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Each £3 unit of Home Unit Insurance gives you pmfection 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 nine!

You can build up to the cover you need by additional units

THE GENERAL ACCIDENT FIRE & 1 ..o... curc mo tutror partcutars ot
LIFE ASSURANGE CORPORATION LTD | " "=

Metropolitan House, 35 Victoria Avenue,

Southend-on-Sea, Essex, SS2 6BT

(or 4 units after the first) up to a maximum of five, So.
simple. So easy. Apply to your Broker, Agentor local office
of a General Accident company.

The Home Unit Policy can replace your existing insurances
And remember - as you buy more possessions just add
more Home Units at any time.
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PRECISION

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

0.47uF: +5% 30p; *2% 40p; *1% 50p

1.0 uF: +5% 40p; +2% 50p; +1% 60p

22 uF: £5% 50p;: *2% 60p; 1% 75p

4.7 pF: 5% 70p;: *2% 90p; *1%115p

6.8 uF: +5% 95p; +2%115p; +1%150p

10.0 pF: +5%110p; +£2%140p; +1%180p

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

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

TRANSISTORS: BC107; BC108; BC109 all at 9p each. 6 for
50p; 14 for £1.00; AF178 at 42p each or 3 for £1.00. All brand new
and marked.

POPULAR DIODES: IN914 - 7p each; 8 for 50p; 18 for £1.00
IN916 - 9p each; 6 for 50p; 14 for £1.00. 1S44 - 5p each; 11 for
50p; 24 for £1.00. All brand new and marked.

400mW ZENER DIODES: Values available 4.7, 5.6, 6.8, 7.5, 8.2,
9.1,10,11,12,13.5, 15 volts. All new and marked. All at 10p each; 6
for 6Op: 14 for £1.00.

SILICON PLASTIC RECTIFIERS 1.5 amp wired-ended D027.
100 PIV at 8p each or 4 for 30p; 400 PIV at 9p each or 4 for 34p;
800 PIV at 14p each or 4 for 50p.

RESISTORS: Carbon film 5% 1w at 40°c, 4w at 70 °c. Range 2.2 Q-
2.2MQ.E12, seriesi.e. 10,12, 15, 18, 22, 27, 33, 39, 47, 56, 68, 82,
and their decades. All at 1p each. 8p for 10; 70p for 100 of any one
value. Special pack 10 off each value 2.2Q t0 2.2MQ (730 resistors)
for £5.00.

440V A.C. CAPACITORS:

0.1 pF: Size 14” x 1", 26p each
0.25F: Size 18" x §”, 30p each 0.5uF: Size 137 x 37, 35p sach
1.0 pF:Size 2” x3”,45p each 2.0pF: Size 27 x 17, 75p each
Suitable for use on C.D. ignition, 250V A.C. motors, etc.
S5pp. & p.onallorders below £5. Please add 10% V.A.T. after 1st April
MARCO TRADING (Formerly V. ATTWOOD)
Dept. E. 1, The Maltings, Station Road, Wem, Salop

‘will understand

/ory/ R FAST EASY
WAY TO LEARN BASIC
RADIO & ELEGTRONICS

‘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
exactly what and benefit from this course —

RSGB BOOKS FOR YOU

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.

AMATEUR RADIO TECHNIQUES

by Pat Hawker, G3VA Fourth edition
Aimed at extending the readers’ awareness of new
devices and techniques. Provides a source book for
many useful circuits and aerials. An jideas book rather
than a constructional manual, but an ideas book that
will prove its value time and time again.

256 pages £1.80 post paid

RADIO COMMUNICATION
HANDBOOK
832 pages of everything in the science of radio
communication. The Handbook’s U.K. origin
ensures easy availability of components. Com-
plete coverage of the technical and construc-
tional fields. A superb hard-bound volume.
£4.10 post paid.
These are three of a complete range of
technical publications, log books and maps, all
obtainable from:

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

you are doing. The TECHNA-
TRON Outfit contains every-
thing you need, from tools to
transistors — even a versatile
Multimeter which we teach you
to use. All you need give is a
little of your spare time and
the surprisingly low fee, pay-
able monthly if you wish. And
the equipment remains yours,
S0 you can use it again and
again.

You LEARN - butit'sas

fascinating as a hobby.

Among many other interesting
experiments, the Radio set you
build — and it's a good one -

is really a bonus. This is first

and last a teaching course,
but the training is as fascinating
as any hobby -and it could be the
springboard for a career in Radio
and Electronics.

FREE

BRITISH INSTITUTE
OF ENGINEERING
TECHNOLOGY

but it teaches the real thing. The
easy to understand, practical
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. And, if
you want to make it a career,
B.LE.T. 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-
TIES”. -This brand new booklet —
just out - tells you all about
TECHNATRON and B.LET.s”
full range of courses.

