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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 (b) (i) and (ii) costs only 
2/6 a year if taken with Cover (a), or 5/- if taken alone. 

Why not BE PRUDENT AND INSURE your 
installation—it is well 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 

www.americanradiohistory.com



if 

fast Mai! Order far the Amateur Radio 

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 

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 (400lb.), 6d. 
per yd. ideal for Guys, L.W. Supports, 
Halyards, etc. Postage 1/6 on all 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 with 
ceramic end plate, ball bearings and ganging 
ing extension. 50 pF 5/9; 100 pF 6/6; 
160 pF 7/6; 240 pF 8/6 and 300 pF 10/6. 
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. 

mn 
CHAS. H. YOUNG LTD. 

The Widest Range in the Midlands 

★ HIRE PURCHASE 
* PART EXCHANGE Chas. H. YOUNG 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 14/6 AC 127 6/- AC 128 4/- AC 176 6/- AD 140 12/- AD 149 II/- ADI6I 7/6 AD 162 7/6 ACYI7 5/- ACY20 3/6 ACY2I 41- ACY22 2/6 AFZI 1 10/- AFZI2 11/9 AFI 14 4/9 AFI 15 4/9 AFI 16 4/9 AFI 17 4/9 AFI 86 12/- AF239 12/- ASY26 5/- ASY28 51- ASZ2I 41- ASY29 6/6 BAI 15 2/6 BCI07 4/3 BCI08 4/3 BCI09 4/3 BCY10 20/- BCYI2 121- BCY30 71- BCY3I 91- BCY32 8/- 
BCY33 61- 
BCY34 8 - 
BCY38 19 - 
BCY40 16'- 
BCZI 1 10 - 
BFY50 6 - 
BFY5I 51- 
BFY52 61- 
BSX76 31- 
BTYTS 700R 

45 6 

BTY87-I 50 R 23/- 
tJYZIO M/- BYZI2 7/6 
BYZI3 51- 
GET 102 5/4 GETI03 4 4 GETI 1 1 10 - GET573 10 - OA73 1 6 OCI9 5 - OC20 33 - OC22 13 - OC23 25 - OC24 19 - OC25 71- OC26 12/- OC28 12/- OC29 15/- OC35 9/6 OC36 13/- OC4I 3/6 OC42 41- OC43 41- OC44 31- OC45 3 - OC7I 3 - OC72 4 6 OC73 3 - OC75 5 - OC76 3 - OC8I 3 - OC8ID 3 - OC82 4 6 OC82D 4 3 OC83 3 6 OC 123 7 - OC 1 39 12 - O C 1 40 12 - O- 169 6 - OC 1 70 4 - OC 171 6 - OC200 6 - OC20I 10 - OC203 8 

® © 
BARGAINS IN 

SEMICONDUCTORS 
ALL TYPES 

2 - 

12/6 
5 - 7 9 8 6 7 9 

19 9 

L 

COMPONENTS 
7 COPTFOLD ROAD 

BRENTWOOD ESSEX 
BRENTWOOD 7904 
24 HOUR.POSTAL SERVICE 

GUARANTEE: All 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 Witt 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. J & J Watt 5% Carbon film. Sub-min Resistors 
at 4d. ea. Skeleton Presets at 1/6. Mullard Sub-Min 
Electrolytics & Polyester Capacitors. Heat Sink 
for 2 x OC35, etc., 6/-. Veroboard—All standard 
sizes. Aluminium Chassis & Panels. International 
Rectifier. "Semiconductor Centre" Stockists. Mul- 
lard & Fairchild 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 I968 CATALOGUE TO;' I (Block Capitals) 
| I ENCLOSE I/6 STAMPS. 

I 
| NAME     | 

I ADDRESS  I 
I I 
I   I 
I   RC I 
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NEW! PORTABLE SOLID-STATE VOM 
A thousand and one uses . , , plus lowest cost 

IM-17 Kit £12.10.0 pp 4/6 

Solid state circuitry FET input. 
4 Silicon transistor, 1 diode. 4 A.C. 
voltage ranges. 4 d.c. voltage ranges. 
4 ohm ranges. UM ohm input d.c. 
1M ohm input on a.c. 4J, in. 200|xA 
meter. Battery powered. Rugged 
Polypropylene case, self cover and 
handle. Space for storage of test 
leads. Easy circuit board construc- 
tion. 

Just right for the householder, hobbyist, boaters, model builders. 
Amateur radio den, sophisticated enough for the radio and TV 
service engineer. Does hundreds of everyday measurements at low 
cost. Battery powered so will work anywhere. 

« 

LATEST! PORTABLE STEREO RECORD 
PLAYER, SRP-1 Kit £28.6.0 incl. P.T.p p 10/6 

Ready-to-Use £35.4.0 incl. P.T. p.p. 10/6 

Automatic playing of 16, 33, 45 and 
78 rpm records. Alt 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 z Sin. special 
loudspeakers. For 220-250V a.c. 
mains operation. Overall cabinet 
size 15-|^ x 3| z 10£in. 

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. 

Illlllllllllllllllllllllllllllllllllllllllllllllli llllllillllllllllllllllilllllllllM 

ENJOY YOURSELF AND SAVE MONEY 

HEATHKIT for Britain's Best in Electronic kits 

INSTRUMENTS 
3 LOW-PRICED SERVICE OSCILLOSCOPE. 
Model OS-2. Compact size 5" x Jfi" x 12" deep. 
Wt. only 9Jlb. "Y" bandwidth 2Hz-3MHz ±3dB. 
Sensitivity lOOmV/cm. T/B 20Hz-200kHz in four 
ranges, fitted mu-metal CRT Shield. Modem functional 
styling. 

Kn £23.18.0 Rcady-to-Use £31.18.0 p.p. 9/- 
5 GEN-PURPOSE OSCILLOSCOPE. Model 
10-12U. An outstanding model with professional specific- 
ation and styling. "Y" bandwidth 3Hz-4.5 MHz +3dB. 
T/B 10 Hz-500 kHz. 
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 Hz to 
100 kHz, switch selected. Distortion less than 01%, 10V sine wave 
output metered in volts and dB's. 

Kit £23.15.0 Ready-to-Use £31.15.0 p.p. 7/6 
VALVE 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 0.1Q to 1,000MQ with internal battery. 
D.c. input resistance IIMQ. 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-I.5V to 
1,500V a.c. and d.c.; ISOpA to 15A d.c.; 0.2Q [to 20MQ. 
4^" 50IJ.A 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 MHz fundamental and 
and 200 MHz on harmonics. Up to lOOmV 
output. 
Kit £13.18.0 Rdy-to-Use £20.8 0 
p.p. 6/- 

r i] 

w  
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L 
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OS-2 

13U IM 

V-7A 
cza 

RF-1U 

SINE/SQUARE GENERATOR Model 
IG-82U. Freq. range 20 Hz-1 MHz in 5 
bands less than 0.5% sine wave dist. less 
than 0.15(1 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" x 5" Loudspeaker £1.16.1 incl. P.T. 

.T:- 

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.E. 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-1 

STEREO TRANSISTOR FM TUNER 
(Mono version also available) 

14 transistor, 5 diode circuit. Tuning range 
88-108 MHz. Designed to match the AA-22U 
Amplifier. Available in separate units, can be 
built for a total price. 
TEM-IS Kit (Stereo £25.24! incl. P.T. p.p. 6/ 
T1M-IM Kic (Mono) £21.3.6 incl. P.T. p.p. 6/ 
Cabinet extra ^2.5.0. 

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. 

722 THE RADIO CONSTRUCTOR 
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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 • d: ^ 10 50,000 Hz 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 power transistors for 
cool operation—long life. 6 position source switch. 
FULL SPECIFICATION SHEET AVAILABLE 

LATEST! STEREO TAPE RECORDER, STR-1 

Fully portable—own speakers 

Kit £58.0.0 incl. P.T. p.p. 10/6 
Ready-to-Use £706.0 incl, P.T. p.p. 1C 
FOR THIS SPECIFICATION 

channel 

• 7 track stereo or mono record ar 
playback at 7-L, 3| and 1| ips • Souni 
on-sound and sound-with-sound capabii 
ties • Stereo record, stereo playbac 
mono record and playback on eitb 18 transistor circuit for cool, instant and dependable operatic 

- Moving coil record level indicator • Digital counter with thumbwheel ze: 
reset • Stereo microphone and auxiliary inputs and controls, speaker/headphor 
and external amplifier outputs . . . front panel mounted for easy access • Pusl 
button controls for operational modes • Built-in stereo power amplifier givir 
4 watts rms per channel • Two high efficiency 8" x 5" speakers • Operat 
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. 

---> - Jr 

□ 

SHORTWAVE 4 BAND RECEIVER, GR 64E 
Offers you the exciting world of Shortwave 

Covers 550 kHz to 30 MHz 
incl. broadcast plus 3 SW 
bands. 4 valve superhet circuit 
plus 2 silicon rectifiers. Own 5" 
speaker. Illuminated 7" slide- 
rule dial with logging scale. 
Signal strength indicator. 
Variable BFO control. Built in AM rod antenna. Circuit Board 
construction. Headphone jack. Attractive charcoal grey cabinet with 
black dial panel with green/white markings. Assemble in a few hours. 
Hear live broadcasts from around the Globe. 

Kit £22.9.0 pp 9/-. Ready to use £29.9.0 pp 9/-. 

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, 31" Treble speakers and crossover unit. 
Kit £5.2.0 incl. P.T. Beautiful Walnut ven- 
eered fully-finished cabinet, £8180. Total price 
Kit £14.0.0 incl. P.T. p.p. 10/6 

Heathkit:^ 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-7 
GLOUCESTER. Tel. 29451. 

"AMATEUR" EQUIPMENT 
THE "MOHICAN" GENERAL COVER- 
AGE RECEIVER. Model GC-1U. Witli 
4 piezo-electric transfilters, variable tuned 
B.F.Q. 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-1. To cover all the Amateur Bands 
from 160-10 metres. Many special features, 
including: half-lattice crystal filter; 8 valves; 
signal strength "S" meter; tuned R.F. 
Amp. stage. 

Kit £39.6.6 Ready-to-Use £52.10.0 p.p. 9/- 
160-10M TRANSMITTER. Model DX- 
100U. Careful design has achieved high 
performance and stability. Completely self- 
contained. 
Kit £8110.0 Ready-to-Use £106.15.0 
p.p. I" (i 
COMMUNICATIONS TYPE RECEIVER. Model RG-1. 
A high perlormancc, low cost receiver for the discriminating 
listener. Frequency coverage: 600 kHz 1.5 MHz and 1.7 MHz- 
32 MHz. Kit £39.16.0 Ready-to-Use £53.0 0 

a 

GC-1U 

RG-1 

Please address all Mail Order enquiries to:— 

DAYSTROM LTD 0", RC
I:'?.,fUCESTER 

Please send me model(s) 

for which I enclose £ s. d. 
Please send FREE CATALOGUE (Yes/No) 

Name  

Address   

Prices and specifications subject to change without prior notice. 

june 1968 723 
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BI-PAK SEMICONDUCTORS ^ 

QUALITY-TESTED VALUE PAKS * BARGAINS 
2 Drift Trans. 2NI225 Germ. PNP 100 Mc/s   6 Matched Trans. OC44 45/8 I/81 D 16 Red Spot AF Trans. PNP  16 White Spot RF Trans. PNP 5 Silicon Rects. 3 A 100-400 PIV ... 2 10 A Silicon Rects. 100 PIV 2 OCI40 Trans. NPN Switching ... 1 12 A SCR 100 PIV  3 Sil. Trans. 2S303 PNP   4 Zener Diodes 250mW 3-I2V ... 3 200 Mc/s Sil. Trans. NPN BSY26'27 3 Zener Diodes 400mW 33 V 5% Tol. 4 Ffigh Current Trans. OC42 Eqvt. .. 2 Power Transistors I OC26 1 OC35 5 Silicon Rects. 400 PIV 250mA ... 4 OC75 Transistors Mullard Type .. 1 Power Trans. OC20 100V  4 OA202 Sil. Diodes Sub-mln. 2 Low Noise Trans. NPN 2N929/30 1 Sil. Trans. NPN VCB 100 ZT86 ... 8 OAS I Diodes 4 OC72 Transistors Mullard Type ... 4 OC77 Transistors Mullard Type .. 5 Metal Alloy Transistors Mat. Type 4 Sil. Rects. 400 PIV 500mA 5 GET884 Trans. Eqvt. OC44 5 GET883 Trans. Eqvt. OC45 2 2N708 Sil. Trans. 300 Mc/s NPN .. 5 GT4I/45 Germ. Trans. PNP Eqvt. OC71   3 GT3I LF Low Noise Germ. Trans. PNP   6 IN9I4 Sil. Diodes 75 PIV 75mA ... 8 OA95 Germ. Diodes Sub-min. 3 NPN Germ. Trans. NKT773 Eqvt. AC I 30   2 OC22 Power Trans. Germ. 2 OC25 Power Trans. Germ. 2 OC73 Mullard Trans  4 ACI28 Trans. PNP High Gain ... 2 AC 127/128 Comp. pair PNP/NPN 3 2N I 307 PNP Switching Trans. ... 
7 CG62H Germ. Diodes Eqvt. OA7I 
3 AFI 16 Mullard Type Trans. 

12 Assorted Germ. Diodes Marked... 
4 ACI26 Germ. PNP Trans. 
I ORP6I Photo-conductive cell 

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

4 Silicon Rects. 100 PIV 750mA ... 10,- 3 AFI 17 Trans. Mullard Type ... 10- 7 OC8I Type Trans. .. ... ... 10 — 3 OCI7I Trans..Mullard Type ... 10 - 3 2N2926 Sil. Epoxy Trans. .. ... 10 - 7 OC7I Type Trans— ... ... 10 - 25 Trans. Heatsinks fit TOI8. TOll. .. 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. VCBI00 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. BYZI3 15/- I Sil. Power Trans. NPN 100 Mc/s TK201 A  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 - I 10 A Sil. Stud Rect. 800 PIV ... 15 - 1 Tunnel Diode AEYM 1050 Mc/s ST C  15/- 2 2N27I2 Sil. Epoxy Planar HFE225 max. ... ... ... ... 15/- 6 BY 100 Type Sil. Rects.  20/- 25 Sil and Germ. Trans. Mixed, all marked New ... ... ... 30/- 10 New Power T^ans. GEC replaces OC16/26/28   30/- 4 OA 10 Diodes Mullard  10/- 
One 10 - Pack of your own 

fKCt choice free with orders valued £4 or over. 
TESTED DEVICES 

AC 125 . 2/3 NKT78 5/6 ACI76 5/6 OC44 1/9 AFI 39 . 10/- OC45 1/9 AFZI2 . 10/- ST 1 40 . 3/- BCI07 • 5/- ST 1 41 4/- BCI08 • 5/- 2N696 4/6 BC 109 ■ 5/- 2N697 ■ 5/- BCY33 . 5/- 2NI090 4 9 BCY34 . 6/- 2NI306 4/- BCZ10 ■ 5/- 2N2I47 15/- BCZII • 6/- 2N2894 8 f— BFY50 • 7/- 2N38I9 15/- BFY5I 7/6 2N3820 .. 25/- BFY52 7/6 2S302 • • 5/- MAT 100 . 3- 2S303 .. 4/- MAT 120 . 3 6 2S304 6/- NKT773 . 4 - 

TRANSISTOR MANUAL BY G.. 
CIRCUITS, APPLICATIONS CHARACTERISTICS. THEORY. 647 PAGES 

30/-each INC _ P.P. 2/6 L A. S.C.R's G.T. SWITCHES THEORY. RATINGS, APPLICATIONS. 
S.C.R. MANUAL BY G.E. 

KING OF THE PAKS SATISFACTION GUARANTEED 
SUPER PAKS—BRAND NEW 
Untested Semiconductors 

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

7/6 EACH 

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

50 2/- 3 - 4/6 9 6 100 2 3 3 6 6/- 15 - 200 2 6 4 6 6 6 20 - 300 3 - 4 9 8 - 22 - 400 3 6 6 - 9/- 25 - 500 4 - 6 6 9 6 30 - 600 4 3 7/- 10/- 37 - 800 4 9 8 - 15/- 40 - 1000 6- 10 - 17 6 50 - 
SCR's 

LOWEST PRICE LARGEST RANGE 
PIV I AMP 7A 16A 30A 
25 — 7/6 — 30 - 50 7/6 8 6 10 6 35 - 100 8/6JO/- 15/- 45/- 200 12 6 15 - 20 - 55 - 300 15 - 20 - 25 - — 400 176 25- 35 - 80 - 500 30/- 40 - 45/- 95 - 600 — 40 - 50 - — 
CADMIUM CELLS 

ORPI2, ORP60 8 i 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 2/- P-P. 
INTEGRATED 

CIRCUITS 
Epoxy T05 8 lead 

j.L 900 Buffer at 11/- 
jiL 914 Dual Gate at 11/- 
j.L 923 J K Flip Flop 

at 14/- 
IC circuits data, etc 1/6 
Mullard TAA263 Lm Amp 21 /— 

PAK NO. 
Ul 120 Glass Sub-min General Pur- pose Germanium Diodes ... 10/— U2 60 Mixed Germanium Transistors AF/RF  10/- U3 75 Germanium Gold Bonded Diodes Sub-min Sim. OAS, OA47 10/- U4 40 Germanium Transistors like OC6 I, AC 128  10/- U5 60 200mA Sub-min Sil. Diodes . .. 10 - U6 40 Silicon Planar Transistors NPN Sim. BSY95A. 2N706  10/- U7 16 Silicon Rectifiers Top-Hat 750mA Vltg. Range 0-1000 ... 10/- U8 50 Silicon Planar Diodes DO-7 Glass 250mA Sim. OA200/202 . . 10/- U9 20 Mixed Volts I Watt Zener Diodes ... ... ... 10/- UI0 20 BAY50 charge storage Diodes DO-7 Glass  10/- Ull 30 PNP Silicon PIanarTransistors TO-5 Sim. 2NI 132  10/- UI2 12 Silicon Rectifiers Epoxy 500- mA up to 800 PIV   10/- UI3 30 PNP-NPN Sil. Transistors OC200 & 2SI04 10/- UI4 150 Mixed Silicon and German- ium Diodes ... ... ... 10/- UI5 30 NPN Silicon Planar Trans- istors TO-5 Sim. BFY50. 2N697 10/- UI6 10 3 Amp Silicon Rectifiers Stud Type up to 1000 PIV  10/- UI7 30 Germanium PNP AF Transist- ors TO-5 like ACY I 7-22 ... 10/- UI8 86AmpSilicon Rectifiers BYZI 3 Type up to 600 PIV  10/- UI9 30 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 ... ... ... 10/- 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 IN9I4 Micro-Min 10/- U27 12 NPN Germanium AF Transis- tors TO-1 like AC217  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/- 

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 IMPORTANT NOTITF WE HAVE NOT changed our name or amalgamated iiironiHni nuiiv.cWITH ANY other pak firm, you can only obtain 

8/o OUR ADVERTISED STOCK BY SENDING TO: C.W.O. please add 11- p. & p. Min. Order 10/- 
EACH BI-PAK SEMICONDUCTORS, 8 RADNOR HOUSE, 93-97 REGENT ST.. LONDON, W1 

BOUND VOLUME No. 20 

of "The Radio Constructor" 

 AUGUST 1966 to JULY 1967  

a FOR YOUR LIBRARY 

T PRICE 32'6 Postage 4'6 

Comprising 
780 pages 
plus index 

. .. . Where the 12 monthly issues making 
Speciol discount ol 10'- for regulor reoders up r

4
erned the r price is only 22/6 plus 4/6 postage 

LIMITED NUMBER OF VOLUME 19 (August 196S-July 1966) still available. Same prices as above. 

Available only from: 

DATA PUBLICATIONS LTD., 57 MA1DA VALE, LONDON, W9 
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V V ^ 
lini uTiiiy 

MODEL 15 

the 

MICRO 

SOLDERING 

INSTRUMENT 

EXTREME VERSATILITY 

Range of 8 interchangeable bits, 
from 3/64" (.047") to 3/16", 
including new non-wearing 
PERMATIPS. 

ULTRA-SMALL SIZE 

Length 7-1", Weight i 
Max. handle dia. 7/16". 

EXTRA-HIGH 
PERFORMANCE 

Heating time 90 sees. Max. bit' 
temp. 390oC. Loading 15 watts— 
equals normal 30/40 watt iron. 

• ALL VOLTAGES 

The ADAMIN range includes five 
other models (5, 8, 12, 18 and 24 
watts). Thermal strippers (PVC 
and PTFE) and a De-Soldering 
Tool. Please ask for colour cata- 
logue A/40. 

LIGHT SOLDERING 

DEVELOPMENTS LTD. 

28 Sydenham Road, 
Croydon, CR9 2LL 
Telephone 01 -688 8589 El- 4559 

THIS 

960 

PAGES 

THE COMPLETELY 

NEW 1968 ELECTRONIQUES 

MANUAL 
12 HOBBIES SECTIONS PLUS 

OVER 12,000 COMPONENTS 

AND SPECIAL VOUCHER 

OFFERS COULD SAVE YOU 

£25 IF YOU BUY THE MANUAL 

NOW! 

25 

The 1968 Hobbies \ Manual now contains 
KN1GHTKITS— a famous American range of 

, electronic easy-to-bulld kits. HALLlCRAFTERS—the 
Number One name in communication equipment and radios. 
BOOKS—over 140 titles. AUDIO and HI-FI—a wide, wide 
range including famous names like Goodman, Sinclair. 
Sonotone, Acos, Discatron, etc., etc. HOME AND HOBBY— 
something for every member of the family—microscopes, 
telescopes, radio controlled equipment, garage door openers, 
experimental and educational kits, etc. MOTORING—a, 
special section with money-saving engine tuning kits, 
radios, seat belts, a car vacuum cleaner and many other 
useful accessories. SHORT WAVE LISTENING—exciting kits 
and finished equipment for world-wide reception. TEST 
EQUIPMENT AND TOOLS—a, very wide range including 
multimeters, oscilloscopes, signal generators, soldering 
irons, cutters, pliers, breadboardlng kits. etc.. etc. 
COMPONENTS—over 12,000 items from more than 100 
manufacturers. The most comprehensive range available 
from a single source—now bigger than ever before. 
AMATEUR RADIO—the best of receivers, transceivers, aerial 
rotators, aerials, Qoilpax modules and lots more. 
ELECTRONIQUES PRODUCTS—boxes and assembly systems, transistor and valve Hamband and General Coverage 
tuners, crystal filter I.F. amplifiers, oscillators and other 
modules for effortless high performance. And finally 
SEMICONDUCTORS AND VALVES—a new section of famous 
brand names like STC, RCA Newmarket and Brimar. 

I^ Enclosed is a cheque/postal order for 16/6 (which includes th^^ 5/- pp) made payable to Electroniques (Prop. STC) Ltd. Please rush me my 960-page copy of the new 1968 Hobbles Manual. 

j AUUHt 

I Send this coupon quoting the special limited-period offer to: 
^ Electroniques (Prop. STC) Ltd.. Edinburgh Way. Harlow, Esse^j 

electroniques 
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Happy Families 

These are the times when Simon and Clare know that it has all been 
worthwhile. But they know too that such moments of happiness are 
only complete when there is also a feeling of security for the future. 
And Simon's "Family Unit" Policy with the "Yorkshire" guaran- 
tees them all a future - if the worst should happen. 

Happiness in your family too—but for how long ? If you or your wife should 
die, how would the rest of the family fare? A Yorkshire "Family 
Unit" policy provides for both these eventualities in a comprehensive 
way at a sensible premium. J ust ask for a leaflet at your local "Y orkshire" 
branch and then see the manager. He'll be glad to tell you why .., 

iftYORKSHIREfc 

INSURANCE 
THE YORKSHIRE INSURANCE COMPANY LIMITED 

. Please send me details of the Family Unit 
j Policy, without obligation. 

| Name  
I 
I Address... 

Chief Offices: Rougier Street, YORK 
and Becket House, 36-37 Old Jewry, LONDON, E.C.2. 

Branches and Agencies throughout the world 
I i-BjJ 
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LIMITED 

TRANSISTORS PRICE 
AC 107 3/- OC 170 AC 126 OCI7I AC 127 OC200 AC 128 2/4 OC20I ACYI7 3/- 2G30I AFI 14 4/- 2G303 AFI 15 3/6 2N7I 1 AFI 16 3/6 2N 1302-3 AFI 17 3/6 2N 1304-5 AFI 18 3/6 2N 1306-7 AFI 19 3/6 2N1308-9 AFI 86 10/- 2N3844A BCZI 1 4/6 Power BFY50 4/- T ransistors BSY25 7/6 OC20 BSY26 3/- OC23 BSY27 3/- OC25 BSY28 3 - OC26 BSY29 3/- OC28 BSY95A 3/- OC35 OC4I 2/6 OC36 OC44 l/l 1 GP826 OC45 1/9 2N2287 OC7I 2/6 Diodes OC72 2/6 AAY42 OC73 3/6 OA95 OC8I 2/6 OA70 OC81D 2/6 OA79 OC83 4/- OAS I OC 139 2/6 OA73 OC 140 3/6 IN9I4 

3/- 4/- 3/6 7/- 2/6 2/6 10/- 4/- 5/- 6/- 8/- 5/- 

10/- 10/- 8/- .5/- 7/6 5/- 7/6 30/- 20/- 
2/- 2/- 1/9 1/9 1/9 2/- 1/6 

FREE! 
PACKS OF YOUR OWN CHOICE UPTO 
THE VALUE OF 10/- WITH ORDERS 

OVER £4 

EXCITING NEW PAKS 
FOR AMATEURS, PROFESSIONALS, FAC- 
TORIES, ORGAN BUILDERS, AND THOSE 
PEOPLE THAT JUST USE LARGE QUANTITIES 
OF TRANSISTORS. 
XA PAK 
Germanium PNP type transistors, 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 transistors NPN/PNP 
mixed lots, with equivalents to OC200-1, 2N706a, 
BSY27/29, BSY95A. 

PRICE £5.5.0 PER 500 
PRICE £10 PER 1000 

XC PAK 
Silicon diodes miniature glass types, finished black 
with polarity marked, equivalents to OA200 
OA202, BAY31-39 and DK10, etc. 

PRICE £5 PER 1000 

ALL THE ABOVE UNTESTED PACKS HAVE 
AN AVERAGE OF 75% OR MORE GOOD SEMI- 
CONDUCTORS. FREE PACKS SUSPENDED 
WITH THESE ORDERS. ORDERS MUST NOT 
BE LESS THAN THE MINIMUM AMOUNTS 
QUOTED PER PACK. 

P/P 2/6 PER PACK (U.K.) 

TRANSISTORS ONLY I/- EACH 
SILICON • PLANAR • N.P.N. • P.N.P. 
All these types available 
2N929 2N706 2S131 2S103 2N696 2N1613 2S733 BFY10 
2S501 2N706A 2S512 2S104 2N697 2N1711 2N726 2S731 
2N2411 2N3011 2S102 2N2220 2N1507 2N1893 2N2484 2S732 
All tested and guaranteed transistors—unmarked. 
Manufacturers over runs for the new PRE-PAK range. 

NEW UNMARKED UNTESTED PAKS 
25 

10 

10 

40 

BSY95A NPN Silicon TRANSISTORS 10/ 
1000 PIV 1 amp, Min. Silicon DIODES 10/- 
BSY26-27 NPN Silicon TRANSISTORS 10/- 
10 Watt Silicon All Voltages ZENERS 10/- 
BFY50-1 2 NPN Silicon TRANSISTORS 10/- 
4 amp. Stud. Silicon RECTIFIERS 10/- 
BC107-8-9 NPN Silicon TRANSISTORS 10/- 
1 N914-6 OA200/202 Sub. Min. Silicon DIODES 10/- 
Min. Germ. High Quality DIODES 10/- 

2N706 A NPN Silicon TRANSISTORS 10/- 
PRE-PAK. N.605 POWER TRANSISTOR EQUIVALENT TO NKT301 5/- each 
TANTALUM CAPACITORS 4/- each 

PRE-PAKS 
Selection from our lists 

No. 
B1 50 Unmarked Trans. Untested 
B2 4 Photo Cells Inc. Book of Instructions- 
Be 17 Red Spot AF Transistors 
B6A 17 White Spot RF Transistors 
B9 1 ORP 12 Light Sensitive Cell 
B53 25Sil.Trans. 400 Mc/s Brand New 
B54 40 „ „ NPNto5 TransVoltage - 
B55 „ „ NPNT0I8 & Gain Fallouts- 
B56 „ „ NPN/PNP All Tested 
B68 10 Top Hat Recs. 750 M/A 100-800 PIV- 
B69 20 Diodes. Gld-Bnd. Germ Sil. Planer 
B74 5 Gld-Bnd. Diodes. 2-OA9, 3-OA5 
B75 3 Comp. Set. 2G371, 2G381, 2G399A - 
C2 1 Unijunction Transistor 2N21 60 
C26 3 TEXAS Power Transistors 2S012A 
C32 6 Top Hat Recs. IS100 Type 
A1 7 Silicon Rectifiers BY100 Type 

A3 25 Mixed Marked and Tested Transistors - 
A21 5 Power Transistors 1-AD149/1-OC26 

and 3 others 
AND MANY MORE 

Price 
10/ 
10/- 
10/ 
10/ 

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

20/- 

BRAND NEW PAK 
JUST RELEASED 
REPLACES OUR VERY POPULAR B39 PAK Short Lead Components, all Brand New and Factory Marked on 10 Printed Circuit Panels. Approximately: 
80 TRANSISTORS AND DIODES 
85 HIGH TOLERANCE RESISTORS 
25 VARIOUS CAPACITORS 
Please state when ordering Pak. P.I. 2/6 Post and Packing 

with this pack. 

I I I 

10/- 

Make a Rev. Counter for your Car. The 
TACHO BLOCK'. This encapsulated block 
will turn any 0-1 mA meter into a perfectly 
linear and accurate / 
counter for any car. |/« ■ 
State 4 or 6 cylinder. CaCtl 

FREE CATALOGUE AND LISTS 
for:— 

ZENER DIODES 
TRANSISTORS. RECTIFIERS 

FULL PRE-PAK LISTS 
ft SUBSTITUTION CHART 

MINIMUM ORDER 10/- CASH WITH 
ORDER PLEASE. Add 1 /- post and packing 
per order. OVERSEAS ADD EXTRA FOR 
AIRMAIL 

I 

THERE IS ONLY ONE 
BI-PRE-PAK LTD 
BEWARE OF IMITATIONS 

FREE! A WRITTEN GUARANTEE WITH ALL OUR SEMICONDUCTORS 

BI.BBESaBikBf ■T-il DEPT. A, 222-224 WEST ROAD, WESTCLIFF-ON-SEA. ESSEX 
^ 1 JMlk Km! U TELEPHONE: SOUTHEND (0702) 46344 
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HOME RADIO (Mitcham) LTD., Dept. RC, 187 London Rd., Mitcham CR42YQ, Phone: 01-648 3282 

III ElICIROIIC CIMPDNENTS tllllOGUE 

IH" SETS THE STANDARD 

Used and 

acclaimed by:- 

SCIENTISTS 

ENGINEERS 

TECHNICIANS 

TEACHERS & 

STUDENTS 

seven sta&ngs and 

This better-than- 
ever edition of the 
famous Home Radio 
Catalogue is the result 
of ten years of most 
careful selecting, com- 
piling and indexing. 

Of course, no catalogue is ever really finalised. As soon as we have one edition 
off the press, our researchers get busy finding out what is the latest and best 
in the world of Radio and Electronics—ready for the next printing. 

This edition is without doubt the finest, most compre- 
hensive we have ever produced—it has 256 pages, over 
7,000 items listed, over 1,300 illustrations. It really is a must lor 
anyone interested in radio and electronics. With each catalogue 
we supply our unique Bargain List, a Book Mark giving 
Electronic Abbreviations, an Order Form and an addressed 
envelope. All this for only 7/6 plus 2/- post and packing. 
By the way, every catalogue contains 5 vouchers, each worth 
1 /- when used as directed. Send the attached coupon today, 
with your cheque or P.O. for 9/6. You'll be glad you did I 

^ Please write your Name and Address in block capitals ^ 

Name 

Address 

Home Radio (Mitcham) Ltd., Dept. RC, 187 London Rd., Mitcham, 
CR4 2YQ 
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HOME RADIO (Mitcham) LTD., Dept. RC, 187 London Rd., Mitcham CR4 2YQ, Phone: 01-648 3282 
* 

IHI (LECIIIIIIC GOMPONmiS CIIILKDE 

m SETS THE STANDARD 

Used and 

acclaimed by:- 

SCIENTISTS 

ENGINEERS 

TECHNICIANS 

TEACHERS & 

STUDENTS 

*** rMIO fcrnofemm 

I 

This better-than- 
ever edition of the 
famous Home Radio 
Catalogue is the result 
of ten years of most 
careful selecting, com- 
piling and indexing. 

Of course, no catalogue is ever really finalised. As soon as we have one edition 
off the press, our researchers get busy finding out what is the latest and best 
in the world of Radio and Electronics—ready for the next printing. 

