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Each £3 unit of Home Unit Insurance gives you protection up to the limit shown 

This !s the simplified insurance you have been waiting for. 
Not just, cover on the contents of your home but a 

package of personal protection you and your family need. 

And it's how we save you so much money: just ONE 

policy to issue instead of nine! 
You can build up to the cover you need by additional units 

(or . units after the first) up to a maximum of five. So 
simple. So easy. Apply to your Broker, Agent or local office 
of a General Accident company. 
The Home Unit Policy can replace your existing insurances 
And remember- as you buy more possessions just add 
more Home Units at any time. 

THE GENERAL ACCIDENT FIRE & 
LIFE ASSURANCE CORPORATION LTD 

Metropolitan House, 35 Victoria Avenue, 

Southend-on-Sea, Essex, SS2 6BT 

Itpays to be protected bya 

Please send me further particulars of 

the Home Unit Insurance. 

Name 

Address 

2019468 



DENCO (CLACTON) LIMITED 

355-7-9 OLD ROAD, CLACTON -ON -SEA, ESSEX 

Our components are chosen by Technical Authors and Constructors throughout 

the World for their performance and reliability, every coil being inspected twice 

plus a final test and near spot-on alignment as a final check. 

Our General Catalogue showing full product range 

DTB4 Transistor Et Valve circuitry for D.P. Coils 

DTB9 Valve Type Coil Pack Application circuitry 

MD.1 Decoder Circuitry for Stereo Reception 

18p 
1 8p 

18p 
21p 

All post paid, but please enclose S.A.E. with all other requests in the interests of 

retaining lowest possible prices to actual consumers 

R.F. FIELD INDICATOR Model FL-30HA Frequency 
Range (5 channels) 1 Mc to 250Mc £3. 3W 
STEREO AMPLIFIER (transistorised) £3.90. 10W 
AMPLIFIER (transistorised) £3.75. Tape recorder 
Level Meters 500uA 50p MINIATURE INDICATOR 
LAMPS (5 colours) 11p; 6.3 or 12v Bulbs for 
above 4p. MAINS NEONS panel mounting (red, 
green, clear) 15p; MAINS NEONS with long leads 

6p. CARTRIDGES: Compatible Acos GP91 -3SC 
90p; Stereo GP93-1 £1.15. HEADPHONES: 
High Impedance (2000 ohm) 90p; Stereo 8 ohm 
£1.95; Stereo/Mono 8/16 ohm £2.10; Stereo with 
volume control £6. MICROPHONES: Lapel 28p, 
Acos Mic 60 £1; UD 130 Dual Impedance 600 ohm 
and 50k £4.50. JB3 Junction Box £1.20. PLUGS: 
Jack Standard 10p; Screened 13p; 2.5 and 3.5 mm 

6p. POTENTIOMETERS Lin or Log 12p with DP 

Switch 24p; Dual Ganged 36p; Special offer 5k 
with DP switch 15p. RECORDING TAPE: 5" LP 

900ft., 45p; 5r LP 1200 ft., 60p; 7" LP 1800 ft., 
81p. 100 MIXED RESISTORS 10%, 20 different 
values 45p. Transformers, Ceramic, Polyester, 
Paper and Electrolytic Capacitors etc. 

Large S.A.E. for list No. 5. Special Prices for quantity 
quoted on request. Add 10p for P&P on orders 

under £5. 

M. DZI U BAS 

158 Bradshawgate, Bolton, B12 1 BA. Lancs. 

THE 'PLUS' CATALOGUE 
+ Technical data -l- Countless bargains ± Discounts 

Tpt} 

26p 
REFUND VOUCHER 

The Electrovalue Catalogue 
now costs 25p (post free, 

surface mail) and is well 
worth it for its technical 
information. But we include 
with it a 25p refund voucher 
for spending on orders for 

£5 or more. You will find 

this catalogue a great 

money saver in every way. 

96 Pages. (4th printing) 
Transistors, with technical specs. 

I.Cs with working diagrams 

Resistors, capacitors, components 

Diagrams, tables, information 

GENUINE DISCOUNTS 

ELECTROVALUE LTD. R7t,3 
2O St. Judas Rd., Englaflald Graan, Egham, TW2O OHS 
9-6 daily: 1.0 p.m. Sat. Telephone Egham 3603 
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COMPONENTS 
HOBBYIST - AMATEUR - DOMESTIC SURPLUS - 

INDUSTRIAL - BULK OFFERS 

JUST A FEW OF OUR BARGAINS ARE LISTED BELOW - PAY US A VISIT 
OR SEND STAMPED ADDRESSED ENVELOPE FOR A QUOTE ON YOUR REQUIREMENTS 

VALVE BASES 
Chassis or printed circuit B9A - B7G . . 

Chassis UX7 - B5 - UX5 - B9G 
3p 
3p 

T03 Mica Washer 2p 

3" Standard Tape - 

Shrouded chassis B7G - B9A . . 4p Boxed 15p 
Octal chassis . . 4p 
B8A chassis .. 
B12A tube base 

TAG STRIP 

5p 
3p 

GP91-1 Cartridge, 
turnover stylii 65p 

GC10/4B Cold 

6 way 2p Single 1 p Cathode £5.00 

1+ glass fuses- 250 m/a or 3 amp (box of 12) 6p 
3" tape spools . 4p 
FX2236 Ferrox Cores 5p 
PVC or metal clip on M.E.S. bulb holder 3p 
All metal equipment Phono plug 2p 
Bulgin, 5mm Jack plug and switched socket (pair) 20p 
12 volt solenoid and plunger . 25p 
250 RPM 50 c/s locked frequency miniature mains motor 50p 
200 OHM coil, 1k" long, hollow centre 10p 
Relay, P.O. 3000 type, 1,000 OHM coil, 4 pole c/o 60p 
R.S. 12 way standard plug and shell 50p 

SWITCHES 
Pole Way Type RESISTORS 

4 2 Sub. Min. Slide 10p f-+--+ watt .. 1 p 
6 4 1 watt lip 
1 11 Up to 10 watt wire 8p 
4 3 Wafer Rotary 12p each 
3 7 

15 watt wire 
wound 10p 

2 5 SKELETON 
1 3 + off Sub. min. edge 10p PRESETS 
1 3 13 amp small rotary 12p 5Kor500K 3p 
2 2 Locking with 2 to 3 keys 

£1.50 
2 1 2 Amp 250V A.C. rotary 20p 

SAFETY PINS 
Standard size, l0for4p 

2 1 Toggle 10p 
THORN PTO2E 

VALVES - NEW AND BOXED 10-6s CHASSIS 
SOCKET 40p 

DY86 44p EM87 90p PL84 46p 

5K switched volume 
control 1 5p 
5K Log Pot 10p 
1 meg Tandem Pot 15p 

EB91 26p 
ECC82 36p 
ECC83 36p 
ECH81 44p 
EABC80 46p 

EL84 36p 
EY86 46p 
EZ80 30p 
PCC84 50p 
PCC89 62p 

PY81 40p 
PY82 42p 
PY88 52p 
UABC80 58p 
UCL82 50p 

EBF89 44p PCF80 38p UL84 50p 
ECL82 44p PCF82 50p UY85 42p THERMISTORS 
ECL86 56p PCL82 38p U M84 32p VA1040 
EF80 36p 
EF85 44p 

PCL84 50p 
PCL85 64p 

UCH81 44p 
6BA6 26p 

VA1055 10p each VA1066 
EF86 44p PCL86 56p 12E1 £2.50 VA1077 
EF91 52p PL36 78p SIIE12 £5.00 

STEEL BOX WITH EF183 40p PL81 72p MANY 
EF184 44p PL83 56p OTHERS LID 

10x54x3"grey 
RESETTABLE COUNTER hammer finish £1 

English Numbering Machines LTD. 
RELAY MODEL 4436-159-989 

6-14 volt, 6 digit, illuminated, fully enclosed. £2.50 
6 volt, 2 pole c/o heavy 

duty contacts 50p 

THE RADIO SHACK 
161 ST. JOHNS HILL, BATTERSEA, LONDON S.W.11 

¡tt:n 18 a . till 8 p.m f8iunday to Saturday Phone 01-223 5016 

ELECTROLYTICS 
Mullard C426, TCC, CRL, CCL, HUNTS, STC 
SUB MINIATURE, ETC. 
MFD 

16 
260 

50 
100 
125 

8 
12 
10 

8.2 
50 

2.5 
25 

Volt 
50 
12 
50 
18 
10 
50 
20 
20 
20 
25 
64 
25 

> by 
each 

CONDENSERS 
MFD Volt 
0.005 500 
0.001 1,250 
3.3PF 500 2p 
500 PF 500 each 
2,200PF 500 
3,300PF 500 
0.1 350 
0.1 500 
0.25 150 
0.056 
0.061 3p 
0.066 5% each 
0.069 
0.075 350V 
0.08 
0.1 
0,25 
0.5 
0.22 
0.25 

1,500 
350 
350 
250 
500 

4p 
each 
Sp 8MFD800volt 
5p electrolytic 75p 
5p 

MFD Volt 
20 12 

500 6 
100 25 
100 6 

6 3 
8 6 

25 6.4 3p 
250 18 7p 
400 16 6p 
400 40 10p 

8 500 9p 
100 200 10p 

TUNING GANG 
100PF, 50PF, 33PF 

20p each 

4p 
each 

2p 
each 

TRIMMERS 
30PF Beehive 
12PF P.T.F.E. 
2,500PF 750V 
33PF MIN. 
AIR SPACE 

10p 
each 

1 MFD 350 volt 
5MFD 150 volt 
1OMFD 150 volt 
0.0312 volt 
470PF 500 volt 

10p 

40p 

50p 

2p 
2p 

WIREWOUND POTS 
250, 300 OHM, 1K, 4 watt, 10K, 20K, 

50K, all at .. 10p each 

RECORD PLAYER CARTRIDGE 
ER.5XME Mono, with turn over stylii, 

single hole fixing 
GREEN INDICATOR 

Takes M.E.S bulb 
CONNECTOR STRIP 

Belling Lee L1469, 12 way polythene. 5p 
CAN CLIPS 

1" orli"ori" 
T.0.5 HEATSINKS 

Style 154 high conductivity . 

PAXOLIN E 

21x4ix-fi'or3x2#x / " 
4ix f xf", 
220K 3 watt resistors. 
VALVE RETAINER CLIP, adjustable 

OUTPUT TRANSFORMERS 
Sub -miniature Transistor Type 

35p 

10p 

each 

2p 

5p 

2p 
2 for 1 p 

2p 
2p 

20p 

SMALL ORDERS, ENCLOSE SUITABLE 
STAMPED ADDRESSED ENVELOPE 

LARGE ORDERS, ADD SUFFICIENT FOR 
POSTAGE, INSURANCE, ETC. 
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SEMICONDUCTORS 
Full spec. marked by Mullard, etc. Many other types in stock 

AC127 10p AF180 .. 46p BSV64 
AC187 14p AF239 .. 35p 2N706 
AC188 
AD149 
AD161 
AD162 
Matched pair .. 

p 35p 
27p 
27p 
50p 

BC107/8/9 .. 
BCY40 .. 
BD131 .. 
BD132 

7p 
25p 
40p 

50p 

2N2219 
2N2401 
2N2904 

2N2905 
AF116 12p BD135 35p 2N2907 
AF117 12p BFY52 15p 2N3055 
AF178 40p BFX88 20p 2N3053 

BRIDGE RECTIFIERS 
Amp Volt 

1,600 BYX10 30p 
1 140 OSHO1-20030p 
1.4 42 BY164 35p 

Plastic types 

Amp 
2 

0.6 

.. 40p 
8p 

19p 
15p 
17p 
21p 
18p 
35p 
15p 

LT120 30p 

EC433 

Encapsulated with built-in 
heat sink .. .. 16p 

Volt 

30 

6-110 

1 AMP RECTIFIERS 
N4002 100 volt .. 
N4003 200 volt .. 
N4004 400 volt .. 
N4005 600 volt .. 
N4006 800 volt .. 
N4007 1,000 volt .. 

4p 
5p 
7p 
9p 

10p 
15p 

HIGH POWER RECTIFIERS 

Amp Voft 
BYX38-600 2.5 600 25p 
BYX38-300 2.5 300 20p 
BYX38-900 2.5 900 28p 
BYX38-1200 2.5 1,200 30p 
BYX49-600 2.5 600 25p 
BYX48-300 6 300 27p 
BYX48.900 6 900 40p 
BYX48-1200 6 1,200 60p 
BYX72-300R 10 300 35p 
BYX72-500R 10 500 43p 
BYX42-300 10 300 40p 
BYX42-600 10 600 45p 
BYX42-900 10 900 65p 
BYX42-1200 10 1,200 75p 
BYX46-300* 15 300 2.50 
BYX46-400 15 400 £2.90 
BYX46-500+ 15 500 £3.20 
BYX20-200 25 200 35p 
BYX52-300 40 300 £1.75 
BYX52-1200 40 1,200 £2.25 

*Avalanche type 

N50 ohm free plug (UG21 D/U) 50p 
N50 ohm square socket (U G 58A/ U) 50p 

1" Terryclips. black plastic 
coated, or chrome finish .. 4p 

Cinch 10 -way terminal block 15p 

Pair of LA2407 Ferrox cores 
with adjuster .. .. 25p 

Chrome Car Radio facia .. 1 5p 
Rubber Car Radio gasket .. 10p 

DLI Pal Delayline .. .. £2.00 

Relay socket 
Take miniature 2PC.0 relay 

12p 

B9A valve can 2p 

0-30 in 5 segments, black pvc, 
360° dial, silver digits, self 
adhesive, 41" dia. .. 15p 

OPTO ELECTRONICS 

ORP12 43p 
BPX40 26p 
BPX42 £1 

BPY10 75p 
BPY68 75p 
BPY69 £1 

BPY77 75p 
Diodes 

BPX29 Photo 
transistor 80p 

CQ11B 
Infra red 

transmitter £4 

Amp Volt 

1 400 

1 240 

1 240 

5 6 700 

6.5 300 

6.5 500 

6.5 500 

6.5 500 

6.5 500 

6.5 500 

20 600 

15 800 

THYRISTORS 

CRS1/40 30p 

BTX18-200 30p 

BTX30-200 30p 

BT106 .. 85p 

BT102-300R 42p 

BT102-500R 60p 

BTj07 .. 90p 

BT108 .. 90p 

BT101-500R 68p 

BT109-500R .. .. 90p 

BTW92-600RM . . . . £3.00 
BTX95-800R Pulse 
Modulated .. .. £12 

Amp Volt 
6 400 

25 900 
25 1200 

TRIACS 

BT110-400 Plastic 
BTX94-900 .. 
BTX94-1200 

.. 75p 
. £6.60 
. £9 

DIAC BRI00 .. .. 30p 

PHOTO SILICON CONTROLLED SWITCH 
BPX66 PNPN 10 amp .. .. .. £1 

F.E.T's 

BFW10 . . 

BSV79 .. 

BSV80 .. 

.. 40p 

.. 90p 

.. 80p 

N. Channel 

BSV81 M.O.S.T... 

PAPER BLOCK CONDENSER 

0.25MFD 800 volt 30p 

1 MFD 400 volt 16p 

2MFD 250 volt 20p 

2MFD 1.5 kv 60p 

£1 15MFD 150 volt 26p 

Phillips Iron Thermostat . . 15p 

Bulgin 2 -pin flat plug and 
socket . . .. . . 10p 

McMurdo PP108 8 way edge 
plug .. .. 15p 

300 ohm moving coil insert 
4103D 1;"diameter. Make 
ideal mike or speaker for 
communication work . . 25p 

UNMARKED - TESTED 

AC128 6p 
ACY17-20 8p 
BC179 10p 
BCY30-34 10p 

BY127 8p 

BZY88 series 6p 

0A200-5 6p 

SMALL ORDERS, ENCLOSE SUITABLE 
STAMPED ADDRESSED ENVELOPE 

LARGE ORDERS, ADD SUFFICIENT FOR 
POSTAGE, INSURANCE, ETC. 

0C44 6p 

0071 6p 

0072 6p 

0C200-5 6p 
2N2926 6p 
Germanium 

diode 3p 

8 way Cinch standard 
0.15 pitch edge socket 

20p 

U.E.C.L. 10 way pin 
connector 266000 
0A1 P10 .. 20p 

U.E.C.L. 20 way pin 
connector 
2A60000A1P20 30p 

U.E.C.L. 10 way pin 
socket 2B606001 R10 

20p 

U.E.C.L. 20 way pin 
socket 2B60800A1R20 

30p 

WIREWOUND 
SLIDER 

150 Ohm, 250 Ohm 5K 
4p each 

INDICATORS 
12 volt red or mains 
neon amber, push fit 
round, chrome bezel 

16p each 

Rotor with neon in- 
dicator, as used in 
Seafarer, Pacific, Fair- 
way depth finders 

20p each 

100MFD 250/275V 
electrolytic can 20p 

DEE PLUG 
McMurdo DA15P 15 
way chassis plug 20p 

Fairway 18009 Coax. 
socket . . 6p 

TIE CLIPS 
Nylon self locking 31" 
1p;7"2p 

CINCH 150 
12 way edge socket 

10p 

THE RADIO SHACK 
161 ST. JOHNS HILL, BATTERSEA, LONDON S 1N.11 

C)pen 10 a n'. till 8 p m. Moncidy Phone 01 223 5016 
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NowP A FAST EASY 
WAY TO LEARN BASIC 

RADIO & ELECTRONICS 
Build as you learn with the exciting 

etnew TECHNATRON Outfit! No mathe- 
matics. No soldering-you learn the 
practical way. 

Learn basic Radio and Electronics at home - the fast, 
modern way. Give yourself essential technical 'know- 
how' - like reading circuits, assembling standard com- 
ponents, experimenting, building - quickly and without 
effort, and enjoy every moment. B.I.E.T.'s simplified 
study method and the remarkable TECHNATRON Self - 
Build Outfit take the mystery out of the subject, making 
learning easy and interesting. 

Even if you don't know the first thing about Radio now, 
you'll build your own Radio set within a month or so! 

and what's more, you A 14 -year -old could understand 
will understand exactly what and benefit from this course - 
you are doing. The TECHNA- but it teaches the real thing. The 
TRON Outfit contains every- easy to understand, practical 
thing you need, from tools to projects - from a burglar -alarm 
transistors - even a versatile to a sophisticated Radio set - 
Multimeter which we teach you help you master basic Radio 
to use. All you need give is a and Electronics - even if you are 
little of your spare time and a 'non -technical' type. And, if 
the surprisingly low fee, pay- you want to make it a career, 
able monthly if you wish. And B.I.E.T. boa a fine range of 
the equipment remains yours courses up to City and Guilds 
SO you can use it again and standards. 
again. 
You LEARN - but it's as If you wish to make a career in 
fascinating as a hobby. Electronics. send for your FREE 

copy of "NEW OPPORTUNI- 
TIES". This brand new booklet - 
just out - tells you all about 
TECHNATRON and B.I.E.T.s" 
full range of courses. 

Among many other interesting 
experiments, the Radio set you 
build - and it's a good one - 
is really a bonus. This is first 
and last a teaching course, 
but the training is as fascinating 
as any hobby and it could be the 
springboard for a career in Radio 
and Electronics. 

FREE 
BRITISH INSTITUTE 

OF ENGINEERING 

TECHNOLOGY 

Specialist Booklet 

Dept. RAE 03 ALDERMASTON COURT, READING RO7 
Accredited by the Council for the Accreditation 

of Correspondence Colleges. 

4FF 

POST THIS COUPON FOR FREE BOOK 

r c7BRE o37 

I NAME AGE 
(am.00C CAPITALS) 
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RSGB BOOKS FOR YOU 
New Edition 

A GUIDE TO AMATEUR RADIO 
by Pat Hawker, G3VA 

Extensively revised, this new (15th) edition is an 
indispensable aid to all who want to know more 
about amateur radio. Specially designed to assist the 
newcomer to the hobby. 
96 pages 90p post paid. 

RAE MANUAL 
by G. L. Benbow, G3HB Sixth edition 
The standard work for all would-be licensed 
radio amateurs studying for the Radio Amateurs' 
Examination. A completely re -written edition 
brought fully up to date to meet the present 
examination syllabus requirements. 
96 pages 90p post paid 

RADIO COMMUNICATION 
HANDBOOK 

832 pages of everything in the science of radio 
communication. The Handbook's U.K. origin 
ensures easy availability of components. Com- 
plete coverage of the technical and construc- 
tional fields. A superb hard -bound volume. 

£4.10 pest paid. 
These are three of a complete range of 
technical publications, log books and maps, all 
obtainable from: 

RADIO SOCIETY OF GREAT BRITAIN 
35 Doughty Street, London, WC1N 2AE 

a 

PRECISION 
POLYCARBONATE CAPACITORS 

Close tolerance professional capacitors by well-known manufacturer. 
Excellent stability and extremely low leakage. All 63V D.C. 

0.47pF: ±5% 30p; ±2% 40p; t1% 50p 
1.0 pF: f5% 40p; 12% 50p; t1% 80p 
2.2 kaF: t5% 50p; ±2% 60p; t1% 76p 
4.7 pF: f5% 70p; ±2% 90p; ±1%115p 
6.8 pF: ±5% 96p; t2%115p; t1%150p 

10.0 pF: ±5%110p; 12%140p; ±1%180p 
15.0 pF: ±5%160p; ±2%210p; ±1%270p 

NEW 1 - TANTALUM BEAD CAPACITORS 
Values available .1, .22, .47, 1.0, 2.2, 4.7, 6.8pF at 35V, 10pF 
25V, 15 pF 20V, 22pF 15V, 33pF 10V, 47pF 6V, 100pF 3V. 
All at 9p each; 6 for 50p; 14 for £1.00. Special pack, 6 off 
each value (78 capacitors) for £6.00. 

TRANSISTORS: BC107; BC108; BC109 all at 9p each. 6 for 
50p; 14 for £1.00; AF178 at 42p each or 3 for £1.00. All brand new 
and marked. 
POPULAR DIODES: IN914 - 7p each; 8 for 50p; 18 for £1.00 
IN916 - 9p each; 6 for 50p; 14 for £1.00. 1544 - 5p each; 11 for 
50p; 24 for £1.00. All brand new and marked. 
400mW ZENER DIODES: Values available 4.7, 5.6, 6.8, 7.5, 8.2, 
9.1, 10, 11,12, 13.5,15 volts. All new and marked. All at 10p each; 6 
for 50p; 14 for £1.00. 
SILICON PLASTIC RECTIFIERS 1.5 amp wired -ended D027. 
100 PIV at 8p each or 4 for 30p; 400 PIV at 9p each or 4 for 34p; 
800 PIV at 14p each or 4 for 50p. 
RESISTORS:Carbon film 5%}w at 40°c, 4w at 70°c. Range 2.20- 
2.2M O. E12. series i.e. 10, 12, 15, 18, 22, 27, 33, 39, 47, 56, 68, 82, 
and their decades. All at 1 p each. Sp for 10; 70p for 100 of any one 
value. Special pack 10 off each value 2.20 to 2.2M O (730 resistors) 
for £5.00. 
440V A.C. CAPACITORS: 0.1 pF: Size 1e x 4', 25p each 
0.25pF: Size 1 r x r, 30p each 0.5pF: Size 1f" x r, 35p each 
1.0 pF: Size 2" x ¡", 45p each 2.0pF: Size 2" x1', 75p each 
Suitable for use on C.D. ignition, 250V A.C. motors, etc. 

5p post and packing on all orders below £5 
MARCO TRADING (Formerly V. ATTW00D) 

Dept. E. 1, The Malting., Station Read, Wan, Salop 

RADIO & ELECTRONICS CONSTRUCTOR 



AC 107 
AC 113 
AC 115 
AC 117K 
AC 122 
AC 125 
AC 126 
AC 127 
AC 128 
AC 132 
AC 134 
AC 137 
AC 141 

AC 141K 
AC 142 
AC 142K 
AC 151 
AC 154 
AC 155 
AC 156 
AC 157 
AC 165 
AC 166 
AC 167 
AC 168 
AC 169 
AC 176 
AC 177 
AC 178 
AC 179 
AC 180 
AC 180K 
AC 181 
AC 181K 
AC 187 
AC 187K 
AC 188 
AC 188K 
ACY 17 
ACT 18 
ACY 19 
ACY 20 
ACT 21 
ACY 22 
ACY 27 
ACY 28 
ACY 19 
ACY 30 
ACY 31 

ACY 34 
ACY 35 
ACT 36 
ACY 40 
ACY 41 
ACY 44 
AD 130 
AD 140 
AD 142 
AD 143 

THIS IS THE FIRST PAGE 
OF THE GREAT BI-PAK SECTION 

BRAND NEW 
lep AD 149 

AD 161 

SepBC 143 
4 BC 145 

2Ìp AD 162 tip BC 147 
lep AD161and BC 148 
12p AD 162(MP) SSp BC 149 
17p ADT 140 Sep BC 150 
17p AF 114 249 BC 151 

17p AF 115 24 BC 152 
17p AF 116 24 BC 153 
14 AF 117 24 BC 154 
14p AF 118 3Sp BC 157 
14 AF 124 lep BC 158 
14 AF 125 2Sp BC 159 
17p AF 126 24 BC 160 
14 AF 127 74 BC 161 1BC 167 
1 AF 178 

AF 139 
Sep 168 

70p AF 179 Sep BC 169 
lep AF 160 SOp BC 170 

AF 181 
ÁF 186 

44 BC 171 

BC 172 
AF 239 3i7pp BC 173 

2 BC 174 AL 102 p 
BC 175 AL 103 

11pp AST 27 
2Sp BC 177 
lOp BC 178 

28p ASY 28 Np BC 179 
24p ASY 29 BC 180 
24 AST 50 BC 181 
Bp AST 51 2Sp BC 182 
17p ASY 52 SSp BC 182L 
20p AST 54 2Sp BC 183 
17 ASY SS BC 
lOp ASY 56 2=Sp L p BC 184 
24 ASY 57 24 BC 1841 
20p ASY 58 23p BC 186 
llp ASZ 21 4ep BC 187 

BC 107 
74BC 108 

9p BC 207 l 9p BC 208 
lep BC 109 114 BC 209 

BC 113 
BC 114 ISp 

BC 2131 
p BC,213L 

lip BC 115 14 BC 2141 le BC 116 BC 215 
18p BC 117 1Sp BC 226 le SC 118 
3Sp BC 119 

10p BCY 30 
34 BCY 31 

BCY 32 
2p BC 125 12 

BC 120iip 
BCY 33 

21p BC 126 10p BCY 34 
21p BC 132 14 BCY 70 
114 BC 134 10p BCY 71 
17p BC 135 14 BCY 73 
lip BC 136 14 BCZ 10 
3Sp BC 137 1Sp BCZ 11 
lep BC 139 40p BCZ 12 
elp BC BD 
lep BC 1 BO 12) 
34 BC 112 l8p BD 124 

FULLY GUARANTEED DEVICES 
lip BD 131 

Mp BD 132 
10p BD 133 
10p BD 135 
12p BD 136 
tip BD 137 
20p BD 138 
17p BD 139 
24 8D 140 
30p BD 155 
18p BD 175 
12p BD 176 
12p BD177 
44 BD 178 
SOp BD 179 
12p BD 180 
llp BD 185 
14 BD 186 
14 BD 187 
14 BD 188 
14 BD 189 
1p BD 190 
14 BD 195 
74 BD 196 
19p BD 197 
19p BD 198 le BD 199 
24p BD 200 
2p BD 205 
lep BO 206 
lep BD 207 
lep BD 208 
lep BOY 20 
12p BF 115 
t1p BF 117 
lip BF 118 
114 80 119 
11p BF 121 
lip 80 113 
lip 6F 125 
llp BF 127 
11p BF 152 
14 BF 153 
7Sp BF 154 
34 BF 155 
2p BF 156 
74 BF 157 
30p BF 158 
22p BF 159 
24 BF 160 
14 BF 162 

14ip 
Bi 133 
BF 164 

Mp BF 165 
239 BF 167 
2Sp BF 173 
60p BF 176 
659 BF 177 
64 IN 178 

Sep BF 179 
lOp BF 180 

6Sp BF 181 

lip BF 182 
40p BF 183 
44 BF 184 
Sep OF 185 
35p BF 188 

1.4 BF 194 
80p 8F 195 
60p BF 196 
lep BF 197 
6Sp BF 200 
639 BF 222 
74 BF 257 

KpBF 258 
BF 159 

7Óp 

BF 262 
BF 263 

70p BF1270 

7Sp BF 271 
7Sp BF 272 
8Sp BF 273 
Up 6F 274 
10p BFW 10 
914 BFX 29 
9Sp BFX 84 
9Sp BOX 85 
lip BFX 86 
80p BFX 87 
15p BFX 88 
9Sp BFY 50 

31.00 BOT 51 

29 BFY 52 
ISp BOT 53 
7p BPX 25 
lep BSX 19 
4fp BSX 20 
Sep BSS 25 

Mp 1351 26 
Sep BST 27 
SSp MT 28 
ISp MT 29 
459 BOT 38 
74 BST 39 
48p BSY 40 
SSp BST 41 

Sip BSY 95 
64 eV( 95A 
lop Bu 105 

400 
111E 

lip C 
C 

14 C 425 lip C 426 
3Sp C 428 
34 C 441 
lep C 442 

34 C 444 
30p C 450 
lip MAT 100 
44 MAT 101 
40p MAT 120 
2Sp MAT 111 

1p MPF 102 
lip MPF 104 
lip MPF 105 
14 OC 19 

1p OC 20 
Ip OC 22 
43p OC 23 
9Sp OC 24 
4Sp OC 25 
14 OC 26 
84 OC 28 
4 OC 29 

Si íp OC 35 
35p OC 36 

lep OC 41 

Np OC 42 
3Sp OC 44 
33p oc 45 
60p OC 70 
27p OC 71 

lip OC 72 
Sop OC 71 
22p OC 75 

1p OC 76 
24 OC 77 

lip OC 81 

tip OC81D 
20p OC 82 
17p OC 82D 
iSp OC 83 
Op OC 84 
15p OC 139 
lep OC 140 
14 OC 169 
14 OC 170 
14 OC 171 
14 OC 200 
lip OC 201 
18p OC 202 
Bp OC 203 
Bp OC 204 
14 OC 205 
179 OC 309 

CLOU P 346A 
Sep P 397 
30p OCP 71 

2Sp O9P 12 
Bp 00.9 60 
Sep ORP 61 
7Sp ST 140 
20p ST 141 
lep TIS 43 

314 UT 46 

ISp 2G 301 

24 2G 302 
19p 2G 303 
20p 16 304 

2G 306 

1 p 2G 300 

42p 26 309 
lip 2G 339 
37p 2G 339A 
ISp 2G 344 

63p 2G 345 
34 2G 371 

44 2G 3716 
Shp 2G 373 

fipp 2G 374 77 
Sep 2G 378 
Sip 2G 381 

lip 2G 382 
SOp 2G 101 

lep 2G 411 
14p 2G 417 
lip 2N 388 
lip 2N 3886 
10p 2N 404 
14 2N 404A 
14p 2N 524 
1p 2N 527 
ISp 2N 598 
1Sp 2N 599 
7Sp IN 696 
1Sp 2N 697 
lip 2N 698 
1Sp 2N 699 
1Sp IN 706 
lip 2N 7066 
lip 2N 708 
top IN 711 
lip 2N 717 
7Sp 2N 718 
2Sp 2N 718A 
2Sp 2N 726 
24 2N 727 
28p 2N 743 
24 2N 744 
ISp 2N 914 
25p 2N 918 
ISp 2N 929 
40p 2N 930 
lip 2N 1131 
42p 2N 1132 
43p 2N 1302 
43p 2N 1303 
lip 2N 1304 
40p 2N 1305 
12p 2N 1306 
17p 2N 1307 
lOp 2N 1308 
14 2N 1309 

2N 1613 20p 2N 2926(0.) lep IN 3906 27p 
2N 1711 lip 2N 2926(B) tep 2N 4058 Ilp 

19p 2N 1889 lip 1N 3010 70p 2N 4059 10p 

19p 2N 1890 ISp 2N 3011 14p 2N 4060 1lp 
44."." 