Dept. BRE 04 ALDERMASTON ‘COURT, READING RG?2 4PF
Accredited by the Council for the Accreditation
of Correspondence Colleges.

POST THIS COUPON FOR FREE BOOK
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THE MODERN BOOK CO

WORLD RADIO AND TV HANDBOOK 1973

A Complete Directory of International Radio & Television £3.20

TRANSISTOR AUDIO & RADIO CIRCUITS
by Mullard £2.00

EASY WAY TO SERVICE RADIO
RECEIVERS by Leo G. Sands £1.10

TRANSISTOR CIRCUIT GUIDEBOOK
by Byron Wels £1.30

110 SEMICONDUCTOR PROJECTS FOR
THE HOME CONSTRUCTOR .
by R. M..Marston £1.30

TEN:MINUTE TEST TECHNIQUES FOR

MAKING AND REPAIRING TRANSISTOR
RADIOS by W. Oliver £1.10

FOUNDATIONS OF WIRELESS &
ELECTRONICS by M. G. Scroggie  £2.00

USING ELECTRONIC TESTERS FOR CAR
TUNE-UP by A. Wanninger £1.30

104 EASY TRANSISTOR PROJECTS YOU
CAN BUILD by R. M. Brown £1.30

BEGINNER’S GUIDE TO TV REPAIR
by G.Zwick  £1.10

ELECTRONICS SERVICING
by E. C. Carison £1.10

COLOUR T.V. WITH PARTICULAR
REFERENCETO THE PAL SYSTEM
by G. N. Patchett £3.20

ADVANCED RADIO CONTROL
by E. L. Safford £1.10.

SOLID-STATE PROJECTS FOR THE
EXPERIMENTER by Wayne Green

MODEL RADIO-CONTROL
by Ed. L. Safford £1.40

HOW TO READ ELECTRONIC CIRCUIT
DIAGRAMS by R. M. Brown £1.40

ELECTRONIC PUZZLES & GAMES
‘by M. Mand| £1.30

DIGITAL ELECTRONICS
by B. Ward £1.40

50 PHOTOELECTRIC CIRCUITS &

£1.30 SYSTEMS by P.S. Smith £1.40

ALL PRICES INCLUDE POSTAGE

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

19-21 PRAED STREET (Dept RC) LONDON W2 INP
Telephone 01-723 4185

NOW AVAILABLE . . . LATEST

BOUND VOLUME
No. 25

of

“The Radio Constructor”
FOR YOUR LIBRARY

PRICE £2.00 P&P 29p

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

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

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

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

538 RADIO & ELECTRONICS CONSTRUCTOR

AUGUST 1971
to JULY 1972

Comprising:
768 pages
plus index

Limited number of these
‘volumes stil}-available,
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OF THE GREAT BI-PAK SECTION

BRAND NEW FULLY GUARANTEED DEVICES

Component Lists for mail order available on request.

APRIL 1973

on request.

