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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 
arc 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



BI-PAK SEMICONDUCTORS 
London W.I 

QUALITY-TESTED VALUE PAKS* BARGAINS 
2 Drift Trans. 2NI225 Germ. PNP 100 Mc/s  10 - 6 Matched Trans. OC44 45/81/81 D 10- 16 Red Spot AF Trans. PNP ... ... 10/— 16 White Spot RF Trans. PNP ... 10 - 5 Silicon Rects. 3 A 100-400 PIV ... 10 - 2 10 A Silicon Rects. 100 PIV ... 10 - 2 OCI40 Trans. NPN Switching ... 10- 1 12 A SCR 100 PIV 10 - 3 Sil. Trans. 2S303 PNP ... 10 - 4 Zener Diodes 250mW 3-I2V ... 10 - 3 200 Mc/s Sil. Trans. NPN BSY26/27 10 - 3 Zener Diodes 400mW 33V 5% Tol. 10 - 4 High Current Trans. OC42 Eqvt. . 10 - 2 Power Transistors I OC26 I OC35 10 - 5 Silicon Rects. 400 PIV 250mA ... 10 - 4 OC75 Transistors Mullard Type .. 10 - 1 Power Trans. OC20 100V... ... 10 - 4 OA202 Sil. Diodes Sub-min. ... 10 - 2 Low Noise Trans. NPN 2N929/30 10 - 1 Sil. Trans. NPN VCB 100 ZT86 ... 10 - 8OA8I Diodes ... ... ... 10 - 4 OC72 Transistors Mullard Type .. 10/- 4 OC77 Transistors Mullard Type ... 10 - 5 Metal Alloy Transistors Mat. Type 10 - 4 Sil. Rects. 400 PIV 500mA ... 10- 5 GET884 Trans. Eqvt. OC44 ... 10 - 5 GET883 Trans. Eqvt. OC45 ... 10 - 2 2N708 Sil. Trans. 300 Mc/s NPN .. 10 - 5 GT4I/45 Germ. Trans. PNP Eqvt. OC71  10/- 3 GT3I LF Low Noise Germ. Trans. PNP  10/- 6 FN91 4 Sil. Diodes 75 PIV 75mA ... 10/- 8 OA95 Germ. Diodes Sub-min. 10/- 3 NPN Germ. Trans. NKT773 Eqvt. AC I 30  10 - 2 OC22 Power Trans. Germ. ... 10 - 2 OC25 Power Trans. Germ. ... 10/— 2 OC73 Mullard Trans 10 - 4 ACI28 Trans. PNP High Gain ... 10 - 2 ACI27/128 Comp. pair PNP/NPN 10/- 3 2NI307 PNP Switching Trans. ... 10/- 
7 CG62H Germ. Diodes Eqvt. OA7I 10/- 
3 AFI 16 Mullard Type Trans. ... 10/- 

12 Assorted Germ. Diodes Marked... 10/- 
4 ACI26 Germ. PNP Trans. ... 10/- I ORP6I Photo-conductive cell ... 10/- 

4 Silicon Rects. 100 PIV 750mA 3 AFI 17 Trans. Mullard Type 7 OC8I Type Trans. .. 3 OCI7I Trans..Mullard Type 3 2N2926 Sil. Epoxy Trans  7 OC7I Type Trans  25 Trans. Heatsinks fit TO 18. TOl I.... 2 2S70I Sil. Trans. Texas   3 12 Volt Zeners 400mW ... 2 10 A 600 PIV Sil. Rects. IS425R ... 3 BCI08 Sil. NPN High Gam Trans. 1 2N9I0 NPN Sil. Trans. VCB100 80 Mc's   2 1000 PIV Sil. Rect. 1.5 A RS3I0 AF 3 BSY95A Sil. Trans. NPN 200 Mc/s 3 OC200 Sil. Trans. Mullard 2 Sif. Power Rects. BYZI3 ... I Sil. Power Trans. NPN 100 Mc/s TK20IA   6 Zener Diodes 3-I5V Sub-min. ... I 2NII32 PNP Epitaxial Planar Sil. T rans. 3 2N697 Epitaxial Planar Trans. Sil. 4 Germ. Power Trans. Eqvt. OCI6 Mullard   1 Unijunction Trans. 2N2646 2 Sil. Trans. 200 Mc/s 60Vcb ZT83/84 I Sil. Planar Trans. NPN 100 Mc/s BSY25   I Tunnel Diode IN3720 (TD5) G.E.... 1 Unijunction Trans. 2N2I60 TO-S can G.E. 2 Sil. Rects. 5 A 400 PIV Stud Type... 2 Germ. Power Trans. OC28/29 ... MO A Sil. Stud Rect. 800 PIV ^ I Tunnel Diode AEY1I 1050 Mc/s ST C   2 2N27I2 Sil. Epoxy Planar HFE225 
6 BY 100 Type Sil. Rects. 25 Sil and Germ. Trans. Mixed, all marked New 10 New Power T^ans. GEC replaces OC16/26/28   4 OAI0 Diodes Mullard 

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

30/- 10/- 

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

TESTED DEVICES 
AC 125 2/3 NKT78 ■ 5/6 AC 176 5/6 OC44 1 9 AFI 39 10'- OC45 1 9 AFZI2 . 10/- ST 1 40 3/- BCI07 • 5/- STI4I 4 - BCI08 • 5/- 2N696 4 6 BC109 ■ 5/- 2N697 5 - BCY33 . 5/- 2NI090 4/9 BCY34 • 6/- 2NI306 4/- BCZI0 . 5/- 2N2I47 .. 15- BCZM ■ 6/- 2N2894 8- 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! 
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 GUARANTEED1 

SUPER PAKS—BRAND NEW 
Untested Semiconductors 

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

7/6 EACH 

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

3- 4/6 9 6 50 II- 100 2 3 200 2 6 300 21- 400 3/6 500 4 - 600 4/3 800 4/9 1000 61- 

61- 15 - 6 6 20 - 8 - 22 - 9 - 25 - 9 6 SO - IO- 37 - 15 - 40 - 176 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 17/6 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/- 
PP. 

IIMTEG RATED 
CIRCUITS 

Epoxy T05 8 lead 
jiL 900 Buffer at 11/- 
jiL 914 Dual Gate 

at 11/- 
jiL 923 J K Flip Flop 

at 14/- 
IC circuits data, etc 

1/6 
Mullard TAA263 Lin Amp 21/- 

U2 
U3 
U4 
U5 U6 

U9 

PAK NO. 
Ul 120 Glass Sub-min General Pui pose Germanium Diodes 60 Mixed Germanium Transistors AF/RF   75 Germanium Gold Bonded Diodes Sub-min Sim. OAS, OA47 40 Germanium Transistors like OC8 I. AC 128   60 200mA Sub-min Sil. Diodes ... 40 Silicon Planar Transistors NPN Sim. BSY95A. 2N706   16 Silicon Rectifiers Top-Hat 750mA Vltg. Range 0-1000 50 Silicon Planar Diodes DO-7 Glass 250mA Sim. OA200/202 . . 20 Mixed Volts I Watt Zener Diodes UI0 20 BAY50 charge storage Diodes DO-7 Glass U I I 30 PNP Silicon Planar Transistors TO-5 Sim. 2NI 132   UI2 12 Silicon Rectifiers Epoxy 500- mA up to 800 PIV U13 30 PNP-NPN Sil. Transistors OC200 & 2SI04  UI4 150 Mixed Silicon and German- ium Diodes UI5 30 NPN Silicon Planar Trans istors TO-5 Sim. BFY50, 2N697 UI6 10 3 Amp Silicon Rectifiers Stud Type up to 1000 PIV UI7 30 Germanium PNP AF Transist- ors TO-5 like ACYI7-22 U I 8 8 6 Amp Silicon Rectifiers BYZI3 Type up to 600 PIV UI9 30 Silicon NPN Transistors like BC108   U20 12 1.5 Amp Silicon Rectifiers Top Hat up to 1000 PIV   U2I 30 AF. Germanium Alloy Tran- sistors 2G300 Series & OC7I ... U22 10 I Amp Glass Min. Silicon Rectifiers High Volts U23 30 MADT's like MAT Series PNP Transistors U24 20 Germanium I Amp Rectifiers GJM Series up to 300 PIV U25 25 300 Mc's NPN Silicon Tran- sistors 2N708. BSY27 ... U26 30 Fast Switching Silicon Diodes like 1N9I4 Micro-Min  U27 12 NPN Germanium AF Transis- tors TO-1 like AC217   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/- 

10/- 
10/- 
10/- 
10/- 10/- 
10/- 
01- 

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

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 

8/6 
EACH 

MPORTANT NOTIfF WE HAVE NOT changed our name or amalgamated Ullinill livy I l\,l. W|TH ANY OTHER pAK F|RM you CAN ONLY OBTAIN 
OUR ADVERTISED STOCK BY SENDING TO: C.W.O. please add 11- p. & p. Min. Order 10/- 
BI-PAK SEMICONDUCTORS, 8 RADNOR HOUSE, 93-97 REGENT ST., LONDON, W1 

BMNIVOUIME Mo. 20 a FOR VMIOIBRARY 

-AUGUST 1966 to JULY 1967- 

Comprising 
780 pages 
plus index 

Specioi discount of 10'- lor regular readers up the volume are returned, the I 
  price is only 22/6 plus 4/6 postage I 

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

Available only from: 

DATA PUBLICATIONS LTD., 57 MAIDA VALE, LONDON, W9 
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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. 11M ohm input d.c. 
1M ohm input on a.c. 4|in. 200pA 
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.pp io/6 

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

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

ENJOY AND SAVE MONEY 

HEATHKIT for Britain Best in Electronic kits 

INSTRUMENTS 
3" LOW-PRICED SERVICE OSCILLOSCOPE. 
Model OS-2. Compact size 5" x 7|" x 12" deep. 
Wt. only 9}lb. "Y" bandwidth 2 c/s-3 Mc/s ±3dB. 
Sensitivity lOOmV/cm. T/B 20 c/.s-200 kc/s in four 
ranges, fitted mu-metal CRT Shield. Modern 
functional styling. 

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

Kit £23.15.0 Ready-to-LJse £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 0.1D to l.OOOMQ with internal battery. 
D.c. input resistance 11MQ. dB measurement, has centre- 
zero scale. Complete with test prods, leads and standardising 
battery. Kit £13.18.6 Ready-to-Use £19.18.6 p p. 4/6 
MULTIMETER. Model MM-1U. Ranges 0-1.5V to 
1,500V a.c. and d.c.; ISOijlA to 15A d.c.; 0.20 [to 20MO. 
4^" SOixA meter. 

Kit £12.18.0 Ready-to-Use £18.11.6 p.p. 4/6 
R.F. SIGNAL GENERATOR. 
Model RF-1U. Up to 100 Mc/s 
fundamental and 200 Mc/s on 
harmonics. Up to lOOmV output. 
Kit £13.18.0 Rdy-to-Use £20.8.0 
p.p. 6/- 

■ o 
OS-2 

IM-13U 

V-7A 

RF-1U 

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

VISIT THE HEATHKIT CENTRES 
GLOUCESTER Bristol Road Tel. 29451 

LONDON 233 Tottenham Ct. Rd. Tel. 01-636 7349 

BIRMINGHAM 17-18 St. Martin Hse, Bull Ring Tel. 021-643 4386 

Complete your motoring pleasure with this 
outstanding CAR RADIO, MocUicr-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. 

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 inch 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 Mcc/s. Designed to match 
the AA-22U Amplifier. Available in sep- 
arate units, can be built for a total price. 
TFM-IS Kit /Stereo £25.2.6 inch P.T. 
TFM-IM Kit (Mono) £21.3.6 i nch P.T 
Cabinet extra £2.5.0. 

p.p 
P-P 

FM Tuner 

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

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

are fully guaranteed. 
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LATEST! STEREO AMPLIFIER, TSA-12 
12x12 watts output. 
Kit £30.10.0 less cabinet p p- 10/6 
Cabinet £2.5.0 extra 
Ready-to-Use £38.0.0 incl. cabinet p.p. 10/6 
FOR THIS SPECIFICATION 
• 17 transistors, 6 diode circuit • ± IdB, 16 to 50,000 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 Ipw silhouette styling 
• Attractive aluminium, golden anodised front panel • Handsome 
assembled and finished walnut veneered cabinet available • Matches 
Heathkit models TFM-I 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 £70 6.0 incl. P.T. p.p. 10/6 
FOR THIS SPECIFICATION 
• i track stereo or mono record and 
playback at 7^, 3i and 1| ips • Sound- 
on-sound and sound-with-sound capabili- 
ties • Stereo record, stereo playback, 
mono record and playback on either channel • 18 transistor circuit for cool, instant and dependable operation 

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

WORLD LEADER IN QUALITY KITSETS 

The instruction manual shows you how to build the model. 

ISESgSgg 
iB 

li ^ ^ c% O 

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

Covers 550 kH2 to 30 MH2 
incl. broadcast plus 3 SW 
bands. 4 valve superhet circuit 
plus 2 silicon rectifiers. Own 5" 
sbeaker. 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, £8.18.0. Total price 
Kit £14.0.0 incl. P.T. p.p. 10/6 

SSU-1 

Heathkit:^ 

D 

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-6 
GLOUCESTER. Tel. 29451. 

it AMATEUR" EQUIPMENT 
THE "MOHICAN" GENERAL COVER- 
AGE RECEIVER. Model GC-1U. With 
4 piezo-electric transfilters, variable tuned 
B.F.O. and Zener diode stabiliser, this is an excellent fully transistorised general 
purpose receiver for Amateur and Short 
wave listeners. Printed circuits, telescopic 
aerial, tuning meter and large slide-rule dial. 
Kit £37.17.6 Ready-to-Use £45.17.6 
p.p. 10/6 
AMATEUR BANDS RECEIVER. Model 
RA-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 £81.10.0 Ready-to-Use £106.15.0 
p.p. 19/6 
COMMUNICATIONS TYPE RECEIVER. Model RG-1. A high performance, low cost receiver for the 
discriminating listener. Frequency coverage: 600 kc/s- 
1.5 Mc/s and 1.7 Mc/s-32 Mc/s. 

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

GC-1U 

RG-1 

Please address all Mail Order enquiries to:— 

DAYSTROM LTD Da" RC
T.f,°:!?

UCESTE" 
□ 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 655 
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the 

professional 

breadboard 

S-DeC 

The DeC is a professional breadboard used by government and 

•"■'industrial development laboratories as well as educational estab- 

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

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

O—o—o—o- 
o—o—o—o- 
o-o—o—o- 
o—o—o—o—o 
o—o—o—o—o 
o—o—o—o—o 
o—o—o—o—o 

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

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

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

4-DeC KIT. Four S-DeCs with two 
Control Panels, Jig and Accessories and 
the booklet "Projects on S-DeC" all 
contained in a strong attractive plastic 
case. Ideal for the professional user   
 £5/17/6 retail. 

& 

9 
,'U, 

A three 
transistor reflex 
receiver mounted on S-DeC 

Note 
the use of 

accessories 

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

* available from leading component suppliers 

S. D. C. PRODUCTS (Electronics) LTD., 
Corn Exchange • Chelmsford • Essex * OCH5 S62IS 
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mmmm 

TYPEGDX 
G.D.X. 25/C. 

Brand new fully transistorised Communications Receiver 
:RCf±r,0nl: 4' comP,et? ranges 550 Kc/s. to 30 Mc/s., covering j ? ?"r. .sh|PP«ng 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 
lrf..|rf«eec-t,0!I' £erwMei from.'nternal 9v. batteries provided. 0r ,20.b,

i|
e»^««Pt*on. With speaker and headphone output. Hammer finished robust steel case of pleasing modern 

* S u® aPProx- 7'' x 7". British manufacture. Due to huge purchase we can offer these excellent receivers at such a low 
.1"? * handbook, £16 10s., carriage and insurance i>/-. 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" A fully adjustable 
j"5 SECTION!}  ^aeria! 
t/LUatU lOi cations. Copper plated sections. 
OPEN 5 -6' B,?SS ?a,e- An idea, aeria, for Tx/Rx use. -AACA n *1.7 adaPtab'® for cars, scooters, walkie- talkie. Brand new in makers boxes. Only £1 o«ch, p. and p. 2/6. Two aerials for 35/- post free. 

A«ria! Tuner unit, for Tx/R* use. Will load almost anything. Calibrated control dial. Housed in com- 
Pac* "teeI case, ideal for all radio amateurs and S.W.L.s, 25/-, p. and p. 7/6. 

w 
tGLOBE SCIENTIFIC LTD Dept. No. R.C.2 24 Cawoods Yard, Mill Street, Marsh Lane, Leeds 9 

AXZ Amplifier Kit. New Amatronix component kit 
tor an efficient transformerless miniature audio power 
amplifier Supp y +9V. Quiescent current 2.SmA. Max 
?nnpuw r-"15; into 10-20 ohms. Will deliver lOOmW or more into 3-75 ohm speakers. All parts, 13/-. 

For 'Radio Constructor' Circuits 
Sensitive Reflex TRF (Jan). Transistors and diode, 5/-. 
R.f. choke, 2/6. Vol. control + switch, 5/6. Output trans. 
wiSc A' |0r P es' 4/6- Ferrite slab 2". 2/6. Jacksons 300pF Dilemin tuner, 10/-. 

n/-:iarectre4/lWO"VOltage SUPP,y (Feb)- Mains trans- 
CA3'020 I.C. Amp. (Feb)., 33/-. Cooler, 1/-. 

Transistor Bargains! Prices Down! 
N?J 'seconds', NOT 'equivalents', NOT 'unmarked' 
PR^rcw u R^ND NEW' FIRST GRADE. DISCOUNT 
ADUI/^^MMQ/m'r 5,OR MORE OF SAME TYPE- 
AF239 10/ llltl nTf 7 power Pair' aZiiZ 17.'7 ' ' U-h-F germanium pnp. 3/11 (3/1) Npn silicon driver (hfe = 250-500) 

lit Wrl NPn siNcon iow noise (hfe=250-500) 
?(. hlpn silicon universal (hfe=250-500) 3/4 (2/7) Npn Si. Similar to ST140, ST141. 
c,7 Npn Si' universal (hfe=235-470) 5/6 W2) Pnp Si. low noise (hfe=100-400) 

BC109 
BC168 
2N706 
2N2926G 
2N4058 

Moi! order only. Cash with order. UK post free on orders 
over 10/- (under 10/- add 6d.) Discounts: 10% over £5- 
ad So over £10. 

AMATRONIX LTD* (Dept rcs) 
ROAD, CROYDON, SURREY 396 SELSDON 

CR2 ODE 

TRANSISTORS EX STOCK 
ACJ07 AC 127 AC 128 AC 176 AD 140 AD 149 ADI6I AD 162 ACYI7 ACY20 ACY2I ACY22 AFZI I AFZI2 AFI 14 AFI i5 AFI 16 AFI 17 AFI86 AF239 ASY26 ASY28 ASZ2I ASY29 BAI 15 BC107 BCI08 BCI09 BCYI0 BCYI2 BCY30 BCY3I BCY32 

BCY33 
BCY34 
BCY38 
BCY40 
BCZII 
BFY50 
BFY5I 
BFY52 
BSX76 
BTY79 

14/6 6/- 4/- 6/- 12/- II/- 7/6 7/6 51- 3/6 41- 2/6 10/- 11/9 4/9 4/9 4/9 4/9 12/- 12/- 51- 51- 4/- 6/6 2/6 4/3 4/3 4/3 20/- 22/- 
71- 91- 8/- 
«/- 8/- 

19/- 
16/- 
10/- 
«/- 
5/- 
61- 31- 

700R 
45/6 

BTY87-I50R 23/ 
BTY9I-I50R 35/- 
BYZI0 II/- 
BYZI2 7/6 
BYZI3 SI- 
GET 102 5/4 GET 103 4/4 GETI I I 10/- GET573 10/- OA73 1/6 OCI9 OC20 OC22 OC23 OC24 OC25 OC26 OC28 OC29 OC35 OC36 OC4I OC42 OC43 OC44 OC45 OC7I OC72 OC73 OC75 OC76 OC8I OC8ID 3/ OC82 4/6 OC82D 4/3 OC83 3/6 OC123 7/- OCI39 12/- OCI40 12/- OCI69 61- OCI70 4/- OCI7I 6/- OC200 61- 

51- 33/- 13/- 25/- 19/- 71- 12/- 12/- 15/- 9/6 13/- 3/6 41- 41- 3/- 31- 31- 4/6 31- 51- 31- 31- 

OC20I 10/- OC202 13/- OC203 81- OC204 II/- OC205 10/6 ORPI2 91- ORP60 81- OA5 31- OA10 41- OA47 1/6 OA70 1/6 OA79 1/6 OA8I 1/6 OA85 1/6 OA90 1/6 OA9I |/6 OA95 1,6 OA200 II- OA202 21- 2N38I9 II/- 2N3826 61- IB40KI0 19/- ADTI40 12/6 ST 140 31- STI4I 51- MATI00 7/9 MAT 101 8/6 MAT 120 7/9 MATI2I 8/6 TAA263 29/9 2N3528 19/- 2N2926 31- 2N2646 10/- 2N2I60 14/9 2N 1302 51- 2N1303 51- 2N 1304 61- 2NI305 61- 2N1306 81- 2N f 307 81- 2NI308 10/6 2NI309 10/6 2N2I47 17/- UL9I4 II/- uL900 II/- uL923 14/- 

^ © 

BARGAINS IN 
SEMICONDUCTORS 

ALL TYPES 

LST 

CQMPQNENTS 
7 COPTFOLD ROAD 

BRENTWOOD ESSEX 
BRENTWOOO 7904 
24 HOUR POSTAL SERVICE 

and unrelia),te lif7 US T.h^OMPOn'eNTS^ ,,U,,'ber!' ^ °ften ^ ' Sht)rt 

WE ALSO STOCK: 
20 Watt Solid State Amplifier Kit—AF11 at £8.8.0. 
Solid State Pre-Amp for above at £6.10.3 Complete. 
Send now for details . . . "S-Dec" Breadboards, 
29/6. L & L 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 1968 CATALOGUE TO: (Block Capitals) 
| I ENCLOSE I/6 STAMPS. 

| I I NAME    - 

■ ADDRESS  

i  -=:ii:=! 
I   RC | 
I 1 
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Hajyjty Families 

These are the times when Simon and Clare know that it has all been 
worthwhile. But they know too that such moments ot 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. 

Happmees in your family too—but for how long ? Ifyou or your wife slioulcl 
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. Just ask for a leaflet at your local "Yorkshire" 
branch and then see the manager. He'll be glad to tell you why ... 

itsYORKSHIREftr 

INSURANCE 

THE YORKSHIRE INSURANCE COMPANY LIMITED 
Chief Offices: Kougier Street, YOPvK 

and Becket House, 36-37 Old Jewry, LONDON, E.C.2. 

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

Name... 

Address... 

Branches and Agencies throughout the world 
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THE MODERN BOOK CO 

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

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

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

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

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

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

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

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

Radio Valve Data 8th ed. compiled by "WW" 
9s. 6d. Postage 1 s. 

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

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

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

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

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

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

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

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

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

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

19-11 PRAED STREET (Dept RC) LONDON W1 

Telephone PADdington 4185 

SEMICONDUCTORS 
DISTRIBUTED 

EXCLUSIVELY BY 
BI-PRE-PAK LTD. DEPT. E 
222-224 WEST ROAD, WESTCLIFF-ON-SEA, ESSEX 
PMONE: SOUTHEND (0502)46344 

VW-fMg 

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

All these types .iv.nhblc 
2N929 2S50I 2N726 2N706 2N706.T 2N30I I 
ALL TESTED UNMARKED, PRE-PAK .m 

2S13I 2N696 
2S5I2 2N697 
2S102 2N1507 
2SI03 2N16I3 2SI04 2NI7I 1 

1- 2N2220 2N2483 
M.-tnufnciurcrs over 

25731 25732 25733 2N743 BFYI0 2N2194 
V.NSISTORS — , for the new 

NO BRAND NEW PRE-PAKS 
81 50 Unmarked Trans Untested 
B2 4 Solar Cells Inc Book ollnsttuctions 
86 1 7 Red Spot AF Transistors 
B6A 17 White Spol'RF Transistors 
89 1 ORP 12 Light Sensitive Cell 
B53 26 Sit Trans 400 Mc/s Brand New 
B54 40 Sil Trans NPN To5 Trans Voltage 10/- 
B66 40 Sil Trans NPN Tol 8 & Gam Fallouts 10/- B56 40 Sil Trans NPN , PNP All Tested 10/- 

Price 
10/- 
10/- 
10/- 
10/- 
9/- 10/- 

B69 20 Diodes. Sil. GLD-BND. Planar. Germ. B74 5 GLD-BND. Mullard Type Diodes. 
2-OA5, 3-OA9. , ^ 

B76 25 R.F.Det. Diodes. Up To 40 Mc/s Germ. Ci 17 50 Volt. Germ. Trans. Audio/Switching 
C2 1 Unijunction Transistor 2N21 60 
C26 3 TEXAS Power Transistors 2S102A 
C32 6 Top Hat Recs 1 SI 00 Type 
A1 7 Silicon Rectifiers BY 100 Type 
A3 25 Mixed Marked & Tested Transistors 
A21 5Power Transistors 1 AD149 1 0C26 

£t 3 others 
FEW LEFT 70 AMP 400 PIV SCRs at 

10/- 
10/- 
10/- 
15/- 
15/- 
15/- 
15/- 
20/- 
20/- 
20/- 
70/- 

FW-ITIHG NEW PAKS FOR AMATEURS, PROFESSIONALS, FACTORIES, ORGAN BUILDERS AND THOSE EXCITING NEW PEOPLE THAT lUST USE LARGE QUANTITIES OF TRANSISTORS  
XA PAX 
Germanium PNP type tran^ sistors, equivalents to a large part of the OC range, i.e., 44. 45. 71. 72. 81. etc. 
PRICE £5 PER 1000 

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

XC PAX 
Silicon diodes miniature glass types. finished black with polarity marked equivalents to OA200, OA202, BAY3I-39. DKI0, etc. 
PRICE £5 1000 rKIL-t tb rcrt 1UUU PKlUh LIU rcr. i uuu     

THES^VERT POPULAR UNTESTED BRAND NEW TRANSISTOR PACKS 
TRANSISTORS 10/- 

ioi^^irp- diodes 10/- 
TRANSIST0RS 10/- 

ZENERS 10/- 

TC BSY95A A-* NPN Silicon 
. Silicon 

-JC BSY26-27 NPN Silicon 
1 f| 10 Watt Silicon lu All Voltages ■ — All voltages 
25^1,^ TRANSISTORS 10/- 

•1 11 4 amp. Stud ,U Silicon 
OK BC 107-8-9 NPN Sil"— 

RECTIFIERS 10/- 

 transistors 10/- 
40 'N914-6 OA200/202 QIODES 10/- 

150S, Quality DIODES 10/- 
25 NPN0sificon TRANSISTORS 10/- 

TRANSISTORS PRICE 
AC107 61- 
AC126 2 6 
AC127 2/6 
AC128 3 - 
ACY17 3 6 
AF114 41- 
AF115 21- 
AF116 21- 
AF117 41- 
AF118 3/6 
AF119 3/6 
BCZ11 5 - 
BFY50 5/- 
BSY25 7/6 
BSY26 21- 

BSY27 
BSY28 
BSY29 
BSY95A 
OC41 
OC44 
OC45 
OC71 
OC72 
OC73 
OC81 
OC81D 
OC83 
OC139 
OC140 

3/- 
3/- 
3/- 
3/- 2/6 

1/11 
1/9 
2 6 
2/6 
5/- 
2/6 
2 6 
4/- 
2/6 
3/6 

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

3 
4 
5 - 
8/- 
2 6 
2/6 
2/9 
2 6 

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

2S303 2/6 
POWER TRANSISTORS 

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

10 - 
10/- 
8/- 
5/- 7/6 
5/- 7/6 
21- 21- 
21- 
1/9 
1/9 
1/9 
2 - 

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

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

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

Great News 
We now give a written guarantee with all our tested semi-conductors. 
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HOME RADIO (Mitcham) LTD.. Dept. RC. 187 London Rd., Mitcham CR42TQ, F^:0umm,2 

THE ELECTRONIC COMPONENTS CATALOGOE 

m SETS THE STftHBABB 

Used and 

acclaimed by 

SCIENTISTS 

ENGINEERS 

TECHNICIANS 

TEACHERS & 

^ STUDENTS 4 

RADIO COmMmiLtD 

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 __________ 

This edition is without doubt the finest, most compre- T pjease wrjie y0Ur Name and Address in block capitals 
hensive we have ever produced—it has 256 pages, over I 
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 1 

Name 

j Address    

1      
I     

| Home Radio (Hitdiam) Ltd., Dept. RC, 187 London Rd., Mitcham, ^ 
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A 

10 WATT 

80/160 

METRE BANDS 

TRANSMITTER 

by 

F. G. RAYER G30GR 

THE "JUPITER" 

This neat and readily assembled transmitter gives c.w. and phone operation on 160m 
or 80m and can be easily adapted for 2-band operation on both these bands. Efficiency 
is high and power requirements are modest. This transmitter must not, of course, be 

operated without the appropriate Post Office licence 

This transmitter is intended for speech and 
c.w. and has an efficiency and finished appearance 
equal to commercially made equipment. In 

addition to the satisfaction of using a home-built 
transmitter, the reader can easily incorporate one or 
two small modifications to suit personal needs. 

