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Scottish Insurance Corporation Ltd 

66-67 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: 

(а) 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. 

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

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

/rite for full details, quoting reference 5304, to:— 

THE MANAGER 

SCOTTISH INSURANCE CORPORATION LTD., 

66-67 CORNHILL. LONDON E.C.2 
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E D E E TV AMBITIOUS ENGINEERS 
I m Hb Hb ~~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 
Draughtmanship 
B.Sc. 
City & Guilds 
General Certificate 

of Education 
Etc., Etc. 

BRITISH INSTITUTE OF ENGINEERING 
TECHNOLOGY 

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

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 

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

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

p : PV'V, 
? 

a. 

f2 

|THEBTET!isthelfadin^N^^teofitskindTNT5EWOR!j^ 

XlnOL fcy's ZEC/ELCI.: 

NOW AVAILABLE FOR THE FIRST TIME IN GREAT BRITAIN 

TWO NEW TRIO COMMUNICATIONS RECEIVERS 
These receivers offer the enthusiast high quality and the latest 
design developments at a realistic price 

MODEL JR-500SE 
This high performance receiver is made especially to cover the amateur bands and 
utilises a crystal controlled double heterodyne circuit for extra sensitivity and stability 
Brief spec.: Covers all the amateur bands in 7 separate ranges between 3.5 and 29.7 Mc/s 

jCcnnUsfs v
1
alves. 2 transistors and 5 diodes plus 8 crystals; output 8 and 500 ohm and 500 ohm phone jack. Special features: Crystal controlled oscillator • Variable 

BFO « VFO » AVC • ANL « 5 meter • SSB-CW « Stand-by switch * Special 
double gear dial drive with direct reading down to 1 kc/s 0 Remote control socket 
tor connection to a transmitter. Audio output 1 watt. For use on 115/250 VAC 
Mams. Superb modern styling and control layout—finished in dark grey. Cabinet size 

x . * 10,n* Vveight 18 lbs. Fully guaranteed, comp. with instruction manual and service data, 
LASKY S PRICE 59 Gns. Carriage and Packing 12/6. 

MODEL 9R-59DE 
Brief spec.: 4 band receiver covering 500 kc/s to 30 Mc/s continuous and electrical 
band spread on 10, 15, 20, 40 and 80 metres. 8 valve plus 7 diode circuit. 4/8 ohm 
output and phone jack. Special features: SSB-CW # ANL # Variable BFO # S 
meter # Sep. band spread dial # IF frequency 455 kc/s # Audio output 1.5 W # Variable RF and AF gam controls. For use on 115/250 V A.C. Mains. Beautifully 
designed control layout finished in light grey with dark grey case, size: 7 x 15 x lOin. weight 19 lbs Fully guaranteed, comp. with instruction manual and service data. 
LASKY'S PRICE 35 Gns. Carriage and Packing 12/<. 

s mi ■ ■1 *v 
:€>: ' -v 
     • > —™ 
o - « •' 

152/3 FLEET STREET, LONDON, E.C.4 207 EDGWARE ROAD, LONDON, W.2 Tel. 01-723 3271 
xl TOttENHAM CT. RD., LONDON, W.I Tel. 01-536 2605 The above branches open all day Saturday. Early closing Thursday. | Open all day Thursday. Early closing Saturday. 
 Mail Orders and correspondence to 3-15 Cavell Street, Tower Hamlets, London, E.I. Tel. 01-790 4821/2 

Tel. FLE 2833 
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BUY A LOW-PRICED HI-FI SYSTEM 
A "Package Deal" saves you money 

mm 
S-33H 

STEREO 
AMP 

GARRARD 
PLAYER 

SP-25 

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. 

NEW! 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 * Sin. special 
loudspeakers. For 220-250V a.c. 
mains operation. Overall cabinet 
size 15-^ * 3J x KHin. 

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

ENJOY YOURSELF AND SAVE MONEY 
Finished models provide years of superlative performances 

INSTRUMENTS 

3" LOW-PRICED SERVICE OSCILLOSCOPE. 
Model OS-2, Compact size 5" x 7f" x 12" deep. 
Wt. only 9|lb. "Y" bandwidth 2 c/s-3 Mc/s 4r3dB. 
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 D 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|j.A to 15A d.c.; 0.2 Q to 20M D. 
4?" 50[i.A meter. Kit £12.18.0 Ready-to-Use £18.11.6 

OS-2 

' -1 SHI 

V-7A 
c=s 

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 0.15p, 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 17-18St. 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. 
5" Loudspeaker £1.16.1 inch P.T. 

TRANSISTOR RADIOS 
"OXFORD" LUXURY PORTABLE. 
Model UXR-2. Specially designed for use 
as a domestic, car or personal portable 
receiver. Many features, including solid 
leather case. Kit £14.18.0 inch P.T. 
TRANSISTORPORTABLE. ModelUXR-1. 
Pre-aligned I.F. transformers, printed circuit. 
Covers L.W. and M.W. Has 7" X 4" loud- 
speaker. Real hide case. 

Kit £12.11.0 inch P.T. 
JUNIOR EXPERIMENTAL WORKSHOP 
Model EW-1. More than a toy! Will make 
over 20 exciting electronic devices, incl: 
Radios, Burglar Alarms, etc. 72 page Manual. 
The ideal present! Kit £7.13.6 inch P.T. 

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-TS Kit (Stereo) £24.18.0 inch P.T. 
TFM-IM Kit (Mono) £20.19.0 incl. 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 

are fully guaranteed. 

386 THE RADIO CONSTRUCTOR 

www.americanradiohistory.com



NEW! STEREO AMPLIFIER, TSA-12 
12x12 watts output. 
Kit £30.10.0 less cabinet 
Ready-to-Use £42.10.0 
Cabinet 12.5.0 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 TFM-1 and AFM-2 transistor tuners. 
Full range power . . . over extremely wide frequency range. Special trans- 
formerless output circuitry. Adequately heat-sinked power transistors for 
cool operation—long life. 6 position source switch, 
FULL SPECIFICATION SHEET AVAILABLE 

NEW! 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^, 3^ 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 

r
rrris Per channel • Two high efficiency 8" x 5" speakers • Operates on 230V a.c. supply. 

Versatile recording facilities. So easy to build—so easy to use. 
FULL SPECIFICATION SHEET AVAILABLE 

Build Britain's Best Electronic Kits 
No special Kit-building skills or Electronic Knowledge required 

Low-priced STEREO FM RADIO 

FM STEREO TUNER DECODER FM.4U SD 

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

STEREO DECODER. Model SD-1. 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 
incl. PT. 

AVON MINI SPEAKER SYSTEM 
Si" Bass, 3f" Treble speakers and crossover unit. 
Kit £4.18.0 incl. PT. Beautiful. Walnut veneered 
fully-finished cabinet, £8.18.0. Total price Kit 
£13.16.0 incl. PT. 

Heathkit 

riS 

D ' r: 

Send for this 
Catalogue ... 

... it's FREE! 
36 pages packed with Britain's 
largest selection of electronic Kits. 
Mail coupon or write: 
DAYSTROM LTD., Dept. RC-2 
GLOUCESTER. Tel. 29451. 

GC-1U 

RG-l 

"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-l. A high performance, low cost receiver for the 
discriminating listener. Frequency coverage: 600 kc/s- 
1.5 Mc/s and 1.7 Mc/s-32 Mc/s. 

Kit £39.16.0 Ready-to-Use £53.0.0 

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. 
Kit (less cabinet) £17.15.0 

Kit (with handsome finished cabinet) £18.19.0 

! 
□ I 

C? r 

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

NAME 
ADDRESS 
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bi-pak Semiconductors 

200 DIODES 10 - 

8 RADNOR HOUSE 
93-97 REGENT STREET 
LONDON, W.I 

Once only offer 2N2926 
green & orange 4 for 10/- 
IN914 tested 
for 10/- 

diodes 12 

OA202 silicon diodes 150 
piv 200mA 15 for 10/- 
AF red spots, fully tested 
20 for 10/-. Fantastic 
value. 

Bi-Pak's famous BY100 
100% 800 piv 550mA. 

☆ 

☆ 

☆ 

☆ 

☆ 

A 

L 

E 

SILICON. GERM., AND ZENERS, ASSORTED. UNTESTED 
IDENTIFICATION CHART FREE 

100 TRANS. 10 - 
PNP GERM. UNTESTED, SUPER VALUE 

1 amp SCR's 400 piv. 
Brand new marked CRS1/ 
400 12/6 each. 

OC71 
10for10/- 
marked. 
2N706 10 
for 10/- 
marked. 

7 amp SCR's 200 piv stud 
type 9/6 each. 
Unijunction trans. UT46 
eqvt 2N2646 7/6 each. 

Mats 100/ 
120 4 for 
10/-. BC107-8-9 4/6 each. 

BSY95A 3/- each or 4 for 
10/-. 

2G371 
D1476 
15 for 
10/-. ORP12 & 60 8/- each. 

Set of 4 trans, comp. with 
circuit and building inst. 
for radio. All boxed S/- 
per set. 

IS130 
Diodes 30 
for 10/-. 
AEY11 
Tunnel 
Diode 
10/- each. 

6 VHF trans. 667 eqvt. 
AF116-117 10/-. 
BRAND NEW, ALL MARKED if 
20 germ, 
diodes eqvt. 
OA70-79-81 
AEI/CG- 
64H. Sub- 
min. 10/-. 

25 pnp 
germ, trans, 
top value 
10/-. 

DAI 82 gold 
Donded 
diodes eqvt. 
DAS. 8 for 
0/-. 

OVER i MILLION DEVICES MUST BE CLEARED THIS MONTH 
TO MAKE ROOM FOR NEW 1968 STOCKS NOW AWAITING 

DELIVERY TO OUR WAREHOUSE 

LOOKl SALE PRICE FORTHESE 10/- PAKS 8/- PAK QUALITY-TESTED-VALUE 

4 OA10 Diodes Mullard 
5 2G417 Trans. Eqvt. AP116/7 
8 OA70 Diodes Mullard 
3 1 Watt 5.6V Zeners. 
4 OA47 Mullard Diodes 
2 2S701 NPN Sil. Trans. 

25 Heatsinks fit. TOI, TO.18 etc. 
3 OC171 Trans. 
3 12 Volt Zeners 400mW. 
2 2N697 SIL Planar Trans. 
4 AC126 Germ. PNP Trans. 
5 1 Amp. Germ. Rect. 200 PIV 
1 ORP61 Photo-conductive cell 
4 Silicon Rects. 100 PIV 750mA 
3 AF117 Trans. Mullard Type 
7 OC81 Type Trans. 
2 Drift Trans. 2N1225 Germ. PNP 100 Mc/s 
6 Matched Trans. OC44/45/81/81D 

16 White Spot RF Trans. PNP 
5 Silicon Rects. 3 A 100-400 PIV 
2 10 A Silicon Rects. 100 PIV 
2 OC140 Trans. NPN Switching 
1 12 A SCR 100 PIV 
3 Sil. Trans. 25303 PNP 
4 Zener Diodes 250mW 3-12V 
3 200 Mc/s Sil. Trans. NPN BSY26/27 
3 Zener Diodes 400mW 33V 5% Tol. 
4 High Current Trans. OC42 Eqvt.  

2 Power Transistors 1 OC26 1 OC35 
5 Silicon Rects. 400 PIV 250mA 
4 OC75 Transistors Mullard Type 
1 Power Trans. OC20 100V 
2 Low Noise Trans. NPN 2N929/30 
1 Sil. Trans. NPN VCB 100 ZT86 
8 OA81 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 
3 VHF Sil. Epoxy Trans. NPN 100 Mc/s. 
2 2N708 Sil. Trans. 300-Mc/s NPN 
5 GT41/45 Germ. Trans. PNP Eqvt. OC71 
3 GT31 LF Low Noise Germ. Trans. PNP 
8 OA95 Germ. Diodes Sub-min. IN69 
3 NPN Germ. Trans. NKT773 Eqvt. AC130 
2 OC22 Power Trans. Germ. 
2 OC25 Power Trans. Germ. 
2 OC73 Mullard Trans. 
4 AC128 Trans. PNP High Gain 
2 AC127/128 Comp. pair PNP/NPN 
3 2N1307 PNP Switching Trans. 

20 Germ. Diodes General Purpose 
7 CG62H Germ. Diodes Eqvt. OA71 
3 AF116 Mullard Type Trans. 

IMPORTANT NOTICF we have not changed our name or amalgamated inrvmiHR rwiivc wlTH ANY OTHER PAK FIRM. YOU CAN ONLY OBTAIN 
OUR ADVERTISED STOCK BY SENDING TO; C.W.O. p/eose add 1/-p. & p. M/n. Order 10/- 
BI-PAK SEMICONDUCTORS, 8 RADNOR HOUSE, 93-97 REGENT ST., LONDON, W.I 

BOUND VOLUME No. 20 

of "The Radio Constructor" 

 AUGUST 1966 to JULY 1967  

a FOR YOUR LIRRARY 

T PRICE 32'6 Postage 4'6 

. Where the 12 monthly issues making 
SpecioldiscountotltK-torregulorreoders ^^^s^rst^6 

Comprising 
780 pages 
plus index 

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

Available only from: 

DATA PUBLICATIONS LTD., 57 MAIDA VALE, LONDON, W9 
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A NO-COMPROMISE 

HIGH-FIDELITY LOUDSPEAKER 

Listen to a Q.14. 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 4}" 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 NICROMATIC PRICE REDUCED 
ROMATIC 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 has 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 comp/ete 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. 

• l^sxis/ioxj" 
• Plays 

anywhere 
• M.W., A.G.C. 

and Bandpass 

• Kit or Built 

59 6 
Post Paid 

SINCLAIR Z.I 2 

12 WATT INTEGRATED HI-FI 
AMPLIFIER AND PRE-AMP 

• Size 3" x 1|" x 
• 8 special HF transistors. 
• Ultra-linear class B output and 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. 

SINCLAIR 
STEREO 25 
Pre-amp/Control 
Unit for 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. 

B 

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

89 6 • 

99/6 

12 watt RMS continuous sine wave 

Ideal for battery operation 
G U ARA NT EE ^ you are 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 LIMITED 
22 NEWMARKET RD., CAMBRIDGE 

Telephone OCA3 52996 

I SINCLAIR RADIONICS LTD., 22 NEWMARKET ROAD. CAMBRIDGE 
j Please send 

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

NAME  
ADDRESS 

RC2 
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Happy Families 

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

Happiness in i/our family too—but for how long ? Ifyou or your U)i/e should 
die, how would the rest of the family fare? A Yorkehire Family 
Unit" policy provides for both these eventualities in a comprehensive 
way at a sensible premium. Just ask for a leaflet at y our local Yorkshire" 
branch and then see the manager. He'll be glad to tell you why ... 

ifsVORKSHIREfbr 

INSURANCE 

THE YORKSHIRE INSURANCE COMPANY LIMITED 
Chief Offices: Eougier Street, YORK 

and Becket House, 36-37 Old Jewry, LONDON, B.O.2. 

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

Name- 

Address... 

Branches and Agencies throughout the world 

 i-BJ 
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HOME RADIO LTD., Dept. RC, 187 London Rd., Mitcham, Surrey, CR42YQ Phone: 01-648 3282 

Which type of Shopper are you? 

/ UnmlIsN 7°, radio l^MILES f^ppE 
TH! CE 

¥ 

Kk mk i> 4 
H»c 

cao 
y c 

SHOPPER'A" 

Poor shopper "A" looks ready to die of exposure; while the worst 

that can happen to "B" is that, being so absorbed in his Home Radio 

Catalogue, he might burn his toast! The fact is that "A", in spite of 

his brave search for all the electronic components he needs, may return 

with only a shocking cold to show for his trouble; whereas "B" can order 

in leisure and comfort, knowing that all his requirements will be met, 

and very quickly too! 

You too can join the merry throng of 
contented "B's" (there must be about 
90,000 of them!). It's very simple; 
just post off the coupon with 9/6 
P.O. or cheque (7/6 + 2/- P & P) 
and before you can say "There's no 
place like Home" you'll receive your 
Home Radio Catalogue, which auto- 
matically makes you a fully paid up 
member! And remember—each cata- 
logue contains 5 vouchers worth a 
total of 5/- if used as directed. So 
what are you waiting for? 

Please write your Name and Address in block capitals 

Name     

Address 

I          
I 

I - - 
^jome Radio Ltd., Dept. RC, 187 London Rd., Mitcham, CR4 2Y^J 
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Long lla/iga Light 

Modulator and Receiver 

By J. P. DAKIN 

In this novel approach to a.f. communication by modulated light beam, our 
contributor employs a simple mechanical shutter coupled to a loudspeaker 
voice coil and fitted in front of the light source. Reception is by way of a cadmium 
sulphide cell, but readers wishing to use faster-acting receiving devices could 
alternatively employ one of the receiving systems described in previous articles 
on modulated light beam communication. These are listed at the end of this 

present article 

IN THIS MAGAZINE THERE HAVE BEEN MANY ARTICLES 
on modulated light transmitters and receivers. 
The simple transmitters described in earlier 

articles had one thing in common: they all changed 
the brightness of the filament of a light bulb at 
audio frequencies, as in Fig. I. 

This arrangement is ideal for low power trans- 
mission but for higher powers there are two limiting 
factors. The first factor is the power of the modulat- 
ing amplifier. To modulate the brightness of a 100 
watt bulb an amplifier of the order of 30 watts is 
required and for higher powers the cost of the 
amplifier becomes prohibitive. The second limiting 
factor is the thermal inertia of the filament. This 
becomes more noticeable as the power of the bulb 
used increases, for high power bulbs use thick 
filaments of high thermal capacity. 

The only way to overcome the second problem 
is to use several low wattage bulbs in parallel as 
in Mr. Letts' broadcast transmitter in the March 
1965 issue. However, this leads to more expense 
and adds difficulties in focusing, as shown in 
Fig. 2. When more than one bulb is used separate 
images are formed at the receiving end and a large 
photosensitive area is required. 

Amplifier ; 
output 

DC. bias 

Transmitting 
bulb 

These comments do not apply to systems des- 
cribed later, which employed a modulated arc 
beam and a modulated fluorescent tube ("Wide 
Band Photophone"), but the writer would now 
like to introduce a completely different method of 
obtaining light modulation. 

The writer's modulator works on a similar 
principle to naval light signalling, using an opening 
and closing shutter. However, in this case the shutter 
is opened and closed at audio frequencies and can 
be used to modulate the light beam with speech. 
An important advantage is that the modulator 
only requires a power of some 1 to 3 watts and 
actually functions as a power amplifier. Also, the 
problem of thermal lag given with simple filament 
bulb transmitters is completely removed. 

Construction 
The modulator can be constructed from an old 

Transmitting 
lamps 

Receiver 

Fig. 1. The basic circuit for an a.f. modulated bulb 

Fig. 2. If more than one transmitting bulb is employed, 
correspondingly separate images may be formed at the 

receiving end 
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speaker with, say, a ripped cone. The remains of 
the cone are removed carefully without damaging 
the coil and suspension. The centre part of the cone 
covering the coil is left in. If the leads to the coil 
are fastened to the cone the part of the cone holding 
the leads must also be left in. The speaker should 
then be tested to check that the connections to the 
coil are still intact. The speaker is tested by con- 
necting the terminals to a 1.5V battery and if the 
coil jumps in or out all is well. If not the speaker is 
useless and another must be used. Next, the frame 
of the speaker must be cut as in Figs. 3 (a) and ih) 
to accommodate the variable shutter. 

The shutter is constructed from iin balsa wood. 
A piece is cut out as in Fig. 4 and a second piece 
is then marked from the first and cut similarly. 
The shutters are placed over each other to check 
that they are identical. 

One of the shutters is then glued vertically to the 
top of the moving coil with balsa cement as in 
Fig. 5 (a). This sets hard and a firm joint can be 
made after several applications of the glue. The 
second shutter is then fixed to the frame of the 
speaker by thin aluminium strips as in Fig. 5 (b), 
and adjusted until it is close to, and parallel with, 
the first shutter. The second shutter must then be 
moved vertically until the combination of the 
two shutters is half open, (see Fig. 5 (c)), where- 
upon movement of the first shutter in one direction 
will allow more light to pass through, and movement 
in the other direction will allow less light to pass 
through. The shutter assembly is then complete 
and is capable of modulating a beam of light 
according to the a.f. fed to the speaker coil. The 
shutter combination must be adjusted to the half- 
way position when there is no signal, for if it were 
shut or fully open the frequency at which the light 
is modulated would be twice the frequency of the 
signal applied to the speaker. 

Use Of Modulator 
The modulator is placed in front of a high power 

CUT HERE 
m / n/ un / ui ummt 

rr-rrmnn. 
FRAME 

MAGNET 

(a) SIDE VIEW 

SPEAKER 
FRAME 

CUT AWAY 

(b) TOP VIEW 

Fig. 3. First steps in preparing a speaker for use in the 
shutter modulator 

spotlight and the spotlight is shone through the 
shutter towards the receiver. The output from an 
amplifier is then connected to the modulator as 
with a normal speaker, and the light becomes 
modulated with speech if a microphone is connected 
to the amplifier input. If the modulator is working 
the speech input to the microphone will be heard 
from the cut-away speaker. 

16 L-J CUT SLIT 

J__L 
'/S BALSA 1 CUT AWAY CUT AWAY GI02 

Fig. 4. Details of the balsa shutter. Two are required 
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FIRST SHUTTER 

GLUE 

ALUMINIUM 
STRIP 

SECOND 
SHUTTER 

FIRST 
SHUTTER 

6BA NUTS, 
BOLTS 

The Receiver 
Although many receivers for modulated light 

have been described in this magazine more experi- 
ments were performed with photosensitive devices. 
Very satisfactory results were obtained with cadmium 
sulphide photoconductive cells although these have 
a reputation for having a slow response to light 
changes. These devices are highly sensitive and it 
was found experimentally that they perform well 
at audio frequencies. The receiver circuit used is 
shown in Figs. 6 and 7. 

The cadmium sulphide photoconductive cell was 

K\\\\\\\\ 

■\X 

SECOND 
SHUTTER 
(BEHIND 
FIRST 
SHUTTER) 

FIRST SHUTTER 
(0 

Fig. 5 (a). Fitting the first shutter to the speaker coil 

(b). Adding the second, fixed, shutter 

(c). Under no-signal conditions, the shutter assembly 
should be half-open, as indicated here 

mounted at the focus of a car headlight (i.e. in the 
position normally occupied by the filament of the 
bulb) with the sensitive surface pointing towards 
the reflector. The positioning is not very critical 
because of the large surface area of the photo- 
conductive cell. The associated components used 
to separate the a.c. signal for amplification were 
built into a small metal box outside the receiver 
amplifier so that the amplifier could be used as a 
preamplifier for other equipment. If desired all these 
components can be built into a single box to make 
a more compact unit. In this case Ci of Fig. 6 is 
not required and the input from the 0,05|-iF capacitor 
in Fig. 7 may be applied direct to the base of TRi. 
(Ci is only included to allow the amplifier to be 

(OOpF 
l2Vwkg 

Input from 
receiver head 
(%V - 

C| 
20^iF 

12V 

2 
lOkn 

R| 
220kn 

TR, 
OC42 

r7 
Ikn 

-VWV- 

Cs 
20pF 
12V 

-IDt- 

r4 
220kn 

-ww  
TR2 
OC42 

C4 
20>JF 

12V 
HDt 

lOkn 
r8 

220kn 
-JWW  

TR3 
OC42 

Cs 
20>jF 

12V 
-IDt 

€) 

RIO 
Ikn. 

RI2 
lOka 

C6 
20pF Rll 12V 220kn -IDt Ww  

TR4 
0042 

R|4 
47 kn 

"13 
Ika 

Output to 
headphones 
(high impedance)4 

On-Off 
  9V 

C? 
~250^F 

12V wkg 

Fig. 6. Receiver a.f. amplifer employed by the writer. This Is not a critical part of the system and any other amplifier 
offering a comparable degree of gain may be used instead 
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used for other functions.)' The h.t. battery and 
amplifier boxes were fastened together with rubber 
bands for easy carriage, and contact was made to 
the battery with wander plugs. These must be left 
out when the receiver is not in use or the battery 
will run down. 

When the receiver is completed it can be tested 
with an ordinary a.c. lamp. If the headlight is 
turned towards the lamp a loud 100 c/s buzz will 
be heard in the headphones. At night the receiver 
will detect street lamps hundreds of yards away 
in this manner. 

Performance 
The maximum modulation given depends on the 

accuracy with which the slits are cut. With perfectly 
parallel and similarly sized slits 100% modulation 
is possible, but in practice the maximum modulation 
is about 60% corresponding to an average power 
of about 3 watts input. In the use the lowest per- 
centage modulation which will enable the required 
range to be achieved is employed. 

Speech is transmitted satisfactorily except for 
attenuation of the higher frequencies due to the 
inertia of the shutter attached to the speaker coil. 
This is corrected at the receiver end by the 0.05(xF 
capacitor of Fig. 7, which forms part of a high-pass 
filter. The shutter tends to resonate at certain low 
frequencies but this is only noticeable when trans- 
mitting music, where the troublesome notes are 
of longer duration. 

Using a normal broad beam car headlamp for the 
transmitter, strong signals were obtained over 
400 yards away. With a narrow beam spotlight far 
greater ranges can be obtained. 

