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Scottish 

66-67 

Insurance Corporation Ltd 

CORNHILL • LONDON • ECS 

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 of 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 (6) (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 worthwhile AT THE VERY 
LOW COST INVOLVED. If you write to the 
Corporation's Office a proposal will be submitted for 
completion. 

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

THE MANAGER 

SCOTTISH INSURANCE CORPORATION LTD., 

66-67 CORNHILL, LONDON E.C.3 
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fast Mailorder for the Amateur Radio Enthusiast! 

AERIAL EQUIPMENT 
TWIN FEEDER. 300 ohm twin ribbon 
feeder similar K25, 8d. per yard. 75 ohm 
twin feeder, 6d. per yard. Post on above 
feeders and cable, 2/> any length. 
COPPER WIRE. 14G, H/D, 140 ft., 
30/-; 70ft., 16/-. Post and packing 3/3. 
Lengths are only approx. Actually sold by 
weight. 
FEEDER SPREADERS. 6" Ceramic type 
F.S., lOd. each. Postage 2/6 up to 12. 
CERAMIC CENTRE PIECE for dipoles. 
Type AT, 1/6 each. P. & P. 1/-. 
2 METRE BEAM, 5 ELEMENT W.S . 
YAGI. Complete in box with 1" to 
2±" masthead bracket. Price £3.7.0. 
Carriage 5/-. 
SUPER AERAXIAL. 70/80 ohm coax. 
300 watt very low loss, 2/3 per yard. 50 
ohm 300 watt, 2/6 per yard. P. & P. 2/6. 
TOUGH POLYTHENE LINE, type 
ML1 (1001b.). 2d. per yd. or 12/6 per 
100 yds. Type ML2 (220lb.). 4d. per yd. 
or 25/- per 100 yds., ML4 (4001b.), 6d. 
per yd. ideal for Guys, L.W. Supports, 
Halyards, etc. Postage 1/6 on ail line. 

CALLERS PLEASE NOTE 

Our NEW Hours of Business 

Mon, Tues, Wed, Fri & Sat 

9.00 a.m. —- 5.30 p.m. 

Special 

LATE SHOPPING NIGHT 

THURSDAY 

9.00 a.m. — 8.00 p.m. 

NEW BOXED VALVES 
3/6 each. 4 for 10/-. P. & P. 2/-. 

TYPES 
6N7GT 6SF7 6AB7 6SH7 X22 
6AC7 6F7 6SK7 956 Z21 
U.10 MSP4 6G6G IU5 Z22 
958A 

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. Complete with indicator bulb. 
A MUST for any Ham Shack. ONLY 25/- 
EACH. P. & P. 1/6. 
SHORT WAVE KIT, 1 valve only, 45/-. 
Phones, Ant. and Batteries 40/- extra if 
required. Ideal for junior operator. 
VARIABLE CONDENSERS. All 
brass with ceramic end plates and ball 
race bearings. 50pF, 5/9; 100, 6/6; 
160, 7/6; 240, 8/6. Extension for ganging. 
P. & P. 2/-. 
SEALED RELAYS, 12v. 105Q Coil 
Type A. 4 Pole, C.O. 15/-. Type B.2 
Pole, C.O. + 2 Pole Norm, on, 12/6. 
P. & P. 1/6. 

CHAS. H. YOUNG LTD. 

The Widest Range in the Midlands 

★ HIRE PURCHASE f. u VnilNftl+rl 
★ PART EXCHANGE ChaS• "* ■ Ltd* 

At your service G2AK, G3LAY, G3VFV 
Please print your address. No. C.O.D. under £1. 'phone 021-236 1635 

170-172 Corporation Street, 
Birmingham 4 

TRANSISTORS EX STOCK 
AC 107 AC 127 AC 128 AC 176 
AD 149 ADI6I AD 162 ACYI7 ACY20 ACY2I ACY22 

AFI14 AFII5 AFI 16 AFI 17 AFI 86 AF239 ASY26 ASY28 ASZ2I ASY29 BAI 15 BCI07 BCI08 BCI09 

AD 140 12/-   II/- 7/6 7/6 
Hi 

...... Hi AFZN 10/- AFZI2 11/9 4/9 4/9 4/9 
12/- 

51- 41- 6/6 2/6 4/3 4/3 4/3 BCYI0 20/- BCYI2 22/- BCY30 7/ BCY3I BCY32 
BCY33 
BCY34 
BCY38 19/- 
BCY40 16/- 
BCZII 10/- 
BFY50 61- 
BFY5I 51- 
BFY52 61- 
BSX76 31- 
BTY79-400R 27/6 

91- 8/- 
61- 
8/ 

BTY87-I50R 23/- 
BTY9I-I50R 35/- 
BYZI0 II/- 
BYZI2 7/6 
BYZI3 51- 
GETI02 5/4 GET 103 4/4 GETIII 10/- GETS73 10/- OA73 1/6 OCI9 OC20 OC22 OC23 OC24 OC25 OC26 OC28 OC29 OC35 OC36 OC4I OC42 OC43 OC44 OC45 OC7I OC72 OC73 OC75 OC76 OC81 

5/ 33/- 13/- 25/- 
19/- 
.£ 12/- 15/- 9/6 13/- 3/6 41- 41- 31- 31- 31- 4/6 31- 51- 31- 31 OC8ID 31- OC82 4/6 OC82D 4/3 OC83 3/6 DC 123 71- OCI39 12/- OCI40 12/- OCI69 61- OCI70 41- OCI7I OC200 61- 

OC20I 10/- OC202 13/- OC203 OC204 OC205 ORPI2 ORP60 OAS 

8/- II/- 10/6 91- 8/- 31- 
1/6 
1/6 1/6 1/6 1/6 1/6 1,6 21- 21- 

OAIO OA47 OA70 OA79 OA8I OA85 OA90 OA9I OA95 OA200 OA202 2N38I9 II/- 2N3826 61- IB40KI0 19/- ADTI40 12/6 ST 140 31- STI4I 51- MATI00 7/9 MATI0I 8/6 MAT 120 7/9 MAT 121 8/6 TAA263 29/9 2N3528 19/- 2N2926 3/- 2N2646 10/- 2N2I60 14/9 2N1302 51- 2N1303 51- 2N1304 61- 2NI305 61- 2N i 306 61- 2N1307 61- 2NI308 10/6 2NI309 10/6 2N2I47 17/- UL9I4 II/- uL900 II/- uL923 14/- 

© © 

BARGAINS IN 
SEMICONDUCTORS 

ALL TYPES 

L 

COMPONENTS 
7 COPTFOLD ROAD 

BRENTWOOD ESSEX 
BRENTWOOD 7904 
24 HOUR POSTAL SERVICE 

GUARANTEE: AH the above-listed semi-conductor devices are Brand New, First Grade, and guaranteed. We will replace at no charge any device found to be faulty. Further: all devices carry the Manufacturer's name or Trade Mark, type number and batch number. We do not offer for sale devices often described as new and tested" or bearing re-marked type numbers, these often have a short and unreliable life. L.S.T. COMPONENTS. 

WE ALSO STOCK: 
20 Watt Solid State Amplifier Kit—AF11 at £8.8.0. 
Solid State Pre-Amp for above at £6.10.3 Complete. 
Send now for details . . . "S-Dec" Breadboards, 
29/6. i & i Watt S% Carbon film. Sub-min Resistors 
at 4d. ea. Skeleton Presets at 1/6. Mullard Sub-Min 
Electrolytics & Polyester Capacitors. Heat Sink 
for 2 x OC3S, etc., 6/-. Veroboard—All standard 
sizes. Aluminium Chassis & Panels. International 
Rectifier. "Semiconductor Centre" Stockists. Mul- 
lard & Falrchild Integrated Circuits. Handbooks 
of all types. 40 kc/s Tranducers at £5.18.0 pair with 
free circuits. "X"-Line Modules—Solid State ready 
built & tested circuits. 

ALL THE ABOVE & MUCH MORE IN OUR NEW 
1968 CATALOGUE 

I PLEASE SEND I958 CATALOGUE TO: (Block Capitals) 
| I ENCLOSE 1/6 STAMPS. 

I 
| NAME   | 

I ADDRESS    I 
i I 
I    I 
I  :  RC | 
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BUY A LOW-PRICED HI-FI SYSTEM 
A "Package Deal" saves you money 

GARRARD S-33H PLAYER STEREO SP-25 AMP 

A basic system can consist of a suitable 
Record player unit such as the Garrard SP-25 with 
Deram cartridge, a Stereo Amplifier, Model S-33H and two 
SSU-1 Loudspeaker systems. Supplied as kits for a total cost 
of less than £60 FM Radio may be added at low cost at a later date. 
Our Technical Dept. will be pleased to advise on 
this or any other combination of Heathkit Hi-Fi Models. 

LATEST! PORTABLE STEREO RECORD 
PLAYER, SRP-1 Kit £28.6.0 incl. P.T . p.p. 10/1. 

Ready-to-Use £35.4.0 incl. P.T. p.p. 10/b 

Automatic playing of 16, 33, 45 and 
78 rpm records. All transistor— 
cool instant operation. Dual LP/78 
stylus. Plays mono or stereo 
records. Suitcase portability. De- 
tachable speaker enclosure for best 
stereo effect. Two Sin a Sin. special 
loudspeakers. For 220-250V a*c. 
mains operation. Overall cabinet 
size 15-^ a 3{ z lOiin. 

Compact, economical stereo and mono record playing for the whole 
Family—plays anything from the Beatles to Bartok. All solid-state 
circuitry gives room filling volume. 

ENJOY YOURSELF AND SAVE MONEY 

HEATHKIT for Britain Best in Electronic kits 

INSTRUMENTS 
3" LOW-PRICED SERVICE OSCILLOSCOPE. 
Model OS-2. Gomp act size 5" x 71" x 12" deep. 
Wt. only 911b. Y" bandwidth 2 c/s-3 Mc/s iSdB. 
Sensitivity lOOmV/cm. T/B 20 c/s-200 kc/s in four 
ranges, fitted mu-metal CRT Shield. Modern 
functional styling. 

Kit £23.18.0 Ready-to-Use £31.18.0 p.p. 9/- 
5" GEN-PURPOSE OSCILLOSCOPE. Model 
I0-12U. An outstanding model with professional 
spccificaiion and styling. "Y" bandwidth 3 c/s-4.5 
Mc/s i3(lB. T/B 10 c/s-500 kc/s. 
Kit £35.17.6 Ready-to-Use £45.15.0 p.p. 10/6 
DE LUXE LARGE-SCALE VALVE VOLT- 
METER. Model IM-13U. Circuit and speci- 
fication based on the well-known model V-7A but 
with many worth-while refinements. 6" Ernest 
Turner meter. Unique gimbal bracket allows 
operation of instrument in many positions. Modern 
styling. 
Kit £18.18.0 Ready-to-Use £26.18.0 p.p. 7/6 
AUDIO SIGNAL GENERATOR. Model AG-9U. 10 c/s 
to 100 kc/s, su iu li selected. Distortion less than 0.1%, 
10V sine wave output metered in-volts and dB's. 

Kit £23.15.0 Ready-to-Use £31.15.0 p.p. 7/6 
YALVE VOLTMETER. Model V-7AU. 7 voltage ranges 
d.c. volts to 1,500. A.c. to 1,500 r.m.s. and 4,000 peak to 
peak. Resistance 0.1D to 1,000MQ with internal battery. D.c. input resistance HMQ. dB measurement, has centre- 
zero scale. Complete with test prods, leads and standardising 
battery. Kit £13.18.6 Ready-to-Use £19.18.6 p.p. 4/6 
MULTIMETER. Model MM-1U. Ranges 0-1.5V to 
1,500V a.c. and d.c.; 150{j.A to 15A d.c.; 0.2Q [to 20MO. 

SOpA. meter. 
Kit £12.18.0 Ready-to-Use £18.11.6 p.p. 4/6 

R.F. SIGNAL GENERATOR. 
Model RF-1U. Up to 100 Mc/s 
fundamental and 200 Mc/s on 
harmonics. Up to lOOmV output. 
Kit £13.18.0 Rdy-to-Use £20.8.0 
p.p. 6/- 

m 
OS-2 

IM-13U 

V-7A 

RF-1U 
SINE/SQUARE GENERATOR Model IG-82U. Freq. range 20 c/s-1 
Mc/s in 5 bands less than 0.5% sine 
wave dist. less than 0.1 Sp, sec. sq. 
wave rise time. Kit £25.15.0 
Rdy-to-Use £37.15.0 p.p. 10/6 

VISIT THE HEATHKIT CENTRES 
GLOUCESTER Bristol Road Tel. 29451 

LONDON 233 Tottenham Ct. Rd. Tel. 01-636 7349 
BIRMINGHAM 17-18 St. Martin Hse, Bull Ring Tel. 021-643 4386 

Complete your motoring pleasure with this 
outstanding CAR RADIO, Modelcr-i 

Will give you superb LW and MW enter- 
tainment wherever you drive. Tastefully 
styled to harmonise with any car colour 
scheme. Available for your convenience in 
two separate parts, RF Amp. Kit £1.15.0 
incl. P.T. IF/AF Amp. Kit £11.3.6. 

Total Price Kit (excl. Loudspeaker) £12.18.6 incl. P.T. 
p.p. 9/6. 8" \ 5" Loudspeaker £1.16.1 incl. P.T. 

Ellllllllllllllllll 
TRANSISTOR RADIOS 

OXFORD LUXURY PORTABLE. Model 
UXR-2. Specially designed for use as a 
domestic or personal portable receiver. 
Covers L. and M. Wave bands. 7 transistor, 
3 diode, circuit. 7" x 4" loudspeaker for big 
set sound. Heathkit now offer choice of 
Brown or Black real leather case. Excellent 
value at only £15.10.0 Kit inc. P.T. p.p. 6/- 
TRANSISTOR PORTABLE, Model UXR- 
1. Now available in modern colours or real 
leather case. 6 Transistor, 1 diode circuit for 
reliability. Pre-aligned I.F. transformers. 
Covers L.W. and M. Wave bands. 7" x 4" 
loudspeaker for generous sound. Case available 
in colours Navy Blue, Coral Pink, Lime Green 
or Brown Real Leather. Please state second 
choice. Kit £12.8.0 Colour incl. P.T. p.p. 4/6. 

Kit £13.8*0 Real leather incl. P.T. p.p. 4/6. 

UXR-2 

UXR-l 

STEREO TRANSISTOR FM TUNER 
(Mono version also available) 

14 transistor, 5 diode circuit. Tuning 
range 88-108 Mcc/s. Designed to match 
the AA-22U Amplifier. Available in sep- 
arate units, can be built for a total price. 
TFM-IS Kit (Stereo £25.2.6 incl. P.T. p.p. 6/-^ 
TFM-IM Kit (Mono) £21.3.6 incl. P.T. p.p. 6/- 
Cabinet extra £2.5.0. FM Tuner 

SEE HOW EASY-IT-IS TO BUILD 
ANY HEATHKIT MODEL YOURSELF 

Full details of manual only purchase scheme in 
latest catalogue. Remember all Heathkit models 

are fully guaranteed. 
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LATEST! STEREO AMPLIFIER, TSA-12 
12x12 watts output. 
Kit £30.10.0 less cabinet p.p. 10/6 
Cabinet £2.5.0 extra 
Ready-to-Use £38.0.0 incl. cabinet p.p. 10/6 
FOR THIS SPECIFICATION 
• 17 transistors, 6 diode circuit • ± IdB, 16 to 50,000 c/s at 12 watts per 
channel into 8 ohms • Output suitable for 8 or 15 ohm loudspeakers • 3 
stereo inputs for Gram, Radio and Aux. • Modern low silhouette styling 
• Attractive aluminium, golden anodised front panel • Handsome 
assembled and finished walnut veneered cabinet available • Matches 
Heathkit models TFM-1 and AFM-2 transistor tuners. 
Full range power . .. over extremely wide frequency range. Special trans- 
formerless output circuitry. Adequately heat-sinked powerTransistors for 
cool operation—long life. 6 position source switch. 
FULL SPECIFICATION SHEET AVAILABLE 

iiiiiiiiiiiiiiiiiiiiiiiiiiiinm 

LATEST! STEREO TAPE RECORDER, STR-1 

Fully portable—own speakers 

Kit £58.0.0 incl. P.T. p.p. i» u 
) 

Ready-to-Use £70.6.0 incl. P.T. p.p. 10/6 
FOR THIS SPECIFICATION 
• i track stereo or mono record and 
playback at 7^, 3^ and IJ ips • Sound- 
on-sound and sound-with-sound capabili- 
ties • Stereo record, stereo playback, 
mono record and playback on either channel • 18 transistor circuit for cool, instant and dependable operation 

• Moving coil record level indicator • Digital counter with thumbwheel zero 
reset • Stereo microphone and auxiliary inputs and controls, speaker/headphone 
and external amplifier outputs . . . front panel mounted for easy access • Push- 
button controls for operational modes • Built-in stereo power amplifier giving 
4 watts rms per channel • Two high efficiency 8" x 5" speakers • Operates 
on 230V a.c. supply. 
Versatile recording facilities. So easy to build—so easy to use. 
FULL SPECIFICATION SHEET AVAILABLE 

WORLD LEADER IN QUALITY KITSETS 

The instruction manual shows you how to build the model. 

Low-priced STEREO FM RADIO 

STEREO 
DECODER 

SD 
FM 

TUNER 
FM-4U MS. 

HI-FI FM TUNER. Model FM-4U. Available in two units. R.F. 
tuning unit (£2.17.0 incl. P.T.) with I.F. output of 10.7 Mc/s, and I.F. 
amplifier unit, with power supply and valves (£13.13.0). May be used 
free standing or in a cabinet. Last Call. Total Kit £16.10.0 incl. P.T. 
p.p. 10/6 Ready-to-Use price on request 

STEREO DECODER. Model SD-1. Converts FM Mono recievers to 
stereo at low cost. Styled to match Heathkit models FM-4U and AFM-1 
Tuners. Ready-to-Use £12.5.0 p p. 4/6 

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. 
kit £12.14.6, p.p. 7/6 without legs, KIT 
£12.0.0 incl. P.T. p.p. 7/6 

AVON MINI SPEAKER SYSTEM 
6^" Bass, Sf" Treble speakers and crossover unit. 
Kit £5.2.0 incl. P.T. Beautiful Walnut ven- 
eered fully-finished cabinet, £8.18.0, Total price 
Kit £14.0.0 incl. P.T. p.p. 10/6 

Send for this 
Catalogue ... 

... it's FREE! 
36 pages packed with Britain's 
largest selection of electronic Kits. 
Mail coupon or write: 
DAYSTROM LTD., Dept. RC-5 
GLOUCESTER. Tel. 29451. 

SSU-l 

Heathkit 

D 

a AMATEUR" EQUIPMENT 
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 circuits, telescopic 
aerial, tuning meter and large slide-rule dial. 
Kit £37.17.6 Ready-to-Use £45.17.6 
p.p. 10/6 
AMATEUR BANDS RECEIVER. Model 
RA-l. To cover all the Amateur Bands 
from 160—10 metres. Many special features, 
including: half-lattice crystal filter; 8 valves; 
signal strength "S" meter; tuned R.F. 
Amp. stage. 

Kit £39.6.6 Ready-to-Use £52.10.0 p.p. 9/- 
I60-10M TRANSMITTER. Model DX- 
100U. Careful design has achieved high 
performance and stability. Completely self- 
contained. 
Kit £81.10.0 Ready-to-Use £106.15.0 
p.p. 19/6 
COMMUNICATIONS TYPE RECEIVER. Model RG-1. A high performance, low cost receiver for the 
discriminating listener. Frequency coverage: 600 kc/s- 
1.5 Mc/s and 1.7 Mc/s-32 Mc/s. 

Kit £39.16.0 Ready-to-Use £53.0.0 p.p. 9/- 

GC-1U 

RG-1 

C 

3 + 3W Stereo Amplifier, TS-23 

I ncorporating all the essential features 
for good quality sound reproduction 
from record, radio and other sources. 
16 Transistor, 4 diode circuit. Good 
frequency response 6 position selector 
switch. Modern slim line styling. 
While stocks last. 
Kit (less cabinet) £17.15.0 p.p. 10/6 

To DAYSTROM LTD., GLOUCESTER DEFT RC-5 
Please send me FREE BRITISH CATALOGUE □ 
Please send me details of models Q I 

| NAME   
. ADDRESS.. 

Prices and specifications subject to change without prior notice. j Prices ar RC-5 1 
J 
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BI-PAK SEMICONDUCTORS 
8 Radnor House 
93/97 Regent Street 
London W.I 

KING OF THE PARS satisfaction guaranteed 
SUPER PAKS—BRAND NEW 
Untested Semiconductors 

QUALITY-TESTED VALUE PAKS * BARGAINS 
2 Drift Trans. 2NI225 Germ. PNP 100 Mc/s  10/- 6 Matched Trans. OC44/45/8I/8ID 10/- 16 Red Spot AF Trans. PNP ... ... 10/- 6 White Spot RF Trans. PNP ... 10/- 5 Silicon Rects. 3 A 100-400 PIV ... 10/- 2 10 A Silicon Rects. 100 PIV ... 10/- 2 OCI40 Trans. NPN Switching ... 10/- 1 12 A SCR 100 PIV 10/- 3 Sil. Trans. 2S303 PNP  10/- 4 Zener Diodes 250mW 3-I2V ... 10/- 3 200 Mc/s Sil. Trans. NPN BSY26/27 10/- 3 Zener Diodes 400m W 33V 5% Tol. 10/- 4 High Current Trans. OC42 Eqvt.... 10/- 2 Power Transistors I OC26 I OC35 10/- 5 Silicon Rects. 400 PIV 250mA ... 10/- 4 OC75 Transistors Mullard Type... 10/- 1 Power Trans. OC20 100V... ... 10/- 4 OA202 Sil. Diodes Sub-min. ... 10/- 2 Low Noise Trans. NPN 2N929/30 10/- 1 Sil. Trans. NPN VCB 100 ZT86 ... 10/- 8 OAS I Diodes  10/- 4 OC72 Transistors Mullard Type ... 10/- 4 OC77 Transistors Mullard Type ... 10/- 5 Metal Alloy Transistors Mat. Type 10/- 4 Sil. Rects. 400 PIV 500mA ... 10/- 5 GET884 Trans. Eqvt. OC44 ... 10/- 5 GET883 Trans. Eqvt. OC45 ... 10/- 2 2N708 Sil. Trans. 300 Mc/s NPN... 10/- 5 GT4I/45 Germ. Trans. PNP Eqvt. OC7I  10/- 3 GT3I LF Low Noise Germ. Trans. PNP  10/- 6 IN9I4 Sil. Diodes 75 PIV 75mA ... 10/- 8 OA95 Germ. Diodes Sub-min. 10/- 3 NPN Germ. Trans. NKT773 Eqvt. AC 130  10/- 2 OC22 Power Trans. Germ. ... 10/- 2 OC25 Power Trans. Germ. ... 10/- 2 OC73 Mullard Trans 10/- 4 ACI28 Trans. PNP High Gain ... 10/- 2 AC 127/128 Comp. pair PNP/NPN 10/- 3 2N1307 PNP Switching Trans. ... 10/- 
7 CG62H Germ. Diodes Eqvt. OA7I 10/- 
3 AFI 16 Mullard Type Trans. ... 10/- 

12 Assorted Germ. Diodes Marked... 10/- 
4 AC 126 Germ. PNP Trans. ... 10/- 
I ORP6I Photo-conductive cell ... 10/- 

4 Silicon Rects. 100 PIV 750mA ... 10/- 3 AFI 17 Trans. Mullard Type ... 10/- 7 OC81 Type Trans 10/- 
3 OCI7I Trans.,Mullard Type ... 10/- 3 2N2926 Sil. Epoxy Trans 10/- 7 OC71 Type Trans 10/- 

25 Trans. Heatsinks fit TOI8, TOI I,... 10/- 2 2S70I Sil. Trans. Texas  10/- 3 12 Volt Zeners 400mW 10/- 2 10 A 600 PIV Sil. Rects. IS425R ... 10/- 3 BCI08 Sil. NPN High Gain Trans. 15/- 1 2N9I0 NPN Sil. Trans. VCB 100 80 Mc/s  15/- 2 1000 PIV Sil. Rect. 1.5 A RS3I0 AF 15/- 3 BSY95A Sil. Trans. NPN 200 Mc/s 15/- 3 OC200 Sil. Trans. Mullard ... 15/- 2 Sil. Power Rects. BYZI 3 15/- I Sil. Power Trans, NPN 100 Mc/s TK20IA  15/- 6 Zener Diodes 3-I5V Sub-min. ... 15/- I 2NII32 PNP Epitaxial Planar Sil. Trans. ... ... ... ••• 15/— 3 2N697 Epitaxial Planar Trans. Sil. 15/- 4 Germ. Power Trans. Eqvt. OCI6 Mullard ... ... ... ... 15/- 1 Unijunction Trans. 2N2646 ... 15/- 2 Sil. Trans. 200 Mc/s 60Vcb ZT83/84 15/- I Sil. Planar Trans. NPN 100 Mc/s BSY25  15/- I Tunnel Diode IN3720 (TD5) G.E.... 15/- 1 Unijunction Trans. 2N2I60 TO-S can G.E. ... ... ... ... 15/- 2 Sil. Rects. 5 A 400 PIV Stud Type... 15/- 2 Germ. Power Trans. OC28/29 ... 15/- 110 A Sil. Stud Rect. 800 PIV ... 15/- 1 Tunnel Diode AEYII 1050 Mc/s STC  15/- 2 2N27I2 Sil. Epoxy Planar HFE225 max. 6 BY 100 Type Sil. Rects. 25 Sil and Germ. Trans. Mixed, all marked New 10 New Power Trans. GEC replaces OC16/26/28   4 OA 10 Diodes Mullard   

15/- 20/- 
30/- 
30/- 10/- 

FREE 
One 10/- Pack of your own choice free with orders valued £4 or over. 

TESTED DEVICES 
AC 125 . 2/3 NKT78 ... 5/6 
AC 176 . 5/6 OC44 1/9 AFI 39 . 10/- OC45 1/9 AFZI2 . 10/- ST 140 3/- BCI07 ■ 5/- STI4I 41- BCI08 • 5/- 2N696 416 BCI09 . 51- 2N697 51- BCY33 ■ 51- 2N1090 ... 4/9 BCY34 . 61- 2NI306 .. 41- BCZI0 . 5/- 2N2I47 .. 151- BCZI1 . 61- 2N2894 .. 61- BFY50 • 71- 2N38I9 15/- BFY5I ■ 7/6 2N3820 251- BFY52 . ' 7/6 2S302 51- MAT 100 . . 3/- 2S303 41- MAT 120 . 3/6 2S304 6/- NKT773 . • • 41- 

TRANSISTOR MANUAL e 
CIRCUITS, APPLICATIONS CHARACTERISTICS, THEORY. 647 PAGES 

30/- each 

S.C.R. 

INC. P.P. 2/6 L.A. S.C.R's G.T. SWITCHES THEORY. RATINGS, APPLICATIONS. 
MANUAL by g.e. 

UNIJUNCTION 
UT46, Eqvt. 2N2646, 
Eqvt. TIS43. BEN3000 

7/6 EACH 

SIL. RECTS TESTED 
PIV 750mA 3A I OA 30A 

50 II- 3/- 4/6 9/6 100 2/3 200 2/6 300 3/- 400 3/6 500 4/- 600 4/3 800 4/9 

61- 15/- 6/6 20/- 61- 121- 91- 251- 9/6 30/- 71- 10/- 37/- 61- 15/- 40/- 

3/6 4/6 4/9 61- 6/6 

1000 6/- 10/- 17/6 50/- 

SCR's 
LOWEST PRICE LARGEST RANGE 

PIV I AMP 7A I6A 30A 
25 — 7/6 — 30/- 50 7/6 8/6 10/6 35/- 100 8/6,10/- 15/- 45/- 200 12/6 15/- 20/- 55/- 300 15/- 201- 151- — 400 17/6 25/- 35/- 80/- 500 30/- 40/- 45/- 95/- 600 — 40/- 50/- — 

ORPI2. ORP60 8/6 each 

PRINTED CIRCUITS 
Ex-Computer Packed with semi- conductors and com- ponents. 8 boards give a guaranteed 30 trans, and 30 diodes. Our price 8 boards 10/- Plus 21- 
P.P. 

INTEGRATED 
CIRCUITS 

UL900 UL9I4 UL923 TAA263 

II/- II/- 14/ 21/- 

PAK NO. 
Ul 120 Glass Sub-min General Pur- pose Germanium Diodes U2 60 Mixed Germanium Transistors AF/RF   75 Germanium Gold Bonded Diodes Sub-min Sim. OAS, OA47 40 Germanium Transistors like OC81, AC 128   60 200mA Sub-min Sil. Diodes ... 40 Silicon Planar Transistors NPN Sim. BSY95A, 2N706   16 Silicon Rectifiers Top-Hat 750mA Vltg. Range 0-1000 50 Silicon Planar Diodes DO-7 Glass 250mA Sim. OA200/202 ... U9 20 Mixed Volts I Watt Zener Diodes UI0 20 BAY50 charge storage Diodes DO-7 Glass   UN 30 PNP Silicon PlanarTransistors TO-5 Sim. 2NI 132   UI2 12 Silicon Rectifiers Epoxy 500- mA up to 800 PIV UI3 30 PNP-NPN Sil. Transistors OC200 & 2SI04  UI4 150 Mixed Silicon and German- ium Diodes UI5 30 NPN Silicon Planar Trans- istors TO-5 Sim. BFY50, 2N697 UI6 10 3 Amp Silicon Rectifiers Stud Type up to 1000 PIV UI7 30 Germanium PNP AF Transist- ors TO-5 like ACYI7-22 UI8 8 6 Amp Silicon Rectifiers BYZI3 

10/- 
10/- 
10/- 
10/- 10/- 
10/- 
10/- 
10/- 
10/- 
10/- 
10/- 
10/- 
10/- 
10/- 
10/- 
10/- 
10/- 

   10/- Silicon NPN Transistors like BCI08  10/- U20 12 1.5 Amp Silicon Rectifiers Top Hat up to 1000 PIV  10/- U2I 30 AF. Germanium Alloy Tran- sistors 2G300 Series & OC7I ... 10/- U22 10 I Amp Glass Min. Silicon Rectifiers'High Volts ... ... 10/- U23 30 MADT's like MAT Series PNP Transistors ... ••• '0/- U24 20 Germanium I Amp Rectifiers GJM Series up to 300 PIV ... 10/- U25 25 300 Mc/s NPN Silicon Tran- sistors 2N708, BSY27 ... ... 10/- 
U26 30 Fast Switching Silicon Diodes like I N9I4 Micro-Min. ... ... 10/- U27 12 NPN Germanium AF Transis- tors TO-1 like AC2I7 .10/- U28 Experimenters Assortment of Integrated Circuits, Untested. Consisting of Gates. Flip-Flops, Buffers, Registers, etc. in Flat- Pack & Dual-in-Line, 8 Assorted Pieces  20/- 

Type up to 600 PIV UI9 30 f ~ 

Code No.'s mentioned above are given as a guide to the type of device in the Pak. The devices themselves are normally unmarked. 
0CP71 IMPnDTAMT MHTtrP WE HAVE NOT CHANGED OUR NAME OR ^AlXA^ATEp utrfl IHI'UKIANI NUIIVX W|TH any OTHER pak firm, you can only obtain 

8/6 OUR ADVERTISED STOCK BY SENDING TO; C.W.O. please add 11- P-J-P- ^i"- Order 10/- 
EACH BI^Aj^EMICONDUCTORSj^ADNOr^JOUSEjMjjJ^EGEhT^Tjj^NDONJAM 

BOUND VOLUME No. 20 

of "The Radio Constructor" 

-AUGUST 1966 to JULY 1967- 

a FOR YOUR LIBRARY 

T PRICE32'6 Postage 4'6 

Special discount at 10''- tor regular readers 
Where the 12 monthly issues making 
up the volume are returned, the 
price is only 22/6 plus 4/6 postage 

Comprising 
780 pages 
plus i.ndex 

LIMITED NUMBER OF VOLUME 19 (August 1965-July 1966) still available. Same prices as above. 

Available only from: 

DATA PUBLICATIONS LTD., 57 MAI DA VALE, LONDON, W9 
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Nearly 1,700 Circuits and Diagrams plus full repair data for 

mnrauR models 

1968 RIGHT BACK TO 1965 

RADIO & TV SERVICING 

Big time-saving repair library to 
step up your earnings 
Now off the Printing Presses—a great new edition of RADIO 
ft TV SERVICING, to save your time, to boost your earning- 
power. Packed with CIRCUITS, REPAIR DATA and vital infor- 
mation, it covers all the popular 1965-1968 TVs, Radios, 'Grams, 
Record Players and Tape Recorders—including latest data on 
COLOUR TV. Thousands of sets of 
previous editions sold. Now you can 
examine this big NEW edition free for a 
week. 3 handsome volumes—over 
1,500 pages written by a team of re- 
search engineers—there's no other 
publication like it. Speeds up repair 
work for year after year. Hurry—send 
no money simply post the 
coupon below . . . There can be no 
reprint once stocks are sold and 
there's absolutely no obligation 
to buy under this free trial offer. 

