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

This is 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 nipe!

You can build up to the coveriyou need by additional units

THE GENERAL ACCIDENT FIRE & i—,,_,;;;:d_m:,_u;;'p;;;;;"
LIFE ASSURANGE CORPORATION LTD | = fome triineerence

Metropolitan House, 35 Victoria Avenue,

Southend-on-Sea, Essex, SS2 6BT

(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 repYace your existing insurances
And remember— as you buy more possessions just add
more Home Units at any time.
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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 & Valve circuitry for D.P. Coils ‘s
DTB9 Valve Type Coil Pack Application circuitry

MD.1 Decoder Circuitry for Stereo Reception

18p
18p
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 Modesl FL-30HA Frequency
Range (5 channels) 1Mc 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
800ft., 45p; 53~ 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. DZIUBAS
158 Bradshawgate, Bolton, BL2 1BA. Lancs.

“THE ‘PLUS’ CATALOGUE

4+ Technical data + Countless bargains + Discounts

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 26p refund voucher
for spending on orders for
€5 or more. You will find
this catalogue a great
money saver in every way.

L

@ Transistors, with technical specs.
@ !.Cs with working diagrams

@ Resistors, capacitors, components
@ Diagrams, tables, information

@® GENUINE DISCOUNTS

ELECTROVALUE LTD. 7'

18 S¢. Judes Rd., Englefisld Green, Egham, TW200HB
9-6 daily: 1.0 p.m. Sat. Telephone Egham 3603

MARCH 1973
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COMPONENTS

HOBBYIST -
INDUSTRIAL -

AMATEUR

'

DOMESTIC SURPLUS -
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 . 3p
Chassis UX7 — BS — UX5 — B9G 3p
Shrouded chassis B7G — BSA .. 4p
Octal chassis .. .. 4p
B8A chassis 5p
B12A tube base 3p

TAG STRIP

6 way 2p Single 1p

14 glass fuses— 250 m/a or 3 amp (box of 12)

3” tape spools . .

FX2236 Ferrox Cores ..

PVC or metal clip on M.E.S. bulb holder

All metal equipment Phono piug f

Bulgin, 5mm Jack plug and switched socket (palr)
12 volt solenoid and piunger ..

250 RPM 50 c/s locked frequency m|n|ature mams motor

200 OHM coil, 14" long, hollow centre
Relay, P.O. 3000 type, 1,000 OHM coil, 4 pole c/o
R.S. 12 way standard plug and shell

SWITCHES

Pole Way Type

4 2 Sub. Min, Slide 10p
6 4

1 11

4 3 Wafer Rotary 12p each
3 7

2 5

1 3 + off Sub. min. edge 10p
1 3 13 amp smali rotary 12p
2 2 Locking with 2 to 3 keys

£1.50
2 1 2 Amp 250V A.C. rotary 20p.
2 1 Toggle 10p
VALVES - NEW AND BOXED
DY86 44p | EM87 90p | PL84 46p
EBA 26p | EL84 36p | PY81 40p
ECC82 36p | EY86 46p | PY82 42p
ECC83 36p | E280 30p | PY88 52p
ECH81 44p | PCC84 50p | UABCBO 58p
EABC80 46p | PCC89 62p | UCL82 50p
EBF89 44p | PCF80 38p | ULs4 50p
ECL82 44p | PCF82 50p | UY85 42p
ECL86 b56p | PCL82 38Bp | UM84 32p
EF80 36p | PCL84 50p | UCH81 44p
EF85 44p | PCL85 64p | 6BA6 26p
EF86 44p | PCL86 56p | 12EI £2.50
EF91 52p | PL36 78p | SUE12 £5.00
EF183 40p | PL8Y 72p MANY
EF184 44p | PL83 56p OTHERS
RESETTABLE COUNTER
English Numbering Machines LTD.
MODEL 4436-159-989
6—14 volt, 6 digit, illuminated, fully enclosed. £2.50

THE RADIO SHA

161 ST. JOHNS HILL, BATTERSEA, LON
Open 10 a.m. til 8 p.m. Monday to Saturday
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) ELECTROLYTICS
TO3 Mica Washer 2p {\arg Ca26, TCC, CRL, CCL, HUNTS, STC
3 Standard Tape - SUB MINIATURE, ETC. :
Boxed - 18p |MFD Volt MFD Vot
16 50 20 12 4
GP91-1 Cartridge, | 260 12 500 6 “"ch
turnover styli 66p| 50 50 100 25
100 18 00 6
GC10/4B Cold 125 10 6 3 2p
Cathode £5.00 8 50 5p 8 6 each
12 20 f each 26 64 3p
6p| 10 20 250 18 7p
4p| 82 20 400 16 6p
5p| 50 25 400 40 10p
3p| 25 64 | 8 500 9p
2p| 25 25 | 100 200 10p
ggp CONDENSERS TUNING GANG
5og MFD  Voit 100PF, 50PF, 33PF
10p {0006 500 20p each
gop |0:001 1,250 TRIMMERS
50p | 3-3PF 500 ( 2p 30PF Beehive
500 PF 500 {each | 12PFP.T.F.E 10p
2,200PF 500 2,500PF 750V
Py flleS;tStTORS 1p 3.300PF 500 33PF MIN, ench
ey 0.1 350 IR
Lwatﬁo - 1%” o 30 AIR SPACE
pto watt wire P |0.25 150
15 watt wire +[0.056 1MFD 350 volt 10p
wound 10p |0.061 3p 5MFD150volt  40p
SKELETON 0.066 | 5% each
L oles 10MFD 150volt 50p
5K or 500K 3p 83;5 350V 0.03 12 volt 2p
SAFETY PINS 470PF 500 voit 2p
Standard size, 10for4p g;s 1ggg :gch
: 0.5 350" Bp 8MFD 800 volt
THORN PTO2E 0.22 260 5p electrolytic 75p
10-6s CHASSIS (0.25 500 5p
SOGKET J0p WIREWOUND POTS
250, 300 OHM, 1K, 4 watt, 10K, 20K,
5K switched wvolume 50K, all at . . 10p each
g‘,’("[':; o }g: RECORD PLAYER CARTRIDGE
1meg Tandem Pot 15p ER.5XME Mono, with turn over stylii,
9 single hole fixing .. . 35p
GREEN INDICATOR
THERMISTORS  [Tgkes ME.Sbulb . : 10p
¥218§g CONNECTOR STRIP
Belling Lee L1469, 12 way polythene. 5p each
VA1066 10 each JE€TING CAN CLIPS
VA1077 1" or 13" or 3" ., 2p
“T.0.5 HEATSINKS
STEEL BOX WITH Style 154 high conductivity . 5p
10’(5“3};0“ ' PAXOLINE
I » ” 2
hammer finish  £1 igi“f;? 2l XZ*XJI 2 for 13
220K 3 watt resnstors . 2p
RELAY VALVE RETAINER CLIP, adjustable 2p
6volt, 2 pole c/o heavy OUTPUT TRANSFORMERS
duty contacts  80p | g ;,_miniature Transistor Type 20p

CK

DON S.W.11

Phone 01-223 5016

SMALL ORDERS, ENCLOSE SUITABLE
STAMPED ADDRESSED ENVELOPE

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

i |
RADIO & ELECTRONICS CONSTRUCTOR




SEMICONDUCTORS THYRISTORS
Full spec. marked by Mullard, etc. Many other types in stock Amp Volt
AC127 .« 10p| AF180 45p | BSV64 40p )
AC187 .« 14p| AF239 35p | 2N706 8p 1 409 ERSUY 3°p
:g"llgg v a ;;p BC107/8/9 7o | 2N2219 19p 1 240 BTX18-200 ‘e .. 30p
Pl BCY40 26p | 2N2401 - 16p |1 240 BTX30-200 .« 30p
AR 270 | gpy3 40p | 2
AD162 .. 21p pl2N2904 .. 1pigg 700 BT106 | . 86p
Matched pair .. 50p | BD132 50p | 2N2905 . 2p e '
AF116 12p | BD135 35p | 2n29007 ‘s 18p |6.5 300 BT102-300R .. . .. 42p
AF117 . 12p | BFY52 16p | 2N3055 35p [6.5 500 BT102-500R .. .. 80
AF178 .+  40p| BEX88 20p | 2N3053 15p 6.5 500 BTJ07 ) 9o:
BRIDGE RECTIFIERS 6.5 500 BT108 80p
Amp  Volt Amp  Volt 6.5 500 BT101-500R 68p
1 1,600 BYX10 30p 2 30 LT120 30p 6.5 500 BT109-500R .. 90p
1 14 OSHO1- . ‘
4 420 331 ;'4 zooggp 06  6-110 EC433 20 600 BTW92-600RM .. . £3.00
d P | Encapsulated with built-in 15 800 BTX95-800R Puise
Piastic types heat sink 16p Moduiated £12
1 AMP RECTIFIERS OPTO ELECTRONICS AT
IN4002 100 volt .. ap .
IN4003 200 volt - 5p 0:)!:12 430 | oox29 Photo {4P  Volt ) :
IN4004 400 volt . . 7p | BPX40  26p | o or 8op | _6 400 BT110-400 Plastic- .. 7186p
:mggg ggg zg:: o 13: " BPX42 £1 25 900 BTX94-900 K .. £6.50
IN4007 1.000volt .. .. 15p | BPY10  75p 25ly (200, (BAMSTRI0Y Y
——— | BPY68  75p ) ~ ‘
HIGH POWER RECTIFIERS ' BPY69 £1 ﬁgg ::L gitel Bl S
Amp  Volt | BPY77  75p | transmitter £4 |PHOTO SILICON CONTROLLED SWITCH
BYX38-600 25 600  25p Diodes BPX66 PNPN 10 amp . . .. £1
Bvxsg-soo g.s 300 ng
BYX38-900 .5 900 28p WIREWOUND
BYX38-1200 25 1200 30p E.T" PAPER BLOCK CONDENSER
Bvxes.s0s  o° 09 a3 reT 150 onsuzoscs)%h 5K
BYX48-300 300 27p ) m, m
BYX48-900 6 goo 40p BFW10 .. <. 40p [0.25MFD 800 volt 30p 4pieath
BYX48-1200 6 1,200 80p
BYX72-300R 10 300 3sp | BSVI9 .. 90p [ 1MFD 420 voi 250 INDICATORS
BYX72-500R 10 500 43p
Ho O R i VS il LT T
B 1 | e e e eunaShoe: e
BYX46.300% 15 ‘300 280 | BSVB1 M.OST... £1[16MFD  150volt .. =26p r 1Bp each
BYX46-400* 15 400 £2.80 - -
BYX46-500* 15 500 £3.20 ] ] Rotor with neon in-
BYX20-200 25 200  35p | Phillips Iron Thermostat 15p | 8 way Cinch standard |dicator, as used in
BYX52-300 40 300 £1.76 0.15 pitch edge sockst Seafarer, P§c|f|c' Fair-
BYX52-1200 40 1,200 £226 | gyigin 2-pin flat plug and 20p way depth finders
*Avalanche type socket .. 10p 20p each
N50 ohmfree plug (UG21D/U)  s0p | McMurdo PP1088wavedge U.E.CL. 10 way pin |100MFD 250/275V
N50 ohm square socket (UG58A/U) 50p plug 15p | connector 2B6000  |slectrolyticcan  20p
1+ Terryclips. black plastic 300 ohm moving c;,oil insert alEl0 =
coated, or chrome finish .. 4p 4103D 13” diameter. Make DEE PLUG
Cinch 10-way terminal block 15p ideal mike or speaker for U.ECL. 20 way pin |McMurdo DA15P 15
communication work 25p i way chassis plug 20p
Pair of LA2407 Ferrox cores connector
with adjuster o 25p 2A60000A1P20 30p Fairway 18009 C
airwa' 08ax.
Chrome Car Radio facia 15p UNMARKED - TESTED ‘;sockety .. bp
Rubber Car Radio gasket 10p | Act128 6p | ocaa 6p U.ECL 10 way pin | )
DLI Pal Delayline £2.00 | ACY17-20 8p | OC71 6p | socket 2B606001R10 TIE CLIPS
20p j i ”
Relay socket 12p | BC179 10 Nylon self locking 33
Take miniature 2PCO rslay 1 Pl ocn2 6p 1p:7”2p
BYA valve can 2p VR UEI00N 6p :
Ty — - | BY127 8p | 2N2926  6p| UECLL 20 way pin CINCH 150
—, n-* n ack pvc, H 4 .
3600 dial, silver digits,  self BZY88 series 6p Germanium socket2B60800A1 230 12 way edge sockst
adhesive, 43" dia. 15p | OA200-5 6p diode 3p P 10p