Conclusion 
The range which can be obtained with the trans- 

mitter and receiver depends only on the brightness 
of the transmitting lamp, as the percentage modula- 
tion is independent of this. Hence in theory an 
infinite range is possible using only 1 to 3 watts 
modulating power. However, in practice the power 
of the transmitting lamp is limited by the sur- 
roundings, for a very bright light can be a great 
nuisance to motorists and to people who object 
to bright lights flashing across their gardens. The 
light can however be collimated by a long tube 
with the lamp at one end, and in this case the 
modulator can be mounted inside the tube. The 
transmitting lamp must be run from batteries or 

Headlamp reflector 

ORPI2 

Earth chassis of headlamp 
to outside of coaxial cable 

Coaxial plug 
to receiver 
amplifier Cfig.6) 

1 ii 
OOSpF 

1 ISOV 
45V 
H.T 33kn battiry 

Metal case 

Fig. 7. How the photoconductive cell is mounted in its 
reflector and connected into circuit 

smoothed d.c. to prevent mains hum. 
One useful application for the transmitter-receiver 

system is speech communication between boats 
or ships for there will then be no obstructions to 
the beam and, also, any eavesdroppers would 
have to be in line with the beam to receive messages. 
The receiver is designed to operate at night, when 
the cadmium sulphide cell will match the 33kn 
series resistor reasonably well. 

References 
Previous articles on modulated light systems, all 

appearing in The Radio Constructor, are: "Wide Band 
Photophone" by D. Bollen (January, March and May 
1967); "Communication by Modulated Arc Beam" by 
H. S. King (February 1966); "Modulated-Light Broadcast 
Transmitter" by Douglas Letts (March 1965); "Modulated- 
Light Transmitter and Receiver" by M. J. Banthorpe 
(September 1964); "Speech-on-Light System for Com- 
munication" by C. Morgan (January 1964); "Light-Beam 
Transmitter-Receiver" by J. Emmett (April 1963); and 
"Light Modulation" by G5UJ (February 1960). See also 
"Radio Topics" in the January 1968 issue, which gives 
a condensed description of a system by R. J. Ward. 

□ 

We regret that, commencing with our next issue, the cover price of THE RADIO 
CONSTRUCTOR will be increased to 3s. 

The increase in price will enable us to meet the additions to our printing and paper 
costs which we have recently incurred, without substantially reducing our content 
and standards. We shall also be enabled to continue our improvements and the next 
issue will contain 2 detachable data sheets and additional text. 

The new annual subscription rate will be 42s., but existing subscriptions will be 
unaffected until expiry. 
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D.G. Voltage Multiplier 

SUGGESTED CIRCUiT No. 207 by G. A. FRENCH 

The writer receives a number 
of requests from readers for 
"Suggested Circuit" designs to 

meet personal requirements. These 
requests are always welcome and, 
if they would be of general interest, 
are usually acted upon. A recent 
reader's letter raised a particularly 
interesting point and a projected 
solution to the problem posed 
forms the subject of this month's 
article. 

The reader stated that most 
published designs for transistor 
equipment which may be employed 
in a car are based on the assumption 
that the car is fitted with a 12 volt 
battery for powering the equipment. 
However, quite a large number of 
cars are fitted with 6 volt batteries, 
and the reader asked whether it 
would be possible to produce a 
"Suggested Circuit" for a device 
which would step the 6 volts d.c. 
given by this battery up to the 12 
volts d.c. needed for running tran- 
sistor equipment. The device to be 
described here meets this require- 
ment by providing an output of 
between 11 and 10.2 volts for load 
currents up to 50mA when exactly 
6 volts is applied to the input 
terminals. For a 6 volt car battery, 
whose actual voltage in use can 
be expected to be around 6.5 to 7, 
the output voltage will be of the 
order of 12 for load currents of 
this order. 

The voltage multiplying device 
uses semiconductors throughout, the 
provision of square wave switching 
enabling small transistors to be 
employed in the voltage multiplying 

stage proper. Although this multi- 
plying stage is very simple in 
operation and requires only two 
transistors, complexity is introduced 
by the necessity for a square wave 
generator and a squarer/driver tran- 
sistor, In consequence, the overall 
circuit uses five transistors, and 
this fact may make the design 
unattractive to some readers who 
might find the initial outlay on 
components somewhat excessive for 
the function carried out. Neverthe- 
less, the circuit includes a number 
of novel features and, for this 
reason alone, should be of particular 
interest to the experimenter. An 
incidental point is that, although 
the voltage multiplier stage is 
actually a voltage doubler, about 
1 volt is dropped in two silicon 
rectifiers which are necessary for 
its operation. This explains why a 
6 volt input produces an output 
of 11 instead of 12 volts. 

The Circuit 
The circuit of the voltage multiplier 

appears in Fig. 1. In this diagram 
an input of 6 volts is applied, by 
way of on-off switch Si(a)(b), to 
the stages incorporating TRi to 
TRj. 

TRj and TRz form a symmetric 
multivibrator offering a 50:50 square 
wave at about 250 c/s. The circuit 
around TRi and TR2 differs from 
that of a normal multivibrator in 
that the emitter of TRi is returned 
to the positive supply line by way 
of the base-emitter junction of 
TR5, and that the emitter of TR2 
is returned to the positive supply 

line by way of the base-emitter 
junction of TRj. Both these junctions 
act as forward-biased diodes when 
the associated multivibrator tran- 
sistor is conductive during the cycle, 
and do not affect multivibrator 
operation. At the same time, the 
base-emitter current in TR5 and 
TR3 enables these two transistors 
to become conductive when TRi 
and TR2 are similarly conductive 
during the multivibrator cycle. 

When TRi is conductive, the 
base-emitter current in TR5 is more 
than sufficient to enable TR5 to 
pass the maximum average collector 
current of 500mA specified for an 
ACY19. Thus TR5 is "hard on" 
during half of the multivibrator 
cycle. During the other half of the 
cycle no current passes through 
TRi, and TR5 is then non-conductive. 

Ai the same time, the emitter 
current of TR2 which flows through 
the base-emitter junction of TR3 
is more than sufficient to enable 
TR3 to pass a collector current 
of 25mA, this figure being the 
maximum base current specified 
for the n.p.n. AC127 employed in 
the TR4 position. Thus, when 
TR2 is conductive, so also is TR3 
and, in its turn, TR4, the base 
current to this last transistor being 
limited to slightly less than 25mA 
by resistor Rs. Thus TR4 becomes 
"hard on" when TR2 is conductive. 
When TR2 is non-conductive, the 
collector of TR3 rises to the potential 
of the negative supply line, and 
TR4 becomes similarly non-con- 
ductive. 

Summing up circuit operation up 
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to TR4 and TR5 we thus have the 
situation where, for one half-cycle 
of the multivibrator circuit, TR5 
is "hard on" and TR4 is non- 
conductive and where, for the other 
half-cycle, TR4 is "hard on" and 
TR"; is non-conductive. 

TR4 and TR5 are the switching 
transistors in the voltage multiplying 
stage proper and their functioning 
may best be explained by assuming 
that the unit has been switched on 
for some time and that a load is 
connected across the output termin- 
als which causes an output current 
to flow. Under these conditions, 
about 5.5 volts will appear across 
capacitor C3 and about 11 volts 
across capacitor C4. During any 
half-cycle when TR5 is "hard on" 
this transistor causes a charging 
current to be passed via limiter 
resistor R7 to capacitor C3, the 
charging circuit being completed 
by Di which is forward-biased for 
this current. On the next half-cycle, 
TR5 is non-conductive and TR4 
becomes "hard on". TR4 brings 
the lower plate of C3 to nearly the 
same potential as the negative 

supply line, whereupon the upper 
plate of C3 is some 5.5 volts negative 
of this supply line. Di is now 
reverse-biased and does not conduct. 
However, since the upper plate of 
C3 has become negative of the 
upper plate of C4 (which has dis- 
charged slightly during the previous 
half-cycle) Dz becomes forward- 
biased, allowing part of the charge 
in C3 to flow into C4. This set of 
circumstances repeats on succeeding 
half-cycles. The overall result is 
that, on one set of half-cycles 
capacitor C3 receives a charge 
from the 6 volt supply and, on the 
alternative set of half-cycles, feeds 
this charge into C4. If Dl and D2 
were "perfect" rectifiers, the voltage 
across C4 (for low load currents) 
would then be exactly twice that 
of the 6 volt supply. However, 
Di and D2 are silicon rectifiers which 
only commence to pass current at 
a forward voltage of about 0.5. 
Thus, about 0.5 volts is "lost" 
across Di, and a further 0.5 volts 
across D2, with the consequence 
that C3 can only charge to 5.5 
volts and C4 to 11 volts. 

Further Points 
Some further details of circuit 

operation need to be discussed 
next. 

Both TR4 and TR5 are small 
germanium transistors and, although 
they pass high currents when con- 
ducting, need not be mounted on 
heat sinks. Operation in this manner 
is only permissable if both transistors 
are turned on and off very abruptly 
by a square wave having a sharp 
rise and a sharp fall. With such a 
square wave the transistors are in 
either the fully off or fully bottomed 
state for nearly ail the time, where- 
upon power dissipation is relatively 
low. The provision of an abrupt 
switching pulse to TR5 is quite 
simple, and it is merely necessary 
to insert its base-emitter junction 
into the emitter circuit of TRp 
The base and collector resistors for 
TRi (Ri and R2) have values that 
enable a high base current to flow 
in TR5 when TRi becomes con- 
ductive. 

So far as the switching square 
wave for TR4 is concerned, it might 
at first sight be thought that the 

©. . dot o o z\ o o c 
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* See text 
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All resistors 74watt IO /o unless 
otherwise stated 

Fig. 1. The circuit of the voltage multiplier. The output voltage is slightly less 
than double the input voltage 
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Output 
voltage 

O IO 20 30 40 SO 60 70 SO 90 lOO 
Output current (mA) 

Fig. 2. Output voltage plotted against output current for an input of 6 volts 

end of Rs remote from TR4 base 
could be connected direct to the 
collector of TR2, whereupon TR3 
may be omitted from the circuit. 
Thus, when TR2 was conductive, 
so also would be TR4, as is required 
by the circuit. In practice this 
method of connection has to be 
avoided because, when TR2 becomes 
non-conductive during the multi- 
vibrator cycle, the voltage on its 
collector does not change immediately 
to the potential on the negative 
supply rail. Instead, the collector 
voltage changes relatively slowly, 
because Q is charging via the 
forward-biased base-emitter junction 
of TRi (and, here, TR5). Thus, 
returning Re to TR2 collector would 
result in TR4 still being partially 
conductive when TR5 became "hard 
on", with the result that current 
would flow direct from the supply 
lines through TR4 and TR5, dissipa- 
tion in TR4 would be seriously 
increased, and the switching action 
of the circuit would be impaired. 
The inclusion of TR3 between TR2 
and TR4 ensures that a true square 
wave is applied to the base of TR4. 
TR3 is a relatively high-gain high- 
current switching transistor, but 
TR2 need only be a small r.f. tran- 
sistor having a base-emitter reverse 
voltage in excess of the input supply 
potential. The author found that 
an OC44 worked quite satisfactorily 
in the TR2 position. An audio 
frequency transistor should not, 
incidentally, be employed for TR2. 

A problem with a circuit of this 
nature is given by the necessity 
for obtaining good regulation. In 
order that good regulation be given 
it is first of all necessary to employ 
large value capacitors for C3 and 
C4. In Fig. 1. these are specified 
as 2,000|j.F and 3,000ij,F respectively. 
The actual values are not very critical 
in practice, provided that C3 is at 

least 1,000|4F and (for a reason 
which will shortly be explained) C4 
has a value at least 50% higher 
than C3. If the circuit is to be operated 
from a battery in a car, which may 
offer some 7 volts to the input ter- 
minals, the working voltage of C3 
should be at least 7.5 volts, and C4 
should have a working voltage of 15. 

A second necessity for good 
regulation is that limiting resistors 
in the capacitor charging circuits 
should be kept as low in value as 
is possible. When the unit is first 
switched on C3 is discharged, 
whereupon a high peak collector 
current flows in TR5 for the first 
few half-cycles when this transistor 
is "hard on". This current is limited 
by R7. The situation with TR4 is 
somewhat different and the only 
time that this transistor would be 
called upon to pass a high peak 
current is if the unit were switched 
on when C3 was fully charged and 
C4 was fully discharged. A high 
charging current would then flow 

300 

200 
Input 
current 
(mA) 

IOO 

through TR4, C3, Rg, D2 and C4. 
TR4 is rated at a lower peak current 
than TR5 so, instead of inserting 
the rather high-value limiting resistor 
in its collector circuit which this 
current would dictate, an alternative 
approach is employed. This approach 
consists of connecting R9 across 
C3. The presence of R9 ensures that 
C3 always discharges after switching 
off at least as quickly as C4 when any 
anticipated load is connected across 
the output terminals of the device. 
Thus, even if the unit is switched 
off and on again quickly, no exces- 
sively high peak current should 
flow in TR4. As an added precaution, 
in case of accidental excessive load 
current, the small resistor Rg is 
inserted in the C4 charging circuit. 
The presence of R9 across C3 
does not affect the output voltage 
or regulation, but it does result 
in a small increase in the input 
current from the 6 volt supply. 
To enable R9 to be kept at a reason- 
ably high value, C4 should be at 
least 50% greater in value than C3. 
(It will be noticed, incidentally, that 
immediately after switching on C4 
receives a charge directly from the 
6 volt supply via Di and D2.) 

Whilst discussing the circuit, some 
further points need to be mentioned. 
If the device is to be used with a car 
battery offering some 1 volts in use, 
instead of the 6 volt input shown 
in Fig. 1, 7? 7 should be increased 
to 3Q and R6 to 330fl. These changes 
will only have a slight effect on 
regulation. The maximum output 
current drawn from the device 
should be of the order of 80mA, 
a figure which should be quite 
adequate for most transistorised 
equipment. Care should be taken 
to avoid short-circuiting the output 
terminals, as this might cause 
damage to TR4 or TR5. 

ol  —  —     

O 20 40 6O SO IOO 

Output current (mA) 

Fig. 3. Curve showing the input current, at 6 volts, plotted against output 
current 
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As a final point it may be stated 
that best results are given if the 
multivibrator offers a symmetric 
50:50 output. Under this condition 
and with an input of 6 volts, a voltage 
of 3 with respect to the positive 
supply line will be given at the 
junction of R7 and TR4 collector, 
as read by a high resistance voltmeter. 
Slight adjustments to the values of 
R2 and R3 (say, by. adding high 
value resistors across one or other 
of them) will enable the junction of 
R7 and TR4 collector to be brought 
to 3 volts if the multivibrator output 
is markedly asymmetric. Asymmetry 
will normally be caused by varia- 
tions, within tolerance, in R2, 
R3, Ci and C2. 

Results With The Prototype 
The prototype circuit functioned 

quite satisfactorily over long periods 
of time with no evidence of over- 
heating in either TR4 or TR5. The 
output voltage took a few seconds 
to reach full value after switching 
on, due to the necessity of fully 
charging C3 and C4. There is a 
slight 250 c/s ripple across the output 
terminals which increases with output 
current, but this should not cause 
trouble with most transistor equip- 
ment. Due to the high frequency 
of the ripple, any smoothing com- 
ponents which may be required after 
the output terminals need not have 
high values. 

A regulation curve up to 100mA 

output current is given in Fig. 2. 
The output voltage at zero output 
current is 11, this dropping to 10.4 
volts at 40mA and to 9.7 volts at 
80mA. The input is 6 volts. 

The curve in Fig. 3 shows input 
current plotted against output current 
and was, again, taken for a 6 volt 
input. As may be seen, a standing 
current of nearly 100mA is drawn 
at zero output current, this being 
the sum of the current drawn by 
the multivibrator, the relatively 
high base currents in TR4 and TR5, 
and the extra current resulting from 
the connection of R9 across C3. 
At 100mA output current, the input 
current is 300mA. __ 

CAN ANYONE HELP : 

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

a reasonable period of time 

Indicator Unit 266 (lOQB 6382).—B. J. Aylett- 
Warner, 116 Watling Street, Newtown, Brownhills, 
Nr. Walsall, Staffs—circuit diagram or manual and 
any information on conversion to an oscilloscope. 

» * » » 

Type 13A Oscilloscope.—A. E. Harvey, 39 Curlieu 
Road, Oakdale, Poole, Dorset—loan or purchase 
of manual. Circuit or manual for R216 Receiver also 
required, all expenses met. 

Ekcovision TV Type N.—C. Wall, Salt Hill Lodge, 
Firbeck, Nr. Worksop, Notts—loan or purchase 
of circuit for this single channel TV (approx. 1951). 

* * * * 

"Coronet" Transistor Six Receiver.—W. L. Bruns- 
don, 56 Greenwood Lane, Wallasey, Cheshire— 
loan or purchase of circuit (set manufactured by 
Fidelity Radio and uses type 117 transistors with 
slab ferrite aerial). 
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NEWS • • AND 

Leonard T. Perriam, M.A. 

NEW MANAGING DIRECTOR 
APPOINTED BY DAYSTROM LTD. 

Daystrom Limited, Gloucester, 
recently announced the appointment 
of Leonard T. Perriam, M.A. as 
Managing Director. Mr. Perriam 
joined Daystrom six years ago as 
Technical Sales and Service Manager 
of the Industrial Products Division 
after holding senior posts involving 
instrument development at Imperial 
Chemical Industries Limited for 
some 15 years. 

The Heathkit division at the 
Gloucester Factory manufactures 
electronic equipment in kit or ready- 
to-use form and the Industrial 
Products Division manufactures X- 
Ray thickness gauges and special 
dimensional measuring and control 
units, in addition to marketing 
equipment from Weston Instruments 
Inc., an associated company in the 
Schlumberger Group. 

IDEAL SUBJECT FOR COLOUR TV 
"Gardening Club" has moved to 

BBC-2 and has become "Gardener's 
World"—in colour. 

Says producer Paul Morby, 
who was producer of "Gardening 
Club" for 8 out of the 12 years it 
ran, "No hobby is practised with 
greater devotion and skill than is 
gardening in these islands." 

The first edition of "Gardener's 
World" in colour, visits the Univer- 
sity Botanic Gardens at Oxford. 
Future programmes will deal with a 
wide range of topics from garden 
design and history to cacti and house 
plants. 

TOMORROW'S WORLD 
In the past, at about this time of the year, we have often given extracts 

from the scientific forecasts of the future made by the late Hugo Gernsback. 
As many readers will know he died last year and we shall miss the glimpses he 
gave into the future, all the more because of their probable accuracy, as he 
lived to see many of his earlier forecasts come. true. 

However we are fortunate to be able to give extracts from an article by 
Philip Eisenberg, of the U.S. Library of Congress, entitled Life in the 21st 
Century as some scientists see it. 

Artificial arms and legs are motorised and linked to the brain by a computer, 
enabling the wearer to translate impulse into action. 

The world population has nearly doubled since 1967, and most people live 
in or near big cities. 

There exist huge, self-contained cities called "megastructures"—unique 
worlds of apartments, offices, shops and recreation areas offering all the amen- 
ities of 21st-century civilization. 

Some of these "megastructures" are almost 200 stories high, and others 
consist of continuous, multi-tiered structures a mile wide and 20 miles long, 
connecting with each other like links in a gigantic chain. 

Computers have taken over as the central nervous systems of municipalities, 
businesses, libraries, hospitals, schools and other storage centres of informa- 
tion. 

People use computers as casually as they once used telephones. Centralised 
computers offer "computer public-utility service" to individual homes. Robots 
with computer insides and telescoping arms, fingers, brushes and suction tubes 
take care of house cleaning more efficiently than human hands. 

The kitchen is entirely automated. The housewife makes out her menu 
for the week, puts the necessary food into the proper storage spaces and 
feeds her programme to a small computer. 

Shopping is a thing of the past for the resident of a "megastructure". The 
housewife via her videophone switches on the local supermarket, examines 
and prices food and other items on the videophone screen, and receives all 
her essential goods by automated conveyor belts. 

Cash and cheques are no longer used in financial transactions or for pur- 
chases. A system of credit based on computer networks connects a bank 
computer with homes, stores, and employers in a community. 

An employee's wages are credited to his bank account by his office computer. 
When he makes a purchase, the store signals his bank's computer to transfer 
the necessary funds from his accounts. 

Computerised education takes place in the home as well as in the classroom. 
The emphasis is on flexibility. Rigid grade levels have disappeared and students 
advance at their own speed. Teaching machines plugged into computers drill 
youngsters in arithmetic, grammar and reading skills, grading them and cor- 
recting their mistakes instantly. 

The older children go to school for only part of their education and for the 
rest receive televised instruction directly from a central computer. 

Compulsory schooling for the entire population begins at the age of four 
and continues through until 20, including at least two years of college. 

The student wanting information on any subje.ct merely puts a few key words 
into the computer and within seconds a complete bibliography appears on his 
TV screen. By pointing to specific items on the bibliography with a "light pen" 
he obtains a facsimile copy or print-out of the reference. 

Communications satellites connect the home with a world-wide network 
of information, education and entertainment. Huge TV screens completely 
fill one wall of the living-room and transmit three-dimensional pictures in 
colour. 

Farming is a highly automated and scientific venture. The few farmers left, 
only about two per cent of the labour force, are executives employing com- 
puters as foremen. Robot tractors and other automatic machines produce 
yields per acre not even dreamed of a few decades earlier. 
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COMMENT 

ST. DUIMSTAN'S 
AMATEUR RADIO 

REUNION 

Sound radio is the ideal medium 
for both the information and the 
entertainment of blind people as 
it depends on hearing alone. 

A number have become radio 
amateurs including members of 
St. Dunstan's. In their annual report, 
recently published, details are given 
of their first ever radio amateur re- 
union held at Ovingdean. 

The week-end activities included 
a speech by Lord Fraser, who was 
transmitting on the air as long ago as 
the early "20"s, and discussion 
periods in which experts from the 

the Radio Society of Great 
Britain, the G.E.C. Laboratories 
and Philadelphian Electronics spoke 
on specialised aspects of this means 
of amateur communication. Nine 
St. Dunstaners, two of them hand- 
less as well as blind, and all experien- 
ced amateur transmitters attended 
the reunion. Without question, the 
highlight of the week-end was the 
link with Miss Iris de Reuck, only 
South African woman St. Dunstaner, 
herself a radio amateur, who lives 
at Port Elizabeth, Cape Province. 
From the temporary radio trans- 
mitter installed at Ovingdean, 
GB3STD, Lord Fraser spoke to 
Miss de Reuck and messages were 
exchanged which included mutual 
"88's". 

■ 

Students sitting for the two-hour practical test at this year's R.T.E.B. Electronics 
Servicing Final, showing the test-piece using a Lektrokit chassis plate. 

R.T.E.B. HOLDS FIRST NATIONAL EXAMS IN 
ELECTRONIC SERVICING 

More than 170 students successfully passed their finals in the first national 
examinations in electronics servicing held by the Radio Trades Examination 
Board this year. 

In conjunction with the City and Guilds Institute, the R.T.E.B. final radio 
and television servicing and the final electronics servicing certificates are 
achieved after five years' part time study. These certificates ensure that success- 
ful candidates are competent to maintain on the one hand, domestic radio 
and television equipment and, on the other, 'professional' and industrial 
electronic equipment. 

The Final Electronic Servicing Certificate examination consisted of two 
three-hour written papers, one two-hour fault diagnosis paper and a two-hour 
practical test. For the practical exam (see illustration above) students were 
required to construct and test a transistorised multivibrator circuit. 

To aid uniform layout and speed of construction—an important feature for 
examination purposes—Lektrokit No. 4 chassis plates, made by A.P.T. Electro- 
nic Industries Ltd, were chosen by the Board. Part of the Lektrokit rack and 
chassis system, the chassis plate is made from ^in thick resin bonded paper sheet. 

NEW SUB-MINIATURE 
ROTARY STUD SWITCH 

RADIATRON announce a new sub-miniature 
rotary stud switch type 01 with a fully adjustable 
'stop' mechanism. Believed to be the smallest stud- 
switch in the world, the 01 has up to 12 positions 
and up to 4 poles per wafer. Wafer diameter is 0.6 
inch. 

Brief Specification:—Wafer Material—Ceramic, 
Wafer Insulation—lO^O. Contact Resistance— 
4miQ, Capacitance—0.8pF, Max static contact 
load—3A, Switching capacity—200V 0.1 A, Life 
expectancy—up to 106 rotations. 

Further details may be obtained from: RADIA- 
TRON, 7 Sheen Park, Richmond, Surrey. 
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Temperature Controlled Container 

By J. N. Harris 

Our contributor describes an unusual and ingenious approach towards 
temperature control of liquids in small containers for wine-making. If you are a 
teetotaller there are plenty of other applications in which you can use the device! 

This article describes a rather unusual 
application of electronic control, employing 
one of the newest semiconductors (i.e. the 

silicon controlled rectifier) in one of the oldest 
occupations, wine-making. 

When making wine with a wine yeast it is necessary 
to "activate" the dried yeast first by putting it in 
a bottle with a nutrient, sugar and water, and 
keeping it at a temperature of 75-80oF for 48 hours 
or longer. This may not seem much of a problem 
but it is surprising how soon the temperature falls 
in an ordinary room once the heating is off at 
night, particularly on a very cold night. Temperature 
soon falls below 50° and the yeast then stops 
multiplying. 

From the circuit shown in Fig. 1 it will be seen 
that use is made of the increase in collector to 
emitter leakage current of a transistor when the 

temperature rises. This increase is amplified by 
TR2 which is d.c. coupled to TR3, an emitter 
follower. 

Circuit Operation 
The circuit operates in the following manner. 