Great Nt" 
EDITION 

miv 

FIF""' lit V" M f RIM < 1 MR 
"71 ^ « 

(3> CK>« 

CIRCUIT DIAGRAMS 

T RI9 

Ci3 •*5 

T5 
PRINTED PANEL DIAGRAMS 

M13C27 
C',JC6„ H5#I.L! IW- 19 ^cir 

r>0 TAO VTI"' 
2 ..2 ^->vW5 

FULL DATA AND CIRCUITS 
FOR REPAIR OF 

• TELEVISIONS including 

COLOUR TV 

RADIOS, RADIOGRAMS 
CAR RADIOS 
RECORD PLAYERS 
TAPE RECORDERS 

SERVICING DATA FOR ALL THESE MAKES 
Aiwa, Alba, Baird (including colour TV), Beogram, Beoiit, Bush, Carousel, 
Cossor, Dansette, Decca, Defiant, Dynaport, Dynatron, Eddystone, Ekco, 
Elizabethan, Ever Ready, Ferguson, Ferranti, Fidelity, G.E.C. (including colour 
TV), Grundig, H.M.V., Kolster-Brandes, Hitachi, Invicta, McMichael, Marconi- 
phone, Masteradio, Motorola, Murphy, National, Newmatic, Pam, Perdio, 
Peto-Scott, Philips (including colour TV), Portadyne, Pye, Radiomobile, 
R.G.D., Regentone, Roberts' Radio, Sanyo, Sharp, Smith's Radiomobile, 
Sobell (including colour TV), S.T.C., Sony, Standard, Stella, Stereosound, 
Teletron, Thorn, Trans Arena, Ultra, Van Der Molen, World Radio. 

COMPONENT LAYOUT 
DIAGRAMS 

cono SECunco m •LOT M OWVE DRUM CURSOR 
4 TURHSOM^ DRIVE DRUM (CR"I 

DRIVE-CORD DIAGRAMS 

boMpoM lUHELR 

UHF' ""f™ VHF — - OSC I osc 

BLOCK DIAGRAMS 

PI IICLATEST 

rtmUO DEVELOPMENTS 
IN RADIO AND TELEVISION 
Including—Integrated Tuners, Stereo Multiplex 
Broadcasting—The Zenith-G.E. System: Re- 
ceiver, Decoder and adjustments. Aerial, etc. 
Colour TV Receivers, Colour TV Test Card F, 
Servicing Transistor Equipment, Chemical Aids 
to Servicing, Batteries and Rechargeable Cells, 
Sound-on-Sync., Double Line Sync., Silicon 
Transistors, etc. 
IT'S SENT TO YOU 
CARRIAGE-PAID ON 7 DAYS 

FREE 

TRIAL 

Absolutely no obligation to buy 

OVER 1,500 PAGES, PACKED WITH CIRCUITS, 
COMPONENT LAYOUT DIAGRAMS, PRINTED PANEL 
DIAGRAMS, TABLES AND WAVEFORM GRAPHS 
Handsomely bound in rich maroon and gold. 

j Buckingham Press Ltd., 18-19 Warren Street, London, W.l. j 
| Please send Radio and TV Servicing—3 volumes, without I 
(obligation to buy if you accept my application. I will return J 

the books in 8 days or post: 
Tick(Y) □ Full cash price of £12, or  ■ 

I here □ 15/. ancj monthly payments of 15/-. | 
If you are under 21 your father must fill up coupon. 

I Full Name   —     1 
- (Block letters) 
| Address     1 

County    
Occupation... 
Signature ... 

The address on left Is Wy/our property f) 

f Mr. 
.. s Mrs. 

tMiss 
Credit price £12 15s. For Eire & N.I. send £12 
with coupon. Elsewhere overseas add 10/- 
p & p' RY3/3662 

Rented ,—■ unfurnishedLJ 
□ I Temporary . ■ addressLJ I 

H none of the above I please answer here a 
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THE MODERN BOOK CO 

The Radio Amateur's Handbook. 1968. ed. by 
A.R.R.L. 45s. Postage 4s. 

Transistor Radio Servicing Made Easy. By 
W. Lemons. 20s. Postage 1s. 

Fet Circuits. By R. P. Turner. 25s. Postage 1s. 

Mullard Data Book 1968. 3s. 6d. Postage 6d. 

Colour Television. Pal System. By G. N. Patchett. 
40s. Postage Is. 

Modern Tape Recording and Hi Fi. By K. Peters. 
30s. Postage 1 s. 

Loudspeakers and Loudspeaker Cabinets. By 
P. W. Van Der Wal. 15s. Postage Is. 

World Radio TV Handbook. 1968 ed. 42s. 
Postage 1s. 

Radio Valve Data 8th ed. compiled by "WW" 
9s. 6d. Postage Is. 

Elementary Telecommunication Principles. 
By R. N. Renton. 30s. Postage 1s. 6d. 

Practical Wireless Service Manual. 12th ed. 
Newnes. 25s. Postage 1s. 

Everyman's Wireless Book. Newnes. 21s. Postage 
1s. 

Troubleshooting Audio Equipment. By M. 
Horowitz. 25s. Postage 1s. 

Colour Television Explained. By W. A. Holm. 
21s. Postage Is. 

Q & A Transistors. By C. Brown. 8s. 6d. Postage 6d. 

Transistor Pocket Book. By R. G. Hibberd. 25s. 
Postage 1s. 

Servicing Electronic Organs. By C. R. Pittman. 
30s. Postage 1 s. 

Short Wave Listening. By J. Vastenhoud. 12s. 6d. 
Postage 1s. 

We have the Finest Selection of English and American Radio Books in the Country 

19-21 PRAED STREET (Dept RC) LONDON W2 

Telephone PADdington 4185 

DISTRIBUTED BI-PRE-PAK LTD. DEPT. E. <;PMir.nNniir.TnRS " 222-224 west road, westcliff-on-sea, ESSEX btlYllbUnUULIUna EXCLUSIVELY BY phone SOUTHEND (0SO2) 46344 

3 

LOOK—TRANSISTORS 1/- EACH 
SILICON * PLANAR ★ N.P.N. * P.N.P. 

All these types available 

2N929 2S50I 2N726 2N706 2N706a 2N301 I 

2SI3I 2S5I2 25102 25103 25104 2N2220 

2N696 2N697 2N1507 2NI6I3 2NI7I I 2N2483 

25731 25732 25733 2N743 BFY10 2N2I94 
ALL TESTED AND GUARANTEED TRANSISTORS — UNMARKED. Manufacturers over-runs for the new PRE-PAK range. 

No. 
Al A3 A9 A15 B1 B2 B3 B5 B6 B8 B9 BIO B2I B42 

PRE-PAKS 
6 Silicon rectifiers BY 100 type 20 Mixed marked and tested trans. 1 2N 174 real power trans 80 V I SOW ... 2 Power Comp. Pair. AD16I/2 50 Unmarked, untested, trans., new 4 Solar cells, inc. Book of Instructions ... 4 OAS gold bonded, diodes, Mullard ... 7 Matched set, OC44, 45/8 ID/81 + diode 15 Red spot A.F. trans, or white spot R.F. 2 Power trans. OC26 and OC35 type 1 Light sensitive cell, ORPI2 type 10 50V trans, germ. PNP latest type 2 Sil. recs. 10 amp., 50-100 PIV ... _ 5 Switching trans. TK22C STC B66 150 Germanium diodes, untested ... C2 I Unijunction, 2N2160 or 2N2646 2 RF power trans., OC22 and BUYI I 4 Sil. recs. 800 PIV } amp. top hat ... 2 Power trans. TK400A/NKT404 VCB64 IC 8 amp. 

C4 C31 C32 

Price 
20/- 20/- 20/- 20/- 10/- 10/- 10/- 10/- 10/- 10/- 9/- 10/- 10/- 10/- 10/- 15/- 15/- 15/- 
15/- 

70 amp. 400 PIV. SCR's SPECIAL OFFER... 70/- 

EXCITING NEW PARS FOR AMATEURS, PROFESSIONALS, FACTORIES, ORGAN BUILDERS AND THOSE EXCITING NEW ^ ^ USE QUA^T,T,ES pf TRANSISTORS  

XA PAX 
Germanium PNP type tran- sistors, equivalents to a large part of the OC range, i.e., 44, 45, 71, 72, 81, etc. 
PRICE £5 PER 1000 

XB PAK Silicon TO-18 CAN type tran- sistors NPN/PNP mixed lots, with equivalents to OC200-I, 2N706a, BSY95a, and BSY27-29. 
PRICE £5.5.0 PER 500 
PRICE £10 PER 1000 

XC PAX 
Silicon djodes types.   liniature glass finished black with polarity marked equivalents to OA200, OA202, BAY3I-39. DKI0, etc. 
PRICE £5 1000 

All the above untested packs have an average oi /o-/o or my.c »«««       - with these orders. Orders must not be less than the minimum amounts quoted per pack. P/P 2/6 Per Pack (U.K.)        
THESE VERY POPULAR UNTESTED BRAND NEW TRANSISTOR PACKS ARE STILL AVAILABLE. 

TRANSISTORS 10/-  """""" nt BSY95A NPN Silicon 
1000 PIV I amp Min. Silicon 10 

OC BSY26-27 NPN Silicon ■fA 10 Watt Silicon ■ All Voltages BFY50-5I-52 NPN Silicon 

DIODES 
TRANSISTORS 

ZENERS 
TRANSISTORS 

10/- 
10/- 
10/- 
10/- 

•I A 4 amp. Stud. ,w Silicon 
nr BC107-8-9 NPN Silicon 
A(\ IN9I4-6 Sub. Min. Silicon 
CA Min. Germ. High Quality 
•) C 2N706 A NPN Silicon 

RECTIFIERS 10/- 
TRANSIST0RS 10/- 

DI0DES 10/- 
DI0DES 10/- 

TRANSISTORS 10/- 

TRANSISTORS 
AC107    
AC126   
AC127   
AC128   
ACY17   
AF114   
AF115   
AF116   
AF117   
AF118   
AF119    
BCZ11   
BFY50   
BSY25   ...... 
BSY26   

PRICE 
«/- 2/6 
2/6 
hi 
t 31- 
*1- 3/4 
3/4 
5/- 
31- 
T 

BSY27     3/- BSY28     3/- BSY29     3/- BSY95A    3/- OC41     2/6 OC44 ...... 1/11 OC45     1/9 OC71     2/6 OC72     2/6 OC73     5/- OC81     2/6 OC81D    2/6 OC83 ......   4/- OC139     2/6 OC140   3/6 

OC170 
OC171 ... 
OC200 ... 
OC201 ... 
2G301 ... 
2G303 .. 
2N697 . 
2N706 . 
2N711 . 
2N1302 .. 
2N1303 .. 
2N1304 .. 
2N1305 .. 
2N1306 . 
2N1307 .. 
2N1308 
2N1309 . 

3/- 
4/- 
5/- 8/- 
2/6 
2/6 
219 
2/6 

10/- 
4/- 
4/- 
5/- 
5/- 6/- 
6/- 
8/- 
8/- 

2S303   2/6 
POWER TRANSISTORS 

OC20 
OC23 
OC25 
OC26 
OC28 .... 
OC35 .... 
OC36 .... 
DIODES 
AAY42 .... 
OA9 .... 
OA10 ... 
OA70 ... 
OA79 ... 
OA81 
OA182 

10/- 
10/- 
81- 
7/6 

21- 
V- 
21- 1/» 
1/9 
1/9 
21- 

FREE * * 
Packs of your own choice to the value of 10/- with all orders over £4. 

SEND FOR OUR FREE LISTS AND CAT- 
ALOGUE OF ALL OUR PRODUCTS. CHECK 
YOUR OWN EQUIVALENTS WITH OUR 
FREE SUBSTITUTION CHART. 

NO CONNECTION WITH ANY OTHER FIRM 
MINIMUM ORDER 10/- CASH WITH ORDER 
PLEASE. Add I/- post and packing per order. 
OVERSEAS ADD EXTRA FOR AIRMAIL. 

Great News 
We now give a written guarantee with all our tested semi-conductors. 
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/j 

r 

the 

professional 

k breadboard 

S-DeC 

The DeC is a professional breadboard used by government and 

industrial development laboratories as well as educational estab- 

lishments. This British product is distributed throughout the 
world and over SO0/,, of the production is exported. 

o—o—o—o—o 
o—o—o—o—o 
o—o—o—o—o 
o—o—o—o—o 
o—o—o—o—o 
o—o—o—o—o 
o—o—o—o—o 

The diagram shows the layout of the contacts 
on S-DeC. Each S-DeC contains two separate 
panels, permitting most electronic building blocks 
to be accommodated. DeCs may be joined using 
the keying method provided to form a stable 
area of any size. The connection points are on 
a |in. matrix. Components are simply pushed 
into the contacts and may be withdrawn at will. 
Insertion, Withdrawal Force 90 gm. wt. 
Capacitance between ad jacent rows of contacts 3pF... 
Resistance between adjacent contacts   10mQ 
Resistance between adjacent rows of contacts 1010Q... 

Each kit contains accessories which include a panel 
for mounting controls. This panel simply slots into 
the DeC base. Other accessories include springs for 
making solderless connections to controls and clips 
for mounting such things as ferrite rod on the panel. 

Every kit contains a booklet of circuits with full* details of the assembly on S-DeC. Circuits in- clude details for amplifier, receiver, radio microphone, flasher, morse code pratice set, binary counter and light switch. 

SINGLE DeCs. One S-DeC with Con- 
trol Panel, Jig and Accessories for solder- 
less connections to controls, etc., with 
booklet "Projects on S-DeC" giving 
construction details for a variety of 
interesting circuits   29/6 retail £5/17/6 retail. 

4-DeC KIT. Four S-DeCs with two 
Control Panels, Jig and Accessories and 
the booklet "Projects on S-DeC" all 
contained in a strong attractive plastic 
case. Ideal for the professional user   ^ three transistor reflex 

3 

Note 
the use of 

accessories receiver mounted on S-DeC 

In case of difficulty available direct from the manufacturer 
(please enclose 6d. postage and package on S-DeC and 2/6 on 4-DeC Kit) 

* available from leading component suppliers 

S. D. C. PRODUCTS (Electronics) LTD., 
Corn Exchange * Chelmsford • Essex • OCH5 56215 
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HOME RADIO (Hitcham) LTD., Dept. RC, 187 London Rd., Mitcham CR4 2YQ, 

Read any good 

books lately 7 

Many people find our Components Catalogue invaluable, 
especially when searching for rare and difficult items. We 
wonder however if they realise that in the latest edition, 
the Book Section alone lists over 300 titles, covering all 
aspects of Electronics, T.V., Radio and Hi-Fi, each with a 
brief description of the contents. 
Set out below are just a few. If you are interested in the 
complete list we suggest you send for our catalogue, price 
7/6 plus 21- p.p. Every catalogue contains 5 Vouchers, 
each worth 1/- if used as directed. Send the coupon with 
your cheque or P.O. for 9/6. 

I. AUDIO, HI-FI AND TAPE RECORDING 

Phone: 01-648 3282 

Title *utn°r mSf"''" P°g»0 
One ofnaP5le,lCof't,onur Philips paperbacks covering the syllabus 'he former 

Author E. J. Black 
One of a set of four Philips paperbacks covering -j.- "From the electron to the superhet. Covers A.F. and R.F. amplification, detection and servicing notes. 10/6 
AmHi/v nimlitv G* Slot lllff® 167 
A Philips paperback dealing with the problems of H'-F'-Jhe sort of book 

which can be read without causing mental indigestion. 13/6 
G. A. Briegs Wharfedale 112 

A short introduction to woodworking, also a few cabinet designs and instruc- tions for fixing the well-known "Tygan" covering material. 7/6 
Hi-Fi amplifier circuits E. Rodenhuis SKTf Lttlwy25 

An extended version of the well-known Mullard "Circuits for aVdi® It gives the single ECL86 3-W amplifier. 10-W amplifier using two ECL86 20-W using two pairs of EL84, A 10-W single-ended push-pull, plus most of the original circuits. 25/- 
Loudipeakar, G. A. Briggs Wharfedale 336 Widely recognised as the bible of loudspeakers, their design, development and applications. Warmly recommended to anyone interested in this subject, zo/- 
Magnetic recording handbook R. E. B. Hickman Newnes 191 
Deals with the early developments of recording, the basic requirements tape recorder and a long chapter on commercial equipment. Z7/6 
Questions and answers on audio C. Brown Newn®* .,®4 

A neat little book covering all aspects of audio from stereo reproduction, amplifiers and loudspeakers to loudspeaker enclosures. 8/6 
Records and gramophone equip. E. N. Bradley .{JJ A "How it works" book covering design and construction of amplitiers, pick ups, loudspeakers, autochangers, etc. 8/6 
Your book of tape recording K.Peters Faber 87 
Young person's guide to the tape recorder and its applications, dealing with taping as a hobby, and a glimpse into its possible future. 12/6 

2. ELECTRICITY . , . _,n Technical 570 Press 
This book employs the well-known picture book method—is really a book to Basic electronics, most strongly recommended. Also available in rive separate volumes. 70/- 
Beginners guide to automobile J. H. M. Sykes Newnes 174 
Covers generation of power, control equipment, distribution, ignition, battery, lights, fuel pumps, etc. 15/- 
Notes for radio mechanics , . , . . *1 nl?u Employs the well-known picture book method and explains the fundamentals of electricity as well as components, with the minimum of maths, strongly recommended. 15/- 

5. RADIO 
Title Author Publisher Poges Foundations of wireless M. G. Scroggie lliffe The latest edition of this famous textbook, now with chapters on transistors. Nearly a quarter of a million copies have been sold. 21/- 
Outline of radio and television J. P. Hawker Newnes 400 A very comprehensive book, readable, practical and right up-to-date, fcven includes details on decoders and a brief mention of the P.A.L. system of colour T.V. 30/- 

228 Radio circuits, a step by step Miller/Spreadbury lliffe 
A survey of valve and transistor circuits, both A.M. and F.M., from the mentals to the complex, including some fold-out circuits. Its aim is to teach the reading of circuit diagrams. 25/- 
Radio receiver servicing J. T. Frye Foulsham/ 222 Sams 
Highly recommended for its down-to-earth approach to radio servicing and the way it presents old "dodges" and new techniques. 25/- 
Radio servicing L. Butterworth E.U.P. 258 Covers latest valve and transistor circuits. Each chapter concludes Wlth ®*®r" cises. Recommended for the beginner who has grasped basic circuits. 10/6 
Radio, television, electrical repairs R. C. Norris Odhams 576 
Thirty chapters covering mains, battery and car radios, valve and transistor TV, record players, Hi-Fi equipment, tape recorders, domestic appliances and wiring. 50/- 
Short wave amateur radio J. Schaap Philips Tech-158 (PAOHH) nical Library 
Guide to amateur radio for the beginner, covering receivers, aerials, trans- mitters and test equipment. Four fold-out sections give details of construction or T.R.F. and superhet receivers, and a transmitter. 22/6 
Short wave liitening J. Vaitenhoud lliffe 107 
A Philips paperback. Covering propagation of radio waves, construction of aerials, choice of receiver and rules for reporting long distance signals, iz/o 

P. Hawker R.S.G.B. 100 

Basic electricity 

3. ELECTRONIC MUSICAL INSTRUMENTS 
Douglas/Astley Pitman 76 Transistor electronic organs 

r100%a pracfical book covering oscillators, swell registers, percussion and reverberation circuits. 18/- 

Technical topics for the radio 
A collection of articles which appeared under "Technical topics" in the R.S.G.B. Bulletin. A mine of information for anyone who can construct units from basic information. Strongly recommended. 10/6 

6. SEMICONDUCTORS Principles of transistor circuits S.W.Amos lliffe zv* 
Third edition of what is probably the best book on transistors and their use in common circuits. There is some mathematics but this is unavoidable. Strongly recommended. 25/- 

L. C. Lane lliffe 263 Servicing transistor radios and 
A^ook which should appeal to the amateur and apprentice, covers the theory of transistor circuits found in radios. 42/- 
Transistor pocket book R. G. Hibberd Newnes 304 An up-to-date, readable book covering theory of sermconductor devices. Then audio amplifiers, oscillators, receivers, switches, D.C. amplifiers, power supplies, etc. 25/- 

PAL colour television 
7. TELEVISION Mullard 94 

The most up-to-date and authoritative book on this subject. Published April 1967 With fold-out diagrams of complete receivers. For the service engineer. 12/6 
Understanding television J. R. Davies t V 
A readable book taking us up to the latest developments in colour ••*. All fundamental circuits discussed in detail with some illustrations of possible faults. 37/6 

8. TEST EQUIPMENT Oscilloscope measuring technique niealPLibrary 
A huge book! In 3 parts; Part One, the oscinoscopeitse'tooverinathe operation of the tube, the power supply, timebase units of all types, a™?'1*?";;™ frim techniques in every detail; Part Three covers,!? practical application*, Irom 
studying fluorescent lamps, television to examining camera shutters, word on the oscilloscope. 5gns 
Practical oscilloscope handbook R. P. 7""rnfr . iinusuirfeature is the As the title indicates this is a most practical book. An unusual feature chapter on photographing the screen. 25/- 

Basic electronics 

Name.. 

4. ELECTRONICS , . Technical 625 Press 
I mpossible to recommend too highly. From it the begjnner can acquire a sound knowledge in a most enjoyable manner since everything is explained by means of pictures. 82/- 
Electronics for young W. E. Pearce Bell 160 A#|#i 
A very unusual book containing 71 experiments in electronics, the parts for | TGSS which are simple and inexpensive, mostly handmade. 18/6 
Practical robot circuits A. H. Bruinsma Philips Tech-125 meal Library 
An introduction to electronic sensory systems, including a design for a robot dog which comes when whistled. 21/- 
Your book of electronic. T. L. Squire, Feber J4 

A good book for the beginner, covers the simple theory of the valve, transistor, telstar, electron-microphone, radar, etc. 10/6 
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I Home Radio (Mitcham) Ltd., Dept. RC. 187 London Rd., Mitcham, CR4 2YQj 
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The "Spontaflex" S.A.4 

Transistor Portable 

by SIR DOUGLAS HALL, K.C.M.G., M.A. (Oxon.) 

Our contributor again presents an ingenious circuit which offers optimum 
performance from a minimum of transistors. By modifying the Spontaflex circuit 
to take a Super Alpha pair, the first two transistors can be reflexed on both r.f. 
and a.f. Also, the input impedance presented to the ferrite aerial coil becomes so 
high that exceptionally sharp selectivity is achieved with a single tuned circuit. 
To maintain the desired L/C ratio, the aerial coil is tuned by moving the ferrite 

rod in and out of its former 

WHEN TWO TRANSISTORS ARE CONNECTED IN 
series, each in the common collector con- 
figuration, the result is known as a "super 

alpha pair" and, ignoring certain inevitable losses, 
the combination acts as a current amplifying device 
which provides the same amplification as would a 
single transistor with an amplification factor equal 
to the product of the amplification factors of the 

two transistors. For example, two transistors, each 
with a gain of 100 will behave in a "super alpha 
pair" in the same manner as a single transistor with 
a gain of 10,000. 

The circuit is normally used in low frequency 
pre-amplifiers where it is required to convert a 
high input impedance of, say, IMH to a low output 
impedance of about lOOfl. 

t0c 

TR|,TR2 
Lead-outs 

^ dot 

TR3 
Lcad-outs 

TR4 
Lead-outs 

- —9V 

WW 
MO 

II 
TR 

MBr —KE) 

C3 TR VC 

C2 
<-7 C8 Sta -IK VR 

l4 ! £1-2 
J L.S 

ww 1-3211 TR 3n 
VR2 

C6 
-II- WWM 

"2 C9 ::di 
slb 

—1 

Fig. 1. The circuit of the Spontaflex S.A.4 receiver 
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1072 

Slot in panel 

Plastic clip 

Tight grommet Rubber band Loose fitting 
174 . ^ grommet 

-'m* / 6BA bolt Li - IbOt Cord 
L2-IOt / 
.L L 

Plug 

r 3/4 3/4 

EEL Fernte rod 

C2 Rubber band 

Thin flex 
300t 

J/21 Spindle of control 
VR, 

3/l6 Plywood 
Screw Screw 

hole O 
Screw 
Me hole 

3/8 Plywood 
ClO black (not used) 

red or blue 
blue or red, 

s 
PP7 

battery TR4 

Copper 
L>^^Loud speaker vc. 

TR| TR2 TR3 
Fig. 2. Layout diagram, illustrating also the operation of the tuning mechanism 

COMPONENTS 

Resistors 
(All fixed values i watt, 10%) 

Ri IkO 
R2 IkO 
R3 3.9kU 
R4 47kn 
Rs lOOkll 
R6 IkH 
R7 560. 
VRj 5kO potentiometer, linear 
VR2 lOkQ potentiometer, preset miniature 

Capacitors 
Ci 560pF 
C2 0.01 i^F 
C3 2,000pF 
C4 100 or 125(j.F, electrolytic, 10V wkg. 
C5 2,OOOpF 
Cg 0.1 (iF 
C7 0.1 (xF 
Cg 0.1 (xF 
C9 25|xF, electrolytic, 2.5V wkg. 
C10 1,000(xF, electrolytic, 10V wkg. 
Vi I40pF trimmer 

Inductors 
Li,2,3 Ferrite aerial assembly (see text) 
L4 2.5mH choke (Repanco) 

L5 2.5mH choke (Repanco) 
Ti Output transformer type TT5 (Repanco) 

Semiconductors 
TRj MAT101 or MAT121 
TR2 MAT101 or MAT121 
TR3 OC200 
TR4 BSy26 or BSY27 
Di OA73 

Switch 
Si 3-pole, 3-way, miniature rotary 

Speaker 
3fl speaker, 6 x 4in 

Battery 
9-volt battery type PP7 (Ever Ready) 

Miscellaneous 
Materials for tuning unit, including 6in, 
ferrite rod fin diameter and Nylon tuning 
drive cord 
Battery clips 
3 knobs 
10-way groupboard type Cl 14 (Bulgin) 
Materials for cabinet, etc. 
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The completed receiver in its cabinet. Note the 
rectangular window in the top panel above the tuning 

scale 

Super Alpha Spontaflex 
As regular readers will know, the author's 

Spontaflex circuit provides radio frequency ampli- 
fication by the common collector mode, and 
experiments have shown that two transistors can 
be used in this circuit to provide much greater 
amplification and, as will be explained later, an 
unusual degree of selectivity from a single tuned 
circuit. The second transistor of the pair also 
provides audio frequency amplification by the 
common base mode, and it has been found perfectly 
practicable to feed its output back to the first 
transistor, which then reflexes as a common collector 
audio frequency amplifier. Double reflex action is 
therefore brought about, and phase relationships 
are such that any a.f. signals which tend to couple 
back from the first transistor (which is the second 
audio frequency amplifier) to the second transistor 
(which is the first audio frequency amplifier) produce 
a small degree of negative rather than positive 
feedback, so that stability is maintained. 

With an impedance drop of about 10,000 to 1 
it is vital for the input tuned circuit to have a very 
high Q. Not only must reaction be applied to 
overcome losses, but the circuit must have a high 
inductance/capacitance ratio. If the Q of the tuned 
circuit is not sufficiently high, the output impedance 
of the pair of transistors will be so low that the 
diode which follows the second transistor will be 
partially short-circuited, and the benefit of the 
extra radio frequency amplification will be lost. 
But if the Q is too high there may be so much 
amplification that uncontrollable instability occurs 
as reaction is increased, particularly at the high 
frequency end of the medium wave band where the 
impedance of the chokes serving as intermediate 
loads will be high. Experiments showed that a 
suitable compromise was reached when the capacit- 
ance across the input tuned circuit was held at 
about 50pF, the inductance in the tuned circuit 
being varied over a range which covered the medium 
waveband. It is therefore essential, with this circuit, 
that the special tuner which is described later 

be constructed. If a conventional fixed inductor and 
variable capacitor is used the resultant circuit will 
prove unstable at 200 metres, very good for a 
patch round about 250 metres and then progressively 
less sensitive until, at 500 metres, results are no 
better than with a standard single r.f. stage Sponta- 
flex. 

The good selectivity of the arrangement appears 
to depend on the following factors. With the high 
inductance/capacitance ratio, and a good deal of 
reaction, it is possible to produce a very high input 
impedance. The impedance presented to the diode 
in these circumstances, although comparatively 
low, is a reasonable match for it. Now let us suppose 
that there is an interfering signal not many kc/s 
away from the one to which the circuit is tuned. 
With the efficient tuned circuit the impedance 
offered to the unwanted signal will be many times 
down and the signal will be attenuated accordingly. 
This effect, of course, occurs with all tuned circuits 
and provides normal selectivity. But with the "super 
alpha" arrangement used here a second effect 
takes place. The output impedance becomes lowered 
with the lower input impedance, and will drop to 
only a few ohms. As a result, the diode is virtually 
short-circuited at the frequency of the unwanted 
signal. 

Circuit Operation 
The passage of the incoming signal can be followed 

by studying the circuit of the receiver, which is 
shown in Fig. 1. It will be seen that the tuned circuit 
Li, VCj presents the signal to TRj, and thence 
to TR2, both transistors acting as common collector 
radio frequency amplifiers. Dj demodulates the 
signal and then TR2 functions as a common base 
a.f. amplifier followed by TRj as a common collector 
a.f. amplifier. From the emitter of TRi the signal 
passes to TR3, a p.n.p. silicon transistor which is 
directly coupled to TR4, an n.p.n. silicon transistor. 
Both TR3 and TR4 operate as common emitter 
amplifiers and because they are silicon devices 
about 0.65 volts is required on their bases before 
they will conduct. It is thus possible to dispense 
with emitter resistors and their accompanying bypass 
capacitors. Negative feedback of d.c. is over the 
entire circuit from the collector of TR4 to the base 
of TR2. 

Reaction is taken from the emitter of TR2 to the 
base of TRi via Qj and L2. Since the reaction is 
over the two stages it tends to cancel out losses due 
to stray capacitances, etc., throughout the whole 
of the r.f. part of the circuit. Also, because it is 
over two stages the reaction coil is very small, 
10 turns serving to produce oscillation, if necessary, 
even on the long wave band where the total winding 
in the tuned circuit comprises 480 turns. Because, 
at a very low setting, VRi tends to damp the tuned 
circuit, it acts as a true volume control as well as 
controlling reaction. In Fig. 1 long waves is selected 
with Si(a) open and medium waves with Si(a) 
closed. 

Construction 
Construction should start with the special tuning 

unit, and Figs. 2 and 3 should be studied before 
work starts. First a sleeve is made, 4|in long and 
of such diameter that the fin by 6in ferrite rod 
slides snugly but freely inside it. The best method 
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is to cut a piece of adhesive backed plastic, 4iin 
by about 2in, leaving all the paper on except for 
a iin strip along one of the 4^in edges. This is 
then wrapped round the rod, the paper-backed 
part first, not too tightly, and fixed in shape by its 
adhesive. Check that the size is right and then, 
with the rod inserted to give rigidity and starting 
the winding 1 fin from one end, put on 180 turns 
of 32 s.w.g. enamelled wire with the turns touching. 
The ends should be fixed with adhesive tape. This 
coil is Li and should be about 2fin long or there- 
abouts. After a gap of iin wind L2 which consists 
of 10 turns of 32 s.w.g. enamelled wire with the 
turns touching. The winding must be in the same 
direction as that of Lj. 

L3 is wound on a separate sleeve which is a tight 
fit on one end of the rod. The sleeve should be 1 jin 
long and the winding, which is of 300 turns of 38 
s.w.g. enamelled wire, should be pile-wound to a 
length of about fin. The ends of this coil should 
be fixed with adhesive tape and cut short and bared. 
To each bared end a piece of fine flex of the type 
used for miniature earpiece leads is soldered. The 
joints should be insulated and bound to the coil 
with adhesive tape. The flexible leads need to be 
about Sin long. The end of L3 should be ^in from 
the end of the ferrite rod as shown in Fig. 2, and 
it is wound in the same direction as Li when the 
rod is inserted. 

A lin length of fin rod, either of wood or plastic, 
is cut and inserted in the end of the sleeve on 
which Li and L2 are wound, as illustrated in Figs. 
2 and 3. A turn or two of Sellotape round the plug 
will make it a tight fit in the sleeve. A hole is drilled 
through the sleeve and plug and the sleeve is bolted 
to a panel of -ft in plywood, lO^in long and Sftin wide, 
as shown in the diagrams. Next, a loose fitting rubber 
grommet is passed over the other end of the sleeve and 
tied to the panel with cord, this passing through two 
holes in the panel. The cord must not be tied too tight- 
ly, or it may cause the rod to bind. At this stage the 
correct position for the slot in the panel, as shown 
in Fig. 2, should be marked, the sleeve temporarily re- 
moved from the panel, and the slot cut out with a fret 
saw. This slot takes a plastic clip with a tuning pointer 
on the other side of the panel, as in Fig. 3 (e). 

The plastic clip is made from thin stiff plastic 
sheet and is fitted to the rod, close to L3, as shown 
in Figs. 2 and 3. The sleeve, this time with the rod 
in it, is again bolted and tied to the panel, the plastic 
clip passing through the slot. A 6BA bolt is secured 
to the outside end of the plastic clip as in Fig. 3 (e) 
to function as a tuning scale pointer. For appearance, 
the bolt may be filed to remove all the thread apart 
from that under its fixing nut and later painted 
white. 

