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Scottish 

66-67 

Insurance Corporation Ltd 

CORNHILL • LONDON • ECS 

TELEVISION 

SETS, 

RECEIVERS 

AND 

TRANSMITTERS 

Television Sets, Receivers and Short Wave Transmitters 
are expensive to acquire and you no doubt highly 
prize your installation. Apart from the value of your 
Set, you might be held responsible should injury be 
caused by a fault in the Set, or injury or damage 
by your Aerial collapsing. 

A "Scottish" special policy for Television Sets, 
Receivers and Short Wave Transmitters provides the 
following cover: 

(a) Loss or damage to installation (including in the 
case of Television Sets the Cathode Ray Tube) 
by Fire, Explosion, Lightning, Theft or Accidental 
External Means at any private dwelling-house. 

{b) (i) Legal Liability for bodily injury to Third 
Parties or damage to their property arising 
out of the breakage or collapse of the Aerial 
Fittings or Mast, or through any defect in 
the Set. Indemnity £10,000 any one accident. 

(ii) Damage to your property or that of your 
landlord arising out of the breakage or 
collapse of the Aerial Fittings or Mast, but 
not exceeding £500. 

The cost of Cover (a) is 5/- a year for Sets worth £50 
or less, and for Sets valued at more than £50 the 
cost is in proportion. Cover {b) (i) and (ii) costs only 
2/6 a year if taken with Cover (a), or 5/- if taken alone. 

Why not BE PRUDENT AND INSURE your 
installation—it is well worthwhile AT THE VERY 
LOW COST INVOLVED. If you write to the 
Corporation's Office a proposal will be submitted for 
completion. 

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

THE MANAGER 

SCOTTISH INSURANCE CORPORATION LTD. 

66-67 CORNHILL, LONDON E.C.3 
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FREEH? AMBITIOUS ENGINEERS 

E EL Hi ■■ —THE latest edition of engineering opportunities 

Have you sent for your copy? 
ENGINEERING OPPORTUNITIES is a highly informative 132-page guide to 
the best paid engineering posts. It tells 
you how you can quickly prepare at home 
for a recognised engineering qualification 
and outlines a. wonderful range of modern 
Home Study Courses in all branches of 
Engineering. This unique book also gives 
full details of the Practical Radio & Elec- 
tronic Courses, administered by our Specialist 
Electronics Training Division—explains the 
benefits of our Appointments Dept. and 
shows you how to qualify for five years 
promotion in one year. 

SATISFACTION OR 
REFUND OF FEE 
Whatever your age or experience you cannot 
afford to miss reading this famous book. If 
you are earning less than £30 a week send" 
for your copy of "ENGINEERING OP- 
PORTUNITIES" today—FREE. 

WHICH IS YOUR 
PET SUBJECT 

Radio 
Television 
Electronics 
Electrical 
Mechanical 
Civil 
Production 
Automobile 
Aeronautical 
Plastics 
Building 
Braugktmanship 
B.Sc. 
City & Guilds 
General Certificate 

of Education 
Etc., Etc. 

BRITISH INSTITUTE OF ENGINEERINQ 
TECHNOLOGY 

(Dept. 409B), Aldermaston Court, Aldermaston, 
Berkshire 

PRACTICAL 
EQUIPMENT 
Basic Practice and 
Theoretical Courses for beginners in Radio 
T.V. Electronics Etc. 
A.M.I.E.R.E. City & Guilds 
Radio Amateur's 
Exam. R.T.E.B. 
Certificate. P.M.G. 
Certificate. Practical 
Radio. Radio & 
Television Servicing 
Practical Electronics 
Electronics 
Engineering 
Automation 

INCLUDING 
TOOLS! 
The specialist 
Electronics Division of 
B.LE.T. 
NO W offers you a 
real laboratory training 
at home with practical 
equipment. 
Ask for details. 

POST COUPON NOW! 
Please send me your FREE 132-page 
"ENGINEERING OPPORTUNITIES" 
(Write if you prefer not to cut page) 

NAME  
■ ADDRESS 

SUBJECT OR EXAM 
THAT INTERESTS ME  409B —   - . « mm ■ tncj a .> ri£.   

BI-PAK SEMICONDUCTORS 
8 Radnor House 
93/97 Regent Street 
London W.I 

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

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

7/6 EACH 

SIL RECTS TESTED 
PIV 750mA 3A 

50 21- 100 2/3 200 2/6 300 3/- 400 3/6 500 41- 600 4/3 80b 4/9 1000 6/- 

3/- 3/6 4/6 4/9 61- 6/6 71- 8/- 10/- 

I0A 30A 
4/6 9/6 61- 15/- 6/6 20/- 8/- 22/- 91- 25/- 9/6 30/- 10/- 37/- 15/- 40/- 17/6 50/- 

SCR's 
lowest price LARGEST RANGE 

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

ORPI2, ORP60 8/6 each 

Minimum Order 10/-. CASH WITH ORDER PLEASE. Add I/- post- age and packing per Order. GUARAN- TEED by return postal service. Overseas add extra for Air Mail. 

QUALITY-TESTED VALUE PAKS -jr BARGAINS 
2 Drift Trans. 2NI225 Germ. PNP ^ c:i: o     . 100 Mc/s  |0/- 6 Matched Trans. OC44/45/8I/8ID 10/- 16 Red Spot AF Trans. PNP ... ... "" 16 White Spot RF Trans. PNP 5 Silicon Rects. 3 A 100-400 PIV ... 2 10 A Silicon Rects. 100 PIV 2 OCI40 Trans. NPN Switching 1 12 A SCR 100 PIV  3 Sil. Trans. 2S303 PNP   4 Zener Diodes 250mW 3-I2V ... 3 200 Mc/s Sil. Trans. NPN BSY26/27 3 Zener Diodes 400m W 33 V 5% Tol. 4 High CurrentTrans. OC42 Eqvt. .. 2 Power Transistors I OC26 I OC35 5 Silicon Rects. 400 PIV 250mA ... 4 OC75 Transistors Mullard Type... 1 Power Trans. OC20 100V  4 OA202 Sil. Diodes Sub-min. 2 Low Noise Trans. NPN 2N929/30 1 Sil. Trans. NPN VCB 100 ZT86 ... 8 OA8I Diodes 4 OC72 Transistors Mullard Type ... 4 OC77 Transistors Mullard Type ... 5 Metal Alloy Transistors Mat. Type 4 Sil. Rects. 400 PIV 500mA 5 GET884 Trans. Eqvt. OC44 5 GET883 Trans. Eqvt. OC45 2 2N708 Sil. Trans. 300 Mc/s NPN... 5 GT4I/45 Germ. Trans. PNP Eqvt. OC7I   3 GT31 LF Low Noise Germ. Trans. PNP   6 1N9I4 Sil. Diodes 75 PIV 75mA 8 OA95 Germ. Diodes Sub-min. 3 NPN Germ. Trans. NKT773 Eqvt. AC 130   2 OC22 Power Trans. Germ. 2 OC25 Power Trans. Germ. 2 OC73 Mullard Trans. 4 ACI28 Trans. PNP High Gain 2 ACI27/I28 Comp. pair PNP/NPN 3 2NI307 PNP Switching Trans. ... 

7 CG62H Germ. Diodes Eqvt. OA7I 
3 AFI 16 Mullard Type Trans. 

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

10/- 10/- 10/- 10/- 10/- 10/- 10/- 10/- ior- 10/- 10/- 10/- 10/- 10/- 10/- 10/- 10/- 10/- 10/- 10/- 10/- 10/- 10/- 10/- 10/- 10/- 
10/- 
10/- 10/- 10/- 
10/- 10/- 10/- 10/- 10/- 10/- 10/- 
10 
I Ok 
10/- 
10/- 
10/- 

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

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 TOI8, SOI2, etc.   2 2S70I Sil. Trans. Texas 3 12 Volt Zeners 400mW ... 2 10 A 600 PIV Sil. Rects. IS425R ... 3 BCI08 Sil. NPN High Gain Trans. 1 2N9I0 NPN Sil. Trans. VCBI00 80 Mc/s  |5/_ 
? '000 f'V5'1- Re«- 15 A RS3I0 AF 15/- 3 BSY95A Sil. Trans. NPN 200 Mc/s 15/- 3 OC200 Sil. Trans. Mullard ... 15/- 2 S;l. Power Rects. BYZI3 15/- I Sil. Power Trans. NPN 100 Mc/s TK20IA ... ... ... ... |5)_ 6 Zener Diodes 3-I5V Sub-min. !!! 15/- I 2NII32 PNP Epitaxial Planar Sil. Trans. ... ... ... ... |5/_ 3 2N697 Epitaxial Planar Trans. Sil. 15/- 4 Germ. Power Trans. Eqvt. OCI6 Mullard ... ... ... ... |5/_ 1 Unijunction Trans. 2N2646 ..! 15/- 2 Sil. Trans. 200 Mc/s 60Vcb ZT83/84 15/- I Sil. Planar Trans. NPN 100 Mc/s BSY25 ... ... ... ... |5/_ I Tunnel Diode IN3720 (TD5) G.E.!" 15/- 1 Unijunction Trans. 2N2I60 TO-S can G.E. ... ... ... ... |5/_ 2 Sil. Rects. 5 A 400 PIV Stud Type".. 15/- 2 Germ. Power Trans. OC28/29 ... 15/- I 10 A Sil. Stud Rect. 800 PIV ... 15/- 1 Tunnel Diode AEYII 1050 Mc/s STC  |5/_ 2 2N27I2 Sil. Epoxy Planar HFE225 max- ••• ... ... ... 15/- 6 BY 100 Type Sil. Rects. ... ... 20/- 25 Sil and Germ. Trans. Mixed, all marked New ... ... ... 30/- 10 New Power Trans. GEC replaces OC16/26/28 4 OAI0 Diodes Mullard 

FREE 

30/- 
 '0/- 

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

PAK NO. Ul 

U7 
U8 

120 Glass Sub-min General Pur- pose Germanium Diodes U2 60 Mixed Germanium Transistors AF/RF   U3 75 Germanium Gold Bonded Diodes Sub-min Sim. OAS, OA47 U4 40 Germanium Transistors like OC8I, AC 128   US 60 200mA Sub-min Sil. Diodes ... U6 40 Silicon Planar Transistors NPN Sim. BSY95A, 2N706   16 Silicon Rectifiers Top-Hat 750mA Vltg. Range 0-1000 50 Silicon Planar Diodes DO-7 Glass 250mA Sim. OA200/202 ... U9 20 Mixed Volts I Watt Zener Diodes UI0 20 BAY50 charge storage Diodes DO-7 Glass   UI 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  U14 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 18 8 6 Amp Silicon Rectifiers BYZI 3 Type up to 600 PIV UI9 30 Silicon NPN Transistors like BCI08   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 

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. 
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BUY A LOW-PRICED HI-FI SYSTEM 
A "Package Deal" saves you money 

GARRARD S-33H PLAYER STEREO SP-25 AMP 

A basic system can consist of a suitable 
Record player unit such as the Garrard SP-25 with 
Deram cartridge, a Stereo Amplifier, Model S-33H and two 
SSU-1 Loudspeaker systems. Supplied as kits for a total cost 
of less than £58. FM Radio may be added at low cost at a later date. 
Our Technical Dept. will be pleased to advise on 
this or any other combination of Heathkit Hi-Fi Models. 

LATEST! PORTABLE STEREO RECORD 
PLAYER, SRP-1 Kit £27.15.0 

Ready-to-Use price on request 

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 x 5in« special 
loudspeakers. For 220-250V a*c. 
mains operation. Overall cabinet 
size 15-ft- x3i x 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. 

ilillllllllilillllllllillliilliili!!!!!!!iliilllllliilllliffl 

I um 

ENJOY YOURSELF 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 Jib. "Y" bandwidth 2 c/s-3 Mc/s -t 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 Ready-to-Use £31.18.0 
5" GEN-PURPOSE OSCILLOSCOPE. Model 
10-12U. An outstanding model with professional 
specification and styling. "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 
DE LUXE LARGE-SCALE VALVE VOLT- 
METER. .Model IM-I3U. 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 
AUDIO SIGNAL GENERATOR. Model AG-9U. 10 c/s 
to 100 kc/s, switch selected. Distortion less than 0.1%, 
10V sine wave output metered in volts and dB's. 

Kit £23.15.0 Ready-to-Use £31.15.0 
VALVE VOLTMETER. Model V-7A. 7 voltage ranges 
d.c. volts to 1,500. A.c. to 1,500 r.m.s. and 4,000 peak 
to peak. Resistance 0.1 Q to 1,000M Q 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 

MULTIMETER. Model MM-1U. Ranges 0—1.5V to 
1,500V a.c. and d.c.; 150[i.A to 15A d.c.; 0.2 Q to 20M Q. 
4J" 50|iA meter. Kit £12.18.0 Ready-to-Use £18.11.6 

m mjm 
OS-2 

IM-13U 

V-7A 

RF-1U 
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 

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 0.15'1, sec. sq. 
wave rise time. 
Kit £25.15.0 Rdy-to-Use £37.15.0 

VISIT THE HEATHKIT CENTRES 
GLOUCESTER Bristol Road Tel. 29451 

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

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

Will give you superb LW and MW enter- 
tainment wherever you drive. Tastefully 
styled to harmonise with any car colour 
scheme. Available for your convenience in 
two separate parts, RF Amp. Kit ,£1.13.6 
inch P.T. IF/AF Amp. Kit £11.3.6. 

Total Price Kit (excl. Loudspeaker) £12.17.0 inch P.T. 
X 5" Loudspeaker £1.16.1 inch 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. Wavebands. 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 Kit £14.18.0 inc. P.T. 
TRANSISTOR PORTABLE, Model UXR- 
1. Now available in modern colours or real 
leather case. 6 Transistor, 1 diode circuit for 
reliability. Pre-aligned I.F. transformers. 
Covers L.W. and M. Wave bands. 7// x 4" loud- 
speaker for generous sound. Case available 
in colours Navy Blue, Coral Pink, Lime 
Green or Brown Real Leather. Please state 
second choice. Kit £11.19.0 Colour 

Kit £12* 18.0 Real leather 

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) £24.18.0 inch P.T. 
TFM-IM Kit (Mono) £20.19.0 inch P.T. 
Cabinet extra £2.5.0. 

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

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

f are fully guaranteed. 
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LATEST! STEREO AMPLIFIER, TSA-12 
12x12 watts output. 
Kit £30.10.0 less cabinet 
Ready-to-Use £42.10.0 
Cabinet £2.5.0 extra 
FOR THIS SPECIFICATION 
• 17 transistors, 6 diode circuit • ± IdB, 16 to 50,000 c/s at 12 watts per 
channel into 8 ohms • Output suitable for 8 or 15 ohm loudspeakers • 3 
stereo inputs for Gram, Radio and Aux. • Modern low silhouette styling 
• Attractive aluminium, golden anodised front panel • Handsome 
assembled and finished walnut veneered cabinet available • Matches 
Heathkit models XFM-I and AFM-2 transistor tuners. 
Full range power . . . over extremely wide frequency range. Special trans- 
formerless output circuitry. Adequately heat-sinked powertransistors for 
cool operation—long life. 6 position source switch. 
FULL SPECIFICATION SHEET AVAILABLE 

LATEST! STEREO TAPE RECORDER, STR-1 

Fully portable—own speakers 

Kit £45.18.0 
Ready-to-Use £59.15.0 
FOR THIS SPECIFICATION 
• i track stereo or mono record and 
playback at 7^, 3J and 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 

V^>trtTrrnis per c^anne^ • Two high efficiency 8" x 5" speakers • Operates on 230V a.c. supply. 
Versatile recording facilities. So easy to build—so easy to use. 
FULL SPECIFICATION SHEET AVAILABLE 

WORLD LEADER IN QUALITY KITSETS 

The instruction manual shows you how to build the model. 

Low-priced STEREO FM RADIO 

FM STEREO TUNER DECODER FM-4U SD-1 

HI-FI FM TUNER. Model FM-4U. Available in two units. R.F. 
tuning unit (£2.15.0 inch P.T.) with I.F. output of 10.7 Mc/s, and I.F. 
amplifier unit, with power supply and valves (£13.13.0). May be used 
free standing or in a cabinet. Total Kit £16.8.0 
(Stereo decoder available, as extra.) Ready-to-Use price on request 

STEREO DECODER. Model SD-I. Converts FM Mono receivers to 
stereo at low-cost. Styled to match Heathkit models FM-4U and AFM-1 
Tuners. Kit £8.10.0 Ready-to-use £12-5.0 

SPEAKER SYSTEMS 
HI-FI SPEAKER SYSTEM, Model SSU-1 
Ducted-port bass reflex cabinet in the white: Two 
speakers, vertical or horizontal models with legs. 
KIT £12.12.0, without legs, KIT £11.17.6 
inch PT. 

AVON MINI SPEAKER SYSTEM 
6^" Bass, 31" Treble speakers and crossover unit. 
Kit £4.18.0 inch PT. Beautiful. Walnut veneered 
fully-finished cabinet, £8.18.0, Total price Kit 
£13.16.0 inch PT. 

Heathkit 

o 

Send for this 
Catalogue ... 

... it's FREE! 
36 pages packed with Britain's 
largest selection of electronic Kits. 
Ma\\ coupon or write; 
DAYSTROM LTD., Dept. RC-4 
GLOUCESTER. Tel. 29451. 

"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 
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 
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 
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 

GC-1U 

RG-1 

Kit £39.16.0 Ready-to-Use £53.0.0 

Low-cost 3 + 3W Transistor Stereo Amplifier, TS-23 

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

Kit (with handsome finished cabinet) £18.19.0 

To DAYSTROM LTD., GLOUCESTER 
Please send me FREE BRITISH CATALOGUE 
Please send me details of models □ 

NAME   
ADDRESS 

..RC-4 
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MULLARD 
AAYII AC 107 AC 127 AC 128 AC 176 AD 140 AD 149 AD16I AD 162 ACYI7 ACY20 ACY21 ACY22 AFZ11 AFZI2 AF114 AFI 15 AFI 16 AFI 17 AFI 18 AFI 86 AF239 ASY26 ASY28 ASZ2I ASY29 BAI 15 BCI07 BCI08 BCI09 BCYI0 BCYI2 BCY30 BCY3I BCY32 BCY33 BCY34 BCY38 BCY39 BCY40 BCY7I BCZI I BFY50 BFY5I BFY52 

II- 14/6 
61- 41- 61- 12/- 
H/- 7/6 7/6 51- 3/6 41- 2/6 10/- 11/9 4/9 4/9 4/9 4/9 91- 12/- 12/- 51- 51- 41- 6/6 2/6 4/3 4/3 4/3 20/- 22/- 
.51: 8/- 61- 8/- 19/- 10/- 16/- 15/- 10/- 61- 51- 61- 

BSX79 3/- BTY79-400R 27/6 
BTY87-I50R 23/- 
BTY9I-I50R 35/- 
BSX36-I00 3/- 
BTY87-500R 47/- 
BYZI0 II/- BYZI2 7/6 BYZI3 5/- 
BZY93 C24 12/- 
BY 100 5/- 
BYX20-200 8/- 
GET 102 5/4 GET 103 4/4 GETI 1 1 10/- GET573 10/- OA73 1/6 OCI9 51- OC20 33/- OC22 13/- OC23 25/- OC24 19/- OC25 71- OC26 12/- OC28 12/- OC29 15/- OC35 9/6 OC36 13/- OC4I 3/6 OC42 41- OC43 41- OC44 3/- OC45 31- OC7I 31- OC72 4/6 OC73 31- 

OC75 51- OC76 31- OC8I 31- OC8ID 31- OC82 4/6 OC82D 4/3 OC83 3/6 OC84 41- OCI23 71- OCI39 12/- OCI40 12/- OCI69 61- OCI70 41- OCI7I 61- OC200 61- OC20I 10/- OC202 13/- OC203 81- OC204 II/- PC205 10/6 OCP7I 19/6 ORPI2 91- ORP60 81- ORP63 91- ORP93 18/- ORP90 19/6 OAS 31- OA 10 41- OA47 1/6 OA70 1/6 OA79 1/6 OA8I 1/6 OA85 1/6 OA90 1/6 OA9I 1/6 OA95 i/6 OA200 21- OA202 21- OA2IO 7/6 SX63I 71- SX636 10/- SX638 12/- SZ20C 13/- 61SC 95/- SVCI 19/9 

TEXAS 
INSTRUMENTS 2N38I9FET II/- 2N3826 61- IB40KI0 19/- 
SINCLAIR ADTI40 12/6 STI4I 51- STI40 3/- MAT 100 6/6 MAT 101 71- M AT 120 6/6 MAT 121 71- 

FAIRCHILD 
INTEGRATED CIRCUITS Epoxy T05 10 lead uL 900 Buffer at II/-. uL 914 Dual Gate at II/— UL923 J-K Flip Flop at 14/-. 4-page reprint on IC usage circuits data, etc, 2/6. (Regret increase due Devaluation these imported items.) 

J.E.D.E.C. 

51- 51- 61- 61- 81- 81- 

2N385A/ 2N388A 15/- 2N696 91- 2N706 41- 2N706A 6/6 2N7II 7/6 2NII32 10/- 2N1302 " 2N1303 2NI304 2NI305 2NI306 2NI307 2NI308 10/6 2NI309 10/9 2N2I47 17/- 2N2I60 14/9 2N2646 10/- 2N3436 6/9 
PLANAR BARGAIN 
2N2926Y 3/- or 4 for 10/- 
Over 2,000 transistor & diode types ex stock. 

Resistors: j-Watt 5% Miniature type, low noise—high stability. 10, 12, 15, 18, 22, 27, 33, 39. 47, 56. 68. 82 & decades to 820K, 1-25 pieces, 4d 25-99, 3d 100 pieces or over, 2d. each. 
10% tolerance, i Watt, I Meg-8.2 Meg., same price. 
Preset potentiometers. Standard or Subminiature types, 20% tolerance. Lin. vertical or hori- zontal. 
100, 250, 500 ohm. Ik, 2.5k, 5k, 10k, 25k, 50k, 100k. 250k, 500k, I Meg., 2.5 Meg.. 5 Meg. All at 1/6 each. Discounts for quantities over 12 of I value. 

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

© © 
BARGAINS IN 

SEMICONDUCTORS 
ALL TYPES 

FMRCHiLD AF11 

20W SOLID STATE 

AMPLIFIER KIT 

£8.8.0 Complete 
Includes Printed circuits board, Semiconductors, Re- sistors, Capacitors, Heat sink and short circuit protection components. S.A.E. for de- tails. 

1968 CATALOGUE 
34 pages + now available, send 1/6 stamps. 

BOOKS!! ! 
G.E. Transistor Manual 29/6 
R.C.A. Transistor Manual   

LST 

COMPONENTS 
7 coptfold Road 

BRENTWOOD ESSEX 
BRENTWOOD 7904 
24 HOUR POSTAL SERVICE 

Silicon Power Circuits 
S.C.R. Experimenters Handbook   
Tunnel Diode Handbook   
Photocell Handbook... 
P. & P. 2/6 (Books only) 

27/6 
29/6 
15/- 
25/- 
20/- 

P. & P. 9d. per order. 
Export enquiries welcome 

Retail and Wholesale Supplied. 

BOUND VOLUME No. 20 of "The Radio Constructor 
August 1966 to July 1967 

Comprising 
780 pages 
plus index 

FOR YOUR LIBRARY 

PRICE 32/0 Postage 4/6 

Special discount ol 10'-for regular leaders 

Where the 12 monthly issues making up the 
volume are returned, the price is only 22/6 

plus 4/6 postage 

Available only from:— 

BOUND VOLUME No. 19 August 1965 to July 1966 
Limited number still available same prices as above 

Data Publications Ltd. 57 Maida Vale London W9 
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A NO-COMPROMISE 

HIGH-FIDELITY LOUDSPEAKER 

Listen to a Q.I4. Hear it in your own home. It is the 
result of long and thorough investigation into speaker 
design in order to produce one which would out- 
perform anything within pounds of its price. How far 
we have succeeded can be seen from the independently 
taken test report which compares excellently with 
loudspeakers over four times the price. The Sinclair 
Q.14 is uncommonly versatile, too. It can serve as a 
free-standing unit for bookshelf, etc., as a corner 
radiator, or be flush mounted in a multi-unit assembly. 
Power handling capacity is in excess of 14 Watts 
with remarkably smooth response between 60 and 
16,00 c/s. Size 9f" square x 4f" deep. In black matt 
finish with solid aluminium bar embellishment and 
detachable plinth base. 

TRY IT IN YOUR OWN HOME—MONEY (INC. POSTAGE) REFUNDED IF NOT SATISFIED 

SINCLAIR 

Q.14 

£6.19.6 

SINCLAIR MICROMATIC PRICE REDUCED 
CROMATtC SINCL With sales and export orders for the Sinclair Micromatic 

breaking all records, we have changed over to new production 
methods to meet the ever-increasing demand for the world's 
smallest radio set. This hasv enabled us to effect dramatic 
economies in production costs. At the same time, we have 
appreciably improved the set's quality by supplying a mag- 
netic earpiece with it, and what was superb performance 
before, now sounds better than ever. At the new prices, 
everyone is going to want the Micromatic. Order yours now 
for prompt delivery. 
Kit complete with 
magnetic earpiece, 
solder and instructions, 
originally 59/6, now 49 6 

Ready built with magnetic 
earpiece, originally 79/6 
now Post Paid 

2 Mercury Cell long life batteries for either of above, each, 2/9d. 

• IVsxVhoxi" 
• Plays 

anywhere 
• M.W., A.G.C. 

and Bandpass 

• Kit or Built 

59 6 
Post Paid 

SINCLAIR Z.I2 

12 WATT INTEGRATED HI-FI 
AMPLIFIER AND PRE-AMP 

• Size 3" x 1J" x IJ". 
• 8 special HF transistors. 
0 Ultra-linear class B output '"d generous 

neg. feed back. 
• Response—15 to 50,00 c/s ±1dB. 
• Output suitable for 3, 7.5 and 15 ohm 

loads. Two 3 ohm speakers may be used 
in parallel. 

• Input—2mV into 2K ohms. 
• Signal to noise ratio—better than 60dB. 
USE IT FOR HI-FI, RADIO, MUSICAL 
INSTRUMENTS, INTERCOM, P.A., etc. 

H n 

SINCLAIR RADIONICS LIMITED 
22 NEWMARKET RD., CAMBRIDGE 

Telephone OCAS 52996 

Ready built, tested & guar- 
anteed with Z.12 manual A 

89 6 • 

SINCLAIR 
STEREO 25 
Pre-ampj Control 
Unit f»r two Z.12s 
in stereo, built. 

£9.19.6 

SINCLAIR 
PZ,4 
Stabilised Heavy 
Duty Mains Power 
Unit. Delivers 18V. 
d.c. at 1.5 amp. 

99/6 

12 watt RMS continuous sine wave 
Ideal for battery operation 

G U ARA NTEE ^ you ore not con?P,ete'/ satisfied when you receive your purchase from us, your money will be refunded at once, in full and without question. 

, SINCLAIR RADIONICS LTD., 22 NEWMARKET ROAD, CAMBRIDGE 
| Please send 

1 

I for which I enclose cash/cheque/money order 
j value £ s d  

NAME  
ADDRESS 

RC4j 
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Happy Fcmdlies 

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

Happiness in J/our family too—butfor how long? Ifyou or your wi/e should 
die, how would the rest of the family fare? A Yorkshire Family 
Unit" policy provides for both these eventualities in a comprehensive 
■way at a sensible premium. Jnst ask for a leaflet at your local Yorksliire ' 
branchi and then see the manager. He'll be glad to tell you why ... 

iteVORKSHIREfor 

INSURANCE 

r ~ 

THE YORKSHIRE INSURANCE COMPANY LIMITED 
Chief Offices: Eougier Street, YOBK. 

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

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

Name- 

Add ress... 

Branches and Agencies throughout the world 
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THE MODERN BOOK CO 

Colour Television: Pal System. By G. N. Patchett. 
40s. Postage 1 s. 

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

Tape Recording for the Hobbyist. By A. Zucker- 
man. 26s. Postage 1s. 

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

Basic Theory & Application of Transistors. 
By U.S. Dept. of Army. 12s. Postage 1s. 

TV Servicing Made Easy. By W. Lemons. 24s. 
Postage 1 s. 

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

TV Fault Finding 405/625 Lines. A Data Pub. 
8s. 6d. Postage 6d. 

Radio Valve Date 8th Ed. Compiled by "WW". 
9s. 6d. Postage 1 s. 

World Radio TV Handbook. 1968. 42s. Postage Is- 

Outline of Radio & Television. By J. P. Hawker. 
30s. Postage 2d. 6s. 

Hi Fi Yearbook. 1967/8. 15s. Postage 1s. 

Practical Wireless Service Manual. By H. W. 
Hellyer. 25s. Postage 1s. 

Electronic Novelty Designs. By I. J. Kampei. 
8s. 6d. Postage 6d. 

Transistors for Technical Colleges. By L. 
Barnes. 25s. Postage 1 s. 

Inter: GEC Transistor Manual. 7th ed. 21s. 
Postage 2s. 

Tape Recorder Servicing Mechanics. By H. 
Schroder. 30s. Postage Is. 

Television Servicing H'book. By G. J. King. 
35s. Postage 1s. 

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

19-11 PRAED STREET (Dept RC) LONDON W2 

Telephone PADdington 4185 

SEMICONDUCTORS 

3 

DISTRIBUTED 
EXCLUSIVELY BY 

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

All these types available 

2N929 2SI3I 2N696 2S73I 2S50I 2S5I2 2N697 2S732 2N726 2SI02 2NI507 2S733 2N706 2SI03 2NI6I3 2N743 2N706a 2SI04 2NI7I 1 BFYI0 2N30I 1 2N2220 2 N2483 2N2I94 
ALL TESTED AND GUARANTEED TRANSISTORS — UNMARKED. Manufacturers over-runs for the new PRE-PAK range. 