An increase in collector to emitter leakage current 
(caused by an increase in temperature) in the OC78, 
TRi, increases the base bias in TR2 'and hence its 
base current. This causes TR2 collector current to 
increase, and its collector voltage to fall. The 
result is a decrease in base current and, in conse- 
quence, emitter current in TR3. The emitter current 
of TR3 flows in the cathode-gate junction of SCRi 
and, when this has reduced to a sufficiently low value, 
the s.c.r. cuts off and no current flows through the 
heater resistor R5. There is then a subsequent 
drop in temperature which is sensed by TRi. When 

e b c eh c Dot 

2N4I4 
lead-outs 

OC78 
lead-outs 

9V 

TR TR 
2N4 4 2N4I4 > p 5|b OC78 

n Set 230- 
250V A.C. temp SCR mams 

Fig. 1. The circuit of the temperature control unit. TRi is the sensing element and R5 the heating resistor 
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^ THERMOMETER 

AMPLIFIER UNIT 

' 0078 
TEMP 
PROBE 

PL1 

SI 

SET 
TEMP 

BOTTLE 

CONTAINER 

JUNCTION BOX 
(WITH R5) 

Fig. 2. A practical arrangement for the temperature control equipment. Apart from TRj and Rs, all components may be 
fitted in the Amplifier case 

the drop in temperature is sufficiently great the 
collector to emitter leakage current in TRj reduces 
to a value which causes a reverse action to occur 
and the s.c.r. to become conductive again. After 
a further delay, due to the thermal inertia of the 
liquid heated by R5, the cycle then repeats. 

Pilot lamp PL] serves both as an indicator and 
a fuse. It will just glow when the s.c.r. is on. 

The heater, R5, is a 5.6kfl wirewound resistor. 
This dissipates several watts, which is quite sufficient 
for the present purpose. 

The mains transformer can be any component 
having a secondary capable of offering some 230 
to 250 volts at a current of 50mA or more. Its 

Resistors 
(All fixed values 10%) 

Ri 25k 11 potentiometer, wirewound, linear 
R2 22kQ, watt 
R3 Iktl, \ watt 
R4 8211, -I watt 
R5 5.6k£l wirewound, 10 watt 

Transformer 
Ti Mains transformer (see text) 

Semiconductors 
TRi OC78 
TR2 2N414 
TR3 2N414 
SCRj 400 p.i.v. (see text) 
(TR2 and TR3 are available from L.S.T. 

Components, 23 New Road, Brentwood, 
Essex) 

Switch 
Si(a)(b) d.p.s.t. toggle 

Battery 
Bi 9-volt battery 

Lamp 
PLi 6V 0.06A pilot light, with holder 

only function is to provide isolation from the mains 
and make the circuit safer to handle. The secondary 
voltage should not exceed 250, or the p.i.v. of the 
s.c.r. may be approached. The writer used transistors 
type 2N414, available from the supplier listed in 
the Components List, for TR2 and TR3. When 
switching on for the first time, it would be preferable 
for Ri to insert maximum resistance into circuit, 
to avoid the risk of high current flow in TR3. 

A low current 400 p.i.v. silicon controlled rectifier, 
such as the CRS3/40, may be used in the SCRi 
position. The s.c.r. employed by the writer was a 
C10 DR324-452, of American manufacture. This 
was mounted on a small metal bracket in the case 
containing the circuitry around TR2 and TR3. 

The outside container is a plastic box with a 
lid, originally made for use in the kitchen as a sugar 
container. See Fig. 2. The bottle containing the 
liquid is an Eno Fruit Salts bottle, ideal because 
of its wide neck which allows easy filling and which 
is just the right size for a large cork. The thermo- 
meter is a loose fit in the cork, and of course the 
cork must not be pushed in hard or it may blow 
off. The thermometer was one used in photography, 
calibrated from 50oF to 90°F; the yeast must not 
get hotter than this anyway. 

An ordinary electrical junction box with holes 
drilled in the lid makes an ideal holder for the 
heater resistor, R5, the connections to this being 
made via the terminals inside. 

Instead of being fixed in the container, the OC78 
is made in the form of a probe as shown, in order 
that the unit may be used later to control a larger 
container (for a 1-gallon jar). It is essential that 
the OC78 takes up the same position in the container 
all the time or the temperature may vary. 

Setting Up 
To check the unit connect up to the mains, 

switch on, and see that the pilot lamp is glowing. 
Fill the bottle with warm water and dilute until 
the temperature is about 80oF. The current in the 
s.c.r. gate circuit should be about 5 to 7mA (possibly 
slightly higher with the CRS3/40—Editor), set 
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with the 25kfl potentiometer. Thereafter the s.c.r. 
will switch on and off as the temperature varies 
above and below 80oF (the set temperature). The 
controlled temperature may be varied by means of 
the potentiometer and if desired a scale can be 
fitted to this component. The temperature should 
remain constant within about ± 20F. 

The author used a PP7 battery for the amplifier 
supply, but it might be more economical to employ 
a mains power unit or a larger battery. Although 
consumption with the prototype was only 5 to 
10mA, it had to be used for a continuous 48 hour 
period and by the end of this time battery voltage 
was beginning to drop. 

It is intended in the future to use the control 

unit with a large container for fermenting a 1-gallon 
jar of wine at constant temperature. Another 
possible use may be for controlling the temperature 
of photographic developer in a dish. The temperature 
probe OC78 could then be put in a test tube filled 
with oil, the end of the tube being placed in the dish. 
The oil would provide close "coupling" with the 
liquid. 

In conclusion, it is appreciated that the OC78 
is used here for a purpose for which it was not 
originally designed. Nevertheless, the writer has 
found that it functions quite satisfactorily in the 
present circuit. Also, the prototype has given 
consistently good results over a period of 6 months. 

Automatic Parking Light Operator 

by D. H. MACREADY 

This neat little unit ensures that your parking lamp lights up automatically in 
the evening. An added feature is that the light extinguishes when the ignition is 
switched on. The circuit is intended for vehicles having 12-volt systems with 

positive earth 

The circuit accompanying this article depicts 
an automatic parking lamp operator, but with 
the essential difference that the parking lamp 

is automatically extinguished when the vehicle's 
ignition is switched on. 

Circuit Operation 
The unit may seem unnecessarily complex but 

the writer was asked to build something entirely 
fool-proof and reliable. Essentially, the circuit 
consists of a Schmitt trigger followed by a relay 
amplifying stage. The amplifier enables a robust 
and relatively insensitive relay to be employed, the 
one used by the writer requiring 20mA to energise. 
If the coil of such a relay were included in the 
Schmitt trigger collector circuit the value of R4 
would have to be drastically reduced, thereby 
causing unstable and unreliable operation. 

The circuit is arranged such that when the light 
dependent resistor LDRi is under illumination and 
exhibits low resistance, TRi is conducting and TR2 
is cut off. In consequence, TRj is conductive and 
energises the relay, this transistor being biased 
on, via R7, by the collector voltage of TR2. The 
normally closed contacts of the relay are thus open, 
cutting off the supply to the lamp. 

At some preset level of illumination selected by 

Ri, TRi base current drops to a value which allows 
the changeover of the trigger to be initiated. TR2 
then becomes conductive, the base current of TR3 
drops and the relay de-energises. Its contacts close 
and—voila!—on comes the light. 

If, however, the ignition is switched on, a current 
is fed to the base of TR3 via Rg, causing it to energise 
the relay and thus switch off the light for night 
driving. The feed to Rg may be taken from any 
convenient terminal in the car electrical system 
which becomes live when the ignition is switched on. 
Suitable points are the "SW" terminal on the igni- 
tion coil, the live side of the indicator switch or a 
spare tag of the ignition switch itself. 

The circuit will work with almost any p.n.p. 
transistors rated at 16 volts but care should be taken 
to ensure that TR3 is capable of standing the current 
demanded by the relay used. (TRi and TR2 may 
be any a.f. type, such as the OC71. A good choice 
for TR3 would be a transistor in the range ACY17 
to ACY21 inclusive. Provided that the unit is 
mounted in a cool place—not the engine compart- 
ment—the relay employed with such a transistor 
should have a coil resistance of 300fl or more 
and should be capable of energising reliably at 
some 10 volts.—Editor.) 

The precise value of R7 is best found by experi- 
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© 
Parking 
light 

 ® 
TR 
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e b c slb 12V 

OC 71 ACY 17 - ACY 21 
lead-outs lead-outs 

(After ignition 
switch ) 

The circuit of the automatic parking light operator 

ment, as it depends upon the current gain of TR3 
and the sensitivity of the relay employed. Similarly, 
Rs depends upon the same factors, but is not so 
critical. Adjust Ri to a suitable setting, illuminate 
LDR, so that TR2 is non-conductive, and find 
the value for Ry which causes the relay to operate 
reliably. Check that this value provides reliable 
de-energising when the illumination to LDRj is 
cut off and TR2 is conductive. It will be of advantage 
to connect a high resistance voltmeter between the 
collector of TR2 and the positive supply line during 
this operation, this voltmeter indicating the state 
of TR2. After finding the value required for Ry, 
connect this resistor permanently in circuit and 
find the value needed in Rg. This should be such that 
the relay energises when TR2 is conductive. Typical 
values in practice would be 15kf2 to lOOkO for 
Ry and 33kfl to lOOkO for Rg. 

Layout and construction is up to the individual, 
the writer's units, apart from the relay and on-off 
switch Si, being built on a piece of Veroboard 
measuring 1 x I jin. This will conveniently accept 
a skeleton preset potentiometer for Ri. 

The prototype has proved entirely reliable and 
trouble-free. Several further units have been made 
over a period of two years and all are working 
satisfactorily. The unit may be mounted at any 
convenient and reasonably cool point in the car. 

The light dependent resistor is separate from the 
unit with the transistors and the relay, and it may 
be positioned at a convenient point inside the car 
provided that it receives general illumination from 
the daylight. In one successful installation, the l.d.r. 

COMPONENTS 
Resistors 
(All fixed values \ watt 10%) 

Ri 10kn preset potentiometer, linear 
R2 IkH 
R3 10ka 
R4 220a 
Rs IkQ 
r6 iokn 
Ry See text 
Rg See text 

Semiconductors 
TRi, TRy, TR3 See text 
Di OA81 

Relay 
RLi Relay with normally-closed contacts 

rated at lamp current. (See text) 

Light Dependent Resistor 
LDRj ORP12 

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

was mounted on the dashboard just below the 
windscreen with its sensitive surface facing inside the 
car. In another instance it was fitted above the 
windscreen to the right of the sun vizor. Light from 
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the parking lamp must not, of course, fall upon the 
l.d.r., or the system may go into oscillation with 
the lamp flashing on and off at a rate determined 
mainly by the operating speed of the relay. 

No trouble has been experienced due to the 
lamp being switched off, at night-time, by illumina- 
tion from street lamps, shop lighting or car head- 
lamps, etc. This is probably due to back-lash in 

the Schmitt trigger, and to the fact that diffused 
sunlight may have a greater intensity per unit 
area than illumination from most man-made sources 
of this nature. 

The writer's prototype is so precise that, given 
similar weather conditions and parking positions, 
one can almost set one's watch by the switch-on, 
switch-off cycle. E3 

Miniature 

2-Voltage 

Power Supply 

by 

G. W. SHORT 

A neat switching technique allows this, or 
any other power supply unit with a similar 
circuit, to offer two full-wave rectified 

output voltages 

With the switch in the other position, Di and Dz 
are brought into action. Together with D3 and 
they make up a full-wave bridge rectifier. The 
input voltage to the bridge is 9+9 = 18V, so the 
output voltage is twice what it was before. 

Bridge Rectifier 
A conventional bridge rectifier may be used for 

D1-D4. The type specified in the Components 
List is the B30C150, which is a subminiature 
selenium bridge. Despite its small size, this type is 
capable of handling 30V, 150mA, and so is operated 
well within its ratings here, since the Osmor MT9 
subminiature mains transformer is rated at only 
80mA at 9V. It is as well to use a generously-rated 
rectifier, however, since this gives a margin of 
safety in case of overload. 

The voltage-changing method described here 
may of course be used with larger transformers 
and rectifiers. The working voltage of the capacitor 
should be 1.4 times the total r.m.s. output voltage 
of the transformer secondary. In the present case 
this is 18V r.m.s., and the capacitor must be rated 
at 25V wkg. at least, preferably more. The rectifiers 

The mains power unit described here provides 
nominal outputs of 9V, 80mA or 18V, 40mA. 
Switching from one voltage to the other is 

particularly simple, and the transformer windings 
are fully utilised on both voltages. 

With the voltage-change switch in the position 
shown, the rectifier circuit is full-wave push-pull. 
In this case, only rectifiers D3 and D4 are operative. 
The other two, Di and D2, are connected in series 
opposition, and since one of them is reverse biased 
whatever the polarity of the supply voltage they 
never conduct. 

1 Jw 250V 
Z'.d3 

230V 

D2 D4 
9V 9V SOmA 

18V 40mA 

The circuit diagram for the 2-voltage power supply 

COMPONENTS 

Capacitor 
Ci l,000iiF (or greater, if desired) electro- 

lytic, 30V wkg. 

Transformer 
Tj Mains transformer, Osmor MT9 

(Amatronix Ltd.) 

Diodes 
D1-D4 Bridge rectifier type B30C150 

(Amatronix Ltd.) 

Switch 
Si s.p.d.t. changeover switch 

must likewise be able to withstand a peak inverse 
voltage of 1.4 times the r.m.s voltage. Point contact 
rectifiers are not suitable, incidentally, because 
although their p.i.v. and d.c. ratings may be adequate 
their peak forward current rating is sure to be 
exceeded. The reservoir capacitor is charged by 
short pulses of current and the instantaneous 
current can be quite large. □ 
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SHORT WAVE THREE 

by Arman Sapciyan 

Our contributor, resident in Istanbul, gives details of a simple but efficient 
3-transistor reflex receiver capable of operating from a telescopic aerial 3ft 9in 
long when extended, and without an earth connection. The design is based on 
the "Two + Two Receiver" described by Wallace Studley in our January 1966 

issue 

The simple receiver described here is an 
ideal design for those who want to get satis- 
factory results with the minimum number of 

components. If this receiver is carefully built the 
constructor will be able to tune in many distant 
short wave stations, as well as local ones, with a 
good level of volume. 

- Telescopic 

The Circuit 
The circuit appears in Fig. 1 and consists of a 

reflex design in which TRi functions both as rf 
and a.f. amplifier. Detection is given by diodes 
Dj and Da- TRa and TRj are a.f. amplifiers. 

Ra is the sensitivity control, whilst C4 is a trimmer 
providing regeneration. A fixed capacitor of 30pF 

aerial R4 
VAV 

r2 
VAV 

RFC 

* 
TR TR TR 

CI2 

LI 
1-2 

S2 * Cs 

d2 

±c9 r 
C||l 5 

c3 

I x. 
b Shield c Shield e b c 

ATS V/ o o of* Dot 

AFII5 AFII8 AF126 OC44 
lead-outs lead-outs lead-outs 

Fig. 1. The circuit of the Short Wave Three 
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Resistors 
(All fixed values i watt 10%) 

Rj 3.9k ft 
R2 lOOkO potentiometer, linear track 
R3 150k 11 (see text) 
R4 Ika 
Rs lOOkn 
R6 5.6ka 
R7 68kO 
Rg 1 OrC^ potentiometer, log track, with 

switch 
Ro Ikn 

Capacitors 
Ci IOOuF electrolytic, 6V wkg. 
C2 165pF variable, air-spaced (Wavemaster 

160pF, Cat. Np. VC75, Home Radio, 
will be suitable) 

C3 0.02p.F 
C4 40pF mica trimmer 
C5 220pF ceramic 
C6 0.1 (xF 
C7 0.01 (xF   
Cg 0.1 txF 
C9 0.01 txF 
Cm 0.005[xF 
Cn 50(xF electrolytic, 6V wkg. 
C12 100[xF electrolytic, 6V wkg. 

Inductors 
Lj see text 
L2 see text 
RFCj 2.6mH r.f. choke (see text) 

Semiconductors 
{See text for alternatives) 

TR! AF118 or AF115 
TR2 AF126 
TR3 2SA30 or OC44 
Dj OA70 
D2 OA70 

Switches 
51 single-pole 3-way 
52 s.p.s.t., ganged with Rg 

Battery 
B] 6-volt battery 

Headphones 
1 pair low impedance headphones (total 
resistance approx. 10011) 

Drive 
Vernier dial, Model T502 (Henry's Radio 

Ltd.) 

Miscellaneous 
Miniature jack plug and socket for head- 

phones 
Former and dust-core for Li, L2 
Knobs 
Telescopic aerial 

could be employed for C4, but the trimmer is more 
convenient since it allows a regeneration level to be 
obtained which gives best overall results. The 
tuning capacitor is C2, and this is connected across 
the section of Li which is selected by range switch 
Si. The nominal coverage is from 4.7 to 18 Mc/s 
with the dust core centrally in the coil but this can, 
if desired, be changed to 5.5 to 22 Mc/s with the 
dust core some way out of the coil. 

After experimenting with a wide range of tran- 
sistors it was found that an AF118 gave best results 
in the TRi position. An AF115 may also be used, 
with R3 altered to 120kll, although the performance 
is slightly inferior to that offered by the AF118. 
(Since the AF118 is listed as a video amplifier, 
the performance of different transistors of this 
type in the present circuit may vary. We would 
class its use here as experimental, as compared 
with that of the AF115 which is specifically intended 
to give r.f. amplification up to v.h.f.—Editor.) 
For TR2 an AF126 provided best results, whilst 
nearly as good a performance was given by AF116, 
AF117, AF127 and AF115. 

Although TR3 is only a simple a.f. amplifier, 
by far the best performance was given here with 
a 2SA30, this being a near-equivalent to the OC44. 
Since it may be difficult to obtain the 2SA30 in the 
U.K., an OC44 may be employed in its place. 

The performance of the receiver also depends 
on the type of headphones used and it is highly 
recommended that these be low impedance types. 
An earpiece with a resistance of 70ft also gave 
satisfactory results. 

The total battery consumption from the 6-volt 
supply is about 1.8mA only.- Since a telescopic 
aerial is sufficient and no earth connection is 
required, the receiver can be carried anywhere. 

Coil and R.F. Choke 
The aerial coil, L], consists of 18 turns of 34 

s.w.g. silk covered wire close-wound on a former 
of 0.3 in diameter fitted with a dust-core. Taps are 
taken at the 4th and 11th turns, as shown in Fig. 2. 
The former should have 6 eyelets or tags at the 
base to take the ends of L2 and the 4 connections 
from Li. (This is a normal Bakelite former of the 
"Aladdin" type, and it could have a length of lin 
or more.—Editor.) L2 consists of 1| turns of the 
same wire and should be wound close to Lj. L2 
should be wound first and Li second, coil position- 
ing being such that the upper end of Lj is close to 
the top of the former. This enables the dust-core 
to offer a wide variation in inductance, giving the 
range of frequency coverage referred to earlier. 

The r.f. choke can be either a standard 2.6mH 
choke with four pies, such as the Denco RFC. 5, 
Or it may be home-wound. The writer obtained a 
satisfactory choke by random-winding four separate 
pies of 200 turns each on an 820kn 2 watt resistor, 
using the same wire as was employed for Li and L2. 

Cabinet 
The prototype was constructed on an eyeletted 

board fitted in a cabinet measuring 8 x 4 j x 3in. 
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This may seem rather large for a receiver of this 
nature. However, the panel has to accommodate 
two potentiometers, a switch and a variable capacitor 
with its drive, and it is desirable to mount these 
components so that a reasonable amount of space 
exists between them. Since an aerial is always 
necessary it is best to screw the panel to the cabinet. 

Setting Up 
After the components are mounted and soldered, 

double check all connections and battery polarity, 
then switch on. First, check to see whether the set 
is oscillating or not by turning the knob of Rz 
towards maximum (minimum resistance in circuit) 
and adjusting Cz if necessary. If it is not possible 
to obtain oscillation, reverse the connections to Lz. 
Apply a signal generator set to 4.7 Mc/s and very 
loosely coupled to the aerial, and tune in this signal 
with Cz, adjusting the dust-core if necessary. Sj 
should be in position 3. Next, put Si to position 
1 and check whether 18 Mc/s from the signal 
generator may be tuned in by Cz. C4 has a noticeable 
effect on the frequency of reception and it may be 
necessary to adjust this component to enable the 
18 Mc/s signal to be received. When C4 is at its 
final position it should be possible to obtain oscilla- 
tion on all ranges with a frequency coverage of 
the order specified earlier. It should be noted that 
the 4.7 and 18 Mc/s frequencies just quoted apply 
to the extreme ends of the coverage given by the 
prototype coil for one setting of the dust-core. 
Other coils may offer a similar coverage but with 
the end frequencies slightly shifted. 

LI 18T 
SI POSITION 3 
SI POSITION2 
SI POSITION 1 
CHASSIS 

BASE TR-| 

~IOO 

Fig. 2. Details of the coil. Lz is immediately below Li 

If a signal generator is not available, adjust C4 
so that it is about three-quarters towards maximum 
capacitance. Obtain the desired coverage by finally 
adjusting this capacitor and the dust-core, working 
from received signals. 

Rz will require different settings for each band 
selected by Si. As is to be expected, adjustment is 
more critical at the higher frequencies, and a little 
skill is needed at first to obtain optimum results. 

Performance 
The writer has found that this receiver gives 

very satisfactory reception. At Istanbul he can tune 
in B.B.C., V.O.A., Kol Israel, Cairo, Moscow, 
Vatican, Prague, Deutsche Welle, and a lot of other 
distant stations at a very high volume. Even Peking 
comes in at satisfactory level. Although not an 
extraordinary performance, this still represents a 
remarkable achievement for so simple a receiver. 

Mm HBXT MONTH * * * 
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RADIO CONTROL 

FIELD 

MONITOR 

by 

F. L. THURSTON 

CONSTRUCTIONAL 

DETAILS 

Last month our contributor described the circuit and operation of this neat 
wide-band pocket receiver, which monitors all local transmissions in the 27 Mc/s 
radio control band. Full details of construction and setting-up are given in this 

concluding article 

Construction 
The major part of the electronic circuitry 

is wired up on a piece of Veroboard panel 
with 0.1 in hole spacing (available from Tele- 

radio Electronics), and construction should be 

Basic Radio Control (10) 

by f. L Tburston 

started by cutting this panel to size, as shown in 
Fig. 3, and drilling three small mounting holes 
to clear 6BA screws and the single hole for L4. 
Next, break the copper strips with the aid of a 
small drill where indicated, and cut back the copper 
from around the mounting holes to prevent any 
risk of short circuits occurring when the mounting 
screws are later fitted. 

Component assembly is best carried out in stages, 
each stage being given a functional check before 
proceeding with the next. In this case, the following 
assembly and test system is recommended. When 
fitting the components, it should be remembered 
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A-mounting holes; drill 6BA clear 
B-L4 mounting hole; drill 7/32#dia and file locating 

slots 

s'/s- 

3®* 

1-7 

OC0DD 

3®l£ ooo( o jo o " o o o o o o o o o o o o o o oil A 11 o 3 (a) Hi 

I 2 3 4 5 6 7 8 9 D II 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 
Antenna 

Battery 
positive 
via S| 

(^RVb 0RI3 Cs 
14 e, rX ()R|4 Ci-a V4 

1 i bvffe 12V 3 
(|)RI5 912 

C|0 o / 

Speaker Battery negative 

Fig. 3. The copper and component sides of the Veroboard panel 

that the cans of TRj to TR4 inclusive are common 
to the collectors and should not touch any compon- 
ent lead-outs. Where there are any risks of short- 
circuits on the Veroboard, the appropriate wires 
should be sleeved. 

(1) Fix the L4 former in place in its mounting 
hole with the aid of Bostik, Araldite, or a similar 
adhesive; pass a thin piece of cotton through the 
centre of the former and screw the iron dust core 

in place. The cotton ensures that the core remains 
in position despite vibration, etc. Bare one end of 
a length of 28 s.w.g. enamel-covered wire and solder 
in hole 14h, then, winding upwards from the base 
of the former, tightly close-wind 11 turns and 
finish off by soldering the free end of the wire in 
hole 14d. Wire plain shorting links between lie and 
12d, 22k and 22n, 30d and 30e, and 12j and 12k. 
Wire sleeved links between le and 11, Ij and In, 
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" 3/2 3/8 

6'/2 1^1* 

% 31a" 

OF 

2 72 

A-3/8*dia 
B-S| cut-out 
C-speaker holes 
D-6BA clear 
E-6BA clear 
F-self-tapping screws 

f 
'■A 

A3-6BA clear (see text) 

Fix battery holder here 

23/4 

3M" 
70 

35/e" 

5/8 

13/4 

Fig. 4 (a). Details of the case 

(b). The bracket to which the Veroboard is secured 

(c). The battery bracket 

and 30g and Sim. Connect a short length of antenna 
wire to hole 7b, the battery positive lead to hole 
34d, and the battery negative lead to hole 24n. 
Now solder in place Q, C2, R5, Re, R7, C7, C8, 
C9, C10, TR2, L3 and Rje. Now test the circuit by 
connecting to a 9-volt battery and checking that a 
slight rushing noise is heard when a crystal earpiece 
is connected across R7. This rushing noise should 

(c) 

be replaced by a tone signal when a tone transmitter 
is operated within a few inches of the circuit; adjust 
the core of L4 for maximum signal. 

(2) Solder in place Rs, Cn, C12, TR3, R9, 
Rio, C13, Ru, R12, TR4, C14, C15. Test the circuit 
by connecting the battery, applying the crystal 
earpiece between TR4 collector and the negative 
supply line, and checking that results similar to 
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those in (1) are obtained, but at greatly increased 
volume. 