SMALL ORDERS, ENCLOSE SUITABLE'
STAMPED ADDRESSED ENVELOPE

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

161

Open 10 am

ST. JOHNS

MARCH 1973

ull 8 pom Monday to Saturday

THE RADIO SHACK

HILL, BATTERSEA, LONDON S W11

Phone 01 223 5016
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Mory! A FAST EASY
WAY TO LEARN BASIC
RADIO & ELECTRONICS

Build as you learn with the exciting
new TEGHNATRON 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.LE.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 l4-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
transistors — even a versatile
Multimeter which we teach you
to use. All you need give is a
litle of your spare time and
the surprisingly low fee, pay-
able monthly iIf you wish. And
the equipment remains yo

S0 you can usc it again ane

again.
You LEARN -butit'sas

fascinating as a hobby.
Among many other interesting

projects — from a burglar-alarm
to a sophisticated Radio set -
help you master basic Radio
and Electronics — even if you are
a ‘non-technical’ type. d, if
you want to make it a career,
B.ILET. has a fine range of
courses up to City and Guilds
standards.

Specialist Booklet

If you wish to make a career in
Electronics, send for your FREE
copy of “NEW OPPORTUNI.

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. drigin
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, WC1IN 2AE

PRECISION

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

experiments, the Radio set you JIES”. This brand new booklet —

build — and it's a good one — ust out - tells you all lbou,s
is really a bonus. This is first ECHNATRON and B.LE.T.s

and last a teaching course, [full range of courses. 0.47pF: *5% 30p: %2% 40p: =1% b5Op
but the training is as fascinating 1.0 pF: x5% 40p: +2% 60p: =1% 60p
as any hobby and it could be the 2.2 pF: 5% 50p; 2% 60p; 1% 76p
springboard for & career in Radio 4.7 pF: £5% 70p; 2% 80p; 1%115p
and:ENKIoNEX 6.8 pF: +5% 96p: *2%116p: £1%150p

10.0 pF: *=5%110p; +2%140p; *1%180p

15.0 pF: +5%160p; +2%210p; =1%270p

FREE

BRITISH INSTITUTE
OF ENGINEERING
TECHNOLOGY

Dept. BRE 03 ALDERMASTON COURT. READING RQ7 4PF
Accredited by the Council for the Accreditation
of Correspondence Colleges.

POST THIS COUPON FOR FREE BOOK

=== == = O

NEW! — TANTALUM BEAD CAPACITORS
Values available .1, .22, .47,1.0,2.2, 4.7, 6.8F at 35V, 10uF
25V, 15uF 20V. 22pF 16V, 33pF 10V, 47 uF 6V, 100uF 3V.
All at 9p each; 6 for 50p; 14 for £1.00. Special pack, 6 off
each value (78 capacitors) for £5.00.

TRANSISTORS: BC107; BC108; BC109 all at 9p each. 6 for
60p: 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. 1S44 - 6p 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 fitm 5% 3w at 40°c, 4w at 70°c. Range 2.2Q-

l 2.2MQ. E12, seriesi.e. 10,12, 15, 18, 22, 27, 33, 39, 47, 56, 68,82,

' NAME. . .oicieeensineceiresioniinssransracrieceensnnses Coooocd AGE.......cuurs and their decades. All at 1p each. 8p for 10; 70p for 100 of any one

(BLOCK CAPITALS) value. Special pack 10 off each value 2.2Q2 t0 2.2MQ (730 resistors)
............................................................. for £6.00.

l ROORES s~ l 440V A.C. CAPACITORS: 0.1puF:; Size 13* x 3*, 26p each

0.25uF: Size 1§* x §~, 30p each 0.5pF: Size 14* x 3, 3bp each
1.0 uF:Size 2* x3*, 46p each 2.0pF: Size 2* x1*, 76p each
Suitable for use on C.D. ignition, 260V A.C. motors, etc.
6p post and packing on all orders below £6
MARCO TRADING (Formerly V. ATTWOODD)
Dept. E. 1, The Maitings, Station Road, Wem, Satop -