This edition is without doubt the finest, most compre- 
hensive we have ever produced—it has 256 pages, over 
7,000 items listed, over 1,300 illustrations. It really is a must for 
anyone interested in radio and electronics. With each catalogue 
we supply our unique Bargain List, a Book Mark giving 
Electronic Abbreviations, an Order Form and an addressed 
envelope. All this for only 7/6 plus 2/- post and packing. 
By the way, every catalogue contains 5 vouchers, each worth 
1/- when used as directed. Send the attached coupon today, 
with your cheque or P.O. for 9/6. You'll be glad you did I 

^ Please write your Name and Address in block capitals 

Name   

Address 

Home Radio (Mitcham) Ltd., Dept. RC, 187 London Rd., Mitcham, 
CR4 2YQ 
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ELECTRONIC STETHOSCOPE 

An electronic answer to the problem of detecting faults in machinery by listening 
at various points. The neat amplifier section of this instrument is assembled in a 
case measuring 6 x 3 x 2|in, and the whole circuit draws a supply current of several 

milliamps only 

ONE OF THE FIRST "TRICKS OF THE TRADE" THAT IS 
I taught to an engineering apprentice is the use 
of an ordinary screwdriver as a "stethoscope" 

for detecting worn bearings, etc., in car engines and 
other pieces of machinery. When the engine is running, 
all kinds of noise and vibrations are developed within 
the engine by the action of the moving parts, and these 
noises are transmitted to the engine casing. If the blade 
of a screwdriver is placed against the casing and the 
ear is then pressed against its handle, these sounds are 
channelled through the screwdriver by the rigid 
structure of the metal blade and handle and reach 
the ear at a considerable high level. 

Any sound is, of course, loudest at its point of 
origin so that, by merely moving the screwdriver 
blade over the engine casing until a particular sound 
is heard at maximum level it is possible to locate the 
exact position of the noise source, and thus identify 
the component that is causing it. In this way it is 
possible to positively diagnose such things as a worn 
crankshaft bearing or timing chain, without loosening 
a single nut on the engine. Clearly, this technique is 
of considerable value not only to the engineer, but to 
the car and motor-cycle enthusiast as well. 

In spite of the delightful simplicity and effectiveness 
of this basic engineering "stethoscope", it suffers 
from one major short-coming. Many engines are 
surrounded by associated components that are either 
moving or very hot, and when the screwdriver "stetho- 
scope" is used the operators head may have to be 
positioned very close to these items. A car engine, for 
example, is surrounded by a hot exhaust manifold, a 
fast moving fan, and by a whirling fan belt. The 
consequent risk of a dangerous accident may be 
readily imagined. 

Fortunately, this difficulty can be overcome with the 
aid of electronics. A small transducer is held against 
the screwdriver handle, instead of pressing the handle 
to the ear, and the resulting electrical signal is fed to a 
transistor amplifier. The output of the amplifier can 
then be fed to a head-set worn by the operator, who 
can thus listen to the engine sounds in complete 
comfort and without the slightest danger. The unit 
that forms the basis of the present article employs 
this principle, and has the added advantage that, 
because of the increased sensitivity it provides, it is 
suitable for fault-finding in small electric motors or 
clockwork movements as well. 

THE CIRCUIT 
The full circuit diagram of the unit is shown in Fig. 1, 

and, as can be seen, only three transistors are used. 
An ordinary crystal earpiece is used as the pick-up 

Resistors 
(All fixed values j watt, 10%) 

Ri 
R2 
Rs 
Ra 
Rs 
Re 
Rv 

Rs 
RV, 

220kQ 
270kQ 
82kD 
6.8kn 
1.2kQ 
5.6kfi 
lld2 
4.7kfi 
5kff potentiometer, log, with switch S, 

Capacitors 
(All sub-miniature electrolytic) 

Cj IpF, ISVwkg. 
C2 16pF, 15V wkg. 
C3 30|iF, 6V wkg. 
C4 IbpF, 15 V wkg. 
C5 16pF, ISVwkg. 
C6 50pF, ISVwkg. 

Transistors 
TRj 2G374 or OC75 

2G374 or OC75 
2G374 or OC75 

s.p.s.t. (ganged with RV,) 

TRj 
tr3 

Switch 
S, 

Battery 
B, 9-volt battery type PP3 (Ever Ready) 

Sockets, Plugs 
SKTj, SKT2 Miniature jack sockets 

2 jack plugs for same 
Miscellaneous 

Crystal earpiece 
Screwdriver 
Earphone or head-set 
Veroboard, 0.1 Sin matrix, x l|in (see Fig. 2) 
Battery clips 
Aluminium for panel and chassis, etc. 

Chassis, 6 x 3 x 2jin (see text) 
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T 

THE ENGINEER 

by W. KEMP 

mm '"tTHOSCOPfc: 

transducer, and this is bonded to the handle of a small 
screwdriver. The crystal pick-up is used because it 
gives a far greater output signal, for a given input, 
than any other type, and thus requires less amplification. 

The only snag of the crystal type of pick-up is that 
it has a high output impedance, which must be matched 
into an equally high impedance load if excessive loss 
of signal strength is not to take place, and the first 
stage of the amplifier is designed for this purpose. 

The signal from the pick-up is fed, via C|, to the 
base of TRi, which is wired as an emitter follower, 
with RVi as emitter load. RVj is used as a volume contr 
with RVi as emitter load. RVj is used as a volume 
control. The emitter follower offers unity voltage 
gain, but gives a high input impedance and low output 
impedance. To a first approximation, the input imped- 
ance is given as the emitter load, RVj, times the current 
gain of the transistor, and the resulting impedance is 
shunted by the base bias resistors Ri and R2 to give 

an actual input impedance of approximately IG'JkU. 
This input impedance is a little lower than would be 
presented to a conventional crystal transducer and, 
whilst it allows good signal strength to be obtained, 
may result in some attenuation of the lower audio 
frequencies. For the present application such a response 
is, however, quite acceptable, particularly when it is 
compared with what is offered by simply placing a 
screwdriver handle against the ear. 

The low impedance output of the TRi stage is taken 
from the slider of RVi and fed, via C2, to the base of 
TR2, which is wired as a rather sophisticated common 
emitter amplifier. 

One of the shags of the conventional common emitter 
amplifier is that if the output from the collector is 
fed into a following impedance, such as the input of 
another amplifier stage or, say, a headphone, the 
following impedance is effectively in parallel with the 
collector load, and thus reduces its effective value and 

.0= 

2G374 
lead-outs 

OC75 
lead-outs 

C4 

Pick-up 
(crystal 
ear-piece 
glued to 

screwdriver 
handle) 

TR TR2 trs 

SKI 
-0 -Ithr 

"4 Jack plug 
RV| 

S| (ganged to RVj) 
N,  

B| 
9V , 

To 
Qj earphones 

Hth—-^n SKTg 

Fig. 1. The circuit diagram of the electronic stethoscope. In practice, the pick-up unit connects to the jack plug via a length 
of flexible wire 
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A-mounting holes, drill 6BA clear 

SKTj 

21/2' 

0 • 0 • • 0 • • • • • 0 0 • • 0 

0 0 • • © 10) • 0 0 • • 0 • • • • 

0 0 0 0 • . 0 ) • • 0 • • \ 0 J 0 • • 

0 0 • • • • 0)0 • 0 • 0 0 0 • 0 

0 0 0 • 0 0 • ( 0 ) • • 0 0 • 0 0 0 

0 • 0 • 0 • 000 • 0 • 0 • • 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 7(7)]" © 0 0 0 000 0 0 0 0 0 [Wl 0 

0 © 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1 2 3 4 5 6 7 8 9 IO II 12 13 14 15 16 
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Fig. 2. The copper and component sides of the Veroboard panel. In the lower view, the external connections to the sockets and 
RVj taken from strip "a" are those which are common with the positive supply line 

so reduces the gain of the amplifier. This snag can be 
overcome by ensuring that the collector of the amplifier 
is fed into a high impedance load, so that negligible 
shunting takes place, and in Fig. 1 TRj is wired as an 
emitter follower and used for this purpose. The final 
output of the amplifier is taken from TR3 emitter via 
C5. The maqner in which TR3 improves the perform- 
ance of TR2 is more fully described in the following 
paragraph. 

It is well known that the larger the collector load 
of a transistor amplifier the greater will be the gain. 

but unfortunately the d.c. and temperature require- 
ments of the transistor limit the maximum practical 
value of the collector load to around lOkfl. Fortunately, 
it is possible to increase the effective a.c. value of the 
collector load by artificial means without changing its 
actual d.c. value, and the first step towards doing this 
is to split the collector load into two parts, as shown 
in Fig. 1. Here, Rg is the main collector load and 
Rs is an "isolating" resistor. Now, the output at the 
emitter of TRj is of the same form and phase as the 
signal at TR2 collector but is at a lower impedance. 
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a*id a part of this output signal is fed, via C4, to the 
junction of R5 and Rg. Consequently, when an output 
signal is available at TR2 collector, similar a.c. signals 
appear at both ends of Rg, the main collector load, 
and only a very small a.c. signal current flows in this 
resistor. The resistor therefore appears as a very high 
impedance, although its d.c. resistance actually is 
quite low. In practice, the effective collector load of 
TR2 is of the order of 60kQ, and the gain of the circuit 
is correspondingly high. 

This technique of increasing the effective value of a 
resistor is known as "Bootstrapping." 

The final output of the stethoscope amplifier may be 
taken to either an earpiece or a head-set, either of which 
should have an impedance of at least IkQ. 

C6 of Fig. 1 is wired across the supply lines to prevent 
instability when the internal resistance of the 9 volt supply 
battery rises with age. The unit is turned on and off by 
Si, in the negative supply line. 

Two final points concerning the circuit need to be 

mentioned. It may be noted that C2 is operated with 
reverse polarity when RVj slider is at the lower end of its 
track. Although such a state of affairs is not normally 
desirable it is considered satisfactory in the present 
application since the reverse voltage is, at worst, only of 
the order of 700mV—a low figure when compared with 
the working voltage of 15 specified for Cj. Also, the 
amplifier will normally be operated with RV, advanced 
from its zero setting position and the capacitor will then 
have correct polarity applied. No trouble was experienced 
with the prototype whatsoever due to the method of 
connection adopted for €2- 

Finally, capacitor Q is shown as electrolytic although 
its positive plate has no obvious resistive circuit to the 
positive supply line. Despite the apparent lack of polarising 
voltage, this capacitor functions quite satisfactorily as 
shown. 

CONSTRUCTION 
As illustrated in the photographs, the circuit is wired up 

A- drill 6BA clear 
B-drill to suit sockets 
C-drill S/S'dia 
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Fig. 3 (0). The front panel 

(b). The chassis before bending 
(c). How the chcssis is bent and secured to the front panel 

Bend thus 
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to 

The metalwork can now be made up and assembled. 
First, cut the front panel to size, as shown in Fig. 3 (a), and 
then drill it as indicated. A fairly heavy gauge of aluminium 
sheet is used here. Next, make up the small chassis, using 
light gauge aluminium, as shown in Fig. 3 (b), noting that 
the two holes near the centre of the chassis with 1.95in 
spacing must line up with the mounting holes in the 
Veroboard panel. The panel and chassis are assembled as 
shown in Fig. 3 (c). 

Finally, complete the metal work by making up the 
battery holder as illustrated in Fig. 3 (d), again using a 
light gauge aluminium, and make sure that the battery is 
a good fit in it. 

The front panel should now be covered with Fablon or 
a similar self-adhesive decorative plastic material, as 
shown in the illustrations. A light wood grained material 
was used on the prototype. 

The layout of the parts inside the amplifier unit. As may 
be seen, a neat and compact layout is achieved 

on a piece of Veroboard, the final unit being mounted in a 
small case with the control and sockets mounted on the 
front panel. If preferred, the unit can alternatively be 
miniaturised to fit in the pocket, but in this case the reader 
will have to design his own cabinet. 

Start construction of the unit by cutting the small 
Veroboard panel to size, as shown in Fig. 2, and then 
break the copper strips with the aid of a small drill or the 
special cutting tool that is available, as indicated in the 
diagram. Now drill the two small mounting holes, to clear 
6BA screws, as shown. 

Next, assemble the components on the blank side of the 
panel, noting that all components except C6 are mounted 
vertically. Mark each component off on the circuit 
diagram as it is assembled. Employ insulated sleeving 
where there is any danger of short-circuits occuring, and 
use heat shunts when soldering the three transistors in 
place. 

When the components have all been soldered into 
position complete the panel by soldering the external 
leads in place as indicated, and then double-check all 
wiring. 

If required, RV,. the two sockets and the battery may 
be temporarily wired in place at this stage and the circuit 
can be given a simple functional check to ensure that it is 
working, the crystal ear-piece being used as the pick-up 
to detect mechanical vibration. 

Chassis sides 

// 

Corner bracket 

Fig. 4. The chassis in which the unit is housed should 
have corner strengthening brackets of the type shown here 

Plastic metal (see text) 

Crystal earpiece 
glued to handle 

Blade 

Screwdriver 

H Handle 

Plastic metal 

Fig. S. Details of the manner in which the input probe is 
assembled 

When the front panel is complete, bolt it to the chassis 
with two 6BA bolts and nuts, and then bolt the battery 
holder in place on the chassis. Mount RVj and the two 
sockets on the front panel, and secure the Veroboard 
panel in place on the chassis with the aid of two 6BA 
screws and nuts, fitting small rubber or p.v.c. grommets 
between the chassis and Veroboard. These act both as 
spacers and insulators. 

The wiring up can now be completed, the battery fitted 
in place and the unit given another functional test. 

A standard 6 x 3 x 2jin chassis, with corner brackets as 
in Fig. 4, is used as the case for the unit, and small holes 
should be drilled in the corner brackets to line up with the 
holes in the front panel. The unit may then be secured in 
place in the case with the aid of four small self-tapping 
metal screws. 

Finally, the front panel can be marked, if required, with 
the aid of Panel-Sign lettering to indicate the various 
functions. 

The amplifier is now complete and ready for use. 
THE INPUT PROBE 

The input probe is made up by removing the protruding 
plastic ear-fitting from the crystal earpiece and then 
glueing the resulting crystal pick-up to the end of a 
screwdriver handle, as shown in Fig. 5, with the aid of 
Bostik or a similar adhesive. Care must be taken to ensure 
that neither the glue or the screwdriver come into contact 
with the actual crystal. If the unit is to be given a great deal 
of use, it is recommended that the pick-up be bonded 
rigidly to the screwdriver handle by covering both 
components in so-called plastic metal or a similar 
hard-wearing material. 
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USING THE STETHOSCOPE 
If the unit is to be used for fault finding on small 

electric motors, clockwork movements, gear boxes, or 
other devices that do not guarantee a great deal of noise, 
a single earpiece can be used for listening, but if the unit is 
to be employed for fault finding on car or motor-cycle 
engines, diesel engines, etc., it will almost certainly be 

necessary to use a set of head phones that will exclude or 
minimise all background noise. In either case, the earpiece 
or phones should have an impedance of 1 kff or greater. 

The current consumption of the completed amplifier is 
low, in the order of several milliamps, and the unit should 
give several hundred hours of use between battery changes. 

E3 

AERIAL TUNER 

FOR 80 160 METRE 

TRANSMITTERS 

by 

F. G. RAYER, GSOGR 

Some notes on a simple and very practical 
aerial tuner for 2-band operation. This is 
intended to couple into an end-fed wire 
whcih is a quarter-wave at 160m, and would 
be particularly useful with the "Jupiter" 
160/80m transmitter described in last month's 

issue 

WITH AN END-FED WIRE, THE FEED IMPEDANCE IS LOW 
on 160m if the aerial is about a quarter-wave long 
for this band. The same aerial is then near a 

half-wave on 80m, where it has an extremely high end 
impedance. As a result, series tuning is needed on 160m, 
and parallel tuning on 80m, if the same aerial is to be 
employed for both bands. 

In Fig. 1 the aerial under discussion is shown as a 
quarter-wave for the 160m band. There is high current at 

Current 

I 

Aerial wave 

Series tuned loO METRES 
Current 

■ ^ Parallel 
f 1 tuned 

/2wave 

SO METRES 

fig. 1. An aerial which is a quarter-wave on 160 metres, 
and is best fed via a series tuned circuit, becomes a half- 
wave on 80 metres and requires a parallel tuned circuit 

the feed point and the feed impedance is low. When the 
same aerial is used at twice this frequency, at 80m, it is a 
half-wave. The feed current is now very low, but the voltage 
high. That is, the aerial is fed at a high impedance point. 
Fig. 1 shows the tuning methods required in each case. 

The impedances depend on the aerial (and earth) but 
may be under 50fl for quarter-wave, and over 1,000Q for 
half-wave working. To bring these within the range of 
impedances which can be fed satisfactorilly from the 
average 160/80m transmitter, the circuit illustrated in 
Fig. 2 has been used by the writer with every success. It 
allows ready tuning of the aerial (with the incidental 
advantage of additional harmonic suppression) and 
quick changing from 160 to 80m. 
TUNER CIRCUIT 

In Fig. 2, Cj is in series with Lj for 160m and can have 
close-spaced vanes. Also, it needs to be of quite large 
capacitance. An air-spaced broadcast receiver 500pF 
tuning capacitor was found satisfactory in practice. A 
2-gang component would be ideal, one or both sections in 
parallel being used as required. 

Cj is in parallel with half the coil for 80m, and the 
voltage across this capacitor is high. A short wave tuning 
250pF or similar capacitor is satisfactory for 10 to 15 watt 
transmitters, but the capacitor must have wide vane 
spacing for higher power or it will spark over. 

In the author's tuner, Lj consisted of 70 turns of 24 
s.w.g. enamelled wire, wound side-by-side on a lin 
diameter Paxolin tube, and with a centre-tap at 35 turns 
for switching to 80m. L2 was 6 turns of insulated wire, 
overwound on L! near the earthy end. A coaxial lead 
passes from the transmitter pi tank output circuit, as 
shown. 
BUILDING AND USE 

This circuit has been tried just clipped together, as well 
as assembled in permanent form, and the layout seems 

From transmitter 160, 
^Centre tap 

1-1 

V 

SO ! 
160 

r 

Fig. 2. The circuit of the aerial tuner. This provides the 
correct type of tuning, as well as independent capacitor 

settings, for the 160 and 80 metre bands 
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unimportant. Using a simple insulated front panel allows 
Ci to be mounted clear of earth circuits. An insulated 
(sctension spindle for C, was not found necessary. 

ell th- aenf |enerflly employed by the writer is 137ft in all, this including the portion forming the down-lead and 
coming to the tuner. It is not essential for the aerial to have 
this exact length, however. 

in lu! Slandi"f Wre rfi0 meter is a^ilable, it can be put in the coaxial lead, and the tuner adjusted for a low s.w r 

nniTsn0" each.band- Having separate capacitors for 160 and oOm avoids complete retuning each time the band is 

If no s.w.r. meter is available, simply adjust C, on 160m, 
and C2 on 80m, until the transmitter loads satisfactorily.' 
1 his may leave standing waves on the coaxial line but, as 
this is only a few feet long any losses cannot normally be 
detected with a field-strength meter or similar means 

With some transmitter circuits it may be worth adjusting 

CU p°sitl0n of L2' or changing the number of turns here, bhould Parallel tuning of large power be wanted on 80m, 
Lj snould be scaled up in diameter and gauge to match 
the transmitter p.a. coil 
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SUGGESTED CIRCUIT No. 212 

SIMPLE 

F.ET. VOLTMETER 

by G. A. FRENCH 

VOLTMETERS OFFERING A HIGH 
resistance at their test terminals are 
always useful instruments to have 

available, both for servicing and 
experimental work. When extremely 
high terminal resistance values are 
required it is usual practice to rely on 
valve voltmeters or on voltmeters having 
transistor amplifiers. 

However, valve voltmeters normally 
require a mains supply voltage, with the 
consequent disadvantage that they 
cannot be employed at locations where 
the mains is not available and that their 
test terminals have a relatively high 
capacitance to earth. These 
disadvantages are overcome in volt- 
meters having transistor amplifiers 
because these may run from an internal 
battery. On the other hand, transistor 
amplifier circuits are rather complex and, 
if a high level of amplification is 
provided, tend to drift. 

A solution to all these problems is 
provided by voltmeters incorporating 
field-effect transistors. The internal 
resistance between the gate and the other 
electrodes of a field-effect transistor (of 
the type discussed in the present article) 
is comparable to that given at the signal 
grid of a valve, and the device lends itself 
very readily, therefore, to use in a high 
resistance voltmeter. Such a voltmeter 
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can employ an extremely simple and 
straightforward circuit, and it can be 
powered by a small internal battery. 
Also, the problem of drift, working from 
the writer's experience, is considerably 
reduced. 

This month's Suggested Circuit is 
devoted to an f.e.t. voltmeter which 
should be quite easy to assemble and 
bring into working order. The instrument 
offers a resistance, across the test 
terminals, of lOMQ on all ranges. If the 
constructor wishes to experiment, it is 
probable that this resistance could be 
doubled without any degredation in 
performance. Seven voltage ranges, from 
0-1V up to 0-1,000V are provided and, 
here again, the constructor may modify 
the circuit to provide alternative ranges 
should he so desire. One important 
practical point is concerned with the 
wiring into circuit of the field-effect 
transistors. Precautions have to be taken 
to prevent the devices being damaged, 
and these are detailed later in the article! 

F.E.T. OPERATION 
The voltmeter employs two field-effect 

transistors, these being the R.C.A. type 
40468 (available from Amatronix Ltd., 
396 Selsdon Road, Croydon, Surrey). 

The 40468 is a silicon insulated-gate 
f.e.t. with an n-type channel. Readers 

who are unfamiliar with f.e.t. operation 
may find it helpful to look upon the 
channel as a length of either n-type or 
p-type silicon with one terminal (the 
source) at one end and another terminal 
(the drain) at the other end. With an 
n-type channel electrons can flow from 
one terminal to the other, normally 
from the source to the drain. Thus, when 
a supply is applied (via a limiting 
resistor) such that the source is negative 
and the drain is positive a current flows 
through the channel. 

The gate electrode is positioned 
mid-way along the channel and if (with 
an n-type channel) it is biased negative 
of the source, the resultant field causes 
the effective width of the channel to be 
reduced, and less current flows. To be 
more precise, the negative bias causes 
the channel depletion region (which has 
no current carriers and is therefore an 
insulator) to be increased in size, thereby 
reducing the region in the channel which 
is capable of passing current. By varying 
the negative bias on the gate, say by 
superimposing a signal voltage on a 
steady bias voltage, the current flowing 
in the channel may be made to vary in 
sympathy. An amplified version of the 
signal can then be developed across a 
resistor or other load in series with the 
drain. 
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It will be seen that the functioning of 
the n-channel f.e.t. is very roughly 
analagous to that of the triode valve, 
with the source being similar to the 
cathode, the gate to the grid and the 
drain to the anode. If an f.e.t, has a 
p-type channel all external polarities are 
reversed. 

There are other types of f.e.t. operation 
but the one just described is that for 
which the R.C.A.40468 is designed. It is, 
in consequence, described as a "depletion 
type." In some field-effect transistors the 
gate is silicon of opposite polarity to the 
channel (e.g. p-type if the channel is 
n-type) whereupon the bias voltage 
reverse-biases the diode thus formed. 
With the 40468, however, the gate is a 
metal film insulated by a very thin layer 
of dielectric from the channel, 
whereupon an exceptionally high 
resistance exists between the two. 
Field-effect transistors of this type are 
often referred to as MOSFET's, the 
letters standing for Metal Oxide Silicon 
Field-Effect Transistor, 

As a final point, a field-effect transistor 
has a substrate, on which the channel and 
gate are formed, the substrate being 
silicon of opposite polarity to the 
channel. In the R.C.A. 40468 one of the 
lead-outs connects to this substrate and 
to the metal transistor case. 
THE VOLTMETER CIRCUIT 

The circuit of the voltmeter appears 
in the accompanying diagram, and two 
40468 field-effect transistors being shown 
as TR! and TR2. These are connected in 
a balanced circuit reminiscent of that 
encountered in twin—triode valve 
voltmeters and d.c. transistor voltmeter 
amplifiers. As a result of this method of 
connection, changes in f.e.t. performance 
due to ambient temperature variations 
tend to cancel out. 

The positive supply is applied to both 
drains, and the two sources couple to the 
negative line via Rn, R^ and the 
zero-adjust potentiometer R13. The gate 
of TR2 is held at a fixed potential by 
R^ and Rl5, the junction of these two 
resistors connecting also to the metal 
case of the voltmeter and to the negative 
test terminal. It is intended that the 
voltmeter should indicate zero when the 
gate of TR! is at the same potential as 
the gate of TR2. If the circuit is examined, 
it will be seen that this requirement is 
met by reason of the fact that TR! gate 
couples to the negative test terminal via 
whatever resistors are selected by range 
switch S,. With no voltage applied to 
the voltmeter test terminals, R13 is then 
adjusted so that both sources are at the 
same potential and meter Mi offers 
zero indication. 

In practice, both TRi and TR2 draw 
about 0.8mA channel current 
whereupon, assuming that the zero 
setting is given with R13 at the centre 
of its travel, both sources are 
approximately 6 volts positive of the 
negative supply line from the battery. 

Since the gates are about 3 volts positive 
of the negative supply line (this being 
the potential at the junction of R^ and 
R15) it follows that each gate is biased 
negative of its source by some 3 volts. 
The biasing arrangement is very similar 
to cathode bias with a valve. It will be 
seen that the component values 
employed enable TR! and TR2 to work 
at potentials which are comfortably 
"centralised" within the 9 volts available 
from the battery. This fact is borne out 
by the fact that the voltmeter still 
continues to function when the supply 
is reduced to as low a figure as 7 volts. 

Pre-set potentiometer Rio is adjusted 
so that meter M! gives full-scale 
deflection when the gate of TRi is 
0.5 volts positive of the gate of TR2 
(and, thus, of the negative test terminal). 
Working from what has previously been 
explained, when the gate of TRi goes 
positive channel conductivity increases, 
and the source of TRj goes positive also. 
As will be noted, it is the positive 
terminal of M! which couples to TRj 
source. 

The range selector circuit is arranged 
on the assumption that TRi gate 
possesses infinite resistance to the 
channel. The resistors Ri to R8 form a 
potentiometer which always presents 
10Q to the test terminals and which 

causes 0.5 volts to be applied to TR, 
gate when the full range voltage selected 
by Si is applied to the terminals. If, for 
instance, the values of R2 to R8 inclusive 
are added up it will be found that their 
sum is 5Mn. Thus, when S, is set to the 
"IV" position and I volt is applied to the 
voltmeter, this test voltage is passed to a 
potentiometer consisting effectively of 
two 5Mn resistors in series, and 0.5 volts 
is then applied to the gate of TR,. Again, 
with S, in the " 1,000V" position and 
1,000 volts applied, the voltage across 

R8 is 5kn x 1,000, i.e. 0.5 volts. This lOMn 
0.5 volts is applied, as before, to the 
gate of TR,. The resistances of R8 to 
R2 are calculated to provide the correct 
ratio for all settings of Sj. It may be 
added that the values of R7, R5 and 
R3 are connected to two significant 
figures and should really be Il.TkH, 
117kn and 1.17MfI respectively. 
Constructors requiring exceptionally 
high accuracies may prefer to fit pre-set 
resistors in each of the R2 and R8 
positions, these being set up, starting 
with Rg, to give the desired range 
readings required. Such a procedure is, 
however, rather a time-consuming 
approach for a simple instrument of 
this nature. 

Case and substrate 

Source Gate 

Dram 

40468 lead-outs 
I.O' — 

IV--UK. s2 
On-Off 

5Mn 

3-3 Mn 

l-2Mn 
47 kn Gate TR, TR2 330 IOV 

Drain Drain 2-2Mn 30V ww 
Source I20 R5 IOOV 

[300 
Range 
switch Source Test 

terminals i RIO Gate 9V IOOO 
V lOkn 33kn 

11 i Vj/J 22kA 

to 1 0"I00'JA |RI2 T 2-7kn 
* vwy ' 

R|3 4 
lOkn |  

l2ko 
OOSpF 

Re 5kn 

TR|&TR2 - R.C.A.40468 
Metal case 

The complete circuit of the simple f.e.t. voltmeter. Terminal resistance is 10M H 
on all ranges 
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Whilst on the subject of the range 
selector section of the circuit, it is 
possible for this to be modified to meet 
constructors' requirements. If, for 
example, the "1,000V" range is not 
needed, R7 and R8 may be combined in 
a single 17k£l resistor, and so on. 

The writer felt that a test terminal 
resistance of lOMfi was more than 
adequate for most applications. He has 
not checked the circuit with a higher 
terminal resistance, but tests with the 
prototype indicated that this would be 
quite a feasible proposition. Thus, if all 
the resistors R! to R8 inclusive were 
increased in value by 50% the meter 
would have a test terminal resistance of 
ISMQ. Doubling the values of these 
resistors would give a test terminal 
resistance of 20Mn. Higher resistances 
are not recommended for general work. 

A potentiometer range selector circuit 
is used instead of the familiar "series 
voltage multiplier" circuit because it 
simplifies switching, and because a 
"series multiplier" circuit would require 
fantastically large values for the higher 
voltage multipliers! However, a series 
multiplying approach can be used with 
the instrument in its present form by 
inserting an external resistance in series 
with the positive test terminal. A 30Mn 
resistor so inserted would enable a load 
of 40MD to be presented to the voltage 
to be measured and the voltmeter would 
indicate one-quarter of the actual voltage 
on all ranges. 

COMPONENTS 
Dealing first with the simpler 

components, resistors Rn, R^, R14 
and R15 may all be j watt or ^ watt types 
with a tolerance of 5%. Resistors Ri to 
R8 should have a tolerance of at least 
2 % or, better, 1 %, with a rating of 
j watt or more. Many constructors may 
select these resistors, or make each one 
up from several resistors, working from 
stock already on hand. High-stability 
resistors are preferable, and it should 
also be remembered that the ordinary 
carbon composition types can suffer 
relatively large shifts in value if they are 
overheated during soldering. 

Meter M, is any standard O-lOOpA 
moving-coil movement with, if required. 
0-3 range markings added to its scale. 
The pre-set resistor Rj,, is mounted 
inside the case of the instrument, as it 
should need only one initial adjustment. 

The zero-control potentiometer, Rjj, 
should be mounted on the front panel of 
the voltmeter case. 

The function of R, and C, is to 
prevent any pulses or "spikes" from the 
test terminals reaching the gate of TR^ 
where they could cause breakdown of the 
f.e.t. Capacitor C! should be a good 
quality paper or plastic foil component 
having very high insulation resistance. 
Resistor R9 may be a j watt or j watt 
component with a tolerance of 10%. 
Incidentally, there was no change in 
voltmeter reading with the prototype 
when this resistor was experimentally 
short-circuited. 

The field-effect transistors need to be 
treated with care during wiring-up, 
because of the very high resistance 
between the gate and the channel. The 
absolute maximum gate-to-source 
continuous voltage ratings for the 40468 
are zero to —8, and these ratings could 
be easily exceeded if a soldering iron 
whose tip is not at earth potential were 
used to solder the gate lead-out. with the 
result that the transistor would be ruined. 
R.C.A. recommend earthed soldering 
iron tips and that appropriate 
precautions be taken to protect the 
devices against high electric fields. The 
care which has to be taken in this respect 
is reflected in the fact that these 
transistors are supplied with metal 
eyelets fitted over the lead-outs to 
short-circuit them together during 
transit. 

Since the writer was carrying out a 
number of experiments with the 
field-effect transistors in the present 
circuit he employed two 4-way transistor 
holders (also available from Amatronix 
Ltd.), fitting the field-effect transistors 
into these only after initial wiring had 
been carried out. They were temporarily 
removed from the holders during later 
experimental wiring alterations. As a 
further precaution, he also ensured that 
Ci was discharged before inserting TR,. 

Arising from these points is the fact 
that TR! will also be damaged if an 
excessively high voltage is applied to the 
test terminals. There is a fairly high 
safety factor here, however, but it is still 
good practice, as with all voltmeters, to 
first check unknown voltages with the 
meter switched to a high voltage range. 

No connection is made to the substrate 
lead-outs of TR, and TR,. these being 
left out of circuit. Care must be taken to 

ensure that the transistor cases do not 
touch any other wiring or metal-work 
as damage or incorrect functioning 
could result. The cases are sensitive to 
electric fields from mains wiring and the 
like and, partly because of this, it is 
recommended that the whole voltmeter 
circuit be enclosed in a metal case which 
is earthed to the negative test terminal. 
Such a precaution is, in any case, 
desirable because of the high impedances 
in the range selector circuit. If required, 
the metal case can be provided with an 
outside insulating cover. S2. R13 and 
meter M i are fitted to the front panel of 
the case. Note that neither of the battery 
connections is at the same potential as 
the metal case. 
SETTING UP 

Once the unit has been completed it 
may be set up. Adjust R10 to insert 
maximum resistance, switch on Sj. and 
set up R13 for zero deflection in the 
meter. Reduce the resistance inserted by 
R10 (thereby making M ^ more sensitive), 
and re-adjust R13 as required, until 
R10 inserts zero resistance. 

Re-set RI0 to insert maximum 
resistance and apply any known voltage 
to the test terminals which, after passing 
through the range selector circuit, will 
cause 0.5 volts positive of the negative 
test terminal to appear at the gate of 
TRi. Set up R,0 so that meter M, gives 
full-scale deflection. No further 
adjustments in Rla are required. When 
needed, the zero can be readjusted by 
means of the panel control R^. 
RESULTS WITH THE PROTOTYPE 

The prototype circuit gave good 
results, readings in M! being linear over 
all its scale. Depletion type field-effect 
transistors have a constant-current 
characteristic and it was found that 
these was negligible change in readings 
when the supply voltage was reduced to 
7 volts only. In consequence, no supply 
voltage regulation is required. 