Next, a tight fitting grommet is fitted to the end 
of the ferrite rod, this serving to lock a length of 

Rubber band 2 bolts 4BA x 2*long 

Tuning control Cord 

Panel 

 Ferrite rod 
&E 

7 Tl CT 

6BA bolt 

Knob 

Slot to hold cord 

Tight fitting 
grommet 

1/4" brass rod 
x ,/2* long 

Plastic clip 
and pointer 

Loose fitting grommet tied 
with cord to panel 

3/8"x T wooden 
or plastic plug 

Spacing 
nut 

(a) 

Bo t 4BA x 2 Cord 

2 plain Spindle Nut 
Grub washers extender 

Spring screw 
Nut Brass bush 

'/4 centre , 
washer 

F anel 2 brass 
plates 
'/S'thick Spring 

washer 6BA 
bolt 

1 Nut Grub 
screw '/4 rod" 

threaded 
4BA 

Contro knob 

(h) (c) 

Tapped 4BA 6BA bolt tightening 
clip 

Nut fixing 
bush in 
panel 

Control knob 

\ 

i 

a/s" \ 

Grub 
screw Holes for 6BA 

bolts 

(d) 

tnf 

Ferrite 
rod 

Plastic clip 

Ce) 

Panel 

6BA bolt 
/as 

pointer 

Fig. 3 (0). Side view of the tuning assembly 
(b). A simple method of making up the tuning control spindle 
(c). An alternative approach to tuning control spindle design 

(d). One of the two metal plates used for the alternative control spindle 
(e). Showing how the tuning pointer is secured to the ferrite rod 
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/Hole tor handle 

Base 3/l6* 
thick 

[5/8' 
n . . 3/8 thick 

/te'thick 13/8" 

3/8 thick 

Cut-out for 
speaker 

5716 
113/8 

113/4' 

i 

1 

Hole for handle 

Fig. 4. A simple but effective case far the receiver. The handle may be made from stiff galvanised wire or similar 

nylon tuning drive cord to it. A drive for this 
arrangement has then to be made. One simple 
method is fully explained by Fig. 3 (b). Note the 
slot cut in the -Jin length of brass rod, in which 
the cord is held. If difficulty is experienced in finding 
a suitable spring washer, one can be made with 
about iin length of compression spring with an 
internal diameter of iin, held between two steel 
washers. The knob is fitted so as to compress the 
spring washer to a degree which prevents the elastic 
rubber band from taking control, but without 
making the whole arrangement too stiff. The two 
bolts holding the far end of the rubber band are 
shown in Figs. 2 and 3. The band passes round 

the tight fitting grommet at the end of the ferrite 
rod. 

A rather better alternative arrangement, which 
requires the use of a 4BA tap, is shown in Fig. 3 (c). 
The two small brass plates shown in Fig. 3 (d) 
are held, finger tight, on either side of the panel, 
and a 2in 4BA bolt is screwed through them. Correct 
stiffness is maintained by the degree of tightness 
of the two 6BA bolts and nuts which are used to 
hold the brass plates together. It should be pointed 
out that the long sides of the brass plates are 
parallel to the short sides of the panel. This is 
necessary to avoid the ferrite rod fouling one of the 
6BA bolts. 
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Whichever form of drive is used, the cord is fitted 
so that with the knob turning in a clockwise direction 
the ferrite rod is entering the sleeve, movement 
being brought about by the rubber band. With 
the knob turning anticlockwise the cord pulls the 
rod out of the sleeve. Total movement for the 
medium waveband should be from a point where 
the end of the rod is about -Jin inside Lz to the 
point where it meets the wooden plug. 

Mounting The Components 
The switch, Sj and the volume control, VRi, 

should be mounted as shown in Fig. 2, and the 
components on the panel wired up. It will be seen 
that one section of the switch is not used, as such, 
though two of its outside tags are employed as 
anchor points. 

Next, the speaker panel should be cut out. This 
is lOjin by 4in with a suitable hole cut for the 
6 x 4in speaker. The groupboard is a Bulgin type 
C114 with one pair of tags cut off, leaving 9 pairs 
and reducing its length to 4^in. Components should 
be wired as in Fig. 2, the cut end of the board 
being at the C4 end. It should be noted that Tj is 
turned on its end and screwed through the group- 
board by one foot bent through 90°. The red and 
blue leads from this transformer should only be 
connected temporarily at this stage as it may be 
necessary to reverse them. It is convenient to make 
a small plywood platform for the PP7 battery fixed, 
by means of a bracket, to the appropriate speaker 
fixing screw. The battery can be held in position 
with a rubber band and will then stay in place 
whether the receiver is in its case or not. 

The transistors will need to stand upright from 
the groupboard. It will also be necessary to solder 
a length of wire to the base lead of TR4 to enable 
it to be taken to its connection point. The four 
transistors should be as specified and, especially 
with TRj, must be new, first grade specimens. It 
is essential for TRj to have negligible leakage 
current characteristics and if the transistor it is 
intended to use has already been soldered in and 

out of experimental circuits it may well have suffered 
in this respect. It is worth while changing round 
TRi and TR2 for best results. Ideally, oscillation 
on the medium wave band should start with VRi 
at about mid-travel and the oscillation point should 
remain fairly constant throughout the band. As 
regards the diode, very many different types were 
tried out and, although they all worked, the OA73, 
with its comparatively low impedance, proved the 
most satisfactory. 

The control panel is next screwed to the speaker 
panel edge, and knobs are fitted. If desired, small 
angle brackets may be added to improve rigidity 
between the two panels. The leads from Si to the 
groupboard may then be finally wired in. 

Setting Up 
To set up the receiver, adjust VQ about 2 turns 

from fully tight, and VRx and VR2 fully anticlock- 
wise. Switch to the long waveband (Si knob clock- 
wise). There may be a whistle present. If so, swivel 
Ti one way or the other. If this does not stop the 
whistle, reverse the connections of the red and blue 
leads from Ti. There is a right and a wrong way to 
connect these leads which depends on the direction 
of the windings on the ferrite rod. 

Next, adjust the tuning control so that the ferrite 
rod is about three-quarters of its full way into the 
sleeve and turn VRi until a hiss denotes oscillation. 
Back down VRi a little and adjust VQ until the 
Light programme on 1500 metres is received. VRi 
may well have to be turned back further to prevent 
overloading unless the receiver is a long way from 
the transmitter. 

With VR2 still fully anticlockwise and inserting 
maximum resistance, switch to medium waves. 
Adjust the tuning control to near the minimum 
inductance setting and find a station on about 200 
metres. Note whether reaction is smooth as VRi 
is advanced, and does not cause oscillation to 
start with a "plop" followed by complete silence 
(which can only be overcome by turning VRi a 
long way back again). If this happens, or if the 

VR| (behind S)) ^/I6' spacing strip Second panel 
3'/4*x lO'M" 

/I6 spacing strip Tuning pointer 

Tuning VRi Tumn 
^16 spacing 
strip 

if n ri M lia m—r 
Ferrite rod 
assembly— U uuJ 

End of ferrite 
rod assembly 

£ 

Group board Battery 
Fig. 5. End and rear views of the receiver assembly, showing how the second panel is spaced off from that to which the 

ferrite rod assembly is secured 
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onset of oscillation is accompanied by a fluttering 
sound, turn VR2 clockwise until reaction is smooth. 
This procedure may not prove necessary, but is 
quite likely to occur if TRi and TR2 are both very 
efficient specimens. The function of VR2 is to damp 
the excessive impedance which may be offered by 
the r.S. chokes at the high frequency end of the 
waveband. But VR2 should not be turned further 
clockwise than is necessary to preserve smooth 
reaction, or sensitivity will suffer. 

The receiver is now ready for use. 

Cabinet 
A cabinet can be made very easily as shown in 

Fig. 4, using i and fain plywood, the pieces being 
held together with adhesive and panel pins. A tidy 
finish can be obtained by covering with "Contact". 
A neater control panel can be provided by cementing 
two narrow strips of ft in plywood on it and placing 
a second panel of &in plywood over these. The 
receiver can be dropped into the cabinet from the 
top with a piece of speaker gauze in front of the 
speaker panel. The top, or false panel, will need 
a window cutting in it for the tuning indicator, 
as well as three holes for the controls. The two 
plywood strips just mentioned provide the necessary 
clearance for the tuning pointer. A wavelength 

scale can be placed under the pointer and there 
should be no difficulty in calibration as many 
stations will be received. Fig. 5 gives end and rear 
views of the receiver with the second panel added. 

Although the components used are few in number 
for a 7 stage receiver, the author realises that a 
good deal of constructional work is involved. How- 
ever, he believes that there are many readers who, 
like himself, get far greater enjoyment from a 
task which involves a good deal of work, together 
with a little skill, than from just slinging together 
a set of components and wiring them up. 

As regards sensitivity, the Home, Light and Third 
programmes can be received in South Devon on 
all the wavelengths on which they are broadcast, 
as well as very many Continental stations. An idea 
of the selectivity given can be obtained from the 
fact that, although the West Home station at 
Start Point is only 12 miles from the author's home, 
and is a local station in every sense of the expression, 
yet the Midland station, some 200 miles away and 
separated in frequency by only 36 kc/s, can be 
received loud and clear, and free from interference. 

With the prototype, the emitter currents passed 
by the four transistors were 600|J.A, 150(xA, 750|j.A 
and 9mA respectively. 

a 

ADVANCED PORTABLE OSCILLOSCOPE 

Cossor Instruments (Industrial Products Group), Cossor Electronics Limited, Harlow, Essex, recently announced the 
introduction of the CDU 130 fully transistorised portable oscilloscope with a bandwidth of d.c. or 15 Mc/s (—3dB) at all sen- 
sitivities and running on its own self-contained battery. 

The Cossor CDU 130 has the following features; 
* Silicon Planar transistors used throughout for reliability. 
* Field Effect transistors employed to reduce "Y" Amplifier drift, eliminate microphony and ensure accuracy at slow 

timebase sweep speeds. 
* Operates from wide range of external d.c. or a.c. supplies or operates for 5 hours from the internal battery facility 

provided as standard. 
* Incorporates self-contained battery charger. 
* Internal battery protected against reverse charging. 
* Weight only 1641b with internal battery. 
♦Accuracy of ±3% "X" and "Y" stabilized against temperature and input voltage changes. 
* 5mV/div sensitivity at full bandwidth of D.C.—IS Mc/s. 
* D.C. Trigger. 
It is claimed that the CDU 130 has a sufficiently advanced specification to make it suitable for the servicing and maintenance 

of equipment of the highest professional standards. 
Price including battery is £195 0s. Od. and comprehensive literature is available on request. 

NEW HIGH VOLTAGE FAST RECOVERY SILICON 

RECTIFIER 

A new high voltage fast recovery, silicon rectifier is announced by General Instruments (UK) Limited of Cromwell House, 
Cromwell Road, London, S.W.7. The rectifier features a reverse recovery time of 4|ji sec peak reverse voltage of 5 to 6 kV, 
and 300 mA average forward rectified current at 650C and 16 KC/S. It is mounted on a cartridge type fuse holder which 
enables the rectifier to be placed anywhere in the EHT region without the need for special cards. The diode is suitable for 
use in any CRT circuit. 
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SUGGESTED CIRCUIT No. 210 

REGEHERATIVE WAVE-TRAP 

FOR MEDIUM WAVES 

by G. A. FRENCH 

There are many varied interests 
within the broad spectrum cover- 
ed by radio construction and its 

allied hobbies. One of these interests 
consists of Dx (long-distance) listening 
on the medium wave band, and this 
has a steady following by enthusiasts 
in the Dx field. 

Dx listening on medium waves is 
not always easy to carry out, owing to 
the overcrowded conditions on this 
band and the presence of powerful 
transmitters in the U.K. and on the 
Continent. If an outside aerial is 
employed it can, in consequence, 
sometimes prove helpful to fit a wave- 
trap in series with the aerial input 
connection, this reducing the strength 
of any particularly troublesome station 
and thereby preventing interference 
(including cross-modulation in the 
early receiver stages) with weaker 
signals on neighbouring frequencies. 
Unfortunately, the usual type of 
wave-trap circuit provides attenuation 
over rather a broad band of fre- 
quencies, and has the disadvantage of 
offering, to signals close to the specific 
signal it is desired to suppress, almost 
as great a rejection level. As a result, 
the advantages given by a simple 
wave-trap circuit may not in practice 
be as great as might, at first sight, 
appear. 

The writer has investigated the 
possibilities of artificially increasing 
the Q of a wave-trap circuit for 
medium waves to see whether it could 
offer an improved performance so 
far as the sharpness of the rejection 
range was concerned, and the result 
of his experiments forms the subject 
of this month's "Suggested Circuit" 
article. A sharper rejection range 
ensures, of course, that the particular 
signal it is desired to suppress under- 
goes greater attenuation than the 
signals on either side. Working from 
signal generator tests, the circuit 
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finally produced offers a rejection 
which is at least 20dB better than a 
normal wave-trap circuit, with a 
corresponding sharpening of the re- 
jection response curve. Tests with an 
aerial indicated about the same order of 
improvement although results here 
are partly dictated by the aerial and 
earth system employed, and it may 
be found that the improvement at 
some points of the medium wave band 
is not as apparent as at others. The 
circuit should be regarded as being 
experimental in this respect. On the 
credit side, it requires only a few 
components and it can be assembled 
in a very short time. 

The wave-trap described in this 
article may also be of help to those 
using an outside aerial (as opposed 
to a ferrite rod aerial) who listen to 
the medium wave band for entertain- 
ment, and who reside in an area where 
interference from a powerful local 
station causes difficulties in reception. 

The Wave-Trap 
The theory of operation of a wave- 

trap is very simple, and the basic 
circuit employed is illustrated in Fig. 
1. A parallel tuned circuit is inserted 
between the aerial and the aerial 
input terminal of the receiver, and is 
adjusted to resonate at the frequency 
it is required to reject. The parallel 
tuned circuit offers maximum imped- 
ance at its resonant frequency, where- 
upon this frequency is subjected to 
greater attenuation than frequencies 
on either side. As has already been 
stated, the response curve of a single 
tuned circuit of this nature tends to 
be relatively broad. 

Fig. 2 shows the "Suggested Circuit" 
devised by the writer. As in Fig. 1 
there is a parallel tuned circuit in 
series with the aerial input connection, 
this being provided now by C2 and 
Li. C2 and Li are tuned to the fre- 

quency it is desired to reject and, 
when Si is in the Off position, function 
in the same manner as the tuned 
circuit of Fig. 1. When Si is set to 
On, power is applied to transistor 
TRi and its components, and circuit 
operation is then modified. This is 
because TRi offers regeneration and 
can be brought to a point which is 
just below oscillation at the resonant 
frequency of C2 and Li. Thus, in the 
same manner as occurs in an a.m. 
detector circuit with reaction, the 
effective Q of C2 and Li becomes 
increased by a considerable amount, 
with the result that the rejection 
offered by these two components is 
both increased and made sharper in 
terms of frequency. 

TRi is an OC44 transistor whose 
normal function is that of mixer/ 
oscillator in medium and long wave 
transistor radio receivers. Thus it is 

o 

f 

To receiver aerial terminal 

Fig. 1. A conventional wave-trap 
consists of a parallel tuned circuit 
in series with the aerial input 

connection to the receiver 

601 

www.americanradiohistory.com



I 

SOpr On-Off 

f 

TR "3 
ATOkn 
-m/— 

0044 
25 KA 
Linear SOOpF 

Lr 3V I5kn 

I 
0-lpF 0-ftjF 

C3 2 

I 
OOlpF l-2kn 

aot 

OC44 
Lead-outs To receiver aerial 

terminal 
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Fig. 2. The wave-trap circuit described in the text. TRI provides regeneration 
and increases the effective Q of the tuned circuit 

quite capable of oscillating at fre- 
quencies in the medium wave band. 
Li, L2 and L3 are, respectively, the 
tuned and coupling windings of a 
Denco Miniature Dual-Purpose Green 
coil, Range 2. This is a medium 
wave coil intended for use in a valve 
leaky-grid detector circuit with re- 
action, but it is ideally suited for the 
present purpose. In the valve applica- 
tion, L2 is the reaction feedback 
winding whilst L3 is the coupling 
winding for connection to a preceding 
r.f. amplifier anode circuit, or to the 
aerial and earth. Winding Li would 
normally be tuned by a 310pF tuning 
capacitor. A 500pF capacitor (C2) is 
used here, however, because additional 
capacitance across the winding is 
given by the aerial system and because 
it is desirable to set the dust-iron core 
of the coil in a position which still 
enables the higher medium wave 
frequencies to be covered and which 
also ensures optimum working condi- 
tions for the transistor circuit. In- 
creasing the tuning capacitance to 
SOOpF allows the full medium wave 
band to be covered under these 
conditions. 

The transistor appears in an oscil- 
lator circuit reminiscent of the type 
employed in the mixer/oscillator stages 
of transistor superhet receivers. Energy 
from the collector circuit is fed back 
to the emitter circuit via L2, Li and 
L3, in that order. If oscillation occurs, 
it then takes place at the resonant 
frequency of Li and C2. 

The base of TRi is bypassed for 
r.f. to the positive supply line by 
way of C5, the upper end of L2 is 
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bypassed by C4, and the lower end 
of L3 is bypassed by C3. Ri and R2 
keep the emitter slightly negative of 
the positive supply line to ensure that 
the transistor is cut off (or, as we shall 
see shortly, approaches cut-off) when 
R4 slider is at the lower end of its 
track. 

R4 is the regeneration control and 
it functions in the same basic manner 
as the reaction control of an a.m. 
detector. As R4 slider is brought up 
from the lower end of its track it 
applies an increasing negative bias, 
via R3, to the base of TRi, until the 
amplification offered by this transistor 
is sufficiently high to allow oscillation 
to occur. If R4 is maintained at a 
setting just below oscillation point 
the regeneration offered by the 
transistor causes the tuned circuit 
to have an effective Q which is 
considerably higher than its natural 
value. 

Results With The Prototype 
The author's prototype circuit 

employed an air-spaced variable 
capacitor fitted with a slow-motion 
drive in the C2 position, a slow-motion 
drive being essential since the tuning 
of this component can be quite sharp, 
particularly at the higher frequencies. 
The circuit was then inserted in 
series with a medium wave receiver 
fitted with a tuning indicator, and a 
30ft aerial. An earth connection to 
the receiver was also provided. 

The circuit performance was evalu- 
ated by initially tuning in a signal 
on the receiver then adjusting C2, 
with Si in the Off position, and 

noting the attenuation which resulted. 
S2 was then switched on with R4 
slider at the lower end of its track 
and C2 retuned for maximum attenu- 
ation. R4 was next slowly advanced, 
rocking C2 about the desired frequency 
of rejection until a setting in R4 was 
obtained which caused greatest attenu- 
ation to be given. The desired setting 
in R4 was quite marked, and as its 
slider went above this setting attenu- 
ation decreased for a small movement 
in the slider before the circuit went 
into oscillation. Over most of the 
band, and particularly at the high 
frequency end, the slider of R4 had 
to be advanced over only a few degrees 
from the lower end of the track to 
reach the optimum position. If 
desired, R4 could be replaced by a 
5kO potentiometer with a fixed 20kn 
resistor inserted between the upper 
end of its track and the negative supply 
line, in order to "open out" the 
adjustment it offers. However, the 
setting up of the 25kn potentiometer 
as it stands is not difficult to carry 
out even though much of the upper 
end of its track is unused, and the 
writer did not feel that the extra 
resistor was justified. 

With the prototype it was found 
that signals which were comfortably 
audible using C2 and Li on their own 
could be suppressed completely when 
the transistor circuit was switched in. 
The strength of more powerful 
signals was reduced by about the same 
proportion, as shown by the tuning 
indicator fitted to the receiver. A 
signal generator was applied in place 
of the aerial and earth, and it was 
found that its output voltage had to 
be increased at least 10 times to 
achieve the same deflection in the 
tuning indicator when attenuation 
was provided by the transistor circuit 
as opposed to attenuation by C2 and 
Li on their own. This test was carried 
out on various frequencies throughout 
the band. An increase of 10 times in 
output voltage corresponds to an 
increase in attenuation of 20dB. Such 
a figure does not indicate a spectacular 
improvement in signal rejection; but 
it does represent a very useful improve- 
ment which, to the writer's mind, 
justifies the small quantity of com- 
ponents required to bring it about. 

Three further points concerning 
operation of the circuit need to be 
mentioned. First, it is very desirable 
that the receiver with which the 
device is used should be fitted with 
a tuning indicator or tuning meter, as 
it is difficult to judge the results 
obtained by listening tests only. 
Second, the setting of C2 which 
offers maximum rejection when the 
transistor circuit is switched in is 
slightly removed from the setting 
given with the transistor circuit out 
of action. Since the rejection response 
sharpens as R4 is advanced, it is 
necessary to rock C2 whilst adjusting 
R4 to ensure that the optimum 
setting in the tuning capacitor is not 
missed. The final adjustment in C2 
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with R4 correctly set up can be quite 
critical. Third, since both C2 and 
R4 are at aerial potential, hand- 
capacitance effects will be present as 
these components are adjusted. 

The current drawn by the prototype 
circuit, when set up, from the 3-volt 
battery was 0.25mA only. 

The Regeneration Circuit 
The component values around TRi 

were found, empirically, to offer the 
smoothest control of regeneration 
(using the word "smoothest" in the 
sense in which it applies in an a.m. 
reaction circuit). However, they result 
in TRi being operated in a somewhat 
unconventional manner. 

If the emitter of TRi were returned 
direct to the positive supply line (via 
L3) it may be found that the transistor 
would be capable of oscillation at 
some frequencies even when the 
slider of R4 is at the bottom of its 
track. By making the emitter slightly 
negative (by means of Ri and R2) 
this difficulty is eradicated. TRi still 
tends, nevertheless, to provide re- 
generation when R4 is only slightly 
advanced and when it might be 
assumed that the transistor is cut off. 
TRi is operating, under these condi- 
tions, virtually with leakage current 
only. This fact is accepted because 
the circuit provides, in practice, a 
smooth control of regeneration with a 
minimum of components, and because 
there is the secondary advantage that 
current consumption from the 3-volt 
battery is very low. 

Since transistor leakage current is 
a qualifying factor in circuit operation, 
there is, nevertheless, a risk that 
some specimens of the OC44 may 
offer a different performance than 
others. What may possibly occur is 
that some transistors might go into 
oscillation even with R4 slider fully 
at the lower end of its track, whereupon 
the only solution would be to try 
another transistor or to increase the 
value of R2 until the tendency towards 
oscillation clears. The writer experi- 
enced no trouble of this sort with 
the prototype, and merely mentions 
the point in case it occurs with 
readers' versions of the circuit. Two 
OC44's were checked in the prototype 
unit and both gave identical results. 

For interest, an OC170 was also 
checked and this similarly gave 
identical results. It would appear from 
these checks that the possible risk 
just mentioned is not liable to give 
much trouble in practice. It would be 
of advantage, though, to make certain 
that TRi is a good component (pre- 
ferably marked with the name or mark 
of a reliable manufacturer) and is 
not one of the "re-marks" which, 
regrettably, sometimes appear on 
the home constructor market. 

It will be found that the setting 
of the dust core in the coil, although 
not critical, has a bearing on circuit 
performance. The writer found that 
best results were given if the core 
was adjusted such that the threaded 
brass stem protruded by about l/32in 
outside the plastic housing. 

It will be noted that the lower end 
of the tuned circuit, LiQ, is made 
common with the positive supply 
line. This connection improves the 
stability of the regeneration circuit. 
The 50pF capacitor, Q, is included 
to avoid the risk of excessive damping 
of the tuned circuit by the aerial. It is 
possible, with some aerials, that the 
value of Ci could be increased without 
upsetting circuit operation, and this 
point can, if desired, be checked by 
experiment. 

Components And Construction 
A few words need to be given 

concerning components. 
If it is decided to use a normal 

variable capacitor for C2 it would 
be preferable to choose an air-spaced 
type, and to avoid employing a solid- 
dielectric component. Some construc- 
tors may prefer to use a trimmer in the 
C2 position instead, setting this up 
permanently for a single frequency. 
Such a trimmer can be air-spaced or 
mica, bearing in mind the fact that 
the final adjustment is critical and that 
hand-capacitance effects are present 
when it is adjusted. R4 may similarly 
be preset, if desired. 

The coil has already been specified. 
It is capable of being fitted in a B9A 
valveholder; an advantage for experi- 
mental work as soldered connections 
can then be made and altered at the 
valveholder tags without risk of 
damage to the plastic former of the 

> f 

Wave -trap 
unit 

1 
1 I 1 

Coaxial cable 

Aerial Receiver 
> Input 

Earth terminals 

Fig. 3. The output of the wave-trap 
unit may, if desired, be coupled to 
the receiver via coaxial cable 

coil. The figures in the diagram indicate 
the valveholder pins at which con- 
nections to the coil are made. 

All the fixed resistors are standard 
i watt 10% components. 

Due to the low operating current, 
the 3-volt supply can be provided by 
any small battery or pair of cells in 
series. The circuit is not unduly 
voltage sensitive and there appears to 
be little point in providing voltage 
stabilisation. The battery should be 
replaced when its voltage falls below 
about 2.8. 

Since all the components in the 
wave-trap unit are effectively at 
aerial potential, the circuit should be 
assembled in a small insulated case, 
ensuring that the output lead to the 
receiver is spaced well away from 
the aerial input lead. The lead to the 
receiver could consist of a short 
length of coaxial cable, the braiding 
of which is connected to the earth 
terminal of the receiver, as in Fig. 3. 
If the receiver has a live chassis (i.e. 
connected to one side of the mains 
supply) full isolation must be provided 
at its aerial and earth input terminals. 
Whether a screened or unscreened lead 
to the receiver is employed its length 
should, in any case, be kept short. 

□ 

TWO NEW ADD-ON MODULES 

Gresham Lion Electronics Limited, Twickenham Road, Hanworth, Middlesex, announce the introduction of two new 
add-on modules, for their range of GX Power Supplies, to give protection to voltage sensitive loads against overvoltage and 
to avoid the undetected malfunction of any circuit due to undervoltage conditions. For the overvoltage unit the voltage window 
is normally preset at +20% of the output voltage. The discrimination is better than 2% and operating speed is approximately 
5-10 p. sec. With the over and under voltage unit the voltage window is normally preset at ±20% of output voltage with a 
discrimination of 2% and operating speed of 5-10 p sec. 
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Automatic 

Buzzer 

Alarm 

by 

D. C. WARDMAN 

This ingenious circuit provides an audible 
warning whenever a beam of light is 
interrupted. The design has the advantage 
that inexpensive germanium transistors may 
be employed in the switching and multivibrator 

stages 

The simple photoelectric device described here 
was designed as an automatic door buzzer 
although it may be used as a burglar alarm or 

in any other application which requires an audible 
warning when a beam of light is interrupted. Its main 
features are that it operates without a relay or any 
other mechanical device, and that it can be made up 
with low-cost components. 

Circuit Operation 
In the circuit, which appears in the accompanying 

diagram, TRj is a phototransistor type OCP71 which 
is normally illuminated, whereupon it exhibits a low 
resistance. No connection is made to TRj base for the 
present application. 

TR3 and TR4 form a bistable in which TR4 is normal- 
ly conducting, or "on". When TR4 is "on" a large 
positive voltage relative to TR5 emitter is applied to 
the base of TR5. TR5 and TR^ form a multivibrator 
capable of running at an audio frequency, and the 
positive voltage from TR4 collector prevents this 
multivibrator from operating. RV2 is adjusted to 
lower the supply voltage to the multivibrator to around 
2 to 3 volts. This voltage is very critical as the multivi- 
brator can stand quite a large positive voltage on TR< 
base before it cuts off. 

RVi is adjusted so that TR2 is cut off when TRj is 
illuminated. Under this condition, the collector of 
TR2 approaches the negative supply potential and Ci 
becomes charged, via R] and the base-emitter junction 
of TRj, to nearly the fully supply voltage. 

If the illumination to TRi is cut off due to the beam 
of light on this phototransistor being broken it exhibits 
a high resistance and TR2 becomes conductive. Its 
collector then goes positive, whereupon the voltage 
across Q drops and this capacitor loses some of its 
charge through TR2, TR4 and R4. If, then, the intensity 

, ^ on TRj increases, TR2 collector goes negative and Cj charges via Rj and the base-emitter junction of 
TR3. The charging current in this junction is sufficient 
to make TR3 conductive and the bistable changes over 
with TR3 conductive and TR4 "off". 

The collector of TR4 now goes negative, removing 
the bias from TR5. TR5 and TR6 then run as a normal 
multivibrator, giving an audible warning that the light 
beam has been interrupted. The circuit can only be 
returned to its original state by momentarily closing 
the Reset switch Si with TRi illuminated. This applies 
a negative voltage to the base of TR4 and the bistable 
then reverts to its original condition. 

6 RV 2 R9 
bS| 
rR< 3 p i Reset 

WW 4 
Ol Re 

R4 
—WJ 

C4 

9V 

TR, TR TR TR4 trs OCP7I A.E 2 
output On-Off 

R^ 
vy/ | 

Incident, 
light I 

White line—' x ' OCR 71 Lead-outs 

The circuit of the automatic buzzer alarm. Due to the design, transistor 

604 
requirements are non-critical 

THE RADIO CONSTRUCTOR 

www.americanradiohistory.com



Sensitivity 
It will be apparent that the larger the value of Q 

the greater the charging current which flows in the 
base-emitter junction of TR3 when illumination in- 
creases, and the surer the switching. The prototype 
worked quite satisfactorily with Q at the value specified 
and using no lenses at the lamp or at the phototransistor. 
With this value it was found possible to interrupt the 
illumination to TRj without tripping the alarm, but 
the stealth needed was much greater than would normal- 
ly be the case. If, in the prototype, Q was increased to 
0.2(xF, the alarm operated no matter how slowly 
the illumination was resumed, but a lens system was 
required to prevent the circuit tripping due to changes 
in ambient light. 

Components 
In the author's version TRi was an OC71 of the old 

glass type with the enamel scraped off. An OCP71 
will function equally well. Other types of photo- 
electric device should also operate in a similar manner, 
but these have not been checked by the writer. After 
the circuit has been made up, the best type of light 
source to meet the constructor's circumstances may 
be found by experiment, but requirements here are 
not critical. Transistor types are also not critical and 
virtually any p.n.p. germanium types could be employed. 
(TR5 and TRg should, however, have a reverse emitter- 
base voltage rating of 9 or more, and a suitable type 
here would be the OC71.—Editor.) The transistors used 
by the writer were from a batch of the unmarked and 
untested variety, obtained at 50 for ten shillings. 

The audio output, via C4, may be fed to the gram 
input socket of a radio for further amplification before 
application to a loudspeaker, or a transistor output 
stage may be added to make the unit completely self- 
contained. If it is decided to add on an output stage, 
the author suggests that the components in the block 

COMPONENTS 

Resistors 
(All fixed values i watt 10%) 

R! 2.7kQ. 
R2 2.2kn 
R3 5.6kfJ 
R4 5.6kfl 
Rs 2.2kft 
R6 IkH 
R7 22kn 
Rg 22k fl 
Rp Ikn 
Rxo 5.6ka 
RVi lOOkfl potentiometer, linear 
RV2 50k Q potentiometer, linear 

Capacitors 
Cl,2,3,4 0.1[iF 

Transistors 
TRi OCP71 (see text) 
TR2,3,4.5>6 (see text) 

Switches 
51 s.p.s.t. push-button 
52 s.p.s.t. toggle 

Battery 
9-volt battery 

enclosed by the broken line be mounted separately 
with TRi. Since the device is essentially an alarm, no 
volume control has been provided. 

The current drawn from the 9-volt battery in the 
untripped condition is of the order of 7mA. □ 

MULLARD DTL INTEGRATED 

CIRCUITS 

Mullard Ltd. has received a further order from The English Electric Company Ltd., for 30,000 DTL integrated circuits 
for use in their Mark 2 Datapacs. This will bring the total number of these devices supplied by Mullard for use in Mark 2 Data- 
spacs to more than 80,000 over a twelve month period. 

The circuits are in ten lead TO-5 encapsulation and have been specially produced by Mullard to meet a stringent English 
Electric specification calling for a device with a high noise margin of 3V and capable of operating from a 12V d.c. supply rail. 

EMI PULSED TV 

EMI Electronics have developed a pulsed television system, which demonstrates the ability of a new intensified-vidicon 
tube to operate in a high-speed pulsed mode. The equipment was one of fifteen exhibits at the Physics Exhibition, held at 
Alexandra Palce during March. 

The intensifier section of the camera tube is gated "on" for a period of 25 microseconds every 20 milliseconds. The informa- 
tion stored during the gated period is then scanned off as in a conventional vidicon. 

This is demonstrated by projecting a pulsed light, synchronised with the gated period of the camera tube, on to a constantly 
illuminated scene.The camera records the two images in proportion to their peak illumination levels and the pulsed source is 
clearly visible on the monitor. An observer, viewing the scene directly, is only able to compare mean illumination levels and 
the pulsed light source is not visible to him. 
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NEWS . • • AND 

SIFAM INSTRUMENTS MONITOR NEW 

BBC 2 COLOUR TV TRANSMITTER 

Q 

CD© 

WtITh IrreC^0rj StyJe measuring instruments being set at the works of Pye ' I ' L"- Cambndge during prototype testing of a new colour television trans- mitter destined for the B.B.C. 2 network. 
The 10 kw transnnitter, one of a number, of various powers, due to be installed 

throughout the U.K. to extend coverage of the B.B.C. 2 colour programmes 

™t°rreP|vrunmannnd ad
h
vanced .fe.atures designed to enable the station to operate entirely unmanned. These include an automatic solid-state" switching and control 

it wMUutomatir^fnt fai,"re °f either the sound or vision klystron amplifier, 
remainingTmnPfi y arranSe .for both sound and vision to be switched through the remaining amplifier to continue transmission at reduced power 
pi""-® Mr*" 30 instruments supplied by the Torquay manufacturers, Sifam 
tht voltiJes VT6" ' ar

1
e, used throughout the installation to monitor 

vinJr. tT and currents ,n the klystron amplifier. They enable inspecting en- gineers to see at a glance the electrical condition of the different parts of the 

o^course^th speed
l
ln8 "P considerably any corrective adjustments. In addition, of course, the overall performance is indicated. 