RADIO & ELECTRONICS CONSTRUCTOR



THIS IS THE FIRST PAGE

OF THE GREAT BI-PAK SECTION

BRAND NEW FULLY GUARANTEED DEVICES NEl B mnne o

AC 107 Wp AD 149 S0p BC 143 BD 131 BF 179 C 444 38p 26 01 t9p IN 1899 32p INJOI0  70p 2N 4059 10p
AC 113 2p AD 161 33p BC 145 2: BD 132 :: BF 180 3 C 450 np 2630 13'1” %0 45p INJOTT 14p IN 4060 f12p
AC 115 23p AD 162 1p BC 147 10p BD 133 5p BF 181 Wp MATI00  19p 2G 301 19p IN19T - 3Tp INJOS)  17p IN4OG1 1
ACUHIK  20p- AD 161 and BC 148 10p BD 135 “0p BF 182 4p MAT101  20p 2G 304 2p N T Tip INJOSC Mp INAKL 12
AC12 12p AD16X(MP) S5p BC 149 12p 8D 136 0p BF 163 40p MAT120  1%p 2G 306 IN 2148 §7p IN 1055 IN 4284 17p
AC1IS 17p ADT140 ~ SOp BC 150 18p BD 137 45p BF 184 Mp MATIZI  p 2G 306 1p IN2ED  60p INST  4p INQS  1Tp
AC 126 17p AF 114 p BC 151 0p BD 138 Sop BF 185 2p MPF 102 a2p 26309 IN 2192 I5p IN NNA  ép IN 286 17
AC 17 17p AF 115 AUp BC 152 17p 8D 139 $S5p BF 188 4p MPF104  37p 2G 339 0p IN2193  35p INNSZ Mp IN4NT  17p
AC 128 17p AF 116 Up BC 151 Mp 8D 140 Wp BF 194 12p MPF105  37Tp 2G119A  16p IN2194  Mp ININS  14p IN488  17p
AC 102 14p AF 117 24p BC 154 BD 155 %p BF 19 12p OC 19 3p 2C 144 p INIT 1p INIM 4 INOB 1Tp
AC 134 14p AF 118 Bp BC 157 18p BD 175 Wp BF 1% 14p OC 20 €3p 2G M5 1ep INIE  20p IN3NS  4Tp IN4XD 17p
AC1T  14p AF 124 p BC 158 12p BD176  p BF 197 14p OC 12 Mp 26171 tep 2L, [ 2pUINs0  MpliNGal1  7p
AC 14 14p AF 125 25p BC 159 12p BD177 5p BF 200 4sp OC 13 Qp 2GIMB 13p INII0 2p INML - Mp INAL 1Tp
ACT4IK  17p AF12¢ p BC 160 Gp BD178  eSp BF 2 95p OC 24 Sép 26373 17p NI Wp IN M4 Wp INAI 1Tp
AC 142 14p AF 127 Mp 8C 161 sop BD 179 Mp BF 257 45p OC 25 Mp 2G4 17p N 1U Wp INJOS  4p INSIZ 12
AC14K  17p AF139 p BC 167 12p BD 160 T0p BF 158 p OC 26 8p 16377 Jp NS VTp INI4 15p INSST  3lp
AC 151 15p AF 178 S0p BC 168 12p BD 185 $5p BF 259 asp OC18 S0p 2G378 1ep IN2I6Y  14p INJ4IS  15p INSSE dlp
AC 154 Wp AF 179 Sop BC 169 12p BD 186 5p BF 162 85 OC 29 50p 2G 381 1ep IN2UPA  Mp INJ46  2p INSES  ap
AC 155 Mp AF100 30p BC 170 1lp BD 187 p BF 163 ssp OC 35 42p 2662 14p INM 4p IN M17 Wp 25301 Sop
AC 156 Wp AF 181 #p 8C 1M 14p BD 188 T0p BF270 Bp OC 3% 50p 2G 401 op INJIL  2p INISIS  Tp 25 J0A
AC 157 Wp AF 186 Sp BC I 14p BD 189 TSp BF I p OC 41 Wp G 414 0p IN16% 47p IN 646 9p 25302 429
AC 165 MWp AF 239 3p BC 173 14p BD 190 50 BF N o OC 42 24p 2G 417 25 IN 7N Mp INIO2  10p 25303 ssp
Q AC 166 Wp AL p BC 174 14p BD 195 8p BF 273 3p OC 44 15p IN 388 3p IN1Z p NI 10p 25 304 70p
o AC 167 p AL 103 p BC175 25 BD 19 5p BF 274 35p OC 45 12p INJBBA  58p INZ714  2tp INIJO4  1ip 25 305 “p
AC 168 Up ASY 26 %5p BC 177 19p 80D 197 Wp BFW 10 &0p OC 10 10p IN 404 0p IN 2904 17p 2N 3705 10p 15 306 Mp
< AC 169 14 ASY 27 p BC 178 19p 8D 198 %0p BFX 29 p OoC N 100 IN44A  28p ININMA  11p IN 3706 *p 25307 op
AC 176 2Wp ASY 28 25p BC 179 19p BD 199 95p BFX 84 np OC N 14p IN S24 azp 2N 2905 Up IN 3707 1p 2532 Sép
Q AC 177 Up ASY29 8p BC 180 24p BD 200 95p BFX 85 0p OC 74 14p IN 527 aap IND0SA  p IN 3708 7p 2532 4
~ AC 178 Wp ASY 50 8p BC 181 p 8D 205 %0p BFX 86 12p OC 7S 1Sp 2N 598 ap N6 15p IN 3709 % 1A ap
AC 179 Mp ASY 51 28p BC 182 10p BD 206 %0p BFX 87 24p OC 76 15p IN 59 asp IN%06A  18p IN IO % 2531 Sép
Q AC 180 17p ASY 52 25p BC 182 10p 8D 207 95p BFX 88 np OC 77 Bp 2N 8% 12p IN 2307 0p MM 9p 25 24 0p
AC180K  20p ASYS4 5p BC 183 10p 60 2080 95p BEY 50 20p OC#1 18p IN 697 13 IN2WZA  Dp INES  p 25115 0p
R AC 181 1Tp ASY 55 p BC 103 10p BDY 20 €100 BFY 51 20p OC 91D 15p 2N 698 up NV 14p 2N 3820 S0p 25326 0
AC181K  20p ASY 56 25p BC 184 12p BF 115 24p BFY 52 20p OC 82 15p IN 699 1mp 1N 2924 14p 2N 3821 3p 25307 0p
~ AC 187 p AsY 57 8p BCIBL  12p BE1YT 485p BFY 5 tTp OC 8D  15p IN706 bp INDLS  1ep INJED e 25701 425
AZ187K  20p ASY S8 Bp BC 186 Wp BF 118 T0p BPX 25 5p OC 8 20p IN 7064 9p IN29IKG)  12p IN 3903 Wp 40361 4op
~ AC 180 Dp ASZ 1 40p BC 187 !p BF 119 T0p BSX 19 18p OC ¢4 0p 2N 708 12 INI9KY)  11p IN 3904 )op 40361 4Sp
o) AClx, :: Bcjion z i 207 11p 8F 11 #Sp 85X 20 15p OC 139 0p 2N 711 p INDIHO) 10p N 1905
13 BSY 25 15p OC 140 INTD
ACY 18 0p 8C 109 10p BC 209 1p B 125 :: BSY 26 tss: oc 169 i):: N7 & DIODES & REC"HERS
ACY 19 29 BC 1N A0p BC 212t 1p BF 127 Sép BSY 27 185 OC 170 B/p INTIBA  50p AA 119 8p BY 130 16p OA 47 7
aQ ACY 20 20p BC 114 15p BC213L  11p BF 1R §5p BSY 28 135 OC 171 28 IN 726 W AA 120 Sp BY 133 21p OA 70 7
ACY 21 Mp BC 115 155 BC 214 14p BF 153 45p B5Y 29 15p OC 200 8p INT7 Wp AA 129 Sp BY 164 S0p OA 78 S
Q ACY 2 16p BC 116 15p BC 225 8p BF 154 45p BSY 38 18p OC 201 p INTH Mp AAY 30 9 BYX 1830 4lp OABI "
ACYZT  iBp BC 117 15p BC 226 38p BF 155 Top BSY 39 18p OC 202 Wp INT744 Wp AAZ 13 10p BYZ 10 3p OABS »
QL ACY 28 1% BC 118 10p BCY 30 24p BF 156 48p BSY 40 Mp OC 203 28p IN N4 14p BA 100 10 BYZ 11 Mp OA %0 s
X ACY 29 35p BC 119 p BCY 3 Up BF 157 5p BSY 41 p OC 204 28p IN 918 p BA 116 Mp BYZ 12 MWp OA 91 w»
ACY 30 2p BC 120 o BCY 32 Wp BF 159 $5p BSY 95 12p OC 205 3p IN 929 p BA 126 np BYZ13 28p OA 95 P
ACY 31 p BC 125 12p BCY 33 2p BF 159 @p BSY9SA  12p OC 309 op IN 930 p BA 148 14p BYZ 16 d0p OA 200
S ACY 34 2p BC 126 10p BCY 34 15p BF 160 4Op Bu10S ' 200 P I4A 20p IN 1131 0p BA 154 12p BYZ 17 38p OA 202 T
b ACY 3§ Np BC 122 12p BCY 70 14p BF 162 “0p C111E Sop P 397 Qp INVIL 1lp BA 1SS 14p BYZ 18 3p SD 10 p
~ ACY 36 Wp BC 134 18p BCY 71 109 BF 163 0p C 400 0p OCP 71 43p IN 1302 14p BA 156 13p BYZ 19 8p SD19 S
~ ACY 40 17p BC 135 125 8CY 12 14p BF 164 “0p C 407 285p ORP 12 4lp IN1303  14p BY 100 15p CG &2 IN 34 13
M ACY 41 18p BC 136 15p BCZ 10 2Wp BF 165 “0p C 424 20p OAP 60 4p IN134  17p BY 101 2p (E) OA9  Sp IN34A s
ACY 44 3p BC 137 1Sp BCZ 11 28p BF 167 2p C S $0p ORP 61 40p 2N 1305 17p BY 105 17p CG 651 (Eq) IN 914 &
— AD 130 Mp BC 139 ®p BCZ 12 25p BF 173 p C 42 38p ST 140 129 2N 1306 2p BY 114 12p OA 70-OA79 ép IN 916 &
Rl B ki ERm spn @mem  mad Bag BhE BALTEEN 2
“ N BY 127 15p OA SSL 15021 1
o AD143 3p BC 142 p 8D 124 “p BF 178 Mp C 42 Mp UT 46 z':: IN1309 nn: BY 128 15 OATD | 3sp 15950 :
& NEW COMPONENT PAK BARGAINS JUMBO COMPONENT PAKS | THE NEW $.G.S. EA 1000 AUDIO AMP
Q MIXED ELECTRONIC COMPONENTS "““,'T“M“"-“‘ L)
Pack Exceptionally good valué G
No. %tg Description Price : . uaranteed.
2eY C¢ Resistors mixed values approx. 0.50 | Resistors, capacitors, pots, electro- Qts. 1—9 £2.43; 10—25
count by weight Iytics and coils plus many other Price each.
(S8 C2 200 Capacitors mixed values spprox. 0.50 | useful items. Approximately 3ibs in | Larger qus
%) count by weight weight. Priceincl. P. & P.£1.50 only | on request. Full hool(-up
) c3 50 Pr.cmon Resistors .1 %, .01% mixed 0.50 diagrams and complet
Ly values SBRAND NEW POST OFFICE .
o~ C 75 ‘lh W Resistors mixed preferred values 0.50 | TYPE TELEPHONE DIALS
cCS S Pieces assorted Ferrite Rods 0.50
-~ g; 3 Tunm Gangs, MW/LW VHF . g.g ONLY 38p each u1°v-uh
~ ire 50 meters assorted colours 0.
™ gg ‘lg #od Ssvngcl\hn gg s Y s T E M l 2 s T E R E o
icro dwitches 2
€10 15 Assorted Pots & Pre-Sets oso | Each kit ~contains two ampliier
ac ockets 3=3.5m - 3tandar » , -
1 s J Sk S hkT 3.5m 2 = Standard B modules, 3 Watts RMS, two loud
witch Types 0. . ifi
C12 40 Paper Condensers preferred types 0.50 speakers, 15 OHMS, The pre arjnpllher,
mixed values transformer, power supply module,
C13 20 Elactrolytics Trans. types 0.50 | front panel and other accessories as
o iy e 95 | well as an illustrated stage-by-stage
gz 23 Mains Toggle gvmch; X Amp D/P o.go instruction booklet designed for the
Assorted trips anels 0.50 i i i
€17 10 Avsorted Cohtrorknobs o%0 begmn?r. Further details available on FREE
Cc18 4 Rotary Wave Change Switches 0.50 | request. P&P
Cc19 3 Relays 6 - 24V Operating 0.50 .
C20 4 Sheets Copper Laminate spprox.10” X770.50

bicks, shun's forener 105 o8 peck w1 L 5. cn.| Please note that, as from April 1st,
Component Lists for mail order available on request. 70% must be added tO all prices

NOW-TURN OVER FOR MIORE FANTASTIC OFFERS
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The largest selection

[ ]
-
3
[
2%
e
3
>
=
-
S

PNP

1 147
‘55
St
T

poAL § CHING TRANS. TO-18
CODE Diese [ SIM. TO N06/8, BSY27
TEXAS. Ow 889 | /23/%8A. Allusubledevices
no osen or short circuits.
BCY?0. When ordering
sim. lease state preference]

ROX11 & C407, 2NIn93 PN or PNP.