(3) Solder in place Ri, Rz, TRi, Li, Lz, C3, C4, 
R3, R4, C5 and Q. Test the circuit by connecting 
the battery, applying the crystal earpiece between 
TR4 collector and the negative supply line, and 
checking that results are similar to those obtained 
in (2); but note that in this case tone signals should 
be heard when the transmitter is several yards 
away. Adjust the core of L4 for maximum range. 

(4) Solder in place Qe, TR5, TRg, R13, R14, 
Di, R15, and Qv. Solder speaker leads to holes 
21m and 21n, but do not connect the speaker at 
this stage. Now connect the battery and check that 
the circuit draws a total battery current of about 
6mA. If the total current is substantially greater 
than SmA, reduce the value of R14 until the correct 
current is obtained. When satisfactory, connect 
the speaker in place and check that, in the absence 
of a carrier signal, the characteristic rushing noise 
is heard at good volume and that, in the presence 
of a modulated carrier, tone signals are also heard 
at good volume. This completes the assembly and 
test procedure for the main Veroboard panel. 

(5) Construction of metalwork, etc., can now 
be undertaken. Start by cutting and bending the 
main case, as shown in Fig. 4 (a), using a medium 
gauge aluminium, and drill in the following manner. 
Hole A is the antenna grommet hole, and has a 
diameter of iin. The rectangular hole B, with the 
two mounting holes on either side, is for switch 
Si. Holes C are a group of holes drilled for the 
speaker, and appear in front of its cone. Hole D 
is 6BA clear and later takes the antenna securing 
bracket (shown in Fig. 5). The two holes E are 
6BA clear and are for the Veroboard bracket 
(shown in Fig. 4 (b)). Holes F are back-plate securing 
holes and are drilled to take self-tapping screws. 

1 

A close-up view of the Veroboard panel inside the 
transmitter case. When this photograph was taken, the 
antenna wire was not connected to the antenna bracket 

They may be drilled after the back-plate (shown in 
Fig. 6) has been made. 

The case can, if required, "be covered with a 
self-adhesive decorative plastic, as with the proto- 
type, the holes for the speaker being cut with suitable 
fabric or cloth. 

Next make up the Veroboard bracket as shown 
in Fig. 4 (b); the two small holes (B) on the sides 
of this bracket should line up with holes E in the 
main case, and the three remaining holes (A) should 
line up with the mounting holes in the Veroboard 
panel. Finally, bend the battery bracket to shape, 
as shown in Fig. 4 (c). Both the Veroboard and 
battery brackets should be made from a light 
gauge aluminium. 

(6) Secure the battery holder to the Veroboard 
bracket with the aid of Bostik or a similar impact 

(Continued on page 424) 

A-drill to take antenna socket 

Solder antenna lead 
to this strip Veroboard (O l^hole spacing) 

Ms "M* 

3/8 

6BA solder tag, bent 90 and 
soldered to copper strip 

Remove this copper strip 

Fig. 5. The antenna bracket. This is made up from a small piece of Veroboard 
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Cover Feature 

AMMAAA 

Unijunction 

Process 

Timer and 

Oscillator 

by D. BOLLEN 

Many timer applications demand reasonably 
precise and repeatable timing periods, 
where day-to-day and short-term drift is 

negligible. The timer described here uses a unijunc- 
tion to trigger a transistor bistable switch. As the 
operation of the circuit is entirely "solid-state" 
it is fast acting and free from the difficulties usually 
associated with mechanical relay switching. Timed 
intervals from 0.05 seconds to 30 minutes are 
covered in four overlapping ranges. The unit will 
also serve as a square wave oscillator with a fre- 
quency range of 10 c/s-0.0003 c/s. 

As may be seen from this illustration, the panel on 
which the components are mounted is secured to the 
front panel by long bolts with spacing bushes 

i -S 1: s ■ ■: it | 

Of* I ^ 
1 k: z 

/ 

Due to a number of unique features, includi 
circuit and a reed switch, this timer achieves 
errors. The accuracy is maintained over w 

in battery v< 

Timing Errors 
Several factors affect timer performance, among 

these being leakage across the RC time determining 
components, temperature dependence, supply voltage 
drift, and erratic on-off triggering. Repeatability 
error is the most important where, for any given 
timer dial setting, successive timing periods tend to 
vary, and this may be expressed as a percentage 
error. For example, if a timer is carefully set for 
10 seconds and is switched on, the first timed 
interval may actually be 9.5 seconds. The next 
interval, initiated at random as when making a 
photographic exposure, might have increased to 
9.6 seconds, and subsequent intervals may be 
longer still. After several minutes' use, the timer 

I 

* 
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★ 

jding the use of a unijunction relaxation 
ves very low long-term and repeatability 
' wide temperature ranges and changes 
i voltage 

and is slowly charged via R| and timing control 
VRi until the voltage across the capacitor rises to a 
level where the emitter-base 1 junction of TRj 
switches to its low resistance state and quickly 
discharges the capacitor. At the same time, a steep 
sided positive-going pulse appears at the base 1 
connection of TRj. Si(b) selects pre-set variable 
resistors (VR2-VR5) which are in series with base 2, 
and these allow the breakdown voltage of the 
emitter-base 1 junction to be individually adjusted 
for each range, so that a single calibration scale 
can be used for the four ranges with Si in the role 
of decadal multiplier. An advantage of this arrange- 
ment is that the poor tolerance of high value 
electrolytic capacitors can be allowed for, within 
reasonable limits, by appropriate adjustment of 
pre-set resistors.* 

Assuming that TR2 is normally conducting and 
that 82(3) is set to position 3, the collector of TR2 
will be close to the positive rail and there will be 
insufficient voltage across TRi to allow it to operate. 
In this condition, there is almost zero current 
flowing through the reed coil and TR3, and the 
contacts of the reed switch will be open. Capacitor 
C7 is kept charged by resistor Rx, and S3 is a nor- 
mally open press button. When S3 is pressed, C7 
discharges rapidly into the shared emitter resistor 
Rn, causing the bistable to change its state. Thus, 
current starts to flow through the reed coil; simul- 
taneously, the reed switch contacts close, the col- 
lector of TR2 rises to nearly negative rail voltage 
and the selected range capacitor commences to 
charge. At the end of the timing period, when the 
capacitor is discharged, the positive-going pulse 
from TRi switches off TR3 and the reed coil, the 

♦ For those unfamiliar with unijunction transistor operation, the 
circuit around TRi operates, with S2(a) in position 2, as a relaxation 
oscillator. The selected capacitor charges until the emitter turn-on 
voltage is reached, whereupon the emitter-base 1 junction becomes 
suddenly conductive, and rapidly discharges the capacitor. The 
cycle then repeats. Turn-on voltage varies with base 1-base 2 voltage. 
—Editor. 

could be yielding intervals of 10.5 seconds duration; 
a total repeatability error of ± 5%. Often it is 
found that the repeatability error is less predictable, 
taking the form of fluctuations above and below 
the time indicated on the dial, and can be accounted 
for by variations of supply voltage and temperature 
changes. In the case of a timer which uses a relay 
to initiate and end an event, and especially where 
the interval is short, dirty contacts and contact 
bounce can lead to large discrepancies. 

Timer Circuit 
The circuit of the complete timer to be described 

in this article is given in Fig. 1. One of the range 
capacitors Q, C2, C3, or C4, is selected by Si(a) The component side of the printed circuit board 
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E &2 Output 2 
BEN3000 2N2646 

Fig. 1. The full circuit of the timer. TR1 is a unijunction transistor 

bistable reverting to its original state. The unijunc- 
tion supply from the collector of TR2 is also turned 
off, so the timer returns to its dormant condition. 
If the timer button is pressed during a timing period, 
while the capacitor is still charging, this will auto- 
matically terminate the interval and reset the 
timer, a useful facility when a mistake has been 
made in setting the timer dial. 

Resistor Rx is selected to give a "dead-time", 
so that the timer will not switch more than once 
when S3 is pressed hesitantly. To prevent such 
spurious triggering the "dead-time" need only be 

Time 

Dial 
setting 

64 

°/o 
error 

6O 

ov 5V 6V 7V 8V 
Timer supply voltage 

Fig. 2. Graph showing timing error resulting from change 
in supply voltage 

a small fraction of a second, but can be increased 
by a larger value for Rx. Approximately 2Mfl 
per second of "dead-time" is required. 

For the unit to function as an oscillator, S2(a) 
is set to position 2, so that the unijunction becomes 
free-running. Successive pulses then switch the 
bistable alternately from one state to the other, 
giving rise to a square wave output for which the 
contacts of the reed switch are open and closed for 
equal periods. 

N 

Back view, showing the printed circuit board fitted 
in the instrument case 
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COMPONENTS 

Resistors 
(All fixed values i or i watt, 10%) 

Ri lOkfl 
R2 loon 
R3 100a 
R4 1.5kn 
Rs ikn 
Re 6.8kn 
Ry 6.8kn 
r8 ioka 
R9 iokn 
Rio 1.5ka 
Ru 200n 
Rx Approx. 300kO (see text) 
VR! IMfl carbon linear 
VRi 1MQ carbon linear 
VR2-VR5 IkH skeleton pre-set, horizontal 

mounting 

Capacitors . 
Ci l(jtF mixed dielectric* polyester, or 

electrolytic, 15V wkg. 
C2 10|j.F electrolytic, 15V wkg. 
C3 100ij.F electrolytic, 15V wkg. 
C4 1 .OOOjiF electrolytic, 15V wkg. 
C5 0.1 [aF paper 
Q 0.1 (iF paper 
C7 0.47(j.F mixed dielectric or polyester 
Cg 0.1 (xF paper 

♦ Mixed dielectric capacitors use a combination of paper and poly- 
ester in their construction. 

Semiconductors 
TRi BEN 3000 (Rastra Electronics Ltd., 

275 King St., Hammersmith, London, 
W.6) 
or 
2N2646 (Henry's Radio Ltd) 

TR2 OC71 or equivalent 
TR3 OC71 or equivalent 
D! 1N251, OA81, etc. 
D2 1N251, OA8I, etc. 

Switches 
Si(a)(bl 2-pole 4-way, rotary 
S2(a)(b) 2-pole 3-way, rotary 
S3 s.p.s.t. press-button, normally open 

Reed Switch 
Reed switch type DRT-5, 60-80 AT. (Flight 

Refuelling Ltd.) Available from R.T.S. 
Ltd., P.O. Box 11, Gloucester Street, 
Cambridge 

Battery 
9-volt battery type PP9 (Ever Ready) 

Miscellaneous 
2 pointer knobs 
1 instrument knob, with cursor 
Copper clad panel, 2f x 6in (if required) 
Mains insulated 3-way output socket, and 

plug 
Miniature 4-way socket and plug 
Front panel, etc. 

Timer Performances 
The timer was tested for temperature dependence 

and no detectable error resulted when the unit 
was subjected to a change of 0oC to 40oC. The low 
leakage of the silicon planar unijunction, typically 
2ixA at 9 volts, corresponding to an equivalent 
resistance of some 4.5MQ, is mainly responsible 
for this freedom from ambient temperature drift. 
There is some drift immediately after switch-on, 
but this is short lived. It is best to cycle the timer 
a few times before use, just to make sure that the 
range capacitor is adequately polarised, particularly 
when the unit has been out of service for some 
time. It would appear that, according to the state 
of the bistable, the timer might go through a timing 
period when initially switched on, after which it 
would then become controllable by S3 in normal 
manner. In practice, however, the inductance of 
the reed coil in the collector circuit of TR3 tends to 
bias the circuit in such a way that the relay does 
not energise when the power supply is switched on. 

On the first three ranges, 0.05 seconds to 180 
seconds, repeatability is better than ± 0.5%, and 
is less than 1 % on the fourth range. As the timer 
was designed to be battery powered, dependence 
on supply voltage is important if the full useful 
life of the battery is to be realised. The curve of 

13/8"- 

Cardboard discs 3/4"dia 

^: \j 

Paper tube Pile wound with 7,000 turns 
40s.w.g. enam. wire 

Reed switch 

Fig. 3. Details of the reed switch and its energising coil 
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Fig. 2 shows the error resulting from a change in 
supply voltage. With a nominal 9 volt supply, an 
error of less than 1% will occur from a supply 
voltage change of 22%, corresponding to a final 
battery voltage of 7 volts. With the configuration 
and component values chosen for the circuit of 
Fig. 1, the capacitor charge time tends to remain 
constant, irrespective of supply voltage, within the 
limits given. 

Reed Relay 
A reed relay is used in the timer because it need 

occupy only a small space, is sensitive, fast acting, 
and offers a good long-term reliability. With the 
DRT-5 reed switch specified, the timer can switch 
a load of up to 50 watts resistive at mains voltages, 
and will handle a d.c. current of 3 amps. If the 
intention is to switch a lighter load at lower voltages, 
a low-cost reed switch could be used instead. 
(See Editor's Note at end.) 

The reed coil is quite simple to wind with a hand- 
drill and approximately 7,000 pile-wound turns of 
40 s.w.g. enamelled wire will give the required pull-in 
sensitivity. With the prototype, a current of 9mA 

sufficed to close the reed switch. 
Bobbin details are given in Fig. 3. 

Construction 
The writer employed a printed 

circuit board for the prototype 
assembly, but any other con- 
ventional method of wiring and 
mounting the components would 
cope equally well and could be 
used by constructors wishing to 
make the timer. When using the 
printed circuit method the final 
assembly should be carefully 
checked against Fig. 1 to ensure 
that all connections are correct. 

The layout of the etched circuit 
used by the writer is given in Fig. 
4, with component positioning as 
in Fig. 5. Controls Si, S2 and 
press-button S3, together with 
VRi and the output sockets, are 
mounted on the front panel, 
which can be made of Paxolin, 
hardboard, or aluminium. The 
etched circuit panel is bolted to 
the front panel by means of long 
screws with stand-off bushes. 

It is advisable to solder the 
various switch leads to the circuit 
panel before final assembly, and 
colour coded wires will assist 
in the correct identification of 
switch connections. Rx (see Fig. 
1) is not mounted on the etched 
circuit panel but, instead, forms a 
link on the front panel assembly 
between S2(b) and S3, thus facilitat- 
ing a change of resistor value if 
the timer "dead-time" is to be 
altered for a special application. 
For normal use, a value of about 
300k fl will give reliable manual 
triggering of the bistable with a 
short "dead-time". The 1N251 
diodes used for the original timer 
may be replaced by other types 
of diode, such as the OA81, as 
these are not critical components. 

Provision is made on the front 
panel for external remote trigger- 
ing, and for two outputs. Output 
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1 is taken from the reed switch to a connector which 
has insulation suitable for mains voltage working. 
Output 2 provides a steep-sided low voltage pulse 
at the end of each interval, which may be amplified 
to trigger an electromagnetic counter or similar 
pulsed device requiring a short duty-cycle. If the timer 
is switched to its oscillation mode, a "clock-pulse" 
at set intervals will be available at Outputs 1 and 2. 

Calibration 
The prototype dial calibration is illustrated in 

Fig. 6, this being shown here to give a guide to what 
may be expected after calibration 
has been carried out. Range 
coverage is as follows, with Si 
serving as a range multiplier; 
0.05-1.8 sees, 0.5-18 sees, 5-180 
sees and 50 secs-30 minutes. The 
corresponding oscillator ranges 
are: 10 c/s-0.3 c/s, 1 c/s-0.03 c/s, 
0.1 c/s-0.003 c/s and 0.01 c/s- 
0.003 c/s. The scale is not quite 
linear, being cramped towards 
the long time interval end of the 
scale. 

The basic scale can be calibrat- 
ed on the 5-180 second range, 
with a stop watch, or sweep 
second hand wristwatch, with 
output 1 coupled to a battery and 
torch bulb as a visual indicator. 
It is well worth while spending 
time on this calibration process, 
double checking each graduation 
of the scale. 

The oscillator scale does not 
conform to the equivalent 
time scale, being displayed slight- 
ly, so is best calibrated on the 
two fastest ranges of S], counting 
every other "click" from the reed 
switch, to see how many clicks 
per minute there are. A better 
arrangement is with an electro- 
magnetic counter wired to output 
1 and a battery so that the oscil- 
lator rate can be sampled over a 
longish period. When all time 
ranges are correctly aligned by 
means of pre-set resistors VR2 
to VR5, the oscillator ranges will 
also then correspond to the 
common frequency scale, and the 
decadal steps offered by Si will 
simplify further range calcula- 
tions. 

The only difficulty likely to be 
encountered is with the long 
interval, low frequency, capacitor 
C4. If C4 is not a good quality 
component, or has a poor 
tolerance, the capacitor charge 
time may lie outside the adjust- 

ment provided by VR5. In this case the only thing 
to do is change the capacitor. Calibration of long 
time intervals is somewhat laborious, as it involves 
waiting for several minutes before a result is obtained. 
A good idea here is to wire Output 1 of the timer in 
series with the battery of a transistor radio, playing 
background music. As soon as the music is cut off at 
the end of an interval the time is noted on a 
conveniently placed watch. 

Applications 
For photographic film development, Output 1 
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Fig. 6. The dial calibration of the prototype timer 
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writer enables the winding to very closely approach the 
reed switch. If desired, an increase in ampere-turns could 
be given by slightly lengthening the coil and winding it 
with a slightly thicker gauge of wire. This will cause TR3 

collector current to rise somewhat above the 10mA 
maximum rating for an OC71, whereupon an alternative 
transistor (e.g. ACY17 to ACY22) should be employed 
in its place. □ 

TRADE REVIEW . 

HEATH KIT 

PORTABLE 

STEREO/MONO 

RECORD PLAYER 

MODEL SRP-1 

This record player provides a compact and economical stereo/mono unit which may be enjoyed by the whole family. 
Using British components and the well-known B.S.R. UA15SS record deck, the SRP-1 may be constructed from a kit of 
parts or purchased completely assembled. 

The circuit consists of 8 transistors and one diode using the printed circuit board technique, thus ensuring instant 
operation frbm the moment of switching on. Automatic playing of 16, 33, 45 and 78 r.p.m. records using a dual sapphire 
stylus for LP's and 78's—mono or stereo—and two 8 x Sin speakers are features of this design. One speaker enclosure 
can be detached from the main cabinet and positioned to obtain the best stereo separation. 

The soundly constructed wood cabinet is covered with two-tone blue and grey Rexine with Vynair covered speaker 
grilles and the control spindles are fitted with black knobs having spun metal inserts, this attractive presentation being 
most pleasing to the eye. 

The record changer and the cabinet is supplied pre-assembled, the constructor only being required to wire up one 
small circuit board, mount into position the two Sin speakers and complete the interconnecting wiring—this process 
taking only a few hours to complete. 

The SRP-1 is fitted with a suitcase-type handle and one speaker enclosure clips neatly to the main cabinet, thus 
providing a easy-to-carry and portable unit. 

SPECIFICATION 
Record Size  12, 10 and 7in. 
Cartridge  Stereophonic crystal, LP & 78 

turnover sapphire stylus. 

AMPLIFIER 
Frequency Response  3dB, 50 c/s to 12 kc/s. 
Power Output r.m.s. 

per channel   1.5 watts. 
Music power output 

(total) 4.5 watts. 
Controls Volume, Balance, Tone. 
Speakers  8 x Sin permanent magnet, 15 

ohm. 
Transistor & Diode 

Complement  2-BC108; 4-AC128; 2-AC176: 
1 silicon diode. 

RECORD CHANGER 
Type  Model UA1SSS. 
Controls MODE: OFF, MANual ON, 

REject. SPEED: 16, 33, 45 or 
78 r.p.m. 

GENERAL 
Power Requirements 220-250 volts, 50 c/s a.c., 30 

watts. 
Finish   Wooden cabinet covered with 

blue and grey Rexine. Vynair 
covered speaker grilles. 
Black knobs with spun metal 
insets. Satin anodized control 
panel. 

Dimensions, overall, 
with separate speaker 
enclosure in place  27 wide x 14f high x 1\ in deep. 

Net Weight  28flb. 
Shipping Weight SSJIb. 

The SRP-1 kit of parts is priced at £27.15.0 (inc. purchase tax) and is delivered free to any address in the U.K. 
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RADIO CONTROL FIELD MONITOR 
Continued from page 415 

adhesive and, when dry, bolt the Veroboard to the 
bracket, interposing three grommets between the 
bracket and the panel to act as spacer-insulators. 
Now bolt the resulting Veroboard and battery 
assembly to the main case, using the two holes 
provided (E), then fix the 250 speaker in place with 
the aid of Bostik. (Suitable clamps bolted as re- 
quired with countersunk screws to the case could 
alternatively be employed for mounting the speaker, 
but it was found that the use of adhesive was per- 
fectly satisfactory with the prototype.) Bolt the slide 
switch, Si, in place. Now make up the simple 
antenna bracket, as shown in Fig. 5, and bolt the 
screw-on antenna socket to it. Insert a grommet in 
the antenna opening in the case, screw the antenna 
to its socket, pass the free end of the antenna 
through the grommet, and bolt the antenna bracket 
to the side of the case. Finally, complete the circuit 
wiring by taking the antenna lead to the antenna 
bracket, the negative battery lead to the negative 
battery terminal, and the positive battery lead to the 
positive battery terminal via Si. Switch on to check 
that the unit is functioning correctly. 

The unit can be finished off by making a simple 
back-plate, as shown in Fig. 6, and securing it to 
the rear of the case by means of four self-tapping 
screws. Note that a group of holes is provided in 
the area of the speaker, so as not to restrict the audio 
volume, and that a hole is also provided to give access 
to the core of L4. Holes A in the back-plate take 
self-tapping screws which fit into holes F of the case. 
Hole B is the L4 access hole, and has a diameter 
of iin. The back-plate should be a tight fit on the 
case. 

The Field Monitor is now complete and ready 
for use. 

Using The iJnit 
Before using the unit in the field, switch on and 

partly erect the antenna, and then operate your own 
transmitter and adjust the core of L4 for maximum 
volume. Reduce the antenna, if necessary, to give 
a sharp peak in the tuning. The Field Monitor is 
now centred on your own transmitter's carrier signal, 
and will respond well to other carriers within plus 
or minus 500 kc/s of that frequency. 

The above setting-up procedure should be used 
if the unit is intended for personal use. If, on the 
other hand, it is intended to be used by an entire 
group of operators, a better procedure would be to 
align L4 with a transmitter that is operating very 
near to the centre of the radio control band. 

Transmitter types can be identified by the type of 
signal that they cause the Field Monitor to reproduce 
at its speaker, and in this respect the following notes 
will be of value. 

If it is known that someone is operating a radio 
control transmitter at reasonably close range, but 
only a constant rushing sound is heard from the 
monitor, it can be assumed that the person con- 
cerned is operating illegally outside of the permitted 
band. 

If the rushing sound is occasionally interrupted 
by either a fall in volume or complete silence, it 
can be assumed that a "carrier only" type of trans- 
mitter is being operated. 

If a rushing noise, interrupted by an occasional 
tone signal, is heard, it can be assumed that a 
"carrier plus tone" transmitter is in use. Again, 
if the tone signal is always of the same frequency 
it can be assumed that the transmitter is of the single 
channel type while, if the tone signals are of different 
frequencies at different times, a multi-channel 
system is indicated. 

If no rushing noise is heard, but only silence 
interrupted by an occasional tone signal, it can be 
assumed that a "constant carrier" tone transmitter 
is in use. When the tone is always of the same 

Holes (bock of speaker) 

61/2 
approx 

> 172 

31/2' 
approx 

A-self-tapping screws 
clearance 

B-'/a'dia 

Fig. 6. Details of the back plate 
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frequency, single channel is indicated, while if 
different tones are heard the system is multi-channel. 

Should a continuous tone signal be heard which 
sounds as if it is modulated or switched at a very 
low but variable frequency, it can be assumed that 
a multi-proportional system is in use. This may be 
a single channel "galloping ghost" system, or a 
multi-channel system, some experience being neces- 

sary in differentiating between the different systems. 
A transmitter, can, if required, be tracked down 

by reducing the length of the telescopic antenna until 
a reduction in signal strength is noted, and then 
walking around to find a position at which signal 
strength increases to a peak. A line-of-sight bearing 
can then be taken along the original and new posi- 
tions to locate the transmitter visually. ini 

Catalogues Received . . . 

Home Radio Ltd, 187 London Road, Mitcham, Surrey. 
The 4th edition of this well-known and most excellent catalogue is now 

available for those requiring quite the most comprehensive and well-illustrated 
publication that this company has produced. 

This new edition has been enlarged by 40 pages and now comprises a total 
of 250 pages, each set out in a logical and ordered sequence complete with a 
comprehensive index at the front of the catalogue—the latter making quick 
and easy reference to almost every conceivable radio component asimple matter. 

A ribbon-affixed bookmark, having Abbreviations in Common Use printed on 
one side and Abbreviations for Manufacturers used in the Catalogue together 
with a useful 4in/100mm rule on the reverse side, represents a useful improve- 
ment over the old edition. 

As with previous editions, five one shilling vouchers are available as a dis- 
count arrangement to offset the initial purchase price of the catalogue (7/6d. 
plus 2/- postage and packing), instructions for the use of these vouchers being 
printed alongside. 

A few new features and sections have been added and all have been revised and brought up to date. 
There is no doubt that this well-produced catalogue should find a place on the bookshelf of every radio constructor s 

workshop. 

Lasky's Radio Ltd, 3-15 i:avell Street, Tower Hamlets, London, E.I. 
This old-established business, which began operations 35 years ago in Harrow Road, Paddington, is celebrating the 

occasion by distributing a 12-page colour pictorial catalogue. This catalogue has been produced in a similar format (16i 
x 11iin approximately) and style to that of some newspapers and is therefore, so far as the writer is concerned, an in- 
novation in the world of radio catalogues. 

