK REVIEWS 
45 Aug. '63 164 Oct. '63 595 Apr. '64 

687 May '64 

CAN ANYONE HELP? 
26 Aug. '63 95 Sept. '63 160 Oct. '63 

240 Nov. '63 305 Dec. '63 379 Jan. '64 
461 Feb. '64 551 Mar. '64 589 Apr. '64 
661 May '64 744 June '64 807 July '64 

NEWS AND COMMENT 
31 Aug. '63 96 Sept. '63 171 Oct. '63 

241 Nov. '63 317 Dec. '63 396 Jan. '64 
462 Feb. '64 525 Mar. '64 593 Apr. '64 
673 May '64 741 June '64 813 July '64 
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MULTI -METERS 
Multi -range test 
meters featuring easy 
to read scales and 
provided with full 
operating instruc- 
tions, lead and bat- 
teries. Suitable for 
amateurs, designers, 
repair shops, all 
domestic uses. Full 
details and specifica- 
tion in our catalogue. * PT34, 1 kû/V ... ... * M1, 2k0/V * THL33, 2k0/V (illus) ... * EP1OK, 10k9/V* ... ... * ITI-2, 20k0/V ... ... * TP5S, 20k0/V* ... ... * EP3OK, 30k0/V* ... * 500, 30kS2/V* ... ... * EP50K, 50kû/V* ... ... * EP100K, 100k0/V .. .. 

(*Leather Cases Available) 

£1.19.6 
£2. 9.6 
£3.15.0 
£4. 9.6 
£5. 5.0 
£5.19.6 
£6.19.6 
£8.19.6 
£9.19.6 
£9.19.6 

TRANSISTOR PORTABLE 
WALKIE-TALKIES 

9 -Transistor Portable Trans -receivers. 
Supplied complete with leather cases, 
batteries, aerials, etc., in presentation case. 
Range up to 5 miles in favourable conditions. 
Sizes 6f" x 3" x 1f". Superhet crystal 
controlled on transmit and receive. 

Price £25 Per Pair. P.P. 3/6 

TRANSISTOR WALKIE-TALKIE 
3 -Transistor crystal controlled version of 
above. Range up to f mile. 
Price £8.19.6 per pair. P.P. 2/6 

LA1 
LA2 
LA3 
LA4 

MOLLARD POT CORES 
12/6 LA5 17/6 LA45 
15/- LA6 22/6 LA2503 
19/6 LA9 17/6 LA2504 
12/6 LA10 17/6 LA2505 

15/- 
15/- 
15/- 
17/6 

QUALITY MICROPHONES 
Large range of magnetic and crystal micro- 
phones in stock from 8/6. 
(See new Catalogue for full range) 
DFI 50k Dynamic with Stand ... £2.12.6 
DM304 Stick 50û/50k .. ... £4. 9.6 
BM3 Crystal with Stand ... £2. 9.6 
MC70 Crystal Studio ... ... £2.19.6 
DM16HL Dual Impedance ... £7. 7.0 
100C Crystal with Stand .. £1.19.6 
Adjustable Table Stand (P.P. 2/-) £1. 5.0 

FS3 Telescopic Floor Stand 
(P.P. 3/6) ... ... £2.15.0 

MAINS AND BATTERY RECORD 
DECKS 

ALL COMPLETE with ARM and CART- 
RIDGE * BSR UA14 4 -speed ... ... * BSR UA15 4 -speed .. .. * Garrard Autoslim 4 -speed ... * Unplugable Head Version ... 

or Stereo Version ... * SRP10 4 -speed or BSRGU7... * Garrard AT6 with Stereo 
Cartridge, 4 -speed .. ... * AT6 with EV26 or Sonotone 
Head .. ... ... * AT6 with Mono Head 

P. & P. 3/6 any type above * 9V Star, 45 r.p.m. ... * 45 and 33 r.p.m. Star, 9V ... * 45 r.p.m. Garrard 6V ... * 4 -speed B.S.R., 9V .. .. 
P. & P. 2/6 any of above 

£5.19.6 
£6.19.6 
£6.10.0 
£6.19.6 
£7.19.6 
£5. 0.0 

£10.19.6 

£11.19.6 
£10.10.0 

£1.19.6 
£4.12.6 
£1.15.0 
£5. 5.0 

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. 