NOW-TURN OVER FOR MORE FANTASTIC OFFERS
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ACHIK  1b ABter ¢ il BC 14 1p D1 e b 182 “p MATION 215 3CI0e 264p IN2147 790 "IN J0S4  50jp 2N 4062 13p
ACT22  13p  AD16(MP) 604p BC 149 135 BD13 gL TR E sl S, b 26 306 4p IN2U4B 62ip IN 3055 S5p 1N 4284 18:p
ACIZ  18p ADTiA0") Ssiv c 1% 0 BD1Y O skier MATTI 22 1€ 308 p2N 2160 bép IN NN 15ip IN 4285 18:p
AC126  18ip AF 114 264p 6C 151 hp BD1 B Bham W Mer v w6 2630 pIN%  3p N NIA  17lp N 286 18:p
AC127  18ip AF11S 260 BC 152 18 80129 60jp BF 160 “h MPE 104 "bp 2G 139 2p IN 119 &?s Hoss a B0 e :gi:
M OB AT em afEw o PR EE SEm aa sedl eda
AC14  15lp AE1ip 514 819 b 8017 6 o 196 15ip OC20 eolp 1G 245 174p IN 2218 IN9S. 18ip IN 4290 185p
AC17  15ip AR ﬁ” BC 158 135 8017 66 BF 197 |sip ocn ay 26 n 174p 2N 2219 P IN D402 23p 2N 4291 18:p
ACH1  15lp A1 27{p BC 159 15 8d17 e oF 200 9lp OC ) wp Qs 13 N2 4P IN 3403 23p IN R 18p
AC1AK  18ip AF 126 Np BC10  43ip 80178 711p BEI hnoca §ip 26373 18p N1 22p IN 3404 31p N 4293 18ip
AC12. 151 AR1o 3P 6C 161 ssip 80175 Tp oF 357 49),0:’ oc 25 -uip 26 374 18p gl f’PP aem "‘Z?P NRn ;g:
AW WA GRRElE P S e MR M ocx mhicwm o iihe N el
ACise 25 AF17s i BC1e  1n aoim 'I|1p B8 ol OC SSp 2G 381 174p INDIA  15:p IN 416 31p 2N 5459 e
ACISS 1 AR 1m0 S5 BCTI0 1o BDIS  Th BEa  eoih ock wp 26 17?9 N2 2p N7 3p 25301 5sp
AT 22b AR dai ©ip e 171 15ip BD18 76 bray P oc 3 s5p 2 400 3p NN 26 NI mayp 253024 <
ACIST 160 AF 186 9ip BC 172 Heae o BF 271 T8 s 26 G 414 33p IN2646  Stip IN3ese  10p 25102 4ép
’ AC1Es  p AF 39 b 8C 173 153p BD150  82p BF172 #p OC 42 260p 26 417 wip INVIT - 2p N7 11p 25303 60ip
ACle b ALior MheC1s  iin BD 195 S BF 273 fo OC 44 1o I8 BlpINZIT  Bp NS qgp 25304 270
@ AC1 1 A 1]pBC 175 AP D B Bl oc W INma Gl NI Dp aNTON  p 25305 p
QO 168 s ALY 2 L 3 R I w0l oc7 s e 2p INIV4  1Bip INIIS  11p 25306 ;p
Al oAk FHE L S A (3 BEx2 % OCH 1o 4o atp INBOA By INTG  10p 2307 92:p
< ACIZe 1 ASY2 1750 BC 179 35 BO 199 104 BEX 84 245 OC T2 15p 2N 524 46p IN2905  p INITO7 42p 2502 61ip
Q ACIT7  265p ASYZ9 MBBC 180 l6ip BD200 (104 Biwge b oC ik 155p IN 527 S4p INDISA - Mp INIIB  7ip 25312 4ép
ACim e AvD 270p BC 181 SR o s 7 telpiNsog  dep IN6  Melp INIOY  10p 25 32A 4ép
~ ACT9  Np  ASY 59 27{b 8¢ 182 1p 8D20e  B8h  BrX o7 fo oc7e 160 2N 899 aoip N 29064 20p IN3710  {fop 25323 é13p
Q AC180  18jp Asy 52 wlp ac 181 119 8D 2or npoq BFX 88 u:gp ocn 715 IN 696 140 N7 1p INI q0p 25324 7p
ACIaK D1 Ay as 7o BC18 b Bbaos  ofoe ol I Wh NG ldp INDOA Mp NN 3p 283 7
ACIB1  18ip ASY 38 P Bcd P BDr20  eto' BFY §: P oc 8iD P IN 698 26lp N9 15ip INIB20 555 2532 mp
@ ACtgk BT A PlPeci 1P o 50 Y 61 n ocn 1eIP IN % sip N2 slp Nl BIW 7p
& AC187 245 Ay 4 [ BN DR AR A 2N 706 9p INDS f5lp INIE)  Jp 2701 46p
< I EASY S e BC1%4L  13p BE117 NEIRSEIS IR 16ip P IN292iG) 14p 2N 903 31p 40368 4dp
AZIBTK  22p ASYS8  21pBC186  31p BE18  Tlp BPX25  93jp OCE) Rp INToea  f0p INITO) e 2N 00 P e 2
A ACtE  Up ASZN Mp BCY7 3 BETIS  Tp BSX19  1&lp OC 8 sk NIO) h s ¥
o p  BC 107 10p BC207  12p BFI21  4%p BSX20  ftelp OC 13 2 ] :
SN aril mxw o man WEE GE LRN S DIODES & RECTIFIERS
ACY19 23 BC11) “: 8CMIL  f2p BE17  SSh B3 1':’;: oC170  lpaN N S Aa 1 ;z grilo  ilip oaw T
ACY BC 114 ] F i ip BSY ip OC 1M N p P
Q ACYN  BP hens  elcan o0, Biss b bera i b OCa0 PN Mp AA 19 % BY164  S5p OATY i
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ACY2Z  19lp BC117  1elb BC 22 p BEISS  T7p BSY  20p OC202  31p IN744  2p AAZ13  1lp BYZ10  38ip OA 85 10p