There was no undue tendency towards 
drift and it was found that the same zero 
setting held for the test terminals both 
open-circuit or short-circuited. During 
an hour's use, it was found necessary to 
slightly readjust the zero control once. 

The current drawn from its 9-volt 
battery by the prototype voltmeter was 

BBC—2 Trade Test Transmissions now include Service Information bulletins for the Television Industry 
and Trade, Mondays to Saturdays at 10.00, 11.30, 14.30 and 19.00 (except Saturdays). The bulletins include 
items on new BBC—2 stations, interruption or cancellation of trade test transmissions for urgent engineering 
work, details of exhibitions including "Colour Television Comes to Town" and other items of importance to 
Industry and Trade. 

There is an additional colour film transmission in the Trade Tests following the Service Information 
bulletin at 19.00, Mondays to Fridays. The full schedule of Trade Test colour films, with titles, is now published 
in Radio Times. 

As previously, trade test transmissions are made subject to programme commitments and urgent engineer- 
ing work. 
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Simple Substitution Boxes 

by 

E. SOHAM 

Puzzled about the best component value for that circuit you're designing? Clip in 
" a subst|tution box to replace the component whilst the equipment is operating, and 

^j>U fr" 4 t^e exact value it requires! The substitution box technique is i ea for development work at a.f. and the lower radio frequencies, and this article 
describes two examples which fully demonstrate the principles involved 

Like many other constructors, the writer spends 
many hours at the workbench modifying existing 

y equipments—some of them commercial designs—and 
designing and building typical homebrew units such as 
receivers and amplifiers, etc. An additional favourite 
pastime is the marrying together of parts of differing 
published circuits into a complete design, taking one part 
of a circuit from here and another bit of a circuit from 
there, until the final design is complete. During these 
workbench periods, it has been found by experience that 
much time may be saved by the use of simple substitution 
boxes. Many beginners, for whom this article is especially 
written, may like to make up such boxes and gain the 
advantages that their use entails. 

Each unit is built into a 2-oz tobacco tin and consists of 
a few components—most of which will already be found 
available in the average spares-box. 
UNIT A 

Fig. 1 shows the simple circuit of the first unit to be 
described. In this diagram are a 500kD linear 
potentiometer, an on-off switch, an O.lpF capacitor, and a 
chassis solder tag. As may be seen from the photographs, 
these components are assembled in a 2-oz tobacco tin. this 
being fitted with a Paxolin socket strip having two 
sockets to provide terminals 1 and 2. Also required are 
two short lengths of p.v.c. covered flexible wire, each being 

Terminal I 

L SOOkn 
linear 

Terminal 2 

1 OlpF 

Switch 

terminated at one end with a crocodile clip and at the 
other end with a wander plug. One wander plug is black 
and the other red. The lead connected to the black wander 
plug should be about Sin long and that connected to the 
red wander plug about 18in long. A small pointer knob 
together with a simple calibrated scale affixed to the 
bottom of the tin complete the unit. 

From the illustration of the inside of the tin it will be 
noted that the Paxolin socket strip is secured to the side of 
the tin by means of two 6BA nuts and bolts. The switch 
used in the unit illustrated is of the "pressel" type, whose 
contacts close and open for alternate presses of the 
button. A small slide'or toggle switch could be used 
instead, and would function equally well. One terminal of 
the switch is wired to a chassis solder tag mounted inside 
the tin. On the same 6BA bolt is fitted a further solder tag, 
this being secured into position outside the tin. 

Terminal 1 of the Paxolin socket strip is wired direct to 
the slider of the SOOkO potentiometer. Terminal 2 of the 
Paxolin socket strip is wired to one of the remaining 
potentiometer tags, such that resistance increases with a 
clockwise rotation of the potentiometer spindle. To this 
latter potentiometer tag is also connected one side of the 

Solder tag secured 
to tin 

Fig. 1. The internal circuit employed in Unit A 
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-HT+ 

Terminal I 
(red) : SOOkn. 

Terminal 2 
(black) 

I 

OlpF 

Switch 

Chassis of 
equipment 

(a) 
Showing the method of construction and the components 

inside the 2-oz tobacco tin 

■ HT+ 

Terminal I 
(red) : SOOka 

Terminal 2 
(black) 

SO-lpF 

^ Switch 

(b) 

Terminal I 
(red) $ SOOkn 

Terminal 2 
(black) 

O-lpF 

Switch 

R.F choke 

r~ 
To reaction 

coil 7^ 
Anode 
of A.M. 
detector 

(C) 

Fig. 2 (o). Using Unit A to find the optimum value of screen- 
grid resistor for an r.f. pentode or a.f. voltage amplifier 

pentode 
(b) Determining the best value of anode load resistor 

When the valve is an a.m. detector with reaction, Unit 
A is inserted after the r.f. choke 

O.ljiF capacitor, the other end of which is connected to the 
remaining terminal of the switch. The 0.1 pF capacitor 
requires a working voltage of400, and should be a paper or 
plastic foil type. 
740 

Once the unit has been built, it should be calibrated 
using an ohmmeter set to the appropriate ranges connected 
across terminals 1 and 2. A calibrated dial is then made up 
and secured to the tin by means of Bostik or some similar 
adhesive. It will be noted from the illustration of the 
front of the unit that the writer is no great hand at being a 
draughtsman! In the present instance, an ordinary Biro 
pen was used but readers may like to use indian ink and 
suitably sized stencils for the dial-marking task. 

A typical application for the unit is given in Fig. 2 (a), 
in which it is employed for finding the optimum value of 
screen-grid resistor for a pentode valve. The crocodile clip 
at the end of the short lead connected to the black wander 
plug is clipped to the screen-grid tag of the pentode 
valveholder, the plug being inserted into terminal 2 of the 
unit. The lead with the red plug couples terminal 1 to the 
h.t. positive line. The solder tag on the tin is then 
connected, by a s/wrt wire, to the chassis of the equipment 
on which work is being carried out. The switch is closed. 
Starting at the high resistance end of its range, the 
potentiometer in the unit is next adjusted until optimum 
screen-grid volts are given, as indicated by the performance 
of the equipment. Alternatively, the potentiometer may be 
adjusted to give the screen-grid voltage recommended by 
the valve manufacturer, this being measured with a high 
resistance voltmeter connected between the screen-grid 
and chassis. After the potentiometer has been correctly 
set up, the resistance it inserts may be read from its scale. 
The unit is then removed, and a fixed resistor of the same 
value together with the required screen-grid bypass 
capacitor connected permanently into circuit in the 
equipment being developed. 

With the lead lengths employed, this method of finding 
screen-grid resistance should not introduce instability into 
a.f. pentode voltage amplifier circuits, or into r.f. pentode 
circuits at frequencies up to IMc/s or so. 

A similar application, for finding optimum value of 
anode load resistance, is given in Fig. 2 (b). In this instance 
the 0.1 pF capacitor is switched out of circuit and the 
potentiometer in the unit adjusted for optimum value, 
either in terms of performance or anode voltage. If 
voltage is the criterion it may be helpful to switch the 
bypass capacitor into circuit and couple the solder tag of 
the unit to the chassis of the equipment. This will prevent 
misleading readings due to a.f. or r.f. signals at the anode. 
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Terminal I 

OKA 

% 

Front view of Unit B 

The approach in Fig. 2 (b) is especially useful for 
determining the best anode load resistance for an a.m. 
detector with reaction. The unit may be connected into 
circuit in the typical manner illustrated in Fig. 2 (c), where 
an r.f. choke appears between the detector anode and 
terminal 2 of the unit. The potentiometer is adjusted for 
"smoothest" reaction. 

In the examples given in Figs. 2 (a), {b) and (cj, terminal 
1 is shown as being returned to the h.t. positive line. In 
many instances the actual h.t. positive point will be after a 
decoupling resistor and bypass capacitor. If, later, it is 
desired to determine the best value of decoupling resistor, 
the substitution box may be used for this purpose, too! 

As will be appreciated, the substitution unit of Fig. 1 
offers a wide range of applications in addition to those 
already discussed. It can be particularly helpful in servicing 
applications, where it can be employed to bridge resistors 
which are suspected of open-circuits or shifted values. The 
main point to remember is that the potentiometer in the 
unit should always be initially set to insert maximum 
resistance before being coupled into a working circuit. 
UNIT B 

The accompanying illustrations and Fig. 3 show the 
other simple substitution box—Unit B—in both physical 
and circuit form. This unit is used for determining the 
value of resistor required in the cathode circuit of a valve, 
the results being either determined aurally where possible 
or by means of a voltmeter connected at the same time 
from cathode to chassis, whereupon the potentiometer is 
adjusted to provide the cathode voltage specified by the 
manufacturer of the valve. 

In Fig. 3 it will be noted that a lOOfi resistor is in circuit 
at all times and this value has been chosen as that most 
desirable to have permanently in circuit to prevent any 
possible damage to the valve. Few designs include a lower 
value than 100Q in the cathode circuit. Variation of the 
5k£2 potentiometer will quickly determine the optimum 
resistance value required, this being read from its 
calibrated scale. This scale is, of course, calibrated in 
terms of the total resistance (including the 100Q resistor) 
between the two terminals. 

The single-pole 4-way switch enables any of three 
bypass capacitors to be coupled into circuit between the 
two terminals. For valves working at a.f. the electrolytic 
capacitor may be switched in and, for r.f. valves, either the 
O.lpF or O.OlpF capacitor. The last two capacitors are 
included as it is sometimes helpful to judge whether an 
JULY 1968 

71 
Switch 

IOOn: 
'72 watt - 

5kn linear: 

-• mm 

OOlpFj 
d 

■o-i 1 

PF 

i 25^F 
SOV wkg 

Terminal 2 

Fig. 3. The internal circuitry in Unit B 

Terminal I 

lOOn 

Ska ; 
Terminal 2 

T 

Th 

UJ 

Chassis of equipment 

Fig. 4. Unit B is employed to find the optimum value of 
cathode bias resistor 

The components of Unit B mounted inside the 2-oz tobacco 
tin 

r.f. cathode circuit may be adequately bypassed by a 
0.01 pF capacitor rather than the larger 0. IpF component. 
The fourth switch position is blank, this being selected if a 
cathode bypass capacitor is already in circuit. 

In use, the unit is inserted between chassis and cathode 
in the manner shown in Fig. 4. the potentiometer being 
initially set to insert maximum resistance and the 
appropriate capacitor selected by the switch. The 
potentiometer is then adjusted for the desired results, after 

(continued on page 750 ) 
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One of the new TSU—0500 range of silicon power supplies 
  from APT. Electronic Industries Ltd.  

SILICON TRANSISTORS WIDEN HEAT RANGE OF TSU-D500 
A.P.T. Electronic Industries Ltd. has modified the TSU-0500 

transistor stabilised power supply unit by using all silicon devices to 
extend its operating temperature range from 450C to 60oC. 

Now the Series TSU-0500, provides a stabilised d.c. output of up to 
0.5mA at voltages which may be preset to any value from 6 to 30V and 
its small size (only 5-|in. x 3-^in. x 2f in. high) enables it to be used for 
incorporation in customers' own equipment as well as normal laboratory 
work. 

The use of all silicon transistors makes it possible for the unit to 
operate in ambient temperatures from —10oC up to 60oC and electronic 
overload protection, operative over the full ambient temperature range, 
clamps output voltage to zero if it begins to fall and limits output 
current to a safe value in the event of a short circuit. Further overload 
protection can be provided if required, by replacing a link with a 1A 
fuse between the transformer secondary windings and the rectifiers. 

All models in this size have universal mains input tappings from 
100-250V 45/65c/s. Output impedance on all models is less than 
0.5 ohm at all frequencies up to 500kc/s and ripple and noise is less 
than 1 mV peak to peak. 

A useful feature of the unit is that output terminals are isolated from 
earth and also from the frame, so that the output may be connected in 
series with any other voltage source up to a maximum of ±500V. Unit 
weight is only 2 lb, fixings are made by 4BA bushes in frame top and 
base and terminations are made by solder lugs. 
Operation 

Conventional series stabiliser techniques are used. Unstabilised d.c. 
obtained from a bridge rectifier and capacitor-input filter is fed, via a 
series transistor, to the output terminals. A proportion of the output is 
compared with a reference voltage derived from a zener diode and, 
after amplification, the difference voltage is fed via emitter follower 
stages back to the series transistor. Thus voltage is controlled across 
this transistor in such a way that any tendency for the output voltage to 
change is neutralised. Stabilisation is effective against mains voltage 
variations of up to ±10% of nominal. 

Further details of the TSU—0500 transistor stabilised power unit 
may be obtained from the manufactuer. A.P.T. Electronic Industries Ltd., 
Chertsey Road, Byfleet, Surrey. 
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21 TODAY 

With this issue The Radio Constructor 
completes 21 years of publication. 

Looking at our very first issue brings 
home to us at Data Publications the 
enormous strides we have taken during 
this time. The "Constructor" then con- 
tained only 28 small size pages and was 
launched in hope rather than expectation. 

Perusing our file copies from those 
early days until now, we can see the 
magazine's gradual growth, and we feel 
rather like a fond parent who suddenly 
realises that his young infant has become 
a vigorous adult. 

From the very first our policy has been 
only to publish sound, essentially 
practical, reliable articles. It is the 
maintenance of this policy which has 
undoubtedly led to our success. The 
"Constructor", or "R.C." as it is often 
affectionately called, is respected 
throughout the world as a sound, reliable 
hobby cum technical journal. 

Publishing articles of a good standard, 
whether they be for beginners or 
advanced amateur, attracts the best type 
of author in the various fields that we 
cover. Many have achieved distinction in 
theircareers or in some activity or other. 
One such is referred to in our notes below. 

Enough of nostalgia. Regular readers 
will see the steady consolidated progress 
of the past continued as our plans for the 
future gradually unfold. 

CONSTRUCTOR CONTRIBUTOR IN 
TONIORROWS WORLD' 

Readers who follow the B.B.C.l's 
science progress programme 
"Tomorrow's World" will have been 
particularly interested to see our old 
friend John Tuke GM3BST featured 
recently. John will be remembered for 
his contribution to this magazine some 
years ago on "Amateur Radio Tele- 
printing". From RTTY he progressed to 
FAX — fascimile transmitting— 
particularly of weather charts, by radio. 
He designed and built his own receiving 
equipment, for the radio reception of 
weather maps broadcast on short waves 
from various meteorological stations. 
This was followed by the addition to his 
equipment of UHF receiving facilities, 
for the reception of weather maps from 
various satellites, and it was this aspect 
of his activities which was featured in 
"Tomorrow's World". 

We extend our congratulations to 
John for his unique ability in this sphere, 
and for pushing the frontiers of amateur 
radio into still another aspect of scientific 
activity. 
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COMMENT 

Brief Specification of 
Solid-State Volt-Ohm-Meter, Model 
1M-16. 

(1) All soid-state circuitry. (2) Operates 
either from internal batteries or from 
120/240V, 50/50c/sAC mains voltage. 
(3) Seven ohmmeter ranges xl (with 
10 ohms at centre scale), xlO, xlOO, 
xlK, xlOK, xlOOK and xl megohm. (4) 
Eight AC and eight DC ranges, from 
0.5 volts to 1500 volts full scale. 
(Accuracy: AC, ±5 % of full scale; DC, 
±3% of full scale). (5) Eleven megohm 
input on DC ranges, 1 megohm on AC 
ranges. (6) Separate switches for 
individual functions reduce constant 
knob twisting. 

NEW DELUXE SOLID-STATE VOLT-OHNMVIETER FROWI HEATHKIT 
the Deluxe 

* * * 

4 4 4 

Price: Kit K/1M-16, £28 8s. Od. P.P. 6s. extra. Assembled price on request. 

"GB2L0" IN "DAILY MIRROR" BUILDING 
The amateur radio station to be operated by the Radio Society of 

Great Britain for the 1968 CITY OF LONDON FESTIVAL, July 8—20, 
will be located in the "DAILY MIRROR" Building, Holborn, London, 
E.C.I. 

This location, within the 1.03 square miles of the City of London, is 
about 200 yards from the premises at 107 Hatton Garden, where some 
of the earliest meetings of the Radio Society of Great Britain, when it was 
still called the London Wireless Club, were held in the late Summer of 
1913. 

It is expected that world-wide, 2-way, radio contact will be made 
during the Festival. Great interest has already been aroused by the 
project in communications circles all over the world. Contacts have 
been arranged with London, Ontario, Canada, where an Exhibition 
Station, callsign VE3LON, is being operated during the London 
(Ontario) "Fortnight Festival", whose theme is "THE BRITISH ARE 
COMING!" 

"GB2LO" will be on view to the public and it is anticipated that 
several distinguished guests will visit the installation during the period 
of the City of London Festival. 
RECORDS BROKEN AT1968 INTERNATIONAL INSTRUMENTS,Er AUTOMATION EXHIBITION 

"This show has put the future in perspective," said Mr. David D. 
Walker, Chairman of the International Instruments, Electronics and 
Automation Exhibition. 

"The IEA has again been an enormous success," he said, "and it has 
attracted wide overseas interest. 

"Though you don't expect sales to be made 'over the counter' at a 
highly technical exhibition, there is every indication that trading 
initiated at the IEA will Increase the big turnover of the industry and 
have a substantial impact on our export effort. 

"To attract 112,363 people to a show of this technical level, including 
9,431 from 80 foreign countries is an achievement in itself. Important 
is that, as the exhibitors tell me, the quality of the visitors has been so 

. high; they have been either buyers or potential buyers. 
"No assessment can be made of the total trade initiated at the IEA. 

Several million poundsworth of orders have been placed directly, but 
considerably more contracts are in the course of negotiation." 

Mr. Ted Rees, Chairman of Industrial Exhibitions Limited, con- 
gratulated the exhibitors on the effort they had put into the IEA. 

"We present the show," he said, "but close co-operation of the 
whole industry was needed to make it such a success as this. We know 
what sells to the world and it is encouraging to have the energetic 
support of all the firms who were associated with us." 

COMBINED ANNOUNCEMENT 
A combined announcement has been 

made by Radiatron of 7 Sheen Park, 
Richmond, Surrey and Electronic 
Services-STC of Edinburgh Way, Har- 
low, Esjex to the effect that Electronic 
Services are now official stockists/ 
distributors for the Radiatron range of 
Elma Switches Types 01 and 03. 
Electronic Services-STC now offer an ex 
stock service—normal despatch within 
24 hours—of any standard types of 
ELMA 01 and 03 switches, which 
comprise the major part of the Elma 
range. Production quantities are 
available from Radiatron, 

The seven-day prototype service 
already established by Radiatron has 
also been extended, and small quantities 
of prototype switches with special fea- 
tures. such as concentric spindles, dum- 
my wafers, etc., can normally be supplied 
within seven days. 

This combined effort to achieve rapid 
switch deliveries by Radiatron and 
Electronic Services fulfils a long-felt need 
in the electronics industry for immediate 
supply of either standard or special 
switches. 

Further details may be obtained from: 
Radiatron, 7 Sheen Park, Richmond, 

Surrey. Tel.: 01-940 3285/9352 
or 

Electronic Services-STC, 
Edinburgh Way, Harlow, Essex. 

Tel.: 02-796 26777 

M 

Specimen Radiatron Switches 
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LOW VOLTAGE POWER SUPPLY 

•c" FOR TRANSISTORS 

by 

B. HUNTER and A. ERASER 

It is often desirable to have at hand, for transistor equipment, a simple mains power 
supply unit capable of offering a wide range of output voltages without the 
complication of a stabilising circuit. The power supply described in this article meets 
this requirement and it provides outputs from some 3 to 30 volts on load with the 

regulation associated with a bridge rectifier circuit 

SOME TIME AGO, IT WAS FOUND NECESSARY TO PROVIDE 
a power supply for testing a transistorised amplifier 

[ which required 30 volts and, from time to time, 
various other pieces of transistorised equipment which 
required voltages from about 6 upwards. With this in 
mind, a power supply unit was designed which would 
cater for these requirements and also be inexpensive. 
The unit was designed around a multitapped trans- 
former which obviates the need for circuitry to give 
continuously variable output; the necessary d.c. 
voltage being obtained by selecting tappings on the 
transformer, the a.c. voltage thus obtained then being 
rectified and smoothed. While this does not give 
continuously variable voltage, sufficient convenient 
voltages are available for most experimental applica- 
tions. 

Wander plugs 

'   ,m 0 
|°24V. 

R|l 3 K20V 
T 5 ~ 15V 

NEiC •) i °|I2V_ 
ho . 

/ 

Sockets 

2 

Output 
sockets 

D3 
r2§ M| 

L/ 

Fig. 1. The complete circuit of the low voltage power 
supply. A wide range of alternating voltages is available 

from the mains transformer secondary 

COMPONENTS 

Resistors 
R-i Part of neon lamp assembly 
R2 4.7fi3wattl0% 
R3 1 kfl 2 watt 20 % 
Capacitor 
C1 4,000pF 50V wkg. (May 

2,000pF in parallel) 
Transformer 

be two 

T, 

Fuses 
Fi. Fj 

Douglas type MT3, secondaries 0, 12, 15, 
20, 24, 30V at 2A. 
(Home Radio Cat No. TMM1) 

1A fuse, 20mm, with miniature panel 
mounting fuse-holder 
(Henry's Radio) 

Rectifiers 
Dj-D^t Silicon power recetifiers (see text) 
Switches 
S, 
s2 

S3 
Meters 
Mi 
M2 
Neon 
NEj 

d.p.s.t. toggle 
s.p.s.t. toggle 
s.p.s.t. push-button 

O-IA moving-coil 
0-50V moving-coil 

Neon lamp and holder with series resistor 
(Ri) for mains operation. (Home Radio 
Cat. No. D841/250V or similar) 

Plugs. Sockets 
5 Banana wander plugs (inc. 3 for output and 
chassis sockets) 
9 Sockets, to suit plugs 
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Voltage selection is done by plugging two wander 
plugs into six sockets which are connected to the 
tappings on the transformer secondary. 

Because the supply was required to give a smooth 
d.c. output, half-wave rectification was not considered 
suitable, and because full-wave bi-phase rectification 
requires a centre-tapped supply, this was also ruled 
out. Thus the most suitable rectifier is the bridge. 
Continuous monitoring of the supply voltage and 
current is provided using two meters. Although this 
monitoring could have been done with one meter 
which could be switched from voltage to current, 
the circuit under test could draw an excessive current 
whilst the meter was switched to volts and this might 
not be readily evident. 

THE CIRCUIT 
The circuit of the power supply unit appears in 

Fig. 1. The mains input supply is applied via fuse Fi 
and switch Si to the indicator neon bulb NEi and the 
primary of mains transformer Ti. The transformer 
is a Douglas type MT3, and it offers secondary voltages 
at 0, 12, 15, 20, 24 and 30, all at 2 amps. All the second- 
ary connections are brought out to sockets on the 
front panel of the power supply, and two wander 
plugs from the rectifier section may be plugged into 
any of these. As may be seen, if then becomes possible 
for the wander plugs to select any of the following 
a.c. voltages: 3, 4, 5, 6, 8, 9, 10, 12, 15, 18, 20, 24 
and 30 volts. If low alternating voltages are required 
for experimental work these may be selected direct 
from the sockets on the front panel, the plugs from 
the rectifier section then being left out of the sockets. 

When the unit is required to give a d.c. output, the 
(wo wander plugs from the rectifier section are fitted 
to the sockets appropriate to the alternating voltage 
required, whereupon this voltage is applied to the 
bridge rectifier given by Di to D4. The rectified output 
from this bridge is next passed via S2 and limiter 
resistor R2 to reservoir electrolytic capacitor Q, and 
thence, by way of fuse F2 and a series ammeter, to the 
d.c. output terminals. A voltmeter across the terminals 
continually monitors output voltage whilst the series 
ammeter indicates output current. Since the output 
voltage off load can rise to 1.4 times 30, i.e. 42 volts 
(assuming the 30 volt secondary tappings are selected), 
a convenient figure for voltmeter f.s.d. is 50 volts. The 
rectifiers used by the authors were Radiospares type 
REC 50A, which are rated at 125 volts r.m.s. and 
750mA, and it was decided to use an ammeter with an 
f.s.d. of I amp. Any other silicon rectifiers capable of 
working at 30 volts r.m.s. (with a p i.v. of at least 42 
volts) and the required current capability may be 
employed instead of the Radiospares types, if desired. 
The d.c. output drawn from the supply unit should 
not exceed the current rating of the rectifiers used. (As 
alternatives, the 100/1.25 silicon rectifiers available 
from Henry's Radio with a maximum current of 1.25 
amps and a p.i.v. of 100 would, for instance, be suitable. 
It should be noted, incidentally, that Radiospares 
components may only be obtained through retailers. 
—Editor) 

Due to its high value, capacitor Cj will remain 
charged for quite some time after the unit has been 
switched off. This can be particularly annoying if the 
unit has been used to supply a high voltage and is 
then required to supply a low voltage. Because the 
voltmeter is the only load on the supply when it is 
not in use, the charge in Cj falls very slowly. To speed 
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Fig. 2. Detoi/s of the case and panel layout used for the 
prototype 

up this discharge, push-button S3 is fitted, this connect- 
ing resistor Rj across the output and thus causing a 
current to flow and discharge the capacitor. 

With a resistor of Ikfl, the discharge takes about 
10 seconds from a fully charged capacitor. If a faster 
discharge lime is required the resistor may have a 
lower value, but on no account should the resistance 
be so low that the ammeter is overloaded. Care should 
also be taken that the output is not short-circuited. 
Despite the protection provided by fuse F2, short- 
circuits can still cause damage to the series ammeter. 
CONSTRUCTION 

Construction is quite simple and, since layout is 
not critical, should raise few problems. The prototype 
was built into a metal case measuring 10 x 6 x 6in 
with a front panel as in Fig. 2. It will be seen that the 
transformer secondary sockets appear at the centre 
with the d.c. output sockets below. There is also a 
socket connecting to the chassis of the supply unit. 
None of the outputs, a.c. or d.c., are connected to 
chassis inside the case, and whichever output is used 
can be left "floating" or have one side earthed to 
chassis as required. The two flying leads with wander 
plugs from the rectifier section pass through the grom- 
met above the sockets. 

The front panel, back and base plate of the case 
illustrated in Fig. 2 are made of 16 s.w.g. aluminium. 
The top and two sides consist of a single piece of 
perforated zinc, bent to shape, which also provides 
ventilation. 

This power unit has been in use now for a number 
of months and has given very satisfactory results. 
Although its output voltage is not continuously 
variable, the voltages available have been found quite 
satisfactory for most uses. 
EDITOR'S NOTE 

If any doubt exists as to rectifier polarity—as could occur 
if unbranded rectifiers were employed for Di to D4—it 
would be a good plan to complete the wiring with Ci out of 
circuit. If the voltmeter indicates correct polarity when the 
mains supply is applied, then Ci may be connected up. This 
approach prevents damage should the rectifiers be accidentally 
connected the wrong way round. gg 
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Getting the Best from 

your Oscilloscope 

PART 3 

by 

D. J. GRIFFITHS 

In this third article in our popular series, waveforms are given to illustrate a.f. 
amplifier testing with square waves. Also discussed are oscilloscope traces for tuned 

circuit resonance and f.m. detector alignment 

SQUARE WAVE TESTING 
Sine waves can be used, as has been shown in the 

preceding article in this series, to check for distortion in 
a.f. amplifiers, but a more definite test is afforded by 
square waves. Figs. 1 (b) and (c) show the effects of 
typical capacitor-resistor circuits of various time constants 
on a square wave. 

Typical amplifier output responses are given in Figs. 
1 (d) to (g). Fig. 1 ((/) indicates that the amplifier frequency 
response is reasonably flat, there being only slight sloping 
of the square wave. In Fig. 1 (e) the sloping is considerably 
more pronounced, this indicating a good h.f. response 
and a poor l.f. response. Fig. 1 (/) illustrates a reverse 
effect, in which the rise and fall sections of the square wave 
are rounded. This corresponds to a poor h.f, response and 
a good l.f. response. 

Fig. 1 (g) shows a damped train of oscillations after 
each rise and fall section of the square wave. This effect is 
the result of peaking at a high frequency or of a tendency 
towards parasitic oscillation at that frequency. A useful 
measure of the frequency at which the damped train of 
oscillations occurs is given by counting the number ol 
cycles in the damped train and comparing these with 
square wave frequency. 

For general amplifier testing a square wave of the order 
of 400c/s is useful for practical work. High and low 
square wave frequencies may be used for more specialised 
testing. 

Square wave checks are capable of showing amplifier 
response shortcomings because a square wave may be 
analysed into a set of harmonically relaledsine waves. Ifany 
of these harmonics are amplified or attenuated excessively 
then the wave becomes distorted. Since the oscilloscope 
amplifier may not be capable of reproducing the square 
wave exactly, it is desirable to initially couple the square 
wave generator directly to the oscilloscope and note the 
result. 

It is of particular interest to pass square waves through 
the differentiating and integrating networks shown in 

746 

Figs. 1 (b) and (c). Depending on the values of R and C the 
square wave may be deformed in various ways. Irom a 
series of pulses of almost no duration to a wave similar 
to that shown for a long CR in Fig. 1 (< ). Manx ot the 
simpler tone circuits in a.f. amplifiers are, in fact, integrator 
or differentiator circuits, hence square waves are most 
useful in obtaining an idea of their overall effect. 
RESONANCE CURVES 

With the proper equipment it is possible to align tuned 
circuits visually. Apart from the oscilloscope an instrument 
known as a frequency modulated signal generator, or 
wobbulator, is necessary. A wobbulator is simply a 
frequency modulated oscillator designed to produce a 
sweep over a band of frequencies, and it may be adjusted 
so that the centre of the band of frequencies is at the 
resonant frequency of the tuned circuit or circuits being 
checked. According to the design of the wobbulator and 
the method of coupling to the oscilloscope it is possible to 
obtain one or two response curves. Figs. 2 (a) and (ft) show 
two basic response curves presented on the oscilloscope 
screen; as is evident from Fig. 2 (ft) one is obtained with 
the wobbulator sweep in one direction and the other with 
the wobbulator sweep in the reverse direction. Here, 
wobbulator sweep frequency is equal to timebase 
frequency. Single responses can be obtained if the 
oscilloscope amplifier or wobbulator output is blanked 
out for one direction of sweep, but should this prove 
impossible the return sweep may be ignored. Alternatively, 
by running the oscilloscope speed at twice the wobbulator 
sweep speed the two curves, if they are symmetric, may be 
superimposed. These remarks assume that the wobbulator 
is sine wave modulated. 

As just mentioned, two basic response curves are shown 
in Figs. 2 (a) and (ft). That illustrated in Fig. 2 (a) 
corresponds actually to a single symmetric response and 
that in Fig. 2 (ft) to a single asymmetric response. 

Figs. 3 (a) and (ft) illustrate single responses obtained 
from a.m. sound radio receivers, the figures at the base 
lines indicating frequency in kc/s. (Normally, frequency 
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(a) 

C 
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Square wave 
generator Oscilloscope 

Differentiator circuit 

Long CR 

Medium CR 

Short CR 

K 

Square wave 
generator Oscilloscope 

Cb) 

Long CR 

Short CR 

Integrator circuit 

(c) 

(d) (e) 

(f) (g) 

Fig. 1 (o). The square wave fed to the amplifier input 
(b). Waveform distortion of the type given by a /differentiator circuit 

(c). The type of distortion given by an integrator circuit 
(d). The output given by an a.f. amplifier with a reasonably flat response 

(e). Increased sloping indicates poor l.f. response 
( f). Good l.f. response but poor h.f. response 

(g). The output resulting from h.f. peaking or a tendency towards parasitic oscillation 

markers should be provided in the wobbulator or by an 
external signal generator to enable frequency indications 
to be provided). The wobbulator output is applied to the 
aerial terminal of the receiver and the oscilloscope input 

is taken off after the detector. The response of Fig. 3 (a) is 
that for an average broadcast receiver, and it exhibits 
good symmetry. The narrower curve in Fig. 3 (i) is typical 
of the response given by a communications receiver 
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(a) (b) (a) (b) 

Fig. 2 (a). A tuned circuit response, as displayed when 
wobbulator sweep frequency equals oscilloscope timebase 

frequency 
(b). The effect given when the basic curve is assymetric 

Fig. 3 (o). Typical response curve for an a.m. sound radio 
receiver 

(b). A sharper response curve is given by a communications- 
type receiver 

Ca) (b) 

Fig. S. A receiver response curve, showing parasitic 
oscillation 

CO 

Fig. 4 (o). A good sound radio i.f. transformer band-pass 
curve 

{b). The peaky response due to under-coupling 
(c). An asymmetric band-pass response 
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Fig. 6. Coupling a wobbulator and oscilloscope to an f.m. phase discriminator 
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(a) (b) 
Fig. 7 (a). A good discriminator response 

(b). Idealised discriminator response 
(c). Distorted form of response 
(d). Another distorted response 

HT+ 

Fig. 8(a). Coupling the wob- 
bulator and oscillator to a 
ratio detector in which the 
chassis connection is to one 
side of the stabilising capacitor 
(b). If the chassis connection 
is to a centre-tap in the 
resistance across the stabilis- 
ing capacitor, the 0.258.8 
capacitor is not needed. 
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without i.f. filters. 
A good band-pass response, as would be required in a 

sound radio i.f. amplifier, appears in Fig. 4 (a). This has a 
flat top with a width of some 3 kc/s on either side of the 
central frequency. If the coupling is too loose the narrow 
peaky response in Fig. 4 (b) may result. A misaligned 
band-pass circuit can give the appearance shown in Fig. 
4 (c). Regeneration in the associated amplifier may also 
result in a distorted response of this type. 