2N 2117 72p 2N 3054 
2N 305) Np 

2N 062 11 
2N 4061 

p 
2N 2148 57p 2N 3055 Sep 2N 4284 17p 

3i p 
2N 2191 ÌSp 2N 3391A 16 

2/1 3391 
p 2N 4286 17 

2N 4285 
p 

7p IN 2193 3Sp 2N 3391 14p 2N 4187 lip 
2N 2194 3Sp 2N 3395 14p 2N 4I88 17p I 2N 2217 24 2N 3394 149 2N 4289 tip 

lp 
2N 2219 
IN 1218 lOp 2N 3395 

SN 3402 21p 
IN 
1N 4291 17p 

¡,4"" IN 2220 22Ìp 2N 3403 ttp 2N 4292 17p 

17 2N 2221 I0p 2N 3401 28p 2N 1293 17p 
p IN 2222 lOp 2N 3405 Ilp 2N 5172 11p 

110p 
22 2368 11p 2N 3114 15p 2N 5457 32p 

2N 5458 p 
2N 23696 1p 2N 3416 

2N 3415lip 
2N 5459 

129 

4 25 301 lp 2N 2412 24pp 2N 7525 717 1Sp 2S 302A 
10P 2N 2646 17p 234 3646 1p 25 302 41p 

ZlSpp 
2N 2711 llp 2N 3702 10p 25 303 SSp 

652N 2712 llp 2N 3703 IOp 2S 304 70p 

p 
2N 2714 904 lip 2N 3705 10 

2N 3704 
p 2S 306 

2S 305 ip 
p 2N 2904A lip 2N 3706 9p 25 307 

Ñ1 2N 2905 ltp 2N 3707 11p 25 321 

p 
2N 29056 11p 2N 3708 7p 25 322 

n 2N 2906 1Sp 2N 3709 9p 25 3226 

Öp 2N 29066 lip 2N 3710 1p 25 323 Sep 
25 324 

7p 2N 29076 l2N 

2907li 
p 2p 2N 3819 70IN 

3711p 
25 325 p 2N 2923 14p 2N 3820 30p 25 326 

2N 1924 19 2N 3821 342S 327 70p 
2N 2925 14p 2N 3821 ' 1425 701 41p p - 2N 29261G) 12p 2N 3903 lip 40361 lip 
2N 2926(2N 

2926(T)) 
10p 2N 3905 

3904 p 40362 43p 

;;p DIODES & RECTIFIERS 

78 

Sp 
P A 

AA 
A 

119120 p BY 133 
8p BY 130 lip OA 47 

11p OA 70 

lip AA 119 b BY 1M Sp OA 79 

70P AAY )0 1p BYX )8.30 42p OA 81 
20p AAZ 13 10p BYZ 10 34 OA 85 

14 BA 100 tep 81Z 11 314 OA 90 
le BA 116 l BTZ 11 

BA 126 l2p 6Y2 13 ISp 
06 91 

OA 95 
2Ip BA 148 14p BYZ 16 /Op OA 100 
lep BA 154 12p BYZ 17 7p OA 202 
22p BA 155 14 BYZ 18 34 SD 10 

Ip BA 156 13p BYZ 19 10p SD 19 
Ip BY 100 ISp CG 62 IN 31 
17p BY 101 12p (Eq) OA 91 Op IN 34A 
17p BY 105 lip CG 651 (Eq) IN 

951914 

21p BY 111 12p OA 70-0679 Ip IN 916 
21p BY 126 14p OA 5 2Sp IN 414B 
33p BY 127 1Sp OA SOL lip IS 021 
23p BY 128 Ifp 14 OA 10 15 

000 
soo 
47P 

84 9 

44 
429 

74 
70p 

7p 
7p 
7p 
7p 
fp 

p 
7p 

7p 
Sp 
Sp 
7p 
7p 
411 

lOp 
p 

NEW COMPONENT PAK BARGAINS 

Pack 
No. Qty Description Price 
C 1 230 Resistors mixed values approx. 0.50 

count by weight 
C 2 200 Capacitors mixed values approx. 0.50 

count by weight 
C 3 50 Precision Resistors .1 %, .01% mixed 0.50 

values 
C 4 75 $ch W Resistors mixed preferred values 0.50 
C S 5Pieces assorted Ferrite Rods 0.50 
C 6 2 Tuning Gangs, MW/LW VHF 0.50 
C 7 1 Pack Wire 50 m assorted colours 0.50 
C 8 10 Reed Switches 0.50 
C 9 3 Micro Switches 0.50 
C10 15 Assorted Pots & Pre -Sets 0.50 
C11 5 Jack Sockets 3-3.5m 2 - Standard 

Switch Types 0.50 
C12 40 Paper Cond preferred types 0.50 

mixed values 
C13 20 Electrolytics Trans. types 0.50 
C14 1 Pack assorted Hardware - 0.50 

Nuts/Bolts, Gromets, etc. 
C15 4 Mains Toggle Switches, 2 Amp D/P 0.50 
C16 20 Assorted Tag Strips & Panels 0.50 
C17 10 Assorted Control Knobs 0.50 
C18 4 Rotary Wave Change Switches 0.50 
C19 3 Relays 6 - 24V Operating 0.50 
C20 4 Sheets Copper Laminate approx.10' X7'0.50 

Please add 10p post and packing on all component 
packs, plus a further 10p on pack Nos. Cl, C2, C19, C20. 
Component Lists for mail order available on request. 

JUMBO COMPONENT PARS 
MIXED ELECTRONIC COMPONENTS 

Exceptionally good valus 
Resistors, capacitors, pots, electro- 
lytics and coils plus many other 
useful items. Approximately 31b* in 
weight. Price incl. P. & P. 0.30 only 

BRAND NEW POST OFFICE 
TYPE TELEPHONE DIALS 

ONLY 35p each 

THE NEW S.G.S. EA 1000 AUDIO AMP 
MODULE Guar. 3 Watts RMS. 
Module Tested and 
Guaranteed. 
Qty. 1-9 12.63; 10-25 
62.211. Price each. 
Larger quantities quoted 
on request. Full hook-up 
diagrams and complet 
technical data supplied 
free with each module 
or available separately 
at 10p each. 

SYSTEM 12 STEREO t 

Each kit contains two amplifier 
modules, 3 Watts RMS, two loud- 
speakers, 15 OHMS, The pre -amplifier, 
transformer, power supply module, 
front panel and other accessories as 
well as an illustrated stage -by -stage 
instruction booklet designed for the 
beginner. Further details available on 
request. 

ONLY 

16.95 
Please note that, as from April ist, 
10% must be added to all prices 

FREE 
PaP 

NOW -TURN OVER FOR MORE FANTASTIC OFFERS 
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tio 

4D 
100 

400 
0N 
000 

1000 
1300 

The largest selection 
NEW LOW PRICE TESTED S.C.R.'S. 

PIV IA SA 11.4 M 7,6 IM 16A MA 
Tro 7066 70M 70114 7046 7011 1046 7046 

4 6.4 OW su 6.11 0.47 661/ 611 41.M 
100 e.M 6.Ii 617 1./7 0.60 sA1 s.m 81.41 

m 6.111 6.f1 lr lr 4.11 4.11 671 CPO 
40a 6.a OA/ 4.M 6.44 ..t7 l7t 0.01 11.71 

04 OM 4.42 6.w sAe ln 6.6r aii - 
is 6.01 1.70 ..M 6Js 4.10 03. SIN u.N 

SILICON RECTIFIERS -TESTED 
PIV 300LmpA 76010yÁ 

tIAA 
1q6Á 3A 10yÁ 3004 

0.04 é M 3.06 0.07 O.í4 6.11 O.M 
e.64 4N 8.Y 0.0 0.16 0.18 e.76 eu eme 0.46 0.14 et* eu 1.N 
0.0 0.13 0.87 1.4 en8.M 1.1 
&07 4.14 AU 0.4 0.31 0.46 1.4 
0.10 0.17 0.11 6.N 6.1'f 0.N R00 

&u.MU e-14 
0»eKM n6á 

440 - 
TRI&00 

V8OM2A 6A 10.4 

TO -1 TO -94 TO -08 

4 4 4 
3M N N 70 

º00 N N N 
4a0 70 71 1-16 

PVY. RAEUE O1 
yM R SOD 

Cam) 11! 
400ín V ItDTOop.7 

- W 
HM) 14 ea. 1040 (80.10 
0wá) MP e.. All lolly tMd 0% tol. and 
merited. 0t.46 voltage 
reguhed. 

DIAN 
POR CSC WITH 
TR1AC0 
$0100 (012) 07P sack 

10 amp POTTED BRIDGE 
RECTIFIER on heat slink. 
100 PIV. 80p each. 

FREE 
One M Pak .I lent 
Oeta .hMM bee Nth 
seer. mined 04 w met. 

SOLID ifs T1QY DIM 11141111480188 eNr..MM 
Pak No; EgVT 
Ti 113713 OC7l 
TI 111374 OC7. 
13 111310 00111) 
T4 203/11T 0011 
T8 lO>KT 00O2 
T5 21+34411 11C44 
77 6.2113408 41046 
22 uo37e tc.-ra 
Te 1103/10A 7/41309 
1.141 810417 AP117 

AD e4 each pet 

NEW LINE 
Plane encapsulated 2 
amp Bridge Recta. 

50 v RMS Up each 
1110 y RMS1/7p .Rh 
400 v RMS 44p each 

Sise 15 mm x 8 mm 
12118011011011 

mg. 1grt. sNº5w, 
ggvt. T141. BEN30N 
17p asd. 26-09 1ge 
1NUPB4. 

CADMIUM CELLS 
lPi2 44 

O011.P400,O 00N1 M slee 

16NM H/1D. O. DUAL 
TBBIR CWns 1)15110 
TEE AK Om Pelee isp 
met 

110 TDB MIME 001510 tumour*. Sep. 
18111 a 0407. 2461443 
1171Á3 TOOTED AND 
CODED ND 170. 1-24 
17p earl. sen.6 N.P.Y. 

GENERAL PURPOSE 
NPN SILICON SWIT- 
CHING TRANS. TO -1.8 
SIM. TO 354700/8.85527 
/4/16A. All rouble devices 
no open or short circuits. 
ALSO AVAILABLE in 
PNP Sim. to 2462906. 
BCY70. When ordering 
leave state preference 

NPN or PNP. 

Lp 100For 1.75 

20 For 0.50 500 For 7.60 
50 For 1.00 IWO For 10.00 

KING OP THE PARS Unequalled Value end Duality 

eU PER PAKS, 
Saatidaction GUARANTEED in Bree PM. or mawy back. 

Pak No. 4 
Ul 110 Maw SubMia. Gamed Purpose Germanium Diodes lip 

1.11 e0 Mired Germanium TtsMMon AP/RP 66t 
1.11 71 Germanium Gold Bonded Subdia. lile OA6, 0A47 19111 

Ud 40 Germanium TtaMators like tSC01 ACII6 66P 
U6 10 301M BubMin. 8ilicoalkadN NP 
U6 l0 Bil. Planar Tna.. NW like !NM 64 
U7 16 Sil. Rstldan ToHat 760mA Yhg. N 10 I 000 f4 
Us 4 RB. Ples.r-Diodse D07 Ohm 1150m4 like AMD/100 Ig 
U. 30 Miaed Voha1.., I Watt 7rwrDiodr 64 
UN 4 BAY66 Wdse 
1,11 4 PNP SB. Pa.rha TOP KM aNtl 9NMM Mp 
012 11 BiBboa Recta.» Ivory 699 mA up to 000 P10 g4 
1,13 W PNPNPN NI.Tnaeiatore OC40 end 08104 
014 1N Mied Silt= and Geemsaiaer Diodr 
1,16 16 NPN Ill Planar Thaw. TO.6like BP INON Ne 
Use 10 lAep Silicon Reedier. Stud Type up to 1,000 PN 11p 
017 30 Germanium PNP AF 74aaalrre- TO -6 Bk. ACY 1721 Ne 
Oit / Silicon Rectifier. BYE12 te to 0O PIV 
U1 Weon NPN TraodMn like l0 Oeup / 4 lt 
U4 U 1.6Amy Silicon 0.cU1... TaplUit e to 1,060 PIV Me 1.121l. sl 4 A O.reradum DDoo 14 AM noaietre Sertes A Gell g4 
1.741 N PLUM. R MH k. . &s.ir PNP T4endetrn 

u Uº430 Germasium 1 Arm BeN1se. Gad Seoir up to 30 PIV up 
1,4 N 300101. NPN Shots Ttalmiston Bier 
I14 N FM 8wfkkiag SIBemDiodr like - Mia MP 
1137 II PIPIO Clenesaima AF Truddol. TO1 like AC117 64 
IIL 10 11AAmmpp BCR'. T0# min to 6N PN 136-6N 01.0 
1,16 16 Plaid. «cm Planar 7Seaa NPN llé 11 
U31 4R Flame 11 SRL 1N True lnw.Naise Amp 3)43107 ly 
UM 4 Eseae Dbdee 40mameU yoke DO7 o 1-. mied 64 
0N M Pima. Clr034 

40 A1 BRAmeNlletr 
LetUsm 001000 8erir IN 

Mp 
0U415 34611Ifco.AwrA NPN T,enafem.i 

4°221.2)43011 
34 O67 NRlümu Tn.idre80/PNP 

0N N Put Mimes T4ae. tfP140 DN011. lej 
04 4u.Ger. 73ne.i1t/..N11 TO4 

16u00g1p 

1.148 U Deal Traadernee lead TO-64[IOi6 
W1 3RPOrera.itamTSaedemnT06,OCN,NET73 
ON IOVi)peema.IomFNF Tp-INR7gI,API77 
040 4 R Trr. 194.480 70-810,7. 14 

6g5i 

044 14 OIL 19.w.1470 -411C1 TkerF 160 
O40 7 u 8Cl TON aP 6o ON Á1 R 

Code Noe. mentioned above are given im a guide to the type of device 
in the Pak. The device. themselves are normally unmarked. 

IN1 
00. 

TOHOTO 
TERI- 

-18 Lam ie.4 
NPN eh. le BP »ad P21. 
BRAND NEW. has data 
.nall.W. P067 10006laed. 
Qty. 1 2411 -e too .4, 
Pria men Nip lip Ng 

BB. trap. suitable loe .E. Organ. etal TO. 1a 
Itgr á1T7[30 bp each. 
Any 

MI. 0.7. DIOD0 4 
300mW 30..&46 
NPIV(Mln./ 100 ..111 
I.bMIo. 600..5-N 
Fall TMd 1,00 .000 
Ideal lot O.ps BalMeee. 

POWER TRANS BONANZAI 
e»AL PDRPOBH miss. PEP 

Coded OPMN. BRAND NEW TO -3 CASE. 
REPLACE.:-OC2628-28-30-36-3s. NET 401 -401- 
454 -400 -Ms -410-461-46º-433. 713117-3020. 232504. 
2464444-4674-4054. 246511 A A B. 20720222. ETC. 
VCEO NV VCEO 0V IC 104 PT. 30 WATTE FM 
»-170. 
PRICE 1-24 14-N 100 .p 

64 w Nip wee lip seek 

º80»19 
2N30N 
2163621 
2143023 
2106461 
Y56409 
BM 10 
1177106 

1144 
14 
11119 

MOOD 34R Voters Me In 
2 V115 

TOP sew O. . P. enIteàm 14.r p a Amp 
Apglwtbee Ired Ir4. Coded R 2606 
VCep NI(VCEO 1061IC SAI70 Nett. 
HIM type NOT 6581. 114 WATT UM 
OUR PRICE BACH: 701132 071 
1-14 25-00 180.0 50p EACH 
NIP Ye 04 

BNEEWpEEDITION 1411 

BROH. A uolOId6 marareM 
uuni 

and eq. W.Mat bow Me Emopenn. 
AtmMwn aid Japans Teems, 
toes. Radgaue to BI-PAK lip 
each. Red cover edition. 

A LARGE RANCE OF TECHNIC- 
AL AND DATA BOOKS ARE NOW 
AVAILABLE EX. STOCK. SEND 
FOR FREE LIST. 

DUALITY TESTED SEMICONDUCTORS 
Pack DwcrlMba. hie. 4 

1 16Rad spot traeoeton PNP 
16 White RF m . tratton PNP Ú t pot 
4 OC 77 typ. tnMMas 
6 Matched tnosiston 00WM/OlA1D 
4 OC 76 tnwlMou 
6 OC 72 traosietow 
4 AC IN tranYMon PNP high grain. 

60e 4 AC 116 tramiMnn PNP 
TOC 01 typ. teansEnSoes Np 

10 7 OC 71 ttyypp.. trara4da. 
11 1 AC 12//14 Comp pain PNP/NPN 

Ñ 12 3 AP 114 type t.asidan 
11 3 AF lt7 ttyyppee wad.tr. 68P 
14 3 OC 171 N.F. tyq tnMda. NP 
16 71N16M SR. Epoxy tras. ad oo{oun 68p 
18 7 GE70D low soies Ors On. 
17 6 NPN YaST.141.nodlx ST. 140 
16 4MADI.1s MAT 166&11 MAT 111 jj 
M 3MADT.31MATloI&II MAT 11l Igp 

4 OC 44 Oanaanium traM.ton A.7 Np 
4 AC 117 RPM GermasiumtmMMp 88P 

16 NWT Iranialae A.P. RP, coded . . NP 
10 OA 103 8(hcoe diodr suham. . . . Np 
8OA81dbdM Ne 

16 IN914 8ìlioos Medea 76P1V 7OmA 18p - 3 Germanium diode.wbmlo 

110A 606 PIV SIL reeiem 0. .15176. 88 j 
I Silicon power rectifier. BYZ i3 Np 
4 Bilit 111245N, 1. INN?. 

7 811. switch tr.M.ton MON NPN Np 
6 Sil. switch trarís{dan INNS NPN Np 
3 PNP 811. Orion. BI/113L 1aN1111 M 
3 BtReon NPN t.seidan I}i1711.. . . M 
7 XL NPN Irma 2NI10, 100101. 

8 8i1PNPO-6,1nINnN. & 412441114 
de 

7 2N184 TO -11 Aeolic 10111614a NPN 84p 
33N8N3 NPN elliowtnuddon Np 
T PNP wem. 4 t IN8700. 81 IN371111 M 
7 NPN ttam. 4 /17013 sl 12487C4 18p 
1 NPN teem 4. 257707 3.1041701 OOP 
3 P16Ue NPN 7O -16I113804 Np 
6 NPN tsemdiws IN6171. ..... gip 
7 BC 107 NPN trewfda. 
7 NPN traee4nBClt18,81BC10 Mj 
3 BC 113 NPN TO -13 uneei.mn Np 
3 BC 118 NPN . 84 J 1 s trae. I r B C187 

BCIgB 

NPN TO -6 t 

Mp 
4 BCY 70.16º traaddon TO -18 lap 
4 NPIi tram. 1 a B1561. 1 n 1PYN 5Oe 
7 BOY M NPN switch tram. TO -18 Np 
7 MIT 96A NPN tram. 30N.4 18p 
BBYINtype.illoosrecliner. q,N 
4 Sd. & pum trame id all mbd aswtt.0 

ELECTRONIC SLIDE -RULE 
The MK Slide Rule, designed to simplify electronic 
calculation. features the following scales:- . 
Conversion of Frequency and Wavelength. Calcu- 
lation of L C and fo of tuned adult.. Reactance end 
self inductance. Area of circle.. Volume of cylinder. 
Reeiat.nce of conductor. Weight of conductor.. 
Decibel calculations. Angle function.. Natural 
Logs. & 'é function.. Multiplication & division. 

herring. cubing and ague.. roots. Conversion of 
k and Hp. n 
A must for every electronic engineer and enthusiwtt 
Sae 23cm r 4 cm. complete with Cate end inetruc- 
lions. PRICE EACH: 13.36 

DTL R TTL INTEGRATED CIRCUITS 

INTEGRATED CIRCUIT PAKS 
Manufacturer. "Fen Out" which include Functional and pan Functional 1.1.11s. 
Them me clamed as "outa4epec" from the mixer'. very rigid sperit/cation., but are 
ideal for learning about I.C'e and experimenter work. 

Pak No. Contenta Pelee 
1/100 
U1C01 

UICD3 
U1004 
111016 

1HC10 

tNnC03o 

ILIIIGI 
U1C42 
UIC43 
131044 
UIC46 

12 x 7400 50p 
12 x 7401 sep 
12 x 7402 ópp 
12 x 7403 561 
12a7404 
12x 7406 
8 x 7408 
B x 7407 
12 x 7410 
8 x 7413 
12 % 7420 
12 7430 
12x7440 
6x7441 
6x7442 
6 a 7443 
6x7444 
6 x 7446 

Pak No. Contenta Prim Pak No. Contenu Price 
U1C48 x 7448 50p UICN x 74136 Np 
U1C47 
131048 

R 7447 
, 7448 

60p 
60p 

U1C90 
131091 

x 7490 
x 7491 

16p 
60p 

UIC60 1 x 7460 NP UIC11 x 7492 Np 
U1061 1 x 7461 tap 1.1IC93 7493 609 
1.11063 1. 7453 64 01094 x 7494 50p 
U1064 1 r 7464 Mp UIC96 x 7496 60p 
U1C80 1. 7480 60p ' UIC99 x 74M 64 
Ú1C70 7470 Mp UIC1N x 74i00 óg0 
0I072 x 7472 50p UIC121 x 74121 50p 

NpUIC74 13PM1C141 = 74141 6 

U1C76 
UIC78 

x 7474 
x 7476 
' 7478 

Wp 
N p 

p 

U1C161 
UIC164 
UIC193 

+ 74164 
. 74164 

68p 
My 

U1C x 7480 U1030 010199 x 74199 Np 
UICBI x 7481 Np UIC XI 26 Art. 
UIC82 x 7482 Np 74'. 11.55 
UIC13 x 7403 MP 

Pock. canna be split, but 25 emerged pea. (our mix) u available e. PAK UIC XI. 

AD16I/AD162 RA' 
M/P COMP 
OBIS TRAMO. 
OUR LOWIST PRICE 
OF bop PER PAIR. 

MOOD N WATT1 
MATTE» MUM 
DIP 19 NP14 TO -3 

Pl.atb. 
BIT 20 TNP. /read 

VCRO IN/9CEO N/ 
IC 104. UPI typo 
10/n MINI. 
OUR PRICE POE 
PAIR 
1-24 26 -Il IN 

IN : w 

IM -PARS NEW COMPONENT SHOP NOW OPEN WITH A WIDE RANGE OF 
ELECTRONIC COMPONENTS AND ACCESSORIES AT COMPETITIVE PRICES 
18, BALDOCK STREET (A10), WARE, HERTS. TEL: SIMS. 
OPEN MON. - SAT. 9.16 a.m. to s p.m. FRIDAY UNTIL 1 p.m. 

Please note that, as from April 1st, 
10% must be added to all Prices 
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-the lowest prices! 
74 Series T.T.L. I.C'S 

III -Pak Still Loewe M Price. 
Full fPulllùtbs Guaranteed. 
All Faetew Manufacturen. 

I 8 18.- 1 R l8t 
8247110 0.11 0.14 0.11 92708 057 0.64 016 
807101 0.16 0.14 0.11 807411 /1.8 0.8 0.10 
804718 alb 0.11 0.11 807441 017 0.8 006 
807400 0.113 0.14 0.19 807440 0.87 0.61 0.58 
BMeI 0.16 0.11 0.12 8N7461 0.77 0.74 0.88 

807486 0.77 0.74 QN 
807406 0.6 0.6 0.12 807446 0.10 0.81 0.78 
80740 0.36 0.31 0.98 8074100 41.8 11.44 11.0 
8147007 0.33 0.31 0.28 8874104 0.10 244 0.8 
8N740 0.18 0.17 0.6 
58740 0.6 0.17 0.6 887410 0.10 Q8 0.8 807410 0.16 0.14 0.0 

OM 8874100 0.40 0.86 0.68 

807411 0A 0.807411 

0.16 
0541 °' 82274110 0.0 0.0 0.8 

82474111 41.8 41.16 41.10 

887410 0» 3.21 Oil 8074118 4150 0.8 0.0 
887416 0.45 0.40 0.0 82474119 41.0 LIAB 41.10 

8247417 0.43 0.40 4196 
0217410 0.40 037 0.34 

807410 0.6 0.14 0.11 
824740 010 0.16 0.44 81474013 41.40 4150 LI.10 
88740 0.0 0.44 0.46 8227410 4280 1170 49.8 
8147110 0» 044 0.46 82414141 0.8 OM 0.58 
807417 0.415 0.49 0.40 8874146 41.0 11.40 41.0 

807410 L100 4170 1110 
80740 0.70 QM QO 8074161 41.0 0.8 0.80 
8147440 0.16 0.14 0.19 887410 4150 41.10 0.8 
80740 0.44 0.43 0.40 8074161 4110 47.70 41.8 
807433 a» 0.78 0.70 
807431 0.07 0.8 08 
807416 0.84 807418 41.40 4138 L1.0 

6 80740 Q 0.184 
8874168 L0.10 1130 41.0 

807441 0.11 0.10 0.8 82471157 £I.» L0.84 41.10 
87471I0 LISO 41.70 LI.O 

8217449 0.8 0.88 0.58 
81474181 L1.10 /1.70 LI.O 

B07M3 /130 t1.8 L1.0 
887444 11.0 11.0 11.8 807418 0430 43.76 83S0 
887446 £6.28 L1.77 41.76 8074167 G.00 11.6 4110 
807448 0.8 Q» 08 8274104 4.9.8 £116 40.10 
887447 £1.0 0» 0.28 8N7418 !30 430 n.16 
807444 4130 017 0110 867418 £a.10 4Y0 4310°24740 

0.16 0.14 0.6 8074174 /3.30 10 49.10 
8074176 41.10 41.80 11.40 

887181 015 0.14 0.89 807416 L10 4140 /10 
807166 0.16 0.14 0.19 
887441 0.6 0.14 . 0.19 807416 4360 L140 3380 ammo 0.16 0.11 0.16 82414110 4300 L0.84 11.40 80746 036 0.16 0.94 8074181 46.0 48.00 04.76 
807473 807418 430 4I.10 41.0 

8074188 1.3.60 40.28 0.00 
8247474 
6347475 0.46 043 O 

Q87 8 84180 £1. 41.90L1.86 
60746 0.40 0.0 0.12 81471191 11.10 41.8 11.60 

807418 11.8 31.10. 0016 

887 Ñ1 4310 11.6 11 
OLT 0.840.5100 

887418 810 LISO 40.76 
80118 017 6.8 Q8 8747408 416 £3.80 4160 
8147448 41.10 4606 Q8 8874116 8.0 L1.80 11.0 
8N7484 11.00 0.86 0.80 5046188 /1.8 10.6 41.8 
90748 118 4310 L340 8074107 4110 41.6 1110 
8747416 0.0 0.31 410 87474196 86.0 0.00 14.0 ' 

óM48 _ . __ 2N74I18 £610 Y8 L4S0 

LINEAR I.C's- 
FULL SPEC. 

Paine 
ypu 

l 
100BP m8/O01c Up Up i 

BP 701G-481B01C 016 - NP 41P 

709---7N-727N 
NP Np 4M 

UP RIP 001, 
BP 709-72700 PIP 84, SIP 
RP 700P-µA709C Up 9y Np 
BP 710-72710 41p ces) 49p 
BP711-pA711 Up Up 49p 
BP 741-71741 

µA 7000 pA799C Np Np N 
TA AND T91/ NP NP 
TA 

17' j 19Ìj 1Ñ 

LOGIC DTL 930 SERIES 

ROCK BOTTOM PRICES 
1990 Moo 

e.PUS 
'l-24 p 

M.»00 ' op 

»32 188 

lip 1Up 1» i 
P934 lep la lip 
»44 

Up lb UP 
Pnan lip Hp le 

8113 8811 
193 114 les 

248 078 

111»TreeS M NNo me 
Peon No 149 149 
r8009 48P .149 148 

Leedom may be mild W gW41y for 
»etity prim. larger eaae4tp prim ea 

applI9atlon. (DEL 910 »den nmly1. 

NUMERICAL INDICATOR TUBES 
MODEL 
Anode voltage 
(Vac) 

CD66 
170 
min 

GR 1111 

176 
min 

3015F 
5 

Cathode cur'nt(mAy 
Numeral h'ght (mmi 

2.3 

16 

14 

13 9 
Tube height (mm) 
Tube diameter (mml 

47 

19 

32 

13 

22 

12 

All indicators 
0.9 + Decimal 
point: All side 
viewing: Full 
data for all 
types .available 
on request. 

I.C. driver rec. BP41 
or 141 

BP41 
or 141 

8P47 

PRICE EACH £1.70 £L55 £1.90 

EEipPeTI. 

111CROLOoIC ciacurrs 
Pdmmell 

80W Baler 
'teca 

'9q M VPINS .004 Am19t(P 

31. 383-111119419 4r7 4PO1gVP 879 

Date and 
Clarea Booklet for lee 

Pelee 

DUAL IN LINE SOCKETS 
14 & 16 Lead Sockets for um with DUAL. 
IN -LINE I.C.'.. TWO Range. PROFES- 
SIONAL and NEW LOW COST. 

Prof. Type No. 1.24 1688 100 up 
T8014 pen typ 30p 27p 2óp 
771016 pin type 33p Oap 30p 
Low Coot No. 
BPS 14 1óp lap lip 
BPS 16 

BI-PAK DO IT AGAIN! 

50Wpk 25w (RMS) 
0.1% DISTORTION 

HI-FI AUDIO AMPLIFIER 
THE AL50 

* Frequency response 15Hz 
O N LY to 100,000 -1dB. 

* Load - 3, 4, 8 or 16 ohms. £3.25p each 
* Distortion - better than * Supply voltage 10 

.1% at 1KHz. 

* Signal to noise ratio 
80dB. 

- 35 Volts. 
* Overall size 63mm 

x 105mm x 13mm. 
Tailor made to the most stringent specifications using top quality 
components and incorporating the latest solid state circuitry and 
ALSO was conceived to fill the need for all your A.F. amplifica- 
tion needs. FULLY BUILT - TESTED - GUARANTEED. 

STABILISED POWER 
MODULE SPM80 

APIO is especially designed W power 2 d the A160 
Amplifie., up to 15 watt rm.) per channel. mmu4 

tawoul7. This maure mbodiee the latest compone®9L 
and circuit technique. incorpontipp complete short 

circuit p.ot.ct'on. With the addition et the Mains Trame 
former MT9D, Ne unit will provide outputs of up W 1.0 awe 

e 95.-0041 Sim: 61nem *'build 
'Audi Tn..e unit. too bla Lou *to bulla Avdio 8,Ot ma of to. high.et 

quality at a hitherto unobtainable poi... Al.. ideal fo m rmany o her olicMiia mane 
i°8: Disco By tame, Public Ad ai dre. t.rcoo0 Unite etc. Handbook available 10p, 

PRICE 4316 

TRANSFORMER BMT80 £1.95 p. & p. 25p. 
STEREO PRE -AMPLIFIER, TYPE PA100 
Built W a specification end NOT a price, and yet .till the SOW..t value on the market. 
the PA100 .teno preamplifier has ban conceived from the latest circuit technique. 
Deigned for use with th. AI60 power amplifier .yetem, thi. quality made unit incorporter 
no lem than eight silicon planar treo.i.ton, two of the.' are modally 'elected low moi.. 
NPN devio» for um in the input Mama 
Three switched stereo in to, and rumble and .crotch filar. are features of the PARA 
which also ha. a STEREO/MONO switch, volume, balance end continuou.1y variable 
hase end treble control.. 

_ SPECIFICATION 
%puma, 

Hormo.ic DiMo.ti better than 11y 
ldB 

Inputs: 1. Tape Head 1.16 mV into 00103 
& .Radio. Tuner 36 mV into IOKO 
& Magnetic P.U. 1.5 my into 50KR 

All input voltages ere for an output of 260. V. Tape and P.U. input. 

puelbred roIOfSz°1 2IOBBs. Control ódd46 MHz TrebleControll 1d90KHa 
Filter.: Rumble (High Pam) MHz 

Scratch (Low ILL 

p°°WRi better than 
ttoverload98dB 36 olt. 1°A 

Dim.msion. 881mm 8mm xol 
Pain LUS 

SPECIAL COMPLETE KIT COMPRISING 
I ALSO., 1 SPMN. 1 BRIM and 1 PAIN ONLY 421.0 FREE p e p. 

All prvu', prnrr 
Please se nd an or0er> d,rec7 ro we, nesp.,ren do pdrl 

B/-P.4/ff 
P.O. BOX 6, WARE HERTS 

:Lero, .ran 

Guaranteed Satisfaction or Money Back 
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NOW AVAILABLE 

Comprising 
768 pages 
plus index 

AUGUST 1971 
to JULY 1972 

LATEST 

BOUND VOLUME 

No. 25 

of 

"The Radio Constructor" 
FOR YOUR LIBRARY 

PRICE £2.00 P&P 29p 

BOUND VOLUME NO. 23 (August 1969 to July 1970) Limited number of these 

BOUND VOLUME NO. 24 (August 1970 to July 1971) volumes still available. 

PRICES Volume 23 £1.88 Postage 29p Volume 24 £2.00 Postage 29p 

We regret all earlier volumes are now completely sold out. 
Available only from 

DATA PUBLICATIONS LTD., 57 MAIDA VALE, LONDON, W9 1SN 

Vary the strength 
of your lighting with a 

The DIMMASWITCH is an attractive and efßc- 
lent dimmer unit which fits in place of the normal 
light switch and is connected up in exactly the 
same way. The white mounting plate of the 
DIMMASWITCH matches modern electric fit- 
tings. Two models are available. with the bright 
chrome knob controlling up to 300 w or 600 w 
of all lights except fluorescents at mains voltages 
from 200-250 v, 50Hz. The DIMMASWITCH has 
built-in radio interference suppression: 

600 Watt £3.20. Kit Form £2.70 
300 Watt £2.70. Kit Form £2.20 

All plus 10p post and packing. 
Please send C.W.O. co: 

DEXTER & COMPANY 
7 ULVER HOUSE, 19, KING STREET, 
CHESTER CH1 2AH. Tel: 0244-25883. 

As supplied to M.M. Government Departments. 

The New Styled 
s MULTI-NINP' TWIN VMS 

M extra i"Mir of Hands" for 
those tricky jobs 

ASSEMBLY - SOLDERING - GLUING 
WIRING - DRILLING ITC. 