No. 
Al A3 A9 A15 BI B2 B3 B5 B6 B8 B9 BIO B2I B42 B66 ISO C2 I C4 2 C31 4 C32 2 

70 

PRE-PAKS Price 
Silicon rectifiers BY 100 type ... ... 20/- Mixed marked and tested trans. ... 20/- 2N 174 real power trans 80 V I SOW ... 20/- Power Comp. Pair. ADI6I/2  20/- Unmarked, untested, trans., new ... 10/- Solar cells, inc. Book of Instructions ... 10/- OA5 gold bonded, diodes, Mullard ... 10/- Matched set. OC44, 45/81 D/81 + diode 10/- Red spot A.F. trans, or white spot R.F. 10/- Power trans. OC26 and OC35 type ... 10/- Light sensitive cell, ORPI2 type ... 9/- 50V trans, germ. PNP latest type ... 10/- Sil. recs. 10 amp., 50-100 PIV ... ... 10/- Switching trans. TK22C STC ... ... 10/- Germanium diodes, untested ... ... 10/- Unijunction, 2N2I60 or 2N2646 ... 15/- RF power trans., OC22 and BUY I 1 ... 15/- Sil. recs. 800 PIV } amp. top hat ... 15/- Power trans. TK400A/NKT404 VCB64 IC 8 amp  ... ... ... ... 15/— amp. 400 PIV. SCR's SPECIAL OFFER... 70/- 

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

EXCITING NEW PAKS FOR AMATEURS, PROFESSIONALS, FACTORIES, ORGAN BUILDERS AND THOSE 
 PEOPLE THAT JUST 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 

All the above untested packs have an average of 75% or more good semiconductors. Free packs suspended with these orders. Orders must not be less than the minimum amounts quoted per pack. P/P 2/6 Per Pack (U.K.)    
THESE VERY POPULAR UNTESTED BRAND NEW TRANSISTOR PACKS ARE STILL AVAILABLE. 

XC PAX 
Silicon diodes miniature glass types, finished black w.ith polarity marked equivalents to OA200, OA202, BAY3I-39, DKI0, etc. 
PRICE £5 1000 

BSr95A NPN Silicon TRANSISTORS 10/- 10 4 amp. Stud. ,u Silicon RECTIFIERS 10/- 
10 1000 PIV 1 amp. IW Min. Silicon DI0DES 10/- ■IC BC107-8-9 ■" NPN Silicon TRANSISTORS 10/- 
TC BSY26-27 NPN Silicon TRANSISTORS 10/- A(\ IN9I4-6 Sub. Min. Silicon DIODES 10/- 
10 10 Watt Silicon ,u All Voltages ZENERS 10/- CO Nin. Germ. v High Quality DIODES 10/- 
TC BFY50-5I-52 NPN Silicon TRANSISTORS 10/- TC 2N706 A NPN Silicon TRANSISTORS 10/- 
TRANSISTORS PRICE OC170   

OC171   31- 
41- 

2S303   2/6 
POWER TRANSISTORS AC107   4/- BSY27   31- OC200   51- OC20   ... 10/- AC126   2/6 BSY28 ... 31- OC201   8/- OC23   10/- AC127   2/6 BSY29   ... 31- 2G301   2/6 OC25   ... 31- AC128   31- BSY95A ... 31- 2G303   2/6 OC26   ... 5/- ACY17   3/6 OC41 ... 2/6 2N697   2/9 OC28   ... 7/6 AF114   *1- OC44   1/11 2N706   2/6 OC35   ... 51- AF115   31- OC45   ... 1/9 2N711   10/- OC36   ... 7/6 AF116   31- OC71   ... 2/6 2N1302   41- DIODES AF117   41- OC72   ... 2/6 2N1303   41- AAY42   ... 2/- AF118   3/6 OC73   ... 5/- 2N1304   51- OA9   ... 2/- AF119   3/6 OC81   ... 2/6 2N1305   51- OA10   ... 2/- BCZ11   Sl- OC81D  ... 2/6 2N1306   61- OA70   ... 1/9 BFY50   31- OC83   ... 41- 2N1307   61- OA79   ... 1/9 BSY25   7/6 OC139   ... 2/6 2N1308   8/- OA81   ... 1/9 BSY26   31- OC140   ... 3/6 2N1309   8/- OA182   ... 21- 

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

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

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

Great News 
We now give a written guarantee with ail our semi- conductors. 
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HOME RADIO (Mitcham) LTD., Dept. RC, 187 London Rd., Mitcham CR42YQ, Phone: 01-648 3282 

f Used and 

acclaimed by;- 

SCIENTISTS 

ENGINEERS 

TECHNICIANS 

TEACHERS & 

STUDENTS 

# 

■ 

mm 

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

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

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

!  —j 
Please write your Name and Address in block capitals 

Name   

Address 

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

D.C. Meter 

Amplifier/Converter 

by W. KEMP 

This transistor amplifier enables a 0-1 mA meter to read currents as low as SfA. 
The unit may also be used with the lowest voltage range of a testmeter (of the 
order of 2.5 volts or less) to provide an f.s.d. reading at a voltage of one-tenth that 

indicated by the meter 

IN RECENT YEARS A NUMBER OF COMPANIES HAVE 
started importing low cost good quality moving 
coil meters into this country for sale on the 

amateur electronics market, and this has been a real 
boon to the do-it-yourself enthusiast, particularly 
as far as test-gear applications are concerned. 

Unfortunately, however, the greatest sensitivity 
that is available in this range of low cost meters 
is 50}ji.A f.s.d., and there are a number of applications, 
such as in high quality multimeter circuits and in 
d.c. bridge detectors, where sensitivities greater 
than this are required. In such applications, therefore, 
the constructor may be forced to resort to buying 
industrial meters, and these are prohibitively 
expensive. A 3in 10|xA f.s.d. meter, for example, 
can cost over £14, and a 5|J.A f.s.d. type (the most 
sensitive type available) a good deal more. 

TR 

"8 "7 

Rc 

-o Input o 

Fig. 1. A basic differential amplifier 

526 

It was with these problems in mind that the 
meter amplifier circuit described in this article 
was developed, and the final unit, which costs 
several pounds to build, enables the sensitivity 
of an existing meter to be increased by any amount 
up to a maximum of over 500 times without loss 
of linearity in the meter readings. Thus, an ordinary 
1mA meter can be made to give an f.s.d. reading 
of 5(1 A or less, or a 250(xA meter can be made to 
"do the impossible" and give an f.s.d. reading of 
less than IfxA. 

Silicon transistors are used throughout the 
design so that, providing the unit is mounted in a 
suitable draught-excluding case, drift problems are 
minimised, and the design is such that calibration 
is virtually unaffected by variations in the battery 
supply potential. 

The circuit can, if required, be used as a "range 
converter" on the "D.C. Voltage" ranges of an 
existing multimeter, since a voltage gain of up to 
approximately 21 times is available. This facility 
enables, for example, the 2.5 volt range of an 
ordinary multimeter to read (say) 250mV f.s.d. 

The Circuit 
The circuit is developed from the basic differential 

amplifier shown in Fig. 1. Here, both TRj and TR2 
can be regarded as normal common emitter amp- 
lifiers, but with an emitter resistor (R9) which is 
common to both transistors and which thereby 
gives a self-balancing action to the circuit. Base 
bias to TRi is provided via Ri and R2, while that 
to TR2 is provided via R3 and R4. R5 and Rg, 
which are of equal value, are the collector load 
resistors of TRi and TR2 respectively. The input to 
the circuit is applied between the bases of TRi 
and TR2, and the output is measured between the 
two collectors. 

THE RADIO CONSTRUCTOR 
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COMPONENTS 

(Fig. 2) 

Resistors 
(All fixed values 5% i watt unless otherwise 
stated. Further resistors, not listed here, are 
required for the setting-up processes of Figs. 4 (a) 
and (Z>)) 

Ri 27kfl Hi-stab 
Rz lOkil Hi-stab 
Rj 33kn Hi-stab 
R4 12kfl Hi-stab 
Rs 12kn Hi-stab 
Rg 12ka Hi-stab 
R7 2.7kft Hi-stab 
Rg 1.2ka 10% 
R9 1.2ka 10% 
RVi Ika potentiometer, carbon linear 
RVz 100a potentiometer, carbon linear 
RV3 See text 

Transistors 
TRi—TR4 ST141 (Sinclair) 

Meter 
Mi Moving-coil meter in the range 250(i.A 

to 1mA 

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

Battery 
Bi 9-volt battery 

Miscellaneous 
Veroboard, 0.1 Sin matrix, li x 2^in (see Fig. 3) 
Draught-free case 

11 
S 

'/ 

The Veroboard panel allows a neat and compact 
assembly to be made up 

In use, the values of the base bias resistors are 
adjusted so that, with no input signal applied, 
exactly the same voltages appear at the bases of 
TRi and TRz. The values of R7 and Rg are then 
adjusted so that both transistors draw equal currents 
and there is zero difference in the potentials between 
the two transistor collectors. Zero current then 
flows in meter Mi. 

When an input voltage is applied to the circuit 
the base current of one transistor is increased and 
that of the other is decreased; voltage amplification 
thus takes place in each transistor in the normal 
way, but with the transistors amplifying in antiphase 
to one another. Thus, a considerably amplified 
version of the input signal appears between the 
collectors of TRi and TRz, and a current flows in 
Mi which is proportional to the voltage amplification 
of the circuit and the d.c. resistance of the meter. 

The major snags with the circuit described above 
are that, if a linear reading is to be obtained on the 
scale of Mi the maximum current taken by the 

ST 141 
Z-d Lead-outs 

+ o- 

Input 

IT 

TR, TR3 
ST 141 ST 141 

RV 

TR„ ' TR 
9V ST 141 ST 141 

RV3 
RV2 

Set-zero 

r9 

Fig. 2. The circuit of the meter amplifier/conyerter 
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meter must be small relative to the "standing" 
collector currents of TRi and TR2, and that the 
maximum current gain available from the circuit 
is limited to less than 50 times. 

These difficulties are overcome in the final version 
of the unit, which is shown in Fig. 2. Here, TRi 
and TRz form the "long-tailed pair", which operate 
as already outlined. Now, however, the base bias 
voltage of TRi can be adjusted by means of RVi 
and the individual collector currents of TRi and 
TR2 can be balanced by means of RV2. Also, 
insteadr of having the collectors of TRi and TR2 
connected direct to the moving coil meter they are 
now coupled to the bases of TR3 and TR4 respectively. 
These last two transistors are connected as emitter 

followers and act as impedance converters, giving 
a low output impedance at their emitters but unity 
voltage gain. 

Finally, the meter is wired, via variable resistor 
RV3, between the low impedance outputs at the 
emitters of TR3 and TR4, making a total overall 
current gain of over 500 times available on meters 
with an f.s.d. value of 1mA or less, and with perfect 
linearity of readings. RV3 enables the current gain 
to be set to the required value. 

Polarity indications are shown against the input 
terminals and the meter in Fig. 2, but these are 
intended merely as a guide for later testing and 
operation. The circuit will function equally well if both 
the input terminal and meter polarities are reversed. 

A - drill 6BA clear 

a'/a— 

101 000 00000000 

000 000000 

l©t i»r 2®YZ 

101 o o • o 

J 01 • •00 101 O O • o O 

o • o • o 

i'M* 

I 2 3 4 5 6 7 8 9 10 II 12 13 14 IS 16 

Input 

Battery + 
via S| 

b *3 
TR4 TR 

TR2 
O 

R4 
% 

10 M| via RV3 

Battery- 

Fig. 3. The copper and component sides of the Veroboard panel on which the amplifier/converter is built 
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The circuit operates from a 9 volt battery, and 
draws a current of approximately 6.5mA. 

Construction 
The major part of the circuit is wired up on a 

small piece of Veroboard which measures 2\ x l|in 
and has 0.1 Sin hole spacing. Construction should 
be started by cutting this panel to size and then 
drilling the two 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, where indicated. 

The components and leads can now be soldered 
in place on the panel, as shown in the lower section 
of Fig. 3. Note that all components are mounted 
vertically, and that insulated sleeving should be 
used where there is any danger of lead-outs short- 
circuiting against one another. All resistors other 
than Rg and R9 are 5 % high-stability types. Variable 
resistors RVi and RV2 should be connected to the 
appropriate connecting leads, but the meter and 
RV3 should not be connected to the circuit at this 
stage. All three potentiometers are mounted external 
to the board, and can be positioned at convenient 
points in the case which will later be employed to 
house the unit. 

When construction is complete the circuit can 
be given a functional check, in the following manner. 
Connect the supply leads to a 9 volt battery via 
Si; set RVi and RV2 to approximately mid-positions 
and close Si, checking that a current of about 6.5mA 
is drawn from the battery. Now measure the voltage 
across Rg and check that it can be varied by a 
substantial amount (between about 2 volts and 5 
volts in the case of the prototype) by means of RVi, 
but by only a relatively small amount (less than 1 
volt) by means of RV2. Now carry out a similar 

Another view of the amplifier/converter components 
on the Veroboard panel 

check on R9, ensuring that a large variation can be 
obtained by means of RVi. 

Next, short-circuit the two input terminals together 
and check that the voltage across R9 can be varied 
between approximately 5 volts and 3 volts by RV2, 
but that negligible variation can be obtained by 
RVi. Now carry out a similar check on Rg, but 
note that in this case the voltage should vary, 
due to adjustment of RV2, between about 3 volts 
and 5 volts. That is, over the same range but in 
antiphase to that across R9. 

Finally, the circuit can be roughly set up, prior 
to use. Short-circuit the two input terminals together 
and connect a multimeter, on a 2.5 volt range or 
less, between the "meter leads" of the circuit; and 
adjust RV2 for zero reading on the meter. Now 
break the connection between the input terminals 

Set IOV 
Skn; 

12V 

Rx0o/o) 1= required FS.D. current in pA 
y Mn 
WM 

Input Amplifier 

(a) 

Skn 

12V 

O 

Ri 
900n; 

1% 

r2 
lOOnS 

1% 

y 
(see text) 

-t-WU— 

Input Amplifier Multimeter 

(b) 
Fig. 4 (0). The circuit used for calibrating current meters 
(b). The calibrating arrangement required when the unit is 

employed as a voltmeter "converter" 
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and re-set zero via RVi. Reconnect the input terminals 
together and readjust RV2 for zero reading on the 
meter. Continue with this procedure, alternately 
adjusting RVz and RVi, until no further zero 
adjustment" is required. 

The circuit is now complete and tested, but it is 
very important to note that, before actually using 
the unit, the whole assembly should be mounted in 
a draught-proof box or case, since the circuitry 
is so sensitive that the slightest change in temperature 
between TRi and TR2 will cause a shift in the 
zero balance conditions, and such a change in 
temperature can be caused by draughts, including 
those created by the action of breathing on or near 
to the circuit. Note that changes in ambient tempera- 
ture do not create drift problems, since TRj and 
TR2 are then heated or cooled by equal amounts. 

Using The Unit . . ., 
Once the unit has been mounted in a suitable 

container, and initially set up as just described, 
it is ready for use as a meter amplifier, and meter 
Mi can be connected between the output terminals 
via RVj, Mi should have a sensitivity of between 
250y.A and 1mA f.s.d. The value of RV3 will depend 
on the sensitivity of the basic meter and the overall 
sensitivity that is required, and must be found 
experimentally. k o 

(For most requirements, Mi may be a 1mA 
meter whereupon RV3 could, initially, be a variable 
resistor of SkO. With a 250txA meter RV3 could 
initially, be a variable resistor of 20kO. Components 
with lower values may be fitted, after setting up, 
if the results obtained indicate that such values are 
required.—Editor.) , 

With meter Mi in circuit the input terminals 
should be short-circuited together and the unit 
switched on. RV3 should then be set to minimum 
resistance and RVz should be adjusted for zero 
reading on the meter. The circuit should then be 
"balanced" for zero reading once more via RVi 
and RV2 in the manner already outlined. Once this 
balancing operation has been carried out, any change 
in the zero reading of the meter can be countered 
by short-circuiting the input terminals together and 
readjusting RVz, the "set-zero" control. RVi 
should require little further attention throughout 
the life of the unit. , . , 

The circuit can now be adjusted to give the required 
value of f.s.d. current reading, using the set-up 
shown in Fig. 4 (a). Here, a Skfl variable resistor 
is wired across a 12-volt battery, so that a vanab e 
voltage supply is made available. The potential ot 
this supply is monitored by voltmeter V , and is 

used to feed a test current to the amplifier via series 
resistor Rx, which must be a 1 % type. The value of 

rx is equal to y megohms, where I is the required 

f.s.d. current in uA. Thus, if an f.s.d. reading of 
SjiA is required in Mi, Rx should be given a value 
of 2Mn. ,. 

First adjust the test potential to give a reading 
of zero volts in the voltmeter, and then set RV3 
for minimum resistance. Slowly increase the value 
of the input voltage until Mi reads f.s.d., then 
increase the value of RV3 to reduce the reading in 
Mr further increase the input voltage, up to a 
final value of 10 volts, while at the same time 
increasing the value of RV3 to keep the pointer 
of Mi within the scale. Finally, with a reading 
of exactly 10 volts in "V", RV3 should be adjusted 
to give a reading of exactly f.s.d. in Mi. Under this 
condition, an f.s.d. reading of 5}j.A is being obtained, 
and the test circuit can be removed, enabling the 
meter and amplifier combination to be used as a 
normal meter with a sensitivity of 200ka/volt. 

Note that, during the above setting-up process, 
an occasional check should be made that Mi sets 
to zero correctly with the input terminals short- 
circuited together, RVz being adjusted as required. 

If the unit is to be used as a "converter on the 
"D.C. Voltage" range of a multimeter, the calibra- 
tion can be set up as shown in Fig. 4 {b). Here, a 
variable voltage supply is made available via a 
5k H variable resistor, as before, and a fraction ot 
this supply is tapped off by the R1-R2 voltage- 
divider network and fed to the input of the amplifier 
via Rv. The multimeter, set to a low voltage range, 
is connected to the output of the amplifier (i.e 
the upper ends of Rg and R9 in Fig. 2). RV3 is not 
required for this application. . 

To set the unit up, the SkO resistor is adjusted 
to give a reading in "V" which is equal to 10 times 
the required f.s.d. voltage reading for the multimeter, 
and the value of Ry is then adjusted, by trial and 
error, to give f.s.d. in the multimeter. Thus, if the 
multimeter is required to read 250mV f.s.d., a 
reading of 2.5 volts should first be obtained in V , 
and Ry then adjusted as just described Once the 
value of Ry has been determined, it should be wired 
permanently in position in series with the input 
lead of the amplifier. 

A maximum voltage or "converter gam ot over 
20 is available from the unit. If more than one 
range is required, a different value of Ry is needed 
for each of these. If desired, the different ranges can 
be selected by means of suitable switching. 

□ 

GB2LO AT CITY OF LONDON FESTIVAL 

An unusual feature of the 1968 CITY OF LONDON FESTIVAL, July 8th-20th will be the Amateur Radio station installed 
and ^station v.,, be i„ a very prominent place within the 1.03 square miles of 
the City of London, and easily accessible to the public. 

and its function to visitors. Operation will be on single sideband only. 
THE RADIO CONSTRUCTOR 
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SUGGESTED CIRCUIT No. 209 

REFERENCE VOLTAGE ZENER 

RECTIFIER CIRCUIT 

by G. A. FRENCH 

IN MAINS OPERATED EQUIPMENT IT 
is quite often necessary to fit a 
separate low voltage supply circuit 

to provide a reference voltage or to 
power one or more of the stages. 
Typical instances occur, for example, 
in valve equipment when it is desired 
to provide a fixed grid bias voltage or 
to incorporate a circuit employing 
transistors. 

If the low direct voltage is to have 
a steady value, a normal approach 
is to employ a circuit of the type 
shown in Fig. 1. Here, a low voltage 
secondary winding on the mains 
transformer feeds a half-wave rectifier 
circuit, the voltage across the reservoir 
capacitor being applied to a resistor 
and zener diode. The voltage across 
the zener diode is then used as the 
reference, or to power the low voltage 
circuits. 

When the current required from the 
low voltage supply is small (say, 
several milliamps only) it is possible 
to simplify the circuit of Fig. 1 by 
omitting the rectifier diode and using 
the zener diode both for regulation 
and rectification. The circuit then 
given forms the subject of this month's 
article. It has to be emphasised that 
the revised circuit is only suitable as 
a low current supply, and that for 
high currents the circuit of Fig. 1 is 
to be preferred. 

Single Diode Circuit 
The single diode circuit is illustrated 

in Fig. 2, where it will be seen to 
consist of a mains transformer second- 
ary, a limiting resistor, the zener diode 
and an electrolytic reservoir capacitor. 
The rectified output voltage is taken 
direct from the reservoir capacitor. 
For the circuit to function correctly, 
the zener voltage of the diode should 
be somewhat higher than the alternat- 
ing voltage peak value (r.m.s. value 
multiplied by 1.414) provided by the 
transformer secondary. This point is 
dealt with in more detail later. It is 
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assumed, in Fig. 2, that there is a 
chassis connection into the rectifier 
circuit and that the required output 
voltage is positive of chassis. To 
obtain an output voltage that is 
negative of chassis, it is merely 
necessary to reverse the zener diode 
and the reservoir capacitor. 

Let us commence an examination 
of Fig. 2 by assuming that the mains 
input is switched off and that the 
reservoir capacitor is discharged. 
When the mains supply is switched 
on, an alternating voltage is applied 
to the zener diode from the transformer 
secondary. During the first few cycles 
the zener diode functions primarily 
as a conventional rectifier diode, 
causing the reservoir capacitor to 
become charged and its upper plate 
to go positive. However, during the 
alternate half-cycles, when the upper 
end of the transformer secondary 
winding is negative, a reverse voltage 
is applied to the diode and its series 
resistor which is equal to the voltage 
across the secondary winding plus 
the voltage across the reservoir 
capacitor. When this reverse voltage 
exceeds the zener voltage of the diode, 
the diode passes zener current, causing 
the reservoir capacitor to discharge. 
The situation then arises that the 
reservoir capacitor is charged (by 
conventional rectifier diode action) 

Limiting 
resistor 
 ww W- 
Mains 
transformer 
secondary 

on one half-cycle and discharged (by 
zener diode action) on the succeeding 
half-cycle. The system reaches equilib- 
rium when both the charge and dis- 
charge periods are equal, whereupon 
the voltage across the reservoir 
capacitor becomes constant and is 
equal to half the zener voltage rating 
of the diode. The voltage across the 
reservoir capacitor may then be 
used as a reference or supply at low 
current drains, and is unaffected by 
changes in mains input voltage. 

We have discussed the operation 
of the circuit in terms of what occurs 
immediately after the mains supply 
has been applied, and the impression 
might in consequence be given that 
the circuit takes a little time to reach 
equilibrium after switching on. In 
practice the time needed to reach 
equilibrium is of the same order as 
would be required for a conventional 
half-wave rectifier circuit to reach 
full output voltage if it had the same 
values of limiting resistance and 
reservoir capacitance. 

Limiting Resistor Value 
A disadvantage with the circuit of 

Fig. 2 is that the limiting resistor 
requires rather a high value in order 
to keep zener current flow within 
maximum rating. This enables satis- 
factory regulation to be provided at 

Output 

Zener diode 

T 
Fig. 1. A conventional method of obtaining a regulated low voltage supply. 
The mains transformer secondary winding could, in practice, be a heater 

winding or similar 
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Fie 2 A simpler circuit which may be used for low current drains. Output B' ' voltage is half zener voltage 

may be tolerated. The output voltage 
suffered no significant change at load 
currents up to 2mA, but it dropped 
by 0.4 volts at a load current of 5mA. 

It will be noted that, in this practical 
example, the zener diode did not 
dissipate the full 1.5 watts for which 
it was rated in a normal d.c. regulating 
circuit, since the maximum zener 
current was only applied for a short 
period during each cycle. However, 
working from published zener diode 
characteristics it would appear some- 
what safer to assume that the limiting 

low currents only, since the resistor 
also limits the forward current which 
charges the reservoir capacitor. 

In Fig. 2, the maximum reverse 
voltage applied to the zener diode 
and its series resistor occurs when the 
upper end of the transformer secondary 
winding is at peak negative potential, 
whereupon the actual voltage applied 
is the peak secondary voltage plus 
the voltage across the reservoir 
capacitor (which is half the zener 
voltage of the diode). This maximum 
voltage may be expressed as (Vp + 
0,5Vz) where Vp is the peak voltage 
and Vz the zener voltage. The voltage 
across the limiting resistor is then 
equal to this voltage minus the voltage 
across the zener diode, or: 

(Vp + 0.5Vz)—Vz 
LVp-O.SVz. 

The value of the limiting resistor 
must then be equal to, or greater than; 

Vp—O.SVz 
Imax 

where Imax is the maximum zener 
current specified for the zener diode 

This expression tells us, incidentally, 
that the value of limiting resistor 
decreases as 0.5Vz approaches Vp, 
and advantage may be taken ot this 
fact to operate the circuit with a low 
value of limiting resistor to enable 
it to offer better regulation. A good 

• approach along these lines would 
consist of first selecting a zener diode 
whose nominal voltage is twice the 
rectified output voltage desired from 
the circuit and of feeding this from a 
transformer secondary whose peak 
voltage is just several volts greater 
than this output voltage. 

It should be noted that if 0.5Vz is 
equal to or greater than Vp the regulat- 
ing action disappears. The circuit 
then functions as a normal halt-wave 
rectifier. 

g WW- 

Voltmeter 

cjfj 3 t0 prevent mistakes, the rectified output from the zener diode may 
btchecked for polarity with a voltmeter before connecting the reservoi capacitor into circuit 

Practical Example . . 
The writer checked the circuit in 

practice with a 12,6 volt mains trans- 
former secondary winding and a ZLl ii 
zener diode (available from Henry s 
Radio Ltd.). This zener diode has 
a nominal zener voltage ot lo±£/o 
and a power rating of 1.5 watts. The 
maximum zener current rating may 
then be inferred as 1.5/18, or 0.08 
amps (=80mA). 

The peak value of the alternating 
voltage given by the 12.6 volt second- 
ary is 17.8, whereupon the minimum 
value required in the limiting resistor 

17.8 — 0.5 x 18_1 ^nn 

The circuit was set up with a 11 OH 
component in the limiting resistor 
position and gave an output ot 
volts, as predicted. This output was 
checked with reservoir capacitor values 
ranging from SOpF to 2,000y.F, and 
remained unaltered. The value of 
reservoir capacitance required in 
practice is, therefore, mainly dictated 
by the hum level on the output which 

factor for a zener diode is current 
rather than power. Experimenters 
might like to improve regulation by 
using a limiting resistor value lower 
than that given, by the calculations 
just discussed, but the writer could 
not guarantee that this course ot 
action might not result in damage to 
the diode. 

As a final point, it is quite easy 
to become confused as to the correct 
method of connection for the zener 
diode when employed in a circuit ot 
this nature. If any doubt exists with 
the actual component employed, tne 
circuit may be wired up without the 
reservoir capacitor and the output 
checked for polarity with a voltmeter, 
as in Fig. 3. If the voltmeter gives 
a reading of the desired polarity the 
reservoir capacitor may then be con- 
nected into circuit; if not, the diode 
should be reversed before the capacitor 
is connected. The reading given by 
the meter in the Fig. 3 circuit will, of 
course, be lower than is given after 
the capacitor has been connected 
into circuit. 

ANNUAL CONVENTION — NORTHERN RADIO SOCIETIES 
ASSOCIATION 

, The c—1°"wi" —«•• • '"i'" p" 
of topical interest. 

532 
THE RADIO CONSTRUCTOR 

www.americanradiohistory.com



Inductance Test Unit 

by 

G. A. STANTON G3SCV 

By taking advantage of the negative resistance offered by a transitron oscillator, 
this simple test unit is not only capable of finding the values of test inductances 
down to but can also give an approximate indication of Q. An external 
frequency measuring device such as a receiver or a signal generator is also required 

The most difficult measurements for the 
amateur radio constructor to make are those 
concerned with inductance. An accurate induc- 

tance bridge is rarely seen outside the the professional 
laboratory. Likewise a good Q-Meter is neither 
easy to make nor cheap to buy and is not often 
available to the home constructor. Yet often in the 
course of experimental and constructional work it is 
desirable and sometimes essential to be able to make 
at least a rough estimate of both the inductance and 
the "goodness" of a particular coil. 

The. instrument to be described has been designed 
to help meet this need, and while no claim is made 
that it can replace the inductance bridge or the 
Q-Meter, it can still serve a very useful purpose on 
the test bench where more elaborate equipment is 
not available. It will enable, for example, the induc- 
tance of coils to be estimated down to values as low 
as 1.5 (xH.1 With its aid, inductors of similar value 
can be compared for relative "goodness" and can 
also be accurately matched for ganging purposes. 
It is particularly useful to the constructor who winds 
his own coils, for it enables these to be quickly 
checked before they are wired into a permanent 
circuit. 

Basic Principles 
The basic principles upon which the instrument 

operates can be understood from a study of Fig. 1. 
This shows a parallel tuned circuit comprising L and 
C connected to a device (block "A") capable of 
neutralising the losses involved in the circuit. When 
the losses are neutralised the tuned circuit will 
oscillate, and the frequency of oscillation will be 

1This is, approximately, the inductance given by a short wave coil 
capable of being tuned up to 20 Mc/s (15 metres).—Editor. 

mainly determined by the values of L and C and can 
be calculated from the well-known formula: 

106 
f=27tv'LC 

where f is in kc/s, L is in (xH and C is in pF. 
It follows that if either L or C are accurately 

known, the other circuit element can be found by 
ascertaining the frequency of oscillation. Seeing that 
our interest is in inductance, this can be calculated 
from the following: 

1012 
4t:2 f 2C 

In this second equation, f, L and C are in the 
same units as before. 