Fig. 5 indicates a correctly aligned receiver or i.f. strip, 
but the fagged sides and the thickness at the bottom of 
the curve show that parasitic oscillation is occurring at 
lower input signal levels. 
F.M. RECEIVER ALIGNMENT 

A.M. and fm. sound receivers are very similar except 
for the detector, hence this section deals exclusively with 
the alignment of the fm. detector. 

There are two common types of detector in use, the 
phase detector and the ratio discriminator. These require 
somewhat different treatment and are dealt with 
separately. 

Fig. 6 shows a typical phase discriminator circuit. The 

wobbulator is connected to point A through a O.OlpF 
capacitor and the oscilloscope is connected to point B 
through a 1501dQ resistor. Use short lengths of screened 
cable throughout. 

The trimmers and/or dust cores may now be adjusted 
to produce the single trace shown in Fig. 7 (a). The portion 
of the curve from B to D should be as straight as possible. 
Fig. 7 {b) shows an idealised curve, unobtainable in 
practice, while Figs. 7 (c) and 7 (d) show two of the many 
incorrect forms of Fig. 7 (a). 

Fig. 8 (a) illustrates a ratio detector. The test connections 
are similar to those in Fig. 6, but the oscilloscope input 
connection now includes a 0.25pF capacitor. This is 
needed because many ratio detectors, including that 
shown, have the chassis connection to one end of the 
resistance across the stabilising capacitor, and the a.f 
output at centre frequency is not at chassis potential. If, 
however, the chassis connection is to the centre of the 
resistance across the stabilising capacitor (Fig. 8 (b)) the 
series capacitor may be omitted. 

{To be concluded) 

SIMPLE SUBSTITUTION BOXES 

(Continued from Page741) 

which the unit is removed and the appropriate fixed 
resistor and bypass capacitor connected permanently into 
position. It is important to remember that terminal 2 
should always be that which connects to chassis. Otherwise, 
a reverse potential may be applied across the electrolytic 
capacitor. 

From the illustrations of this unit, it will be noted that 
construction is similar to that of Unit A, a Paxolin socket 
strip with two sockets being mounted to the side of the tin 
by means of two 6BA nuts and bolts. The SkfJ 
potentiometer and the switch are secured to the base of the 
tin and have suitable scales fitted to the outer face of the 
tin bottom. The 100G resistor is soldered direct from 
terminal 1 to one side of the potentiometer and the various 
capacitors are connected at one end (positive for the 
25pF capacitor) to the various switch tags. The wiper of the 
switch is connected to terminal 1 and the other ends of the 
capacitors are all soldered to the centre slider tag of the 
potentiometer, which then connects, via a short length of 

p.v.c. covered wire, to the terminal 2 socket. As shown in 
the illustration of the inside of the unit, a three-pole, 
four-way switch has been used, this being to hand at the 
time of construction. 

As with Unit A, two flexible leads terminated with 
crocodile clips and wander plugs are required. These 
should each have a length of about 6in, whereupon the 
unit should not cause undue alteration in performance in 
r.f. circuits up to about 500kc/s. For higher frequencies, 
up to some 1.5Mc/s, the leads should be shorter. 

VARIATIONS 
Although this article has centred around the two 

simple substitution boxes discussed, the reader may 
readily visualise variations on the basic idea. From the 
point of view of convenience in construction and use, the 
tobacco tins employed are exceptionally useful for the 
assembly of test circuits of this nature. 

Component and circuit substitution boxes amply repay 
the small time and cost incurred in their assembly. 
Frequently, they may be made up from components 
which are already on hand. It only takes a little time to fall 
into the habit of using substitution boxes for design and 
development work. After acquiring that habit, the 
constructor will then very probably wonder how on earth 
he managed to get along without them in the past 

MUSIC AND THE BBC 

Two recent events draw attention to the BBC's role in Britain s musical life: the publication of a pamphlet 
study "The BBC and the Arts", and the opening of an exhibition "The BBC and Music", specially designed to 
divert concertgoers during the intervals at London's Royal Festival Hall. In a BBC broadcast, Ian Gillham said 
that most of the BBC's musical output was broadcast by radio, with the special Music Programme network 
offering more than 70 hours of serious, and semi-serious, music each week. "Understandably," he continued, 
"music on television is rarer, but the results can be extraordinary. Some years ago it was calculated that the 
audience for a single BBC television performance of 'Salome', by Richard Strauss, was larger than the total 
of all audiences which had seen the opera in opera-houses since the first performance in Dresden in 1905. 
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Communication systems have long since passed 
the stage where mere amplification denoted merit. 
The bright emitter valve of the 1920's could 

and did supply a lot of amplification—if more were 
required then more valves were used. With the greater 
efficiencies of modern valves and transistors voltage 
gains of many millions are easily attainable; indeed 
these are essential if the very weak signals encountered 
by radio telescopes and interplanetary probes are to 
be brought up to usable levels. Further, heat dissipation 
and physical size are not the problems that they once 
were. Semiconductors and miniaturisation have seen 
to that. But one problem remains with us and is 
becoming increasingly important, this being the prob- 
lem of noise. 

NOISE 
Noise is quite often the limiting factor in a modern 

communication system for if the signal level is below 
the noise level no amount of amplification will improve 
the situation. Both signal and noise will be increased 
together. A signal of 0.5[xV submerged in a noise level 
of l(iV is no more readable if magnified to a signal of 
50|i.V in a noise level of IOOilV. And even when the 
signal and noise are at the same level we can never 
be sure whether we are receiving signal or noise. 

But what is noise? We are not concerned here with 
noise that arises from faulty components, loose con- 
nections or dirty contacts. Noise from these and 
similar sources can be eliminated by good design and 
careful construction. Nor are we concerned with the 
noises that arise from atmospherics, car ignition, 
power lines etc. for, real and annoying as these are, 
they too may be eliminated or their effects minimised. 
The noise that circuit and systems designers are con- 
cerned with is the noise arising from within the com- 
ponents of the system itself. The resistors, the valves, 
the transistors, even the capacitors and conducting 
wires—these are the culprits. They generair noise 
and hence may cause the desired information to be 
masked or obscured. 

One source of noise is the ordinary carbon resistor. 
Due to its granular structure a carbon resistor will 
develop a noise voltage across its terminals when a 
direct current is passed through it. A wire-wound 
resistor however is free from this effect. The lower 
frequency components of this type of noise have a 
greater amplitude than the higher frequency com- 
ponents, and at around 1 Mc/s this type generally 
becomes negligible compared with the thermal noise 
generated by the resistor. 

Thermal noise is not restricted to any particular 
type of resistor and arises wherever resistance is present, 
whether it is in the form of a resistor—carbon, wire- 
wound, thin film, etc.—the resistive component of an 
inductor, an aerial system or just a length of copper 
wire. If resistance is present then thermal noise is also 
present, even when no voltage is applied to the terminals. 

To understand the phenomenon of thermal noise 
let us consider the classical picture of the electrons 
and atoms (or molecules) in a conductor. The atoms 
are fixed in position but the "free" electrons can and 
do move easily between the atoms. These free electrons, 
not associated with any particular atom, move about 
constantly and change their position in a haphazard 
manner, as in Fig. 1. This movement of electrons, in 
any direction, constitutes an electric current. Since at 
any one instant there will be more electrons moving 
in one direction than the other, a voltage is developed 

Communication 

Systems 

and Noise 

byP.B. Brodribb, 

B.A.Sc., C. Eng 

The limiting factor in modern communication 
systems is not amplifier gain but noise level. 
Our contributor discusses the problem of 
noise, drawing examples from present-day 

technology 

across the conductor which is proportional to the 
net current flow and the resistance of the conductor. 
This noise voltage will depend also on temperature, 
since the free electrons will be more active at higher 
temperatures due to an increase in their thermal 
energy. The polarity also changes in a random fashion, 
depending on the direction in which the greater number 
of electrons happens to be moving. Because of this 
there is no definite pattern to thermal noise voltage 
nor any one frequency at which the voltage appears. 
It has been found in fact that the distribution of noise 
energy is uniform throughout the entire frequency 
spectrum, giving rise to the term "white" noise. This 
is an analogy with white light, which is a combination 
of light energy from the whole of the visible spectrum. 

An equation bringing together all these factors is 
£2=4 k T B R 

is the r.m.s. value of the noise voltage, 
is Boltzmann's Constant, 1.38 x 10-23 

Joules/0K, 
is the temperature in degrees Kelvin 

(273+temperature in degrees Centi- 
grade), 

is the bandwidth in cycles per second over 
which the noise voltage is measured. 

R is the resistance in ohms. 
A simple calculation will show that a Ikfl resistoi at 
room temperature has a noise voltage across its ter- 
minals of approximately 0.4|j.V, measured over a 
bandwidth of 10 kc/s. 

where 

B 

^ n 

Fig. 1. In a conductor, random movement of electrons 
results in the continual generation of a noise voltage 
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Signal, IO>jV 
Noise, O-SpV 

Amplifier 1 Amplifier 2 
Gain = IO Gain=10 

Noise referred Noise referred 
to input s IpV to input = 5pV 

Fig. 2. A typical amplifying sequence. As is explained in 
the text, the signal-to-noise ratio at the output of 
Amplifier 2 is only slightly different to that at the output of 

Amplifier 1 

NOISE IN RECEIVING EQUIPMENT 
Now, we can see the importance of noise in receiving 

equipment that is to detect signals from a satellite or 
an interplanetary probe. The power of the transmitter 
carried by these space vehicles is often only a few watts 
and frequently only milliwatts. The level of the signal 
received from Mariner IV when it transmitted its 
historic pictures of Mars was of the order of 10 
watts If this signal power were to be developed in a 
resistance of IkQ it would yield a signal voltage ot 
0.01 ixV, far below the noise voltage. For signal levels 
as low as this it is obvious that special steps must be 
taken to reduce the noise inherent in the receiving 
equipment, otherwise the signals would be swamped 
by the noise generated within the receivei itself. Some 
of the techniques employed include the use of very 
narrow bandwidths with consequent low information 
rate and long transmission times, together with low 
noise devices such as masers and parametric amphhers. 

The picture so far may seem rather discouraging; 
that of a receiver in which every resistor, indeed every 
device, is busily churning out noise while the signal 
struggles bravely to be heard above the tumult. In 
fact the situation is not as unfavourable as this. 

One helpful factor is that not all parts of the receiving 
system have the same importance where noise is 
concerned. A.s we shall see, the major role is played by 
the first stage or stages. Also the effect of temperature 
change is not very serious in practice; since most 
resistors operate only over a limited range near room 
temperature. It is interesting to observe that not until 
the temperature approaches Absolute Zero, ZH 
degrees below zero degrees Centigrade, will the random 
motion of the electrons cease and the resistor become 
"quiet". ., ... 

Since noise is closely associated with resistance it is 
sorhetimes useful to express the "noisiness" of a device 
in terms of an equivalent resistance across the input 
and to regard the device itself as noise-free. Thus, it 
a valve has an equivalent noise resistance ot SUUti, 
it means that the valve may be regarded as noise-tree 
with a noise source equivalent to a SOOfi resistor across 
its input. Some low noise valves have an equivalent 
noise resistance of only a few hundred ohms, while 
noisier valves such as multigrid mixers may have a 

noise resistance of hundreds of thousands of ohms. 
However, thermal noise plays a relatively minor 

part in the total noise output of valves and transistors. 
It is present of course wherever resistance is present 
but most of the noise in these devices is shot noise 
so called because the effect is much the same as lead 

752 

shot falling on a tin plate. Shot noise arises wherever 
emission takes place, whether from a cathode suiface 
or a base-emitter junction, and again, as with thermal 
noise in resistors, it is the random nature of the electron 
motion that is chiefly-responsible. Transistors have 
the added complication of hole flow as well as electron 
flow and for a long time they had to give precedence 
to the valve in applications where low noise was the 
paramount factor. It is only recently that the transistor 
has come into its own in this respect and it may be 
that the field effect transistor, a unipolar device like 
the valve, will lead the way to really low-noise semi- 
conductors. 

EQUIVALENT NOISE TEMPERATURE 
Yet another way of expressing the noise present in 

a system is by its equivalent noise temperature, ror 
example, an aerial may deliver far more no|se 1° a 
receiver than can be accounted for merely by the 
thermal noise of the radiation resistance. This extra 
noise, called Galactic or Cosmic noise, arises in the 
Milky Way and other galaxies and in character is 
very like thermal noise. The aerial is said in these 
circumstances to have a noise temperature equal to 
that which would be required to generate the same 
level of thermal noise. t . , , ; 

The usual method of describing the extent to which 
noise is associated with a signal is by means of the 
signal-to-noise ratio, abbreviated to S.N.R. it is 
generally expressed in decibels as a power ratio. Thus, 
if a signal of 5q.V is associated with a noise of 1 q-V, the 
S-N-R-is 10 log (^ = 14dB. (IpVjU 

The idea of signal-to-noise ratio is helpful in under- 
standing why it is that the early stages of a system are 
50 Suppose a chain of amplifiers, as in Fig. 2, is needed 
to process a signal. The first amplifier in the series has 
a gain of 10 and generates noise equivalent to l^v 
referred to its input. The second amplifier also has a 
gain of 10 but generates noise equivalent to 3q.V 
referred to its input. The signal entering the system 
is 10u.V associated with a noise voltage ot 0.5p.V. A 
much clearer picture of the true situation is obtained by 
examining the S.N.R. at various points in the circuit. 

The signal at the output of the first amplifier is, 
lOq-V x 10 = 100(i.V 

The noise at the output of the first amplifier is, 
0.5uV x 10 = 5(xV (associated with the signal) 

plus 1|jlV x 10 = lOuV. (generated by the amplifier). 
Therefore the total noise at the output is v^ + lO2 

(100(J.V)2 .rv^r, * 
= 11.2ixV, and the S.N.R. is 10 log(ii.2(j.V)2 

A similar calculation applied to the output of the 
second amplifier will show that here the S.N.R. is 
18.2dB. Even though the second amplifier generates 
five times more noise than the first, it has relatively little 
effect on the S.N.R. This will always be so provided the 
first stage is a low noise amplifier of reasonable gain. 

Since noise introduced early in the system will be 
amplified more than noise introduced later, such 
low-noise devices as triodes find widespread use as 
radio frequency amplifiers and mixers in systems where 
the signal-to-noise ratio at the input may be low, as in 
television reception. Triodes may well have less gain 

•Total noise is the square root of the sum of the squares of the individual 
noise voltages.—Editor. 
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than some of their multigrid colleagues, but gain is Small wonder then that noise is the important design 
relatively easy to achieve whereas low noise is not factor of many systems. _ 
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m Coyer Feature 
AAAMAM 

Among the features of the receiver to be described 
in this and next month's articles are some which 

^render the unit more versatile, and thus more useful, 
than similar receivers, whether these be commercial or 
otherwise. It is thought that the constructor who already 
owns a high performance receiver might find some portions 
of the present circuit adaptable to his own, thus increasing 
its usefulness. 

Inevitably, a receiver having the specification of the 
equipment to be described is rather complex. In this case, 
however, the construction has been kept as simple and 
straightforward as possible by the use, firstly, of a 
commercially made "front end" unit and, secondly, by the 
use of the "Lektrokit" chassis and cabinet building system 
which minimises mechanical metalworking. The "front 
end" unit referred to comprises the r.f. amplifier stage and 
first frequency changer, together with all coils and coil 
switching. 

THE CIRCUIT 
The complete circuit is shown in block diagram form 

in Fig. I. The receiver is based on a "front end" unit, or 
"Qoilpax," manufactured by Electroniques of Harlow. 
Two versions of this unit are available. One, that used in 
the prototype, is restricted in coverage to the amateur 
bands only. The second is of the general coverage type, 
incorporating most of the medium waveband and 1.7 to 
30 Mc/s, in a total of six bands. The full frequency 
specifications of the two units are given in the components 
list. 

These two units are interchangeable so far as the 
receiver's circuitry is concerned. They are also virtually 
identical in physical size and appearance. It follows, 
therefore, that either may be incorporated in the receiver, 
the choice depending on the type of coverage required. If 
the constructor is primarily interested in the amateur 
bands, then the limited coverage model should be chosen. 
Thus, a very slow tuning rate—so essential to ease of 
operation on the crowded amateur bands—may be 
obtained when this limited coverage model is used in 
conjunction with a good quality tuning drive assembly. 

The basic circuit of the front end unit is given in Fig. 2. 
An r.f. amplifier incorporating a frame grid valve type 
EF183 connected in a Miller compensating circuit is used. 
This ensures a low noise level at this most critical stage of 
any high performance receiver. Provision is made for 
connecting unbalanced or balanced feeder systems at will. 
This r.f. stage is followed by a triode heptode frequency 
changer using an ECH81. The oscillator section is fed from 
a stabilised high tension supply, and this, together with the 
negative temperature coefficient compensating 
components incorporated in the "front end" unit makes 
for a very high order of stability. The first intermediate 
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Aimed specifically at the more experi- 
enced constructor, this article, together 
with the concluding instalment next 
month, gives full details of a highly 
specialised communications receiver 
offering reception over either the amateur 
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Double Conversion 

Receiver—Part—1 

SHELLEY, B.Sc. 

* 

# 

i 

bands or broadcast bands as desired. 
Full construction details are not given, 
but readers will find it of advantage to 
build up the receiver on Lektrokit Chassis 
System parts, as has been done by the 
author. 

2nd mixer I F filter 
(8^ Kc/s) 

2nd I F amp. 
(85Kc/s) 

AG.C. 

Crystal oscillator 
3  

S meter circuit 

I Reference 
| voltage 

Audio Audio noise 
Audio output amplifier limiter 

Output 

A.G.C. circuits ■ A.G.C. line 

Fig. 1. Block diagram for the complete receiver 
JULY 1968 

frequency output is at 1.62 Mc/s, and this may be obtained 
from either a high or a low impedance source. In order 
to reduce the possibility of interference by harmonics of 
the first intermediate frequency, an i.f. rejector circuit 
tuned to 1.62 Mc/s is included in the aerial circuit of the 
"front end" unit. 

To ensure the best possible performance from the 
equipment, it is essential that a precision tuning drive 
assembly be used, and a suitable choice recommended by 
Electroniques is the Eddystone type 898 drive assembly. 
This is a flywheel loaded system giving an overall reduction 
ratio of 110:1. Using this drive in conjunction with the 
amateur bands unit, a tuning rate better than 4kc/s per 
revolution (on the 1.8-2.0 Mc/s band) can be achieved. 
Naturally, a number of connections must be made to the 
"front end" unit and these are detailed in Fig. 3. This 
diagram also provides information about the "standby" 
system, which will be discussed in detail next month. 

The capacitor C1 shown in Figs. 2 and 3 calls for some 
comment. The function of this component is to act as a 
trimmer in the aerial circuit of the receiver in order to 
provide compensation for the reactive effects of aerials 
connected into the system. The inclusion of C, is optional, 
but it will be found that it is of some real assistance in 
peaking signals, particularly on the higher frequency 
bands. Details of this capacitor are given in the 
Components List, and it should be connected between the 
aerial gang of the tuning capacitor and chassis. If this 
trimmer is, in fact, included, then some retrimming of the 
front end unit circuits will be necessary. Details of this 
operation will be given later, but meanwhile it is essential 
to note that the internal adjustments within the ""front end"" 
unit must not be disturbed in any way until the receiver is 
completed. The ""front end"" unit is suppliedpre-aligned and 
it is important to realise that many of the adjustments are, 
particularly in the case of the amateur bands unit, very 
critical. Constructors are very strongly advised to read the 
Operating Notes for the Qoilpax which are issued by 
Electroniques before using the unit. 

Following the "front end" unit comes an i.f. amplifier 
working at 1.62 Mc/s. See Fig. 4. This uses a 6BA6 (V!), 
rather than a higher gain value such as an EF183. The gain 
in this portion of the circuit is limited deliberately to avoid 
the possibility of introducing cross-modulation effects in 
the following second frequency changer. An a.g.c. voltage 
is applied to this stage, as it is to a total of four stages in the 
receiver as a whole. The a.g.c. system is one of the more 
important features of the receiver and will be described in 
detail in next month s issue. The S-Meter circuit, part of 
which appears in Fig. 4, will be discussed in the next 
article. 

Following the first i.f. amplifier comes the second 
frequency changer. V/ The principles of double conversion 
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Fig. 2. The basic circuit of the "front end" employed with the receiver 

are well known. A high intermediate frequency gives good 
protection against image responses, but poor adjacent 
channel selectivity. On the other hand a low i.f., while 
providing good selectivity, makes the elimination of 
images and spurious responses of that type very difficult. 

The solution to the problem must therefore either be a 
compromise where an intermediate frequency is chosen 
that, while providing reasonable image protection, also 
provides acceptable selectivity, or, as in the present 
instance, the double conversion method must be used. 
Here, two intermediate frequencies are employed. One of 
these, at 1.62 Mc/s, is high, and therefore ^provides 
protection against images. The other is very much lower, 
at 85kc/s, and enables good adjacent channel selectivity 
to be achieved. It is also possible to construct a receiver 
having a high i.f. only, and then to produce the required 
selectivity by the use of crystal filters. Such filters are. 
however, expensive and can be difficult to obtain. Using 
the high quality i.f. transformers specified in the 
Components List, a bandwidth between 3dB points of 
under 3 kc/s can be readily obtained. The sensitivity of the 
receiver as a whole is better than 0.5 microvolts applied to 
the aerial sockets for a 6dB signal-to-noise ratio measured 
at the audio output. 
SECOND FREQUENCY CHANGER 

This is a triode-heptode configuration using a second 
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ECH81, V2, and is shown in Fig. 4. The oscillator section 
is crystal controlled employing a crystal at a frequency of 
1,535 kc/s. Such crystals may be available from time to 
time on the surplus market, though that used in the 
prototype receiver was specially ground for the author. 
Since the i.f. transformers specified can be tuned over the 
range 80-90 kc/s without significant loss of efficiency it is, 
therefore, possible to use crystals having frequencies in the 
range 1,530 to 1,540 kc/s, rather than the 1,535 kc/s unit 
just mentioned. The use of a crystal at 1,530 kc/s, would 
produce a second i.f. of 90 kc/s, while an i.f. of 80 kc/s 
would be obtained if the crystal resonated at 1,540 kc/s. 

Although not checked by the author, it should also 
be possible to use crystals in the range l,700kc/s to 
l,710kc/s, these causing the triode to oscillate' above 
1.62 Mc/s. The use of such crystals may necessitate a 
reduction in the value of C18. 

The tuned circuit, L! C18. in the anode network of the 
oscillator serves to reduce the harmonics generated by the 
system, and thus minimises the problem of spurious 
responses which might otherwise become significant. The 
anode voltage of the triode section is maintained at a 
relatively low level. This ensures stable operation, and the 
production of the correct injection voltage for efficient 
conversion. Some conversion gain is provided by the 
arrangement, and it is found possible to apply a.g.c. 
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Fig. 3. How the "front end" connects into the receiver circuits 

The output from the second frequency changer now at 
a nominal frequency of 85 kc/s, is passed to the following 
i.l. niter. This filter, which is also shown in Fig. 4, consists 
simply of two high quality i.f. transformers, connected 
back-to-back and coupled by the very small capacitance 
given by C16. There are thus four tuned circuits coupling 
the second frequency changer to the following stages 
considerably increasing the selectivity of the receiver as a 
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Rear view of the receiver. The crystal calibrator trimmer appears in the upper centre 

757 
www.americanradiohistory.com



©. . dot 

OC7I 
Lead-outs 

R8< 

o C 
A 

fig.3 

Stab 
RI6 HT+ 

VvW 
lO "Ml 

T Mam 
HT+ 

R9 

C|6 IFT FT fig.5 IFT, 

SCI8 
I i 

r12 
CI7 
K v2 6 

ECH8I [=□ x| 6BA6 

M2 
X X X X 

C8 
C9 C|5 A.G.C 

line rii 

I r Rio^ SO, CI3 

I I 
Chassis 

TR, 
OC7I fig .7 5-meter 

Fig. 4. The first i.f. amplifier, second frequency changer and i.f. filter. Also shown is part of the S-Metre circuit 

The second i.f. amplifier follows immediately after the 
i.f. filter, and the circuit of this stage is shown in Fig. 5. 
This, of course, works at a frequency of 85 kc/s, and it uses 
an EF183 in a high gain configuration. Through 
smoothing of all power supply circuits and careful r.f. 
decoupling ensures that no trace of instability can be 
detected in the prototype. The detector circuits, of which 
there are two catering for a.m. and s.s.b. (Single Sideband) 
signals, are fed from this stage. 
DETECTION 

Simpler receivers normally cater for the reception ot 
a.m. signals only. Often a beat frequency oscillator (b.f.o.), 
sometimes called a carrier insertion oscillator (c.i.o.), is 
included to enable reception of carrier wave (c.w.) and 
s.s.b. signals to be accomplished. In most cases, however, 
the output from the oscillator is very loosely coupled to the 
a.m. detector, resulting in the fact that the arrangement is 
suitable for c.w. reception, but quite unsatisfactory from 
the point of view of s.s.b. signals. Difficulty in receiving 
s.s.b. transmissions is almost always due to the inability 
of the b.f.o. to supply a sufficiently high injection voltage 
where it is needed at the a.m. detector. 

This difficulty is overcome in the present receiver by 
employing separate detectors for a.m. and s.s.b./c.w. 
signals, as shown in Fig. 5. The narrow bandwidth 
presented by the receiver circuits means also that narrow 
band frequency modulated (n.b.f.m.) signals may be 
received using the a.m. detector and the process of "slope 
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detection." For a.m. signals a fairly conventional form of 
detector consisting of two germanium diodes, D, and D2, 
connected in a voltage doubler arrangement is used. A 
product detector, V4, with associated carrier insertion 
oscillator (whose output is injected at point "G") is 
provided for the reception of other forms of signal. Two 
detectors are necessary since a product detector is not 
suitable for a.m. reception. The type of detector required 
is selected by suitable switching circuits actuated by 

(a) (b) (c). An additional stage of audio amplification, 
given by V5, is found to be necessary following the 
product detector, since the output from this detector is 
somewhat lower than from its a.m. counterpart. This is 
due to the fact that, in order to prevent distortion being 
generated by the product detector, the input signal to it 
must be rather limited. No cathode bypass capacitor is 
provided for V5, as this valve offers sufficient gain without. 
The carrier insertion oscillator, V6 in Fig. 6, uses a coil 
assembly which, besides the coil itself, also contains the 
frequency determining capacitors and valve grid resistor. 
Negative temperature compensation is incorporated with- 
in the unit, which is all contained in a standard can. Details 
of the unit are given in the Components List. 
CRYSTAL CALIBRATOR 

Also shown in Fig. 6 is the transistorised crystal 
calibrator circuit, which produces marker pips at 100 kc/s 
intervals up to more than 30 Mc/s. This particular circuit 
is of course quite optional, but it will be found to be of 
much assistance in calibrating the receiver, particularly if 
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Fig. 6. The circuits of the crystal calibrator and carrier insertion oscillator 

the general coverage "front end" unit is to be used. Two 
microalloy transistors are employed, the first as an 
oscillator and the second as a harmonic amplifier. The 
july 1968 

unit is powered from the main receiver heater supply line 
as shown. The output couples to socket SKT2, which is 
mounted on the front panel. Variable capacitor C30 is 
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employed to bring the crystal on exact frequency, a suitable 
method of doing this consisting of beating the calibrator 
output with the Radio 2 programme on 1,500 metres, 
employing a long wave receiver in the usual manner for 
an operation of this nature. 

NEXT MONTH 
In next month's concluding article, the remainder of 

the receiver circuits will be described. Since reference will 
be made to some of the diagrams accompanying the 
present article, this month's issue should be retained. 

{To be concluded) 

Resistors 
(All fixed values | watt 10 % unless otherwise stated) 

Ri 
R2 

R3 
R4 
Rs 
Rfi 

R7 
Rs 
r9 

Rio 
Ru 
Rl2 
Ris 
Rl4 
Rl5 
Rl6 
Rj? 
Ris 
RlS 
R20 
R2I 
R22 
R23 
R24 
R25 
R26 
R27 
R28 
R29 
R30 
R31 
R32 
R33 
R34 
R35 
R36 
R37 
R38 
R39 
R40 
R41 

COMPONENTS 

2200 
470kO 
lOOkO 
25k£2 2 watts 
lOkfl potentiometer, linear, 1 watt 
25k£2 preset potentiometer, panel 
mounting, linear, 2 watts 
Series resistor to suit NEj (for 220 volts) 
47kfi 
3.3kO 
120Q 
100m 
47m 
270Q 
47m 
22m 
220m 
3.3m 
100m 
39m 
im 
470m 
i2on 
25m potentiometer, linear, 1 watt 
470m 
470m 
820f2 
100m 
3.3m 
33m 
47m 
10m 
33m 
220m 
2.2Mn 
1M£2 
12m 
47kn 
2.2m 
AID. 
47m 
22m 

Capacitors 
(All fixed values 500V wkg. unless otherwise stated) 

Ci 

C3 
C4 
C5 
C6 
C7 
C8 
c9 

C10 

4-12.5pF, variable, Eddystone type 580. 
Cat. No. E.580 (Home Radio) 
O.OlpF ceramic 
0.0 IpF ceramic 
O.OlpF ceramic 
O.OlpF ceramic 
O.lpF polyester, 250V wkg. 
O.OlpF ceramic 
O.OlpF ceramic 
O.lpF polyester, 250V wkg. 
O.OlpF ceramic 

Cn O.OlpF ceramic 
Qj 20pF silver-mica 
C13 O.OlpF ceramic 
C14 O.OlpF ceramic 
Cjg O.OlpF ceramic 
C16 '■ 5pF silver-mica 
C17 l,000pF silver-mica 
C18 150pF silver-mica 
C19 O.lpF polyester, 250V wkg. 
C20 O.OlpF ceramic 
C21 O.OlpF ceramic 
C22 0.047pF polyester, 250V wkg. 
C23 lOOpF silver-mica 
C24 500pF silver-mica 
C25 16pF electrolytic, 350V wkg. 
C2g l,800pF silver-mica 
C27 O.OlpF ceramic 
C28 l,800pF silver-mica 
C29 O.OlpF ceramic 
C30 50pF trimmer, "postage stamp" type 
C31 l,800pF silver-mica 
C32 120pF silver-mica 
C33 5pF silverimica 
C34 250pF miniature electrolytic, 15V wkg. 
C35 50pF, variable, Eddystone type 589. Cat. 

No. E.589 (Home Radio) 
€36 lOOpF silver-mica 

Inductors 
Ll 

IFTj 

IFTj 

IFT3 

IFT4 

Valves 
Vi 
V2 
V3 
V4 
V5 
vfi 

Iron cored inductor type SHQ-M/PC 
(Electroniques) (See text) 
(Assembly). Oscillator coil unit type 
HS085 (Electroniques) 
1.62 Mc/s i.f. transformer, type 
S2/DIF-1-16 (Electroniques) 
85 kc/s i.f. transformer, type 
S2/DIF-1-85 (Electroniques) 
85 kc/s i.f. transformer, type 
S2/DIF-1-85 (Electroniques) 
85 kc/s i.f. transformer, type 
S2/DIF-1-85D (Electroniques) 

6BA6 
ECH81 
EF183 
ECC82 
6AT6 
EF91 

Semiconductors 
TR, OC71 
TR2 
TR3 
Di 
D, 
D2 

D3 

MAT121 
MAT 100 
OA81 
OA81 
OA81 
OA81 
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Crystals 
1.535 kc/s. 20pF load, ambient temp 
operation (see text) 

Xj 100 kc/s. standard crystal 

Meter 
M, "S" meter. 0-1 mA moving coil 

Switches 
S, 3-pole 2-way (break-before-make type 

essential) 
S2 s.p.s.t. toggle 
Sg d.p.s.t. toggle 

Relay 
RL! Lightweight relay, 911Q. coil. Cat. No. 

Z70C. (Home Radio) 
Sockets 

SKT. Coaxial socket 
SKT2- 
SKT6 Terminals with top socket. Belling-Lee 

type L.759 or similar 
Dial Drive, etc. 

Slow-motion Drive Assembly. Cat. No 898 
(Eddys tone) 
6 (af0r ^ R»' C" C35. S, and "Front end band switch) 

Lamp 
NEj Miniature neon lamp assembly. (If series 

resistor is incorporated, R7 may be 
omitted) 

Front End Unit 
Use either;— 
Electroniques type GC166 (general coverage) to 
give coverage of;— 

550 kc/s — 1.5Mc/s 
1.7 Mc/s —4.1 Mc/s 
4.0 Mc/s — 8.0 Mc/s 
7.5 Mc/s - 15 Mc/s 

14 Mc/s- 22 Mc/s 
20 Mc/s — 30 Mc/s 

Or:— 
Electroniques type QPI66 (amateur bands onlv) 
to give coverage of: - 

1.8 Mc/s — 2.0 Mc/s 
3.5 Mc/s —4.0 Mc/s 

7 Mc/s — 7.3 Mc/s 
14 Mc/s — 14.4 Mc/s 
21 Mc/s—21.5 Mc/s 
28 Mc/s — 30 Mc/s 

Both of these units are interchangeable and can be 
employed with the Eddystone type 898 drive 
assembly. 