*INDEPENDENT ADJUSTMENT OF 
THE TWO VICE HEADS TO ANY 
ANGLE WITH POSITIVE LOCKING'. 

*JAWS WILL FIRMLY GRIP, ROUND, 
FLAT, SQUARE OR HEXAGONAL 
PARTS. 

TWIN'VICE-I £0.95 (25p - p&p) 
ALSO AVAILABLE 
SINGLE VICE: £3.45 (21 p - p&p) 

Orders despatched before 1st 
April 1973. FREE of V.A.T. 

CANLEY ENGINEERING,(SALESjLTD. 
Dept. .0/RC4 

OSBORNE ROAD, COVENTRY 
Tel (0203) 77163/4 CV5 6EA 

LOUDSPEAKER 

BARGAINS 
Fane Pop 100 wen 18' 8/15 ohm [19.60 
Fens Pop 60 watt 15' 8/15 ohm t11 .16 
Fane Pop 50 watt 12' 8/15 ohm [ 9.25 
Fane Pop 25/2 12 26 watt 8/15 ohm 15.40 
Fane Pop 15 12'10 watt 8/15 ohm £4.00 
Baker Group 2512' 3,8 or 16 ohm L6.60 
Baker Group 3512' 3,8 or 15 ohm 18.00 
Celesoon P58 for Unilex [2.36 
EMI13 x 8. 3.8or15 ohm 12.26 
EMI 13 x8. 3.Bor 15 ohm 12.60 
EMI 13 z 8 twin/tw. 3,8 or 15 ohm 

. EMI13retype35015watteohm 
[3.60 
C9.00 

Richard Allen 8' 3.8, or 15 ohm 12.36 
Richard Allan 12' dual cone 3 or 15 ohm [2.50 
Fane 8' d/cone 8081 8 or 15 ohm [2.96 
Fane 8' d/cana, roll surround, 807T 8 or 15 ohm [3.50 
floc 9 x 5, 59R541.09 15 ohm £2.70 
Elac9a5, 59R114114 ohm £2.70 
Vac 8d' dual cone 8 ohm 12.25 
Vac 6 ' d/cone, roll surround B ohm 13.60 
Elbe 4 tweeter 8 ohm £1.60 
Crossover for above (p 8 p free) 11.50 
Goodman, 8P 8 or 15 ohm £4.76 
Goodman, 10P 8 or 15 ohm [6.25 
Goodman. 12P 8 or 15 ohm [10.60 
Goodman. 15P 8 or 15 ohm £17.00 
Goodman, 18P 8 or 15 ohm C27.00 
2', 2) or 3' 80 ohm .95 
Phillips 6' 8 ohm 11.96 
7,4 or8'. 5', 3 or 8 ohm E1.80 
10'.6' 3,8 or 15 ohm [2.00 

FREE with orders over E8.00 "Hihi 
enclosure" book, 

loudspeaker 

All units guaranteed new and pedect. 

Prompt despatch. P 6 P 25p per speaker. 

Send for our free booklet "Choosing e speaker". 

WILMSLOW AUDIO 
(Dept. RC) 

10 Swan St., Wilmslow, 
SK9 1HF, Cheshire 
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BIPREPAK 
COMPLETE 
TELEPHONES 
Normal household type 
as supplied to the Post 
Office, ex. G.P.O. Only 
95p each. p. & p. 35p 
each. 

tELEPHONE DIALS 
Standard Post Office type. 

Guaranteed in working order. 

ONLY ZSp 
p. & p. 15p. 

TESTED AND GUARANTEED PAKS 

B a 4 Photo Cens, San satterie.. SOP 0 3 to O 5V. OS se 2mA. 

579 4 IN4007 Sil. Rec. diodes. 
1,000 PIO lamp plastic SOp 

cal 1G 
it::switches, mixed types 50p Iv{ and small 

e n 200 Mixe Caea<iters. Approx. SOp 
qu,ntia, t,anua by wnaM 

14 
4 250 Mixed' R.ti 

AZT:. 
SOP 

quantity counted by .ant 
117 40 Wpe;resw 

aona runda 

Resuni. . Mixed SOp ty 
149 2 ihaPalT ansmaa;tire 50p 

un 20 OC200lI12n Nr S;u<on 
unteded TO -S cao SOp 

N N 20 M..a Veitaee {.i -" ilv. 50p 
N IS 100 Mined Dieds. Germ. Geld Sop 

bender, .c. ,na 
Unmarked. 

N N 30 , NPN 50p 
sdmen nanar alea 

MM 10ImeernN 
Cirts,,.4 Gata. 

BMC 952,4 nip Flops SMC 945 50p 
H40 20 BFY50f2, 2N696, 2N1613, NPN SO Silironuncoded T0.S P 

UNMARKED UNTESTED PACKS 

M6 ISO G.rm{la.nis 
tYDam 

Diodes 
Mm. 50p 

w 200 Tran. "'Mg" urerc' tests SO 
t.:2:" , PN, Sil. and P 

eM 100 S;f,can D;adet DO -7 slats 
quin. to OA200, oA202 50p 

S M 100 Sil.914 Diedands sub. min 
IN IN916 SOp 

S N SOSil. Trans. MIN, PEW 
quw. to OC20011 

2N7MA, OSY9SA, t<. 
SOp 

S t S0 Germam,im Transistors 
PNP. A f. APF SOp 

HO A0 250mW. Zen., Diodes 
00-7 Min. Glass Tram SOp 

NN IS MPH S?<oniTO-i Con.Grrn. COP 

H17 20 l.amp 5,1<On Stud 
ctifier ued . SOp 

HIS 30Top Har Silicon Rect,fi.r., SO 750mA. Mi.N relu P 
H16 

Inaari 
E.Pam 'ak 1 

atod Cir<uits. Data 
sapplN 

SOp 

Nao 20 evn617T,p.Sd!t,nRst;fi.r. 50 
1 .me pwti<. nixed reos. P 

MAKE A REV COUNTER 
FOR YOUR CAR 
The 'TACHO BLOCK'. This 

later block will turn any 
0-I1nA meter into a linear and 
accurate rev. count., for any 
car with normal coil ignition 
.5ysam. 

£1 each 

OVER 1,000,000 
TRANSISTORS 

IN STOCK 
We hold a very large range of fully marked, 
tested and guaranteed Transistors, Power 
Transistors, Diodes and Rectifiers at very 
competitive prices. Please send for Free 
Catalogue. 

600,000 Silicon Planar Plastic 
Transiscors.Unmark- 
ed, untested -Factory 

clearance. A random sampling showed these 
to be of remarkably high quality. 
Audio PNP, similar to ZTX500, 2N3702/3, 

BCY 70 etc. 
Audio NPN, similar to ZTX300, 2N3708/9, 

BC168/9 etc. 
R.F. NPN and Switching NPN 
Please state type of Transistor required 

when ordering. 
ALL AT 500 for £3.00 1,000 for £5.00 

10;000 for £40.00 
P. & P. 10p/1000 

OUR VERY POPULAR 3p TRANSISTORS 
TYPE "A" PUP Silicon alloy, TO -S can. 
TYPE "E" PNP Silicon, plastic encaoselation. 
TYPE "E" PUP Germanium AF or RF. 
TYPE "F" NPN Silicon plastic encapsulation. 
TYPE "G" NPN Silicon, similar ZTX300 range. 

TYPE "H" PNP Silicon, similar ZTX500 range. 

POWER TRANSISTOR 
PRICE BREAKTHROUGH! 

PLASTIC CASED SILICON POWER TRANSISTORS OF 
LATEST DESIGN. 40 WATTS and 90 WATTS. PNP a NPN 
TYPES. 
ALL TYPES AVAILABLE AT THE MOST SHATTERINGLY 
LOW PRICES OF ALL TIME. ALL ARE FULLY TESTED.,- 
MARKED AND GUARANTEED! 

1-12 26-S0 
40W NPN iSp ,1 lips lip 
40W PNP 11p 19p 17p 
90W NPN 24p Up top 
90W PNP 2Sp Sip alp 

PAKS of complementary pairs 
PA 40 At 40WW 

MP 90 90W . 90W 60p S8p 

Please state if NPN/PNP or NPN/NPN 
are re.uired 

A CROSS HATCH 
GENERATOR 
FOR f3.50 ! ! ! 

6 

YES, a complete kit of pans including Printed Circuit 
Board. A lour position switch gives X -hatch, Dots, 
Vertical or Horizontal lines. Integrated Circuit design for 
easy construction and reliability. This is a protect in tel 
September edition of Practical Television. 

This complete kit of parte costs LIME post 
paid. 
A MUST for Colour T.V. Alignment. 

Our famous Pt Pak Is still leading In value tor 
money. 
Full of Short Lead Semiconductors 6 Electronic Com- 
ponents, approx. 170. We guarantee at least .30 really 
high quality factory marked Transistors PNP 6 MPH. 
and a host of Diodes 4 Rectifiers mounted on Printed 
Circuit Panels. Identification Chart suppbN to give some 
information on the Transistors. 

Please ask forP 
onk 

Pa Pthis 

Pak, 
only SOp 

lOp P 6 t 

4/2 Input Nand GateBMC946 
Clocked Flip Flop BMC94S 
4/2 Input Nand GateBMC949 
Pulsed Trig. Binary BMC950 
Monostable Multielb. BMC9S1 
Dual lie Flip Flop SMC9Sl 
Duel IfK Flip Flop BMC9S5 
Dual l/K Flip Flop 5MC9S6 
Quad. 1 -input Power SMC958, 
2/4 -input Gate BMC961 
313 -input NAND Gate BMC962 
313 -input NAND Gate BMC963 
Audio Amp. 3 -watts SL-103D 
Linear Op. Amp 709C 
Decade Counter SN7490 

FREE CATALOGUE 
FOR 
TRANSISTORS. 
RECTIFIERS. 
DIODES. 
INTEGRATED 
CIRCUITS, 
FULL PREPAK 
LISTS. 

8 RELAYS FOR £ 
1 VARIOUS TYPES 

P. & P. 25p. 

INTEGRATED CIRCUITS 

THE LOWEST PRICES OF ALL FOR YOUR DTL 
LOGIC -1-12 13-25 26-50 

Clocked Flip Flop BMC931 20p tip 16p 
Ex. 2/4 -input Buller 8MC932 lip 11p tip 
2/4 -input Expander BMC933 lip tip top 
Hex. Inverter BMC934 lip lip lip 
Hex. Inverter BMC93S 12p 11p tip 
Hex. Inverter BMC936 lip II p I0p 
Hex. Inverter BMC937 12p 11p lop 
Hex. Inverter BMC940 12p lip 1Op 
Hex. Inverter BMC941 12p Ilp lop 
Type D Flip Flop BMC942 10p fop lip 
Ex. 2/4 -input Power BMC944 12p 11p /0p 
Clocked Flip Flop BMC94S 20p 1111p lop 

1N IÑ 
12p 11p 10p 

ISp Up 21p 
top lip 1611 

10p lip Iti 
20, lIp 10p 

p 
12p Ilp 
lip lop 
1 

Lt. LIl.40ly 

6Sp bop 

10p 
a 

1 

LI.a6 
lSp 
SSp 

LOW COST DUAL IN LINE I.C. SOCKETS 

lb 
P n type at ISp oath 

i Now new low profile type. pin type at 119 each. 

BOOKS 
We have a large selection of Referent, and 
Technical Books in stook. 
These are lust two of our popular lines. 
& P.1 Transistor Equivalents and 

Subs. tates; 45p 
This includes many thousands of British 
U.S.A., European and C.V. equivalents. 
The Mare Radio Value & Trmsister 
D ata Book 9th Edition P a P 21p 7Sp 
C of 3.000 valves and tabes. 
4,500 Transistors. Diodes. Rectifiers and 
Integrated Circuits. 
Send for Irstt of these English publicatienc. 

al1MIIMIEMI 
Pieote send me the FREE Si-IrePek Cotologue 

NAME 

ADDRESS .... 

MINIMUM ORDER SOp- CASH WITH ORDER 
LEASE. Add Igo Nett and pachn( por .,dan 
OVERSEAS ADD EXTRA FOR POSTAGE 

1.1 VIII, IIIIIIIIIIII 
BI-PRE-PAK LTD DEPT. C, 222-224 WEST ROAD, WESTCLIFF-ON-SEA, ESSEX, SSO 90F 

TELEPHONE: SOUTHEND (01021 46344 
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HOME RADIO (Components) LTD , Dept RC, 234-240 London Road. Mltcham,CR4 3HD Phone 01-648 8422 

The Catalogue you MUST have! 

Only 55p POST AND plus ZOp PACKING 

POST THIS COUPON 
with cheque or PO.for75p. 

The price of 75p applies only to catalogues purchased 
by customers in the U.K. and to BFPO addresses. 

482 

ti 

6185 electronic 

components 
clearly 

listed and indexed 

Details of our popular 
Credit Account Service 
and our Easy Ordering 
System are included 
in the catalogue. 

..all 
42, Name 1 

Address 
1 

1 

I HOME RADIO (Components)LTD. Regd. No. 912986 London II 
Dept.RC, 234-240 London Road, Mitcham CR4 3H13 

mmm ase me to 
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Vol. 26 No. 8 

Published Monthly (1st of Month) 
First Published 1947 

Incorporating The Radio Amateur 

Editorial and Advertising Offices 
57 MAIDA VALE LONDON W9 1SN 

Telephone Telegrams 
01-286 6141 Databux, London 

© Data Publications Ltd., 1972. Contents 
may only be reproduced after obtaining 
prior permission from the Editor. Short 
abstracts or references are allowable 
provided acknowledgement of source is 
given. 

Annual Subscription: £2.70 (U.S.A. and 
Canada $7.00) including postage. Remit- 
tances should be made payable to "Data 
Publications Ltd". Overseas readers 
please pay by cheque or International 
Money Order. 

Technical Queries. We regret that we 
are unable to answer queries other than 
those arising from articles appearing in 
this magazine nor can we advise on 
modifications to equipment described. 
We regret that such queries cannot be 
answered over the telephone; they 
must be submitted in writing and 
accompanied by a stamped addressed 
envelope for reply. 

Correspondence should be addressed to 
the Editor, Advertising Manager, Sub- 
scription Manager or the Publishers as 
appropriate. 

Opinions expressed by contributors are 
not necessarily those of the Editor or 
proprietors. 

Production.-Web Offset. 

CONTENTS 

THE SCHMITT TRIGGER by A. Foord 484 

RECENT PUBLICATIONS 487 

NEWS AND COMMENT 488 

LIGHT -EMITTING DIODE CIRCUITS 490 
(Suggested Circuit 268) by G. A. French 

NEW PRODUCTS FOR THE WORKSHOP 494 

SQUARE WAVE AND PULSE CONVERSION UNIT 495 
By P. Cairns, R.Tech. Eng., M.I.P.R.E., M.I.E. 

QSX by Frank A. Baldwin 503 

LOGIC SUPPLY UNIT by A. Foord 504 

TRANSMITTER -RECEIVER FOR 160 METRES 508 - Part 2 by F. G. Rayer, Assoc. I.E.R.E., G3OGR 

MAZDA BOOKLET 511 

MAINS FAILURE WARNING DEVICE 512 
by R. E. Stewart 

SHORT WAVE NEWS by Frank A. Baldwin 

AR88 MODIFICATIONS by James Kerrick 

IN YOUR WORKSHOP - Tape Recording 

TRADE NEWS 

RADIO TOPICS by Recorder 

CONSTRUCTOR'S DATA SHEET No. 72 
(Coil Data V) 

514 

516 

521 

528 

529 

III 

Published in Gnat Britain by the Proprietors and 
Publishers, Data Publications Ltd, 57 Maids Vale, 
London, W9 1SN 

The Radio & Electronics Constructor is printed by 
Carlisle Web Offset. 

APRIL ISSUE WILL BE 

PUBLISHED ON APRIL 2nd 
MARCH 1973 483 



THE SCHNITT TRIGGER 

by 

A. Foord 

Our contributor describes the basic functioning of the Schmitt 
trigger, then proceeds to examples which illustrate its operation 

for different applications. 

HE SCHMITT TRIGGER IS A BISTABLE CIRCUIT WHICH 
is a variation on the familiar cross -coupled 
arrangement. One collector is coupled to the 

opposite base in the usual way, but the second inter- 
connection is through the transistor emitters. The 

original circuit used valves in 1938. 
The action of the circuit is shown in Figs. 1(a) and 

(b). Fig. 1(a) shows how an irregular waveform with 
slow rise and fall times is converted into sharp output 
transitions as the Von and Voff levels are crossed. 

Fig. 1 (a). The Schmitt trigger 
converts an irregular wave- 
form into sharp output transi- 
tions as the Von and Voff 

levels are crossed 
(b). Another example of 
Schmitt trigger operation. 
Note that the input must pass 
the Von or Voff level, as 
applicable, to promote trig- 

gering 

o 

(o) (b) 
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Fig. 1(b) shows how a noisy waveform is converted 
into clean noise -free pulses. Input pulses below Von in 
amplitude are discriminated against while signals 
exceeding Von become sharp unambiguous transitions. 
Since both Von and Voff must be traversed to produce 
an output the double peak is not resolved. If suitable 
switching levels are chosen, then noise and other 
undesirable signals can be rejected. The Schmitt 
trigger circuit can perform a number of functions in 
waveshaping, logic level restoring, squaring, amplitude 
discriminating, and sensing. 

Fig. 2. The basic circuit for a Schmitt trigger 

BASIC CIRCUIT 

The basic circuit is shown in Fig. 2. We can initially 
assume that Vin is low enough for TR2 to be cut off. 
When TR2 is cut off its collector voltage is high and 
TRI will be saturated. The current through TRI 
causes a voltage to be dropped across R2 which sets 
the emitter potential of TR2. The output potential 
Vout will be given by: 

Vout =II R2+VCE (sat) 
If the input voltage rises a potential will be reached 

which causes TR2 to start to conduct. The decreased 
potential at TR2 collector turns TR1 off. This further 
decreases the current through R2, lowering TR2 
emitter potential. 

This regenerative (positive feedback) cycle rapidly 
completes the switching transition until TR2 is satura- 
ted and TRI is cut off. The output voltage for this 
state is +Vcc. The input voltage required for this 
transition is Von. 

If the input voltage now decreases it eventually 
becomes low enough to bring TR2 out of saturation. 
TR2 collector voltage increases, causing TR1 to 
conduct and increase the emitter potential. This 
regenerative action rapidly turns TR2 off and TR1 on. 
The input voltage required for this transition is Voff. 

The difference between Von and Voff is called the 
`hysteresis' voltage or 'dead zone'. Some hysteresis is 
essential to the operation of the circuit, and is usually 
achieved by making R3 greater than RI and by using 
the potential divider action of R4 and R5 in level 
setting. It can be reduced by making R3 equal to R1 
and removing R4. Reducing the hysteresis increases 
the rise and fall times of the circuit and makes the 
triggering more sensitive. 
MARCH 1973 

THREE TYPICAL CIRCUITS 

Three typical circuits are shown. Fig. 3 uses high 
gain germanium transistors and switches in about 
20. Figs. 4 and 5 are designed to interface with TTL 
circuits. Fig. 5 uses a 12V supply with the collector 
voltages clamped at around 5V. (There is a forward 
voltage drop in the IN914 diodes of about 0.7V.) 
This collector clamping reduces the rise and fall times 
of the circuit and enables the output level to be main- 
tained at 5V for load currents up to 5mA. The rise 
and fall times for this circuit were about 30 nS and 
the maximum p.r.f. was 5 MHz. 

The capacitors shown in the diagrams are `speed-up' 
capacitors which increase the switching speed of the 
circuit. 

2N1308 
Lead -outs 

Fig. 3. Circuit using high gain germanium 
transistors 

e b 

C 

2N706 
Lead -outs 

Fig. 4. Simple circuit employing 2N706 transistors 
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2N709 
Ltad-outU 

Fig. 5. Circuit with collector clamping to increase 
speed 

HIGH INPUT IMPEDANCE CIRCUIT 
The input impedance of the conventional Schmitt 

trigger can be increased by making the input stage 
differential, as shown in Fig. 6. This also tends to 
keep the trip point and hysteresis constant with 
changes in ambient temperature. 

If TRI is off then TR2 will be on and TR3 is main- 
tained conducting. The output will be at -18V and D1 
is reverse biased and the hysteresis resistor R1 will be 
out of circuit. The bias voltage for TR2 is fixed by the 
potentiometer chain. When the input voltage reaches 
or becomes more negative than this reference voltage 
then TRI is turned on and TR3 and TR2 turn off. 

Fig. 6. High input impedance circuit 

As TR3 turns off the output level drops to zero, 
forward biasing D1 and bringing the base of TR2 
nearer to earth potential. The positive feedback 
around the TR2 and TR3 path regeneratively increases 
the switching speed, while the action of D1 provides 
the hysteresis. 

When the signal drops below the new reference 
voltage at TR2 base then TRI will turn off and TR2 
come on. This allows TR3 to conduct and the output 
rises to -18V and the cycle is completed. 

The circuit speed depends mainly on TR3 because 
TRI and TR2 form a fast current mode switch, and 
is typically 20 nS for the transistors shown. 

TRI and TR2 are shown as 2N2635 in Fig. 6. If 
this type is difficult to obtain, any small p.n.p. tran- 
sistor (germanium or silicon) with a current gain 
greater than 30 and a high fT may be employed in its 
place. A suitable type is the 2NI132, which has the 
same lead -out layout as the 2N2635. 

SN7413 SCHMITT TRIGGER 

Although the discrete component versions previously 
discussed can be designed to interface with TTL 
waveforms a Schmitt trigger is available in the SN7400 
series. This is the SN7413 and it may be used where it is 
required to interface with other circuits of the TTL 
family. It has a typical hysteresis of 0.8V with the 
positive going threshold at 1.7V and the negative 
going threshold at 0.9V. 

For TTL input levels it can be used directly, as in 
Fig. 7. For non-TTL inputs where the levels are not 
well defined the circuit of Fig. 8 may be used. This is 

SV 

ov 

SN74I3 

Fig. 7. Simple circuit using SN7413, for logic 
level inputs 

Ov 

Fig. 8. Circuit employing SN7413 and transistor, 
for use when input levels are not well defined 
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yCC 

14 13 12 II 10 

Fig. 9. Top view of the SN7413, illustrating pin 
layout and functions 

suitable for many waveforms and there is no danger 
of the input logic levels for the SN7413 being exceeded. 

When, in Fig. 8, the transistor is turned on its 
collector is pulled down to OV, producing a 1 level 
at the Schmitt trigger output. It is preferable to use a 
Schmitt trigger i.c. rather than a normal SN7400 gate 
in this position because a gate can act as a linear 
amplifier with a high gain as it passes through the 
linear region of its input/output characteristic. Various 

3 
E 
6 7 

GND 

feedback paths exist within the gate which can cause 
instability and consequent false outputs if the SN7400 
input rise and fall times are longer than 1 µS or so. 
The SN7413 introduces hysteresis to the input/output 
characteristic and avoids this problem even if the 
input waveform is very slow. 

It should be mentioned that the SN7413 is a dual 
NAND Schmitt trigger. Fig. 9 gives a top view of the 
package. 

RECENT PUBLICATIONS rill 
SEMICONDUCTOR DIODE LASERS. By Ralph W. Campbell and Forrest M. Mims. 
198 pages, 51 x 82 in. Published by W. Foulsham Et Co., Ltd. Price £1.90. 

Semiconductor Diode Lasers is a title in the Foulsham-Sams Technical Books series and it has an American text 
with a special introductory section for the English reader. 

The book deals with its subject at a level which will appeal in particular to the experimenter. So far as the 
reviewer is aware, not a great deal of amateur work on laser devices has been carried out in the U.K., and probably 
the most attractive application here is given by the use of laser diodes to provide communication by light beam. With 
a laser beam transmitter employing pulse frequency modulation, one of the authors, Ralph W. Campbell, has achieved 
one-way voice communication over a range of 31 miles. 

The first chapter in the book deals briefly with the principles of light and then gives a simplified description of laser 
theory. Succeeding chapters discuss the properties of lasers, methods of manufacture, commercially made devices 
and laser driving arrangements, including pulse generators and modulators. Three final chapters cover light detectors, 
modulated light receivers, optical and viewing devices, and laser applications. Subsequent appendices deal with safety 
precautions, communication system range equations and the addresses of manufacturers. The last are, of course, all 
based in the U.S. 

The book will, notably, be helpful in introducing English electronics enthusiasts to a new field of experimentation 
as well as giving design engineers a general background on diode laser techniques. 

THE HANDBOOK OF BASIC ELECTRONIC EQUIPMENT. By W. Oliver. 
110 pages, 52 x 81- in. Published by W. Foulsham Et Co., Ltd. Price £1.75. 

This book covers an extensive range of electronic subjects, dealing with these in alphabetical order and devoting 
an average of about one and a half pages to each. No subject is dealt with at great depth, but sufficient information is 
given to enable a newcomer to electronics, or the reader for whom electronics is a side interest, to pick up a general 
idea of what is involved. 

Topics dealt with include capacitors, resistors, dial lamps, control knobs, headphones, relays, printed circuit boards, 
cathode ray tubes, and pick-ups and styli. Any mathematical material which appears does not go further than the 
equations for capacitors in series, resistors in parallel and for resistor wattage dissipation. 

The book includes a number of photographs of components and high fidelity equipment. There are also some 
46 diagrams illustrating component assembly or circuit diagrams. 

The Handbook of Basic Electronic Equipment refers, where applicable, to manufacturers of individual items and 
lists the addresses of suppliers who are most likely to be useful to the budding constructor. By no means all aspects 
of electronics are covered, but the subjects selected are representative of those most likely to be encountered. 
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NEWS AND 
RECEIVER SYSTEM FOR BBC RADIO BROADCASTS 

Now that there is more stereo time than ever on BBC radio, especial- 
ly Radio 2, an increasing number of Eagle International's FM model 
SC -720 stereo receiver systems are to be seen in the shops. Eagle 
have taken the truly fashion -conscious approach with the design of 
this system, which comprises a tuner -amplifier and twin speakers. 
These are almost identical in size and very compact, which suits the 
well -organised, modern living room. 

The finish of all three cabinets is a handsome matt white. This is 
offset by a dark grille cloth, in the case of the speakers, and a match- 
ing, smoke -black fascia on the tuner -amplifier. Behind the fascia is 
an illuminated, circular tuning scale, and a tuning indicator which 
glows when an FM stereo transmission is being received. There are 
inputs for tape recorder and turntable; and an output socket for 
stereo headphones. 

At £62.20 complete, this is an economical buy. 

MULLARD IN PEKING 
Mullard Ltd ., are taking part in the 
Exhibition of British Industrial Tech- 
niques in Peking during this month, 
components made by the latest 
techniques will be displayed. 

Prominent among new integrated 
circuits will be types of random-access 
memory with capacities of up to 1024 
bits. These are intended for use in 
computers and control systems where 
small size is important. Six new low - 
threshold, silicon -gate, shift registers 
with capacities ranging from 64 to 
1024 bits will also be shown. 

GI6YM GOLDEN JUBILEE AWARD 
This year is the Golden Jubilee of the City of Belfast YMCA Radio Club 
GI6YM, Notthern Ireland, and the members are planning to celebrate the 
occasion with a number of special activities. 

This club jubilee also happily coincides with the 75th anniversary of the 
wireless tests carried out by Marconi and Kemp, on behalf of Lloyd's, 
between Ballycastle (Co. Antrim) and Rathlin Island off the north Irish 
coast, to report ships passing the N.E. corner of Ireland. 

These tests were successful and established the "first public service" of 
wireless in the year 1898. 

To commemorate both these milestones the Belfast YMCA Club are to 
issue an award certificate (only the second such award ever to be offered by 
GI radio amateurs). 

Further details will appear shortly. 

RADIO PROGRAMME SELECTOR UNITS 

Nelson Tansley now offer independent radio -programme selector units 
in their Series 259 range of nurse -call products. Two basically similar 
wall -mounted units are available carrying a six -channel rotary selector 
switch and a volume control. 

One of these units, Catalogue No. 25957, also carries a Stetotube output 
transducer, and is intended for personal use in situations where it is 
desirable to separate the radio selection from the full bed -head facilities 
(i.e., nurse -call and light -switching) or where the other bed -head facilities 
are not required. The other unit, Catalogue No. 25958, has no Stetotube 
output, being intended for loudspeaker control in day rooms, common 
rooms, etc. 

Each of these units is mounted on a 31 x 5$ins. satin finish stainless steel 
panel, fitted in a standard conduit box of either the flush -mounting type or 
surface mounting for upgrading. In common with all other Series 259 
products, these units utilise printed circuit techniques for all internal 

.connections, with the Nelson Tansley patented plug -and -socket system for 
termination of incoming wiring. This system permits termination of all 
incoming wiring into free socket connectors, which mate with fixed plugs 
on the unit's printed -circuit wiring board, final assembly can then be made 
shortly before commissioning. 
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COMMENT 
CHECK-OUT STAGE FOR GRANADA COLOUR TV CAMERAS 

Part of a £200,000 television equipment contract for Granada Television, 
this EMI '2005' three -tube colour camera is seen here during final check- 
out at the company's Hayes, Middlesex, plant. The camera is one of five 
which EMI Sound & Vision Equipment Ltd. is supplying under an order 
to equip a new 5,175 sq. ft. colour production studio at Granada's Man- 
chester Television Centre. Also included in the contract are colour and 
monochrome picture monitors, video and pulse equipment and talk -back 
communications system. EMI will also carry out all installation work and 
commissioning of the studio equipment. 

One of the EMI 19" type '3119' colour monitors for Granada is pictured 
in the photograph, being used in conjunction with the '2005' camera on 
test. Renowned for its simple, stable and reliable performance, the EMI 
'2005' camera channel is equipped as standard with a self-contained auto - 
centering unit. Apart from automatically and continuously maintaining 
centering to a very high degree of accuracy, this unit significantly reduces 
channel set-up time. 

IN BRIEF 
After 49 years production of high quality medium 

priced valve receivers, Eddystone Radio has announced 
that the world-famous 830 general purpose receiver is 
to be phased out of production. 

The United Kingdom Association of Professional 
Engineers (UKAPE) and the Association of Supervisory 
and Executive Engineers (ASEE) are holding talks to 
explore the possibility of a closer alliance. 

Although the BBC has no plans for regular quadra- 
phonic broadcasting there will, within the next few 
months, be one experimental programme which will use. 
Radio 2 and Radio 3 transmitters simultaneously. 

Vero Electronics announce their appointment as the 
exclusive UK agent and distributors for the American 
E. F. Johnson Company range of components. 

A further substantial reduction in the number of TV 
licence evaders is forecast by the Ministry of Posts and 
Telecommunications in a statement on the computeri- 
sation of TV licence records. 

BROADCASTING FORECASTS 
Britain's entry into the Common Market does not mean 
that the BBC is going to shift its emphasis to the Euro- 
pean audiences at the expense of audiences in other parts 
of the world. 

Mr. Gerard Mansell, managing director, BBC 
External Broadcasting, made this clear in a broadcast in 
the BBC World Service programme Outlook to mark the 
40th anniversary of overseas broadcasting by the BBC. 
He predicted that ground -based short wave and medium 
wave transmitters would remain a means of transmission 
for the next 10 to 15 years. 

There was the eventual prospect of international 
television - a form of transmitting television similar to 
short wave radio. A signal starting from the United 
Kingdom would be directly received on television sets in 
India, in the Soviet Union, even possibly in China - and 
certainly in the United States. But there were many 
difficulties to overcome before that point was reached. 

"Good morning, this is a recorded 
message." 

"Good morning, your message is being 
recorded." 

"Good morning, this is a recorded 
message." 

"Good morning, your message is being 
recorded." 

"Good morning, this is a recorded 
message." 

"Good morning, your message is 
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ASEMICONDUCTOR DEVICE WHICH 
offers a number of interesting 

applications to both the home -con- 
structor and the experimenter is the 
light -emitting diode. Current versions 
of the light -emitting diode have the 
basic appearance shown in Fig. 1(a). 
A circular base incorporates a flat p.n. 
junction which constitutes the diode. 
Above this is a roughly hemispherical 
dome made of clear or red tinted epoxy 
resin. This dome functions partly as a 
lens and partly to provide a non - 
reflective outer surface which allows 
the maximum amount of light genera- 
ted in the junction to be passed through 
to the outside air. The diameter of the 
base is less than quarter of an inch, the 
actual dimensions varying according 
to type number. 

The most common junction material 
is gallium arsenide phosphide and this 
produces a red light near the low wave- 
length end of the visible spectrum. The 
diode is provided with two or three 
lead -outs. In the latter case, connection 
is made to two of the lead -outs only. 
The light -emitting diode is referred 
to, in abbreviated form, as an 1.e.d. or 
LED. Since some versions of the diode 
emit infra -red waves, the term `visible 
light -emitting diode' may also be 
encountered, this being abbreviated to 
v.l.e.d. or VLED. A common circuit 
symbol for the light -emitting diode 
(which in this article is the term we 
shall use for the type which emits 
visible red light) is given in Fig. 1(b). 
Note that, in common with normal 
diode practice, the end at which the 
plus sign appears is referred to as the 
cathode (C or K) of the device. The 
other terminal is the anode (A). 