A feature of this production is the fact that on the front page of each copy is printed a Birthday Draw number, the 
winners of which will be announced in the radio press at a later date, the prizes being cash vouchers which may be used 
to offset the cost of purchases from the company. The winners will be allocated vouchers as follows:—10 at £5, 25 at 
£1 and 50 at 10/6d. Instructions for entering this draw, and the simple questions to be answered, are printed on the 
back page of the catalogue. 

This attractively produced publication may be obtained from the above address by forwarding name, address and a 
4d. stamp for postage. 

Electroniques (Prop. S.T.C. Ltd), Edinburgh Way, Harlow, Essex. 
Obtainable from this company are two free catalogues. The first contains full details and specifications, together with 

illustrations, of the currently available range of Hallicrafters equipments. This range includes a selection of four new aM 
solid-state receivers, both stereo hi-fi and shortwave designs being featured. Available also is the new Hallicrafters SR400 
Cyclone s.s.b. transceiver, together with an expanded range of useful accessories. 

The second catalogue features the well-known Knightkit range of do-it-yourself quality kits, these being fully engineered 
to British Standards. These kits cover a wide range and include such equipments as hi-fi, car tuners, photographic exposure 
meter shortwave superhet receiver, a whole range of test instruments and kits for the beginner. Additionally, this 
publication contains details of speakers and speaker enclosures and also a whole range of educational kits suitable for 
beginners, elementary students and the interested child. These educational kits would obviously make an acceptable 
present for many youngsters or could form the basis, on a practical level, of a school scientific project. 

Other free publications available from this company are three supplements to the Electroniques Hobbies Manual (avail- 
able at 10/6d. post free)—Aerial Supplement (where not contained in pages v-xix of the Manual); Book Supplement and Car 
Radio Supplement. 

Those readers interested in quartz crystals may also obtain the second Crystal List, covering over 13,000 crystals, by 
forwarding the postage charge of 1/-. 
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IN LAST MONTH'S ISSUE WE EXAMINED THE IMPROVE- 
ment in performance of an a.f. amplifier which 
results from applying negative feedback to it. 

We saw that negative feedback produces a smoother 
frequency response, reduces harmonic distortion, 
hum and noise introduced in the amplifier itself 
and stabilises amplifier performance. These improve- 
ments are obtained at the expense of gain. In 
valve high quality or high fidelity amplifiers, where 
cost limitations are less stringent than with normal 
domestic entertainment equipment, the loss of gain 
due to negative feedback represents only a minor 
disadvantage, and such amplifiers may have one 
or more relatively inexpensive voltage amplifying 
stages whose gain is partly or completely nullified 
by negative feedback. 

The application of negative feedback introduces 
a number of amplifier design problems and we 
shall next examine these in this month's article. 

inter-electrode capacitances in valves, wiring capaci- 
tances and capacitances in the speaker transformer. 
"Stray" inductances appear mainly in the speaker 
transformer and are due to leakage inductance. 

When an alternating voltage is applied to a 
circuit consisting of a capacitor and resistor in 
series, as in Fig. 1 (a) (which is representative of a 
coupling capacitor from a voltage amplifier anode 
to the grid resistor of a following valve), the voltage 
across the resistor does not have the same phase as 
the voltage applied to the capacitor. At frequencies 
where the reactance of the capacitor is small com- 
pared with the resistance the shift in phase is low 
and may, in general, be ignored, but at frequencies 
where the reactance of the capacitor is high the 
phase shift is high also. If the reactance is twice 
the resistance the phase shift is of the order of 60°. 
To take an example, a 0.01 jj-F capacitor has a 
reactance of about 1MO at 15 c/s whereupon, if a 
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PROBLEMS WITH NEGATIVE FEEDBACK 

by IV. (j. Morley 

Amplifier Phase Shift 
In our discussion of negative feedback up to 

the present it has been understood that the amplifier 
to which the negative feedback is applied does 
not introduce any shift in phase of the input signal. 
We have assumed that the output signal always 
maintains the same phase relationship to the input 
signal at all frequencies. Under such conditions the 
fraction of the output signal fed back to the input 
terminals is always in anti-phase with the input 
signal, whereupon true negative feedback is pro- 
vided regardless of frequency. 

In practice, the circuits of an a.f. amplifier include 
a number of reactances which are given by physical 
capacitors and inductors and by "stray" capacitances 
and inductances. These reactances will cause shifts 
in the phase of the input signal as it passes through 
the amplifier. Physical capacitive reactances are 
given by coupling capacitors between amplifying 
stages and by cathode and screen-grid bypass 
capacitors, whilst physical inductive reactances 
are given, when the speaker transformer appears 
inside the feedback loop, by this component and 
the speaker. "Stray" capacitances are the result of 

0.01 (jlF coupling capacitor were to feed into a 
470k grid resistor, we could expect a phase shift 
of around 60° at this frequency. The phase shift, 
regardless of capacitor or resistor values, always 
tends towards 90° as the alternating voltage ap- 
proaches zero frequency. The voltage across the 
resistor leads on the voltage applied to the capacitor. 

If an alternating voltage is applied to a resistor 
in series with a capacitor, as in Fig. 1 (h), the 
voltage across the capacitor is similarly out of 
phase with that applied to the resistor. At frequencies 
where the reactance of the capacitor is high com- 
pared with the resistor the phase shift is small but, 
at frequencies where the capacitive reactance is low 
compared with the resistor the phase shift is high. 
When the reactance is half the resistance the phase 
shift is around 60°, and it tends towards 90° as 
the alternating frequency approaches infinite fre- 
quency. A circuit of this type is representative of 
the case where there is "stray" capacitance between 
a valve anode and chassis, the series resistance 
being given by the ra of the valve. To take a practical 
example, if the anode of an EF86 a.f. pentode 
(ra=2.5Mn) fed into a "stray" capacitance to 
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chassis of 5pF, whose reactance is approximately 
1.25Mn at 25 kc/s, then we would expect a phase 
shift of about 60° at this frequency. In this instance, 
the voltage across the capacitor lags on the applied 
voltage.* 

The two examples of phase shift just quoted show 
that surprisingly high degrees of phase shift can 
occur in what appear, at first sight, to be quite 
innocuous amplifier circuit elements. Phase shifts 
are also given in series combinations of resistance 
and inductance, as may appear in the speaker 
transformer circuit of an amplifier. 

It follows from what we have just noted that, if 
the amplifier stages enclosed within a negative 
feedback loop include sufficient reactive elements, 
it is possible at one frequency for the individual 
phase shifts to add up to 180°. At such a frequency 
the fraction of the output signal fed back to the 
input is then in phase with the input signal and the 
feedback becomes positive. If the phase shifts were 
predominantly due to circuits of the type shown 
in Fig. 1 {a), the output signal would lead on the 
input signal by 180°. If they were predominantly 
due to circuits of the type shown in Fig. 1 {b) the 
output signal would lag on the input signal by 180°. 
Whether the output signal is leading or lagging 
by 180° the result will still, nevertheless, be positive 
feedback. 

Conditions For Stability 
We already know that if enough positive feedback 

is applied to any amplifier it becomes an oscillator. 
Let us now see how much positive feedback is 
required with an a.f. amplifier fitted with nominal 
negative feedback to make this an oscillator, too. 

In Fig. 2 we have an amplifier which provides 
a gain of A before feedback is applied. Connected 
to its output is a potential divider which allows a 
fraction, n, of the amplifier output to be applied 
back to the input. This is the standard arrangement 
for negative feedback. The loop gain, i.e. the gain 
provided by any signal passing through the amplifier 
and then via the potential divider back to the input 
again, is obviously An, because it is the gain A 
multiplied by the fraction of the output, n, which is 
fed back to the input. If, at any frequency at which 
the phase shift in the amplifier is 180° (either leading 
or lagging) the product An is equal to unity (i.e. 
equal to one), then the amplifier will oscillate at 
that frequency. If the product is greater than unity, 
the amplifier will also oscillate, the amplitude of 
oscillations increasing to a level which, due to 
consequent changes in valve operating conditions, 
once more causes An to be equal to unity. Should 
the product An be less than unity at a frequency 
at which phase shift is 180° (either leading or lagging) 
then the amplifier will be stable and will not oscillate. 
Since this last condition still corresponds to positive 
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Fig. 1 (a). If an alternating voltage is applied to this 
simple circuit, the phase shift between input and 
output voltages tends towards 90° as the alternating 

voltage approaches zero frequency 

(fa). With this circuit the phase shift tends towards 
90° as the alternating voltage approaches infinite 

frequency 

feedback, the amplifier will show enhanced ampli- 
fication at the frequency at which 180° phase 
shift takes place so that, whilst it is still inherently 
stable, it may exhibit an undesirable peak in its 
frequency response at that frequency. 

We have seen that the simple phase-shifting 
circuits we have considered provide an increasing 
phase shift as frequency approaches zero frequency 
or infinite frequency. It follows that an amplifier 
whose overall phase shift cannot be more than 
180° (lagging or leading) at either zero or infinite 
frequency will always be stable regardless of the 
value of n. 

The frequency at which the product An is equal 
to or greater than unity at 180° phase shift does 
not need to be an audio frequency. In practice it 
will very probably appear above or below the 
audible range of frequencies, but the resultant 
oscillation will still upset amplifier operation. 
Where a large number of amplifying stages appear 
in the feedback loop, considerable care is needed 

Input Amplifier 
(gain-A) 

Output 

Potential divider 
(passes fraction n) 

» Regular readers who have retained earlier volumes will find that a 
short vector analysis of circuits employing resistance and capacitance 
in series, or resistance and inductance in series, was given in "Under- 
standing Radio" in the December 1962 and January 1963 issues. 
Leakage inductance in a transformer was described in "Understanding 
Radio" in the July 1963 issue. 

Fig. 2. The basic negative feedback arrangement. The 
text discusses the requirements for stability when 

phase shifts exist in the amplifier 
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to prevent 180° phase reversal at one or more 
frequencies. As was shown by the example of Fig. 
1 (a), resistance capacitance coupling between 
valves provides a prevalent cause of phase shift, 
a shift of 60° per coupling at some low frequency 
representing quite a normal state of affairs. In 
consequence it is desirable to keep resistance 
capacitance couplings in the amplifier to a minimum. 
A good approach here is to employ direct couplings 
wherever possible. In the Mullard phase-splitter 
circuit shown in Fig. 2 of "Understanding Radio" 
in the December 1967 issue, for instance, the anode 
of a voltage amplifier valve connects directly to the 
grid of the following phase-splitter without any 
coupling capacitor at all. Such a circuit neatly 
cuts out one undesirable coupling capacitor from 
the feedback loop. 

If the speaker transformer appears in the feedback 
loop (and with a high fidelity amplifier it is virtually 
essential that it should do so) great care has to be 
taken in its design to keep "stray" capacitances, 
capacitive couplings and leakage inductances to a 
minimum. Speaker transformers intended for high 
fidelity amplifiers in which a high level of feedback 
is provided are specially designed and manufactured 
to meet these requirements. They are, in consequence, 
more expensive than the simple low-cost speaker 
transformers encountered in domestic entertainment 
equipment. 

An a.f. amplifier without feedback will normally 
exhibit its highest gain over the centre of the audio 
frequency range, the gain dropping off to zero at 
frequencies below this range and at frequencies 
above this range. If the circuits in the amplifier 
are capable of allowing 180° phase shift to occur 
at a frequency below the a.f. range, or at a frequency 
above the a.f. range, but the gain A provided at 
such frequencies is too low to allow An to be 
equal to or greater than unity, then the amplifier 
is, as already stated, stable. Sometimes, the response 
of an amplifier may be deliberately reduced at a 
frequency well above the a.f. range so that the factor 
A is sufficiently low to ensure that An is below 
unity at the 180° phase shift point. This is a design 
technique which assumes the inevitability of 180° 
phase shift in the amplifier and which deliberately 

reduces the factor A at the frequency in question 
in order to retain stability. 

An alternative approach where 180° phase shift 
is inevitable is to keep the fraction, n, of the output 
voltage which is fed back below the figure which 
allows oscillation to occur. This results in an 
amplifier which is stable but with reduced negative 
feedback at all frequencies. 

Before concluding on this subject, it should be 
mentioned that other reactive components can also 
produce phase-shifts which may prove troublesome 
with negative feedback amplifiers. Typical amongst 
these are cathode bypass and screen-grid bypass 
capacitors. Some high fidelity designs reduce phase 
shifts by omitting cathode bypass capacitors from one 
or more of the voltage amplifiers in the loop. Apart 
from obviating the risk of phase shift this approach 
causes a reduction in gain in the amplifier before the 
application of feedback. 

As will have been gathered from this article, the 
design of a negative feedback amplifier having a > 
high performance is by no means a simple procedure. 
To sum up, if full advantage is to be taken of the 
negative feedback, there must be a high level of 
gain without feedback, a high level of feedback 
should be applied, and the speaker transformer 
should appear in the loop. The first two require- 
ments mean that the initial high gain amplifier 
will require an output stage plus at least one voltage 
amplifying stage, whereupon phase shifts have to 
be kept to a minimum. Also, output transformer 
design has to be very carefully carried out to 
minimise phase shifts in this component. 

As a final point it should be mentioned that it 
is possible to apply more than one feedback path 
to an amplifier. Some amplifiers have been produced 
in which additional negative feedback loops are 
applied to stages which appear within the main 
feedback loop. 

Next Month 
In next month's issue, we shall conclude on the 

subject of negative feedback. In the succeeding 
article we will commence to examine the superhet 
receiver. 

□ 

Institution of Electrical Engineers Second Microwave 

Summer School 

The professional group on microwave techniques and quantum electronics of the IEE Electronics Division has an- 
nounced that the second summer school organised under its aegis will be held at Bodington Hall, University of Leeds from 
8 to 19 July 1968. The subject of the school will be microwave solid state devices. 

The Organising Committee under the Chairmanship of Professor P. J. B. Clarricoats, includes Professor E. A. Ash 
(University College). I. B. Bott (Royal Radar Establishment), J. R. A. Beale (Mullard Research Laboratories), J. H. Collins 
(University of Glasgow), Dr. C. D. Hannaford (University of Leeds), Dr. L. Lewin (Standard Telecommunication Labora- 
tories), Dr. P. N. Robson (University College). 

Those who would like to receive further details, which will be announced in due course, should apply in writing to the 
Secretary, IEE, Savoy Place, W.C.2. 
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Smith/ can, at times, 
assume the mantle of a 
man of mystery, and our 
episode this month 
commences with some 
particularly unusual 
behaviour on his part. But 
the enigma is solved when 
Dick discovers that the 
Serviceman is merely 
carrying out experiments 
with a fascinating new 
integrated circuit—the 

R.C.A. CA3020 

"T'M getting worried about 
I Jim." 

The more senior among we 
citizens will at once recognise this 
cri de coeur as belonging to an era 
when we never had .it so good, 
when the general practitioner held 
a position of esteem in the com- 
munity, and when the B.B.C. could 
reflect this state of affairs by the 
popular "Mrs. Dale's Diary" in 
which wifely concern for Jim, as 
expressed in our first sentence, 
marked the opening of very many 
of the episodes. 

Nowadays, of course, it is another 
good lady whose Diary has been 
made open to the public, and our 
doctor hero has slipped down 
amongst the plebs to reappear in 

a far more egalitarian series under 
the title of "The Dales". 

Such changes are inevitable in a 
continually evolving society but it 
is heartening to be able to record, as 
we follow Dick's hurried progress 
towards the Workshop one sharp 
February morning, that the solicitude 
which can be aroused in one human 
being for his fellow still prevails 
unaltered. 

Dick was getting worried about 
Smithy. 

Integrated Circuit 
The expression of anxiety on 

Dick's face deepened as he approach- 
ed the Workshop and the sound of 
"Family Choice" filtered through 
the closed windows. He opened the 
door, to be met by the same scene 
that had greeted him for the last 
two mornings. 

As on the previous occasions, 
Smithy was hunched over a small 
chassis on his bench. Two leads 
ran to his right and terminated at a 
test speaker in its cabinet. A further, 
screened, lead travelled to his left, 
to disappear into the entrails of a 
small medium and long wave 
transistor radio. As Dick watched. 
Smithy reached out a hand to 
adjust the tuning of this radio, 
and the effect was at once apparent 
from the speaker at his right. 

"Don't tell me," remarked Dick, 
as he hung his overcoat behind the 
Workshop door, "that you're at it 
again ?" 

The preoccupied Smithy turned 
a mild glance of enquiry at his 
assistant. 

"At what?" 
"At whatever it is," replied Dick 

irritably, "that you are at. For 
the last two mornings you've been 
coming into the Workshop ages 
before me, and whenever I ask you 
what you're up to you refuse to 
tell me. All you do is pack it up 
and get on with your ordinary work. 

Last I.R 
transformer 

It's a state of affairs," concluded 
Dick in an aggrieved tone, "which 
I find extremely unsettling." 

Smithy chuckled. 
"All that's unsettling you," he 

remarked unkindly, "is that your 
curiosity is aroused and I haven't 
satisfied it for you." 

"You must admit," protested 
Dick, "that you've never done 
anything like this before. Dash it 
all, Smithy, eccentricities of this 
order can be quite disturbing for 
a young lad of my sensitivity." 

"Well, from now on you can 
stop being disturbed," replied Smithy 
shortly. "Because I'm going to 
show you what I've been up to. 
Just take a shufti at this little lot." 

Dick walked over to Smithy's 
bench and peered inquisitively at the 
assembly on which Smithy had 
been working. On a neat little 
chassis bearing several tagstrips 
Smithy had wired up a potentiometer, 
a transformer, four capacitors, two 
resistors and what appeared at 
first sight to be a transistor fitted 
with a small corrugated heat sink. 
Two leads, previously hidden from 
Dick's gaze, passed from this chassis 
to a PP9 battery, one via a testmeter 
switched to a current range. The 
testmeter needle jumped spasmodic- 
ally in time to the music which was 
reproduced, at a comfortable listen- 
ing level, by the loudspeaker. 

"There doesn't," pronounced Dick 
suspiciously, "seem to be much 
to look at here. Only a transistor 
and a few odd parts." 

"Just you count the leads," 
ordered Smithy severely, "which 
poke out of what you so casually 
dismiss as a transistor." 

Dick looked closer. 
"Hell's teeth, what's this?" he 

exclaimed. "There must be at least 
ten leads coming out of that can!" 

"As a matter of fact," said Smithy, 
"there are twelve. And what you're 
looking at is not a transistor at all. 

Screened lead 
to CA3020 
amplifier 

T 

n To receiver 
A.F circuits 

T 
X 

Receiver volume 
control 

Fig. 1. Smithy obtained an a.f. drive for his integrated circuit amplifier from 
the volume control of a standard transistor a.m. superhet 
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Instead, it's a silicon integrated cir- 
cuit which not only includes a 
Class B output pair of transistors, 
but which also contains an emitter- 
follower, an amplifying phase-split- 
ter, two driver transistors and three 
stabilising diodes. To say nothing 
of eleven resistors!" 

"In that little can?" spluttered 
Dick incredulously. "Why, it's no 
bigger than an ordinary transistor." 

"It's smaller than an ordinary 
transistor," corrected Smithy, pulling 
a manufacturer's leaflet towards 
him and consulting its contents. 
"This integrated circuit is in a 
can whose diameter is 0.305 to 0.335 
inches, which is about the same as 
that of a normal TO-5 transistor 
can. But the height of the can is 
only 0.180 inch maximum as opposed 
to the 0.257 inch of a standard 
TO-5 can." 

"Blimey," said Dick, impressed. 
"That's what I call a micro-circuit." 

He turned his attention to the 
other equipment on Smithy's bench. 

"Where," he asked, "does that 
screened lead connect to inside the 
transistor radio?" 

"It connects across the track 
of the volume control," replied 
Smithy, "which forms the diode 
load. The set is just an ordinary 
superhet having one transistor as 
mixer-oscillator and two transistors 
as i.f. amplifiers, and it provides a 
very useful signal source for my 
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experiments. You can't hear any 
sound from its own speaker because 
I've turned its volume control back." 
(Fig. 1). 

"I see," commented Dick. "Then 
what we're hearing from that 
bench speaker will be the amplified 
output given by the integrated 
circuit." 

He bent his head down and listened 
critically to the sound from the test 
speaker. 

"The output from that integrated 
circuit," he remarked, after some 
moments, "seems to be nice and 
undistorted. But it's not very loud, 
is it?" 

"That", replied Smithy, "is merely 
because I've kept the wick down 
while we were talking. Just listen 
to this!" 

Smithy put out his hand and 
adjusted the potentiometer on his 
chassis. At once the sound from the 
bench speaker rose to the same high 
level as is given by a conventional 
transistor portable operating at full 
output. Simultaneously, the needle 
of the meter in series with the PP9 
battery swung over to the right. 
The music from the speaker changed 
to a continually sustained note, 
and Dick gazed incredulously at the 
reading indicated by the meter. 

"That just can't be true," he 
called out, over the sound from the 
speaker. "That meter's reading all 
of 140mA!" 

"That's right," grinned Smithy 
cheerfully as he returned the volume 
to its former low level. "And what 
is more, that tiny little integrated 
circuit was bashing out no less than 
half a watt! Which, considering its 
size, is a pretty staggering perform- 
ance by any standards. You can 
now see why I've been devoting my 
spare time over the last few days 
to this integrated circuit. In the light 
of the transistor circuitry we've 
got used to over the last few years, 
its performance is so fantastic that I 
just couldn't resist coming in early 
over the last two mornings to play 
around with it." 

Complete A.F. System 
"I can certainly understand that, 

now," said Dick warmly. "What 
really shatters me is that not only 
does that integrated circuit give you 
a really high output but it also 
provides all the previous a.f. ampli- 
fication which is needed as well. 
In other words, you can build a 
transistor superhet using standard 
circuits up to the diode, after which 
this single integrated circuit provides 
the complete a.f. circuitry up to 
the speaker. It replaces pretty nearly 
all the separate a.f.'transistors and 
components which have been used 
in transistor radios up to now." 

"Exactly." 
"Blimey," breathed Dick, as he 

pondered on this wonder. "This 
means that, if you wanted to make up 
a really miniature home-constructed 
transistor superhet you can save 
about a third of the components 
at one fell swoop!" 

"Precisely," agreed Smithy. "So 
far as amateur set-makers are 
concerned, this integrated circuit is 
the most attractive thing I've heard 
of yet. It offers you the entire a.f. 
system for a radio in one single 
can." 

A thought suddenly occurred to 
Dick. 

"Why," he asked, "have you 
suddenly decided to start doing 
experiments with integrated cir- 
cuits ?" 

"As opposed," queried Smithy 
in return, "to my normal servicing 
work?" 

"Well, yes. After all is said and 
done, we're supposed to be servicing 
current sets in the Workshop, not 
designing new ones!" 
^ "True enough," admitted Smithy. 
"But this integrated circuit business 
represents rather a special case. To 
start off with, I'm extremely inter- 
ested in integrated circuits because 
I'm convinced that, over the next 
ten years or so, they're going to 
alter the world of electronics very 
considerably indeed. At the same 

^2? 1 
R, |R3 i 6 

o2 Q3 
-e e—<- 

fuy 
1*2 

■§( 

Qs 

*! 

R8j 

Fig. 2. The internal circuitry of the R.C.A. integrated circuit type CA3020 
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time, it will be quite a little while 
before I see any integrated circuits 
in the commercially made receivers 
which I service. So, if I'm going to 
get any experience with these new 
devices, I've got to do the next 
best thing and go out and buy one 
or two of them for myself. Funnily 
enough, at the present moment we 
have the rather unique situation 
where quite sophisticated integrated 
circuits are readily available from 
do-it-yourself retail suppliers, and 
yet they aren't finding their way 
into current British entertainment 
equipment. In consequence, the 
home-constructor is in the happy 
position of being able to take 
advantage of the devices well before 
the commercial set-maker does." 

"You know, Smithy," commented 
Dick thoughtfully, "you've got rather 
a good point there." 

"It's one which is worth making 
at any rate," said Smithy. "Anyway, 
that's enough nattering about the 
general subject of integrated cir- 
cuits. Let's get down to some facts 
and figures concerning the particular 
integrated circuit whose performance 
I've just been demonstrating to you." 

Smithy reached across his bench 
and picked up a sheet of paper on 
which he had scribbled some notes. 

"Now," he added, "the integrated 
circuit I'm using here is the R.C.A. 
type CA3020. This is described as an 
audio power amplifier, and it's 
available from Amatronix Ltd., 
396 Selsdon Road, Croydon, Surrey. 
The heat sink I'm employing with it 
is a type H2 from Henry's Radio. 
And the output transformer is an 
Ardente D.3035. This is available 
from Home Radio under Cat. No. 
TRC25E, and it has the nice small 
dimensions of 1 x X || inches. 
The few remaining components 
external to the integrated circuit 
are just normal standard parts." 

"What sort of circuitry is there 
inside the integrated circuit?" 

Smithy turned to the manufactur- 
er's publication from which he had 
previously quoted the dimensions of 
the integrated circuit. 

"Here we are," he remarked. 
"This gives the full R.C.A. gen on 
this particular device, including the 
internal circuitry. (Fig. 2). Incidental- 
ly, don't bother about the fact that 
the transistors are called Ch to 
Qv in the circuit diagram instead 
of TRi to TRy. That's just because 
it's common American practice to 
identify transistors with the letter 
'Q'. Now, let's first go through the 
external connections which are made 
to the integrated circuit. In normal 
use, terminal 12 goes to chassis, 
which is the pegative supply. Termin- 
al 9 goes to the positive supply. So, 

also, does terminal 8 for most a.f. 
applications. For a reason which 
I'll explain in a moment, terminal 
2 goes to chassis via a 1 [rF capacitor. 
And that's enough about the external 
connections to enable me to explain 
how the circuitry works." 