If equipment covering 80m and higher frequencies 
is already available the "Jupiter" is an excellent Top 
Band transmitter which can be used with the full 
permitted 10 watts input. But, if required, the trans- 
mitter can be operated on 80m as well as 160m, with 
very little modification. Because a centre-fed dipole 
for 160m is extremely long an end-fed wire is generally 
employed, and this can be relied upon to give good 
results on 80m. So if this is the only transmitter, both 
bands can be worked with minimum trouble. 

The reader may have an aerial relay or other favourite 
method of changing from Transmit to Receive. If 
not, the modified switching described later has much 
to commend it. This takes care of aerial, h.t. and receiver 
circuits, giving instant and complete changeover from 
Transmit to Receive by a single knob on the trans- 
mitter. The arrangement has worked without trouble 
for thousands of operations. 

The constructional details in this article mainly 
apply to the transmitter being used either on 160m 
or on 80m. Suggested 2-band switching circuits, together 
with the modified Transmit-Receive switching circuit, 
are then given afterwards. 

The transmitter runs from an external power supply, 
and a suitable unit may already be to hand. A receiver- 
type supply is possible, although output power will be 
reduced. 

Very often coil-winding and correct band coverage 
can become something of a nuisance, so the Variable 
Frequency Oscillator (v.f.o.) incorporates a ready- 
made coil and three I % capacitors, and this gives 
satisfactory coverage with no more trouble than that 
of adjusting the coil core. The buffer stage also has 
one (or two if both bands are to be covered) ready- 
made coil. 

The transmitter was designed to offer immediate 
satisfaction with a minimum of difficulty and circuit 
complication, and it is a very straightforward and 
reliable project. 

CIRCUIT NOTES 
Fig. I gives the circuit of the complete transmitter. 

V| is the v.f.o., receiving h.t. from the OA2 regulator. 
The relatively large capacitors, Cz, C3 and C4 swamp 
slight changes in valve capacitance. VQ, with L], 
C|, C2 and C3 give coverage from 1.75-2.0 Mc/s (with 
a trifle to spare at the extremes of VCi). 

For Top Band, the v.f.o. tunes over 1.8 to 2.0 Mc/s, 
and V2 acts as a buffer/amplifier. For 80m the v.f.o. 
is tuned from 1.75 to 1.9 Mc/s and V2 performs as 
a doubler, giving an output over 3.5 to 3.8 Mc/s. 

Grid current through Rg develops about 40 to 60 
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Rg. 1. The circuit of the "Jupiter" transmitter 

volts bias for Vj. The series resistor, R7, makes no 
difference to operation, but allows a test meter to be 

1 clipped between chassis and point "G" to check grid 
current. This is only necessary for an initial test. 
_ Lj, with VC2 and VC3(a),(b), forms a pi output 
circuit which allows loading into most ordinary aerials, 

gt ^e 0-50mA meter indicates anode current, and V3 
is cathode keyed for c.w., with a click filter provided 
by Rq, C]3 and C14. 

The modulator consists of a high gain double-triode 
followed by V5, and is choke coupled to the anode and 
screen-grid of V3. With a Class A modulator of this 
'jfe, incorrect operation such as loud talking near 
a sensitive microphone with VR) at maximum gain 
will cause bad audio quality instead of over-modulation, 
and is easily checked with one's own receiver, or by 
contacts with other stations. 

S|(a) and Si(b) switch on the transmitter by applying 
h.t power. The "Net" switch, S3, applies h.t. to Vi 
and V2 only. This provides a carrier which can be picked 
up by the receiver, allowing the transmitter to be tuned 

June 1968 

to any wanted frequency without actually radiating a 
signal. 

With S2(a) and S2(b) moved from the "Phone" to 
the "c.w." position, the modulator is out of action and 
the r.f, section is operated directly from the h.t. supply. 
Switch S2 and VR! (microphone gain) are mounted on 
the rear chassis runner. 

CHASSIS A.ND PANEL 
The positions of valveholders and other components 

can be found from Figs. 2 and 3. A chassis punch 
giving fin and iin holes for B7G and B9A holders is 
extremely useful here. It is best to do all the metal work- 
ing before mounting any components. 

The 10 x 6 x 6in "Dinkicase" has a 10 x 6in front 
panel supplied. Note that the bottom of the chassis 
and the bottom of the panel are not flush, and that 
the chassis is raised ^in to clear the flange in the case. 
VC2 and VC3(a),(b) are bolted to the chassis, with 
spindles passing through clearance holes. The lower 
panel-mounted items hold the panel and chassis together. 
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8l/2 
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mc= chassis connection Fj 2. The components above the chassis 

The fitting of a rear panel to the case is to the 
decision of the constructor. If fitted, the rear pa 
will require adequate ventilating apertures togethe 
with holes for component spmdles, eta It will be tou 
that there is about iin clearance between the back o 
the chassis and the back of the rear flange in the case. 

How the transmitter appears from the top front 

A few further points should be noted with respect 
to Fig 2- Fhst, solder an insulated lead to the bottom 
fix id plates tag of VCz before fittmg this item A stnp 
with one insulated ta^supponsQo and^FQ. A ^ 

bein^drifi'ed immediately adjacent to pin 1. This keeps 
V3 anode circuits above the chassis. 

The actual variable capacitor scchons need^nml^ 
532pF as specified in the Components L about 
satisfactory Capacitors with ^.onsunde about 
350pF are not much recommended^ and ca 
cases cause tuning and loading difficulties. 

Should a 0-5mA„ CM OmA or ^^^'^n^and 
be to hand, it can be shunted f^.^^^^eter 
used in the M, position. A O^mA or o 
giving a sensible reading at about 20 to 4UmA wou 
also be satisfactory. 

A coaxial output socket is mounted on a bracket 
at the rear of the chassis, as shown in Fig. ims is 
for the aerial or aerial tuner. The bracket may e 
un from an odd piece of metal sheet. 

The transmitter can be wired completely then 
te ted. Or it can be wired and tested in sections, n latter instance, checks can be made as escri^ 

^trans- 

mitter, 
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THE V.F.G. 
In the v.f.o., VCi is under the chassis as shown in 

Fig. 3. The ball drive lies flat against the front of the 
chassis, in a -Jin diameter hole, a countersunk 6BA 
bolt securing the drive lug. Ensure that the position 
of the hole agrees with VQ spindle. 

Wiring to VJ needs to be short and direct. Q, C2 
and C3 should be silver-mica types. The use of 1 % 
capacitors (and these are easily obtained) allows 
suitable coverage without experiment. An alternative 
approach, which allows more latitude in values consists 
of reducing Q to about 125pF, and connecting a 50pF 
or similar air-spaced trimmer in parallel. Adjusting 
this trimmer and Lj then modifies band coverage as 
required. 

Coil Lj is clear of sources of heat and the particular 
v.f.o. arrangement used here has been found satis- 
factory over a long period, including/A working after 
hundreds of miles of road travel. 

The v.f.o. tuning drive was fitted with a disc of thin 
Perspex 2Jin in diameter (cut with an adjustable tank 
or chassis type cutter) having a line scribed on the 
back and filled in black. This line moves over a thin 
card frequency scale cemented to the panel. An ordinary 
pointer would serve a similar purpose. 

J L Hi * M ---r. 

K 

* 

The underside of the chassis. Layout is neat, and given 
short r.f. wiring without crowding of components 

Hole for power supply lead Pin 7,V5 

s2a VRI C|6 

Mic 

C|8 HT *15 3V 6-3V 
*IO G|7 

Cl5 
0 *12 

LFC Rp 

X 
£19 O4 

9 C? c. ?2 66 o® & £6 Ps 
C|4 0® cs 

RFCi vc, CI2 
r# Test point HT + Meter 

4 6 
sla 

o 
slb ® ® !• 

S-13 Ball drive 

Key jack Net 
VFO tuning 

mc = chassis connection 
Fig. 3. Components and wiring below the chassis 
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if 

IOH Fuse 120mA 150mA 
5V 

HT 3A 
5U4G 

I6uF 8yF 
450V 

lOOkn 
2W 450V On-Off / 4T Al 2757 

I 125mA Chassis 
HT- 

275V 
black 

6-3V 2 A red 
6-3V 

green 

A.C. mains 

Fig. 4. Supply requirements are not critical. The circuit 
of a suitable power unit is given here 

The v.f.o. can be tested by applying 6.3 volts and 
about 100 to 150 volts h.t. to Vi anode, or about 150 
to 300V to the h.t. end of Ra if the voltage regulator is 
present. Bring a short lead from the aerial socket of a 
receiver with a b.f.o. or tuning meter near whereupon 
the r.f. signal should be easily located. For Top Band 
only set VQ half open and rotate L, core until the 
carrier appears at 1.9 Mc/s. For 16Cm and 80m adjust 
Li core for coverage from 1.75 to 2 Mc/s, with a little to spare at the extreme positions of VCi. 

Exact calibration is left until transmitter construction 
is finished, and can be readily carried out with a 100 
kc/s crystal marker. The procedure is to tune the 
receiver (with b.f.o. on) to 1,800 kc/s as shown by the 
crystal. Switch the b.f.o. off and v.f.o. on, and tune 
the v.f.o. to zero beat with the crystal harmonic. Mairk 
the transmitter dial 1.8 Mc/s. Repeat for 1.9 and 2.0 

Tune the receiver to 3.6 Mc/s by the crystal. This is 
1 8 Mc/s on the v.f.o. scale for 16Cm,_ and tvyice this, 
or 3.6 Mc/s, for the 8Cm scale. Repeat for 3.5 Mc/s and 
3 7 Mc/s. Of these, 3.7 Mc/s corresponds to 3.7/2- 
1,85 Mc/s for the Top Band scale. In the same way, 
find 3.9 Mc/s (not wanted on 80m scale) for 1.95 Mc/s. 
This gives enough markings for the 10 kcs/ points to be 
estimated and drawn in. 

BUFFER STAGE AND GRID CURRENT 
The V2 stage is wired with L2 for Top Band. Also 

wire the grid, heater and cathode circuits of Vj. Clip 
voltmeter leads from test point G (Figs. 1 and 3) to 
chassis, the latter being positive. 

With around 250 to 300 volts applied at point X 
(Fig 1) some grid current should be found, bet the 
v.f.o. to about 1.9 Mc/s and rotate the core of L2 
for maximum grid current, which will be around 3mA 
(indicated as 3 volts across R7). , . 

Grid current falls slightly towards the band edges. 
It is also nearer 2mA. when V2 is used as a doubler tor 
8Cm working. But tests with an r.f. power output 
meter will show that V3 delivers the same output with 
anything from about 1.5mA. to 4mA grid current, when 

loaded to the same d.c. input. So permanent metering 
of grid current is not required, and no adjustment is 
needed for working over either one or both bands. 

Should a 200 volt, or other rather low h.t. supply 
be used for the whole transmitter, reduce R4 and Ks 
if necessary for at least 1.5mA grid current. 

POWER AMPLIFIER , ,. 
Most of the remaining V3 circuits are above the 

chassis, as in Fig. 2. The switches may also be mounted 
and wired at this stage. Below the chassis, switches 
SifaKb) and S3, mounted on the front panel, are shown 
out of position in Fig. 3 to clarify connections. Switch 
S2(a)(b) and potentiometer VR] are mounted on the 
rear chassis runner, adjacent to V5 and V4 valveholders 
respectively. These are similarly shown out of position 
111 The p.a. coil L3 has 68 turns of 22 s.w.g. enamelled 
wire wound side by side on a 1 in diameter Paxohn 
tube 3iin long. The wire ends are secured in the usual 
manner by passing them through pairs of small holes. 
For 8Cm, a loop is twisted, scraped and tinned at the 
centre (34 turns) to provide a centre-tap. The coil is 
mounted vertically with a bracket, or w'tha s tn p 
through slots in the tube, or by pushing it on a disc 
bolted to the chassis. Commence winding near the top 
end so that the bottom of the winding is about 
clear of the chassis. .... 1 

If only phone operation is intended the key jacK, 
C13 C14, and R9 may be omitted, as well as S2(a)(b)- 
Pins 3 and 7 of V3 are then connected to chassis. 

The r.f. section (V,, V2 and V3) can be tested alone 
after wiring. An "artificial aerial" ioadtsrequired. The 
simplest is perhaps a 15 watt household lamp, con- 
nected to a coaxial plug to fit the aerial outlet, or clipped 
from VC3(a)(b) t0 chassis. However, whilst such an 
artificial aerial is suitable for phone tests, or steady 
carrier conditions, it should not be used for . 
c.w. conditions because the filament resistance change 
considerably with temperature. 

For phone or c.w., carbon resistors able to .take a 
few watts may be employed as an artificial aerml. A 
r.f. (thermocouple) meter in series will show actual 
watts output. Smaller rating resistors can be connec ed 
in series/parallel, as necessary and according to value. 

The p.a. can be leaded by a wide range of impedances, 
and the method with an aerial is the same as with the 
15 watt lamp or other artificial aerial. 

When testing, initially close VC2 and VC3(a)(b)- 
Tune the v.f.o. to the required frequency. (In practice, 
this will be that upon which a call is to be made.) 
Put S3 the Net switch, off (its normal position). 
MBhon with S1(a)(b)- ZS 
excessive, off-tune current. Open VC2 until the meter 
dips. Current may be only 10mA or so, according to 
h t voltage and load. Open VC3(a)(b) wlth one han<!' 
meanwhile slightly adjusting VC2 for minimum current. 
As this continues minimum current r'ses untiU with 
watts or so input, a 15 watt lamp will light quite 
brightly.* 

'^For operating, the transmitter input is Anode Voltage 
x Anode Current, the result being in watts. For lop 

diagra ms.—Editor. 
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Band; do not exceed 10 watts. Anode voltage is best 
measured from the meter end of RFC2 to chassis, 
while meter M; will, itself, show the current. 

Assume 250V at 40mA, whereupon 250 x 0.04 = 10 
watts input. Or forget the "0"s and do it mentally. 
Similarly, 250V at 3CmA=7iW, 3C0V at 30mA=9W, 
and so on. 

Radio frequency output can be found from I2Z, 
where f" is the current shown by the r.f. meter, and 
Z the impedance or resistance of the load. Suppose 
the r.f. meter indicates 200mA, or 0.2A, and the load 
is 100O. I2Z=I x I x Z=0.2 x 0.2 x 100=4 watts. Again, 
assume 0,3A through 75f2, whereupon the r.f. power is 
6.75W. 

To explain why we do not leave V3 detuned, the 
power dissipated, or wasted, at V3 anode is Input 
minus Output. Suppose we have 10W input and 6W 
output. The power dissipated at V3 anode is then 4W. 

The % anode efficiency of the p.a. Suppose 

10W input and 6W output. This gives an efficiency of 
60%, which is an average figure. 

AUDIO SECTION 
The modulator section is straightforward, with 

enough gain for an average crystal microphone. As 
mentioned earlier, VR| is on the rear chassis runner. 
Using short direct leads, and with the lead to pin 7 
of V4 run against the chassis underside, no screening 
was necessary. The external microphone lead must, 
however, be screened in the usual way, the outer 
braiding being the return to chassis. 

If desired, and assuming that an appropriate com- 
ponent is to hand, LFC| can be generously rated 
(100mA) speaker transformer primary instead of the 
choke specified in the Components List. In this case it 
becomes possible to test the modulator circuit by 
temporarily removing h.t. from the r.f. section and 
connecting a speaker to the transformer secondary. 
The microphone and speaker must be well separated 
to prevent acoustic feedback, and the modulator output 
should sound crisp and clear. The test with a speaker 
could also be carried out with the choke specified by 
connecting the primary of any valve output transformer 
across the tags of LFQ, with a speaker across the 
secondary. The values of Cje, C17 and C19 are chosen 
to provide a strong middle register, as is required here. 

When the P3142 choke specified is employed for 
LFCi, care should be taken to ensure that there is no 
risk of possible contact between its tags and the case 
bottom when the chassis is fitted in the case. The choke 
dimensions are such that adequate clearance can be 
obtained, provided attention is paid to this require- 
ment. 

To check audio results when modulating, load V3 
to about 8 to 10 watts input, with a 15 watt lamp 
connected as artificial aerial. With no receiver aerial, 
or only a few inches of aerial, tune in the signal. The 
receiver r.f. and i.f. gain controls need to be well 
towards minimum, so that volume is average with the 
receiver audio gain at its usual setting. Overloading the 
receiver will cause distortion. Also acoustic feedback 
from the receiver speaker to the microphone will 
cause howling if these are not well separated. Advance 
VRj until audio distortion commences due to too 
much gain, then back off slightly. 

POWER SUPPLIES 
Many contacts have been made using a receiver-type 

power supply offering 80mA at 250 volts. But a 275 
volt or 300 volt supply able to give 120mA is much 
better. H.T. voltages above 300 should not be used. 

A reduced h.t. voltage causes p.a. efficiency to fall 
off. For example, 50mA at 200 volts corresponds to 
10 watts input, but this will give less r.f. output than 
30mA at 300 volts (9 watts input). 

The heater drain is just under 2 amps, and is easily 
met by a 2 amp 6.3 volt secondary. Fig. 4 gives the 
circuit of the power pack most often used. It has no 
particular advantage over other circuits, but it also 
has no snags. The lOOkfl resistor is merely a safety 
bleeder. 

TWO-BAND WORKING 
The transmitter gives good results on 80m. Longer 

range working is more usual here than on 160m, 
though 160m has its own advantages, especially during 
dark evenings. 

A few watts can be obtained on 80m by doing nothing 
more than turning VC2 to a dip near minimum capacit- 
ance, and thereby doubling in the p.a. stage. However, 
this is not really recommended. 

To operate V2 on 80m, the lower inductance coil 
L4 (see Components List) is connected in circuit in 
place of L2. For 2-band operation, the switch shown 
in Fig. 5 (a) may be added. To keep r.f. connections 
reasonably short, this 2-way switch is mounted in the 
S3 position, S3 replacing the key jack and the latter 
fitted to the chassis rear runner. L4 may be positioned 
on the chassis between L2 and the added 2-way switch. 

2 21 4^ 
BO 160 

*2 

R,FC.2 
C|2 

(°) 
l3 

nnmnr* 
Aerial 

rm—p 

r r 

(b) 

Aerial 

■x 

(O 

Fig. 5 la). Adding a switched 80m coil to the anode circuit 
of Vi 

(b). Half the p.a. tank coil may be switched in for loading 
on 80m 

(c). An alternative method of switching the p.a. coil 
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Fic k A comprehensive Transmit-Receive control may be 
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'TrCwS as^sc'rfw 80^ "u.U can be 

SiiSpps 

tap in Lj and use only half this coil. 
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output circuits above the cnassis. ^ manner 
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iri fil 

decide to use the circuit of Fig. 5 (c), a small z y 
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A view of the completed transmitter from the side 

Rear view, showing the components above the chassis 
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in Fig. 2. 
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COMPONENTS 

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

Ri 681cn 
R2 lOkO 3 watts 
R3 looka 
R4 22kn ^ watt 
R5 3,3kQ 1 watt 
Rg 22kn ^ watt 
R7 Ikn 
Rg 5.6kQ 2 watts 
R9 470Q (see text) 
Rio IMn 
Rn 220k£2 
R12 lOOkn 
Rj3 22k£2 
R14 3.3kfi 
R15 470kn 
Ri6 270f2 I watt 
VR] 250k£2 potentiometer, log track 

Capacitors 
C) 150pF 1 % silver-mica 
C2 680pF 1 % silver-mica 
C3 680pF I % silver-mica 
C4 2,000pF disc ceramic 
C5 lOOpF silver-mica 
Ce 0.01 |j.F disc ceramic 
C7 0.0I(xF disc ceramic 
Cg lOOpF silver-mica 
C9 1,000pF silver-mica 
Cm l,000pF silver-mica 
C|i 0.01 (xF paper or Mylar, 150V wkg. 
C12 l,000pF silver-mica 
C| 3 5,000pF disc ceramic (see text) 
C14 5,000pF disc ceramic (see text) 
C15 2(4F electrolytic, 350V wkg. 
Cig 2,000pF disc ceramic 
C17 2,000pF disc ceramic 
Cig 25iiF electrolytic, 25V wkg. 
C(9 O.OIixF paper or Mylar, 450V wkg. 
VC, lOOpF variable, type JB/U101/7/100 

(Electroniques) 
VC2 532pF variable, type JB/4507/1/532 

(Electroniques) 
vC3(a)(b) 532pF + 532pF2-gang variable, type 

JB4507/2/532 (Electroniques) 

Inductors 
L| Screened coil type SL/T (Electroniques) 
L2 Screened coil (for 160m) type SL/Y 

(Electroniques) 
L3 68 turns close-wound, 22 s.w.g. enam., lin 

diameter former 
L4 Screened coil (for 80m—see text) type SL/U 

(Electroniques) 

RFCj 4.7mH choke type FCC-7 (Electroniques) 
RFC2 2.6mH choke type RFC.5 (Denco) 
LFCi 10H 120mA l.f. choke (see text) type 

P3142 (Electroniques) 
(N.B. For safety reasons, it is preferable to con- 
nect a further 2.6mH r.f. choke across the trans- 
mitter output. Details are given in the footnote.) 

Valves 
Vj 6C4 
V2 EF91 
V3 5763 
V4 12AX7 
V5 6BW6 
V6 OA2 

Meter 
Mi 0-50mA moving-coil meter type MR38P 

(Electroniques) 

Switches 
Si(a)(b) 2-pole 2-way rotary (see text) 
S2(a)(b) 2-pole 2-way rotary (see text) 
S3 s.p.s.t. rotary 
(N.B. Additional switches are required for 2- 
band operation. See text.) 

Sockets, Etc. 
2 B7G skirted valveholders with centre spigots 
1 plain B7G valveholder 
2 B9A skirted valveholders with centre spigots 
1 plain B9A valveholder with centre spigot 
2 B7G screening cans 2in high (for Vi and V2) 
1 B9A screening can 2in high (for V4) 
1 B9A screening can 2iin high (for V5) 
2 Coaxial sockets 
I Closed-circuit jack (see text) 

Metal work 
1 Datum "Dinkicase" 10 x 6 x 6in type DD6106 

(Electroniques) 
1 chassis 6 x 2 x 8iin (H. L. Smith & Co. Ltd.) 
1 bracket (home-built) for aerial coaxial socket 

Miscellaneous 
16:1 epicyclic ball drive with flange, type 4511 /F 

(Jackson Bros.) 
2 1 ^in dia. (or similar) knobs 
1 lin dia. (or similar) knob (v.f.o. drive) 
4 small pointer knobs 
1 tagstrip, 1 tag insulated 
1 crystal microphone 
Connecting wire, nuts, bolts, etc. 

with VC3(a)(b) fully closed and VC2 "dipped". The 
simplest cure, if the aerial length cannot be changed, 
is to place a loading coil between transmitter and aerial. 
A fairly large diameter tapped coil, wound with 18 s.w.g. 
enamelled wire is ideal. But even a scramble-wound 
coil of flex or connecting wire may solve the problem. 
Find a number of turns which allows normal loading. 
The maximum inductance likely to be required is similar 
to that of the tank coil. 

The advantage of an end-fed aerial lies in the ease 
with which iv can be erected, the fact that many lengths 
do well, and also the convenience of working both 

bands with one wire. Results are usually good when the 
aerial and downlead (which forms part of the total 
length) are mostly high and clear of earthed objects. 
A good earth helps enormously with lengths near a 
quarter-wave, but with lengths near a half-wave the 
earth can sometimes be removed with no change in 
signal strength reports. 

A centre-fed dipole must be cut for the band, and it 
has 75fl or similar co-axial cable (or twin feeder) 
from its centre to the transmitter. Its operation does 
not depend on an earth circuit. About 126-128ft will 
usually cope for 80m. E3 
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NEWS . . . AND . 

PRESENTATION OF WORLD'S FIRST TRANSISTOR COLOUR TV TO SCIENCE MUSEUM 

Mr. Dennis We/// (right). Director of Thorn Electrical Industries Ltd. and Managing 
Director of British Radio Corporation Ltd., discusses the BRC all-transistor colour 
TV receiver with Mr. D. Chilton, Keeper of the Department of Electrical Engineering 
and Communications at the London Science Museum, at the recent presentation by 
British Radio Corporation. 

Recently, Mr. Dennis Neill, Director 
of Thorn Electrical Industries Ltd. and 
Managing Director of British Radio 
Corporation Ltd., presented the Lpndon 
Science Museum with a model of the 
world's first all transistor colour 
television receiver. 

The presentation was received for the 
Science Museum by Mr. D. Chilton, 
Keeper of the Department of Electrical 
Engineering and Communications, The 
model will be displayed in the Radio 
Section. 

The first of its kind, the British Radio 
Corporation all-transistor colour TV 
receiver also breaks with tradition with 
its computer-type chassis construction. 
The circuit is made up of ten printed 
circuit modules all of which are 'plug-in' 
and may be removed and replaced in 
seconds. 

The use of transistors and modules in 
the BRC colour receiver result in an 
extremely reliable set that is simple to 
service. 

DO IT YOURSELF 

RADIO 

An unexpected side-effect of the success of Radio 
Leicester, the BBC's pioneer in local broadcasting in 
England, has been the popularity of night classes in radio 
technique. Hundreds of people are attending courses - 
top businessmen, parsons interested in producing religious 
magazines, teachers, and the man-in-the-street who has 
always wanted a chance to get on the air. 

"This is one of the big assets of local radio - its nearness 
to the people, the immediacy of their reactions; not so 
much broadcasting as conversation". This is the view 
of Donald Edwards, General Manager of BBC Local 
Radio Development, as he described it recently to a 
lunch-time audience in Broadcasting House, London. 
"There is no shortage of material" he emphasised. 
"Indeed there is more than a station's small staff can 
handle, but a community can do much of the broadcasting 
itself. It is their station. We give a helping hand, but it is 
the people's radio. All sorts of ordinary citizens who have 
never broadcast before are revealing charm and wisdom 
at the microphone. They walk into their local station, or 
meet the radio car in the street, and talk. If it is interesting, 
it is broadcast." 

WAKE UP - YOU'RE DEAD! 

"It seems to me that our scientists may have got their 
priorities slightly wrong. You may ask yourself which 
you would rather have - the scientific suppression of 
rheumatism, the common cold, malnutrition and the 
warfaring instinct... or a fluorescent iodine alarm clock 
to get you up, right on time, 500 years after you re dead. 

Basil Boothroyd in the BBC World Service - talking 
about scientists at Massachusetts Institute of Technology 
who are developing a clock which will lose only one second 
in 600 years. 

ff. 1 'v 
"Look Dad he's riding a megacycle I" 
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COMMENT 

VTS DRILL WHICH CAN BE 
LOCKED AT ANY SPEED 

There is a continual development in the 
technical improvement of portable 
electric drills. Initially there were only 
single speed drills, then two- and even 
multi-speed models. About two years 
ago SKIL introduced their revolutionary 
Variable Trigger Speed (VTS) system, 
an electronic speed control which 
theoretically gives as many speeds as the 
maximum r.p.m. of the tool. This type of 
speed control has been obtained by 
building a silicon controlled rectifier in 
the electrical circuit. 
In industrial as well as in do-it-yourself 
circles the advantages of the Variable 
Trigger Speed system were instantly 
recognised. In practice this stepless speed 
control proved to be invaluable, because 
the operator can always select the 
appropriate speed for drilling in many 
different types of material. 