490 

Epoxy dome Circular base 

(a) 

(b) 

Fig. 1. (a) Typical light -emit- 
ting diode con- 
struction 

(b) Circuit symbol for 
the light -emitting 
diode 

ELECTRICAL PERFORMANCE 

The light -emitting diode produces 
light when a current is passed through 
it in the forward direction. The for- 
ward voltage dropped across the diode 
is nominally around 1.5 volt, but the 
spread with practical diodes and the 
variance between diodes of different 
type numbers áppears to be such that 
forward voltages up to 2 volts or so 

can be obtained. Maximum reverse 
voltage ratings for typical devices are 
low, being of the order of 3 volts. 

The light is generated in the diode 
by electroluminescence, this being a 
phenomenon which appears also in 
laser diodes. Electrons at the junction 
are raised in energy level to the con- 
duction band by the forward current, 
after which they fall to the valence 
band, producing photons of light in the 
process. Light intensity increases in an 
approximately linear manner with 
increasing forward current. However, 
the subjective impression of increase 
at higher levels may be less than that 
at low levels since the eye has a 
logarithmic response. 

Light -emitting diodes do not pro- 
vide sufficient light for illumination of 
other objects, and they are intended 
to function as indicator lights, for 
which purpose their light output is 
more than adequate. They have a 
number of advantages over filament 
lamps in this application, these being 
that they function at low voltages and 
currents, have long life, do not have a 
low cold resistance, do not have fragile 
filaments, and do not generate heat. 
At the time of writing, the 1.e.d.'s 
available on the home -constructor 
components market are, unfortunately, 
somewhat more expensive than fila- 
ment lamps, but there is little doubt 
that their price will drop as more 
devices become available. 

This article describes several simple 
applications for l.e.d.'s, these having 
been checked out in practice by the 
author with the aid of the l.e.d. type 
NKT7011. This 1.e.d. is available from 
Electrovalue Limited, 28 St. Judes 
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Road, Englefield Green, Egham, 
Surrey. The I.e.d. type NKT7011 is 
rated at a maximum forward current 
of 50mA and a maximum power 
dissipation of 100mW. It 'is very 
probable that other l.e.d.'s having the 
basic construction shown in Fig. 1(a) 
and having approximately the same 
maximum forward current rating will 
give a similar performance, but the 
author cannot vouch for this as he has 
checked the circuits with the NKT701 I 

only. It should be added that some 
earlier l.e.d.'s had maximum forward 
current rating figures which were 
considerably in excess of 50mA and 
these would not be suitable for thè 
purposes to be described. 

CIRCUIT APPLICATIONS 

An I.e.d. should not be connected 
directly to a source of voltage without 
a resistor in series. This is because the 
I.e.d. forward slope resistance when 
the diode conducts is low and without 
a series resistor heavy currents could 
flow, causing damage to the diode. 
The diode should be connected to a 
voltage which is in excess of the 
forward voltage, a series resistor being 
inserted to limit forward current to a 
desirable level. The diode must be 
connected into circuit correct way 
round as it otherwise will not function 
and, because of its low maximum 
reverse voltage rating, might suffer 
damage. The supply voltage must be 
direct, of course, and not alternating. 

The NKT7011's checked by the 
writer exhibited illumination at very 
low forward current, this increasing 
to an intense glow at around 30mA. 
There is, in the writer's view, little 
point in taking the NKT7011 to 
currents higher than around 30mA 
as the light intensity at this level is 
more than adequately high. At 3mA 
the glow given by the NKT7011 is 
noticeable, although not sufficiently 
high to be attention -catching in a 
brightly lit room. Nevertheless, the 
visible indication at this current is 
enough to make the idea of adding an 
l.e.d. to a transistor radio to indicate 
that the latter is switched on worth 
entertaining, since the low current 
drawn by the device from the radio 
battery is not excessively high. The 
circuit required is shown in Fig. 2. If it 
did nothing else, the l.e.d. would at 
least help to ensure that a bedside 
radio was switched off after turning off 
the bedroom light, since the I.e.d. glow 
given with the set switched on would 
be quite marked in the ensuing dark- 
ness. The value of the series resistor 
may be calculated on the assumption 
that approximately 1.7 volt is dropped 
across the light -emitting diode. If the 
receiver has a 9 volt battery, the series 
resister has to drop 9 minus 1.7, or 
7.3 volts, at 3mA, which works out 
at 2.43kû. A 2.4kû or 2.2kû 10%, 
resistor would be staisfactory in 
practice. For a 6 volt supply the 
series resistor can be 10% 1.5kû. 
MARCH 1973 
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To receiver 

circuits 

Series limiting 
resistor 

N KT 7011 

+1\ 

T Receiver 
battery 

Receiver 
on -oft 
switch 

Not used 

NKT 7011 

Lead -outs 

Fig. 2. Adding an l.e.d. and series current limiting resistor to a 
transistor radio to indicate when the latter is switched on. The l.e.d. 
and resistor are connected across the supply rails after the on -off 

switch 

In both cases the resistor rating may 
be I watt, - watt or 1/10 watt, as the 
wattage dissipation is very low. Since 
some constructors may feel that the 
light output given by the l.e.d. at 
3mA is insufficient for this particular 
application, it is suggested that the 
circuit be checked out experimentally 
first before permanently installing the 
I.e.d. in the case of the radio. The 
constructor may decide for himself 
from the experimental circuit whether 
or not the l.e.d. light output is adequate 
for the proposed purpose. 

The question of the adequacy of the 
light output does not arise at l.e.d. 
current of 15mA or more, where the 
l.e.d. brightness is quite sufficient for 
normal purposes. The l.e.d. can be 
used at such currents to indicate 
whether any item of equipment is 
switched on, the only proviso being 
the ability of the equipment to furnish 
the necessary direct current. Several 
l.e.d.'s can also, provided the requisite 
current is available, be used to indicate 
which of a number of facilities has 
been selected. Thus, in a sine wave - 
square wave signal generator, addi- 
tional contacts on the function switch 
can allow one l.e.d. to be illuminated 
for sine wave output and another for 

square wave output. 
An interesting optical illusion is 

given when I.e.d. current is of the 
order of 25mA or more. At these 
brightness levels the area of the light 
producing surface appears to be greatf.r 
than the area of the base of the dome 
at the top of the device. This is due to 
the brightness of the small spot of 
light which is actually given at the 
diode junction. 

USE WITH T.T.L. 

A particularly intriguing feature of 
I.e.d. devices of the type being dis- 
cussed here is that, to use the current 
jargon, they can 'interface' readily 
with t.t.l. circuitry. This means that 
an I.e.d. can be coupled directly to the 
output of many types of t.t.l. gate, 
whereupon it can indicate whether the 
gate output is at l or at O. 

To understand what is involved here 
it is first of all necessary to quickly 
examine a typical t.t.l. gate, and 
Fig. 3 shows the internal circuitry of 
one of the four NAND gates which 
comprise the t.t.l. integrated circuit 
type 7400. This gate circuit has ap- 
peared several times in recent issues 

V= AB 

Fig. 3. The internal circuitry of a 7400 NAND gate 
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01 Radio & Electronics Constructor 
including, in particular, the last 
December issue, in which the 7400 
was dealt with in detail by Dick and 
Smithy of 'In Your Workshop' fame. 
We shall, here, deal very briefly with 
the circuit, and only to the extent in 
which its method of operation is 
involved in the present discussion. 

The NAND gate of Fig. 3 gives the 
same performance as an AND gate 
followed by an inverter. In an AND 
gate the output is 1 only when all 
inputs are 1. The addition of an 
inverter gives the result that the output 
of the NAND gate is 0 only when all 
inputs are 1. if one(or more inputs is 
taken to 0 the output changes to 1. 
The 7400 NAND gate uses positive 
logic, in which 1 is represented by a 
high positive voltage and 0 by a low 
positive voltage. Holding down either 
of the two emitters of TRI at a low 
potential, as is given by an input of 0, 
similarly holds down the base e TRI. 
Both emitters have to be taken to the 
high positive potential which cor- 
responds to 1 before the base of TRI 
can similarly rise and change over the 
gate output to 0.A relatively high current 
(up to l.6mA) has to flow in each 
input emitter to keep its potential low. 
If an input emitter is left open -circuit 
no emitter current can flow in it and 
the emitter will have the same effect 
on gate operation as if it were con- 
nected to the high positive level. Thus, 
the gate will also give an output 0 if 
both input emitters are open -circuit. 
(It is recommended that, for optimum 
results, unused inputs in a NAND 
gate should be held at a positive volt- 
age of 2.4 to 3.5 volts, be paralleled 
with used inputs, or be returned to the 
positive supply rail via a 1kt2 resistor. 
However, for simple applications in 
low noise circuits no difficulties are 
caused by open -circuit input emitters.) 

'We turn next to the output of the 
7400 gate. When this is at 0 transistor 
TR4 is hard on, and the output is 
lower than 0.4 volt above ground. 
When the gate output is at 1, transistor 
TR4 is cut off and TR3 is on. This time 

the positive rail voltage is applied to 
the output via the 13052 resistor, TR3 
and the diode below TR3. 

Light -emitting diodes of the type 
being dealt with here may be con- 
nected directly to the output of a 
7400 NAND gate as shown in Fig. 
4(a). When the output in this diagram 
is at 0 the I.e.d. is extinguished because 
negligible voltage is applied to it. 
Conversely, the l.e.d. becomes brightly 
illuminated when the output changes 
to 1. This is because the positive supply 
rail voltage is now applied to it via 
TR3 of Fig. 3 and the diode below 
TR3, the necessary series resistance 
being the 13052 resistor in the inte- 
grated circuit itself. It is an easy matter 
to calculate the current which then 
flows in the light -emitting diode. There 
will be some 1.7 volt drop in the I.e.d. 
and about 0.8 volt drop in TR3 and 
the diode below it in the i.c., leaving 
approximately 2.5 volts across the 
13052 resistor. This corresponds to a 
current flow in the 13052 resistor (and, 
in consequence, in TR3, the i.c. diode 
and the l.e.d.) of some 19mA. Such a 
current is more than sufficient to 
energise the l.e.d. 

In Fig. 4(a) the l.e.d. lights up when 
the gate output is at 1. The circuit of 
Fig. 4(b) is used when it is desired to 
have the l.e.d. illuminated when the 
gate output is 0. Since, in this instance, 
TR4 of Fig. 3 is now hard on, it is 
necessary to insert a physical external 
resistor in series with the l.e.d. to limit 
its current. Its value can be 5 22052 
with a rating of i or é watt. This 
resistor allows slightly less than 16mA 
(the maximum output current for a 
7400 NAND gate at 0 output) to 
flow in the 1.e.d. 

The circuits of Figs. 4(a) and (b) 
are very useful since they enable light 
producing devices to be directly 
operated by any t.t.l. gates which, 
like the 7400 NAND gates, have 
`totem -pole' output circuits. No inter- 
mediary driver transistors are required, 
as normally occurs when filament 
lamp output state indicators are 
employed. 

Inputs 

NAND 
GATE 

Output 

\\A 

t5V 

o 

(o) (b) 
Fig. 4. (a) An l e.d. may be connected directly between the output 

of a t.t.l. NAND gate and the ground line. It becomes 
illuminated when the output is 1 

(b) With this circuit the f.e.d, becomes illuminated when the 
gate output is 0 
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Fig. 5. A circuit which demonstrates the use of light -emitting diodes in conjunction with t.t.l. elements. The four light -emitting diodes indicate the binary equivalents of the decimal numbers selected by S1 

DEMONSTRATION CIRCUIT 

Finally, a demonstration circuit 
which illustrates the capabilities of 
t.t.l. and l.e.d. combinations is given 
in Fig. 5. This circuit allows four 
1.e.d.'s to represent the binary equiva- 
lents of the decimal numbers 1 to 9 
each l.e.d. standing for a binary 1, 
when illuminated, and a binary 0 
when extinguished. It is appreciated 
that there are easier methods of 
switching light indicating devices to 
represent binary equivalents of decimal 
numbers, but the circuit of Fig. 5 does 
demonstrate very clearly how light - 
emitting diodes can be incorporated in 
simple logic circuits. For reference, a 
table showing the decimal and binary 
equivalents is given in Fig. 6. 

The circuit of Fig. 5 employs two 
7400 i.c.'s, thereby providing eight 
2 -input NAND gates. As we have 
already seen, the output of a NAND 
gate is at 0 when all inputs are open - 
circuit. If either one input or more is 
taken to a low voltage corresponding 
to 0 the gate output rises to 1. When 
S1 is at position 0, all gate inputs are 
open -circuit and all gate outputs are 
at 0. Moving Si to position 1 couples 
one input of the top gate to a low 
voltage (actually zero volts). Its output 
rises to 1, whereupon LEDI becomes 
illuminated. This l.e.d. is coupled to 
the gate output in the same manner as 
was the 1.e.d. in Fig. 4 (a), with the 
exception that the silicon diode D1 is 
now in series. Diodes D1 to D7 are 
included in circuit to isolate gate out- 
puts which couple to the same l.e.d. 
The diodes prevent current flow 
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between two outputs if one is at 1 

and the other at 0. 
Setting SI to position 2 causes the 

output of the first gate to drop to 0 
and that of the, second to rise to 1. 
LEDI extinguishes and. LED2 lights 
up, to indicate binary 10. On position 
3 of SI both the top two gates have 
outputs of 1, causing LED2 and LEDI 
to light up, giving binary 11. On 
position 4, LED3 lights up on its own, 
to indicate binary 100. Position 5 
causes the outputs of the third and 
fourth gates to rise to 1, energising 
LED3 and LED1. On position 6, the 
outputs of the fifth and sixth gates 
rise to 1 (LED3 and LED2 illuminated) 

DECIMAL BINARY 

1 1 

2 10 

3 II 
4 IOO 

5 101 

6 110 
7 III 
8 1000 
9 1001 

Fig. 6. Table showing the 
binary equivalents of decimal 

numbers from 1 to 9 

and position 7 results in the outputs 
of the fourth, fifth and sixth gates 
becoming 1 (energising LED3, LED2 
and LED1). 

At position 8 the seventh gate is 
operated, causing LED4 to light up 
on its own and indicate binary 1000. 
There is no need to insert a diode in 
the output circuit of this particular 
gate as it does not couple to the same 
l.e.d. as any other gate output. On 
position 9 the remaining input of the 
seventh gate is taken to the low volt- 
age, as also is one input of the eighth 
gate, whereupon LED4 and LEDI 
are illuminated, giving binary 1001. 
No connection is made to the unused 
input of the eighth gate. 

In the prototype circuit all the 1.e.d.'s 
except LED4 passed about 13mA 
when illuminated. LED4 passed ap- 
proximately 18mA. The higher current 
is due to the fact that there is no series 
diode (across which a forward voltage 
is dropped) in the supply circuit to 
LED4. 

The circuit of Fig. 5 can be wired 
up quite quickly. Care must be taken 
to see that LED! to LED4 are wired 
in with correct polarity. (The l.e.d. 
lead -out layout is given in Fig. 2.) 
Diodes D1 to D7 must also be wired 
into circuit with correct polarity to 
ensure isolation between gate outputs. 

Any simple regulated 5 volt supply 
whose output does not fall below 
4.75 volts or rise above 5.25 volts may 
be used to power the circuit of Fig. 5. 
A suitable power supply was described 
in the 'In Your Workshop' episode 
which appeared in the last December 
issue. 
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New Products 
for the Workshop 
MULTI -PURPOSE CUTTER NEVER BLUNTS 
Blunt knife problems are eliminated with the ingenious 
new Rexel Cutter, a multi -purpose cutting tool with a 
continuous always sharp steel blade. When it blunts, the 
used edge simply snaps off to present a new clean razor- 
sharp edge. 

Available in three sizes, for light, medium and heavy 
jobs, all suitable for pocket carrying, the Rexel Cutter 
is a valuable tool for anyone doing almost any cutting 
job in home, office, factory, school, laboratory or 
studio. Also suitable for scoring and scraping, it 
combines strength and leverage with precision and the 
heavy duty version will even cope with hardboard and 
laminates. The working blade edge stays safely con- 
cealed in the body of the tool when not in use, but 
slides out to a fixed position in a second, ready to tackle 
tough cutting tasks. 

Other items in the range are a ten -blade plastic 
dispenser/blade snapper, plus two sizes of carded spare 
blades. Rexel Cutters are available from hardware and 
DIY shops, ironmongers, stationers and department 
stores. For further information contact Ofrex Group of 

Snapping off a blade edge on the new Rexel 
L.500 Cutter, using the edge snapper supplied. 
Designed for fight to medium duty cutting tasks, 
it has a multi -edge blade providing eight razor- 

sharp cutting edges. 

Companies, Ofrex House, Stephen Street, London 
W1A lEA. 

The New Bib Deluxe Model 9 Wire 
Stripper and Cutter. Fitted with 
automatic opening spring, handle 
locking catch and plastic covered 

handles. 

PRECISION MADE BIB WIRE STRIPPER Er CUTTER 

Bib Sales Division of Multicore Solders Limited announce the introduction 
of a new precision made Bib Wire Stripper & Cutter, which will be found 
ideal by handymen and electricians for quick and accurate cable stripping. 

Case hardened, with ground cutting surfaces, the Wire Stripper adjusts to 
most standard sizes of wire and is fitted with a handle opening spring to 
facilitate repetitive wire stripping. An ingenious handle locking catch is fitted 
at the top of the Wire Stripper to keep the jaws closed when not in use. This 
handy tool is finished to a high standard and is fitted with easy grip yellow 
plastic covered handles. 

The Wire Stripper is attractively bubble packed with full instructions and 
is available from electrical and hardware shops, with a recommended retail 
price of 75p. 

Hollands & Blair Ltd. are introducing a new, Swinghead 
Rivetter, Model 2710. 

The 2700 Snap Rivetter can be used to fasten together 
two sheets of material working from one side only. This 
useful facility makes it a handy all purpose tool in 
numerous craftsman/handyman applications. The 2710 
has all the advantages of the 2700 with an additional 
important plus - the ability to set a larger rivet for 
heavier applications. 

Changing from smaller to larger rivet is easily 
accomplished by swivelling the rivetter head. The 2710 
is carded with a supply of rivets and full instructions 
and carries a recommended retail price of £1.98p. 

For further information, please contact: Hollands & 

Blair Ltd., Bensham Grove, Thornton Heath, Surrey. 
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F94,4 eng a 

SQUARE WAVE 

AND 

PULSE CO\ -VERSION 

UNIT 
by 

P. Cairns, R.Tech.Eng., M.I.P.R.E., M.I.E. 

This unit offers square wave and pulse outputs from 30Hz to 
100kHz at amplitudes up to 10 volts peak. Pulse width is variable 

from 50mS to 1 uS. 

RILE THE MAJORITY OF AMATEUR CONSTRUCTORS 
and experimenters include an audio or f. sine 
wave generator amongst their test equipment, 

few have the additional facility of a square wave and 
pulse source. Where work of an experimental nature, 
particularly in the audio, digital, biological fields, etc., 
is being carried out, the benefits of a versatile square 
wave and pulse signal source can be readily appreciated. 
Ideally a pulse generator should have several independ- 
ent outputs, each providing a different basic waveform. 
These outputs are normally independently variable in 
amplitude and time with low source output impedance, 
high stability and wide frequency or repetition rate 
range. A glance at the specifications of some commercial 
pulse generators will indicate not only their wide range 
of performance but also their rather high price. In 
practice the writer has found that for a great deal of 
experimental work a simpler and more basic specifica- 
tion will generally meet most day-to-day requirements. 
The circuit to be described was designed with such 
requirements in mind and in practice the unit has 
proved extremely useful in many fields of electronic and 
audio work. 
MARCH 1973 

CIRCUIT SPECIFICATION 

The circuit has the advantage that any standard audio 
or f. signal generator can be used as the basic signal 
source, the input limitations as regard frequency and 
amplitude being extremely wide. This method dis- 
penses with the need for a separate generator source for 
pulse and square wave output. By utilising an existing 
generator and an additional unit for pulse and square 
wave conversion only, the overall circuit of the latter is 
greatly simplified and the cost considerably reduced. The 
unit described provides two basic independent outputs, 
these being a 1:1 square wave and a pulse output 
having a pulse width which is variable between very 
wide limits of time. Both signals are derived from the 
common sine wave source which can be varied over a 
very wide frequency range, thus providing an equally 
wide range of square wave frequencies and pulse 
repetition rates. Both output signals also have independ- 
ent amplitude controls, and all output signal parameters 
are independent of the input signal amplitude over a 
very wide range. Low output impedance and fast rise 
times with negligible overshoot are a marked character - 
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istic of both outputs. 
The unit is supplied from any conventional d.c. power 

unit of suitable voltage. The use of internal zener 
stabilization allows considerable tolerance on the nomi- 
nal d.c. supply voltage, while the overall current drain is 
quite small, being of the order of 46mA with a 24 volt 
supply. If necessary, the unit could be powered from 
internal or external batteries. A complete specification 
is given in the accompanying Table. 

TABLE 

Square Wave and Pulse Conversion Unit - 
Specification 

Input: Sine wave, 30Hz to 100kHz, 
1 to 10 volts r.m.s. 

Square wave Frequency as input sine wave. 
output : Amplitude variable from 0 to 10 

volts peak. Rise time less than 
250nS. 

Pulse output : Repetition rate as input frequency. 
Amplitude variable from 0 to 10 
volts peak. Pulse width variable 
from 50mS to 1µS in five 
switched ranges. Rise time less 
than 100nS. 

Supply: 24 volts nominal. 

The circuit of the unit is given in Fig. i. As can be 
seen, the circuit uses standard components and all 
transistors are of the same type. The functioning of the 
circuit is quite straightforward. The input sine wave is 
fed via blocking capacitor Cl, through limiting resistors 
Rl, R2 and clipping diodes Dl, D2, to the base of TRI. 
The design of the input is such as to allow the specified 
wide range of amplitude in the input signal to be ac- 
commodated. TR1 is the squaring amplifier, emitter 
feedback allowing for differences in gain tolerance and 
also helping maintain high frequency response. The 
output signal developed across load resistor R4 is a 
good square wave replica of the clipped input signal 
applied to the base. 

This output signal is applied via C2 to the driven 
bistable circuit TR2, TR3. Such a circuit has two stable 
conditions ; i.e. when TR2 is bottomed TR3 is biased off 
and vice versa. D.C. coupling between transistors is 
provided by R8 and R9, while a suitable choice of 
values in the resistor chains R7, R8, R10 and R11, R9, 
R6 between the supply lines allows for a rapid change of 
state between the two halves of the circuit with the 
application of the squared input drive signal. Speed-up 
capacitor C4, together with h.f. compensation by C3, 
helps maintain fast rise times. Such a circuit has a very 
rapid transition time between changes of state and 
provides an output square wave having very fast rise 
times with negligible overshoot or sag. 

Before proceeding further, brief mention should be 
made of C3 which, at first sight, might appear to cause 
possible slowing of the rise in TR2 collector potential 
when this transistor turns off. The function of C3 is to 
prevent h.f. ringing on changeover in TR2 which can 
cause a fractionable time jitter in the leading edge of the 
following monostable action. It was found that capaci- 
tors in the C3 position having values from 100 to 1,000 
pF satisfactorily prevented any tendency towards 

COMPONENTS 

Resistors 
(All fixed values watt 5% unless otherwise stated) 

Rl 1.5kû 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 
R10 
Rl1 
R12 
R13 
R14 
R15 
R16 
R17 
R18 
R19 
R20 
VR1 

VR2 

VR3 

Capacitors 
Cl 
C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 
C10 

7.5kû 
220kû 
4.7kû 
1200 
22kû 
4.7kû 
15kû 
15kû 
22kû 
4.7kû 
10kû 
10kû 
33kû 
2.7kû 
4.7kû 
2.2kû 
2.7kû 
10kû 
47û 2 watts 
2kû potentiometer, 
wound 
25kû potentiometer, 
wound 
2kû potentiometer, 
wound 

1µF plastic foil 
0.22µF plastic foil 
470pF silvered mica 
200pF silvered mica 
1,000pF silvered mica 
4.7µF plastic foil 
1µF plastic foil 
0.1µF plastic foil 
0.01µF plastic foil 
1,000pF silvered mica 

linear, 

linear, 

linear, 

Semiconductors 
TR1-TR7 BC182L 
Dl -D3 0A95 
D4, D5 9.1 volt, 1.5 watt, zener 

BZY96C9V1 
D6 4.7 volt, 1.5 watt, zener 

BZY96C4V7 

Switches 
S1 
S2 

1 -pole 5 -way rotary 
d.p.s.t. toggle 

wire- 

wire- 

wire - 

diode type 

diode type 

Miscellaneous 
Veroboard, 0.15in. matrix, 3 x 2 in., 15 strips by 

18 holes. 
3 coaxial sockets 
2 wander plug sockets 
4 pointer knobs 
2 tagstrips (see Fig. 3) 
Material for panel and Veroboard bracket. 
Cabinet type W, 8 x 6 x 6in. (H. L. Smith & Co. 
Ltd.) 
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A view of the front panel of the unit 

ringing and it was felt that a final value of 470pF would 
give a good margin towards taking up differences in 
overall component tolerance. C3 has, otherwise, no 
noticeable effect on performance over the frequency 
range quoted in the specification. 

The square wave output is taken from the collector of 
TR3 via limiting resistor R12 to the emitter follower 
TR4. The purpose of this stage is to provide a very low 
impedance variable output and also isolate the output 
from the switching and amplifier circuits. The final 
output developed across emitter load potentiometer 
VR1 is a d.c. coupled square wave which can be varied 
in amplitude between 0 and 10 volts peak. 

A second square wave output is taken from the 
collector of TR2 for use in the pulse circuit. C5 and R13 
differentiate this output square wave, the negative 
pulse of the differentiated signal being blocked by 
diode D3 while the positive pulse is applied to the base 
of TR5. 

Transistors TR5 and TR6 form the monostable 
circuit just referred to in connection with C3, and they 
provide a pulse width control function. TR5 is normally 
biased off, the base being clamped to the negative 
supply line via R14. The short duration positive trigger 
pulse derived from the differentiated square wave turns 
this stage on and TR6 off. A.C. coupling is applied 
between TR5 and TR6 capacitors C6 to C10 and d.c. 
coupling between TR6 and TR5 via R16. Thus, the 
drive pulse switches the circuit into its unstable condi- 
tion, given by TR6 off and TR5 on. The circuit will 
return to its original stable condition over a period 
determined principally by the time constant of C6 to 
C10 and R17 plus VR2. By making two of these para- 
meters variable a very wide range of timed on/off 
conditions can be achieved. The resultant output 
developed across load resistor R18 is a pulse whose 
repetition rate is determined by the frequency of the 
initial square wave and which has a width whose time 
duration is determined by the time constant of the mono - 
stable circuit. 

This variable output pulse is coupled via limiting 
resistor R19 to the pulse emitter follower output 
498 

transistor TR7. The function of this transistor is similar 
to that already described for the square wave output 
transistor, TR4, and the output pulse amplitude can be 
varied between the same wide limits. 

The d.c. power supply is obtained from an external 
non -critical source, internal stabilizing being achieved 
by means of zener diodes. These are fed via dropper 
resistor R20, and D4 and D5 in series provide the 
positive 18 volt line whilst D6 provides the negative 
4.7 volt line. Mullard zener diodes in the BZY96 series 
are specified in the Components List, but alternative 
1.5 watt 5% diodes, 9.1 volts for D4 and D5 and 4.7 
volts for D6, may be employed, instead. R20 has a 
wattage rating which enables it to cope with a wide 
range of supply voltage. The latter should, of course, be 
sufficiently high to bring the diodes into zener conduc- 
tion. The use of internal stabilization not only allows a 
wide range of supply voltage to be accomodated but 
also protects against amplitudes and pulse time width 
changes due to variations in source supply voltage. As 
all transistors are of the same miniature moulded 
plastic case type and are of silicon planar epitaxial 
construction, the circuit will be unaffected by any nor- 
mal temperature changes met with in practice. 

It will be noticed that both outputs are d.c. coupled to 
maintain symmetry of waveshape and sharp rise times. 
Care must be taken not to short-circuit the output 
sockets or leads when the slider of VR1 or VR3 is at 
the emitter end of the track. Such short-circuits would 
effectively apply short-circuit current through the 
transistor concerned (TR4 or TR7) and destroy it. If 
this should prove a problem or if it is required to block 
off the d.c. content of the output signals, a capacitor can 
be connected in series with the output, either internally 
or externally. The value of capacitor will depend upon 
the frequencies in use, the amount of droop (due to 
reduced 1.f. performance) which can be tolerated, and 
the input impedance of the device or circuit to which 
the signals are to be applied. Generally speaking the 
larger the value of capacitance the better. 

An alternative method of protecting TR4 and TR7 in 
instances where there is a risk of the, outputs being 
accidentally short-circuited consists of inserting a 100f2 
resistor between each emitter and the upper end of the 
corresponding 2k12 output potentiometer. These 
resistors would limit short-circuit current in the 
transistors to a little less than their maximum rated 
current of 200mA, this being achieved at the cost of a 
5% reduction in maximum output voltage under 
normal running conditions. 

The components employed are generally available 
with the exception of the 11.1F and 4.7µF capacitors. 
These may be obtained from V. Attwood, P.O. Box 8, 
Alresford, Hants, or from retailers of R.S. Components 
parts such as Clectron-E, P.O. Box 1, Llantwit Major, 
Glamorgan, CF6 9YN or Chromasonic Electronics, 56 
Fortis Green Road, London, N10 3HN. The 1µF value 
is also available from Home Radio under Cat. No.- 
2EH 19. 

CONSTRUCTION 

The construction of the unit should offer no problems, 
there being nothing particularly critical about the 
circuit. The electronic circuit, excluding potentiometers, 
switches, power supply components and timing capaci- 
tors, is mounted on a piece of 0.15in. matrix Veroboard 
measuring approximately 3in. by 21in. and having 15 
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Fig. 2. The copper side of the 
Veroboard after completion 
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strips by 18 holes. The complete Veroboard layout, seen 
from the copper side, is shown in Fig. 2 .This board is 
mounted on the rear of the front panel by means of a 
small right angle bracket. The mounting screws are 
passed through 6BA clear holes drilled at convenient 
points in the area bounded by strips 13 and 15. No 
electrical connections are made to strips 13, 14 and 15. 

It should be noted that diodes Dl and D2 are both 
terminated at holes H12 and H5. Both diode lead -outs 
pass through the single holes at these positions before 
soldering. The cathode (+) and anode ends of Dl, D2 
and D3 are indicated by the letters 'K' and 'A' respec- 

13/4' 

K LMNOPQ R 

L= link 

VRI 

-4.7V 

Common Common 

+16V 

Sine in 

tively. Also sharing a common hole, at J3, are R16 and 
R19; and, at J2, R17 and the lead to Si. 

External leads from the board appear on the com- 
ponent side except for the lead from hole R12 to the sine 
input socket, which leaves the board from the copper 
side. A further lead on the copper side connects strip 5 
to the earth tag at the sine input socket. This lead is 
soldered to the strip at around E5 and is not shown in 
Fig. 2. 

The front panel layout together with relevant dimen- 
sions is illustrated in Fig. 3. When complete, the Vero - 
board is, as already mentioned, mounted on the rear of 

- 8' 

21/2` 

3/8' 
S -way 
tag strip 

21/4'-.. 3/9* 
23/4'--w+- 2* 

Fig. 3. The front panel. 
Components and parts shown 
in dotted line are mounted 

behind the panel 

C.T. - chassis tag 
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the panel, countersunk 6BA screws being used. All the 
other components are similarly mounted on the rear of 
the panel, as shown in Fig. 3. Interconnections between 
the Veroboard and other components are kept as short 
and direct as possible. Capacitors C6 to CIO are mount- 
ed between SI and a small I -way or 2 -way tagstrip fixed 
to the rear of the front panel: Power supply components 
R20 and D4 to D6 are mounted on a 5 -way tagstrip 
which is again mounted on the rear of the front panel, 
close to the supply switch S2 and the supply input 
sockets. The form of construction described is illus- 
trated in the photographs. While the type of cabinet 
used by the writer is specified, the unit could be ac- 
commodated in a much smaller space and any suitable 
cabinet or case which is to hand may be utilised. 

TESTING 

After completion the unit can be quickly checked by 
connecting an oscilloscope to each of the outputs in 
turn. Alternatively, both outputs can be examined 

The components which are mounted on the rear 
of the front panel 

simultaneously if a double beam instrument is available. 
With a suitable signal applied to the input, ensure that 
the output square wave has a 1:1 mark -space ratio and 
negligible overshoot. Ensure also that the amplitude 
can be varied from zero to 10 volts peak by means of 
VR1. The pulse output should be checked in a similar 
manner, while the pulse width should be variable from 
a maximum 1:1 mark -space ratio to a minimum 1µS 
by means of S1 and VR2. 

With the outputs checked satisfactorily ensure that 
varying the input signal amplitude between the limits 
specified does not affect the time duration or amplitude 
of the output signals. Similarly check that the unit 
functions satisfactorily for variations in the input 
signal frequency between the limits quoted. Failure to 
function within the frequency limits can be resolved by a 
small alteration to the value of R5, though this should 
not be necessary. 