26 up Lip ench. " | 50For1.68 1000 For 18.00

NEW LOW PRICE TESTED S.CR.S. QUALITY TESTED Sillmwmlt
MV 1A 2 BA A k23 10A 164 A
o Dons, s e ) [y 1Al KING OF THE PAKS Unequalied Valus and Quality - e
0 0B 03 &N AN T 0B 0B a1l NEW BI-PAK WNTESTED [ .o Wy
W0 e KB KT AT 0N M 8 L0 UPER PAK o0 Wy
W A% M e W M e B am SEMICONOUOTORS oC z
&40 0 M M an B M OB F guycrion GUARANTERD in Brery Pak, of money beck. AC ; - Wy
W M GET 0 08 AT em ol — OC & ey = z
0N AN 00 M MM L G e OC 71 type transistors .. .y
AC 137, [
SILICON RECTIFIERS-—TESTED APligom ',.";
PIV 200mA 750mA 1A 15A 3A 10A A ocmzi?. z
% v ok of o ob ob 1 GETMDlow 4
00 6.0 008 006 013 010 63 0% 5 NPN 21 8T w
00 s 085 0.4 690 00 100 AMADTs1: [
400 s 0w woen 1 o »
600 010 010 OB M 04 1B .":
800 610 017 611 038 63 088 200 » -
1000 .11 Sld 63 508 680 180 h 4
100 — — 638 o5 o™ — w
[
TRIACS FULL  RANGR OF "
vhoM2a ea 10 | SENERINODES o A "y
TO.1 7086 T0-08 | .07 v bo-7 H 5 -
™ ™ » Case) | (T 12 INGS. .. w
Hat) 109 ea. 10W (80-10 )
Lot el 1) o Al telly & e z
% o 0 0 [tested .d:: mum . 4
3
Lol I TR S 1) foveivess] (&MN,N :
DAY 10amp POTTED BRIDGE ?Wmi:wmmm &
Tohce V™™ WITH JRECTIFIER on heat sink. $2N0003 PN Slioom ramaiatore .lb.
BR100 (D32) §7p each § 100 PIV. 80p euch. 7 NPN trans. 43 INSTOC 33 INTT0. . My
1NPN rans (s IMI07 33 SN, M09
FREE NEW LINE .;;cm' ""'m....‘....'m INGITS. . : =
Pak of Plastic  encapsuluted 2 TBC I transisiors . 9
: .Ll free ’:‘ amp Bridge ;(ecn. ;ﬂmwﬂ =
odess valead 53 or over. 50 v RM each 3 BC 118 NPN TO-8 [
SRR S atp 8 NPN high grain trans.
BRAND NEW TRXAS 100 v RMS97p sith o-ncn‘;h .. My
QERN. TRAMISYORS | 400 v KMB #8p euch AR . z
Ml‘:‘. EQVT Sige 15 mm x 6 mm 7 BOY 3 NPN switch 15 My
I g oon usUURCTION 3 3 BYI00 e iomns: fir 1
T3 (fbialey faceip Fave Tiess BEN206 WAL & perm. trams. od oll mkd nowsll 90
T ohmomr oo |Ted BN W ELECTRONIC SLIDE-RULE
TS & 20348 OC44 The MK Slide Rule, designed to simplify slectronic
;I. :mmn calculations features the following scales:—
37 ucTe C P and W ath. Calcu-
TE 5 wI30A 2N INS Iution of L. C and fo of tuned cirguits. Reactance snd

sell inductance. Area of circles. Volume of cylinders.
Resistance of conductors. Wei’ht of conductors,
Deci Iculati Angle i Natural
Logs. & ‘¢’ functions. Multiphcation & division.
i&nrin(. cubing and square roots. Conversion of
kW and Hp.

AVAILABLE i
Sim. to

Code Nos. mentioned nbove ure given as o guide to the type of device [ A must f°"":‘:_"m: complleu vi’th cl::d:nd iLull:ruc:

:

h 5 adlln Size 23cm x
n in the Puk. The devices themuelves are normully unmarked. tions. PRICE EACH: £3.35
asToR.

DTL & TTL iNTEGRATED CIRCUITS

]
e
il
]

:ll.'-tnu-. suitable fur
Eari. $TX300 bp each.

ERRAL PURFOSE
Coded GP180. BRAND NEW
REPLACE..—0C35-28-

$04-400—406430431453-483. TI
INASEA-4ETA4SAA, INBIL A & B. 3 A
VCBO 80V VCEO 30V IC 10A PT. 30 WATTS Ri

BRAND NEW. . .
ap 10For 175]  falinm. Pl guavastes: INTEGRATED CIRCUIT PAKS
. 7.50 . 1'%435-99 160
2For0:60 1000 For g:l’on-elﬁ gl a Manufacturers “Fall Outs” which include Punctional and part Functional Unita.
These are classed as “out-of-epec” from the maker's very rigid specifications, but are
[ s e.r. ploDms &y PET'S idesl for learning about 1.C’s and experimental work,
200mwW » S eIRioRS
Metal TO-14 | #PIV(MIng 1001 .. Pak No, Contents Price Puak No. Contents Price Pak No. Contents Price
/300 bp oac Sub-Mia. 800 ;. 127400 80p UICHE 5 x 7446 Bp  UICSE 5 x 7486 Bap
Full Tested 1,000 . .. e UICOl 12 x 7401 80p  UICeT 6 « 7447 S0p  UICHD 6 x 7480 §0p
. .. UICOZ 12x 7403 80p UICS 5 746 80p UICHL 5 x 7491 50p
. . ] UICOS 12 x 7403  Sbp C50 12 » 7450 Wp Co2 & x 7492  bop
- B 3 UICO§ 12 x 7404 §0p  UICS1 12 x 2451 0p UICES 6 - 7483 B0p
1 - UIC0S 12 » 7406 S0p UICS3 12 - 7453  W0p UIC84 6§ x 7484 80p
. . UICOE 8 x 7408 60p UICSe 12 - 7454 80p _ UICS6 & x 7498  S0p
C07T B x 7407 G0p UICED 12 - 7480 0p - UICKE 5 x 7496 My
'0-3_CASE. POSS. UICI0 12 x 7410 S0p UICTO 8- 7470 ®p  UICIO0D § « 74100 G0p
29-30-36-36. NKT 01403 NEW EDITION 197) UIC1d 8 x 7413  50p UICT2 8~ 1472 0p UIC121 8 « 74121 W0p
3077-3030, 31(280A. ALEWYS UIC20 12x7420 80p UIC?3 8 x 7478 80p  UICI4] 6 x 74141 by
2G720-732. RTC. A compiete orom refvresce UIC30 12 x 7430 $0p UICT4 B8 x 474 W0p UICIS1 & v 74151 Sop
and squivalents book for Rurmpean, UIC4 12 x 7440 50p UICTS B8 x 7475 ®p UIC154 § < 74154 Sop
Americaa and Japaness Transis- UICH 5 x T4t S0p UIC76 8 - 7476 S0p UICIBd & x 74183 60p
] TS LI | s e m M tiva i pom e W
it x x
pach. Red cover/edition: UICW 6x7Te44 S0p UICSE 6§ x 7482 ®p We e
2"3%5 UIC4 § x 7448 p UICE3 6 » 7483 ®op

A LARGE RANGE OF TECHNIC. . 1 NP .

uswarrsn] ALAND DATA BOOKS ARE NOW Packs cannot be split, but 25 assorted pieces (our mix) is availsbie as PAK UIC Xi.

478

?l;.. ¥ ,c:’"..":_a.: . AVAILABLE EX.'STOCK. SEND
w_ [™) 7 M BLPAKS NEW COMPONENT SHOP NOW OPEN WITH A WIDE RANGE OF
VCBO 109/VCEO 50/ ELECTRONIC COMPONENTS AND ACCESSORIRS AT COMPETITIVE PRICES
ADl‘l/ ADI&2 »rx BILICON $0 WAYYS IC 10A. HPS type 18, BALDOCK STREET (A10), WARE, HERTS. TEL: 61008,
NTTTCONE :ﬂ»'-u.n 'I'nn, m’.ﬂ n‘.& FiE OPEN MON. - SAT. .15 a.m. 10 ¢ p.m. FRIDAY UNTIL 6 pm.
e e S L RN Please note that, as from April Ist,
OF ttp PER PAIR. B - . 10% must be added to all prices

RADIO & ELECTRONICS CONSTRUCTOR



BI-PAK DO IT AGAIN!

| 50 Wk 25w (rms)

1 [ " 2 t ]
e oo o e dn o
gom miooi tnopm e o 0.1% DISTORTION
e s ow s BB 5 HI-FI AUDIO AMPLIFIER
s o% o3 oM S 09 e oM TH E AL50
i T oo om  om
Mmoo ha & B & ,
Stag :: L: ® poun a® as o oaw % Frequencyresponse15Hz ONLY
O G toil083000.=1dB;
BNT 0.15 .14
= M i gros 22 um am % Load - 3,4, 8 or 16 ohms. £3 25') each
::: :: ': - ggﬂﬁ i-:u %ﬁ fih:; % Distortion - better than 4 Supply voltage 19
it S R I B R { 1%atiKHz - 35 Volts.
SNT om  om ] . . R
SNm o8 o8 o6 Onus  ne nm o % Signal to noise ratio x Overallsize63mm
Ww 0@ od dm W 8B A% 4 | 8odB. x 105mm x 13mm.
o S O - ’ ’ Tailor made to the most stringent specifications using top quality
i) a a8F L% e 1 a oo components and incorporating the latest solid stnt: c;‘rcuxtry ft;nd
Mo Il R H SR HiR 1 ALSO was conceived to fill the need for all yx;g‘ NTEEl[n)ph ca-
M 4% 0 o pue me g2 o8 tion needs. FULLY BUILT - TESTED - GU
%ﬁ E E 1 N 320 £3. 2.
gnw  on  on ' oon BT B2 08 i
SNUTS 0: -2 X SN X 5. X
SNUTY 0. 3 Y SN AL 1.4
pihnn 0.3 .36 SNT4184 1.5 £3. .
SNT4TS o el @ SNum I H
e l R STABILISED POWER
SNT@0 0.87 0.64 D8
SN7481 . £1.18  £1] SNTN3 00 £18 tl TB
Bam 4m g o Bum o oonooe o MODULE SPM80
AN ! . y ! APS0 is sspecially designed to
Bl Bl b T
; J and circuit techniques
LOGIC D'l"l. 930 SERIES circuit protection w:xl.l g e dt.:ln . ;l‘nu
LlNEAR I.C's— 1.C’'s - M &- um'tl pmvuh outpuu up to 1'5 amps
FU LL SPE c Rof’t BOTTOM :£ICES qulht; at a hitherto u;“omublt me- m ::.:l“l‘ol‘: :n‘:l;oo&yn lmhnt::l:r;nezi-
* Ne. 1-34 325-99 100 up Systens, Address, -In available
BPIN i 1 1
e n S5 wn| ¥E OB B I | TRANSFORMER BMT80 £1.95 p. & p. 25p.
201C—-8LI01! o I & BPIS 1% ie 1y
BP 01¢—8L01C z g 3 Brase i » 1y STEREO PRE-AMPLIFIER, TYPE PA100
70873703 B specifi and NOT and yst otill the value on the merket,
- mow el e Bow o 0 T ettt mas B coiseved rom 5 otk Grosi tochaens:
00— Designied (or use with the ALSO plifier system, this quality made unit incorpors
s M p W RPN % W W mu-mnc":h'z"nhmuu:;."u':om > ..m....‘:..:z,.u i f o
BP 71071710 “dp 4 W BEN) H P N?Nd'vne-loruolnth‘mpulm
BPTI—uATI  dp My m. 2R e Three ewi ta, and rumble and scratch filters are features of the PAIOD,
BP 741—11741 APSoss “w W z which Aho has l O/MONO switch, volume, balance and continuously variable
T Oy Breos7 w W W base and treble controls.
TC—-pANSC Mp Wp Mp Breose W .My » SPECIFICATION
Tﬁ& z g = - Devicts may be mixed te quality for Freq Respones m;—ﬂ:&l‘l + 1dB
MAG Rl i | el S i e st
i ic P.U. 1.5 mV into 50K
NUMERICAI. INDICATOR TUBES : of 20wV Tape and P.U. inpute
i ithi dB, from 30H: to 30KHs.
[MMODEL CD28 IGR 116{3015F) . C 6B @ 20Hs +154B @ 20KHs
Anode voltage 170 | 175 | 5 Sereich (Low Pa)
(Vde) min_| min ALl indli)z:tors
. - 0.9 + imal
E"“‘““’“’ el 21'3 14 | dpoint: ANl side : —
q iewing: PECIAL PLETE KIT COMPRISING
umeﬂl,h ght (mm o 1,3 L) \‘r;:;mg)rﬁ;llll 3 ALK's, 1| BPM80, 1 BMTS0 and 1 PA1S ONLY £33.00 FREE p & p.
heh‘ﬂ'h‘ (mm) 47 32 22 'typeu available Al prices quoled i 0w gene: Goro Noo Jad 00
bediameter (mmy 19 13 12 }on request. Piease send alt orders direct o warchouse 300 despatch depar!=ent
. BP41 | BP41
il I.C. driver rec. _or 141 or 141 BP47
ol RICE EACH £1.70 | £1.68 || £1,90