INTERNATIONAL BROADCASTING 

CONVENTION 1968 

from\^i^^Br?dCrin
1
goE0nVentJ0n is next to be held in London from the 9th-13th September 1968, at the Grosvenor House Hotel, Park 

thare|'ncr> T sponsored jointly by the Electronic Engineering Association, 
Irnn r. c •0n «i6?1"'"! bngineers' the Institute of Electrical and Elec- omcs Engineers (U.K. and Republic of Ireland Section), the Institution of 

of Motion Picture an<f Revision'E^i^ineers!6'67'5'0" SOCiety and the SoCiety 

ff1r
Tlh^JeleVISi0n Conferen

u
ce already announced by the learned societies 

of .1 i I 'nc°rP0,rated Wlthln th's Convention at which a wide cross-section 
TU ^test; broadcasting equipment will also be shown. The Convention Secretariat address is to be: 

The International Broadcasting Convention, 
Savoy Place, Victoria Embankment, 
London, W.C.2. 

bodies11^ lnformat;ion may be obtained through any of the above mentioned 
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NEW SKEW-WOUND MICRO- 
MOTORS IN EXTENDED RANGE 

High output efficiency and low 
weight with extreme miniaturisation 
are the features of two new groups of 
d.c. electric motors in the revised and 
expanded Micromotors range. 

There are three models in each 
group—designated 050 and 030—but 
all have a common configuration. 
Those in the 050 range have identical 
dimensions—diameter 15mm, length 
of casing 16mm and weight 12 
grammes. Slightly larger, at 20mm 
diameter and 17mm long, are the 
three 030 models which weigh 20 
grammes. By employing skew-winding 
with three rectangular coils and an 
ironless bell-shaped armature, there 
are two major advantages. Starting 
time can be speeded and the spindle 
diameter can be very small—reducing 
friction losses on the communication 
and giving low contact resistance 
between the precisely matched gold 
alloy bushes and the 95 % silver alloy 
collector. Low friction idling results in 
high efficiency and long motor life. 

Examples of performance from 
motors in each range are impressive. 
The 5,23cmp starting torque of the 
type 050/0055 motor develops to a 
specific torque of 29,40cmp/A with 
a starting time of 68ms. Its no load 
running speed of 19,100rpm can be 
reduced by slip-on gearboxes in the 
ratios 3,45:1; 11,8:1; 141:1, 5750:1. 

With an armature resistance of 
5ohms and a measuring voltage of 
3V, the 030/010 motor develops a 
specific torque of 16,90emp/A. Fitted 
with gears to reduce the 17,300rpm 
no load running speed in the ratios 
4:1; 15:1 and 59:1, the model's 
designation becomes 031/010; 032/010 
and 033/010 respectively. 

Comprehensive technical details of 
ten types of micromotors, all im- 
proved, are set out in a booklet 
available from the UK agents, B & R 
Relays Limited, of Temple Fields, 
Harlow, Essex. 

■ 

The extreme miniturisation of 
Micromotors in the new 050 and 
030 range is illustrated by 
comparison with a paper clip. 
The smaller motor is an 050 type 
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• • • COMMENT 

BUGGING THE LECTURER 
It is nothing very new these days to learn that hotel 

rooms, offices and the like have been "bugged" with 
hidden microphones or that telephones have been 
tapped. Recently however, Newmarket Transistors 
who market a range of miniature Packaged Circuit 
Amplifiers, heard of an interesting twist to the bugging 
idea. Instead of having a microphone planted unbe- 
known to him a University lecturer planted the micro- 
phone on himself! 

This particular lecturer disliked, like many others we 
suspect, being interrupted by students entering the 
lecture room after he had begun his lecture. His answer 
to the problem was simple. He placed a microphone on 
his desk and connected it via a Newmarket PC Amplifier 
to a small speaker and push button switch on the door 
outside the lecture room. 

Latecomers to the lectures now hold the switch down 
and listen to the lecture and wait for a suitable pause 
before entering. We have not yet had a report of half 
the class of students listening to the lecture outside the 
door! 

This is perhaps one of the more unusual uses of a 
Newmarket Packaged Circuit—there are many more 
conventional ones, and to assist potential users the 
Company have produced fuller details of the complete 
range of PC's on pages suitable for insertion into their 
current Products Portfolio. Send to Newmarket 
Transistors Ltd., Exning Road, Newmarket, Suffolk 
for full details. 

TOO LOW A MEMBERSHIP? 
We have received a number of comments on the 

item, as above, which appeared in "News and Com- 
ment" in the March issue. 

The comments included a letter of appreciation from 
the Radio Society of Great Britain. All the correspond- 
ents were in general agreement with what we said. 

We understand that the Society has some 7,200 
members who hold transmitting licences which is only 
55%, approximately, of the total number of licence 
holders. In the U.S.A. the position is even worse the 
proportion being around 35%, but in Germany the 
D.A.R.C. have about 75% of the total as members. 

It surely must be bad for amateur transmitters that 
the national society only represents a little over half 
their number when conducting negotiations with the 
government and various national and international 
bodies. c 

NOT STRICTLY FOR THE BIRDS 

Ijr 

"Yes, it's about time you 'earthed' that old set! 

V > 

To record the songs of British birds, this enthusiast is 
using an EMI L4 tape recorder and a Sennheiser gun 

microphone 

For tape recording enthusiasts, of which there are 
an estimated 40,000 in this country, one of the most 
rewarding and challenging of outdoor subjects is 
recording the songs of the 425 species of British birds. 
Not only is the sound source very small, but background 
noise must be filtered out. Patience and a highly 
directional microphone are the two greatest assets a 
would-be Ludwig Koch can possess, in addition to his 
high-quality portable tape recorder. 

The EMI L4 recorder and the Sennheiser gun micro- 
phone, complete with its zeppelin-like windshield, is an 
excellent combination for this particular type of field 
work. 

Used by television outside broadcast teams, the L4 
produces recordings of broadcast-quality which can be 
monitored on headphones in either the record or 
replay modes. Weighing less than 111b, the L4 in- 
corporates many invaluable features including two 
microphone inputs with mixing facilities, bass-cut 
switch for reducing unwanted low-frequency noise and, 
for the cine-enthusiast, full or half-track film sync 
versions are available. 

Next month's issue of THE RADIO CONSTRUCTOR 
contains something new in journalism. See an- 
nouncement page 638. 
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(OME OF THE CALCULATIONS IN RADIO AND TELEVISION 
) work are very unwieldy. A typical instance is 

given by the equation for two resistors in parallel: 

R. 
Ri R2 

Ri + R2 
where Rx is the total resistance of Rj and R2 in parallel. 
Some means of easing this calculation would be very 
desirable. 

Changing The Form 
One possible way of doing this is to change the form 

of the mathematical expression involved. For instance 

the term ^ ' can easily be changed to a more suit- 
able form. 

Suppose we put R2=nRi then, 
R Ri nRi Kx Ri + nRj 

Ri 2n 
"Rid + n) 

Rin. 
1 +n 

Applying this to two resistors of Ri =1000 and 
R2=300n, 

300 
n —100 

=3 
.-. Rx=100x i 

=750. 
This form is advantageous because Ri and Rz are 

divided, one into the other, giving a small ratio which 
simplifies the operation, whereas multiplying Ri and 
R2 complicates it. 

There is, however, another angle to the parallel 
resistor situation, namely that of adding a second 
resistor to an existing resistor to give a required result. 
In order to use the same notation as above, it is assumed 
that Rx is given as the required result, and that R2 
is the unknown. 

Then, 
Rx n 
Ri 1 -|- n 

but it is necessary to invert the expression to avoid 
working with negative signs. The result would be the 

"O 
same, but it is less convenient. Putting 5-1=p, the Kx 

SIMPLIFYING 

CALCULATIONS 

by 

E. HUGHES 

Our contributor describes an unusual and 
helpful approach to the perennial problem 
of evaluating parallel resistance and series 

capacitance 

expression becomes: 
pn=n + I 

pn—n=l 
.•. n (p — 1) = 1 

1 
.'. n= 7. 

P - 1 
Substituting this in R2=nRi gives: 

As an example, let us find the parallel resistance 
which, added to lOOfl gives a combined resistance of 
25a. 

100 
p=25- 

=4. 
.•. R2=i x 100 

33.3a. 
The same techniques can, of course, be used to 

simplify calculations for two capacitors in series, 
where similar basic equations are employed. 

□ 

"KING KARAD" 

CAR AERIAL BOOSTER 

Following the appearance of the "Car Aerial Booster Circuit" described in Suggested Circuit No. 208 in our March issue, 
we have been asked by Gordon J. King (Enterprises) Ltd. to mention that that Company holds Patent No. 1047484 dated 31st 
January 1964 which covers a variety of aspects dealing with the use of transistorised portables in cars. Whilst the article published 
in The Radio Constructor in no way infringes on this patent, potential manufacturers of car aerial boosters employing like 
principles should first ascertain that no patent infringement would be involved. 

A new model of the King Karad booster, with improvements, is shortly to be launched. As with the present model this 
boosts signals from a car radio aerial over the entire long and medium wave bands as well as into the short wave bands. There 
is no switching or tuning required with either model, and both can be used with any type of receiver aerial input coupling, 
capacitive or inductive. 
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RECENT PUBLICATIONS 

COLD CATHODE TUBES. By J. B. Dance, M.Sc., B.Sc. 125 pages, 54 x Bfin. Published by lliffe Books Ltd. Price 33s. 
Regular readers require no introduction to the author of this book, who has contributed many articles to The Radio 

Constructor over the last eight years. In Cold Cathode Tubes J. B. Dance deals with a subject which by no means always receives 
the attention it merits. . ■ . 

The number of cold cathode tubes in use today cover a multitude of applications, these ranging from the simple necn 
bulb to the laser and the Geiger-Muller tube. All tubes employing cold cathodes are dealt with in detail in t^ ^0.r^"d.^ 
review, and the approach is practical and concise with a minimum of mathematics. The nine chapters in the book deaJ ^ 'h 
fundamental principles, gas discharge lamps and diodes, trigger tubes, the glow thyratron, voltage stabilisation, stepping 
tubes, indicator tubes, detectors for nuclear radiation and high current tubes. Included in this wide array are such esoteric 
types as the Cerberus "touch button" which ionises and energises a relay when its envelope is touched, the Multi-Gap Stabili 
which offers four stabilised voltages (70, 140, 210 and 280 volts) from a single tube, and the Digitube which can be connected 
to a collector in a transistor bistable and glows for one state of that bistable.Where necessary, circuit diagrams are provided 
for the applications discussed. „ . j , l. 

The book has been carefully planned, gives useful references for further reading, and has an excellent index. It can be 
recommended with confidence for anyone, whether amateur experimenter or professional engineer, who seeks guidance 
in an interesting and rewarding branch of present-day electronics. 

EVERYMAN'S WIRELESS BOOK. Revised by R. E. F. Street. 368 pages. 5 x yjin. Published by George Newnes Limited. 
Price 21s. 

The first edition of Everyman's Wireless Book appeared in 1934, and it has passed through many editions since that year 
This is the fourteenth, and it incorporates a text which has been completely revised by R. E. F. Street. Very little material has 
been retained from previous editions. 

The title of the book might give the impression that it is intended for the layman, but this is by no means entirely t"6 "*e 
since it contains much that will be of value to the fairly experienced amateur experimenter and constructon Thereisan 0P®n'nS 
chapter which introduces readers to the theory of radio reception and electrical circuits, followed by two chapters on resistors 
and capacitors. There is also a chapter on soldering—an essential subject for anyone who intends to embark on home-construc- 
tion or servicing. , . 

The equipment covered by the book consists of domestic sound radio receivers and record reproducers. A great deal 
of attention has been paid to servicing, as it is felt by Mr. Street that this iswheretheamateurneedsmostadvice.A 
near the end of the book deals with moving-coil meters and the testmeter circuits in which they may be used, whilst 
chapter is devoted to useful data and circuit symbols. 

BETTER SOUND STUDY NOTES. 16 pages, 5f x 94in. Published by the British Broadcasting Corporation. Price 2s. 6d. 
Readers may already be aware of the series of broadcasts under the title "Better Sound" which is to be ^ra"s.^'th

tej'^ 
B.B.C. This series, consisting of four programmes, is scheduled for Fridays at 7,00 to 7.30 P^- fr°m ,0° ^ nn Radio 4 
Session on the Radio network. The four programmes will be repeated on f^urday mornings at 1L00 to 1T30 a.m. on Radio 4 
from August 17th to September 24th (excluding August 31st, which falls on the Bank Hohday). There will also be two 
additiona! programmes on Saturdays, September 21st and 28th. to deal with requests from listeners for more information. 
The aim of the series is to enable listeners to get the best from their hi-fi equipment, tape recorders and ra o . 

The publication under review provides background information for the transmitted programmes, and ,s particularly 
intended for the less technical person. Most of its pages are devoted to sound reproduction and r eco r d i n g f ro mt he as pec t of 
the loudspeaker and microphone. There is. for instance, very useful advice on the best positioning of a l°udsP®aller ^ ^lcro

o 
phone in ordinary rooms or classrooms for obtaining maximum clarity. Further subjects dealt with are mono 
reproduction, hi-fi equipment, and the advantages of reception. 

Obviously, the booklet complements the B.B.C. "Better Sound" transmissions but it is nevertheless a helpful publication 
in its own right. It may be obtained direct from B.B.C. Publications at 2s. 6d. plus 5d. postage. 

AUDIO ANNUAL 1968. 130 pages (44 advertisements) SJ x 11in. Published by Link House Publications Ltd. Price 7s. 6d. 
This publication is similar to Hi-Fi News, with the same type of magazine cover and presentationofc^ 

seven articles by leading writers in the hi-fi world, these dealing with subjects including concert hall acoustics, equalisation 
and the problems of hi-fi retailing. 

There is also a large section (of some-58 pages) containing reviews of commerci^ly m^ufactured^ eVeatert 
37 reprints of reports previously published in Hi-Fi News and Tape Recorder during 1967 Audl0.Ann"0' 9d® ^ '^ gon|V On 
appeal for the audiophile, but it also has useful value as a reference work for those who deal with hi-fi equipment only on 
occasion. —  J Azn 
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In this article it is proposed to 
describe a means by which echo 
effects may be achieved with an 

ordinary tape recorder. The require- 
ments are minimal, and the whole 
thing may be done at quite a low cost. 
Before plunging into constructional 
details, a brief description of general 
echo techniques may be in order. 

Echo Techniques 
There is some confusion between 

the two effects "echo" and "re- 
verberation". Echo consists of suc- 
cessive repetitions of the original 
sound, each somewhat fainter than 
the one before, so that they die away 
within a certain time. Reverberation 
imitates the effect of a large hall or 
cavern and sustains the incoming 
signal for a short period after it has 
ceased, thus simulating the "re- 
verberation time" of a large room and 
giving "spaciousness" to the sound. 
Indeed, employed in moderation, 
reverberation may be used in a Hi-Fi 
set-up to imitate the acoustics of a 
concert hall, even in a small room. 

This second effect can be achieved 
in several ways. The most common 

Adding Echo to a 

Tape Recorder 

byJ. CRAWLEY 

A tape recorder can be made to provide interesting and 
pleasing echo effects and, in this article, our contributor 
describes an approach he has used successfully. It must be 
emphasised that it is necessary to fit an additional head to 
the tape recorder and that this may not be possible with all 
machines; also, the constructor has to plan and make the 
necessary modifications himself. Some experiment may be 

required before the desired final effect is achieved 

added is an extra tape head, and a 
matching and equalising preamplifier. 
It may be added that the tape recorder 
employed by the writer was a home- 

Direct level 
control 

Input 

\ 
Attenuators 

Transducers \ 

Delay spring 

Mixer 
Output 

Delayed 
level control 

Fig. 1. A simple means of obtaining reverberation 

method is to use a coiled metal 
spring to delay the signal, with electro- 
mechanical transducers at each end. 
Possible transducers could be of the 
piezoelectric ceramic type (say, con- 
verted pick-ups). If an incoming 
signal is divided between a direct 
path to the output and a path delayed 
by its passage through the spring, 
then the delayed signal will be heard 
a fraction of a second after the original. 
It is quite easy to adjust the relative 
levels of the two signals to achieve 
the desired effect (see Fig. 1). Another 
way of arriving at roughly the same 
effect is to use a room with smooth 
walls, rather like a bathroom, with a 
loudspeaker at one end, and a micro- 
phone at the other! 

However, the system to be described 
in this article uses a tape deck, and 
provides the first effect, that of 
"multiple echoes". Reverberation is 
also possible, depending on head 
spacing and tape speed, but the 
character of the effect is different, 
lacking the uneven response and odd 
resonances of the coiled spring 
method. The cost is not too high if a 
tape recorder capable of being modified 
is available, since all that must be 

built set-up, using a Stern-Clyne 
"Double-Feature" preamplifier, a 
Stern-Clyne "JL-10" power amplifier 
and a i-track Magnavox "363" tape 
deck. 

Working System 
The block diagram of the system 

is shown in Fig. 2, and is intended for 
use when it is desired to reproduce 
the original input, with added echo, 
at the same time as it is applied to the 
system. The existing tape recorder is 
set to Record, and a tape loop, whose 
length is immaterial, is allowed to 
move past the heads. An auxiliary 
head is affixed to the deck in a suitable 
position after the existing heads and 
the tape loop passes this also. The 
incoming signal from the microphone 
(or guitar or what-have-you) is 
recorded on to the tape by the recorder 
and is heard, at the same time, over 
the loudspeaker. This is presuming 
that the recorder has a "monitor" 
outlet socket or facilities for hearing 
the recorded signal over the recorder's 
loudspeaker. Otherwise, an external 

Mic ( 

Speaker 

Tape recorder 
(set to'record') Echo Erase level 

head Mic control 
L IOO input 

socket 

□ Tape 
loop R/P head 

Pre-amplifier 
Ouipul Input 

_r 

9V 
battery 

On-Off 
Additional 
echo head 

Fig. 2. The basic system for adding echo. A tape loop is employed when it is 
desired to reproduce the input signal with echo at the same time that it is applied 
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External 
amplifier t: 

Tape recorder Echo 
level 
control Mic input 

socket 

£ 

L 

Speaker 

From pre-amplifier 

Fig. 3. If the tape recorder has no loudspeaker output facility on "Record", an 
external amplifier should be coupled into circuit 

COMPONENTS 

(Fig. 4) 
Resistors 
(All fixed values high-stability, 
i watt, 5%) 

Ri 68k £2 
Rz lOkO 
Rs lOkQ 
R4 I2kn 
Rs 2700 
R6 l.SkO 
Rt 2.2kn 
Rs 5600 
R9 6800 
Rio See text 
Echo Level Control (Fig. 2) 
lOOkO potentiometer, linear 

Capacitors 
Ci I0(xF electrolytic, 16V 

wkg. (Mullard) 
C2 64(iF electrolytic, 10V 

wkg. (Mullard) 
C3 IOO11F electrolytic, 4 V 

wkg. (Mullard) 
C4 160(jiF electrolytic, 10V 

wkg. (Mullard) 
C5 500(iF electrolytic, I2V 

wkg. 
Co 0.1 [iF paper or polyester 
C7 0.01 |iF polyester 

Transistors 
TRi OC44 (Mullard) 
TR2 OC44 (Mullard) 

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

Battery 
9-volt battery type PP3 (Ever 
Ready) 

Miscellaneous 
Tape head, medium impedance, 
general purpose (see text) 
Veroboard, 0.2in matrix, 2| 

' x 1 Jin (see Fig. 5) 
Screened wiring, mounting for 
additional head, etc. 

power amplifier may be used, as in 
Fig. 3. 

If a recording is to be made, and the 
echo is not required live, then a normal 
continuous reel is used in place of 
the loop. 

The signal, having been fed on to 
the tape loop, is picked off again by 
the auxiliary replay head and trans- 
ferred back to the "mic input" socket, 
via the transistorised preamplifier, 
thus introducing a delay which 
depends on the tape speed and the 
head spacing. The delayed output 
from the preamplifier is mixed with 
the incoming signal and passes on to 
the power amplifier and speaker. 
Since the recording take-off comes 
after the echo feed-in, the echo will 
be recirculated until it dies away. 
The result is a pleasing "multiple 
echo" effect. If the record level 
control on the tape recorder or the 
echo level control of Fig. 2 is set too 
high, so that the loop gain of the 
system is greater than unity, the 

echoes will build up instead of dying 
away and the system will oscillate in 
a manner rather reminiscent of a 
"sonar" echo sounder. 

In the writer's version of the system 
shown in Fig. 2 a microphone was 
used, this being a dynamic type with 
built-in transformer offering an output 
impedance of 50k £1. The echo level 
control presents too low a resistance 
for a crystal microphone. The output 
impedance of the echo preamplifier 
is low, but it is not normally necessary 
for the echo level control to be turned 
sufficiently high for this impedance to 
seriously reduce that into which the 
microphone works. The "mic input" 
of the tape recorder amplifier is high, 
at approximately 1M£L 

Transistor Preamplifier 
The circuit of the transistor pre- 

amplifier following the additional 
head is shown in Fig. 4. The configura- 
tion is a direct coupled 2-transistor 
circuit, with d.c. negative feedback, 
and was based by the writer on a 
circuit recommended by Sinclair 
Radionics Ltd. A.C. feedback is 
provided from TR2 collector to TRi 
emitter, via Rn and C7, to equalise 
the frequency response from the tape 
head. The value of Rio should be 
chosen to suit the tape speed to be 
used. At 7i i.p.s. it is 6.8kfl; at 
3J i.p.s. it is ISkQ; and at 1J i.p.s. 
it is 27kO. 

The amplifier may be built on a 
piece of Veroboard with a 0.2in hole 
matrix, and a suitable layout is shown 
in Fig. 5. The copper may be easily 
cut with an ordinary pen-knife to 
achieve the strip geometry required. 
Because of the small size of the 
board employed, and to achieve high 
density packing, most components 
are mounted vertically. It is best to 
solder in the resistors first, these 
being the least heat-susceptible; then 
the capacitors should follow, the 

—9V 

Output 

ebc o o oidot 

OC44 
Lead-outs 

C5 1 
SOOuFS3 R? c7 

OOluF 2'2kn 
Additional 
echo head 

I2kn C6 TR, 
0C44 O-luF TR2 IOuF 

OC44 RfO 

"2 
C2 lOkn Rs 560n 64uF C4 270n 

SSkA ISOuF 
r6 C3 r9 

680n 18kn 
I 

lOOpF 

- 
Oka 
WW 

0+ 

fig. 4. the circuit of the preamplifier which follows the additional echo head 
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-27/8" 

nri~rin 

I'M* 

I 234567 89IO 12 13 14 
Battery+ 
and earth Input^*88*. 

from 
additional 
head 

C2 C4 C3 b e 

ht cs 
Output 

(^) TR 

Battery - J e via S 

Fig. 5. The copper and component sides of the Veroboard panel on which the 
preamplifier is assembled. Switch Si is external to the board 

Erase 
head 

Record- 1 
playback 

head 
i i i i 

Q 

A 
Tape 

lAddKional 
Ihead 

 ---J 
Tape guide Z^A. zn Tape guide 

Pressure^pad (HEAD COVER OMITTED FOR CLARITY) 

Fig. 6. The basic layout when the additional head immediately follows the existing 
heads 

Existing heads 

Fig. 7 (a). If the additional head is positioned some distance from the existing 
heads, the method shown here may be used to keep the tape in contact with the 

head 
(b). Alternatively, a pressure pad assembly may be fitted at the additional head 

Additional 
head 

(a) 

Existing heads 

Pins keep tape In contact 
with head 

Additional 
head 

Pressure 
pad 

(b) 
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electrolytic capacitors having their 
positive ends nearer the board. The 
two transistors should be last, not 
forgetting to use heat shunts during 
soldering. It may be wondered why 
the unused sections of the board near 
the input connection are shown as 
earthed in Fig. 5, but the writer con- 
sidered it desirable to have a certain 
amount of earthed metal around the 
sensitive input end of the preamplifier. 

With reference to the Components 
List, high stability resistors were chosen 
to cut down noise in this low level 
circuit. If the OC44's are found to 
be too noisy a different specimen 
may be tried. The writer has found 
that an alternative, the GET 880, offers 
low noise in a circuit of this type. 
The values of the electrolytic capacitors 
are not critical. 

Once the board is complete it may 
be wired into circuit. The main thing 
to watch is capacitive feedback from 
TR2 collector to TRi base, since the 
phasing of the transistors is such as 
to promote positive feedback, and 
hence oscillation, if any coupling 
between the leads occurs. Since both 
the input impedance and sensitivity 
are high it is easy for feedback to 
occur, so that screened input and 
output leads should be used. The lead 
from the tape head should be fairly 
short, since treble loss may occur in 
the capacitance of a long length 
owing to the high input impedance. 
The output lead is connected to the 
lOOkO echo level control of Fig. 2, 
the centre core to the middle tag, and 
the screening to the lower tag. The 
two outer tags are connected across 
the "mic input" of the tape recorder, 
in parallel with the microphone output, 
ensuring that the tag which connects 

with the screening of the cable from 
the preamplifier is connected to the 
earthy side of the amplifier input 
socket. To reduce hum, the echo level 
control and its immediate wiring 
should also be screened. 

A suitable battery for the unit is 
a PP3, since the current drawn is 
only a few milliamps. If there is room 
available in the tape recorder, the 
preamplifier and battery (not forget- 
ting the on-off switch) may be housed 
inside, together with the echo level 
control. However, if the recorder is a 
valve model it is probably advisable, 
to avoid hum pick-up, to house the 
preamplifier in a tobacco tin, or 
something similar. Alternatively, the 
echo amplifier and associated controls 
may be housed separately, and 
plugged in when required. 

The Additional Head 
The additional head requires to be 

a general purpose medium impedance 
type, and the choice is fairly wide. 
However, a head that provides a 
fairly high output is preferable, and a 
good choice with a .) track recorder 
would be the Marriott R/RP1. This is 
available from Henry's Radio, Ltd. 

There is often room in the tape 
recorder for the third head immedi- 
ately after the record-playback head. 
This space can be utilised to mount 
the echo head, as in Fig. 6. The 
result of this positioning, especially 
at the higher tape speeds, will be an 
effect tending towards reverberation, 
providing a "cavernous" impression. 
Alternatively, the second head may 
mounted up to 6in away from 
the other heads, as in Fig. 7 (a) or 
(b). In this case, some sort of tape 
guiding arrangement must be provided, 

together with a pressure pad or some 
other form of tensioning to keep the 
tape in constant contact with the head. 
This arrangement will provide the 
multiple echo effect. 

Setting-Up 
To set up the equipment it is only 

necessary to supply a signal to be 
echoed. The echo level control and 
the record level control (on the tape 
recorder) are then adjusted until the 
echoes take the desired time to die out. 
The noise introduced into the system 
by the preamplifier can be reduced by 
setting the record level control high, 
and the echo level control fairly low, 
but if this is carried too far over- 
loading of the preamplifier or tape 
will result. It will probably be found 
that a fairly fast repetition rate gives 
the most pleasing results, calling for 
a rapid tape speed or close head 
spacing. 

If results are disappointing, with 
a lack of treble in the echo resulting 
in a rapidly increasing muffled quality, 
then it is likely that the echo head is 
not aligned correctly, azimuth adjust- 
ment being important. By adjusting 
the angle of the head gap relative to 
the tape, the optimum position will 
soon be found. 

The apparatus described in this 
article should, if fitted correctly, give 
good results on a tape recorder, 
providing a fascinating and enter- 
taining effect which is particularly 
helpful for electronic music. The 
original apparatus has been used very 
successfully to provide an echo effect 
for the voice of "Marley's Ghost" 
in an amateur production of "A 
Christmas Carol". 

EMI WINS MALAYAN 

TV ORDER 

EMI Electronics have recently won a major share of a contract to equip the largest centralised broad- 
casting complex in south-east Asia. In strong competition with American and Japanese manufacturers, 
EMI secured the £180,000 order for the mixing, switching and communications equipment in the Malaysian 
Government's new television and radio centre at Pantai Valley, Kuala Lumpur. Programmes, in several 
languages, will be broadcast from Pantai Valley and networked throughout the Malayan peninsula. 

The EM\ installation includes the Master Control, with sound and vision mixers, a Transicom studio 
intercommunications network, the pulse system and test gear. The Master Control receives input signals 
from four main studios, a network and two continuity suites, four telecine machines and video tape re- 
corders, routing the final broadcast signal to two programme channels and a feed to network. 

Consultants for the Pantai Valley scheme are N. J. Pappas & Associates of Montreal, Canada. The 
installation will be completed by November, 1968. 
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Getting the Best from 

your Oscilloscope by 

D. J. GRIFFITHS 
Part 1 

This article is the first of a four-part series which is specifically intended to illustrate 
how maximum advantage can be taken of the oscilloscope. In this issue our 
contributor describes two ways in which the oscilloscope may be used for frequency 

determination 

Many constructors realise the tremendous 
value of an oscilloscope and the rise in popularity 
of this instrument over recent years has been 

enormous. This versatile instrument is often, wisely, 
constructed soon after the "first" general purpose 
testmeter, but many enthusiasts are unfamiliar with all 
that it can offer. The purpose of this series of articles 
is to explain in as few words as possible how the 
constructor can get the best out of his 'scope. 

We shall deal, this month, with frequency deter- 
mination. 

Frequency Determination By Lissajous Figures 
Lissajous patterns are caused by alternating voltages 

applied to both plates of the oscilloscope c.r.t., and 
may be used for frequency determination. If a sine 
wave of 50 c/s is applied to both X and Y plates, a 
figure similar to either Fig. 1 (a), (ft) or (c) will be 
produced, according to the phase difference between 
the sine waves. When both inputs are at exactly the 
same frequency the pattern remains stationary, but 
with slight differences in frequency the figure will 
appear to rotate, passing through all three modes. 

If the frequency applied to the vertical plates, which 
we shall call Fy, is doubled to 100 c/s a pattern similar 
to either Fig. 2 {a), (ft) or (c) will be given, depending 
on the phase relationship of the two signals. The ratio 
of Fy to Fx (the frequency applied to the horizontal 
plates) may be determined by drawing tangents to the 

top side of the figure and counting the number of 
loops touching each tangent, as in Fig. 3 (a). The 
following equation is then applied: 

Fy No. of loops touching horizontal tangent 
Fx

—No. of loops touching vertical tangent 
The known frequency is normally applied to the 

horizontal plates, and the unknown to the vertical 
plates, so we then work from the equation. 

P Fx x No. of loops touching horizontal tangent 
y No. of loops touching vertical tangent 

Application of this formula makes the interpretation 
of Figs. 3 (ft) and (c) quite clear. In Fig. 3 (ft) the un- 
known frequency is 3 times the known frequency, and 
in Fig. 3 (c) it is 5 times the known frequency. 

In Fig. 4 (a) we have one loop touching the horizontal 
tangent and two loops touching the vertical tangent. 
Fy is therefore Fx multiplied by ■£. In other words the 
unknown frequency is half the known frequency. 
In Fig. "4 (ft) Fy is J of Fx. 

The Lissajous patterns of Figs. 3 and 4 may be 
used for ratios up to 5:1 or 1:5. Higher ratios will be 
more difficult to interpret, particularly if they cannot 
be kept stationary. 

The figures considered up to now are for whole 
number ratios. Fractional ratios can also be indicated 
by Lissajous figures. Typical instances are given in 
Fig. 5 where the ratio of Fy:Fx is 3:2 in (a), 3:4 in 
(ft) and 5:2 in (c). It will be noted that the 5:2 ratio 
is quite complicated. In the interests of accuracy it is 

0 ■ (A) vv 

Ratio |:l Ratio M 
(a) / ^ \ (b) 

Ratio 1:1 
(c) 

Fig. 1. If the same frequency is fed to both plates of the 
oscilloscope tube, the resultant trace may resemble (a), 

(b) or (c) according to phase difference 

Ratio 2:| /— Ratio 2:1 
(a) / \ Cb) 

(oo) 

Ratio 2:1 
(c) 

Fig. 2. Traces given when the input to the vertical plates 
is twice the frequency of that applied to the horizontal 

plates 
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oa 

Ratio 2:1 
Ca) 

Ratio 5:1 
CO 

000 

Ratio 3m 
b) 

Fig. 3. The frequency ratio may be determined as shown 
in (a). The trace given for a vertical frequency three 
times horizontal frequency is illustrated in (b), and that 
for a vertical frequency 5 times the horizontal frequency 

in (c) 

Fig. 4. The oscillogram given when the vertical frequency 
is (a) half the horizontal frequency and (b) one-third of 

the horizontal frequency 

Rat o 1:2 
(a) 

Ratio 1:3 
Cb) 

Ratio 3:2 Ratio 3:4 
(a) (b) 

Ratio 5:2 
(c) 

Fig. 5. Vertical to horizontal ratios of: (o) 3:2, (b) 3:4 
and (c) 5:2 

Fig. 6. Harmonics oh either input can cause distortion 
of the Lissajous figure, as demonstrated here 

Ratio 3:1 
(a) 

Ratio 3:2 
(b) 
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I 
(a) (b) 

Mm 

(c) 

traces Siven ^en the unknown frequency is a fraction of sweep frequency. In (a) and lb) the unknown 
frequency ,s half sweep frequency, in (c) it is one-third 

and in (d) it is one-fifth of sweep frequency 

Comparison With Sweep Frequency 
An approximate measurement of frequency may be 

made by comparing the unknown frequency wTth the 
honzontal sweep frequency. To obtain reasonable 
accuracy the horizontal timebase should be unsyn- 

mitin 'th1" thlS n?ethod sti11 gives a good approxi- 
used^o nKfV 3 syn.c^ronised timebase, and is often 
freauenrv Th 3 qi?lck W^'mation of the unknown trequency. The mam advantage of this method is that 

frequency of quite complicated waves may be 

may 1968 

£ £ approximate measure of a frequency may be obtained by comparing it with horizontal sweep frequency 
In (a) the unknown frequency is the same as sweep 
frequency, m (fa) it is twice and in (c) it is five times the 

sweep frequency 

(a) (b) 

(c) (d) 

SSc«edV™id a,ttmP,in6 

If frequency ratios are not exact, the pattern will 

th^nfe ln pe as the Phase relationships alter. As 
thllr P?en

t
S' STe of the loops may not appear in 

Reading'T of their sections coincide. 
fi.hv inH uU, only be taken when all loops are lully and obviously exposed. 