"Transistor Ch," interrupted Dick, 
"doesn't seem to be connected to 
any other part of the internal circuit. 
All that happens is that its collector 
goes to terminal 9." 

"That's right," agreed Smithy. 
"This transistor represents an option- 
al emitter-follower which you can 
use, or ignore, as required. The 
input to the amplifier section proper 
is at terminal 3 and the input 
resistance here is, typically, 700n. 
If you want a higher input resistance 
you can apply the input to terminal 
10, which connects to the base of 
Qi, whereupon you get an input 
resistance of the order of 50k D. 
The emitter of Ch is then coupled 
by means of external components 
to terminal 3. Thus, Qi provides 
no gain, but it offers an a.f. input 
terminal having a high input re- 
sistance." 

Smithy shifted himself to a more 
comfortable position on his stool. 

"That," he resumed, "disposes of 
why Qi is in the circuit, so let's 
next proceed to the amplifier proper. 
Terminal 9, the positive supply 
point, connects via Rjo and Ru 
to the three diodes Di, D2 and Dj. 
These diodes are silicon p.n. junctions 
and about 0.7 volts stabilised appears 
across each. In consequence, about 
2.1 volts relative to terminal 12 is 
applied to the upper ends of Ri 
and R3, and about 1.4 volts relative 
to terminal 12 to the upper ends of 
R4 and Rg. Transistors Ch and Ch 
are the next parts of the circuit 
to consider and, if you look carefully 
at the diagram, you'll see that these 
form a Schmitt phase inverter. As 
I told you just now, terminal 2 
goes to chassis via a 1 ij.F capacitor, 
so the base of Ch is held firmly at 
chassis potential so far as a.f. is 
concerned. Both Ch and Ch share 
the common emitter resistor, Rj, 
which is needed to enable them to 
function as a Schmitt phase inverter." 

Dick gazed at the circuit and 
grimaced. 

"I'm not entirely clear," he 
confessed, "just exactly how this 
bit works." 

"It's quite simple," replied Smithy. 
"Let's assume that the input signal 
causes the base of Ch to go positive. 
This transistor will in consequence 
pass more current and its collector 
will go negative. The negative-going 
signal at the collector of Q2 is 
one of the outputs of the phase 
inverter. Since the base of Ch 
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goes positive its emitter will go 
positive as well. This causes the 
emitter of Cb to go positive also." 

"That," said Dick, frowning por- 
tentously, "would be the same as 
the base of Ch going negative, 
wouldn't it?" 

"Exactly," confirmed Smithy. "So, 
the positive-going signal applied 
to Ch emitter causes Ch to pass less 
current, whereupon its collector 
goes positive. The signal at Ch 
collector is the second output of 
the phase inverter and it is 180° 
out of phase with that at Ch collector. 
The output voltages will, of course, 
be of opposite polarity if the input 
signal caused Ch base to go negative. 
Provided that R2 has a sufficiently 
high value, the two anti-phase 
outputs will have pretty well the 
same amplitude." 

"Those outputs," remarked Dick, 
"go to the bases of Ch and Ch. 
Are Q4 and Ch the two drivers you 
mentioned earlier?" 

"They are," confirmed Smithy. 
"Ch and Ch are emitter-followers, 
and they function as drivers for the 
two output transistors, Qs and Q7. 
Please observe, at this stage, that 
there's a very crafty bit of d.c. 
feed-back incorporated between the 
emitters of Q4 and Ch and the bases 
of Ch and Ch. This is given by way 
of resistors R5 and R7. These 
resistors correct for any unbalance 
in Ch and Ch. If, for any reason, 
Ch tried to pass too high a current, 
its collector would go negative. 
So also would the base and emitter 
of Ch, whereupon a negative-going 
voltage would be fed back to the 
base of Ch via R5, and this would 
counteract the original tendency in 
Ch to pass increased current. The 
same sort of thing takes place in 
the Ch, Qs network." 

"Blimey," commented Dick. 
"D'you know, Smithy, it takes all 
the imagination I can drum qp just 
to conceive that all these components 
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Fig. 4. A practical a.f. amplifier incorporating the integrated circuit. 
Terminal II is connected 

exist inside that tiny little integrated 
circuit can!" 

"It is pretty miraculous," agreed 
Smithy. "Anyway, let's press on 
next to the output transistors. 
These are Qs and Qy, and the anti- 
phase output signals from Q4 and 
Qj are passed to their bases, with 
the result that they work as a Class 
B output pair. Terminals 4 and 7 
go to the load and terminals 5 and 
6 to the negative supply, so they both 
operate in the common emitter 
configuration." 

Base Layout 
Smithy pointed to another diagram 

on the sheet in front of him. (Fig. 3). 
"This," he remarked, "is the lead- 

out diagram for the CA3020. 
There are twelve lead-outs, and these 
proceed in a clockwise direction from 
1 to 12, with lead number 12 being 
in line with the projection. This 
diagram is drawn with the leads 
pointing towards you." 

Dick's eyes wandered from the 
layout diagram to Smithy's experi- 
mental rig. 

"How did you connect up the 
integrated circuit in that set-up 
of yours ?" 

Smithy pulled a note-pad towards 
him, on the top sheet of which he 
had sketched out a circuit. (Fig. 4). 

"This is the circuit I used," he 
stated, "and it's almost identical 
to the one recommended by R.C.A. 
for a 310mW output. The a.f. 
input passes to terminal 10 via a IjiF 
capacitor. Terminal 10 connects 
to the base of the optional emitter- 
follower, Qi, and this base is biased 
by way of the external SlOkH 
resistor connecting between terminal 
10 and the positive supply. The 
emitter of Qi appears at terminal 
1 and goes to the negative supply. 

which is common to chassis, via a 
330n resistor and a SkH log pot. 
The 5kn pot is the volume control, 
its slider coupling to terminal 3, 
which is the input to the amplifier 
proper, via a 0.1 uF capacitor. 
The 0.01 (iF capacitor from terminal 
3 to chassis provides some top-cut 
and, presumably, also cuts down 
amplification at frequencies above 
the a.f. range. The CA3020 inte- 
grated circuit has a relatively flat 
response up to some 6 Mc/s or so, 
and there could be trouble due to 
amplification at these high frequencies 
if they weren't attenuated at the 
input. The 0.01 |j.F capacitor will 
also prevent the d.c. feedback via 
Rs from being ax. feedback as well, 
thus balancing up with the situation 
at the base of Q3. Terminal 2, 
the base of Q3, goes down to deck 
via a l(iF capacitor, as I mentioned 
earlier, thereby enabling the Schmitt 
phase-splitter section to work pro- 
perly. The emitters of Q6 and Ch, 
at terminals 5 and 6, also go direclyt 
down to deck." 

"Well, all that seems clear 
enough," remarked Dick. "I see also 

510% 
kn 5 

that the collectors of Qt, and Ch 
go to the output transformer primary 
via terminals 4 and 7." 

"That's right," confirmed Smithy. 
"The centre-tap of the output 
tranny primary then connects to 
the 9 volts positive line to complete 
the collector circuit. Now, the 
optimum collector-to-collector out- 
put load for the CA3020 is 130D, 
and the appropriate R.C.A. circuit 
specifies a centre-tapped 13017 
speaker voice coil, or equivalent, as 
the load. Since I couldn't get hold of a 
speaker of this type, I decided to use an 
output transformer to step the 130D 
impedance down to 3D instead. The 
nearest I could find to the ratio I 
required is the Ardente type D.3035 
which I've used here. This has a 
primary-to-secondary ratio of 7.3 to 
1, with a centre-tap in the primary. 
The square of 7.3 is 53, which means 
that the actual collector-to-collector 
impedance I'm getting is 3 times 
53, or 1590. I'd have preferred to 
have used a transformer which 
offered a load somewhat closer to 
130O, but the Ardente transformer 
works very well in practice. Also, 
it's a physically small component, 
which is just what is required for 
any application using the CA3020. 
According to R.C.A. curves, the 
loss in power with the higher load 
impedance is, in any case, very 
small. And that, Dick, is the circuit 
which I've just demonstrated to 
you." 

"Did you have any trouble in 
getting it to work ?" 

"None at all," replied Smithy. 
"Apart from one very minor snag 
it went like a bomb as soon as I 
connected up the battery!" 

"What was the snag?" 
"Initially," replied Smithy. "I 

wired terminal 1 direct to the top 
end of the 5kD volume control 
track, instead of via the 3300 re- 
sistor I've included in my sketch. 
This is the method of connection 
given in the amplifier circuit recom- 
mended by R.C.A., but I found that 

-Q1 +9V 

0-200mA 

Blew 
o- olO 

CA3020 

Fig. 5. When connecting the CA3020 into a new circuit, it is advisable to 
initially check current consumption from the 9-vo/t supply 
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CA 3020 

06a 

Fig. 6. A modification to the circuit of Fig. 4 for 54SmW output. This causes 
a measure of negative feedback and thermal stabilising to be applied to 

the output transistors 

I ran into instability when the slider 
of the volume control was right at 
the top end of its track. I'm pretty 
certain that this instability was due 
to the fact that the leads in my 
experimental assembly were rather 
long, and I should imagine that it 
wouldn't occur when the integrated 
circuit is connected into circuit 
with short wiring." 

"Is this instability," asked Dick, 
"something to guard against?" 

"It is, rather," said Smithy, 
"because it's possible for Qg and 
Q7 to draw a heavy current when the 
circuit goes unstable, and this might 
cause damage. Anyone using the 
CA3020 for the first time in a new 
circuit should insert a meter capable 
of reading 200mA in series with the 
positive supply. (Fig. 5). If the 
instability occurs when the slider 
of the volume control is at the top 
end of the track, the current con- 
sumption may shoot up, and this 
will be indicated by the meter. 
The instability may not be evident 
on audio listening tests and I would 
suggest that the initial test with the 
meter is quite essential." 

"You seem to have cleared the 
trouble quite easily yourself." 

"That 3300 resistor," replied 
Smithy, "removed the instability 
completely, and with negligible loss 
of overall gain. It's almost certain, of 
course, that the instability is occurring 
at r.f. If any constructor runs into this 
instability trouble, he should find 
the lowest value of resistor, in series 
between terminal 1 and the 5kO 
pot, which clears the oscillation. 
And, as I said just now, the instability 
probably won't be present if short 
wiring to the external components 
is employed. An incidental point, 
by the way, is that the input feed 
to terminal 10 is a wee bit 'hot', 
and that it needs to be kept away 
from the output wiring." 

"Would it help," asked Dick, 
"if the metal can of the integrated 
circuit was earthed ?" 

"It's earthed already," replied 
Smithy. "With the integrated circuit 
I had, the can was internally con- 
nected to terminal 12." 

Heat Sink 
"I still," said Dick, returning to 

his previous theme, "find it almost 
incredible that that little integrated 
circuit can push out so much power. 
You'd think it would tend to over- 
heat." 

"Well," replied Smithy, "the 
manufacturers recommend a heat 
sink if the device is to be employed 
at a high power level, and the little 
H2 sink I've used myself seems to 
cope very nicely. I don't know what 
thermal coupling there is between 
the output transistors and the case 
but, at any event, I couldn't detect 
any increase in temperature even 
after I'd had the integrated circuit 
offering full output on speech and 
music for over an hour. Also, the 
quiescent current always returned 

to the same value when I turned 
the gain down after a run at high 
power which, again, would appear 
to indicate that no excessive changes 
in internal operation due to high 
temperature were taking place. In- 
cidentally, the voltage regulation 
provided by Di, D2 and D3 counter- 
acts changes due to temperature 
variations." 

"What is the quiescent current?" 
"Approximately 24mA," replied 

Smithy. "This, so far as I can see, 
represents the only snag presented 
by the integrated circuit. Its quiescent 
current is higher than the figure 
given by a conventional Class B 
output stage using separate tran- 
sistors. But the disadvantage be- 
comes less important, of course, if 
the integrated circuit offers an output 
which causes an average of about 
50mA or so to be drawn from the 
battery. Proportionately, this will be 
only marginally higher than the 
current drawn by a standard Class B 
output stage for the same output 
power." 

"There's something I've just re- 
membered," said Dick. "You said at 
the beginning that you were getting 
half a watt out of that CA3020, 
but you've since been referring to 
the circuit as being intended for 
310mW." 

"I was getting about half a watt 
out of the circuit in actual practice," 
replied Smithy, "although I must 
hasten to add that I was using a 
rather rough and ready method of 
measuring the output power. I 
merely connected a teslmefei switch- 
ed to a.c. volts across the transformer 
primary, and found I was getting 
readings of 9 volts r.m.s. on music 
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Fig. 7. A suggested method of incorporating the CA3020 integrated circuit 
in a home-constructed superhet. The component values shown are intended 

to be representative only 
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peaks. From this corresponds 
to an output around half a watt. 
Incidentally, there is an alternative 
circuit arrangement which is specified 
by R.C.A. for a 545mW output. It's 
exactly the same as the circuit 
I've just shown you, with the ex- 
ception that a 0.60 resistor is 
inserted between terminals 5 and 6 
and chassis (Fig. 6). This introduces 
a small amount of negative feedback 
in the output transistor stage and 
gives added thermal stability. If 
you intended to operate the inte- 
grated circuit at high power over 
long periods of time, it would be a 
sensible precaution to insert this 
resistor. When I tried it myself I 
found it caused a slight drop in 
gain together with a small reduction 
in distortion. But even without this 
resistor, distortion is quite low and 
R.C.A. quote 1 % distortion at an 
output power of ]35mW." 

"I see that two of the capacitors 
in your circuit," said Dick, "have 
values of luF. Could these be electro- 
lytic types?" 

"Preferably not," replied Smithy. 
"1 used paper capacitors in my rig 
and did a little experimenting to 
see what would happen if there was 
leakage resistance across them. 
Terminal 2 is at a fairly high imped- 
ance and circuit conditions alter 
quite noticeably if there is any 
leakage resistance between this 
terminal and chassis. I found, for 
instance, that quiescent current 
increased by 2mA if I temporarily 
added a resistor as high as Imti 
between terminal 2 and chassis. 
Since this part of the circuit is 
sensitive to leakage resistance it 
would definitely be best to avoid 
using an electrolytic component 
here. Rather the same applies to the 
l^F input capacitor connecting to 
terminal 10. The bias resistor to this 

terminal is pretty high, at SlOkO 
and leakage in an electrolytic 
capacitor could easily upset the 
biasing conditions for Qp" 

"Still," objected Dick, "a value 
of IfiF means that a non-electrolytic 
capacitor will be a fairly large 
component, won't it?" 

"It shouldn't be too enormous, 
with modern capacitors," replied 
Smithy. "Incidentally, my circuit 
worked just as well with 0.5(iF 
between terminal 2 and chassis, 
so it would be O.K. to use the lower 
value for this position if you wanted 
to. And you don't have to use 1 n F 
in the input circuit to pin 10, A 
value of 0.5|j.F here, or even lower, 
would merely cause a small drop in 
gain at the lower frequencies."- 

"Well, that," said Dick, "seems 
to clear up all the questions that I 
can think of!" 

"There are several points I haven't 
referred to yet," said Smithy. 
"If, for instance, you're going to 
use the integrated circuit in a home- 
constructed superhet it would be 
best to look upon the negative supply 
line as being the chassis line, and to 
return the diode load to this line. 
The transistor or transistors which 
are controlled by the a.g.c. voltage 
from the diode load would then have 
to be n.p.n. types. The decoupling 
resistor to the preceding stages 
should, preferably, be in the positive 
line. (Fig. 7). Oh, and I've forgotten 
to mention that the input signal 
voltage for both the 310 and 545mW 
versions of the circuit is approxi- 
mately 45mV for full output, which 
should be readily available at the 
diode of any normal a.m. superhet. 
Also, the supply potential shouldn't 
be higher than 9 volts." 

Earning A Living 
Smithy looked down at his watch. 
"Well, I'm dashed," he exclaimed. 

"I've spent nearly half an hour 
rabbitting on about that integrated 
circuit, when we should have been 
hard at work earning a living!" 

"Not to worry. Smithy," replied 
Dick comfortingly, "It's been time 
well spent. Let's just spend a few 
more minutes listening to that 
integrated circuit working at full 
blast again!" 

"Okey-doke," said Smithy oblig- 
ingly, reaching his hand out to the 
5kU volume control. "Listening to it 
fascinates me just as much as it 
seems to fascinate you!" 

Once more the bench speaker at 
Smithy's side reproduced the full 
volume of which the integrated 
circuit was capable and the pair 
listened entranced whilst they gazed 
at the diminutive device which not 
only provided this output but all 
the preceding a.f. amplification and 
phase inversion as well. 

"In my younger days," said Smithy 
as, eventually, he reluctantly dis- 
connected the leads to the PP9 
battery and cleared his bench ready 
for work, "we'd have considered 
ourselves lucky if we'd got as much 
output as that from a dirty great 
clumsy PM2." 

"What," asked Dick innocently, 
"is a PM2?" 

"The PM2," replied Smithy, "was 
an old triode output valve with a 
2-volt filament." 

He paused for a moment. 
"I suppose," he added reflectively, 

"we thought the PM2 was pretty 
marvellous at the time, too." 

Editor's Note 
Technical information, in this 

article, on amplifiers incorporating 
the CA3020 is taken from "R.C.A. 
Integrated Circuits Application Note 
—Application of the R.C.A. CA3020 
Multi-Purpose Integrated-Circuit 
Audio Power Amplifier." m 

UNIVERSITY TV ORDER 

EMI Electronics have received an order from Glasgow University for the largest and first fully professional University 
television installation in the U.K. 

The University has made available and is converting Southpark House into a programme origination studio which 
will employ four EMI Type 201 cameras, capable of producing broadcast-quahty,signals on either 405 or 625 line standards. 
Two cameras will be equipped with zoom lens systems, one with a turret lens. The fourth camera will be used in a telecine 
channel based on the professional EMI Type 404 telecine. 

Additional studio equipment to be supplied includes a production control desk with special effects generator, a solid- 
state vision mixing and switching system and an 8-channel sound mixer, video tape recorder and full sound reproduction 
facilities. m □ /- 

Television programmes originating from the studio, under the supervision of the Director of Television, Mr R. C. 
MacLean, will be relayed to various parts of the University via a separate continuity switching system also provided by 
EMI. A scheme for relaying programmes to local schools has also been proposed. 

434 THE RADIO CONSTRUCTOR 

www.americanradiohistory.com



TRADE 

REVIEW 

Knightkit 

KG-625 

Valve 

Voltmeter 

© 

The Knightkit KG-625 VTVM complete with probe and stand. This instrument 
has an input impedance, on d.c., of 11M£2, a fluorescent knife-edge pointer 
and a 2-colour scale. The 100° meter arc allows easy viewing from any 
angle. Provided are a highly sensitive O.SV full-scale range for transistor 
work and separately calibrated scales for 1.5 and 5V r.m.s., 4.2 and 14V 
p-p a.c. ranges. A wide range of a.c. (r.m.s. and p-p), d.c. (both negative and 
posit: e) and ohms ranges are also available. A centre zero reading facility 
is included. The kit of parts is moderately priced at £28 19s. 6d. 

A wide range of Knightkits has recently been placed 
on the market, both in this country and Europe, by 
Electroniques (Prop. S.T.C. Ltd.). These kits are designed 
at the laboratories of Knight Electronics Corporation, 
Maywood, Illinois, U.S.A. and, at the time of writing, are 
being imported and anglicised by Electroniques—eventu- 
ally however they will be entirely produced in this country. 
A weli-produced and illustrated booklet of these kits 
may be obtained, post free, from Electroniques (Prop. 
S.T.C. Ltd.), Edinburgh Way, Harlow, Essex. 

We were recently supplied with one of these kits— 
the KG-62S VTVM (Vacuum Tube Volt Meter) by Electron- 
iques so that we could build the instrument using the 
Constructional Handbook in exactly the same manner as 
any reader purchasing this item of test equipment. In 
order that the sequence of events should be precisely 
that followed in a normal sales transaction, the kit was 
posted to us and not collected or specially delivered. The 
carton arrived in due course and was found to be com- 
pletely undamaged, the packaging design being obviously 
well thought out with a liberal use of strong corrugated 
cardboard, pre-shaped and cut to size, together with soft 
packaging material distributed throughout the carton. 

Constructing the Kit 
Two publications are provided with the kit, the first 

being the Constructional Handbook and the second the 
Operator's Manual. 

1 he Constructional Handbook is a masterpiece of 
lucidity, commencing with a page of construction hints 
and followed by a page of advice on soldering, each page 
including clear and precise drawings which, together with 
the accompanying text, make both subjects crystal clear. 
The following 19i pages deal with the construction of the 
kit in a logical and ordered sequence with no fewer than 
21 point-to-point diagrams, all but 3 of these being full- 
size. 

The constructional Handbook has been planned so 
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that when opened out, the large point-to-point diagrams 
are on the right-hand page with most of the relevant 
text on the left-hand page. Each task has alongside a 
small square which must be ticked off as the assembly 
and wiring instructions are completed. This 2 page method 
of presentation considerably eases the building of the 
voltmeter, each double-page being a section, complete 
in itself, of the constructional process. Works checks are 
advised at the end of each stage and a trouble-shooting 
table is included at the end of the Handbook. 

Wiring-up the kit is simplicity itself, all p.v.c. covered 
wires being pre-cut to length and the wire ends pre-tinned 
for ease of assembly and soldering. All components used 
are of the very highest quality and ample hardware and 
solder are provided. The textual instructions are simple, 
direct and clear, and no ambiguous terms are used. 

The Operator's Manual contains a description of the 
control functions, how to use the voltmeter, operating 
instructions, special applications, maintenance and 
calibration instructions, and a trouble-shooting guide 
complete with circuit diagram and description. The 
Manual consists of 16 pages (plus cover) and 15 diagrams. 

Accompanying these two publications are (a) a sheet 
of photographic illustrations showing most of the com- 
ponents full-sized and complete with a printed 6in ruler, 
(b) a suggestion sheet which may be returned to the 
company and (c) an amendment sheet of anglicised terms. 

A description of the valve voltmeter is not included 
here—this may be obtained, by those interested, from 
the free literature available from Electroniques. We did, 
however, accept the invitation from Electroniques to visit 
their service department at Harlow so that we could 
ascertain the service facilities available to all purchasers 
of Knightkits. We found that the after-sales service was 
first class, a completely equipped and highly developed 
test laboratory, staffed by qualified engineers, being 
available for the testing, repairing and general servicing 
of these quality kits. gj 
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Local Station Tnner 

lor 

Record Players 

by 

Sir Douglas Hall 
K.C.M.G., M.A. (Oxon) 

This small tuner unit provides local station reception on 
medium waves and is powered by a single 1.5 volt cell, from 
which it draws a current of approximately 1mA only. 
Although specifically intended for use with the author's 
"Pentonlector" record player, it may be employed with 
any other record player amplifier intended for operation 
from a crystal pick-up. It is important to note that, when the 
record player amplifier has a chassis connected to one side 
of the mains, full isolation must be obtained as described 
in the article, this process being carried out by the more 
experienced constructor who fully understands the 

principles involved 

This little unit is the result 
of experiments by the author 
to modify the "Pentonlector" 

record player amplifier so as to 
receive local stations.* This amplifier 
gives unusually good quality for a 
simple apparatus and the main 
object in the design of the tuning 
head was to ensure that quality 
from local stations would be equally 
good as that from records. Although 
it will probably be found that 
several more distant stations can be 
received, these will be at low volume 
level unless a sensitive amplifier 
is used, and quality will not be as 
good as that from local stations. 
The tuner is, of course, perfectly 
suitable for any other record player 
using a crystal pick-up and there- 
fore having a high impedance 
input. 

Circuit Operation 
A short aerial, consisting of a 

few yards of wire along a picture 

•"The Pentonlector Record Player Amp- 
lifier Circuit" was published in the July 
1966 issue. The circuit also appears here 
in Fig. 3.—Editor. 

rail, is used to pick up- the signal, 
which appears across Li and thence 
across the tuned circuit La/VCj. 
See the circuit diagram in Fig. 1. 
TRi is a silicon planar n.p.n. 
transistor and it amplifies the signal 
in the common emitter mode. 
The amplified r.f. signal appears 
across choke Lj and is demodulated 
by Di and fed back directly to the 
base of TRi. The transistor then 
amplifies the detected audio fre- 
quency signal as a common collector 
amplifier. Base bias is provided by 
Di which, with 0.5 volts across it, 
exhibits a d.c. resistance of about 
50k O. 

The amplified audio signal appears 
across the primary of Tj (an inter- 
valve transformer giving a 1:5 
step-up of voltage) its secondary 
feeding into the amplifier. The 
battery supply gives 1.5 volts, which 
is correct for optimum base bias 
and should not be changed to a 
higher voltage. About 1mA emitter 
current will be passed. 

It must be emphasised that Dj, 
which is a selenium rectifier and is 
sometimes advertised as a "meter 
rectifier", has very different char- 
acteristics from those of a germanium 

or silicon diode, neither of which 
will work in this particular circuit. 
The rectifier specified has a high 
output impedance and, as has 
been pointed out, a high forward 
resistance to d.c. even when 0.5 
volts d.c. appear across it. In fact, 
it needs something near to 0.5 volts 
before it will conduct at all. A 
germanium diode can be expected 
to pass several milliamps under 
these conditions as against about 
12(1.A in the case of the M3. This 
characteristic of the M3 enables 
the very simple coupling-cum-base 
bias arrangements shown in Fig. 1 
to be used; and this simplicity makes 
for efficiency since stray capacitances 
are kept low. The high impedance 
to a.c. of the M3 makes it suitable 
for feeding into a common collector 
amplifier. 