» Buffer

wL8) ¢ Dual ifp ::' i
M

wL923 J-K Rig-Acp

Date aad ‘Coourte Sovaser o 2,

“MARCH 1973

DUAL IN LINE SOCKETS
14 & 16 Lead Su:kﬂl lor use with %UAL

S’I‘ONAL-M NEWLD 'g“. . ’
TR TIT] P. 0. BOX6 WARE HERTS

Low Cost No. : A
BPS 4 5p 1p a1 Cergee Sdu Caskone N
Ip 1

LR Guaranteed Satisfaction or Money Back

Poastar e and pachin: a Dodversoas g LR
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Comprising
768 pages
plus index

NOW AVAILABLE

AUGUST 1971
to JULY 1972

LATEST
BOUND VOLUME

“The Radio Constructor”
FOR YOUR LIBRARY

PRICE £2.00 P&P 29p

No. 25

of

BOUND VOLUME NO. 23 (August 1969 to July 1970)
BOUND VOLUME NO. 24 (August 1970 to July 1971)

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

Limited number of these
volumes still -available.

Available only from

DATA PUBLICATIONS LTD.,

We regret ali earlier volumes are now, completely sold out.

57 MAIDA VALE, LONDON. W9 1SN

Vary the strength
of your Iighﬂng witha

The DMMASWITCH is an attractive and effic-
ientdimmer 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 Ware £3.20. Kit Form £2.70
300 Wawe £2.70. Kit Form £2.20
All plus 10p post and packing.
Please send C.W.O. to:

DEXTER & COMPANY

7 ULVER HOUSE, 19, KING STREET,

CHESTER CH1 2AH. Tel: 0244-25883,
As supplied to H.M. Government Departments.

480

The New Styled
“HILT-MiN TWIN vices

An extra **Pair of Hends” for
those tricky jobs
ASS!MILY SOLDERING - GLUING

RING - DRILLING ¥TC.
*INDEPENDENT ADJUSTMENT OF
THE TWO VICE HEADS TO ANY
ANGLE WITH POSITIVE LOCKING.
% JAWS WILL FIRMLY GRIP, ROUND,
:LAR'!'I_S SQUARE OR HEXAGONAL

TWIN VICE? £8.95 (25p - p&p)
ALSO AVAILABLE
SINGLE VICE: £5.45 (21p - p&p)

Orders despetched before 1st
April 1973. FREE of V.A.T.
CANLEY ENGINEERING. (SALES)LTD.{
Dept. C/RC4
OSBORNE ROAD. COVENTRY

Jel. (0203) 77163/4 CV5 6EA

LOUDSPEAKER |
BARGAINS

Fane Pop 100 watt 18° B/16 ohm 9.
Fane Pop 60 watt 15" 8/15 chm £11.18
Fane Pop 50 watt 12° 8/15 ohm £ 928
Fane Pop25/212 265 wett 8/15 ohm £6.40
Fane Pop 16 12° 10 watt 8/15 ohm £4.00
Baker Group 25 12° 3B or 15ohm £6.60
Baker Group 3512°3.80¢ 15 ohm £8.00
Celestion PS8 for Unilex £2.35
EMI 13x8.380r150hm £2.28
EMI13x8.380r160hm £2.60
EMI13 xBtwin/tw. 3.8 or 150bm £3.60
. EMI13 x 8 type 350 15 watt 8 ohm £0.00
Richard Allan 8° 3.8, or 15 ohm £2.35
Richard Allan 12” dusi cone 3 or 15 ochm €2.80
Fane 8" d/cone 8087 8 or 15 ohm £2.88
Fane 8" d/cane, roll umwnd BO7T8or150hm £3.50
Elsc 9 x 5. S9RMLO9 16 oh £2.70
Elac9x 5, 59RM11‘80hm £2.70
Efsc 84" dust cone B ohm £2.28
Etac 84" d/cone, roll surround 8 ohm £3.60
Elac 4" twoeter 80hm £1.60
Crossovar for sbove (p & p free) £1.80
Goodmana 8P 8or 15 ochm £4.75
Goodmans 10P 8 or 16 ohm £6.26
Goodmans 12P B or 15 ohm £10.80
Goodmans 16P 8 or 15 ohm £17.00
Goodmans 18P B or 15 ohm £27.00
2°.24"0r3° 80 ohm 48
Phillips 5° 8 ohm £1.96
7x80r8°x5", J0or8ohm £1.60
10°x6°3.80r160hm £2.00

FREE with orders over £6.00 “Hifi loudspeaker
enclosures”’ book.

All units guaranteed new and perfect. »
Prompt despatch. P & P 25p per spesker.

J Send for our fres booklst “Choosing a spesker”.

WILMSLOW AUDIO
(Dept. RC)

10 Swan St., Wilmslow,
SK9 1HF, Cheshire

RADIO & ELECTRONICS CONSTRUCTOR.



COMPLETE

TELEPHONES

n Normal household type
as supplied to the Post
Office, ex. G.P.O. Only

98P each. p. & p. 35p

FREE CATALOGUE

OVER 1,000,000
FOR

TRANSISTORS

each., . TRANSISTORS,
terepHone oias IN ISTOCK" - Fjilc'sg:::n
O aver arge rangeof fu mar }
Sl [ et od st farmson o ancos.
oNLY 1,P Ezrtna?:g:;ve prices. Please send for Free LISTS.

p. & p. 15p.

Silicon Planar Plastic

Transistors.Unmark-

ed, untested - Factory
clearance. A random s:mplm; showed these
to be of remarkably high quality.

Audio PNP, similar to ZTX500, 2N3702/3,

TESTED AND GUARANTEED PAKS

8 RELAYS FOR £1
VARIOUS TYPES |
P. & P.25p.

INTEGRATED CIRCUITS

[} 4 Photo Cflll. Sn{u Iut:lu. so BCY 70 etc.
e e It B Audio NPN, similar to ZTX300, 2N3708/9,
4 D s e 50p 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

10 Tl I e e 50p

8% 200 Mixed Cavacitors Approx. SOp

quantity, counted by waight
e Mixed' Resistors. Approx,
zso quantity ceunted by weight soP

7 Wirewound Resistors. Mined
40 types and value soP

THE LOWEST PRICES OF ALL FOR YOUR DTL
LOGIC 112 13-25 2650
Clocked Fiip Flo BMCI  20p  8p “'

. Ex.2/4-input Buffer  8MC92 12p o 10p
D 3 OCPTi Cahe Semaitive 50p OUR VERY POPULAR Jp TRANSISTORS 24input Expander  BMCI3)  13p  ip  10p
Photo Transistor TYPE “A" PNP Silicon slloy, TO-S can. Hex. inverter BMC934 13p 11p  t0p
H® 20 OC:?"" ’}.8 ;N' Silicon sop TYPE “B" PNP Silicon, plastic encagsulation. ::: :::::'(':: ::gz;z :;: “' :::
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GENERATOR
FOR £3.50!!!

YES, a complale kit of parts including Primed Circuit
Board. A four position switch gives X-hatch, Dots,
Vertical o¢ Horizontal lines. Integrated Circuit design for
easy construction and rehability. This is & project in the
September edition of Practical Telewssion.

‘I'h.I; complete kit of parts costs £3.58, post
Paid.
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Our tamous P1 Pak is still leading in value for
money.

Full ot Short Lead Semiconductors & Electronic Com-
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Migh quahty factory macked Transistors PNP 4 NPN,
and a host ol Diodes & Rectifiers mounted on Printed
Circuit Panels. Identification Chart suppliedto give some
information on the Tranuistors.

Ploase ask for Pak P1, oniy 50p
10p P &4 P on this Pak.
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. ADDRESS

MAKE A REY COUNTER
‘FOR YOUR CAR

The 'TACHO BLOCK'. This
encapsviated block will turn any
0-ImA maetar into a linear and
accurate rev. counter for any
car with normal coil ignition

MINIMUM ORDER 50p. CASH WITH OADER
-systam. PLEASE. Add 10p post and pack:ng per erdar
OVERSEAS ADD EXTRA FOR POSTAGE

£1 each ¥
4 T I 1 1 ¥ [ |
l'an mx I Tn DEPT C, 222-224 WEST ROAD, WESTCLIFF-ON SEA, ESSEX. SSO 90F
B - TELEPHONE: SOUTHEND (0702) 46344
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HE SCHMITT TRIGGER

by

A. Foord

Our contributor describes the basic functioning of the Schmitt

trigger, then proceeds to examp
for different

HE SCHMITT TRIGGER IS A BISTABLE CIRCUIT WHICH
T 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

les which illustrate its operation
applications.