It may also be seen that the degree of loss- 
neutralising required to bring" the circuit into 
oscillation will indicate the relative "goodness" of 
the circuit, for a low loss circuit will require less 
neutralising that one with high losses. If C is a high 
grade fixed component most of the losses will be in 
L so that the degree of loss-neutralising required 
will indicate the relative merit of the inductor 
itself. It must be emphasised, of course, that this 
will not be a direct measurement of Q but it does 
enable coils of the same inductance to be compared 
for relative efficiency. 

1 

T 

Fig. 1. illustrating the basic operation of the test unit. 
Block A is a two-terminal oscillator offering negative 

resistance to the tuned circuit 
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Fig. 2. The complete circuit of the unit. The coil to be checked is plugged into the test sockets 

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

Ri 750k £2 
Rz 180ka 
R3 1.5kn / 
R4 lOkQ 1 watt 
VRj 50k£2 potentiometer, linear track 

Capacitors 
Ci IftF paper, 150V wkg. 
C2 25(i.F electrolytic, 25V wkg. 
C3 O.lfiF paper 
C4 l,000pF ceramic 
C5 82pF silver-mica 
Cg 230pF silver-mica 
C7 0.01 (xF paper or ceramic 
Cg 1 (xF paper, 200V wkg. 
C9 l,000pF ceramic 
C10 l,000pF ceramic 
C|i lOOpF ceramic 
C12 l,000pF ceramic 

Inductor 
RFCi 2.6mH, type RFC5 (Denco) 

Valve 
V] EFSO 

Diodes 
Di, Dz, D3 OA91 

Sockets 
SKTj Coaxial socket 
B9A valveholder, low-loss type, with skirt 
4 wander plug sockets 

Miscellaneous 
4 wander plugs 
2 crocodile clips 
2 pointer knobs 
Tagboard, tagstrip (see Fig. 4) 
Material for chassis, wire. etc. 

The "neutralising device" represented by block 
"A" in Fig. 1 could take the form of any two- 
terminal oscillator. Of these the most convenient for 
the purpose in hand is the transitron and the practi- 
cal circuit given in Fig. 2 is based upon this. 

Circuit Operation 
A full explanation of the working of the transitron 

oscillator is beyond the scope of this article and the 
interested reader is referred to a standard radio 
text book, such as Radio And Electronic Laboratory 
Handbook by M. G. Scroggie, published by Iliffe 
Books, Ltd. It is sufficient for our purpose to say 

that the transitron belongs to the negative resistance 
class of oscillator and its operation is due to inter- 
action between the suppressor and the screen-grid in 
a pentode valve. The valve used in Fig. 2 is an EFSO 
which, for optimum results as a transitron oscillator, 
requires a negative bias of approximately 17 volts 
on its suppressor grid. This, it will be seen, is 
provided by two small diodes, Di and D2 connected 
in a voltage doubler arrangement across the heater 
supply. In the original Di and D2 were OAQTs 
but any similar type could be substituted. Bias for the 
control grid of the valve is also provided by the same 
network and by means of VRi, can be varied from 
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about 3.5 volts down to 0.1 volts. R3 prevents the 
control grid bias from dropping to zero, and it not 
only protects the valve but also prevents instability. 

The bias control, VRi, is used in the instrument 
to indicate the degree of loss-neutralising required by 
a particular coil in order for it to oscillate, the 
degree of neutralising being inversely proportionate 
to the bias. For example a coil with high losses will 
require the valve to operate with a lower value of 
bias than a low loss equivalent. 

The inductor under test is connected in the screen- 
grid circuit of the valve and Sj enables a choice of 
capacitance to be connected across it. In position 
1 of this switch, the capacitance presented is made 
up of the strays in the circuit together with the inter- 
electrode capacitance of the valve. In the layout 
to be suggested this was found to total 20pF. This 
switch position is intended for use when an external 
capacitance is in parallel with the inductor under 
test—as, for example, occurs in an i.f. transformer. 
In Position 2, the capacitance presented is made up 
by C5 to approximately lOOpF. In the third position 
the total becomes 250pF. The round figures make 
any necessary calculations that much easier. 

For the purpose of detecting the oscillations, use 
is made of the fact that an output can be taken from 
a transitron without unduly affecting either the 
frequency or the stability of the oscillatory circuit 
itself. In Fig. 2 an output is taken from the anode 
via C] 0 to a diode, Dj. This diode rectifies any 
oscillations presented to it, and the rectified current 
is fed via a filter choke to a milliammeter. Thus 
oscillations occurring in the screen-grid circuit will 
be indicated by a meter which is completely isolated 
from it. The meter can be external to the test unit 
and could consist of an ordinary testmeter switched 
to a 0-1 mA range. 

In use the inductor to be checked is connected to 
the test terminals of the unit, Si set to the appro- 
priate position, and the bias control adjusted to the 
position where oscillation commences. At this point 
the valve will be supplying the minimum power 
necessary to neutralise the losses of the oscillatory 
circuit. If desired, VRi can be provided with a simple 
scale calibrated in arbitrary units (say from 0 to 10) 
to enable approximate comparisons of tuned circuit 
"goodness" to be made. It only remains to find the 
frequency of the oscillations for the value of the 
inductor to be estimated. 

Evaluating Frequency 
Three methods of finding the frequency can be 

suggested. With the first, use is made of an accurately 
calibrated receiver which is simply tuned until the 
"signal" from the test unit, at SKTi, is picked up. 
If, however, the receiver is a superhet care will be 
needed not to confuse the genuine signal with spur- 
ious responses caused by image reception and the 
like. The second method uses a signal generator, 
the output of which is fed to socket SKTj. Head- 
phones are then substituted for the milliammeter 
and the diode D3 functions as a mixer. When the 
signal generator is tuned through the frequency 

Fig. 3. Chart showing relationship between frequency 
and inductance with ISOpF capacitance.. The left hand 
outer column corresponds to the right hand outer 
column, and the left hand inner column corresponds to 

the right hand inner column 
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being generated by the unit a beat note will be heard 
in the phones. Zero beat will indicate the frequency 
of the oscillations. This method allows accurate 
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Fie 4 (o) Dimensions of the chassis plate, illustrating the positions taken up by the major components. Note that a 7-woy 
taeboard and 7-woy tagstrip are fitted. Vi valveholder should have the onentation shown m (c) 

lb). Side view of the chassis plate after bending, with components mounted. Side plates, and an end plate for the rear, may 
be made of wood or metal u ■ • 

(c). The positions of the components under the chassis plate when assembly is completed. Wiring should follow the circuit diagram of Fig. 2 

measurements to be made, but again care must be 
taken not to confuse beats caused by harmonics 
with that due to the fundamentals. In general it 

536 

can be expected that a beat due to the latter will be 
much stronger than those due to the former. The 
third method suggested is perhaps the easiest of all, 
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the frequency being determined by means of an 
absorption wavemeter. While this method may not 
be so accurate as the others suggested no confusion 
is likely to arise over harmonic responses. 

Having ascertained the frequency of oscillation, 
the inductance of the coil under test can be found by 
calculation. Alternatively if a rough estimate will 
suffice, the chart given in Fig. 3 can be used. This 
has been prepared for use with the 250pF parallel 
capacitance.2 

Constructional details of the unit are given in 
Fig. 4. All the components easily fit on to a piece of 
16 s.w.g. aluminium measuring 8 x 6in and bent as 
shown. The only critical part of the wiring is that 
relating to the oscillatory circuit itself, and the 
connections here should be as short and direct as 
possible. If the valveholder is orientated as shown 
in Fig. 4 (c) no difficulties should be encountered. 
Capacitors C3 and C4 should be mounted as close 
to the valve pins as possible and the earthy wires of 
Cs and C9 should be connected to a chassis point 
near the valveholder. 

2With a parallel capacitance of 250pF, the inductance (in (j.H) is 
approximately equal to 108 divided by frequency (in kc/s) squared. 
—Editor. 

In order to enable firm connections to be made to 
the coil under test, two crocodile clips are soldered 
to standard wander plug pins, which then fit into 
the test sockets. 

Power requirements for the unit are modest, 
6 volts at 0.3 amp being all that is needed for the 
valve heater, and 10mA at 150 volts for the h.t. 
supply. If the latter is stabilised so much the better, 
but this is not absolutely essential. Most workshops 
will already have a suitable supply available on the 
bench. 

While the unit is primarily intended for use with 
radio frequency inductors, it can also be be used for 
checking audio frequency types. For example, if the 
primary of an output transformer is connected 
to the test terminals, audio frequency oscillations 
will be produced. Again, the frequency generated 
can be used to calculate the inductance of the 
transformer. 

A further use for the unit is as a signal source. 
By connecting a suitable value of inductance, signals 
from the low audio range up to some 20 Mc/s have 
been produced on the prototype. Careful adjustment 
of VRj ensures good wave form. The unit is, in 
fact, a very useful accessory for any workshop. 

□ 

CAN ANYONE HELP Z 

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

a reasonable period of time 

Oscilloscope Type CT52 and CT84.—L. C. Chandless, 
43 Maryatt Avenue, South Harrow, Middx.—loan 
or purchase of circuit diagram or any other informa- 
tion. 

* * * * 

Test Set Type 253.—B. A. Manning, 14 Tredown 
Road, London, S.E.26—handbook, circuit diagram 
or any other information—loan or purchase. 

* * * * 

Ace "Richmond" A.M./F.M. Receiver.—B. Dunn, 8 
Lancaster Drive, Clayton-le-Moors, Accrington, Lanes. 

—manual or circuit diagram of this receiver (type 
No. 3458)—loan or purchase. 

* * * * 

Crystal Calibrator No. 10.—F. A. Chidgey, 94 Tach- 
brook Street, London, S.W.I—manual or circuit 
diagram—loan or purchase. 

* * * * 

"Fountain" Home/Office Intercom.—W0686311 Cpl. 
Hall, Dominie Rects, R.A.F. Stradishall, Suffolk 
—circuit diagram or any information on this Japanese- 
made equipment. 

NEWPORT MODEL ENGINEERING EXHIBITION 

The Blackwood Amateur Radio Club (GW6GW) are to present a Stand at this Exhibition—to be 
held at Duffr/n Junior School, Stow Hill, Newport, Mon. from 13th to 20th April (except Sunday) 10 a.m. 
to 9 p.m. 

The Exhibition will feature all the various aspects of model engineering—flying model aircraft, traction 
engines, miniature railways, etc. The Club Stand will include a working transmitter, receiver, teletype 
equipment and a display of home constructed units. 
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NEWS . . . AND . 

NEW SET OF PORTABLE BENCH 
INSTRUMENTS FRONI SIFAM 

IIP ;sr v-r5 • : 

lVH, | 

A selection of the new range of Sifam "Student" portable bench instruments 
which, housed in strong and resilient, grey "ABS" plastic material, have 
been manufactured to meet the special requirements of schools, colleges, 
universities and industrial laboratories, with scale ranges as recommended 

for Nuffield Physics Courses 

A new range of portable, electrical measuring bench instruments, housed in 
tough "ABS" plastic cases, to meet the special requirements of schools, colleges, 
universities and industrial laboratories, has been introduced by Sifam Electrical 
Instrument Co. Ltd., Torquay. )f 

The complete matching "set", to be known as the Sifam "Student range, 
comprises seven instruments with scale ranges as recommended for Nuffield 
Physics Courses: 0-1A, 0-5A, 0-5V, 0-15V, 0-1A and 0-5A dual range, 0-5V 
and 0-15V dual range and a 3-0-3mA galvanometer. 

Moulded in grey, the ABS plastic material used for the stand is exceptionally 
strong and resilient. It is noted for its resistance to most alcohols, oils, acids, 
salts and alkalis. The fine surface finish will resist scratching, is non-hygroscopic 
and, of course, is electrically insulating. 

Two terminals are fitted (three on dual-range instruments) suitable for wire, 
spade connectors and standard 4mm. plugs. 

The standard Sifam "Student" range is fitted with the company's "Clarity 32 
movement, with transparent front, knife-edge pointer and fine-line scale. Ac- 
curacy is to B.S. 89: 1954 industrial grade; sensitivity is 100 millivolts (ammeters) 
or 1000 ohms per volt ± 2% (voltmeters). 

Other Sifam instruments can be mounted in the stand if required. 

"CONSTRUCTOR" 
ON THE AIR 

We were very gratified when, 
recently, in the Overseas Service of 
the B.B.C., favourable mention was 
made of this magazine. 

The speaker's theme was that 
everyone is aware that electronics 
is at the heart of numerous industrial 
processes but not so many realise 
that, in the hands of amateur experi- 
menters, electronic gadgets are invad- 
ing domestic life. As evidence of this 
he quoted the contents of our February 
issue. 

It was pointed out that there were 
seven articles on making units of 
electronic gear as distinct from pure 
radio, and that a quick glance showed 
how far do-it-yourself electronics 
have penetrated the domestic sphere. 

Electronics and home wine making 
was instanced. The main difficulty 
is getting the brew to ferment properly. 
Special wine-making yeasts can be 
bought, but these come in dried form 
and have to be "activated" first. 
This entails putting the yeast in a 
bottle with a nutrient, sugar, and water 
and keeping it for 48 hours at a fairly 
precise and even temperature (24- 
270C). Problem: British homes are 
too cold, especially at night. Solution 
—the Temperature Controlled Con- 
tainer article. 

The Automatic Parking Light Op- 
erator article consisting of a light 
dependent resistor and a handful of 
transistors was mentioned, and it was 
pointed out that if the car only had 
a 6 volt battery then the Miniature 2 
Volt Power Supply feature would 
remedy the position. 

For the more adventurous elect- 
ronics enthusiast there were the 
details of the Long Range Light 
Modulator—"very handy for private 
chats with a girl friend across the street". 

The talk concluded "Home elec- 
tronics is certainly extending its fron- 
tiers". 

EXPORT ORDER FOR HEADPHONES 

WITH NOISE PROTECTION 

Amplivox Limited of Wembley have just been awarded a valuable Overseas 
contract from the Royal Dutch Army for several thousands of their Ampligard 
Type Ear Defender Headphones. These Headphones have been specially designed 
to considerably reduce high ambient noise and provide highly intelligible com- 
munications. Anyone wearing the Ampligard Headphone is able to clearly receive 
important messages even in conditions of very high noise. 

Similar Amplivox products have previously been supplied to the British Armed 
Services and for other Industrial applications at home and abroad. 
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COMMENT 

WATCHING THE 

WINNERS 

Three Marconi V322A closed-circuit 
television cameras assume a super- 
visory role in the final coupon- 
checking room at Littlewoods Pools 
Ltd., Liverpool. 

The cameras, all with remote pan 
and tilt heads, remote control panels 
and a remote zoom and focusing 
facility, are capable between them of 
observing all activity in the room in 
detail. The two cameras in the back- 
ground of the photograph produce 
pictures of the operators of two 
Optical Reading and Sorting machines 
which, in conjunction with a computer, 
select those coupons with maximum 
points, while the third camera scruti- 
nizes the operation of semi-automatic 
machines employed to determine the 
exact number of minor dividends. 

The control room, housing the 
control panels and three Marconi 
23in. V6211 Video Monitors, is sited 
close to the checking room, and is 
normally manned by one operator. 

RADIO CONTROL 
SYMPOSIUM 

The Esher Model Flying Club, 
following upon the outstanding success 
of the symposium they held last year, 
are to hold their 1968 Symposium 
on 19th, 20th and 21st April, at the 
Brooklands Technical College. The 
19th is reserved for trade buyers, 
but the other two days will be open 
to the public. In addition to the 
interest provided by the comprehen- 
sive display of r/c equipment and 
accessories, there will be flying displays 
and lectures. 

STEREOPHONIC TRANSMISSIONS 

— A POINT OF VIEW 

A reader has written to us expressing a point of view regarding the stereo 
transmissions of the B.B.C., which seems to have some justification. The relevant 
part of his letter is as follows; 

Stereophonic transmissions to the extent of about 25 hours weekly are now 
put out by the B.B.C. and the whole of this new service is devoted to minority 
interests of serious music listeners and includes those particularly small sections 
of taste who like ancient organs, electronic music, etc. 

There can be no valid reason why the B.B.C. is so completely biased and pre- 
judiced in its approach to the new service. It is certainly no excuse to use the fact 
that transmissions are on Radio 3 only, which already provides more than an 
equitable share of time to minority music interests as well as the extension into 
Radio 4 of serious music. 

In fact no minority interest is so generously catered for as that of the serious 
music listener. 

I believe the B.B.C. to be confusing the serious music listener with the high 
fidelity enthusiast. 

High fidelity enthusiasts are found from all musical interests but the greatest 
potential audience is without doubt the lighter music listener. 

A glance through the high fidelity press will indicate just how much equipment 
tuners and amplifiers, are being sold but no coverage is given at all in the stereo 
broadcasts to cater for the largest audiences. 

I cannot protest strongly enough at this flagrant misuse of licence money to 
satisfy such minority interests at the expense of all other high fidelity enthusiasts. 

Stereophonic time should now be divided proportionately between the various 
musical interests and a due proportion of time at week-ends and in the evenings 
should be given to the more popular light music tastes and to the whole audience 
who are interested in stereo transmissions. 

SOCIETY FOR AMATEUR RADIO ASTRONOMERS 

Soon after the formation of the above society, we referred in these notes to 
our pleasure that such an organisation had been formed, particularly as we had 
pioneered the subject of radio astronomy for amateurs in the popular radio press. 

It is therefore pleasant to record that the society is flourishing and now has a 
world-wide membership. Many members are now either operating or building 
their own equipment spanning the whole range from audio frequencies (to 
detect whistlers) up to 3cm microwave wavelengths. A journal Radio Sky is pub- 
lished approximately three times a year and contains articles of both a practical 
and theoretical nature. 

Where geographical conditions permit members are encouraged to form groups 
so that information, talents, and resources can be pooled. 

At the present time several groups are hoping to correlate solar activity with 
whistlers and possibly radio emission from Jupiter. 

Any readers interested should write to the Society for Amateur Radio 
Astronomers, 80 Greenford Gardens, Greenford, Middlesex. 

QUOTE 

"Outside their business, their 
knowledge is often negligible. I 
once sat next to a radio-valve 
tycoon at lunch. He talked about 
radio valves through soup, fish, 
meat and cheese—it was his 
only subject." 

Anne Scott-James commenting 
in The Daily Mail on the idea 
of forming a government made 
up entirely of business men. 

\S 

currr, 

"Meet our Welsh wizard of the 
valve section, Dai Ode." 
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Increasing 

Projector Lamp Life 

by 

T. R. BALBIRNIE, B.Sc. 

By carrying out some simple modifications it is possible to extend the life of a 
slide projector lamp by a very considerable extent 

SINCE SLIDE PROJECTOR LAMPS ARE DESIGNED FOR 
high efficiency they are necessarily expensive 
items and have rather a short life. Any method 

by means of which the life of such lamps can be 
extended without undue loss in efficiency seems, 
therefore, to be worthwhile. 

The short life is due to the lamp being operated 
at a higher filament temperature than a household 
lamp. This is brought about by applying a voltage 
in excess of that which would normally be applicable 
to the household lamp. The graph in Fig. 1 shows 
that the efficiency, expressed in lumens per watt, 

increases sharply as the overvoltage is increased 
above 100% (the arbitrary "normal" value). The 
life of an overrun lamp can also be seen to drop 
steeply under these conditions. It will be noted that 
a 5 % increase or decrease in applied voltage causes 
a corresponding halving or doubling of the average 
life. 

Life Shortening 
As far as slide and filmstrip projectors are con- 

cerned, life shortening of the bulb is aggravated by 
repeated switching on and off, tilting and vibrating 
the apparatus. Most people avoid these last two 

240 Life 

220 

200 

ISO 

loO 

140 

20 eras 

IOO £r«-s 

CP 
sS 

20 Ufe 

IOO SOS no 

Percentage normal volts 

Fig. 1. Illustrating how a variation in applied voltage 
affects the light output (lumens), efficiency (lumens/ 
watt), current and life of a tungsten lamp. All units are 
expressed as percentages of the normal rated values. 

(Courtesy, Philips Electrical Limited) 

540 

Bypass switch 

On-Off 
switch Resistor 

-WW  

Mains 
supply 

Projector //A 
lamp Viy 

Fig. 2. Inserting a resistor in series with the projector 
lamp to reduce the switch-on current surge. The 
bypass switch is closed several seconds after switching 
on. It is important to open the bypass switch again after 
use of the projector, or the benefit given by the resistor 

will be lost when switching on the next time 

mistakes but the first is often overlooked. It is 
certainly bad practice to switch off between boxes 
of slides as the extra shortening in life will offset 
the cost of electricity saved. When the bulb's filament 
is cold its resistance is very low and a powerful surge 
of current will flow at the instant of switching on. 
The current will only fall to its normal value when 
operating temperature has been reached a short 
while later. On switching on, there will also be a 
strong magnetic attraction between adjacent strands 
of filament, which will momentarily pull towards 
one another. In an older lamp the filament will be 

(continued on page 543) 
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TRADE NEWS . . . 

ALKALINE 

BATTERY POWER 

Manganese alkaline batteries were supplied from 
Britain for the French Broadcasting and Television 
Service for use during this year's Winter Olympic 
Games at Grenoble. 

Fourteen thousand Mallory MN1300 alkaline 
batteries were used to power S.A.F. recording 
units, Swiss made Magna and Perfectone portable 
tape recorders and connecting interphone system 
at temperatures down to minus 20oC. 

The applications will have high current drains 
and each unit will be powered by a set of twelve 
batteries. Tests have shown that even at temper- 
atures between minus 10° and minus 20oC there 
is still sufficient service to make efficient operation 
practicable. Because of the low temperatures it 
was found that several sets of twelve MNIBOO's u 
were used each day. The Mallory MN1300 is equivalent in size to the standard U2 torchlight 
cell with a nominal voltage of 1.5V and a capacity of 10,000 mAh. Normal applications are portable tape 
recorders, radios, clocks, distress beacons, army transceivers and portable lighting. 

The illustration shows the S.A.F. recording units powered by sets of twelve Mallory manganese 
alkaline batteries. 

»% * 

■x 

SIFAM VOLUME LEVEL METERS 

Special "vu" meters for use in a new, portable professional tape recorder being tested at the Torquay 
factory of Sifam Electrical Instrument Co. Ltd. 

Sifam have received a large initial contract from Ampex Electronics Ltd., Reading, Berks., for these 
meters for fitting to the new Ampex 
AG-20 battery-operated audio recorder. 
Built into a modified Sifam 'Director 
24" instrument case, the meter move- 
ments have specially designed ballistics 
based upon the stringent U.S.A. Stan- 
dards Institute Specification for volume 
measurement of electrical speech and 
programme waves. 

Selected for their reliability under 
rugged conditions, the meters were 
subjected to severe tests both in the 
U.K. and by the Ampex parent corpora- 
tion in the United States. The most 
dramatic of these was an environmental 
test of the recorder in which an inter- 
view was taped by skydivers from the 
British Green Jackets Parachute Club 
during free fall from an altitude of 
12,000 feet. 

□ 

* % 9 

c: 

"Ti 
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INCREASING PROJECTOR LAMP LIFE 

(continued from page 540) 

permanently stretched, anyway, and visibly sagging 
on its supports, whereupon there is a possibility, 
on switching on, of a short-circuit bypassing a 
portion of the filament. The life of the lamp will then 
end in a rather unimpressive blue flash. 

There seems a lot to be said for preventing the 
initial surge of current which causes so much 
trouble, and this can be done in two inexpensive 
ways. The first is to place, in series with the lamp, 
an additional resistor which can be short-circuited 
with a suitable switch a few seconds after switching 
on. See Fig. 2. An Ohm's Law calculation and a 

Using A Brimistor 
For the more popular lamps of 250 or 300 watts 

a better plan is to use a thermistor, and a suitable 
component is the Brimistor type CZ11. This compact 
device, with its negative temperature coefficient of 
resistance, is very well suited to the application. 
Connected in series with the lamp, it offers a high 
resistance when switched on from cold and this 
smoothly reduces in a second or so as it heats up. 
If the Brimistor is left in circuit permanently its low 
resistance when hot will cause a slight dimming of 
the bulb but, as has been mentioned, this can be 
regarded as beneficial as there will be a useful 
increase in life on account of this. Alternatively 
the Brimistor can be bypassed with a switch and so 
put out of circuit after it has done its duty, as with 
the resistor. 

Brimistor 
—  

On-Off switch 
in projector 

Mains 
supply 

Projector 
lamp © 

Fig. 3. The switching circuit using a Brimistor which 
is employed by the author 

little trial and error will soon find a suitable value 
for the resistor, and it should be such that the 
filament slowly comes up to a dull glow. The 
wattage rating need not be as high as for continuous 
rating, provided of course, that there is no possibility 
of the projectionist failing to switch the resistor 
out of the circuit quickly. A suitable resistor could 
be bought or home wound. The best position for 
it is within the projector body, but placed well away 
from anything which could be damaged by heat. 
The series resistor is probably the best method for 
the higher powered lamps of, say, 500 or 1,000 
watts. 

/ 

Fig. 4. Illustrating the manner in which the Brimistor 
is mounted inside the projector 

Fig. 5. The result of carrying life extending too far. 
The tamp on the left shows marked blackening of the 

bulb, as compared with the new lamp on the right 

The author has soldered his Brimistor directly 
across the terminals of the internal on-off toggle 
switch. See Figs. 3 and 4. The normal function of the 
switch is then, of course, lost. It could be replaced 
by one in the mains lead if desired but this seems 
hardly worthwhile. With the switch in the off 
position, current flows through the lamp via the 
Brimistor. Normally it is left like this for the 
duration of the show but under special circumstances, 
when a slight increase in brightness is thought to 
be necessary, it is bypassed by closing the switch. 
The advantage given by connecting across the 
switch is that good secure mounting of the com- 
ponent is possible. Heat resisting beads have been 
threaded on the wire ends and full use has been 
made of these to keep the Brimistor in a clear 
position within the body of the projector. If a similar 
plan is adopted remember to keep the Brimistor 
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away from the cooling effect of any blower which 
may be fitted, as it will not then reach a satisfactory 
temperature. 

Remember, also, that a Brimistor takes some 
time to cool down and present a high resistance for 
its next period of use. if it is short-circuited by the 
switch after reaching operating temperature it will 
have ample time to cool down, and will be ready for 
instant use when next required. 

The CZ11 may be obtained at low cost, and that 
used by the author drops about 4 volts at operating 
temperature. If it is left in circuit after warming 
up there will be a significant increase in lamp life 
on this count alone. 

One final point needs to be emphasised. With 
either of the schemes described here, the life of the 
lamp may possibly be prolonged to, such an extent 
that its useful life will be ended when blackening 
of the bulb spoils light transmission. See Fig. 5. 
This blackening is a very gradual process and the 
benefit of a new lamp can only be assessed by having 
a spare and trying its effect every now and again. 
Recently the author was becoming disappointed 
with his slides, only to find that the bulb was so 
blackened that it should have been discarded long 
before. Brightness measurements made with a 
Weston light meter showed a remarkable increase 
in light when a new lamp was fitted. _ 

Audio Frequency 

Substandard 

by A. D. WILLIAMS, B.Sc. 

This substandard audio frequency generator employs a 
standard tuning fork as the frequency-determining element. 
Since the coils required at the tuning fork tines may need 
to be home-wound or adapted from other components, we 
present this design as an experimental project; but the 
experienced constructor should find little difficulty in 

making the circuit function satisfactorily 

for many purposes the complications 
of divider and multiplier stages are 
not needed. Apart from its uses 
in a.f. variable frequency oscillator 
calibration and amplifier measure- 
ments, it could also be used as a 
constant frequency source for 
inductance bridge measurements. 
Twelve such sources could be used 
to provide a basic octave in an 
electronic musical instrument, other 
octaves being obtained by multiplier 
and divider stages. By use of a 
suitable tuning fork and frequency 
division stages, 1 second pulses may 
be obtained to synchronise an 
electronic clock with an accuracy 
of better than 10 seconds per day. 
Although not an exceptionally high 
accuracy, this is still very good for 
the cost of the components used. 

The Circuit 
The circuit, shown in Fig. 1, is 

that of a 2-stage amplifier whose 
sources of r.f. signals 

|\/S of accurately known -LtX freqUency are available to 
the experimenter. For instance, a 
radio receiver may be used to 
calibrate an r.f. signal generator 
very accurately. For a.f. work, 
however, the amateur usually has 
to rely on one or more of three 
sources, these being standard 
frequency broadcast signals, such 
as the B.B.C. tuning notes, the 
50 c/s mains frequency, or highly 
divided r.f. signals from a crystal 
controlled oscillator. Unfortunately, 
broadcast-band a.f. signals are 
usually available only at certain 
times of the day, and in many parts 
of the world cannot be received at 
all. The mains 50 c/s frequency, 
although having good long-term 
stability, may present quite large 
short-term variations. Divided r.f. 
signals require a very large number 
of binary dividers, or a smaller 
number of, say, denary dividers, 
and these require great care in 
construction and use to maintain 
the division ratio constant. 

This article describes a constant 
frequency source with its funda- 
mental in the audio range, so that 
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Fig. 1. The circuit of the audio frequency substandard 
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Tuning Fork Frequencies 

Fig. 2. Small adjustments in tuning fork frequency may be obtained by careful 
filing at point X 

output passes into a coil, L2, which 
excites a tuning fork, and whose 
input is obtained from a coil, Li, 
excited by the same tuning fork. 
The original model used an A fork, 
but any other will work just as well. 
The fork selected will, or course, 
determine the frequency (see the 
accompanying Table). 