When such a VTS-drill is mounted in 
a vertical or horizontal stand, it is 
advantageous to be able to set the speed 
at any stage between zero and maximum 
r.p.m. Now SKIL announce their new 
model 1435B do-it-yourself drill with 
stepless speed control plus an adjusting 
screw which—in conjunction with the 
lock button—allows the operator to 
select and maintain any desired speed. 
Yet another important step in the 
perfection of electric drills! 

Some other details: Pistol grip design 
and extra side handle for maximum 
handling ease: drill capacity in steel 
5/16" ; dependable 300 input Watts 
motor excellent for driving all SKIL 
Snap/Lock attachments at the 
appropriate speed; speed adjustable from 
0-2500 r.p.m. Price £11 10s. Od. 

Enquiries to SKIL (Great Britain) 
Ltd., 59 High Street, Hounslow, 
Middlesex. 

BULGIN 8— POLE CONNECTOR 

1 < 

I < 

A versatile 8 pole (7 EARTH) connector of 6A. 250V. a.c. 'mains' 
rating. Both plug and socket members are so designed that when 
un-mated, live parts are shrouded and safe to handle. Thus it may be 
used for both mains 'INLET' or 'OUTLET applications. Of robust 
shock resisting plastic construction with positive polarity keying to 
prevent reversed insertion. Plug member has generous terminal screw 
connectors, and efficient cable grip facility connection terminals are 
clearly coded for 'mains' and auxiliary lines. 

THE KEY TO THE DOOR 
Some farm animals eat more than their fair share of food because they 
are greedier, heavier, push more, or are more important animals within 
the herd. To end this one-upmanship on the farm, Denny Desoutter, 
in one of his 'Science in Action' newsletters in the BBC World Service, 
described how an electronic key, by opening a door to its own food 
store could control a beast pushing to get at food. 
The device, developed by a Scottish firm in association with the National 
Research Development Council, is a tuned coil embedded in a plastic 
disc attached to the animal's collar. A beast would be able to push a 
door open only if it was wearing the coil tuned to the particular 
oscillator in its own food cupboard. Only if the two matched would 
the bolt to the cupboard be automatically pulled back. 
Designed to ensure that each animal received one portion of food, the 
mechanism would cost about £15 for each door. Savings would be 
made by relieving farmhands of the time-wasting chore of having to 
lead each animal to a stall and tether it there.   

NEW WIRELESS MUSEUM 
Members of the Peterborough & District Amateur Radio Society are 
establishing a "Wireless Museum" of radio equipment used in the 
1920's and early 1930's. If any reader knows of the whereabouts of 
an ancient crystal receiver, bright-emitter valve type set, horn loud- 
speaker, or old wireless book or magazine, would they please drop a 
postcard to the hon. secretary - D. Byrne, G3KPO, Jersey House, Eye, 
Peterborough, 

FREE-IN NEXT MONTH'S ISSUE 
We shall be adding some extra pages to the "Constructor" next month 
so that we can supply all readers with our ANNUAL INDEX - FREE. 
There will be a considerable demand for the issue as the free index 
represents a bonus of Is. 6d, to each reader. 
To avoid disappointment, as we no longer publish the index separately 
from the magazine, place an order with your newsagent now. 
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SUGGESTED CIRCUIT No. 211 

INTEGRATED CIRCUIT 

BOOSTER FOR LUXEMBOURG 

by G. A. FRENCH 

Despite the fact that, follow- 
ing the recent demise of the 
"pirate" radio stations, there 

is nowadays a virtually continual pop 
music programme on the B.B.C. 
Radio 1 channel, many of the younger 
radio listeners still prefer to tune in, 
far at least part of the time, to Radio 
Luxembourg on 208 metres. During 
the hours of darkness Radio Luxem- 
bourg can normally be received at 
good strength on an average superhet, 
but reception conditions early in the 
evening and around dusk are very 
often quite poor. 

This month's Suggested Circuit is 
d;voted to a Radio Luxembourg 
signal booster unit whose output can 
be applied to the aerial and earth 
sockets of a conventional medium 
wave superhet and which can give 
improved reception of the Luxembourg 
signal. An unusual feature of the 
booster unit is that it works with an 
aerial which is only 7in long, and yet 
it provides an output signal which is 
considerably greater than that offered 
by an aerial wire having a length of 
20ft! The prototype was checked with 
a standard mains superhet receiver 
having aerial input coils (as opposed 
to a ferrite rod aerial) and it was 
found that, under conditions when 
Radio Luxembourg was barely audible 
with the 20ft aerial, the signal was 
received at full strength when this 
aerial was replaced by the booster 
with its 7in aerial wire. 

It has to be pointed out at this 
stage that the aerial input impedance 
and coupling arrangements in medium 
wave receivers will vary from model 
to model, and that these differences 
could qualify the performance offered 
by the booster unit. In this respect, 
therefore, the circuit has to be con- 
sidered as being in the experimental 
category. 
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The booster unit also enables the 
writer to introduce an interesting 
integrated circuit which has now 
become available on the home- 
constructor market. This integrated 
circuit is primarily intended to function 
as an i.f. amplifier in f.m. teceivers, 
but it is employed in the present 
application because of the exception- 
ally high r.f. gain it provides. Since the 
application is other than that intended 
by the manufacturer of the integrated 
circuit some limitations have to be 
accepted, and these are discussed 
later. 

The experienced experimenter, on 
seeing the possibilities inherent in the 
simple unit described here, should 
have little difficulty in adapting the 
basic principle for other purposes. 
The outstanding advantage given by 
the circuit is its ability to provide 
a relatively high r.f. output from a 
signal which is picked up on an 
extremely short length of aerial wire. 

INTEGRATED CIRCUIT 
The integrated circuit is the R.C.A. 

CA3011 (currently available from 
Amatronix Ltd., 396 Selsdon Road, 
Croydon, Surrey) and its internal 
circuitry appears in Fig. 1. 

In this diagram terminal 8 is the 
"ground" connection and is normally 
at chassis potential. The positive 
supply, which may vary between 6 
and 9 volts (with an absolute maximum 
limit at 10 volts) is applied to terminal 
10. This positive supply is fed, via 
Rio, to the groups of voltage regulating 
diodes designated Di and D2, the 
individual diodes in each group 
consisting of silicon junctions passing 
current in the forward direction. 
Assuming some 0.6 volts per junction, 
about 2.4 volts relative to terminal 
8 appears at the upper end of the 
group D2, and about 4.2 volts at the 
upper end of the group Di. The regu- 

lated voltage at the upper end of D2 
is applied to emitter-follower Q10, 
whose emitter feeds the base circuits 
of Qs and Q5. Similarly, the regulated 
voltage at the upper end of Di is 
applied to the base of Q9, whose 
emitter supplies the collector circuits 
of Qi to Q5. 

The input signal is applied across 
terminals 1 and 2, the latter being held 
at chassis potential for r.f. by an 
external O.lixF capacitor. Qi and Q2 
form an emitter-coupled differential 
amplifier pair, the base of Q2 being 
bypassed to chassis, via terminal 3, 
by a second 0.1 nF capacitor. The 
signal at Q2 collector is passed to the 
base of emitter-follower Q3, whose 
emitter feeds into the differential 
amplifier Q4, Qs- The signal from Qs 
is next applied to the further emitter- 
follower Qe and, thence, to the output 
differential amplifier pair Q?, Qs- 
Terminal 4 is bypassed externally to 
chassis via a third 0.1 (dF capacitor, 
thereby earthing the bases of both 
Qs and Qg for r.f. The output load 
is connected between terminals 5 and 
10- D.C. stabilising loops are provided 
internally by way of Ru and R15, 
whilst a fourth O.lpF capacitor, con- 
nected externally between terminal 
10 and chassis, bypasses the supply 
potential. The complete device is 
encapsulated within a TO-5 metal 
can, this being connected internally to 
terminal 8. Input impedance between 
terminals 1 and 2 is typically 3k D. 

Fig. 1 is taken from the CA3011 
circuit issued by R.C.A., and employs 
the same component numbering. In 
the R.C.A. circuit there are no 
resistors designated Rj or Ru to 
Rn- 

As is to be expected from the large 
number of transistors which appear in 
the signal amplification chain, the 
overall gain offered by the i.e. is 
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exceptionally high. The manufacturers 
specify the CA3011 as an f.m. i.f. 
amplifier offering a useful frequency 
range from 100 kc/s to greater than 
20 Mc/s. Quoted voltage gain is of 
the order of 70db (3,000 times) up 
to 2 Mc/s, dropping to some 60db 
(1.000 times) around 12.5 Mc/s. These 
figures are very high indeed for a 
single device no larger than a standard 
transistor, and the convenience afford- 
ed by the use of the CA30II becomes 
even more apparent when it is re- 
membered that the only external 
components it requires are four 
0. iirF capacitors. 

Fig. 2 shows the layout of the 
CA3011 lead-outs, with the leads 
pointing towards the reader. Terminals 
6, 7 and 9, it should be nojed, are 
internal connections. No external 
connections mast he made to these 
leads. 

BOOSTER CIRCUIT 
The Luxembourg booster circuit 

using the CA3011 appears in Fig. 3. 
In this diagram the 7in aerial is con- 
nected direct to the tuned circuit 
given by coil winding L2 and trimmer 
Ci. Li is a coupling winding and it 
connects to terminals 1 and 2 of the 
CA30II integrated circuit. The coil 
employed is a Denco Transistor Dual 
Purpose Blue type Range 2T, which 
is normally intended for aerial coupling 
purposes on the medium wave band. 
In this instance, however, the aerial 
coupling winding, L|, is unused, and 
merely has one end connected to 
chassis. The Denco coil may be 
plugged into a B9A valveholder'. and 
the numbers alongside the windings in 
Fig. 3 indicate the corresponding 
valve pins. Resistor R| is included 
merely to maintain d.c. continuity 
between terminals I and 2 of the 
integrated circuit if the coil happens 
to be removed from the valveholder 
for experimental purposes, and this 
resistor may be omitted if the coil is 
wired permanently into circuit. 

Returning to the integrated circuit 
in Fig. 3, terminal 8 of the device 
connects to chassis and to the negative 
pole of a 9 volt battery, the positive 
pole of which connects, via on-off 
switch S|, to terminal 10. Terminals 
2, 3, 4 and 10 are bypassed to chassis 
via the 0. IjaF capacitors C2 to Cj. 
The I50i2 resistor R2 provides the 
output load for the integrated circuit, 
and appears between terminals 5 
and 10. The output passes via Q, to 
a screened cable, and thence to the 
aerial and earth terminals of the 
associated receiver. For reasons of 
stability, all the r.f. components and 
wiring after terminal 5 are screened 
from the remainder of the circuit. 

As is at once evident from the 
diagram, the booster circuitry external 
to the CA30U is extremely simple 
indeed. 

To set up the booster unit after it 
has been assembled, the receiver with 

RIO 
09 

hK -K 

d2 02 Q4 05 

R4 Rs 

vw 
"14 
vw 

Fig. 1. The internal circuitry of the R.C.A. CA3011 Integrated circuit 

which it is to be used is initially tuned 
to Radio Luxembourg with a normal 
aerial plugged in. This aerial is then 
removed and the output lead from the 
booster unit coupled to the receiver 
aerial and earth terminals instead. The 
booster is next switched on, after which 
trimmer C) is adjusted for best recep- 
tion of the Luxembourg signal. The 
unit is then ready for use, no further 
adjustments being required. 

LIMITATIONS 
From the foregoing it might be 

assumed that the i.e., in a basic 
circuit similar to that shown in Fig. 
3 but with a larger aerial applied, 
could be usefully employed as a 
signal booster at all frequencies at 
which it offers useful gain. This 
application is feasible, but it is only 
practicable if tuned circuits capable 
of providing sufficient selectivity to 
isolate the desired signal appear 
between the aerial and the CA301I 
input terminals. If, for instance, a 
large aerial were connected to the 
coupling winding Li of Fig, 3, the 
single tuned circuit L2 Ci would not 
present sufficient selectivity to isolate 
the desired signal from those adjacent 
to it. Cross-modulation would then 
result, and the desired signal would 
carry a background of modulation 
from transmissions on neighbouring 
frequencies together with noise picked 
up by the aerial over a relatively 
broad band of frequencies. 

The simple tuned circuit and very 
short aerial of Fig. 3 provides sufficient 
selectivity for reception of the Luxem- 
bourg transmission, and hence enables 

the booster unit to offer a performance 
which is both useful and attractive. 
L2 and Ci offer a relatively high Q 
at the high frequency end of the 
medium wave band, and the unit can 
be used for boosting other signals 
around the Radio Luxembourg fre- 
quency. Some difficulty may be 
experienced if the booster unit is used 
in districts where the B.B.C. West 
Radio 4 transmission on 206 metres 
is received at high strength, and it 
could be found that the simple tuned 
circuit employed may not be sufficient 
to prevent a Radio 4 background being 
present on the boosted Luxembourg 
signal. No trouble on this score was. 
experienced with the prototype, which 
was checked in an area where the West 
transmission appears at good strength, 
but it is a point which should never- 
theless be borne in mind. 

Projection 

CA301I 
Lead-outs 

Fig. 2. The lead-out numbering of 
the CA3011 
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wire was initially soldered to the 
integrated circuit lead-out, after which 

; length of sleeving was passed over 
both wires, this extending right up 
to the CA3011 can. Braiding taken 
from a length of thin screened cable 
was then passed over this sleeving and 
nearly up to the can, taking care to 
avoid short-circuits to leads 4 and 6. 
It is possibly unnecessary to take the 
screening as close to the can as this 
but, bearing in mind the exceptionally 
high gain offered by the integrated 
circuit, the writer felt it would be 
desirable to err on the cautious side 
here. 

FINAL POINTS 
The prototype circuit offered the 

performance which has already been 
described, and there was no evidence 
of instability ■ using the 1500 load 
shown in. Fig. 3. Should instability 

Fig. 3. The CA3011 employed in the Radio Luxembourg booster unit 

Tagstrip 

7 in aeria 

Coil 

B9A va veho der 
CA30II 

¥ 
IRQ Screened output 

lead to receiver 

Screened lead 
from terminal 5 

r2'C6 lnsi<ie meta' case Spacing pillars 

Fig. 4. A suggested layout for the major components of the booster unit. C2 to 
C5 are not shown, and these should be on the upper surface of the metal case, 

connecting to the integrated circuit by way of very short leads 

As a matter of interest it may be 
mentioned that the prototype booster 
unit, with its 7in aerial, offered results 
at least as good as a 20ft aerial over 
all the medium wave band when Ci 
was replaced by a standard 310pF 
tuning capacitor. This capacitor was, 
of course, adjusted for optimum 
strength with each signal it was 
desired to receive. At the low frequency 
end of the medium wave band the 
booster gave the same signal strength 
as did the 20ft aerial. At frequencies 
above I kc/s (300 metres) signal 
strength using the booster was greater 
than with the 20ft aerial, this increase 
in strength becoming markedly more 
pronounced as the frequency of 
reception increased. On long waves, 
the booster unit offered the same 
signal strength as the 20ft aerial at 
all points of the band, the medium 
wave coil in the booster being replaced, 
for the purpose of this experiment, by 
a Blue Range IT coil (750 to 2,000 
metres) from the same Denco series. 
On the short wave bands, using a 
Blue Range 4T coil (20 to 60 metres), 
cross-modulation proved troublesome, 
and the 20ft aerial gave better results. 

In consequence, the booster unit 
could, if desired, be employed alter- 
natively as a "compressed aerial" on 
medium and long waves. The tuning 
capacitor which is then required should 
be fitted with a simple epicyclic slow- 
motion drive as adjustments, even 
with the single tuned circuit, are 
fairly critical. 

CONSTRUCTION 
A suitable basic layout for the 

booster unit is illustrated in Fig. 4. 
It will be seen that the coil, together 
with its trimmer and the integrated 
circuit, appear on the upper surface 
of a small metal box which forms the 
chassis. It is preferable to have the coil 
unscreened. The four 0.1 (LF bypass 
capacitors connecting to the integrated 

circuit should have their leads as short 
as possible. Small paper or plastic 
foil capacitors will be suitable here. 

A screened lead from terminal 5 
of the integrated circuit travels 
through the metal box surface to R2 
and C(,. These components are com- 
pletely enclosed within the metal case, 
which then provides the requisite 
screening. The on-off switch, Sj, 
can be positioned at any convenient 
point. 

To prevent instability, the screening 
on the lead to terminal 5 should 
closely approach the metal can of 
the integrated circuit. In the prototype 
the writer used the following approach. 
A short length of thin tinned copper 

occur with any unit built up to the 
circuit it could be cleared by reducing 
the value of this resistor. It is much 
more probable, however, that the 
instability would be caused by ex- 
cessively long leads in the bypass 
capacitor circuits or by inadequate 
screening. 

If the booster unit is used in con- 
junction with a mains-driven receiver 
whose chassis is common to one side 
of the mains, the requisite isolating 
capacitors musr be present in both the 
receiver aerial and earth input circuits. 

The current drawn by the prototype 
unit from the 9 volt battery was 
24mA. m 
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Stabilisation and Smoothing 

with Thermionic Valves 

byJ.B. DANCE, M.Sc. 

A common reaction, when considering a stabilised power supply employing either 
valves or transistors, is to think in terms of the series circuit. But the shunt stabiliser 

offer similar performance and can, in many cases, be cheapen than a series 
stabiliser. Our contributor devotes most of this article to the shunt circuit as 
applicable to valve power supplies. Mathematical analyses are given to support the 
description of operation, and it is shown that the end results of the calculations are 

simple equations which can be readily applied 

VOLTAGE STABILISERS USING THERMIONIC TUBES 
can be divided into two main types, namely 
series and shunt stabilisers. In series stabilisers 

all of the stabilised current passes through a series 
valve, the potential drop across this valve being con- 
trolled by the applied grid potential. Several valves 
are usually required in this type of circuit. In shunt 
stabilisers, the controlling valve appears across the 
power supply output. 

Shunt valve stabilisers will be considered in some 
detail since they are simple and some types can be 
constructed using only a single valve. 

ELECTRONIC SMOOTHING 
If a power supply circuit is required which will 

provide an output that is almost completely free from 
hum or other ripple, the type of circuit shown in Fig. 1 
may be used. This circuit will also remove any hum 
harmonics and any transient voltage pulses which 
may be present in the mains supply due to random 
changes in the loading. The smoothed output is taken 
from point B and should be used to supply only the 
circuits which really do need a well smoothed supply. 
All other parts of the equipment should be fed from 
point A in order to ensure that the current passing 
through resistor R2 is kept as small as possible. 

PRINCIPLE OF OPERATION 
If the potential across C2 in Fig. 1 increases slightly 

for any reason (for example, during a peak of the hum 
derived from the mains supply), this voltage peak will 
be applied to the grid of the valve V2 via capacitor C3. 
The anode current passing through the valve thus 
increases and this tends to reduce the voltage at point 
B due to the increased voltage drop in R2. 

If the component values are suitably chosen, the 
increased voltage drop across R2 can be made equal 
to the initial rise in potential, so that the potential at 
point B remains constant. One can think of the valve 
as being a phase inverter producing an output of 
opposite polarity to the instantaneous voltage and 

(in this circuit) having a gain of unity. All of the alter- 
nating current (due to hum, etc.) passing through R2 
also passes through the valve. The resistor R4 serves to 
protect the valve against excessive grid current during 
any positive voltage transients of the potential at point 
A. 

This circuit has an input time constant of approxi- 
mately C3R1 and will be effective at frequencies greater 
than approximately I/C3R1. 

CIRCUIT ANALYSIS 
The resistor R3 provides a suitable bias for the valve. 

The value of this resistor may be calculated from the 
equation 

R3=Y^ .. . Equation 1 a 

where Vg is the grid bias recommended by the valve 
manufacturers and la is the anode current at this bias. 
This sets the d.c. conditions. 

(continued on page 679) 
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Fig. 1. An electronic smoothing circuit 
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STABILISATION AND SMOOTHING 
WITH THERMIONIC VALVES 

(continued from page 679) 

The value of Ra may be found from a consideration 
of the a.c. circuit conditions; it must be chosen so that 
the gain of the stage is unity. Let the a.c. input voltage 
applied between the grid and earth be Vin. The grid-to- 
cathode a.c. voltage, Vgc, is given by the equation 

Vin=Vgc+VR3 . . . Equation 2 
where Vr3 is the alternating potential across R3. As 
far as alternating voltages and currents are concerned, 
the circuit may be represented by the constant voltage 
equivalent of Fig. 2. The components inside the dotted 
lines are equivalent to the valve. The valve effectively 
generates an alternating potential of — ^Vgc volts 
where (i is the amplification factor of the valve. The 
minus sign, which indicates that the output voltage is 
180° out of phase with the input voltage, will be ignored 
in the following calculation. 

The current flowing, I, is given by Ohm's Law as 
T  f^gC 

R2 "h R3 + fa • 
The alternating voltage across R2 is IR2, so 

v l^gc T. 
RP- Rz + R3 + fa 2 

Similarly, the alternating voltage across R3 is given 
by 

VR3 = 
IfVgc 

R3 R2 + R3 + fa 
In order that the gain of the stage shall be unity, the 
value of the output voltage, Vrz. must satisfy the 
equation 

VR2=Vgc + Vrs (see equation 2) 
That is: 

f'Vec p _v | l^Vgc r 

R2 + R3 + raR2~Vgc +R2 + R3 + fa 3 

Dividing through by Vgc and multiplying by (R2 + 
R3 + fa); we obtain: 

txR2=R2 + R3 + ra -+- 1J.R3 
.-.(fx - l)R2=ra + (ix + 1) R3 

Hence, *2=—^ + ^jRs 
As (x is much greater than unity, (x — 1 and (x + 1 are 

both approximately equal to [x. Thus 

1 
R2—-7 + Ra r* 

or Ra—+ R3 (since |x= =gm rj ... Equation 3 
In practice it is best to employ a variable resistor for 

R2 in Fig. 1 and to adjust it until no hum is detectable 
at point B. For hum detection this point may be con- 

VWV Mains 
input 

1 E| Cl S C2S 

1 

C3 □ 

, I 
M—L WW 

Fig. 3. A shunt stabiliser circuit 

nected via a d.c. blocking capacitor to the input of a 
sensitive audio amplifier or to the input of an oscillo- 
scope. 

The capacitor C3 of Fig. 1 must be a good quality 
paper component; an electrolytic capacitor is quite 
unsuitable owing to the fairly high leakage. The resistor 
Ri provides a d.c. path between the grid and cathode 
of the valve and should not have a value above the 
maximum specified by the valve manufacturer. 

PRACTICAL EXAMPLE 
Let lis design a circuit using half of an ECC81 

(12AT7) double triode in the Fig. 1 circuit. The recom- 
mended grid bias voltage is —2.0 volts and the resulting 
anode current about 10mA. Hence, 

„ 2.0 
3_10 X 10-3 

=200D (using equation 1). 
From valve data, gm for the ECC81 is 5.5 mA/volt. 

Using equation 3, 

R2-^+ R3 

~5.5 x 10-3 + 200 

= 182 + 200 
38212 

Hence a 5000 variable resistor would be suitable for 
use as Rz. R4 may be about 50kto 100kf2. In the case 

Voltage 
generator} rv> 

 J 

; "2 

Q J 

H J. input  % I 
from 

power pack 
R2 = 

f"3 

Fig. 2. Equivalent circuit for the Vi stage in Fig. 1 Fig. 4, A feedback shunt smoothing circuit 
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smoothing 
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D.C. 
Amplifier 
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Fig. 5. Block diagram for a series stabiliser 

of the ECC81, the maximum permissable resistance 
between grid and cathode when cathode bias is employed 
is IMfl. R3 and R4 are fairly small compared with this 
and therefore Ri may be IMfi. The capacitor C3 should 
be large if slow variations of the mains supply voltage 
are to be smoothed out. For most purposes, however, 
a 0.1 [iF paper capacitor is suitable for this position, 
since it will only be necessary to eliminate hum. 

STABILISATION 
The circuit of Fig. 1 will provide smoothing but not 

stabilisation, since capacitor C3 will not pass zero 
frequency variations of potential to the grid of the valve. 
The type of circuit shown in Fig. 3 will provide both 
stabilisation and smoothing, but requires a negative 
stabilised h.t. supply in addition to the h.t. supply being 
smoothed. However, the negative h.t. current required 
is quite small and may be obtained by the method shown 
in the circuit. Dj is a small power rectifier diode of 
suitable peak inverse voltage rating (not less than 
2\/2 times the r.m.s. transformer secondary voltage)- 
C3 is the negative h.t. supply reservoir capacitor and 
V3 is a gas filled voltage stabiliser tube such as the 
90C1 which has a working voltage of, very approxi- 
mately, 100 volts. The resistor R5 is used to drop the 
voltage across C3 to the voltage stabiliser operating 
voltage; if it is omitted, the voltage stabiliser will be 
damaged. 

The coupling to the grid of V2 is via resistors in 
order that the circuit is effective for very slow changes 
of the mains supply voltage. Rj should not exceed the 
maximum grid-to-cathode resistance recommended 
by the manufacturers for valve V2. R4 is selected so 
that the ratio R4/R1 is approximately equal to the 
ratio of the steady potentials E1/E2. The mean grid 
potential of V2 is then approximately equal to the 
earth potential. R3 is calculated as in the Fig. 1 circuit 
to provide a suitable bias voltage for V2. 

CALCULATION OF R2 
The value of resistor R2 may be calculated in a 

similar way to the value of the corresponding resistor 
in Fig. 1. In the case of Fig. 3, however, the value of 
the alternating potential between the grid and earth 
is less than the alternating voltage across the capacitor 
C2, since the resistors R4 and Rj act as a potential 
divider to the a.c. component as well as the d.c. com- 
ponent. To take this into account, the value of R2 has 

to be multiplied by the. factor or, since V2 
Ri 

grid is virtually at earth potential, E2 + Ei 
E2 

Thus, in Fig. 3, 

R2^(iS+ R3)(1 + |) 
This equation enables the approximate value of R 

to be found, but it is best to employ a variable resislo. 
of a value somewhat higher than is given by the equation 
so that it can be adjusted for optimum stabilisation and 
hum removal. 

It remains to find the value of R5. First of all the 
current passing through Ry must be found. This is 
equal to Ei + E2 divided by R4 + Ri. The current 
through the stabiliser V3 should be selected to be in the 
working range of this tube. For example, the 90C1 has 
a working current range of 1 to 40mA, so a current 
of 10mA may be selected. The total current passing 
through R5 is the sum of this current and that passing 
through Rj. The value of the potential across R5 is 
equal to the potential across C3 minus the working 
potential of the tube V3. The value of R5 should be 
approximately equal to the voltage across it divided 
by the calculated total current passing through it. 
(The potential across capacitor C3 will be somewhat 
less than V2 tjmes the r.m.s. voltage of half the trans- 
former secondary winding.) 

Q, C2, C3 and Li of Fig. 3 and Q, C2 and Li of 
Fig. 1 are normal smoothing components, typical values 
for the capacitors being 8 or 16(xF and for the inductors 
5 or 10 henrys. ' 

FEEDBACK SHUNT STABILISERS 
The circuits which have been discussed so far are 

bridge type stabiliser and smoothing circuits in which 
hum voltages, etc., may be entirely eliminated by the 
use of a valve as a part of a balanced bridge. 

Another type of electronic smoothing circuit is 
shown in Fig. 4. Although this circuit does not, at 
at least at first sight, appear very much different from 
those described previously, the principle of operation 
is rather different. In particular it should be noted that 
the grid is coupled to the.anode of the valve and not 
to the input from the power pack. Thus the circuit 
cannot entirely eliminate mains voltage variations, 
since only the variations of the output are coupled to 
the grid. This type of feedback stabiliser circuit has, 
however, the compensating advantage that the output 
impedance is usually lower than that of the bridge 
circuits of Figs. 1 and 3. Thus,, the circuit of Fig. 4 is 
likely to be most suitable when changes of loading are 
expected to occur. 

An analysis of the circuit will show that this circuit 
will reduce the amount of hum by the factor 

RIRL 
+ gmRi + Rl ^ +gmR3>; 

whfere R, is the resistance of the load. 
Hence the mutual conductance, gm, of the valve 

should be large, whilst R3 should be kept as small as 
possible. 