******** 

Queen's Award for EMI 

Colour Camera 

4-tube iS dUe t0 UniqUe deSign featUres resultin9 ln the most compact 
tubes the direct^manmnTnu. ? I broadcast purposes. These include the "capstan" arrangement of the 
ctnh r/ Xi T 9 9 0ptlCal system and the mtegral zoom lens package. The camera's ooerational 
largest orderrftK colour oamer t09etfer ^ ^ qUality 0f the signals ^iginated, have led to the idigest oraers tor colour cameras so far placed in this country. 

EMI have now sold well over 100 of thp Twno onm 
fifteen months ago. The BBC alone have bought over fifty Tvoe TooiTam"06 h '"boduction just over 
company, London Weekend, have recently ordered 22 rhannii! J cameras and the new independent 
programmes. The 2001 was also used extensive!v dnrinn m ^ Start of commercial colour 
Winter Olympics. The pictures it produced snrrX nf h h world-wide television coverage of the recent 
States attracted <""«> "V aa.el.ite in the United 
july 1968 
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SELECTIVE 

AND 

SENSITIVE 

CRYSTAL SET 

by P. A. DEWHURST 

One of the more intriguing factors influencing 
the design of "crystal" sets (i.e. receivers 
employing a germanium diode and no 
amplification) is that they offer a signal at no 
cost in battery consumption. In this article 
our contributor describes experiments which 
result in a medium wave crystal receiver 
circuit having a performance considerably 
superior to that normally offered by receivers 

of this type 

There is always a fascination in trying to get 
something for nothing, and this is doubtless why 
crystal sets always seem to arouse interest when- 

ever they are mentioned. The present writer decided to 
see what could be done to improve the performance of 
the usual types of crystal set, having found that in his 
present locality (about 5 miles south of Oxford) such a 
receiver is of very little use. 

First Experiments 
The first thing to do was to determine what sort of 

results the ordinary circuit would give, and to take 
some reasonably precise measurements against which 
any later improvements could be judged. 

The circuit employed for the initial tests is shown in 
Fig. 1. The earth connection was taken from the earth 
pin of a 3-way mains socket, as the writer lives in an 
upstairs flat. Coil Li, in Fig. 1, consisted of 70 turns of 
26 s.w.g. enamelled wire, close-wound on a l.Sin 
diameter former. 

4 15pF | 

see text 

Fig. 1. A standard circuit for a "crystal set" 
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The first aerial tried was 150ft long, from a 45ft 
tree in the garden to the window, at which point the 
wire was about 25ft above the ground; and the follow- 
ing results were obtained. The Radio 3 programme on 
464 metres gave a reading of 12|xA in the meter and was 
a fairly strong signal of good programme value, but 
the London Radio 4 service on 330 metres and Midland 
Radio 4 service on 276 metres tuned as one signal, 
giving a reading of about 2.5(xA. This signal was just 
loud enough for listening in a reasonably quiet room, 
and there was some interference from the Radio 3 
programme in the background. If Q was made any 
larger than 15pF there was too much interference from 
the Radio 3 programme when listening to the Radio 4 
service, although of course the meter reading increased. 
Making Q smaller, in an attempt to get rid of the 
interference completely, merely rendered the Radio 4 
signals too weak to be of any use. Tapping the aerial 
down the coil offered no improvement either. 

The next aerial tried was the television aerial (with 
the connection taken to both the outer and the inner 
conductors of the coaxial cable). The TV aerial consists 
of the usual H-type array for B.B.C. 1 and a multi- 
element beam for I.T.V. on the apex of the roof, with 
about 40ft of coaxial cable running down the roof and 
into the window. The following results were obtained. 
When the circuit was tuned to the Radio 3 programme 
a meter reading of 10[xA was given with, again, quite a 
strong signal of good programme value, but the two 
Radio 4 services tuned together as before, giving a 
reading of approximately 1 .Su-A with some interference 
from the Radio 3 programme. For this test Cj was 
15pF, as in the previous case. Although the meter 
readings were slightly less than those given with the 
long horizontal aerial, no difference in signal strength 
could be detected by ear. 

It was decided next to try a 20ft length of wire 
stretched out along the wall of the room just below the 
ceiling. Q was omitted for this test, the aerial being 
connected direct to the upper end of Li, and the follow- 
ing results were obtained. The Radio 3 programme gave 
a reading of 8(j.A—quite a good signal and quite 
satisfactory for normal listening—but the two Radio 
4 services again tuned as one signal with the Radio 3 
programme almost as loud, and did not deflect the 
meter needle. The Radio 4 signal was not loud enough 
for prolonged listening. 

Three conclusions were drawn from these experi- 
ments. First, a long horizontal outdoor aerial does not 
give results that are very much better than a fairly 
short vertical aerial (the television aerial downlead), 
and so is hardly worth putting up in many cases. This 
is reasonable when it is considered that the B.B.C. 
uses vertical aerials for their medium wave transmitters. 
Second, a single tuned circuit does not enable one to 
make the most of the available signal and does not offer 
enough selectivity. Third, signals offering anything 
over 2[iA or thereabouts in the meter give an acceptable 
istening level. 

Final Circuit 
After much experimenting with various circuits, 

that shown in Fig. 2 was found to be the most successful 
In this circuit, coil Li consists of 80 turns close-wound 
of 26 s.w.g. enamelled wire on a 3in diameter former, 
with taps at 20, 40 and 60 turns. Thus, one may have 
in circuit either 20, 40, 60 or 80 turns, depending on the 
length and capacitance to earth of the aerial in use. 
This coil should take care of most aerial lengths. Fine 
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tuning of the aerial circuit is performed with VCi 
which consists of a 500+500pF 2-gang capacitor with 
both sections in parallel. The desired tapping on Lj is 
that which gives the required signal with VC, fairly 
well meshed. 

Coil L2 consists of 70 turns of 26 s.w.g. enamelled 
wire close-wound on a I.Sin diameter former. It is 
important to note that the axes of L| and L2 must be at 

nngles to each other, as the only coupling between 
the two coils should be that provided via Q. 

The following results were obtained with this circuit 
(No results are given for the long horizontal aerial as 
by this time it has been taken down.) Using the tele- 
vision aerial, again with the earthing point taken from 
the 3-way mains socket, the Radio 3 programme on 
464 metres gave a meter reading of 11 0(j.A, and provided 
a very strong signal which could be heard 10 to 15ft 
away from the headphones. The two Radio 4 services 
could now be separated and the one on 330 metres gave 
a reading of 20nA together with a strong signal amply 
loud for most listening conditions, while the 276 metre 
transmission gave a reading of 7.5[xA with a reasonably 
good signal, also quite joud enough. Both Radio 4 
signals were completely free of interference. The Radio 
1 programme on 247 metres was now obtainable (at 
the time of carrying out the tests, this was rather a 
weak signal in the writer's locality) but gave no observ- 
able meter reading. This signal was just strong enough 
tor listening in a quiet room. The 40 turn tap of L) 
was employed for all signals with the television aerial. 

The 20ft indoor aerial was then tried and gave the 
following results. The Radio 3 programme required 
80 turns, the whole of Li, and gave a reading of 12u.A 
together with a good signal. Both the Radio 4 services 
required 60 turns in Li and the 330 metre transmission 
gave about 2.5(rA and a reasonable signal, while the 276 
metre transmission gave about 2nA and an audible 
signal suitable for a reasonably quiet background (e.g. 
listening in bed, etc.). The 247 metre transmission was 
not audible, as was expected. 

This circuit has also been tried in the North of 
England, in a locality where the Radio 3 programme on 
464 metres and the North Radio 4 service on 434 metres 
are inseparable on the normal crystal set unless the 
aerial is tapped down the coil until the signals are 
extremely weak. The new circuit gave strong signals on 
each programme using a 50ft outdoor aerial (Radio 3 
programme, 145:j.A; Radio 4 service, 75iJ.A) and it was 
easy to separate the signals completely 
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L|,L2,VC| - see text 
Fig. 2. This is the circuit which was finally developed, 
and it gave results considerably better than are provided 

by a normal crystal receiver 
It must be admitted that the circuit of Fig. 2 is a 

little more tricky to tune up than an ordinary crystal 
set, but it is thought that the results more than justify 
the extra complication. One soon gets used to tuning 
two circuits at the same time and to the fact that they 
interact slightly (that is, the tuning of VCi slightly 
affects the tuning of VC2 and vice versa). This effect 
could be reduced by lowering the capacitance of Cj, 
butNat the cost of a reduction in signal strength. Besides,' 
the effect is not troublesome. 

No details are given for the long wave band, as this 
has not been tried, but doubtless similarly spectacular 
improvements in headphone strength could be made by 
applying the same principles. 

Best results will be obtained using high impedance 
headphones, but low resistance ones will work reason- 
ably well. It is important that the crystal diode be a 
first grade component. Types such as the OA70, 
OA81, etc., will all work well. 

For those who intend to operate the circuit of Fig. 2 
not too far from the ground, better results may be 
obtained by making a proper low resistance earth 
connection. 

In most cases it should be found that several Conti- 
nental stations are receivable after dark, particularly 
Radio Luxembourg and some of the German trans- 
mitters. 

It is not necessary, of course, to use the micro- 
ammeter, but it is useful for making precise measure- 
ments and comparisons. q 

KNIGHT-KIT KG275A 

EXPOSURE METER 

The Knight KG—275A Exposure Meter, one of the 
'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 elect- 
ronic apparatus. The KG—275A is an ultra sensitive 
device featuring cine and E.V. scales and capable of 
responding to 0.014 foot/candles of incident or 
reflected light. 

JULY 1968 
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Developing 

the "Miniflex" Circuit 

by 

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

This article describes a development of the author's successful 
"Miniflex" circuit which, by taking advantage of silicon 
transistors, offers a reduction in components and a very useful 
battery economy feature. This medium wave 3-transistor 
receiver is intended for use with its own built-in loudspeaker, 
and its high performance is largely due to the ingenious reflexing 
of the first two stages. If desired, additional components may 
be added to provide reception at 1,500 metres on the long wave 

band 

IN A RECENT ARTICLE1 THE AUTHOR DESCRIBED A SMALL 
personal receiver which used a new reflex circuit. Six 
stages were provided with very few components, and 

loud speaker operation was made possible with an external 
unit. Fig. 1 shows the circuit with the speaker in use. 

For readers who do not have the earlier article to hand, 
the circuit can be briefly described as follows. TR! is a 
common collector high frequency amplifier, followed by 
TR2 as a high frequency common emitter amplifier. The 
signal is demodulated by D, which is a high resistance 
detector—normal silicon or germanium diodes will not 
work in this circuit—and is then 
passed back to TRj and TR2 acting 
as a super alpha pair at audio 
frequencies. A step up transformer is 
used to match the low impedance 
output of TR2 to the input impedance 
of TR3, which is a common emitter 
output stage. VRj acts as combined 
radio and audio frequency volume 
control and reaction control. Q gives 
a capacitive tap into the tuned circuit 
for reaction purposes. 
DESIGN DEVELOPMENT 

Since the previous article was 
written, experiments have been 
undertaken with a view to developing 
the design to give best results in a 
version using a built-in speaker. 
Fig. 2 shows the circuit finally 
adopted. An important advantage 

of the revised design is that it provides a form of economic 
operation which enables good volume and quality to be 
obtained from local stations together with reduced 
battery current on weaker stations, or on local stations 
turned down to a low volume level. This will be described 
later. 

A slight snag with the original design was a tendancy for 
the receiver to "spill over" for a minute or two after first 
switching on when tuned to a weak station demanding a 
critical reaction setting. The disadvantage is of minor 
importance when ear-phones are used as the receiver is 

—3V 

l2 

T"2 
AFII7 

TR3 
ACY2I 

TR, 
AFII7 

VC| 

VR 
C2 C3 

I I 
C4 
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Fig. 1. The original ''Miniflex" circuit, connected for loudspeaker operation 

Sir Douglas Hall, "The 'Miniflex' Dual 
Purpose Personal Receiver", The Radio 
Constructor, June 1968. 
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then of necessity close to the operator; 
but it is a nuisance when using a 
speaker. However, with the very low 
leakage current exhibited by silicon 
transistors, and by using a wirewound 
volume control with its greater 
stability, this effect has disappaered 
in the new version. 

A further advantage for a 
loudspeaker design accrues from 
using silicon transistors for TRj and 
TRj. The comparatively large voltage 
needed between base and emitter of a 
silicon transistor means that at the 
end of the line there is more voltage 
available between emitter and 
collector of the outpur transistor, 
and its emitter resistor can be reduced 
in value. This results in greater output 
for the same current, or greater 
economy for the same output. In 
fact, it was found that it was not 
possible to use a silicon transistor in 
the output stage without increasing 
the battery above the specified 3 
volts, since there was insufficient 
voltage between base and emitter of 
the output transistor to allow a 
silicon device to pass enough current 
for satisfactory output, even with the 
emitter resistor short circuited. A 
germanium transistor is therefore 
used for TR3, and the emitter resistor 
is reduced from the 39f2 of the 
previous design to 15fi. 

In Fig. 1, a resistor of 47()f2 is used 
to provide suitable base bias for 
TRj. With silicon transistors for 
TRi and TR2, a resistance of 150fi 
is required. By selecting a suitable 
transformer this resistance is 
provided by a proportion of a 
winding directly between the emitter 
of TR3 and the negative supply line. 
The Ardente D3026 transformer used 
is intended as a step down device for a 
Class B output stage giving a ratio of 
1.6:1. Connected as shown in Fig. 2 
it provides a step up of voltage in the 
ratio of 1:5.2, and the components 
Rj and C4 of Fig. 1 are no longer 
required. C3 in Fig. 1 is also dispensed 
with since with the small emitter 
resistor of 15fll, the negative feedback 
which results can be tolerated and, 
indeed, helps to give good quality. 

A final basic modification is in the output transformer 
chosen. With TR3 passing rather less current, and having 
rather greater voltage across it, a somewhat higher ratio 
is required than in the Fig. 1 design. The Colne Electric 
transformer now specified has a ratio of 6.4:1 and is 
capable of passing the necessary current without 
saturation. A very small transformer (or one with a higher 
primary resistance than 2D.) should be substituted. 
INHERENT ECONOMY 

Perhaps the most interesting of the advantages in the 

TR|,TR2 
lead-outs 

TR3 
lead-outs +3V 

green blue 
blac 
red 

white brown 
yellow TR TR2 

ST 141 
green 

white STI4I 
C3 TR 

VC. AC 127 blue 
red 

C2 

I 

vR 

The developed version, also for loudspeaker operation, employing silicon 
transistors in the first two stages 

C2 
C3 

VC, 

Resistors 
R, ISQIOXjwatt 
VR, 5k£i potentiometer, 

wirewound 
VR2 5000 preset potentio- 

meter, skeleton type 
Capacitors 

C, O.OOSpF 
O.OlpF 
200|iF electrolytic, 3V 
wkg. 
300pF variable. "Dile- 
con", Cat. No. 2094 
(Jackson Bros.) 

(N.B. C2 may require adjustment 
if the long wave circuit is added.) 
Inductors 

L, Aerial coil on 6in x fin 
dia. ferrite rod (see text) 

L2 2.5mH r.f. choke 
(Repanco) 

T, Transformer, Ardente 
type D3026. Cat. No. 
TRC25A (Home Radio) 

T2 Transformer, Colne 
Electric type 04059 
(Henry's Radio) 

Semiconductors 
TR, ST141 (Sinclair) 

TR2 
TR3 
D. 

ST141 (Sinclair) 
AC 127 
Diode type M3 (Available 
as "half-wave meter 
rectifier" from Henry's 
Radio, under Cat. No, 
MR50 from Home Radio) 

on-off, toggle 

No. 800 (Ever 

Switch 
S, s.p.s.t. 

switch 
Battery 
3-volt battery. 
Ready) 
Loudspeaker 
Elliptical, Sin x Sin, 30 
Miscellaneous 
Tagboard 
Knobs 
Plywood (see text) 
Wire, etc. 
Additional components for reception 
on 1,500 metres. 

VC2 500pF trimmer 
S2 2-pole 2-way switch, mini- 

ature slide 
L3 Long wave aerial coil on 

8 x fin dia ferrite rod 
(see text) 

new circuit is the inherent economy feature already 
mentioned. It was pointed out in the earlier article that the 
supply current passed became less as the volume was 
turned down. This still applies, in the present design, 
except in so far as TR, is concerned when the 
potentiometer VR2 is fitted Current through this transistor 
will then tend to rise with a reduction in the setting of 
VR,, but the relatively large current which flows through 
TR3 will, of course, predominate. 

Let us suppose that a strong carrier is tuned in. A 
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q 

yellow 
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dia TR, TRo TR3 

while green 

Anchoring point only 

Fig. 3. The layout employed for the prototype. When assembled, the left-hand panel is secured to the edge of the right-hand panel 

voltage will be developed by D! which will increase the 
current passed through TR i This, in turn, will increase 
the current passed through TRj and, particularly, TRV 
Although this effect occurred to some extent with the 
design of Fig. 1, it is now much more marked because of 
the lowering of the value of the output emitter resistor. 
The result of all this is that, when listening to a powerful 
local station, TRj passes a large current and is capable of 
giving good output. When volume is reduced, either by 
selecting a weaker station, or by turning down the volume 
control, current is reduced, together with power handling 
capability. Measurement showed that when listening to 
the local station, with volume set high, a little over 30mA 
passed through TRj, maximum undistorted output being 
about 38mW. Tuning to a weaker station, without moving 
the volume control, reduced the current passing through 
TR, to 15mA and power output available to about 20mW. 
Tuning in the local station again, and reducing volume to 
"bedside level" cut the current passed by TR3 down to 
8mA only, though quality at this reduced volume level 
remained satisfactory. 

Although this effect offers a rather similar result to that 
obtained with Class B output stages, in that the current 
passed increases with volume, there is little really in 
common, as with Class B amplification the current 
passed is determined by the amplitude of the demodulated 
signal and is independent of the strength of the carrier. 
The current changes constantly throughout the 
programme; whereas with this design the current passed 
depends on the setting of the volume control and the 
amplitude of the r.f. signal picked up by the ferrite aerial, 
and it is steady for any fixed setting of the volume control 
or amplitude of incoming r.f. signal. There is no question 
that greater efficiency in the way of power delivered for 
current passed is given by the Class B method; but the 
author considers that for a given power output, better 
quality results from'the system used in this circuit since 
there is no constantly fluctuating current with a consequent 
fluctuation of voltage as soon as the battery begins to age, 
and there is not the distortion which so often results from 
bias arrangements within the Class B network being 
imperfect. It might also be mentioned that 38mW with an 
Sin by Sin speaker probably gives greater acoustic output 
—which is what we are really interested in—than 200mW 

from a miniature speaker. Certainly it will sound vastly 
better. , „ . 

The use of a No. 800 cycle lamp battery is a further 
economy as it has an excellent power to price ratio. A 
reasonably good indication of the relative capacities of 
different sized batteries, provided they are made of the 
same basic materials and that the current to be drawn 
from them is consistent with the size of their cells, is given 
by their weight. It is interesting to note that the 
approximate price per ounce for a No. 800 battery is 2jd, 
as against 3d for a No. 126 (which uses identical cells), 3d 
for a PP9,4d for a No. 1289, 5-jd for a PP7 and no less than 
Is 8d for a PP3!2 

REGENERATION 
In describing the "Miniflex" personal receiver it was 

stated that it was important to arrange that there was no 
coupling between the aerial coil and the r.f. choke Later 
experience has shown that while oscillation can readily be 
obtained over the lower wavelength part of the scale even 
if a small amount of out-of-phase coupling is present yet, 
for full regeneration to be available at wavelengths above 
about 400 metres, a minute amount of in-phase coupling is 
desirable. In the personal receiver the components were 
cramped, and the correct orientation of the choke, which 
was fairly critical, was thought to give nil coupling. It now 
appears that if the two coils are separated by more than 
about 3Ln, or if L2 is completely screened, it is impossible 
to obtain best results above 400 metres. It is recommended 
that the choke should be about 2^ to 3ins from the aerial 
rod whereupon orientation will be found easy to adjust for 
consistent results throughout the tuning range. 

When the circuit of Fig. 2 is first built up, VR2 should be 
omitted, the lead from the slider of VR, being taken 
direct to the base of TR2. L, which covers medium waves, 
should have 60 turns of 32 s.w.g. enamelled wire, 
close-wound on a paper sleeve fitted over a 6in by gin 
diameter ferrite rod. To start with, L2 should have its 
windings at right angles to those of L,, but when the 
receiver is ready for testing, L2 should be twisted one way 
and the other until oscillation is obtainable throughout 
the range, with VR, fairly near its maximum position. It 
will be found that correct orientation has a much greater 
effect towards the long wavelength end of the band, and it 
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should be possible to find an angle which allows for a 
reasonably consistent oscillation point at any setting of 
the tuning control. 

Provided that the setting for oscillation is consistent— 
i.e. VR, requires little movement from one position near 
its maximum, whatever the setting of VQ may be—the 
inclusion of yR2 should be tried. This should result in a 
much larger proportion of the movement of VRj being 
useful, and should give a very gradual approach to the 
oscillation point, thereby making the reception of distant 
stations easier. The most likely optimum position of the 
slider of VR2 is close to the end of the track which connects 
to the slider of VRj, but any position can be tried for best 
results. It is possible, however, that with some transistors, 
or with an unsuitable layout, the oscillation point will not 
be sufficiently consistent, before VR2 is fitted, for that 
component to be useful. In these circumstances the 
inclusion of VR2 will tend to increase the variation of the 
setting of VRi which is required for oscillation at different 
settings of VQ. In this event, VR2 can be omitted 
altogether. It is a refinement, and not an essential part of 
the circuit. 
COMPONENT DETAILS 

It will be seen that the electrolytic capacitor C3 does not 
bypass R, directly, but through the secondary of T2. This 
gives a measure of positive feedback of the a.f. signal and 
results in a small but useful increase in volume. Owing to 
the damping effect of R, it is unlikely that any noticeable 
distortion will be introduced, but if distortion should 
appear (due to a transistor in the TR3 position offering an 
unusually high amplification) this can be cleared by 
inserting a 25f2 or 50Q preset variable resistor between the 
emitter of TR3 and C3. The variable resistor should be 
adjusted for best results. 

Before turning to constructional matters, two important 
points concerning components have now to be dealt with. 
The first of these is that it is essential that the specified 
D3026 transformer be used for C, as the d.c. resistance of 
its secondary plays a vital part in the circuit. The author 
knows of no other transformer having exactly the 
characteristics required here. The reader should not, in 
consequence, accept any so-called "substitute" for the 
D3026 the transformer specified must be used. 

Secondly, the reader must not use 
any transistor in the TRl and TR2 
positions other than the Sinclair 
ST141. The writer has checked 
"comparable" silicon transistors in 
the circuit but these have not 
functioned satisfactorilly. The 
Sinclair ST141 must be used for 
TR, and TR2. 
SUGGESTED LAYOUT 

This particle is primarily intended 
for readers who like to arrange their 
own layout, having been given 
the essential information on the 
design. Nevertheless, to give a guide, 

2 Incidentally, readers who have made the 
Spontaflex S.A.4 receiver (see "The 'Spontaflex' 
S.A.4 Transistor Portable" in The Radio 
Constructor for May 1968) and use it a good 
deal may have found that the PP7 battery 
specified does not last very long. If the speaker 
is turned through 180 and Ti has its primary 
leads extended by a few inches and is fitted 
in the position previously occupied by the 
battery, a PP9 battery can be fitted in the space 
vacated by T i Running costs will be consider- 
ably reduced by this modification. 
JULY 1968 

Fig. 3 shows the layout used for the prototype. 
Components are first mounted on the Sin by 3iin baseplate, 
these including the 10-way groupboard and the 
components fitted to its tag. Sufficient lead length was left 
available with L2 to allow the orientation of this 
components fitted to its tags. Sufficient lead length was left 
available with L2 to allow the orientation of this 
5jin by 3j.in front panel. The shaded section to the right 
of the front panel is secured to the left hand edge of the 
baseplate by woodscrews (plus suitable small brackets, as 
desired) whereupon the panel surface is at right angles to 
that of the baseplate. The panel components are then fitted 
and wired as shown. The ferrite aerial rod projects 
directly backwards from the front panel, its forward end 
being secured with adhesive in the fin hole adjacent to 
VQ. It may be found helpful to reverse the connections 
to Lj when setting up for best regeneration, and the coil 
can, of course, be moved along the ferrite rod to obtain 
the desired coverage. 

The Sin by Sin elliptical loudspeaker is mounted along 
the upper Sin length (Fig. 3) of the baseplate by means of 
small brackets fitted, approximately, at the two points A. 
The battery stands on top of output transformer T2. 

As may be seen, the whole assembly can be fitted in a 
cabinet in which one long side has an aperture for the 
loudspeaker and one end has a panel at which the controls 
appear. But, as was just stated, this article is primarily 
intended for readers who like to make up their own 
layout. That shown in Fig. 3 represents a suggested 
approach, and any alternative layout giving reasonable 
and sensible component positioning could be used 
instead. 
ADDING LONG WAVES 

Although initially intended for medium wave reception 
the design, as described in this article so far, may be easily 
adapted for long wave reception on 1,500 metres as well, 
should this be desired by the constructor. The additional 
components required are a 500pF trimmer (VC2), a 
wave-change switch (S2), and a second ferrite aerial (Lj). 
The associated diagrams appear in Figs. 4 and 5, the 
latter being based on the layout of Fig. 3. Constructors 
will probably find it helpful to build the medium wave 
version first and get this into full operating condition 

L.W 
M.W 

L.W. 
1^" 

M.W 

VCs r 

TR vc. 

Fig. 4. The additional circuitry needed for reception on 1,500 metres. When the 
long wave band is selected, VC2 is effectively connected across L2 
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L3 ferrite 
rod 

Live lead 

vc. 

o VR 

VC2 
© 

Negative 
side of D 

L| ferrite rod 

Fig. 5. Reception on 1,500 metres necessitates adding L3, VC2 and S2 to the panel 
in the positions illustrated here. Also shown is the extra wiring required 

before adding the long wave circuitry. Adding the long 
wave components may necessitate a change in value in C,. 

For long wave reception a second ferrite rod. Sin long 
by fin diameter, is fixed with adhesive at a suitable hole 
in the panel in the approximate position shown in Fig. 5. 
It should lie between the speaker and the battery when the 
panel is screwed to the base board. The coil, L3, consists of 
250 turns of 32 s.w.g. enamelled wire close-wound on a 
paper sleeve, with its turns in the same direction as those 
of L!. The lead-out wire indicated "live lead" in Fig. 5 
then corresponds with the lead of Ll which connects to 
the base of TR^. The lead of 1^ which connects to the 
moving vanes of VQ in Fig. 3 is now disconnected from 
this point and connected instead to S2, as in Fig. 5. This 
diagram also indicates the point on the panel at which S2 is 
fitted. The added trimmer, VC2, is secured to the panel in 
the position shown, and its function is to tune the r.f. 
choke Lj to approximately 1,500 metres when Sj is set to 
the long wave position. In practice, VC2 will tune L2 to a 
slightly lower frequency, as the load for TR2 collector 
needs to be capacitive to allow reaction to function 
properly and for stability to be maintained. In order to set 
up for 1,500 metres, YC2 should first be screwed up tight 
and the Radio 2 programme on 1,500 metres tuned in by 
VQ. VC2 is then slackened off, any small adjustments to 
the setting of VC! being made as required, until stability 
is just maintained with VR! at maximum. 

There is an additional lead from S2 to the negative end of 
D,, and this must be kept away from any components or 

" wires connected to the base of TR,. Even so, there will 
remain some slight coupling due to stray capacitances 
within S2 and in the wiring, and it may be found that 
reaction is no longer smooth at the low wavelength end of 
the medium waveband. In this case matters can be 
corrected by reducing C2 to 8,200pF or even 6,800pF. 
However, the capacitance of C2 should not be made too 
low or there will be a loss of sensitivity and difficulty in 
obtaining oscillation at the long wavelength end of the 
medium waveband. Slight readjustment of the orientation 
of L2 may also prove necessary here. 

If hand capacitance effects become evident with the 
long wave components fitted, a layer of metal foil can be 
placed between the panel and the material used for the 
wavelength scale, etc., a lead from this foil being taken to 
the negative supply line. Care must be taken to see that 
the foil does not touch the spindle or locking nut of VC,. 

Turning to general points concerning the receiver, the 
writer would finally like to state that the design will be 
found to give really good quality and ample volume from 
local stations. Also, it will receive very many others, 
though the weaker ones will be at reduced volume. The 
receiver is very economical to use. The author is still 
trying to resist the temptation to use the name "Siliflex" 
for this silicon version of the "Miniflex." 

□ 

BBC ORDERS AERIAL TOWER FOR LARNE 

The BBC has placed an order with Cornubian Construction Company Limited, of Danbury, Essex, for the 
erection of a new 1 52-ft. aerial tower at the Larne television and VHF radio relay station. This new tower will 
carry the UHF aerial for BBC—2, which is expected to start from Larne in the autumn of this year. It will also carry 
new aerials for the existing BBC—1 and VHF radio services: Radio 2 (Light Programme), Radio 3 (Third 
Network) and Radio 4 (Home Service). 

All existing services will continue on their present frequencies; BBC-2 will be transmitted on Channel 45. 
For good reception of BBC-2 it is essential to have the correct type of aerial and to ensure that it is carefully 
positioned. For Larne, the aerial must have vertical rods and must be suitable for the BBC-2 channel, 45, and 
for the other three channels, 39, 42 and 49 which are assigned to this station for future UHF services. 
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IN LAST MONTH'S ISSUE WE EXAMINED THE MANNER IN 
which the tuning of superhet signal frequency and 
oscillator tuned circuits is carried out by means of a 

2-gang capacitor. We saw that in conventional superhets 
the oscillator frequency is higher than the signal frequency, 
whereupon the oscillator tuned coil is given a lower 
inductance than the signal frequency tuned coil, and the 
maximum oscillator tuning capacitance is made lower 
than the maximum signal frequency tuning capacitance. 
The normal method of providing the reduced maximum 
capacitance whilst using a 2-gang capacitor having the 
same capacitance in both sections is to insert a fixed series 
padding capacitor in the oscillator tuned circuit. 

We shall now carry on to other aspects of the signal 
frequency and oscillator tuned circuits. 

FERR1TE FRAME AERIALS 
Nearly all modern medium and long wave superhets 

itended for domestic use employ a ferrite frame aerial in 
place of an aerial coil assembly coupling to an aerial wire. 
The ferrite frame aerial consists of a winding on a rod or 
slab of high permeability ferrite material and its inductance 
is the same as the tuned winding of the aerial coil it 
replaces. When the ferrite frame aerial is used with a valve 
superhet, it appears in the basic circuit shown in Fig. 1 (a). 

circuit of a superhet is to adjust the iron dust core of the 
coil. In Fig. 1 (a) the ferrite frame aerial winding replaces 
the tuned winding of the signal frequency tuned circuit, 
and it will similarly require padding adjustments. These 
are made by physically sliding the coil along the ferrite rod. 
To facilitate this adjustment the coil is wound on a thin- 
walled sleeve or former which is a sliding fit on the ferrite 
rod or slab. See Fig. 1 (b). To increase inductance the coil 
is moved towards the centre of the rod or slab, and to 
decrease inductance it is moved away from the centre. 

Some commercially manufactured receivers adopt a 
different method of adjusting ferrite frame winding 
inductance, the technique used being illustrated in 
Fig. 1 (c). Here, the tuned winding is mounted in a fixed 
position on the rod whilst a "short-circuited turn" of wire 
capable of being slid along the rod is fitted between the 
coil and the nearer end of the rod. The short-circuited 
turn reduces the effective length of the ferrite rod, with the 
result that when it is moved towards the winding the 
inductance of the latter reduces whilst, when it is moved 
away from the winding, the inductance of the latter 
increases. The ferrite frame winding is designed to initially 
offer greater inductance than is required of the tuned 
circuit in which it appears when no short-circuited turn is 

Basic Superhet 

11 

by (V. Morley 

In this diagram the ferrite frame aerial winding is tuned by 
the signal frequency section of the 2-gang capacitor, and 
couples direct to a control grid in the mixer valve. Such a 
method of connection is satisfactory because the control 
grid of the valve offers a very high impedance to chassis 
and does not damp the tuned circuit given by the ferrite 
frame winding and its tuning capacitor. In a transistor 
receiver the same tuning arrangement is employed but, 
because the mixer transistor offers a low impedance to 
chassis, a separate coupling winding on the ferrite rod is 
used to feed this transistor. 

A ferrite frame aerial is capable of picking up medium 
and long wave signals to which it is tuned with a sensitivity 
adequate for all normal entertainment requirements, 
provided that it is not used in surroundings which give a 
high level of screening, such as inside a car. (In the latter 
instance, it is usual to provide the ferrite frame aerial with 
a separate coupling winding which can be connected to an 
aerial mounted externally on the car, or to provide some 
alternative form of circuit for coupling an external aerial 
into the receiver.). 

We saw last month that the normal method of carrying 
out the padding adjustment for the signal frequency tuned 
july 1968 

fitted to the rod. Fitting the short-circuited turn and 
moving it to the desired position then brings the tuned 
winding inductance down to the desired value. The 
short-circuited turn, incidentally, is normally a length of 
tinned copper wire with its two ends soldered together. It 
is placed in the groove of a grommet, as in Fig. 1 {d). 