Q ACY28  2p BC118  11p BCY30  26ip BF1S6  S3p BSY  31p OC203  25pINOI4  I5ip BAT00 ©  Hlp BYZT 33 OAS90 &p
ACYY  3Blp BC119  33p BCYH 25 BF IS p BSY41  31p OC204  27ipIN9I18  33p BA116  23p BYZ12  33p OASA ip
N4 ACY30  31p BC120  @sp BCYR  33p BF15S p BSY95  14p OC205  3ajp2N929  2p BA126  4p BYZ13  27ip OASS 7ip
ACYJ Mp BCIZS 13p BCYIZ  24p BFIS9  Gbp BSY9SA  fap OC3I09 44 IN9I0  1p BA148  15ip BYZ1s  4dp OA 200 sip
ACY34 23 BC126  20p BCYI  27p BF160  4ép Bu10S  £220 P I46A aTp N3 2p BATSe  13p BYZ17  3Bip OA 201 7ip
~ ACY3S  Wp BCIN 13 BCY70 1sip BF1&2  4dp CYIE  ssp P97 47ipIN1132  24p BAISS  1Sip BYZ18  38ip 5D 10 sip
= ACY36  3tp BC134  0p BCY71 205 BE16)  44p  C400 33p OCP71 a4y IN1302  15ip BA1S6  14ip BYZ19  31p SD19 slp
ACY4  18p BCI3S 135 BCYT2  {S;p BE164 4t C 407 7ip ORP12 &b IN130)  15ip BY100  16)p CGé2 IN 36 7ip
4] ACY41  49ip BC136  1&jp BCZ10  22p BF165  ddp C 424 22p ORP60  73p IN1304  18ip BY 101 13p (Eq)OA9Y  Sip IN34A 7ip
ACY 44 p BCA37  1efp BCZ11  21jp BF167  24p C 425 sSp . ORP61  4sn 2N1305  18}p BY 105 18{p CG 651 (Eq) IN914 slp
AD130 42 BC1I9 sy BCZ 12 mp BF 173 2p C42 384p ST140 14: IN1306  23p BY 114 13p OA 70-OA79 6ip IN 916 &lp
AD140 53 BC1%  33h BDIN 66 BF176 38 C 420 25 ST 141 18;p2N1307  23p BY126  15ip OAS 38lp IN 4148 sip
AD12  S3p BC141 33 8D Tipy BE1TT  elh C .k 3p TS 33p IN1I08  25ip BY127  16lp OASSL  23p IS0 1p
AD14)  42p BCI2  33p BD1M  ssp OBFII8 33p C 42 3 UT4 j0p 2N1309  25ip BY128  16ip OA 10 384p 15951 sip
= .
NEw COMPONENT PAK BARGA'NS JUMBO COMPONENT PAKS THE NE:VGS.G.S.:'EAW‘IW RA'(:SD'O AMP
MIXED ELECTRONIC COMPONENTs | MODULE Guar. 3 Wates RMS.
Pﬁzk Oty B R Exceptionally good valgo Gulsahcecn! g
< : . i itor: ots, electro- ty. 1 —9 £2.89 ; 10—
C1 2% Resutorsbmlxefl .‘:"“" EPPHOX.. 0.55 l'xl‘:m:;'d “c‘::ifslwpl‘ds pm:;\y other QCI 1. Price each.
count by weight n = Z by
. . ! useful items. Approximately 3lbs in Larger quantities quoted
€2 200 Capacitors L] VRIS ks DEE weight. Priceincl. P. & P. £1.65 only on request. Full hook-up
count by wglght o P diagrams and complete
c3 SO Precision Resistors .1%, .01% mixed 0.55 Feenaice NATaN b pp) B3
values ! BRAND NEW POST OFFICE fede: with: cach 'moduls
C4 75  §th W Resistors mixed preferred values 0.55 | TYPE TELEPHONE DIALS or available separately
csS S Pieces assorted Ferrite Rods .55 ONLY 38 p each at $1p each
Cé 2 Tuning Gangs, MW/LW VHFd , 0.55 B RBISIC.
c7 1 Pack Wire S0 meters assorted colours 0.55
cs 10 Reed Switches 0.55 s Y s T E M I 2 S T E R E o
cH 3 Micro Switches 0.55 . A s
€10 15 Assorted Pots & Pre-Sets 55 | Each kit contains two amplifier modules,
€11 5 JackSockens3—3Sm2 —Sundird |3 Watts RMS, two loudspeakers, 15 -
witch Types E . .
C12 40 Paper Condensers preferred types 055 | OHMS, The pre-am P||ﬂer' trans-
mixed values 3
€13 20 Electrolytics Trans. types 955 former, power supply module,
Ci4 1 Pack assorted Hardware - 0.5 i
Nuta/Boles, Gromets, stc. > | front panel and other accessories
C15 4 Mains Toggle Switches, 2 Amp D/P 055 1as well as an illustrated
C1é 20 Assorted Tag Strips & Panels .55 b ] N
Cc17 10 Assorted Control Knobs 822 stage- y-stage instruction
c18 4 Rotary Wave Change Switches -55. i
€19 3 Relays 6 24V Operating 055 | booklet designed for the ONLY
C20 4 Sheets CopperLaminate approx.10” x7%0.55 begmner, Further FREE
Please add 10p post and packing on all component H H 1 8 6
packs, plus a further 10p on pack Nos. Ct,C2, C19, C20. detalls avallable = P&P