NNN NINNNI 
TRANSISTORS, CRYSTALS, 

VALVES AND COMPONENTS 
THE LARGEST RANGE OF THE ABOVE 

ITEMS IN THE COUNTRY 

We stock far too many types to list 
here. See our Catalogue for full 

selection 

RETURN OF POST SERVICE 

A SELECTION FROM OUR STOCKS 
See Catalogue for full details 

Sinclair Micro -6 (to build) ... 59/6 
Sinclair TR750 Amplifier (to build) ... 39/6 
Sinclair Micro Injector (to build) ... 27/6 
Tape Jack Tuner (Full Med. Wave) ... 29/6 
10 -Watt Horn Tweeter ... ... 29/6 
20 -Watt Super Tweeter ... ... 69/6 
Two -channel Mixer for Mics/Pu's ... 15/- 
1 to 200 Mc/s Field/str. Meter ... 69/6 
,i -Watt 4 -transistor 9V 30 ... 49/6 
5 -hole Chassis Punch Kit ... 49/6 
Headphones 2k0 12/6; 4kO ... 14/6 
Stereo Stethoscope Headset, 8+8 arm 25/ - 
Resistor Substitution Box ... 37/6 
Crystal Mono Stethoscope Headset .. 10/6 
Magnetic Mono Stethoscope Headset... 12/6 
Transistor Signal Injector ... 39/6 
Fully Disappearing Car Aerial ... ... 35/ - 
Test Lead Kit with Pouch ... ... 8/6 
Capacitor Substitution Box . 29/6 
De Luxe Stereo Headsets with junction 
box ... ... ... ... ... £6 
4 -channel Transistor Mixer .. ... 59/6 
3 -Transistor MW Superhet Tuner .. 82/6 
4 -Transistor MW/SW Superhet Tuner £7.9.6 
PP3 9V Batt. Eliminator ... 18/6 
Transistor Telephone Amplifier 65/- 
8+82 Stereo Headphones ... 62/6 
Crystal Lapel Microphone ... 12/6 
2k0 Magnetic Lapel Microphone ... 8/6 
Crystal Contact Microphone ... 12/6 
2kû s track Tape Head ... 15/- 
2k0 1" diam. Mag. Mic. Insert... 15/ - 
MCI Crystal Mic. Insert 5/ - 
Earphones, Crystal or Magnetic ... 5/ - 
Complete with Jack and Socket. 
Telephone Recording Attachment 12/6 
50-0-50;1A Edgewise Meter ... 25/- 

* TRANSISTOR POCKET RADIOS * 
Ready to use, complete with Battery, Leather 
Case, Earphone. P.P. 2/- any type. 
6 -Transistor De Luxe ... ... ... 69/6 
7 -Transistor Zephyr ... ... ... 79/6 
6 -Transistor MW/LW ... ... £5.19.6 

NOMBREX PORTABLE 
TRANSISTORISED TEST 

EQUIPMENT 
R.F. I.F. Gen. 150 kc/s to 350 Mc/s £9.10.0 
Resis. Capacitance Bridge ... £8.5.0 
Inductance Bridge ... ... ... £18 

1 to 15V 100mA Power Supply £6.10.0 
10 to 100,000 c/s Audio Gen. .. £16.15.0 
DETAILED LEAFLETS ON REQUEST 

SPECIAL OFFERS * Miniature 6 pole 2 -way Push -on Release -off 
Switches 6/-, P.P. 6d. * Miniature 3 -button 6 -pole 2 -way Switch 
Unit 5/-, P.P. 6d. * ACOS 45 Hand Microphone 19/6 * 3" square 30 Speaker 12/6 * 2f" Plastic Cone Tweeter 17/6 * 4 Fig. 3/6V Pulse Counter 15/ - 

HENRY'S RADIO LTD 
303 EDGWARE ROAD LONDON W2 

PADdington 1008/9 
Open Monday to Sat. 9-6. Thurs. 1 o'clock I IJ.IINtI.rrNiNN 

7 -TRANSISTOR RECORD PLAYER 
PORTABLE AMPLIFIER * 4 watt peak output * Full Treble and Bass boost and cut * 40 c/s to 20 kc/s +3dB * Inputs for Pick-ups, Radio Tuners, 

Microphones, Mixers 

* 9-12V mains or battery operation for 
3-552 speakers (mains unit 49/6 extra) * Size only 6" x 24" x 2". Ideal for mains 
or battery, portable or domestic record 
player, grams, etc., or car. 
Built Ready £519 6 P.P. 
To Use 2/- 

GARRARD 2 -TRACK BATTERY TAPE 
DECK 

9V operated, 2 track, 2 speed. Brand new, 
fitted heads, etc. Supplied complete with 
cassette. Brand New. 