The common collector configura- 
tion allows a high standard of 
fidelity to be maintained, first 
because of the inherent negative 
feedback, and secondly because 
the low output impedance is virtually 
immune to high note loss as a 
result of the necessary high frequency 
bypass capacitor, Cj. Also, the low 
output impedance allows Ti to 
provide a step up in a distortion-free 
manner. The primary of Ti is heavily 
damped by the output impedance of 
TRi, which is of the order of l.SkO 
so that the normal tendency of a 
transformer of this type to over- 
emphasise the higher middle fre- 
quencies is absent. Finally, the use 
of an aerial instead of a ferrite 
rod prevents high note loss resulting 
from the use of critically applied 
reaction. 

The unit may be used as shown 
in Fig. 1 with any record player 
which uses a crystal pick-iip and 
does not have a chassis which is 
live at mains potential. With the 
Pentonlector it was not found 
riecessary to screen the output leads 
from the tuner, even when it was 
built separately and used a couple 
of feet from the amplifier, but 
screening may well prove necessary 
with more sensitive amplifiers. In 
that case, single screened wire can 
be used, the internal wire being 
used as lead A and the screening 
as lead B. 

If it is intended to use the unit 
with an amplifier which has a chassis 
which is connected to one side of 
the mains, it is essential to ensure 
that all precautions against accidental 
shock are observed. Two 0.01 uF 
capacitors with an a.c. working 
voltage of 250 or more must be 
connected in series with the con- 
nections to the amplifier input, as 
shown in Fig. 2. If the tuner unit 
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COMPONENTS 

Resistors 
Rt l.SkH i watt 5% (Fig. 3 

only) 
R2 1500 i watt 5% (Fig. 3 

only) 
VRi 5k Q potentiometer, 

linear, with switch Si 
(no switch for Fig. 3) 

Capacitors 
Ci 0.01 ixF 
C2 500ij,F electrolytic, 6V 

wkg. (Fig. 3 only) 
VCt 500pF variable, Dilecon 

(Jackson Bros.) 
VC2 750pF trimmer 

Inductors 
Li,2 See text 
Lj R.F. choke, 2.5mH 

(Repanco) 
Ti 1:5 intervalve, "Midget" 

L.F. Transformer (Radio- 
spares) 

Transistor 
TRi BSY27 

Diode 
Di S.T.C. type M3 (Home 

Radio (Cat. No. MR50) 
or Henry's Radio.) 

Battery 
Bi 1.5 volt cell (Fig. 1 only). 

U12 (Ever Ready) or 
similar 

N.B. Radiospares components 
may only be obtained through 
retailers. 

co o e 
La b 

BSY 27 
lead-outs cr: 

I-5V TR 
BSY 27 

i A A Radio 
VR Gram 

un 
RU VCo 

B B 

Record 
player 
input 

(a) 

'\ L. ? 3 . A •2 / 

SO 
turns turns 

Fig. 1 (o). The circuit of the medium wave tuner. If the record player 
amplifier has a chassis isolated from the mains supply, the tuner is coupled 

to its input at points A and B, as shown 

(b). Details of the coil L1/L2 

is constructed as a separate unit, 
these two capacitors must be fitted 

inside the record player cabinet. 
An insulated screened pair should 
be employed for connecting the 
tuner unit to the amplifier, as 

Tuner negative supply 
line 

O OlpF, 250V A.C. wkg 
or greater ^Radio 

* Gram 1 
Plug and 
socket 
connections 

11 " ^ 
Record player 
amplifier chassis 

O-OlpF. 250V A.C.wkg 
or greater 

To mains 
earth 

Record 
player 
input 

Fig. 2. When the record player amplifier has its chassis connected to one 
side of the mains, the isolating and earthing arrangements illustrated here 

must be employed 

illustrated in Fig. 2. Note that the 
secondary of Ti is connected directly 
to this pair, and does not connect 
to the tuner unit negative supply line, 
as occurred in Fig. 1. There are, 
otherwise, no changes to the tuner 
unit circuit. As will be seen, a 3-way 
plug and socket are required at the 
record player, the socket being 
mounted on the cabinet of the latter. 
Since an earth connection has now 
to be available in the record player, 
the isolating circuit of Fig. 2 will 
necessitate the record player being 
fitted with a 3-core mains lead if 
a 2-core lead is currently fitted, 
the extra wire being needed for the 
earth connection. The 3-core mains 
lead should be correctly terminated 
in a 3-way plug fitting into a mains 
socket having a reliable earth con- 
nection. If hum results with this 
circuit, reverse the mains leads to 
the record player amplifier at the 
3-way plug. The method of isolation 
just described must be used also if 
the tuner unit is fitted in the same 
cabinet as the record player amplifier. 
When separate, the tuner unit 
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lOOOpF 2000uF 
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Fig. 3. The tuner can be combined with the "Pentonlector" record player 
amplifier to form a complete unit. The amplifier circuit is to the right of the 

dashed line 
output can be coupled to the 
record player amplifier input by 
way of a 3-pin 2-amp mains plug 
and socket, the socket being mounted 
on the amplifier cabinet. The earth 
pin then carries the earth con- 
nection and the remaining pins 
the tuner unit a.f. output. It is 
important to ensure that the negative 
supply line of the tuner unit is 
always at earth potential whenever 
the unit is used. 

Referring again to Fig. 1, it will 
be seen that reaction is obtained by 
the capacitance tap method, Part 
of the r.f. signal bypasses Di and 
is fed to the bottom end of the 
tuned circuit which, because of 
VC2 and VRi, is not at earth poten- 
tial, but at r.f. potential 180° out 
of phase with the signal at the 
top of the tuned circuit. Reaction 
increases as the slider moves up- 
wards, as seen in Fig. 1. VC2 and 
VRi also ensure that only a part of 
the tuned circuit is between base and 
emitter so that the effect of a tap 
in the tuned circuit is obtained and 
conditions are right for common 
emitter amplification. 

Whatever record player is employ- 
ed it must be fitted with a single 
pole changeover switch to switch 
from pick-up to radio and vice 
versa, as shown in Figs. 1 and 2. 
If a record player with a live chassis 
is used, it is essential that the 
operating knob, bush and spindle 
be reliably insulated from its con- 

tacts and 
metalwork 
player. 

from any circuitry or 
in the cabinet of the 

Record Player Amplifier 
As was stated at the beginning 

of this article, the tuner was designed 
in the first instance for use with the 
"Pentonlector" amplifier, and it 
may well be incorporated with 
that amplifier rather than be built 
as a separate unit. Fig. 3 shows the 
complete circuit. It will be seen 
that the necessary 1.5 volts is taken 
from the d.c. supply for the amplifier 
by way of a potentiometer consisting 
of Ri and P.2 with C2 for smoothing. 

Output 
pentode 

(a) 

No battery is required' and VRi 
need not, therefore, be provided with 
a switch. In case any interested 
reader did not see the subsequent 
correction in the October 1966 
issue, it should be pointed out that 
the screen grid of the PL82 is pin 
9 and not pin 8 as originally shown. 

In the original article describing 
the "Pentonlector" the author said 
that, with the prototype, no ventila- 
tion for the cabinet had proved 
necessary. Later experiments have 
shown that with a high amplification 
specimen of output transistor, and 
continuous use in a warm room, 
there can be deterioration in both 
volume and quality as a result of 
rising leakage current increasing the 
voltage across the resistor which is 
common to transistor collector and 
valve cathode. In such circumstances 
excessive grid bias can prevent the 
valve from handling a large input 
signal satisfactorily. It is wise, 
therefore, to arrange that the output 
transistor, on its heat sink, is in a 
position where free air can circulate 
round it. 

Construction 
Construction of the tuner is very 

simple and no precautions are 
necessary in the layout except to 
keep L3 away from L1/L2 and with 
their axes at right angles. Li has 15 
turns and L2 50 turns of 32 s.w.g. 
enamelled wire, and both coils are 
close wound. See Fig 1 (6). About 
3in of fin ferrite rod is used as the 
former. Li and L2 are wound in the 
same direction. 

In order to set up the tuner it is 
only necessary to adjust VC2 so 
that reaction is smooth and oscilla- 
tion is available throughout the 
tuning range. 

The "Pentonlector" amplifier has 
built-in tone correction, over and 

□ 
jSOOpF 
■6Vwkg 

T 
1-5 Volts 

(b) 

Fig. 4. When the record player amplifier has an isolated chassis, the tuner 
may obtain its power from the output pentode cathode bias circuit. The original 

amplifier circuit is shown in (a), and the modified circuit in (b) 

438 THE RADIO CONSTRUCTOR 

www.americanradiohistory.com



above the variable tone control, to 
compensate for lack of bass from 
the pick-up. When used with the 
tuner, which has a much lower 
output impedance than a crystal 
pick-up, the fixed compensation is 
barely perceptible with the volume 
control turned fully on, but it will 
be found that there is a loss of 
treble as soon as the amplifier 
volume control is turned back, even 
quite a short way. At the same 
time it will be found that the 
variable tone control has a smaller 
range on radio than on records. 
In consequence, it is of advantage 
to use the "Pentonlector" with its 
volume control at maximum, and 
to employ the reaction control of 
the tuner as a volume control. A 
small movement of the amplifier 
volume control can then offer a 
measure of tone control. This has 
the further advantage of minimising 
any loss of treble due to a critical 
reaction setting, and in these con- 
ditions treble response will be found 
to be really good. If volume is too 
high with reaction at zero, a shorter 
aerial may be used. But in most 
areas 4 or 5 yards of wire will be 
needed. 

The foregoing applies particularly 
to the "Pentonlector". Many record 
players offer far more amplification 
and have different tone control 
arrangements, and when these are 
used it will probably be necessary 
to control volume by means of 
the amplifier's control. A powerful 

amplifier does not always produce 
its best at the full volume control 
setting. 

Alternative Supplies 
Experienced constructors will have 

seen that it would be possible to 
dispense with a battery for the tuner 
when it is used with any amplifier 
having a chassis isolated from the 
mains, together with a straight- 
forward Class A output pentode 
valve. The d.c. flowing through the 
cathode resistor of this valve can 
then provide a source of supply 
for the tuner. It is only necessary 
to replace the cathode resistor with 
two in series, and to add a capacitor 
of 500,uF, 6 volt working, between 
the junction of these resistors and 
chassis. See Fig. 4, It is necessary 
to measure the resistance of R 
and the voltage V across it when 
the amplifier is switched on, using 
a voltmeter with a resistance of 
at least 10k ST Then, referring to 
Fig. 4, Ri=M?i and R2=R-Ri. 

To take an example, let us suppose 
that R is 130n and that V is 7 volts. 
Then, R '-5 x 130=28O, and R2 

7 
130 -28 = 1020. 270 for R, and 
IOOO for R2 would be satisfactory. 
The small current passing through 
the reflexed transistor can be ignored 
in the calculations. 

□ 

1 

By Recorder 

I UNDERSTAND THAT, ELSEWHERE IN 
this issue, Dick and Smithy of 
"In Your Workshop" fame 

carry out some fascinating experi- 
ments with the R.C.A. CA3020 
integrated circuit, which is now 
available on the home-constructor 
market. The full story will be told 
by Smithy, and so there is little 
point in my adding any further 

details here, apart from saying that 
I have heard the CA3020 in action 
myself and have been exceptionally 
impressed with the performance it 
offers. Together with a few external 
components it provides all the a.f. 
gain needed after the diode of a 
transistor superhet, and it puts out 
half a watt of audio power as well. 

Integrated circuit applications for 

Four Local Supplier 

LONDON 

Established 1910 

H. L. SMITH 

& CO. LTD. 

Comprehensive stocks of components 
by all leading makers. 

287-9 EDGWARE ROAD 
LONDON W.2 
Tel: 01-723 5891 

TELERADIO 
ELECTRONICS 

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

aircraft control. 
QUOTATIONS GLADLY FOR PARTS USED IN 

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

325/7 FORE STREET, 
EDMONTON (3719) 

LONDON, N.9. 

WHY BI-PAK7 
FOR SEMICONDUCTORS 

★ Fastest by return mail service 
★ Lowest possible prices 
★ Largest range available 
★ Satisfaction guaranteed 
★ For further proof seepage 388 

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: PADdingtott 4185/2926 
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Four Local Supplier 

LONDON 

ELECTRONICS 
GALORE! 
in the NEW 

dca CATALOGUE 
Send 116 now for your copy 

to: DEPT. R/C 
dca ELECTRONICS 

LIMITED 
28 UXBRIDGE ROAD, 

EAUNG, W.5 

ESSEX 

ELECTRONIC 

COMPONENTS 

Valves, transistors, capacitors, 
transformers, amplifiers, 

tuners, etc., etc. 

765 HIGH ROAD, 
SEVEN KINGS 

(opp. Seven Kings Hotel) 
ILFOKU, ESSEX 

Telephone: GOOdmayes 1826 

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

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

HAMPSHIRE 

home-constructor designs are be- 
coming more and more common- 
place as time goes by, and this 
represents an excellent state of 
affairs. When, as with the CA3020, 
the integrated circuit provides a 
practical and fully functional ad- 
vantage instead of appearing merely 
as an interesting and instructional 
gimmick, then we are truly in a 
position to make full use of this new 
device. 

I.C. Future 
No manufacturer of integrated 

circuits is likely to produce a device 
intended specifically for the home- 
constructor market since the tooling 
costs involved would be much too 
great for what would inevitably 
represent a low sales potential. On 
the other hand, most manufacturers 
seem to be quite happy to allow 
sales to the home-constructor market 
of devices which are already in 
production for established commer- 
cial applications. The major call, 
at present, is for integrated circuits 
in computer manufacture; which is 
why most of the integrated circuits 
that have been presented for sale 
to the amateur have been computer 
types. 

At the same time, integrated 
circuits intended for receivers, ampli- 
fiers and similar equipment have 
also been made and are being used 
(notably in the U.S.) in domestic 
equipment in quite encouraging 
quantities. Processes of this nature 
tend to mushroom: increasing sales 
of the devices enable more manu- 
facturing experience to be obtained 
and longer production runs to be 
achieved, with a consequent lowering 
of costs. Lowering costs, in turn, 
make the devices more attractive 
and they are then ordered in greater 
quantities, allowing a further reduc- 
tion in costs to be made. 

In the amateur field we tend to be 
more interested in integrated circuits 
for receiver and amplifier applica- 
tions, and it is very heartening to 
see that these are becoming available 
more readily than in the past. 
Prices are already, to my mind, 
quite reasonable and they should 
gradually fall as the years go by. 
This follows the pattern set by 
transistors, some of which are 
nowadays almost dirt-cheap. 

The amateur already has two 
electronic arts to draw upon for 
his experimental and constructional 
work, these consisting of designs 
centred on the valve and designs 
centred on the transistor. Now 
coming is a third electronic art, and 
it consists of designs centred on the 
integrated circuit. This third art is, 
of course, allied to that of the 

transistor but there are still sufficient 
points of difference to make the use 
of integrated circuits a pursuit in 
its own right. 

And, so far as taking advantage 
of these new devices is concerned, 
we home-constructors have the con- 
siderable good fortune to be right 
in on the ground floor. 

Hotter And Hotter 
In the old days a 100-watt electric 

light bulb used to be a light bulb 
indeed, with the large and imposing 
glass globe which befitted its ex- 
alted wattage rating. Nowadays, 
however, a 100-watt bulb is a tichey 
little affair, having about the same 
dimensions as the 40-watt lamp of 
yore. 

This reduction in size may repre- 
sent an impressive saving in manu- 
facturing and transit costs, but it 
also results in the bulb and its 
immediate surroundings becoming a 
great deal hotter than used to occur 
with the old larger bulbs. Recently, 
this fact was brought home forcibly 
to me when I tried to change the 
shade on the bulb in our lounge. 
(This used to be called the kitchen, 
but one has to keep up with the 
times.) The bulb-holder, fitted new 
only three years ago, was a standard 
pendant bayonet holder, but the 
threaded Bakelite ring securing the 
shade had, due to heat from the 
bulb, seized up completely solid to 
the body of the holder. It was quite 
impossible to unscrew it. 

With problems of this nature it 
is always best to use a scientific 
approach, and it took me only a 
few seconds to break the ring away 
with the aid of a hammer. I then 
decided that I might as well replace 
the bulb-holder altogether, where- 
upon I discovered that the upper 
threaded section had seized up solid 
as well! 

After a second application of the 
hammer and a slight shortening 
of the ceiling flex in order that the 
bits with overheated insulation near 
the bulb-holder terminals could be 
cut away, I eventually fitted a new 
holder. And the new shade which 
had originally raised all the difficulty. 

If the family continues to require 
a change in lamp-shades from time 
to time, I suppose I must look 
forward to the purchase of a new 
bulb-holder per shade and the 
gradual ascent of the whole assembly 
towards the ceiling rose. The only 
alternative is to see if I can dig 
out some of those old-fashioned 
brass bulb-holders which had the 
contacts mounted in china inserts, 
together with little bits of wood to 
hold the flex. Provided, of course, 
that I can find some preparation 

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

FORRESTERS NATIONAL 
RADIO SUPPLIES LTD. 
70-72 Holdenhurst Road 

Bournemouth 
Telephone 25232 
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Your Local Supplier 
which will make those little bits of 
wood non-inflammable! 

Fridge Repairs 
Turning to the other extreme in 

temperature, 1 next pass on a true 
story from reader L. P. Hasler of 
Stroud. 

"My reason for sending you this 
letter," writes Mr. Hasler, "is to 
tell you of a most unusual happening 
which might also be of interest to 
your readers. For radio in my home 
I use a transistor set having the 
normal superhet circuit, this being 
coupled to a push-pull 8-watt 
amplifier and speaker. The transistor 
set suddenly went silent, and a 
quick check of battery and circuit 
connections revealed no fault. After 
some years of service it had still 
been giving a good performance, so 
I took it to a local radio service 
depot. Three days later they phoned 
to say they could go no further as 
the makers were out of business and 
no spares were available. I next got 
the set back and tried one or two 
tests, but still without result. After 
very careful thought concerning the 
expansion and contraction of metals 
with changes of temperature I 
then picked up the set, popped it 
into the refrigerator, and left it 
there for about an hour. On taking 
it out and switching on it worked 
perfectly, and has continued to do 
so for two months. 

"Have you heard of this before?" 
No, Mr. Hasler, I haven't, and 

I am grateful to you for telling us 
about this experience. 

"Radio Sentry" 
My comments in the November 

issue concerning the use of a there- 
min device as a party gadget have 
raised a letter from another reader, 
Mr. R. D. A. Fraser of Eastbourne. 
You may recall that I suggested 
coupling 4 or 5ft of wire, positioned 
along one side of a doorway, to the 
"hot" end of the tuned circuit of 
a short-wave oscillator. This oscil- 
lator was then tuned in, to zero 
beat, on any short-wave receiver 
fitted with a b.f.o., whereupon 
anyone attempting to pass through 
the doorway would cause the short- 
wave receiver to give an audible 
tone varying in pitch as the person 
approached the wire. The reason for 
this effect is, of course, that the 
short-wave oscillator changes in 
frequency due to the altering capaci- 
tance to earth of the length of wire 
at the doorway. 

Mr. Fraser points out that he 
has obtained equally good results 
without a short-wave receiver or 
oscillator. In his letter he states 
that "two medium-wave receivers 

are required; the first, receiver 
'A', being a transistor superhet, 
and the second, receiver 'B', being 
any medium-wave set. Also required 
is a signal generator. 

"A length of wire about 3ft long 
is fixed to the door frame and 
connected to the fixed vanes on the 
oscillator section of the' tuning 
capacitor in receiver 'A'. Receiver 
'B' is placed close to receiver 'A', 
and so also is a 6-turn coil of 3in 
diameter connected to the signal 
generator by a coaxial cable. The 
generator is about 3ft away. Re- 
ceiver 'B' is tuned to a quiet spot 
near the high frequency end of the 
medium-wave band; the generator 
is switched to 'mod' and then tuned 
so as to give maximum output 
from receiver 'B'. The modulation 
is next switched off, and receiver 'A' 
tuned in to approximately zero 
beat with the generator. This cannot 
be done exactly owing to hand- 
capacitance effects, and final fine 
tuning is carried out on the signal 
generator. The volume on receiver 
'B' is next advanced and the device 
functions as you describe. It is 
advisable to keep the volume on 
receiver 'B' low until the zero beat 
position is found. 

"I found the set-up worked best 
with about 40mV output from the 
generator; a loud tone was then 
produced even if a person was 2 to 
3ft away from the wire. Receiver 
'B' in my case had a ferrite frame; 
and receivers using capacitive 
aerials may require different coupling 
arrangements. The final volume 
control setting on receiver 'B' 
was at about mid-position." 

So there you are. Two standard 
medium-wave receivers, a bit of 
wire and a signal generator, and 
you have a "radio sentry" which 
will make it impossible for anyone 
to pass through a doorway without 
giving audible warning of his 
presence. And I'm very much 
obliged to Mr. Fraser for passing on 
the information. 

That Aintree Iron 
At the time of writing these notes 

the current pop song starts with the 
words, "Thank you very much for 
the Aintree Iron." Nobody seems 
to know what an Aintree Iron is. 

I can now exclusively reveal that 
there has been a typographical error 
here and that the correct term should 
read "Trainee Iron". This is, of 
course, the soldering-iron first issued 
to apprentice service engineers who 
then, very properly, express their 
gratitude in song. 

LANCASHIRE 

NEW CROSS 

RADIO 

Electronic components and 
Equipment, 

Transistor Panels, 
all at competitive prices 

6 Oldam Road, Newcross 
Manchester 4 

Telephone CEN 1541 

SURREY 
SMITHS PRECISION 

i MINUTE DELAY 
ACTION SWITCH 

Clockwork actuated 
10/6 EACH 1 V/ M Post 2/6 

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

Radio Component Specialists 
337, WHITEHORSE ROAD, 

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

SUSSEX 

E. JEFFERIES 

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

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

MASTERADIO, PERDIO, MARCONI, 
PHILCO, FIDELITY. 

6A Albert Parade, 
Victoria Drive, 

EASTBOURNE SUSSEX 

WORCESTERSHIRE 

□ 

Dept. C1, 176 HAGLEY ROAD 

HALESOWEN 
021-550 3210 WORCS. 

Hi-Fi Equipment 
Transistors and 

Radio Components 
Public Address Amplifiers 
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Radio Control 
All parts in stock for the system des- 
cribed during the last few months. 
TRANSMITTER KIT from 84/- 
RECEIVER I KIT 80/- 
RECEIVER II (SUPERHET) £9.16.0 

SPECIAL TRANSMITTER AERIALS 
CLV 80 50/- 

SILICON TRANSISTORS—ST 140 4/- 
—ST 141 6/- 

SEND S.A.E. FOR PRICE 
BREAKDOWN OF ABOVE 

MATERIALS AVAILABLE FOR ALL DESIGNS 
EXPLAINED IN THIS MAGAZINE. 
QUOTATIONS ON REQUEST 

BOOKS 
Single channel R/C 6/9 post free 
Multi channel control 13/6 post free 
Model boat control 8/6 post free 
Radio control components 1/- 
Full lists on transmitters and receivers 1/-. 

Get into this interesting hobby now 

TELERADI0 ELECTRONICS, 
325/7 FORE STREET, EDMONTON, 

LONDON, N.9. 

For 'Radio Constructor' Circuits 
Sensitive Reflex T.R.F. (January). Selected HK301, 
HK101, and germanium diode, 5/-. Output transformer 
4/6d. 
Miniature Two-Voltage Power Supply. Mains trans. 
9-0-9V 80mA, 11/-; bridge rectifier 4/-. 
Integrated A.F. Amplifier (RCA 3020). With data 
sheet, 33/-. Output transformer (matches 3 ohms) 
4/6d: heat sink 1/-. 
Rubber Zener Circuits. B-5000 (25W silicon npn) 
10/-; 2N3702, 4/-; BC107, 4/-. 

Transistor Bargain! 
At last! A really multi-purpose d.c. to v.h.f. transistor! 
Massive bulk purchase now enables us to offer the 
BC168, a superb new branded silicon npn at less than 
germanium prices. Look at the 'spec': 

if hfe (beta) 250-500 
if 350 Mc/s typical cut-off 
if A.f. noise figure 2dB typical 
if Max. ratings 20V, 100mA, 180mW. 

All this for 2/6d. each, 5 for 10/-. 
See last month's advert, for other transistor bargains. 

Mail order only. Cash with order. U.K. post free on orders over 
10/- (otherwise add 6d.). Discounts: 10% over £5, 15% over £10. 
Special quotations for large quantities. 

AMATRONIX LTD. (DEPT. RC 2) 
396 SELSDON ROAD, CROYDON, SURREY. CR2 ODE 

^OTOAl OFFER 

UNBEATABLE VALUE FOR YOU, 
AS A READER OF 
THE RADIO CONSTRUCTOR 

TOLTEC ~ 52'6 ^ 

HAIR DRYER 

m 

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. 230-250 volts A.C. only. 
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). 