For generation of 1 second pulses 
a C fork could be adapted by 
careful filing at the point X (Fig. 
2) to reduce the frequency to 256 c/s, 
whereupon 8 binary divider stages 
may then be used to give a 1 c/s 
output. The filing must be carefully 
done with constant checking of 
oscillator frequency, preferably by 
means of a digital frequency meter. 

Resistors 
(All resistors 1 watt 10%) 

Ri Iktl 
R2 10kn 
R3 39kt2 
R4 3.9kn 
Rs 2.2k O 
Rg lOktl 
R7 39kQ 
R8 IkQ 
R9 2.7kO 

Capacitors 
C, lOOuF electrolytic, I2V 

wkg. 
C2 10]j.F electrolytic, 12V 

wkg. 
C3 10[xF electrolytic, 12V 

wkg. 
C4 100(jF electrolytic, 12V 

wkg. 
C5 lOOuF electrolytic, 12V 

wkg. 
Cg 0.002(j.F paper 
C7 lOjiF electrolytic, 12V 

wkg. 

Inductors 
Li. L2 See text 

Transistors 
TR, OC71 
TR2 OC71 

Switch 
Si s.p.s.t. switch 

Battery 
9-volt battery 

Miscellaneous 
Tuning fork 
Output sockets or jack 
Material for baseboard, etc. 

Not a great deal of filing is needed 
to change the frequency by the 
required amount. 

Construction 
Disregarding coils Lj and L2 the 

construction of the amplifier requires 
no more care than that of any other 
2-transistor small signal amplifier. 
One method of construction shown 
in Fig. 3 and the photograph, is on 
a length of tagstrip. Although OC71 
transistors were used in the proto- 
type, these were later replaced by 
cheap "surplus" transistors with 
no noticeable deterioration in per- 
formance. 

The tuning fork and bell assembly 
follows the general layout shown 
in the photograph, with the two coils 
for Li being alongside one tine of 
the fork and the two coils for L2 
alongside the other tine. The coils 
shown in the photograph were 
taken from German-manufactured 
electric bells intended for operation 
from the mains, but such coils are 
not generally available in the U.K. 
Details of alternative coils are given 
later in this article. 

Whatever coils are used, con- 
struction is simplified if these have 
soft iron cores. Magnetised cores 
make positional adjustments difficult, 
as they deflect the tines of the tuning 
fork and can cause trouble when 
oscillations build up in amplitude. 
It will be noted that the circuit 
functions despite the fact that the 
cores of the pick-up coils, Li, are 
not intentionally magnetised. 

The tuning fork must be mounted 
securely by the handle, so that the 
tines are quite free to vibrate, and 
it must be possible to remove the 

Fork c/s 

C 262 
D 294 
E 330 
F 349 
G 392 
A 440 
B 494 

fork from its mounting for testing 
purposes. The constructor with 
mechanical skill may wish to mount 
the coils so that the air gaps between 
coils and fork are adjustable, and 
if a pure sinewave output is desired 
such a mounting will help very 
much. In the prototype the coils were 
cemented in place with Araldite so 
that there was a 0.02in gap (measured 
by a feeler gauge) between the cores 
of the coils and the tines of the fork. 
The tines of the fork must be com- 
pletely free to vibrate, without 
touching the cores or any other part, 
or oscillations will not start. 

Operation 
After the amplifier has been 

completed and the coil and tuning 
fork assembly fixed in place, the 
coils are connected to the amplifier 
by screened wire, and the tuning 
fork removed. The amplifier output 
is taken to a high impedance ear- 
phone, and the amplifier is switched 
on. If oscillations take place without 
the tuning fork in position, the 
connections to L2 must be reversed, 
whereupon oscillations should cease. 
If they do not cease then unwanted 
feedback is taking place which must 
be corrected before satisfactory 
performance can be obtained. The 
amplifier is then switched off, and 
the tuning fork replaced. If the 
amplifier is switched on again, and 
providing the fork handle is secure 
and the tines are free, oscillations 
should build up at the frequency of 
the fork over about 5 seconds. 

From Li 

C6 Output 

To Up R5 C3 

f? Battery+ R? 
% 

Tagstrip Battery via Si 

Fig. 3. The amplifier components can be fitted to a tagstrip, as here. For 
clarity, some of the components are shown smaller than they would be in 

practice 
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(O-w'dia) and tap 2BA 

1/2 

3/8 

V 

3/8 

No25 drill 

Anticlockwise 

 ^ 
Clockwise 

current current 

Holes for mounting screws (as required) 

Fig. 4. The coil mounting bracket. Two are required 

Fig. 5. Direction of current in each coil assembly 

Cement here Screwdriver slots 

Fig. 6. Two coils and their cores mounted on a bracket 

Handle mounting 

CS» 

Baseboard 
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Fig. 7. The tuning fork appears between the coils as illustrated here 
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A prototype model of the substandard generator, made up by the author to 
check circuit operation 

If they are slow to start the fork 
may be lightly flicked with a finger. 

Performance 
Once oscillations had started with 

the author's model, they could be 
maintained if the supply voltage was 
reduced to as low as 3 volts. Oscil- 
lations were slow to start at this 
voltage, but once started were of 
very good sine-wave form. If dis- 
tortion is experienced at 9 volts it 
might be worthwhile trying a lower 
supply voltage if the slower build-up 
time is tolerable. The frequency was 
checked by means of a digital 
frequency meter (Racal type SA520) 
and over a sample period of 15 
seconds, 12 counts of 440 and 3 of 
439 were obtained, with a cheap 
A tuning fork in the oscillator. 

Some previous constructors of 
similar oscillators, e.g. Kretzman, 
(p. 121, "Modern Transistor 
Circuits", McGraw-Hill, 1959) sug- 
gest that a permanent magnet 
should be fixed with pole pieces 
1/64in from the ends of the tines of 
the fork. The writer believes that 
this is based on a misconception, 
and is quite unnecessary. However, 
if the fork persistently oscillates at 
twice its correct frequency, such a 
magnet would perhaps correct the 
operation. Another possible ap- 
proach to prevention of second 
harmonic oscillations could be to 
insert a treble-cut filter at a suitable 
point in the circuit, to reduce 
amplification of high frequency sig- 
nals while allowing low frequencies 
to pass almost unchanged. However, 
the writer would be very surprised 
if these modifications were needed. 

For greater frequency stability, 
temperature control of the fork is 
needed. The frequency is entirely 
determined by the fork, and hence 
it is only as stable as the fork. 
Thermally insulating the fork by 
enclosing the coil-fork assembly in 
a softboard box is a simple improve- 
ment which is fairly effective. 
Improvements in the amplifier can 
be made to improve the waveform. 
One way of obtaining such improve- 
ment other than reducing supply 
voltage (which lengthens the build-up 
time) is to introduce some form of 
automatic gain control into the amp- 
lifier or, simply, more to introduce 
a manual gain control between TRi 
and TRj. This would be set at 
maximum to give a quick build-up, 
and then reduced to the minimum 
value which would sustain the 
oscillations. 

Alternative Coils 
If it is intended to home-wind 

the coils, the method of construction 

illustrated by Figs. 4, 5 and 6 may 
be employed. 

Two IJin square pieces of 18 
s.w.g. mild steel sheet form the 
mountings, these being bent and 
drilled as in Fig. 4. The two holes in 
the vertical portion of the mounting 
are then drilled and tapped to take 
a 2BA thread. The coil formers are 
made by bending thin card into a 
cylinder round a No. 11 drill (0.191 in), 
and cementing the ends so that 
the cylinder can be removed when 
dry. Four fin lengths of this card- 
board tube will be required. The 
cheeks are eight thin fibre (or card) 
washers with internal diameter -^in 
and external diameter Jin cemented 
to the cardboard tube with Araldite. 
Enamelled copper wire of 46 s.w.g. 
is then wound on to the formers to 
fill the space between the cheeks. 
Care is needed in winding with 
this very fine wire, and also a great 
deal of patience. It might be thought 
worth while to improvise a simple 
coil winder, say from Meccano 
parts, for this process. 

Four lin lengths of 2BA threaded 
mild steel rod form the cores, and 
one end of each core is slotted to 
take a screwdriver. These rods are 
then screwed into the mountings 
with the screwdriver slots taking up 
the position shown in Fig. 6, so 
that the completed coils can be 
fitted on them. The coils should be 
connected in the sense illustrated by 
Fig. 5. A current of 1mA may be 
safely passed through them, and 
each coil head tested with a compass 
needle. One pole on each of the two 
coil assemblies should attract the N 

end of the needle, and the other 
repel, when the current is passing. 

When it has been confirmed that 
the coils are connected correctly, 
the cheek of each coil nearest the 
mounting is cemented to the mount- 
ing plate. See Fig. 6. The coils must 
then be mounted near to the ends 
of the tines of the tuning fork so 
that the coils are about 0.1 in from 
the fork, as in Fig. 7. The iron cores 
may be screwed in and out to control 
the oscillations. 

Each pair of coils should have a 
resistance of about 2,00011, although 
quite a wide variation is permissable. 

Constructors not wishing to under- 
take the tedious and rather difficult 
task of winding the coils may be 
able to employ high resistance 
windings taken from other com- 
ponents, these being mounted in a 
similar manner, in terms of a 
magnetic circuit, to the coils just 
described. Although not checked 
by the writer, the windings from old 
2,000n headphones should, for 
instance, prove satisfactory, provided 
these can be removed from the 
headphone polarising magnet. 

The writer has also checked results 
with a 2,0000 ex-Govt. P.O. type 
relay winding. After removing the 
armature this was tried in place of 
each of the coils in turn and worked 
quite well. It would seem reasonable 
to assume that other coils of similar 
resistance and with soft iron cores 
should be equally satisfactory, the 
constructor devising suitable mount- 
ings to take such coils. 

□ 

The RADIO CONSTRUCTOR 
Readers should experience no difficulty in obtaining this magazine from local newsagents. We supply copies to all the 

principal wholesalers in good time for supplies to reach newsagents by the first of the month, the publication date. 
If you have difficulty in obtaining copies we will gladly take up the matter on receipt of details. 
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Brake Light 

Warning Device 

by 

T. R. Balbirnie, B.Sc. 

456 EFG 

A simple and ingenious circuit which gives 
a dashboard indication in the event of 

failure of either of the brake lights 

SOME MOTORISTS DELIGHT IN AN ARRAY OF PANEL 
lights which show when various electrical 
items are operating. Most of these are dis- 

tracting and useless—the total of their worth being 
to impress the passengers. 

In the author's opinion a brake light warning 
device does not fall into this category if it is designed 
to come on only when one of the brake lights fails. 
Motorists will readily appreciate the value of such 
a device. Frequently the driver of the car in front 
flashes a right turn which turns out to be the result 
of his dithering on the brake pedal with the nearside 
brake light "blown". The possibility of dangerous 
consequences is obvious and unfortunately it is 
possible to travel for a long time without knowing 
that you are potentially dangerous. 

Failure Indicating Device 
The author thought that the designing of a device 

which would indicate the failure of one brake light 
would be an easy project but circuits which came 
quickly to mind had to be dismissed for one reason 
or another. One method tried consisted of placing 
a low resistance relay in the brake light circuit. It 
was hoped that this could be adjusted such that 
it would normally pull in when the brakes were 
applied due to the current for two lamps but that 
it would not do so with the current for one. A pair 
of "break" contacts on the relay were to be used 
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to operate a panel warning light. This scheme 
proved to be very unreliable. The change in resistance 
due to one lamp failing is small and operation of 
the relay was uncertain. . 

The final circuit, which has been used with great 
success, is that given in the accompanying diagram. 
The relay was a cheap type with a single pair ot 
"make" contacts rescued from the junk box. The 
original winding was stripped off and replaced by 
one of 100 turns of 22 s.w.g. enamelled wire removed 
from an old transformer. A centre tap was provided 
in the winding as shown. The whole device was 
mounted in a small metal box with flying leads 
fitted with car-type snap connectors. It was mounted 
in the boot near the bunch of snap connectors for 
the brake lights, whereupon it was an easy matter 
to make the necessary connections. , , 

The theory of operation is very simple. When the 
brake pedal is pressed current flows to each lamp 
via the appropriate half of the relay winding. As 
the current is supplied to each lamp in opposing 
directions the magnetic effect is zero and the relay 
is not energised. If one lamp fails, however, there 
will be a flow of current in one direction only, the 
relay will operate, and the panel light will come 
on The panel light will not, of course, work if both 
brake lights fail but this is a rather remote possibility. 

The Relay 
Since the relay is a modified component, it will 

be necessary to experiment a little before fitting it 
permanently in the car. The relay used by the writer 
was a 30O 6 volt type removed from manufacturer s 
surplus equipment. This had a coil core which was 
lin in length with a diameter of iin. The writer s 
car has a 12 volt system and the stop-light bulbs are 
12 volt 21 watt types. Each half of the new relay 
winding is therefore called upon to carry approxi- 
mately 2 amps. , . . 

Any reasonably robust relay of conventional 
construction and having a small number of contact 
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sets (including the "make" set required here) 
should give reliable results in the present circuit. 
After removing the existing winding, the constructor 
should initially wind 50 turns of wire on the core 
and ensure that the relay energises reliably when this 
coil is connected in series with the car battery and 
a stop-light of the type employed in the car. If this 
does not result in reliable operation a few more turns 
may be needed. The mechanical sensitivity of the 
relay should be attended to if too many turns are 
required, and it may be desirable to remove any 
contact sets which are not needed for the present 
application. If it is found possible to obtain good 
operation with less than 50 turns the smaller number 
of turns should be fitted, as it is desirable for the 
resistance of the coil to be kept low. When this 
sensitivity check has proved satisfactory the remain- 
ing half of the relay winding may be added. In the 
author's case, 50 plus 50 turns were sufficient to 
cause the relay to operate smartly when either of 
the brake lamps was removed. 

A thick wire is essential for the coil winding, 
because the current flowing is high. Too much 
resistance in the winding will cause dimming of the 
lamps as well as overheating in the coil. The small 
resistance given by a well designed coil should cause 
only a very slight dimming of the lamps. 

I 
Car battery 

Stop light 
switch 

Relay coil 
fmnrm 

-sot- 

(D 

»50t- 

Relay 
contacts 

Panel 
light 

Stop light Stop light 

How the brake light warning device is installed in the 
car. The relay coil employed by the author had 100 

turns with a centre-tap, as shown here 

The panel warning light could be a radio or car 
type fitted with a 12 volt bulb of low wattage rating. 

Q 

NEW TUNING MODULE FOR 

A.M./F.M. RECEIVERS 

The latest circuit module now available from Mullard has been designed for use in a.m./f.m. receivers 
and can operate in conjunction with any of the Mullard i.fi circuit modules type LP1164, LP1165 or LP1171. 
The new module, type LP1169, is a two-transistor, f.m. tuner containing an r.f. amplifier and a self-oscillating 
mixer that are tuned by the two outer sections of a four-sectioned, solid-dielectric capacitor. In addition 
to the two transistors, the tuner contains a diode with an associated circuit so that automatic frequency 
control can be used if required. 

The LP1169, which has a frequency coverage for f.m. reception of nominally 87 to 108 Mc/s, is designed 
for use with aerials having an impedance of 75 or 300 ohms. The intermediate frequency is approximately 
10.7 Mc/s and the bandwidth 350 kc/s. At 100 Mc/s, the power gain is at least 26dB and the noise factor not 
more than 8dB. 

The two inner sections of the tuning capacitor are intended for use with an external circuit (ferrite-rod 
aerial and coils) when receiving the a.m. short, medium and long wavebands. (The long and medium wave- 
bands can be covered by means of the tuning capacitor in the LP1169 and the oscillator coil in the LP1171.) 

Module type LP,1169, therefore, has the advantage that no mechanical coupling to another capacitor 
is needed to ensure that tuning of an a.m./f.m. receiver can be accomplished by means of a single tuning 
knob. 

The tuner operates from a nominal supply of 6.8V, and draws a current of approximately 3.5mA. It 
is fully screened and is approximately 82 x 37 x 35mm, with the capacitor shaft protruding another 25mm. 
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★ 

THE 

DX 

THREE 

The receiver to be described will prove an 
ideal design for the beginner to construct, not 
only by reason of its simplicity but also by vutue 

of the low costs involved when purchasing the com- 
ponents. As shown here, it is . 
Hptpz-tor and first audio stage, 6BW6 power ompui 
stage and EZ80 full-wave rectifier—provision being 
made for the addition of a suitable r.f. stage at a later 
date In this respect, a 2-gang variable capacitor has 

Sll values i watt 10% unless otherwise stated) 
Ri 
R2 
Rj 
R4 
Rs 
Re 
R7 
Rs 
Rs 
Rio 
Ru 

COMPONENTS 

l.SMfl 
lookn 
ioka 
47ka 
4.7kn 
IkQ 
470ka , 
SOOkO pot, log track, with ai(a)(b) 
240a 
ion 
Ikn 5 watts 

Valves 
Vi 12AX7 
Vz 6BW6 
Vj EZ80 

Valveholders o v 
4 off B9A, 1 with skirt and screen for Vi 

Speaker 
30 impedance 

Phone Jack . 
JKi Phone jack (Igramc) 

PL\ Assembly „ . , „ t 's 
6.3V, 0.3A (H. L. Smith & Co. Ltd.) 

Cz 

^ Ci lOOpF variable, type C804, (Jackson 
Bros Ltd) . ., w 
310pF, 2-gang variable, type E2 
(Jackson Bros Ltd) 
lOOpF silver-mica 
8u.F, electrolytic, 350V wkg. 
0.01 ij.F ,tubular, 400V wkg. Mallard 
0.01 yF, tubular, 400V wkg. Mullard 
10pF, electrolytic, 6V wkg. 
25[xF, electrolytic, 25V wkg. 

C3 
C4 
Cs 
Cfi 
Cz 
Cg 

a 

» 

- : 

1^ 

This simple 3-valve design is eminently suitat 
Speaker or headphone operation faciht.esar 
design includes e double-woun^ma,^, trend 

Rs Aerial ww 
ck <-13 
I 

c4 S r3 Cs 
I 

RFCi C6 

I I2AX7 V|b Via i 6 C|2 
I 

C3 > : 

lit r8 
R? 

n Cz r6 c7 . 

I 
7^7 i 

Chassis 
Earth 
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Cover Feature 
MAMMA 

by 

NORMAN R. KING 

been included in the prototype at the outset to cater for 
this later modification, connection being made at present 
to one of its sections only. However, the receiver gives 
a very satisfactory performance in its existing form, 
and many constructors will prefer to operate it without 
the later addition of an r.f. stage. In this case, a single- 
gang tuning capacitor should be employed for Cz 
instead of the 2-gang capacitor specified in the Com- 
ponents List. 

C9 0.1 (J.F, tubular, 400V wkg., Mullard 
type B7N 

*Cio 32|ji.F, electrolytic, 450V wkg. 
*Cii 32(xF, electrolytic, 450V wkg. 

C12 33pF 
C13 2(iF, electrolytic, 450V wkg. 

* Contained in single can with mounting clip 

Transformers 
Ti Type 117E (H. L. Smith & Co. Ltd.) 
T2 Type MT1 AT Douglas, Pri: 0-200-230 

-250V; Sees: 25(M>-250V, 80mA; 
6.3V, 3.5A; 6.3V, 1A tapped at 5V 2A 

Tagstrips and Socket Strips 
6-way, 2 tags earthed 
Speaker output and aerial/earth (H. L. 
Smith & Co. Ltd.) 

R.F. Choke 
RFCj 2.5mH, type CHI (H. L. Smith & 

Co., Ltd.) 

Panel and Chassis 
See Fig. 2 (H. L. Smith & Co. Ltd.) 

Miscellaneous 
4 and 6BA nuts and bolts, 
earth tags, screened cable, 
p.v.c. covered wire, 2-core 
mains input cable, sleeving, 
f and iin rubber grommets, 
solder, etc. 

Panel-Signs Transfers 
Set No: 4 Wording 
Set No: 6 Dials 

(Data Publications Ltd.) 

Inductors 
Li,2,3 Denco Miniature Dual-Purpose, 

Green, Ranges 3, 4 and 5 
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(O 
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E- 0©—€T0 

-3l/2" -|I/2V 

W) 

Fie. 2 (a) Drilling details of the front panel 
(b) chassis deck 

(c) chassis front apron and 
(d) chassis rear apron 

Provided a good outside aerial and a direct earth 
innection are used, excellent results will beo blamed 
ver all the short wave frequencies covered by the 
■ceiver The total frequency range is 1.67 Mc/s ( l»u 
letres) to 31.5 Mc/s (9.5 metres) in three ranges using 

the nlug-in coils specified. A bandspread capacitor 
has not been included in the circuit as shown here but 
should the intending constructor consider this addition 
desirable it would require to be a 25pP Pauel-®oungg 

variable capacitor, such as the Jackson Bros. Cat. 
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No. C804. The bandspread capacitor would be con- 
nected in parallel with the main tuning capacitor C2. 
Without the bandspread capacitor it is necessary to 
fit C2 with a slow-motion drive, and a simple epicyclic 
drive will prove to be reasonably satisfactory, although 
tuning will still be somewhat critical. A suitable type 
here is the Jackson Bros, drive under Cat. No. 4511/5. 
If desired, a more comprehensive slow-motion drive 
can be employed, and the mounting of such a drive is 
left to the constructor. In this respect, it should be 
noted that the accompanying photographs illustrate 
the writer's receiver at an early stage when a drive 
was not fitted. There is room on the chassis for the 
2-gang capacitor to be moved back through lin, 
thereby accommodating most slow-motion drives likely 
to be encountered. 

A considerable amount of experimental work has 
been carried out on the detector and first a.f. stages, 
and the component values specified here have been 
found to produce the best results. The output stage 
offers a high power for speaker operation. Headphones 
may be plugged into a jack on the rear apron, where- 
upon the speaker is automatically muted. It is desirable 
to initially keep the volume control at a low setting 
when inserting the headphone jack plug, owing to 
the high output power available. 

The power supply section of the receiver includes an 
EZ80 full-wave rectifier and the Douglas MT1AT 
mains transformer. The EZ80 rectifier is capable of 
a maximum current output of 90mA and the mains 
transformer has a secondary rating of 250-0-250V 
at 80mA. In the circuit shown, the total current con- 
sumption is 48mA, under quiescent conditions, with 
275 volts at pin 3 of the rectifier and an h.t. line voltage 
of 227 at the junction of Qo and Rn. From these 
facts it will be readily seen that the power section is 
under-run and is, therefore, cool at all times. Should 
the 2-valve design be adhered to as shown here, there 
is available a maximum current surplus of 32mA 
which could be utilised to run some other item of 
ancillary equipment having an h.t. current rating within 
the 32mA limit. If however, as is suggested later, an 
EF183 r.f. stage is added, this would consume approxi- 
mately 17mA which, together with the 48mA already 
accounted for, would leave a smaller surplus of 15mA, 
thereby resulting in the power section being operated 
(without ancillary equipment) comfortably within its 
maximum limit. An octal plug and socket could be 
included on the rear chassis apron to provide a power 
supply outlet to ancillary equipment when the 2-valve 
receiver design is adopted. 

Circuit 
Signals from the aerial are fed direct to the winding 

Li of Fig. 1 and appear across the winding L3, this 
being tuned by variable capacitor C2. The grid capacitor 
C3 and grid leak Ri have values which ensure that 
reaction is smooth and free from backlash. 

The coils depicted as Li, L2 and L3 are the aerial, 
reaction and tuned windings respectively of coils in 
the Denco Miniature Dual-Purpose Green series. 
Three coils are required, these being for Range 3 
(1.67—5.3 Mc/s), Range 4 (5—15 Mc/s) and Range 
5 (10.5—31.5 Mc/s). The coils plug into a B9A valve- 
holder, and the numbers in Fig. 1 indicate the pins 
to which the windings connect. 

Vi(a) functions as a grid-leak detector, the detected 
a.f. signal at its anode being passed to Vi(b) via C5. 
Reaction is obtained direct from Vi(a) anode, and is 

Below-chassis view of the receiver. The method of mounting 
the smoothing capacitor assembly, with Rn wired across 
the two positive tags, is clearly shown. The position of the 

6-way tagstrip may also be seen from this illustration 

controlled by variable capacitor Q. Capacitor C12 
limits the r.f. voltage fed back from the anode and 
further improves the performance of the reaction 
circuit. 

The first audio amplifier stage, Viq,), is a simple 
triode circuit in which the anode resistor R4 is the 
load across which the output voltage is produced. 
Bias is developed across the cathode components 
Rg, C7. The bias voltage across these latter two com- 
ponents is caused by virtue of the fact that the current 
flowing through the valve produces a small voltage 
across Rg and C7, this making the cathode positive 
with respect to the grid. The output signal voltage 
taken, via capacitor Cg to potentiometer Rg, is now 
a much amplified copy of the input voltage. 

The input signal for V2 is taken from the slider of 
potentiometer Rs, which functions as a.f. volume 
control. V2 provides further amplification and offers 
an output, at a power level suitable for a speaker, 
via transformer Ti. Resistor Rio is included to ensure 
that V2 anode circuit is still adequately loaded if high 
resistance headphones are plugged in. Insertion of 
the headphone jack plug automatically mutes the 
speaker. 

The components Qo, Qi and Ru ensure that a 
ripple-free h.t. potential is available. Note that Qo 
and Qi are contained within a single can, the chassis 
connection being made via a mounting clip secured to 
both the metal container and chassis. 

The mains transformer, T2, is fitted with primary 
tappings at 200, 230 and 250V, and the tapping appro- 
priate to the local mains voltage should be used. The 
а.c. mains supply is applied to the primary winding 
via the double-pole switch Si(a)Cb), this being integral 
with the volume control Rg. 

The rectifier heater is supplied from a separate 
б.3V 1A winding on T2, the remaining heaters being 
run from a 6.3V 3.5A winding with one side earthed 
to chassis. The total current consumed by the heaters 
of Vi and V2, and by pilot lamp PLj, is 1.05A only, 
whereupon 6.3V at 2.45A is available for ancillary 
equipment, should this be desired. If the r.f. stage to 
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Pin 9,V| 
PL| 

Pins 3 and 4, V3 
Pin 5, V3 

Pin l,V3 Chassis tag Pln7,V3 
To SECONDARIES 

Fig. 3. Wiring-up details of mains transformer T2 

be discussed later is added, the available surplus 
current at 6.3V is 2.15A. So far as hum is concerned, 
no trouble was experienced with the prototype despite 
the fact that one side of the heater supply is at chassis 
potential. 

A further refinement to the circuit as shown here 
would be that of inserting a panel-mounted lOOpF 
variable capacitor in the aerial input lead to the 
inductor Li. This capacitor must not make contact 
with the metal panel and must therefore be secured 
by means of two insulating washers, one in front and 
one behind, the panel, together with insulating material 
around the bush of the capacitor. A simple continuity 
test will soon ensure that no unwanted contact is being 
made. Operation of this capacitor will vary the aerial 
loading and will eliminate any "dead spots" that may 
be apparent with respect to obtaining reaction over all 
the frequency range covered. In the prototype no 
such dead spots were in evidence but this will depend, 
to some extent, on the aerial used with this receiver. 

Construction 
Figs. 2 (a), (b), (c) and (d) show the drilling details 

for the front panel, chassis deck, chassis front apron 
and chassis rear apron respectively. 

In the first instance, the panel should be drilled as 
shown in Fig. 2 (a), hole A being for the panel lamp 
PLj, hole B for the volume control Rg and hole C 
for the reaction capacitor Cj. These holes should be 
of -fein diameter. Hole D is for the slow-motion drive 
centre for the variable tuning capacitor C2, the vertical 
measurement given being approximately correct for 

the component specified. However, variations may occur 
due to slight differences in chassis deck height, and it is 
preferable that the exact height be found by offering 
up the capacitor to the panel when it is standing on 
the chassis deck. The diameter of hole D depends on 
the type of slow-motion drive employed. 

The front panel should now be clamped to the chassis 
front apron such that the lin overhang is apparent 
at either end of the panel, and centre-punch marks 
made at the centre of holes A, B and C. Remove the 

'clamp and drill these holes in the chassis front apron. 
Drilling details of the chassis deck are shown in 

Fig. 2 (b). Holes of fin diameter are cut for Vi, V2, V3 
and the coilholder, using a chassis-cutter, if available. 
The transformers Ti and T2 should next be placed on 
the chassis and used as templates whilst marking with 
a centre-punch the positions for their mounting holes. 
These are 4BA clear. The orientation of the transformers 
may be found from the above-chassis illustration and 
the information in the following paragraph. 

The mains transformer should have its primary 
tags towards the left-hand apron of the chassis (second- 
ary tags on the inside) and should be finally positioned 
such that it is set fin from the left-hand apron to 
allow the fitting of a iih grommet between the trans- 
former edge and the left-hand edge of the chassis. 
Output transformer Tj should be oriented such that 
the orange and white wires from the primary are nearest 
the front of the chassis. After the mounting holes for 
the transformers have been marked out, mark out 
further holes for grommets of suitable size to take the 
wires passing to the respective primary and secondary 
windings. The mains transformer is fitted (later) with 
its 250-0-250V tags nearest the chassis. (See Fig. 3). 

Dealing next with the rear apron of the chassis, refer 
to Fig. 2 (d) and drill holes E and F, these being for 
the headphone jack and the a.c. mains input cable 
grommet respectively. The aerial and earth socket 
strip is at the left-hand side of the chassis rear apron 
whilst the remaining socket strip is for the speaker 
output. These socket strips should be offered to the 
rear apron upside down such that the respective holes 
for securing purposes (6BA clear) can be marked 
with the aid of the centre-punch, this being followed 
by measuring and marking the holes for the metal 
sockets proper. It should be noted here that none of 
the metal sockets should make any contact with the 
chassis. 