539



NEW LOW PRICE TESTED SCR'S, [ KING OF THE PAKS Unequalled Value and Quality | morinyieor 0 SEMICONDUCTORS

Pack Description Price £p

1'0 mss 0 1-(, Te TO: Q1 20 Red spot transistors PNP 55p
inch  Ench I“f: Faen ‘;2’:: ioniee2onf (eS| SU PER P A KS NEW BI-PAK UNTESTED Q@16 White spot KF: yansisors PP . 550
ozs) o274 oas) oss o3y 055 ossl LB YUT LD T RN cemicannuprrnpe | 88 40C 77 type transistors ........... P
0.27) 0360 0.5H 051: 055  0.64 0.6 £1.54 SEMIGONDUGTORS 83 ? ?)A(':“;g‘:dm::ﬁ“w?9044/45/81/8“) gsp
0.38f 0.40f 0.54 0.5¢ 0.62) 0.67  0.82f £1.76 1 - . QB 5 OC 72 transistors ...
047 0514 051} 0.61! €73 0.82) Ll.02 £1.92f Satisfaction GUARANTEED in Every Pak, or money back. Q1 % ﬁc 128 transistors PNP high
0.58] 0.62) 035 0.5 0B4) £1.06) £1.37} Pak No. 2p gg ;Og gl ‘m:::‘;:zsp
.69 0. . (X . 1,32 K . F g 2
S LT ol u1 120 Glass Sub-Min. General Purpose Germanium Diodes 55p 8:? ; gg 71;7‘/);"23 "é:'::';’:"“l,
IFIERS—TESTED U2 60 Mixed Germanium Transistors AF/RF .. 55p Q12 3 AF 116 type transistors ...
750mA 1A 15A  3A A 30Af U3 75 Germanium Gold Bonded Sub-Min. like OA! . B5p Q{g g 85 17 a’pig l‘I’BM:“OI'ﬁ e g
(sosle) Plasm (S%;w) (soelO) (5020)(503?) U4 40 Germanium Tr. like OC81, AC128 55p 815 7 3N 2926 Sil. Epyo}:f) St {us 55:
U5 60 200mA Sub-Min. Silicon Diodes . 55p Q16 2 GETS80low noise Germ. trans. 5!
0% olr: ois: 02 o : NBN 2y ST.141. and 3x ST,
Ué 30 Sil. Planar Trans. NPN like BSY95A. 2N706 55p 8}; e e O s

: : : & (120 5!
u7 16 Sil. Rectifiers Top-Hat 750mA Vitg. Range up to 1,000 55p Q19 3 MADT's 2x MAT 101 &1 x MAT 121
us 50 Sil. Planar Diodes DO-7 Glass 250mA like 0A200/202 55p. Q20 OC 44 Germanium transistors A.F. . 55p
U9 20 Mixed Voltages, 1 Watt Zener Diodes 53] [ A 2NN CRE T e ol

Q22 20 NKTtransistors A.F.R.F. 55p
U10 20 BAY50 charge storage Diodes DO-7 Glass 55p 3 10 OA 202 Silicon diodes submim. .... 55p
Ull 25 PNP Sil. Planar Trans. TO-5 like 2N1132, 2N2904. 55p 24 BOASBldiodes. . ... oo 55p

Q25 15 IN914 Silicon diodes T5PIV TomA . 53p
55p Q2%  80A9 Germanium diodes sub-min

5
55p Q27 2 10A 600 PIV 8il. rectifiers IS426R. . 55p
=t Q28 2 Silicon power rectifiers BYZ 13.. 85p

55p Q29 4 Silicon trans. 2 x 2N696, 1 x 2N697,

e e
FULL RANGE @l Ul2 12 Silicon Rectifiers Epoxy 500mA up to 800 PIV
o ZENER DIODES U13 30 PNP-NPN Sil. T 1 0C200 and 25 104

AGE _RANGEQ 14 150 Mixed Silicon and G ium Diodes .

T05 TOG6 T048 §2.990 C100my (1)07
&p £p  £p [ Case) 14lp ea. 1}W (Topf U6 25 NPN Sil. Planar Trans. TO'5 like BFYS] 2N697. .