Please send me one Toltec Hair Dryer at the special 
privilege price as advertised in The Radio Constructor 

1 enclose cheque/postal order value  

Name      

Address   

(Block capitals please) 
To: Toltec Electronic & Trading Co. Ltd. 
Hatton House, Hurst Green, Etchingham, Sussex 
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Radiomobile 
BRITAIN'S CAR RADIO SPECIALISTS 

Require an experienced 

RADIO 

MECHANIC 
As the duties will include the servicing of our 
complete range of products (both valve and 
transistorised), the successful applicant will have 
a good working knowledge of radio theory, 
together with a number of years of practical 
experience, preferably, but not essentially, in 
the Car Radio Industry. 
Please write in the first instance, giving personal 
information and brief details of work history to: 
The Personnel Department, 
RADIOMOBILE LIMITED 
Goodwood Works, North Circular Road, 
London N.W.2, gla 0171 

Bargains for Winter Building 

TRS MULLARD AMPLIFIERS 

STEREO 10-10 Valve amplifier to exact Mullard spec. With pre-amp, tapped o/p transformer 3 and I5D, all controls, H.T. and L.T. outlet, mono, stereo and speaker phase switching. Complete with escutcheon, knobs, plugs, etc.. Ready 
(p.'S p. 12/6) £20,0.0 
Complete kit (P. & p. 12/6) 2+2 PRE-AMP, Ready built inc. 4 valves—13 gns. (p. & p. 10/6) 
3-3 MONO 
3 valve 3 Wamptifier with controls, absolutely complete kit including panel, knobs, etc. /T •I'S it (p. & p. 7/6) t/.IX.O 

5-10 MONO 
5 valve, I0W basic amplifier kit complete. /Q 4 Q A (p. & P. 7/6) tr. iy.O with passive control network and panel £11.19.6 2 valve pre-amp kit £6.12.6 

GARRARD PLAYERS AND PLINTHS 
LM.3000 Record Player with 9 T.A. Stereo Cartridge. Brand new as from factory. 
AT.60 Mk.ll Deluxe Auto-changer. Die-cast T/Table. Less cartridge. 

£8.15.0 
£11.19.6     • / " — — ■ —■ v_tl I Ul IU£C.   - - - — - W 

$!+2?.D®nlu.xo sin®'® record player, less cartridge. Die cast. Q1 T/Table. Packing and carr. on any one of above, 7/6 extra. '2" WHS, 
Plinths. The ideal mounting for Units offered here. Will readily suit any hi-fi set-up. Teak finish with soft plastic TCI dust cover. Packing and carriage 5/-. ' Clear-view rigid plastic cover 57/6, (p. & p.3/6). 
Serial Cartridge offer to purchasers of above items—MONO—Acos GP.9I.I 19/6.- Goldring DX2M, 24/6; STEREO—Decca Deram with diamond (List 94/6), 79/6; Sonotone 9TA/HC with diamond, 47/6. 

TRS ™ o 9 COMPONENT SPECIALISTS Established 1946 70 Bngstock Road, Thornton Heath, Surrey 
01-664 2188. Hours 9 a.m.—6 p.m. I p.m. Wednesdays A few doors from Thornton Heath Stn. (S.R. Victoria section). 

7/11 each 

SEMICONDUCTOR CENTRE 
BY MAIL 

The famous "International Rectifier Semiconductor Centre" now available by mail: L.S.T. Components are proud to announce their appointment as official stockists. ZENERS: I Watt 27V supplied with 24 page free book mcl. circuits .... SELENIUM PHOTOCELLS: with free instruc tions and circuits, etc. B2M photocell 0-2-0-4V 2mA  |2/6 each B3M photocel! O^-O+V i+^mA .. 15/-each SIM photocell 0-3-0 4V IO-l6mA |9/- each 
Photoce" 0-3-0-4V 25—40mA 33/6 each SOLAR DRIVE MOTOR: For use with photocells 39/6 each , MM^ICTION: Type 2N2I60 for transistor Ignition/SCR Firing, etc. 14/9 each SILICONE GREASE: For use with heat sink and power transistors 6igm tube  6/- each SILICON CONTROLLED RECTIFIERS: SCROI to 04 each supplied with 24 page booklet. 

?-Ik,?.c.9^152R
11):°

ur copy of the-semiconductor ^NTRE" PR'Cf LIST AND DETAILS OF THIS FASCINATING RANGE OF TOP QUALITY EXPERIMENTAL DEVICES. PRICE 6d (Stamp). 
PLEASE NOTE: The listing above is only a small part of the range available. 
SUPER SAVE PACKS 

1 pair 2N1304/5 NPN/ PNP  3 BCI09 High gain NPN  4 2N2926 Yellow Planar 10/- 4 BCII3 Fairchild Planar 20 Mixed new transis- tors Germanium and Silicon marked and tested 20 Mixed new diodes Germanium and Sili- con marked and tested 16 Red and White spot (8 Red, 8 white) r 4 OCI6 equiv. (V30/ 30P) .. .. .. 2 OCI9 New Mullard.. 3 Mullard OC7I brand new .. 6 Valvo OC45 brand new 121- 

10/- 
15/- 

10/- 

20/- 

15/- 
10/- 
10/- 10/- 
91- 

12 OA200 equivalents tested 6/- 12 OA202 equivalents tested 91- 4 SLI03 lOOpiv I OA Stud diode .. 15/- 60 Untested unmarked transistors guaranteed at least 50% usable 10/- 4 SJ103 lOOpiv 2A Stud 10/- 1 400piv 3A SCR Tested STC 91- 2 12V IW Zener diodes IN202 .. 10/- 36 Square inches 01 Sin Veroboard 10/- 2 1.200V I-5A Ava- lanche Rectifiers 5A surge rating RAS31 OAF 12/- 150 Assorted ceramic capacitors mainly colour coded—worth £££'5 io/- 2 OC8I matched + OC8ID Mullard 71- 2 OC45 + OC44 Mullard 7/_ 

AC 107 AC 126 AC 128 AC 176 ADTI40 ACYI7 ACY20 ACY2I AFII4 AFII5 AFII6 AFII7 BAY3I BC109 BCY30 BCY3I BCY32 BCY33 BCY34 BCY38 BCY39 BCY40 BFY50 BFY5I BFY52 BSY95A BY 100 BYZI0 BYZI2 BYZI3 GET 103 OC4I OC42 OC44 OC45 OC7I OC72 OC73 OC75 OC76 OC8I OC8ID OC82 OC82D OC83 OC84 OCI39 

14/9 6/- 
£ 12/6 
Hi 
4/9 4/9 4/9 
r 
% 13/- 13/- 6/- 8/- 10/- 19/- 16/- 6/- 6/- 6/- 4/9 5/- 11/3 7/6 5/6 4/4 3/6 4/- 3/- 3/- 3/6 4/6 3/3 5/- 4/- 3/- 3/- 4/6 4/6 41- 61- 12/- 

OCI40 OCI70 OCI7I OCI69 OC200 OC20I OC202 13/- OC203 8/6 OC204 II/- OC205 10/6 OCP7I 19/6 ORPI2 ORP60 2G374 2G38I 2N706 2NI302 51- 2NI303 51- 2NI304 61- 2NI305 61- 2NI306 2NI307 ST 140 STI4I 

9/6 41- 6/- 61- 61- 15/- 

9/6 8/- 51- 51- 4/9 

DIODES OAS OA 10 OA70 OA79 OAS I OA85 OA90 OA9I OA200 OA202 
POWER OC20 22/6 OC22 OC23 OC25 OC26 OC28 OC29 OC35 OC36 

13/- 25/- 9/6 12/- 15/- 15/- 12/- 14/- 
FAIRCHILD AFII 20W SOLID STATE 
AMPLIFIER KIT 
£8.8.0 Complete 

Includes Printed circuit board, Semiconductors, Resistors, capacitors, Heat sink and short circuit protection com- ponents. S.A.E. for details. 

INTEGRATED CIRCUITS Mullard 263TAA   Fairchild uL900   uL9l4   UI923   5 page article on I'Cs 

39/9 
9/6 9/6 12/6 2/6 

® © 
BARGAINS IN 

SEMICONDUCTORS 
ALL TYPES 

2N3819 FET ll/- 

2N3528 SCR IB/: 

2N1599 SCR 9/6 

OCP/lequif. 9/6 

BClQy/B 5/-Each 

NEW!! S-DEC 
THE "BREADBOARD" 

FOR THE 
ELECTRONIC AGE 

LASTS INDEFINITELY 
RE-USE COMPONENTS 

AGAIN AND AGAIN 
IN STOCK AT L.S.T. 

29/6 each 
S.A.I. DETAILS 

2N2646PJT 10/- 

COMPONENTS 
7 COPTFOLD ROAD 

BRENTWOOD ESSEX 
BRENTWOOD 7904 
24 HOUR POSTAL SERVICE 

POST & PACKING 9d. per order EXPORT ENQUIRIES WELCOME 
TRANSISTOR MANUALS R.C.A  G.E  27/6 29/9 
RETAIL AND WHOLE- SALE SUPPLIED 
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NEW STYLE 

SELF-BINDER 

for "The Radio Constructor" 

The "CORDEX" Patent Self-Binding Case 
will keep your issues in mint condition. 
Copies can be inserted or removed with 
the greatest of ease. 

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 
eniures 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. 

Si ■ 

PRICE 15f- Post Free 

Available only from:— 

Data Publications Ltd. 

57 Maida Vale london W9 

SMALL ADVERTISEMENTS 
continued from page 445 

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

RADIO CONSTRUCTOR. 5-Stage receiver, Fault 
locator, etc. Projects Feb. 1967 to February 1968 
issues. S.A.E. for your choice of itemised price lists.— 
RADIO RADTEL, 13 Dedmere Road, Marlow, 
Bucks. 

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

BOOKS FOR SALE: "Alfred Nobel" E. Bergengren £1. 
"Black Sailed Traders" R. Clark, 7s. 6d. "Radioisotope 
Laboratory Techniques" R. A. Faires, 10s. "Optical 
Microscope Technique" D. Birchon, 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 

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

THE WORLD'S SMALLEST BUG (Wireless micro- 
phone). Rifle bullet size. £7.10.0. Post free. Shirt button 
size microphone 12/6.—Box No. F317. 

WANTED. Grundig tape recorder TK9 (Reporter) 
required for spares.—Connell, 37 Toorack Road, 
Wealdstone, Middlesex. Tel: HARrow 5096. 

WANTED: Two 1U4 valves.—Hellen, Somerville Post 
Office, Ardleigh, Colchester, Essex. 

DAMAGED DICTAPHONES with microphone and 
belts. No parts removed, still in original case. £4 
each including carriage.—G. Simpkin, Box No. F318. 

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

FOR SALE. Eddystone EC10 transistorised communica- 
tion receiver. Perfect condition. Only 9 months old. 
£35.—Box No. F319. 

WANTED: Retail outlets for NEW/SURPLUS radio 
—electronic spares. Excellent profits.—Details from 
Box No. F32I. 

continued on page 447 
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SMALL ADVERTISEMENTS 
continued from page 446 

BOOKS FOR SALE. Servicing Transistor Radios and 
Printed Circuits, by L. Lane, 12s. 6d. Colour Television 
Explained, by W. A. Holm, 7s. 6d. Science Projects 
in Electricity, by E. M. Noll, 7s. 6d. Amateur Radio 
Mobile Handbook, by C. Caringella, 8s. 6d. Electronic 
Systems, by E. A. Altshuler, 10s. Tubes for Computers, 
Philips, 5s. 6d. Industrial Rectifying Tubes, Philips, 
5s. 6d. U.H.F. Tubes for Communication and Measuring 
Equipment, 5s. 6d. All less than half price. All post free. 
—Box No. F320. 

FOR SALE: As new, Zenith Royal 3,000-1, transistor 
trans-oceanic portable. £120. Reply:—Box No. 322. 

FOR SALE: Radio Constructor. Volumes 2-14 bound. 
Volumes 15-18 loose. May & June 1962 missing. 
Will not separate. Offers?—Box No. F323. 

RESISTORS. Cracked carbon, high stability, JW, 5% 
Tol. 1000,2200, 3300,4700, IkO, lOktl, 33kn, 47kn, 
68kn, lOOkQ, 220kO, 470ka, IMH, 3.3kn, 5.6kn, 
6.8kn, 3d. each. 1 dozen of 1 value 2s. 6d. Volume 
controls 250kn, IMH, 2s. 8d. each or with d.p.d.t. 
switch 4s. 6d. each. All log track. Please add ample 
postage.—Box No. F324. 

MAKE MONEY FROM ELECTRONICS. 15 circuits 
of units specially designed for sale to shops, schools, 
etc. 5s. plus 9d. postage.—Box No. F325. 

RECITALS OF RECORDED MUSIC. The second 
Saturday evening of each winter month. Next recital: 
10th February, 1968, 8 p.m. Woodford Green United 
Free Church, Woodford Green, Essex. Bus routes 20, 
20A, 38A and 179—alight at "The Castle" stop. 
Programme includes works by Mendelssohn, Richard 
Strauss, Delius and Cesar Franck. 

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

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, 2 Mount Pleasant, London, 
W.C.I. Telephone: TERminus 0588. 

INNOVATION IN DX CLUBS ANNOUNCED! 
Formed in October, 1965, the Radio New York 
Worldwide Listeners Club now has 3,600 members in 
86 countries! A unique club offering shortwave listeners 
monthly magazines containing listening tips and 
technical features, numbered wallet-sized membership 
cards and gold 8 Jin. by 11 in. membership certificates. 
Multi-lingual report forms available for cost of 
postage. "We must be doing something right!" Find 
out . . . join now! Send 7s. 2d. (crossed domestic 
money order) for one year's membership to :-The 
Radio New York Worldwide Listeners Club, 485 
Madison Avenue, New York 10022, U.S.A. 

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

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

PLAIN-BACKED 

NEW STYLE 

SELF-BINDERS 

for your other magazines 
(max. format IV x 9|") 

— Jl Ju 

: 

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. 

PRICE 1416 Post Free 

Available only from:— 

Data Publications Ltd. 

57 Maida Vale London W9 
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CHASSIS 
and 

CASES by 

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

London W2 
TEL: 01-723 5891 

CASES 
ALUMINIUM, SILVER HAMMERED FINISH 

Type Size Price 
U H x 4 x 4"* 10/- 
U 5^x4^x4^ 15/6 
U 8x6x6" 21/- 
U 9ix7ix3i" 22/- 
U 15x9x9" 44/6 
W8»x6x6" 21/- 
W 12x7x7" 34/- 

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

Type Size 
W 15x9x8" 
Y 8x6x6" 
Y 12x7x7" 
Y 13x7x9" 
Y 15x9x7" 
Z 17x10x9" 

.19x10x8*" 

Type Y Type W 
TypeZ Price 

44,- TypeU 26/6 
m 41/ 46/- 

48/6 
66/- 
71 

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. 
48sq. in. 4/6 176 sq. in. 9/10 

208sq. in. 11/2 
240 sq. in. 12/6 
272 sq. in. 13/10 

P. & P. 3/6 

304 sq. in. 15/2 
336 sq. in. 16/6 
368 sq. in. 17/10 
and pro rata 

P. & P. 4/6 

80 sq. in. 5/10 
112sq. in. 7/2 
144 sq. in. 8/6 

P. & P. 3/- 
Discounts for quantities. More than 20 different 

sizes kept in stock for callers. 
FLANGES (*" or f"), 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 

HAMMER . 
enamel yr * HAMMERITE 

AIR DRYING • JUST BRUSH ON 
* pint 8/-, p.p. 1/9, I pint 16/-, p.p. 3/-. Blue, silver, black, bronze (and others). NO PRIMERS NEEDED. Just try it. Brushed sample, interesting list FREE. INDUSTRIALISTS I I ! SAVE TIME AND £££'s (2 pints will do a Mini) 
FINNIGAN SPECIALITY PAINTS (RC) Mickley Square. Stocksfield, Northumberland. Telephone: Stocksfield 2280 

TRIAL TIN 
(covers 5 sq. ft.) 

3/9 
+ 9d. post 

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. 

^5W- 

G£C 
n/492 

WANTED 
This and similar scrap relays 

BEST PRICES PAID 
S.a.e. to "Lanco", 76 Sedgemoor Rd., 
Willenhall, Coventry, Warwickshire 

BULK COMPONENT BARGAINS 

★ qno ASSORTED RESISTORS—HI-STAB 15/- OUU (5% l/I0 to 1/2 watt, worth £3) i/6p.&p. 
S.A.E. FOR LIST OF INDUSTRIAL COMPONENTS 

FOR THE HOME CONSTRUCTOR 
Elmbridge Instruments Ltd. 

TRANSISTOR PANELS 
Components easily removed from P.C. Boards. All boards have metal oxide resistors or close tolerance condensers. 

  2/6 
z*. ::::: ::::: ::::: iL 
"z z*. t'- 
= = = ::::: S 

Hi! ... 6/6 ... 2/6 ... 6/6 ... 3/- ... 3/- ... 3/- ... 41- ... 21- 

MSD3I, GEX23, CG90, GEX9I   VR625F. SZI2C     MSD3I, GEX23. AAZI3     GET882. CG90, GEX23   2NI500, AAZI2, GEX7I, GEX23  MSD3I x 2, GEX23 x 2   SZ62A, SZI2C   2NI495, GEX23   ... MSD31, GEX23 x 4, AAZ13   Diode Logic Boards 8 diodes  ' GEX95I x 2, OA200 x 2, GEX23 x 2, GEX7I small pot core.. 2NI500, IR2EI, SX780   2NI499A, BSY27 x 3. AAZ 13 x 2  GET 104, GEX95I, CG90, GEX23  GET88I, OCI39, GEX23 x 3   * SZI2C x 2        SZ56, SZ62, OA 10 x 2   " GET 104, GEX95I, CG90 x 4, GEX23 small pot core   GET 104 x 2, OA200 x 2, GEX23  AFI17, Osc. Coil, 3 Trimmers      

WIRE ENDED SILICON RECTIFIERS 
100 P.I.V. 750rtiA 400 P.I.V. 500mA 100 P.I.V. 750mA 

8d 
3/- 

200 P.I.V. 750mA 800 P.I.V. 500mA lOd 2/6 

STUD MOUNTING SILICON RECTIFIERS 
100 P.I.V. 10 Amps. 200 P.I.V. 6 Amps . 600 P.I.V. 6 Amps . 

2/6 
I/- 

200 P.I.V. 2 Amps  200 P.I.V. 10 Amps .... 1/6 2/9 

3 Pole Change over midget Slide Switches   2/6 
Midget Rotary Switches 4 pole 2 way, 3 pole 3 way   2/6 Colvern tenturn H el i pots (ex equipment) I OK type CLR 2402/263 10/- each 
Tnmpots 500 ohm, 2K, SK  All at 4/-each 

I. H. BMKETI, 25 THE STRAIT. UNCOIN 
TELEPHONE: 20767 

THE RADIO CONSTRUCTOR 

ANNUAL SUBSCRIPTIONS to this magazine 

may be obtained direct from the publishers 

ONLY 36/- per year, post free 
Please send remittance with name and address and commencing issue required to: 

DATA PUBLICATIONS LTD 57 HAIDA VALE LONDON W9 

Please mention THE RADIO CONSTRUCTOR when writing to advertisers 
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DECIBEL TABLE 

The decibel is a unit which defines the ratio between two signal powers. 
N=10 logioCPz/Pi) where N is in decibels (dB) and Pi is the reference power. 
For signal voltages and currents, N=20 logioCVa/Vi) or N=20 Iogio(l2/Ii) 
where both voltages, or both currents, are at the same impedance. 

In the Table, the two left-hand columns apply to losses, whereupon the 
corresponding dB figure is negative (e.g. a voltage ratio of 0.316= —lOdB). 
The two right hand columns apply to gains, and the corresponding dB 
figure is positive. To find intermediate dB figures, multiply by the nearest 
convenient factor. Thus, for voltage or current ratios, 

36dB = 16dB+20dB=6.310 x 10=63.10 

Voltage or 
current ratio 

Power ratio dB Power ratio Voltage or 
current ratio 

1.000 1.000 0 1.000 1.000 
0.944 0.891 0.5 1.122 1.059 
0.891 0.794 1.0 1.259 1.122 
0.841 0.708 1.5 1.413 1.189 
0.794 0.631 2.0 1.585 1.259 
0.750 0.562 2.5 1.778 1.334 
0.708 0.501 3.0 1.995 1.413 
0.668 0.447 3.5 2.239 1.496 
0.631 0.398 4.0 2.512 1.585 
0.596 0.355 4.5 2.818 1.679 
0.562 0.316 5.0 3.162 1.778 
0.501 0.251 6.0 3.981 1.995 
0.447 0.200 7.0 5.012 2.239 
0.398 0.159 8.0 6.310 2.512 
0.355 0.126 9.0 7.943 2.818 
0.316 0.100 10 10.00 3.162 
0.282 0.0794 11 12.59 3.548 
0.251 0.0631 12 15.85 3.981 
0.224 0.0501 13 19.95 4.467 
0.200 0.0398 14 25.12 5.012 
0.178 0.0316 15 31.62 5.623 
0.159 0.0251 16 39.81 6.310 
0.141 0.0200 17 50.12 7.079 
0.126 0.0159 18 63.10 7.943 
0.112 0.0126 19 79.43 8.913 
0.100 0.0100 20 100.0 10.00 
0.0316 0.00100 30 1,000 31.62 
0.0100 10-4 40 104 100.0 
0.00316 10-5 50 105 316.2 
0.00100 10-6 60 106 1,000 
3.16 x 10-4 10-7 70 107 3,162 

10-4 10-8 80 108 104 
3.16 x 10-5 10-9 90 109 3.16 x 104 

10-5 10-10 100 1010 105 
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NEW SOLID STATE HIGH FIDELITY EQUIPMENT (British made) 
Power Amplifiers-Pre Amplifiers-Power Su 

<MP3 
•55 SP6-2 

m 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 priclss. Brief details are below 
SYSTEM COMPRISING SYSTEM PRICE 
★ A 5 watt mono for 3/5 ohm speakers. £10.3.0 
★1 12 watt mono for 3 to 5 ohm speakers. £13.17.6 
★ 2 12 watt mono for 12 to 16 ohm speakers. £14.12.6 
★ 4 24 watt mono two channel for 12 to 16 ohm speakers. £20.15.0 
★ 8 20 watt mono/stereo for 12 to 16 ohm speakers. £24.0.0 
★ 9 24 watt mono/stereo for 3 to 5 ohm speakers. £26.15.0 
l i /j 40 watt mono/stereo for ^ ' ' 7^ to 16 ohm speakers. £29.10.0 Ask for fully illustrated brochures It and 21 

THE FINEST VALUE IN HIGH FIDELITY — CHOOSE A SYSTEM TO SUIT YOUR NEEDS AND SAVE POUNDS 
SEND FOR FULL DETAILS ON ADVERTISED PRODUCTS. FREE ON REQUEST 

VHP FM TUNER 

1 

r 

FM STEREO DECODER 

BUILD A QUALITY TAPE RECORDER 
m " y 

QUALITY RADIO TUNER 

__ 

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 Transistors, Plus 4 Diodes. (Cabinet Assembly 20/- extra). 
TOTAL COST 4Q A TO BUILD Ask for Brochure 3. P.P. 2/6 

7 Mullard Tranaiators. 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 /r <10 A KIT PRICE t.D.lT.0 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 7gns. Complete kits with FREE 7in. 1,200ft. tape, spare spool. Today's __ P.P. Value £45. *•' gHS. 15/- 
★FOUR-TRACK. Deck £11.10.0. Amplifier £15.19.6. Cabinet and speaker 7gns. Complete kits with FREE 7in. 1,200ft. tape, spare spool. Today's -%f\ ___ P.P. Value £50. JV gOS. 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 /-> 4 Q Z TO BUILD tJ.lT.O Ask for Brochure 5. P.P. 2/6 

AUTO-BAN TRANSISTOR CAR RADIO British Made 

Ask for brochure 15 

REGENT-6 MW/LW POCKET Ask for Brochure 2. 
6-Transistor superhet. Geared tuning. Push-pull speaker output. Moulded Cabinet 5 x 3 x l^-in. Phone socket. TOTAL COST Q Z TO BUILD CJ.T.O 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 Oitir- Pfiro Luxe Five Push- uurrrice button Version rn 4 0 A £11.19.6. P.P. 4/6 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 5 inch speaker, large ferrite aerial and Mullard transistors. Easy to build with terrific results. All local, and continental stations. 
TOTAL COST /Z 4 Q A TO BUILD 41- Ask for Brochure I. 

NEW 1968 TRANSISTOR LIST 
★ 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 I6& 17 

& 

MAYFAIR 
PORTABLE ORGAN 

::: 

ELECTRONIC designed by clcv i numv, L w roche 

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. 

TOTAL 
COST 

99 
GNS. 

Deferred terms available. COMPLETE KIT. Deposit £29.19.0. 12 monthly payments of £7. TOTAL £113.19.0 READY BUILT & TESTED. Deposit £36.8.0 & 12 monthly pay- ments of £9. Total £144.8.0. 
ORGAN COMPONENTS We carry a compre- hensive stock of organ components for TRANSISTOR AND VALVE FREE PHASE designs. 

CATALOGUE 

The most COMPREHENSIVE — 
CONCISE — CLEAR — COMPONENTS 
CATALOGUE. Complete with 10/- 
worth discount vouchers FREE 
WITH EVERY COPY. 
★20 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 illustratlone 

SEND TODAY 8/6 ™ 

ea 

at 

KNRV'S RUN LIDfltt 
T.l.phon. (01) 721-1008/9 ■lilBF 
OPEN MON-SAT. 9 a.m.-i p.m. THURS. 9 a.m.-1 pjn. ^00^ 

303 
EDGWARE 
ROAD 
LONDON 
W2 

Transistors & Semi-Conductor Devices 
W. have the LARGEST RANGE OVER 650 TYPES ★ COMPETITIVE PRICES ★FULLY GUARANTEED ★ let GRADE STOCKS. SEND FOR FREE LIST No. 36 Also 24-PAGE ILLUSTRATED BROCHURE LIST- INQ 2000 DEVICES with data and circuits, including VALVES and QUARTZ CRYSTALS I/- Post paid 

www.americanradiohistory.com