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.

s

Vin
3
N
v
T
i
Vott -+
Vi
Fig. 1 (a). The Schmitt trigger o}
converts an irregular wave-
form into sharp output transi-
tions as the Von and Voff Vout
levels are crossed
(b). Another example of
[ Schmitt trigger operation. +Vee
J Note that the input must pass P
the Von or Voff level as
applicable, to promote trig-
gering
L
o
(@)

)
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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 Yon 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.

waty +VCC

THREE TYPICAL CIRCUITS

Three typical circuits are shown. Fig. 3 uses high
gain germanium transistors and switches in about
2uS. 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 SmA. 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. :

“p +12V
| 220pF
22knZ I—“—l
Yout 18kn
10ka
) 2N1308 2N1308
S OV
i
Fig. 2. The basic circuit for a Schmitt trigger s60n % 1Skn
& g - o w0 OV
BASIC CIRCUIT b
The basic circuit is shown in Fig. 2. We can initially ©
assume that Vin is low enough for TR2 to be cut off. 2NI308
Lead-outs

" When TR2 is cut off its collector voltage is high and
TR1 will be saturated. The current through TRI1
causes a voltage to be dropped across R2 which sets
the emitter potential of TR2. The output potential
Vout will be given by:

Vout=1I1 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. Fhis 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 TRI1 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 R1 and by using
the potential divider action of R4 and RS5 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

Fig. 3. Circuit using high gain germanium
transistors

< +5V

IOpF
I1:5kn -3

AAAAA
Yyvy

K

2N706

2N706

3-3kn

2N 706
Lead-outs

Fig. 4. Simple circuit employing 2N706 transistors
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1-5kn

3-9kn

18pF

A AR A
LiJ
]

-0 OV

2N709
Lead-outs

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 TR1 is off then TR2 will be on and TR3 is main-
tained conducting. The output will be at -18V and DI
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 TR1 is turned on and TR3 and TR2 turn off.

-18v
oknE  Zioka
- -
TRy
TRy 2n708
2N2635 Ry
e
O
IN9I4
18pF
IOkn¥  (OknZ Fin
< OV

2N2635 2N7208
Lead-outs

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 DI provides
the hysteresis.

When the signal drops below the new reference
voltage at TR2 base then TR 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
TR1 and TR2 form a fast current mode switch, and
is typically 20 nS for the transistors shown.

TR1 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 2N1132, 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

—( 45V

A N-—
n
-4

o

1

5v

JL :

SN7413

ov

ov

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

- +5V

Ikn

AAAL
A

A —|

[ ]

1Okn

ot

SN7413

2N706

INSI4

° OV

Fig. 8. Circuit employing SN7413 and transistor,
for use when input levels are not well defined
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Fig. 9. Top view of the SN7413, illustrating pin
flayout 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

Vee

7
GND

~
w

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 pS 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

linear region of its input/output characteristic. Various package. ]

RECENT PUBLICATIONS ¥

SEMICONDUCTOR DIODE LASERS. By Ralph W. Campbell and Forrest M. Mims.
198 pages, 5% x 8% in. Published by W. Foulsham & 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. i

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, 5% x 8% in. Published by W. Foulsham & 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 haif 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. i

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-

G16YM GOLDEN JUBILEE AWARD
This year is the Golden Jubilee of the City of Belfast YMCA Radio Club
GI6YM, Noithern 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 behaif 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

threshold, silicon-gate, shift registers
with capacities ranging from 64 to
1024 bits will also be shown.

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 33 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.

L S
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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 aut 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.”

Ve

“Good morning, your messageis......... ——
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EMITTING

DIODE CGIRGUITS

by G. A. FRENCH

SEMICONDUCTOR 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 l.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

ta)

(A)

RN

©)

(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 appears 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 appedrs 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 le.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 l.e.d. is available from
Electrovalue Limited, 28 St. Judes
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Road, Englefield Green, Egham,
Surrey. The l.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 NKT7011
only. It should be added that some
earlier l.e.d.’s had maximum forward
current rating figures which were
considerably in excess of S0mA and
these would not be suitable for the
purposes to be described.

CIRCUIT APPLICATIONS

“An l.e.d. should not be connected
directly to a source of voltage without
a resistor in series. This is because the
l.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 le.d. would at
least help to ensure that a bedside
radio was switched off after turning off
the bedroom light, since the l.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 2.43kQ. A 2.4kQ or 2.2kQ 10%:
resistor would be staisfactory in

practice. For a 6 volt supply the -

series resistor can be 10% 1.5kQ.
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2 Series limiting | by s
. resistor I} ———
To receiver Il| T Receiver Alo o)C
circuits ) il ! batter
& NKT70II 1l - Y
- ” NKT 701
\\ _,{1/ Lead-outs
E - Receiver
on-off
switch

Fig. 2. Adding an le.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 } 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 le.d. at
3mA is insufficient for this particular
application, it is suggested that the
circuit be checked out experimentally
first before permanently installing the
le.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 le.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 le.d. current is of the
order of 25mA or more. At these
brightness levels the area of the light
producing surface appears to be greatsr
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
l.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 lLe.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 | or at 0.

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

o =ty "‘L(."L
Ig‘mé
v 0 Output
%
Ikn%
==t e GND
v=28
Fig. 3. The internal circuitry of a 7400 NAND gate
491



AUDIO
AMPLIFIERS

16 Transistor & Valve Designs
for the Home Constructor

Amplitiers ior
Tuner Units, Record Players,
Tape Recorders,
Public Address, etc., etc.

Includes contributions by such
well-known authors as

A. S. Carpenter, A. Kinloch,

E. Govier, G. A. French,

F. G. Rayer, P. F. Bretherick,

K. Jones, D. Aldous,

R. Murray-Shelley, C. Swires,
G. A. Stevens and V. E. Holley.

Edited by J. R. Davies
124 pages
PRICE 53p
Postage 6p

L N r N _ ¥y N _§N ‘N F ¥ J¥F-
To: DATA PUBLICATIONS Lid.,
S7 Maida Vale London W9
Please supply ...... copy(ies)
of “Audio Amplifiers”, Data
Book No. 18. | enclose cheque/

crossed postal order for......

BLOCK LETTERS PLEASE

of 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 oneror more inputs is
taken to O 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 TR1 at a low
potential, as is given by an input of 0,
similarly holds down the base f TR1.
Both emitters have to be taken to the
high positive potential which cor-
responds to 1 before the base of TR1
can similarly rise and change over the
gateoutput to 0. A relatively high current
(up to 1.6mA) 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 1k 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 130Q 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 L.e.d. is extinguished because
negligible voltage is applied to it.
Conversely, the 1.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 130Q 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 le.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
130Q resistor. This corresponds to a
current flow in the 130Q resistor (and,
in consequence, in TR3, the i.c. diode
and the le.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 le.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. lts value can be 5%, 2209
with a rating of { or } watt. This
resistor allows slightly less than 16mA
(the maximum output current for a
7400 NAND gate at 0 output) to
flow in the l.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.tl. gates which,
like the 7400 NAND gates, have
‘totem-pole’ output circuits. No inter-
mediary driver transistors are required,
as normally occurs when filament

+5v
NAND
GATE
_— — Output
npu I_J
o]
(a)

Fig. 4. (a) An le.d. may be connected directly between the output
of a t.tl. NAND gate and the ground line. It becomes
] illuminated when the output is 1
(b) With this circuit the l.e.d. becomes illuminated when the
gate output js O

lamp output state indicators are
employed.
+5v
220n
] I \
A \
o

(b)
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Fig. 5. A ci(cu/t whjc/; 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 le.d. combinations is given
in Fig. 5. This circuit allows four
l.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 S1 to position 1 couples
one input of the top gate to a low
voltage (actually zero volts). Its output
rises to 1, whereupon LED1 becomes
illuminated. This l.e.d. is coupled to
the gate output in the same manner as
was the l.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 S1 to position 2 causes the
output of the first gate to drop to 0
and that of the second to rise to 1.
LEDI1 extinguishes and LED2 lights
up, to indicate binary 10. On position
3 of S1 both the top two gates have
outputs of 1, causing LED2 and LED1
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 LEDI. On position 6, the
outputs of the fifth and sixth gates
rise to 1 (LED3 and LED2 illuminated)

DECIMAL BINARY
| |
2 10
3 Ir
4 t QO
5 101
6 10O
7 I
8 1000
9 100!

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 LEDI1).

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
lLe.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 l.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
LEDA4.

The circuit of Fig. 5 can be wired
up quite quickly. Care must be taken
to see that LED1 to LED4 are wired
in with correct polarity. (The l.ed.
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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ew Products

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.

Snép;;ihg off a blade edge on the new Rexel
L.500 Cutter, using the edge snapper supplied.

Other items in the range are a ten-blade plastic Designed for light to medium duty cutting tasks,
dispenser/blade snapper, plus two sizes of carded spare it has a muiti-edge blade providing eight razor-
blades. Rexel Cutters are available from hardware and sharp cutting edges.

DIY shops, ironmongers, stationers and department -Companies, Ofréx House, Stephen Street, London
stores. For further information contact Ofrex Group of WI1A 1EA.

PRECISION MADE BIB WIRE STRIPPER & 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
The New Bib Deluxe Model 9 Wire plastic covered handles. ] ) '
Stripper and Cutter. Fitted with The Wire Stripper is attractively bubble packed with full instructions and
automatic opening spring. handle is available from electrical and hardware shops, with a recommended retail
locking catchh angl plastic covered price of 75p.

andles.

THE SWINGHEAD RIVETTER

wi

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 a2 recommended retail price of £1.98p.

For further information, please contact: Hollands &
Blair Ltd., Bensham Grove, Thornton Heath, Surrey. .
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! by
P. Cairns, R.Tech.Eng., M.1.P.R.E., M.L.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 1uS.

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 independentily 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

WHILE THE MAJORITY OF AMATEUR CONSTRUCTORS

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 sighal 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

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

Frequency as input sine wave.
Amplitude variable from 0 to 10
volts peak. Rise time less than
250nS.

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

24 volts nominal.