The output resistance effectively connected across 
the load is approximately the resistance Ri connected 
in parallel with the output resistance of the valve in 
series with R3. As in the case of the cathode follower, 
100% negative feedback is used and therefore the 
output impedance of the valve alone is approximately 
1/gm, as with the cathode follower. Thus the output 
impedance, R, is given by the approximate equation: 

J_= 1 +_J  
R Ri 1/gm + R3 

In order to keep the output impedance, R, small. 
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gm should therefore be large and R3 small. This is the 
same condition as is required to obtain the best re- 
jection of hum. 

If Q is replaced by a resistor, a stabilising circuit is 
obtained which will operate at any frequency (including 
zero frequency), instead of having the lowest operating 
frequency limited by the time constant of C1R2. It is 
best to bypass the anode to grid resistor by a capacitor, 
however, since 100% negative feedback is then obtained 
at hum frequencies and the output impedance at such 
frequencies is also kept to a minimum. 

Although only single valve shunt stabilisers have 
been discussed in this article, various circuits have 
appeared in the literature which employ several valves. 
These enable the hum or slow variations in the h.t. 
potential to be completely eliminated and may be 
designed so that the output impedance is very low or 
even zero in certain cases. 

'SERIES STABILISERS 
The block diagram shown in Fig. 5 may be used to 

illustrate the functioning of a series stabiliser. All of 
the output current from the rectification and smoothing 
circuit passes through a series stabiliser valve to the 
output. The potential drop across this valve is dependent 
on its grid voltage, which is controlled by the output 
potential. The fraction of the output voltage tapped off 
by the potential divider at point A is amplified by the 
d.c. amplifier and used to control the grid voltage of 
the series valve. It is not possible to entirely eliminate 
output fluctuations with this type of feedback circuit, 
since the d.c. amplifier will only operate when small 
variations of the output occur. 

The series valve should have a low internal anode 
resistance, ra. The gm should be fairly high if a high 
degree of control is required. A power output valve 
is almost invariably used, since an appreciable current 
will probably have to be passed. (If the current require- 
ments are small, the circuit of Fig. 1 or Fig. 3 will 
usually offer a more economical alternative.) Some 
valves, such as the 12E1, have been specially manu- 
factured for use as series stabiliser valves; they are 
commonly employed in industrial equipment. 

If. the position of the tapping on the potential divider 
(A in Fig. 5) is made variable, the series voltage stabiliser 
circuit offers a method for obtaining a variable stabilised 
h.t. supply. 

D.C. input Stabilised 
output 

+400V 
+50Ov"^ sla KT55 
+6OOV 

tOOn !0 3< 
330 

IO kn o-i 
IOO kn 

VR] 
40kn Z77 

lOOkn 

33kn 
QS95/IO OlpF 

Fig. 6. A practical series stabilising circuit 

PRACTICAL CIRCUIT 
A practical circuit for obtaining a stabilised supply 

in the range 200-500 volts at 0-100mA is shown in 
Fig. 6.* The d.c. amplifier stage, V2, is biased by the 
use of a QS95/IO voltage stabiliser tube. (If extremely 
good stability is required, a QS83/3 voltage reference 
tube should be employed.) Cathode bias cannot be 
used in this circuit. 

The switch wafers Sia and Sib are ganged. The 
switch position must be selected so that the desired 
output voltage can be obtained. VRi is the fine output 
voltage control. 

The output of this circuit does not vary by more than 
about 10 millivolts as the load current varies from 0 
to 100mA. The regulation is about 1 volt for variations 
of + 21 % to —7 % ofthe input voltage. 

*This design is taken from "Series Voltage Stabilisers". Application Report 
No. 1, published by M.O. Valve Co. Ltd. 

□ 

CARRIER FREQUENCY STABILITY OF THE BBC's 200 Kc/s TRANSMISSION 

The frequency stability of the BBC's high-power 200 Kc/s transmitter at Droitwich, which is widely used as 
a reference frequency standard by industry and scientific bodied in this country and in Europe has again been 
improved. 
Since 1965 the long-term stability has been within ±5 parts in 1010 and with the use of automatic frequency 
correction the excursion from nominal has not usually exceeded 1 part in IO10. 
The frequency control source is now a rubidium gas cell standard provided by the National Physical Laboratory. 
This has a day-to-day stability of better than 1 part 1011 and the frequency will be maintained within ±2 
parts in 1011 of nominal referred to the caesium beam frequency standard at the NPL. 
The phase of the received 200 Kc/s carrier is monitored continuously at the NPL during the hours of trans- 
mission and the values of mean daily frequency are published monthly in the technical press. They are also 
available on application to:— 

Director 
National Physical Laboratory 
Teddington 
Middlesex 
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The "MINIFLEX" Dual Purpose Personal 

Receiver 

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

This miniature 3-transistor medium wave receiver fits, 
complete with its battery and earpieces, into a neat plastic 
case measuring 4f x 3 x only. If desired, an external 
loudspeaker unit may be plugged in, whereupon a larger 
battery is automatically connected and the output transistor 

circuit is altered for optimum speaker operation 

This article describes a design 
which uses few components but 
which provides 6 stages, includ- 

ing two r.f. stage?. It is capable of 
receiving a large number of stations 
in the medium waveband with two 
magnetic earphones, using only a 

4m ferrite rod for signal pick-up. I he 
gain provided is such that, unlike 
most miniature personal receivers, 
good speaker results can be opttim®" 
from several stations and "bedside 
volume" from many others, without 
the addition of any further amplific- 
ation. All that is then necessary is 
the speaker, a suitable output trans- 
former, a means of connection to tne 
receiver, and a change in the value ol 
the outprt transistor emitter resistor 
in order to allow that transisloi to 
deliver the necessary power to drive 
the speaker. Also, in the interests ot 
economy, a battery with a larger 
capacity is brought into circuit when 
the speaker is in use. The necessary 
circuit change and the coupling up 
of the larger battery is automatic 
when the speaker is plugged in. 

The overall result is a miniature 
receiver which, together ^with the 
two ear pieces, are contained in a 
plastic box measuring about 45in 
x 3 x Ijin, and which can be earned 
in a pocket on any occasion, he 
ancillary loudspeaker unit may be ot 
reasonable size, and consists ot a 
cabinet which also houses two large 
1.5 volt cells, and which can be lett 
at home for use there. 

The Receiver Circuit 
At first sight the circuit shown in 

Fig. 1 may seem to bear a resemblance 
to that used in previous designs by 
the author under the general title ol 
"Simplicity and Sensitivity", though 

* Simplicity -1 n 1 Sensitivity With Two Tran- 
sistors. April 1964 issue: Simplicity And Sensi- 
tivity With Three Transistors, November 1965 
issue. 

apart from the fact that double reflex 
action is used in both instances 
there is little further in common and 
Fig. 1 does, in fact, show a completely 
new circuit. , , . t 

The signal is picked up by the tuned 
circuit given by Li and VCi and is 
passed to TR, which functions as a 
common collector radio frequency 
amplifier. Thence it passes to TR2 
which acts as a common emitter radio 
frequency amplifier, and next appears 
across the r.f. choke, U- L>i « a 

selenium rectifier which demodulates 
the signal and passes the resultant 
audio frequency to the base ot IKi. 
This transistor and TR2 form a super 
alpha pair at audio frequencies, both 
devices functioning as common col- 
lector amplifiers. The output appears 
between the emitter of TR2 and the 

positive supply line and is at lo 
impedance, of the order of ■ 
Because of this, it is necessary to use 
a voltage step-up transformer so that 
the signal offered to the base of TR3 
can work into an impedance of the 
order of Ikn. If the base of TRj 
is connected direct to the emitter ot 
TR2, which at first sight rnay seem an 
attractive alternative, it will be founQ 
that the effective gain given by 1 R3 
is small because of the serious damping 
of its base circuit. TR.3 functions as a 
normal common emitter audio tre- 
quency amplifier. 

A positive feedback loop for r. . 
is given over the TRi and TRz stages, 
it being completed from the collector 
of TR2 via Di, which couples to the 
end of the tuned circuit remote from 
TRi base. This loop enables vRi to 
function as a reaction contro , and the 
value of Ci has been carefully chosen 
to ensure that oscillation does not 
occur until VR, slider is near the 
TRi emitter end of its fraclc- VRl 

also functions as an r.f. and a.l. 
volume control and it will be seen 
that it therefore controls gain in 
three ways. The fact that oscillation 
takes place only when VRi is set 
near the maximum volume setting 
ensures that little r.f. or a.f. amplific- 
ation is lost when the control is just 
below oscillation point. 

In addition to providing demodula- 
tion, Di acts as a dropping resistor 
to give suitable bias to the base of 
TR]. The selenium rectifier specified 
for Di has a very much higher imped- 
ance and resistance than either a 
germanium or silicon diode, ana such 
devices will not work in this circuit. 
It is essential to use the Ml. 

TRi and TR2 are both diffused 
alloy types. Although the AF117 is 
specified here, because it is in general 
the cheapest in the range and is 

-3V 

I I i t-2 

TR3 TR, TR, ACY21 AF1I7 AFII7 
green 

.d 

I 
red yellow VCi *3 

VRi 

Li 

C, C4 
1 

Shield Metal Red 

Lead-outs AFII7 Lead-outs ACY 21 Lead-outs 
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Fie 1 The circuit of the Miniflex Personal Receiver. Sockets A, B and C are 
miniature 3.5mm jack sockets, the centre conductor shown ln [he diagram 
connecting to the tip of the jack plug and the outer conductor to the jack plug 

sleeve 
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The prototype receiver coupled up to the loudspeaker unit 

equally suitable as the others, any 
from AF1)4 to AFI17 inclusive may 
be used, but it is important to insist 
on a first grade transistor supplied 
in the Mullard packet. There are many 
surplus types on the market, not 
always advertised as such, and many 
of them are useless. This precaution is 
less vital in the case of TR3 which is 
a high amplification low frequency 
transistor capable of passing a fairly 
substantial current. 

High impedance magnetic earphones 
are required, and are plugged into 
sockets A and B. Those specified will, 
if the ear plugs are removed and 
packed by themselves, lie on top of 
the receiver panel with the lid able 
to shut over them and the controls 
when the receiver is not in use. In 
fact, the dimensions of the case are 
the true overall dimensions of the 
receiver. This is not often the case 
when knobs and switches protrude 
and the ear phones have to be carried 
separalely. Incidentally, one earphone 
may he used on its own, if desired, 
this being plugged into either socket 
A or B. 

In Fig. 1 the jack sockets are 
depicted as coaxial sockets, and it is 
important to note that the outer 
conductor shown corresponds to the 
sleeve of the jack plug, when inserted. 

Resistors 
(All fixed values i watt 10%) 

Ri 4700 
R2 1.2ka 
Rj 390 
VRi 5kO variable, linear track. 

Clarostat 37 modified (See 
text. Available from Alpha 
Radio, 103 Leeds Terrace, 
Winton St., Leeds 7) 

Capacitors 
Ci 0.005(iF 
C2 0.01 tiF 
C3 125(iF 4V wkg. Mullard 

electrolytic 
C4 250|4F 4V wkg. Mullard 

electrolytic 
VCi 300pF variable. "Dilemin" 

Cat No. 4150 (Jackson 
Bros.) 

Inductors 
Li Aerial coil on 4 x fin dia. 

ferrite rod (see text) 
L2 2.5mH r.f. choke 

(Repanco) 
T1 Interstage transformer 

type TT49 (Repanco) 

Transistors 
TRj AF117 
TRj AF117 
TRj ACY21 

Diode 
Di Diode type M3 (Available 

as "half-wave meter recti- 
fier" from Henry's Radio, 
or under Cat. No. MR50 
from Home Radio) 

JUNE 1968 

and that the centre conductor cor- 
r:spoiids to the jack plug tip. The 
same applies to socket C, whose 
f.'nction is described next. 
Employing A Loudspeaker 

When a speaker is used, the primary 
of its output transformer is plugged 

COMPONENTS 

Switch 
Si Double pole slide switch, 

sub-miniature 

Battery 
3-voIt battery type 1915 (Ever 
Ready) 

Earphones 
2 off. Miniature 1,00041 with 

plug and cord, Ardente 
ER250 (Henry's Radio) 

Case, Panel 
Plastic case with lid, 4f x 3 
x 1 j-in (Accessory No. 69(a)— 
Henry's Radio) 
4 x 3in panel for same (Acces- 
sory No. 70—Henry's Radio) 

Knobs 
2 off. 1 i x fin (Ref. No. 17— 

Henry's Radio) 

Jack Sockets 
3 off. jack sockets, 3.5mm 

Extra components for loudspeaker 
unit 

Output transformer (T2). Type 
TT12 (Repanco) 
Speaker. 8 x 5in, 342 
2 off. jack plugs, 3.5 mm, each 

with 1 yd twin flex. 
2 off. 1.5 volt cells type U14 

(Every Ready) 

into socket A, and it will be seen that 
this also enables the negative terminal 
of the large battery to be connected 
into circuit. See Fig. 3. A second 
jack plug, both leads of which are 
taken to the positive terminal of the 
large battery, plugs into socket C. 
This not only connects up the positive 
of the large battery but also places 
Rj in parallel with R2, whereupon 
TR3 passes about 25 to 30mA instead 
of about 1mA, which flows with 
headphone reception and only R2 
in circuit. The switch, Si, must be in 
the Off position when the speaker is 
being used, or the two batteries will 
be in parallel, and one may discharge 
into the other. The receiver is auto- 
matically switched on for speaker 
use when the two jack plugs are 
inserted, though there is no reason 
why a second switch should not be 
inserted in one of the leads of the 
large battery if that is preferred. This 
switch may be mounted on the speaker 
cabinet. As the large battery can be 
short-circuited if the two jack plugs 
touch each other, it is wise to cut a 
small piece of Paxolin with two holes 
separated by the same distance as 
are the sockets A and C, the plugs 
being cemented into these holes. The 
result is then a two pin (four contact) 
plug. 

The output transformer requires 
to have a low ratio and a very low 
primary resistance. The component 
specified is very suitable, and although 
larger than many, will lie on its side 
beneath an 8 x 5in speaker. Two U14 
cells will stand neatly behind the sides 
of the speaker, as shown in Fig. 3, 
and the whole can be contained in a 
case little larger than the minimum 
required to house the speaker on its 
own. If the speaker is to be employed 
only occasionally, a No. 800 battery 
may be used instead of the U14 
cells, but these are recommended if 
heavy use is anticipated. It will be 
found that negative connections can be 
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Rubber 
grommet 

7/8 
Paxolin strip 
I'M* x Va* 

XLinr 
yellow 174 i'm IR 

e3cJ VR 
VCj 

Bend / 
straight 

ED 

Battery 
No. 1915 JFr\ 

Jack socket A Jack socket C Jack socket B 
Brass Brass contact contact 

Fig. 2. Layout of the receiver. For simplicity, transistor lead-outs are not shown, 
the position of the transistor can being indicated, and the connecting points 
identified as £1, B1, C1, etc. The shield lead-outs of TRi and TRj ore not 
connected into circuit. With the jack sockets shown, the upper tag connects 
to the jack plug sleeve and the right hand tag to the jack plug tip. Note that 

some sockets may have different tag positioning 

soldered to the tin plate surrounds of 
the cases of the U14, and positive 
connections to the brass caps, provided 
that both are first cleaned up gently 
with a fairly smooth file. 

So far as the receiver itself is 
concerned, there is, of course, no 
reason why the constructor should 
not design his own layout. However, 
the layout shown in Fig. 2 has proved 
satisfactory for the rather cramped 
conditions dictated by the use of the 
neat little plastic case quoted in the 
Components List. The only precaution 
to be taken—and this is important— 
is to prevent unwanted coupling 
between Li and L2. L2 should be 
roughly at right angles to the ferrite 
rod, as shown in Fig. 2, though in 
practice it may be necessary to tilt 
it a little, one way or the other. If it 
couples in phase, with Li there will be 
oscillation even when VRi is turned 
well back. If it couples out of phase, 
oscillation may prove impossible even 
with VRi at maximum. At the null 
point, which is aimed at, reaction 
should be very smooth and the 
oscillation point, which should appear 
with VRi advanced by about 70 to 
80% of full rotation, should not vary 
much through the tuning range. If 
mounted as shown it is easy to move 
L2 a little, if necessary, and its leads 
are sufficiently stiff to maintain the 
position of the component once the 
optimum has been found. 
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It is equally important that the 
leads from Li should not pass too 
close to L2. 
The Ferrite Aerial 

Li consists of 70 turns of 32 s.w.g. 
enamelled wire, close-wound, on a 
paper sleeve fitted over a 4in by fin 
ferrite rod. Grommets are fitted at 
each end of the rod and thread— 
not wire, which would give a shorted 
turn—is passed through small holes 
in the panel and tied to hold the rod 
firm. . , • 

The No. 1915 battery is held in 

Fine twin flex 

position between two small springy 
brass strips, the latter being bent at 
right angles and fixed to the panel by 
fin 6BA bolts. These, and all other 
bolts used, should have countersunk 
heads. The brass strips can be taken 
from an old No. 1289 battery. A 
piece of stiff card is placed under the 
battery to prevent the possibility of 
short-circuits due to the paper covering 
becoming torn by the ends of the 
bolts. , 

Ti is mounted on one of its small 
ends and is fixed to the panel by means 
of a suitable adhesive in the position 
shown. 

The choice of a tuning capacitor was 
easy. This component is as specified 
in the Components List, and should 
be mounted on a strip of ^in Paxolin 
about Ifin x fin by means of lin 
6BA bolts passing through suitable 
holes in the strip into the threaded 
holes in the capacitor. Washers 
should be fitted between the strip 
and the front of the capacitor to allow 
for a slight rise round the spindle 
and to ensure that the component is 
not damaged by the bolts passing 
too deeply into it. Two further holes 
near the ends, of the strip allow this 
to be bolted to the panel. The fin 
6BA bolts used here should have 
solder tags under the nuts as these 
are used as wiring anchoring points. 
See Fig. 2, . 

The choice of a suitable volume 
control is less easy. There is little 
room for this, especially with respect 
to depth. There are a number of small 
volume controls on the market but 
many of these are unsuitable when, 
as in the case of the present circuit, 
a small direct current is passed through 
them. They may soon become noisy. 
Some constructors may have found a 
reliable small component but the 
control specified is inexpensive and 
is favoured by the authors. In order 
to fit it in the space available it is 
necessary for its metal dust cover to 
be removed and the stop plate, which 
will then be exposed, to be straightened 
with a pair of pliers. This means that 
the component is now used without 

8x5 speaker 

\ 

To socket C r 

To sleeve 
G£ZHf[ U14 UI4 

To socket A 

To tip 

Paxolin strip Fine twin flex 

Fig. 3. The add-on loudspeaker unit. A suitable baseboard may be used for 
mounting the components 
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VQ VRj 

Jack sockets 

Fig. 4. The appearance of the receiver with two earphones plugged in. When 
closed, the case measures 4| * 3 x 1 Jin only 

a mechanical stop at the maximum 
and minimum positions. The more 
ingenious constructor could devise a 
Stop pivot fitted, say, to the front 
panel, but the author found it satis- 
factory to mark the panel with red 
over the small range between the 
maximum and minimum positions, 
taking care not to adjust the knob 
into this red area. Damage to the 
slider may result if the control is 
adjusted so that the slider leaves the 
track. The spindle will need to be cut 
down to about Jin and it will be 
necessary to use packing washers 
or a second nut behind the panel 
when mounting the control, so that 
the outside locking nut only just gets 
a good grip. With these precautions 
the lid of the small case used should 
shut comfortably. A little extra room 
can be obtained, if necessary, by 
filing a little off the underneath of the 
knobs. 

Jack Sockets 
Jack sockets seem to vary in the 

position of their contacts and con- 
necting tags. The third contact, used 
for switching, is left disconnected in 
the present circuit, and the two tags 
which correspond to the outer sleeve 
and jack plug tip should be verified 
before wiring to these components 
is undertaken. In all cases the con- 
nection to the outer sleeve is the 
battery connection. Note that socket 
C is positioned between sockets A 
and B. 

Liberal use should be made of fine 
gauge plastic sleeving on component 
leads to prevent short-circuits. The 
case of TR3 is live to the base and 
should be covered with a turn or two 
of Sellotape or similar. The fourth 
lead on the AF117 transistors, which 
is connected to the case, is not used 
in this circuit and may be cut short. 
Transistor lead-outs are not shown 
in Fig. 2. Instead, the position taken 
up by the body of each transistor 

is shown, and its connection points 
identified by the letters E, B or C, 
as applicable, and the number of the 
transistor. Thus, the base of TR2 
connects to the slider of VRi, this 
point being identified as "B2". 

It will be seen that only one of the 
two sections of Si is used as a switch, 
two tags on the unused section being 
employed as anchoring points. The 
only connections which are not taken 
to some form of anchoring point 
are those which join together R2, 
Rj, C3 and the emitter of TR3. 
This junction point is "in the air", 
but the component lead-outs are 
sufficiently stiff to give adequate 
rigidity. 

Fig. 4 gives a view of the front 
panel when the complete receiver is 
fitted in its case. 

If any constructor who is interested 
in this design is discouraged by the 
somewhat cramped arrangement of 
the components he may, if he wishes, 
use a rather larger case which is also 
available from Henry's Radio, Ltd. 
This measures 52 x 3 J x 1 Jin and offers 
quite a useful amount of extra space. 

The general layout, expanded a little, 
may still be followed. Henry's Radio 
do not advertise a panel for this case 
but one can easily be cut from a 
piece of ^in Paxolin. 

It should be mentioned that reducing 
volume by backing down VRi reduces 
the current passed through TR2 and 
TR3. In general, this is useful, since 
quiet listening is accompanied by 
battery economy. But it could happen 
that distortion would be introduced 
through overloading when receiving a 
very powerful local station, in which 
case the directional properties of the 
rod aerial should be used to prevent 
the need for a drastic backing-off 
of VRi. This precaution has not 
proved necessary at the author's 
home despite a very strong signal 
from the local Start Point station. 

A further peculiarity of the circuit 
is that for the first minute or so 
after switching on it will, if tuned to 
a weak station demanding a critical 
reaction setting, tend to "spill over" 
and oscillate. This can be put right 
by a touch on the controls, and the 
effect soon stops. 

□ 

BIG STUDIOS ORDERS FOR EMI RECORDERS 

EMI Electronics have received an order worth nearly £18,000 from the Independent Television Authority 
for 28 BTR4 studio tape recorders. The BTR4's will be used to provide music and test tone sequences for 
trade transmission from I.T.A. transmitting stations. 

The EMI studio tape recorder is used by the majority of broadcasting organisations in the United Kingdom 
and extensively abroad. Other recent orders include Granada TV (2), Yorkshire TV (9), Scottish TV (3) and 
broadcasting organisations in Angola (4) and Nigeria (2). 

The BTR4 is a high quality professional tape recorder available in half and full track monaural, or two-track 
stereo using 0-25 in. tape in rack-mounted or console form. The head block can be rapidly changed and 
compatible linking units, such as mixers and microphone amplifiers, can be provided. Alternative tape speeds 
of 15-7i i.p.s. or 7i-3| i.p.s. are available. It is fully tropicalised and has switchable equalisation for CCIR, 
NAB or I EC standards. 
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^Miniature 5-Watt Hi-Fi 

Amplifier 

by B. T. HATHAWAY 

Offering a flat response from 65 c/s to 30 kc/s and a distortion of less than 1%, 
this miniature power amplifier provides an output of 5 watts in a 3n speaker. 
The input requirement is 70mV into Ikfi for 3 watts output, and the amplifier 

may be preceded by a transistor radio or a pre-amplifier unit 

This versatile little amplifier measures a mere 
3 x 2i x 2 in, but will give a power output of up to 
5 watts into a speaker. The circuit is designed to 
operate from supply voltages of between 9 and 18 
volts at load currents up to 1 amp. Frequency 
response is flat within 3dB over the range 65 c/s to 
30 kc/s, and can be extended down to 20 c/s, if 
required, by simply increasing the value of one 
capacitor in the circuit. The input impedance of the 
amplifier is of the order of Ikfl, and the input 
sensitivity for a 3 watt output into a 3 ohm load is 
70mV. Signal distortion is less than 1%, so the 
amplifier really enters the hi-fi class as currently 
understood. 
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The ability of the amplifier to operate from a 12 
volt supply makes it suitable for fitting in a car 
complete with 30 .speaker,, whereupon it can be 
driven from the output socket of a pocket transistor 
portable radio. The amplifier circuitry is completely 
transformer-less, and this feature makes the unit 
ideal for building into mains powered equipment, 
since there is no danger of inductive pick-up of 
mains hum, as in the case of conventional trans- 
former coupled circuitry. 

Basic Operation , 
Technically, the main feature of this amplifier 

is the fact that it is completely transformer-less. 

THE RADIO CONSTRUCTOR 

www.americanradiohistory.com



The elimination of all transformers from the design 
results in a circuit which, although rather simple in 
appearance, is very complex in actual detail of 
theoretical operation. To understand the theory 
of operation we must start from basic principles. 

In any transistor audio power amplifier, the final 
aim is to feed a fairly large amplitude signal from 
the moderately high output impedance of a tran- 
sistor pre-amplifier into thtf very low impedance of 
an external speaker, and to do this without intro- 
ducing distortion. Quite clearly, this specification 
calls for the use of some kind of impedance trans- 
formation in the amplifier. Whilst an iron-cored 
transformer could be incorporated in the design, 
such components suffer from a number of disad- 
vantages, amongst whWi are a proneness to signal 
-distortion and high cost. The use of some kind of 

solid-state impedance transformer is clearly to he 
preferred. 

The first possibility that springs to mind in this 
respect is to employ an emitter follower in the 
output stage, as shown in Fig. 1 (a), It is known that 
an emitter follower exhibits near-unity voltage gain 
between input (base) and output (emitter), and has a 
high input impedance and low output impedance. 
In consequence, it might seem reasonable to suppose 
that by connecting a low impedance speaker to the 
emitter via a large capacitor, the circuit of Fig. 1 («) 
will give the desired results with low distortion. 
In fact this is not the case, as can be shown in the 
following manner. 

Suppose that the values of Rj and R2 are chosen 
so that, in the absence of an input signal, the emitter 
of TRj is at a potential of 5 volts with respect to 

-iOV -IOV 

2V 
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TR, 

C| 
-5v Klin 
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A-Ayov i-IK 
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RN.R) 

TR 
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2 V 
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Cb) 
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T7 
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(c) 

W 0 

TR3 I'R 

R4 
% lR3 

TR/i TR 

(d) 
Fig. 1 (a). Demonstrating the distortion which results when a single emitter follower works into a load with capacitive 

coupling 
(b). The distortion is overcome if a complementary emitter follower circuit is used. (The forward biasing components needed 

to eliminate cross-over distortion are omitted here) 
(c). An alternative output stage employing p.n.p. transistors. This requires anti-phase input signals 

(d). Combining the circuits of (b) and (c) to allow the use of p.n.p. transistors in the output stage together with a single- 
phase input 
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the positive supply. Q will then be charged to 
this potential. If an input signal of 4 volts peak-to- 
peak is now connected, as shown, the negative-going 
part of the signal will cause TRi emitter potential 
to rise to a peak of 7 volts, and the major part of the 
emitter current will be derived in this transition via 
the speaker and Q; a potential of 2 volts negative 
will be developed across the speaker, while the 
potential across Ci will remain constant at 5 volts. 
When the input signal goes positive, however, TRi 
base will swing down to a minimum of 3 volts, and 
the emitter will tend to follow it, but in fact it will 
only be able to do so down to about 5 volts, at 
which level the 5 volt charge in Q will tend to hold 
the emitter steady and cause the emitter-base 
junction of TRj to be reverse biased as the base 
falls to 3 volts. Ci can then only discharge via the 
series combination of the speaker and re and, since 
the value of re will usually be large relative to the 
resistance of the speaker, C| will discharge with 
a long time constant and the signal across the 
speaker will be severely distorted, as shown. 

Thus, qne of the paradoxes of the conventional 
emitter-follower is that, although it has a low 
output impedance, it is not suited to feeding into 
low impedance capacitively coupled external cir- 
cuits, unless those circuits have an impedance that is 
comparable in value witTi re. 