£11.15.0. P.P. 3/6 

FM VHF TUNING HEART 
Printed circuit construction, fully tunable 
85 to 105 Mc/s. Completely screened. 
Requires UCC85 (8/6), R.F. stage and osc./ 
mixer stage. 
Brand new in maker's cartons 15/-. P.P. 1/- 

4 WATT 4 TRANSISTOR 
AMPLIFIER 

Built and Kit of 
Tested Parts 
49/6 OR 39/6 
P.P. 1/6 P.P. 1/6 
NEW LOW PRICE 

Improved 
Version. 
14 watt peak 
output. f 3dB 70 c/s 
to 12 kc/s. 
Output to 3 

ohm speaker 
9 volt oper- 
ated. 

Details on 
request. 

MINIATURE PANEL METERS 
*0-50µA (D.C.) 39/6; *0-5mA (D.C.) 27/6; 
*0-500µA (D.C.) 32/6; *0-300V (D.C.) 27/6; 
*0-1 mA (D.C.) 27/6; "S" Meter 35/-. 
All Brand New Boxed. 
*Available Clear Plastic Front or Black 
Moulded. State which. 

METER BARGAINS 
50µA 24" square MC ... ... 
0-100µA 2f" f. D.C. ... ... ... 
1 mA 2f" flush round ... ... ... 

0-500µA 2f" flush mounting, D.C.... 
24-0-2fmA, 2f", flush, D.C. 

35/- 
35/- 
30/- 
15/- 
20/- 
12/6 

QUARTZ CRYSTALS 
100 kc/s 15/-; 500 kc/s 15/-; 455 kc/s 12/6; 
456 kc/s 15/-; 27.255 Mc/s 15/-. 
Twin Crystal, 1 Mc/s, and 100 kc/s 22/6. 

Over 800 frequencies in stock 

NEW CATALOGUE 
84 PAGES, 10" x 7f" 

Up to date with new items and many 
price reductions. 

Fully detailed and illustrated, 
Price 2/6 post paid 

I.MI N N I.M .I N. 
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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 

TRANSISTOR HIGH FIDELITY EQUIPMENT 
FOR MAINS OR BATTERY OPERATION 

MONO FULL FUNCTION 
PRE-AMPLIFIER/CONTROL UNIT 

PRICE £5.10.0 2/P' 

* Dark brown and gold 
front panel plate 8/6 

For use with transistor power amplifiers as below or valve amplifier 
e. -hum free-high sensitivity -8 inputs between 1.5mV and 300mV 

with full equalisation. For all pick-ups-microphones, tuners-tape 
replay. Separate treble and bass with cut and boost -4 position low 
pass filter. Volume, 40 c/s and 20 kc/s, etc. Output 250mV. Overall 
size 9" x 4" x 2". Battery operated (21 -,mA) or from power supply. 
Signal to noise ratio 70dB at 10 watts with power amplifier. Supplied 
built and ready to use. = INTEGRATED STEREO 

Two channel version of above 
with addition of balance and 
mono/stereo controls. Over- " '.' """ all size 9" x 31" x 1â" deep. 

-- - - -- Designed to feed two 10 
watt power amplifiers as below. Supplied built and ready to use. 

zi 5mA current. 
= PRICE £1 0.19.6 P.P. 3/6 * Dark brown and gold 
_ front panel plate 15/- 

MULTI -INPUT PRE -AMPLIFIER 
For use with the transistor power 
amplifier or as a general purpose pre- 
amplifier. A simplified version of the 
full function pre -amp. 8 inputs from 1.5mV 
to 300mV. Input selector, tone and 
volume controls. Size 5" x 4" x 2". 
Ideal for public address systems, for 
microphones and pick-ups. 