Hat) 20p ea. 10W (SO- 1 U16 10 3Amp Silicon Rectifiers Stud Type up to 1,000 PIV . 55p 1Xx2N6O8.........oiisinls 55p
100033 0.5 077 fg1.d) 33p ea. All fullyf UI7 530G fum PNP AF Transistors TO like ACY 1722 __Shp | S0 1§ switch transistors 20706 NEN i
L

0.55 0.66 0.82)ftested 5% tol. andd 718 8 6Amp Silicon Rectifiers BYZ13 Type up to 600 PIV ... 55p Q32 3 PNP Sil. trans. 2x2N1131, 1x2N1132 55p

marked. State voltage| AR - B Q33 3 Silicon NPN transistors 2N1711. ... 55p
0.82! 099 1.21 i, U19 25 Silicon NPN Tr like BCIO8 .................. 55p
= 2 require U20 12 1.5Amp Silicon Rectifiers Top-Hat up to 1,000 PIV_.... 55p on 7(Sll gssqr)PN mnst' mMHl 55p
DIACS U2 30 AF. Germanium Alloy T) i 2G300 Series & OCT71 55 Q35 3 Sil. PNP TO-5, 2x2N2904 & 1x2N2905 55p
10amp POTTED BRIDGE e 2 : e 3 7 2N3646 TO-18 plastic 300 MHz NPN 53
- USE WITH JRECTIFIER onheat sink.] U238 30 MADT's like MHz Series PNP Transistors ....... ... 55p 837 3 9N3053 NPN Sﬁxlgfn: § A 55‘;

BRIOO (D32) 40ip each 100 PIV. 99p each.

U24 20 Germanium 1 Amp Rectifiers GIM Series up to 300 PIV 55p Q38 7 PNP trans. 4x 2N3703, 3 x 2N3702., 55p
U25 25 300 MHz NPN Silicon Transistors 2N708, BSY27. . ) Q39 7 NPN trans. 4 x 2N3704. 3x 2N3705.. 55p

FREE NEW LINE U2 30 Fust Switching Silicon Diodes like IN914 Micro-Mi s S ; S I GO TR )
o 5 Pl Plactis lated 2 f U21__12NPN G ium AF Transi TO-1 like AC127 .. 55p § G rélgN %r;ln;'l:w:‘s ZN5172
] ak ol your g 10° t: ists - 5
ows choice !ree with | amp Bridge Hects. U29 10 1Amp SCR's TO-5 can, up to 600 PIV CRS1/25-600 Q44 7 NPN trana. 4 ;‘3851&"3 & s
orders valoed 84 or over, U30 15 Plastic Silicon Planar Trans. NPN 2N2926 Qd5 3 BC 113 NPN TO-18 transistors ... 55p
aseeesees———————— 50 v RMS 35p each U3l 20 Sil. Planar Plastic NPN Trans. Low Noise Amp 2N3707 55p Q46 3 BC 118 NPN TO-5 transistors . 55p.

IRAND WEW TEXAS 100 v RMS 48ip each {735 95 7oner Diodes 400mW DO-7 case 3-18 volts mixed. . LR 6 NPN h”"'h grain trans. 8 x BC167,

GERN. TRAMMSTORS | 400 VRMSSOP each R {155 7y prastic Case I Amp Silicon Rectifiers IN40DO Series Q8 4 BOY 10 PNP tranalafors TOL18
Pak N., EQVT Size 15 mm x 6 mm T34 30 Silicon PNP Alloy Trans. TO-5BCY26 25302/4 .. 3453 _‘, ggy ;ﬂﬁﬂéﬁ 1\33{51}.2": l}rf)Yfg
23T OCT1 URIURCTION . J U35 25 Silicon Planar Transistors PNP TO-18 2N2306 .. Q51 7 BSY 95A NPN trans.
g Dia1e  9cis  QUT4G. Equt. 2N2646§ {136~ 25 Silicon Planar NPN Transistors TO-5 BEY50/51/52 . G52 8BYI00ype siliconrectifier
- ' 37 30 Silicon Alloy Transistors S0-2 PNP OC200, 25322 ... Q33 25 8il. & germ. trane. md all mkd
8 263827 "0C82 |06 UP s2p. “"BU38 20 Fast Switchine Silicon Trans. NPN 400 MHz 2N3011.... 56pl ELECTRONIC SLIDE-RULE
8 20:344B  OC44 2 U39 30 RF. Germ. PNP Transistors 2N1303/5 TO-5 The MK Slide Rule, designed to simplify electronic
S aeamt s | CADMIUM CELLS | U40 10 Dual Transistors 6lead TO-5 2N2060  features the following scalesi— .