One way to overcome this difficulty is to use the 
complementary p.n.p./n.p.n. emitter follower circuit 
shown in basic form, in Fig. 1 (b). Here, TRi can be 
regarded as a normal emitter follower using TR2 as 
its emitter load. The values of Ri and R2 are chosen 
so that, in the absence of an input signal, TRi 
emitter is at 5 volts. Under this condition, TRi base 
will be slightly above 5 volts, as also will TR2 base, 
and TR2 emitter-base junction will therefore be 
reverse-biased and TR2 will be cut off. In the 
presence of a negative-going input signal, TRi will 
act in the manner of the emitter follower circuit 
already outlined, and a copy of the signal will 
appear across the speaker. In this case, however, 
when the input signal swings in a positive direction 
and TRi base falls to 3 volts, the emitter-base 
junction of TRi will be reverse-biased and that 
transistor cut off, while the emitter-base junction 
of TR2 will be forward-biased and that transistor 

. driven on, with the result that the signal across the 
speaker still follows the input signal. Consequently, 
the common emitter junction of TRi and TR2 can 
faithfully follow the input signals applied at the 

if: 

f'i. 

, .i- ■ 
eg 

. v 

1 

A view of the underside of the chassis 

input, and these signals appear with negligible 
distortion across the speaker. 

In practice, it is necessary to apply a slight 
forward bias to each of the transistors so that 
distortion will not occur at the "cross-over" point, 
at which one transistor switches on and the other 
off. The provision of the forward bias can be simply 
accomplished by wiring a resistor between the bases 
of TR] and TR2. An interesting point about this 
circuit is that, since one transistor is cut off when 
the other is on, and vice versa, it acts effectively as 
a current phase splitter. The only snag with the 
circuit is that it calls for the use of both p.n.p. and 
n.p.n. transistors, and these tend to be rather 
expensive, in pairs, when high current types are 
required. 

Fig. 1 (c) shows another way of overcoming the 
difficulty given with a conventional single emitter 
follower, but this time by using two p.n.p. transistors. 

Here, TRi acts as a conventional emitter follower, 
with TR2 as its emitter load; in the absence of an 
input signal, TR2 is cut off. This circuit is fed from 
a phase splitter, one signal passing to TRi base, 
while an anti-phase signal passes to TR2 base. 
Thus, when TRi would normally be cut off by 
the emitter follower action previously referred to, 
TR2 is forward-biased and provides a low impedance 
path to the positive supply line. A copy of the 
input signal then appears across the speaker with 
negligible distortion. This circuit has the advantage 
that low cost high power p.n.p: transistors can be 
used, but the disadvantage that a phase splitter 
is required. 

The circuits of Fig. 1 (h) and 1 (c) can be effectively 
combined, as in Fig. 1 (d), to form a circuit that 
will give a high current output from a single ended 
input, using low-cost p.n.p. power transistors in 
the output. Here, TRi and TR2 correspond to the 
similarly identified transistors of Fig. 1 (c). Also, 
TRj and TR4 correspond to the p.n.p./n.p.n. pair 
of Fig. 1 (b), but in this case they are used as a 
current phase splitter for driving the output transis- 
tors. The no-signal output voltage at TRi emitter 
is approximately the same as that at the junction 
of Ri and R2. The transistors can be given a slight 
forward bias, to minimise cross-over distortion, 
by wiring R3 between the bases of TRj and TR4. 
The effects of leakage currents at high temperatures 
on the two output transistors can be minimised by 
wiring shunt resistors R4 and R5 between base and 
emitter, as shown. 

The circuit of Fig. 1 (d) gives near-unity voltage 
gain between input and output, has a high input 
and very low output impedance, and gives an output 
that is virtually free from distortion. This circuit 
forms the basis of the 5 watt power amplifier to be 
described. 

The Final Circuit 
The final circuit diagram of the miniature 5 watt 

amplifier is shown in Fig. 2. Here, the input signal 
is fed via Q to RV], which acts as a pre-set volume 
control, and a fraction of this signal is then passed 
on to the base of TRi via Ri and C2. TRi is con- 
nected as an emitter follower, with its emitter 
feeding directly into the base of amplifier TR2. 

TR2 is connected as a common emitter amplifier, 
with a collector load made up of Rg, R9, RV2 and 
Dj in series. TR3, TR4, TR5 and TR6 make up a 
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Fig. 1. The complete circuit of the 5 watt miniature amplifier 

Resistors 
(All fixed values | watt 10%) 

R.! 820 
R2 5.6ka 
R3 47kn 
R4 l.Skfl 
Rs 180fii 
R6 180f2 
R? 1800 
Rg 330a 
R9 2.2kn 
RVi 5kf2 skeleton pre-set 

. (vertical mounting) 
RV2 lOOn skeleton pre-set 

(vertical mounting) 

COMPONENTS 

potentiometer 

potentiometer 

Capacitors 
Ci 8ptF electrolytic, 15V wkg. 
C2 16(j.F electrolytic, 15V wkg. 
C3 400|j,F electrolytic, 2.5V wkg. 
C4 0.005(xF Mylar 
C5 50iji.F electrolytic, 15V wkg. 
Cp 1 ,000|j,F electrolytic, 25V wkg. (For 

supplies below 15 volts, may be 15V 
wkg.) 

Semiconductors 
TRi 2G374 (Texas) 

2G374 (Texas) 
2N1306 (Texas) 
NKT403 (Newmarket) 
2N1307 (Texas) 
NKT403 (Newmarket) 
2G371 (Texas) 

TR2 
TR3 
TR4 
TR5 

Bf6 

N.B. In case of difficulty, all semiconductors 
are available from L.S.T. Components, 23 
New Road, Brentwood, Essex 

Switch 
Si s.p.s.t. switch, toggle 

Speaker 
30 speaker 

Miscellaneous 
Veroboard, 0.1 Sin hole matrix (see Fig. 3) 
Insulated washers and bushes for TR4 and TRg 
Metal transistor clip for Di 
Aluminium for chassis 
Fablon, or similar self-adhesive plastic material 
Wire, sleeving, nuts, bolts, etc. 

unity-gain emitter follower circuit of the type 
illustrated in Fig. 1 id), and the input of this section 
of the circuit is direct coupled to the collector of 
TR2. RV2 and Di give a small amount of forward 
bias to TR3 to TRfi in order to minimise cross-over 
distortion. 

june 1968 

The output at the emitter of TRg and collector of 
TR4 is at approximately the same potential as TR2 
collector (due to emitter follower action) and the 
top of R3 (in the base bias network of TRi) is 
direct coupled to the output line. Thus, since the 
bias of TRi controls the bias of TR2, a d.c. negative 
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Fig. 3. Copper and component sides of the Veroboard panel. Di is the emitter-base junction of a p.n.p. transistor 

feedback loop is formed over the complete circuit 
to give close control of all quiescent operating 
voltages. As a result of this feedback the output 
at TRs emitter is constant at a quiescent potential 
of approximately half supply voltage over a wide 
spread of transistor characteristics and supply 
line potentials. A.C. feedback also takes place via 
the same mechanism, so that very little distortion 
appears on the amplified signal. 

Part of the output signal from the emitter of TRg 
is fed, via C5, to the junction of Rg and Rp in the 
collector circuit of TR2. Now, the signal at the 
lower end of Rp is virtually identical with, but 
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effectively isolated from, the signal at TRg emitter, 
with the result that virtually identical signals appear 
at either end of Rp and very little signal current 
flows in this resistor. As a result, Rp exhibits a far 
greater impedance than its 2.2kO real resistance, 
whereupon TR2 gives a very high voltage gain. This 
technique of increasing the effective impedance of 
a resistor is known as "bootstrapping". 

The natural frequency response of this amplifier 
extends up to several hundred kc/s, and there is a 
risk that high (ultra-sonic) signals could inadvertently 
appear in the amplifier, with consequent high power 
consumption but low audio output. To avert this 
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danger it is necessary to restrict the amplifier's 
upper frequency response, and C4 is fitted for this 
purpose. 

Di is a temperature compensation diode, and 
automatically adjusts the bias voltages for TR3 to 
TRg to compensate for changes in operating tempera- 
ture. This diode consists, in fact, of the emitter-base 
junction of a standard transistor, and is thermally 
coupled to the two output transistors, TR4 and TRg. 

Construction 
The major part of the electronic circuitry is wired 

up on a small piece of Veroboard panel with 0.15in 
hole spacing, and construction should be started 
by cutting this panel to size and drilling the four 
small mounting holes, to clear 6BA screws, as 
shown in Fig. 3. Next break the copper strips, with 
the aid of a small drill or the special cutting tool that 
is available, as indicated, and cut back the copper 
slightly from around the four mounting holes. 

Start component assembly by soldering the two 
shorting links, covered with insulated sleeving, in 
place as shown in Fig. 3, and then solder all com- 
ponents and connecting leads in position as indicated. 
Diode Di (actually the base-emitter junction of a 
2G371 transistor) is mounted later on the chassis, 
which also functions as a heat sink for the output 
transistors. Di is connected to the Veroboard panel 
by two flexible wires of the requisite length. Note 
that all components other than Rg and Cfi are 
mounted vertically on the panel. Insulated sleeving 
should be used where there is any danger of com- 
ponents short-circuiting against one another. The 
width of the mounting legs of RVi and RV2 should 
be reduced with the aid of a small file so that they 
fit easily in the holes in the panel before attempting 
to solder these components in place, 

On-off switch S] is not mounted on the Veroboard 
or the chassis, and may be fitted at any convenient 
external position. 

Once assembly on the Veroboard panel is complete, 
cut, bend and drill the aluminium chassis, using a 
medium gauge material, as shown in Fig. 4, and 
then cover the inside and outside of the lower lips 
with Fablon or a similar self-adhesive plastic material. 
Now drill suitable holes to take TR4 and TRe, 
and bolt these to the chassis using the insulated 
washers and bushes supplied for these transistors. 
Fit a solder tag under one securing nut for each 
transistor on the underside of the chassis. These 
tags act as collector take-off points. 

Next, take the transistor that is used as diode Di, 
cut off the collector lead close to the body of the 
transistor, and then bolt the "diode" to the underside 
of the chassis with the aid of a small transistor 
clip. 

Check that the Veroboard panel fits easily inside 
the chassis and that the mounting holes line up 
correctly, trimming if necessary. When assembled, 
the chassis lips are on the copper side of the board, 
and diode Di is at the same end as RVi and RV2. 
Finally, connect the leads from the Veroboard 
panel to TR4 and TRg as indicated in Fig. 3, and 
then bolt the panel inside the chassis with the aid 
of four 6BA screws and nuts. 

Testing The Amplifier 
Once assembly is complete, double check all 

mm 
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The appearance of the amplifier before the Veroboard 
panel is fitted in the chassis 

wiring and then carry out the following functional 
checks. 

Short-circuit the two input leads together, adjust 
RV2 for minimum resistance (slider at Dj end of 
track) and then, with no speaker connected, apply 
a 9 to 12 volt supply to the circuit, taking care to 
connect with the correct polarity. Check that no 
more than a few milliamps are drawn from the 

16 

5/8 

_ A - 
3/o/ 

Cover inside and outside of 
lower lips with Fablon or a 
similar insulating material A- 6BA clear 

B - 4BA clear 

N.B. Dimensions are inside measurements after bending 

— 1 '/a" n Use insulated washers 
and bushes 
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J D| (transistor) in 
holder, on under- 
side 

Solder tags, on underside 
Fig. 4. Side view and top view of the chassis, which also 

functions as a heat sink for the output transistors 
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The neat and compact appearance of the completed 
amplifier 

supply; check also that the current can be adjusted 
up to a high value by means of RV2. Also check 
that the negative side of Qj is at roughly half supply 
line potential. If the above conditions cannot be 
met, it can be assumed that an error has been made 
in construction or that a component is faulty. Now 
connect up a 3Q speaker and again check that, 
apart from a brief surge as the speaker is connected, 
a current of only a few milliamps is drawn from the 
supply. 

Next, connect the output of a transistor radio or 
similar sound source to the input of the amplifier 
and check the sound quality of the system, adjusting 
RV2 for minimum cross-over distortion consistent 
with low quiescent current consumption (5 to 15mA). 
Adjust the pre-set volume control, RVi, to give the 
required degree of overall sensitivity. Note that if 
RVi is adjusted for maximum sensitivity overall 
gain will be so high that it will be necessary to set 
the volume control of the radio to almost zero if 
a moderately low volume is to be heard in the speaker, 
and under this condition the output of the radio will 
contain a great deal of noise which will be audible 
from the speaker. 

This completes the assembly and test procedure, 
and the miniature 5 watt high quality amplifier is 
now ready for use. 

Using The Amplifier 
To use the amplifier, simply connect a suitable 

power supply (9 to 18 volts), a 3ft speaker, and an 
input signal, and adjust RV2 for low cross-over 
distortion consistent with a low (5 to 15mA) 
quiescent current consumption. Adjust the pre-set 
volume control, RVi, to give a degree of gain suitable 
for the equipment with which the amplifier is to be 
used; adjustment of this control will be found to be 
self-evident when the amplifier is employed in 
practice. 

The power supply with which the amplifier is 
used must have a fairly low output impedance 
(i.e. its output voltage should remain reasonably 
high at load currents of 1 amp or so) otherwise 
the full 5 watts of audio output will not be obtainable. 
The supply should also be well smoothed. A car 
battery meets these requirements. If a mains powered 
unit is required, a power pack such as the Sinclair 
PZ.3 is recommended. 

The 5 watt amplifier can be mounted to a chassis 
or panel by drilling two small holes in the side of 
the amplifier's aluminium chassis and similar holes 
in the supporting chassis, or panel. Self-tapping 
screws may then be used to secure the amplifier 
in place. 

Circuit Modifications 
The frequency response of 65 kc/s to 30 kc/s quoted 

at the beginning of this article is obtained when 
C4 has a value of 0.005p.F and Cg has a value of 
1 ,000ij.F. The low frequency response can be extended 
down to about 20 c/s, if desired, by increasing the 
value of Cg to S.OOO^F. The upper end of the 
frequency response can be restricted, if required, 
by increasing, by trial-and-error, the value of C4. 
Note, however, that the value of this capacitor should 
not be reduced below that quoted in the Components 
List in an effort to increase the upper frequency 
response, as the circuit may then suffer damage. 

The pre-set volume control, RVi, can be replaced, 
if desired, by an externally mounted variable volume 
control of the same value. If an input signal is to be 
applied from a potential of greater than 15 volts 
d.c., the voltage rating of Q should be increased 
to a suitable value. 

E3 

BRITISH AMATEUR TELEVISION CLUB ANNUAL CONVENTION 

The British Amateur Television Club will hold its Amateur Television Convention on Saturday 14th September 
1968 in the I.T.A. Conference Suite, 70 Brompton Road, London, S.W.3. Further details from the Hon. Sec. 
D. S. Reid, 71a Rose Valley, Brentwood, Essex. 

Advertisers Correction 

We have been asked to state that the price of Practical Wireless Service Manual should be 25s. and not 5s. 
as announced in a recent advertisement. 
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Photographer's Metronome 

by 

F. L. THURSTON 

This unusual device, which features a unijunction a.f. oscillator, provides warning 
"bleeps" at 1 second, 5 second and 10 second intervals, as desired, to assist in 

photographic processing work 

This device is designed to give a sharp audible 
"bleep" tone at repetitive intervals of either 1, 
5 or 10 seconds, so that the passage of time can 

be accurately judged without the use of visual aids. 
This facility is of great assistance when shading 
areas of an enlargement print in the darkroom with 
the intention of bringing out fine detail or achieving 
subtle changes of tone. • „ i„ 

The unit can be built in either of two versions. In 
the first only a 4-transistor circuit is used and the audible 
output is available via a crystal earphone. If the crystal 
earpiece is not worn in the ear but is simply placed 
on the work bench the tone will still be audible up to 
a range of several feet in a normally quiet workshop. 
The second version of the unit incorporates an audio 
power amplifier so that the bleep tone can be ted 
directly into a small speaker, and uses a total ot 8 
transistors. This second version ,of the unit is built 
up on a piece of Veroboard panel, and the complete 
circuit measures 4i x 11 x lin. 

In this article, technical circuit descriptions and 
constructional details will be concerned primarily 
with the 8-transistor version of the unit. The simple 
4-transistor version can be built by simply omitting 
the audio amplifier section of the more complex unit. 

BASIC PRINCIPLES OF OPERATION 
Fie. 1 shows the block diagram of the circuit used 

in the metronome. The heart of the unit is the liming 
generator shown on the left; this "block acts as a 
switch that is normally open, but closes momentarily 
at regular intervals. Switching intervals of 1 second 
5 seconds, or 10 seconds may be selected by means of 
Si. The output of the timing generator is ted to a 
gate switch, which opens and closes in sympathy with 
the timing generator, but which takes negligible power 
from it. The gate switch is wired in series between a 
tone generator and the battery supply, and thus switches 
the generator on and off in sympathy with the timing 
generator. 

The output of the tone generator is of large amplitude, 
but is at very high impedance. This output can be 
fed directly to a crystal earpiece, if required. Alter- 
natively, it can be fed to a speaker via a high impedance 
buffer and an a.f. power amplifier stage, as shown in 
the diagram. , . . r 

The output waveform of the unit, taken either from 
the tone generator or from the speaker, is shown in 
Fig. 2. Here, the output pulse has a duration of approxi- 
mately 0.25 seconds on all ranges, and controls a tone 
frequency of approximately 900 c/s. On range 1 the 
total switching period, P, is 1 second, and the off time 
of the output, T, is 0.75 seconds. On the 5 second range, 
T is 4.75 seconds, and on the 10 second range T is 
9.75 seconds. 

Figs. 3 (a) to 3 (rf) show the basic circuits from which 
the final unit is developed. In Fig, 3 (a) we have a 
conventional astable multivibrator, which is used as 
the basis of the timing generator. The astable multi- 
vibrator is a two state switching circuit, in winch 
either TRi is on and TR2 is off, or vice versa. The 

IQsec 
5sec S| 

Timing Gate Tone 
generator switch generator 

2-5s\ 
speaker 

A.F. power High impedance 
amplifier buffer 

Fig. 1. Block diagram illustrating the basic functioning 
of the metronome 
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'j—0-25 sec 

,900c/s 

P = 1 sec .T =0-75sec 
P = 5 sec ,7 = 4-75 sec 
P =IOsec,T = 9-75 sec 

Fig. 2. The output waveform provided by the unit 

output waveform of the circuit, taken from either 
collector, is of approximately rectangular form. 

As shown in Fig. 3 (a) the astable multivibrator 
circuit has two snags for the present application. 

voltage, and above this the emitter-base junction breaks 
down. This breakdown of the junction will not result 
in any permanent damage to the transistor nor will 
it cause the circuit to cease operating, but what it will 
do is upset the timing of the multivibrator, so that 
if stable timing is required the breakdown must be 
prevented. This can be achieved quite simply by wiring 
a normal germanium diode in series with the emitter- 
base junction. One way of wiring the diodes, as shown 
in Fig. 3 (a), is to connect each diode between points 
X-X in the base circuit, thereby giving the circuit 
good frequency stability. 

The second snag with the basic astable multi- 
vibrator is that there is a slight danger that under 
some circumstances both transistors may switch on 
at the same time, and the circuit will then cease to 
operate. This danger is particularly acute when very 
wide mark/space ratios (on/off times) are used, as in 
the case of the timing generator described here. This 
snag can be overcome, as shown in Fig. 3 (b) by wiring 

0-25 
sec 

^^900c/s 

+ 9V +9V 

R| g 5*2 
^2 

II 
TRg TR 

X X X X 

Da 

li 

TR 
d2 

Ca) (b) 

TR 

Ri Vout 

ov 

C) 

TR 
B2 

(d) 

Fig. 3 (o). The basic astable multivibrator 
(b). The astable multivibrator with sure-start and 

"frequency correction" diodes 
(c). The basic emitter follower 
(d). The unijunction oscillator 

The first of these is that, due to the method of operation, 
reverse voltages of approximately 9 volts are applied 
between base and emitter of the transistors when the 
circuit is operating. However, most n.p.n. silicon 
planar transistors (as used in this unit) are only designed 
to withstand a maximum of about 6 volts reverse 

a pair of diodes between the collectors of TRi and 
TR2 and then connecting the tops of the timing resistors 
(Ri and R2) to the junction of the two diodes. If, now, 
both transistors tried to switch on at the same time 
both collectors would go to ground potential and auto- 

(continued on page 697) 
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RADIO AND ELECTRONIC HANDBOOK. By G. R. Wilding. Published by lliffe Books Ltd. 149 pages, 
including 84 diagrams, 83 x 6 in. Price 17s, 6d. 

Technicians and service engineers in the radio and electronics industry require a considerable amount of 
data which is spread over many books. It is often difficult and time consuming to locate in a hurry. Students, 
however, who may have to study a whole series of course books will find a condensation of such information, 
which gets down to the essentials, extremely useful. Radio and Electronic Handbook has been designed to 
provide, on the one hand, a reference book and, on the other, a revision guide. 
The intention has been to summarise'basic electronics into four separate easily assimilated sections which 
will provide rapid reference to important principles, formulae and applications. These four main sections 
are - Direct current theory. Alternating current theory, Valve theory and applications and Transistor theory 
and applications. Practical worked examples and circuit diagrams have also been utilised whenever necessary. 
The concise presentation, which covers all the relevant ground, makes for maximum learning absorption and 
the book will prove invaluable for both practical and examination requirements. 

Contents 
Section 1: Direct Current Theory. 

2: Alternating Current Theory 
3: Valve Theory and Applications. 
4: Transistor Theory and Applications. 

NEW CATALOGUE. Henry's Radio Ltd., 303 Edgware Road, London, W.2. 

The new 9th Edition of this well-known catalogue is now available to readers. This new Edition contains 
more than 280 pages listing some 6,000 stock lines. As previously, discount vouchers for use with purchases- 
five at 2s.-are supplied with each catalogue. The price of the catalogue remains unchanged at 7s. 6d. plus 
Is. postage and packing. 

NEW ELECTRONICS CENTRE 

Henry's Radio Ltd., are pleased to announce to readers the opening of a new Electronic Centre at 309 Edgware 
Road, London, W.2.-a few shops away from their existing premises. 
The new Centre will be devoted to the sale and demonstration of all the latest high-fidelity equipment with 
a vast range on display. Additionally, intercoms, public address equipment, microphones and a large range of 
test equipment, plus many hundreds of other stock lines will also be available for inspection and purchase. 
The existing premises at 303 Edgware Road will be expanded to cater for an ever-increasing range of electronic 
components and accessories. Also, electronic organ components, equipment sales and demonstration, the 
mail order and accounts departments will remain at the "303" address. 
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PHOTOGRAPHER'S METRONOME 

continued from page 694 

matically cut off the base currents to the transistors, 
which would then inevitably be switched off again. 
In this application, these diodes are referred to as 
"sure-start diodes". The circuit shown in Fig. 3 {b) 
has both sure-start and frequency correction diodes. 

e o o c 

2N706 2NI306 
2NI307 

Lead-outs 

RV, RVp < RVo 
5 sec 

I sec ^ lOsec 
|S| 

TRj 
2N706 

D3 D4 

4 

—±01 
RsjJ JR 

T TR4 T 2N2646 
etS^I 

C2 "8 
Ilk— 

TR, 
2N706 

' "2 
2N706 

C3 7 

fo o\ 1 

02 
2N2646 

Lead-outs 

TR5 | C4 R|q 

2G374 
Lead-outs 

Rnj 

TRfi 
2N706 

r® 
TR7 

2NI306 

TR8 
2NI307 

>RI3 

Fig. 4. Complete circuit of the photographer's metronome 

c I 25n 

COMPONENTS 

Resistors 
(All fixed values 10% \ watt) 

Ri 2.2kn 
Rz 2.2ka 
R3 22k H (see text) 
R4 5.6ka 
Rs 22kn 
Re lOOfi 
R7 270n 
Rg 8.2ka 
R9 i8on 
Rio Ikfi 
Ru Ika 
R12 ioka 
R13 2.2kfl 
R14 56f2 
RVj 10kf2 skeleton preset, vertical mounting 
RVz 150kn skeleton preset, vertical mounting 
RV3 250kO skeleton preset, vertical mounting 

Capacitors 
Ci 8(xF, 15V wkg., electrolytic 
C2 100(j.F, 15V wkg., electrolytic 
C3 0.04 or 0.05|xF, Mylar or polyester 
C4 0.1 (xF, Mylar, polyester or paper 
C5 100(j.F, 25V wkg., electrolytic 

♦ Due to relatively wide tolerances in value for the electrolytic capacitor 
Ci, it may be necessary to slightly adjust the value of R3 if it is desired 
that the "bleep" period be almost exactly 0.25 second.-Editor, 

Semiconductors 
TR! 2N706 
TR2 2N706 
TRj 2N706 
TR4 2N2646 (unijunction) 
TR; 2G374 
TR6 2N706 
TR7 2N1306 
TR8 2N1307 
Di, D2 OA90, or similar germanium diode 
D3, D4 OA200, or similar silicon diode 
ZDi 9 volt (approx.) zener diode (e.g. OAZ- 

207) 
(In case of difficulty, all semiconductors are 
available from L.S.T. Components, 23 New 
Road, Brentwood, Essex) 

Switches 
Si single pole, 3 way, rotary 
Sz single pole, on-off 

Speaker 
2512 speaker 

Miscellaneous 
Veroboard panel, 0.1 Sin matrix, 1J x 4iin 
(see Fig. 5) 
12-15 volt supply 
Wire, sleeving, etc. 
Crystal earphone (required for testing) 
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The neat and compact appearance 
of the metronome unit on its 

Veroboard panel 

and gives fool-proof operation with good frequency 
stability. „ 

Fig. 3 (c) shows a simple common collector or emitter 
follower circuit. This circuit, which will be very familiar 
to most readers, is used, in one form or another, in 
the gate switch, the high impedance buffer, and the 
a.f. power amplifier stages of the metronome circuit. 
Briefly, the characteristics of an emitter follower are 
as follows. The potential at the emitter of the transistor, 
and thus across Ri, will always be approximately 
the same as that at the base, so it can be said that 
the emitter "follows" the base signal. Due to the 
inherent gain of the transistor, however, the current 
taken by the base (input) will be very small compared 
to that available at the emitter (output), so that the 
effective input impedance of the circuit is quite high, 
while the output impedance is quite low. The circuit 
thus acts as a useful impedance transformer, or buffer 
stage, between circuits with different impedance levels. 
The circuit shown in Fig. 3 (c) is an n.p.n. emitter 
follower; the p.n.p. version is similar, but has the 
supply line polarity reversed. 

Fig. 3 {d) shows the only other section of the metro- 
nome that is worthy of special comment. This is the 
unijunction oscillator, which forms the basis of the 

tone generator stage. The essential characteristics of 
this circuit are that an approximate sawtooth waveform 
is generated at the junction of R and C, that the 
signal has a very high output impedance, and that the 
frequency of operation is controlled simply by the 
values of R and C. The circuit has excellent frequency 
stability, 

FINAL METRONOME CIRCUIT 
The full circuit diagram of the metronome is shown 

in Fig. 4. TRi and TRi form the astable multivibrator 
timing generator stage, and have frequency correction 
provided by Di and Da and sure-start by Dj and D4. 
R3 and Ci control the ON time of the circuit, while 
C2 and the series combination R4 and RVi, RVa, 
or RV3 control the OFF time via Si-* The multi- 
vibrator is powered from a 9 volt zener stabilised 
supply line. 

The output of the multivibrator is fed to emitter 
follower TR3, which acts as the gate switch supplying 
current to TR4, the unijunction oscillator. If only a 
crystal earphone version of the unit is required, the 

•Due to relatively wide tolerances in value for the electrolytic capacitor 
Ci, it mav be necessary to slightly adjust the value of Rj if it is desired 
that the "bleep" period be almost exactly 0.25 second.—Editor. 

The small overall dimensions of 
the unit are readily demonstrated 

here 

■ 

■ 

v 
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Fig. 5. The copper and component sides of the Veroboard panel on which the metronome is assembled. Switches S| and Si are 
not mounted on the panel 

earpiece can be connected across R5 and the circuit 
considered as complete. In this instance, a 12 to 15 
volt supply should be applied via Rg. 

In the case of the 8-transistor version shown in 
Fig, 4, the output of the unijunction stage is fed to 
TRj, the p.n.p. emitter follower buffer stage, and thence 
on via C4 and Rio to the base of TRg. This transistor 
is wired as a conventional common emitter amplifier 
with d.c. negative feedback provided, by way of R12 
and R13, to hold TR^ collector at approximately half 
supply rail potential. The emitter of TR6 is not de- 
coupled to a.c. since the amplification of the circuit 
is adequate as it stands. Finally, the amplified signal 
at TRg collector is direct coupled to the bases of TR7 
and TRg, which are wired as complementary n.p.n./ 
p.n.p. emitter followers, giving a large amplitude low 
impedance output to the external 25n speaker via 
C5. This completes the description of the circuit. 