Occasionally, one or more harmonics are present in 

of thP r0 mpUtfi whereupon considerable distortion 
are p-gUr^ ^ result- Typical instances are illustrated in Figs. 6 (a) and (b). 

.Cleter.Tined. eas''y' esPecially if the sweep is "slower" than the unknown frequency. 
In Fig. 7 (a) the unknown frequency is the same as 

the sweep frequency. In Fig. 7 (b), in which two full 
cycles appear, the unknown frequency is twice the 
sweep frequency, whilst in Fig. 7 (c) it is five times the 
sweep frequency As is to be expected, a small fraction 
ot the unknown frequency is "lost" during flyback. 

When the unknown frequency is a fraction of the 
sweep frequency, a number of lines appear on the 
screen, this number corresponding to the number of 
times sweep frequency is higher than the unknown 
frequency. Thus, in Figs. 8 (a) and (b), there are two 
' 5?' which means that the unknown frequency is half the sweep frequency. In Fig. 8 (c) there are three 
ines, indicating that the unknown frequency is a third 

ot the sweep frequency; whilst in Fig. 8 (d) there are 
'm®5' showing that the unknown frequency is one-fifth of sweep frequency. The lines may take up 

mSSd^ Hrs.on the screen to the examples 

(To be continued) 
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Oscittoscope Vo/tagt 

■i 

Cover Feature 
MAMMA 

The small unit described in this article was 
originally designed and built to provide a series 
of reference voltages for an oscilloscope that 

lacked these facilities. It was subsequently found that, 
provided two precautions were observed, the frequency 
stability was of a sufficiently high order to enable 
many of the routine frequency measurements required 
in the amateur home laboratory or workshop to be 
carried out. The prototype was built on a printed 
circuit board measuring H x 2iin, this being fitted 
inside the author's oscilloscope. 

Circuit Operation 
The circuit is shown in Fig. 1. As will be seen, the 

unit consists of a pair of switching transistors connected 
as a free-running multivibrator. The frequency of 
oscillation is determined by the values of R2, Q and 
R3, C2. These components have values which cause 
the operating frequency to be approximately equal to 
1 kc/s. 

The output of the multivibrator, at TR2 collector, is 
close to a true square wave, but it is nevertheless too 
distorted to be useful for the present application. The 
distortion is removed by the diodes Di and D2, as is 
described later. 

The lengths of successive peaks and troughs in the 
square wave is known as the mark-space ratio, or m.s.r., 
and is determined by the values of R2, Q and R3, 
C2. The m.s.r. will be 1:1 when R2 is equal to R3, 

by H. T. Kl" 

Intended primarily for use with an osciUk£co| 
waveform whose voltage is closely coi||Koll€ 
accurate for routine frequency measurement: 

diode network which ensures that a square 

(white) (0 0 Kred) 

b 
(green) 

GET 872 lead-outs 

" 

d2- 
C3 TRl 

GET872 
TR2 

GET872 

Fig. 1. The circuit of the cckibrator unit. The diodes. Dj one 

Resistors 
(All fixed values i watt 5% high-stability) 

Ri 
R2 
R3 
R4 
Rs 
Re 
R7 
Rs 
R9 

ika 
33ka 
33ka 
ika 
9ka 
900a 
90a (or 91 a) 
10a 
120a (see text) 

# 

VRi 5ka skeleton preset, vertical mounting 

Capacitors 
(All 12V wkg. or more) 

Ci 0.02jj.F Mylar or polyester 
C2 0.02(jtF Mylar or polyester 
C3 lOOfiF electrolytic 
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ye/Time Calibrator 

KITCHEN 

itecope, this calibrator unit offers an output 
polled and whose frequency is sufficiently 
sPrcnts. A particularly attractive feature is a 
quare wave of good waveform is produced 

vw 

VR, 
W 

5 V 
500 

r5$ mV 

SOm 
5mv 

D3 

-12V 

(Scope 
chassis) 

*) Output socket 

s Dt and D2 ensure that a good square wave is produced 

COMPONENTS 

Semiconductors 
TRj, TR2 GET 872 
Dj Silicon diode, OA202 (Mullard) or similar 
D2 5.6 volt 5% zener diode (Radiospares), or 

OAZ242 (Mullard) 
Dj 9.1 volt 5 % zener diode, OAZ207 (Mullard) 

Switch 
Si 1 pole, 4 way, rotary 

Miscellaneous 
Coaxial output socket 
Knob, for switch 
Printed circuit board, 1 i x 2^in 

Fig. 2 (a). The negative-going rise characteristic, expanded 
horizontally, which is given when Dj is short-circuited 
(b). The considerable improvement which results when 

D] is operative 
'(c). Several cycles of the square wave provided by the 

calibrator 

Cj is equal to C2, and TR] is equivalent to TR2. For 
applications where the unit is to be used as a frequency 
reference, the m.s.r. should be as close to 1:1 as 
possible. Otherwise, errors will creep in where, for 
example, the start of a peak is used as a first reference 
and the start of a trough as a subsequent reference. 
When the unit is to be used solely as a voltage reference, 
the m.s.r. can be ignored. It must be confessed, however, 
that the writer personally prefers an m.s.r. of 1:1 
even if only because it looks much more "tidy" on the 
oscilloscope screen! 

If Di and D2 were not in circuit, the waveform at the 
collector of TR2 would vary from virtually the negative 
supply voltage of about 9 volts (stabilised by D3) 
when the transistor is cut off, to within a volt or so 
of the positive supply line when the transistor is fully 
bottomed. This represents an amplitude in the region 
of 7.5 volts peak-to-peak. The negative excursion is, 
however, limited by the silicon diode Di and the 5.6 
volt zener diode D2, and the clamp provided by these 
two diodes results in the production of an excellent 
square wave across the zener diode. It might be. thought 
that diode D| is not required, and that D2 would provide 
sufficient clamping of the negative-going signal on its 
own. In practice, Di considerably sharpens up the 
negative-going rise, as is shown by the waveforms in 
Fig. 2. Fig. 2 (a) shows, in expanded form, the rising 
section of the waveform across D2 with Di short- 
circuited, whilst Fig. 2 lb) illustrates the rising section 
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r/2 

o 

Fig. 3. The copper side of the printed circuit board, with 
the copper areas shown shaded. This is reproduced full-size 

and may be traced directly 

with D] operative. The improvement in wave shape 
provided by Di is very evident. Fig. 2 (c) shows several 
cycles of the waveform across D2 when Di is in circuit, 
and it will be seen that this has very good rise and fall 
sections, flat tops and a good mark-space ratio. 

Apart from its role in "cleaning up" the waveform, 
Dz carries out a second important function. This is 
that of stabilising the amplitude of the square wave 
before it is passed to the attenuator given by VRi 
and R5 to Rg. Output amplitude stabilising is assisted 
by zener diode D3, which holds the supply potential 
for TRj and TR2 steady at about 9.1 volts. Thjs, 
the amplitude of the waveform at TR2 collector would 
be reasonably constant without D2 in circuit. D2 
operates, after a circuit having standard supply voltage 
conditions, whereupon the final waveform amplitude 
obtained has an extremely high stability. The presence 
of D3 also assists, incidentally, in maintaining oscillator 
frequency stability. 

The waveform across D2 is next applied to the 
attenuator section. Since D2 is rated at 5.6 volts ±5%, 
the peak-to-peak amplitude obtained across this diode 
will depend upon the actual component employed. 
The preset variable resistor, VRi, is set up so that 
exactly 5 volts peak-to-peak appears across R5 to Rg. 
These resistors have values which then enable Si to 
"tap off" waveforms having peak-to-peak amplitudes 
of 5 volts, 500mV, 50mV, or 5mV. 

As a result of the method of construction adopted, 
stray capacitances are kept to a very low order. The 
wave shape, as viewed on a 6in wide oscilloscope screen, 
remains substantially unaltered irrespective of the 
degree of attenuation applied. This is a very useful 
property as it allows high gain amplifiers to be sub- 
jected to square wave testing, thereby further extending 
the usefulness of the unit. 

The value of the series resistor Rg should be such 
as to allow a current in the region of 15mA to flow 
through D3. About 10mA flows in the multivibrator 
circuit itself, so that Rg may be chosen to pass some 
25mA overall. The value specified in the Components 
List for Rg is suitable for a 12 volt supply. It is important 
to note that the zener current through D3 itself must 
not exceed 25mA, as this approaches the maximum 
for the OAZ207 without a heat sink. Should the supply 
voltage be higher than 12, the value of Rg has to be 

increased accordingly. The supply voltage should, 
of course, be at least several volts greater than the 
nominal zener voltage of D3. 

The accuracy of the frequency provided by the unit 
will depend mainly upon the values, within tolerance, 
of R2, R3, Ci and C2. R2 and R3 are specified as 5 % 
in the Components List, although closer tolerance 
components can be employed, if desired. Close tolerance 
capacitors for Q and C2 may be difficult to obtain, 
but standard components will produce a square wave 
frequency sufficiently close to 1 kc/s for normal routine 
work. For very high levels of accuracy in terms of 
frequency, it will probably be found most convenient 
to slightly adjust the values of R2 and R3, as required. 

Construction 
Readers may have their own ideas on construction, 

but the writer found that the printed circuit board 
assembly illustrated in Figs. 3 and 4 enabled the unit 
to be made up with little difficulty, and provided a 
neat and compact layout. Construction using the 
printed circuit board approach will, in consequence, 
be described next. 

The prototype, excluding the switch Si, is built on 
a piece of printed circuit board measuring 2i x l-jrin, 
this size being considered a satisfactory compromise 
between space occupied within the oscilloscope and 
ease of construction. Fig. 4 illustrates the "wiring" 
required, from the component side of the board, whilst 
the copper side of the board is shown in Fig. 3. Fig. 3 
is reproduced full size, and may be traced directly, 
if desired. 

The copper pattern should be lightly outlined on to 
the actual board to be used, in pencil, and then the 
copper to be retained should be painted over with 
cellulose paint. When painting is completed and 
the paint has been allowed to dry the laminate can 
be etched. However, experiments have shown that, 
provided good quality paint is used, it is possible to 
immerse the laminate, wet paint and all, into the 
etching fluid. This is a solution of 250 gm of ferric 
chloride dissolved in about 500 millilitres of water. 

The circuit board is placed in an old whole plate 
(8^ x 6^in) developing dish, and the fluid is poured in. 
Fresh fluid, at this strong dilution, should complete 
the etching process in roughly 20 minutes at normal 
room temperature. Weaker solutions, or used solutions 
that are nearing saturation point, will take longer to 
etch the board. 

12V— 

RiV'ifRg 

r7 

C2 TR, 

To scope chassis Band 

Fig. 4. The component side of the board, showing layout 
and connections 
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When etching is complete the board should be 
removed from the solution, thoroughly washed in 
running water and then dried. The paint can now be 
removed with the appropriate thinners and the board 
drilled for the component wires. A small ^in pin 
drill makes very neat holes but requires care to avoid 
breakage, particularly if used in a hand drill. After 
drilling, the board is prepared for soldering by scrubbing 
it thoroughly with a good cleaning powder. It is essential 
that the copper be free from grease and surface dirt, 
otherwise soldering will be difficult, leading to over- 
heated (and probably damaged) components, together 
with poor joints. 

The use of a heat shunt is essential when soldering 
the transistors and diodes, especially if their lea^s, 
as in the prototype, have been cut short. The high- 
stability resistors, also, are more likely to live up to 
their name if a heat shunt is used during soldering. 

On the prototype, short stiff leads are used to connect 
the circuit board to the attenuator switch Si. This dodge 
enables the unit to be self-supporting behind the 
switch, the latter being mounted on the front panel of 
the oscilloscope. The negative supply line is introduced 
to the board by means of a thin flexible lead, the positive 
supply connection being made by way of the output 
socket. 

Power Supply 
As has already been mentioned, the calibrator unit 

requires a supply of 12 volts at some 25mA. If it is 
intended that the unit be operated from a battery, 
no further comment is required here. 

On the other hand, should the unit be made integral 
with an oscilloscope it will be more convenient for it 
to draw its power from the oscilloscope supply. Con- 
ventional oscilloscopes have a 6.3 volt heater supply, 
whereupon it becomes possible to use a voltage doubling 
rectifier circuit, as in Fig. 5 (a) or 5 (b). The circuit in 

—12V 

I IOOUF 
5pl2Vwkg 

lOOpF 
12 V wkq 

Floating 6-3V 
winding 

'scope chassis 
Ca) 

lOOpF 
12V wkg -I2V 

Earthed 6-3V 
winding lOOOpF 

T20Vwk9 

(b) 
Fig. 5 (o). A simple voltage doubling rectifier circuit which 

may be used to power the calibrator 
(b). An alternative voltage doublet, in which one side of 

the 6.3 volt winding is at chassis potential 

ImS IKc/s 

A 

5V IOV 
P-P P-P 

125 c/s 
8mS 

Fig. 6. Illustrating the display given when checking the 
frequency of o 125 c/s sine wave. In this instance, the peak- 
to-peak amplitude of the sine wave is twice that of the 

square wave given by the calibrator 

Fig. 5 (a) applies to a 6.3 volt mains transformer 
winding which is "floating" whilst that of Fig. 5 (b) 
can be used with a 6.3 volt winding which has one end 
connected to chassis. As the current requirements are 
not high, the two rectifiers could be germanium diodes 
type OA81, or similar. 

An alternative scheme could consist of adding a 
small 6.3 volt heater transformer to the oscilloscope 
and using one of the two circuits of Fig. 5. If the 
additional transformer has a 12 volt winding a half-wave 
or bridge rectifier could be employed instead. 

It is possible that any of these rectifier circuits will 
provide a voltage in excess of 12 volts at 25mA. In 
consequence, the rectified negative output should at 
first be applied to Re* (Fig. 1) by way of a variable 
resistor having a value of the order of 25012. This 
resistor should initially insert maximum resistance, 
after which it may be adjusted until 12 volts is applied 
to R9. A fixed resistor of the appropriate value (if 
needed) may then be inserted in series with the negative 
supply to the unit. 

In Fig. 1, no on-off" switch is shown, as it is assumed 
that the unit will be running all the time that the 
associated oscilloscope is switched on. If it is desired 
to add an on-off switch this may be inserted in series 
with the negative supply to R9. 

Operating Temperature 
We come now to the two precautions mentioned at 

the beginning of this article with reference to frequency 
stability. One of these is already satisfied by the stabilis- 
ing of the supply voltage, which will have a beneficial 
effect on frequency stability. The remaining precaution 
is to ensure that the ambient temperature around the 
calibrator unit is maintained reasonably constant. 
Ideally, the circuit board should be mounted in a 
position where the ambient temperature will remain 
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constant, from the instant of switching on, for an 
indefinite period. This is not likely to be easily realised 
in practice if the unit is fitted inside an oscilloscope, 
so that an alternative position where the air rapidly 
reaches working temperature and then stays constant 
will have to be sought. 

Apart from the question of frequency stability, the 
circuit board should, in any case, be kept well away 
from sources of heat, particularly rectifier valves whose 
operating temperatures are likely to be high. Failure 
to observe this simple requirement could lead to the 
necessity of replacing one or more of the semiconductors. 

Setting Up Output Voltage 
When the calibrator is completed and operating, it is 

necessary to set up VR.! s<* that the output at the 
maximum setting of Si is 5 volts peak-to-peak. Since 
any attempt at measuring the output voltage directly 
on a moving-coil testmeter calibrated in r.m.s. is 
doomed to failure, indirect means have to be employed. 

First of all, it is important to understand the difference 
between peak-to-peak and r.m.s. voltages. Without 
going into basic theory too deeply, the peak-to-peak 
voltage of a sine wave is 2.8 times its r.m.s. value. 
The converse also applies. 

To set up VRi the following steps are taken. A 
potentiometer of around lOOfl is connected across 
the secondary of a heater transformer, and the Y input 
of the oscilloscope connected to the slider of the 
potentiometer and one end of the secondary. Also 
connected to these two points is a moving coil testmeter 
capable of reading low a.c. volts. The potentiometer 
is adjusted for a reading in this meter of 5 divided by 
2.8, i.e. 1.8 volts r.m.s. to the nearest decimal. The 
oscilloscope attenuator is then adjusted until the wave- 
form height which results lines up against suitable 
reference points on the graticule. The transformer, 
potentiometer and meter are then disconnected from 
the Y input, and the output of the calibrator fed in 
instead. VRi is next adjusted, with Si in the "5V" 
position, until the waveform height is the same as 
before. The voltage reference unit is then set up and 
ready for use. 

Since the mains transformer in the oscilloscope 
will almost certainly have a 6.3 volt winding which 
has one end, or a centre-tap, connected to chassis, the 
1.8 volts r.m.s. for the potentiometer and testmeter 
can, if desired, be conveniently taken from the oscillo- 
scope heater line. 

Using The Calibrator 
To conclude, a few words on operating the unit, 

particularly foe the beginner, may be helpful. 
In order to use the unit as a voltage and frequency 

standard, it will be necessary to equip the oscilloscope 
with a graticule over the c.r.t., this consisting of 

horizontal and vertical lines 1cm apart forming a grid. 
In order to find the amplitude of an unknown 

alternating voltage, adjust the Y attenuator until it 
just fills the working area of the c.r.t. On a 3in oscillo- 
scope this will be some 6cm and on a 6in oscilloscope 
some 12 or 13cm. The unknown voltage is then dis- 
connected from the Y input terminal or socket and the 
output from the calibrator is fed in. The oscilloscope 
Y attenuator is left severely alone, and the output 
switch of the calibrator is adjusted until the c.r.t. 
displays a waveform having an amplitude less than 
the unknown voltage; say, 1.5cm on a 3in oscilloscope, 
or i of the voltage. If the calibrator attenuator is set 
to, say, 500mV peak-to-peak, the amplitude of the 
unknown voltage will be 4 x 500mV =2,000mV or 
2V peak-to-peak. Whatever the actual figures, the 
output voltage from the calibrator multiplied by the 
ratio of the two amplitudes displayed will always give 
the amplitude of the unknown voltage. 

Since the output frequency from the unit is known, 
unknown frequencies above and below it can be 
measured. Fig. 6, which assumes a graticule grid of 12 
by 8cm, shows how this can be done. Since the output 
frequency is 1 kc/s, one complete cycle will take Viooo 
second, or ImS, so that if the oscilloscope timebase 
and X gain controls are adjusted so that one complete 
cycle occupies 1cm on the graticule, the timebase 
speed will be set at Icm/mS. The timebase will then 
take lOmS to cover 10cm on the graticule. The calibrat- 
ing waveform is disconnected and the unknown fre- 
quency is fed into the Y amplifier. Without touching 
the timebase and X gain controls, the distance occupied 
by one full cycle of the unknown frequency is measured 
on the graticule. Suppose it takes up 8cm. Since it 
occupies 8cm its frequency will be i that of the calibrat- 
ing frequency, i.e. 125 c/s. 

If a cycle of the unknown frequency occupies less 
than 1cm, its frequency is higher than that of the 
calibrating waveform and a somewhat different ap- 
proach becomes necessary. The timebase and width 
controls are adjusted so that one full cycle of the 
calibrating frequency occupies 10cm. The unknown 
frequency is now fed in and, again, the timebase and 
X gain controls are left untouched. The "length" of 
one complete cycle is measured on the graticule. Let 
us say that it is 1cm. 

Now, for one complete cycle at 1 kc/s to occupy 
10cm, the timebase must be running at lOcm/mS. 
Since one complete cycle of the unknown waveform 
is 1cm long, its frequency will obviously be ten times 
faster, i.e. 10 kc/s. 

By following the basic principles just outlined, other 
frequencies which are capable of being compared with 
the calibrating frequency in the same manner may be 
determined just as readily. 

□ 

S.T.C. Triple Crystal Units 

On page 486 of our issue dated March 1968 we listed sixteen of these units together with the applicable frequencies 
Recently however, S.T.C. have added a further two crystal units to the range—the details being shown below. 

STC Crystal Frequencies Mc/s 
Crystal 
Type ■ Light Third Home 

4434/T 78.15 80.35 82.55 
4434/U 77.4 81.8 84.0 
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Motor Speed Control using 

a Thgristor 

by N. HARDING, B.A. 

Using readily available components, this article describes a circuit which gives a 
smooth speed control for small series-wound motors. 

Efficient control of the speed of universal 
electric motors has been simplified by using 
thyristors (silicon controlled rectifiers) in the 

control circuit. The author was stimulated to investi- 
gate this application when it was found necessary 
to provide, in his laboratory, an efficient and 
inexpensive control of low-speed universal motors 
operating at 0oC. At this temperature the motor 
speed gradually varied due to increase in the viscos- 
ity of the lubricant of the motor bearings and the 
effects of condensation. The motor thus slowed and 
would finally stop if the series rheostat was not 
readjusted. It was particularly inconvenient to have 
to do this after midnight! The control circuit finally 
adopted has also been found useful for low-speed 
work with an electric drill. 

Thyristor Control Circuits 
The principle of thyristor operation has been 

described previously in this journal1, and may be 
simply demonstrated as follows. If a suitable thy- 
ristor is connected to a 3-volt d.c. supply in series 
with a torch bulb (Fig. 1) the bulb will not light until 
a voltage is applied to the trigger electrode. The 
bulb is not then extinguished by disconnecting the 
bia^ from the trigger electrode, but may be exting- 
uished when the 3-volt supply is disconnected. When 
the supply is restored, the lamp remains extinguished 
until a bias pulse is again applied to the trigger 
electrode. 

U. B. Dance, "Illumination Control Using Silicon Controlled 
Rectifiers", The Radio Constructor, May 1966. 

Thyristor 

© 

■Hi 

Torch bulb 

fig. 1. A basic thyristor control circuit. Here, the 
thyristor load is in series with the cathode (as occurs in 

the control circuit of Fig. 3) 
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This experiment illustrates the problems of using 
thyristors to control smooth d.c. In such an applica- 
tion not only does the trigger voltage have to be 
generated but also the thyristor has to be switched to 
the non-conducting state in order to obtain control. 
However, with a.c. or rectified unsmoothed d.c. the 
natural switching action of the supply may be used 
to switch the thyristor to the non-conducting state, 
leaving only the problem of supplying the trigger 
voltage. 

AC. supply 

0 Scries 
wound 
motor 

(a) 

Series 
wound 
motor 

AC. supply 

(b) 

Fig. 2 (a). Half-controlled thyristor bridge. Vt refers to 
the trigger voltage applied at the points shown 

(b). Full-wave diode bridge with single thyristor control 

623 

www.americanradiohistory.com



SCR | 

►K: 

^01 
"3 

 VAV  
240v AC VR 

1 
J 

R2< c 

1 

Series 
| wound 

motor 

Fig. 3. Half-wave thyristor motor speed control circuit. 
VRi is the speed control. "A" and "6" refer to points 

on the curves of Fig. 4 

Thyristor and diode bridge circuits may be used 
with an a.c. supply (Figs. 2 (a) and (b)), but smooth 
control may be difficult to obtain with the half- 
controlled bridge (Fig. 2 (a)) and the full-wave 
circuit requires expensive avalanche diodes in the 
bridge (Fig. 2 (b)). However, the circuit of Fig. 2 (a) 
and the S.T.C. circuit given in the previous article 
in this journal provide control on each successive 
half-cycle, which may in some circumstances be 
advantageous.2 

These objections may be overcome by using a 
half-wave control circuit, as in Fig. 3, in which the 
bridge diodes are omitted and the trigger voltage is 
derived from a potential divider across the main 
supply. For control of shunt-wound motors, the 
control circuit is usually in series with the armature 
and the field coils are supplied with uncontrolled 
d.c. The circuit of Fig. 3 was found to be satis- 
factory with series-wound motors and avoided the 
need for a separate field supply. 

Circuit Operation 
The circuit in Fig. 3 provides controlled pulses 

from the positive (therefore alternate) half-cycles of 
the supply. At full thyristor conduction the motor is 
supplied with a voltage about 40-60% of the r.m.s. 
supply value. During non-conduction of the thy- 
ristor on the negative half-cycles of the supply the 
back-e.m.f. generated by the motor opposes the 
trigger voltage derived from the supply. Since the 
back-e.m.f. generated by the motor is proportional 
to armature speed, increased delay in firing of the 
thyristor occurs with increased armature speed. This 
results in reduced power being supplied to the motor 
under these conditions at any setting of the trigger 
supply potentiometer, VRj. Also, as the motor 
slows the back-e.m.f. falls and the thyristor fires 
earlier, thus supplying more power from each posi- 
tive half-cycle of the supply. 

These effects are illustrated by the performance 
curves of Fig. 4, which apply to the circuit in Fig. 3 
using a series-wound motor designed for a 240 volt 
a.c. supply. In this case the load consisted of a 

2An avalanche rectifier is designed such that, if reverse breakdown 
takes place due to overvoltage it does so over the whole junction area 
rather than at discrete points in the junction or at the surface. In 
consequence, a high reverse power can be safely dissipated.—Editor. 

COMPONENTS 

Resistors 
Ri ISkO 5 watt 
R2 200D i watt (see text) 
Rj 820fl i watt 
VRi 5000 potentiometer, linear wirewound 

(dissipation 1 watt) 

Capacitor 
Ci 4(xF electrolytic, 6V wke. 

Semiconductors 
SCRi Thyristor, rated 3 amp forward current 

type CRS3/40 AF (S.T.C.)* 
Di Silicon diode, type RS 240BF (S.T.C.) 

or OA210 
*Type CRS3/40, available from Henry's Radio, 
is suitable. 

Switch 
Si s.p.d.t. switch (see text) 

90 

so 

70 - 

60 

so 
Votts across 
motor 40 

30 - 

20 

IO - 

Loaded 

No load 

'12 
Setting of VR| <fig.3) 

Fig. 4. Voltage across 240 volt series-wound motor 
(used in circuit of Fig. 3) related to setting of speed 
control potentiometer and load on motor armature. 
Voltage was measured on the 100 volt d.c. range of a 

Taylor Model 100A multimeter 

constant frictional brake applied to a disc attached 
to the motor spindle. 

In Fig. 3, R2 is nominally 2000. Its value may be 
varied between lOOfl and 3000, however, to meet 
particular low speed requirements. Switch Si 
should have contacts suitably rated for the motor 
load. 

Circuit Construction 
Layout was not critical, except for Ri which was 

mounted well away from other components since it 
gets appreciably warm. The circuit was built as a 
unit inside an MK moulded box List No. 2032, the 
output being wired to a 13 amp socket mounted at 
one end of the box. A separate single-pole 2-way 
switch may be used as the a.c. by-pass, carrying out 
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Motor Speed Control 

using a Thyristor 

the function of Sj in Fig. 3.3 The speed control, 
VRi, was mounted on a piece of Formica cut to fit 
the section of the box not covered when the socket 
was secured in position. 

The thyristor was mounted on a small heat sink, 
this being secured to the box with Araldite. For 
motors rated up to 600VA at 240 volts a.c., an alum- 
inium heat sink measuring 3cm x 2cm x ^in thick has 
proved satisfactory at normal room temperatures. 
With thyristors differing from the type specified or 
with different working conditions, the size of the 
heat sink may need to be modified and alternative 
ventilation arrangements provided. 

3The moulded box List No. 2032 is manufactured by MK Electric 
Ltd. It is intended for surface mounting, further MK Electric acces- 
sories (such as sockets) being fitted to it as required. The dimensions 
are 3| x 5^ x Hin, the box is available in brown or ivory, and it 
is obtainable through electrical contractors and retailers.—Editor. 

Effects of Thyristor Control Upon The Motor 
Sparking at the brush-commutator connection was 

more noticeable, and the motor generated more 
audible noise and electrical interference when under 
thyristor control than when running on a.c. alone. 
This is probably due both to the switching effect on 
successive positive half-cycles of the supply and to 
high voltage transients developed by the thyristor 
switching an essentially inductive load. However, 
after considerable experience with this control, no 
motor or thyristor failures have occurred. The only 
defect found after stripping a motor subjected to a 
long period of thyristor control was that the com- 
mutator sections were blackened on their leading 
edges, but had not otherwise suffered unduly from 
spark corrosion. 
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□ 

Semiconductor Nuclear Counters 

by J. B. DANCE, M.Sc. 

Readers may recall our contributor's article, "Gas Filled Detectors For Nuclear 
Radiation", which appeared in the March 1968 issue. In the present article an 
alternative type of detector, employing semiconductor materials, is discussed 

SEMICONDUCTOR DEVICES CAN REPLACE VARIOUS 
types of electronic tubes in most applications, 
including that of counting the particles emitted 

by the nuclei of radioactive atoms. Whilst semi- 
conductor (or solid state) nuclear particle counters 
have certain advantages over the more conventional 
Geiger-Miiller, proportional and scintillation counters, 
each of these forms of detector has its own specific 
advantages for certain applications. 

Basic Principles 
When nuclear or X radiation passes through matter, 

ions are formed. Alpha and beta particles (which 
have positive and negative charges respectively) exert 
electrical forces on the electrons of the material through 
which they are passing. Some of the electrons leave 
the atoms so that ions are produced. Gamma and X 
rays produce ions in matter by slightly more com- 
plicated processes. 

In proportional and Geiger-Miiller tubes, the 
ions formed by the passage of radiation through the 

gas enclosed in the tube are attracted to the opposite 
electrodes by the applied electric field. However, when 
the electrons approach the anode wire in such tubes, 
they are accelerated so much that they gain enough 
energy to remove electrons from further molecules 
of gas by collision. The electrons thus produced are 
in turn accelerated and produce further ionization. A 
single electron can therefore cause an avalanche of 
electrons to reach the anode wire. The process is 
known as gas amplification. In a Geiger tube the gas 
amplification may be as high as 108, but in proportional 
counters is typically about 1,000. 

A Geiger-Muller or proportional counter tube is 
used in the type of circuit shown in Fig. 1. Each time 
an avalanche of electrons reaches the anode wire, 
the charge of the electrons is collected and the potential 
of the anode falls. The potential rises again as current 
flows through the resistor R from the h.t. supply to 
recharge the capacitor C. A negative going pulse is 
thus produced at the output each time a nuclear 
particle forms ions in the tube. In the case of a Geiger 
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Cylindrical cathode Anode wire 

End window. 

Geiger tube 

HT+ 

Output pulses 

Fig. 1. The basic circuit for a Geiger tube 

tube the negative-going output pulse may have an 
amplitude of the order of 10 volts, but in proportional 
counters it is typically of the order of 1 millivolt, 
owing to the lower gas amplification in this type of 
tube. 

Semiconductor Detectors 
The same principles of ion collection are used in 

semiconductor detectors, but no gas amplification can 
occur. It might be thought that one could merely 
take a lump of a suitable semiconductor material, 
fit two electrodes to it and obtain output pulses by 
using it in place of the Geiger tube in the circuit of 
Fig. 1. Unfortunately, however, there are many com- 
plicating factors. 

The semiconductor material used must have a high 
resistivity (i.e. specific resistance) or the stray statistical 
fluctuations in the current passing through the device 
(i.e. "noise" pulses) will produce output pulses as 
large as the wanted pulses; the noise pulses would then 
be counted. It is most unfortunate that all of the known 
semiconductor materials which have an adequate 
resistivity contain too many electron traps and/or 
hole traps to be satisfactory for the purpose. These 
traps are regions of the crystal where electrons or holes 
may be delayed or more or less permanently lost. 

Pure silicon and pure germanium have few traps, 
but unfortunately their energy band gap is not great 
enough for an adequate resistivity to be obtained at 
room temperature. However, semiconductor detectors 

may be made by cooling a piece of silicon to liquid 
air temperatures or a piece of germanium to liquid 
helium temperatures, since the resistivity is greatly 
increased by cooling. Such detectors are known as 
homogeneous detectors since they consist of a homo- 
geneous piece of the semiconductor material with 
suitable electrodes fitted to it. They have not been 
widely used outside research laboratories. 

Junction Detectors 
A more practical approach involves the use of a 

semiconductor p.n. junction as a detector. In a p.n. 
junction holes diffuse from the p type material across 
the junction into the n type material, whilst electrons 
diffuse in the opposite direction from the n type 
material into the p type. The potential which is formed 
across the junction by this diffusion process builds 
up until further diffusion is prevented; equilibrium is 
thus established. Owing to the potential gradient 
across the junction, both holes and electrons are 
repelled away from the junction region itself. There 
are therefore no mobile charge carriers in this region 
to carry a current. It is referred to as the depletion 
region, since it is depleted of charge carriers. Such 
a region has a very high resistivity even at room 
temperature when it is reverse biased and, if the semi- 
conductor material is silicon, the depletion region 
can be used for nuclear particle detection at normal 
temperatures. Germanium junction detectors must be 
cooftd to liquid air temperatures, however. 

Advantages and limitations of Junction Detectors 
The output pulses from junction detectors are much 

smaller in amplitude than those from Geiger tubes, 
owing to the lack of gas amplification. The output 
pulses from a Geiger tube require little, if any, amp- 
lification before being fed into a sealer (which counts 
the pulses and indicates the number of counts) or into 
a ratemeter (which indicates the frequency of the pulses 
on a meter). Thus, the output pulses from a semi- 
conductor detector must be amplified before they 
can be used to operate a normal sealer or ratemeter. 
Although no amplification of the number of ions 
formed by the radiation occurs in a semiconductor 

Positive bias 
for detector 

IMn 
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Fig. 2. The Twentieth Century Electronics amplifier type DSA/2. The SSN/03K solid state detector is shown on the left hand side 
of this circuit 
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Fig. 3. The Twentieth Century Electronics DSA/3 amplifier. This amplifier may be added to the circuit of Fig. 2 for beta or gamma counting 

detector, a specified particle of radiation of a certain 
energy will produce nearly ten times as many ions in 
the semiconductor material as the same particle will 
produce in a gas. 