Input:
Square wave
output:

Pulse output:

Supply:

The circuit of the unit is given in Fig. 1. 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 Cl1, through limiting resistors
R1, R2 and clipping diodes D1, D2, to the base of TR1.
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
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Resistors

R2 7.5kQ
R3 220kQ2
R4 4.7%Q
RS 120Q
Ré6 22kQ2
R7 4.7kQ
R8 15kQ
R9Y 15kQ
R10 22k
Ri1 4.7kQ
R12 10kQ
R13 10kQ
R14 33kQ2
R15 2.7kQ
R16 4.7kQ
R17 2.2kQ
R18 2.7kQ
R19 10kQ
R20 47Q 2 watts
VR1 2kQ potentiometer, linear, wire-
wound
VR2 25kQ potentiometer, linear, wire-
wound ’
VR3 2kQ potentiometer, linear, wire-
wound
Capacitors
C1 1pF plastic foil
Cc2 0.22yF plastic foil
C3 470pF silvered mica
C4 200pF silvered mica
Cs 1,000pF silvered mica
Cé6 4.7uF plastic foil
C7 1pF plastic foil
C8 0.1uF plastic foil
(6] 0.01uF plastic foil
C10 1,000pF silvered mica
Semiconductors
TR1-TR7 BCI182L
D1-D3 OA95
D4, D5 9.1 volt, 1.5 watt, zener diode type |
BZY96C9V1
D6 4.7 volt, 1.5 watt, zener diode type |
BZY96CAV7 i
Switches
S1 1-pole 5-way rotary
S2 d.p.s.t. toggle
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 x6 x 6in. (H. L. Smith & Co.

Ltd.)

COMPONENTS

(All fixed values § watt 5% unless otherwise stated)
Rl 1.5kQ

RADIO & ELECTRONICS CONSTRUCTOR
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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 D35 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.

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 TRS.

Transistors TR5 and TR6 form the monostable
circuit just referred to in connection with C3, and they
provide a pulse width control function. TRS 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 TRS5 and TR6 capacitors C6 to C10 and d.c.
coupling between TR6 and TRS 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
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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 10002
resistor between each emitter and the upper end of the
corresponding 2kQ 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 InF and 4.7uF 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 1pF value
istalso available from Home Radio under Cat., No.

H19.

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 Aapproximately 3in. by 2}in. and having 15
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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 D1 and D2 are both
terminated at holes H12 and HS5. Both diode lead-outs
pass through the single holes at these positions before
soldering. The cathode (+) and anode ends of D1, D2
and D3 are indicated by the letters ‘K’ and ‘A’ respec-

L4

tively, Also sharing a common hole, at J3, are R16 and
R19; and, at J2, R17 and the lead to S1.

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 ES 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

-

from— [}
212"
- o
\ l tag Ttrl;

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

behind the panel

C.T. - chassis tag
MARCH 1973
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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 C10 are mount-
ed between S1 and a small I-way or 2-way tagstrip fixed
to the rear of the front panel. Power supply componerts
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 pane/

i

simultaneously if a double beam instrument s 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
VRI1. 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 1pS
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 RS, 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 (1.0uS) 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 frant panel rear
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Fig. 6. Square wave output (above) with 500uS Fig. 9. Square wave output (above) with 75uS
pulse output (below) at a repetition rate of pulise output (below) at a repetition rate of 5kHz
30Hz. The pulse is just discernable

Fig. 7. Square wave output (above) with 2.5mS Fig. 10. Square wave output (above) with 10uS
pulse output (below) at a repetition rate of 100Hz pulse output (below) at a repetition rate of 10kHz

Fig. 8. Square wave output (above) with 150uS Fig. 11. Square wave output (above) and sine
pulse output (below) at a repetition rate of 1kHz wave input drive (below) at 1kHz. Sine wave Y
sensitivity is 1 volt/cm

MARCH 1973 501




Fig. 12. 70uS pulse output (above) and sine

wave input drive (below) at TkHz. Sine wave Y
sensitivity is 1 volt/cm

Fig. 13. Differentiated output (above) and 100uS
pulse output (below) at 1kHz

Fig. 14. Integrated output (above) and 100uS
pulse output (below) at 1kHz
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Square wave
output C
ikHz OOpF

> R Differentiated
>3-3kn output

mAAAAA

I

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 outpyt 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
IkHz 10ka ‘
- A:'I‘L: T . /\/\/

Integrated
[ output

Tﬁflys

Fig. 5. Producing an integrated output

1

linearity of the integrated slope is adequate for most
normal purposes, it could be improved by increasing the
timeconstant, 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 requjrements of most everyday
expérimental and workshop purposes.
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(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. 1kW (63.09m).
YVPP Radio Frontera,
San Antonio, Vene-
zuela, talk in Spanish
followed by identifica-
tion, heard through fac-
simile interference.
2kW (63.03m) listed
4760.

HJKW La Voz de Maria,
Bogota, Colombia, LA
songs and with clear
identification, kW
(72.83m).

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

OAX8F Radio Atlan-
tida, lquitos, Peru, long
period of announce-
ments in Spanish (noti-
carios) till 0426 when
Andean music featured.
1kW (61.98m).
HJGF Radio Bucara-
manga, Bucaramanga,
Colombia, LA songs
ending in Coca-Cola
advert and station
identification: Tkw
(61.92m).

YVQE Radio Mara-
caibo, Venezuela,
drama in Portuguese
followed by identifica-
tion. 10kW (61.73m).
ZYG26 Radio Pioneira
de Teresina, Cartagena,
Brazil, with ‘futebol’
commentary and iden-
tification. 1kwW
(61.45m).

4761 2315

4775 0230

4810 2350

4840 0410

4845 2233

4860 2330

4885 2027
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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 in 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
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

1600 in Mongolian.

Huhehot-inner Mon-

golia.

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

Lhasa 4035,

“

reigns among

B

Y
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 1kW 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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A supply unit for digital integrated circuits which offers two -
separate 5 volt outputs at currents up to 600mA each.

JHE 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 T0-3 case which is speci-
fically intended to provide 5V output at currents up
to 600mA for logic circuits. 1t 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.:

e A S e—
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Fig. 1. The circuit of the 5V logic supply unit. There ar
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2 Cover Feature
]

by A. Foord

10 to lav COMPONENTS

" unregulated Capacitors , \
Ct 150,00uF, high-ripple electrolytic,
I - 16V Wkg. (R.S. Components)
MVR:5Y) | 2 0.1pF disc ceramic
o+5V O- C3 0.1pF disc ceramic
©-6ooma C4 10yF electrolytic, 16V.Wkg
C5 10uF eleetrolytic, 16V.Wkg
Transformer {
Tl Mains transformer, 9V 2A secondary, §
o +5V O-600mA type 633 (R.S. Components)
Integrated Circuits
IC1, IC2 Regulator type MVR-5V (R.S.
Components)
Rectifier
: : Di1-D4 Bridge rectifier type REC43 (R.S.
i _ ¥ Components) .
b ' Switch
( ) Sl D.P.S.T. toggle
A C Fuse
MVR-5V F1 - 1A fuse and holder
Miscellaneous

3 Red terminals, insulated

1 Black terminal, insulated

2 Heat sinks, Redpoint type 2P
Case (see text)

two regulated 5V outputs and an unregulated output
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Output
voltage B

2
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O 100 200 300 400 500 600 700 800

Load current maA

Fig. 2. The foldback averfoad 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
D1-D4, and the reservoir capacitor C1. All these parts
may be obtained from Chromasonic Electronics, 56
Fortis Green Road, London, N10 3HN.

Case bottom

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.

i
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 SV 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

Case side

L

Earth tags

4

Heat sink earthed to case,
MVR-5V case connected

kN

Mains lead - S Py —
C.
>

|
Earth tag
to heat sink
Front panel -~
10~13V

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 Jower 0.1\ 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 0.1uF 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 4§ 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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FOR
160 METRES

—Part 2

by F. G. Rayer, Assoc. |.E.R.E.,
G30GR

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 i{in. rod
allows VC2-VC3 to be set back, as illustrated.

The v.f.0. box is made from a 9 by 2in. ‘Universal
Chassis’ side. Two V-cuts are made in each flange
28ins. from the ends. The chassis side is then bent to
the shape shown in Fig. 3, forming a ‘box’ about 2%
by 3% 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 23 by 3iins., 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, L4, 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 2%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
galu(le)s. These leads will later connect to L6 and to

a).

VCS5 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 3%ins. 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 T1.
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Fig. 5. Details of the home-
wound versions of L1, 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 VI to VS 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.

underside. The speaker transformer, T1, 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 L1, 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.
CLF2s5.

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
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| Coils L1, L2 and L3 may either be modified Denco

| valve types.

1L2.
The non-earthy leads to VR2 run close to the chassis |

TABLE
Details of Inductors

components or home-wound. All Denco coils are

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.

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.

Oscillator Coil. Denco Red Range 2 with 20§
turns removed from tuned winding. A pin 8,
B pin 9, C pin 1, D pin 2.

L3.

Home-Wound Versions
All home-wound versions are wound with 34 s.w.g|
enamelled wire on 7mm. by 27mm. formers with dusj‘
cores and 4-way tagboards. Details are given in Fig. §

L1. C-D 130 turns wound over 7in.
A-B 60 turns wound over $in.
Spacing between windings, Jsin.
L2. Same as L1 except A-B 50 turns wound over #in.
L3. C-D 115 turns wound over %in.
A-B 50 turns wound over 3in.
Spacing between windings +sin.
14. Denco White Range 2 with small winding;
removed.
LS. Denco Yellow Range 2 with small winding
removed.
L6. 70 turns 22 sw.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.0. 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.0. to 1.9MHz and adjust
the core of L5 for maximum grid current in V8. This
will be about 2 to 3ImA. 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 R21 to 47kQ,
68kQ or 100kQ 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 VCS5 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 VCS for minimum anode current.
The minimum anode current at resonance, as indicated
by meter M1, 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)Xb). Initially, set S2(a)(b) to ‘Net’ to

enable the v.f.0. 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 109%,)
R1 220k 1 watt

R2 2700 2 watts
R3 2700 2 watts
Capacitors

Cl 32uF electrolytic, 450 V.Wkg.
C2 8uF electrolytic, 450 V.Wkg.

Inductors
L1 Smoothing choke, 10H at 120mA,
200Q, Parmeko P3142 or similar
T1 Mains transformer, secondaries 300-0-

300V 120mA, 6.3V 2A, 6.3V 2A,
6.3V 2.5A. Electrovoice type 195A
(Home Radio Cat. No. TM9)

Rectifiers

D1 Silicon rectifier, 1A, 1,000 p.i.v.

D2 Silicon rectifier, 1A, 1,000 p.i.v.
Fuse
F1 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

L1 is above the chassis, and VCI 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 VCI1 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.0. 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.

RADIO & ELECTRONICS CONSTRUCTOR
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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.