If the oscilloscope used has a sufficiently good 
response characteristic the rise times of the output 
signals can be checked. It must be remembered, 
however, that as the rise times are likely to be less than 
100nS (1.0µS) the oscilloscope should have a Y ampli - 
firer response time which is better than this figure. Also 
ensure that the correct compensated probe is used since 
even a short length of twisted pair or a coaxial test lead 
can provide misleading results due to self -capacitance 
in the test leads themselves. Such capacitance, unless 
compensated for, can indicate a much slower rise time 
than is actually the case, the leading edge of the signal 
being slowed up. Typical square wave and pulse output 
waveforms are shown in the oscillograms in Figs. 6 to 
10. These records were taken on a double beam oscillo - 

Another view of the front panel rear 
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Fig. 6. Square wave output (above) with 500µS 
pulse output (below) at a repetition rate of 

30Hz. The pulse is just discernable 

Fig. 7. Square wave output (above) with 2.5mS 
pulse output (below) at a repetition rate of 100Hz 

Fig. 8. Square wave output (above) with 150µS 
pulse output (below) at a repetition rate of 1kHz 

Fig. 9. Square wave output (above) with 75µS 
pulse output (below) at a repetition rate of 5kHz 

Fig. 10. Square wave output (above) with 10µS 
pulse output (below) at a repetition rate of 10kHz 

Fig. 11. Square wave output (above) and sine 
wave input drive (be/ow) at 1kHz. Sine wave Y 

sensitivity is 1 volt/cm 
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Fig. 12. 70µS pulse output (above) and sine 
wave input drive (below) at 1kHz. Sine wave Y 

sensitivity is 1 volt/cm 

Fig. 13. Differentiated output (above) and 100µS 
pu/se output (below) at 1kHz 

Fig. 14. Integrated output (above) and 100µS 
pulse output (below) at 1kHz 
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Square wave 

output 
IkHz 

C 
O.OIpF 

R Differentiated 
3 3kn output 

o 

Fig. 4. An R-C circuit which enables a differenti- 
ated output to be obtained 

scope so as to allow the separate output waveforms to 
be shown simultaneously for comparison. Figs. 11 and 
12 also show the output waveforms in relation to the 
input sine wave. 

In some applications, waveforms other than square 
and pulse are required and many commercial units also 
provide differentiated and integrated outputs. Simple 
forms of such waveforms can be easily obtained by the 
addition of a C -R static network of appropriate time 
constant across the output sockets. 

The oscillogram in Fig. 13 shows a typical differen- 
tiated waveform together with simultaneous pulse 
output. Here a C -R network was connected across the 
square wave output as shown in Fig. 4. The time con- 
stant was kept small in relation to the frequency of the 
fundamental waveform, in this case 1kHz. 

Alternatively, the oscillogram in Fig. 14 shows a 
typical integrated waveform together with the output 
pulse. In this case the C -R network across the output 
had a long time constant in relation to the fundamental 
frequency. This circuit is shown in Fig. 5. While the 

Square wave 
output R 

'kHz IOkn 

Integrated 
output 

Fig. 5. Producing an integrated output 

linearity of the integrated slope is adequate for most 
normal purposes, it could be improved by increasing the 
time constant, though this would of course further reduce 
the peak amplitude. More complex waveforms can be 
obtained by further additional circuitry, although those 
shown should cover the requirements of most everyday 
experimental and workshop purposes. 
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; 
pt... 4 
e,]%1' QSX .»19), 

(All Times GMT) 

The season for reception of Latin 
American transmissions here in the 
U.K. will soon be upon us and we 
therefore go straight into a report of 
some of the stations that have been 
logged of late. 

LATIN AMERICA 
4755 0202 HJKC Emisora Nuevo 

Mundo, Bogota, Col- 
ombia, with LA music, 
series of adverts, jingles 
and station identifica- 
tion. 1 kW (63.09m). 

4761 2315 YVPP Radio Frontera, 
San Antonio, Vene- 
zuela, talk in Spanish 
followed by identifica- 
tion, heard through fac- 
simile interference. 
2kW (63.03m) listed 
4760. 

4775 0230 HJKW LaVozde Maria, 
Bogota, Colombia, LA 
songs and with clear 
identification. 1kW 
(72.83m). 

4810 2350 HCRF4 Radio Canal 
Manabita, Portoviejo, 
Ecuador, with LA songs 
music and with clear 
full identification at 
midnight. 1kW. 
(62.31 m). 

4840 0410 OAX8F Radio Atlan- 
tida, Iquitos, Peru, long 
period of announce- 
ments in Spanish (noti- 
carios) till 0426 when 
Andean music featured. 
1kW (61.98m). 

4845 2233 HJGF Radio Bucara- 
manga, Bucaramanga, 
Colombia, LA songs 
ending in Coca-Cola 
advert and station 
identification. 1 kW 
(61.92m). 

4860 2330 YVQE Radio Mara- 
caibo, Venezuela, 
drama in Portuguese 
followed by identifica- 
tion. 10kW (61.73m). 

4885 2027 ZYG26 Radio Pioneira 
de Teresina, Cartagena, 
Brazil, with 'futebol' 
commentary and iden- 
tification. 1 kW 
(61.45m). 

6175 2350 ZYV74 Radio Guarani, 
Belo Horizonte, Brazil, 
sports commentary in 
Portuguese with iden- 
tification at midnight.. 
10kW (48.58m). 

None of the above mentioned LA 
stations were featured !n the last QSX 
(January issue) and by adding the 
two lists, a fair selection of LA 
stations to listen out for will be 
presented. 

CHINA 
Much confusion reigns among 

many SWL's with respect to trans- 
missions from this country and, when 
heard, are usually listed as R. Peking. 

Radio Peking broadcasts on a 

multiplicity of channels, we cannot 
list them here by reason of the space 
allocation, but there is a R. Peking 
External Service, a Home Service 1 

and a Home Service 2. Additionally, 
apart from the Chinese regional trans- 
mitters, there is an External Service 
radiated from the Fukien Front 
station intended for Taiwan and other 
offshore islands. 

The External Service is also 
relayed by Radio Tirana, Hailar, 
Huhehot, and Lhasa. Dx'ers will be 
more interested in the last three 
transmitters mentioned and here we 
present some information to aid in the 
logging of these. 
Hailar 3900 From 1400 to 1500 in 

Mongolian. Channel 
then used by Fukien 
Front from 1215 to 
2000 and from 2100 to 
2330 in Standard and 
other Chinese dialects. 
Hailar is in Inner Mon- 
golia. 

Huhehot 4068, 6974 From 1400 to 
1500 in Mongolian. 
Huhehot-Inner Mon- 
golia. 

Lhasa 4035, 5935, 9490 From 
1600 to 1700 in Hindi 
to South East Asia and 
from 1700 to 1800 
with repeat of pro- 
gramme in Hindi to 
South Asia. 

Fukien Front The People's Libera- 
tion Army transmitter 

By 
FRANK A. BALDWIN 

has a schedule from 
1000 to 2000 and from 
2010 to 0425 on a 

number of channels. 
For U.K. listeners, try at 
2300 on 2600, 3200, 
3400, 4380, 4840, 
5170, 5240, 5900, 
6400 and on 7025. 
The station relays the 
Peking Taiwan Service 
in Standard Chinese. 

CHINESE REGIONALS 
The Chinese regional stations can 

often be logged here in the U.K. A 
channel which can often provide 
useful results is that of 4500, where 
we logged Urumchi, Sinkiang Uigher 
region at 1536. The schedule of this 
one is from 2200 through to 1635 but 
it has also been heard on other 
channels at times differing from that 
quoted. Try 4110, 5057, 5440, 5800 
and 6280 where it has been reported 
from time to time. 

Wuhan, Hupeh, has often been 
logged here on 3940 with a pro- 
gramme of Chinese music around 
2150. 

Shenyang, Liaoning, Provincial 
Service can be heard on 4832 where 
it is from 2100 to 2400 among other 
time periods. Try around 2230, 
although it was slightly off -channel 
when'we heard it - on 4832.5 in fact. 

CAPE VERDE ISLANDS 
Radio Barlavento is listed on 3930 

but recently logged here on a 
measured 3931 at 2349 with an- 
nouncements in Portuguese followed 
by a programme of light music. 
CR4AC has a power of 1 kW and the 
late -night schedule is from 2200 to 
0100. 

GAMBIA 
Radio Gambia, Bathurst, can some- 

times be heard, free of interference, on 
4820. We recently logged them at 
2240, announcements in English and 
a rendering of "Two Lovely Black 
Eyes", what a surprise! 

LIBERIA 
Monrovia (ELWA) on 4770 can 

often be heard around 2200 or so. 
Logged here at 2220 with a song 
programme and announcements in 
English. 
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LOGI4 

A supply unit for digital integrated circuits which offers two 
separate '5 volt outputs at currents up to 600mA each. 

THE MOST COMMONLY USED LOGIC ELEMENTS (THE 
SN7400 series) run from a 5V supply rail. Since 

the standard series is designed to switch at speeds up 
to several megahertz, current consumption tends to be 
high if a number of integrated circuits are used in a 
system. The power supply described employs readily 
available componenets to produce a suitable rail 
voltage at currents up to 1.2 amps. 

CIRCUIT 

The circuit is shown in Fig. 1. In principle it consists 
of a transformer to provide a 9V r.m.s. output, a 
bridge rectifier, a reservoir capacitor and two MVR-5V 
regulators. The MVR-5V regulator is an integrated 
circuit regulator housed in a TO -3 case which is speci- 
fically intended to provide 5V output at currents up 
to 600mA for logic circuits. It has built-in current 
limiting and is short-circuit proof. Only three con- 
nections need to be made to it: the unregulated positive 
supply is applied to pin A, the 5V regulated supply 
appears at pin B and the case (terminal C) connects 
to the negative line. This last connection makes it 
possible to bolt the regulator direct to a heat sink 
which is at chassis potential. 

51 
F1 

IA 9V 

2A 

al 

Fig. 1. The circuit of the 5V logic supply unit. There ar 
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SUPPLY UNIT 
by A. Foord 

ICI 

MVR-5V 

A 
C B 

C I 

IC2 

MVR -5V 

A B 

C3 

C4i 

o+SV 0-600mA 

+ 10 to 13V 

unregulated 

o+SV 0-600mA 

C5 

oV 

MVR-5V 

two regulated 5V outputs and an unregulated output 
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COMPONENTS 
Capacitors 

C 1 I50,00µF, high -ripple electrolytic, 
16V Wkg. (R.S. Components) 

C2 0.1µF disc ceramic 
C3 0.1µF disc ceramic 
C4 10µF electrolytic, 16V.Wkg 
C5 10µF eleetrolytic, 16V.Wkg 

Transformer 
T1 Mains transformer, 9V 2A secondary, 

type 633 (R.S. Components) 

Integrated Circuits 
ICI, IC2 Regulator type MVR-5V (R.S. 

Components) 

Rectifier 
D1-D4 Bridge rectifier type REC43 (R.S. 

Components) 

Switch 
S1 D.P.S.T. toggle 

Fuse 
F1 - lA fuse and holder 

Miscellaneous 
3 Red terminals, insulated 
1 Black terminal, insulated 
2 Heat sinks, Redpoint type 2P 
Case (see text) 
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Fig. 2. The foldback overload characteristic 

The short-circuit protection is of the foldback type, 
where the short-circuit current is less than 200mA. 
This reduces the power dissipation under short-circuit 
conditions to a safe value. A typical overload 
characteristic is shown in Fig. 2. 

The MVR-5V is in the R.S. Components range, as 
also are the mains transformer TI, the bridge rectifier 
DI -D4, and the reservoir capacitor Cl. All these parts 
may be obtained from Chromasonic Electronics, 56 
Fortis Green Road, London, NiO 3HN. 

Mains lead 

Front panel - 

Case bottom 

(r 1 

SCN 

Earth tog 

OV 

5V 

SV 

10-13V 

Two regulators are used so that total currents of up 
to 1.2A can be supplied. This means that in practice 
a large system would have to be divided into sections, 
each consuming up to 600mA. This is not a disadvantage 
because it helps to reduce noise spikes on the supply 
lines. Such noise spikes can become a problem if 
several amps are supplied from a single 5V line. 

Capacitors C2 and C3 were found to be essential to 
prevent the regulators from oscillating at a high fre- 
quency under load conditions, and they should be 
placed as close as possible to the regulator terminals. 

The bridge rectifier is run within its rating in free air, 
and can be bolted to any convenient metalwork. 

PERFORMANCE 

With both 5V lines loaded to 600mA the output 
ripple on either line is 3mV peak -to -peak, the un- 
regulated output voltage is 10V and the unregulated 
output ripple is 0.5V peak -to -peak. 

The regulated output voltage is 5V plus or minus 
0.25V at 600mA maximum for each output. The total 
load on the unit must not exceed 1.2A. 

CONSTRUCTION 

Any reasonable layout may be employed and that 
used by the author can be seen in Figs. 3 and 4 and the 
photographs. The components were mounted in an 
Imhof case type 1480A, which has the outside dimen- 
sions shown in Fig. 4. This case is available by mail 

Earth tags Case side 

z 

Heat sink earthed to case, 

MVR-5V case connected 
to heat sink 

Fig. 3. How the components are wired up. The integrated circuit regulators are behind the heat sinks 
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The unit with its front panel open and its rear 
panel removed. The mains transformer, bridge 
rectifier and reservoir capacitor are mounted on 
the bottom of the case. On the right-hand side 
are mounted the two matt black heat sinks. Part 
of the lower 0.111E ceramic capacitor may also be 

seen 

Fig. 4. A suitable front panel layout. The dimen- 
sions apply to the case employed by the author 
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order from Imhof-Bedco Limited, Ashley Works, 
Cowley Mills Road, Uxbridge, Middlesex, but it is, 
unfortunately, uneconomic to purchase it in 1 -off 
quantities. At the time of writing the price of the case 
is £3.44 plus post and packing, but Imhof-Bedco 
Limited operate a Minimum Order Value of £7.50. 
Alternative cases of around the same size can, of 
course, be used, provided they can accept the heat sinks. 

The transformer, reservoir capacitor, and bridge 
rectifier were mounted on the floor of the case. The 
heat sinks were mounted on the inside at one side. 
C2 and C3 were mounted directly across the regulator 
terminals. C4 and C5 were also mounted across the 
terminals, although this is not too good a place for 
electrolytic capacitors because of the temperature here. 
Alternatively, C4 and C5 could be connected across the 
terminals at the front panel, in which case it might be 
wise to have 0.1µF capacitors connected directly across 
the regulator output terminals. 

A view from the rear with the front panel open. 
The heat sinks now appear on the left 

Each regulator has to be mounted on a heat sink 
of thermal resistance 4.75°C/W or better. The types 
used (Redpoint 2P) are approximately 42 by 2 by 1}in. 
and have a thermal resistance of 3.4°C/W each. If the 
heat sinks are in close proximity and in a restricted 
air flow then they should be better than 4.75°C/W to 
allow for this factor. If both regulators are bolted to a 
single heat sink then it should have a thermal resistance 
of 2.3°C/W or better. The Imhof case employed for 
the prototype had ventilation slots in the bottom and 
louvres in the back panel. 

The Redpoint heat sinks may be obtained in 2 -off 
quantities from Electrovalue, 28 St. Judes Road, 
Englefield Green, Egham, Surrey, TW20 OHB. 

No detailed dimensions are given and the constructor 
may plan the front panel layout to suit the particular 
terminals and switch employed. If the heat sinks are 
mounted outside the case then it becomes difficult to 
fit the capacitors at the regulators. 

The unit was tested with the full load current of 1.2A 
(600mA each output) and the heat sinking was found 
to be conservative even though the sinks were inside. 
the case. 
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IRANSMITTIR'RECEI VER 

FOR 
160 METRES 

- Part 2 

by F. G. Rayer, Assoc. I.E.R.E., 
G3OGR 

In this concluding article our contributor gives final details on the 
160 metre transmitter -receiver. Also described is a suitable 

power supply unit. 

TOP OF CHASSIS 

Capacitors VC2-VC3 and VC4 are mounted to the 
flat plate, as shown in Fig. 3 (published last month). 
A spindle coupler and a short length of tin. rod 
allows VC2-VC3 to be set back, as illustrated. 

The v.f.o. box is made from a 9 by tin. `Universal 
Chassis' side. Two V -cuts are made in each flange 
2$ins. from the ends. The chassis side is then bent to 
the shape shown in Fig. 3, forming a 'box' about 2d 
by 31 by 2ins. deep. The sharp bends required are 
best made by clamping the chassis side between two 
blocks of wood, one narrow enough to go between 
the flanges and set level with the bending line. A flat 
metal plate measuring about 24 by 34ins., which func- 
tions as a cover, is cut out and drilled for self -tapping 
screws which are later driven into matching holes in 
the flanges. 

VC4, IA, TC4 and C16 are inside the box. TC4 is 
supported with stout wires and can be adjusted through 
a hole in the box top. The wires are 14 or 16 s.w.g. 
and are very short. In the prototype the v.f.o. proved 
to be perfectly stable and reliable. The connections 
to the Denco coil used for L4 should be soldered 
quickly and a heat shunt is advisable, as the plastic 
in which the coil pins are held may otherwise melt 
and become deformed. The same remarks apply to 
all the other Denco coils employed in the transmitter - 
receiver. 

A bracket for the tuning indicator is cut from scrap 
or a spare `Universal Chassis' side and is screwed to 
the front panel by two of the chrome 6BA bolts 
referred to a little earlier. The bracket is as illustrated 
in Fig. 3 and its flange has two holes at 2i:in. centres 
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for the mounting bolts. The valveholder should take 
up a position such that the tuning indicator display is 
centred behind the rectangular aperture in the front 
panel. The valveholder should be orientated such that 
the display is forward. Wiring to the indicator is as 
shown in Fig. 3. Three leads pass through a chassis 
grommet, one to the 6.3 volt line at pin 4 of V1, one 
to the a.g.c. circuit and one to h.t. positive. 

VC6-VC7 is fixed to the front panel by short bolts 
passing into its threaded holes. Before mounting, its 
two sets of fixed vanes should be connected together 
and two insulated leads connected to the rear fixed 
vanes. These leads will later connect to L6 and to 
S 1(a). 

VC5 is bolted to the panel above VC6-VC7, and is 
set back a little with extra nuts, washers or spacers. 
A lead (not shown in Fig. 3) runs from the frame of 
VC5 to the frame of VC6-VC7, and then to the chassis 
at the adjacent tagstrip. 

Capacitors C25, C26 and choke RFC2 are supported 
by this tagstrip, as shown in Fig. 3. A lead from pin 1 

of V8 runs through an adjacent chassis hole and con- 
nects to the junction of C26 and RFC2. 

L6 is wound on a former 34ins. long and lin. in, 
diameter, and consists of 70 turns of 22 s.w.g. enamelled 
wire, wound side by side. The coil is fixed by a bracket 
to the chassis, and the lower end of the coil should be 
about lin. clear of the chassis surface. The top end 
of the coil connects to VC5, and the bottom end is 
connected to the wire previously fitted to VC6-VC7 
fixed vanes. 

The two leads from the speaker, when this is fitted, 
pass through a hole in the chassis to the secondary of TI . 
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Fig. 5. Details of the home - 
wound versions of L i, L2 

and L3 

BELOW THE CHASSIS 

The wiring and components below the chassis are 
illustrated in Fig. 4 (published last month). A 
tagstrip near the back anchors power leads and other 
connections. The power input is carried by a four -core 
,lead providing 300 volts nominal l.t., a common 
chassis connection and two 6.3 volt supplies. The 
tags 'X' of V1 to V5 are wired together and to the 
tagstrip, and these valves require 6.3 volts at 1.41 
amps. Tags 'Y' of the remaining valves are similarly 
wired together and to the tagstrip, and these require 
6.3 volts at 2.26 amps. 

The non -earthy leads to VR2 run close to the chassis 
underside. The speaker transformer, Ti, is bolted to 
the rear flanged member over V9 valveholder and is 
not shown in Fig. 4. Its primary connects to tag 1 

of IFT1 and to pin 1 of V4. 
All the points marked 'MC' are tags bolted tightly 

to the chassis. Several of the coils have trimmers 
soldered across two of their tags. If Denco coils are 
used here, stout wire may be soldered to the appropriate 
pins and the trimmers soldered to these wires. 

COILS 

Details of the coils are given in the Table and 
Fig. 5. It will be seen that LI, L2 and L3 may be either 
home -wound, as in Fig. 5, or modified Denco coils. 
If the home -wound coils are employed, chassis holes 
are required at the lower ends of their formers to 
allow access to their cores. The outer ends of the 
formers are covered by trimmers. The Table also 
includes the modulation choke L7. The 'Hygrade' 
choke referred to is an R.S. Components part. It may 
be obtained from Chromasonic Electronics, 56 Fortis 
Green Road, London, N10 3HN, or from Home 
Radio (Components) Ltd., who list it under Cat. No. 
CLF25. 

V.F.O. STAGE 

In the transmitter v.f.o. circuit, C17 and C18 swamp 
out stray circuit capacitances and, providing the 
connecting leads in this stage are thick and are kept 
short, the frequency stability should be found more 
than, sufficient. A check of v.f.o. frequency coverage 
can be made by applying h.t. to this stage and listening 
to the carrier on a receiver. 

When construction is completed and the v.f.o. box 
lid has been screwed on, coverage is adjusted by means 
of TC4 and the core of L4. These adjustments should 
result in the range of 1.8 to 2.0MHz being provided 
without using the extreme open and closed settings of 
VC4. The threaded section of L4 core is then locked 

TABLE 
Details of Inductors 

Coils LI, L2 and L3 may either be modified Denco 
components or home -wound. All Denco coils are 
valve types. 

Denco Versions 
L1. Aerial Coil. Denco Blue Range 2 with 32 turns 

removed from tuned winding. A pin 8, B pin 9, 
C pin 6, D pin 1. 

L2. Mixer R.F. Coil. Denco Yellow Range 2 with 
32 turns removed from tuned winding. A pin 9, 
B pin 8, C pin 6, D pin 1. 

L3. Oscillator Coil. Denco Red Range 2 with 2Q 
turns removed from tuned winding. A pin 8, 
B pin 9, C pin 1, D pin 2. 

Home -Wound Versions 
All home -wound versions are wound with 34 s.w.g. 
enamelled wire on 7mm. by 27mm. formers with dust 
cores and 4 -way tagboards. Details are given in Fig. 5, 
LI. C -D 130 turns wound over rain. 

A -B 60 turns wound over *in. 
Spacing between windings, -}ain. 

L2. Same as L1 except A -B 50 turns wound over *in. 
L3. C -D 115 turns wound over -,din. 

A -B 50 turns wound over ¡in. 
Spacing between windings *in. 

L4. Denco White Range 2 with small winding 
removed. 

L5. Denco Yellow Range 2 with small winding 
removed. 

L6. 70 turns 22 s.w.g. enamelled wire on lin. 
diameter former. See text. 

L7. `Hygrade' 10H 90mA choke, or 80-100mA 
pentode output speaker transformer primary, 
secondary unused. 

by passing a nut over it and tightening this against the 
plastic of the coil former. 

A pointer or cursor is fitted to the flange of the slow 
motion drive and markings are made on a thin card 
scale fixed to the panel. Accurate calibration is easy 
if a 100kHz crystal marker is available for use with 
the receiver. Tune the latter to 1.8MHz by means of 
the crystal, and tune the v.f.o. to zero beat, marking 
its scale 1.8MHz. Repeat for 1.9 and 2.0MHz. Then 
tune the station receiver to the marker harmonic on 
3.7MHz, tune the v.f.o. until its second harmonic is 
at zero beat, and mark the scale for 1.85MHz. Repeat 
for 1.95MHz, with the receiver set at 3.9MHz. The 
10kHz points can be filled in by estimate. 
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BUFFER AMPLIFIER 

The buffer amplifier may be checked with both V7 
and V8 plugged in. S2(a)(b) is set to `Net', thereby 
allowing no h.t. supply to V8. Clip a current reading 
meter across R24, with negative to point `G' and 
positive to chassis. Set the v.f.o. to 1.9MHz and adjust 
the core of L5 for maximum grid current in V8. This 
will be about 2 to 3mA. R.F. output tests show that 
there is no loss of efficiency provided grid current is 
not less than about 2mA or more than 4mA, and the 
current should be within these figures across the band. 
If grid current is excessive, increase R2I to 47k5I, 
68k5I or 100k52 as necessary. The grid current tends 
to depend somewhat on the actual valves employed 
and the h.t. voltage. 

POWER AMPLIFIER 

The power amplifier stage is most easily tested by 
coupling the output to a 250 volt 15 watt household 
lamp. This may be temporarily connected across 
VC6-VC7. Alternatively, the lampholder can be 
connected to a coaxial plug, which is then inserted 
into the aerial socket. 

Set both VC5 and VC6-VC7 to maximum capacit- 
ance. Switch to `Transmit' and rotate VC5 for reson- 
ance as shown by a dip in anode current. Gradually 
reduce the capacitance of VC6-VC7 whilst at the 
same time readjusting VC5 for minimum anode current. 
The minimum anode current at resonance, as indicated 
by meter Ml, will increase, and the lamp will light 
more brightly: --Load in this way for about 33mA at 
300 volts h.t., or 40mA at 250 volts h.t., to obtain the 
10 watt input. 

Commencing this operation with VC5 at maximum 
capacitance ensures that L6 is not accidentally re- 
sonated at 80 metres. This is possible in some circum- 
stances, with V8 acting as a doubler, but the transmitter 
is not intended to be operated in this manner. 

In use, the power amplifier is brought into circuit by 
means of Sl(a)(b). Initially, set S2(a)(b) to 'Net' to 
enable the v.f.o. to be tuned to receiver frequency, 
then return this switch to its original setting. S1(a)(b) 
then provides complete change -over from reception to 
transmission. 

A further view above the chassis. The tuning 
indicator can be seen at the right 
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COMPONENTS - POWER SUPPLY 

Resistors 
(All 10°/) 
R1 220k5I 1 watt 
R2 270ü 2 watts 
R3 2705I 2 watts 

Capacitors 
Cl 3211F electrolytic, 450 V.Wkg. 
C2 8µF electrolytic, 450 V.Wkg. 

Inductors 
LI 

T1 

Rectifiers 
DI 
D2 

Fuse 
FI 

Smoothing choke, 10H at 120mA, 
2000, Parmeko P3142 or similar 
Mains transformer, secondaries 300-0- 
300V 120mA, 6.3V 2A, 6.3V 2Ä, 
6.3V 2.5A. Electrovoice type 195A 
(Home Radio Cat. No. TM9) 

Silicon rectifier, 1A, 1,000 p.i.v. 
Silicon rectifier, IA, 1,000 p.i.v. 

250mA cartridge fuse and holder 

Switch 
S1 s.p.s.t. toggle 

MODULATOR 

The modulator incorporating V9 and V10 can be 
checked with the transmitter output feeding in to a 
lamp, as just described. The signal may be picked up 
on the station receiver. The r.f. gain control of the 
latter will probably need to be set at minimum to 
avoid overloading, and it may also be necessary to 
disconnect the receiver aerial, substituting a short wire. 

Speech in the microphone should sound clear and 
strong on the receiver, and the lamp brilliance should 
increase during speech. Avoid acoustic feedback, 
evident as a howl, from the receiver back to the micro- 
phone, by turning down the receiver a.f. gain and 
keeping the speaker and microphone well separated. 

RECEIVER R.F. STAGE 

Ll is above the chassis, and VC1 is simply peaked 
for best reception, thus allowing compensation for 
changes to the aerial. The core of L1 and trimmer TC1 
should be set up such that VC1 covers the 1.8 to 2.0 
MHz range comfortably. 

As the tuning range is only 1.8 to 2.0MHz, no track- 
ing difficulties arise between L2 and L3. If the full 
swing of VC2-VC3 gives a larger coverage than is 
required, slightly reduce the inductance of L2 and L3 
by means of their cores and increase the capacitance 
of TC2 and TC3. When coverage is suitable, tune in a 
signal near 1.8MHz and adjust L2 core for the best 
indication in the tuning indicator. Then tune to a, 
signal near 2.0MHz and adjust TC2 for best results. 
These adjustments are repeated several times. 

The v.f.o. can assist in initially finding the receiver 
range. If S2(a)(b) is set to `Net', the receiver may be 
tuned to v.f.o. frequency with the aid of the tuning 
indicator. 
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Fig. 6. The circuit of the power supply unit 
employed by the author. As is explained in the 
text, other power supply units offering similar 

outputs may be used instead 

Finally, a pointer or cursor is fitted to the flange 
on the slow-motion drive for VC2-VC3. This is then 
fitted with a scale similar to that for VC4. 

I.F. AMPLIFIER 

The specified i.f. transformers are supplied pre - 
aligned and will require only a slight adjustment after 
they have been wired in. A correct type of core adjusting 
tool should be employed. A stable signal should be 
tuned in correctly, and the i.f. transformer cores are 
then adjusted for best indication in V5. 

WORKING NOTES 

Any usual type of Top Band aerial can be used. 

This will generally be end -fed and may operate directly 
from the transmitter or be used with a tuner or matching 
device. If the end fed wire is reasonably long and will 
load the transmitter without a matching unit, the latter 
is unnecessary. Such a unit is, however, necessary 
with a whip or short wire. 

A coaxial lead from the transmitter -receiver may run 
to a standing wave ratio indicator, matching unit or 
r.f. meter, when one or more of these are employed. 
Transmitter loading with an aerial follows the same 
procedure as that described for testing with a lamp load. 

POWER SUPPLY 

The power supply unit actually used by the author is 
shown in Fig. 6. Other supply units with adequate 
h.t. and heater outputs would be just as suitable. The 
mains transformer specified has a 6.3 volt 2.5 amp 
heater winding and this supplies the transmitter 
heaters, which require 2.26 amps. Another 6.3 volt 
winding is rated at 2 amps and is used for the receiver 
heaters, where the total current is 1.41 amps. A third 
6.3 volt winding on the transformer is ignored. 

The h.t. output from the supply unit in Fig. 6 allows 
the transmitter to be operated with the full permitted 
input of 10 watts. 

The transmitter -receiver has also been used success- 
fully with smaller power supplie§. A 300 volt 100mA 
supply is about adequate, while a 275 volt 100mA 
supply gives good results. A 250 volt 100mA supply is 
somewhat on the small side, whilst a 250 volt 80mA 
supply is the minimum recommended. These lower 
output supplies have no effect on reception, but with 
less than about 275 volts at 100mA available the p.a. 
has to be run at substantially less than 10 watts input. 
This input is achieved with a p.a. supply of 33mA at 
300 volts, or 40mA at 250 volts. An input of 50mA at 
200 volts would also represent 10 watts, but it will be 
found that efficiency and r.f. output fall off at such a 
low voltage. 

MAZDA BOOKLET 
Did you know that the world's first 
valve for amateur constructors, pro- 
duced in 1922, was the type AR bright 
emitter triode? And that the SP61, 
used in quantity by the R.A.F. in the 
R1132 receiver, helped to win the 
Battle of Britain? And that the T31, 
Britain's first thyratron designed speci- 
fically for 405 line timebases, appeared 
in 1936? And that the world's first 
ever commercial valve manufactured 
for sale was the type A, which was 
made in 1906 at Ponders End? 

These facts appear in the Obsolete 
Valves section of the 168 -page Mazda 
Pocket Data Booklet for 1972-1973, 
whose cover you can see in the 
accompanying photograph. However, 
they take up only a minute fraction of 
a comprehensive booklet which gives 
essential data on Mazda valves and 
picture tubes. Included are current 
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Currently available is 
the 1972-1973 Mazda 
Pocket Data Booklet. 
Priced at 21p, this 
gives concise details of 
valves, picture tubes 
and Mazda u.h.f. aerials 

types as well as obsolescent and 
obsolete types, and there is data on 
four new types of colour tube, three 
new types of monochrome tube and 
three new valve types. A further 
feature of the booklet is án eight -page 
section covering Mazda u.h.f. aerials 
and their lashing kits. 

The booklet has been specifically 
compiled for use in maintenance work 
by the radio trade and will be par- 
ticularly helpful for the service engineer 
and the enthusiast who repairs present- 
day as well as vintage receivers. There 
is a cover charge of 21p, and discounts 
apply to the Radio and TV trade when 
purchasing from a Mazda wholesaler. 
Further details are available from the 
Publicity Department, Thorn Radio 
Valves and Tubes Limited, Mollison 
Avenue, Brimsdown, Enfield, Middle- 
sex, EN3 7NS. 
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MAINS FAILURE 

WARNING 

DEVICE 
SOME TIME AGO THIS JOURNAL PUBLISHED A CIRCUIT 

for an audible mains failure indicator.* This 
circuit enabled a neon relaxation oscillator to commence 
running when the mains supply failed, the oscillator 
being powered by a 100µF capacitor which had pre- 
viously been charged to the mains voltage. The neon 
oscillator was coupled to a loudspeaker, which gave 
an audible tone at the frequency of oscillation of the 
neon circuit. A 100µF capacitor takes a surprisingly 
long time to discharge under these conditions and the 
audible warning tone available from the oscillator can 
be heard at a relatively high level for more than five 
minutes, after which the level falls slowly. The tone 
will still be given, at a reduced level, more than fifteen 
minutes after the mains supply has ceased. 

* G. A. French, `Mains Failure Indicator', The Radio 
Constructor, September 1971. 

by R. E. Stewart 

SIMPLER CIRCUIT 

The earlier circuit used four rectifier diodes and it 
recently occurred to the present author that the same 
facility can be given in a simpler circuit having two 
rectifier diodes only. 