Next to be drilled are the 6BA clear mounting -holes 
for the valveholders and coil holder. Yi valveholder 
is oriented such that pin 5 is nearest the front panel. 

Pin 7, V2 

Go red 

yellow RIO 

Jt—_s. qv 
Speaker 
output Phone 

jack Flat side 
Chassis uppermost 

tag Chassis rear apron 

Fig. 4. Wiring-up details of the phone jack and tjie 
speaker output tagstrip 
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V2 has pin 3 nearest the front panel, whilst the coil- 
holder has pin 5 nearest the front panel. The orientation 
of V3 valveholder is unimportant. 

The mounting holes for the tuning capacitor must 
next be dealt with, and this necessitates temporarily 
assembling the chassis deck and front panel, and 
fitting the slow-motion drive which is to be used to 
the latter. The tuning capacitor is then set up in the 
position it will finally occupy and mounting holes 
marked out using its mounting lugs as a template. 
The mounting holes are 4BA clear. Mark out also 
two holes (assuming a 2-gang component is used) 
directly alongside the fixed vane solder tags. These 
holes will later take fin grommets. 

The smoothing capacitors C10 and Cn, contained 
within a single can, should now have the fixing clip 
secured to the can. Using this assembly as a template, 
mark and drill the two fixing holes (4BA clear) in the 
chassis side apron—see illustration of the below-chassis 
view. This component should occupy a final position 
such that the lugs of the fixing clip securing the can 
are towards the underside of the chassis deck. 

A six-way tagstrip, two tags earthed (see Fig. 5), 
should now be secured to the under side of the chassis 
by means of two 6BA nuts and bolts in the position 
shown in the below-chassis illustration. This tagstrip 
should be at an angle of approximately 45° and approxi- 
mately 1 jin from the holders for the coil and V2. 

Earth tags should be fitted under one of the fixing 
nuts for Vj valveholder, the coilholder, V2 valveholder, 
the nut nearest the earth socket on the rear chassis 
apron and the nut of the speaker output socket strip 
nearest the phone jack. 

When securing the mains transformer, the output 
transformer, the tuning capacitor and the smoothing 
capacitor to the chassis, use 4BA nuts and bolts with 
shake-proof washers. All other nuts and bolts should 
be 6BA. Having secured all the components to the 
chassis and the front panel, wiring-up may commence. 

Wiring-up the Circuit 
The easiest method of assembling this receiver is to 

commence with the wiring-up of the power supply 
section around V3 and T2. 

Feed the a.c. mains input cable through grommet 
F on the rear apron of the chassis and make the 
connections to the switch section of Rg. Note here 
that some potentiometers have their switch tags in 
slightly differing positions than other types and a 
simple continuity test, using say a torch battery and 
bulb, will soon show the correct tag positions. Make 
the connections to the a.c. input side of the mains 
transformer using the OV tag and a primary tap 
suitable for the local mains voltage. Fig. 3 indicates 
the 6.3V tags on T2 which connect to V3 heater (the 
5V tag is unused). Note that the heater wires to V3 
are twisted. 

Wire up the valveholder for V3 and the remaining 
6.3V heater line to both Vi and V2, at pins 9 and 5 
respectively. Earth to the chassis, by means of short 
lengths of bare wire, tags 3, 4 and 5 of Vi and tag 
4 of V2, also earthing the central metal spigots of these 
valveholders. Earth to chassis tags 2 and 9 and the 
spigot of the coilholder. Note that the correct 6.3V 
heater tags of the mains transformer for Vj and V2 
are those tags directly alongside the 250-0-250V tags. 
The transformer tag marked "SC" should be joined 
to both the tags marked 0 on the lower row of tags, i.e. 
that row of tags nearest the chassis deck. It will be seen. 

Pin 6, v. 

Pin 8,V2 

Junction 
Qo.Rll C4 

e 
RFCi 

Pin 7, V| 

Pin I, V| 

. Chassis tag 

Fig. 5. Wiring-up details of the tagstrip 

from the above, that the heater supply for Vi and V2 
has a return via the metal chassis. 

The smoothing resistor Ru should be wired directly 
across the positive tags of the smoothing capacitors 
—see illustration. 

Output Stage V2 
Having completed the wiring of the power supply, 

the output stage around V2 should next be dealt with. 
First, wire up the output transformer Ti. The leads to 
this component should be cut to suitable length and 
connected in the following manner. White lead to 
pin 8, and orange lead to pin 7 of V2 valveholder. 
The red and yellow leads should be joined together and 
then soldered to one tag of the phone jack, as in Fig. 
4. The capacitor C9 should now be connected between 
pin 7 of V2 valveholder and the same tag of the phone 
jack. The black and green wires of T1 should next have 
their wire ends joined together and be soldered to one 
tag of the speaker output socket strip, after which the 
remaining wiring in Fig. 4 is carried out. 

Complete the remainder of the wiring in the y2 
stage, including the soldering of R9 from pin 3 (which 
should also be connected to pin 9 of V2) to the adjacent 

Above-chassis view of the receiver. Note here that the 
two-gong variable tuning capacitor has been included to 

allow for the later addition of an r.f. stage 
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Fig. 6. The circuit of the suggested r.f. stage 
t 

chassis tag with Cs in parallel, observing correct 
polarity in Cg. The slider of Rg connects to pin 2 of 
V2 by way of screened cable, and the braiding of this 
cable is earthed at the chassis tag adjacent to V2 valve- 
holder. Television coaxial cable may be used for this 
screened lead. 

Detector and 1st Audio Stage Vi(a),(b) 
To wire up this stage, it will first be necessary to 

temporarily remove the reaction capacitor Cj from the 
panel and chassis. Q is fitted and connected into 
circuit when the remainder of the wiring in this stage 
has been completed. 7 

The components wired «ito circuit around Vi 
valveholder should be positioned close to the chassis 
to provide clearance for Q when this is operated. The 
tagstrip should be wired up as shown in Fig. 5. All 
wire'ends associated with the components mounted 
around V] valveholder and the tagstrip should be as 
short and direct as possible, suitable lengths of sleeving 
being used where required. 

If the 2-gang tuning capacitor is fitted, the rear section 
is employed for C2. 

Testing the Receiver 
The voltages obtained with the prototype receiver 

are shown in the accompanying Table and were 
obtained with an a.c. mains voltage of 235 Test 
voltages will, of course, depend upon the mains 
voltage given at the time of checking, the resistance 
of the testmeter used and component tolerances. 
Generally speaking, voltage readings should be within 
about 15% of those shown in the Table. 

Adding an R.F. Stage 
An r.f. stage will shortly be added to this receiver 

(at the time of writing) and the suggested design for 
this circuit is shown in Fig. 6. It should be stressed, 

Position Voltage 
Pin 3 V3 275 
Junction Qo, R11 227 
Pin 7 V2 195 
Pins 3, 9 V2 10.2 
Junction R4, R5 215 
Pin 6 Vi 175 
Pin 8 1.2 
Pin 1 Vi 100 

All readings obtained with a.c. mains voltage at 235V. 

however, that this design has not been tried out in 
practice, although there is no reason why the circuit 
should give any undue trouble. 

The addition of an r.f. stage will, of course, greatly 
improve the performance of the receiver and also 
provide the additional benefits of increased selectivity 
and sensitivity along with the removal of damping 
effects upon the detector stage due to direct loading 
by the aerial. 

The r.f. gain control should occupy the position on 
the panel which is at present taken by panel lamp 
PLi, the latter component being refitted to the panel 
above the chassis deck. To balance the front panel 
controls, a 25pF bandspread capacitor could be secured 
to the panel opposite PLi and wired in parallel with C2 
of Fig. 1. 

The coils required for the r.f. stage are of the Denco 
Miniature Dual-Purpose type in the Blue series, 
ranges 3, 4 and 5 being obtained to match the ranges 
already in use with the detector stage. 

The r.f. valve and coilholder should occupy a position 
on the chassis deck to the left of the 2-gang tuning 
capacitor (allowing sufficient space for the operation 
of the tuning capacitor moving vanes) and between 
the mains transformer and the front panel. 

The r.f. stage should be simply inserted into the 
Circuit of Fig. 1 between the aerial input and tag 8 
of Lj. In order that the addition of the r.f. stage should 
be as simple as possible, the aerial input socket should 
be connected direct to pin 8 of the r.f. coilholder and 
the output of the r.f. stage connected, via the lOOpF 
coupling capacitor, to tag 8 of the detector coilholder. 

If a slow-motion tuning mechanism has been in- 
cluded with the main tuning capacitor, a 25pF variable 
capacitor could be included in the r.f. stage as an r.f. 
trimmer control across pins 1 and 6 of the coil, the 
bandspread control not being required. Again, if 
the suggested bandspread capacitor has been fitted 
then the r.f. trimmer control could well take the position 
mentioned above for PLi, this latter component either 
being omitted altogether or positioned elsewhere on 
the front panel. 

As a final point, and returning to the design in its 
present form, the dial on the front panel is taken 
from Panel-Signs Set No. 6. A simple cursor can be 
readily made from a small piece of Perspex and scribed 
with a fine line, this being filled with Indian ink. Suitable 

'wording for panel controls is given in Panel-Signs 
Set No. 4. 

□ 
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CRYSTAL 

CONTROLLED 

P.M. 

t RECEIVER 

PART 2 

9 

By J. B. Dance, M.Sc. 

This is the concluding article describing an f.m. receiver incorporating the S.T.C. 
triple-crystal unit, and it gives details of construction and alignment 

Every amateur builder of electronic equip- 
ment has his own ideas on the subject of 
construction. The method of construction used 

in the prototype will be described, but obviously 
there are many possible variations. 

The writer prefers to employ a chassis which is 
reasonably strong and therefore 18 s.w.g. tinplate 
was used. A piece 17.4ins long by 8.4ins wide was 
cut into the shape shown in Fig. 6. The angles at 
which the corners are cut away are not critical and 
readers are left to use their judgement in this matter. 
Bending of the chassis may be done either before 
or after drilling, according to preference. It should 
be noted, before proceeding further, that the 
dimensions given in Figs. 6 and 7 apply to the 
mains transformer, speaker transformer and smooth- 
ing choke employed by the writer. It is perfectly in 
order to use larger components here, of course, 
but it will be necessary to enlarge the overall chassis 
dimensions accordingly. 

The sections marked A and M are bent downwards 
at an angle of 90° to the remainder of the metal. 
(One of the pieces of equipment made for folding 
sheet metal manufactured by Messrs. A. B. Parker, 

of Wheatcroft Works, Wellington Street, Batley, 
Yorkshire, is extremely convenient for making 
chassis of this type.) The sections B, D, J and L 
are then bent downwards at 90° also. The sections 
C and K are bent downwards at 90°, followed by 
sections E and I. Finally, sections F and H are bent 
downwards. 

The sections B and J are soldered to the section 
F, preferably using a very hot soldering iron which 
has been heated by a gas flame. (The electric solder- 
ing irons usually used by amateurs do not normally 
carry enough heat for this application.) The chassis 
should be inclined so that the junction to be soldered 
is at the lowest point on the chassis and the solder 
will then run naturally into the junction as the hot 
iron is passed along. Ordinary multicored solder 
may be used. The sections D and L are then soldered 
to the section H. 

The chassis is now complete. The sections A, 
E, I and M are already folded in beneath the chassis 
and increase its strength substantially without making 
the construction of the receiver appreciably more 
difficult. A base plate may be attached to these 
sections later if desired. 
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Fig. 6. The chassis before drilling. Work commences with a rectangular sheet of metal measuring 17.4/n long by 8.4in wide 

Drilling 
As was just mentioned, the chassis may be drilled 

either before or after it is bent and soldered. The 
holes for the valve bases and for the mains con- 
nector are conveniently cut with the appropriate 
size of "Q Max" cutter. The full drilling diagram is 
given in Fig. 7. The positions of the centres of valve- 
holders and of coils are shown in this diagram, but 
the actual holes are not shown in the case of these 
particular components. For details of the holes 
required for mounting coils, see the section on coils 
and Fig. 14. 

For Vi, V2, V3, V4, V5 and X (X is the triple 
crystal unit) make the main hole in the position 
indicated; these holes are fin diameter for the B7G 
valveholders. Make two smaller holes (which will 
clear 6BA bolts) on a diameter of the main hole and 
equidistant from the centre of it for the mounting 
bolts. A line joining the centres of the two valve 
base mounting holes should, in the case of every 
valve position, make an angle of about 30° with 
a line parallel to the length of the chassis. Arrange 
orientation so that grid and anode pins are closest 
to the circuit they connect to. 

Valves Vg, V7 and Vg fit into B9A (Noval) holders. 
The diameter of the main hole must therefore be 
|in. Otherwise the same remarks apply as in the 
case- of the B7G valve holders. 

The hole marked A is for the aerial input socket, 
that marked B is for the low impedance high 
fidelity output socket, whilst that marked C is the 
loudspeaker output socket. All these holes are 
0.45in in diameter, the fixing holes on either side 
being 6BA clearance. 

As was pointed out in the Components List last 
month and earlier here, the use of transformers 
or a smoothing choke larger than those employed 
in the prototype may necessitate increasing chassis 

dimensions accordingly. However, the components 
used by the author are quite standard and little 
difficulty on this score should be encountered in 
practice. Holes D in Fig. 7 are for the speaker 
transformer, and should have the spacing dictated 
by the component employed. With the prototype, 
this spacing was 2.25in. Both holes are 4BA clear- 
ance. The speaker transformer is above the chassis. 
Hole .G is the rectangular cut-out for the mains 
transformer and, in the prototype, was 2.8 x I.Sin, 
with mounting centres at 2.85in. Again, these dimen- 
sions may be modified to suit the component 
employed. Holes I are for the smoothing choke 
which, in the prototype, was on 2.Sin centres. 

Holes E are 0.2in in diameter, and take the three 
oscillator trimming capacitors type C004EA/6E. 
Alternative trimmers may require different mounting 
arrangements, but they should still be positioned 
at the same points as the holes E. 

Holes F are 6BA clear and take an 8-way tagstrip. 
The tagstrip is mounted below the chassis and the 
holes must be countersunk on top to enable the 
bolt heads to be flush with the surface of the chassis; 
otherwise the mains transformer could not lie 
flat on this part of the chassis. Hole spacing may 
vary from the measurement given in Fig. 7, according 
to the tagstrip used. 

Hole H is for a stand-off insulator. In the proto- 
type this was a Jackson Brothers ceramic stand-off 
insulator type R-S, which is secured by a 6BA bolt, 
but a small Paxolin component could also be used. 
A second insulated tag is also mounted at this hole, 
as mentioned later under "Oscillator Construction". 

For ease of removal of coil and i.f. transformer 
cans, these were mounted, in the prototype, in a 
somewhat unconventional manner which requires 

(continued on page 561) 
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CRYSTAL CONTROLLED P.M. RECEIVER 
Part 2 

(continued from page 558) 

two extra holes per coil or transformer. Details of 
this method of mounting are given later, in the 
section dealing with the coils. 

Oscillator Construction 
It is quite a good idea to construct the oscillator 

circuit first, since this section can then be tested. 
One does not want radio frequency potentials 
appearing all over the chassis and therefore it 
is wise to return all of the oscillator circuit earth 
connections to a common point. Unfortunately the 
earthy side of the trimmer capacitors canndt be 
returned to this point unless one goes to the trouble 
of mounting them on a small insulated sub-chassis. 
The trimmers are, therefore, connected direct to 
chassis at their mounting points. All wiring should, 
of course, be kept as short as possible at these 
frequencies. C28 is not fitted at this stage. 

The junction of R23, R24 and C27 is supported 
on the stand-off insulator at hole H of Fig. 7. A 
second insulated tag is required for supporting the 
end of R20 which is not connected to the base of 
Vg. This tag is held in position by that securing 
the stand-off insulator. All of the h.t. wiring in the 
r.f., mixer, i.f. and oscillator sections is held about 
fin away from the chassis underside (but against 
the side of the chassis) to minimise unwanted 
coupling. 

Testing The Oscillator 
When the construction of the oscillator circuit 

has been completed (including Lu—to be described 
later) a check can be made to ensure that oscillation 
will take place. A heater supply and a suitable h.t. 
potential is obtained from a separate piece of equip- 
ment, since it is unwise to bolt the relatively heavy 
mains transformer and smoothing choke (L12) to the 
chassis at this early stage. A meter with a full scale 
deflection of between 100 and 500txA is connected 
between chassis and the junction of R23, R24 and 
C27, the positive meter terminal being taken to 
chassis. 

A meter reading will be obtained if oscillation is 
occurring. At some settings of the trimmer capacitor 
which is connected in the circuit at the time, no 
oscillation will occur. The trimmers should be 
selected in turn by the switch and each adjusted for 
maximum reading on the meter. It is possible for 
some oscillation to occur which is not controlled in 
frequency by the crystal. The point where the crystal 
takes over control is indicated by a sharp peak on 
the meter as the trimmer is adjusted. 

If it should be difficult to adjust the trimmer so as 
to obtain a maximum reading at the lowest frequency 
(i.e. the Light Programme), the turns of Lu may be 
compressed together very slightly. If, however, the 
maximum reading is not easily obtained with the 
highest frequency (the Home Service Programme), 
the coil may be expanded very slightly. Generally, 
however, it will not be necessary to do this and the 
writer found that the circuit worked first time. 

It will be necessary to readjust the trimmers when 
C28 is fitted and connected to the mixer stage, since 
the capacitance in the circuit will then be different. 
The trimmer adjustment is fairly critical. 
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Fig. 8. A simple valve voltmeter for alignment 

The RF/IF Section 
It is very desirable, although probably not essential 

to return all earth connections in the r.f. stage to a 
common point. An insulated tag is used to support 
R4, this tag being secured by one of the bolts used for 
fixing the screening can of the aerial coil. An insu- 
lated tag supporting the end of Ri remote from L3 is, 
fastened by one of the bolts holding the screening 
can of this coil. 

All leads in the r.f./i.f. section must, of course, be 
kept as short as possible if they are carrying radio 
frequency currents. This applies in particular, to the 
decoupling capacitor lead-outs. 

A 2-way tagstrip is used to support Rio, this 
tagstrip being secured by one of the bolts which 
holds the can shielding Lg and L7. 

A further 3-way tagstrip (with one tag earthed) is 
required to support R^, and R19 and C25. This 
tagstrip is secured by one of the bolts which hold the 
V5 valveholder in position. Single insulated tags 
standing about i to lin from the chassis are used 
to support the h.t. wiring to each valve in the section 
i.f. section. A single insulated tag mounted by L10 is 
used to support the end of R15 remote from Ljo. A 
few inches of coaxial cable is connected to this tag 
to take the signal to the audio stages. 

The Audio Stages 
C34 and C38 are mounted on the side of the 

station selection switch which is remote from the 

Fig. 9. The i.f. trace, as displayed by an oscilloscope 
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oscillator valve, one capacitor being placed above 
the other. They are afforded some support by a 
tagstrip which is held in position by one of the bolts 
securing V7. C35, R28 and R27 are connected to this 
tagstrip. C36 had to be mounted fairly near to the 
mains transformer, since the audio section is some- 
what compact in layout. It is mounted on a tagstrip 
which is held in position by one of the bolts securing 
the speaker transformer. C39 is rather near to R34, 
which tends to get a little warm. However, the 
voltage applied to C39 is quite low. One end of this 
capacitor and the speaker transformer output leads 
are connected to a tagstrip placed near Vs. 

The Power Supply 
The mains transformer is a normal half-shrouded 

component 3.7in in length by 3.lin wide. The 
smoothing choke, L12, is placed underneath the 
chassis. The Belling-Lee cut-out is secured to the end 
of the chassis in one corner and is normally in a 
vertical plane. The mains input socket is placed 
between the cut-out and L^. 

The power rectifier diodes are wired to the 
tagstrip which is mounted near the mains transfor- 
mer. (This tagstrip is secured by the holes marked 
F in Fig. 7). The heaters supply is also connected to 
this tagstrip. 

Alignment 
The alignment of an f.m. receiver (other than the 

pulse counting type of receiver) always presents 
some problems. 

First of all the oscillator trimmers should be set 
for maximum reading on a fairly sensitive meter 
connected between earth and the junction of R23, 
R24 and C27 as described previously. The switch Si 
is used to select the trimmer being adjusted. 

A valve voltmeter is very desirable for the align- 
ment of the ratio detector transformer, although it 
is also possible to manage with a very sensitive meter 
(about 10|j.A full scale deflection) and a series 
resistor. A commercially manufactured valve volt- 
meter is most convenient, but those readers who do 
not have access to such an instrument may construct 
the small circuit shown in Fig. 8. This simple valve 
voltmeter is not intended to be used for the measure- 
ment of actual voltages, but is quite suitable for 
use as an indicator of zero voltage or for the align- 
ment of a circuit for maximum response. The meter 
in Fig. 8 should have a full scale deflection of between 
100(4A and 1mA. The Ikfl resistor is the set-zero 
control. 

If the circuit of Fig. 8 is too sensitive for measuring 
the voltages in the receiver, a resistor of several 
megohms should be placed between the input 
connection and the grid of the left hand triode. 

In order to align L4, L5, Lg and L7, the output 
from a signal generator set accurately at 10.7 Mc/s 
is fed to the grid of V2. An unmodulated continuous 
wave may be used. The valve voltmeter should be 
connected across capacitor Qs in the a.g.c. line. 
The cores of the i.f. transformers are set for maximum 
reading of the voltmeter. As the circuits come into 
alignment, the output of the signal generator should 
be reduced so that the final alignment with the signal 
generator is carried out with a very small input. 
Incidentally, it is possible to use the oscillator of a 
short wave receiver instead of a signal generator. 

The valve voltmeter is now connected across C25 
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and the core of Lg is adjusted for a maximum 
reading of the meter. 

Alignment using the Transmitted Signal 
The i.f. stages have been approximately aligned 

by the above procedure, but with a crystal controlled 
local oscillator, the final alignment must be carried 
out using the transmitted signal. This eliminates the 
possibility of mis-tuning these stages due to the use 
of an inaccurately calibrated signal generator or a 
crystal which does not oscillate at a frequency 
exactly 10.7 Mc/s below the transmitter frequency. 

An aerial is now connected to the receiver input. 
A programme should be received and should produce 
a voltage across Qg. If no such voltage is obtained 
turn the volume control to maximum and try to 
adjust the cores for maximum signal strength. If no 
signal can be heard, the initial frequency of align- 
ment with a signal generator was incorrect and the 
alignment should be repeated with the signal 
generator at a slightly different frequency. 

When a response is obtained using the aerial 
input, connect the valve voltmeter across C15 and 
adjust the cores of L4, L5, Lg and L7 for maximum 
response. Then adjust the core of L2 for maximum 
response when the centre frequency is being received 
(that is, the Third Programme). If maximum response 
can be obtained with the core in two different 
positions, the correct adjustment occurs at the 
maximum where the core is not very far in the coil. 

The core of L3 should be adjusted in conjunction 
with the oscillator trimmers. These adjustments 
are interdependent and it may take some time before 
optimum results can be obtained on all three 
programmes. 

The core of Lg should now be adjusted for maxi- 
mum voltage across the capacitor C25. 

The valve voltmeter should then be connected 
across C33. As the core of L9 is adjusted, through 
resonance, the meter reading should increase to a 
maximum, then decline steadily to zero and rise to 
a maximum with the opposite polarity. Finally it 
will decline again. The core should be adjusted so 
that the potential across C33 is at the centre zero 
point. Adjustment of the core in one direction will 
then produce a voltage across C33 of a certain 
polarity, whilst adjustment of the core in the opposite 
direction will produce a voltage of the opposite 
polarity. 

When the receiver has been working for about an 
hour and has reached its working temperature, 
a final check should be made on the alignment of all 
the cores. Connect the valve voltmeter across C15 
for the alignment of all cores from Li to L7 inclusive. 
Lg is adjusted for maximum voltage across C25 and 
L9 is adjusted as just described. 

fig. 10. The overall response curve 

response curve will appear on the screen of the 
cathode ray tube. It will have the appearance of 
Fig. 9. The curve is inverted, since the potential of 
the a.g.c. line is negative with respect to the chassis. 
The cores of the i.f. transformers should be adjusted 
until the peak of the response curve is fairly broad 
and flat. This may involve slightly staggering the 
tuning and hence a loss of gain. 

When the oscilloscope input is connected across 
C33, the overall response of the receiver will be 
displayed. The curve will have the appearance shown 
in Fig. 10. The central part of this curve must be 
a straight line if the detector is to provide low 
distortion. If the curve shows a loop at one or both 
ends, this indicates that there is some phase difference 
between the modulating frequency and the output, 
and it is not important. One should not necessarily 
expect to get a suitable response curve immediately 
one switches the equipment on; the deviation and 
signal levels must be suitably adjusted. The proto- 
type gave what appeared to be a very linear response 
in this test. 

Drift 
It is also worthwhile checking the thermal drift 

of the resonant frequency of the tuned circuit L9 Czo- 
This is measured by finding the variation of the 

voltage across C33 with time after switching the 
receiver on from cold. This variation should be a 
small fraction of the maximum voltage obtainable 
when the core of L9 is adjusted in either direction. 

It must be emphasised that the use of a wobbu- 
lator and the checking of the amount of drift are by 

Final Alignment 
If possible, it is worthwhile checking the final 

alignment with a wobbulator. A wobbulator consists 
essentially of a signal generator, the output frequency 
of whiph sweeps through the f.m. band, and an 
oscilloscope. The frequency with which the trace 
on the cathode ray tube passes across the screen is 
the same as that at which the signal generator 
sweeps through the f.m. band; the two frequencies 
are synchronised, usually at 50 c/s. 

When this type of equipment is used and the 
oscilloscope input is connected across Qs, the i.f. 
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Fig. 11, The oscillator coil, Ln 
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Fig. 12. The i.f. transformer assembly 

no means essential operations. Satisfactory perfor- 
mance should be obtained with the simple alignment 
procedure, but the use of a wobbulator may lead to 
some improvement and is rather instructive. 

The Coils 
Suitable commercial coils are available, but the 

ones used in the prototype were home constructed. 
They were all wound on standard "Aladdin" coil 
formers of diameter 0.3in with screening cans 
measuring ft x f|in. The cans and formers used for 
Li—L2, Lj and Ln can be quite short with an 
overall height of 1.3in or more, but those used for 
the i.f. transformers and for the ratio detector 
transformer must be tall enough to contain the two 
tuned circuits and two dust cores required in each. 
They should have an overall height of 2.4in.* 

Details Of Individual Coils 
Ln is shown in Fig. 11. This coil consists of 5^ 

turns of 18 s.w.g. tinned copper wire spaced to 
occupy a winding length of fin. The wires are 
soldered to eyelets or tags in the base of the former 
at the places shown. This is the only coil not fitted 
with a dust core. 

The secondary winding of L1-L2 consists of 4| 
turns of 18 s.w.g. tinned copper wire spaced to 
occupy O.Sin. The primary winding consists of 2i 
turns of 22 s.w.g. enamelled copper wire interwound 
with the earthy end of the secondary winding. The 
windings were spaced and held in position with 
polystyrene cement so that they did not touch each 
other. The wires emerging from the coil former are 
soldered to eyelets or tags in the base of the former. 

L3 consists of 2f turns of 18 s.w.g. tinned copper 
wire spaced to occupy a length of 0.3in. Both L1-L2 
and L3 require a single dust core, which may be of 
the v.h.f. type. 

The two i.f. transformers, L4-L5, Lg-Ly, are 
identical (see Fig. 12). They consist of two coils, 
each 23 turns close-wound of 28 s.w.g. single silk 
enamelled copper wire, spaced accurately fein 
from each other. It was felt that this wire was too 
thin to bring out of the coil base to solder to the 
appropriate components. Four lengths of 18 s.w.g. 
tinned copper wire are therefore fixed at the top 
and bottom of the coil former as shown. They are 

* Coil winding details are based on information given by S. W. Amos 
and G. C. Johnstone in "Design For an F.M. Tuner", Wireless World, 
April and May, 1955. 
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soldered at the points at which they emerge from 
the base. The coil windings are soldered to these 
18 s.w.g. wires. 50pF silver-mica capacitors (not 
shown in Fig. 12) are soldered inside the cans across 
the appropriate 18 s.w.g. wires. The anode and grid 
connections are taken from their respective windings 
at the point most remote from the other winding 
to minimise capacitive coupling. Each i.f. transfor- 
mer has two dust cores. 

The ratio detector transformer is constructed in a 
similar way to the i.f. transformers, but five 18 s.w.g. 
wires run the length of the can, since there are five 
external connections. The secondary winding, Lg, 
positioned in the lower part of the can, consists of 
two coils, each 16 turns of 28 s.w.g. single silk 
enamelled copper wire, close-wound in the bifilar 
manner and connected in series. The lower end of 
the primary winding, Lg, was spaced ,3

e in above 
the upper end of the secondary. The primary 
winding consists of 35 turns of 36 s.w.g. single 
silk enamelled copper wire close-wound. The tertiary 
winding, Ljo, is wound over the end of the primary 
remote from the secondary, the two windings 
being separated by a paper inlay about two thou- 
sandths of an inch in thickness. The tertiary winding 
consists of 9\ turns of 36 s.w.g. single silk enamelled 
copper wire close-wound. See Fig. 13. The ratio 
detector transformer is fitted with two dust cores. 

Ail windings of the i.f. transformers and ratio 
detector transformer were covered in polystyrene 
cement. 

Fig. 14 shows the holes which must be drilled in 
the chassis for each coil former and i.f. transformer. 
The central hole, of iin diameter, permits the 
adjustment of the dust core from beneath the 
chassis. The former is fixed to the chassis by 
bolts passing through the two holes marked "6 BA 
clear" in Fig. 14. The 18 s.w.g. connecting wires 
pass through the four corner holes, which can have 
a diameter similar to the 6BA clearance holes (or to 
take tags if tags are fitted to the formers). Only two 
of the four corner holes need to be drilled in the 
case of L3 and Ln if their formers have eyelets. 
In the case of the ratio detector transformer a fifth 
hole is required at the point marked "A" in Fig. 14, 
since there are five connecting wires. 