CONSTRUCTION 
Start construction by cutting the Veroboard panel 

to size and then drill the four small mounting holes, 
to clear 6BA screws, as shown in Fig. 5. Now break 
the copper strips, with the aid of a small drill or the 
special cutting tool that is available, where indicated. 
Cut back the copper from around the four mounting 
holes, to prevent the possibility of short circuits to 
the mounting screws if the unit is fitted to a metal chassis 
or panel. 

It is recommended that component assembly be 
carried out in a number of stages, so that each stage 
can be given a functional check before proceeding with 
the next. In this case, the following procedure should 
be adhered to, it being noted that, unless stated other- 
wise, all components are mounted vertically. Insulated 
sleeving should be used where there is any danger of 
component lead-outs short-circuiting against one 
another. 
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Solder 7 jumper wire links, fitted with insulated 
sleeving, in place as shown, Secure ZDj, R9, and the 
positive and negative supply leads in place. Connect 
a supply of 12 to 15 volts and check that approximately 
9 volts are developed across ZDj. Remove the supply. 

Solder in place Ri, R2, R3, R4. TRi, TR2, Dn 
D2, D3, D4, Cj, C2, switch Sj (external to the board) 
and its connecting leads, and RVi, RV2 and RVj. 
When fitting the last three components, reduce the 
width of the mounting legs with the aid of a small 
file, so that they fit easily in the holes in the Veroboard, 
before attempting to solder these components in 
place. Connect a voltmeter between TR2 collector and 
the negative supply line, connect a supply to the unit, 
and check that the multivibrator pulses in the manner 
described earlier. RVi enables the period to be set to 
1 second, RV2 to 5 seconds, and RV3 to 10 seconds. 
Remove the supply. 

Solder R5, Re, R7, TR3, TR4, and C3 in place. 
Connect a crystal earpiece across R5, connect the power 
supply to the circuit, and check that the circuit functions 
correctly, giving a brief "bleep" at intervals of 1 second, 
5 seconds, or 10 seconds, depending on the setting of 
Si and the variable timing resistors. If the version of 
the unit with crystal earpiece output is required, this 
completes the assembly and testing procedure and the 
unit is now ready for use. 

If the loudspeaker version of the unit is required, 

continue the construction in the following manner. 
Solder TR5, Rs, C4, and R^ in place, Rio being mounted 
flat on the panel. Connect the crystal earpiece between 
the free end of Rio (remote from C4) and the negative 
supply line, connect the supply, and check that the 
circuit functions correctly. Remove the supply. 

Solder TR6, Rn, R12, R13 and R14 in place. Connect 
the supply and check that TRg collector is at roughly 
half of the supply line potential. Check with the crystal 
earpiece that the pulsed tone is heard at TRg collector. 
Remove the supply. 

Solder TR7, TRg, and C5 in place. Solder the speaker 
lead in place, connect a 25 ft speaker between this 
lead and the negative supply line, connect the 12 to 
15 volt supply, and check that the pulsed" bleep" 
tone is heard at all positions of Si. 

This completes the final assembly procedure, and it 
only remains to fit the panel, switches, and battery 
in place in a suitable cabinet, and the unit is ready for 
use. The onjoff switch, S2, is incorporated in the 
positive supply line, between the Veroboard panel and 
the battery. 

As a guide for checking circuit operation, the 
current drawn by the prototype, without a loudspeaker 
connected, was 20mA at 12 volts and 36mA at 15 volts. 
These figures are approximate only and may vary 
somewhat between different units built up to the circuit. 

□ 

Getting the Best from 

by your Oscilloscope 

D. J. GRIFFITHS 

Part 2 

This is the second article in our four-part series on obtaining maximum advantage 
from the oscilloscope. This month our contributor describes harmonic waveforms and 

a.f. amplifier testing with sine waves 

The effects of harmonics on a sine wave are 
best understood by performing a short, but 
extremely profitable, experiment. The only instru- 

ment required (apart from an oscilloscope) is an audio 
sine-wave oscillator with a frequency range of 90 c/s 
to 410 c/s. Actually, it is not necessary to have a variable 
frequency oscillator; fixed frequencies of 2 times, 
3 times, etc., the mains frequency are all that is required. 
The type of oscillator used should be of the sine wave 
variety. Any oscillator described as "phase shift" or 
"wien bridge" will be suitable—many other types of 
audio oscillator do not give a pure sine wave and are 
therefore unsuitable. 

ADDING HARMONICS 
We now come to the experiment itself. A voltage of 

6.3, obtained from the mains via a heater transformer, 
is applied to the Y terminals of the oscilloscope by 
way of potentiometer VRj, as shown in Fig. 1. The 
audio oscillator is applied to the slider and earthy end 
of this potentiometer, with the result that the signal 
level it injects into the circuit is adjustable. The value 
of VRi may be between 5 and 50kQ. 

We next set up the oscilloscope timebase to show 
two or three cycles of the 50 c/s input. If this is a perfect 
sine wave it will have the appearance shown in Fig. 
2 (a), but there may be slight irregularities due to the 
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Heater 
transformer 

r\j 6-3V 

, ^ VR| Audio 
oscillator 

—T 
5 to SOkn 

Y terminals 
of oscilloscope 

Fig. 1. A simple circuit which enables the effects ofaddine 
harmonics to be studied 

presence of harmonics. The oscillator is set up to 

if o/w k® ,Seco"d harmonic, and an output voltage ot 0.6 (which will correspond to approximately 10% 
of second harmonic) is then injected. The result will 

r/n? wa (?r,m similar t0 that shown in Fig. 2 (b). It the second harmonic input is varied slightly in phase 
the irregularity it introduces can be made to travel 
along the fundamental. See Fig. 2(c). Also, the amplitude 

vr eTrSeC-?inu mor"c can be varied by adjusting 
yhmit s»/ 1 V0tlC? that .harmonic voltages below about 5 % are almost unnoticeable. 

The effect of adding the third harmonic, at 150 c/s 
can next be examined, and this will give a trace similar 
to that shown in Fig. 2 (rf), or, with a different phase 
relationship, to that illustrated in Fig. 2 (e). 

Note the basic difference between even and odd 
harmonics Odd harmonics do not alter the symmetry 
of the fundamental, whereas even harmonics introduce 
marked asymmetry. Fig. 2 (/) shows the result of 
adding the fourth harmonic, at 200 c/s. 

. Tt?e effect of injecting higher harmonics can also be checked with the aid of the circuit of Fig, 1. It is 
possible, simply by connecting a second audio generator 
in series with the first, to study the effects of two har- 
monics on the fundamental. 

A.F. AMPLIFIER TESTING 
A.F. amplifiers can be tested with an oscilloscope bv 

6?nnlnTr,Seq"en-la fSta8e checks> using a sine wave 
S-fi Cir-Ult of a 5ypical 10 watt high quality valve amplifier is given in Fig. 3, and the circled numbers 
in this diagram indicate the test points to which the 
osciffoscope may be applied, and the order in which 
the checks should be made. It will be seen that tests 
commence at the speaker transformer secondary, and 

k™= pr°ceed back to the input. Points 11 to 16 are bypassed and little signal should be present at these 
points. A large signal amplitude indicates a faulty 
bypass capacitor, which must be replaced before 
further tests can be made. Points 17 and 18 are also 
bypassed, but it has to be remembered that a small 

^I1 be Present here due to the negative feedback from the speaker transformer secondary. The 

Sl -L1! at.point 19' which is the positive terminal of the reservoir capacitor for the h.t. rectifier Some 

appoint0 iT pxl! be evident. at this point. and also 
fJiiiP " ♦ I3- Experience with serviceable amplifiers 

.dete
|
rrnimng the acceptable level for such ipple and will also give a good working idea of the 
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rthfamphfief1^63 t0 ^ eXPeCted at 0ther Points 

amplifier is faulty it may be necessary to adjust 
m® ume control to the level where distortion is most apjiarent. Be careful not to overload the amplifier 

Fies 4 S anH^Atd,stortion. such as is shown in higs. 4 (a) and (b). If any stage introduces distortion 

that ltS outFut wil1 be 3 distorted version of 
be located inP an faCt Wil1 enabIe the stage t0 

■ T oscilloscope will also give traces which mav 
re^fof meonftUre ^the ^ Fi8- ^"hows^ 
staee rLn. J 3 blaS VOlta8e in a valve amplifier 
XCi,n8fOCCU/S 0n 0ne half of the sine wave due 

can result /n current- Too high a bias voltage . fesult m the waveform shown in Fig. 4 (d) in which one half of the sine wave undergoes greater 

foSs ™t,0n than do
f
eS the other- These iast two wave- 

that Jhfrh^111^3 ly hl8h S18nal inPut (but below that which would normally cause the amplifier to 
overload) to give a recognisable indication of the fault. 

v/V^ 

(a) (b) 

(c) (d) 

(e) (O 

,,, .j'J/ ^ (o). The fundamental sine wave 
lc\ rt ti .S ^mately 10% second harmonic ( ). I he effect given by second harmonic with a different 

phase relationship 
T, . , , (d)- Adding third harmonic 

(f) The mnrZ7niC With 0 differem Phase relationship Ul- he markedly asymmetric waveform given by adding 
fourth harmonic 
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Fig. 4 (a). The clipping which results from overloading 
(b). Severe overloading may cause the appearance of a 

waveform which approaches that for a square wave 
(c). An effect given by too low a bias voltage 

(d). Too high a bias voltage may give this waveform 

(c) (d) 
Fig. 5 (o). The result of noise due to a faulty component 

(b). The appearance of a parasitic oscillation 
(c). A clipping effect, combined with low amplification, 

given by too low a screen-grid voltage 
(d). The ripple across the reservoir capacitor of Fig. 3 

may have this appearance 

A further series of waveforms is given in Fig. 5. 
That shown in Fig. 5 (a) illustrates the effect given due 
to noise introduced by a faulty component. A parasitic 
oscillation is shown in Fig. 5 (b), this occurring at one 
point of the sine wave only. The parasitic oscillation 
may only occur at some input signal levels. Fig. 5 (c) 

shows the clipping given by too low a screen-grid 
voltage in a voltage amplifier. The amplitude of this 
waveform will also indicate a low level of amplification 
in the associated valve. The ripple voltage appearing 
across the reservoir capacitor of Fig. 3 can have the 
appearance shown in Fig. 5 (d). (To be continued) 
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by W. (f. M or ley 

IN last month's article we introduced the super- 
het in Its complete basic form after having, in the 
previous article, examined in detail the manner in 

which a difference frequency is produced by a mixer 
when two separate frequencies are applied to it. In 
the superhet one of these frequencies is that of the signal 
picked up by the aerial, whilst the other is generated 
by the local oscillator. Following the mixer is the 
intermediate frequency amplifier. This possesses a 
relat.vely large number of tuned circuits resonant at 
the difference frequency and it provides most of the 
selectivity exhibited by the superhet. Normally, the 
i.f. amplifier provides a considerable proportion of the 
signal amplification before the detector stage as well 

In the superhets we saw in "block" form last monthi 
tuning was carried out by means of a ganged variable 
capacitor, one section of which controlled the resonant 
fiequency of the local oscillator tuned circuit whilst the 
other section (or sections, if the superhet had an 
r.f. stage before the mixer) controlled the resonant 
frequency of the signal tuned circuit. It was stated that 
the oscillator and signal tuned circuits are so arranged 
that the difference between their resonant frequencies 
is equal to the intermediate frequency at all settings of 
the ganged capacitor. 

In this issue we shall now see in detail how this 
frequency difference is maintained. 

SINGLE FREQUENCY TRACKING 
In Fig. I (a) we see two tuned circuits controlled by 

a 2-gang variable capacitor, and we will commence 
by assuming that the two tuned circuits are intended 
to resonate at the same frequency for all settings of 
the 2-gang capacitor. Such a circumstance arises if the 
tuned circuits are the aerial and detector tuned circuits 
of a straight receiver having an r.f. stage, or if they are 
the aerial and signal frequency mixer tuned circuits 
of a superhet with an r.f. stage. After a first glance at 
the diagram it might seem self-evident that, if both 
coils have exactly the same inductance and if both 
sections of the 2-gang 'capacitor present the same 
capacitance regardless of its setting, the two resonant 
frequencies must always be equal. 

June 1968 

Unfortunately, conditions as "ideal" as this cannot be 
realised in practice. Fig. I (a) does not, for instance, 
show' the stray capacitances which appear across each 
tuned circuit, and which will be particularly in evidence 
if the two tuned circuits are connected into the appro- 
priate stages of a receiver. These stray capacitances 
would then be given by such things as capacitances 
between wiring and chassis, by interelectrode capacit- 
ances in any valves to which the tuned circuits couple 
and by self-capacitance in the coils. The total stray 
capacitance in one tuned circuit will almost inevitably 
be dissimilar to the total stray capacitance in the other 
whereupon, if the two tuned circuits are always to reson- 
ate at the same frequency, some means must be provided 
to counteract the effect of this difference. The stray 
capacitances will normally be much lower than the 
maximum capacitance of each section of the ganged 
capacitor, and it is obvious that they will cause greatest 
relative difference in the resonant frequencies when the 
ganged capacitor is set to its minimum capacitance 
value. 

The simplest practicable method of overcoming the 
effect of stray capacitances is to connect trimming 
capacitors across each tuned circuit, as in Fig. 1 (b). 
These trimming capacitors, or trimmers, have a 
much lower maximum value than the maximum value 
of each section of the ganged capacitor and, like the 
stray capacitances, have greatest effect on resonant 
frequency when the ganged capacitor is at minimum 
capacitance. The trimmers are adjusted so that the 
sum of stray plus trimming capacitance across each 
tuned circuit becomes equal. If we next make the 
assumption that both coils have exactly the same 
inductance and the two sections of the ganged capacitor 
always the same capacitance, then the two tuned circuits 
will always have the same resonant frequency despite 
the initial unbalance caused by the dissimilar stray 
capacitances across them. 

Again, however, a practical difficulty intervenes, this 
being that it is by no means an easy task to produce 
two coils haying exactly the same inductance if these 
ar£,0' t*16 air-cored type. Fortunately, this particular 
difficulty can be overcome very readily by providing 
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fig. 1 (o). Two tuned circuits, adjusted by a 2-gang' 
capacitor. It is required that both resonate at the same 

frequency at all settings of the capacitors 
(b). To counteract the effects of dissimilar stray 
capacitances, a trimmer is added to each tuned circuit 
(c). Since it is difficult to manufacture two air-cored 
coils having exactly the some inductance, it is preferable 

to use coils with adjustable iron dust cores 

the two coils with adjustable iron dust cores, as in 
Fig. 1 (c). The coils may then be wound to be as physic- 
ally similar as is reasonably economic (e.g. to have the 
same number of turns on the same size former) after 
which small discrepancies in inductance may be taken 
up by appropriate adjustments of the iron dust cores. 

The two tuned circuits of Fig. 1 (c) now have all the 
adjustments required to enable them to be fitted in a 
straight or superhet receiver having an r.f. stage, this 
being the application which was mentioned earlier. 
It should next be noted that we would then set them 
up in terms of resonant frequency, and not in terms 
of the intrinsic value of stray capacitance or inductance. 
We would initially inject (or pick up on the aerial) a 
signal at the high frequency end of the range we wish 
the tuned circuits to cover, set the ganged capacitor to 
minimum value, and adjust the trimmers for maximum 
receiver response. We would then inject a signal at 
the low frequency end of the range we wish the tuned 
circuits to cover, set the ganged capacitor to maximum 
value, and adjust the iron dust cores for maximum re- 
sponse. We would next repeat these two operations, ad- 
justing the trimmers at the high frequency end of the 
desired range and the iron dust cores at the low 

frequency end of the range, until no further improvement 
in performance could be obtained. 

It is necessary to repeat these two operations because 
the adjustments are interdependent. Altering the 
trimmers necessitates a compensatory readjustment of 
the iron dust cores at the low frequency end of the range 
and vice versa. In general, iron dust core adjustments 
have much greater effect on resonant frequency at 
the high frequency end of the range than have the 
trimmers at the low frequency end of the range. Never- 
theless, if the procedure just described is carried out 
properly, the final and correct mutual adjustments are 
very quickly arrived at. Usually, it is rarely necessary 
to repeat the operations more than two or three times. 

When the adjustment procedure just described has 
been completed it can be presumed that the two tuned 
circuits have the same resonant frequency at all settings 
of the ganged capacitor. The procedure also, incidentally, 
takes up any slight differences in capacitance which 
may exist in the sections of the ganged tuning capacitor 
itself. 

If the coils employed in a circuit of the type shown 
in Fig. 1 (c) are obtained for a home-constructor 
application, the manufacture of the coils usually 
specifies the high and low frequencies at which the 
trimmers and iron dust cores should be set up. With a 
commercially manufactured receiver the high and low 
frequencies are specified in the service manual. 

The adjustment process at the high frequency end 
of the range covered by the tuned circuits is referred 
to as trimming and that at the low frequency end as 
padding, whilst the maintenance of the same resonant 
frequency in both circuits at all settings of the ganged 
capacitor is referred to as tracking. If, in Fig. 1 (c), the 
resonant frequencies are always exactly the same, then 
tracking is described as being perfect. The term "track- 
ing" is a general one, and it applies to any set of ganged 
tuned circuits which are required to have a specific 
frequency relationship at all points of the range they 
cover. This includes the ganged signal and oscillator 
tuned circuits of a superhet which, as we have already 
observed, are expected to present a standard difference 
frequency. 

The circuits of Fig. 1, which show what occurs when 
tuned circuits controlled by a ganged variable capacitor 
have to resonate at the same frequency for all settings 
of the ganged capacitor, introduce most of the basic 
requirements for the signal and oscillator tuned circuits 
of a superhet. They also demonstrate the important 
fact that, so far as adjustments are concerned, trimmers 
are set up at the high frequency end of the range and 
iron dust cores at the low frequency end. 

SUPERHET TRACKING 
In a superhet we require to control two tuned circuits 

so that they always present a fixed difference between 
their resonant frequencies. One tuned circuit is at 
signal frequency and selects the desired aerial signal 
to be passed to the mixer, whilst the other tuned circuit 
is in the oscillator section and controls the frequency 
presented to the mixer by the local oscillator. 

The two tuned circuits will present the required 
difference frequency regardless of whether the oscillator 
frequency is lower or higher than the signal frequency, 
and so the first question which has to be settled is 
which of these two frequency relationships is to be 
adopted. 

It will be helpful here to consider a numerical 
example. Let us say that we want to tune the medium 
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wave band of (approximately) 600 to 1,600 kc/s in 
a superhet whose intermediate frequency is the com- 
monly encountered figure (in domestic superhet 
receivers) of 460 kc/s. If it is intended that the oscillator 
tuned circuit operates at a lower frequency than the 
signal frequency tuned circuit it will have to cover 600 
minus 460 kc/s to 1,600 minus 460 kc/s, or 140 to 1 140 
kc/s. 11 the oscillator tuned circuit is to operate at a 
higher frequency than the signal frequency it will have 
to cover 600 plus 460 kc/s to 1,600 plus 460 kc/s, which 

Znin0^ % ,'060 t0
e 

2'060 kc/s- With the oscillator running at the lower frequency, the ratio of minimum 
0

0
m^imum. osc'"ator frequencies is 140:1,140 or i.e. When the oscillator is running at the higher 

ir.^qUAe?fu rat'0 becomes 1,060:2,060 or, roughly .2. At the same time the ratio of minimum to maximum 
signal frequencies is 600 to 1,600, or 1:2.7. 

The provision of an oscillator tuned circuit covering 
a frequency range ratio as great as 1:8 would necessitate 
the use of a variable tuning capacitor having an ex- 
ceptionally high maximum capacitance. In practice 
i would be extremely doubtful if such a circuit could 
be made to function satisfactorily whilst employing 
standard low-cost components. At the same time, an 
ocillator tuned circuit covering a frequency range 
ot 1:2 can be provided very simply. Since this frequency 
range ratio is lower than the signal frequency range 
ratio the variable tuning capacitance in the oscillator 
circuit can have a lower maximum value than the 

capacitance in the signal frequency circuit. It follows from this simple numerical example 
that an oscillator tuned circuit having a frequency higher 
than the signal frequency tuned circuit is a much more 
attractive proposition than one having a lower fre- 
quency; and this point is borne out by the fact that 
in all domestic long, medium and short wave receivers 
the oscillatOT frequency is always higher than the signal 
trequency. The same applies to all conventional short- 
wave receivers as well. Some specialised receivers which 
cover a limited frequency range and in which tuning is 
carried out by a ganged variable capacitor may employ 
an oscillator running below signal frequency, but these 
represent an isolated case. Usually, such receivers 
operate at frequencies of the order of 100 Mc/s or 
above where it is possible to obtain slightly greater 
oscillator stability with the lower oscillator frequency. 

Tlle numerical example just given demonstrates 
nsHUai dramaticaHy the desirability of having the oscillator frequency higher than the signal frequency. 
Tor instances where the signal frequency is considerably 
greater than the difference frequency the advantages 

hf.t fi!-ng u °scillat0r mn higher tend to diminish, but this method of operation still requires that the 

l™m oscillator tuning capacitance be less than the signal frequency tuning capacitance. This last factor 

standarH If1 f0r a11 frecluency ranges covered by standard ganged capacitors, and makes the choice 

preferred osci]lator frequency that which is to be 

fnr^Wc111!?8^0 dom.estic superhet receivers, there is a 
fremiPnrv t, m Pomt

u
whlch dictates that the oscillator 

due m thP f ^ ab°ve Slgnal frequency, and it is 
wh r i i}? s receivers cover the long wave 
nm J SCme t0 300 kc/s- If the oscillator were to 
L™ w uW S,g frequency, the intermediate frequency 
be iicomnMiW beJeSS than 150 kc/s' which would 
covwed™y the re^eivereqUirernentS 0n the 0ther bands 

Figs. 2 (a) and (b) illustrate one practical method of 
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gangingiogethcr signal frequency and oscillator tuned 
circuits in a superhet so as to obtain a fixed difference 

Sp pTp- wT uem- Although Fig. 2 (a) looks the same as Fig 1 (c), where the resonant frequencies were 

anna^ip fEere^ are tW0 imPortant differences not 
Ffif -TLt u dlagram- Firstly, the oscillator coil in Jfig- ^ (a) has a lower inductance than the sienal 

sTrmin0'1 50 thf' When the 2"gang caPacitor is 
l ,va!ue' the oscillator tuned circuit donates at the desired higher frequency. Secondly 

the tumng capacitor is designed such that its oscillator 
section has a lower maximum capacitance than the 
signal frequency section, with the result that when it is 
set to maximum value it still enables the oscillator tuned 
circuit to resonate above the signal frequency tuned 
circuit by the required difference frequency. Fig. 2 (h) 
shows how the smaller maximum capacitance for the 
oscillator section of the 2-gang capacitor is achieved, and 
illustrates that the moving vanes of this section are made 
smmler m size than those in the signal frequency section 
ft will be noted, m passing, that the lower frequency range 
ration required of the oscillator tuned circuit (when it 
runs above signal frequency) is reflected physically here 
in the lower maximum capacitance of the oscillator 
section of the 2-gang capacitor. 

We se'PP.the circuit of Fig. 2 (a) in the same manner as we did Fig. 1 (f). We first inject a signal at the high 
frequency end of the range to be covered, set the 2-gang 
capacitor for minimum value and adjust both trimmers 
tor maximum receiver response. We next inject a signal 
at the low frequency end of the range, put the 2-gang 
capacitor to maximum value, and adjust the iron dust 
cores of both coils for maximum receiver response. 

Oscillator 
tuned circuit 

Signal 
tuned circuit 

/T 

(a) 

Signal 
Oscillator section 

section 

i ■ nnrtHri 

=tLL lilt 3 i 1 I 1 I It 

(b) 

Fig. 2 (a). Signal frequency and oscillator tuned circuits 
in a superhet. The oscillator coil has a lower inductance 
than the signal frequency coil, and the oscillator section 
of the 2-gang capacitor has a tower value than the signal 

frequency section 
(b). A side view showing the practical construction of 

the 2-gang capacitor 
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Padding 
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(a) 

Signal 
tuned circuit 

Oscillator 
tuned circuit 

v 

Padding 
capacitor 

(b) 

Signal 
tuned circuit 

Oscillator 
tuned circuit 

./ M 
7' 7' r /■ 

T Fixed padding 
capacitor 

(c) 

Fig. 3 (o). When both sections of the ganged tuning 
Capacitor have the same value, tracking can be achieved 
by inserting a preset padding capacitor in series with 

the oscillator coil 
(b). The padding capacitor of (o) has the same effect as 
if it were inserted in series with the upper end of the 

oscillator coil 
(c). With coils having adjustable iron dust cores, it is 

possible to use a fixed padding capacitor 

The operation is then repeated until no further improve- 
ment is obtained. If the shaping and dimensions of the 
two sets of 2-gang capacitor vanes are correct, the 
two circuits will then provide the required tracking 
which, in this case, means that they will offer the same 
difference in resonant frequency at all settings of the 
2-gang capacitor. 

The design approach shown in Figs. 2 (a) and (b) 
is eminently practicable and has been employed in 
quite a large number of commercially manufactured 
medium wave or medium and long wave superhets. 
A disadvantage is that the specially shaped 2-gang 
capacitor plates may only be manufactured to meet a 
single intermediate frequency and a single range of 
signal frequencies. Typically, 2-gang capacitors of this 
nature are manufactured to work over the medium 

wave band only, and for an intermediate frequency 
in the range of 450 to 475 kc/s. If the receiver has a 
long wave band, an additional trimming or fixed 
capacitor is connected in series with the long wave 
oscillator tuned coil when the latter is switched in, 
whereupon the oscillator circuit reverts to an alter- 
native type which we shall next be considering. In 
America, where there is no long wave band as we have 
in Europe, the use of the Fig. 2 design technique has 
been quite widespread for medium-wave-only receivers. 
It should be added that a 2-gang capacitor of the specific 
type we are considering, and which is intended for 
medium wave operation, is of no use on the short 
wave bands. 

A more common approach in superhet design is to 
employ a ganged capacitor whose sections all have the 
same maximum value of capacitance. An external 
capacitor is then inserted in series with the oscillator 
tuned coil to ensure that maximum oscillator tuning 
capacitance is less than occurs in the signal frequency 
tuned circuit. A typical example which was employed 
in earlier superhets having air-cored coils is illustrated 
in Fig. 3 (a). In this diagram both sections of the 
ganged capacitor have the same maximum value and 
the signal frequency tuned circuit basically is the 
same as in. Fig. 2 (a). The oscillator tuned circuit has, 
however, a trimmer inserted in series between the 
ganged capacitor oscillator section and the oscillator 
coil. 

It will be of assistance now to compare Fig. 3 («) 
with Fig. 2 (a) by assuming that the signal frequency 
tuned circuits are identical, that trimming adjustments 
have been carried out, and that the oscillator coil in 
Fig. 3 (a) has the same inductance as the oscillator 
coil in Fig. 2 (a). When, in Fig. 3 (o), the ganged capaci- 
tor is set to maximum capacitance, the series trimmer 
can then be set up so that the total capacitance across 
the coil is the same as the total capacitance across the 
oscillator coil in Fig. 2 (o). The circuit of Fig. 3 (a) 
will then be virtually identical with that of Fig. 2 (a) 
both when the 2-gang capacitor is at minimum and 
when it is at maximum value. 

In practice the circuit of Fig. 3 (a) is set up by working 
with injet ted signals in much the same manner as Fig. 
2 (a), the trimmers being adjusted for maximum re- 
sponse at the high frequency end of the range covered 
and the series capacitor of Fig. 3 (a) at the lower fre- 
quency end of the range. (A disadvantage with the air- 
cored coils in Fig. 3 (a) is that no low frequency adjust- 
ment of the signal frequency tuned circuit is available). 
The series capacitance in the oscillator tuned circuit is 
known as the padding capacitor or padder.* In a 
typical medium wave oscillator circuit its final adjusted 
value will be of the order of 400pF and, in a long wave 
circuit, of the order of 150pF. Adjustable padders are, 
in consequence, fairly bulky components. 