This circuit appears in the accompanying diagram. 
When the a.c. mains voltage is present across the two 
outside rails, both D1 and D2 conduct on the half - 
cycles which cause the upper rail to be positive. In 
consequence both Cl and C2 become charged, with 
their upper plates positive. CI charges to a potential 
which is the peak value of the alternating voltage, 
whilst C2 charges to a slightly lower voltage because 
of the presence of R4 across it. In practice, the differ- 
ence between the two potentials is of the order of 10 
to 15 volts. Resistors R1 and R3 are merely limiting 
resistors. 

The circuit of the mains failure warning device. 
This produces an audible tone when the mains 

supply ceases 

COMPONENTS 
Resistors 

(All 10%) 
R1 56û 1 watt 
R2 3.9M52 } watt 
R3 2052 1 watt 
R4 22k12 6 watts 

Capacitors 
CI 100µF electrolytic, 350V Wkg. 
C2 16µF electrolytic, 350V Wkg. 
C3 0.005µF plastic foil, 250V Wkg. 

Transformer 
TI Valve output transformer, 33:1 (see text) 

Diodes 
D1 BY100 
D2 BY100 

Neon 
NEI Miniature wire -ended neon bulb 

Speaker 
LS1 352 loudspeaker 
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The potential difference oit the upper plates of Cl 
and C2 is applied to R2 and NEI in series and, when 
the mains supply is present, is too low to allow the 
neon to strike. 

In the event of a failure of mains voltage, the two 
rectifiers cease to conduct. C2 discharges rapidly by 
way of R4, whereupon the voltage applied to R2 
and NEI exceeds the striking voltage of the neon bulb 
and the latter starts to operate as a relaxation oscillator. 
The sawtooth voltage appearing across its electrodes is 
passed to the loudspeaker via Cl and T1. Very soon 
after the cessation of the mains supply, the upper 
plate of C2 is at the same potential as the lower supply 
rail, and the full voltage across Cl is applied to the 
neon oscillator circuit. This continues to run until Cl 
is discharged below the burning voltage of the neon, 
or until the mains supply is reapplied. In the latter 
instance both Cl and C2 become fully charged again, 
and the low voltage difference on their positive plates 
is once more applied to the neon circuit. 

AVAILABILITY 

All the components are readily available, although 
some are a little critical. Cl should be a good quality 
modern capacitor, since it is required to hold its charge 
for a long period. R4 dissipates about 4.5 watts. If it is 
difficult to obtain this resistor with the 6 watt dissipa- 
tion figure specified in the Components List it may be 
made up from a series combination of two 10kí2 
resistors of 3 watts or more, or three 6.8kí2 resistors 
of 2 watts or more. 

The neon bulb, NEI, is a small wire -ended com- 
ponent, obtainable from Home Radio under Cat. No. 
PL32A. Similar bulbs are available from other sup- 
pliers. Both wires protrude from one end of the glass 
body of the neon bulb. 

The transformer, Tl, is rather a critical component 
and the writer employed an Elstone valve output 
transformer type MO/T. This has three primary to 
secondary ratios, and the primary tap employed is 
that which gives a step-down ratio of 33:1. The trans- 
former can be obtained from Home Radio under 
Cat. No. T012. 

The audible output of the warning device is suffic- 
iently loud for a room or small workshop but is not, 
of course, in the high wattage category. The speaker 
used should be a reasonably sensitive model. 

Either the live or the neutral side of the mains supply 
can connect to the upper supply rail. All the com- 
ponents, including the speaker, have to be enclosed in 
an insulated case to ensure prevention of accidental 
shock. The speaker frame should be looked upon as a 
potential live circuit point, and its mounting bolt 
heads should not appear outside the insulated case, 
where they might be touched. 

If NEI is in complete darkness it may not strike 
reliably. Small ventilation holes should enable suf- 
ficent external light to enter, and will also permit the 
cool running of R4. 

The neon circuit oscillates quite readily, although 
there may be some small variances in . performance 
between neon bulbs of the same nominal type. Failure 
to oscillate may be cleared by a slight change to the 
value of R2. The frequency can be varied by changing 
the value of C3, but it is best to start off here with the 
value of 0.005µF specified. 
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ELECTRONICS 

O CÓNSTAUCTÓR 

OUR NEXT ISSUE 
FEATURES 

CRYSTAL MICROPHONE 
PRE -AMPLIFIER 
by R. A. Penfold 

A simple integrated circuit pre -amplifier 
which enables the high impedance of a 
crystal microphone to be matched to the 
low input resistance of a transistor a.f. 
amplifier. *m 411». 46111115 

MODIFICATION TO CYCLOPS 
Part 1 by L. C. Galitz 

Modifications to the immensely popular 
electronic robot featured in our issues of July to 
December 1972. 

This first of a two part article describes 
modifications which enable him to exhibit 
further reactions to his environment. 

PLUS 

MANY OTHER ARTICLES 
PRICE 20p 

ON SALE 2nd APRIL 

ORDER YOUR COPY NOW 

Copies may also be obtained direct from the 
Publishers, 26p. including postage. Published by 
Data Publications Ltd. 57 Maida Vale, London W9 

513 



FOR DX LISTENERS 
By Frank A. Baldwin 

Times = GMT 

Since last writing about conditions on the short wave 
bands, we note that a general improvement has taken 
place and in the weeks that lie ahead, signals from Latin 
America on the LF bands should slowly build up in 
strength whilst those from Asia and the Far East will 
become progressively weaker. All this of course is in 
conformity with the annual pattern of events but, as so 
often happens on the short waves, things can go awry 
and there are always surprises just when least expected, 
which is part of the fascination associated with the 
`SWL game'. 

This month we commence with - 

AROUND THE DIAL 
Australasia and South East Asia are areas of the 

world from which signals are not easy to receive here in 

the UK, apart that is from some of the powerful 
transmitters of Radio Australia (even these are not 
always that easy). One of the transmissions we would 
like to draw to your attention is that of - 

ANEW ZEALAND 
A watch for several mornings on 9520 (31.51m) at 

0850 could result in the logging of ZL18 Wellington. 
We have heard this station on a number of occasions 
recently from 0850 when the interval signal, the call of 
the N. Zealand Bellbird, is repeated every five seconds 
until 0857, at which time there is the identification in 
English, a short hymn, a military march and then the 
news, after 6 pips at 0900. A further newscast, after 
6 pips, is radiated at 1000. The whole transmission lasts 
until 1145 and is beamed to Australia. The identifica- 
tion is "This is Radio New Zealand, the short wave 
division of the New Zealand Broadcasting Corporation" 
The power is just 7.5kW and there is a parallel trans- 
mission (not heard by us) on 11705 (25.63m). The 
address for reports is - New Zealand Broadcasting 
Corporation, P.O. Box 98, Wellington. 

Still keeping to the same area of the world, you may 
still have time to log - 

INDONESIA 
On a measured 4763 (62.98m) at around 2320 is RRI 

(Radio Republik Indonesia) Medan, at which time we 
heard Arabic -type chants both in solo form and with 
male chorus. Medan is the capital of East Sumatra and 
is noted for large rubber and tobacco plantations. 

Or try 4840 (61.98m) around 1530 when you may 
hear RRI Ambon. This one had been logged several times 
with Arabic -type chants and announcements in 
Indonesian. Northeast across the South China Sea lies - 

TAIWAN 
Once known as Formosa, Taiwan can be logged on 

7150 (41.95m) around 1430 onwards. We heard it from 
that time through to 1500, when three short and one 
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long pip, followed by announcements in Chinese by 
both male and female announcers, were made. Taiwan 
lies 100 miles East of the Chinese mainland, the capital 
being Taipei. The address for reports is - Broadcasting 
Corporation of China, 53 Jen Ali Road, Sec. 3, Taipei 
City, Republic of China. 

Back again across the South China Sea, Southwest- 
wards, lies - 

SOUTH VIETNAM 
The capital of this war -torn republic is Saigon and 

transmissions from here may be heard on 7245 (41.40m) 
from around 1500 onwards. Our log entry is for 1517, 
when we heard a programme of Asian -type music and 
songs, the latter rendered by a young lady with a most 
charming voice. 

Northward, across Laos, lies the great landmass of 
China (more fully dealt with in QSX this issue). For a 
very difficult DX exercise, you may care to try and log 
one of the Chinese regional stations such as - 

CHINA 
Changchun operates on 3310 (90.63m) and is re- 

ported to have a schedule from 2000 to 1400. We 
logged it at 2200 when a talk in dialect by a male 
speaker was being radiated. Needless to say, the 
surrounding QRM had to be contended with, always a 
problem around 90 metre band frequencies. Changchun 
is in the Kirin province of China and is a great railway 
centre. 

South from China, across Thailand and the Gulf of 
Siam, we come to - 

MALAYSIA 
At Kuala Lumpur the capital city; and also that of 

Selangor State, a transmitter operates on 7110 (42.19m) 
and this can often be heard around 1415. We logged it 
at 1435 when a programme of Asian -type music with 
announcements in Chinese was being radiated. The 
address for reports is - Radio Malaysia, P.O. Box 1074, 
Kuala Lumpur. 

At Johore Bahru is located the BBC Far Eastern 
station that relays the BBC World Service, in the 
appropriate languages, to this part of the world. This 
Service can be heard on a number of channels but you 
may care to try 3915 (76.62m) where it can be heard 
from around 2200 onwards, our last logging being at 
2239. The address is - P.O. Box 416, Johore Bahru, 
Malaysia. 

Northwest, across the Bay of Bengal and Bangladesh, 
lies - 

NEPAL 
At Katmandu the capital, on the Vishnumati river 

some seventy-five miles from the Indian frontier, the 
transmitter of Radio Nepal operates on 5000 (60.000m) 
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and at times, through interference from MSF or one of 
the other standard frequency transmitters on this 
frequency, signals from Nepal can be heard around 
1500 or so. Our last `sighting' of this one was at 1515. 

Southwards from Nepal we have - 

INDIA 
One of the more difficult Indian stations to receive 

here in the UK is that at Kurseong but it can be heard 
at times on 3355 (89.41m), during the afternoon. We 
logged it recently at 1525 when a programme of typical 
Indian music was being radiated. 

Southwestwards across the Indian Ocean lies - 

SEYCHELLES 
On the largest of this ninety-two island group, Mahe, 

the Far Eastern Broadcasting Association has a 
transmitter which radiates on several channels and one 
such is 11955 (25.09m). On this frequency we logged a 
programme in English at 1730 onwards. The address is 
F.E.B.A., Box 234, Mahe, Seychelles. 

Northeast across the Arabian Sea we come to - 

PAKISTAN 
Karachi may be logged on 21590 (13.89m) at 0800 

when the local news in English is broadcast after station 
identification. 

For a difficult channel - and it is really difficult -. 
try that reported in QSX January issue, 3871.5 (77.48m) 
from 2015 onwards to 2130 sign -off. We wish you luck 
with the QRM! 

Northwards from Pakistan we come to - 

AFGHANISTAN 
Radio Afghanistan from Kabul the capital, just 

south of the Hindu Kush; 6,900 ft above sea level, has 
a transmitter which radiates on 4775 (62.82m). We 
heard it at 1534 with a programme of local music and 
announcements, presumably a newscast, in Pushto/ 
Dari. The address is P.O. Box 544, Kabul. 

TIME -CHECK 
The stations mentioned in the foregoing paragraphs 

are listed on a time basis for those who prefer to plan 
their listening periods. 

GMT Freq. Stn. Rcvd 
0800 21590 Karachi 
0850 9520 Wellington 
1430 7150 Taiwan 
1435 7110 Kuala Lumpur 
1515 5000 R. Nepal 
1517 7245 Saigon 
1525 3355 Kurseong 
1530 4840 Ambon 
1534 4775 Kabul 
1730 11955 Mahe 
1930 3400 Fukien 
2015 3871.5 Karachi 
2200 3310 Changchun 
2239 3915 Johore Bahru 
2239 3940 Wuhan 
2320 4763 Medan 
2400 6225 Peking 
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CURRENT SCHEDULES 

SCUBA 
Radio Havana broadcasts to Europe in English on 

15140 (19.81m) from 2010 to 2140; to the USA in 
English on 11930 (25.14m) from 0100 to 0450 and from 
0100 to 0600 on 11910 (25.18m); from 0330 to 0600 on 
11760 (25.51m); from 0630 to 0800 on 9525 (31.49m) 
and to Latin America in English from 2050 to 2150 on 
15285 (19.62m) and on 17715 (16.93m). 

CHINA 
Radio Peking broadcasts in English to Europe from 

2030 to 2130 on 5030 (59.64m), 6270 (47.84m), 6610 
(45.38m), 6825 (43.95m) and on 7590 (39.52m). 

Also in English for Europe from 2130 to 2230 on the 
above channels. 

HUNGARY 
Radio Budapest broadcasts to Europe in English 

from 1745 to 1800 on 6170 (48.62m), 7220 (41.55m), 
9833 (30.50m), 11910 (25.18m), 15415 (19.46m), 17795 
(16.85m) and on 21505 (13.95m). Also from 1945 to 
2000 on all the channels listed here except 6170 which is 
changed to 6110 (49.09m), and again from 2130 to 
2200 when the 6110 channel is changed to 5980 (50.16m). 

On Tuesdays and Fridays, there is a DX programme 
in English for Europe from 1615 to 1630 which is 
repeated from 2245 to 2300. 

HERE AND THERE 

POLAND 
Warsaw can be heard with a newscast in English at 

2030 on 6035 (49.71m). 

CANADA 
Radio Capada International radiates a newscast in 

English at 2130 on 9610 (31.21m). 

SOUTH AFRICA 
RSA Johannesburg may be logged with a programme 

in English, directed to New Zealand, at 0800 on 21545 
(13.92m). 

PORTUGAL 
Radio Portugal radiates a programme in English at 

2100 on 6025 (49.79m) after station identification. 
Sign -off is at 2130 with the National Anthem. 

ISRAEL 
Kol Yisrael, Jerusalem can be heard at 2100 on 9625 

(31.16m) with station identification, a newscast and 
following programme in English. 

GHANA 
Tema can be logged at 2115 on 9545 (31.43m) when 

station identification and the news in English can be 
heard. 

515 



AR88 MODIFICATIONS 

The modifications described in this article involve quite 
extensive changes to the existing receiver circuitry. They 
should only be carried out by the more experienced 
constructor who fully understands the principles involved. 
Access to the AR88 circuit diagram and service infor- 
mation is necessary. 

by 

James Kerrick 

Some notes on improving the performance of this famous 
communications receiver 

ALTHOUGH 
THE AR88 IS BY MODERN STANDARDS AN 

old receiver it can nevertheless be used quite 
successfully as a general coverage set provided certain 
modifications are carried out. The two most pressing 
modifications described here are firstly a new cascode 
r.f. stage and secondly a product detector. A few other 
alterations are described and these, together with a 
complete re -alignment, will produce a reasonable 
receiver for general use. It is important, however, to 
bring the set into full working order before it is altered, 
and access to a Manual is essential. 

The author is indebted to J. Hollingworth for his 
article in the May 1965 issue of The Radio Constructor.' 
Material in the `RSGB Handbook'2 has also been 
helpful in the production of ideas. 

THE R.F. STAGE 
The 6SG7 used in the first r.f. stage is an old noisy 

valve, and the noise factor of the whole receiver may 
be improved by the substitution of a modern all -glass 
type. The gain may also be increased if suitable pre- 
cautions are taken to maintain stability. 

The cascode is a frequently used input circuit and 
Fig. 1 shows the first r.f. stage modified to take this 
type of valve. The ECC84 is employed. The lower 
triode works in the grounded cathode mode and the 
upper triode in the grounded grid mode. A.G.C. is 
shunt fed to this stage and manual r.f. gain is achieved 
by applying a variable positive voltage to the cathode 
of the lower triode. 

1 J. Hollingworth, `Improving the Performance of the 
AR88', The Radio Constructor, May 1965. (This issue 
is now out of print.) 
2 The Radio Communication Handbook, Fourth 
Edition, published by Radio Society of Great Britain, 
35 Doughty Street, London W.C.1. 
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The a.g.c. to the r.f. stage is voltage delayed by the 
zener diode. The a.g.c. voltage is applied to the Dar- 
lington pair given by the two 2N4060's and the zener 
diode remains unconductive for voltage at the second 
emitter up to the zener value, which may conveniently 
be around 5 to 6 volts. Under these conditions the 
voltage applied to the ECC84 grid remains at zero. 
When the a.g.c. voltage increases further, the zener 
diode drops its fixed voltage and a progressively in- 
creasing negative voltage biases back the ECC84. 

The author purchased his receiver without a tuning 
meter and the cathode of the first i.f. valve, in whose 
circuit the meter would otherwise connect, is returned 
to chassis via a 10052 resistor. The circuit of Fig. 1 

enables an S -meter to be operated direct from the 
a.g.c. line, and the meter is connected, as shown, with 
a series pre-set variable resistor which sets the meter 
sensitivity according to personal preference. A dis- 
advantage here is that the meter does not register until 
the a.g.c. voltage is about 1.2 volts negative; however, 
the author did not feel that this factor warranted 
further circuit complexity. 

The old valve and its holder are removed and a new 
B9A holder, with pins 1 and 9 towards the ganged 
tuning capacitor, is fitted on an adaptor plate. A sheet 
of copper foil is sweated to the inter -stage screen to 
extend it to the valveholder base. The old decoupling 
capacitors were discarded and new 0.01µF disc ceramic 
capacitors used exclusively throughout the r.f. and 
oscillator stages. If the side panel of the r.f. box is 
removed, wiring -up may proceed easily with Fig. 2 
as a guide. All cascode earths are returned to the 
copper screen above the valveholder, and wiring should 
be short and rigid. Note that the heaters of both r.f. 
valves are decoupled to earth by ceramic capacitors. 

The existing 'Tone Control' potentiometer, which is 
of little use, is removed, and the r.f. gain control of 
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Fig. 1 is fitted in its place. 
A rather curious fault was found on completion of 

this modification: on bands 5 and 6, adjustment of 
the aerial trimmer caused the stage to oscillate. It was 
eventually found that coupling was taking place via 
the tuning capacitor frame. The coupling was only 
eliminated completely by earthing the frame with 
copper braid soldered in strips down each side between 
the frame and chassis, and by removing the rubber 
grommet, etc., from the end nearest the bank of smooth- 
ing capacitors and replacing this with a stout -a-in. 
nut and bolt, thus firmly fixing the tuning capacitor 
to the chassis. 

The negative 30 volt supply is derived from the 
receiver bias network, at the junction of C97 and R43. 

DETECTORS 

Two detectors are provided in the modified receiver 
for both a.m. and s.s.b./c.w., and the new circuit is 
illustrated in Fig. 3. The i.f. signal is switched between 
a voltage doubling a.m. diode detector incorporating 
two 0A79's and a conventional.double-triode product 
detector, the switching being carried out by a small 
relay. This relay is energised when the receiver function 
switch is set to 'Rec C.W.', the energising circuit being 
completed by the contacts of S23 which previously 
controlled the h.t. supply to the b.f.o. The h.t. wiring 
to these two contacts is now removed and transferred 
to two contacts of the relay. The modification has the 
effect that a.m. reception is provided on the 'Rec. 

Mod' setting of the function switch and s.s.b./c.w. on 
the 'Rec. C.W.' setting. Thus the new facilities are 
accomplished by the same panel control as in the 
unmodified receiver. 

Power for the relay is drawn from the heater line, 
the heater voltage being rectified by the 1N4002, 
which charges up the 100µF capacitor to a peak value 
of around 8 to 9 volts. When the relay is switched on, 
the discharge of the capacitor helps to bring the 
armature over. The relay may be any small type 
capable of energising under these voltage conditions 
and having four changeover contact sets. Three of 
these appear in Fig. 3 and another in Fig. 4, which. 
will be discussed later. In Fig. 3 the existing b.f.o. V12, 
now the c.i.o., is switched by one of the contact sets, 
as shown. The remaining two contact sets switch the 
input and output either to the a.m. detector or the 
product detector. The latter, employing an ECC81, 
operates in conventional fashion, with mixing taking 
place in the right-hand triode and the audio signal 
being filtered in the anode circuit. 

Modification starts with the complete removal of the 
two 6H6 valves, V8 and V9, together with their holders 
and all associated components. The relay occupies, 
on a mounting plate, the hole vacated by V8, and the 
product detector valve occupies a mounting plate in 
the V9 position. All the small components are mounted 
on tagboards fixed to the receiver side opposite to the 
coil box, and the `bathtub' capacitors there are dis- 
carded. The 100pF capacitor connected to the anode 
of V12 is mounted between pins 3 and 4 of V12 valve - 
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Fig. 4. The a.g.c. detector circuit after modification 

holder, and the c.i.o. signal is taken via coaxial cable 
to the product detector. The audio signal is likewise 
carried by coaxial cable. 

A.G.C. MODIFICATION 

The modified a.g.c. stage is shown in Fig. 4. Part of 
the circuitry of Fig. 1 is included here. 

The i.f. signals at the anode of V7, the third i.f. 
amplifier valve, are rectified and applied to the main 
a.g.c. line and the transistorised delay circuit incor- 
porating the 2N4060's. The time constant is lengthened 
in the s.s.b. mode by switching in an extra resistor. 
This is carried out by the fourth contact set of the 
relay of Fig. 3. 

The silicon diodes are type 1N914 or similar, and 
that shown across S22 contacts is wired directly to 
these contacts. The contacts close when manual 
operation is selected. C48, C47, R9, R55 and R46 
are already fitted. R46 is the old `R.F. Gain' control. 
Apart from components just mentioned, all the new 
parts to the left of the dashed line in Fig. 4 may be 
wired up on a tagboard near V7. 

OSCILLATOR MODIFICATION 

The oscillator stage was modified so that h.t. is 
applied to the oscillator in all modes given by the 
function switch. This minimises drift in frequency as 
the valve cools and heats when h.t. is removed and 
re -applied. Also, the heater of the valve is decoupled 
by a 0.01µF ceramic disc capacitor, and the existing 
decoupling capacitors are replaced by 0.01µF ceramic 
disc types. The modified supply circuit is shown in 
Fig. 5. It should be mentioned in passing that the 
resistor between the h.t. line and the stabilizer valve, 
V13, is shown as 2.7k This is the value given in the 
AR88 manual. The corresponding resistor in the 
author's receiver had a value of 3.3kû and it is probable 
that there are similar discrepancies in other receivers. 
MARCH 1973 

The circuit of Fig. 5 functions in the following 
manner. When the h.t. switch is closed power is supplied 
to the oscillator anode circuit via the left-hand diode, 
the right-hand diode being reverse biased because 
under these conditions, the h.t. rail before the switch 
drops to 250 volts. When the switch is opened the h.t. 
rail rises to around 500 volts and the oscillator is 
supplied via the right-hand diode. No h.t. current 
flows to the rest of the set because the left-hand diode 
is now reverse biased. 

The new components may be easily wired up on a 
small tagstrip mounted on the outside of the oscillator 
box. 
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Fig. 5. Changes in the oscillator supply circuit 
which reduce frequency drift 
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O OSyF A.F .output 

Fig. 6. The new audio noise limiter circuit 

FINAL STAGES 

A permanently operating audio noise limiter was 
fitted, this having the circuit shown in Fig. 6. The new 
control occupies the panel space vacated by the previous 
noise limiter potentiometer. The limiter uses silicon 
diodes and replaces that employing a 6H6 which was 
removed to make way for the product detector and relay. 

The existing loudspeaker terminals were found to be 
inconvenient and a jack socket added to the rear apron 
was connected in parallel with them. The existing 
terminals are employed occasionally when it is desired 
to couple up auxiliary equipment, such as a tape 
recorder, to the receiver. Provision for headphones is 
always useful and a further jack socket was mounted 
on the front panel for low impedance phones, the 
socket being wired such that the loudspeaker output 
socket is muted when the phones are inserted. 

A Bulgin miniature 3 -pin mains socket was mounted 
on the rear apron since the author uses this type of 
connection on all mains equipment. On the AR88LF 
the mains input voltage switching is a rather rudi- 
mentary 110/230 volts arrangement, and the switch 
aperture was covered with a clear plastic plate to 
prevent operation. 

Again on the AR88LF there is an input socket for a 
vibrator power pack. This was removed and replaced 
by an octal socket offering various outputs which 
could be used for powering ancillary equipment such 
as converters or crystal oscillators. The outputs 
provided on the author's receiver include Earth, 6.3 
volts a.c., 30 volts negative, 250 volts positive, 500 
volts positive (i.e. the h.t. voltage before the h.t. 
switch, as in Fig. 5) and a.g.c. 

The final operation was a general 'tidy up' consisting 
of the removal of all unwanted components and wires, 
and the tying up of all new wiring into the cableform. 
Also, all switches and potentiometers were treated 
with Electrolube. This was followed by a complete 
re -alignment. 
520 
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In your 
worksho 
"TEN, NINE, EIGHT, SEVEN, SIX, FIVE, 

1 four, three, two, one, zero!" 
There was silence for a moment. 
"We have blast-off." 
Again a short silence. 
"All systems go!" 
Dick stopped the motor of the small 

battery cassette tape recorder on his 
bench and put its microphone down. 
He quickly rewound the short section 
of tape on which he had just recorded 
his voice, selected playback and turned 
the volume control to its full setting. 

"Ten, nine, eight, seven, six," 
brayed a distorted stentorian voice, 
"five, four, three, two, one, zero!" 

There was a crash of metal on metal 
as the long-suffering Serviceman 
banged his soldering iron down on its 
rest. 

"What," he snorted, "on earth ...." 
"We have blast-off." 
"For goodness' sake," spluttered 

Smithy, walking over to Dick's bench, 
"turn that " 

"All systems go!" 

TAPE RECORDER 

With a preoccupied frown, Dick 
switched off the tape recorder. Turning 
slightly, he jumped as he suddenly 
found himself confronted with the 
irate visage of the Serviceman. 

"Hell's teeth," he exclaimed. "I wish 
you wouldn't do things like that." 

"Like what?" 
"Like creeping up on me," said 

Dick indignantly. "It scares the living 
daylights out of me when you suddenly 
materialise out of nowhere." 

Smithy gazed wrathfully at his 
assistant. 

"Creeping up on you?" he repeated 
unbelieving. "Blimey, with all the 
noise you've just been making a whole 
regiment in hob -nailed boots could 
march up to you on corrugated iron 
without you realising it. In any case, 
what in blazes are you playing at with 
this recorder?" 

"The service label on it says it's got 
a distorted output," explained Dick. 
"So I was just putting a signal on the 
tape to see how it sounded when I 
played it back." 

"Do you have to record a signal 
that sounds like half a dozen space 
missions all rolled into one?" 

"I've got to put something on the 
tape," retorted Dick. "Anyway, and 
as you could hear yourself, my voice 
was reproduced with quite noticeable 
distortion." 

"Seeing that you had the recorder 
going full blast," remarked Smithy 
accusingly, "that distortion could 
quite simply have been the output 
stage overloading. Play back the bit 
you recorded once more, but at a 
lower volume level this time." 

Dick carried out Smithy's bidding 
and the sound of his youthful voice 
was reproduced at a more comfortable 
level. The distortion was still present. 

"There you are," said Dick trium- 
phantly. "This recorder is quite 
definitely giving distortion. There must 
be something wrong in the playback 
amplifier stages." 

"Don't jump to conclusions," 
grunted Smithy. "You forget that the 
chain of events which resulted in your 
voice being reproduced consisted of 
the initial signal from the microphone 
passing through the recorder amplifier 

and on to the tape, and then coming 
off the tape and passing through the 
recorder amplifier all over again. The 
distortion could have been introduced 
in the recording process, in the play- 
back process or, even, in both pro- 
cesses." 

"In both processes?" queried Dick. 
"How do you make that out?" 

"In all domestic recorders," stated 
Smithy, "there are stages in the 
amplifier which are common to both 
the recording and the playback 
functions. It would be quite possible 
for a fault in these common stages 
to introduce distortion into the record- 
ing signal and then into the same 
signal when it's played back." 

"Blimey," said Dick, impressed at 
this aspect of tape recorder operation, 
"that would be virtually distortion 
squared." 

"It would, indeed," commented 
Smithy. "I've got a hunch, though, 
that there's quite a simple cause for 
the particular type of distortion you've 
got here. I've heard that rough -sound- 
ing edge on tape recorder outputs 
before. Rewind that bit of tape you 
used, set the machine to record, then 
run the tape back through without 
saying anything into the microphone." 

Dick rewound the tape and the pair 
waited silently as the tape passed 
through. 

"Right," said Smithy briskly. "Now, 
rewind that bit of tape once more, 
switch the recorder to playback, and 
run it through all over again." 

Dick operated the controls and then 
finally set the tape running through 
with the recorder at playback. 

There was silence for a short while 
then, suddenly, a click was audible 
from the recorder speaker. 

"Ten, nine, eight, seven, six, five, 
four, three, two, one, zero!" 

ERASE OSCILLATOR 

Hastily, Smithy leaned forward and 
switched the machine off. 

"This seems a pretty easy snag," he 
announced. "That signal you recorded 
should have been erased when you 
passed the tape through with the 
machine switched to record. It looks 
as though the erase oscillator has gone 
faulty." 

"But how could that cause distor- 
tion?" 

"Because," said Smith irritably, "if 
you haven't got an erase voltage you 
won't have a bias voltage either, will 
you?" 

"Won't you?" 
Smithy turned an exasperated glance 

at his assistant. The latter had assumed 
an expression of utter incomprehen- 
sion. 

This month Dick and Smithy embark on the repair of a faulty 
cassette tape recorder. Dick also takes advantage of this situation 
to put some questions to Smithy on the functioning of tape 

recorder erase oscillators. 
MARCH 1973 521 



"Look," said the Serviceman, "let's 
have a quick gander at the basic 
recording process as carried out in a 
small domestic machine. When we 
play back a recorded tape the tape 
passes first the erase head and then 
the record -playback head. This second 
head now functions as a playback 
head and the signals induced in its 
winding from the tape are passed to 
the recorder amplifier and subse- 
quently reproduced over its speaker. 
Now, what happens at the erase head 
during playback?" (Fig. 1(a).) 

(a) 

(b) 

"Nothing," said Dick promptly. 
"No erase voltage is fed to it." 

"Why not?" 
"Because if an erase voltage was 

passed to the erase head it would wipe 
off the recording before the tape 
reached the record -playback head." 

"Fair enough," grunted Smithy. "At 
least you've got that bit right. Let's 
next see what happens when the 
recorder is set to record. Once again 
the tape passes the two heads, the 
erase head first and the record -play- 
back head second." (Fig. 1(b).) 

Record -playback head 

--Record-playback 

Fig. 1. (a) When a tape recorder is switched to playback, the signal 
from the record -playback head is fed to the amplifier for 

subsequent reproduction from the loudspeaker 
(b) During recording the input signal (from a microphone 

here) is amplified and fed to the record -playback head. 
One output of the erase oscillator couples to the erase 
head, whilst a second output provides bias for the 

record -playback head 

head 

"Ah yes," cut in Dick. "Well, this 
time an input signal, which could be 
obtained from a microphone, is 
passed through the recorder amplifier 
and fed to the record -playback head. 
This head is now working as a record 
head, and it causes the signal to be 
recorded on the tape." 

"Correct. And what about the erase 
head?" 

"An alternating voltage of around 
40kHz or more is taken from the erase 
oscillator and fed to the erase head," 
said Dick, "and this wipes off any 
signal that was previously recorded 
on the tape. The result is that the tape 
passing the record head has been 
wiped clean and is ready to take the 
signal that is now being recorded on 
it." 

"And what about bias?" 
"Bias?" I don't know anything 

about bias." 
"Then I'll tell you about it. Whilst 

the recording process is being carried 
out a small proportion of the erase 
alternating voltage is also passed to 
the record head. This is the bias volt- 
age, and it causes the signal to be 
recorded on the tape with a minimum 
of distortion. If no bias is passed to 
the record head the signal is applied 
to a non-linear section of the magnetic 
transfer characteristic of the tape and 
is subsequently reproduced in dis- 
torted form. As is occurring with the 
tape recorder on your bench." 

"Blow me," said Dick excitedly. "I 
can see now why you carried out 
that erase test. You guessed that the 
signal on this machine had been 
recorded without bias and so you next 
checked whether the erase circuits 
were working properly." 

"That's about it," confirmed Smithy. 
"I had a suspicion that no bias was 
getting to the record head. There 
could, of course, be quite a few faults 
which would cause this even when a 
correct erase voltage was being fed 
to the erase head. However, it's such a 
simple process to check whether 
erasure is taking place that I thought 
I'd do that straightaway. I was lucky 
too, since we can now go straight to a 
definite fault, which must lie some- 
where in the erase oscillator circuit. 
It shouldn't be too hard for us to find 
out what's happened here." 

Smithy's use of the plurals 'we' 
and ' us' caused Dick to brighten 
visibly. It was patent that the Service- 
man had temporarily forgotten the 
work he had been carrying out on his 
own bench and was now completely 
engrossed in the cassette tape recorder. 
Dick liked doing jobs in company with 
the Serviceman. 

"I'll start getting the back off," he 
offered. 