y and Wavelength. Cal
8 2G399A 2N1302 “ORP12 4 U41 25 RF Germanium Transistors TO-5. 0045, NK’I‘72 lation ofL C and fo oftunedrzlrcuus Rencunc:acr::i

A 479
""“"M;’ 5’5“"’ 5 ‘:;" ORP60, ORP61 44p eachjfl 42 10 VHF Germanium PNP Transistors TO-1 NKT667. AFIIT 55p self mductamée Area ofcircles. Volume of cylinders.
p each p: K it d eight of
GENERAL PURPOSE gﬁ ;?,Z‘} }‘;ﬂns gﬂ::c $g_ ;BBQ: 11“15},!1(;1613/114 = Decibel caleulations. Angle functions. Natural
" ———94 NPN SILICON SWIT-J MIRLLANS Vi A8 C Logs. & 'e' functions. Multiplication & division.
2N2060 NPN SIL. DUAL§ CHING TRANS. TO-18 U4  73A SCR. TO66 up to 600 PIV ...

-£1.100 Squaring, cubing and square roots. Conversion of
TRANS. CODE D1699 | SIM. TO 2N706/8, BSY27 kW and Hp.

TEXAS. Our price 27ipfl /28/85A. Allusabledevices Code Nos. nentioned above are given as a guide to the type of device ]| A must for every electronic engineer and enthusiast,
each. R?,‘SWOQHAO:J‘A??"I;HE“I‘S in the Pak. The devices themselves are normally unmarked. Size 23cm x 4 em, complete with case and instruc:
n

tions. PRICE EACH: £3.68)

aEeeesesssmwesmy PNP  Sim.  to 3 *
1zovcsmxm DRIVER{§ BCY70. When, ordering] SILICOR PHOTO TRAN-
.TRANSISTOR.  Sim.'f please stute preferencef] SISTOR. TO-18 Lens' end DTL & TTL INTEGRATED CIRCUITS
BSX21 & C4o7 "2N1893 § NPN or PNP. :n;ll;n- :gvl; 2::‘?4‘?2&
EULLY TESTED ANDE oy oo rariof Dbl Ve carmaias INTEGRATED CIRCUIT PAKS
181p each, TO.6 N.P.N. 20For 065 500 For 8.25 Qty.  1-2425:99100 up .
50 For 1,10 1000 For 18.18| P h 50p 44p 27 Manufacturers “Fall Outs” which include Functional and part Functional Units.
25 up 16ip each. 1060 up f2-° rice eac! P P P " o 3 Ay o .
153p each. These are classed as “out-of-spec” from the maker's very rigid specifications, but are
—— 1] G P. D[opgs £p| F.ET.’S ideal for_luming about I.C’s and experimental work,
trans. suitable for J300m . 0.55 | - A :
P.E. Organ. Metal TO-18! 40PIV(Mm) mo ..1.85)] 2N3819 o 4 .. 8lp Pak No. Contents Price Pak No. Contents Price Pak No. Contents Price
. ZTX300 p6 each..f Sub-Min. 500 .. 5.50fl 2N3820 . I .. 5&5p UICOC 12 x 7400 55p UIC46 X 7446  55p UICB6 5 x 7486 55p
ty. § Full Tested 1,000 .. 9. 90"2N3821 - 5. .. 38ip UICO 12 x 7401  55p UIC47 5 x 7447  53p UIC80 6 x 7490  55p
Ideal for Organ Builders§| 2N3823 - - .. 3lp UICO2 12 x 7402 55p  UIC48 5 < 7448 55p UICS1 5 x 7491 55p
%ﬁ:gg ca ae ae iip U{coa 12 x 7403  55p g}%go 12 x 7450  55p &lggz 55) x 7492 55p
- - . id UICO4 12 x 7404 55p 1 12 x 7451  55p 3 x 744 55p
POWER TRANS BONANZA! BFW10 .. - .. 66p UIC05 12 x 7405 55p UIC53 12 » 7453 55p  UIC94 8 x 7434  55p
7 T T oo et | GO fiin f MeR i @ U LS
POBS. 8 x 7407 » C 12 ¥ 7460 » x_ B
e AN D T A NEW EDITION 1971 UIC10 12 x 7410 55p UICT0 8 x 7470 55p  UICI00 & x 74100 65p
| TRAmsBTOR  EQUIVALENTS UIC13 8 x 7413 55p  UICT2 B x 472 55p UICI2l 5 x 74121 G65p
. 26 BOOK. A complete cross reference UIC20 12 x 7420 85p UIC73 8 x 7413 55p  UiC141 5 x 74141 55p
VCBO 80V VCEO 50V IC 10A PT. 30 WATTS Hiel] and equivalents book for Eara VIC 12 x 7430 55p  UIC7T4 8 x 7474 55p  UICISE 6 x 74151 55p
30-170. American and Japanese Transia: UIC40 12 x 7440 55p UIC?s B x 7475 55p UICI54 5 x T4154 55p
PRICE 1-44. 25-99 100 up § tors. Exclusive to BI-PAK 99p UIC41 "5 x 7441 55p UIC7T6 8 x 7476 558  UIC193 6 x 74193 55p
52p each 44p each 41p each f Red cover'edition, UIC42 5 x 7442 55p 5 x 7480  56p 01C199 5 x 74198  55p
CILICOF Nigh Voliage SKY ¥PN UICs3 5 x 7443 55p  UICBl 5 x 7481 55p  UICX1 25 Asst.
TO-S case. G.P. Bwitching & Amplifer 2"3055 C4d 6 x 7444 55p  UICB2 5 x 7482  55p 's £1.65
Applications. Brand new Coded n. -uoo A LARGE RANGE OF TECHNIC UIC45 5 x 7445 65p  UICBA 5 x 7483  55p
VCBO 280/VCEO 100IC 6A/30 AL AND DATA BOOKS ARE NO\N; Packs cannot be split, but 25 assorted pieces (our mix) is available as PAK UIC X1,
HFE type 20/fT SMHZ. 115 WATT SIL
OUR PRICE EACH : rowxn xpm] AVAILABLE EX. STOCK. SEND
1-2¢4 zg.p. 100 up 53p EACH FOR FREE LIST.
Sop 0p A BI-PAKS NEW COMPONENT SHOP NOW OPEN WITH A WIDE RANGE OF
\CBO 100/VCEO 50/ ELECTRONIC COMPONENTS AND ACCESSORIES AT COMPETITIVE PRICES
AD161/AD162 ~»x SILICON 8o WATTS IC10A HFE trpe 18, BALDOCK STREET (A10), WARE, HERTS. TEL: 6159S.
MATCHED NPN/PWP  100/ft 3m b B e, T 1
M/P COMP BIP 16 NPN T0.3 OUR PRlcE PER OPEN MON. ~ SAT. 9.15 a.m. to 6 p.m. FRIDAY UNTIL 8 p.w
OERMITEAN LRt I All Mail Orders pl dd 1 d packi
25-99 100 please a Op post and packing.
OUR LOWEST PRICE Bl“‘:'a;o ENE. Pracd . pre. " Send all Orders to Bi-Pak P.O. Box 6, Ware, Herts.
OF 61p PER PAIR G0ip 55
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sl h1.CS