Ferrite frame aerials for medium and long wave 
reception have separate medium and long wave coils fitted 
at either end of the ferrite rod. According to the type of 
wavechange switching employed, there is a possibility of 
some interdependence of positioning occurring between 
the two. For instance, the medium wave coil may be in 
series with the long wave coil when long waves is selected, 
whereupon movement of the medium wave coil along 
the rod can affect the overall inductance given on long 
waves. If, again, the long wave coil is short-circuited when 
medium waves is selected, its position along the rod can 
similarly have an effect on medium wave inductance. 
Normally, this interdependence is not very troublesome, 
but it should still be borne in mind when carrying out 
padding adjustments on a receiver with a ferrite frame 
aerial. It is worthwhile ensuring that a long wave padding 
adjustment has not upset a previous medium wave padding 
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Fig. 7 (a). The basic signal frequency tuned circuit 
when using a ferrite frame aerial. The ferrite rod is 

indicated by the dashed lines alongside the coil 
(b). The ferrite aerial is wound on a former or 
sleeve capable of being moved along the ferrite rod 

in order to adjust inductance 
(c). An alternative method of adjusting ferrite rod 

aerial coil inductance 
(d). How the short-circuited turn of (c) is made up 

ad justment and vice versa. If the receiver is a commercially 
manufactured model, the service manual will state the 
order in which padding adjustments should be carried out. 
THREE-GANG OPERATION 

We have considered superhet tracking when a 2-gang 
tuning capacitor is employed, noting that one section 
tunes the signal frequency tuned circuit whilst the other 
section tunes the oscillator tuned circuit. If the superhet 
has an r.f. amplifying stage before the mixer a 3-gang 
capacitor is required. The first section of this then tunes 
the tuned circuit coupling the aerial to the r.f. amplifier 
(or it tunes a ferrite frame aerial coupling to the r.f. 
amplifier), whilst the second section tunes the tuned 
770 

circuit between the r.f. amplifier and the mixer. Both the 
tuned circuits are kept at the same frequency, as in a 
straight receiver. The third section of the 3-gang capacitor 
then tunes the oscillator tuned circuit, in the same manner 
as with the oscillator section of the 2-gang capacitor (i.e. 
the tuned circuit has a lower inductance coil and a series 
padding capacitor). Thus, adding an r.f. stage requires 
that an extra ganged section be added to the tuning 
capacitor, this tuning the additional aerial coil at signal 
frequency. 
SECOND CHANNEL INTERFERENCE 

Whilst a superhet receiver, by virtue of its highly 
selective intermediate frequency amplifier, is capable of 
offering better selectivity than a straight receiver, it can 
suffer from several forms of interference which arise 
directly from the superhet method of operation and which 
do not occur in a straight receiver. 

The first of these forms of interference to be considered 
can be readily demonstrated by a numerical example. Let 
us assume that we have an a.m. medium wave superhet 
with an i.f. of 460kc/s and that we wish to receive a signal 
having a carrier frequency of 1,000kc/s. In consequence, 
we tune our receiver so that its oscillator frequency is 
1,460 kc/s, whereupon the incoming l,000kc/s carrier 
beats with the oscillator frequency in the mixer to produce 
a difference frequency of 460kc/s. This frequency relation- 
ship is illustrated in Fig. 2 (d). The 460kc/s difference 
signal from the mixer is next accepted by the i.f. amplifier 
and fed to the detector, after which the modulating a.f. is 
amplified and passed to the loudspeaker. The signal 
frequency section (or sections) of the ganged tuning 
capacitor will, of course, be resonant at l,000kc/s so that 
the desired aerial signal is selected and applied to the 
mixer at good amplitude. 

Let us next assume thata secondsignalispickedupbythe 
aerial, that it has a carrier frequency of 1,920kc/s, and that 
is is sufficiently strong to "break through" the signal 
frequency tuned circuit and reach the mixer. As we may 
see from Fig. 2 (b), this second signal is similarly removed 
from the oscillator frequency by 460kc/s. The mixer will 
produce a difference frequency of460kc/s with this second 
signal as well, and the difference frequency will also pass 
into the i.f. amplifier. The consequence is that the required 
signal at 1,000kc/s suffers interference from the unwanted 
signal at l,920kc/s. As is evident from Fig. 2 (6), the 
interfering signal is spaced away from the required signal 
by twice the intermediate frequency. 

The simple example just given shows that a superhet 
is particularly susceptible to interference from signals 
which are spaced away from the required signal by twice 
the intermediate frequency. When, as normally occurs, 
the oscillator frequency is higher than the signal frequency, 
the signal capable of causing interference is twice the 
intermediate frequency above the required signal. This 
class of interference is known as second channel interference 
or image interference, both terms being self-explanatory. 

Second channel interference can also be evident when 
the interfering signal is sufficiently close to twice the 
intermediate frequency away from the desired signal to 
allow it to pass through the i.f. amplifier. In Fig. 2 (c) we 
assume that the interfering signal has a carrier frequency of 
l,922kc/s, whereupon the difference with oscillator 
frequency becomes 462kc/s. This frequency will also be 
accepted by the i.f. amplifier, and the audible consequence 
will be a continual 2kc/s tone from the loudspeaker 
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resulting from the beating together of the 460 and 462kc/s 
difference frequencies. 

Let us see what happens if, with signal and interference 
signals as in Fig. 2 (c), we slightly detune the receiver, 
causing its oscillator to run at l,459kc/s. The result is 
shown in Fig. 2 {d), where we have a difference frequency 
with the required signal of 459kc/s, and a difference 
frequency with the interference signal of 463kc/s. Both 
difference signals can be accepted by the i.f. amplifier, and 
the a.f. beat note between them now rises to 4kc/s. 

In Fig. 2 (e) we slightly detune the receiver in the 
opposite direction, so that its oscillator runs at l,461kc/s. 
This time the two difference signals both become equal, 
at 461kc/s, whereupon the resultant a.f. beat note drops 
to zero frequency. 

These numerical examples lead us to the practical 
effects given in an a.m. superhet by second channel 
interference. If conditions are such that one amplitude 
modulated transmission suffers second channel 
interference from another, the most noticeable 
consequence is that an a.f. beat note is produced due to the 
beating together of the difference frequencies resulting 
from the two carriers. This a.f. beat note, as is illustrated in 
Figs. 2 (c), id) and (e), may be varied in pitch by adjusting 
the receiver tuning about its correct setting. In practice 
it will be a little difficult to tune the receiver so that the 
beat note approaches the zero frequency case given in 
Fig. 2 (e) or, indeed, falls below the lowest audio frequency 
that can be heard by the ear. As may be seen from the 
diagrams the a.f. beat note resulting from the second 
channel interference shifts by 2kc/s for every fkc/s change 
in oscillator frequency so that, for an inaudible beat note 
to be obtained the oscillator frequency would have to be 
maintained within plus or minus some 25c/s of the 
frequency which results in zero a.f. beat frequency.* If the 
interfering signal is passed to the mixer at sufficient 
strength relative to the desired signal its modulation will 
also be heard, the sidebands beating with the carrier and 
sidebands of the desired signal to produce a distorted 
version of the original sound. 

Thus, second channel interference exhibits itself, in less 
severe cases, as an a.f. beat note which varies in pitch as 
the receiver tuning is adjusted. In more severe cases, the 
modulation from the interfering signal also becomes 
audible. 

The mixer stage, on its own, cannot discriminate 
between the required signal and the second channel 
signal. It is the function of whatever signal frequency 
tuned circuits exist between the aerial and the mixer to 
ensure that the interfering signal does not reach the mixer 
at sufficient level to cause interference, and this fact leads 
us to an interesting appraisal of superhet tuned circuits 
which we have not so far discussed. We have mentioned 
ealier that the signal frequency tuned circuit (or circuits) 
"selects" the desired signal, but we can now define this 
role in greater detail. A basic requirement of the signal 
frequency tuned circuit (or circuits) is that it must always 
pass the desired signal to the mixer at an amplitude which 
is sufficiently large, when compared with any second 
channel interfering signal, for second channel interference 
to be non-existent or, at least, negligibly small. So far as 
simple tuned circuit arrangements of the type encountered 
in domestic receivers are concerned, it is usually necessary 
for the signal frequency tuned circuits to be accurately 
trimmed and padded before this basic requirement can be 
fully met. If the signal tuned circuits are out of alignment 
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Fig. 2 (a). Frequency relationships when receiving 
a signal having a carrier frequency of !.OOOkc/s. 

The i.f. is 460kcls 
(b). A second difference frequency of 460kcls will 
also be produced by an interfering signal at 

1.920kcls 
(c). Shifting the interfering frequency to 1,922kcls 

results in the production of a 2kcIs beat note 
(d). Readjusting the oscillator frequency to 
1,459kc/s causes the a.f. beat note to change to 

4kc/s 
(e). With the oscillator at l,461kcls, both 

difference frequencies become equal 

* This assumes that the lowest audible frequency is 50c/s. 
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Fig. 3. I.F. breakthrough interference may be 
considerably reduced by inserting a rejector circuit 
tuned to the intermediate frequency in series with 

the receiver aerial input 

they will still offer about the same amount of rejection to a 
second channel signal but they may not then pass the 
desired signal to the mixer at an adequate level. The 
amplitude ratio between required and second channel 
signals becomes lower in consequence and there is a 
greater probability of noticeable second channel 
interference taking place. This point explains why a badly 
aligned medium and long wave superhet can suffer from 
background beat notes (or "whistles") on received 
stations, these clearing after it has been correctly aligned. 

To continue along the same vein, altering the trimmers 
and padding adjustments for the oscillator tuned circuit 
has the same subjective effect as turning the main tuning 
control. In effect, it is the oscillator frequency which 
selects the signal frequency that is to be passed to the 
highly selective intermediate frequency amplifier. When 
aligning a superhet, therefore, we adjust the oscillator 
circuit so that reception is obtained at the correctfrequency, 
after which we adjust the signal frequency tuned circuit 
for maximum signal strength at that frequency. This last 
process automatically ensures that we obtain greatest 
freedom from second channel interference as well. More 
complex superhets, in the communications class, may not 
be quite as reliant on accurate signal frequency alignment 
for reasonable freedom from second channel interference 
as occurs with simple domestic receivers, but the same 
basic relationship still holds true. 

It will be apparent that the possibility of second channel 
interference in a superhet can be reduced by using a higher 
intermediate frequency. The frequency spacing between 
the required and the interfering signal is then also 
increased, whereupon the signal frequency tuned circuits 
are more readily capable of suppressing the second channel 
signal. Some specialised short-wave receivers employ 
intermediate frequencies of 1.6Mc/s, causing second 
channel spacing to become 3.2Mc/s, as compared wijh the 
920kc/s offered by an i.f. of 460kc/s. At short-wave signal 
frequencies of the order of 10 to 30Mc/s or so, the increased 
second channel spacing provides a significant advantage. 
(Frequently, the 1.6Mc/s i.f. stages are followed by a 
second mixer and a second i.f. amplifier operating at a 
lower frequency). 

OTHER FORMS OF INTERFERENCE 
Another form of interference peculiar to the superhet 

is i.f. breakthrough. If an interfering signal whose frequency 
is within the band of frequencies accepted by the i.f. 
amplifier "breaks through" to the mixer, then it will be 
passed to the i.f. amplifier and cause interference with all 
other signals picked up by the receiver. Typically, the 
carrier of the interfering signal will beat with the 
intermediate frequencies resulting from desired signals, 
resulting in a whistle continuously varying in pitch as the 
receiver tuning is adjusted. The effect is similar to that 
given by tuning a straight receiver with a reaction circuit 
which is too far advanced except that, unless the interfering 
signal happens to be at the centre of the i.f. passband, zero 
frequency of the a.f. beat does not coincide with the 
position of correct tuning. Note that the rate of change 
of whistle frequency, as receiver tuning is adjusted, is half 
that for second channel interference. This fact can be 
helpful when trying to diagnose the cause of background 
whistles in a superhet. 

Normally, the signal frequency tuned circuits before the 
mixer should offer sufficient rejection at the intermediate 
frequency to prevent i.f. breakthrough. With medium 
and long wave receivers using intermediate frequencies of 
450 to 475kc/s the possibility of i.f. breakthrough is 
greatest at the low frequency end of the medium wave 
band, where signal frequency may be of the order of 
500kc/s. In receivers employing separate wire aerials an 
i.f. wavetrap, or rejector circuit, is sometimes inserted in 
series with the aerial input, as in Fig. 3. This is tuned to the 
intermediate frequency and offers greatest series 
impedance at that frequency, thereby reducing the i.f. 
breakthrough. Receivers with ferrite frame aerials do not 
normally employ i.f. wavetraps. 

Another form of superhet interference is given when 
interfering signals produce a difference frequency equal to 
the i.f. by beating with harmonics of the oscillator 
frequency. Normally, however, the selectivity of the signal 
frequency tuned circuits should be adequate to ensure that 
such interfering signals do not reach the mixer at sufficient 
strength to produce the interference. 

A term commonly encountered when interference is 
discussed is adjacent channel interference. This is merely 
the interference which results when the carrier frequency 
of the interfering transmission is close to that of the 
desired signal, and can be eradicated only by providing 
the requisite overall selectivity in the receiver. It is not 
peculiar to the superhet and occurs also with a straight 
receiver. When two a.m. carriers are sufficiently close 
together they may produce an audible beat note behind 
either transmission. If this beat note is encountered when 
tuning a superhet it may be identified as adjacent channel 
interference (as opposed to second channel interference 
or i.f. breakthrough) because the frequency of the a.f. 
beat note is constant and cannot be altered by adjusting 
the receiver tuning. 
NEXT MONTH 

In next month's issue we shall turn our attention to the 
mixers employed in current valve receivers. q 

EDDYSTONE DIE-CAST BOXES 
These aluminium alloy boxes make ideal cabinets for small and compact ancillary equipments and they 

are available direct from Home Radio (Mitcham) Ltd. in four differing sizes—see Home Radio Catalogue, 
page 26. In forthcoming issues, we will be featuring several constructional articles using these boxes. 
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In your 

Last month, Dick encountered an a.m./f-m. transistor radio which 
refused to operate on the f.m. band, whereupon Smithy seized the chance 
to pass on some general information on the f.m. "front ends" in 
transistorised a.m./f.m. receivers. Smithy continues on the same subject 
this month and the pair finally arrive at a triumphant repair of the fault in 

Dick's receiver. 

Editor's Note 
Due to last-minute pressure on our 

space last month, we have had to split 
the latest "In Your Workshop" episode 
into two parts. Readers will recall that 
Dick, after a strenuous evening with his 
student friends at Joe's Caff the night 
before, tackled a transistorised a.m./f.m. 
set which was dead on the f.m. band. 

We rejoin the pair whilst Smithy 
concludeshisdiscussion on transistorised 
f.m. "front ends" and refers to the 
rejector circuit included to combat 
10.7Mc/s breakthrough and which was 
shown in Fig. 3 (published last month). 

As they say in the ladies' magazines: 
now read on. 

REJECTOR CIRCUIT 
"As you like," said Smithy absently, 

"but, once more, we're straying from 
the subject again. Which is this f.m. 
front end!" 

"Haven't we finished with it yet ?" 
"Not quite," said Smithy. "There 

are a few more bits and pieces left to 

deal with. For instance, there's nor- 
mally another tuned circuit between 
the collector of TRi and the emitter 
of TRj. In our circuit, this is shown 
as L4 and Cg." 

"What's its function ?" 
"To act as a 10.7 Mc/s rejector," 

replied Smithy. "If you didn't include 
a circuit of this nature it would be 
quite possible for a 10.7 Mc/s signal 
picked up on the aerial to break 
through to the emitter of TR2 at 
sufficient strength to cause inter- 
ference. The rejector circuit prevents 
that. In our case we've got quite a 
simple series rejector tuned circuit 
but you'll find a slightly more com- 
plicated approach in some f.m. front 
ends. However, the alternative schemes 
still use a single coil and this still has 
the same function, that of rejecting 
10.7 Mc/s signals. The extra coil 
tends to puzzle some people when 
they encounter it on first looking at 
an unfamiliar transistor f.m. front 
end. But all that has to be remembered 
is that it's intended for 10.7 Mc/s 
rejection." 

"There's something else I've just 
thought of," said Dick. "How do you 
take the i.f. output from the collector 
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of TR2?" 
"Usually," replied Smithy, "by 

means of a common-or-garden 10.7 
Mc/s i.f. transformer which, in our 
circuit, is L6L7. If the first f.m. i.f. 
transistor is also the mixer/oscillator 
for medium and long waves, the 
secondary of that i.f. transformer 
couples to its base via the f.m./a.m. 
switching in the receiver. If the f.m. 
front end has its own first i.f. amplifier, 
then the secondary of the 10.7 Mc/s 
i.f. transformer just goes straight into 
its base. In our case we've got the 
switching arrangement." 

"Do all receivers use a simple 
10.7 Mc/s i.f. transformer?" 

"Not all," replied Smithy. "There 
are some models which use alternative 
approaches. The most dissimilar cir- 
cuit you'll encounter is a single coil 
used in a pi-tuned circuit. (Fig. 5). 
This resonates with the capacitance 
to deck at the mixer/oscillator collector 
and with a physical capacitor at its 
other end, and it's peaked up to give 
maximum transfer of signal at 10,7 
Mc/s," 

"How about the 2-gang tuning 
capacitor for the f.m. circuits?" 

"That," remarked Smithy, "is nor- 
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Fig. 3. Simplified circuit, with representative component values, illustrating basic 
commercial practice for f.m. "front end" design. There will be slight differences 
in actual commercial circuits encountered, largely in coil chassis returns, tuning 

capacitor padding, and the like 

(Fig. 3 is reproduced here for the convenience of readers) 

mally given by two separate low- 
capacitance sections which are added 
to the higher capacitance sections 
employed for medium and long waves. 
You can soon see what's used here 
just by looking inside the set you're 
fixing!" 

"Of course," agreed Dick. "I 
should have realised that! I must 
say, Smithy, that you're being very 
literal with ycur technical gen this 
morning." 

"Liberal, eh," repeated Smithy 
thoughtfully. "Now that word reminds 
me of something! What was all this 
political guff you were rabbitting on 
about when you first came in this 
morning?" 

"I was trying to tell you," remarked 
Dick aggrievedly, "but all you were 
interested in at that time was in 
getting me to start work." 

"Perhaps 1 was," admitted Smithy. 
"Since then, though, my curiosity has 
got the better of me. Just what did 
happen last night?" 

"Well," said Dick, "it's as I was 
telling you. I was in Joe's Caff with 
my mates when I raised this business 
about how we should all get to know 
more about politics so that we could 
use our votes properly. The students 
happened to be in as well, and so 1 
decided to get them to join the dis- 
cussion." 

"Is that how you got your black 
eye?" 
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"Oh no," said Dick, shocked. "The 
students were very sensible indeed, 
and they discussed everything most 
amicably. About half of them belong 
to one party and the remainder are 
split between two other parties, but 
they didn't squabble amongst them- 
selves about their different views, or 
anything like that. It was a real 
pleasure to listen to them when they 
got warmed up. All pukka debating 
society stuff, with everyone giving their 
own opinions and no arguments what- 
soever. Dead enlightening I found it." 

"It's certainly nice to hear that," 
remarked Smithy, in an interested 
tone of voice. "And I'm always 
intrigued in finding out how the 
younger generation sort out the politic- 
al questions of the day. Which party 
do the majority of the students 
support ?" 

"You mean the half of them?" 
"Yes." 
"They," replied Dick, "are all 

Marxists." 
Smithy swallowed. 
"Oh," he said. "Well, that still 

leaves the rest of the students. Who 
do they support?" 

"Most of the rest," said Dick, "are 
Trotskyites." 

Smithy appeared to be having 
difficulty with his breathing. 

"And the remainder ?" 
"Oh, they're in a minority," said 

Dick carelessly. 

"Yes, but who do they support?" 
"Nobody," said Dick. "They're 

Anarchists!" 
"Ye gods," murmured Smithy. 

"Well, at any event, you were able to 
discuss things quietly. So how did 
you get that black eye?" 

"As luck would have it," Dick 
remarked bitterly, "it was last night 
that the rougher element decided that 
they would come back to Joe's place 
after all; and they came in just as our 
discussion had really got into its 
stride. There was one quiet minute, 
after which all hell broke loose—and 
that's when I got my black eye, mate!" 

"But why," persisted Smithy desper- 
ately, "should there have been all 
this trouble when the rougher element 
moved in?" 

"It's their politics. Smithy, ex- 
plained Dick patiently, "You see, 
they're all Conservatives." 

Smithy turned his eyes up to the 
ceiling. 

"I must," he said brokenly, have 
heard everything now. Still, if all this 
rumpus was going on, why didn't 
Joe come out and stop it?" 

"He couldn't." 
"Why on earth not?" 
"Joe can't get involved in any 

trouble," replied Dick. "He's got his 
commitments to consider." 

"Commitments?" 
"That's right. You see, he's a 

corporal in the I.R.A." 
THE RADIO CONSTRUCTOR 
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EXCESS CURRENT 
"Let us," said Smithy weakly, 

"get back to this set of ours. We still 
haven't fixed the fault in it yet!" 

"No, we haven't have we?" re- 
marked Dick brightly. "All this gossip 
about last night put it clean out of 
my head." 

"Well, let's get it back into your 
head again," replied Smithy. "Dash it 
all, I've just realised that I haven't 
even tried the set out yet to see what 
it sounds like." 

He moved closer to Dick's bench, 
pressed the medium wave button on 
the receiver and swung its tuning dial. 
The receiver gave a satisfactory per- 
formance at all points of the dial. 
The same occurred after Smithy 
pressed the long wave button. Smithy 
next pressed the f.m. button. 

The receiver became silent. 
Smithy picked it up, turned its 

volume to full and held its speaker 
against his ear. 

"There's a fair bit of background 
hiss," he remarked critically, "but 
nothing else. It's difficult to determine 
from background noise whether the 
i.f. stages of an f.m. set are working 
or not, because of the a.m. limiting 
given by the discriminator, but this 
hiss is certainly loud enough to indicate 
that the a.f. stages, at any rate, are 
good and lively. So the set doesn't go 
completely dead when the f.m. button 
is pressed." 

"The i.f. stages worked O.K. on 
medium and long waves," volunteered 
Dick. "And, since the same transistors 
are used for f.m. i.f. amplification I 
would guess that the i.f. amplifier is 
O.K. on f.m. as well." 

"That's reasonable enough, I sup- 
pose," conceded Smithy, "It's im- 
possible to assume that the i.f. stages 
are entirely above suspicion so far as 
the 10.7 Mc/s signal is concerned, but 
it's fairly safe to say that the fault 
is more likely to be elsewhere. There- 
fore it's most probably in the f.m. 
front end or the a.m./f.m. switching 
circuits. As service engineers, we 
should start off by checking for the 
most probable troubles first. Did you 
measure battery voltage?" 

"I did," replied Dick proudly. 
"It's the first thing I do with all faulty 
transistor sets. There's a good fat 
9 volts plus in the battery for all three 
wavebands, including f.m." 

"Did you," continued Smithy, 
"check battery current?" 

"I hadn't," admitted Dick, "got 
around to that yet." 

"We'll make that the next thing to 
do," said Smithy. "It may give us a 
lead before we start digging around in 
the innards." 

Without delay, Dick pressed the 
receiver off button, selected a suitable 
current range on his testmeter and 
clipped its leads in series with one of 
the connections to the battery. 

"Turn the volume fully back," 
commanded Smithy, "and press the 
long wave button." 
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Fig. 5. An alternative 10.7 Mc/s output circuit to that shown in Fig. 3. The single 
coil is tuned at one end by the capacitance from transistor collector to chassis end, 

at the other end, by the 51 OpF capacitor 

Dick did as he was bid and looked 
at his meter. 

"14mA," he called out. 
"Medium waves?" 
Dick leaned forward and pressed 

the medium wave button. 
"The same. 14mA!" 
"Now try the f.m. button." 
Dick pressed the button in question. 
"Blimey," he exclaimed. "The meter 

needle's shot up to 32mA!" 
"Good show," said Smithy. "Switch- 

ing in f.m. shouldn't cause the 
quiescent current to go up by more 
than some 3 or 4mA or so, because all 
that's added, so far as battery con- 
sumption is concerned, is the current 
drawn by the f.m. front end. So we've 
got a definite lead there." 

"In this case," put in Dick, "the 
current on f.m. goes up by 18mA." 

"Which," remarked Smithy with 
satisfaction as he examined the 
receiver circuit diagram, "is a very 
comfortable figure indeed. Especially 
when one notices that the decoupling 
resistor in the supply to the f.m. front 
end is 4700, and that this connects 
direct to the battery, A dead short 
to chassis immediately after that 
resistor will cause an increased current 
of just around 18mA to flow from a 
9-volt battery." 

Smithy prepared to return to his 
bench. 

"I'll leave it with you now," he 
remarked. "See if you can find a 
short-circuit to chassis after that 470U 
resistor, Ohmmeter checks are pretty 
well all you should need from now 
on!" 

FAULT CLEARED 
Smithy walked back to his bench, 

and a peaceful five minutes passed 
whilst Dick got to grips with the 
f.m. board in his receiver. 

Suddenly, a triumphant call rose 
from his side of the Workshop. 

"I've found it, Smithy!" 
"Good show," replied the Service- 

man. "Where was it?" 
"The collector and shield lead-outs 

of the f.m. mixer/oscillator transistor 
were touching together. (Fig. 6). The 
transistor must have been carelessly 
inserted in the board at the factory, 
because the shield lead had a little 
bend in it instead of going straight 
down to its hole in the board. I only 
needed to straighten it up a little 
with a screwdriver and the short 
cleared completely." 

Dick reconnected the battery and 
pressed the f.m. button. The set now 
functioned perfectly. 
r8 F.M ww 
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Fig. 6. It was a short-circuit between collector and shield lead-outs of TR2 which 
caused the fault in Dick's receiver. The extra current consumed from the 9-volt 
battery on f.m. was limited by to 18mA, L# inserting negligible resistance 
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As, exultantly, Dick later returned 
the receiver to the "Repaired" rack, 
Smithy frowned pensively. For a 
fleeting moment, he wondered whether 
the owner of that a.m./f.m. receiver 
would accept a bill with only two 
items. 

One item, for 1 % of the full amount, 
would cover the time taken for Dick 
to insert his screwdriver blade between 
the two transistor lead-outs and clear 
the short-circuit; whilst the other 
item, for 99% of the full amount, 
would cover the time taken for 

instruction. 
Smithy grinned to himself as he 

chased the fugitive thought away. 
Too much of that 99% would have to 
be allocated to political instruction! 

□ 

STARTING THEM YOUNG 

by IM. V. KING, B.Sc., Dip.Ed. 

One way for the radiophile father to set his son along the 
right path in our hobby is to present him with a simple kit 
to assemble. On this occasion the father made certain of 
complete success by not only providing the parts from his own 
spares but by also pre-testing the circuit and writing the 

instruction booklet 

A FEW MONTHS AGO I HEARD A RECORD BY VERA 
Lynn, and it brought back exciting memories 
of hearing her on the first receiver I ever made. 

There is no music so sweet as that heard on earphones 
from your very own set. I was eleven; the war was on, 
1 was evacuated, there were no tools and 1 used to 
drill holes with a red-hot poker and wind giant coils 
on whatever cardboard tubes 1 could salvage from the 
bathroom. With a long aerial and reaction we used to 
get results which to our uncritical ears were comparable 
to the old man's superhet. 

In the middle of these reminiscences I realised that 
one of my own sons was now eleven-years-old. He 
had made up plastic kits of tanks and aeroplanes; he 
was handy with the balsa wood cement; he used pounds 
of my nails and yards of my timber for making this 
and that; but his only electrical experience was with 
torches and bicycle dynamos. The time was ripe. I 
decided to start him on a radio kit and see what 
happened. 

With a shed full of fairly old radio stuff plus a few 
more modern components to hand, I felt I had sufficient 
material to commence with. To ensure successful 
results, 1 therefore made up a kit of my own and dressed 
it up to look like the real thing. 

EDUCATIONAL PRINCIPLES 
Boys can be quite different from their fathers, and it 
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may well be that the hobby will hold no magic whatever. 
The worst that can happen then is that the set will 
only be completed with Dad's assistance and will be 
used for listening to pop music in bed at illicit hours. 
But even then I think the effort is worth it—it will 
have been yet one more experience to help build con- 
fidence. 

But the boy must be given a chance; he must be 
left alone to get on with it, to make mistakes and dry 
joints, to find out by doing. By all means answer all 
questions as they come up—as simply as possible 
but anything in the nature of a lecture on principles 
and practice of radio construction, except when asked 
for, can spell death to the flowering of the hobby. In 
my own case this advice has been very hard to apply 
(what a temptation to draw graphs of valve characteris- 
tics as applied to leaky grid detection!) but my for- 
bearance has been amply repaid, for in three months 
since the birthday presentation of the kit the boy 
in question has made half a dozen sets of one sort or 
another. There was the "portable"—a huge box that 
could only be heard, and then faintly, on top of an 
800ft hill; and there was the 2-valve mains set that was 
so loud that it always woke the baby. He has learnt 
some of the difficulties involved in trying to make a set 
work in a car. But my spares box is a shadow of its 
former self, and this prospect must be faced with 
equanimity. 
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THE TYPE OF CIRCUIT 
For the kit design, I decided on soldered joints at 

the onset. Even my rather outdated spares did not 
include enough components with nut and bolt terminals 
to make a I-valve circuit. Again, because of the state 
of my own spares and the lack of a cheap 2 volt smooth 
heater supply, I used a mains valve. The exact type 
does not matter of course, but the KTW63 that 1 
employed was quite suitable. In view of the danger of 
mains voltages, I included in the kit a 6.3 volt mains 
transformer which I connected to a mains lead and 
plug; this I mounted ready on the chassis and covered 
with a plastic case leaving only the two heater tags 
exposed. For h.t. 1 put a small 90 volt battery in the 
kit. 

For his later sets I have made up a completely sealed 
power pack which delivers from clearly marked ter- 
minals 6.3 volts a.c. and about 120 volts smoothed 
h.t.; but I did not wish to go to this trouble until 1 
was sure that the hobby had caught on. Moreover, an 
eliminate r would have made the kit itself enormous. 
It is extremely important to stress the danger of shock 
from the mains, and 1 shall not let the boy loose with 
a straightforward mains set until I am quite convinced 
that he knows what he is doing. 

I used a Repanco medium and long wave coil type 
DRR2, but as the tags were rather close together 1 
felt it advisable to glue this to a larger tagboard and 
wire it up to the tags myself with colour-coded wires 
so that he would not have to bring his inexperienced 
soldering iron near the fine windings and the plastic 
former. Nostalgia more or less dictated that the set 
should be a I-valve type with reaction. The circuit, as 
I presented it to my son, is shown in the accompanying 
diagram. 

KIT 1)1 I Mis 
Bearing in mind that the set might be extended later 

by the addition of an output valve and speaker, and 
then perhaps to a 3-valve t.r.f., 1 stripped an old t.r.f. 
set of my ow n down to the chassis. 1 next made up the 
kit set myself first as a check on components, using the 
original 2-gang capacitor and the middle of the three 
valve holes, drilling new holes as necessary. I mounted 
the mains heater transformer under the chassis at the 
output end and, as I mentioned earlier, connected it 
up to its mains lead and protected it from wandering 
hands with plastic insulating material, leaving only the 
output tags exposed. 

As 1 tested the set under a heavy veil of secrecy, with 
the earphones clamped once more to my head, my 
youth came flooding back. ... 

Then, with reluctance, I took it completely down 
again except for the heater transformer, and lettered 
all the holes with a felt pen so that I could describe 
exactly where to put each component in my instruction 
booklet. I also left the nuts and bolts loosely in place 
in their appropriate chassis holes. The aerial, earth 
and earphone sockets, which were riveted, I removed, 
replacing the rivets with nuts and bolts. The coil 
connections needed no lettering as the wires connecting 
it to its tagboard were colour coded—blue for wave- 
change switch, black for chassis, and so on. 

Next 1 turned my attention to finding a suitable 
box; a Christmas cracker box proved exactly right. It is 
important to have room to spread all the components 
out, so that each one can be clearly labelled in the 
box where it rests. 1 cut out a shallow tray from white 
cardboard, making suitable slots for the larger parts 
like the chassis, 2-gang capacitor and earphones, and 
fitted this tray into the cracker box. Then I mounted 
everything that would be needed except soldering 
iron and solder, using Sellotape. I typed out the names 
of everything, and taped these in place taking great 
care to avoid ambiguity. To the top of the cracker box 
1 pasted a large sheet of paper on which I had drawn 
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The simple presentation used for the "U-Ma-Kit" circuit diagram. The coil 

is a Repanco type DRR2 
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banks and racks of radio equipment seldom seen 
outside the B.B.C,, and on top of this pasted the figure 
of a hoy I had cut from a comic. I chose him for the 
look of delighted expectation in his eye. and placed 
him so that he appeared to be about to get weaving on 
the equipment in view. Finally, 1 was unable to resist 
printing neatly across the top of the whole thing; 
"The U-Ma-Kit Electronic Radio Receiver". This 
seemed to me to give just the right final touch. 

INSTRUCTION PAMPHLET 
The success of the kit can stand or fall by the quality 

of the accompanying instructions, and I devoted a 
lot of care to this task. 1 wrote it out as if, with no 
previous knowledge, 1 were making the kit up front 
scratch myself; then I rewrote it, corrected it, modified 
it, and finally got it typed. It was important not to 
be put off by its final length, so long as it was clear, well- 
ordered, and simple. Our children have been conditioned 
to follow long instructions by some of the plastic 
construction kits on the market, which are often a 
model of clarity. In composing the instructions it is 
best to avoid technical terms except the names which 
are written alongside the respective parts in the box. 
Also, a clear diagram can do the job of hundreds ol 
words more easily. 