"Yes, okay," returned Smithy. 
"Whilst you're doing that I'll go and 
get the service manual for this 
recorder." 

The Serviceman walked over to the 
filing cabinet. After some moments he 
returned and placed the recorder 
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values 

service manual, open at the circuit 
diagram, flat on Dick's bench. He 
proceeded to examine the circuit 
around the erase oscillator. (Fig. 2.) 
Dick had by now removed the back of 
the recorder, revealing the component 
side of its printed circuit board. 

"There's nothing much to go wrong 
in this oscillator circuit," Smithy 
announced. "Provided we haven't got 
any faults in the oscillator transformer 
winding, it should be a pretty straight- 
forward job." 

HARTLEY OSCILLATOR 

Dick looked over at the circuit 
diagram. 

"That circuit seems fairly simple," he 
remarked cautiously. "The transistor 
collector goes to a tap in the transformer 
winding, the positive supply connects 
to the next tap down, and the bottom 
of the winding feeds the base of the 
transistor. I'm not too clear, though, 
about the section of the winding which 
is above the collector tap." 

"It provides, due to transformer 
step-up action, a high voltage at erase 
frequency for application as bias to 
the record head circuit," said Smithy. 
"If you forget about it for a moment 
you'll see that the winding below the 
collector tap forms the inductive 
section for a Hartley oscillator tuned 
circuit. The capacitive bit is provided 
by the 0.004µF capacitor connected 
across this inductive section. You'll 
remember that, in a Hartley oscillator, 
a central point in the tuned winding is 
earthy. The two outside ends of the 
tuned winding go to the collector and 
base of the oscillator transistor." 

"Well, that's easy enough," re- 
marked Dick. "I don't quite under - 
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stand why there's a 270û resistor and 
a 33k0 resistor in the base circuit, 
though. What are they for, Smithy?" 

"The 33kû resistor," said Smithy, 
"is a base bias resistor. It's bypassed 
by a O.IµF capacitor, which ensures 
that there is hardly any loss in current 
at the oscillator frequency which is 
fed to the base. The 2700 resistor, on 
the other hand,' is intended to definitely 
limit base current at the erase fre- 
quency. It is important for the erase 
oscillator in a tape recorder to give as 
true a sine wave as possible. By 
limiting the base current that 270û. 
resistor ensures that the transistor is 
running just strongly enough to pro= 
duce a nice clean sine wave across the 
tuned circuit without clipping or any 
other form of distortion taking place. 
The erase signal is fed to the erase head 
via the 0.01µF capacitor. In practice, 
the erase head inductance adds to the 
tuned winding inductance and modi- 
fies the frequency at which the circuit 
operates. Because of this, erase 
oscillator circuits have to be designed 
around a specific erase head in- 
ductance." 

I see," said Dick. "Now, what 
about that section of the transformer 
winding which is above the collector 
tap?" 

"As I said just now," replied Smithy, 
"that section of the winding provides 
a high voltage at the erase frequency, 
and it is applied, as bias, to the record 
head. At . first sight this may seem 
rather a peculiar way of setting about 
things, because the bias power level in 
the record head is much lower than 
the erase power level in the erase head. 
However, if the voltage available for 
bias appears at a high level, the small 
amount required by the record head 

can be fed to it by way of a relatively 
low value of capacitor. In our circuit 
this capacitor is the 0.001µF com- 
ponent in series with the 100kû pre- 
set pot. A low bias coupling capacit- 
ance eases frequency response pro- 
blems at the record head. Another 
point is that the record head may have 
a significantly higher impedance than 
the erase head, whereupon it requires 
a high voltage source of bias. Return- 
ing to our own circuit, the function 
of the 100kû pre-set pot is to enable 
the bias level at the record head to be 
set up to an optimum level." 

"Fair enough," remarked Dick. "I 
see that the supply to the erase oscil- 
lator is taken via a 47û resistor and a 
200µF bypass capacitor. Is this to 
decouple the oscillator from the rest 
of the recorder circuits?" 

"It will do that," confirmed Smithy, 
"but the main function of that 
200µF electrolytic is to ensure that 
erase oscillations die down gradually 
when the oscillator supply is switched 
off. When the record -playback switch 
section is put to the playback position, 
the supply to the 200µF capacitor is 
broken. This then discharges into the 
erase oscillator itself, which produces 
an oscillation of continually decreasing 
amplitude as the voltage across the 
electrolytic falls." (Fig. 3). 

Instant of _1 

switch -off 

Time 

Fig. 3. The presence of the 
2001IF capacitor causes the 
output of the erase oscillator 
to fall gradually to zero after 

switch -off 

"What's the point of that?" 
"If the electrolytic weren't fitted," 

said Smithy in reply, "it would be 
possible for oscillation to cease 
abruptly on a half -cycle peak at the 
instant of switching off. This could 
cause partial magnetisation of the 
erase head core. With the electrolytic 
in circuit, though, the erase head is 
automatically degaussed each time the 
erase oscillator is switched off. Funnily 
enough, the idea of having an electro- 
lytic capacitor across the supply to the 
erase oscillator used to be standard 
practice in the early tape recorders 
which employed valves, but it was 
used less frequently in the later models 
that appeared. It's now cropping up 
all over again in present-day transistor 
tape recorders." 

"If," queried Dick, "the electrolytic 
capacitor is not mainly intended to 
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provide decoupling, why bother to 
include the 4712 series resistor?' 

"That resistor," explained Smithy, 
"reduces current surges at the switch 
contacts whenever the erase oscillator 
is switched on. A discharged high 
value electrolytic capacitor can behave 
like a resistor of an ohm or so at the 
instant when a supply potential is 
connected to it. Because of this, 
needlessly high switch currents would 
flow if the 4752 series resistor were 
omitted, and the switch life would be 
consequently shortened. Well now, 
that's enough nattering about the 
theoretical aspects of erase oscillators. 
Let's get down to some practical 
trouble -shooting on the actual oscil- 
lator we've got here!" 

"Okey-doke," said Dick amicably, 
as he pulled his testmeter towards him. 
"Where do we start?" 

"Voltage measurements," com- 
mented Smithy, "would seem to be 
the order of the day. I've got a niggling 
worry that there may be a fault in the 
oscillator transformer. If there is we'll 
have to order a new one, which means 
that this job will be hanging around 
until the replacement comes in." 

Smithy turned to the layout diagram 
in the service manual, then pointed to 
a transistor and a skeleton pre-set 
potentiometer on the printed circuit 
board of the recorder. 

"That's the oscillator transistor,', 
he remarked, "and that's the 100k12 
potentiometer in series with the bias 
feed to the record -playback head. So 
you can take a few voltage readings 
at these points." 

VOLTAGE MEASUREMENTS 

"Righty-ho," said Dick obligingly, 
as he clipped the negative lead of his 
testmeter to the chassis of the recorder 
and switched the latter to the record 
function. "Let's have a go at the pot 
first. I don't know which end of its 
track connects to the transformer so 
I'll have to take pot luck here." 

Dick fell silent for a moment. 
"Get it?" he urged brightly. "Pot 

luck?" 
"I heard you," sighed Smithy 

wearily. "Now do get on and check 
that voltage." 

Dick applied his testmeter prod to 
one end of the potentiometer. (Fig. 
4(a).) 

I'm getting a reading of about 6 

volts here," he announced. "It looks 
as though I've picked the track end 
which connects to the transformer 
first go." 

"Good," said Smithy. "Now check 
for voltage at the transistor. The type 
used here is in the standard TO -18 
can, with emitter, base and collector 
lead -outs running around in that order 
from the locating lug." 

"Fair enough," said Dick. "Well, 
I'll try the collector first." 

He place his positive test prod on 
the collector lead -out. (Fig. 4(b).) 

"You've got about 6 volts there, 
too," remarked Smithy, who was 
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(a) 

(b) 

(c) 

Ve 4.5V 

(d) 

Figl 4. (a) When Dick checked the voltage at one end of the bias 
adjust potentiometer of Fig. 2, he obtained a reading of 

about 6 volts 
(b) Measuring the voltage at the transistor collector 
(c) A surprisingly high voltage was given at the base 
(d) The fault was finally located when the emitter voltage 

was checked 



watching the meter needle. 
"I'll try the base next." 
Dick placed the test prod on the 

base lead -out of the transistor. (Fig. 
4(c).) 

"Hallo," said Smithy. "We've found 
something already! There's a reading 
of about 5 volts on that base. Apart 
from the fact that I can now forget 
my worries about the oscillator 
transformer, this also means that we've 
bumped into something really queer 
in this transistor circuit. Try the 
emitter, Dick." 

Dick put his test prod on the third 
lead -out of the transistor. (Fig. 4(d).) 

"Ah -ha!" pronounced Smithy. 
"There's a reading of around 4.5 volts 
there. The transistor emitter circuit 
must be open. The reading you were 
getting on the base would be the 6 
volts supply potential minus a volt or 
so dropped in the 33kí2 resistor due to 
the current drawn by the testmeter. 
And the reading on the emitter is about 
half a volt lower again because of the 
base -emitter volts drop in a silicon 
transistor, which this one happens to 
be." 

Dick turned off the recorder, 
switched his testmeter to a low ohms 
range and checked the resistance 
between the transistor emitter and 
chassis. 

"That 2252 resistor in the emitter 
circuit is open -circuit," he called out, 
glancing at the meter. "There's barely 
any deflection in the meter at all." 

"Check across the resistor itself," 
counselled Smithy. 

Dick located the 2252 resistor and 
applied his test prods across the two 
short lengths of its lead -outs that were 
visible above the board. 

"Darn it," he said. "The resistor's 
all right." 

"Is it?" remarked Smithy, in an 
interested tone. "I wonder if we've 
come across one of those hair -line 
fractures in the printed circuit foil 
which all the servicing books warn us 
about! Have a butcher's under the 
board, Dick." 

Dick removed the screws holding 
the board in position and carefully 
turned it to reveal the copper foil. He 
then examined the copper side around 
the 22ü resistor. 

"I can't see anything," he said 
doubtfully. "The copper foil looks 
quite all right." 

"Well " said Smithy, "there must 
be an open -circuit there somewhere. 
Keep your testmeter on the ohms 
range, put one prod on one end of 
each area of foil connecting to the 
resistor and run the other prod over 
the remainder of that area." (Fig. 5.) 

Dick applied his testmeter prods to 
the copper foil as advised by Smithy. 

"Well, I'm dashed," he said sud- 
denly. "There is a fracture." 

He peered closely at the copper 
print. 

I can just about see the break, too," 
he said. "Now that I know where to 
look!" 

"Good," said Smithy approvingly. 

Copper foil 

Fig. 5. In some cases, 
fractures in the. copper foil 
of a printed circuit board may 
be located by holding two 
test prods against it, sliding 
one away from tile other. The 
test prods connect to a 
testmeter switched to read 

resistance 

"You'd better bridge it with a bit of 
wire. It looks as though we've got 
another job done." 

Dick settled himself down in front 
of the recorder and proceeded to 
repair the break in the foil. 

"There's one little thing that's been 
puzzling me," he remarked, as he 
worked on the printed circuit board. 
"Why does the erase oscillator have 
to give a pure sine wave?" 

"It needs to give a pure sine wave," 
said Smithy, "because a waveform 
which isn't a sine wave can leave 
partial magnetisation of the tape and 
this would result in a noisy back- 
ground on the subsequent recording. 
The gap in the erase head is usually 
much wider than that in the record - 
playback head and, because of this 
and the high amplitude of the erase 
signal, the erase magnetic field extends 
for a short distance on either side of 
the erase head gap. So the tape, on 
passing across the head, first enters a 
very small field which gradually 
increases to full strength at the gap 
itself and then tapers off to zero again 
after the tape leaves the gap. You 
could describe this as another form 
of degaussing effect." 

"I can visualise that bit," said Dick. 
"But that still doesn't explain why the 
erase signal has to be a pure sine 
wave." 

"If," said Smithy, "the erase signal 
waveform is not completely symmetri- 
cal about its zero line, it will give more 
magnetisation on the tape with one 
polarity than with the other. The 
result will be that the tape, after,passing. 
the erase head, will be magnetised in 
one direction instead of being com- 
pletely demagnetised. This magnetisa- 
tion will cause the tape to be noisy. 
Distortion of the sine wave will 
normally be caused by the presence 
of harmonics of the sine wave and it is 
the even harmonics which do the 
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damage here. The odd harmonics are 
far less troublesome in this respect." 

"Why's that?" 
"You really need an oscilloscope 

for this point to be demonstrated," 
replied Smithy. "But I'll show you a 
few waveforms to give you an idea 
of what's involved." 

The Serviceman took out his pen 
and sketched out five waveforms in 
the margin of the recorder service 
manual. (Figs. 6(a) - (e).) 

"Now," he went on, "the first of 
these waveforms is for a pure sine 
wave. As you can see, it's nice and 
symmetrical about the zero line. If, 
next, I add a bit of second harmonic 
you get a waveform like my second 
sketch. As you can see, this is definitely 
asymmetric. My third sketch is another 
example of second harmonic distortion, 
this time with a different phase 
relationship between the harmonic and 
the fundamental. That one's markedly 
asymmetric, too." 

(a) 

(c) 

(e) 

"What about the other two wave- 
forms?" 

"They're examples of the original 
sine wave plus added third harmonic," 
explained Smithy. "The phase re- 
lationship is different in the two wave- 
forms. Neither of these two waveforms 
is a pure sine wave but they're still 
both symmetrical about the zero line. 
Because of this, third harmonic 
distortion in an erase oscillation is far 
less likely to result in partial magnetisa- 
tion of the tape than is second har- 
monic distortion. You get the same 
effect with the higher harmonics; the 
even harmonics produce asymmetry 
and the odd harmonics do not." 

There was silence for a moment as 
Dick absorbed these remarks. 

"Blimey, Smithy," he exclaimed 
suddenly. "I've just thought of some- 
thing! If it's the even harmonics which 
cause the trouble, why not use a Class 
A push-pull oscillator for generating 
the erase signal. One of the advantages 

(b) 

(d) 

Fig. 6. (a) A pure sine wave 
(b) A sine wave with second harmonic added 
(c) Another example of second harmonic distortion 
(d) Adding third harmonic to a sine wave 
(e) Third harmonic with a different phase relationship 
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Fig. 7. A typical push-pull erase oscillator, with representative 
values. Note that a higher erase voltage is again provided for 
the bias circuit, as compared with that for the erase head 

of a Class A push-pull audio output 
stage is that the even harmonics auto- 
matically cancel out, and the same 
should apply to a push-pull oscillator." 

Smithy grinned, then walked over 
to the filing cabinet and returned with 
another service manual. 

"That's an excellent scheme," he 
chuckled. "But I'm afraid you won't 
be' able to claim it as your own 
original idea. Push-pull erase oscil- 
lators have been in use for ages now. 
There's a typical example in this 
second service manual, which is for a 
more pricey type of recorder than the 
one we've been fixing." 

Smithy opened the second service 
manual and indicated the erase 
oscillator circuit (Fig. 7.) 

FINAL CHECK 

"Oh well," commented Dick philo- 
sophically, "my trouble is that I was 
brought into the world too late. 
Anyway, now that you've explained 
the erase oscillator action, tell me in a 
bit more detail why we also have 
to apply a bias signal to the record 
head." 

Smithy drew breath to reply, then 
happened to glance at the Workshop 
clock. 

"Ye gods," he exclaimed "is that 
the time? There's no more technical 
nattering for today, Dick. 'We must 
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get on with some work." 
"Well, will you tell me about the 

record bias business when we have our 
next gen -session?" 

"Oh, all right. But you'd better 
next check out that recorder. And, 
please, no more space flight natter." 

"As you like," said Dick cheerfully, 
as he switched on the recorder and 
picked up its microphone. "I'll start 
right away. Testing, testing, testing, 
one, two, three, four, five!" 

"That," said Smithy, "is a bit more 
like it." 

"Calling all cars, calling all cars." 
"Now don't get carried away again." 
"This is your captain speaking. 

Come in Snowey. Mayday, Mayday!" 
"That's enough!" 
"Reading you loud and clear. Roger, 

wilco and out!" 
Smithy turned a helpless glance 

towards the ceiling, as Dick rewound 
the tape. However, his annoyance 
cleared when, as the tape was played 
back, his assistant's voice was now 
reproduced with complete clarity and 
lack of distortion. 

As Smithy returned to his own bench 
he decided that there must be some 
advantages to having an assistant like 
Dick. He found it more profitable, 
though, to focus his thoughts on his 
work rather than attempt to actually 
categorise those advantages. 
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Radio 

Copies 
By Recorder 

SIGNALLING SYSTEM 

The accompanying circuit shows an 

it, is in the conductive state. 
If, on the other hand, S2 is closed, 

current flows during the half -cycles 
when the lower end of the 6.3 volt 
secondary is positive, the current path 
being via D4, S2, D2 and PLI. In 
consequence PLI lights up. This 
current cannot cause PL2 to light up 
because of the conducting rectifier, D4, 
which appears across it. 

Since one of the lighting circuits 
function on one set of half -cycles 
and the other on the alternate half - 
cycles, both lighting circuits are quite 
independent of each other. Closing Si 
will cause PL2 to light up regardless 
of whether S2 is open or closed. 
Similarly, closing S2 will cause PLI to 
light up irrespective of the state of SI. 

I've checked out the circuit on the 
bench using silicon rectifiers type 
1N4002 for the diodes and 3.5 volt 
flash lamp bulbs for PLI and PL2, 
and it goes, of course, like a bomb. 
A minor point is that when Si is 
closed, thus turning on PL2, this lamp 
glows slightly brighter if S2 is then 
closed. This is because S2 short-circuits 
the conducting D3, across which a 
forward voltage of 0.6 volt is other - 

An interesting signalling circuit. Despite the fact that there are only 
two wires between the two halves of the circuit, each switch has 

independent control of the bulb remote from it 

interesting system for two-way lamp 
communication via two wires, and I 
ám indebted for it to an American 
reader, John T. Hunt of Pittsburg, Pa., 
who says he believes that the applica- 
tion is original and not previously 
published. 

The two bulbs may be at separate 
locations, and they can be used for 
signalling or calling purposes. When 
both switches are open, neither bulb is 
illuminated because no current can 
pass through the back-to-back pairs of 
rectifiers. If SI is closed current flows, 
on the half -cycles when the upper end. 
of the mains transformer secondary is 
positive, through D1, switch S1, D3 
and PL2, whereupon PL2 becomes 
illuminated. Pilot lamp PLI cannot 
become illuminated because DI, across 
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wise dropped. The same effect occurs 
in the reverse direction, and PL1 
becomes slightly brighter, with S2 
closed, when SI is subsequently 
closed. If this effect is considered to be 
of any consequence it could be 
obviated by using germanium rectifiers 
in the D2 and D3 positions. 

REPAIR JOB 

Using some old valves reminded me 
of a radio repair job that came my way 
a few weeks ago. When an aunt pro- 
duced this radio for my attention my 
heart sank a little. I recognised the set 
because I had bought it for her way 
back in 1954 from one of the Nissen - 
hut factories which had sprouted up 

like mushrooms at that time. For the- 
benefit of younger readers I should 
mention that there were great masse 
of ex -Government electronic surplus 
knocking around then, and that small 
factories, some employing fewer than 
20 people and now completely extinct, 
had blossomed forth and were using it 
in simple low-cost `no -name' superhets 
which they were producing like mad. 
This set was one of those superhets 
and I'd picked it up for a song from its 
small-time manufacturer. 

At any event the set was dead, and 
so with difficulty I lugged out the 
works. I say 'with some difficulty' 
because the mounting bolts had rusted 
into the tapped holes in the chassis and 
needed quite a bit of brute force for 
their removal. Those sets were made 
for a quick sale and the manufacturer 
hadn't bothered about such niceties as 
plated bolts. When I did eventually 
get to look at the chassis I saw the 
usual nondescript collection of resis- 
tors and capacitors of various types 
and vintages which is germane to 
receivers of this class. Still, nothing 
appeared to have burned out and so I 
switched the chassis on and got the 
testmeter out. 

The fault was dead simple. As soon 
as I put the positive testmeter prod on 
the triode anode of the octal -based 
double -diode -triode which preceded 
the output valve I heard a good loud 
crackle from the speaker. Also, the 
anode voltage, as indicated by the 
meter, was only a little lower than the 
voltage on the h.t. positive rail. That 
triode didn't seem to be passing much 
current, as was confirmed when I 
found that there was zero voltage 
across its cathode bias resistor. 

Since the triode grid circuit was 
perfectly in order and the heater was 
burning away merrily, there was a 
good chance that either the cathode 
or anode lead -out from the glass 
envelope had become disconnected 
inside its pin. Accordingly, I applied 
the iron to the two valve pins in turn, 
running a little solder down the inside 
of each. 

It worked. Immediately the valve 
had warmed up, the set went like a 
bomb. What surprised me was that its 
sensitivity and output quality were at 
least as good, if not significantly 
better, than are given by many of the 
quite expensive solid-state jobs we see 
around us today. 

My `repair' was not one which 
offered long-term reliability, and so I 
ordered a new valve from one of the 
postal firms which specialise in old 
types. As I did so I recalled that 
despite the fact that that old set, 
almost literally thrown together with 
any junky parts that would work, had 
been running daily since 1954, this 
was the first time it had broken down. 
And, even then, the fault was only a 
simple valve snag. There must be a 
moral here somewhere, but I'm dashed 
if I can quite find my way to it! 
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Robert M. Brown £1.40' 
Model Radio -Control 
Edward L. Safford, Jr. £1.40' 
APRIL 
125 One -Transistor Projects 
Rufus P. Turner £1.40' 
Installing Ft Servicing Electronic 
Protective Systems 
Harvey F. Swearer £1.40' 
Practical Solid -State Principles 
ft Projects 
Ken W. Sessions, Jr. £1.40' 
Rapid T.V. Repair 
G. Warren Heath £1.40' 
Test Instruments for Electronics 
(Ed. by ) Martin Clifford £1.40' 
Video Tape Production and 
Communication Techniques 
Joel Lawrence Efrein £1.40" 
Handbook of Semiconductor 
Circuits £1.40' 
'Prices subject to revision 

FOULSHAM-TAB LTD. 
YEOVIL ROAD. SLOUGH. BUCKS. 

Simple Short -Wave 
Receivers 

by F. A. Baldwin 

FOR ONLY 

80p 
P. & P. 6p 

140 Pages (5k x 

* FOUR BASIC DESIGNS 
1, 2 and 3 Valves. In total, six design variations are described, all have been 
thoroughly air -tested. Fifteen photographs and thirty-nine working diagrams 
illustrate the construction of the `Saxon', `Voyager', `Explorer' and 
`Sentinel' receivers. 

* INTRODUCTION TO SHORTWAVE LISTENING 
Radio Wave Propagation Conditions; Aerial and Earth Systems; Broadcast 
Bands Operating; Identifying Broadcast Stations; Using a Tape Recorder; 
Reception Reports (Broadcast); Reporting Codes (Broadcast); Specialising; 
Amateur Band Operating; Reception Reports (Amateur); Reporting Codes 
(Amateur); CW or Phone?; Clubs and Societies; Receiver Calibration; 
Operating a Short Wave Receiver; Addresses. Six Tables, two photographs 
and ten diagrams. 

* WORKSHOP PRACTICE 
Tools Required; Connections to Valveholders; Rubber and PVC Grommets; 
Drilling Panels and Chassis; Test Equipment for Receivers; Resistor Colour 
Codes; Circuit Symbols, Five Diagrams, Resistor Colour Code Table. 

* SOLDERING NOTES 
Three pages of advice and instruction on this important subject. Two dia- 
grams. 

* GENERAL PURPOSE POWER SUPPLY 
May be used as a bench supply or for use with two of the basic receiver 
designs. Two photographs, four working diagrams, Test Table. 

TO DATA PUBLICATIONS LTD 57 Maida Vale London W9 1SN 

Please supply copy(ies) of 'Simple Short Wave Receivers', 

Data Book No. 19. 1 enclose cheque/crossed postal order for 

NAME 

ADDRESS 

BLOCK LETTERS PLEASE 
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SMALL ADVERTISEMENTS BENTLEY ACOUSTIC CORPORATION LTD. 

Rate: 4p (9d) per word. Minimum charge 60p (12/-). 
Box No. 10p (2/-) extra. 

Advertisements must be prepaid and all copy 
must be received by the 4th of the month for 
insertion in the following month's issue. The 
Publishers cannot be held liable in any way 
for printing errors or omissions, nor can they 
accept responsibility for the bona lides of 
advertisers. (Replies to Box Numbers should 
be addressed to: Box No. -, The Radio 
Constructor, 57 Maida Vale, London, W9 1 SN 

BUILD THE MULLARD C.C. TV CAMERA. Complete 
kits now available from Crofton Electronics. Send large 
s.a.e. for details to: 15-17 Cambridge Road, Kingston - 
Upon -Thames, Surrey. Reply by post. No callers please. 

CATALOGUE NO. 18, , containing credit vouchers 
value 50p, now available. Manufacturers new and 
surplus electronic and mechanical components, price 
23p post free. Arthur Sallis Radio Control Ltd., 28 
Gardner Street, Brighton, Sussex. 

CHROMASONIC ELECTRONICS. New list 10p, post free. 
Data Dept., 56 Fortis Green Road, London, NIO 3HN. 

"WORLD RADIO TV HANDBOOK" 1973, £2.90 "HOW 
TO LISTEN TO THE WORLD", £2.00. CONFIDEN- 
TIAL FREQUENCY LIST, stations' QSL policies, etc., 
£1.80. Callbooks: USA £3.95, rest of world £3.10, British 
Isles 70p. First class post included. David McGarva, 
Box 114 (REC), Edinburgh, EH I 1 HP. 

SERVICE SHEETS for Televisions, Radios, Transistors, 
Tape Recorders, Record Players, etc., from 5p. with 
free Fault Finding Guide. Catalogue 15p. Please send 
S.A.E. with all orders/enquiries. Hamilton Radio, 
47 Bohemia Road, St. Leonards-on-Sea, Sussex. Telephone 
Hastings 29066. 

MINI MAINS TRANSFORMER MT7, 30x30x37mm, 
7-0-7V rms, 120mA, for 9V rectified d.c. Top quality 
component with really comprehensive data. 70p, U.K. 
post 5p. Mail order only. AMATRONIX LTD., 396 
Selsdon Road, South Croydon, Surrey, CR2 ODE. 

FOR SALE: Widescreen cine outfit. 9.5mm Prince cine 
camera fitted with Zenoscope Anamorphic lens, 9.5mm 
Specto projector with adaptor for Zenoscope lens, wide- 
screen 60 ins by 30 ins. Six 9.5mm cassettes for camera. 
£50 or would exchange for radio or other photographic 
equipment. Box No. G192. 

BURGESS K series double -break Microswitches, two 
circuit 25 amps up to 250 volts AC, 15 amps up to 460 
volts AC, in boxes of ten, £2.50 post 15p. STROBOSCOPE 
FORKS, 125 cycles, £1.50 post paid. FREQUENCY 
METERS, 45/55 c.p.s., 230 volts AC, 6 inch diameter 
flush round, £10 each, post 70p. MEGGERS, 500 volts 
range, 0-1000 Meg ohms - infinity, metal case, in good 
working order, £15 each, post 70p. BRIDGE MEGGERS, 
series 1, 1,000 volts range 0 -Meg ohms - infinity, complete 
with resistance box 0/9999 ohms in sealed case, £70 each, 
carriage £1. POWER FACTOR AND WATTAGE 
UNITS for model 7 Avometers, fitted PF sockets, £7.50 
each, post 65p. MINIATURE DIGITAL INDICATOR, 
size of digits 4 inch, illuminated by 28 volt lamps reading 0 
through 9 with decimal points, £3 each, post paid, send for 
illustrated details. L. Wilkinson (Croydon) Ltd., Longley 
House, Longley Road, Croydon, Surrey. Telephone: 
01-684-0236. 

(Continued on page 533) 
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The Valve Specialists 

The Old Police Station, Gloucester Road, LITTLEHAMPTON Sussex. PHONE 6743 

0A2 .30 2BA6 .30 EI80F .90 0134 .44 PEN45 .40 UF89 .27 
OB2 .30 2BE6 .30 EA50 .27 EL41 .53 PEN 450D UL41 .54 
5U40 .30 217(3T .33 EABC80 EL84 .21 .75 1.1184 .28 
5V4G .33 21(5 .50 .29 EL9I .23 PFL200.50 UY41 .38 
5Y3GT .25 21(7(11 EAF42 .48 0195 .32 PL36 .46 UY8S .23 
5Z4G .33 .34 EAF801.50 ELL80 .75 PL81 42 X41 .50 
6130L2 .53 2Q7GT EB34 .20 EM80 .37 l'L82 .28 ACI65 .25 
6AI16 .5(1 .28 EB91 .10 EM81 .37 PL83 .30 AD140 .36 
6A15 .75 9AQ5 .24 EBC4I .48 E1148.1 .75 L84 .28 A1)149 .50 
6AQ5 .21 2054 .89 EBC'eI .29 EM84 .31 1504 .60 A1)161 .45 
6AT6 .18 30('15 .55 1131811 .111 EM87 .34 1508 .90 40162 .45 
6AU6 .19 30C17 .74 1(11F83 .38 EY51 .29 L802 .75 AF114 .25 
6AV6 .28 30CI8 58 E8149 .26 EY81 .35 'Y33/2 .511 AF115 .15 

6BA6 .19 30E5 .61 1!('92 .34 I:YN3 .54 Y81 .24 AF121 .30 
613E6 .20 31111.1 .58 1 '33 1. 51) IìV87í6 .27 Y82 .21 AF126 .I8 
6BH6 .41 31111.2 .58 I CC .15 .95 1Y88 .411 Y81 .26 11('107 .13 
61316 .19 0111.14 1:('('X 1 .16 IIZ411 .411 '488 .31 111'1118 .13 .66 
61187 .7'1 11)1.15 .55 1 e( '82 .1'1 IiZNI) .19 l'Y8181 .31 11('II1 .25 
613W6 .72 31)1. 17 .65 1 e('('83 .21 I'181 .211 l'Y801 .31 01'118 .23 
6BW7 .511 3111'12 .6') 1.C'('84 .28 GY5111 -75 QQV1131 Ill 'Ill . 18 

611Z6 .JI 3114'1 .55 I:CCNS .32 (;Lì4 .47 II) I.21) III 15'/ 
6('4 .28 3111'1.1 .57 I :('('88 .35 IIVR2 .51 K19 .28 III 163 .20 
6CU5 .30 301'1.13 .75 Il 11811 .27 K'1W61 .63 UP/ 1.73 1I1 1811 .311 

61:5 .55 301'1.14 .62 'I 82 25 K'IW6'.63 t/ 25 .62 IIV KNI IN 

M11 1 .59 3051.15 .87 l'('1 .64 K 1 W6.51) u_i, .53 14Y I26 .15 
61'18 .45 15A3 .48 1.('1115.511 K'IM, .80 1119I .56 111'127 .I8 
61'23 .65 351.6(1'1.42 1 l'1142 .57 l'C86 .44 U251 .62 1lA'/1 .IW 
6E28 .611 35W4 21 1.'('11X1 .25 l'C'88 .44 U351 .40 1)A'15 IN) 

61160T .15 35'14 .24 1'('11X3 .18 7'('97 .36 U801 .76 O'23 38 

6K 70 .10 35Z5 .311 1 ('1184 .34 P( "1181 .29 UAIí(1811 1)('24 .18 
6KN(i .16 51('5 .32 1 ('1.8() .28 1'('('84 .27 ..111 11l"5 .3X 
6L6GT .39 501 6G1.45 1=('1.82 .28 l'('('88 .3'/ 1I11C'41 .45 1)C35 .32 
6070T .43 90C1 .59 I ('1.8 3 .52 l'('('8') .42 UII081 411 (1( 44 .111 

6071M).43 '(('G 1.711 1 ('1.84 .54 1'('('I8'1.46 UI11e80 .28 ()('45 .17 
6U4( ï l .MI DAI 91 .211 1 ('1.86 .11 l'('1-80 .26 U11169 .20 0('46 .15 
6V6G .17 DA 1.96 .13 1 1/2_ .63 I'('162 .31) UC '92 .35 0('71) .Ii 
6X4 .20 1)1-91 .14 1 l'41 .58 P(' 164 .40 U('('84 .33 r)C'71 .II 
7Y4 .60 DF96 .34 1 F80 .21 IY'1-86 .44 U('C85 .33 0(72 .11 
91)7 .78 1)K91 .26 EF83 .54 l'('I-801 .28 U('1/80 .3I UC'74 .23 
10F'1 .75 DK 92 .35 EFN5 .25 l'C'I802.37 UCH42 .57 0075 .II 
10118 .35 1)K96 .35 EFN6 .27 PCF806.55 UCH81 .29 0078 .15 
12A6 .63 D192 .23 EF89 .23 PCL82 .29 UCL82 .30 0('781) .15 
12AC6 .40 DL96 .35 EF91 .17 PCLN3 .54 UCL83 .48 00 11 .11 
12AD6 .40 DYN716 .22 EF92 .28 PCL84 .32 UF41 .50 OC81D .11 
12AE6 .48 DY802 .29 EF181 .25 PCL805 .37 UF80 .35 0082 .11 
12AT6 .23 E80CC1.65 EF184 .27 PCI.86 .36 U F85 .34 0083 .20 
I2AU6 .21 E8OF 1.20 EH90 .34 PD500 1.44 UF86 .63 0034 .24 
12AV6 .28 E88CC .60 

All goods are unused and boxed, and subject to the standard 90 -day 
guarantee. Terms of business: Cash or cheque with order only. No 
C.O.D. orders accepted. Post/packing charge 3p per item subject to a 
minimum of 9p per order. Orders over £5 post free. All orders despatched 
same day by first class mail. Complete catalogue with conditions of 
sale 7p post paid. Any parcel insured against damage in transit for only 
3p extra per order. Business hours 9 a.m.-5.30 p.m., Mon: Fri. Closed Sets. 
Please enclose S.A.E. with all enquiries. 