The cans for shielding the coils have small flaps, 
which are folded beneath the base of the former. 
In the prototype, however, the flaps were folded 
outwards and two holes, additional to those shown 
in Fig. 14, were drilled in the chassis to secure each 
can. It is much easier to make any alteration to the 
coil when one is able to remove the can without 
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Fig, 13. How the ratio detector transformer is wound 
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removing the coil former; but this can only be done 
if the small flaps are folded outwards. It should 
be pointed out that the flaps can break very easily 
with use. 

(Suitable coil formers for L1-L2, L3 and Ln, are 
Denco Ref. 5000A/4PL; and for L4-L5, L6-L7 and 
Lg—L9-L10 are Denco Ref. 5000B/6E. The last three 
formers require Top Plates Ref 5001. The dust cores 
fitted to L1-L2 and L3 may be Denco Grade 900 
(v.h.f. type) and the six remaining dust cores Denco 
Grade 500. Aluminium screening cans are Denco 
Ref. 1 for I4-L2, L3 and Ln; and Ref. 3 for L4-L5, 
Lg-Ly and Ls-Lp-Lio. These items are available 
through component retailers or from Denco (Clacton 
Ltd., 357-9 Old Road, Clacton-on-Sea, Essex. 
—Editor.) 

The Aerial 
A simple half-wave dipole is adequate for locali- 

ties where the signal strength is reasonably good 
(over 500|xV per metre). If car ignition noise is 
found to be troublesome or if the receiver noise 
level is appreciable, a reflector and one or more 
directors may be added to the aerial. The length of 
the dipole should be about 5 % less than half the 
wavelength of the centre frequency being received 
(i.e. the Third Programme). A reflector should be a 
little longer than the dipole whilst a director should 

14 dla O © 

/64 164 
6BA clear 

Fig. 14. Chassis drilling diagram for the coil formers 

be a little shorter. The spacing between the dipole 
and any of the other elements is not very critical, 
a distance of one-eighth of a wavelength being 
suitable. 

An outdoor aerial will normally give very much 
better results than an indoor one. 

The author has obtained very good results with a 
quad aerial, and a full description of such an aerial 
is given in his article"Cubical Quad Aerial For F.M." 
which was published in the October 1966 issue of 
The Radio Constructor. This particular aerial, in 
combination with the present receiver, has enabled 
excellent v.h.f. f.m. reception to be achieved. 

□ 

UNDERSTANDING 

The Suferhet Receiver 

f= 
2tcVLC 

by (V. M or ley 

IN LAST MONTH'S ISSUE WE COMPLETED OUR EXAMINA- 
tion of audio frequency circuits and their Operation 
by dealing with some final points concerned with 

negative feedback. 
We now turn to a different subject—the superhet 

receiver. With one exception, the stages in a superhet 
receiver operate in much the same manner as do the 
feceiver stages we have already discussed in this series. 
The exception in the superhet is a stage which provides 
an output at a frequency equal to the difference between 
two input frequencies. Since it is important to under- 
stand how this process is carried out, the present 
article is of an introductory nature, and will deal only 
with the basic manner in which a difference frequency 
is formed. We will then be in a position to deal with 
the superhet receiver in its entirety, as will occur next 
month. 

Heterodyne Formation 
In an earlier "Understanding Radio" article 

(published in the August 1966 issue) we discussed the 
operation of the grid leak triode detector when provided 
with a reaction circuit. We concluded at that time by 
noting that if, whilst receiving a transmitted signal, 
the reaction control of such a detector is sufficiently 
advanced to cause the triode to oscillate, an audible 
heterodyne or beat note appears in the anode circuit, its 
frequency being equal to the difference between the 
frequency of the received signal's carrier and the 
frequency of oscillation of the detector. As the detector 
grid tuned circuit is adjusted so that its resonant 
frequency (and, hence, the frequency of oscillation of 
the triode) approaches the carrier frequency of the 
received signal, the frequency of the heterodyne falls 
until, when the two frequencies are very close together, 
it is below the lowest audible frequency and cannot 
be heard. The effect is well-known, and will have been 
observed by anyone who has operated a receiver 
which incorporates a detector stage with reaction. 

In a superhet receiver it is a function of one of the 
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Fig. 1 (o). When the reaction control of a grid leak detector 
is advanced sufficiently far for the detector to oscillate, 
two signals are applied to the grid. One is at the frequency 
of the signal carrier (as picked up on the aerial) and the 

other is at the frequency of oscillation 
(b). A heterodyne will still appear at the anode of the 
detector if a separate oscillator provides the oscillatory 
signal. The anode circuit here is shown in simplified form 

stages to produce a heterodyne deliberately. To under- 
stand more clearly how this is done we may work 
forward from the grid leak detector with reaction, 
with which we are already familiar. In such a detector, 
two input voltages are applied to the grid in the manner 
shown in Fig. 1 (a). One of the input voltages is at the 
frequency of oscillation of the triode, whilst the other 
is at the frequency of the signal's carrier. The fact 
that the input voltage at oscillator frequency is self- 
generated by the triode is incidental; and we would 
still obtain the heterodyne at its anode if the triode 
did not have a reaction circuit and we used a separate 
oscillator, as in Fig. 1 (b). An output from this separate 
oscillator is applied to the grid leak detector in company 
with the carrier of the received signal. The frequency 
of the heterodyne at the triode anode will still be equal 
to the difference between the oscillator and carrier 
frequencies. 

Let us next see, by drawing the waveforms of the 
two input signals, just how this difference frequency 
is formed. We shall use frequencies which are easy to 
present in diagram form—say 20 kc/s and 21 kc/s— 
and we shall start by assuming that they are applied 

to a triode having a linear laVg characteristic. A triode 
of this nature is shown in Fig. 2; it has conventional 
cathode bias and offers linear (i.e. undistorted) ampli- 
fication of the signals applied to its grid. It is not a 
detector. In Fig. 2, our 20 kc/s and 21 kc/s input signals 
are provided by two a.c. generators in parallel, each 
having an internal resistance which is shown as an 
external resistor in series. The voltage appearing at the 
grid of the triode is the result of the current from the 
generators flowing through its grid resistor. 

The waveform in Fig. 3 {a) shows the current in the 
grid resistor of Fig. 2 due to the 20 kc/s a.c. generator. 
If the cycles in the waveform are counted, it will be 
found that there are 20. The waveform at Fig. 3 (b) 
shows the current due to the 21 kc/s a.c. generator. 
Both waveforms share the same time axis, whereupon 
there are 21 cycles in the waveform at (b), these occupy- 
ing the same amount of time as the 20 cycles of the 
waveform at (a). It is assumed that both waveforms 
have the same amplitude. 

The currents depicted by Figs. 3 (a) and (b) both 
flow through the single grid resistor. As is to be ex- 
pected, when the two currents are in phase the resultant 
current in the resistor is equal to their sum. When they 
are out of phase, the resultant current in the resistor 
is equal to the larger current minus the lower current. 
The envelope of the resultant current in the resistor 
over the complete period in the diagram is illustrated 
in Fig. 3 (c). At point X, the waveforms of (a) and (b) 
are fully in phase and, at this instant, the amplitude of 
the resultant current at (c) is at maximum, being equal 
to the sum of the two currents at (a) and (b). At point 
Y the waveforms of (a) and (b) are fully out of phase, 
whereupon the total amplitude at (c) becomes zero. 
At point Z the waveforms of (a) and (b) are fully in 
phase again and the total current at (c) is at maximum 
once more. 

Let us next examine the situation between points 
X and Y and between points Y and Z. Proceeding 
from point X to point Y, the waveforms of (a) and 
(b) become more and more out of phase, whereupon 
the amplitude of the total current at (c) continually 
drops in amplitude, reaching its minimum at point 
Y. From point Y to point Z the waveforms of (a) and 
(b) grow more and more in phase, with the result 
that the total current at (c) continually increases in 
amplitude, reaching its maximum at point Z. 

HT+ 

Internal resistance 
of generators 

- Output 

Anode 
load 

—ww 

—ww-*- 
Cathode bias 
components 20 Kc/s 21 Kc/s 

generator generator 

I 

Fig. 2. Applying signals at two different frequencies to the 
grid of a linear amplifier 
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It is evident, from inspection, that the amplitude 
of the waveform at Fig. 3 (c) proceeds from a peak to 
zero and then back to a peak again once for every 
20 cycles of the waveform at (a), and once for every 21 
cycles of the waveform at (6). Thus, the variation in 
amplitude of the waveform at (c) passes through one 
cycle for every 20 cycles of the 20 kc/s waveform, or 
for every 21 cycles of the 21 kc/s waveform. In con- 
sequence, the frequency of amplitude variation of the 
waveform at (c) is 1 kc/s. This is, of course, the differ- 
ence between the 20 kc/s and 21 kc/s frequencies. It 
is possible, by drawing any other two frequencies at 
{a) and (/>), to arrive at a resultant waveform whose 
frequency of amplitude variation is similarly equal to 
the difference between the two frequencies. 

Since the triode of Fig. 2 amplifies without distortion, 
a voltage waveform equivalent in shape to Fig. 3 (c) 
will appear at its anode. If, however, we try to extract 
usable energy at 1 kc/s from the anode, say by con- 
necting a pair of headphones in the anode circuit, we 
will hear nothing. This is because, at the frequency of 
1 kc/s, the average value of the waveform of Fig. 3 
(c) is zero. At this frequency the amplitude of the wave- 
form on one side of the zero line is exactly balanced 
out by the amplitude on the other side. 

Up to now, we have succeeded in producing a wave- 
form which shows a variation at the difference frequency, 
but this waveform is of no use for any practical purpose. 
Our next step consists of transferring the set of cir- 
cumstances we have just examined from the linear 
triode of Fig. 2 back to the grid leak detector triode of 
Fig. 1 (6). We will say that the input signal frequency 
in Fig. 1 {b) is at 20 kc/s, and that it replaces the 20 
kc/s generator of Fig. 2, and that the separate oscillator 
in Fig. 1 (b) runs at 21 kc/s and that it replaces the 
21 kc/s generator of Fig. 2. Both the source of input 
signal and the oscillator output will have internal 
resistances, these corresponding to the internal resist- 
ances, depicted as physical resistors, of the two gener- 
ators in Fig. 2. After this, there are no further points of 
similarity. Whereas the triode of Fig. 2 is a linear 
amplifier the triode of Fig. 1 (h) is a grid leak detector. 

Since the Fig. 1 (b) triode is a detector, rectification 
occurs at the grid, and the resultant voltage waveform 
at the anode takes up the form shown, in outline, in 
Fig. 3 {d).* This is a distorted version of the waveform 
at Fig. 3 (c) and it has an average value at 1 kc/s which 
is indicated by the dashed line. This average value 
varies in sympathy with the amplitude of the waveform 
and is not now equal to zero, as it was in Fig. 3 (c). 
If we were to connect a pair of headphones in the 
anode circuit of the grid leak detector we would, this 
time, be able to hear a 1 kc/s tone. 

Necessity For Detection 
N Summing up what we have just discussed we can 
state that if we apply two frequencies to the grid of a 
linear amplifier valve we can obtain, at the anode, a 
waveform of the type shown in Fig. 3 (c), whose envelope 
varies in amplitude at a frequency equal to the difference 
between the two input frequencies. It is impossible, 
however, to extract any energy at the difference 
frequency since the average value, at that frequency, 
is equal to zero. But if, instead, we apply the two input 
frequencies to a detector, which distorts the resultant 
waveform, we are at once able to extract usable energy 
at the difference frequency. 

* A full description of the operation of a grid leak detector was given in 
"Understanding Radio" in the October 1965 issue. 
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Envetape of 

resultant current 

Average voltage 
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current 
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anode 
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Envelope of 
detected waveform 

Time 
(d) 

Fig. 3. The waveforms appearing in the circuit of Fig. 2. 
are shown in (a), (b) and (c). If the waveform envelope at 
(c) is detected it takes up the shape shown in (d), thereby 
providing a usable average voltage at difference frequency 

The writer has discussed the production of the 
difference frequency at some length for three reasons. 
First, he employed the approach illustrated in Figs. 
3 (a), (b) and (c) to show, in graphical form, how a 
difference frequency may be produced by summation 
of two input frequencies. Second, he next introduced 
the detector circuit of Fig. 1 (b) to demonstrate that, 
if the difference frequency is to be usable, it is essential 
that the two input frequencies be applied to a detector, 
or to an amplifier which offers sufficient distortion for 
the average value of the difference frequency to be shifted 
from zero. Third, the writer intended to avoid the 
method of explanation given in many text-books, which 
relies on mathematics at a higher level than can be 
appreciated by the beginner. The method adopted here 
takes a little time to present, but it does demonstrate 
a somewhat complex process in terms of first principles. 

Returning to the opening remarks in this article, the 
difference frequency given by the detector circuit of 
Fig. 1 {b), and which is shown in Fig. 3 id), is the 
heterodyne or beat note we then referred to. 

In Figs. 3 (a) and ih) we used two input waveforms 
of equal amplitude to illustrate the production of a 
difference frequency. A difference frequency will also 
be produced when the two original frequencies have 
widely differing amplitudes, provided that the resultant 
waveform given by their summation is detected, or 
undergoes distortion, to allow a usable average value 
at difference frequency to be given. 

Introducing The Superhet 
The heterodyne which is given when two different 

frequencies are applied to a detector (or distorting 
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amplifier) need not be an audio frequency. It may 
equally well be a radio frequency. In a superhet receiver 
one of the first functions is to obtain a difference 
frequency or heterodyne at r.f. by applying the output 
of an oscillator to a circuit which functions in the basic 
manner we have just been considering (although in 
many practical cases it will not employ a grid leak 
triode detector) together with the signal picked up by 
the aerial. It is then this heterodyne, instead of the 
aerial signal, which undergoes the major amount of 
amplification inside the receiver before application to 

a detector for reclamation of the modulating signal. 
Since the heterodyne in a superhet is at a radio 

frequency it can be described as "supersonic" (i.e. 
higher in frequency than a "sonic" or audio frequency). 
"Superhet" is, indeed, a shortened version of the term 
"supersonic heterodyne", which was used to describe 
this type of receiver when it was first developed. 

Next Month 
In next month's article we shall commence to examine 

the superhet receiver in detail. □ 

1-VALVE 

9-VOLT 

RECEIVER 

By P. NICHOLSON 

The simple receiver described in this article 
employs a DL94 operating at anode and screen- 
grid potentials of 9 volts or less, this being 

followed by an a.f. transistor which feeds into a magnetic 
earphone. Good local station reception is obtained 
on medium waves and a large number of stations can 
be picked up on short waves using an aerial only 
24in long. The latter is made of bicycle spokes soldered 
together to form a whip, although any other similar 
type of short aerial could be employed instead. No 
earth connection is required. 

The receiver will be of particular interest to the 
experimenter because of its novel design. Trimmers 
in the grid and reaction circuits are included, and these 
enable adjustments to be made for optimum results 
on all ranges covered. 

Circuit Operation 
The aerial is directly coupled to the top end of the 

tuned coil L2, across which is connected tuning capacitor 
C3. Vi functions as a grid leak detector, the grid 
capacitor being C4 and the grid leak Ri. Coverage is 
on medium waves ar,d on short waves down to around 
30 metres. 

The DL94 used in the Vi position is normally 
employed as an output pentode. Nevertheless, it is 
capable of providing a useful degree of amplification 
with an h.t. potential of 9 volts only, as occurs here. 
Its anode couples to the reaction feedback winding 
Li, and thence to chassis via the reaction capacitors 
Ci and C2. The screen-grid potential is varied by 
R3, which functions as the panel reaction control. 

It will be noted that C2 and C3 are ganged, trimmer 
Ci is set up such that reaction is given, as R3 is ad- 
vanced, at all frequencies in the range covered by 
L2 and C3. With a conventional regenerative detector 
circuit using capa citive feedback it is normally necessary 
to increase reaction capacitance as tuning capacitance 
increases, but with the present circuit the required 

RFC | 
rmrm ^TR, 

(see text) 

DL.94 
C4 33 

5 8) 

a 
lOOn 

Magnelic 
earphone 

9 V 

"2 C3 
r 

C2 3V 
T 

Fig. 1. The circuit of the experimental one valve plus one transistor receiver 
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increase in reaction capacitance is given automatically 
by C2. The result is that less adjustment is required in 
R3 over the range being tuned. The improvement in 
performance given by this technique is particularly 
noticeable on short waves, and R3 needs little adjust- 
ment over quite wide sections of the short wave bands. 

The detected a.f. signal at Vf anode is passed, 
via RFCi, to the base of TRi. This functions as a 
common emitter amplifier, feeding an output to 
the 10OO magnetic earphone in its collector circuit. 
R2 is included to limit collector current. If an earphone 
of ,50n resistance is employed, R2 could be reduced 
-o isoa 
. The writer found that a "white spot" transistor 
worked quite well in the TRi position, and that better 
results were given with an Ediswan XB102. The 
transistor type does not appear to be critical and, if 
a transistor holder is used, different types may be 
experimented with. It should be remembered, however, 
that nearly 30mA can flow in the collector circuit 
if it should happen that TRj bottoms. To prevent 
possible damage it would, in consequence, be advisable 
to experiment only with a.f. output transistors having 
maximum collector current ratings in excess of 30mA. 

Coils 
The writer used a Denco Miniature Dual Purpose 

Green coil (Range 2) in the receiver for medium 
wave reception. Denco Green coils in the Miniature 

Resistors 
Ri IMO i watt 20% 
R2 220Q i watt 10% 
R3 5kQ potentiometer, linear 

Capacitors 
Ci 500pF trimmer 
C2, C3 310+3 lOpF two-gang variable 
C4 500pF trimmer 

Indvctors 
Lj, L2 See text 
RFCj 2.6mH, type RFC (Denco) or similar 

Valve 
Vi DL94 

Transistor 
TRj P.N.P. transistor (see text) 

Switch 
Si(a)(b) d.p.s.t. on-off switch 

Batteries 
B] 3-volt battery 
B2 9-voIt battery 

Earphone 
Magnetic earphone, 100D d.c. resistance 

Miscellaneous 
1 B7G valveholder (for V)) 
1 B9A valveholder (for Lj, L2) 
1 transistor holder (if required—see text) 
Slow motion tuning drive 
Knobs • 
Short whip aerial 

1 s ill; 
Ll 

L2 

* . J , 1 
uuu 

Fig. 2. How the short wave coils are wound 

Dual Purpose series are normally employed for 
coupling an r.f. amplifier to a regenerative detector, 
and they plug into a B9A valveholder. The tuned 
winding connects to pins 2 and 5 and the reaction 
winding to pins 3 and 4, as is indicated in Fig. 1. 
The coupling winding on the Denco coil connects 
to pins 8 and 9, and is not used in the present circuit. 
The writer found that a slight improvement resulted 
from connecting pin 8 to pin 5, pin 9 being left dis- 
connected, and readers may care to try the effect of 
making such a connection in receivers built up to the 
circuit. The connection is, of course, made between 
the appropriate pins a£ the B9A valveholder intc 
which the coil is plugged. 

Short wave coils may be wound on Denco poly- 
styrene coil formers of the type which plug into a 
B9A valveholder and have an o.d. of 0.375in. As 
a guide, and using 28 s.w.g. enamelled wire, 15 turns 
for reaction and 30 turns for tuning will bring in the 
49 metre band with C3 fairly near the minimum 
capacitance end of its range, and 15 turns for reaction 
and 15 turns for tuning will similarly bring in the 31 
metre band. All coils are close-wound and the formers 
should be fitted with dust cores. (These formers, with 
dust cores, may be obtained from Denco (Clacton) 
Ltd., 357 Old Rd., Clacton-on-Sea.) The reaction 
winding, from pin 3 to pin 4, should be wound in the 
same direction as the tuned winding, from pin 2 to 
pin 5. Adequate reaction should be given with the 
windings side by side on the former, as in Fig. 2. 
It should be mentioned that reaction is rather difficult 
to achieve at the higher short wave frequencies, and it 
was found* that the relatively high value chosen for 
C4 helped to overcome this difficulty. 

Layout is not critical provided that all r.f. wiring 
is kept short. A slow motion drive for the 2-gang 
capacitor is required to facilitate tuning on the short 
wave bands. After the receiver has been completed, 
C4 and Ci should be set up to provide best results 
on both medium and short waves. The filament con- 
sumption from the 3 volt supply is 50mA. 

Editor's Note 
it may be found that increased output is given if Rj is 

shunted by an electrolytic capacitor of around 20|j,F at 9V 
wkg., with its negative lead-out connected to the chassis 
line. Also, reaction on short waves may be improved by 
bypassing Vi screen-grid to chassis via a 0.01 pF capacitor. 

□ 
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In your 

rkshop 

tfeWtal 

Ceramic capacitors, including in particular those employed in r.f. bypass circuits at 
v.h.f. and u.h.f., can take up some interesting shapes and styles. In this month's 
episode Smithy the Serviceman introduces Dick to the types which are most liable 

to be encountered in television servicing 

"TT T'hat," asked dick, "is the 
YY difference between a disc 

ceramic capacitor and a 
tubular ceramic capacitor?" 

Smithy's disgraceful tin mug, 
charged to the brim with its precious 

Ceramic disc 

Silvering 

Solder 
joint 

Lead-out 
wires 

Fig. 1. The construction of a disc 
ceramic capacitor. A protective 

coating is added later 

cargo of tea, faltered in mid-air on 
its way to his mouth. The Serviceman 
turned an enquiring glance upon his 
assistant. 

"I beg your pardon." 
"What," repeated Dick, "is the 

difference between a disc ceramic 
capacitor and a tubular ceramic 
capacitor?" 

Smithy's mug completed its ascent 
to his lips and he drank deeply. 

"Well," he replied, returning the 
mug carefully to the surface of his 
bench. "I suppose you could say that 
the disc ceramic is circular in shape 
and that the tubular ceramic is cylin- 
drical in shape." 

Ceramic Capacitors 
"I know that," snorted Dick im- 

patiently. "What I don't understand 
is why set manufacturers use disc 
ceramics in some circuit positions and 
tubular ceramics in others." 

"Probably," replied Smithy mildly, 
"because the disc ceramic is the 
better shape for some applications. 

and the tubular ceramic is the better 
shape for the other applications." 

"Come off it, Smithy," said Dick 
indignantly. "Set makers choose 
ceramic capacitors for value and 
tolerance, and all the other electrical 
characteristics a capacitor is supposed 

Ceramic tube 
Lead-out wire soldered 
to silvering^ 

W 
Inside silvering 

brought around 
edge of tube 

Outside silvering 

Fig. 2. The basic construction of a 
tubular ceramic capacitor 
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fig. 3. A typical valve r.f. amplifier, showing the positions of r.f. bypass capacitors 

to have. They don't choose them for 
shape!" 

"They jolly well do, you know," 
returned Smithy. "Not for all ap- 
plications, I'll admit, but certainly 
in applications where short lead-outs 
are required. And now, having answer- 
ed your question fully and completely, 
may I return to my tea-break?" 

Completely ignoring the gaze of 
frustrated fury directed upon him by 
his assistant, Smithy raised his mug 
once more and thoughtfully sipped 
its contents. Several further moments 
passed, then Dick could restrain him- 
self no longer. 

"Yes, but whyT' he wailed. "Why 
should they want to use one or other 
of the two shapes ?" 

Smithy sighed and deposited his 
mug on the bench with a bang. 

"Dash it all," he grumbled. "I've 
been working on radio and TV sets 
all morning and, no sooner do I 
settle down for a quite spot of char, 
then you're on to me with queries 
about capacitors. I know that I'll 
get no peace until I've cleared up your 
questions, so I suppose you'd better 
come over here so that I can explain 
it all to you." 

Delighted, Dick picked up his stool 
and carried it over to Smithy's bench. 
Smithy took a ball-point pen out of 
his top pocket and proceeded to make 
some sketches on his note-pad. 

"Now, first of all," he said, "let's 
have a quick butcher's at the basic 
construction of disc and tubular 
ceramic capacitors. A disc capacitor 
consists quite simply of a disc of 
ceramic with silvering on either side 
which extends nearly to the edge. 
(Fig. 1). The two lots of silvering form 
the two plates of the capacitor and 
the ceramic acts, obviously, as the 
dielectric. The two lead-out wires 
for the capacitor are soldered to the 
silvering. In most instances the capaci- 
tor is then covered with a coating of 
hard resin or 'cement', which not only 
protects it but also assists in anchoring 
the lead-out wires. It is fairly easy to 
pull away the silvering at the solder 
joints if excessive tension is applied 
during wiring-up, and the coating 
helps to prevent this occurring. Fair 
enough?" 

"Sure," replied Dick, settling him- 
self more comfortably on his stool. 

"Right, then," said Smithy. "Let's 
next tackle the tubular ceramic 
capacitor. In this case you have a 
tube of ceramic material. One lot of 
silvering is applied to the outside, and 
it covers most of its surface. The other 
lot of silvering is applied to the inside 
and is then brought round at one end 
to the outside as well. (Fig. 2). The 
lead-out wires are wrapped round the 
ends one or more times and are then 
soldered to the silvering. Again, you 
normally have a protective outside 
coating of resin or cement. In this 
case, though, the method of cqnstruc- 
tion causes the lead-out wires to be 
secured more firmly, and the coating 
isn't required to give the same degree 
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of lead-out anchoring as is required 
with the disc ceramic capacitor." 

"I can understand all that," replied 
Dick. "What I can't understand is 
why discs are used in some circuit 
positions and tubulars in others." 

"To answer that question," replied 
Smithy, "let's start thinking first 
about ceramic capacitors used in r.f. 
bypass positions. We'll ignore capaci- 
tors used in other circuit positions 
for the time being. Now, the capacitors 
used for bypass purposes have nominal 
values of around l.OOOpF or more 
and you'll see them at the bottom end 
of tuned coils fed from an a.g.c. line, 

as screen-grid and cathode bypass 
components in valve equipment, and 
so on. (Fig. 3). It is always necessary 
to keep inductance out of the bypass 
circuit, and you have to remember that 
the capacitor lead-out wires possess a 
small but still quite significant amount 
of inductance." 

"Inductance?" queried Dick in- 
credulously. "In a straight piece of 
wire ?" 

"Definitely," confirmed Smithy. 
"And your experience with TV tuner 
units should have brought that fact 
home to you ages ago. The inductance 
in the capacitor lead-out wires is 
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'There's no need to go solid state like the equipment" 
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Disc capacitor 

? O ° ^ 

(a) 
Tubular capacitor 

Si 

Cb) 

Fig. 4 (o). When two connection 
points are very close together, 
shortest lead-out wire length is 
given with a disc capacitor 
(b). Lead-out length is shorter with 
a tubular capacitor when the 
connection points are more widely 

spaced 

very low but it nevertheless becomes 
more and more important as the 
frequency you are trying to bypass 
increases. The actual capacitor itself, 
whether it be disc or tubular, has 
almost negligible inductance, and this 
is certainly much lower than the 
inductance given by its lead-out wires. 
Which now brings me to my original 
point about choosing a capacitor by 
shape. If you want to connect a 
ceramic r.f. bypass capacitor across 
two circuit points on a chassis which 
are very close together, it's always 
better to use a disc ceramic than a 
tubular ceramic because you can wire 
it in with shorter lead-out wires. (Fig. 
4 (a)). If, on the other hand, the circuit 
points on the chassis are half-an-inch 
or more apart, the tubular capacitor 
is the better choice because there is 
less length of lead-out wire than would 
be given if you used the disc capacitor. 
(Fig. 4 (b)). In this second example, 
you're trying to take up as much of 
the length between the circuit points 
as you possibly can with the body of 
the capacitor itself." 

High-K Capacitors 
"Stap me," remarked Dick 

elegantly. "I've never looked at the 
choice between disc or tubular 
capacitors in that light before." 

"It represents normal manufacturing 
practice," commented Smithy. "You'll 
find exceptions to the simple rule I've 
just discussed, these occurring where 
other requirements are more import- 
ant than short lead-out wires. Also, 
the choice of capacitor is influenced 
by the frequency it is intended to 
bypass. At frequencies below about 

20 Mc/s, the odd half-inch of lead-out 
wire isn't all that important and it 
wouldn't matter greatly which type 
of bypass capacitor you used. As you 
go up from 20 to 200 Mc/s or so, 
the choice of capacitor becomes 
increasingly more important and, at 
the higher frequencies above 100 Mc/s, 
it is always very desirable to use the 
capacitor which offers the shortest 
lead-out connections in practice. If 
you look inside a TV tuner unit 
covering Bands I and III you'll see 
that most, if not all, of the disc or 
tubular bypass ceramics are chosen 
on the basis of obtaining short lead- 
out wires." 

Smithy picked up his mug and, 
swallowing prodigiously, drained it 
completely. With a flourish he handed 
it to Dick, who carried it over to the 
Workshop sink for replenishment. 

"I've never seen anyone drink tea 
like you," commented Dick dis- 
passionately, as he busied himself 
with the teapot. "This will be your 
third mug this morning. You must 
get through gallons of tea in a week." 

"There's nothing to beat it," re- 
turned Smithy heartily. "Drinking 
plenty of tea keeps the system 
thoroughly flushed out, my boy. 
There's no chance of the old 'flu 
bugs and streptococci lodging inside 
my gut, what with the great waves 
of fluid that I send washing down to 
them each day!" 

Repressing a shudder, Dick put 
Smithy's filled mug back on the 
Serviceman's bench and hastily re- 
turned to the subject of ceramic 
capacitors. 