I tried to make my pamphlet, which was stapled 
between coloured cardboard covers, look as profession- 
al as possible. I did not want the boy to feel that his 
father was breathing down his neck with every con- 
nection he made. 

The pamphlet contained the following sections; 
1. Inlrocluclion (which included the words, ". . . giving 
a boy hours of pleasure and a deep understanding ol 
radio practice. . . .") 
2. Assembling the components on the cfiossis (rcmemhci ing 

that even simple jobs like putting the knobs on the 
spindles must be covered). 
3. Hi ring the set up (and this is the hardest part, both 
to write and for the boy to follow. The circuit diagram 
must be included, and it must be large and cleai, with 
the name of every symbol written alongside. The valve 
base connections must be given in a separate diagram, 
using pin numbers which correspond with the numbers 
written round the valve on the circuit diagram. There is 
no point in confusing the issue at this stage with the 
words grid, anode, etc. I also made the suggestion that 
as each wire was soldered in place the circuit should 
be gone over in the appropriate place with coloured 
pencil; otherwise, especially on the chassis side, it is 
difficult to know when the job is finished). 
4. Connecting up the battery, aerial, etc., and ttying 
the set out. (Once again, nothing can be taken for 
granted. You have to search your memory to recall 
exactly HOW you find and tune in a signal.) 
5. Other experiments (This included cutting down 
selectivity by connecting the aerial directly to the lop 
of the grid winding, altering the value of the grid 
capacitor, and trying out the set after dark.) 

SUCCESS FIRST TIME 
The only help that 1 gave, apart from encouragement, 

was the supervision of the first two or three soldeied 
joints. 1 do not know which of us was more thrilled 
when the set worked first lime. I found though that for 
a week or so after the completion of the set, all the boy 
did was listen to it; but once 1 started leaving a few 
copies of The Radio Constructor around the house he 
soon retired to the shed and. before long, at every 
meal-lime his mother svas complaining that she never 
heard anything but boring radio chat." 

What more could an enthusiast ask 

BLIND LANDINGS TAPED 

EMI Electronics have supplied 33 type L4 portable tape recorders to the Ministry of Technology for use 
with blind landing systems. The L4 is being installed aboard BEA's fleet of 21 Tridents and other aircraft which 
use thR

e
F
l^gna^beTmed^o^1 a ground transmitter give the approaching aircraft guidance information in the 

vertical and horizontal planes. The information is analysed and fed into the auto-pi ot, a^at'^ ^ 
trims the aircraft on its designated flight path. The L4 is used to monitor the l.L.S. signals and also rf interference 
on the wavelengths employed. The recorded tape is subsequently used for comparison with ground monitoring equipment to assist the RAE's evaluation programme for the l.L.S. system. , 7 . c 

The recorders used are a slightly modified version of the L4A twin-track machine, operating at 1 i.p.s. 
Both tracks are recorded simultaneously one with the lateral guidance and the other with pitch guidance 
information. The L4 is an extremely rugged machine, powered by leak-proof rechargeable baffenes, 
weighs only 10| lbs. It was developed by EMI to produce high-quality recordings for broadcasting and 
scientific purposes. 
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Your Local Supplier 

LONDON 

Ul 

By Recorder 

AS YOU STRUGGLE TO GET YOUR CAR 
through the packed streets of 

^London, do not finally despair. 
Succour is at hand in the shape of our 
old friend, the ubiquitous computer. 

The Marconi Company has just 
won a contract from the Greater 
London Council for a computer display 
system which will extend the existing 
Ministry of Transport experimental 
facilities for the computer control of 
road traffic in West London. A Marconi 
Myriad 11 computer is to be used and 
this, in conjunction with graphical 
displays type X2000, will provide 
operators in the existing control centre 
at New Scotland Yard with additional 
information on traffic conditions at the 
road junctions under control. 

Street Display 
The new system will display plans of 

any section of the street network on 
c.r.t. monitors. Street names, pedestrian 
crossings, the location of traffic detectors 
and all other essential features will be 
shown, together with continuously 
updated data on the traffic situation as 
it exists at each moment. Information 
will be displayed in written form on the 
screens, or as a graphical presentation, 
as selected by the operator. The 
installation will also be used to provide 
routine statistical analysis of the 
performance of the traffic control system. 

and for the "post mortem" examination 
of unusual traffic situations. 

It is stated that this is the first time 
that electronic graphical display 
systems have been applied to road 
traffic control, and that the Marconi 
installation will provide the first example 
of a display system which could become 
commonplace in the 1970's. The present 
capability of the Marconi Company in 
this field is based on the many years of 
experience the Company has acquired 
in civil and military air traffic control. 

The new Marconi contract represents 
a second stage in the planned G.L.C. 
development programme for the control 
of traffic over a very wide area of 
London, and involves hundreds of 
additional intersections. Apart from 
analysis and display, the system to be 
installed is capable of directly controlling 
further installations, along the lines of 
the Ministry of Transport's West 
London experiment. 

In addition to the Myriad computer 
and displays, the order, valued at nearly 
£135,000, includes disc and tape backing 
stores and all other peripheral 
equipment. 

This new installation certainly 
represents a very welcome step forward 
in the fantastically complicated problem 
of avoiding road chaos in our largest 
city. And it also notches up yet another 
victory for the-computer in its attempts 

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 4185/2926 
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Four 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 

Te/: 01-969 3657 

ESSEX 

ELECTRONIC 

COMPONENTS 

Valves, transistors, capacitors, 
transformers, amplifiers, 

tuners, etc., etc. 

765 HIGH ROAD, 
SEVEN KINGS 

(opp. Seven Kings Hotel) 
ILFORD, ESSEX 

Telephone: GOOdmayes 1826 

MARKET CENTRE 
for Semiconductors 
Prompt, efficient mail order service 
for Mullard, Newmarket, Texas, 
Sinclair, S.T.C., Fair child Semi- 
conductors% We also offer a com- 
prehensive selection of miniature 
components for transistor circuitry. 
Catalogue 1s. 

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

HAMPSHIRE 

to unravel the entanglements of 
present-day living. 
G. A. Frenchski 

I see that another Radio Constructor 
design has been reproduced in abridged 
form (and with full and proper 
acknowledgement to source) in the 
Sosici monthly magazine Radio. In this 
instance it is G. A. French's "Suggested 
Circuit No. 197" which was published 
in our April 1967 issue, and it reappears 
in the March 1968 copy of Radio. 

"Suggested Circuit No, 197" described 
a high resistance voltmeter which, using 
a single OC202 silicon transistor as d.c, 
amplifier, offered a sensitivity of 200kn 
per volt. The design had two preset 
potentiometers and one panel-mounted 
potentiometer, these having values of 
5kn. 500kH and 25kfl respectively; and 
it is interesting to observe that, in the 
Russian version of the circuit, these are 
changed to 4.7kit. 470kfl and 24kfl. It 
would appear that the Russians favour 
the use of potentiometers manufactured 
to preferred figure values, as opposed to 
our own habit of continuing to make 
most of our potentiometers to round 
figure values. 

Printed Circuit Kit 
To hand is a sample printed circuit kit 

from G.S.P.K. (Electronics) Ltd., of 
Harrogate. Many readers are interested 
in making their own printed circuits and 
so I pass on details here. 

The kit is delivered in a plastic case 
which may also be brought into service, 
if desired, as a container for the copper 
etching process. Included are three 

good-quality blank copper laminate 
sheets, each measuring 5|: by 3j in, 
together with a brush and two bottles. 
One of the bottles contains resist while 
the other contains etching fluid. 

The instructions are very simple. The 
laminate should first be cut to size, 
scrubbed with Vim or an equivalent and 
rinsed well. When dry, the desired circuit 
is then painted with resist on to the 
copper and this is allowed to dry in its 
turn. The laminate is then immersed in 
the etching fluid until all the unwanted 
copper is removed whereupon, after 
final cleaning and drying, the circuit is 
ready for use. 

The price of the kit is £1 5s. Od. plus 
3s. 6d. postage and packing, and it is 
available from G.S.P.K. (Electronics) 
Ltd., Hookstone Park, Harrogate, 
Yorks. 
Plenty of Choice 

We certainly have plenty of 
components to choose from these days 
so far as the making of amateur 
experimental equipment is concerned. 
We can choose from all the valves that 
are available, from all the transistors— 
whether p.n.p. or n.p.n. and germanium 
or silicon—and, even, from a gradually 
increasing range of integrated circuits. 
No to mention the unijunctions and 
field effect transistors which can now 
also be bought at quite low cost. In the 
present issue, for instance, G. A. French 
(who seems to be getting a lot of mentions 
this month) describes a simple but very 
practicable bit of gear employing two 
f.e.t.'s which retail at around the ten bob 
mark each. 

? 

> 

jr 

Assembling the Knight Oscilloscope type KG—635. on of the many "Knight- 
Kit" electronic construction kits now exclusively marketed in the UK 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 KG-635, which takes about 20 hours to build, is a d.c. 

coupled instrument having d.c —5.2 Mc/s bandwidth. 

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

FORRESTERS NATIONAL 
RADIO SUPPLIES LTD. 
70-72 Holdenhurst Road 

Bournemouth 
Telephone 25232 
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I must confess that the experimental 
circuits which intrigue me most of all are 
those which incorporate components of 
different categories, as are given when, 
say, transistors are employed with valves 
to the greatest mutual advantage. In this 
respect, I've had a sneak preview of next 
month's "Suggested Circuit", and this 
presents a design in which the ionisation 
of a neon bulb at its striking potential 
actuates a relay by way of two transistors 
connected in cascade. I won't give any 
further details now, but this approach 
certainly represents a good example of 
different classes of components being 
usefully brought together in a single 
working circuit. 

We tend to look upon individual 
pieces of electronic gear as being either 
all solid-state, all vacuum, or all 
electro-mechanical, but to my mind this 
represents a wasteful approach. All the 
different types of component have their 
own specific advantages, and a really 
clever design is one which makes use of 
these advantages even if the result is 
completely "hybrid". After all, the 
mongrel may not win many prizes, but 
he's nearly always the one who has the 
greatest staying power and absence of 
temperament! 
Push Buttons 

The older hands may remember the 
considerable fuss that was made before 
the war when sound radio manufacturers 
introduced receivers with what was, at 
that time, the marvellous innovation of 
push button tuning. Instead of having 
to turn a knob to select the required 
station on these sets it was merely 
necessary to press one of a row of 
buttons. This, then, either switched in 
the signal frequency and oscillator tuned 
circuit components needed for the 
desired signal or, in more ambitious 
models, caused a motor to turn the 
tuning capacitor to the requisite position. 

The push button idea was well received 
by the public and was, indeed, an 
excellent thing. The only trouble is that 
the industry had had a push button 
fixation ever since, and continues to 
incorporate push buttons on new 
equipment when a rotary switch or 
similar type of control would be much 
more sensible. Whereas the old radio 
sets were large and heavy and could 
stand the most ham-handed of jabs at 
their buttons without jibbing, modem 
equipment can not. There have been, for 
instance, quite a few light-weight TV 
receivers introduced over recent years 
in which channel selection is by means 
of push button, but which have suffered 
from the snag that the cabinet has to be 
held tightly with the free hand when 
pressing the button or it otherwise 
topples over! And now, one of the 
biggest names in the hi-fi manufacturing 
world has produced a pre-amplifier 
which is liable to shift all over the place 
when one of the function buttons on its 
front panel is depressed unless, once 

again, its case is steadied by the 
remaining hand. 

The whole point of having push 
button is, surely, that they can be pressed 
by a finger of one hand. If, to press the 
button, two hands are needed the entire 
advantage of press button operation 
becomes lost, and it would be far. far 
better to revert to a rotary switch. Let's 
hope that, one of these days, this simple 
basic fact will filter through to those 
responsible for the design of our 
domestic electronic equipment. 
Soldered Socks 

There are all sorts of things to watch 
out for when pursuing the hobby of 
radio construction including, in 
particular, the hazards attendant on 
soldering. 

One of the lesser known of the latter 
is liable to occur if you are wearing the 
thin nylon socks which are so popular 
these days. We all of us. either 
intentionally or accidentally, occasion- 
ally knock excess solder from the 
soldering iron on to the floor. If, 
however, the molten solder happens to 
drop instead on an ankle or instep clad in 
a thin nylon sock you jolly soon know 
all about it! A large blob of solder will 
become inextricably entangled with the 
nylon material before it sets and it will 
also attempt to form a good eutectic 
joint with the skin underneath. At the 
same time, the sock keeps the hot solder 
hard against the skin unless you can 
manage to hold the nylon away until it 
has cooled. A final annoyance is that it 
is often very difficult to remove the solder 
from the sock later, with the result that 
you become lumbered with footwear 
having its own inbuilt glitter. 

The moral of all this is the obvious 
one. If you do flick solder on to the 
floor, make certain that your feet arc 
kept well out of the way! q 

Your Local Supplier 

SURREY 

J 

Huj,k_Cuk 

SMITHS PRECISION 
6 MINUTE DELAY 

ACTION SWITCH 
Clockwork actuated 
10/6 EACH 1 W/ W Post 2/6 

(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. ULTM, INVICTA. DANSETTE. 

MASTERADIO. PERDIO. MARCONI, 
PHILCO. FIDELITY. 

6A Albert Parade, 
Victoria Drive, 

EASTBOURNE SUSSEX 

WORCESTERSHIRE 

Dept. C1, 176 HAGLEY ROAD 

HALESOWEN 
021-550 3210 WORCS. 

Hi-Fi Equipment 
Transistors and 

Radio Components 
Public Address Amplifiers 

MARL IS ON 
^tectropucd 

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. 
28 PARNELL STREET 

DUBLIN 1 

july 1968 
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20 Suggested Circuits 

by G. A. FRENCH 
48 pages DATA BOOK SERIES No. 15 
Price 3/6d. Postage 5d. 

This book contains the first 20 circuits to be published 
in the very popular series of the same name appearing 
in The Radio Constructor. 
The Contents include: simple and inexpensive two- 
valve capacity bridge, short wave regeneration pre- 
selector, one-valve speech operated switching circuit, 
transformer ratio analyser, series noise limiter, 
receiver remote mains on-off control, and many 
others: covering subjects ranging from electronic 
laboratory equipment to a simple 2-Stage Gram 
Amplifier. 

TO DATA PUBLICATIONS LTD 57 Maida Vale W9 
Please supply copy(ies) of "20 Suggested 
Circuits", Data Book No. 15. I enclose cheque/crossed 
postal order for  

NAME   

ADDRESS 

NEW BOUKS 

BTl 
Bl 
El 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 

MAY 
ABC's of Thermocouples 
by John D. Lenk 22/6 
Amateur Radio Antenna 
by Harry D. Hooton 35/— 
FM Multiplexing for Stereo 
by Leonard Feldman 30/— 

JUNE 
Microminiature Electronics 
by I. H. Kalish 40/- 
Practical Transistor Theory 
by E. Patrick Wiesner 20/- 
Control Instrument Mechanisms 
by John E. Warren 40/- 
Electronic Games & Toys You Can Build 
by Len Buckwalter 24/- 

JULY 
Inertia! Guidance Systems 
by Robert L. Gates 40/- 
Modern Dictionary of Electronics 
by Rudolf F. Graf 70/- 
Understanding Electronic Test Equipment 
by Joseph A. Risse 30/— 

[j] 

FOULSHAM-SAMS TECHNICAL BOOKS 
(W. FOULSHAM & CO. LTD.) 

YEOVIL RO., SLOUGH, BUCKS, ENGLAND 

01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 

OFFER 

UNBEATABLE VALUE FOR YOU, 

AS A READER OF 

THE RADIO CONSTRUCTOR 

TaLTEC#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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Nearly 1,700 Circuits and Diagrams plus full repair data for 

too nrauR MODBS 

1968 RIGHT BACK TO 1965 

RADIO & TV SERVICING 

Big time-saving repair library to 

step up your earnings 

Here is a great new edition of RADIO & TV SERVICING, to save 
your time, to boost your earning-power. Packed with CIRCUITS, 
REPAIR DATA and vital information, 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 

Great HEW 
Edition 

OB l«"l 711 

; c. 
SD 

iP7~ZIi 

CIRCUIT DIAGRAMS 

1 J P 
T RI3 

; i co t-sy 

» '4. T9 

can       _.a 
edition free for a week. 3 handsome 
volumes—over 1,500 pages written 
by a team of research 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. 

FULL DATA AND CIRCUITS 
FOR REPAIR OF 

• TELEVISIONS including 

COLOUR TV 
• RADIOS, RADIOGRAMS 
• CAR RADIOS 
• RECORD PLAYERS 
• TAPE RECORDERS 

PRINTED PANEL DIAGRAMS 

Z'ti WvrP-av, 

SERVICING DATA FOR ALL THESE MAKES 
Aiwa, Alba, Baird (including colour TV), Beogram, Beolit, 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 

  CORO SECURED IN ^""-^^^OT IN DRIVE DRUM CURSOR \ 1 
y? (Conj fully doted) /JdrV>0. 

DRIVE-CORD DIAGRAMS 

< VHF . *nr mixer or wta" bond pas A UHF LF. VT 4 
r*3 a  1 

.1 I gft V jj 
UHF- bond pal 

UHFmbi VHF 

BLOCK DIAGRAMS 

01IICLATEST 

rlmUO 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. 

["Buckingham Press Ltd., 18-19 Warren Street, London, W.L^ 
I send Radio and TV Servicing—3 volumes, without I I obligation to buy if you accept my application. I will return : 

the books in 8 days or post: 
Tick (✓> □ Full cash price of £12, or  I 
|^ere r/- ^ ^/- dep. and 16 monthly payments of 15/-. I If you are under 21 your father must fill up coupon. 

Full Name  
(Block letters) 
Address   

I 
| County   
| Occupation... 
■ Signature ... f Mr. 

...-< Mrs. 
tMiss 

If none of the above please answer here 
I Credit price £12 I5s. For Eire & N.I. send £12 

with coupon. Elsewhere overseas add 10/- 
p. & p. 

RV3/3754 -J 

I 
I 
I 
I 
I 

Furnished accoiiif""l | 

I 
I 

Please tick [/} here 
The address on left is Wy/our property p"] 
Rented .—. unfurnished! I 

Temporary f—. addressU 
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THE MODERN BOOK CO 71 

Amateur Radio Circuits Book. Pub. Radio Soc. of 
Gt. Britain. 10s. 6d. Postage 9d. 
Colour Television. Pal System. By G. N. Patchett. 40s. 
Postage 1s. 

Pick Ups the Key to Hi-Fi. By J. Walton. 12s. 6d. 
Postage 6d. 

Rapid Servicing of Transistor Equipment. By 
G. J. King. 30s. Postage Is. 

Radio &■ Electronic Handbook. By G. R. Wilding. 
17s. 6d. Postage Is. ^ 

Aerial Handbook. By G. A. Briggs & R. S. Roberts. 
15s. Postage Is. 

Stereo Handbook. By G. W. Schanz. 16s. Postage Is. 

A Guide to Amateur Radio. Pub. Radio Soc. of Gt. 
Britain. 6s. Postage 9d. 

Systematic Electronic Fault Diagnosis. By T. H. 
Wingate. 17s. 6d. Postage Is. 

The Radio Amateur's Handbook. By A.R.R.L. 
1 968 ed. 45s. Postage 4s. 

The Philips Tape Recording Book. By F. Purves. 
19s. 6d. Postage Is. ^ 

Radio Yearbook, 1968. Henslow. 15s. Postage 
is. 
Hi Fi Year Book, 1967/8. 15s. Postage Is. 

Practical Television Circuits. Pub. Newnes. 30s. 
Postage Is. 

Practical Wireless Circuits. Pub. Newnes. 17s. 6d. 
Postage Is. 

World Radio TV Handbook. 1 968 ed. 42s. Postage 
Is. 

Electronic Organ for the Home Constructor. 
A. Douglas. 20s. Postage Is. 

Transistor Electronic Organs for the Amateur. 
By A. Douglas & S. Astley. 18s. Postage Is 

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 

NEW COMPONENT PACKS 
AX 9 RECEIVER PACK. This contains a 4" x tinned and 
drilled printed circuit plus all components for a sensitive 'straight' 
(t.r.f.) receiver. High gain silicon planar transistors, advanced 
but reliable circuitry, and battery economy (9V, 2mA). The 
basic receiver is fdr medium waves and loud earphone reception, 
but it is very easily adapted to other wavebands, and speaker 
reception. 

* 4 planar transistors 
* 4" ferrite aerial 
* J.B. 'Dilemin' tuning cap. 
* Top quality components 

Price 50/-, with full instructions. 
AX 2 300 mW miniature 9V amplifier pack (for 3-80 ohm 
speakers) 13/-. 
AX 3 1W miniature 9V amplifier pack (for 8 ohm speaker) 25/-. 
TRANSISTORS, F.E.Ts., I.Cs. 
Discount prices (in brackets) for 5 or more of same type. 
AF239 u.h.f. amp. 10/- (8/6); 2N2926 (hfe=235-470) 3/- (2/6); 
2N4058, 5/6 (4/7); BC107 3/11 (3/1); BC109 3/6 (3/-). Power 
transistors: AD161/162 comp. pair 15/6, B-5000 npn 25W, 
hFE= 100 12/6; BD121 (95 MHz, 45W) 23/-; 2N3055, 20/-; 
TI3028, 20/-. High-slope RCA mosfet 40468 (7.5mA/V) 10/3. 
Integrated 2W Amplifier CA3020 33/- with application notes; 
CA3011 wide band FM amplifier-limiter 25/- with data. Other 
i.cs, etc. in stock. 
Mail order only. Cash with order. U.K. post free on orders over 
10/-(under 10/-add6d.). Discounts: 10%over£5; 15%over£10. 

AMATRONIX LTD. 
(Dept. RC) 

396 SELSDON ROAD, CROYDON, 
SURREY, CR2 ODE. 

mm/Mm 

% 

TYPEGDX 

G.D.X. 25/C 

Brand new fully transistorised Communications Receiver Specifications: 4, complete ranges 550 Kc/s. to 30 Mc/s., covering all amateur bands, shipping and trawler bands, and broadcast band. A highly efficient double tuned superhet, comprising R/F aerial tuning section, A.V.C. and built-in tunable B.F.O. for C.W. or SSB reception. Operates from internal 9v. batteries provided. Ideal for Fixed or Mobile reception. With speaker and headphone output. Hammer finished robust steel case of pleasing modern design. Size approx. 9" x 7" x 7". British manufacture. Due to huge purchase we can offer these excellent receivers at such a low price. Complete with handbook, £16 10s., carriage and insurance 15/-. Headphones if required 15/- extra, p.p. 3/6. Fitted S. Meter 2 guineas extra. Miniature Battery Eliminator 39/6, p.p. 3/6. De- Luxe Loudspeaker in Cabinet £2 15 0., carriage 5/-. 

COLLAPSIBLE AERIAL adi
t
uwh'S III i; QCPTinWC highly efficient Whip IH u OLulluno aerial made to exacting specifi- 

CL0SED ISf ^cations. Copper plated sections, nory C C .^""Brass base. An ideal aerial for Tx/Rx use. UrLrl D -0^.^ Easily adaptable for cars, scooters, walkie- 
talkie. Brand new in makers boxes. Only £1 each, p. and p. 2/6. Two aerials for 35/- post free. 

Aerial Tuner units for Tx/Rx use. Will load almost anything. Calibrated control dial. Housed in com- pact steel case. Ideal for all radio amateurs and S.W.L.s, 25/-, p. and p. 7/6. 

f^GLOBE SCIENTIFIC LTD Dept. No. R.C.2 
24 Cawoods Yard, Mill Street, Marsh Lane, Leeds 9 
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SMALL ADVERTISEMENTS 
Rate: 9d. per word. Minimum charge 12/- 

Box No. 2/- extra. 

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

SERVICE SHEETS. Radio, Television, Tape Recorders 
1925-1968, by return post, from Is. with free fault-finding 
guide. Catalogue 6,000 models 2s. 6d. S.A.E. enquiries. 

-Hamilton Radio, 54c London Road, Bexhill, Sussex. 

FOR SALE. Oscilloscopes—Galvanometers—Evershed & 
Vignolles Meggers—Relays—Uniselector Switches—Sol- 
enoids. Also other items and components. Free list. Stamp 
please.—R. & E. Mart, Box 9 G.P.O,. Tunbridge Wells, Kent. 

100 PAGE ILLUSTRATED CATALOGUE NO. 17 of Govern- 
ment and manufacturers' electronic and mechanical surplus, 
also a complete new section of the latest semi-conductors and 
miniature components, includes a credit voucher for 2s. 6d. 
Send for your copy now. Price 3s. post free. Arthur Sallis 
(Radio Control) Ltd., 93 North Road, Brighton, Sussex. 

LEARNER DRIVERS. Amazing test cards available, plus 
unpublished penalty faults. Why wait, pass first time. Free 
details:—Marchant, Cotswold Publishers (Dept. R.C.), 
27 Long Street, Tetbury, Glos. 

FOR SALE. Everything for the Electronics & Radio Con- 
structor. Transistors, P/C boards, Chemicals, Relays, etc. 
6d. for Lists to—HARROGATE RADIO CO., 16 REGENT 
PARADE, HARROGATE, Yorks. 

BRIGHTEN UP YOUR ADVERTISING! Break the ice with a 
cartoon, "tailor made" for your product. Reasonable 
charges.—Box No. F294. 

15% DISCOUNT on all 1968 shavers. S.A.E. for immediate 
quotation. Kash Electronics, 65 Canute Road, Hastings, 
Sussex. 

TAPE RECORDER SPARES. Telephone 01-789-1963 or 
send s.a.e. for your requirements to—TAPE SERVICE, 
81 Lower Richmond Road, London, S.W.15. 

5 TON FACTORY CLEARANCE. Radio, TV., elec. 
components in 27s. 6d. mixed parcels. Post free. Example: 
resistors, condensers, pots, speakers, coax, coils, fibre 
washers, valves, over a dozen different types, tuning knobs, 
grommets, sleeving, IFS, Paxalin, wire, rectifiers. Lots of 
other items. Pot Luck. Postal orders to: P. L. Newton, 16 
Shallcross Crescent, Hatfield, Herts. 

BOOKS FOR SALE. Alfred Nobel E. Bergengren £1, Radio- 
isotope 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 Submarine C. Blair, 7s. 6d. Astro- 
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. 

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 Coldfield, Warwickshire. 

BENILEY ACOUSTIC CORPORATION LTD. 
38 Chalcot Road, Chalk Farm, The Old Police Statipn 
LONDON, N.W.I. Gloucester Road 
PRImroie 9090 LITTLEHAMPTOIM, Sussex 

Please forward all mail orders to Littiehampton PHONE 6743 
5Z4G 6AT6 6/30L2 t. 23 6L6GT I0FI I0PI3 20D I 
20L1 20P4 30CI5 30CI7 30CI8 30F5 30FLI 30FLI2 30FLI4 30LI5 30LI7 30P4 30P4MR 14/6 30PI2 13/ 30PI9 30PLI 30PLI3 30PLI4 CL33 
CY31 DY87 E88CC 

7/6 3/9 12/6 11/6 
7/9 15/- 15/6 13/- 

13/- 17/6 13/6 13/- 9/6 M/6 15 - 15 - 12 6 14 - 13 - 14/6 

12/3 15/- 15/- 15/- 19/6 
7/9 5/9 
12/ 

ECC84 ECC85 ECC88 ECCI89 ECF80 ECF82 ECF86 ECH42 ECH8I ECH83 ECH84 ECL80 ECL82 ECL83 ECL86 EF22 EF37A EF4 I EF80 EF85 EF86 EF89 EFI83 EFI84 EH90 EL33 EL41 EL84 EL95 EM80 EM81 EM84 EM85 EM87 EY51 EY87 EZ40 EZ80 EZ8 I 
KT88 

6/- 5/- 7/- 9/- 7/- 6/9 8/6 8/9 5/6 7/- 6/6 6 - 6 6 9 - 7 9 12/6 7/ 9 - 4,6 4/6 6/3 4/9 6/3 6/3 7/6 12/ 8/ 4/6 5/- 5/9 
7/6 6/- 11/ 6/6 6/6 6/- 6/- 3/9 4/3 

29/6 

PC88 9/9 PC95 6/9 PC97 5 9 PC900 9 - PCC84 6 - PCC85 6/9 PCC88 70/6 
PCC89 9/9 PCCI89 8/3 PCF80 7/- 
PCF84 8/IIHSP3 ?/6 BCI(J7 PCF86 8/- PCF801 7/6 PCF802 9/6 PCL82 6/6 PCL83 10/3 PCL84 8/3 PCL85 8/3 PCL86 8/3 PFL200 13/6 PL36 9/9 PL8I 7/6 PL82 5/9 
Pl"fl4 2N2369A4/3BY234 
PL500 13/6 2N386620/-BY236 PL504 i I AAZ13 3/6 BY238 PY33 io/- ACI07 3 6 BYZ11 5/— PY8I 5/- AC I 13 5/- 3YZI2 5/- EABCfiO 6/— cri01 //6 PY82 5/_ACI26 2/- 3YZI3 5/- EAF42 7 6 EM84 6/- PY83 5 6 ACI27 2/-3ETI03 4/- EB9I 7 I EM85 ,|/- PY88 7 3 ACI28 II- 3ETII3 4/- EBC4I 7/3 EM87 6/6 PY800 6 -ACI54 5/-3ETII6 7/6 EBC8I 6/3 cvq-7 ^PYSOI 6/-ACI56 4/- 3ETII8 4/6 EBF80 5/9 61- U25 13/- ACI57 5/- 3ETII9 4/6 EBF83 7 -EZ40 6/- U26 11 -AD 140 8/- 3ET573 8/6 EBF89 5/9 EZ8? 3/,?UI9l I2/6ADI49 8/- 3ET587 8/6 EC92 6/6 u301 '7/6 AD162 9/- jET873 41- ECC8I 3/6 29/6 UABC80 5/3 AF1 14 4/- jET887 4/6 ECC82 4'6 KTW6212/6 UAF42 9/6 AF1I5 3/- jET889 4/6 ECC83 4/6 PC86 9/9 UBC4I 918 AF1I6 3/-CET890 4/6 Terms of business: Cash with order only. No C.O.D. Post/Packing 6d. item. Orders over £5 post free. All orders despatched same day as rece Complete catalogue including transistor section and components with te of business 6d. Any parcel insured against damage in transit for 6d. extra. 

Business hours: 9 a.m.-5.30 p.m. Saturdays 9 a.m. 1 p.m 

UBC8I 6/6 UBF80 5 i 6 A UBF89 5/9 UC92 5/6 UCC84 8/- UCC85 6/6 UCF80 8/3 UCH2I 9 - UCH42 10/6 UCK8I 61- UCL82 71- UCL83 9/6 UF41 71- UF42 91- UF80 6/9 UF85 7/3 UF86 91- UF89 5/6 UL41 91- UL84 61- UM80 51- UY4I 6 6 UY85 5/6 2N404 6 2N2297 4/6 2N2369A4 3 2N386620 - 
AAZ13 3/6 
AC 107 3 6 AC 1 13 51- AC 126 21- AC 127 21- AC 128 21- AC 154 51- AC 156 41- AC 157 51- AD 140 8/- AD 149 8/- 
AD162 9/- AFI 14 41- AF1 15 31- AFI 16 31- 

3/4 31- 3/6 3/6 
11/ 9/6 20/ si- ne 2/6 
II- 4/- 3/9 4/6 51- 51- 51- 51- 51- 51- 51- 4/6 5/- 4/- 3/6 4/- 41- 

GET896 
GET897 OAS I OA95 OA 182 OA200 OC22 OC23 OC24 OC25 OC26 OC28 OC30 OC35 OC36 OC38 OC41 OC44 OC45 OC46 OC70 OC7I OC72 OC75 OC76 OC77 OC78 OC78D OC81 OC8ID OC82 OC83 OC84 OCI23 OCI69 OCI70 OCI7I OCI72 OC200 OC202 OC203 OC205 

4/6 
4/6 1/9 1/9 21- I/- 51- 71- 14/6 51- 51- 51- 71- 10/- 7/6 11/6 10/ 21- 1/9 31- 2/3 21- 21- 21- 3/- 3/4 3/- 3/- 2/- 21- 2/3 21- 31- 4/6 3/9 2/6 3/4 41- 51- 5/6 5/6 
7/6 per ved. 

JACKSON 
the bic| name in PRECISION components 

Precision built radio components are an 
important contribution to the radio and 
communications industry. 

No. 6/36 DRIVE 
Incorporating the Dual Ratio Ball Drive providing 36-1 Slow drive 
and 6-1 Fast drive under one knob with co-axial control. Scale is 
calibrated 0-100 and an extra blank scale is provided for individual 
calibration. 
The unit consists of aluminium back plate, drive unit, scale, spare 
scale, transparent cover, hair-line pointer, escutcheon and knob. 
Fits in front of panel which may be any thickness up to i" (or more 
by providing longer screws). Price 24s. each 

JACKSON BROS. (LONDON) LIMITED 
Dept. RC, KINGSWAY-WADDON, CROYDON, CR9 4DG 
Phone Croydon 2754-5 (OI-688). Grams Walfilco, Croydon 
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RADIO 

CONTROL FOR 

MODELS 

SHIPS, BOATS and AIRCRAFT 

By F. C. JUDD 

With sections on servo- 
mechanisms by 

RAYMOND F. STOCK 

More than 200 illustrations — circuits, 

working diagrams, photographs & tables. 