Semiconductor junction detectors are especially useful 
for the counting of alpha particles in elementary educa- 
tional experiments. Alpha particles produce a pulse 
of some millivolts at the output from a semiconductor 
particle detector, whereas beta and gamma particles 
produce very much smaller output pulses. It is therefore 
much easier to distinguish between the pulses due to 
alpha particles and the noise pulses than between 
pulses due to beta or gamma particles and noise. 
The output pulses from a Geiger tube are not dependent 
on the type of incident radiation. Semiconductor 
detectors can be manufactured with extremely thin 
windows of evaporated gold (20 to 50 micrograms/sq. 
cm) over the junction area, whereas the mica windows 
of Geiger tubes cannot be made much thinner than 
about 1 to 2 milligrams/sq. cm. Thus alpha particles 
can penetrate more easily to a semiconductor junction 
than through the thicker window of a Geiger tube. 
In the case of beta or gamma radiation, the window 
thickness is not so important, since these types of 
radiation can penetrate matter much more easily unless 
the particle energy is very low. 

Silicon semiconductor junction detectors are especial- 
ly useful in research work for the plotting of the energy 
spectra of alpha sources. They provide very high 
resolution; that is, they make it possible to distinguish 
between alpha particles which have very slightly different 
energies. Special lithium drifted germanium detectors 
are available for high resolution gamma ray spectro- 
metry, but they must be used at very low temperatures. 

Economical Detectors 
The economically priced silicon semiconductor 

junction detectors which are produced for educational 
work in schools and colleges have the disadvantage 
that their junction area is much smaller than the area 
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of a typical end window Geiger tube and therefore the 
resulting counting rates are correspondingly lower. The 
price of these economical detectors is not very different 
from that of a typical Geiger tube (of the order of £10). 
Junction detectors with a much larger sensitive area 
are available, but their cost is very much greater. 

Circuitry 
The basic circuit for the use of a semiconductor 

junction detector is that shown in Fig. 1, except that 
the detector replaces the Geiger tube. It is essential 
that the p.n. junction of the detector is reverse biased. 

For simple educational experiments the output 
pulses from the detector are fed into an amplifier which 
has enough gain to produce output pulses which are 
capable of operating the sealer or ratemeter to be used. 
A circuit developed for alpha particle counting by 
Twentieth Century Electronics Ltd. using their SSN/ 
03K or SSN/03P economical detectors is shown in 
Fig. 2. This is a simple circuit using four OC44 transistors 
which can easily be made up by a group of schoolboys. 
It provides a gain of the order of one thousand, this 
gain depending on the gain of the individual transistors 
employed in the circuit. An alpha particle of 5 Mev 
energy incident on the detector will cause the amplifier 
to provide an output pulse of about 1) volts in ampli- 
tude. If the output link is connected between A and B, 
positive-going output pulses will be produced whilst, 
if it is connected between B and C, the output pulses 
will be negative-going. Thus the circuit may be used 
with a sealer requiring either positive or negative going 
pulses. . , . , 

The SSN/03K detector is shown in the photograph. 
The SSN/03P detector is a very similar type of eco- 
nomical detector, but the electrodes are connected to 
a coaxial lead which terminates in a P.E.T. plug; 
most people will find the SSN/03P rather more con- 
venient than the SSN/03K. 

If the same types of detector are to be used for beta 
or gamma counting, an amplifier of higher gain than 
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The Twentieth Century Electronics economical 
semiconductor detector type SSN/03K (right) with 
protective sleeve (upper left) and neutron conversion 

foil (lower left) 

that shown in Fig. 2 is required. The Twentieth Century 
Electronics amplifier type DSA/3, which is shown 
in Fig. 3, has been developed as an add-on stage to the 
DSA/2 circuit of Fig. 2. Ariother three OC44 transistors 
are employed in this unit. In addition a discriminator 
(marked 'Disc') is included in Fig. 3. The discriminator 
is adjusted so that small stray pulses due to noise can- 
not pass to succeeding stages of the amplifier and hence 
operate the sealer or ratemeter. The discriminator should 
be adjusted so that no noise pulses are counted when 
no radioactive source is in the vicinity of the detector. 
Complete suppression of the noise pulses may, how- 
ever, cause some loss of the wanted pulses. The use of 
the DSA/3 unit also enables alpha counting to be 
undertaken with up to ten feet of coaxial cable between 
the detector and the input stage of Fig. 2. 

When the DSA/3 unit is employed, the circuit of 
Fig. 2 should be set so as to provide positive going 
pulses; that is, the output link should be connected 
between points A and B. 

' Low energy radiation produces only very small output 
pulses from the detector. These pulses must be of an 
amplitude greater than that of the npise pulses or it 
will not be possible to detect them separately from the 
noise. A lower limit on the energy of the radiation 
which can be detected is therefore imposed by the 
noise level of the first stage of the amplifier. In order to 
obtain the best possible results, it is necessary to 
select the input transistor of the Fig. 2 circuit for low 
noise. 

The. ckcuiL if Fig. 3 provides only negative-going 
output pulses. Geiger tubes also provide negative-going 
output pulses and the circuit of Fig. 3 is therefore 

su/radre for connection to a sealer used for counting 
the input pulses from a Geiger tube. If positive-going 
output pulses are required, an additional phase inverter 
stage of low gain may be added. 

When used with simple equipment, silicon junction 
detectors are much more satisfactory for alpha counting 
than for beta or gamma work. If a suitable thin foil 
of uranium-235 or boron-10 is placed in front of the 
detector window, they may also be used for the counting 
of neutrons. The neutrons produce a nuclear reaction 

in the foil and the particles produced in this reaction 
are counted by the semiconductor detector. For 
counting fast neutrons, a thin film of a plastic material 
may be placed in front of the detector window. The 
fast neutrons knock protons (hydrogen nuclei) out of 
the plastic film and the protons are counted. Suitable 
conversion foils are available for use with the econo- 
mical detectors designed for educational use (see photo- 
graph). 

A number of manufacturers are producing small 
transistor amplifiers for use with the economical type 
of detectors manufactured for educational use. In 
general, such amplifiers have a performance which is 
very similar to that of the circuits of Figs. 2 and 3. 

Special pre-amplifier units are available for research 
and professional use. Many of these are charge sensitive 
pre-amplifiers which produce an output pulse of an 
amplitude proportional to the charge passed to the 
input of the pre-amplifier rather than to the change 
of potential at the input. Such charge sensitive pre- 
amplifiers enable accurate results to be obtained in 
energy spectrometry work with semiconductor detectors. 

Bias 
Although the bias applied to a junction detector is 

by no means critical, it is nevertheless important to 
apply a bias of the correct order of magnitude. The 
greater the reverse bias applied to the detector, the 
farther the free charge carriers will be drawn away 
from the junction and the larger the depletion region. 
In addition the junction capacitance will be reduced 
as the bias is increased. However, an excessive bias will 
result in an increased reverse current flowing through 
the device and therefore in increased noise. The 
optimum bias varies with the resistivity of the semi- 
conductor material used and with the type of particles 
being detected. In the case of the economical detectors 
discussed above, the bias values may be typically in the 
range of 10 to 100 volts. However, some special 
detectors may be used with an applied bias of over 
one kilovolt. 

Special Detectors 
Semiconductor "transistor" type detectors have 

been produced in which the current flowing through a 
p.n. junction is amplified by an internal transistor 

& 

*4 £ 

A small Americium source is being held near a solid 
state detector. The small box in the foreground is the 
Panax Equipment AD-1 amplifier and the sealer is the Panex 
Equipment Type 102ST. (Readers are warned not to handle 
a radioactive source unless they are quite certain of the 
correct way to do this and are aware of the risks involved) 
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action. However, these devices do not offer an improved 
signal-to-noise ratio and are therefore not widely 
used. 

Workers at Harwell have combined a phosphor 
with a photodiode. When nuclear radiation strikes 
the phosphor it is converted into light which enables 
the photodiode to produce an output pulse. 

Semiconductor detectors are damaged by extremely 
high radiation fields (such as those inside a nuclear 
reactor) and this limits their application in such work. 

Conclusion 
Semiconductor detectors are of vital importance 

in certain types of research work and have enabled at 
least one new element to be discovered. They are also 
very useful as alpha particle detectors for simple 
educational work in schools and colleges. Some types 
of economical semiconductor detector have been 

approved by the Nuffield Foundation for use in 
educational establishments which are adopting the 
Nuffield syllabus for the teaching of modern physics. 
However, all semiconductor detectors require a pre- 
amplifier between the detector and sealer whereas 
Geiger tubes do not. For this reason simple Geiger 
counting equipment can be purchased rather more 
cheaply than economical semiconductor counting 
apparatus. In general the writer believes that Geiger 
tubes are more satisfactory for most elementary 
educational experiments, but semiconductor junction 
detectors are quite useful for alpha work. 
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THE TAPE RECORDER, 2nd Edition. By C. G. Nijsen. Published by lliffe Books Ltd. 157 pages. 59 
illustrations plus 24 pages of plates and 1 fold-out. Size 8^ x 5^in. Price 18s. net (by post 18s. 11d.). 

This book has been specially written in clear, simple, non-technical language for that rapid growing 
band of enthusiasts for whom the tape recorder is as indispensable as a radio, a record player or a camera. 
It shows how the best possible results can be obtained from a recorder, whether it is used for pleasure 
or educational purposes. 

After describing in detail the recording process, sound quality, and the various types of microphones 
and loudspeakers, it discusses the various accessories available and their uses. A chapter follows on main- 
tenance and faults, Stereophonic recording, a subject currently arousing much interest, is fully discussed, 
and advice is given on the choice of recorder, the types available and their capabilities. 

Recordings, studio arrangements and the editing of tape are discussed in detail, as is the synchronisation 
of sound and film. Chapters are also devoted to use of the recorder in general education, the study of 
music, and "tape clubs". Another chapter briefly deals amongst other things with recording in professional 
studios, sound reproduction in cinema and theatre, tape-copying machines, automatic and continuous 
recorders, magnetic sound tracks on miniature film and magnetic recording of pictures. 

In this second edition a chapter on cassette recorders has been added, explaining the principles and 
the advantages of this system for the user who above all wants "simplicity of operation". 

Finally, two tables are included; one on faults and their remedies, the other setting out in alphabetical 
order the hundreds of possible uses of tape recorders. Undoubtedly these are the most comprehensive 
tables of their kind published to date. Because of its practical approach, this book, by an author with 
many years of experience in all branches of sound recording, will be easily understood even by those new 
to the subject, and will assist all those reading it to improve the standard of their recording. 
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The superhet radio receiver differs from the 
type of receiver we have considered in earlier 
articles because much of the amplification it 

provides, before detection, is carried out over a fixed 
band of frequencies regardless of the frequency of 
the signal picked up by the aerial. This method of 
operation confers considerable advantages, as we shall 
see in the present article, but it requires that the input 
signal frequency be changed to the frequency at which 
amplification occurs. Since this is a process we have 
not previously examined, all of last month's article was 
devoted to the basic principles involved. 

We saw last month that, if two r.f. signals of different 
frequency are applied to a grid-leak detector, a third 
heterodyne signal, whose frequency is equal to the 
difference between the two input signals, becomes 
available at the detector anode. In order that a usable 
heterodyne signal can be obtained it is necessary for 
the valve to which the input signals are applied to 
distort the waveform which results from their combina- 
tion, and this distortion is provided by the grid leak 
detector because of the inherent rectifying action 
which takes place at its grid. 

and short waves; and a practical version was, in fact, 
described in "Understanding Radio" in the issues for 
November and December 1966, and January, April 
and May 1967. (We shall be giving a practical superhet 
design, similarly based on the Lektrokit chassis system, 
later in this series.) 

The selectivity we achieve with a receiver of the type 
shown in Fig. 1 depends upon the performance of the 
tuned circuits in the r.f. amplifier and detector stages. 
To ease operating difficulties, both these circuits are 
tuned by separate sections of a 2-gang capacitor, and 
it is obvious that the parallel capacitance in the tuned 
circuits will be much greater at the low frequency end 
of any band being tuned than at the high frequency 
end. This fact causes the tuned circuits to offer a 
different degree of selectivity at the two ends of the 
band. Actually, the selectivity is less at the low frequency 
end where the tuning capacitance is greater. 

Thus, the selectivity offered by the receiver of Fig. 
1 is that given by two tuned circuit only (plus reaction 

•at the detector) and even this varies over the band 
being received. 

In Fig. 2 we have a block diagram for a superhet 

UNDERSTANDING 

nl: 
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by IV. (j. Morley 

Basic Superhet 
When a grid leak detector is employed in a superhet 

to provide a heterodyne signal from two input signals, 
it is referred to as a mixer. In practice, grid leak detec- 
tors are employed as mixers in valve f.m. and television 
superhets which receive signals above 40 Mc/s or so, 
whilst, in valve superhets intended for the long, medium 
and short wave bands, an alternative type of mixer 
valve is used. The latter also provides the basic signal 
combination and distortion required for the production 
of a heterodyne signal, and we shall consider its 
operation in a later article. It may also be mentioned 
that other terms are used to describe the mixer, or the 
mixer stage of a superhet. We shall introduce these 
terms when we describe the alternative type of mixer 
valve. 

To appreciate the benefits resulting from superhet 
operation we must first briefly examine the type of 
receiver it supersedes. A typical instance of the latter 
is given in the block diagram of Fig. 1, where we have 
an r.f. stage with an input tuned circuit resonant at 
signal frequency, a detector stage with an input tuned 
circuit also resonant at signal frequency, an a.f. amplifier 
stage and an a.f. output stage. To improve selectivity 
the detector stage incorporates a reaction circuit. Such 
a receiver is suitable for reception on long, medium 

receiver suitable for the long, medium and short 
wave bands. The input signal is applied to a tuned 
circuit resonant at signal frequency and is then passed 
on to a mixer stage. Also fed to the mixer stage is the 
output from a local oscillator. (The adjective "local" 
merely means that the oscillator is in the receiver, 
adjacent to the mixer.) The mixer then provides, at 
its output, a heterodyne signal whose frequency is 
equal to the difference between the signal frequency 
and the oscillator frequency. This is described as the 
intermediate frequency, or I./., of the receiver. 

The tuning capacitors for the r.f. signal tuned circuit 
and for the oscillator tuned circuit are ganged, and the 
two tuned circuits are so arranged that their resonant 
frequencies are spaced by the intermediate frequency 
regardless of the ganged tuning capacitor setting. Thus, 
as the ganged tuning capacitor is rotated, the oscillator 
provides an output signal whose spacing from the 
input signal accepted by the r.f. tuned circuit is always 
equal to the intermediate frequency. The result is that, 
whatever the frequency of the input signal to which 
the aerial tuned circuit is resonant, the heterodyne 
output signal from the mixer is always at the intermedi- 
ate frequency. 

The heterodyne signal from the mixer is applied to 
an intermediate frequency amplifier which has fixed 
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Reaction Tuned to signal frequency 

R.F amplifier A.F. amplifier Detector 

Aerial tuned/ 
circuit 

A.F output 

Loudspeaker 

Detector tuned 
circuit 

/ Tuning capacitors ganged j 

Fig. 1. Block diagram for a simple a.m. receiver suitable for long, medium and short wave reception 

tuned circuits resonant at the intermediate frequency. 
This i.f. amplifier enhances the level of the signal and 
next applies it to the detector. The detector causes 
the modulation originally present on the input signal 
to be reclaimed and this is finally applied, as a.f., to 
an a.f. amplifier and output valve and, thence, to a 
loudspeaker. 

The important difference between Fig. 1 and Fig. 2 
is that, in Fig. 2, the signal undergoes amplification at 
a fixed frequency in the i.f. amplifier before detection. 
Since the tuned circuits in the i.f. amplifier have to 
work at one frequency only they can be designed to 
offer optimum performance at that frequency, where- 
upon they provide considerably higher selectivity 
than is possible with the two tuned circuits of Fig. 1, 
which have to cover a wide range of frequencies. A 
further small increase in selectivity is provided in Fig. 
2, incidentally, by the variable tuned circuit immediately 
preceding the mixer. 

With the simplified presentation given in Fig. 2 
only two i.f. tuned circuits are shown in the i.f. amplifier 
"block". In a practical i.f. amplifier there will normally 
be four or more tuned circuits. 

We have referred, up to now, in terms of the improved 
selectivity offered by the superhet. The superhet can 
also offer a greater degree of amplification of the 
received signal. The fact that the i.f. amplifier stages 
all function at a fixed frequency enables these to be 
designed to give a high gain level as well as a high 
degree of selectivity. 

A superhet receiver can readily employ a circuit 
device known as automatic gain control, or a.g.c., 
whereupon its operation can be made extremely simple. 
With automatic gain control, the amplification of the 
stages preceding the detector is controlled by a direct 
voltage derived from the signal at the detector, with the 
result that the detected signals have a fairly constant 
amplitude despite wide differences in level at the aerial. 
If a superhet is fitted with a.g.c. the only essential 
controls required are for tuning and volume. The 
volume control merely varies the gain of the a.f. ampli- 
fier stage following the detector. 

Conventional valve superhets designed for domestic 
listening on long, medium and short waves employ 
the stage progression illustrated in Fig. 2, in which 
the aerial input signal is applied directly to the mixer 
stage via a tuned circuit. Superhets which are required 
to provide a higher performance incorporate an r.f. 
amplifier between the aerial and the mixer stage, with 
the consequence that there are two tuned circuits 
resonant at signal frequency before the mixer. See Fig. 
3. In this case tuning is carried out by a 3-gang capacitor, 
two of whose sections control the signal frequency 
tuned circuits whilst the third controls oscillator 
frequency. Domestic superhets intended for reception 
on f.m. or television frequencies always have an r.f. 
stage, but alternative tuning methods are used. An 
f.m. receiver normally has the tuned circuit immediately 
following the aerial tuned to a fixed frequency at or 
near the centre of the f.m. band (Band II—87.5 to 

Tuned to signal frequency 

Mixer ^ oj amplifier 

^ Tuning capacitors ganged y 

Local oscillator 

Detector 
A.F AF. 

amplifier output 

Fig. 1. A superhet suitable for long, medium and short waves. Although only two tuned circuits are shown in the i.f. amplifier 
"block", this amplifier will in practice normally have four or more 
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Tuned to signal frequency 

O 
R.R amplifier 

/ Tuning capacitors ganged / / -l  

Mixer I.F. amplifier • To detector 

Local oscillator 

Fig. 3. Improved performance is given if an r.f. amplifier precedes the mixer and its input tuned circuit 

100 Mc/s), the response of this tuned circuit being made 
sufficiently broad for it to accept signals over all the 
band. The following r.f. tuned circuit and the oscillator 
tuned circuit are then controlled by a 2-gang capacitor. 
In television receivers, tuning over Channels 1 to 13 
is carried out by a system which switches different 
inductors into circuit for each channel. At the higher 
u.h.f. channels a 4-gang tuning capacitor is usually 
employed. The extra section is required because, in 
television receivers, there are two tuned circuits between 
the r.f. amplifier and mixer stages instead of one.* 

A superhet intended for specialised work, such as 
long distance communications and the like, may have 
a considerably more complex stage "line-up" than those 
shown in Figs. 2 and 3. A typical instance is the double 
superhet. In the double superhet the output from the 
mixer is amplified at one intermediate frequency and 
is then fed to a second mixer and oscillator. The second 
oscillator runs at a fixed frequency and provides a 
second intermediate frequency which is again amplified 
before being finally passed to the detector. This 
technique is taken a step further in some receivers by 
having two mixers and three intermediate frequencies. 
High amplification is not always the primary reason 
for employing two or more intermediate frequencies in 
a superhet; nevertheless, superhets of this type can 
offer an exceptionally high overall gain because ampli- 
fication is carried out at more than one frequency and 
the difficulties of instability due to unwanted feedback 
from output to input are correspondingly reduced. 

Terminology 
Some points of terminology need to be cleared up 

at this stage. In early texts, which dealt only with the 
more simple superhet, as in Fig. 2 or Fig. 3, the mixer 
was referred to as the "first detector", and the detector 
following the i.f. amplifier as the "second detector". 
These two terms have been discontinued for a con- 
siderable time but the reader may still, occasionally, 
encounter them. 

Sets in which the detector works at signal frequency 
are described as straight receivers in order to differentiate 
them from the superhet. This applies whether the aerial 
is fed direct to the detector input tuned circuit or via 

* A full description of the circuits and principles employed in television 
tuner units is given in "Understanding Television", published by Data 
Publications, Ltd. 

an r.f. amplifier, as in Fig. 1. A set in which one or 
more tuned r.f. amplifiers precede the detector may also 
be referred to as a t.r.f. (tuned radio frequency) receiver. 

I.F. Response 
As we have noted earlier in this series (in the May 

1965 issue) the process of amplitude modulating a 
transmitted carrier causes sideband frequencies to be 
produced which are spaced from the carrier by the 
modulating frequency. Thus, if we have a 1,000 kc/s 
carrier modulated, at the transmitter, by a 1 kc/s a.f. 
tone, the signal broadcast by the transmitter consists 
of the 1,000 kc/s carrier plus sidebands of 999 kc/s 
and 1,001 kc/s. These sidebands must be applied to the 
detector at the receiver if this is to recover the original 
1 kc/s modulation. 

Let us see what occurs in a superhet when the 1,000 
kc/s signal with its 1 kc/s modulation is applied, from 
the aerial, to the mixer input. For the sake of illustration 
we will assume that the intermediate frequency is 
100 kc/s, whereupon the local oscillator may run 
either at 1,100 kc/s or 900 kc/s. For reasons which 
we shall discuss in a later article, it is usual to have 
the oscillator frequency higher than the signal frequency, 
and so we shall set our oscillator to 1,100 kc/s. In 
consequence, the 1,000 kc/s carrier produces a hetero- 
dyne at 100 kc/s. At the same time, the 999 kc/s side- 
band produces a heterodyne at 101 kc/s (1,100 minus 
999) and the 1,001 kc/s sideband produces a heterodyne 
at 99 kc/s (1,100 minus 1,001). Thus, the output from 
the mixer consists of a 100 kc/s signal corresponding 
to the original carrier, plus sideband frequencies on 
either side spaced away from it by 1 kc/s. Detecting 
this i.f. signal with its sidebands produces the 1 kc/s 
modulating tone in just the same way as if the original 
signal at the aerial had been applied to the detector. 

Because of the crowded conditions in the bands 
covered by domestic a.m. (amplitude modulation) 
receivers—including in particular the medium wave 
band—it is necessary for the tuned circuits in the i.f. 
amplifiers of domestic superhets to be sufficiently 
selective to cut out interference from transmitters 
working on frequencies close to that of the desired 
station. This necessitates designing the i.f. amplifiers 
of such superhets to have a response curve similar 
to the typical example shown in Fig. 4, and it will be 
noted that this offers heavy attenuation to frequencies 
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spaced away from the centre frequency by some 4 kc/s 
or more. In consequence, the more widely spaced side- 
bands of the desired signal reach the detector at a 
considerably reduced level, whereupon the modulating 
audio frequencies to which they correspond appear, 
after detection, at a similarly low level. This effect is 
a common feature of the normal type of domestic a.m. 
superhet. The a.f. output of receivers of this nature 
rarely extends, at any significant strength, above 
some 4 kc/s or so. 

It is usual to refer to a superhet intermediate frequency 
in terms of a single frequency. In the example just 
quoted, for instance, we said that the intermediate 
frequency was 100 kc/s. We can now see that the real 
situation is that the i.f. amplifier passes a band of 
frequencies, of which the stated frequency is the 
centre frequency. 

In practice, the intermediate frequency chosen for 
domestic long, medium and short wave superhets 
lies between some 450 and 475 kc/s according to the 
specific design of the set. Specialised short wave re- 
ceivers often use an intermediate frequency of 1.6 
Mc/s (which may be changed to a lower frequency by 
a second mixer stage). The i.f. amplifiers of such 
receivers are, also, frequently designed to offer much 
lower bandwidths than are common in domestic super- 
hets in brder that a high degree of selectivity may 
be achieved. Domestic f.m. receivers have an inter- 
mediate frequency of 10.7 Mc/s with a relatively wide 
bandwidth (extending to more than 75 kc/s on either 

Voltage 

-6Kc/s —4Kc/s -2Kc/s +2Kc/5 +4 Kays +6Kc/s 
Nominal 

Fig. 4. A representative i.f. amplifier response curve for an 
a.m. domestic superhet 

side of 10.7 Mc/s) to accept the frequency modulated 
signal after it has passed through the mixer. 

Next Month 
In next month's issue we shall examine the techniques 

which enable the signal and local oscillator tuned 
circuit frequencies to be adjusted by a common ganged 
capacitor. Q 

Instruments Electronics Automation International Exhibition 

Olympia — London 

13th - 18th May, 1968 

, j Heath kit Division models on display (Stand No. 418) will include a wide range of instruments applicable to the many 
fields of Research, Design, Test and Servicing, as well as Industrial and Educational Training. 

These include Servo chart Recorder, Oscilloscopes, Valve Voltmeter, Generators RF, Audio and TV, Regulated power 
supplies and Analogue Computer. 

The latest designs in Hi-Fi and Audio sound reproducing Equipment and Domestic Radios will also be exhibited. 
All models are available in easy-to-build kit or ready to use form and are on show all the year at our showrooms in LON- 

DON, BIRMINGHAM and GLOUCESTER. 
The Industrial Products Division will be showing examples of X-ray equipment and non-contact thickness measuring 

gauges as used In the hot or cold sheet metal and strip metal industries. Latest designs are fully transistorised. 
Advanced panel meters and other components manufactured byWeston Instruments Inc. will also be shown. 

Retail Service now available for Lektrokit 

A.P.T. Electronic Industries Ltd., manufacturers of Lektrokit electronic rack and chassis construction systems, have 
appointed Home Radio (Components) Ltd., 187 London Road, Mitcham, Surrey, as retail stockists of all Lektrokit components. 

Over 150 individual items in the Lektrokit ranges will now be available "off the shelf" from the company and it is expected 
that this arrangement will help small order customers to enjoy a quicker delivery service. 
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In your 

CD 

Anyone can wind a coil and get it to function at a desired 
frequency. But, as Smithy's assistant Dick soon discovers, it 
takes quite a lot of extra knowledge for that coil to be 

specified in a form suitable for mass-production 

"X ended up," said Dick chattily, 
I "by winding the aerial tuned 

coil with 8 turns of wire. The 
receiver I'd been building then covered 
the range I required exactly." 

With a flourish, Dick popped the 
last crust of his lunch-time sandwiches 
into his mouth and chewed vigorously. 

"And that," he concluded, some- 
what indistinctly, "is how I built 
my latest short-wave receiver. It 
goes like a bomb, too!" 

Mentally suppressing a sudden 
vision of Dick's street vanishing 
beneath a mushroom cloud, Smithy 
took a swig at his tea and cast an 
approving glance at his assistant. 

"Very commendable, too," he re- 
marked. "I always think it's an 
excellent idea if people who are 
coming up the servicing ladder carry 
out a few home-constructor projects 
of their own. These help considerably 
in demonstrating some of the problems 
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which the commercial set-designer has 
to tackle and they also give practical 
experience with components and their 
functioning. I'm glad to see that 
you've been winding a lot of your 
coils too, and that you've been playing 
around with the number of turns 
until you get them exactly right. A 
little experience in that direction is 
often worth pages of book-learning." 

Winding Wire 
"Oh, I'm a real gen-kiddy on coil 

winding now," boasted Dick. "After 
all the practice I've had winding my 
own coils I should be in the set- 
maker's lab designing receivers instead 
of being stuck here servicing them!" 

A twinkle came into Smithy's eye. 
"Fair enough," he remarked. "Well, 

if you did happen to be working for 
a set-maker, how would you describe 
that tuned coil you designed in order 
that it could be put into production 

on the shop-floor? For this particular 
exercise, we'll ignore any coupling 
windings it might also have had." 

Dick considered for a moment. 
"Well," he replied, "I'd say that 

it consisted of 8 turns of wire on a 
2 inch diameter former." 

"And the spacing between turns?" 
"The coil was close-wound." 
"Wire gauge?" 
Dick opened his mouth, then 

faltered. 
"I'm not entirely certain about 

that," he remarked, thoughtfully. "I 
would guess that the wire was around 
18 s.w.g. or thereabouts." 

"Blimey," remarked Smithy. "Fo« 
wouldn't get very far! You can't ask 
a manufacturer's Purchasing Depart- 
ment to buy wire which is around 18 
s.w.g. or thereabouts! You've got to 
state the exact gauge." 

"In this case, that's easier said 
than done," replied Dick. "What I 
actually did was to use some wire 
from an old choke that I stripped 
down." 

"O.K. then," said Smithy resignedly. 
"Let's assume for the sake of argument 
that the wire is 18 s.w.g. If you were 
working in a lab, you'd next have to 
state how much wire is needed for 
each coil made up to your design." 

"There's no difficulty there," re- 
turned Dick confidently. "The coil 
consists of 8 turns on a 2 inch former, 
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which means that the wire length is 
8 times the circumference of the 
former. Work that out from the old 
27rr bit, add a couple of inches for 
the lead-outs to the coil tags, and 
you're made, mate!" 

"No you aren't," retorted Smithy. 
"You'd be out on your ear if you 
got up to tricks like that. A manu- 
facturer doesn't buy winding wire by 
length, Dick, he buys it by weight." 

"By weight V 
"By weight," repeated Smithy. 

"So, what you have to do is to find 
the weight of wire on your coil and 
quote it in your specification. In 
this instance you could wind a trial 
coil, strip the wire off again and then 
weigh it on a balance. In some factories 
you'd then quote that weight plus, 
say, 1 % to 3 %, to cover wastage, 
rejects and tolerances in the wire 
itself. In other factories you'd have to 
quote the exact weight." 

"Gosh," said Dick. "This is getting 
a bit involved." 

"We haven't even started yet," said 
Smithy cheerfully. "What sort of 
wire is it?" 

"Why, copper of course." 
"And the covering?" 
"Covering ?" 
"The insulation," explained Smithy. 

"Does it, for instance, have a textile 
covering?" 

"What do you mean by textile 
covering?" Dick returned the question. 
"Do you mean silk or cotton covered ?" 

"That's right," confirmed Smithy. 
"The normal textile coverings for 
winding wire are silk, cotton or rayon. 
Nowadays, rayon is used more 
frequently than the other two, and 
you get winding wire called up as 
's.r.c.' for single rayon covered or 
'd.r.c.' for double rayon covered. 
Some of the old hands call the rayon 
covering 'art silk', incidentally. And, 
of course, you can have any of these 
textile coverings on the bare copper 
wire or on enamelled copper wire." 

Further Subdivisions 
A light gleamed in Dick's eyes. 
"At last," he remarked, "I'm on 

home ground. The wire I used didn't 
have any textile covering at all. It 
was just plain straightforward enamel- 
led wire. And you can't have it any 
simpler than that!" 

At that moment, Smithy drank the 
last of his tea, whereupon he held 
his disreputable mug up in the air with 
a gesture reminiscent of the Statue 
of Liberty. Wordlessly, Dick rose and 
replenished the mug at the Workshop 
sink, then returned it to Smithy's 
side. This long established practice 
had become, over the years, entirely 
automatic. Smithy drank deeply from 
his recharged mug. 

"What," he asked, placing the 
mug carefully on his bench, "sort of 
enamel ?" 

"Enamel?" 
"On the wire in your coil." 
"Hell's teeth," replied Dick irritably. 

"It was just enamel, that's all. Either 
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copper wire is enamelled or it isn't 
enamelled. The wire I used was enamel- 
led!" 

"Yes," persisted Smithy, "but was 
the enamel oleo resinous, vinyl 
acetal, polyurethane or polyester?" 

Dick's jaw sagged open. 
"Smithy," he said eventually, 

"you've just got to be joking!" 
"No, I'm not," grinned Smithy. 

"I've merely mentioned the four 
common enamel coverings which are 
used for winding wires. You'd have to 
know all about these if you were 
designing coils for commercial mass- 
production. Also, you'd have to 
specify the enamel thickness as well." 

"Thicknessl" repeated Dick in- 
credulously. "Corluvaduk, if you've 
got to go through all this palaver to 
design a commercial coil, I'm sticking 
to servicing! Did you really say 
thickness ?" 

"I did," confirmed Smithy with a 
chuckle. "Actually, I've been pulling 
your leg a little bit over the last five 
minutes or so, but I did want to 
bring home to you the fact that 
winding wires form quite a detailed 
subject in themselves. For a home- 
constructor design the wire covering 
isn't terribly important because coils 
made up to the design are normally 
hand-wound one at a time, and it's 
buite O.K. in these circumstances to 
refer to a wire by its gauge and cover- 
ing type only. Counting the various 
thicknesses as subdivisions, there are 
considerably more than a dozen 
standard enamel coverings for copper 
wire, but pretty well any of these 
would be all right in a home-wound 
do-it-yourself coil. So far as the 
textile coverings are concerned, you 
often find the wire for do-it-yourself 
coils described as s.s.c. or d.c.c. or 
something like that, when it would 
be quite in order to use single rayon 
covered or double rayon covered 
instead. The chap who designed the 
coil may well have used a wire with 
a rayon covering himself, but described 
it instead as silk or cotton!" 

As Smithy spoke, an expression of 
gloom descended over Dick's face. 