Get paid 
for your hobby! 

Become an expert in Radio, Television and Electronic 
Engineering. 

Take an ICS home study course, specially designed to help 
you gain the qualifications that will entitle you to higher pay 
and a more interesting career. 

ICS individual tuition has a long-standing reputation for 
success in these important examinations: C & G Telecom- 
munications Certs., Radio Amateurs Examination, General 
Radiocommunications Certs., C & G Radio Servicing Theory. 

Alternatively, you can choose an ICS colour/mono T.V. 
servicing course or practical radio and electronics courses 
that provide essential practical experience as you build. 
Transistor portable receivers, signal generators, multi -test 
meters. And whatever you build is yours to keep. All compon- 
ents are supplied PLUS expert coaching in basic electronic 
theory and practice. 

Post this coupon today for a FREE Course Guide and find 
out how to turn your hobby into money. 

Please send me, without obligation, my FREE BOOKLET 
on Radio, Television and Electrical Engineering. 

Name Age 
(BLOCK CAPITALS) 

Address 

Occupation 
,International Correspondence 

your key to the door j Schools, Dept. 233E, Intense 
of opportunity House, Stewart. Road, London 

SW8 4UJ 
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ElectronicMusic Production 
by A. Douglas £2.75 Postage 12p 

HAM Radio A Beginner's Guide 
by R. H. Warring £1.60 Postage 10p 

Radio, T.V. ä Audio Test Instruments 
by Gordon J. King £3.80 Postage 15p 

Making Et Repairing Transistor Radios 
by W. Oliver £1. Postage 12p 

Transistorized Radio Control For Models 
by D. W. Aldridge £2.50 Postage 12p 

Servicing with the Oscilloscope 
by Gordon J. King £1.80 Postage 12p 

Practical Integrated Circuits 
by A. J. McEvoy 90p Postage 10p 

Electronics £t Radio 
by M. Nelkon £1.80 Postage 20p 

VHF -UHF Manual 
by G. R. Jessop £1.60 Postage 15p 

THE MODERN BOOK CO 
110 THYRISTOR PROJECTS using SCRS and TRIACS 

by R. M. Marston 
£1.40 Postage 10p 

50 Photoelectric Circuits Er Systems 
by P. S. Smith £1.30 Postage 6p 

How to Listen to the World 
Eby J. M. Frost £1.90 Postage 10p 

HI-FI, P.A., Guitar & Discotheque Amplifier 
Design Handbook 
by B. B. Babani 75p Postage 5p 

Transistor Audio Et Radio Circuits 
Postage 12p by Mullard £1.80 

HI FI Year Book 1973 
by IPC £1.50 Postage 20p 
Radio Technician's Bench Manual 
by H. W. Hellyer £3 Postage 15p 
RSGB Amateur Radio Call Book 1973 
by RSGB 60p Postage 6p 
Amateur Radio Techniques 
by Pat Hawker £1.60 Postage 15p 
Radio Valve Et Transistor Data 
by A. M. Ball 75p Postage 12p 

We have the Finest Selection of English and American Radio Books in the Country 
19-21 PRAED STREET (Dept RC) LONDON W2 INP 

Telephone 01-723 4185 

NEW STYLE SELF -BINDER 
for 

"Radio Er Electronics 

Constructor" 

PRICE 

75p 
P.bP.14p 

Available only from:- 

The "CORD EX" Patent Self -Binding 
Case will keep your issues in mint 
condition. Copies can be inserted or 
removed with the greatest of ease. Rich 
maroon finish, gold lettering on spine. 
Specially constructed Binding Cords are made 
from Super Linen of great strength, very hard 
twisted and twice doubled. They are attached 

to strong RUSTLESS Springs 
under tension, and the method 
adopted ensures PERMANENT 
RESILIENCE of the Cords. Any 
slack that may develop is 
immediately compensated for 
and the Cords will always 
remain taut and strong. It is 
impossible to overstretch the 
springs, as a safety check 
device is fitted to each. 

Data Publications Ltd, 57 Maida Vale London W9 ISN 
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SMALL ADVERTISEMENTS 
(Continued from page 531) 

BUILD IT in a DEWBOX robust quality plastic cabinet 
2 in. x 2f in. x any length. S.A.E. for details. D.E.W. 
Ltd., 254 Ringwood Road, F9rndown, Dorset. Write 
now - right now. 

WANTED: Early books on wireless, pre -1925. Details to 
Box No. G198. 

FOR SALE: VHF KIT, 80 - 180 MHz. Receiver, tuner, 
converter. World wide sales. Incomparable. £4.00 or 
s.a.e. for literature. Johnsons (Radio C), Worcester 
WR1 2DT. 

"DIGITAL COMPUTER LOGIC & ELECTRONICS". 
Four volume self -instructional course. £2.95 including 
p. & p. Money back guarantee. Cambridge Learning (RC), 
8a Rose Crescent, Cambridge. 

DIRECT FROM MANUFACTURER - a comprehensive 
catalogue of UHF & VHF/FM aerials, fixing brackets, 
chimney lashings, clamps, masts, amplifiers, cable, etc., 
for the D.1.Y. enthusiast. Complete with useful installation 
hints. Send 3p stamp to: CLAYDEW ENTERPRISES 
(RE), 261 Hardess Street, London S.E.24. 

WANTED: Copy of the original RTTY Manual produced 
by the British Amateur Radio Teleprinter Group. Box 
No. G206. 

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 magazine, Monitor, 
containing articles of general interest to Broadcast and 
Amateur SWLs, Transmitter Section and League affairs, 
etc. League supplies such as badges, headed notepaper 
and enveloRes, QSL cards, etc., are available at reasonable 
cost. Send for League particulars. Membership including 
monthly magazines, etc., £2.00 per annum. (U.K. and 
British Commonwealth), overseas 6 Dollars or £2.50. Sec- 
retary ISWL, 1 Grove Road, Lydney, Glos., GL15 5JE. 

FOR SALE: Kindermann Model 3163 stainless steel 35mm 
developing tank, plus two thermometers. £3.00. Box No. 
G207. 

FOR SALE: Heathkit I0 -18U 5" laboratory oscilloscope, 
£29. IG -82U sine -square generator 20Hz-1MH. £19. 
Both in mint condition, fully operational, complete with 
manuals. McCullough, 373 Old Holywood Road, Redburn, 
Holywood, Co. Down, N.lreland. 

FOR SALE: Harmsworth's Wireless Encyclopedia. Three 
volumes. Collector's item. £5.00. Box No. G208. 

POSTAL ADVERTISING? This is the Holborn Service. 
Mailing lists, addressing, enclosing, wrapping, facsimile 
letters, automatic typing, copy service, campaign planning; 
design and artwork, printing and stationery. Please ask 
for price list. - The Holborn Direct Mail Company, 
Capacity House, 2-6 Rothsay Street, Tower. Bridge Road, 
London, S.E.1. Telephone: 01-407 1495. 

FOR SALE: The Bandmaster, 20-80 Metres plus 194-580M. 
Plug-in Denco coils. As described in The Radio Constructor, 
August 1971. Working, requires alignment. £10 inc. 
Browns phones. S.A.E.: Blackwood, Oast Cottage, 
Kemsing, Sevenoaks, Kent. 

FOR SALE: 9.5mm Specto projector, 100 watt lamp. 
Excellent condition. £12.00. Box No. G209. 

(Continued on page 535) 

I NIE R NATI O NAL 

SHORT 

WAVE 

LEAGUE 

Membership £2.00 per annum (U.S.A. 
$6.00) .including " 12 monthly issues of 
Monitor - the League journal. Including 
free use of all Services, QSL Bureau etc. 

THE LARGEST S.W.L. ORGANISATION 

IN THE WORLD 

For full details write to: 
The Secretary, 

I.S.W.L., 

1, GROVE ROAD, LYDNEY, 
GLOS. GL15 5JE. 

Learn to understand 
electronics 
for your hobbies 

1 

1 

1. LernaKit course 
Step by step, we take you through all the funda- 
mentals of electronics and show you how easily the 
subject can be mastered. 
(1) BUILD AN OSCILLOSCOPE. 
(2) READ, DRAW AND UNDERSTAND 

CIRCUIT DIAGRAMS. 
(3) CARRY OUT OVER 40 EXPERIMENTS 

ON BASIC ELECTRONIC CIRCUITS AND 
SEE HOW THEY WORK. 

2.Become a RadioAmateur 
Learn how to become a radio -amateur in contact 
with the wide world. We give skilled preparation for 
the G.P.O. licence. 

Ian - aaaa M - - as M - aaal 
Brochure, without obligation to: 

NAME 

BRITISH NATIONAL RADIO & 
ELECTRONICS SCHOOL 
P.O. BOX 156, JERSEY, CHANNEL ISLANDS. 

ADDRESS 
BLOCK CAPS 
PLEASE 

am ow ma mg acia mu am lam am am am Ban 

1 

' 
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MODEL RADIO CONTROL 
Detailing both Theory and Practice, this book, 
by leading authority Paul Newell, will become 
the standard reference work. A brief historical 
survey leads up to a detailed description of 
proportional systems, with over 100 illustrations, 
including theoretical circdits and p.c. layouts for 
an advanced digital ysam. 
134 pages. Price E2.25 U.K.,Poetage 13p 

SINGLET SET 

Iheacy 

pcal.tice ni 

dne t.rx,em. 
propernanal e, p'ainea 

,d.temda,' . 

watt,. examples a , 

.:. pit delalt 

the Singlet Transmitter, Superhet and Super -regen receivers, are now 
three available in one book. Complete construction details with full size 
p.c. layout, components list etc. Ideal introduction to the hobby for the 
home constructor. 20 pages. Price top. U.K. Postage 3p 

LOW COST PROPORTIONAL 
Modellers who want to save money buy this volume when converting single 

channel equipment to simple proportional. They find a wealth of really up to 
date information in the clear descriptions, full size practical and working draw- 
ings, plus over a dozen circuit modules for pulse proportional units. 

1 le pages. Price Lill U.K. Postage Ilp 

ID 00 e( 

'FRIES 

ON SALE NOW at all leading 
shops or direct from:- 

RADIO MODELLER, BOOK SALES, 64 Wellington Road, Hampton Hill, Middx. 

PLAIN -BACKED 
NEW STYLE SELF -BINDERS 

The "CORDEX" Patent Self -Binding 
Case will keep your copies in mint 
condition. Issues 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 ensures PERMANENT RESILI- 
ENCE 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 over- 
stretch the springs, as a safety check 
device is fitted to each. 

PRICE 70p P. Et P. 14p 

Available only from: 

for your other magazines 
(max. format 74" x 9}e) 

COLOURS: MAROON OR GREEN 
(If choice not stated, colour available wilt be sent) 

Data Publications Ltd, 57 Maida Vale London W9 1SN 
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SMALL ADVERTISEMENTS 
(Continued from page 533) 

THE BRITISH AMATEUR ELECTRONICS CLUB. 
A club for all who are interested in electronics as a hobby. 
Quarterly Newsletter sent free to members. Subscription 
50p per year. Details from Hon. Secretary, J. G. Margetts, 
17 St. Francis Close, Abergavenny, Mon, 

FOR SALE: New Emsac 2M converter, I.F. 28-30MHz. 
£16. Oats, 13 Bevan Rise, Trethomas, Mon. 

FOR SALE: Foulsham-Sams & other Radio & T.V. books. 
as new. Half current price. Box No. G210. 

TESTED SILICON NPN. TRANSISTORS, like BC108. 
4 for 12p, 10 for 25p. S.A.E. please. Box No. G211. 

WANTED: Radio & TV service manuals 1955 onward. 
Brotherton, 3 Forge End, Stapleford, Cambridge. Tele- 
phone: Shelford 3587. 

ARE YOU 17 OR UNDER AND A DX -ER? If so, why not 
join the Youth DX -Club International. Full details from: 
Bartletts, Culmstock, Cullompton. Devon. 

IF YOU HAVE ENJOYED A HOLIDAY on the Norfolk 
Broads, why not help to preserve these beautiful water- 
ways. Join the Broads Society and play your part in 
determining Broadlands future. Further details from:- 
The Hon. Membership Secretary, The Broads Society, 
"Icknield", Hilly Plantation, Thorpe St. Andrew, Norwich, 
NOR 85S. 

TAPE -HEADS RECONDITIONED. Guaranteed satis- 
faction. Send worn head enclosing £2 to Sara Electronics, 
Fawkham Avenue, Longfield, Kent. 

WORLD DX CLUB covers all aspects of SWLing on 
Amateur and Broadcast Bands through its monthly 
bulletin "Contact". Membership costs £1.38 a year. 
Enquiries to Secretary, WDXC, Il Wesley Grove, 
Portsmouth, Hants., P03 5ER. 

RECITALS OF RECORDED MUSIC. The second Saturday 
evening of each winter month. Next recital: March 10th, 
1973, 8 p.m. at Woodford Green United Free Church 
Woodford Green, Essex. Bus routes 20, 20A, 179 and 275 - 
alight at "The Castle" stop. 

COMPONENT KITS FOR "R & E.C." OSCILLOSCOPE: 
£9.50 (Tube £4). P.W. reverb. £9.50 (spring line £7.50). 
P.E. Versatile lighting unit £9.50. Many others cheaper, 
also components. S.A.E. lists. A. Gray, 30 Baker Street, 
London WI M 2DS. 

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. 

'"MEDIUM WAVE NEWS" Monthly during Dx season - 
Details from: K. Brownless, 7 The Avenue, Clifton, York. 

FOR SALE: 22,000 £W to 10W resistors, assorted values. 
Offers? Please write to: N. Bacon, 16 Longbourne Way, 
Chertsey, Surrey. KT16 9EB. 

SITUATIONS VACANT 
IF YOU CONSIDER YOURSELF GOOD at radio/ 

electronics as a hobby, why not try it as a job? We are 
looking for enthusiasts to be trained in the servicing of 
magnetic recording dictation equipment & allied control 
systems. Mainly in the Central London area but some 
scope in other parts of the country. Previous experience 
with dictation equipment not essential. We offer permanent 
salaried positions with a well-known company in a rapidly 
expanding industry. Write, in confidence, and tell me why 
you can do this job. Chief Engineer, Assmann Dictating 
Systems Ltd., Stockwell House, Hinckley, Leicestershire, 
LE10 1HW. 

MEN! £5Op.w. ca be yours 
Jobs galore! 144,000 new computer personnel needed by 1977. With our revolutionary, direct -from -America. course, you train as a Computer Operator in only 4 weeks! 

Pay prospects? £2,500 + p.a. 
After training, our exclusive appointments bureau - one of the world's leaders of its kind - introduces you 

FREE to world-wide opportunities. Write or 'phone 
TODAY, without obligation. 

London Computer Operators Training Centre 
P19, Oxford House, 9-1S Oxford Street W.1. 

Telephone: 01-734-2874 
127 The Piazza. Dept. P19, Piccadilly Plaza, Manchester i 

Telephone: 061.236 2935 

MORSE MADE EASY!!! 
FACT NOT FICTION. if you start RIONT you will be reedlag amatsur 
and commercial Morse within a month. (Normal progress to be expected.) 
Using scientifically prepared 3 -speed records you automatically learn to 
recognise the cede RHYTHM without trausiáuag.. Tel can't hip lt, ire as 
easy as learning. a tune. 111-W.P.M. In 4 weeks guaranteed. Beginner's 
section only 83.30. Complete coons £4.$0 (Overseas 81 extra). Details 
only, 4p stamp. 01480 2898 

G3HSC/Bon 38, 43 GREEN LANE, PURLEY, St>1RREY. 

SYNTHESISER 
MODULES 

Voltage -controlled modules for synthesiser construction and 
other musical MIRACLES! Catalogue 15p. D.E.W. Ltd., 264 
Ringwood Road, -Ferndown, Dorset. 

F R E E TO AMBITIOUS ENGINEERS 
THE TRUST EDITION OF NEW OPPORTUNITIES 

SEND FOR YOUR FREE COPY TO -DAY 
NEW OPPORTUNITIES is a highly informative 76 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 & Electronics courses administered by our 
Specialist Electronics Training Division - explains the benefits of our 
free Appointments and Advisory service and shows you how to qualify 
for five years promotion in one year. 

PRACTICAL EQUIPMENT INCLUDING TOOLS. 
The specialist Electronics Division of B.I.E.T. NOW offers you a 

real laboratory training at home with all the practical equipment 
you need, plus basic practice and theoretical Courses for beginners in 
Radio, TV, Electronics, etc. 

11"- d - CUT OUT THIS COUPON 
Tick or state subject of interest. Post to address below. 

AMSE (Elec) City & Guilds Certificate RTEB Certificate 
Radio Amateurs' Exam DMG Certificate Colour TV 

I Electronic Engineering Computer Electronics Radio and TV 
Servicing Practical Electronics E Practical TV and Radio E 

' 

I 

BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY I 
Dept. (BRE 15), Aldermaston Court, Reading RG7 4PF 

Accredited by the Council for the Accreditation 
' of Correspondence Colleges 

QC I BRE 15 I 
NAME 

(BLOCK CAPITALS PLEASE) 

ADDRESS 

OTHER 
SUBJECTS AGE 

MARCH 1973 535 



ESSENTIAL BOOKS 
HOW TO MAKE WALKIE-TALKIES FOR 

LICENSED OPERATION 
Only 40p post Er packing 10p 

Government Surplus Wireless Equipment Handbook. 
Gives circuits, data, illustrations and valuable information 
for British/USA receivers, transmitters, trans/receivers. 
With modifications to sets and test equipment. Latest 
impression £3.25 including postage. Cosmic Radio 
Waves. Start a new hobby - Radio Astronomy. This big 
book of 444 pages is an ideal handbook for the beginner and 
established enthusiast. Numerous photographs, illustrations 
and ¡ideas. Published by Oxford University Press. £2.50. 
p.p. 25p. Problems in Electronics with Solutions. 
A must for the student, technician, engineer. 349 problems 
and how the answers are arrived at. Includes every type of 
problem likely to be found in electronics, including semi- 
conductors, amplifiers, aerials, filters, CRTs, computers, 
power supplies etc. 307 pages. Ideal for anyone studying for 
the R.A.E. or similar exams. Only 90p. p.p. 10p. 

DEPT. R.C. GERALD MYERS, 18 SHAFTESBURY ST., 
LEEDS, LS12 3BT 

THIS MONTH'S BARGAIN 
FOR BARGAIN HUNTERS 

100 square ins. (min.) packs of best quality 
mixed veroboard only £1.15p post/packing free. 

C.W.O. to PASSINGHAM'S ELECTRONICS 
5 Dale Street, Bradford 1, Yorkshire. 

Tel. Bradford 25388 

AUTOMATIC EMERGENCY SUPPLY 
250v 50Hz-150 watt Inverter. Full kit of parts excluding meter. 
Circuit as appeared in December P.W. Complete kit-£16.95+ 

80p F. & P. 

OTHER INVERTERS AVAILABLE IN KIT FORM 
150 Watt - £13.50-r 60p P. & P. 75 Watt - £7.801-60p P. & P. 
300 Wart - £17.90+85p P. & P. 40 Watt - £5.20+40p P. & P. 

25 Watt - £2.60+20p P. & P. 
All above operate from 12v. battery and give 250v-50Hz. Output. 
24 volt types are also available, alternative outputs or taps can be 
supplied. Transformers and/or Transistors can be supplied separately. 

SPECIAL OFFER 
12v. Fluorescent lights, suitable for tents, caravans, houses or 
secondary lighting for factories, hotels, etc. 12 inch -8 watt-£3.40 
post paid. 21 inch -13 watt -£4.20 post paid. Large discounts 

available for quantities. 
TEXAN AMPLIFIER 

Fibre glass P.C. board - £2.00+lop P. & P. 
Transformer - £4.00r 30p P. & P. 

Other components including Teak Cabinet - f24.00-1- Postage. 

ASTRO ELECTRONICS 
6, BARNES ROAD, CHESTERFIELD, DERBYSHIRE 

CASED AMPLIFIER £3 
Oak faced wooden case, size 14x13x9", contains very 
sensitive amplifier using 2 x ECC83, EL84, EZ80. 20pV 
I/P gives 2 watts 0/P. Incorporates 4KHz tone detector. 
Tone and volume controls.7x4"3 OH M speaker with extn. 
socket. Also included is a somewhat unusual solenoid 
operated tape deck with 4 pole motor. Standard mains 

operation, in good working condition £3 + £1 corr. 
300 RESISTORS 60p 
300 5% 60p (15p) 200 5% Hi -stab 60p (12p) 100 1% 
& 2% 60p (8p) 100 metal oxide 60p (8p) one of each 
pack £2 (25p). Ferric Chloride lib 40p (15p) 10Ibs 
£3.50 (40p) 2N3055 35p BC107-8-9 8p. 
GREENWELD (R2) 24 Goodhart Way, W.Wickham, Kent. 
Tel: 01-777 2001 up to 10.30p.m. Post in brackets SAE list. 

DATA BOOK SERIES 
DB5 TV FAULT FINDING 

124 pages. Price 50p, postage 6p. 

DB6 RADIO AMATEUR OPERATOR'S HANDBOOK 
80 pages. Price 45p, postage 6p. 

DB16 RADIO CONTROL FOR MODELS 
192 pages. Price 75p, postage 8p. 

DB17 UNDERSTANDING TELEVISION 
512 pages. Price £2.10, postage 25p. 

DB18 AUDIO AMPLIFIERS 
128 pages. Price 53p, postage 6p. 

DB19 SIMPLE SHORT WAVE RECEIVERS 
140 pages. Price 80p, postage 6p. 

I enclose Postal order/Cheque for in payment for 

NAME 

ADDRESS 

(BLOCK LETTERS PLEASE) 

Postal Orders should be crossed and made payable to Data Publications Ltd. 
Overseas customers please pay by International Money_Order. 
All publications are obtainable from your local bookseller. 
Data Publications Ltd., 57 Maids Vale, London W9 1SN 

PLEASE MENTION THIS MAGAZINE WHEN WRITING TO ADVERTISERS 
536 RADIO & ELECTRONICS CONSTRUCTOR 
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BUILD 
THE TEXAN 
FREE TEAK CABINET with complete kits 
FEATURES New slim design with 6 -IC's, IC sockets, 10 silicon 

transistors, 4 rectifiers, 2 zeners. Special Gardeners low field slim 

line transformer. Fibre glass PC panel. Complete chassis work. 

HIGH QUALITY AND STABILITY ARE PREDOMINANT 
FEATURES - DEVELOPED BY TEXAS ENGINEERS FOR PER- 

FORMANCE, RELIABILITY AND EASE OF CONSTRUCTION. 
FACILITIES On/off switch indicator, headphone socket, separate 

treble, bass, volume and balance controls, scratch and rumble 

filters, mono/stereo switch, Input selector: Mag. DU., Radio Tuner, Aux. 

Can be altered for Mic. Tape, Tape head s. (Parts list Ref. 20 on request.) 

Constructional details Ref. No.:21 30p 
Designed approved kits distributed by Henry's Radio Ltd. 

J¡( 
Complete with 

KIT 28.50 Ca N5 
CABINET 
FREE I( 

PRICE 

YOUR COMPLETE AUDIO -ELECTRONIC STORES 
More of everything at the right price. All your electronic requirements 
within 200 yards- call and see for yourself. 

20+20 WATT INTEGRATED 
I.C. STEREO AMPLIFIER 

(As featured In "Practical Wireless' 
May to August 1972) 

SLIM 
DESIGN 

WITH SILVER 
TRIM 

Overall chassis size 

14=,"x6"x2"high 

ELECTRONIC KITS 
Henry's introduce new huge range of 
audio and electronic kits now in stock, 
everything sumolied, tremendous value. 
Detailed list Ref. no 14 on request. 

I.C. RECEIVER 
ZN 414 Radio integrated circuit a 

featured in Practical Wirelees, January 
1973, Practical Electronics, February 

1973. Price £1,20 

BATTERY TAPE DECK 
Garrard 9 volt Tape deck with heads, 
etc., As previously advertised. Limited 
quantity. £9.50 post 30p. 

LOW COST HI-FI SPEAKERS 
E.M.I. Size 13}" x 8' 
Large Ceramic Magnet. 
TYPE 1506 watt, 3, 8 or 15 
ohms. £2.20. Post 22p. 
TYPE 150TC Twin cone version £2,75. 
Post 22p. 
TYPE 450 10 watt with twin tweeters 
and crossover, 3, 8 or 15 ohms. £3.85. 
Post 25p. 
TYPE 350 20 watt with tweeter and 
crossover, 8 and 15 ohms. £7.70. Post 
28p. 
POLISHED CABINETS 150, 150TC, 450 £4.60, Post 30p. 

ASSEMBLED IN POLISHED CABINETS (8 ohms) 
Series 6 (Assembled 150TC) per poi r'£16.50 post 70p 

Series 8 (Assembled 450) per pair £18.95 post 70p 

NEW MW/LW TUNER TO BUILD ML -3 
Uses Mullard Module. Slow 
motion tuning. Built in battery. 
Ferrite aerial. Overall size 7" 
2"x 3". TOTAL COST TO 
BUILD £4.85. Post 15p. All parts 
sold separately -Leaflet No.6. 

TEST EQUIPMENT 
JUST A SELECTION 
SE250B Pocket Pencil Signal Injector £1.90 
SE500 Pocket Pencil Signal Tracer £1.50 
THL33D Robust 2K/Volt, £4.55 With case £4.99 
TE15 Grid Dip Meter 440 KHz - 280 mHz £13.45 
500 30 K. Volt Multimeter £9.25. With leather 

case £10.50 
200H 20K/Volt Multimeter £4.20. With case £4.95 
AF105 50K/Volt Multimets, £8.50. With case £9.50 
U4341 AC/DC Multimeter with transistor tester 

with steel case £10.50 
TE20D RT Generator 120KHz 500MHz £15.95 

Carr 35p 
TE22D Audio Generator 201-10 200KHz £17.50 

Carr 35p 
CI5 3' Pulse Scope 10Hz - 10mHz £39.00 

- Carr 50p 
TE65 Valve Voltmeter 28 ranges Carr 40p £17.50 

ALL NQMBREX MODELS IN STOCK 

LEARN A LANGUAGE 
Recorded Cassettes with step by step 
phrase books. French, German, Span- 
ish, Italian. £1.49 per course. £5.50 
per set of four. 

ULTRASONIC TRANSDUCERS 
Operate at 40kc/s up to 100 yds. Ideal 
remote swtching and signalling. Conn - 

dote with data and new I.C. circuits. 

PRICE PER PAIR £5.90. Post 10p. 

Sfi 

"BANDSPREAD" PORTABLE TO BUILD 
Printed circuit all -transistor design using 
Mullard RF/IF Module Medium and Long 

Wave bands plus Medium Wave Band - 
spread for extra selectivity. Also slow 
motion geared tuning. 600roW push-pull 
output, fibre glass PVC covered cabinet, 
car aerial socket. Attractive appearance 
and performance. TOTAL COST TO BUILD 
£7.98 p.p. 32p. (Battery 2211.) 

All parts sold separately Leaflet No,2. 

BUILD, THIS VHF FM TUNER 
5 TRANSISTORS 300 kc/s 
BAND -WIDTH, PRINTED CIRCUIT, 
HIGH FIDELITY REPRODUCTION, 
MONO AND STEREO. 
A popular VHF FM Tuner for quality 
and. reception of mono and stereo. 
There is no doubt about if -.VHF FM 
gives the REAL sound. A I parts sold 
separately. Free Leaflet No. 3 Er 7. 

TOTAL £6.97, p.p. 20p. Decoder Kit £5.97. 
Tuning meter unit £1.75. 
Mains unit for Tuner andtor Decoder PS6112 £3,25. Post 20p. 

MARRIOT TAPE HEADS 
4 TRACK MONO or 2 TRACK 
STEREO 

'17" High Impedance 

"18" Med Impedance 

"36" Med-Low Imp. 

Erase Heads for above 

"63" 2 track mono - Hi Imp 

"43" Erase Head for above 

£2.00 
£2,00 
£3.50 

75p 
£1.75 

75p 

HENRY'S 

CATALOGUE 
Fully detailed and illustrated 

covering every aspect of Elec- 

tronics - plus data, circuits and 

information. 

10,000 Stock lines at Special 
Low Prices and Fully Guaranteed. 

PRICE 55p Post Paid 

(40p FOR CALLERS) 

PLUS! FIVE 10p VOUCHERS 

HENRY'S 
RADIO LTD. 

Send t this address Henry's Rad o Ltd. (Dept. RC), 3 Albemarle 
Way, London, E.C.1 - for catalogue by post only. All other mail 
and callers to '303", see above 

HIGH QUALITY CASSETTES 
The best UK low noise tapes but at 3 for 6 for 10 for 
a special price. 'Living Sound' C60 1.10 2.00 3.10 
cassettes meet the highest inter- C90 1.47 2.85 465 
ntional standard DEC 94A) C120 1.80 3.50 5.60 
Full guarantee. Post paid. Made by EMI especially for Henry's 

PA -DISCO -LIGHTING 
UK's Largest Range - Write phone or 
call in. Details and demdnstrations 
on request. 
DJ3OL 3 Channel sound to light unit 

3Kw £29.50 
0240L 3 Channel Mic{built in) to light 

3 Kw ' £38.75 
'32700 70 watt Disco amp,' n xer £49,75 
DI SCOAMP 100 watt Discoamp/mixer £65.85 
021050 30 watt Disco amp/mixer £32,25 
Anti -Feedback Quality Mic, £11.50 
32700 70 watt £52.75 
DJ500 50 watt P.A. Amp £43.95 
DJ300 150 watt ors GroupNab,e Amp £86.00 

Portable Discos- Details on request 
Credit terms for callers 

FIBRE OPTICS 
LIGHTING 
EFFECTS MI CS. 
PROJECTORS 
SPOTS - SPKRS. 

DIMMERS 
MIXERS STANDS 
Everything for PA 
Disco - Lighting 
FREE Stock List 
Ref. No.18 

SINCLAIR PROJECT 60 MODULES -SAVE POUNDS 
Z30 £3.57 Z50 £4.37 
STEREO 60£7.97 PZ5£3.97 
PZ6 £6.37 PZ8 £4.77 
Transformer for PZ8 £2.95 
Active F'Itrr Unit £4.45 
Stereo FM Tuner £16.95 
ICI2 £1.80. (216's £15 pr. 
P ost etc. 20p per item. 
PACKAGE DEALS Post 25p. 
2 x Z30, Stereo 60, PZ5 £15.95 
2 x Z30, Stereo 60, PZ6 £18.00 
2 x Z50, Stereo 60, PZ8 £20.25 
Transformer for PZ8 £2.95 
PROJECT605 KIT £19.95 

diNeeity tO ti 

Huge range of transistors 
and semi -conductors In 

stock. Free brochure. Ref. 
36 on request. 

7 SEG a NIXIE TUBES 
(Post 15p per 1 to 6) 
XN3, XN13, GN4 0-9 Side view with 
data 85p 
GNP 7, GNP 8 0-9 Side view with 
decimal points and data 95p. 

3015F 7 -segment £2 each. £7 per 4 
w:h data. 

12 and 24 hour clock circuits for above. 
Ref. No.31 15p. 

MINIATURE AMPLIFIER 
5 transistor, 300mW o;'p. Fitted volume 
and sensitivity control 9 volt operated. 
£1.75 each P/P 15p. 

DISCO SPOTBANK 
as illustrated on the front cover of 
Practical Wireless. April '73. £12.75 
p. H p. 35p. 

QUALITY SLIDER CONTROLS 
60mm stroke singles and ganged. 
Complete with knobs 5K 10K, 25K, 
100K, 250K, 500K. 1 rneg. Log. and 
Lin. 40p each. 10K. 25K. 50K. 100K, 
250K. Log. and Lin. ganged. 60p each. 

HI-FI EQUIPMENT 
Warehouse prices wok BIG DIS- 
COUNTS plus demonstrations (for 
callers) and GUARANTEES. 

FREE. 24 page detailed brochure (Ref. 
no. 17). 

You can see the savings! 

Prices DO NOT include Value Added Tax. From) st April, 197310% must be added and shown separately to your total 
. Vi111 order (inclusive Post/packing). Help us to help you receive your order without delay. 

Henry's RLIM EU 
EDGWARE ROAD, W2 

404-406 Electronic Componentsand Equipment 01-4028381 ¡ 
Open: -gam -6p 

354-356 High Fidelity and Tape Equipment 01-4025854/4736 ód(309 

caysawe losedek 
309 PA -Disco -Lighting High Power Sound 01-7236963 Thursday) 
303 Special offers and bargains store l All stores open 

Allmail to 303 Edgware Road, London W218W lair day Saturday 