Each page is packed with information. 

192 Pages 

• Postage 9d. 

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

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

Please supply copy(ies) of your publica- 
tion "RADIO CONTROL FOR MODELS" DATA 
BOOK No. 16. 
I enclose cheque/crossed postal order for  

NAME  -  

ADDRESS  -  

BLOCK LETTERS PLEASE 

jf --- 

RADIO 
CONTROL FOR 
MODELS 

SMALL ADVERTISEMENTS 
continued from page 

JOIN THE INTERNATIONAL S.W. LEAGUE. Free Services 
to members including Q.S.L. Bureau. Amateur and Broad- 
cast Translation. Technical and Identification Dept.—both 
Broadcast and Fixed Stations, DX Certificates, contests and 
activities for the SWL and transmitting 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 WAV 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. 

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. 

FOR SALE. 20 watt motor generator, ex-Air Ministry, war 
surplus, 12V at 4A d.c. in, 480V at 0-04A out, £2. 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. F330. 

FOR SALE. P.M. Loudspeakers, removed from televisions, 
3s. 6d. each, postage 2s. 6d.—Wild, 19 Square Street, Rams- 
bottom, Lanes. 

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. 

ILLUSTRATIONS and circuit diagrams of your equipment 
drawn to your required standards.—M. J. Piper, 10 Lismore 
Road, Whitstable, Kent. 

FOR SALE. B40 ex-Naval Receiver. 650 kc/s-30 Mc/s. Xtl. 
calibrartor. Mains power supply, £20 o.n.o.—Box No. F332. 

GENUINE BRAND NEW Silicon Planar Transistors. 2N2369 
650 Mc/s, 6s.; PEPS 500 Mc/s, 5s.; IS 103 rectifiers, 3s. 
Postage 6d, E88CC valves 8s. 6d. F.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, 15. 

FOR SALE. Decca/Stereo amplifier, fully transistorised. 
Input sensitivity 70p/V. Power output 5 watts per channel. 
Output impedance 15£I 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. 
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SMALL ADVERTISEMENTS 
continued from page 

FOR SALE. Metrix multimeter £10. High frequency signal 
generator £12. Wayne-Ker capacitor-resistance bridge £8. 
Willamson amplifier £5, etc., etc. All in perfect order. Owner 
retired. Buyer collects. Badman, 2 Montague Road, Shering- 
ham, Norfolk. Telephone: 2502. 

WANTED TO PURCHASE. Denco coil turret, type CT7/B. 
Urgently required to complete construction of receiver. N. G. 
Edmunds, 16 Dawlish Drive, Styvechale, Coventry, Warwick- 
shire. 

WANTED. Television (early models), tape recorder and 
transistor service sheets. Any quantity. State price- 
Box No. F338, 

FOR SALE. Ex-Service clock, by Waltham Watch Co., 24 hr. 
dial, with Civil date dial. Seconds hand, 8-day. 3 inch diameter 
panel mounting. £5. Box No. F339. 

SUGAR CUBE. SIZE TRANSMITTERS. From 30/- each 
Smallest British Built transmitters available. S.A.E. for free 
details. (H.P. terms available). Mr. Bobker. Box No. F340. 

FOR SALE. Airmec Televet 259 complete TV tester, £40 o.n.o. 
Mint condition, cost £70. Also Taylor 45C valve tester, as 
new, £20. M.T., 40 Witley Court, Coram Street, London 
W.C.I. 

INNOVATION IN DX CLUBS ANNOUNCED! Formed in 
October, 1965, the Radio New York Worldwide Listeners 
Club now has 3,600 members in 86 countries! A unique club 
offering shortwave listeners monthly magazines containing 
listening tips and technical features, numbered wallet-sized 
membership cards and gold 8jin, by II in. membership 
certificates. Multi-lingual report forms available for cost of 
postage. "We must be doing something right!" Find out. . 
join now!" Send 7s. 2d, (crossed domestic money order) for 
one year's membership to: The Radio New York Worldwide 
Listeners Club, 485 Madison Avenue, New York 10022 
U.S.A. 

HEAR THROUGH WALLS. World's smallest wireless micro- 
phones (bugs). Rifle Bullet size, precision factory made, 
completely self-contained, runs on small battery. As sole 
distributors we offer to readers at £5 10s. 0d., post free. Also 
shirt button size microphones, many uses, 20/-. Box No. 

, F341. 

PRINTED CIRCUITS made to your negatives or transparent 
■ master positives. 1 board to 250 boards. We will produce 

master to your circuit diagram if required. Bideford Graphic 
Arts, Torridge Hill, Bideford, North Devon, Telephone 
Bideford 4991. 

ESSEX GARDENERS. Buy your bedding and rock plants, 
shrubs, etc.. also cacti from May's Nurseries, 608 Rayleigb 
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. 

PLAIN-BACKED 

NEW STYLE 

SELF-BINDERS 

for your other magazines 

(max. format x 9{") 

- • -S3r 

y.f- 
M ' 

*i 

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 14f6 Post Free 

Available only from:— 

Data Publications Ltd. 

57 Maida Vale London W9 
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CHASSIS 
and 

CASES by 

H.LSMITH&CO. LTD. 
287/9 Edgware Road 

London W2 
TEL: 01-723 5891 

ALUMINIUM, OAOtO SILVER HAMMERED FINISH 
Type Size Price Type Size Price 

N 8x6x2"* 18/- W 12x7x7" 37/6 
N 6x6x3" 17/6 W 15x9x8" 48/6 
N 4x4x2" 11/- Y 8x6x6" 29/- 
U 4x4x4" 11/- Y 12x7x7" 45/- 
U 51x4^x4^" 17/- Y 13x7x9" 50/6 
U 8x6x6" 23/- Y 15x9x7" 53/6 
U 9^x7^x3^" 24/- Z 17x10x9" 72/6 
U 15x9x9" 49/- Z 19 x 10 x Si" /8/- 
W 8 x 6 x 6" 23/- ♦Height 

Type N 

Type 
W 

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 Y 
Type Z 

Type U 

BLANK CHASSIS—Same day Service 
Of over 20 different forms mSie up to YOUR SIZE. 

(Maximum length 35", depth 5".) 
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/- 
80 sq. in. 6/4 

112 sq. in. 7/9 
144 sq. in. 9/- 

P. & P. 3/- 
Discounts for quantities. 

176 sq. in. 10/4 304 sq. in. 15/8 
208sq. in. 11/8 336 sq. in. 17/- 
240 sq. in. 13/- 368 sq. in. 18/4 
272 sq. in. 14/4 and pro rata 

P. & P. 3/6 P. & P. 4/6 
More than 20 different 

sizes kept in stock for callers. 
FLANGES (i" or g ). 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 Makes Fantastic Panels -on 
—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 

A fine 'Learning With Fun' book 
FUN WITH SHORT WAVE RADIO 

by Gilbert Davey, edited by Jack Cox 
Second and revised edition of a popular book. 10 xKI in., 

64 pagesj|fulljj|ppstrated. 16s. 

KAYE & WARD, 200 Bishopsgate, London, EC2 

BULK COMPONENT BARGAINS 

★ Qnn ASSORTED RESISTORS—HI-STAB 1 5/" 
(5% l/io to 1/2 watt, worth £3) i/6p.&p. 

S.A.E. FOR LIST OF INDUSTRIAL COMPONENTS 
FOR THE HOME CONSTRUCTOR 

Elmbridge Instruments Ltd. 

COMPUTER PANELS 
Eight assorted printed circuit panels with , ....... 
transistors, diodes, resistors, capacitors, etc ' - X "tjiiitlijl ■ 
Guaranteed minimum 30 transistors Ideal fqr _ hi * ~ iMil'iliil 
Experimenters 8 boards 10/- POST FREE J, "Z 
100 boards 65/- POST FREE 10,000 • ""'il' ' S i ■ • — ■' 
iiF, 35 volt working, electrolytics, 6/- each, - i . . . ~ iVftiilill • 
i/6d. pp ■ KEYTRONICS - ; 

52 Earls Court Road, Londonr-W.8. 
Mail order only 

A.I. POST FREE BARGAINS 
NEW TRANSISTORS AND DIODES 

AC 107 AC 126 AC 127 AC 128 AD 140 14/- ADTI40 15/6 

5/3 3/- 3/- 3/- 

AFI 14 AFI 15 AFI 16 AFI 17 AFI 18 AFI 19 AFI 25 AFI 27 BCYI2 

4/6 4/6 4/6 4/6 4/6 4/6 4/6 4/6 4/6 

BCY33 4/6 M AT 120 8/- OC75 31- OC200 12/- BCY34 4/6 MAT 121 91- OC76 31- FSX2442A BCY38 41- OC23 10/6 OC78 31- 6/9 BFY50 41- OC25 10/6 OC78D 31- ST 140 4/3 BFY51 4/6 OC26 10/6 OC8I 31- STI4I 6/3 BFY52 4/6 OC28 10/6 OC8IO 31- GEX25 1/3 GETI03 4/6 OC35 16/6 OC82 31- GEX34 31- GETl I 3 4/6 OC38 16/6 OC820 31- CGI C 4/6 GET I 14 4/6 OC44 3/9 OC84 31- CG4 E 4/6 GETl 18 4/6 OC45 3/6 OCI23 4/6 CG10 E 31- GETl 19 GET873 GET887 
4/6 4/6 4/6 

OC46 3/- OCI69 4/6 OA70 2/3 
OC70 31- OCI70 4/6 OA8I 2/6 

MAT 100 81- OC7I 41- OCI7I 4/6 OA95 2/3 
MAT 101 91- OC72 31- OC172 4/6 WG7B^ 4/6 

RECLAIMED RADIO AND TELEVISION VALVES 30/- PER 100 

A.I. RADIO COMPONENTS 
14 THE BOROUGH, CANTERBURY, KENT 

YUKMk. SO PBOF£SSIO/VAL TU£ 
YUKA/V A£ROSOC WAY- 

/*,/ fftBSG afrc/ry/M# ClR£y HAMMER 

A/nlV? OP BLACK WRfHKLe /VOW! OR (CRACxL£) f/„ishes 

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 Malt finish (12 ozs. self-spray cans only) 13/11 carriage paid. SPECIAL OFFER: I can plus optional transferable snap-on trigger handle (value S/-) for^/ll, carriage paid. Choice of 13 self-spray plain colours and primer (fiflw car quality) also available. Tv-j 
Please encloie cheque or crossed P.O. for total amount to: - 
YUKAN, DEPT. RC G. 307a. EDGWARE ROAD, LONDON, W2. We supply many Governms.nt Departments, Municipal Authorities, Institutes and Leading Industrial Organisations—We can supply you too. (Open all day Saturday. Closed Thursday afternoons. 

Other Yukon Mr Drying Aerosols, 16 ozs. at 15/11 carr. paid include: Zinc Chromote Clear Lacquer MetolUcs: Grey, blue. Bronze and Cold. 

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 MAIDA VALE LONDON W9 

Please mention THE RADIO CONSTRUCTOR when writing to advertisers 
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NEW STYLE 

SELF-BINDER 

for "The Radio Constructor 

The "CORDEX" Patent Self-Binding Case 

will keep your issues in mint condition. 
Copies can be inserted or removed with 

the greatest of ease. 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. 

i & iSk S..:- 

■ 
lifc 

m 
■ 

Hi >: ■ liii Si 

PRICE 15f- Post Free 

Available only from:— 

Data Publications Ltd. 

57 Maida Vale Londoa W9 
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AMPLIFIERS 
Microminiature Audio Amplifier, by A. J. McEvoy, B.Sc  
Micro-Power Amplifier, by S. Short . . 
Miniature 5-Watt Hi-Fi Amplifier, by B. T. Hathaway 
The "Junior" Radiogram, by Sir Douglas Hall, K.C.M.G., M.A. (Oxon).. 
10-Watt P.A. Amplifier, by L. Mason   

AMPLIFIER ANC1LLARIES 
Simple D.C. Heater Supply for A. F. Amplifiers, by G. A. French.. 
Stereo Decoder Unit  
Automatic Buzzer Alarm, by D. C. Wardman   
Automatic Parking Light Operator, by D. H. Mac ready  
Baby Alarm, by John G. Dew, B.Sc. .. 

ELECTRONICS 
Electronic Siren, by IF. Kemp .. 
Electronic Stethoscope, by W. Kemp .. ..   
Four-Stage Voice-Operated Switch, by L. J. Moore  
Long Range Light Modulator and Receiver, by J. P. Dakin 
Motor Speed Control using a Thyristor, by N. Harding, B.A  
Parallel-R Series-C Computer, by G. A. French   
Photographers Metronome, by F. L. Thurston 
Rowing Stroke Rating Meter, by D. M. P. Freeman   
Solid-State Time Delay Unit, by B. T. Hathaway  
Temperature Controlled Container, by J. N. Harris   
Transistorised Telephone Amplifier, by B. T. Hathaway  
Unijunction Process Timer and Oscillator, by D. Bollen 
Water Level Alarm Unit, by W. Kemp   
Windscreen Wiper Programmer, by T. J. Daborn    

GENERAL 
A Logical Approach to Logic, by S. J. Houghton, B.Sc. 
An "Integrated" Crystal Oscillator, by J. M. Bryant, B.Sc. .. .. 
Battery Voltage Indicators for Transistor Battery Equipment, by G. A. French 
Brake Light Warning Device, by T. R. Balbirnie. B.Sc  
Car Aerial Booster Circuit, by G. A. French .. 
Circuit to Indicate Press-Button Precedence, by G. A. French 
Communications Systems and Noise, by P. B. Brodribb, B.A., S.C., C. Eng. 
D.C, Voltage Multiplier, by G. A. French 
Gas Filled Detectors for Nuclear Radiation, by M. J. Darby .. 
Getting the Best from your Oscilloscope, Part \ ,by D. J. Griffiths 

Part 2  
Part 3 

Home-Constructed Radio Alarm, by A. G. Blewett  
Increasing Projector Lamp Life, by T. R. Balbirnie, B.Sc. . . . . '' 
Lightweight Whip Aerial for 160 Metres Mobile, by IF. E. Thompson, G3MQT 
Low Voltage Power Supply for Transistors, by B. Hunter  
Miniature Tunnel Diode Oscillator, by A. D. Williams, B.Sc. 
Miniature 2-Voltage Power Supply, by G. IF. Short   
Receiving B.B.C. Over 100 Miles, by Gordon J. King   
Reference Voltage Zener Rectifier Circuits, by G. A. French 
"Rubber Zener" Circuits, by G. Short 
Scintillation Detectors and Photomultiplier Tubes, by M. J. Darby 
Semiconductor Materials, by J. B. Dance. M.Sc. 
Semiconductor Nuclear Counters, by J. B. Dance, M.Sc  
Sequential Flasher for Christmas Lights, by R. J. Caborn  
Simple Product Computer, by G. A. French  
Simple Substitution Boxes, by E. Soham   
Simplifying Calculations, by E. Hughes   • • 
Stabilisation and Smoothing with Thermionic Valves, by J. B. Dance, M.Sc. 
Stabilised Variable Mains Supply Unit, by F. Neville Hart  
Starting Them Young, by N. V. King, B.Sc., Dip.Ed. 
Step Recovery Diodes, by J. B. Dance, M.Sc. 
Suggestions for your Easy-View Diary (3rd Quarter) 
Super-Efficient Mains Filter Unit, by A. Irwin 
The "Secret Voter", by R. Miller 
Transformerless Code Practice Oscillator, by W. Kemp  
Transistor Circuits for Improving Relay Sensitivity, by B. T. Hathaway . . 
When Beta doesn't Matter, by G. Short   

IN YOUR WORKSHOP 
Acoustic Feedback 
A.F. Modulation   
A.F. Oscillator . . 
A.M./F.M. Portable 
Base Layout 

790 

Page No. Issue 
138 Oct. '67 
110 Sept. "67 
686 June '68 

88 Sept. '67 
10 Aug. '67 

17 Aug. "67 
26 Aug. '67 

604 May "68 
406 Feb. '68 

93 Sept. '67 

266 Dec. '67 
730 July '68 
150 Oct. '67 
394 Feb. '68 
623 May "68 
142 Oct. '67 
693 June '68 
458 Mar. '68 
275 Dec. '67 
404 Feb. '68 
224 Nov. '67 
416 Feb. "68 
156 Oct. '67 

19 Aug. '67 

38 Aug. '67 
27 Aug. '67 

335 Jan. '68 
548 Apl. '68 
461 Mar. '68 

79 Sept. '67 
751 July '68 
398 Feb. '68 
494 Mar. '68 
615 May "68 
700 June "68 
746 July "68 

30 Aug. '67 
540 Apl. '68 
231 Nov. "67 
744 July '68 
146 Oct. '67 
408 Feb. "68 
330 Jan. '68 
531 Apl. '68 
285 Dec. '67 
223 Nov. "67 
311 Dec. '67 
625 May '68 
296 Dec. "67 
210 Nov. "67 
739 July '68 
608 May '68 
675 June '68 
244 Nov. '67 
776 July '68 
169 Oct. '67 
676 June '68 
466 Mar. '68 
498 Mar. '68 
355 Jan. '68 
472 Mar. '68 
180 Oct. '67 

240 Nov. '67 
504 Mar. '68 
506 Mar, '68 
707 June '68 
432 Feb. '68 
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Ceramic Capacitors 
Complete A.F. System .. 
Combined I.F. Stages . . 
Constant Current Device 
Different Enamels 
Excess Current .. 
Feedback Path .. 
F.M. Circuit 
F.M. Receivers 
Heat Sink 
Hi-K Capacitors 
I.F. Alignment ,. 
Integrated Circuits 
Integrated Circuit Design 
Intermittent Fault 
Low Inductance Connections .. 
Meter Trouble . . 
Microphony 
Polyester Enamel 
Rejector Circuit.. 
Second Diffusion 
Semiconductor Integrated Circuits 
Signal Generator Performance 
Stabilised Supply 
Thick-Film Circuits 
Thin-Film Circuits 
Voltage Control.. 
Winding Wire .. 

RADIO CONTROL 
Automatic Radio Control Keying Unit, by M. W. Shores, N.Z.I.S.T. 
Radio Control Field Monitor, Part 1, by F. L. Thurston .. 

Part 2 
The SCT/RS1 Superhet Receiver, Part 1, by F. L. Thurston 

Part 2 
RECEIVERS 

Crystal Controlled F.M. Receiver, Part \,byJ. B. Dance, M.Sc  
Part 2 

Developing the "Miniflex" Circuit, by Sir Douglas Hall, K.C.M.G., M.A. (Oxori) 
High-performance, Double-Conversion Communications Receiver, Part I, by R. Murray-Shelley 

Local Station Tuner for Record Players, by Sir Douglas Hall, fC.C.M.G., M.A. (Oxon) 
Selective and Sensitive Crystal Set, by P. A. Dewhurst ' 
Short Wave Three, by Arman Sapciyan 
Silicon Transistor Reflex T.R.F. by G. Short   
The DX Three, by Norman R. King 
The "Miniflex" Dual Purpose Personal Receiver, by Sir Douglas Hall, K.C.M.G.. M.A. {Oxon) 
The "Spontaflex" S.A.4 Transistor Portable, by Sir Douglas Hall, K.C.M.G., M.A. (Oxon) 
The "Spontaflex" Transistor Short Wave Receiver, by Sir Douglas Hall, K.C.M.G., M.A. (Oxon) 
Two-Band Reflex Receiver, by S. Short 
1-Valve 9-Volt Receiver, by P. Nicholson 

RECEIVER ANCILLAR1ES 
Integrated Circuit Booster for Luxembourg, by G. A. French 
Regenerative Wave-Trap for Medium Waves, by G. A. French . . 
Sampling V.H.F., by W. Studley   
Short Wave Pre-Amplifler Converter Unit, by G. A. Stanton, G3SCV 
Simple Short Wave Converter, by R. L. A. Borrow, B.Sc  
3-Stage Preselector, by James S. Kent   

TAPE RECORDING 
Adding Echo to a Tape Recorder, by J. Crawley  

TV 
Switch-on Delay Unit for TV, by D. B. Hulse, A.M.Inst.E. 

TEST EQUIPMENT 
Audio Frequency Substandard, by A. D. Williams, B.Sc. . . 
Combined AF/RF Signal Tracer, by W. Kemp 
Electronic D.C. Meter Amplifier/Converter, by W. Kemp . . 
Electronic Oscilloscope Switch, by L. J. Aston 
General Purpose Meter-Oscilloscope Calibrator, by W. Kemp 
Inductance Test Unit, by G. A. Stanton, G3SCV .. 
Oscilloscope Voltage/Time Calibrator, by H. T. Kitchen . . 
S.C./O.C. Tester Using an EC., by G. A. French 
Simple F.E.T. Voltmeter, by G. A. French .. 

JULY 1968 

Page No. Issue 
570 Apl. '68 
430 Feb. '68 
709 June '68 
306 Dec. '67 
638 May '68 
775 July '68 
241 Nov. '67 
710 June '68 
242 Nov. '67 
433 Feb. '68 
572 Apl. '68 
239 Nov. '67 
429 Feb. '68 
118 Sept. '67 
175 Oct. '67 
573 Apl. '68 
507 Mar. '68 
238 Nov. '67 
639 May '68 
773 July '68 
114 Sept. '67 
113 Sept. '67 
503 Mar. '68 
305 Dec. '67 

54 Aug. '67 
51 Aug. '67 

307 Dec. '67 
636 May '68 

216 Nov. '67 
352 Jan. '68 
412 Feb. '68 

32 Aug. '67 
84 Sept. '67 

482 Mar. '68 
557 Apl. '68 
764 July '68 

636 May '68 
762 July '68 
762 July '68 
409 Feb. '68 
342 Jan. '68 
550 Apl. '68 
682 Jan. '68 
594 May '68 
358 Jan, '68 
96 Sept. '67 

568 Apl. '68 

672 June '68 
601 May '68 
102 Sept. '67 
202 Nov. '67 

21 Aug. '67 
288 Dec. '67 

611 May '68 

300 Dec. '67 

544 Apl. '68 
44 Aug. '67 

526 Apl. '68 
220 Nov. '67 

74 Sept. '67 
533 Apl. '68 
618 May '68 
271 Dec. '67 
736 July '68 
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Page No. Issue 

The Beta Meter, by Sir Douglas Hall. K.C.M.G.. M.A. (Oxon) 
Versatile Multimeter, by P. J. LeRiche 
Versatile Signal Generator, by S. J. Kearley . . 

TRANSMITTING 
Aerial Tuner for 80/160 Metres, fey F. G. G30CR .. 
Hand Held 2-Way Radiophone, by F. G. Payer, G30G7? . . 
The "Jupiter"" 10 Watt 80/160 Metre Bands Transmitter, by F. G. Payer, CiOGR 
40 Watt 80 Metre Phone Transmitter, by F. G. Payer, CiOGR 

RADIO CONSTRUCTORS DATA SHEET 
No. 1 Reference Formulae .. 

2 Decibel Table.. 
3 Frequency/Wavelength Conversion Chart.. 
4 International Morse and N.A.T.O. Telephony Codes 
5 Capacitive Reactance—Audio Frequencies 
6 Capacitive Reactance—Radio Frequencies 
7 Inductive Reactance—Audio Frequencies.. 
8 Inductive Reactance—Radio Frequencies . . 
9 Eureka Resistance Wire 

10 U.K. (Amateur) (Sound) Frequency Bands 
The Radio Constructor Easy-View Diary (3rd Quarter) 

153 Oct. '67 
346 Jan. '68 
468 Mar. '68 

735 July '68 
282 Dec. '67 
662 June '68 
160 Oct. '67 

ill Jan. '68 
ill Feb. '68 

473 Mar. '68 
491 Mar. '68 
541 Apl. '68 
559 Apl. '68 
609 May '68 
627 May '68 
695 June '68 

ill July '68 
677 June '68 

UNDERSTANDING RADIO 
Page No. Issue Page No. Issue Page No. Issue 

41 Aug. "67 108 Sept. "67 171 Oct. "67 
234 Nov. "67 302 Dec. '67 363 Jan. "68 
426 Feb. '68 500 Mar. '68 565 Apl. '68 
632 May '68 703 June '68 769 July '68 

RADIO TOPICS 
55 Aug. '67 120 Sept. '67 183 Oct. '67 

247 Nov. '67 372 Jan. '68 439 Feb. '68 
508 Mar. "68 575 Apl. '68 643 May '68 
712 June '68 779 July '68 

CAN ANYONE HELP? 
Page No. Issue Page No. Issue Page No. Issue 

18 Aug. "67 78 Sept. '67 145 Oct. "67 
233 Nov. "67 279 Dec. '67 345 Jan. '68 
401 Feb. '68 463 Mar. '68 537 Apl. '68 
713 June '68 

NEWS AND COMMENT 
24 Aug. "67 82 Sept. '67 148 Oct. '67 

214 Nov. '67 280 Dec. '67 340 Jan. "68 
402 Feb. '68 464 Mar. '68 538 Apl. '68 
606 Mav '68 670 June '68 742 July '68 

Marconi CCTV to Help Train Eye Surgeons 

Moorfields Eye Hospital in City Road, London, one of the leading centres for eye surgery in the world, has 
equipped its new four-theatre surgical suite with Marconi closed-circuit television, in order to provide more 
effective training facilities for student surgeons. 

Each of the new theatres has a V321 camera and a reference monitor incorporated into the opposite ends 
of a counterbalanced ceiling-mounted boom. The television operator, standing at the foot of the operating 
table, can, with reference to the monitor, move the camera by remote control into a position over the patient's 
head. The resulting pictures of the patient's eye are relayed via the television control centre above the theatres, 
to display monitors in the viewing gallery and in lecture rooms in the main hospital block. 

Two further V321 camera channels have been supplied by Marconi's to the Hospital's second suite in 
Holborn, to serve exactly the same purpose. 

I he television presentation suite, alongside the viewing gallery in the City Road branch of the Hospital, 
features the television control room, a sound and vision switching centre, a Videotape recording room and an 
interview studio. Two Marconi V322B Studio Viewfinder Vidicon cameras enable lectures, interviews or 
comments on operations to be transmitted to the lecture halls. Composite training programmes incorporating 
live operations, slides and interviews, together with pre-recorded film, will be produced and co-ordinated in 
this presentation suite. 

792 THE RADIO CONSTRUCTOR 
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SOLID STATE HIGH FIDELITY AUDIO EQUIPMENT 
POWER AMPLIFIERS — PRE AMPLIFIERS/CONTROL UNITS — POWER SUPPLIES BRITISH MADE 

• MP3 mono preamplifier/ 
control unit £6.1 9,6 p p 3h 

"# 'A ^ w 
A SP4-A 

16 PAGE BROCHURE ON REQUEST. No 21 
All units sold separately. 

• COMPLETE RANGE OF SUITABLE PLAYER DECKS. SPEAKERS AND TUNERS IN STOCK. 

• SP4-A mono/stereo version of Mi,3 £11.19.6 p.p. 4/6 
• SP6-2 mono/stereo (takes mag. pick-up as well) 

£15.10.0 p.p. 5/- 
• MPA12/3 12 watt amplifier 3 to 5 ohm output 

£4.10.0 p.p. 2/6 
• MPA12/15 12 to 16 ohm 12 watt £5.5.0 p.p. 2/6 
• MPA25 25-30 watt amplifier for 7i-16 ohm speaker 

£7.10.0 p.p. 3/6 • PS24/40 power supply for MPA12/3 & MPA12/15 
£3.12.6 p.p. 3/- 

• MU24/40 choke version 
£4.10.0 pp-3/6 

• MU60 power supply for MPA25 £4.17.6 p-P-4/6 

All systems complete with grey/silver panels and matching silver knobs. 
Audio Equipment developed from Dinsdale Mk. 11—each unit or system will compare favourably with other professional equipment selling at much higher prices. Brief details are below: 

Complete suggested systems Price 
1A MP3 + MPA12/3 + MU24 £18.5.0 p.p. 6/- 
2A MP3 + MPA12/15 + MU40 £16.0.0 p.p. 5/- 
4 MP3 + (2) MPA12/15 -I-MU40 £21.2.6 p.p. 7/- 
6 MP3 -(-MPA25 + MU60 £18.16.0 p.p. 71- 
8A SP4-A + (2) MPA12/15 + MU40 £26.0.0 p.p. 8/6 

10 8P6-2-(-(2) MPA12/15 + MU40 £29.5.0 p.p. 8/6 
ISA SP4-A + (2) MPA25 +(2) MU60 £35.10.0 p.p. 10/- 
13 8P6-2-|-(2) MPA25 -(-(2) MU60 £38,17.6-p.p. 10/- 

THE FINEST VALUE IN HIGH FIDELITY—CHOOSE A 
SYSTEM TO SUIT YOUR NEEDS AND SAVE POUNDS 

-ASK FOR LATEST LIST 16 • 
NEW! 8 TRANSISTOR INTEGRATED 7 WATT 

MODEL AMPLIFIER AND PREAMPLIFIER-MA7 
WITH FULL BASS—TREBLE AND VOLUME CONTROLS 

A brilliant new design suitable 
for home or portable installations. 

Designed for use with magnetic and crystal/ceramic cartridges, radio 
tuners, microphones, tape head replay 
and auxiliary inputs. Output is for 3 
to 16 ohm speakers. 
It favours the user in so many ways— 
with fantastic power, with far greater 
adaptability, with freedom to operate 

from batteries or mains power supply unit (the 
new PS20 is ideal for this), hi-fi installations, 
electronic guitars and organs, P.A. installations, 
intercom, systems, etc. This true 7 watt amplifier 
is supplied ready built, tested and guaranteed. 
For complete listening satisfaction. 

FOR ONLY £8.10.0 P.P. 4/- 
(Optional Mains Unit PS20 62/6 p.p. 3/-) 

> 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 £5.19.6 

P.P. 2/6 
With a Martin Recordakit. 
•TWO-TRACK. Deck. Amplifier. 
Cabinet and speaker. Complete 
kits with MICROPHONE 7in. 
1,200ft. tape, spare spool. 
Today's ^6 ffflS 
Value £55. »"*• 22/6 
•FOUR-TRACK. Deck. Amplifier. 
Cabinet and speaker. Complete 
kits with MICROPHONE 7in. 
1,200ft. tape, spare spool. 
Today's 39 P.P. 
Value £60. "J7 K"5* 22/6 
Ask for Brochure 6. 

ILLUSTRATED 
BROCHURE No. 12 

FM STEREO DECODER 

UILD A QUALITY TAPE RECORDER 

KIT PRICE Ask for Brochure 4. 

MAYFAIR 
PORTABLE 

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 

ELECTRONIC 
ORG 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. 
ATAI ORGAN UIAL COMPONENTS 
rATT We carry a compre- . hensive stock of 
W organ components for TRANSISTOR 

GNS AND VALVE FREE 1 PHASE designs. 

SEND FOR FULL DETAILS ON THESE BRITISH 
MADE PRODUCTS FREE ON REQUEST 

VHF FM TUNER 

z 

87/105 Mc/s Transistor Superhec. Geared tuning. Terrific quality and sensitivity. For valve or transistor amplifiers. 4 x 3^ x 2iin. 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 

AUTO-BAN TRANSISTOR CAR RADIO. British Made 

Ask for Brochure 15. 

6-Transistor MW/LW Car Radio 12 volt operated. 3 watt output. Push-button, wavechange. Supplied built, boxed, ready to use with Speaker and Baffle. Car fixing kit and manufacturers' current guaran- tee. Special Bargain Offer. Positive or Negative Earth. De-Luxe Five Push- button version 4 A P.P. £12/12/- P.P. 4/6 1jU g"- - 4/6 
7-TRANSISTOR ........ MW/LW SUPERHET NEW! PORTABLE New printed circuit design with full power output. Fully tunable on both mw/lw bands. 7 Transistors plus diode, push-pull circuit. Fitted Sin. speaker, large ferrite aerial and MULLARD transistors. Easy to build with terrific results. All local, and Continental stations. 

TOTAL COST 4 A £.*-*- TO BUILD 10.1 V.6 41- Ask for Brochure I. 

SEND FOR FREE COPY 
★ Largest range over 1000 types ★ S.C.R's from 51- ★ Field Effect T'sistors from 8/6 ★ Power Transistors from 5/- ★ Diodes & Rectifiers from 1/6 Send for Free List No. 36. 

GARRARD DECKS 
LATEST 
MODELS- 
COMPLETE 
RANGE IN 
STOCK. 

From £5.19*6 
Send for Illustrated Brochures 1 6/17 

CATALOGUE 

The most COMPREHENSIVE — 
CONCISE — CLEAR — COMPONENTS 
CATALOGUE. Complete with 10/- 
worth discount vouchers FREE 
WITH EVERY COPY ★ 32 pages of transistors and 

semi-conductor devices, valves 
and crystals. 

★ 200 pages of components and 
equipment. 

★ 65 pages of microphones, decks and Hi-Fi equipment.  

Completely new 
9th 1968 Edition 

300 BIG pages 
6,500 items 
1,200 illustrations 

SEND TODAY 8/6 ^ 

HENRY S RADIO LTD m 
OPEN MON.-SAT. 9 o.m.-6 p.m. THURS. 9 a.m.-1 p.m. 

TWO STOPSHOPPING FORALLYOUR NEEDS 
303 Edgware Road, London, W.2. Mail Order Dept. 
all types of Components, Organ Dept. (oi) 723-100S/9 
309 Edgware Road, London, W.2. High Fidelity 
Sales, P.A. and Test Equipment, Record Decks(Ol) 723-6963 
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