The padding capacitor would be just as effective if 
connected in the manner shown in Fig. 3 (A), where it 
may be seen as being more obviously in series with the 
tuned circuit. It is preferable to have it at the chassis 
end of the coil however, as stray capacitances to chassis 
then more closely match the stray capacitances in the 
signal frequency tuned circuit. 

The more modern version of Fig. 3 fa) appears in 
Fig. 3 (c). Here, the coils are fitted with adjustable iron 
dust cores, and the variable padder of Fig. 3 (a) is 

* The general term "padding", to define adjustment at the low fre- 
quency end of the range covered by a tuned circuit, derives from the use of 
the "padder" capacitor in earlier superhet oscillator circuits. 
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NEXT MONTH 
In next month's issue we shall conclude on the subject 

of tracking and shall then turn to the mixer stage itself. 

replaced by a fixed close-tolerance capacitor having 
a value specified for the particular coils employed. 
Once again, trimming is carried out at the high fre- 
quency end of the range to be covered, whilst padding 
is carried out (by adjusting the iron-dust cores) at the 
low frequency end. 

LD 

As is to be expected, transistor amplifying circuits bear a 
marked resemblance to the valve circuits they supersede. 
This is particularly true of the f.m. "front end" stages in 
a.m./f.m. superhets, as Smithy demonstrates to his assistant, 

Dick 

"1~%OLTTICS!" 
Dick burst through the Work- 

-*■ shop door, thumped himself 
down moodily on his stool and glared 
at the contents of the Workshop 
through belligerent eyes. One of which, 
it may be added, was surrounded by 
a corona of delicately tinted purple 
flesh. 

"My goodness," remarked Smithy, 
staring critically at his newly arrived 
assistant, "you've certainly got a 
shiner there, haven't you?" 

"I know I have," returned Dick 
indignantly. "And what infuriates me 
is that I picked it up just by trying to 
be helpful to other people." 

"That," sighed Smithy, "is probably 
the most dangerous occupation that's 
going. How were you trying to help 
them ?" 

"I was attempting," said Dick 
aggrievedly, "to get a political dis- 
cussion going." 

"A political discussion?" 
"That's right," replied Dick eagerly. 

"Now that there's all this talk of the 
vote going to people under twenty-one, 
I feel that it's my duty to get fully 
genned up on the political scene so 
that, when it's my turn to cast my 
own very first vote, I can do so from 
a fully informed background. And I 
think that others in my age group 
should be similarly clued-up." 

"Very commendable," approved 
Smithy, glacing meaningly at the 
Workshop clock. "I hope that, when 
you do arrive at the polling booth to 
record that carefully reasoned vote of 
yours, you don't get there ten minutes 
late as you have done this morning." 

A.M./F.M. PORTABLE 
Taking the hint, Dick discarded his 

political aspirations for the moment 
and morosely donned his overall 
jacket. He then walked over to the 
"For Repair" racks. After some 
deliberation he eventually picked out 
a portable radio from whose upper 
surface projected several inches of a 
telescopic aerial together with a row 
of wave-change push-buttons. Burden- 
ed with this receiver, he returned to 
his bench. 

Relative peace then descended on 
the Workshop, broken only by inter- 
mittent bursts of music from Dick's 
bench as he initially checked the 
performance of the set he had selected. 
These were followed by the removal 
of the receiver back and, later, Dick's 
departure from his bench towards the 
filing cabinet in which the service 
manuals were kept. 

Dick returned to his bench and, for 
no less than ten consecutive minutes, 
there was complete silence. 

Subconsciously aware that all did 

not appear to be well, Smithy glanced 
absently over his shoulder across the 
Workshop. Had Rodin decided that 
his Thinker would have possessed 
even greater impact with an open 
service sheet on his knee and with 
one eye puffy and contused, he could 
hardly have chosen a better model 
than Dick at that moment. 

"What on earth," queried Smithy 
irritably, "is up" with you?" 

Disturbed from his absorption, Dick 
straightened himself and cast a 
reproachful glance at the Serviceman. 

"It's this darned set," he replied. 
"I'm having the dickens of a job 
trying to understand how it works." 

Smithy strode over and glanced 
briefly at the receiver on Dick's 
bench and then at the service manual, 
which Dick had opened out at the 
circuit diagram. 

"Well, there's nothing complicated 
there," he said shortly. "It's just an 
ordinary transistor a.m./f.m. port- 
able." 

"Perhaps so," replied Dick. "But 
I've still got stuck with it. It works 
fine on a.m. but I can't get a peep 
out of it on f.m. I've had a quick 
look round for obvious snags and I 
just can't find anything wrong." 

"Not even with the aid of the 
circuit diagram?" 

"It's that," replied Dick aggrievedly, 
"which has brought me shuddering 
to a halt! It's so complicated." 

"Nonsense," returned Smithy stern- 
ly. "These a.m./f.m. transistor sets 
are no more difficult than the old 
valve versions used to be. In fact, 
they use pretty well the same stage 
line-up. Like the valve sets, for 
instance, they have a separate 'front 
end' section which covers the Band 
II range of 87.5 to 100 Mc/s, and which 
gives an output at the standard 10.7 
Mc/s f.m. intermediate frequency. In 
most transistor sets, this 10.7 Mc/s 
i.f. then goes on to the a.m. mixer/ 
oscillator transistor, which doubles 
as an f.m. i.f. amplifier when the set 
is switched to f.m. (Fig. 1 (a)). After 
this there are, normally, two further 
transistor stages of 10.7 Mc/s i.f. 
amplification up to the f.m. demodu- 
lator, which is always a ratio detector 
in sets of this class. A section of the 
wave-change switch then selects the 
output of this detector and passes it 
on to the a.f. amplifier." 

As Smithy spoke, Dick examined 
the service manual circuit. He was 
brightening quite perceptibly. 

"Well that," he remarked, "seems 
easy enough. What about a.m. 
reception ?" 

"A.M. is automatically switched in," 
replied Smithy, "when you select the 

JUNE 1968 707 
www.americanradiohistory.com



FM 
Telescopic 
aerial A.M 

IO 7Mc/s FM output 
front 

end 

F.M Transistor 
stage A.M| 

W M.W. and L.W. 
LL ferrite aerial   
{ | tuned circuits 

l0 7Mc/s 
and 

450-475 
Kc/s 

I.F 
Trans- 
formers 

Transistor 
stage 

l07Mc/s 
and 

450-475 
Kc/s 

I.F 
Trans- 
formers 

" Power 
(From receiver 

battery) 

Transistor 
stage 

F.M. 
ratio 

detector 

F.M.. »A.M. 

M.W. and L.W. 
oscillator 

tuned circuits 

FM 
detector 

output 

To A.F. 
F.M stages 
A.M 

A.M 
A.M detector detector 

output 

(a) 

F.M. front end and 
1st 107 Mc/s I.F. 

amplifier 

IO-7 Mc/s 

To 1st common 
I.F amplifier 

450-475 
Kc/s 

r 

M.W and L.W. 
mixer / oscillator 

FM. 

-supply 

+ supply 

W 

Fig. 1 (o). Simplified block presentation of an a.m./f.m. transistor portable. 
The switches shown move to the a.m. position when medium or long waves is 
selected. On f.m. the first transistor stage after the "front end" functions as a 
10.7 Mc/s i.f. amplifier. On a.m. this transistor stage couples into the medium 
and long wave aerial and oscillator tuned circuits and functions as a mixer/ 

oscillator 
(b). An alternative line-up that is sometimes encountered. The outputs to the 

two i.f. transformers are from p.n.p. transistor collectors 

medium or long wave band. What 
happens then is that power is taken 
off the f.m. front end and the following 
transistor is disconnected from the 
f.m. front end output. This transistor 
is coupled instead into a conventional 
medium and long wave ferrite rod 
aerial circuit and to the medium and 
long wave oscillator tuned circuits. 
It then works in exactly the same 

way as the mixer/oscillator in an 
a.m.-only receiver and produces an 
i.f. output in the range of 450 to 
475 kc/s according to the particular 
receiver design. This i.f. is next ampli- 
fied by the two following transistor 
stages which previously amplified at 
10.7 Mc/s, and is then fed to the 
a.m. detector, which is a standard 
series diode job. The section of the 

wave-change switch at the end of the 
i.f. amplifier selects the output of the 
a.m. detector instead of the output 
from the ratio detector, and passes it 
on to the a.f. amplifier." 

Dick absorbed this information. 
"Do all sets," he asked, "use the 

same transistor as first 10.7 Mc/s 
i.f. amplifier as well as a.m. mixer/ 
oscillator?" 

"Not entirely," replied Smithy. 
"That's the circuit configuration that 
is most commonly used, but you'll 
find that a few sets have a slightly 
different line-up. The normal alter- 
native approach consists of incorporat- 
ing a further transistor in the f.m. 
front end section, this operating 
simply as the first 10.7 Mc/s i.f. 
amplifier when f.m. is selected. Its 
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collector feeds into a separate 10.7 
Mc/s i.f. transformer primary, the 
secondary being in series with the 
secondary of the first a.m. i.f. trans- 
former. (Fig. 1 (b)). The primary of 
this a.m. i.f. transformer is coupled to 
the collector circuit of a standard 
medium and long wave mixer/oscil- 
lator, and the signal from the two i.f. 
secondaries is applied to the first 
common i.f. amplifier. After this, you 
have another i.f. amplifier, followed 
by the ratio detector and a.m. detector 
circuits as before. The advantage of 
this method of working is that a.m./ 
f.m. switching is simplified. So far as 
the r.f. side is concerned, f.m. is 
selected by merely applying power to 
the f.m. front end and its first i.f. 
amplifier. And a.m. is selected by 
applying power, instead, to the a.m. 
mixer/oscillator." 

COMBINED I.F. STAGES 
"I suppose," remarked Dick, "that 

the transistor i.f. stages employ the 
same techniques as are used in valve 
a.m./f.m. sets." 

"Oh, definitely," agreed Smithy, 
pointing to the appropriate section 
in the circuit diagram in Dick's service 
manual. "The i.f. transformer windings 
are merely connected in series, the 
10.7 Mc/s ones being closest to the 
collector of the i.f. transistor. (Fig. 
2 («)). This is just the same sort of 
thing that was given in valve a.m./f.m. 
sets. So the dual frequency i.f. ampli- 
fiers in these transistor a.m./f.m. sets 
don't introduce any unfamiliar tech- 
niques at all." 

"The ratio detector and a.m. 
detector transformers are also in 
series, aren't they?" 

"Their primaries are," corrected 
Smithy. "Their secondaries connect 
to their own individual diode circuits. 
Once again, there is quite a standard 
arrangement, with the 10.7 Mc/s 
ratio detector primary being the one 
which is nearest to the collector of 
the last i.f. transistor. (Fig. 2 (b)). 
As I've already mentioned, you have 
a switch section at the detector end 
which selects either the f.m. detector 
output or the a.m. detector output. 
There may also be one or two a.m./f.m. 
switch sections within the composite 
i.f. amplifier which change the a.g.c. 
circuit for the different systems. In 
all conventional receivers you will 
also encounter a further a.m./f.m. 
switch section which switches the 
windings of the first i.f. transformers. 
A typical example is a switch which 
short-circuits the first 10.7 Mc/s i.f. 
transformer primary when a.m. is 
selected." 

Smithy turned his head and glanced 
carelessly at his assistant. Frowning, 
he concentrated his gaze and stared 
closely for some moments. 

"Did you know," he remarked, 
critically, "that that eye of yours 
has just started to go green?" 

"Don't keep looking at it," replied 
Dick testily, "as though it was a 
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national catastrophe or something. 
It's just a black eye, that's all." 

"I'll say," agreed Smithy warmly. 
"It's the best one I've seen for years! 
Seeing that you didn't have it when 
you left the Workshop yesterday 
evening, my logical mind arrives at the 
conclusion that you must have picked 
it up last night." 

"Your logical mind," replied Dick 
irritably, "is dead right." 

"Where at?" 
"If you must know, it was at Joe's 

Caff." 
Smithy's eyebrows rose. 
"Joe's Caff?" he queried. "I thought 

you hadn't been there for ages." 
"We stay away for a bit," explained 

Dick despondently. "But, somehow 
or other, we always seem to start 
going back again after a spell." 

"Didn't Joe have a lot of trouble 

some time ago because of the rougher 
element amongst his customers ?" 

"That was in the days," replied 
Dick, "when he was running the 
place as 'The Adelphi Boutique And 
Salt-Beef Counter'. He's gone all 
Guru-minded and transcendental since 
then, and he's • changed its name to 
'The Ganges Fried-Fish Garden', 
with square bottles of mango chutney 
on all the tables. The trouble now," 
concluded Dick sourly, "is that you 
have to wait such a long time before 
he serves you. He's always flaming 
well meditating." 

Dick's face brightened for a 
moment. 

"At any rate," he went on. "The 
Indian bit got rid of the rougher 
element." 

"Because of the lack of service?" 
"Not entirely," replied Dick darkly. 
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Fig. 2 (o). Typical interstage coupling in an a.m./f.m. i.f. amplifier. Signal 
transfer is provided at either of the two intermediate frequencies 

(b). A typical final i.f. stage, showing the simple a.m./f.m. switching employed. 
Component values are representative 
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"It was Joe's curry that fixed them." 
"It all seems very complicated to 

me," commented Smithy. "At any 
event, you and your crowd do seem 
to have got the place to yourselves at 
long last." 

"I suppose so," agreed Dick 
grudgingly. "At first it wasn't too 
good though because immediately 
after the rougher element moved out 
a gang of college students moved in, 
A right menace we thought they were, 
too, with great long scarves and beards 
like Henry the Eighth and beefing on 
all the time about their grants, but 
we've got used to them now." 

F.M. CIRCUIT 
With an effort. Smithy tore his 

mind away from the intricacies and 
entanglements of Dick's social life. 

"Oh well," he said briskly, "we'd 
better get back to this set we're sup- 
posed to be servicing." 

"As you like," agreed Dick equably. 
"You've already explained how the 
i.f. stages work, and how they handle 
both the a.m. and the f.m. inter- 
mediate frequencies. What about the 
f.m. front end itself?" 

"That," replied Smithy, indicating 
the appropriate section of the service 
manual circuit (Fig. 3), "is pretty 
easy. Again, it's roughly similar to 
the sort of f.m. front end you encounter 
in valve a.m./f.m. sets. If you look 
at the circuit, you'll see that the 
telescopic aerial is coupled to an 
input tuned circuit consisting of the 
dust cored coil, L2, with a capacitor 
across it. This tuned circuit has a 

broad response and is pre-tuned to 
about the centre of Band II, so that 
it lets all Band II signals through. 
Valve f.m. front ends have a similar 
type of pre-set tuned circuit immedi- 
ately after the aerial. The aerial signal 
is then passed on to TRi, which is 
usually an AF114 or AFl24, and 
which acts as a grounded base r.f. 
amplifier. The signal at the collector 
of TRi is then fed to coil Lj, which 
is tuned by C4. C4 is one section of 
the two-gang tuning capacitor con- 
trolled from the receiver panel, and 
the tuned circuit is completed by 
way of bypass capacitor C7. This 
tuned circuit resonates at signal 
frequency, and the collector signal 
is next passed to the emitter of TR2, 
which similarly operates as a grounded 
base amplifier. It also acts as f.m. 
mixer/oscillator." 

"How does it do that?" 
"If you look at the circuit," ex- 

plained Smithy, "you'll notice the 
capacitor Cn which couples from the 
collector of TR2 to a tap in the tuned 
circuit given by L; and C12, and the 
further capacitor Qo which goes back 
to the emitter of TR2. Now, the 
emitter and collector of a transistor 
in grounded base are always in phase, 
so these two capacitors provide a 
positive feedback loop and cause the 
transistor to oscillate. The frequency 
of oscillation is then governed by 
Lj and C12, which form the oscillator 
tuned circuit. Q2 is the second section 
of the two-gang tuning capacitor. 
Q3, incidentally, is just a trimmer." 

"Gosh," remarked Dick, "that's a 

neat feedback arrangement, isn't it?" 
"It is, rather," agreed Smithy. 

"The capacitive feedback idea dis- 
penses completely with coupling wind- 
ings and it also enables one end of 
the oscillator tuned coil to be at 
chassis potential. In all the transistor 
f.m. front ends I've worked with, 
feedback for the f.m. mixer/oscillator 
has always been by way of capacitive 
coupling from the collector back to 
the emitter, with a single tuned circuit 
popping up somewhere in the loop. 
Sometimes, all the tuned circuit is in 
circuit (Fig. 4 (a)) and sometimes the 
collector goes to the tap only (Fig. 
4 (b)), but the general idea remains 
the same. Occasionally, one of the 
series capacitors in the loop is a trimmer, 
this being normally the one which 
couples to the emitter. This trimmer is 
set up at the factory for best results 
with the particular transistor employed. 
Incidentally, the mixer/oscillator tran- 
sistor is usually an AF115 or an 
AF125." 

"That's funny." 
"What's funny?" 
"You said just now that the r.f. 

amplifier was usually an AF114 or 
AF124. It's peculiar that there should 
be a difference of ten in the type num- 
bers of these alternative transistors 
you keep mentioning." 

"I see your point," said Smithy. 
"Actually, there's a group of eight 
transistors which have the same 
relationship, these being the AF114 
to AF117 and the AF124 to AF127. 
Electrically, the AF114 and AF124 
are virtually the same, as are the 
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Fig. 4 (o). In some receivers, the whole oscillator tuned coil appears in the positive 

feedback loop 
(b). An alternative oscillator feedback circuit 

AF115 and AF125, the AF116 and 
AF126, and the AF117 and the 
A.FI27. They are all p.n.p. alloy 
diffused types, the four with the lower 
numbers being in a relatively bulky 
TO-7 can and the four with the 
higher numbers being in a smaller 
TO-18 can which is about half the 
size of the TO-7. The AF114 and 
AF124 are intended as r.f. amplifiers 
in a.m./f.m. sets, the AF115 and AF125 
as mixer/oscillators in a.m./f.m. sets, 
the AF116 and AF126 as i.f. amplifiers 
in f.m. sets, and the AF117 and 
AF127 as mixer/oscillators, or i.f. 
amplifiers, in medium and long wave 
sets." 

"Since the i.f, stages of an a.m./f.m. 
set have to handle 10.7 Mc/s, will these 
normally use AF116's or AF126's as 
i.f. transistors?" 

"That's right," agreed Smithy. 
"When the first i.f. doubles as mixer/ 
oscillator on medium and long waves, 
this will usually be an AF116, or art 
AF126, as well." 

"That's an interesting little snippet 
of information." said Dick musingly. 
"I must remember that these two 
ranges of transistors are electrical 
equivalents. It should ease the replace- 
ment problem a bit." 

(To be Concluded) 

"Quite a bit of 
radio traffic this 
evening." 
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SMITHY'S I.C. AMPLIFIER 
Readers have exhibited con- 

siderable interest in the "In 
Your Workshop" feature which 

we published last February. You may 
recall that it was in this issue that 
Smithy demonstrated his a.f. amplifier 
incorporating the R.C.A. integrated 
circuit type CA3020. 

The output transformer used by 
Smithy was the Ardente D3035, 
which is readily available through 
home-constructor retail channels. This, 
with a ratio of 7.3:1, presents an 
impedance of 1590 to the output 
terminals of the integrated circuit 
when its secondary is loaded by a 
30 speaker. Several readers have 
pointed out that a closer match is 
given with the Radiospares transistor 
transformer type T/T2. The T/T2 
has a ratio of 6.6:1, whereupon it 
presents an impedance of 1310 to 
the i.e. when coupled to a 30 speaker. 
(Radiospares components may only, 
incidentally, be obtained via retailers.) 

Actually, the output impedance 
requirements for the CA3020, as 
shown by R.C.A. curves, are not 
excessively critical. When employed 
with a power supply of 9 volts, and 
with a in negative feedback resistor 
in series with terminals 5 and 6, this 
i.e. delivers an optimum power of 
about 470mW into an output load of 
1300. At a load of 1600 this drops to 
450mW and, at 1800, to 420mW. 
On the low impedance side, output 
power is about 440mW at 80(1, below 
which it drops sharply. Output load 
impedance should be between some 
100 and 1800 for best results. 

The Radiospares T/T2 transformer 
is nominally a 200mW component, 
whilst the Ardente D3035 is nominally 
a 300mW component. The Ardente 
transformer works perfectly well with 
the CA3020 and, whilst we have not 
checked the Radiospares transformer 
ourselves, there seems little reason to 
doubt that it should not work equally 
well, even if its nominal wattage rating 
is exceeded a little. 

There was a misprint in the "In 
Your Workshop" article in question, 
this appearing in one of the diagram 

By Recorder 

captions. The last sentence in the 
caption to Fig. 4 should read: "Ter- 
minal 11 is unconnected". 

MILLION VOLT TEST SET 
As anyone who has twirled the 

handle of a Megger knows only too 
well, the best way of checking for 
insulation leakage in cables is to 
apply a higher voltage than normal 
and see what happens. What do we 
do, however, if the cable in question is 
rated for a.c. at 400kV? 

The fascinating answer to that 
question was given by an exhibit at 
the recent International Electrical 
Engineers (A.S.E.E.) Exhibition held 
at Earls Court from March 27th 
to April 3rd, and consists of what is 
modestly called a "test set" capable 
of delivering one million volts d.c. 
on open-circuit, or 800kV at 8mA. 
This last voltage is essential for cables 
with working voltages of 400kV a.c. 
which, to meet British Standards 
requirements, must be, tested at 800kV 
d.c. The unit is designed by British 
Insulated Callender's Construction 
Co. Ltd., and consists of two main 
parts—the towing vehicle and the 
main high-voltage assembly. The 
vehicle is fitted out as a mobile 
control desk and has seating 
accommodation for personnel witness- 
ing the cable test while it is in progress, 
together with storage space for 
ancillary equipment as required. 

An engine-driven power take-off 
drives an alternator which, when there 
is no local supply, provides power for 
the high voltage unit transformer. 
Alternatively, the high voltage unit 
transformer can be fed at 400 c/s 
from a rotary frequency changer. 
The high voltage secondary of the 
transformer feeds, via an oil-filled 
busbar, the rectifier section, this 
consisting of a Cockroft-Walton multi- 
plier with an arrangement for reversing 
the polarity off-load. The rectifier 
components are contained in an oil- 
filled porcelain housing, and the whole 
high voltage unit is surmounted by a 
large diameter "anti-corona" spinning 
which is raised for testing and can be 
lowered by about 2ft to reduce overall 
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height while in transit. 
All this high voltage equipment is 

mounted in a trailer which can also 
be raised and lowered as desired. It is 
raised to increase clearance when 
operating at maximum output voltage 
and lowered to negotiate low bridges. 

A variable liquid discharge "resistor" 
is employed to discharge the stored 
energy in the cable after the test 
voltage has been applied and the test 
completed, and this "resistor" consists 
of a unit which, at first, circulates 
de-ionised water of low conductivity 
through insulating tubes connected 
to the cable under test. The de-ioniser 
equipment is then removed from the 
water circuit and metered quantities 
of conducting solution are introduced 

into the water to lower its resistance 
as required and thus discharge the 
stored energy. The heat generated is 
extracted from the water by a heat 
exchanger. On completion of the 
discharge, the de-ioniser is again 
switched into circuit, lowering the 
conductivity of the water ready for a 
further test. 

The process of checking cables at 
astronomic voltages of this level is 
hardly the sort of thing we encounter 
in the amateur workshop. But it's 
certainly very enlightening to learn 
what goes on in the heavy side of an 
industry which, as in radio, is primarily 
devoted to making electrons rush 
around at the desired quantity and in 
the required direction. 

Tour Local Supplier 
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SMITHS PRECISION 
6 MINUTE DELAY 

ACTION SWITCH 
Clockwork actuated 
10/6 EACH 1 V/ V Post 2/6 
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337, WHITEHORSE ROAD, 

•WEST CROYDON, SURREY 
Phone 01-684-1665 FULL LIST 1/- 

SUSSEX 

CAN ANYONE HELP? 

Requests for information are inserted in this feature free of charge, 
subject to space being available. Users of this service undertake to 
acknowledge all letters, etc., received and to reimburse all reasonable 
expenses incurred by correspondents. Circuits, manuals, service sheets, 
etc., lent by readers must be returned in good condition within a 

reasonable period of time. 

F.M. Signal Generator.—E. M. Vivian, 1108a C. Mamelodi, Pretoria, Rep. 
S. Africa - would like to obtain the circuit of such a unit incorporating crystal 
control at 10.7 Mc/s, 87, 98 and 105 Mc/s. 
Signal Generator Type CT53, Ref. 10S/16160—G. B. Brierley, 99 Chessel 
Street, Bristol 3 - purchase of manual, circuit, etc. Circuits, if loaned will be 
returned within 5 days. 
BC799 and BC639A—D. J. Cooke, 3 Mill Close, Hartford, Huntingdon - 
manuals, circuit diagrams, alignment data. Loan or purchase. 
Emerson Model EW-H505L Transistor Receiver—R. Cowen, 22 Michael 
Road, Burton Grange, Bamsley, Yorks. - this 8-transistor is fitted with 2 
speakers, is an all-wave 3 band model and bears the legend "Emerson & 
Watham EW-H505L". Loan of the circuit or service sheet is urgently required. 
Power Unit 619, 12V, Ref. No. 10KB/6180.—R. Begg, Ravenstone Estate. 
Whithom, Newton Stewart,- Wigtownshire, Scotland - circuit diagram or 
any information. 
18 Set, Mk III Transceiver.—A. W. Bawden, 232 Exwick Road, Exeter. 
Devon - loan or purchase of handbook also circuit of suitable power supply 
and any other information. 
CT54 Ex Air Ministry Valve Voltmeter.—A. Seeker, 98 Warwick Avenue, 
Edgware, Middx.—any details. Also Monitor Unit II, ref. Z3/ZC.36723 Unit 
C2, and data or correspondence from other owners etc. 
Philco Radio, Type 91-E.—E. C. Schembri, 39 Church Street, Zebbug, 
Malta - loan or purchase of circuit diagram or handbook of this American 
made radio (uses 3 x 37, 2 x 44, 36, 42 and 80 type valves). 
Indicator 266/10QB6382.—J. Monagham, 22 Chain Bar Lane, Hattersley, 
Mottram via Hyde, Cheshire - loan or purchase of circuit diagram or any 
other information. 
"The Radio Constructor".—L. Ashton, 54 Ellesmere Road, Altrincham, 
Cheshire-purchase of back issues from January, 1961 to July, 1961, inclusive. 
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The Radio Constructor, 
Data Books and 
Panel-Signs Transfers 
Also a postal service 

Wm. B. PEAT & Co. Ltd. 
28 PARNELL STREET 

DUBLIN 1 
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TV 

FAULT FINDING 

MANUAL for 

405/625 LINES 

s* 
W*mM m*'k 

•« 

ff'ff 

POSTAGE 8d. 

REVISED & ENLARGED 

EDITED BY J. R. DAVIES 

124 pages 
Over 100 illustrations, including 60 photographs of 
a television screen after the appropriate faults have 
been deliberately introduced. 

Comprehensive Fault Finding Guide cross-referenced 
to methods of fault rectification described at greater 
length in the text. 

UNDERSTANDING 

TELEVISION 

by 

J. R. DAVIES 

Over 500 pages 
300 diagrams 

37/6 
POSTAGE 

3/- 

UNDERSTANDING TELEVISION deals with: 
Principles of 405 line reception 
Principles of 625 line reception 
Nature of the television signal 
Receiver tuner units 
A.F. and video amplifiers 
Deflector coil assemblies 
Automatic gain and contrast control 
Receiver aerials 
The cathode ray tube 
Receiver i.f. amplifiers 
Vertical and horizontal timebases 
Synchronising 
Power supply circuits 
Colour television 
COLOUR TELEVISION — 80 
section deals comprehensively 
this subject 

page 
with 

The reader is required to have only a basic knowl- 
edge of elementary radio principles. The treatment is 
non-mathematical throughout, and there is no neces- 
sity for any previous experience in television whatso- 
ever. At the same time, UNDERSTANDING TELE- 
VISION is of equal value to the established engineer 
because of the very extensive range it covers and the 
factual information it provides. 

To Data Publications Ltd., 57 Maida Vale, London, W9 

Please supply the 4th revised edition of TV FAULT FINDING, Data Book No. 5   

Please supply UNDERSTANDING TELEVISION, Data Book No. 17  

I enclose cheque/crossed postal order for (Tick which book is required) 

NAME :     :  

ADDRESS           .; ...:..    