"What about ceramics which are 
used for other jobs ?" he asked. "For 
coupling and things like that." 

Smithy took a preliminary drink 
from his mug. 

"You'll still find," he said, smacking 
his lips, "that, at the higher frequencies, 
manufacturers tend to use the type 
which offers the shorter lead lengths. 
However, the situation is a little more 
complicated here because it is fre- 
quently necessary for the designer to 
employ capacitors having specific 
temperature coefficients and in some 
cases it may be preferable to use a 
disc where a tubular ceramic might 
fit into the layout better, and vice 
versa. Also, in some cases there isn't 
the same necessity for having short 
lead-out wiring as is given in bypass 
circuits. So, you won't always find that 
the choice between disc or tubular 
to suit the layout is quite as marked 
as in r.f. bypass applications. Anyway, 
let's keep on with the bypass capaci- 
tors, because there's another thing 
I want to tell you about these. In 
order to get a high capacitance in a 
small volume, r.f. bypass ceramic 
capacitors normally employ a ceramic 
having an extremely high dielectric 
constant, and which is described as 
'high-K'. For some grades of high-K 
ceramic, this dielectric constant can 
be as much as 400 times greater than 
that of mica, which explains why it 

is possible for high value bypass 
ceramic capacitors to be made very 
small in physical size. It has to be 
remembered, though, that capacitors 
employing high-K ceramic exhibit 
fantastically large changes in capaci- 
tance for changes in temperature. A 
typical example would consist of a 
capacitor offering maximum capaci- 
tance at room temperature, this 
capacitance dropping to three-quarters 
of its value, or even less, at tempera- 
ttires of +850C or —40oC." 

"Blimey," said Dick, impressed. 
"I've never heard of that before." 

"Neither, so far as I can tell, have 
quite a few other people," replied 
Smithy. "Practically all high-value 
ceramic capacitors—say, l,000pF or 
more—which are small in size are 
of the high-K type. They're O.K. for 
quite a few applications other than 
their intended one of bypassing r.f. 
circuits, but they should never be used 
where a constant capacitance, despite 
temperature change, is important. 
You shouldn't, for instance, use them 
as tuning capacitors for a.f. oscillators 
or things like that. On the other hand, 
low value ceramic capacitors employ 
a low-K ceramic material which has 
much more stable temperature char- 
acteristics, and which can be made to 
offer temperature coefficients from 
PI00 to N750." 

"I know all about temperature co- 
efficients," said Dick proudly. "To 
start off with, the number tells you 
how much the capacitance changes 
in parts per million for one degree 
rise in Centigrade. Also, if the letter's 
an N the capacitance drops, and if 
it's a P the capacitance increases." 

"That's right," confirmed Smithy. 
"The capacitance of a P100 capacitor, 
for instance, increases by one hundred 
millionths of its value for every degree 
Centigrade rise in temperature. The 
P indicates a positive temperature 
coefficient, whilst N indicates a 
negative temperature coefficient. There 
are also, incidentally, ceramic 
capacitors which have a dielectric 
constant in a medium range, these 
Offering temperature coefficients which 
are much higher than N750, but which 
don't suffer from the very big changes 
in value given with the high-K types." 

"Let's get back," said Dick, "to 
those high-K capacitors, If they give 
such large changes in value due to 
temperature changes, won't this upset 
their performance as r.f. bypass com- 
ponents?" 

Capat Capacitor body 

-rMJLSU   

Inductance of lead-outs 

Fig. 5. Exceptionally long lead-out 
wires on an r.f. bypass capacitor 
can result in a tuned circuit 
resonant at a very high frequency 
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"Not really," said Smithy. "You 
must remember that all you ask of 
an r.f. bypass capacitor is that it 
should offer a minimum value of 
capacitance which corresponds to a 
very low reactance at the frequency 
you're trying to bypass. It doesn't 
then matter if the capacitance happens 
to be greater in practice, because all 
that then results is that the reactance, 
which is already negligibly low, 
becomes lower again. In consequence, 
when you're using a high-K ceramic 
capacitor you choose a value which 
will always ensure that you get a 
satisfactory minimum capacitance re- 
gardless of shifts with temperature. 
Incidentally, this point is reflected in 
the tolerances to which these capacitors 
are manufactured, a typical tolerance 
figure being —20 and +80% on 
nominal value. The nominal value 
will be the value the capacitor has 
at room temperature. In practice, 
a nominal value of l,000pF is usually 
satisfactory for frequencies above 
30 Mc/s. Below 30 Mc/s you would 
require somewhat higher values for 
r.f. bypass circuits, and you would 
employ the capacitances we are 
familiar with in ordinary short wave 
receivers." 

Low Inductance Connections 
Smithy quaffed mightily at his 

tea, then glanced at his assistant. 
"O.K. so far?" 
"Oh, definitely," said Dick. "Let's 

next have a go at this business of 
the lead-out inductance. It still takes 
a bit of mental effort on my part to 
think of straight pieces of wire possess- 
ing inductance!" 

"They do, nevertheless," affirmed 
Smithy, "and this inductance gets 
increasingly more important as the 
frequency goes up. If you are careless 
enough to use leads which are shock- 
ingly long, you can even get into 
trouble because the capacitor forms 
a series tuned circuit! (Fig. 5). Such 
a circuit would have a very low Q 
because of the high value of capaci- 
tance and it would probably resonate 
in the region of 100 Mc/s or more, 
but it can still be present and it can 
still give you unexpected trouble. 
However, the more usual effect of 
long lead-outs is that, whilst the 
capacitor itself is giving a nice low 
capacitive reactance at the bypass 
frequency, the lead-out wires are 
offering a dirty great inductive re- 
actance. So, the golden rule is to 
keep lead-out wires as short as 
possible, paying more and more 
attention to this point as the bypass 
frequency increases." 

"What," asked Dick, "about 
ceramic capacitors fitted to printed 
circuit boards?" 

"Here again," said Smithy, "the 
set designer normally chooses a disc 
or a tubular component according 
to the hole spacing on the board. 
Tubular ceramics are usually preferred 
because hole spacing favours them 
more than it does disc ceramics. And, 
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of course, tubular ceramics have been 
available for many years which 
employ metal legs capable of being 
inserted direct into printed circuit 
board holes instead of lead-out wires." 

"Is it possible," asked Dick, "to 
get rid of the inductance given by 
the capacitor lead-out wires?" 

"Oh yes," said Smithy. "To obtain 
a really low series inductance, you 
use feed-through capacitors. These 
are ideal for r.f. bypass work because 
they can be soldered directly to a 
metal chassis, with the result that 
one lead-out wire is completely 
eliminated. You'll see plenty of feed- 
through capacitors in TV tuners, both 
in v.h.f. tuners covering Bands I and 
III and in u.h.f. tuners covering Bands 
IV and V. The type of feed-through 
capacitor used in the older tuners 
has a skirt which can be soldered to 
a chassis by means of a soldering 
iron. (Fig. 6 (a)). But, for a long 
time now, feed-through capacitors in 

TV tuners have been automatically 
soldered to the tuner chassis at an 
early stage of production. Feed-through 
capacitors of this type consist merely 
of a ceramic body with silvering on 
the outside and inside to form the 
plates. (Fig. 6 (b)). The whole chassis, 
with the feed-throughs in position 
with solder-rings, goes through an 
oven which raises it to soldering 
temperature. (Fig. 6 (c)). The solder- 
rings melt and the feed-throughs then 
settle down and become soldered 
direct to the chassis (Fig. 6 (<?)). The 
centre pins may be soldered in at this 
stage as well, or they can be added 
later." 

"What do you mean by solder- 
rings?" 

"They're little rings of resin-cored 
solder," replied Smithy. "Just the 
same sort of solder as you use for 
normal servicing work." 

"I've just remembered something," 
said Dick. "Isn't the original function 

Ceramic tube 

Metal skirt 

Centre pin 

Outside silvering 

Ca) 

Hole through centre- 
vyi/ 
1+3 A 

Inside silvering 

Outside silvering 

Centre pin 

Chassis 

Solder rings 

(c) 

Solder 

Cd) 

Fig. 6 (a). A conventional feed-through capacitor 
(b). A feed-through capacitor suitable for automatic soldering to a chassis. 
(Capacitors of the particular shape shown here are manufactured by Erie 

Resistor, Ltd.) 
(c). The capacitor and its centre pin fitted in place on a chassis prior to soldering 
(d). After soldering, both capacitor body and pin are soldered firmly in position 
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SokJer 
Ceramic 

Silvering Connecting wire disc 

Chassis 
Fig. 7. R.F. bypass capacitors in u.h.f. television tuners sometimes consist of a 
disc capacitor, the silvering on one side being soldered direct to chassis 

of a feed-through capacitor to allow 
connections to be made from one side 
of a chassis to the other?" 

"Oh, definitely," said Smithy. "And 
it also, of course, offers the low series 
inductance I've been talking about. 
With Band 1 and Band III TV tuner 
units you'll often find that some of 
the feed-throughs have low values, 
around 10 to 20pF or so. These will 
be used for the aerial input and i.f. 
output circuits, and their capacitance 
will form part of a pi-tuned circuit. 
These feed-throughs give a convenient 
means of providing input and output 
connections as well as offering 
capacitance to chassis. The remainder 
of the feed-throughs on a Band I 
—Band III tuner will be normal 
bypass components having values of 
the order of l,000pF or so, and they 
will allow power supplies to be fed 
into the tuner as well. Sometimes, 
feed-throughs have connections made 
to one side of the centre pin only. 
This is because the designer merely 
wants to take advantage of the very 
low inductance they offer to chassis. 
More tea, please!" 

Other Ceramic Capacitors 
"What, againV 
"Of course," said Smithy firmly, 

holding out his mug. "I'm just about 
dehydrated, nattering away like this!" 

Dick took Smithy's mug over to 
the sink once more. 

"I suppose," he remarked, over his 
shoulder, "that the l,000pF feed- 
throughs we've just been talking about 
will have high-K ceramic like the 
ordinary disc and tubular ones we 
spoke about earlier." 

"They'll use ceramic having a high 
dielectric constant," agreed Smithy, 
"and they'll similarly exhibit pretty 
hefty changes in value with temper- 
ature." 

"I find it rather fascinating," re- 
marked Dick as he placed yet a 
further full mug of tea at Smithy's 
side, "to think that you can fit these 
ceramic capacitors to a tuner unit 
chassis before the other components. 
It's almost as though the capacitors 
were part of the hardware!" 

"That's true enough," agreed 
Smithy. "Ceramic capacitors differ 

from other types because they can 
be taken up to soldering temperature. 
Also, they can be made in very simple 
basic shapes, which just require two 
lots of silvering to provide the 
capacitor plates, and it's possible to 
get a very wide range of capacitance 
values merely by choosing the grade 
of ceramic employed. I should mention 
next that there's another technique 
for fitting ceramic r.f. bypass 
capacitors, and you'll find this in 
u.h.f. tuners intended for Bands 
IV and V. In this case the capacitor 
is merely a flat disc with silvering on 
either surface, and one side is simply 
soldered direct to chassis. Connection 
is then made by soldering to the 
silvering on the other side. (Fig. 7). 
So far as keeping series inductance 
out of the bypass circuit is concerned, 
you couldn't get more basic than that!" 

"I'll say," agreed Dick. "In- 
cidentally, it's funny how these more 
unusual types of ceramic capacitors 
seem to be found mainly in TV tuners." 

Printed circuit board 

Smithy took an in mense draught 
from his mug. 

"That," he replied, lowering the 
mug to his bench, "is because TV 
tuners handle signals having much 
higher frequencies tha n any other 
item of domestic electronic equipment. 
TV tuner design is a specialised 
business, and it takes advantage of 
all the special shapes in which ceramic 
capacitors can be made. Talking 
about unusual applications, there's 
another type of ceramic capacitor 
which I should also tell you about." 

"Is there?" replied Dick. What 
sort of capacitor is that?" 

"It's a disc capacitor," said Smithy, 
"which can be soldered into a printed 
circuit board without any leads at 
all. The disc fits into a rectangular 
slot in the board, which has copper 
foil connectors coming right up to the 
slot on either side. (Fig. 8 (a)). When 
the whole assembly, with the capacitor 
in place, is passed through the solder 
bath at the factory, the solder bridges 
over, from the two pieces of copper 
foil, to the silvering on either side 
of the capacitor, whereupon the 
capacitor is well and truly soldered 
into circuit! (Fig. 8 (6)). The solder 
doesn't stick to the ceramic, of course, 
and so there's no risk of short-circuits. 
You'll find capacitors of this type 
in small printed circuit assemblies, a 
typical example being the isolating 
networks behind the coaxial aerial 
input sockets of TV receivers, in 
which case the capacitors provide the 
actual isolation. This is a method of 
assembly whose main advantage is 
the reduction of production costs." 

Quick Visit 
Yet again. Smithy tipped up his 

mug. Emptying it in one monstrous 

Slot in board 

Copper foil 

Solder 

TOP VIEW 
Disc capacitor 

Solder 

SIDE VIEW END VIEW 
(b) 

Fig. 8 (a). A portion of printed circuit board having a slot intended for a disc 
capacitor 

(b). After soldering, the disc capacitor is reliably connected to the copper foil 
on either side of the slot 
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swallow he placed it, with a gesture 
of finality, on his bench. 

"D'you want any more?" 
"No, thanks," said Smithy, wiping 

his lips. "I think I've had enough 
tea now to carry me over for the 
next few hours." 

"I should jolly well think so, too," 
commented Dick. "You've got through 
no less than four full mugs of it in 
the last quarter of an hour. Still I 
mustn't grumble, because it has at 
least fortified you for the little gen- 
session we've just had." 

"Good show," said Smithy, "So 
far as the gen-session itself is con- 
cerned, what I mainly wanted to do 
was to demonstrate how the shape 
of a ceramic capacitor can be equally 
as important in practical circuit design 
as its capacitance, working voltage, 
and all the other factors which the 
designer has to keep in mind. The 
fact that the ceramic dielectric can 
stand up to soldering temperatures 
also enables this type of component 
to be used in some really interesting 
applications." 

"I've just," said Dick, "got one 
question left." 

"Fire away!" 
"In the last few examples you 

mentioned," Dick pointed out, "the 
ceramic body is left bare and un- 
protected after soldering. Is that 
O.K.?" 

"Oh, quite," replied Smithy. "For 
normal use, the ceramic and the 
silvering can be left uncovered so 
long as there is no risk of mechanical 
damage to it. Sometimes, however, 
the manufacturers put an extremely 
thin coating of protective material on 
ceramic bodies which are intended for 
automatic soldering processes. This 
coating doesn't upset the soldering 
but it remains in place after the 
soldering operation is finished, and it 
prevents possible tracking across the 
ceramic. This can occur in some 
circumstances. Whether or not a 
protective coating of this type is 
provided doesn't affect us so far as 
servicing is concerned, and all that 
we need to do is to be able to recognise 
the various types of ceramic capacitor 
and to know their performance and 
limitations." 

Smithy stood up. 
"And now," he remarked, "we must 

get back to work. But before doing 
that, I find I must pop out of the 
Workshop for a moment." 

"What for?" 
"For a transistor battery," grinned 

Smithy. 
"What sort of battery?" 
"A PP9," returned Smithy, as he 

firmly closed the Workshop door 
behind him. 

□ 

Radii 
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Ionics 

OLDER READERS MAY RECALL THE 
pickle that we got into with 
valves before the last war. 

There was, to start off with, a fairly 
v wide range of valve bases in use at 

that time, these including the British 
4-pin, 5-pin and 7-pin, the Philips 
side-contact, the International Octal 
and the Mazda Octal. The consequence 
of having all these pin and contact 
configurations was that many basic 
valve functions, such as that of the 
r.f. pentode, were duplicated in the 
different bases. There was also a 
great variety of different types, with 
individual manufacturers developing 
and producing their own particular 
and distinctive lines. 

APRIL 1968 

By Recorder 

Our complaints at that time about 
the lack of standardisation in valve 
types were bitter and protracted. But 
what we would have said had we 
foreseen the conditions which exist 
at present in the transistor jungle just 
beggars description! 

Transistor Quantities 
Did you know that the number of 

transistor types available at present 
is well in excess of twelve thousand? 
Twelve thousand! And don't forget 
that this number is increasing all 
the time, as new types are designed, 
manufactured and introduced to the 
market. 

With transistors we do not, of 

Four Local Supplier 
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H. L. SMITH 

& CO. LTD. 

Comprehensive stocks of components 
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TELERADIO 

ELECTRONICS 
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aircraft control. 
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(S.A.E. Enquiries REF. D/P) 

325/7 FORE STREET, 
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WHY BI-PAK? 
FOR SEMICONDUCTORS 

★ Fastest by return mail service 
★ Lowest possible prices 
•k Largest range available 
★ Satisfaction guaranteed 
★ For further proof see page 517 

BI-PAK SEMICONDUCTORS 
8 Radnor House, 

93/97 Regent St., London W.l 

THE 

MODERN BOOK CO. 

Largest selection of English and 
American radio and technical books 

in the country. 

19-21 PRAED STREET, 
LONDON, W.2 

Tel: PADdington 4185/2926 
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course, have the old valveholder 
problem and, provided there is 
physical space for it, virtually any 
wire-ended transistor can be wired 
into any circuit. On the other hand, 
most circuits employing transistors are 
designed around specific types, and 
it is unwise to employ alternatives 
without first checking on all the 
relevant information concerning them. 
There are a lot of pitfalls for the 
unwary here, incidentally, including 
such frequently forgotten ratings as 
maximum reverse base-emitter voltage 
and the like, and these can often 
cause the would-be user of transistor 
alternatives to come seriously unstuck. 
So, in general, if one transistor type 
is specified for a particular design, 
then only that type should be used in 
circuits employing the design. 

So far as I can see, the quantity 
of transistor types is going to increase 
over the next five years or so at about 
the same rate as has occurred up to 
now. This is because the transistor is 
still in the process of development 
and will appear in many improved 
forms before it arrives at its final 
ultimate stage. The valve, it should 
be noted, has virtually reached its 
ultimate development. The number 
of different low-power valve types 
employed in new equipment has, 
indeed, been falling for many years 
because valve-users are themselves 
tending to apply a form of standardisa- 
tion by designing their circuits around 
a relatively small quantity of standard 
types. At the same time, very few new 
valves have been introduced. In the 
British entertainment field, for in- 
stance, virtually the only new valves 
appearing on the market recently are 
those intended specifically for colour 
television receivers, these being new 
vertical and field output valves, e.h.t. 
rectifiers and e.h.t. stabilising valves. 

It is possible that the valve has had 
its condition of ultimate development 
forced upon it, since there is -little 
point in improving it further when 
it is already being superseded by the 
obviously superior transistor. It could 
well be that the transistor will similarly 
have a condition of ultimate develop- 
ment imposed on it when it becomes 
superseded, in its turn, by the inte- 
grated circuit. 

1 would predict that, in about ten 
years time, the transistor will begin to 
settle down in an approximately final 
form and that the introduction of new 
types will have markedly decreased. 
Most of the small-signal transistors 
in this final version will have much 
smaller housings than those in use 
today and many will be simply 
plastic-encapsulated without any metal 
at all. The basic semiconductor 
material will be silicon. Also, at 
about this time, the vast array of 
different types in use will start to 
dwindle and transistor-users will, 
themselves, begin to concentrate on 
the more attractive transistors in the 
lists. The rest, being ignored, will fall 
into disuse and will eventually be 

looked upon as curiosities in the same 
way as we now look upon the old 
Pen 45 output valve on its Mazda 
Octal base. 

There is one snag here. Who is 
going to supply replacements for all 
the transistors which have previously 
been made and fitted into equipment? 
Transistors become faulty much less 
frequently than do valves and do not 
inevitably "wear out". The valve 
replacement market is sufficiently 
large to make the manufacture of 
replacements a viable enterprise, but 
the same may not be true with 
transistors where the quantity of 
replacements could be too small for 
their manufacture to be profitable. 
It is possible that the industry, in 
introducing too many different tran- 
sistor types, has unwittingly produced 
a stick for its own back as well. 

However, apart from this one 
dismal point concerning replacement 
difficulties, the future position with 
transistor types may not be as chaotic 
as the present scene would lead one 
to imagine, and it seems very probable 
that there will eventually be an auto- 
matic stabilising and reduction of 
numbers in the ranks. 

By that time, of course, we will 
just be starting to get worried over 
the proliferation of integrated circuits! 

Wreckers On CB 
In the United States, a topic which 

raises constant controversy is the 
Citizens Band facility which is avail- 
able in that country. Citizens Band, 
incidentally, comprises 23 channels 
around 27 Mc/s and may be used 
by any licensed person having 
approved transmitting equipment with 
a maximum input to the final of 5 
watts. No technical knowledge is 
required to obtain a licence and the 
service can be used for business, 
community work or, it appears, just 
gossip. It seems, unfortunately, that 
many users of the band exhibit a 
high degree of irresponsibility. And 
as is, sadly, so often the case in 
modern times, a few devote them- 
selves entirely to wrecking the service 
at the expense of others who rely 
upon it. 

A particularly fantastic story on 
this theme appears in the January 
issue of our American contemporary 
Electronics Illustrated. The article in 
question—"CB Nightmare In Indiana" 
by Robert M. Brown—describes 
conditions in Lake County, Indiana. 
It states that a bunch of hoodlums 
who call themselves "Master Control" 
go out of their way to jam the trans- 
missions of anyone who upsets any 
of their number by using 250 watt 
carriers broadcasting obscene talk or 
endless music. Should they feel 
justified, they even break up the CB 
aerials of those they dislike. 

The case which leaves the nastiest 
taste in the mouth concerns a serious 
automobile accident in which the 
two occupants, unable to leave their 
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car, tried to summon help on their 
CB transmitter. But their signals were 
purposely jammed by the "Master 
Control" mob and they had to wait 
for a passerby who could call for an 
ambulance. The pair were on the 
critical list for 30 days after they 
eventually reached the hospital. 

It would be nice to think that this 
sort of thing couldn't happen here. 
However, one has only to consider 
the moronic hooligans of our football 
fields to accept, with something of a 
sinking heart, that such behaviour 
could indeed take place if, instead 
of their toilet rolls and bottles, our 
own louts had access to equipment 
which could cause real distress to the 
community. 

Binary Arithmetick 
If you've been under the impression 

that binary arithmetic is an off-shoot 
of our present sophisticated Age of 
the Computer, be prepared for a 
shock. The mathematicians were play- 
ing around with binary 200 years ago. 

This interesting little fact is one of 
many which appear in the Encyclo- 
paedia Britannica First Edition Replica 
(published by Encyclopaedia Britan- 
nica International, Ltd., at £30). The 
Replica is an exact reproduction of the 
original first edition of this famous 
reference work. The first edition 
appeared in 1768, and the Replica 
has now been produced to mark the 
anniversary. Apart from devoting 
half a column to "Binary Arithmetick" 
that 200-year-old edition also included 
fourteen pages on the subject of 
"Electricity". 

Ferrite Rod Null 
We all know that, as we rotate a 

medium and long wave radio fitted 
with a ferrite rod aerial, we obtain 
two sharp nulls (i.e. states of minimum 
signal strength) on a received signal 
for receiver positions 180° apart. 

These nulls are, of course, due to the 
directional properties of the ferrite 
rod aerial. 

Ask anyone who works with radio 
or electronics whether the null occurs 
when the rod is pointing at the 
transmitter or when it is broadside 
on and, in nine cases out of ten, he'll 
reply that it is the latter. But he'll 
be wrong. The ferrite rod aerial gives 
a null when the rod is pointing towards 
the transmitter. 

The reason for this apparently 
inexplicable behaviour is that a 
ferrite rod aerial is really a loop 
aerial having a very small coil wound 
on a high permeability rod which 
concentrates the flux from a wide 
area. As with any loop, a null is then 
given when the loop (in this instance 
the ferrite rod coil) is broadside on to 
the transmitted signal. And the coil is 
broadside on to the signal when the 
rod points towards it. 

It is sometimes difficult, incidentally, 
to prove this point by such expedients 
as coupling the r.f. output of a signal 
generator to a short vertical aerial and 
rotating a receiver with a ferrite rod 
aerial near this. Many medium and 
long wave receivers have relatively 
long internal wiring to the ferrite rod 
coils and the capacitive pick-up that 
results with a very close transmitting 
aerial causes the null points to be 
shifted. But the relationship should 
show up very definitely if the receiver 
is rotated whilst picking up a signal 
from a distant transmitter whose 
bearing is known. 
Excess Electricity 

And, finally, a little servicing story 
about the dear old lady who thought 
that the spot which remained on the 
centre of her TV screen after switching 
off was "due to the tube trying to 
use up all the electricity left in it". 

She was dead right, you know! 

□ 

Four Local Supplier 

SURREY 

CARTOON 

H 

U 

C 

K 
"Well it's like this 

sergeant, we're working 
on such a low frequency." 

SMITHS PRECISION 
i MINUTE DELAY 

ACTION SWITCH 
Clockwork actuated 
10/6 EACH 

Post 2/6 
(3 or more post free) 

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

Radio Component Specialists 
337, WHITEHORSE ROAD, 

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

SUSSEX 

E. JEFFERIES 

For your new television set, 
tape recorder, transistor radio, 

and hi-fi equipment. 
PHILIPS, ULTRA, INVICTA, DANSETTE, 

MASTERADIO. PERDIO, MARCONI. 
PHILCO, FIDEUTT. 

6A Albert Parade, 
Victoria Drive, 

EASTBOURNE SUSSEX 

WORCESTERSHIRE 

Dept. C1, 176 HAGLEY ROAD 

HALESOWEN 
021-550 3210 WORCS. 

Hi-Fi Equipment 
Transistors and 

Radio Components 
Public Address Amplifiers 

EIRE 

PEATS for PARTS 

ELECTRONIC COMPONENTS 
RADIO & TELEVISION 

Also a postal service for: 
The Radio Constructor, 
Data Books and 
Panel-Signs Transfers 
for the convenience of 
IRISH enthusiasts 

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

DUBLIN t 

APRIL 1968 577 
www.americanradiohistory.com



^JPKIAl OFFER 

UNBEATABLE VALUE FOR YOU, 

AS A READER OF 

THE RADIO CONSTRUCTOR 

TaLTEC#52'6=l 
HAIR DRYER ^A

p
d
0

d
s:i

4
g:

or ^ 

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 

Radio Control . . . 

a complete 

TRANSMITTER 

and RECEIVER 

for the home constructor 

# THE R-M "SINGLET" 

SINGLE CHANNEL TRANSISTOR 

TRANSMITTER AND RECEIVER 
-CIRCUITS AND BUILDING 
INSTRUCTIONS PUBLISHED IN 

"RADIO 

MODELLER" 

•^Special offer— 

For only 2f6d you get a copy of the 
January issue containing the RE- 
CEIVER article PLUS FREE REPRINT 
of the article on building the TRANS- 

MITTER 

Just send 2/6 P.O. to:- 

MODELLER 

"the magazine 
for the 
practical 
enthusiast" 

64 WELLINGTON ROAD, HAMPTON HILL, MIDDX. 

^ OTHER ELECTRONIC constructional features— 
ADD-ON PULSER (December 1966) 
COMBINATION CODER (January 1967) 
PULSE RECEIVER (June 1967) 
the above issues are still available, 2/6 each post free. 

578 THE RADIO CONSTRUCTOR 

www.americanradiohistory.com



BARGAINS FROM T.R.S. 
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reports from constructors who have built this simple but 
effective receiver. Transistors: selected HK301, HK101, 
+ diode 5/-. R.f. choke, 2/6. Vol. control + switch, 5/6. 
Output trans, for speaker or low res. phones, 4/6. Fixed 
R & C kit 3/7. Ferrite slab 2//, 2/6. Layout drawing free. 
Miniature Two-Voltage Supply (Feb). Submin. mains 
trans., 9-0-9V, 80mA. 11/-; submin bridge rect. (30V, 
150mA) 4/-; SOOpF, 40V, 6/-. 
Integrated Circuit A.F. Amp. (CA3020) (Feb). With 

S,.?et' Hh Low-power output trans. (75mW in 3n, 200mW in 75f2), 4/6. Push-on cooler, 1/—. 

Transistor Bargains! Prices Down! 
NOT 'seconds', NOT 'equivalents', NOT 'unmarked' 
rubbish, but BRAND NEW, FIRST GRADE. DISCOUNT 
PRICES (in brackets) for 5 OR MORE OF SAME TYPE. 
AD161/2, 15/6 (12/8) Complementary power pair. 
AF239 10/- (8/6) U.h.f. germanium pnp. 

3/11 (3/1) Npn silicon driver (hfe = 2S0-500) 
3/6 (3/-) Npn silicon low noise (hfe = 250-500) 
2/6 (2/-) Npn silicon universal (hfe=250-S00) 
3/4 (2/7) Npn Si. Similar to ST140, ST141. 
3/- (2/6) Npn Si. universal (hfe=23S-470) 
5/6 (4/7) Pnp Si. low noise (hfe = 100-400) 

BC107 
BC109 
BC168 
2N706 
2N2926G 
2N40S8 

A1o/7 order only. Cash with order. UK post free on orders 
over 10/- (under 10/- add 6d.) Discounts: 10% over £5- 
15% over £10. 

AMATRONIX LTD. 
396 SELSDON 
CR2 ODE 

(Dept RC4) 
ROAD, CROYDON, SURREY 

TEOHNICAI 

AUTHCR 

There is a vacancy for a Technical Author in the 
Company's Publications Department. We are 
looking for someone aged between 23 and 30 who 
can write effectively on the installation, operation, 
maintenance and servicing of mechanical, electro- 
mechanical and electronic equipment. In addition 
knowledge of colour photography would be a 
distinct advantage. Previous experience as a Tech- 
nical Author is obviously desirable, but not essen- 
tial if a candidate has the necessary background 
and aptitude. Writing ability will be tested at 
interview. 