PRICE 65/- P.P. 1/6 * Dark brown and gold 
front panel plate, 6/6 

PS245. Single amplifier, 24V -59/6 
P5402. Single amplifier, 40V-59/6 

\ 

PRE -AMPLIFIER 

10 WATT POWER 
AMPLIFIERS 

£5.10.0 
P.P. 2/6 

Direct coupled transformerless design. 
Sensitivity 100mV from 10kO or less source for 10 watts 

output. Response ±1dB 40 c/s to 10 c/s. 0.25% total distortion at 
10 watts. Push-pull class B output. 60dB feedback. Two versions 
available for 39 to 40 and 150 to 160 output. Battery or mains 
supply operation. For use with mono or stereo preamplifiers as 
above. Supplied built and ready to use. The 24V version is suitable 
for 12V operation with an output of 3/4 watts. 

® MAINS POWER PACKS 
PS24. Two amplifiers, 24V -69/6 
PS40. Two amplifiers, 40V -69/6 

DETAILS WITH CIRCUITS OF ABOVE UNITS ON 
REQUEST (TRADE SUPPLIED) 

NEW CATALOGUE 
86 PAGES, 10" X 74" 

Up to date with new items and many 
price reductions. 

Fully detailed and illustrated. 
Price 2/6 post paid. 

VHF FM TRANSISTOR TUNER 
* Mullard 5 -Transistor. * 4 Diodes. * Full coverage 87 to 105 Mc/s. * AFC and AVC. * Over IV output. 
Printed circuit design of high sen- 
sitivity and quality. Output for 
valve or transistor amplifiers. Size 
3i" x 4" x 3". Simplified building 
instructions. Operates from 9V 
9-10mA. All parts sold separately. 
Complete with dark brown and 
gold panel plate. 

TOTAL £7.19.6 2/6' 
(Cabinet assembly 20/- extra) 

Detailed Circuit Book on Request 

NEW ! "CONVAIR" PUSH-BUTTON 
PORTABLE/CAR RADIO 

* New printed circuit 6 -tran- 
sistor design. Over 700mW 
push-pull output. * Push-button selection of 
MW and LW with full tuning 
on both wavebands. * A new design with amazing 
performance at a realistic 
price. * New attractively designed 
portable cabinet with hori- 
zontal tuning and all stations 
marked. 

Total Cost of f 719 6 PP (Batteries 6/- extra) ALL Parts ei / 
ALL PARTS SOLD SEPARATELY (available June/July) 

FOLLOWING A LINE OF QUALITY AND VALUE IN PORTABLES 

CONTESSA PORTABLE 
AS PREVIOUSLY ADVERTISED 

OST 
OF 

PARTS £9.19.6 ALLR P.P. 3/6 

BUILD A QUALITY 
PORTABLE 

TAPE RECORDER 
Complete in every detail * Pre -built units- 
Collaro Studio Decks- 
Portable Cabinets with 
Speakers. 6 valve designs 

TWO TRACK 
Total tt P.P. 
Cost LZ6 8/6 

FOUR TRACK 
Total _MIAP.P. 
Cost L 8/6 

ALL MARTIN AUDIO - 
KITS IN STOCK * Leaflets on Request * 

SPECIAL 
TAPE OFFER 

Scotch Boy 31" 300ft 
L.P. Tape. Complete 
with spare spool. 

Only 5/6 P.P. 1/- 

Minigram Transistor 
Portable Record Player * Made by well known 

British manufacturer. Fea- 
tures ready built 4 transis- 
tor printed circuit, 1 watt 

amplifier, elliptical speak- 
er and volume control. 

Low current Starr 
constant speed 45 
r.p.m. turntable with 
crystal pick-up. 
Strong moulded two- 
colour cabinet with 

handle. Plays anywhere on 
long life 9 volt battery. Requires less than 
half an hour's work to connect up using 
ready built units and easy instructions. 

COST 
TOTAL 79/5 5/- (Battery 3/9) 
Or Amplifier with volume control and 5" 
x 3" Speaker, 4 -Transistor, 35/-. P.P. 2/- 
9V Starr Player with Pick-up 39/6. P.P. 2/6 
And Two -Tone Case 5/-. P.P. 2/ - 

RECORD/REPLAY/ERASE 
TAPE HEADS 

Marriot Type R/RP/3 i track record - 
replay head and Mullard type TS erase 
head with mounting post. 

Bargain Offer 15 j- Pair. P.P. 1/- * 70012 IMPEDANCE * 
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