BLOCK LETTERS PLEASE 
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BT 

THS 
mvi 

t 

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! 

23 

tiio iqrs Hnhhies \ Manual now contains 
Vhrr^fTK/TS— a famous American range of 

?ang^hrc°udfnf^fammus jviTHOBfl f  

imrT? rntters pliers, bre3/Clb03>r(iiriir kits, ,v _„ -frirv 
SSureMe^mos^ 

SfmSs like STaBCA Newmarket and Bnmar. 

r 
i 
i 
i 
i 
i 

Enclosed is a cheWStel ^ 
5rUPm?my Kage copy of the new 1968 Hobbies Manual. 

NAME 
ADDRESS 

R.C.I 

20 WATT 

SOLDERING 

INSTRUMENT 
the 

I 
I 
I 
I 
I 

CONTROLLED TEMPERATURE 

Design holds max. temp, of 
380oC. within close limits. 

EASY BIT REPLACEMENT 
Simple, fast replacement of 
low-cost copper bits. Non- 
wearing PERMAT1P bits cut 
servicing costs. 

BEAUTIFULLY COMPACT 

Length 7| in. Weight U oz. 
Max. handle dia. 0715 in. 

, UN-EQUALLED PERFORMANCE 

Ideal for fast production 
soldering on the majority 
of modern electronic 
equipment. 

% ALL VOLTAGES 

The LITESOLD range includes 
six other models (10, 18, 25, 
30, 35 and 55 watts), and many 
accessories. Please ask for colour 
catalogue L.40. 

LIGHT SOLDERING 

DEVELOPMENTS LTD 

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

electroniques 
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^SPEOAl OFFER 

UNBEATABLE VALUE FOR YOU, 

AS A READER OF 

THE RADIO CONSTRUCTOR 

^'*4. 

TOLTEC ^ 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 

Radiomobile 
BRITAIN'S CAR RADIO SPECIALISTS 

HAVE A VACANCY 

FOR A FULLY 

EXPERIENCED 

SERVICE 

ENGINEER 

The successful applicant will be employed in 
our Main Service Workshop repairing:— 

Transistorised & Valve Operated Car Radios, 
Car Tape Recorders, 
Coach Radio & P.A. Equipment. 

and also in our Service Garage on installation 
work and the servicing of equipment already fitted 
to vehicles. 

After gaining considerable knowledge of our 
products, duties, in the future, may be extended to 
include mobile Field Service work. 

This position carries a good commencing salary 
together with above average fringe benefits. 

Applications should be made in writing to: 

The Personnel Manager, 
RADIOMOBILE LIMITED, 
Goodwood Works, 
North Circular Road, 
London, N.W.2. 

A SUBSIDIARY OF ES SMITHS INDUSTRIES LIMITED 
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SMALL ADVERTISEMENTS 
Rate: 9d. per word. Minimum charge 12/- 

Box No. 2/- extra. 

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

BEHTIEY ACOUSTIC CORPORtllON 110. 
38 Chalcot Road, Chalk Farm, The Old Police Station 
LONDON, N.W.I. Gloucester Road 
PRImroce 9090 LITTLER AMPTON, Sussex 

Please forward all mail orders to Littlehampton 

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. Bexhtll, 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, Box9 G.P.O., Tunbridge Wells, Kent. 

100 PAGE ILLUSTRATED CATALOGUE NO. 17 of Govern 
ment and manufacturers' electronic and mechamcal 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 Saliis 
(Radio Control) Ltd., 93 North Road, Brighton, Sussex, 

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. 

TAPE RECORDER SPARES. Telephone 0U789~1963 or 
send s.a.e. for your requirements to TAPE SERVICE, 
81 Lower Richmond Road, London, S.W.I5. 

5 TON FACTORY CLEARANCE. Radio, T V., 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, IPS, Paxaiin, wire, rectifiers. Lots of 
other items. Pot Luck. Postal orders to: P. L. Newton, 16 
Shallcross Crescent, Hatfield, Herts. 

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

RADIO CONSTRUCTOR. P.M. Receiver, etc. Projects 
Feb. 1967 to April 1968 issues. S.A.E. for your choice of 
itemised price lists.—RADIO RADTEL, 13 Dedmere Road, 
Marlow, Bucks. 

FOR SALE: Wavemeter, W1310, 155/220 Mc/s, and V.H.F. 
receiver, CG46068, 60/80 Mc/s. £7 the lot. 53 Fredenck 
Road, Sutton Coldfield, Warwickshire. 

BOOKS FOR SALE. A//red 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 LG.Y., Fraser, 10s. Earth Satellite P. Moore, 7s. 6d. 
Frontier to Space E. Burgess, 5s.—Box No. F316. 

Continued on page 718 
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7/6 3/9 12/6 11/6 
7/9 15/- 15/6 13/- 
13/- 17/6 13/6 13/- 9/6 11/6 IS/- • 5/. 12/6 14/- 13/- 14/6 

5Z4G 6AT6 6/30L2 6F23 (tL6GT I0FI I OP I 3 20DI 
20L1 20 P4 30C15 30CI7 30CI8 30F5 30FL1 30FLI2 30FLI4 30LI5 30L17 30P4 30P4MR 14/6 30PI2 13/ 30PI9 30PLI 30PLI3 30PLI4 CL33 

:y 31 DY87 E88CC -, EABC80 6/ EAF42 7/6 EB91 EBC4I EBC8I EBF80 EBF83 EBF89 EC92 ECC8I ECC82 ECC83 

ECC84 6/- ECC85 5/ ECC88 71- ECCI89 91- ECF80 71- ECF82 6/9 ECF86 ECH42 ECH8I ECH83 EGH84 ECL80 ECL82 ECL83 ECL86 EF22 

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

2 3 7/3 6/3 5/9 
71 5/9 6/6 3/6 4/6 4/6 

EF22 EF4I EF80 EF85 EF86 EF89 EFI83 EFI84 EH90 EL33 EL4I EL84 EL95 EM80 EM81 EM84 EM85 EM87 EY5I EY87 EZ40 EZ80 EZ8 i 
KT88 

5/6 
71 6/6 61- 6/6 9/ 7/9 12/6 12/6 9/ 4/6 4/6 6/3 4/9 6/3 6/3 7/6 12/ 8/ 4/6 5/- 

61- M/ 6/6 6/6 6/- 6/- 3/9 4/3 29/6 
KTW6212/6 PC86 9/9 

PC88 PC95 PC97 PC900 PCC84 PCC85 PCC88 
PCC89 PCCI89 PCF80 PCF82 PCF84 PCF86 PCF80I PCF802 PCL82 PCL83 PCL84 PCL85 PCL86 PFL200 PL36 PL81 PL82 PL83 PL84 PL500 PL504 

z' PY33 5/9 pY81 

9/9 6/9 
5/9 91- 61- 6/9 

70(6 
9/9 8/3 
71 61 8/ 81- 7/6 9/6 6/6 10/3 8/3 8/3 8/3 13/6 9/9 7/6 

UBC81 UBF80 UBF89 UC92 UCC84 UCC85 UCF80 UCH2I UCH42 10'6 

7/6 PY82 • PY83 PY88 PY800 PY80I U25 U26 U 191 U301 UABC80 5/3 UAF42 9/6 UBC4I 9l6 

6/. 6/3 13/6 15/ 10/- 5/ 5/- 5/6 7/3 61- 61 13/- 11/ 12/6 12/6 

6/6 5/6 5/9 5/6 81- 6/6 8/3 91 
UCH8I UCL82 UCL83 UF41 UF42 UF80 UF85 UF86 UF89 , UL4I UL84 UM80 UY4I UY85 ••.r ZN404 o/- * 9 2N2297 4/6 6/- 2N2369A6/- 2M3866 29/- AAZ13 3/6 
AC 107 3/6 AC I 13 AC 126 AC 127 AC 128 AC 154 AC 156 AC 157 AD 140 AD 149 
AD162 AFI 14 AFI 15 AFI 16 

61- 71- 9/6 71- 91- 6/9 7/3 ■ 91- 5/6 9/- 6/. 5/. 6/6 5/6 6/- 

5/ II 21 li- st 41 51 

A.FI 17 ^Fl 19 AFI 25 AFI 27 AFI 39 AFI 80 AFI 86 AFZI2 BAI 15 BAI29 BAI 20 BCI07 BCI08 BCI09 BCYI0 BCYI2 BCY33 BCY34 BCY38 BCY39 3FY50 3FY5I 3FY52 3F163 3YI00 3Y234 3Y236 3Y238 3YZ11 
3YZI2 JYZ13 3ETI03 41- jET I I 3 4/ -jET 1 16 7/6 3ETII8 4/6 ,£71 19 4/6 

3/4 31- 3/6 3/6- 
II/- 9/6 20/- 51- 2/8 2/6 II- 41 3/9 4/6 SI- SI- SI- SI- SI 51- 51- 4/6 5/- 41- 3/6 41- 41 41- 51- 

5/ 5/ 

3ET573 8/6 OC17 
HET587 8/6 3ET873 41- 3ET887 4/6 
3ET890 4/6 

GET896 4/6 
GET897 4/6 OAS I 1/9 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 21- OC82 2/3 OC83 OC84 OCI23 OCI69 OCI70 

1/9 21 
I/- 51- 71- 14/6 SI- SI- 51- 71- 10/ 7/6 11/6 10/- 2/. 1/9 3/- 2/3 21 21- 21- 31 3/4 31- 31- 21- 

OCI72 OC200 OC202 
i UBC4I 91° AMID T— 

Terms of business: Cash £ith order only. No C.O D. 

o( husme^M. Any pare.! ^"a
u^ .|g3i'onptmaSafurdavs 9 a.m. 1 p.m. 

the bi^ name in PRECISION components 

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

"00" Twin Condenser 
12/6 each 

Designed for use in mini- 
ature transistor receivers. 
The front (aerial) section 
is 208pF to provide cover- 
age for medium waves, 
and the rear section is 
176pF, which may be 
padded to match the 
oscillator—very robust yet 
lightweight. Front area 
1fin. x liiin- x lin. 
deep. 

It's reliable if it's made by Jackson! 

JACKSON BROS. (LONDON) LTD. 
(DEPT. R.C.), KINGSWAY-WADDON, CROYDON, CR9 4 DG 

Phone: Croydon 2754-5 (01-688). Groms; Walfilco, Croydon 
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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. 

1 " 

PRICE t5(- Post Tree 

Available only from:— 

Data Publications ltd. 

57 Malda Vale London W9 

SMALL ADVERTISEMENTS 
continued from page 7 / 7 

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 supphes such as badges, headed 
notepaper and envelopes. QSL cards, etc., are available at 
reasonable cost. Send for League particulars. Membership 
including monthly magazine, etc. 35s. per annum.—Secretary, 
ISWL, 60 White Street, Derby. 

"MEDIUM WAVE NEWS" Monthly during DX season— 
Details from: K. Brownless, 7 The Avenue, Clifton, York. 

FOR SALE: H.R.O., six coils, p.u., £15. Hallicrafter, SX 28, 
£25. Both in very good condition. Dowson, 39 Victoria Street, 
Scarborough, Yorks. 

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

FOR SALE. 4" Dymo labels. Id. per letter. Send s.a.e. with all 
orders to—26 Stourway, Christchurch, Hants. 

BOOKS FOR SALE. Science Projects in Electricity, by E. M. 
Noll, 7s. 6d. Electronic Systems, by E. A. Altshuler. 10s. 
Tubes for Computers, Philips, 5s. 6d. Industrial Rectifying 
Tubes, Philips, 5s. 6d. Transistor Radio Servicing Made Easy, 
by Wayne Lemons, 10s. Electronics for the Beginner, by J. A. 
Stanley, 10s. All less than half price. All post free.—Box 
No. F326. 

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

THIS COULD BE LISTENING TO YOU! The smallest Bug 
(Wireless microphone) available commercially. 007 type. 
Rifle bullet size. Completely self-contained using one button 
size ultra sensitive microphone 20s.—Box No. F328. 

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

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 Holbom 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 Holbom Direct Mail Company, Capacity 
House, 2-6 Rothsay Street, Tower Bridge Road, London, 
S.E.I. Telephone: 01^107-1495. 

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., utihty 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. 

Continued on page 719 
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SMALL ADVERTISEMENTS 
continued from page 7 IK 

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.; 1S103 rectifiers, 3s. 
Postage 6d. E88CC valves 8s. 6d. P.M. Tuner, less crystals, 
£3. Precision resistors. Details and lists, s.a.e.—Box No. F334. 

NEW AND SALVAGED VALVES at fantastically reduced 
prices. S.A.E. for lists.—CONNAUGHT ELECTRONICS, 
42 Montserrat Road, Putney, London, S.W.I5. 

FOR SALE. Decca/Stereo amplifier, fully transistorised. 
Input sensitivity 70p/V. Power output 5 watts per channel. 
Output impedance 150. High quality reproduction. £14.— 
Telephone: PUTney 3724. 

FOR SALE. "Wireless World" January 1964—December 1967. 
"Radio Constructor" August 1963—July 1967. 2s. per copy 
plus postage. Box No. F336. 

ESSEX GARDENERS. Buy your bedding and rock plants, 
shrubs, etc.. also cacti from May's Nurseries, 608 Rayleigh 
Road, Hutton, Brentwood, Essex. Callers only. Monday 
to Saturday, 

PROPERTIES for sale and to let in London and suburbs. 
Apply to Maggs & Stephens, Estate Agents, 229 Maida 
Vale, London, W.9. MAIda Vale 8123. 

MORE BARGAINS from P. & J. Barrow-Mawdsley. Eagle 
amps. 1 watt £2 10s. 0d., 3 watt £2 13s. 6d. 4-channel mixer 
£2 10s. Od. Batt/Mains cassette tape recorder £25. BC107/9 
3s. 8<>., BC107 3s., 2N3819 F.E.T. 10s. 8d. Is. postage. Box 
No. F337. 

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

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. 

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 ANNOLNCED! 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 11 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. 

june 1968 

PLAIN-BACKED 

NEW STYLE 

SELF-BINDERS 

for your other magazines 

(max. format x 9^") 

. . -.»«• 

  ' 

The "CORDEX" Patent Self-Binding Case 
will keep your copies in mint condition. 
Issues can be inserted or removed with 
the greatest of ease. Rich maroon finish. 
Specially constructed Binding Cords are 
made from Super Linen of great strength, 
very hard twisted and twice doubled. They 
are attached to strong RUSTLESS Springs 
under tension, and the method adopted 
ensures PERMANENT RESILIENCE of the 
Cords. Any slack that may develop is im- 
mediately compensated for, and the Cords 
will always remain taut and strong. It is 
impossible to overstretch the springs, as a 
safety check-device is fitted to each. 

COLOURS: MAROON OR GREEN 

(Please state choice) 

PRICE 14(6 Post Free 

Available only from;— 

Data Publications Ltd. 

57 Maida Vale Loadoa W9 
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CHASSIS 
and 

CASES by 
„ . _ ALUMINIUM, 
CASES silver hammered finish 

FPGWARF ROAD 

H. L. SMITH & CO. LTD. 
287/9 Edgware Road 

London W2 
TEl: 01-723 5891 

Type Size 
N 8x6x2"* 
N 6x6x3" 
N 4x4x2" 
U 4x4x4" 
U 5^x4^x41 U 8x6x6" 
U 9ix7ix3i" 24/- 
U 15x9x9" 49/- W 8x6x6" 23/- 

Price 
18/- 
17/6 
11/- 
11/- 17/- 
23/- 

Type Size 
W 12x7x7" W 15x9x8" 
Y 8x6x6" 

12x7x7" 
13x7x9" 
15x9x7" 
17x10x9 
19x10x8*" 78/- * Height 

Y 
Y 
Y 
Z 
Z 

VVOXOXO AJ/-    - Type N has removable bottom, Type U rernov^ple bottom or back. Type W removable front, Type Y all screwed construction,Type Z removable back and front. 

Type N 
Price Type Y 
37/6 Type Z 48/6 Type 
29/- Type U 45/ 
50/6 
53/6 
72/6 

BLANK CHASSIS—Same day Service 
Of over 20 different forms made 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/- 176 sq. in. 10/4 304 sq. in. 15/8 
BOsq. in. 6/4 208 sq. in. .11/8 336 sq. m. 17 - 

112 sq in. 7/9 240 sq. in. 13/- 368 sq. in. 18/4 
144 sq. in. »/- 272sq.in 14/4 and pro rata P. & P. 3/- P- & P. 3/6 P- « P- 4/& 

Discounts for quantities. More than 20 different sizes kept in stock for callers. 
FLANGES (a Or|"),6d. per bend 

STRENGTHENED CORNERS, 1/- each corner. 

Any size up to 3ft at 6/- sq. ft. 16 s.w.g. (18 s.w.g. 5/3). Plus postage and packing 

HIGH GLOSS. METALLIC HAMMERED ENAMEL ★ Brush HAMMERITE Mokes Fantastic Panels 
'on ." ii> —so say hundreds of enthusiastic users. 'Crackle' pattern appears like magic. Dries hard g'0"* finish. Scratch-proof, resists heat and liquid. Simply brush-on. No undercoat. Air dries 10 mins. Lt. & Dk. Blue; Bronze; Silver; Green; Black. Send 10/- for *pt. Trial Tin, colour samples and instructions. POST FREE. Send now. . r. . j 

^.!g^,^EciAL'TY paints (rcV:^ 

Send 10/- 
NOW 

for ^ Pint 
TRIAL TIN 
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WANTED 

This and similar scrap relays 
BEST PRICES PAID 

S.a.e. to ■ Lanco," 76 Sedgemoor Road, 
Willenhall, Coventry, Warwickshire 

BULK COMPONENT BARGAINS 

+ Qnft ASSORTED RESISTORS—HI-STAB 10/- ^ OUU (50/ i/10 to i^2 watt, worth £3) 1/6 p. & p. 
S A E FOR LIST OF INDUSTRIAL COMPONENTS 

' ' ' FOR THE HOME CONSTRUCTOR ,m ■ 4 —a— I Island Farm Avenue Elmbndge Instruments Ltd. westMoiesey surrey 

COMPUTER PANELS 
Eight assorted printed circuit panels with 
transistors, diodes, resistors, capacitors, etc 
Guaranteed minimum 30 transistors. Ideal for 
Experimenters 8 boards 10/- POST FREE^ 
100 boards 65/- POST FREE 10,000 
pF, 35 volt working, .electrolytics. 6/- each. 
1/6d. p p kEYTROIMICS 

52 Earls Court Road, London, W.8. Mail order only   

■Mi • ill1 - J r* 
ft ■ f; i 

i 

iHjllli 

A.I. POST FREE BARGAINS 
NEW TRANSISTORS AND DIODES 

AC 107 5/3 AC 126 3/- AC127 3/- ACI28 31- AD140 14/- ADT140 15/6 AF114 4/6 AFII5 4/6 AFI 16 AFI 17 AFI 18 AFI 19 AFI 25 AFI 27 BCYI2 

4/6 4/6 
41- 41- 4/6 4/6 

BCY33 BCY34 BCY38 BFY50 BFY5I BFY52 GET 103 4/6 GET I 13 4/6 GET I 14 4/6 GETII8 4/6 GETII9 4/6 GET873 4/6 GET887 4/6 MAT 100 81- MATI0I 91- 

MAT 120 8/- OC75 
MAT 121 9/- OC76 
OC23 10/6 OC78 
OC25 10/6 OC78D 
OC26 10/6 OC8i 
OC28 10/6 OC8IO 
OC35 16/6 OC82 
OC38 16/6 OC820 
OC44 3/9 OC84 
OC45 3/6 OCI23 
OC46 3/- OCI69 
OC70 31- OCI70 
OC71 41- OCI7I 
OC72 31- OCI72 

31- 31- 31- 31- 31- 31- 31- 31- 31- 

OC200 12/- FSX2442A 6/9 ST 140 4/3 STI4I 6/3 GEX25 1/3 GEX34 H- CGI C 4/6 CG4 E 4/6 
CGI0 E 31- 
OA70 2/3 
OA8I 2/6 
OA95 2/3 
WG7B_k 4/6 

RECLAIMED RADIO AND TELEVISION VALVES 30/- PER 100 

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

w/KAYt SO PBOFESSIO/VAL Tf/£ 
£££f - SWiVJi YUKA/V ABROSOC WAY- 
/t L afrc/rj/'H# GR£y HAMMER 

fytJlJ// np BMCK WRfHKCB 
/VOW/ OR (CRACKLE) finishes 

Other Yukon .... DryinE Aeroiolj, 16 ozs. at 151II corr. paid include: Zinc Chromale Clear Lacquer Metollics: Grey, Blue, 

Yukan Aerosol spraykit contains 16 ozs. fine quality, durable easy spray No stove baking required. Hammers available in grey b ue gold bronze. Modern Eggshell Black Wrinkle (Crackle) f" '4/'' 

(value 5/-) for 18/11. carriage paid. Cho.ce of 13 self-spray plain coiour   and primer (Motor ear quality) also available. ■ 
Please enclose cheque or crossed P.O. for total amount to; 
YUKAN, DEPT. RC/E307a, EDGWARE ROAD. LONDON. W.2 
We supply man, Governmpnt DcpanmenK, Municipal Authonties. InsPtute, and Leading Industrial Organisations-We can supply you too.      1 Open all day Saturday. Closed THiradayafternoon^ 

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 requiredto^ 
DATA PUBLICATIONS LTD S7 HAIDA VALE LONDON W9 

Please mention 
;ifl 

THE RADIO CONSTRUCTOR www.americanradiohistory.com



THE RADIO CONSTRUCTOR 

Price 31- each, postage 6d. 
Annnal Subscription 42/-, post free. 
Bound Volumes Vol. 19 August 1965 to July 1966 32/6, postage 4/6. 

Vol. 20 August 1966 to July 1967 32/6, postage 4/6. 
Cordex Self-Binders With title "The Radio Constructor" on spine, 15/-, post free. 

With no title on spine 14/6, post free. 

DATA BOOK SERIES 

DBS TV FAULT FINDING 
124 pages. Price 8/6, postage 8d. 

DB6 THE RADIO AMATEUR OPERATOR'S HANDBOOK 
64 pages. Price 5/-, postage 5d. 

DB14 SHORT WAVE RECEIVERS FOR THE BEGINNER 
72 pages. Price 6/-, postage 6d. 

DB15 TWENTY SUGGESTED CIRCUITS 
48 pages. Price 3/6, postage 5d. 

DB16 RADIO CONTROL FOR MODELS 
192 pages. Price 15/-, postage 9d. 

DB17 UNDERSTANDING TELEVISION 
512 pages. Price 37/6, postage 3/- 

PANEL-SIGNS TRANSFERS 

Six sheets in each set 
Set 3: WORDING—White 

Set 4: WORDING—Black 

Set 5: DIALS—Control Panels have a clear background 

Set 6: DIALS—Control Panels have a black background 

Price per set 4/6, postage 4d. 

I enclose Postal Order/Cheque for in navment for 

Name   

Address   

{Please use Block Capitals for both name and address) 

Postal Orders should be crossed and made payable to Data Publications Ltd. 
Overseas customers please pay by International Money Order 

All publications are obtainable from your local bookseller 

Data Publications Ltd., 57 Mai da Vale, London W.9 

www.americanradiohistory.com



SOLID STATE HIGH FIDELITY AUDIO EDUIPMENT 
POWER AMPLIFIERS — PRE-AMPLIFIERS/CONTROL UNITS POWER SUPPLIES BRITISH MADE 

i MP3 

« m m 0 0 
o   

souo rnrn m*io ^ |ip- 0 SP4-A 
SP6-2 

SOUD armt »TER«D 

m 
r® 

16 PAGE BROCHURE ON REQUEST. No 21 
All units sold separately. 

• COMPLETE RANGE OF SUITABLE PLAYER DECKS, SPEAKERS AND TUNERS IN STOCK 

• MP3 mono preamplifier/ 
control unit £6.1 9.6 p.p. 3/_ 

• SP4-A mono/stereo version of 
£11.19.6 p.p. 4/6 

• SP6-2 mono/stereo (takes mag. pick-up as well) 
£15.10.0 p.p. 5i- 

• 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 it MPA12/15 

£3.12.6 p.p. 3/_ 
• MU24/40 choke version 

£4.10.0 p P 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 £15.5.0 p.p. 5/- 
2A MP3 + MPA12/15 + MU40 £16.0.0 p.p. 5/- 
4 MP3 + (2) MPA12/15 + MU40 £21.2.6 p.p. 71- 
6 MP3 + MPA25 + MXJ60 £18.15.0 p.p. 7/- 
8A SP4-A-H2) MPA12/15 + MU40 £26.0.0 p.p. 8/6 

10 8P6-2 + (2) MPA12/15 -I-MU40 £29.8.0 p.p. 8/6 
12A SP4-A + (2) MPA25 +(2) MU60 £35.10.0 p.p. 10/- 
13 aP6-2 + (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 
AMPLIFIERAND PREAMPLIFIER—MA7 

WITH FULL BASE -TREBLE AND VOLUME CONTROLS 
A brilliant new design suitable for 
home or portable installations. De- 

^•55^1 signed 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 

it 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 £C 4 O X KIT PRICE W.IT.W Ask for Brochure 4. 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. 
Vafu/k. 36 *n#- 22/6 
•FOUR-TRACK. Deck. Amplifier. 
Cabinet and speaker. Complete 
kits with MICROPHONE 7in. 
1,200ft. tape, spare spool. 
Vakfe/eO. 39 Kns- 22/6 
Ask for Brochure 6. 

ILLUSTRATED 
BROCHURE No. 12 

FM STEREO DECODER 

BUILD A QUALITY TAPE RECORDER 

SEND FOR FULL DETAILS ON THESE BRITISH MADE 
PRODUCTS. FREE ON REQUEST 

VHF FM TUNER 

r 

87/105 Mc/s Transistor Superhet. Geared tuning. Terrific quality and sensitivity. For valve or transistor amplifiers. 4 x 3^ x 2i-in. Complete with dial plate. 5 Mullard Tran- sistors, plus 4 Diodes. (Cabinet Assembly 20/- extra.) 
TOTAL COST £6.19.6 TO BUILD Ask for Brochure 3. P.P. 2/6 

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 in fjnc £12/12/- P.P. 4/6 ,U S"5* 4/6 
7-TRANS1STOR MW/LW SUPERHET HEW! 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 TO BUILD Ask for Brochure I. £6.19.6 "£ 

NEW 1968 TRANSISTOR LIST 
SEND FOR FREE COPY 

ic Largest range over 1000 types ★ S.C.R's from 51- ★ Field Effect T'sistors from 8/6 ★ Power Transistors from 51- ★ Diodes & Rectifiers from 1/6 Send for Free List No. 36. 

GARRARD DECKS 
LATEST 
MODELS- 
COMPLETE 
RANGE IN 
STOCK. 

Froir.£5»t9«6 
Send for Illustrated Brochures 16/17 

HAYFAIR || 
PORTABLE ORGAN 

ELECTRONIC 
Deferred terms available. COMPLETE KIT. Deposit £29.19.0. 12 monthly pay- ments of £7. TOTAL £113.19.0. READY BUILT & TESTED. Deposit £36.8.0 and 12 monthly pay- ments of £9. Total £144.8.0. 

CATALOGUE 

Build this instrument stage by stage in your own home. A truly portable instrument for all enthusiasts. Fully TRANSISTORISED POLYPHONIC. British design. Call in for a DEMONSTRATION. 
EXPORT PRICES ON APPLICATION 

ORGAN COMPONENTS 
We carry a compre- hensive stock of organ components for TRANSISTOR AND VALVE FREE PHASE designs. 

The most COMPREHENSIVE — 
CONCISE — CLEAR — COMPONENTS 
CATALOGUE. Complete with 10/- 
worth discount vouchers FREE 
WITH EVERY COPY ★ 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 LID 
Telephone (01) 723-1008/9 
OPEN MON.-SAT. 9 a.m.-6 p.m. THURS. 9 a.m.-1 p.m. 

TWO STOP SHOPPING FOR ALL YOUR NEEDS 
303 Edgware Road, London, W.2. Mail Order Dept. 
all types of Components, Organ Dept. 
309 Edgware Road, London, W.2. High Fidelity 
Sales, P.A. and Test Equipment, Record Decks, etc. 
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