The successful applicant will be paid on an 
attractive salary scale and will enjoy generous 
employee benefits, including non-contributory 
pension and sickness benefit schemes. The Ruislip 

offices of the Company are modern and within 
easy access of the countryside and towns of 
Buckinghamshire, Hertfordshire and Berkshire. 
There are good residential facilities in the sur- 
rounding areas and assistance may be given with 
removal expenses. 

Please write, giving details of age, qualifications, 
experience and present salary to: 
Personnel Department, 

Kodak 
Victoria Road, 
Ruislip, Middlesex. 

LIMITED 

april 1968 
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TV 

FAULT FINDING 

MANUAL for 

405/625 LINES 

Us® 

mi 
i 

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. 

UNDERSUNDIHG 

TELEVISION 

. 

mss* 

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....     i  

ADDRESS     

BLOCK LETTERS PLEASE 
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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.) 

Radio, Television, Tape Recorders 
1925-1968, by return post, from Is. with free fault-finding 
guide. Catalogue 6,000 models 2s. 6d. S.A.E. enquiries 
—Hamilton Radio, 54c London Road, Bexhill, Sussex. 

T9?(\?)uCOILS for sale- SuitabIe RTTY, etc. Mostly oomH but some values above and below. S.A E for 
details. 7s. 6d. each.—Box No. F289. 

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

FOR SALE. Oscilloscopes—Galvanometers—Evershed & 
Vignolles Meggers—Relays—Uniselector Switches—Sol- 
enoids. Also other items and components. Free list 
Stamp please. —R. & E. Mart, Box 9 G.P.O., Tunbridge 
Wells, Kent. 6 

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

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

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

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. 

RESISTORS, j watt carbon film 5 %. All preferred values 
in stock from 10 ohms to 10 megohms. 2d. each Send 
s.a.e for free sample. CAPACITORS: Mullard miniature 
metaHised polyester PC mounting all 250V d.c. working 
O.OlmF, 0.002mF, 0.047mF, O.ImF, 0.22mF, all at 6d 
each. Hunts tubular 0.1 mF, 200V working at 3d. each 
Send 6d, stamp for extensive list of low priced Electronic 
Components, Instruments and Equipment. Please include 
Is. postage and packing on all orders under £1.—Dent 
£uC

Ai]?' b^nsal electronics limited," 
CHARLES STREET, B1STOL 1. 

EXPERIMENTERS. Sub-miniature transmitter, world's 
smallest, area I sq. in., circuit 9s. Ud., also amazing 
free circuit. Write—S. Pilacoutas, 2 Katalanos Street 
Nicosia 111, Cyprus. 

TAPE RECORDER SPARES. Telephone 01-789-1963 or 
send s.a.e. for your requirements to—TAPE SERVICE 
81 Lower Richmond Road, London, S.W.I5. 

continued on page 582 

BENTLEY ACOUSTIC CORPORATION [ID. 
38 Chalcot Road, Chalk Farm, 47 Norfolk Road 
LONDON, N.W.I. LITTLEHAMPTON Sussex, 
PRlmrose 9090 Littlehampton 2043 

Please forward all mail orders to Littlehampton 
5Z4G 6AT6 6/30L2 6F23 I0FI I0PI3 20DI 20P4 30CI5 30CI7 30CI8 30F5 30FLI 30FLI2 30FLI4 30LI5 30LI7 30P4 30P4MR 30PI2 30PI9 30PLI 30PLI3 30PL14 CL33 DY87 E88CC EABC80 EAF42 EB91 EBC4I EBC8I EBF80 EBF83 EBF89 EC92 ECC8I ECC82 ECC83 ECC84 

7/6 3/9 12/6 M/6 15/- 15/6 13/- 17/6 13/6 13/- 9/6 11/6 15/- 15/- 12/6 14/- 13/- I 1/6 13/- M/- N/- 15/- 15/- 15/- 19/6 5/9 
12/- 6/- 7/6 2/3 7/3 6/3 5/9 7/- 5/9 6/6 3/6 4/6 4/6 6/- 

ECC85 ECC88 ECCI89 ECF80 ECF82 ECF86 ECH42 ECH8I ECH83 ECH84 ECL80 ECL82 ECL83 ECL86 EF41 EF80 EF85 EF86 EF89 EFI83 EFI84 EH90 EL33 EL41 EL84 EL95 ELL80 EM80 EM8I EM84 EM85 EM87 EY51 EY87 EZ40 EZ80 EZ8I PC86 PC88 PC95 

Si- ll- 91- 7/- 6/9 8/6 8/9 5/6 7/- 6/6 6/- 61- 91- 7/9 9/- 4/6 4/6 6/3 4/9 6/3 6/3 7/6 12/- 8/- 4/6 5/- 13/. 5/9 6/9 6/- II/- 6/6 6/6 6/- 61- 3/9 4/3 9/9 9/9 6/9 

PC97 PC900 PCC84 PCC85 PCC88 PCC89 PCCI89 8/3 7/- 6/- SI- Sl- 

PCF80 PCF82 PCF84 PCF86 PCF80I 7/6 PCF802 9/6 PCL82 6/6 PCL83 10/3 PCL84 8/3 PCL85 PCL86 PFL200 13/6 PL36 9/9 PL8I PL82 PL83 PL84 PL500 PL504 PY33 PY8I PY82 PY83 PY88 PY800 PY80I U25 U26 U 191 U30I UABC80 5/3 UAF42 9/6 UBC4I 6/6 

7/6 5/9 6/- 6/3 13/6 15/- 10/ SI- SI- 5/6 7/3 61- 61- 12/6 
11/ 12/ 12/6 

UBC8I 6/6 UBF80 5/6 UBF89 5/9 UC92 5/6 UCC84 81- UCC85 6/6 UCF80 8/3 UCH2I 91- UCH42 8/6 UCH8I 61- UCL82 71- UCL83 9/6 UF4I UF42 UF80 UF85 UF86 UF89 UL4I UL84 UM80 UY4I UY85 2N404 2N2369A6/- ACI07 3/6 AC I 13 5/- ACI26 21- AC127 II- ACI28 21- AC154 5/- ACI56 41- ACI57 51- ADI40 AD 149 AFI 14 AFI 15 AFI 16 AFI 17 AFI 19 

8/ 8/- 41- 3/- 3/- 3/4 3/- 

AFI25 AFI 27 AFI 39 AFI 80 AFI 86 AFZI2 BANS BAI29 BAI30 BCI07 BCI08 BCI09 BCYI0 BCYI2 BCY33 BCY34 BCY38 BCY39 BFY50 BFY5I BFY52 BFI63 BY 100 BY234 BY236 BY238 BYZI2 BYZI3 GET 103 GETI 13 GETI 16 GETI 18 GETI 19 GET573 GET587 GET873 GET887 GET889 GET890 GET896 

3/6 3/6 II/- 9/6 20/ SI- 2/1 2/6 
21- 41- 3/9 4/6 51- 51- 51- 51- SI- SI- SI- 4/6 51- 41- 3/6 41- 41- 41- SI- SI- 41- 41- 7/6 4/6 4/6 8/6 8/6 41- 4/6 4/6 4/6 4/6 

OAS I OA95 OA 182 21- OA200 I /• OC22 51- OC23 7/- OC24 14/6 

GET897 4/6 

OC25 OC26 OC28 OC30 OC35 OC36 OC38 OC4I OC44 OC45 OC46 OC70 OC7i OC72 OC75 OC76 OC77 OC78 OC78D 3/ OC81 2/ OC8ID 2/ OC82 2/3 OC83 21- OC84 31- OC123 4/6 OCI69 3/9 OCI70 2/6 OCI7I 3/4 OCI72 41- OC200 51- OC202 5/6 OC203 5/6 

SI- SI SI 
ill- 7/6 11/6 10/- 21- 1/9 3/- 2/3 21- 21- 21- 21- 3/4 21- 

^Lmsrx0f.business= wlth order on,y- No C.O.D. Post/Packing 6d. per rnrra"r.Ur S <?ver R0®1. ^ree. All orders despatched same day as received. rTf k?. ' c«a,»gue '"eluding transistor section and components with terms, ot Business 6d. Any parcel insured against damage in transit for 6d. extra. We are open for personal shoppers 9 a.m.-5.30 p.m. Saturdays 9 a.m.-l p.m. 

TECHNICAL TRAINING by 

IN RADIO, TELEVISION 

ICS AND ELECTRONIC 
  J ENGINEERING 

First-class opportunities in Radio and Electronics await the I C S trained 
man. Let I C S tram YOU for a well-paid post in this expanding field. 
ICS courses offer the keen, ambitious man the opportunity to acquire, 
quickly and easily, the specialized training so essential to success. 
Diploma courses in Radio/TV Engineering and Servicing, Electronics. 
Computers, etc. Expert coaching for: 

* INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS 
* C. « G. TELECOMMUNICATION TECHNICIANS CERTS. 
* C. & G. ELECTRONIC SERVICING 
» R.T.E.B. RADIO AND TV SERVICING CERTIFICATE 
* RADIO AMATEURS EXAMINATION 
* P.M.G. CERTIFICATES IN RADIOTELEGRAPHY 
Examination Students Coached until Successful, 
NEW SELF-BUILD RADIO COURSES 
t«tdm«L0^!!i'ValV? re.ceivfr' transistor portable, signal generator, multi- 
guidance professional-type valve voltmeter—all under expert 

r^7rTlc' n C,P.U n0 N™DrAY and f'nd out how 1 c S can help YOU in your 
wmh^nr. k courses in Radio, Television and Electronics will be sent to you by return mail. 
MEMBER OF ASSOC. OF BRITISH CORRESPONDENCE COLLEGES. 

INTERNATIONAL CORRESPONDENCE SCHOOLS 
Dept. 248, Intertext House, Parkgate Road, London, S.W.11, 

NAME  

ADDRESS 
Block Capitals Please 
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I 

NEW STYLE 

SELF-BINDER 

for "The Radio Constructor 
»» 

The "COR.DEX" 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. 

H i; 

m V > 
i 

PRICE 15^- Post Tree 

Available only from:— 

Data Publications Ltd. 

57 Malda Vale London W9 

SMALL ADVERTISEMENTS 
continued from page 581 

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

JOIN THE INTERNATIONAL S.W. LEAGUE. Free 
Services to members including Q.S.L. Bureau. Amateur 
and Broadcast Translation. Technical and Identification 
Dept.—both Broadcast and Fixed Stations, DX Certifi- 
cates, contests and activities for the SWL and trans- 
mitting members. Monthly magazine, Monitor, containing 
articles of general interest to Broadcast and Amateur 
SWLs, Transmitter Section and League affairs, etc. 
League supplies such as badges, headed notepaper and 
envelopes. QSL cards, etc., are available at reasonable 
cost. Send for League particulars. Membership including 
monthly magazine, etc., 35s. per annum.—Secretary, 
ISWL, 60 White Street, Derby. 

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

BOOKS FOR SALE: Alfred Noble E. Bergengren £1. 
Radioisotope Laboratory Techniques R. A. Faires, 10s. 
Atomic Medicine Behrens, £1. Medical Radiation Biology 
Ellinger, 30s. Effects of Atomic Weapons U.S.A. Atomic 
Energy Commission, £1. 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. Astronautics in the Sixties 
K. W. Gatland, 30s. Space Research and Exploration 
D. R. Bates, £1. Once Round the Sun Story of the I.G.Y., 
Fraser, 10s. Earth Satellite P. Moore, 7s. 6d. Frontier to 
Space E. Burgess, 5s.—Box No. F316. 

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

FOR SALE. Decca Mono/Stereo amplifier, fully tran- 
sistorised. Input sensitivity 70|x/V. Power output 5 watts 
per channel. Output impedance ISO. High quality 
reproduction. £14.—Telephone: PUTney 3724. 

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

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. 

FOR SALE. J" 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. 101 Ways to use your 
Audio Test Equipment, by R. G. Middleton, 7s. 6d. 
Transistor Radio Servicing Made Easy, by Wayne Lemons, 
10s. Servicing Transistor TV, by R. G. Middleton, 12s. 6d. 
Radio Valves, by Philips, 7s. 6d. Electronics for the 
Beginner, by J. A. Stanley, 10s. How Television Works, 
by W. A. Holm (Philips), 15s. All less than half price. 
All post free.—Box No. F326. 

THIS COULD BE LISTENING TO YOU! The smallest Bug 
(Wireless microphone) available commercially. 007 type. 
Rifle bullet size. Completely self-contained using one 
hearing aid mercury battery. £7 10s. Od. Post free. Shirt- 
button size ultra sensitive microphone 20s.—Box No. 
F328. 

continued on page 583 
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SMALL ADVERTISEMENTS 
continued from page 582 

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

WANTED; Early radio books, old glass paper weights- 
Box No. F329. 

FOR SALE. 20 watt motor generator, ex-Air Ministry, 
war surplus, 12V at 4A d.c. in, 480V at 0.04A out, £2. 
Crystal calibrator unit, 1000 kc/s, 240V a.c., 50s. Radiation 
Monitor Ltd., utility geiger counter, £3. Soxhlet extractor, 
glass, with Liebig condenser to match, unused, £5. Box 
of weights, 0.01 to 50gm., 30s. All plus postage.—Box No. 
F330. 

FOR SALE. Heathkit Balun coil set. Model B-1U, 50s, 
—Box No. F331. 

POSTAL ADVERTISING? This is the Holborn Service. 
Mailing lists, addressing, enclosing, wrappering, facsimile 
letters, automatic typing, copy service campaign planning, 
design and artwork, printing and stationery. Please ask 
for price list.—The Holborn Direct Mail Company, 
Capacity House, 2-6 Rothsay Street, Tower Bridge Road, 
London, S.E.I. Telephone: 01-407-1495. 

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

P. & J. BARROW-MAWDSLEY. STOCK CLEARERS 
—APRIL ONLY. Potentiometers 3in. spindle, d.p.d.t. 
switch, log track, 2kn to IMH, 4s. 6d. 2Mn, 4s. BC107/ 
8/9, 4s. 3d. 3 off own choice, 1 Is. 6d. Please add postage. 
—Box No. F333. 

GENUINE BRAND NEW Silicon Planar Transistors. 
2N2369 650 Mc/s, 6s.; PEPS 500 Mc/s, 5s.; 1S103 recti- 
fiers, 3s. Postage 6d. E88CC valves 8s. 6d. P.M. Tuner, 
less crystals, £3. Precision resistors. Details and lists, 
s.a.e—Box No. F334. 

SITUATIONS VACANT 

MANUFACTURERS of transistor portables, radiogram- 
ophonesand record players of the highest possible standard 
seek conscientious technicians for production testing, 
inspection and fault finding. 

First class opportunity to gain excellent practical exper- 
ience in a progressive organisation. 

HACKER RADIO LIMITED 
NORREYS DRIVE, COX GREEN, MAIDENHEAD, BERKS. 

A Vacancy exists for a young man aged 18 
years or over, who possesses some knowledge 
of Transistor Circuitry and Fault-Finding. 
Further "on the job" training will be given 
in the field of Telecommunications. 

Please apply to Personnel Manager, 
Cambridge Works Ltd., Haig Road, 
Cambridge. Tel. Cambridge 51351 Extn. 327 

PLAIN-BACKED 

NEW STYLE 

SELF-BINDERS 

for your other magazines 
(max. format 71" x 9J") 

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. 

1416 PRICE 11r *9 Post Free 

Available only from;— 

Data Publications Ltd. 

57MaidaVaie Loadoa W9 

APRIL 1968 
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CHASSIS 
and 

CASES by 

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

London W2 
TEL: 01-723 5891 

CASES 
ALUMINIUM, SILVER HAMMERED FINISH 

Type Size 
W 15x9x8" 

Type Size Price 
U 4x4x4"* 11/- 
U 5ix4*x4i" 17/- 
U 8x6x6" 23/- Y 
U 9^x7^x3^" 24/- Y 
U 15x9x9" 49/- Y 
W 8 x 6 x 6" 23/- Z 
W 12x7x7" 37/6 Z 

*Height 
Type Z has removable back and front panels. 
Type Y all-screwed construction. 

Type Y 
Type Z Price 

48/6 Type U 8 x 6 x 6" 29/- 
12x7x7" 45/- 
13x7x9 50/6 
15x9x7 53/6 
17x10x9 72/6 
19 x 10 x SV' 78; 

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

(Maximum length 35", depth 4".) 
SEND FOR ILLUSTRATED LEAFLETS or order 
straight away, working out total area of material re- 
quired (including waste) and referring to table below 
which is for four-sided chassis in 16 s.w.g. aluminium. 

48 sq. in. 5/- 176 sq. in. 10/4 304 sq. in. 15/8 
80 sq. in. 6/4 208 sq. in. 11/8 336 sq. in. 17/- 

112sq. in. 7/9 240sq. in. 13/- 368 sq. in. 18/4 
144 sq. in. 9/— 272 sq. in. 14/4 and pro rata 

P. & P. 3/- P. & P. 3/6 P. & P. 4/6 
Discounts for quantities. More than 20 different 

sizes kept in stock for callers. 
FLANGES {y or |"), 6d. per bend. 
STRENGTHENED CORNERS, 1/- each corner. 

PANELS 
Any size up to 3ft at 6/- sq. ft. 16 s.w.g. (18 s.w.g. 5/3). 

Plus postage and packing 

*HAMMERITE 
HAMMER , 

i ENAMEL 
AIR DRYING • JUST BRUSH ON 
i pint 8/-, p.p. 119, I pint 16/-, p.p. 3/-. Lt. & Dk. blue, silver, black, bronze, green. NO PRIMERS NFFDED. Just try it. Brushed sample, interesting list FREE. INDUSTRIALISTS I I 1 SAVE TIME AND £££'s (2 pints will do a mini)    
FINNIGAN SPECIALITY PAINTS (RC) Mickley Square. Stocksfleld, Northumberland. Telephone; Stocksfleld 2280 

TRIAL TIN 
(covers 5 sq. ft.) I 

3/9 
+ 9d. post 

BULK COMPONENT BARGAINS 
■Arqnn assorted resistors—hi-stab 15/- 

(5% l/io Vz watt, worth £3) i/6p.&p, 
S.A.E. FOR LIST OF INDUSTRIAL COMPONENTS 

FOR THE HOME CONSTRUCTOR 
Elmbridge Instruments Ltd. W^^^TurJey 

A.I. POST FREE BARGAINS 
NEW TRANSISTORS AND DIODES 

5/3 31- 31- 31- 14/- 

ACI07 AC 126 AC 127 AC 128 AD 140 ADTI40 15/6 AFII4 4/6 AFII5 AFI 16 AFI 17 AFI 18 AFI 19 AFI 25 AFI 27 BCYI2 

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

BCY33 BCY34 BCY38 BFY50 BFY5I BFY52 GET 103 GETI 13 GET I 14 4/6 GETI 18 4/6 GETI 19 GET873 GET887 MAT 100 8/- MATI0I 91- 

4/6 4/6 41- 41- 4/6 4/6 4/6 4/6 

4/6 4/6 4/6 

MAT 120 8/- M ATI 21 9/- OC23 OC25 OC26 OC28 OC35 OC38 OC44 
OC45 
OC46 
OC70 
OC7I 
OC72 

OC75 OC76 10/6 OC78 10/6 OC78D 10/6 OC8I 10/6 OC8IO 16/6 OC82 16/6 OC820 3/9 OC84 
3/6 OCI23 
31- OCI69 
31- OCI70 
41- OCI7I 
31- OCI72 

3/- OC200 12/- 31- FSX2442A 31- 6/9 31- ST 140 4/3 31- STI4I 6/3 31- GEX25 1/3 31- GEX34 31- 31- CGI C 4/6 31- CG4 E 4/6 4/6 CG10 E 31- 4/6 OA70 2/3 4/6 OA8I 2/6 
4/6 OA95 2/3 4/6 WG7B 4/6 

RECLAIMED RADIO AND TELEVISION VALVES 30/- PER 100 

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

C e C 
n/492 

WANTED 
This and similar scrap relays 

BEST PRICES PAID 
S.a.e. to "Lanco", 76 Sedgemoor Rd., 
Willenhall, Coventry, Warwickshire 

SPECIALISTS IN JOINERY MADE CABINETS 
Made to your design to take stereo and wireless equipment. In 
beautiful wood veneer. Finish to match your own furniture. 
Example: 4' x 18" x 18", Teak finish, from £45. 
Send your enquiries to- 

R. C. Whitby (Cabinets) 
700 Foxhall Road, Ipswich, Suffolk. 

TRANSISTOR AND DIODE COMPUTER PRINTED 
Circuit Boards 12/6 dozen—post paid. Minimum of 40 transistors per 
dozen boards. No information on transistors. Quantity enquiries 
available. 

PLASTIC SILICON DIODES 1000 P.I.V. 500mA   3/- 400 P.I.V. 500mA 
800 P.I.V. 500mA 2/6 200 P.I.V. 500mA 

Surplus Transistors 2N2926 MAT Transistors 
General Purpose Silicon NPN Transistors doz. 
Surplus P Channel F.E.T. with data 
Sub-miniature Epoxy Silicon Double Diodes 100 P.I.V. 100mA each 

diode   pajr Printed Circuit Plastic Silicon Rectifiers (fits Veroboard) 
200 P.I.V. 400mA   

50 P.I.V. 400mA  1111"  
STUD MOUNTING SILICON RECTIFIERS 800 P.I.V. 2 Amps Stud Anode   

800 P.I.V. 2 Amps Reverse    
J. BIRKEXT 

25 THE STRAIT, LINCOLN. Telephone 20767. 

1/« 
1/- 
1/« 
I/« 12/- 
S/- 
1/6 
1/6 
1/- 
2/6 
2/6 

THE RADIO CONSTRUCTOR 

ANNUAL SUBSCRIPTIONS to this magazine 

may be obtained direct from the publishers 

ONLY 42/- per year, post free 
Please send remittance with name and address and commencing issue required to: 

PATA PUBLICATIONS LTD S7 MAIDA VALE LONDON W9 

Please mention THE RADIO CONSTRUCTOR when writing to advertisers 

584 THE RADIO CONSTRUCTOR 
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THE RADIO CONSTRUCTOR 

Price 3/- each, postage 6d. 

Annual Subscription 42/-, post free. 
Bound Volumes Vol. 19 August 1965 to July 1966 32/6, postage 4/6. 

Vol. 20 August 1966 to July 1967 32/6, postage 4/6. 
Cordex Self-Binders With title "The Radio Constructor" on spine, 15/-, post free. 

With no title on spine 14/6, post free. 

DATA BOOK SERIES 

DBS TV FAULT FINDING 
124 pages. Price 8/6, postage 8d. 

DB6 THE RADIO AMATEUR OPERATOR'S HANDBOOK 
64 pages. Price 5/-, postage 5d. 

DB14 SHORT WAVE RECEIVERS FOR THE BEGINNER 
72 pages. Price 6/-, postage 6d. 

DB15 TWENTY SUGGESTED CIRCUITS 
48 pages. Price 3/6, postage 5d. 

DB16 RADIO CONTROL FOR MODELS 
192 pages. Price 15/-, postage 9d. 

DB17 UNDERSTANDING TELEVISION 
512 pages. Price 37/6, postage 3/- 

PANEL-SIGNS TRANSFERS 

Six sheets in each set 
Set 3: WORDING—White 

Set 4: WORDING—Black 

Set 5: DIALS—Control Panels have a clear background 

Set 6: DIALS—Control Panels have a black background 

Price per set 4/6, postage 4d. 

I enclose Postal Order/Cheque for ... in payment 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 Maida Vale, London W.9 

www.americanradiohistory.com



sk for fully illustrated brochures 11 and 21 
THE FINEST VALUE IN HIGH FIDELITY — CHOOSE A SYSTEM 

NEW SOLID STATE HIGH FIDELITY EQUIPMENT 
•ower Amplifiers-Pre Amplifiers-Power Supplies (British made) 

■^MP3 
SP6-2 

RSO 
▲ MPA25 

MPA 12/15 

WE PROUDLY PRESENT THIS NEW RANGE OF AUDIO EQUIPMENT developed from DINSDALE Mk. II—each unit or system will compare favourably with other professional equip- ment selling at much higher prices. Brief details are below 
SYSTEM COMPRISING SYSTEM PRICE 

5 watt mono for /-in *2 3/5 ohm speakers. ★ A 
★ 1 12 watt mono for 3 to 5 ohm speakers. £13.17.6 
★ 2 12 watt mono for 12 to 16 ohm speakers. £14.12.6 
★ 4 24 watt mono two channel for 12 to 16 ohm speakers £20.15.0 
*8 20 watt mono/stereo for 12 to 16 ohm speakers. £24.0.0 
★ 9 24 watt mono/stereo for 3 to 5 ohm speakers. £26.15.0 
★ 14 40 watt mono/stereo for 7± to 16 ohm speakers. £29.10.0 

TO SUIT YOUR NEEDS AND SAVE POUNDS. 

SEND FOR FULL DETAILS ON THESE BRITISH MADE PRODUCTS. FREE ON REQUEST 

VHF FM TUNER 

I 

z 

FM STEREO DECODER 

87/105 Mc/s Transistor Superhet. Geared tuning. Terrific quality and sensitivity. For valve or transistor amplifiers. 4 x 3^ x 2iin. Complete with dial plate. 5 Mullard Tran- sistors, plus 4 Diodes. (Cabinet Assembly 20/- extra.) 
TOTAL COST £^.19.6 TO BUILD Ask for Brochure 3. P.P. 2/6 

BUILD A QUALITY TAPE RECORDER 

QUALITY RADIO TUNER 

7 Mullard Transistors. Printed Circuit Design with Stereo Indicator. For use with any valve or transistor FM. Uses pot cores to Mullard design and ger. and silicon transistors. As used by B.B.C. and G.P.O. 
COMPLETE rr *Q L KIT PRICE Ask for Brochure 4. P.P. 2/6 

With a Martin Recordakit. ★TWO-TRACK. Deck £10.10.0. Amplifier £14.19.6. Cabinet and speaker 7 gns. Complete kits with MICROPHONE 7in. 1,200ft. tape, spare spool. Today's <1 P.P. Value £45. 29 gflS. 15/- 
*FOUR-TRACK. Deck £13.10.0. Amplifier £15.19.6. Cabinet and speaker 7 gns. Complete kits with MICROPHONE 7in. 1.200ft. tape, spare spool. Today's <5^ P.P. Value £50. 32 gflS. 15/- Ask for Brochure 6. 
Fully tunable MW/LW superhet with excellent sensitivity and selectivity. Output up to i volt peak. Complete with front panel, etc. 9 volt operated. For use with any amplifier or tape recorder. 

TOTAL COST / 2 1 O A TO BUILD 1 7-0 

Ask for Brochure 5. P.P. 2/6 

AUTO-BAN TRANSISTOR CAR RADIO. British Made 

Ask for Brochure 15, 

REGENT-6 MW/LW POCKET Ask for Brochure 2. 6-Transistor superhet. Mullard Transistors. Geared tuning. Push- pull speaker output. Moulded Cabinet 5 x 3 x l^in. Phone 
TOTAL TO BUILD £3.9.6 P.P. 2/6 
Full tuning on both bands. 
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-UUT rriCC button version £*% a o # P.P. £11.19.6. P.P. 4/6 ty.lY.O 4/6 

7-TRANSISTOR MW/LW SUPERHET NEW! PORTABLE New printed circuit design with full power output. Fully tunable on both mw/lw bands. 7 Transistors plus diode, push-pull circuit. Fitted 5in. speaker, large ferrite aerial and MULLARD transistors. Easy to build with terrific results. All local, and Continental stations. 
TOTAL COST 11 A t\ 1 P P- TO BUILD £6.1 V.6 4/- Ask for Brochure I. 

NEW 1968 TRANSISTOR LIST 
SEND FOR YOUR 

FREE COPY TODAY ★ Largest range over 1000 types ★ S.C.R's from 5/- ★ Field Effect T'sistors from 8/6 ★ Power Transistors from 5/- ★ Diodes & Rectifiers from 1/6 Send for Free List No. 36. 
24 page Illustrated Brochure as above including Valves and Quartz Crystals. I/- post paid. 

GARRARD DECKS 
LATEST 
MODELS- 
COMPLETE 
RANGE IN 
STOCK. 

FROM £5.19.6 
Send for Illustrated Brochures 16 & 17 

MAYFAIR 
PORTABLE 

DESIGNED BY 
ELECTRONIC L. W. ROCHE 

r.RGAN 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. rMr 
EXPORT PRICES ON APPLICATION^HJ. 

TOTAL 
COST 

99 

ORGAN COMPONENTS 
We carry a compre- hensive stock of organ corpponents for TRANSISTOR AND VALVE FREE PHASE designs. 

The most COMPREHENSIVE — 
CONCISE — CLEAR — COMPONENTS 
CATALOGUE. Complete with 10/- 
worth discount vouchers FREE 
WITH EVERY COPY 
★ 25 pages of transistors and semi-conductor devices, valves and crystals. 
★ 150 pages of components and equipment. 
★ 50 pages of microphones, decks and Hi-Fi equipment. 

LATEST 
EDITION 

240 pages, 6000 items 
1000 illustrations 

SEND TODAY 8/6 POST 
PAID 

in 
.■ 

eg 

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. 

© 

303 
EDGWARE 
ROAD 
LONDON 
W2 

Transistors & Semi-Conductor Devices 
We have the LARGEST RANGE OVER 650 TYPES ★ COMPETITIVE PRICES ★FULLY GUARAN- TEED ★ 1st GRADE STOCKS. SEND FOR FREE LIST No. 36. Also 24-PAGE ILLUSTRATED BRO- CHURE LISTING 2000 DEVICES with data and circuits, including VALVES and QUARTZ CRYSTALS I/- Post paid. 
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