"Do you know what radio is like?" 
he asked morosely. 

"No, what is it like?" 
"It's like turning over stones in a 

meadow, mate," said Dick disgustedly. 
"Every time you turn over a fresh 
stone you encounter something new 
and horrible!" 

"I don't follow you." 
"Well, take this enamelled wire 

business," said Dick aggrievedly. "Up 
to now I've been pressing happily on 
through life in the innocent belief 
that you insulate copper wire by the 
simple process of putting enamel on it. 
I've now turned over the enamelled 
wire stone and what do I find? 
Ghastly things which have names like 
oleo resinous, poly-whatsit, poly- 
thingummybob, and goodness knows 
what else. Not only that, but all these 
horrors come in different thicknesses 
as well!" 
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"Take it easy," laughed Smithy. 
"We're just encountering one of 
those fascinating things you always 
keep bumping into in electronics. 
Electronics embraces so many arts, 
sciences and practices that you enter 
a complete new field of endeavour 
whenever you start examining any 
single facet of it in detail. In this 
instance, we're looking into the field 
of enamelled winding wire in produc- 
tion and use. And what we're begin- 
ning to see is just a small part of the 
outcome of decades of research and 
development in a world-wide industry 
which employs many thousands of 
people." 

"Making winding wire?" 
"Of course," said Smithy. "Apart 

from the winding wire used in the 
coils of radio and TV seti just think 
of the winding wire used* in all the 
telephone circuits throughout the 
world and in all the electric motors. 
To say nothing of the wire in the coils 
which appear in automobiles and all 
the other devices and appliances we 
take for granted these days." 

"Stap me," gasped Dick. "I'm just 
beginning to realise what you're 
getting at." 

"Good," returned Smithy. "You 
may now also begin to realise why 
there are so many different types of 
enamel. These have all been developed 
for the large number of varying 
applications in which the wire is to 
be used. The four types of enamel I 
mentioned just now are those normally 
employed for small coils, such as are 
found in electronic equipment. So far 
as servicing is concerned it's not 
necessary to learn a great deal of 
detail about these, but it's certainly 
worthwhile knowing the basic types 
of enamel which exist and why they 
are used. A service engineer is always 
the better if he has a knowledge of 
the materials employed in the sets he 
fixes." 

Different Enamels 
"Okeydoke, Smithy," said Dick. 

"I'm converted! I hope that all 
these different types of enamel aren't 
going to be very complicated." 
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"Don't worry," replied Smithy. 
"Actually, the whole subject, if you 
look at it in basic form, is quite 
simple. We'll start off with the first 
enamel I mentioned, the oleo resinous 
type." 

"Simple, he says!" 
"Don't allow yourself to be put 

off by long words," replied Smithy 
sternly. "The 'ol' bit in 'oleo resinous' 
comes from the Latin oleum which 
means 'oil', and you'll find it in lots 
of other words as well. As a simple 
example, the ointment for haemorr- 
hoids which you buy at the chemist's 
is sold as 'Anusol'. With the enamel, 
'oleo resinous' just means that this 
type is oil-based. It's occasionally 
called 'ordinary' enamel to distinguish 
it from the other enamels I mentioned 
just now." 

Smithy took a sip from his mug. 
"Oleo resinous enamel was pretty 

well the only enamel covering used 
for winding wires in radio before 
World War II," he resumed, "and it 
was made up mainly from oils 
obtained from natural sources, such 
as linseed and the like, plus some 
bitumen. Modern formulations may 
be slightly different but there should 
still be the same basic reliance on 
natural raw materials. Oleo resinous 
enamel comes in two thicknesses, 
these being known as Normal and 
Thick, or N and T for short. In the 
jargon of the trade, the thicknesses 
may be described also as 'Single' and 
'Double' respectively." 

"Does that mean," asked Dick, 
"that the wire has one coating of 
enamel for the Normal thickness and 
a second coating for the Thick?" 

"Oh no," replied Smithy. "With 
oleo resinous enamel the winding 
wire passes through the enamel bath 
quite a few times before it acquires 
the required thickness of enamel. The 
words 'Single' and 'Double' have no 
real meaning in this respect. They're 
just loose terms which have grown 
up in the trade. Hang on a jiffy!" 

Smithy got off his stool and rum- 
maged around in the cupboard below 
his bench. 

"Here we are," he called out 
triumphantly, as he emerged with a 
small booklet in his hand. "I knew 
I had some wire tables in there some- 
where. Come over here and have a 
look at these." 

Obediently, Dick walked over as 
Smithy opened the booklet and 
indicated one of the tables in it. 
(Fig. 1). 

"This will give you an idea of the 
dimensions the wire manufacturers 
have to work to," said Smithy. 
"Let's take 26 s.w.g. as an example. 
The nominal diameter of the bare 
copper wire is 0.018 inch, with 
tolerances which allow a maximum 
of 0.0182 inch and a minimum of 
0.0178 inch. If you put on a Normal 
thickness of oleo resinous enamel 
the increase in diameter must be at 
least 1.3 mils and the overall diameter 
must not exceed 0.0199 inch. You 

get the same sort of approach in the 
figures for the Thick covering except, 
of course, that these apply to a heavier 
coating of enamel." 

"What's a 'mil' ?" 
"A thousandth of an inch." 
Dick surveyed Smithy's table with 

interest. 
"Gosh," he remarked eventually, 

"those dimensions are tied up pretty 
tightly." 

"They have to be," replied Smithy. 
"If the increase in diameter due to 
the enamel was lower than the figure 
in the table it could be weaker in 
mechanical and electrical strength. 
And, if the overall diameter were 
greater than the maximum figure the 
wire would take up too much room." 

"Does that matter?" 
"Of course it matters! Suppose 

you were designing a mains trans- 
former with a certain number of turns 
of enamelled wire on each layer. If 
the wire was too thick the turns at 
the end would be forced over the 
edge of the space allotted to them." 

"Why, of course," said Dick. "I 
never thought of that." 

"It's just one of the reasons why 
you've got to put tolerances on the 
wire and the enamel covering. Anyway, 
let's continue. Now, oleo resinous 
enamel has very good electrical 
properties but it has low abrasion 
resistance and a low resistance to 
some of the solvents that are en- 
countered in coil manufacture." 

"What's 'abrasion resistance'?" 
"Resistance to rubbing or chafing," 

explained Smithy. "Oleo resinous 
enamel is rubbed off the wire fairly 
easily if it is chafed during winding, 
with a consequent risk of short- 
circuits between turns. At the same 
time, it's an enamel which can be 
produced relatively cheaply and so it 
is an excellent choice for things like 
iron cored transformers and chokes 
with paper interleaving. The wire for 
these components is wound on in 
layers side by side and is treated quite 
gently in the process. These com- 
ponents are then later impregnated 
with a wax or a varnish which won't 
harm the enamel covering." 

Smithy turned to another page of 
his wire tables. 

"We next," he remarked, "leave 
oleo resinous enamel and turn to the 
other enamels I mentioned. The first 
of these is vinyl acetal enamel. This 
first appeared around the end of 
World War II under the American 
trade name Formvar, and is more in 
the nature of a plastic than is the oleo 
resinous enamel, which is dried off 
by heat. The advantages of vinyl 
acetal enamel are that it has a much 
higher abrasion resistance and can 
stand up to many more solvents than 
the oleo resinous type. So, for reasons 
of abrasion resistance alone, it's a 
better choice for coils where the wire 
has to be treated rather roughly in 
the winding process. If, for instance, 
you were going to make a smoothing 
choke with a scramble winding on a 
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Size 
S.W.G. 

Nominal 
dia. 
In 

Maximum 
dia. 
In 

Minimum 
dia. 
In 

Normal covering (N) Thick covering (T) 

Maximum 
overall 
dia. In 

Minimum 
increase 
in dia. 

Mil 

Maximum 
overall 
dia. In 

Minimum 
increase 
in dia. 

Mil 

24 0.022 0.0222 0.0218 0.0241 1.5 0.0251 2.2 
26 0.018 0.0182 0.0178 0.0199 1.3 0.0208 2.0 
28 0.0148 0.0149 0.0147 0.0164 1.1 0.0172 1.7 
30 0.0124 0.0125 0.0123 0.0138 0.9 0.0145 1.5 
32 0.0108 0.0109 0.0107 0.0121 0.8 0.0128 1.4 
34 0.0092 0.0093 0.0091 0.0104 0.7 0.0110 1.2 

Fig. 1. Enamelled copper winding wire is manufactured to close tolerances, as this table for some commonly encountered gauges 
illustrates. The three columns after the gauge column apply to the bare copper wire. The remaining four columns give tolerances 

for oleo resinous enamels 

former with end cheeks, then there'd 
be far less risk of shorted turns with 
vinyl acetal enamel than with oleo 
resinous enamel. Since the vinyl 
acetal enamel isn't obtained direct 
from natural raw materials, it was 
described as 'synthetic' enamel when' 
it first came out. Which explains why 
the oleo resinous enamel is also 
known as 'ordinary' enamel." 

Smithy tapped his finger against the 
wire table in his booklet. (Fig. 2). 

"If you look at this," he remarked, 
"you'll see that vinyl acetal enamel is 
available in four thicknesses. I won't 
go through the actual figures, but 
you'll note that these thicknesses are 
Fine or F, Medium or M, Thick or T, 
and Extra Thick or X. This gives the 
coil designer a great deal of variety 
to play with." 

"The Fine thickness," remarked 
Dick, "seems to be thinner than the 
Normal thickness with the oleo 
resinous enamel." 

"True enough," agreed Smithy. 
"And it can be used for applications 
where there is only a very low voltage 
between adjacent enamelled wires. 
Now, let's press on to the next enamel, 
which is polyurethane. This was 
developed some years after the appear- 
ance of vinyl acetal enamel. Again, it 
falls into the plastic category, and it is, 
indeed, very similar in all character- 

istics to vinyl acetal enamel. But there 
is one important exception." 

"What's that?" 
"It melts at soldering iron tempera- 

tures," replied Smithy. 
"Why, blow me," exclaimed Dick, 

"that must be what they call quick- 
soldering enamel!" 

"That's exactly what it is," con- 
firmed Smithy. "Polyurethane enamel 
is given a lot of other similar names 
as well, such as 'self-soldering', 
'solder-through', and so on. The 
great advantage of polyurethane en- 
amelled wire is that, after a coil 
has been wound with it, there's no 
necessity to strip the enamel off the 
ends to make connections. You 
merely fit each end of the wire to its 
connecting point, apply a soldering 
iron and Bob's your uncle! The enamel 
melts and you've got a solder joint to 
the copper straightaway. There's no 
necessity to scrape away the enamel 
first, as is required with the oleo 
resinous and vinyl acetal enamels. 
Polyurethane enamel provides some 
fluxing action as well and you can, 
if desired, tin the wire end by merely 
dipping it in a bath full of molten 
solder." 

Polyester Enamel 
"Blimey," said Dick, "that's labour- 

saving with a vengeance!" 

"Just imagine," replied Smithy, 
"how much time it saves on a coil 
winding production line. Incidentally, 
and speaking in very general terms, 
polyurethane enamel is not, perhaps, 
quite as tough as vinyl acetal, but 
it has the terrific advantage of melting 
at soldering temperatures. Like vinyl 
acetal enamel, it comes in the four 
thicknesses, F to X, and these have 
exactly the same dimensions and 
tolerances as has the vinyl acetal 
enamel." 

"That," said Dick thoughtfully, 
"clears up three of the different wire 
enamels. I seem to remember that, 
earlier on, you mentioned four." 

"I did," confirmed Smithy. "And 
the fourth one is polyester enamel, 
which made a general appearance in 
the early 1960's. This, again, is made 
in the same four thicknesses as the 
last two enamels, and its main 
advantage is that it is very much 
tougher again. If you're making a coil 
in which the wire is treated very 
roughly indeed during winding, then 
polyester enamel is the type to use. 
Like vinyl acetal enamel, by the way, 
it doesn't melt at soldering tempera- 
tures." 

Smithy put his tables to one side. 
"Now I've only," he remarked, 

"given you a brief description of 
the different types of copper wire 

Fine covering (F) Medium covering (M) Thick covering (T) Extra thick covering (X) 
Size Nominal 

Minimum S.W.G. dia. Maximum Maximum Minimum Maximum Minimum Maximum Minimum 
In overall increase overall increase overall increase overall increase 

dia. In in dia. 
Mil 

dia. In in dia. 
Mil 

dia. In in dia. 
Mil 

dia. In in dia. 
Mil 

24 0.022 0.0240 1.2 0.0249 1.9 0.0257 2.8 0.0273 3.6 
26 0.018 0.0199 1.1 0.0207 1.8 0.0215 2.6 0.0229 3.4 
28 0.0148 0.0164 1.0 0.0171 1.6 0.0178 2.3 0.0191 3.0 
30 0.0124 0.0139 0.9 0.0146 1.5 0.0153 2.2 0.0164 2.9 
32 0.0108 0.0122 0.8 0.0129 1.3 0.0136 2.1 0.0147 2.8 
34 0.0092 0.0104 0.7 0.0111 1.2 0.0118 1.9 1 ' " 

Fig. 2. The "synthetic" enamels (vinyl acetal, etc.) ore produced in four thicknesses. Tolerances for the same wire sizes as in Fig. 1 
ore shown in this table. (The extra thick covering is not usually available for 34 s.w.g. and thinner wires) 
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Fig. 3. A simplified diagram illustrating the apparatus used for testing for pinholes 
in wire enamel. When a pinhole passes through the mercury bath a circuit is 
completed between the mercury and the wire under test, causing the relay to 

energise 

enamel here, but what I've told you 
should enable you to have a general 
idea of what goes on." 

"1 see," remarked Dick musingly. 
"Incidentally, how does the coil 
designer know what thickness of 
enamel to use for any particular coil ?" 

"To some extent," replied Smithy, 
"he relies on a certain amount of 
common sense, together with ac- 
cumulated experience with similar 
coils in the past. Speaking in very 
approximate terms it is helpful to 
think about the enamel in terms of 
'thicknesses'. I've already mentioned 
that Normal oleo resinous enamel 
can be thought of as 'Single' and the 
Thick variety as 'Double'. You can 
apply this line of thinking to the 
synthetic enamels as well, calling the 
F type 'single', the M type 'double', 
and so on. You then employ a few 
simple rule of thumb concepts. If 
there is negligible voltage between two 
touching turns in a coil it can be 
considered reasonably safe to put 
two 'thicknesses' of enamel between 
adjacent copper conductors. Thus, 
you could use Normal oleo resinous 
or Fine synthetic. Typical examples 
would be given by the turns of a 
layer-wound mains transformer where 
the potential between adjacent turns 
is about one-eighth of a volt, or in a 
receiver r.f. coil where the potential 
between turns is negligible. On the 
other hand, in a TV line output trans- 
former you get something like 10 
volts per turn, which is relatively 
high. Such a transformer, when 
layer-wound, would use vinyl acetal 
or polyurethane M enamel, or even 
T enamel. You have to remember 
that the cost of the wire goes up as 
the enamel thickness increases and 
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so the designer has to choose an 
enamel thickness which gives the 
desired reliability so far as preventing 
shorted turns is concerned, without 
being excessively expensive. There is, 
also, a random factor with the thinner 
gauges which causes the coil designer 
to rely rather heavily on previous 
experience." 

"What random factor is that?" 
"Pinholes." 
" Pinholes T' 
"Pinholes," confirmed Smithy. 

"You see, it's very difficult to make 
the thinner gauges of enamelled wire 
without tiny pinholes appearing here 
and there. The copper is exposed at 
these pinholes." 

"Blimey," said Dick. "I'd always 
thought the wire was completely 
covered by the enamel." 

"Unfortunately not," replied 
Smithy. "Obviously, the number of 
pinholes to be expected in a length of 
wire decreases as the thickness of 
the enamel goes up, because the wire 
has been subjected to more ename 
coating processes. Pinholes are only 
normally troublesome if two of them 
come alongside each other in adjacent 
turns of wire in a coil. A pinhole in 
one wire adjacent to an unbroken 
surface of enamel in the next can't 
cause a breakdown because there is 
still enamel between the two turns. 
The risk of having two pinholes side 
by side in adjacent turns is pretty 
remote in practice and it decreases 
as the enamel thickness goes up and 
the number of pinholes goes down. 
A careful designer bears this point in 
mind when working out the enamel 
thickness for a particular coil." 

"Can't the wire manufacturer pre- 
vent the formation of pinholes?" 

"Not entirely," said Smithy, pulling 
his note-pad towards him and making 
a quick sketch (Fig. 3). "Instead, he's 
allowed a maximum number of pin- 
holes per unit length of wire according 
to gauge and thickness. Batches of 
the wire being made go through a 
test set-up in which the wire passes 
through a mercury bath. If there is a 
pinhole in the wire going through the 
bath a current passes through the wire 
and the mercury and closes a relay 
coupled to a counter. The counter 
then indicates the number of pinholes 
in the length of wire being tested. 
If this exceeds a certain number, the 
batch of wire is considered faulty. 
The permissable number, incidentally, 
is laid down in a British Standard 
applicable to the type of enamel." 

"There's certainly far more to this 
wire enamel business," commented 
Dick, "than I'd ever even anticipated." 

"It does get a little involved when 
you start looking into it," agreed 
Smithy cheerfully. "Another com- 
plication is that the wire manu- 
facturers have a habit of referring to 
their enamelled winding wires by 
individual trade names instead of by 
the enamel formulation, although 
they do usually state the formulation 
as well. You can normally tell which 
enamel is which by the British 
Standard Specification quoted for the 
wire. Oleo resinous enamelled wires 
are covered by BSS156, vinyl acetal 
by BSS1844, polyurethane by BSS3188 
and polyester by BSS3160. Incidentally, 
both the wire manufacturers and their 
customers stick rigidly to the appro- 
priate British Standard." 

Other Types 
"Are there any other types of 

winding wire coverings that you 
haven't mentioned ?" 

"There are two main other types," 
replied Smithy. "One of these is self- 
bonding wire. This is covered with a 
standard synthetic enamel after which 
about 0.5 mil of a thermosetting glue 
is applied. A particularly common 
application for this sort of wire is 
in the flared self-supporting coils 
used in TV deflector yokes. The self- 
bonding wire is wound in a mandrel 
which gives it the final shape required. 
A current is then passed through the 
wire. This causes the wire to heat up 
and the thermosetting glue to melt 
and set in its final form. The coil is 
then taken out of the mandrel where- 
upon, because of the glue, it maintains 
the shape given in the mandrel." 

"What's the other type of wire?" 
"It's the old TNA stuff," grinned 

Smithy, "which I've mentioned on 
previous occasions." 

"Oh, I know all about TNA wire," 
commented Dick quickly. "It consists 
of tinned copper wire covered with 
nylon fibre and an outer lapping 
of acetate fibre. It's used for single 
layer close-wound coils, these being 
brushed afterwards with acetone, 
whereupon the acetate dissolves and 
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r 
becomes re-set as a continuous 
coating over all the coil." 

"That's right," agreed Smithy. "The 
coil then becomes self-supporting." 

"Also," cut in Dick eagerly, "the 
nylon and acetate melt at soldering 
iron temperatures, so there's no need 
to strip the coil ends before connecting 
it into circuit." 

"Exactly," confirmed Smithy. 
"Those little self-supporting air-cored 
r.f. chokes you see in u.h.f. TV tuners 
use TNA wire, as also do the tuned 
coils in many Band I—Band III tuners. 
All these coils can be wound auto- 
matically with TNA wire on a machine 
which applies the acetone and dries 
it as well, whereupon it produces 
complete ready-made coils. A machine 
of this nature can also wind TNA 
wire coils on formers coated with 
acetate. The acetate on the former 
then bonds with that on the wire 
when acetone is applied, causing the 
whole assembly to be fully bonded 
together." 

From The Earth 
"Fascinating, isn't it?" remarked 

Dick. "All this winding wire business, 
I mean." 

"What I find even more fascinating," 
replied Smithy, "is to think in terms 
of the raw materials from which the 
wires are made. The copper itself is, 
of course, mined as copper ore, the 
mineral in the ore being copper pyrites 
which is smelted and refined near the 
mining site. I've already referred to 
the natural sources for the oleo 
resinous enamels. The synthetic 
enamels derive from natural sources 
as well although, of course, consider- 
able chemical changes take place 
before they emerge in the form we 
use them. For instance, the vinyl 
acetates can be derived from coal 
or crude petroleum, and so on." 

"In other words," chimed in Dick, 
"all the materials used in these wires 
originally come from the earth itself." 

"Plus," added Smithy, "oxygen 
from the air if this is needed for any 

chemical processing. Go a bit further 
and consider an ordinary TV receiver. 
Now, this is a complex piece of equip- 
ment incorporating hundreds of dif- 
ferent materials ranging from the 
wood of the cabinet to the mica in 
some of the capacitors. Funnily 
enough, both the wood and the mica 
are used in exactly the state that they 
are found in nature. But all the rest 
of the parts in the TV sets are the 
result of processing natural raw 
materials which, in their original 
condition, could be anything from 
mud to rocks. I think it's all quite 
marvellous." 

With which pronouncement Smithy 
drained the last of his tea. This, it 
may be added, was processed from 
the natural tea leaf and was added to 
milk (obtained directly from the cow 
via United Dairies) and to water 
(courtesy of the local Water Board). 

□ 

THE JET SET 

Amateur Radio has a new Image 

It is now fashionable to be a Radio Amateur. In fact it is very ,4with it". The "image" of amateur radio has changed beyond 
all recognition in the last decade or so. The early designation of "ham" to those who participated in amateur radio was indicative 
of the type of individual most frequently to be found associated with this particular activity in the early days. Often they were 
fanatics, completely absorbed in their hobby, burning the midnight oil, building haywire radio transmitters and receivers or 
contacting similar enthusiasts in distant parts of the world. They were sometimes oblivious of the niceties of communal 
living. Their elaborate aerial systems, an eyesore to neighbours for miles around, were the pride of their hearts. In spite of 
much serious scientific experimentation and development done by them, for the most part they were treated by friends and 
relations as cranks. 

In recent times, however, the picture has completely changed. Amateur radio has become very respectable. Some say 
it is the influence of James Bond, or the "Man from UNCLE" or that we now live in a much more scientific age. But there may 
be a much more subtle reason. Is it, we wonder, due to the interest the women are now taking in amateur radio? 

Since amateur radio went "mobile" and the "old man" emerged from his shack and reorganised himself and his hobby so 
that he could give the family a day out in the country or beside the sea, woman's attitude to the hobby has changed com- 
pletely. This new mode was something quite different to her way of thinking! Instead of spending all his spare time in a little shed 
down the end of the garden, tinkering with his bits and pieces, his valves and wire; he now makes something he fits into the 
car and wants to take out to some quiet secluded place in the country to try out. Instead of having the husband's cronies calling 
at the house and sooner or later demanding tea and cakes, he now goes to quite attractive spots by car, to meet his cronies 
there. And there she meets other wives with whom she can talk kids, schools, the rising prices of everything and the apparent 
craziness of her husband. Amateur radio now provides her with a release from dull every day routine. Not only has it brought 
interest and comradeship to her old man, but it has given her social outings and contacts far and away above what she could 
otherwise have enjoyed. Thus did woman come into Amateur Radio. Under her tender hand, it has now escalated into 
sophistication. The gear is now commercially built and takes its place along with the Hi-Fi and Stereo; the colour TV and Tape 
Recorder in the lounge. It is all suitably encased and beautifully coloured. The antenna is a very "with-it" array outside in the 
centre of the lawn, around which the rest of the small garden is tastefully designed. It rotates and goes up and down at the 
push of a switch and completely eclipses the B.B.C. 1 and 2 and I.T.V. and F.M. aerials of the neighbours. And the amateur 
radio social occasions are no longer held on the beach at Southend or Mablethorpe. They are now in Knokke, Geneva, Malmo 
or Montreal. And you don't go by car, you go by plane. No longer is the Dx some distant ham shack in some exotic location in 
the sun, whose distance would suggest no possibility whatsoever of meeting its owner. Now, as likely as not, you'll meet 
him—or her—at the next Convention, and he like you will have come by plane. Yes, Amateur Radio too, now has its "Jet 
Set". 
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TRADE 

NEWS. . . 

NEW BLACK & DECKER 

D500 DRILL 
The new Black & Decker Super D500 drill has been fitted 

with a larger chuck than any single-speed drill produced by 
the company in the past. Fitted with a fin chuck, the drill 
will effectively deal with fin steel, Jin masonry and fin 
wood. 

Capable of 2,400 revolutions per minute, this new drill 
has 20% more power than other single-speed drills in the 
range. 

This drill, together with some of the accessories—such as 
the bench drill stand—would find a ready use in the radio 
enthusiasts workshop, making the onerous task of "chassis- 
bashing" a more pleasant occupation. The uses in the home 
for such a tool are, of course, legion. 

THE KNIGHT KGTDS 

FM RADIO TUNER 

The Knight KG795 solid state stereo 
FM Radio Tuner one of the many 
attractive sets which can be con- 
structed from the wide range of 
"Knight-Kits" now being marketed 
in the UK and Europe exclusively by 
Electroniques (prop STC Ltd.). Easily 
built in four hours by anyone, regard- 
less of their technical knowledge, the 
KG 795 utilises the latest electronic 
devices and circuit techniques (including 
silicon semiconductors and built-in 
automatic multiplex decoder) and is 
suitable for receiving the stereo broad- 
casting services of the BBC. 

THE KNIGHT KG661 AND KG663 

BENCH POWER UNITS 

The Knight KG663 (left) and KG661 bench power units 
assembled—two of the many "Knight-Kit" construction 
kits now being marketed in the UK and Europe exclusively 
by Electroniques (prop STC Ltd.). "Knight-Kits" are easy 
to assemble kits which enable anyone, regardless of their 
technical knowledge to construct professional standard 
electronic equipment. The KG663 is a 0-40V 1.5A unit with 
continuously variable current limiting; the KG661 is a 
0-2SV 0.5A unit with overload current limiting at 0.7A. 

* m 

642 THE RADIO CONSTRUCTOR 

www.americanradiohistory.com



Your Local Supplier 

LONDON 

ii 

By Recorder 

JUDGING BY THE INTEREST SHOWN 
by readers, 1 think I'll have to 
change the title of this column 

to "Modulated Light Topics"! 
You may recall that I devoted the 

whole of my space in the January 
issue to Mr. R. J. Ward's compre- 
hensive modulated light transmission 
system, in which the light beam at the 
transmitting end is frequency modu- 
lated. Then, in the February issue we 
published the article "Long Range 
Light Modulator and Receiver" by 
J. P. Dakin, which employs quite a 
different method of operation. Mr. 
Dakin uses amplitude modulation 
with two balsa wood shutters in 
front of the transmitting light beam. 
One shutter is fixed and the other is 
secured to the voice coil of a loud- 
speaker coupled to the output of an 
a.f. amplifier. The shutters have 
parallel slots cut in them and are 
mutually arranged so that, when the 
voice coil moves in one direction a 
greater slot aperture area is presented 
to the source of light whilst, when it 
moves in the other direction the 
overall slot area decreases. Thus, the 
light is modulated after it leaves the 
source of illumination. In the previous 
systems described in this journal the 

technique was to modulate the supply 
current to the lamp itself. 

Alternative Shutters 
Two readers have sent in suggested 

modifications for the shutter design, 
and I am happy to quote from their 

The first' letter, from J. M. Colles 
of Amersham, Bucks, puts forward 
the following idea for making up the 
shutters. 

First, draw a number of black 
lines 0.1 in wide and separated by the 
same distance on good cartridge 
paper. (Mr. Colles used a piece of 
cartridge paper measuring 13 by I6in 
with the lines parallel to the long 
side.) Then take two photographs 
of this, and use the negatives as 
shutters. The obvious advantages here 
are that no precision cutting out is 
required, as with the balsa wood 
shutters, and the moving shutter 
affixed to the loudspeaker voice coil is 
very light. 

The second letter, from D. B. Pitt 
of Wollaton, Nottingham, refers to 
his experiences during the thirties 
when he used a sjmilar type of loud- 
speaker-operated shutter system to 
modulate the light source in a 30-line 

Established 1910 

H. L. SMITH 

& CO. LTD. 

Comprehensive stocks of components 
by all leading makers. 

287-9 EDGWARE ROAD 
LONDON W.2 

Tel.- 01-723 5891 

TELERADIO 

ELECTRONICS 
For Radio Control Devices, Miniature 
components, Special Transistors, 
Circuits and data on boat and 

aircraft control. 
QUOTATIONS GLADLY FOR PARTS USED IN 

MAGAZINE ARTICLES 
(S.A.E. Enquiries REF. D/P) 

325/7 FORE STREET, 
EDMONTON (3719) 

LONDON, N.9. 

THE 

MODERN BOOK CO. 

Largest selection of English and 
American radio and technical books 

in the country. 

19-21 PRAED STREET, 
LONDON, W.2 

Tel: PADdington 4185/2925 

ELECTRONICS 
GALORE! 
in the NEW 

dca CATALOGUE 
Send 1/6 now for your copy 

to: DEPT. R/C 
dca ELECTRONICS 

LIMITED 
28 UXBRIDGE ROAD, 

EALING, W.5 
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Your Local Supplier 

LONDON 

ST. HELEN'S RADIO 

Hi-Fi Equipment 
Tape Recorders 
Radio Receivers 

Television 

SPECIALISTS IN RADIO 
& ELECTRONIC TEXTBOOKS 

ST. HELEN'S GARDENS 
LONDON W.10 

Tel: 01-969 3657 

ESSEX 

ELECTRONIC 

COMPONENTS 

Valves, transistors, capacitors, 
transformers, amplifiers, 

tuners, etc., etc. 

765 HIGH ROAD, 
SEVEN KINGS 

(opp. Seren Kings Hotel) 
ILFORD, ESSEX 

Telephone: GOOdmayes 1826 

MARKET CENTRE 
For Semiconductors 
Prompt, efficient mail order service 
for Mullard, Newmarket, Texas, 
Sinclair, S.T.C., Fairchild Semi- 
conductors, We also offer a com- 
prehensive selection of miniature 
components for transistor circuitry. 
Catalogue Is. 

L.S.T COMPONENTS 
23 New Rd., Brentwood, Essex 

HAMPSHIRE 

BOURNEMOUTH 
LARGEST HI-FI AND 
RADIO COMPONENT 
STORE IN THE SOUTH 

FORRESTERS NATIONAL 
RADIO SUPPLIES LTD. 
70-72 Holdenhurst Road 

Bournemouth 
Telephone 25232 

television receiver. The shutters, or 
"grids" as Mr. Pitt prefers to call 
them, were photographic negatives 
also, these being obtained by photo- 
graphing a striped tablecloth with a 
box camera. Three of these grids were 
then used in the following manner. 
One was mounted at the centre of the 
diaphragm of an otherwise unmodified 
loudspeaker, and it passed freely 
through a saw-cut in a length of wood 
straddling the loudspeaker frame. The 
two remaining grids were fixed, one 
on each side of the moving grid, at 
the sides of the saw-cut. The piece of 
wood was secured to the speaker 
frame using bolts and rubber washers 
under compression so that, by care- 
fully adjusting the bolts, the grids 
could be aligned for the desired height 
and parallelism. The negatives forming 
the grids were arranged in a light 
frame to prevent curling, and the 
only limit to the usefulness of the 
arrangement seemed to be the ability 
of the negatives (at that time highly 
inflammable cellulose nitrate) to with- 
stand the heat from the bulb without 
exploding into flames! 

Mr. Pitt also raises an interesting 
question concerning systems of this 
nature. Why use an a.f. amplifier? 
Why not simply speak direct into 
the diaphragm of the loudspeaker? 

"After all," concludes Mr. Pitt, 
"Edison's transmitter was only a 
thin mirror arranged at 45° to a beam 
of light!" 

Pi and Coffee 
"May I have a large container of 

coffee?" 
This sentence represents a useful 

little mnemonic which, when I recently 
heard it included in a question in 
the B.B.C. sound radio quiz Brain 
of Britain, was new to me. Since it 

may also be new to some readers 
as well, I quote it here. 

The number of letters in each word 
of the sentence represents, in order, 
the first eight figures in our old friend, 
n, which looms so largely in electronic 
calculations. 

M. G. Scroggie's excellent Radio 
and Electronic Laboratory Handbook 
(Iliffe) gives - to ten decimal places 
as; 

3.1415926535  
So it looks as though the mnemonic 
falls down a little on "coffee", which 
stands for 6, because when corrected 
to seven decimal places that last 
number should really be 7. Pedants 
may prefer to join me in a large con- 
tainer of Maderia or scrumpy accord- 
ing to their tastes. 

Overload Trip Circuit 
We have published several articles 

in recent issues on stabilised power 
supplies for transistor equipment, 
and these have prompted Mr. R. A. 
Jackson of Elmer Sands, Essex, to 
send us his design for a very neat 
overload trip circuit which, incorpor- 
ated in a 20 volt I amp supply, has 
given him completely reliable service 
for over a year. The relay employed 
in the trip circuit was a surplus type 
(although I see that an equivalent new 
component is listed in the Henry's 
Radio 1967 catalogue) and requires 
some modification. The circuit should 
not be tackled, therefore, unless you 
feel competent to make the change 
required. 

The circuit of the power supply 
with its trip relay appears in the 
accompanying diagram. The mains 
input is applied via Fi, on-off switch 
Si, and the normally-closed relay 
contacts RLA1, to the primary of 
mains transformer Ti. The 20 volt 

RUA; 

20 
Mains input 

a 

Output 

Output voltage 
control 

l2kA 

I 

2W 
See 
text 2LiF RLA ITOOn Oln 

I 

25V wkg 
□4 —3 

The circuit of the overload trip, fitted to a 20 volt 1 amp supply. Using 
"detached" presentation, the relay coil is shown as a rectangle remote 

from its contact set 
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secondary of this transformer feeds a 
standard stabilised power supply cir- 
cuit, incorporating the usual zener 
diode, two emitter followers and 
variable voltage control. Component 
values are not shown here because 
these vary with different power supply 
designs and do not influence the 
operation of the trip circuit proper. 
It will be seen that the output voltage 
control potentiometer is ganged with 
on-off switch Si. 