LF. 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 supplies. 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 19367 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

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 an 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

DATA BOOKLET 1972 1973

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 avaifable js
the 1972—-1973 Mazda
Pocket Data Booklet.
Priced at 21p,
gives concise details of
valves, picture tubes
and Mazda u.h.f. aerials

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

OME 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 100uF 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 100uF 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 C1 and C2 become charged, with
their upper plates positive. Cl 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.

D2
BY 100

id
Y

YYYy

<+ Dt
BYI00 i
R Ry ¥

C3

T

i

AC
mains

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

COMPONENTS

Resistors

(Al 10%)

R1 562 1 watt

R2 3.9MQ § watt

R3 209 1 watt

R4 22kQ 6 watts
Capacitors

C1 100uF electrolytic, 350V Wkg.

C2 16uF electrolytic, 350V Wkg.

C3 0.005uF plastic foil, 250V Wkeg.
Transformer

Tl Valve output transformer, 33:1 (see text)
Diodes

Di1 BY100

D2 BY100

Neon

NE1 Miniature wire-ended neon bulb
Speaker

LS1 3Q loudspeaker
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The potential difference on 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 Cl1 is applied to the
neon oscillator circuit. This continues to run until C1
is discharged below the burning voltage of the neon,
or until the mains supply is reapplied. In the latter
instance both C1 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. C1 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 10k
resistors of 3 watts or more, or three 6.8kQ 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, T1, 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 0.005uF specified. B P
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'OUR NEXT ISSUE |
FEATURES |

CRYSTAL MICROPHONE
PRE-AMPLIFIER
by R. A. Penfold
A simple integrated circuit pre-amplifier 'l
which enables the high impedance of a f
crystal microphone to be matched to the

low input resistance of a transistor a.f.
-amplifier.

- > >
MODIFICATION TO CYCLOPS
Part 1 by L. C. Galitz

BT

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
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Since last writing about conditions on the short wave
bands, we note thata 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 -

ONEW 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 beenlogged 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
514
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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 —

OMALAYSIA

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 —

ONEPAL
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)
RADIO & ELECTRONICS CONSTRUCTOR



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. Revd
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 47175 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

OCUBA

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).

OCHINA

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,

O®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.

O®GHANA
Tema can be logged at 2115 on 9545 (31.43m) when
station identification and the news in English can be
heard. ’
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DIFICATIONS

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 ARS8 circuit diagram and service infor-
mation is necessary.

by
James Kerrick

Some notes on improving the performance of this famous
communications receiver

LTHOUGH 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’? 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
ARS88’, 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.

516

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 100Q 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 0.01pF 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 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 OA79'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 100uF 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.0. 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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4 L |
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Fig. 3. The new detector circuit. This may be switched either to a.m. or to s.s.b.[c.w.
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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 0.01uF ceramic disc capacitor, and the existing
decoupling capacitors are replaced by 0.0IpF 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
ARS88 manual. The corresponding resistor in the
author’s receiver had a value of 3.3k 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 dlode
is now reverse biased.

The new components may be easily wired up on a
smalt tagstrip mounted on the outside of the oscillator
box.

i >
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Fig. 5. Changes in the oscillator supply circuit
which reduce frequency drift
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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 6H6é 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 ARBSLF
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 ARS8LF 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 ail new wiring into the cableform.
Also, all switches and potentiometers were treated
with Electrolube. This was followed by a complete
re-alignment.
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“FPTTEN, NINE, EIGHT, SEVEN, SIX, FIVE,
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 . ..... o

“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
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“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).)

“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
eras¢ head first and the record-play-
back head second.” (Fig. 1(b).)

Amplifier

2,

— :
EraseibiEad Record-playback head
Microphone
Erase - -
osciliator > Amplifier
]
Bias

)

p g

Erase head 7

Record -playback head

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
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“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’li 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 voit-
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. “1
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. 1 was lucky
t00, 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
éngrossed in the cassette tape recorder.
Dick liked doing jobs in company with
the Serviceman.

“Pll 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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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 toa tapin 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 0.004uF 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 270Q resistor and
a 33kQ resistor in the base circuit,
though. What are they for, Smithy?””

“The 33kQ resistor,” said Smithy,
‘“is a base bias resistor. It's bypassed
by a 0.1pF capacitor, which ensures
that there is hardly any loss in current
at the oscillator frequency which is
fed to the base. The 27002 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 270
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 0.01uF 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.”

*“l1 see,” said Dick. “Now, what
about that section of the transformer
wind,i,ng which is above the collector

“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 0.001uF com-
ponent in series with the 100kQ 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 100kQ 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 47 resistor and a
200uF 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
200uF 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 200uF 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 \
switch-off

Fig. 3. The presence of the
200yF capacitor causes the
output of the erase oscillator
to fall gradually to zero after
switch-off

. ]
Time

“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 47Q 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 47 series resistor were
omitted, and the switch life would be
consequently shortened. Well now,
that's enough nattering about the
theoretical aspects of erase osciltators.
Let's get down to some practical
trouble-shooting on the actual oscil- y
lator we've got here!” 2 @

“QOkey-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 100k
potentiometer in series with the bias
feed to the record-playback head. So
you can take a few voltage readings
at these points.”

(o]
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VOLTAGE MEASUREMENTS

“Righty-ho,” said Dick obligingly,
as he clipped the negative lead of his VAR; 5V
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
T'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 O-IuF
wearily. “Now do get on and check — i
that voltage.” ’
Dick applied his testmeter prod to —
one end of the potentiometer. (Fig. MW
4(a).) . . 33kn
“I'm getting a reading of about 6
volts here,” he announced. “It looks i
as though I've picked the track end
which connects to the transformer
first go.” e d
“Good,” said Smithy. “Now check J,_
for voltage at the transistor. The type )
used here is in the standard TO-18 )
can, with emitter, base and collector
- r
'fi?,ﬂft‘if; fggﬁi’,’,ﬁ ?:gl’?d in thatiole Figl 4. (a) When Dick checked the voltage at one end of the bias
“Fair enough,” said Dick. “Well, adjust potentiometer of Fig. 2, he obtained a reading of
I'lt try the collector first.” ! about 6 volts
He place his positive test prod on (b) Measuring the voltage at the transistor collector
the collector lead-out. (Fig. 4(b).) (c) A surprisingly h/gh voltage was given at the base
“You've got about 6 volts there, (d) The fault was finally located when the emitter voltage
too,” remarked Smithy, who was was checked
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watching the meter needle

“I’ll try the base next.”

Dick placed the test prod on thé
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 33k 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
gansistor, which this one happens to

e’

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

“That 22Q 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 22Q 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 22Q resistor.

“] 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.
MARCH 1973

Break in foil

Copper foil

L/

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 the 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.”

“] 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

i
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damage here. The odd harmonics are
far less troublesome in this respect.”

“Why’s that?”

“You really need an osciiloscope
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 seg, 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, t0o0.”

(a)

(e)

Fig. 6. (8) A pure sine wave

()

“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

N

(b)

(G

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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To record-playback O-O0IuF
head <= 1 8

P Mo

Oscillator

Erase &
head

Fig. 7. A typical push-pu/{ erase oscillator, with representative
value.s:. No{e t/?at 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 1 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
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 io actually
categorise those advantages. )
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Trade News . . .

NEXUS 5 CONDUCTOR LINE PLUG AND SOCKET

The Nexus International Sales Corporation announce a
new 5 conductor Plug and socket for inline use particularly
suitable for those situations where a snatch facility is
essential.

The unit can be produced in petrol proof plastics, and
uses the well known one piece construction and monel
contacts of the TP 120 series.

Further information, leaflets and price list obtainable
from exclusive U.K. and European Distributors Pambry
Electronics Ltd., One Chimney, Blackpond Lane, Farn-
ham Royal, Bucks.

MODEL 8 MARK 5 AVOMETER

The Model 8 Mark 5 is a truly modern version of AVO’s most famous
model and combines 50 years of AVO expertise: with the most advanced
component technology. To be introduced at a U.K. trade price of £37.70,
it represents even greater value for money, providing as it does, both
improved quality and performance. Besides replacing its direct predecessor,
Model 8 Mark 4, the new Mk. 5 also supersedes the Model 9 and the
Panclimatic Model 8X, because their principal features have been built
into the new AVOMETER. ,

Greater accuracy is achieved. It is now 19, on all d.c. ranges and 29, on
all a.c. ranges. For the first time the Model 8 is calibrated in basic units of
10 and 3 to meet international requirements, and a 600 volt range is added .
on both a.c. and d.c. ranges.

The new cut-out is more reliable and consistent in its operation and is
accompanied by a self-latching, polarity-reversal push-button. Internally
the instrument is mechanically engineered to a very high standard and
includes an entirely new centre pole movement which is inherently self-
shielding. Reliability is increased still further by the use of flexible film

. wiring.
trhh: ',:;;‘;,Qvg’"'ﬁ; ”? V5A ‘,’7303 L;’;’;;";Z', In appearance the traditional layout of the Model 8 is retained, but front
accuracy and is calibrated in basic ~ Panel auxiliary controls are now re-arranged in functional groups for ease
units of 10 and 3 to meet international  ©f operation. The new leather-grained finish is attractive to the eye and less
requirements. liable to show abrasions. Available from AVO distributors.

VERO EXTEND RANGE OF LOW PROFILE R
D.I.P. SOCKETS Ry

Vero Electronics Limited have now extended their range of low profile
D.LP. Sockets with the introduction of 14 and 16 way mini-wrap styles. The
low contact resistance and high reliability of the flow solder versions have
been retained by using the same contact form but in phosphor bronze with a
.025" x .025" x .583" termination. Contact finish is 1u Ay over .8 yAG. The
body material is glass filled nylon and its design features mounting points
for hexagon bolts or nuts.

For further information: Vero Electronics Ltd., Industrial Estate,
Chandlers Ford, Hampshire SOS 3ZR.
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Radio
Iopics

By Recorder

SIGNALLING SYSTEM

The accompanying circuit shows arn

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 PL! 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 S1
will cause PL2 to light up regardless
of whether S2 is open or closed.
Similarly, closing S2 will cause PL1 to
light up irrespective of the state of S1.

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 PL1 and PL2,
and it goes, of course, like a bomb.
A minor point is that when S1 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-

PL

Dy D2

63V v

S
s

Pl
S2
LT T \1—-
D3 Dg
4

+

Remate lines

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 [
am 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. i

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 S1 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 PL1 cannot
become illuminated because D1, across
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wise dropped. The same effect occurs

in the reverse direction, and PLI
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 masses
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 [

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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