Relay RLA/1 requires only the 
normally-closed contact set RLA1, 
and the component employed by 
Mr. Jackson is a Siemens high speed 
relay available from surplus sources 
and much used for Radio Control 
work. It has two 1,70011 coils and 
one change-over contact set. 

One of the relay coils is removed, 
and is fully re-wound with 20 s.w.g. 
enamelled copper wire, giving a 
resistance of O.IO. The leads of the 
new coil are then re-terminated at the 
relay base. It was found that the 20 
s.w.g. coil caused the relay to operate 
satisfactorily at 1 amp, the moving 
contact having been slightly bent to 
give an equal gap at each pole face. 

The trip circuit operates in the 
following manner. The O.ltl coil is 
in series with the output of the power 
supply and if, due to overload, the 
output current approaches or exceeds 
1 amp the relay energises. Contact 
RLA1 opens, whereupon the 12kO 
resistor Ri and bridge rectifiers Di 
to D4 are inserted in series with the 
mains input to Ti primary. These 
components cause the output voltage 
to be reduced to a very low and safe 
value, whilst the a.c. flowing in the 
bridge rectifier is rectified and applied 
to the l,700n coil of the relay. Thus, 
the relay remains energised, holding 
the trip condition. The 2|j.F capacitor, 
Ci, causes the trip to be effective 
should heavy loads cause an im- 
mediate collapse of output voltage, 
and it prevents relay chatter even on 
the most momentary output short- 
circuit. 

The circuit is re-set by turning the 
voltage control potentiometer to zero 
volts. This causes switch Si to open, 
whereupon the relay de-energises. If 
the short-circuit has been removed, 
the switch may then be turned on 
again immediately and the output 
voltage control returned to the desired 
setting. In any case, the trip circuit 
is ready to operate if the overloads 
recur. 

It should be noted that the phasing 
of the connections to the relay coils 
is important. Wrong phasing will cause 
relay chatter. 

The rectifiers used by Mr. Jackson 
for Di to D4 were S.T.C. type K8/15. 
which have a p.i.v. of 1,020 volts, 
Really, these are overrun, however, 
since they are rated at 5mA whilst 
the rectified current in the 1,7000 
relay winding is of the order of 8mA, 
and it would be preferable to use 
rectifiers with a current rating of at 
least 10mA. Provided that all rectifiers 
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are in circuit the bridge configuration 
keeps the p.i.v. applied to each diode 
at less than 100 volts, which means 
that a wide range of rectifiers could 
be employed for Di to D4, including 
even such types as the OA81. Alterna- 
tive types have not, incidentally, been 
tried in practice. Remember that the 
1,7000 relay winding load must be 
connected before applying power to 
the bridge, otherwise the p.i.v. and the 
voltage across Q will rise to an 
excessively high value. 

The 12kO resistor, Ri was found to 
cause the relay to remain reliably 
energised when contacts RLA1 opened. 
However, the impedance offered by 
the mains transformer primary appears 
in the rectifier circuit when the relay 
trips and it may be necessary to alter the 
value of Ri to accommodate different 
transformers. Different rectifiers may 
also necessitate a change in the value 
of this resistor. The value should be 
as high as is consistent with reliable 
circuit operation. 

If it is desired to have the circuit 
trip at lower currents than 1 amp it 
will be necessary to use a thinner 
wire in the re-wound relay coil, and 
the gauge required here will have to 
be determined by experiment. 

Finger Trouble 
One of the most amusing servicing 

stories I have heard for ages appears 
in "The Serviceman" feature in the 
January issue of our Australian 
contemporary Electronics Australia. I 
am delighted to pass it on here with 
all due acknowledgement to source. 

An engineer friend of "The Service- 
man", whilst on a touring holiday in 
the outback of north Queensland, 
called in on a hospitable farmer during 
his travels for a drink and a chat. 
On learning that his visitor was in the 
electronics game the farmer asked him 
to have a look at his a.m. radio, which 
had never given a very good per- 
formance. When he checked, the 
engineer found that all that seemed 
to be wrong was that the set had 
never had an aerial wire connected 
to its aerial terminal. 

He then took the back off, to recoil 
from a horrible furry elongated mass 
which lay along the back of the 
chassis. 

The farmer explained that, when the 
set had been originally put into 
operation some years earlier (similarly 
without aerial), a member of the 
family noticed that volume increased 
when he put his finger on the aerial 
terminal. Since it was inconvenient 
to keep touching the aerial terminal 
all the time and since, like a finger, 
a sausage is a cylinder of skin full of 
meat, it was decided to connect a 
sausage permanently to the aerial 
terminal. And it was the decomposed 
remains of that sausage which the 
engineer encountered. 

Cheerio till next month! 

□ 

Four Local Supplier 

SURREY 

SMITHS PRECISION 
6 MINUTE DELAY 

ACTION SWITCH 
Clockwork actuated 
10/6 EACH 1 w/ w Post 216 

(3 or more post free) 
Separate switching up to 6 mins. Each action for loading up to 15 amps. 250 volts. For photographic timer, sequence switching opera- tions, etc., etc. Brand new units at a fraction of their value. Connection sheet supplied. 

Radio Component Specialists 
337, WHITEHORSE ROAD, 

■WEST CROYDON, SURREY 
Phone 01-684-1665 FULL LIST 1/- 

SUSSEX 

E. JEFFERIES 

For your new television set, 
tape recorder, transistor radio, 

and hi-fi equipment. 
PHILIPS. ULTRA, INVICTA. DANSETTE, 

MASTERADIO. PERDIO. MARCONI. 
PHILCO. FIDELITY. 

6A Albert Parade, 
Victoria Drive, 

EASTBOURNE SUSSEX 

WORCESTERSHIRE 

Dept. CI, 176 HAGLEY ROAD 

HALESOWEN 
021-550 3210 WORCS. 

Hi-Fi Equipment 
Transistors and 

Radio Components 
Public Address Amplifiers 

EIRE 

PEATS for PARTS 

ELECTRONIC COMPONENTS 
RADIO & TELEVISION 

for the convenience of IRISH 
enthusiasts we supply: 
The Radio Constructor, 
Data Books and 
Panel-Signs Transfers 
Also a postal service 

Wm. B. PEAT & Co. Ltd. 
18 PARNELL STREET 

DUBLIN 1 
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tutesotU 

the 

20 WATT 

SOLDERING 

INSTRUMENT 

CONTROLLED TEMPERATURE 
Design holds max. temp, of 
380oC. within close limits. 

EASY BIT REPLACEMENT 

Simple, fast replacement of 
low-cost copper bits. Non- 
wearing PERMATIP bits cut 
servicing costs. 

BEAUTIFULLY COMPACT 
Length 7| in. Weight 1i oz. 
Max. handle dia. 0'715 in. 

UN-EQUALLED PERFORMANCE 
Ideal for fast production 
soldering on the majority 
of modern electronic 
equipment. 

ALL VOLTAGES 

The LITESOLD range includes 
six other models (10, 18, 25, 
30, 35 and 55 watts), and many 
accessories. Please ask for colour 
catalogue L.40. 

LIGHT SOLDERING 

DEVELOPMENTS LTD 

28 Sydenham Road, Croydon, CR9 2LL 
Telephone: 01-688-8589 & 4559 

^ SFKIfll OffHt 

UNBEATABLE VALUE FOR YOU, 

AS A READER OF 

THE RADIO CONSTRUCTOR 

TULTEC#52'6^ 
HAIR DRYER 

* 

SPECIFICATION 
Moulded in beautiful symmetri- 
cal pastel blue impact resisting 
thermoplastic casing. 
Quiet in operation. 
Hot or cold air. 
No radio or T.V. Interference- 
meets British standard specifi- 
cation. 
Fitted with safety cut-out. 
12 months & money refund guarantee. 
Value 80/9 in the shops 
Send the coupon below with the sum of only 57/- (this includes 4/6d 
to cover postage, packing and insurance, unless you are collecting 
personally). 

230-250 volts A.C. only. 

Please send me one Toltec Hair Dryer at the special 
privilege price as advertised in The Radio Constructor 

I enclose cheque/postal order value  

Name     

Address   

(Block capitals please) 
To: Toltec Electronic & Trading Co. Ltd. 
Hatton House, Hurst Green, Etchingham, Sussex 
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NEW STYLE 

SELF-BINDER 

for "The Radio Constructor 
i »> 

The "CORDEX" Patent Self-Binding Case 
will keep your issues in mint condition. 

Copies can be inserted or removed with 
the greatest of ease. Rich maroon finish, gold 
lettering on spine. 

Specially constructed Binding Cords are made from Super Linen 
of great strength, very hard twisted and twice doubled. They 

are attached to strong RUSTLESS Springs 
under tension, and the method adopted 
ensures PERMANENT RESILIENCE of 
the Cords. Any slack that may develop 
is immediately compensated for, and 
the Cords will always remain taut and 
strong. It is impossible to overstretch 
the springs, as a safety check-device is 
fitted to each. 

■ 

V; 

m' 

PRICE 15(- Post Free 

Available only from:- 

Data Publications Ltd. 

57 Maida Vole London W9 

650 

SMALL ADVERTISEMENTS 
continued from page 649 

EXPERIMENTERS. Sub-miniature transmitter, world's 
smallest, area 1 sq. in., circuit 9s. lid., also amazing 
free circuit. Write—S. Pilacoutas, 2 Katalanos Street, 
Nicosia 111, Cyprus. 

FOR SALE: Wavemeter, W1310, 155/220 Mc/s, and V.H.F. 
receiver, CG46068, 60/80 Mc/s. £7 the lot.—53 Frederick 
Road, Sutton Ooldfield, Warwickshire. 

BOOKS FOR SALE: Alfred Nobel E. Bergengren £1, 
Radioisotope Laboratory Techniques R. A. Faires, 10s. 
Atomic Medicine Behrens, £1. Medical Radiation Biology 
Ellinger, 30s. Physics in Medical Radiology Russ, Clark 
& Pelc, 7s. 6d. Disease & its Conquest Hollis, 7s. 6d. 
Earth's Envelope T. Lobsack, 15s. The Atomic Sub- 
marine C. Blair, 7s. 6d. Astronautics in the Sixties 
K. W. Gatland, 30s. Space Research and Exploration 
D. R. Bates, £1. Once Round the Sun Story of the I.G.Y., 
Fraser, 10s. Earth Satellite P. Moore, 7s. 6d. Frontier to 
Space E. Burgess, 5s.—Box No. F316. 

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 Certifi- 
cates, contests and activities for the SWL and trans- 
mitting members. Monthly magazine, Monitor, containing 
articles of general interest to Broadcast and Amateur 
SWLs, Transmitter Section and League affairs, etc. 
League supplies such as badges, headed notepaper and 
envelopes. QSL cards, etc., are available at reasonable 
cost. Send for League particulars. Membership including 
monthly magazine, etc., 35s. per annum.—Secretary, 
ISWL, 60 White Street, Derby. 

"MEDIUM WAVE NEWS" Monthly during DX season 
—Details from: K. Brownless, 7 The Avenue, Clifton, 
York. 

FOR SALE: H.R.O., six coils, p.u., £15. Hallicrafter, SX 
28,'£25. Both in very good condition.—Dowson, 39 Victoria 
Street, Scarborough, Yorks. 

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

FOR SALE. P.M. Loudspeakers, removed from televisions, 
3s. 6d. each, postage 2s. 6d.—Wild, 19 Square Street, 
Ramsbottom, Lanes. 

FOR SALE, i" Dymo labels. Id. per letter. Send s.a.e. 
with all orders to—26 Stourway, Christchurch, Hants. 

BOOKS FOR SALE. Science Projects in Electricity, by 
E. M. Noll, 7s. 6d. Electronic Systems, by E. A. Altshuler. 
10s. Tubes for Computers, Philips, 5s. 6d. Industrial 
Rectifying Tubes, Philips, 5s. 6d. Transistor Radio Servicing 
Made Easy, by Wayne Lemons, 10s. Electronics for the 
Beginner, by J. A. Stanley, 10s. All less than half price. 
All post free.—Box No. F326. 

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

THIS COULD BE LISTENING TO YOU! The smallest Bug 
(Wireless microphone) available commercially. 007 type. 
Rifle bullet size. Completely self-contained using one 
hearing aid mercury battery. £7 10s. Od. Post free. Shirt- 
button size ultra sensitive microphone 20s.—Box No. 
F328. 

continued on page 651 
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SMALL ADVERTISEMENTS 
continued from page 650 

ILLUSTRATIONS and circuit diagrams of your equipment 
drawn to your required standards.—M. J. Piper, 10 
Lismore Road, Whitstable, Kent. 

WANTED: Early radio books, old glass paper weights.— 
Box No. F329. 

POSTAL ADVERTISING? This is the Holborn Service. 
Mailing lists, addressing, enclosing, wrappering, facsimile 
letters, automatic typing, copy service campaign planning, 
design and artwork, printing and stationery. Please ask 
for price list.—The Holborn Direct Mail Company, 
Capacity House, 2-6 Rothsay Street, Tower Bridge Road, 
London, S.E.I. Telephone: 01-407-1495. 

FOR SALE. 20 watt motor generator, ex-Air Ministry, 
war surplus, 12V at 4A d.c. in, 480V at 0.04A out, £2. 
Crystal calibrator unit, 1000 kc/s, 240V a.c., 50s. Radiation 
Monitor Ltd., utility geiger counter, £3. Soxhlet extractor, 
glass, with Liebig condenser to match, unused, £5. Box 
of weights, 0,01 to 50gm., 30s. All plus postage.—Box No. 

FOR SALE. Heathkit Balun coil set, Model B-1U, 50s. 
—Box No. F331. 

FOR SALE. B40 ex-Naval Receiver. 650 kc/s-30 Mc/s. 
Xtl. calibrator. Mains power supply, £20 o.n.o.—Box No. 

GENUINE BRAND NEW Silicon Planar Transistors. 
2N2369 650 Mc/s, 6s.; PEPS 500 Mc/s, 5s.; 1S103 recti- 
fiers, 3s. Postage 6d. E88CC valves 8s, 6d. P.M. Tuner, 
less crystals, £3. Precision resistors. Details and lists, 
s.a.e—Box No. F334. 

NEW AND SALVAGED VALVES at fantastically reduced 
prices. S.A.E. for lists.—CONNAUGHT ELECTRONICS 
42 Montserrat Road, Putney, London, S.W.I5. 

FREE! FREE! FREE! Circuit and details of 0.5 cubic 
inch bug radio transmitter (Mk. 8). Please send stamped 
addressed envelope (normal size).—Box No. F335. 

FOR SALE. Decca Mono/Stereo amplifier, fully tran- 
sistorised. Input sensitivity 70(i/V. Power output 5 watts 
per channel. Output impedance ISO. High quality 
reproduction. £14.—Telephone: PUTney 3724. 

FOR SALE: "Wireless World" January 1964—December 
1967. "Radio Constructor" August 1963—July 1967. 
2s. per copy plus postage.—Box No. F336. 

ESSEX GARDENERS. Buy your bedding and rock plants, 
shrubs, etc., also cacti from May's Nurseries, 608 Rayleigh 
Road, Hutton, Brentwood, Essex. Callers only, Monday 
to Saturday. 

PROPERTIES for sale and to let in London and suburbs. 
Apply to Maggs & Stephens, Estate Agents, 229 Maida 
Vale, London, W.9. MAIda Vale 8123. 

MORE BARGAINS from P. & J. Barrow-Mawdsley. Eagle 
amps. 1 watt £2 10s. 0d., 3 watt £2 13s. 6d. 4-channeI 
mixer £2 10s. Od. Batt/Mains cassette tape recorder £25. 
BC107/9 3s. 8d., BC107 3s., 2N3819 F.E.T. 10s. 8d. 
Is. postage. Box No. F337. 

WANTED. Television (early models), tape recorder and 
transistor service sheets. Any quantity. State price.— 
Box No. F338. 

PLAIN-BACKED 

NEW STYLE 

SELF-BINDERS 

for your other magazines 

(max. format 74" x 94") 

v: 

¥ % 

The "CORDEX" Patent Self-Binding Case 
will keep your copies in mint condition. 
Issues can be inserted or removed with 
the greatest of ease. Rich maroon finish. 
Specially constructed Binding Cords are 
made from Super Linen of great strength, 
very hard twisted and twice doubled. They 
are attached to strong RUSTLESS Springs 
under tension, and the method adopted 
ensures PERMANENT RESILIENCE of the 
Cords. Any slack that may develop is im- 
mediately compensated for, and the Cords 
will always remain taut and strong. It is 
impossible to overstretch the springs, as a 
safety check-device is fitted to each. 

COLOURS: MAROON OR GREEN 

(Please state choice) 

PRICE 14(6 Post Free 

Available only from:— 

Data Publications Ltd. 

57 Maida Vale London W9 
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CHASSIS 
and 

CASES by 

H. L SMITH & CO. LTD. 
287/9 Edgware Road 

London WZ 
TEL: Ot-723 5891 

^ACCC ALUMINIUM, CAOfcO SILVER HAMMERED FINISH 
Type Size Price 

N 8x6x2"* 18/- 
N 6x6x3" 17/6 
N 4x4x2" 11/- 
U 4x4x4" 11/- 
U 5{x4ix4i" 17/- 
U 8x6x6" 23/- 
U 9ix7ix3i" 24/- 
U 15x9x9" 49/- 
W 8x6x6" 23/- Type N has removable bottom, Type U removable bottom or back, Type W removable front, Type Y all screwed construction, Type Z removable back and front. 

Type Size Price 
W 12x7x7" 37/6 
W 15x9x8" 48/6 
Y 8x6x6" 29/- 
Y 12x7x7" 45/- 
Y 13x7x9" 50/6 
Y 15x9x7" 53/6 
Z 17x10x9" 72/6 
Z 19 x 10 x 8i" 78/- ♦Height 

Type N 
Type Y 

TypeZ Type 
Type U 

BLANK CHASSIS—Same day Service 
Of over 20 different forms made up to YOUR SIZE. (Maximum length 35", depth 4".) 
SEND FOR ILLUSTRATED LEAFLETS or order 
straight away, working out total area of material re- 
quired (including waste) and referring to table below 
which is for four-sided chassis in 16 s.w.g. aluminium. 
48 sq. in. 5/- 176 sq. in. 10/4 304 sq. in. 15/8 
80sq. in. 6/4 208 sq. in. 11/8 336 sq. in. 17/- 

112sq. in. 7/9 240 sq. in. 13/- 368 sq. in. 18/4 
144sq. in. 9/- 272 sq. in. 14/4 and pro rata 

P. & P. 3/- P. & P. 3/6 P. & P. 4/6 
Discounts for quantities. More than 20 different 

sizes kept in stock for callers. 
FLANGES (i" or i"). 6d. per bend. 
STRENGTHENED CORNERS, 1/- each corner. 

PANELS 
Any size up to 3ft at 6/- sq. ft. 16 s.w.g. (18 s.w.g. 5/3). Plus postage and packing 

HIGH GLOSS. METALLIC HAMMERED ENAMEL ^ Brush HAMMERITE Mokes Fantastic Panels 
—so say hundreds of enthusiastic users. 'Crackle' pattern appears like magic. Dries hard glossy finish. Scratch-proof, resists heat and liquid. Simply brush-on. No undercoat. Air dries 15 mins. Lt. & Dk. Blue; Bronze; Silver; Green; Black. Send 10/- for ^pt. Trial Tin, colour samples and instructions. POST FREE. Send now. 
FINNIGAN SPECIALITY PAINTS (RC) Mickley Square, Stocksfield Northumberland. Telephone: Stocksfield 2280 

Send 10/- 
NOW 

for ^ Pint 
TRIAL TIN 

COMPUTER PANELS 
Eight assorted printed circuit panels with transistors, diodes, resistors, capacitors, etc. Guaranteed minimum 30 transistors. Ideal for Experimenters. 8 boards 10/-. POST FREE. Trade and Bulk enquiries welcome 1,500 + 2,000 MFD Electrolytics 25V d.c. Wkg., 3/- each. P. & P. 9d. KEYTRONICS 52 Earls Court Road, London, W.8 Mail order only 

:ff-'iS g 
•X l 

illil 

A.I. POST FREE BARGAINS 

ACI07 5/3 BCY33 4/6 
AC 126 31- BCY34 4/6 AC 127 31- BCY38 41- AC 128 31- BFY50 41- AD 140 14/- BFY5I 4/6 
ADTI40 15/6 BFY52 4/6 AF1 14 4/6 GET 103 4/6 
AFI 15 4/6 GETI 13 4/6 
AFI 16 4/6 GETI 14 4/6 
AFI 17 4/6 GETI 18 4/6 
AFI 18 4/6 GETI 19 4/6 
AFI 19 4/6 GET873 4/6 
AFI 25 4/6 GET887 4/6 AFI 27 4/6 MAT 100 8/- BCYI2 4/6 MATI0I 91- 

STORS AND DIODES 
MAT 120 8/- OC75 3/- OC200 12/- MATI2I 91- OC76 3/- FSX2442A OC23 10/6 OC78 3/- 6/9 
OC25 10/6 OC78D 3/- ST 140 4/3 
OC26 10/6 OC8I 3/- STI4I 6/3 OC28 10/6 OC8IO 31- GEX25 1/3 OC35 16/6 OC82 31- GEX34 31- 
OC38 16/6 OC820 31- CGI C 4/6 
OC44 3/9 OC84 31- CG4 E 4/6 
OC45 3/6 OCI23 4/6 CG10 E 31- 
OC46 31- OCI69 4/6 OA70 2/3 
OC70 31- OC170 4/6 OA8I 2/6 
OC7I 41- OC17I 4/6 OA95 2/3 
OC72 31- OCI72 4/6 WG7B^ 4/6 

RECLAIMED RADIO AND TELEVISION VALVES JO/- PER 100 

A.i. RADIO COMPONENTS 
14 THE BOROUGH, CANTERBURY, KENT 

BULK COMPONENT BARGAINS 
★ qfifl ASSORTED RESISTORS—HI-STAB 1 5/ 

(5% l/lo to Vz watt> worth 1/5 P. & p. 
S.A E. FOR LIST OF INDUSTRIAL COMPONENTS 

FOR THE HOME CONSTRUCTOR 
Elmbridge Instruments Ltd. w", Mo'iHHe*"!""., 

VNOTCHiS 
w w WANTED 

G.P.O. *11*1 Contact springs as shown 
TYPE 
RELAY 

CONTACT 
SPRINGS 

u 

u 
of 

BEST PRICES PAID 
S.a.e. to "Lanco", 76 Sedgemoor Road, 

Willenhall, Coventry, Warwickshire 

XC/KAW SO PROF6SSIO/VAL Tf/£ 
S£If'SVy&Xii. YVM/V abrosoc tvAy- 

cfry/Aiff GR£y HAMMER 

A/ntf/ OP BLACk WRfHMCe /VOW! <JK (CRACKLE) finishes 
Yukan Aerosol spraykit contains 16 ozs. fine quality, durable easy instant spray. No stove baking required. Hammers available in grey, blue, gold, bronze. Modern Eggshell Black Wrinkle (Crackle) all at 14/11 at our counter or 15/11, carriage paid, per push-button self-spray can. Also Durable, heat and water resistant Black Matt finish (12 ozs. self-spray cans only) 13/11 carriage paid. SPECIAL OFFER: I can plus optional transferable snap-on trigger handle (value 5/-) for 18/11, carriage paid. Choice of 13 self-spray plain colours and primer (Motor car quality) also available. 

Other Yukan Air Drying Aerojolt, 16 ozs. at 15/11 car r. paid include: Zinc Chramate Clear Lacquer MetalUcs: Crey, Blue, Bronze and Cold. 
Please enclose cheque or crossed P.O. for total amount to; -r1'-" 
YUKAN, DEPT.RC/E307a, EDGWARE ROAD. LONDON, W.I. We supply many Governmant Departments. Municipal Authorities, Institutes and Leading Industrial Organisations—We can supply you too. Open all day Saturday. Closed Thursday afternoons. 

THE RADIO CONSTRUCTOR 

ANNUAL SUBSCRIPTIONS to this magazine 

may be obtained direct from the publishers 

ONLY 42/- per year, post free 
Please send remittance with name and address and commencing issue required to: 

DATA PUBLICATIONS LTD 57 HAIDA VALE LONDON W9 

Please mention THE RADIO CONSTRUCTOR when writing to advertisers 

652 THE RADIO CONSTRUCTOR 
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THE RADIO CONSTRUCTOR 

Price 3/- each, postage 6d. 
Annual Subscription 42/-, post free. 
Bound Volumes Vol. 19 August 1965 to July 1966 32/6, postage 4/6. 

Vol. 20 August 1966 to July 1967 32/6, postage 4/6. 

Cordex Self-Binders With title "The Radio Constructor" on spine, 15/-, post free. 
With no title on spine 14/6, post free. 

DATA BOOK SERIES 

DBS TV FAULT FINDING 
124 pages. Price 8/6, postage 8d. 

DB6 THE RADIO AMATEUR OPERATOR'S HANDBOOK 
64 pages. Price 5/-, postage 5d. 

DB14 SHORT WAVE RECEIVERS FOR THE BEGINNER 
72 pages. Price 6/-, postage 6d. 

DB15 TWENTY SUGGESTED CIRCUITS 
48 pages. Price 3/6, postage 5d. 

DB16 RADIO CONTROL FOR MODELS 
192 pages. Price 15/-, postage 9d. 

DB17 UNDERSTANDING TELEVISION 
512 pages. Price 37/6, postage 3/- 

PANEL-SIGNS TRANSFERS 

Six sheets in each set 
Set 3: WORDING—White 

Set 4: WORDING—Black 

Set 5: DIALS—Control Panels have a clear background 

Set 6: DIALS—Control Panels have a black background 

Price per set 4/6, postage 4d. 

PUBLICATION DATE 

The old-established firm of printers who had printed the RADIO CONSTRUCTOR for 
nearly 20 years ceased business with only half this magazine printed and only giving 3 days 
notice, just prior to our publication date. Hence the delay in publishing this issue. 

To have the magazine on sale within a reasonable time from the normal publication date 
has meant a mammoth operation by all concerned and we acknowledge the ready co-operation 
we have received from the staffs of the present and former printers. 

We much regret the inconvenience caused to readers. We expect to publish the JUNE issue 
on Thursday, 6th June. 
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NEW SOLID STATE HIGH FIDELITY EQUIPMENT 
Power Amplifiers-Pre Amplifiers-Power Supplies 

^MP3 
SP6-2 

SOUD BTfrft $TE««0 
▲ MPA25 m 

MPA 12/15 

(British made) 
WE PROUDLY PRESENT THIS NEW RANGE OF AUDIO EQUIPMENT developed from DINSDALE Mk. 11—each unit or system will compare favourably with other professional equip- ment sellingat much higher prices. Brief details are below 

isk for fully illustrated brochures 11 and 21( 
THE FINEST VALUE IN HIGH FIDELITY — CHOOSE 

SYSTEM 
★ A 

COMPRISING 5 watt mono for 3/5 ohm speakers. 
SYSTEM PRICE 

£10.3.0 
★ 1 12 watt mono for 3 to 5 ohm speakers. £13.17.6 
★ 2 12 watt mono for 12 to 16 ohm speakers. £14.12.6 
★ 4 24 watt mono two channel for 12 to 16 ohm speakers £20.15.0 
★ 8 20 watt mono/stereo for 12 to 16 ohm speakers. £24.0.0 
★ 9 24 watt mono/stereo for 3 tc 5 ohm speakers. £26.15.0 
★ 14 40 watt mono/stereo for 7^ to 16 ohm speakers. £29.10.0 

SYSTEM TO SUIT YOUR NEEDS AND SAVE POUNDS 

SEND FOR FULL DETAILS ON THESE BRITISH MADE PRODUCTS. FREE ON REQUEST 

VHF FM TUNER 

z 

FM STEREO DECODER 

BUILD A QUALITY TAPE RECORDER 

87/105 Mc/s Transistor Superhet. Geared tuning. Terrific quality and sensitivity. For valve or transistor amplifiers. 4 x 3^ x 2i-in. Complete with dial plate. 5 Mullard Tran- sistors, plus 4 Diodes. (Cabinet Assembly 20/- extra.) 
TOTAL COST £6.19 6 TO BUILD Ask for Brochure 3. P.P. 2/6 

7 Mullard Transistors. Printed Circuit Design with Stereo Indicator. For use with any valve or transistor FM. Uses pot cores to Mullard design and ger. and silicon transistors. As used by B.B.C. and G.P.O. 
COMPLETE KIT PRICE Ask for Brochure 4. P.P. 2/6 

£5.19.6 

QUALITY RADIO TUNER 

m 

With a Martin Recordakit. ★TWO-TRACK. Magnavox 363 Deck Amplifier Cabinet and speaker Complete kits with MICROPHONE 7in. 1,200ft. tape, spare spool. Today's T/L nnc Value £55. •30 BII#*22/6 
★ FOUR-TRACK. Magnavox 363 Deck Amplifier Cabinet and speaker Complete kits with MICROPHONE 7in. 1.200ft. tape, spare spool. Today's OQ rtrttr P*P* Value £60. Ask for Brochure 6. 
Fully tunable MW/LW superhet with excellent sensitivity and selectivity. Output up to i volt peak. Complete with front panel, etc. 9 volt operated. For use with any amplifier or tape recorder. 

TOTAL COST £3 10 A TO BUILD M.IT.O Ask for Brochure 5. P.P. 2/6 

AUTO-BAN TRANSISTOR CAR RADIO. British Made 

Ask for Brochure 15. 

REGENT-6 MW/LW POCKET Ask for Brochure 2. 6-Transistor superhet. Mullard Transistors. Geared tuning. Push- pull speaker output. Moulded Cabinet 5 x 3 x l^in. Phone 
TOTAL TO BUILD £3.9.6 P.P. 2/6 
Pull tuning on both bands. 
6-Transistor MW/LW Car Radio /2 volt operated. 3 watt output. Push-button, wavechange. Supplied t^uilt, boxed, ready to use with Sneaker and Baffle. Car fixing kit s;r. d .manufacturers' current guaran- tee ecial Bargain Offer. Positive or Negative Earth. Oils PrSro De-Luxe Five Push- rriCC button version <111 rtv\c P.P. £11.19 . ^.P. 4/6 ,U gn5« 4/6 

7-TRANSISTOR MW/LW SUPERHET ^EW ! PORTABLE New printed circuit des;,^. with full power output. Fully tunable on both mw/lw bands. 7 Transistors plus diode, push-pull cirruit. Fitted Sin. speaker, large fern't erial and MULLARD transistors. 1 r to build with terrific results. All /ocal, and Continental stations. 
TOTAL COST /A -lO Ap.p- TO BUILD tO.iy.O 4/_ Ask for Brochure I. 

NEW 1968 TRANSISTOR LIST 
SEND FOR YOUR 

FREE COPY TODAY ★ Largest range over 1000 types ★ S.C.R's from 5/- ★ Field Effect T'sistors from 8/6 ★ Power Transistors from 5/- ★ Diodes & Rectifiers from 1/6 Send for Free List No. 36. 
24 page Illustrated Brochure as above including Valves and Quartz Crystals. I/- post paid. 

GARRARD DECKS 
LATEST 
MODELS- 
COMPLETE 
RANGE IN 
STOCK. 

FROM £5.19.6 
Send for Illustrated Brochures 16 & 17 

MAYFAIR 
PORTABLE 

ELECTRONIC L.EW3fREC?CHE 
ORGAN Deferred terms available. COMPLETE KIT. Deposit £29.19.0. 12 monthly pay- ments of £7. TOTAL £113.19.0. READY BUILT & TESTED. Deposit £36.8.0 and 12 monthly pay- ments of £9. Total £144.8.0. 

CATALOGUE 

Build this instrument stage by stage in your own home. A truly portable instrument for all enthusiasts. Fully TRANSISTORISED POLYPHONIC, British design. Call in for.a DEMONSTRATION. 
EXPORT PRICES ON APPLICATION 

TOTAL 
COST 

99 
GNS 

ORGAN COMPONENTS 
We carry a compre- hensive stock of organ components for TRANSISTOR AND VALVE FREE PHASE designs. 

The most COMPREHENSIVE — 
CONCISE — CLEAR — COMPONENTS 
CATALOGUE. Complete with 10/- 
worth discount vouchers FREE 
WITH EVERY COPY 
★ 25 pages of transistors and semi-conductor devices, valves and crystals. 
★ 150 pages of components and equipment. 
★ 50 pages of microphones, decks and Hi-Fi equipment. 

LATEST 
EDITION 

240 page*, 6000 item* 
1000 illustration* 

SEND TODAY 8/6 ^ 
G) 

Telephone (01) 723-1008/9 
OPEN MON.-SAT, 9 o.m.-6 p.m. THURS. 9 o.m.-l p.m. 

303 Transistors & Semi-Conductor Devices 
FDGWARE we have the LARGEST RANGE OVER 650 TYPES c-vuTTMns. ★ COMPETITIVE PRICES ★FULLY GUARAN- 
R0AD TEED ★ 1st GRADE STOCKS. SEND FOR FREE i /Mirv/Mi LIST No- 36- Al» . 24-PAGE ILLUSTRATED BRO- LONDCN CHURE LISTING 2000 DEVICES with data and 
WT circuits, inclu' ;ng VALVES and QUARTZ CRYSTALS l/-._5tpaid. 
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