BI-PAK DO IT AGAIN!

50W ok 25w (rRms)

1 2% 1
fue oo on g g
2 . 9 5
73 0,
e B omm o 0.1% DISTORTION
404 16
NT455 [
ones 0w om on SR om omi 0B HI-FI AUDIO AMPLIFIER
7406 38] 034 SNTai00  ELBI} ,
SN7407 384 '?;I SNTA104 £108} £1 97 T H E A L 5 0
7408 20 0]
4 Y e SNT4I05  £108) £1.03] 097
LI T
SN"" - "'m SN oarl oz ez * Frequencyresponsel5Hz ONLY
e & y 48} £1371 £121
i N R t0 100,000 -1dB. )
Nz 308 Ol swam  ns ag az £ 3 5 8
NiB 0% om  ow sz 59 8% « Load - 3, 4, 8 or 16 ohms. . each
snmg 'jgl % .44 Sﬁ;m«‘s ogl £ '3’ a8 .
SNuz1 49, 46 044 97 €27 3 3
sm:m "' i gmg & }E gl_z,;, : '6": * Dlostortlon - better than 4 Supply voltage 10
SN ':g, 1 B SN74lsd  giss 0187 176 1 A at 1KHz. - 35 Volts.
SNMB .85 82} 077 a A . :
SNTi o0 pee um MR HY A8 8% % Signal to noise ratio x Overallsize63mm
Sywo ol omp oo MR A% fa 0% 80dB x 105mm x 13mm.
SNIL 734 000 06 SRve s f1a7 €176 . ] )
NP }3; L e Tailor made to the most stringent specifications using top quality
SNl fre fis oo SIS st g ;gf i components and incorporating the latest solid state circuitry and
SN £ ﬁ:&{ A R | R T, S ALSO was conceived to fill the need for all your A.F. amplifica-
g 04
SN ¢ Tla Sl Sk’ Syue  es a2l tion needs. FULLY BUILT .- TESTED - GUARANTEED.
SN7is1 WO (] L OREENEE I SO W S "
Nrict ’,g; B0 swwm  pm pe o -~
g ol o omn m G2 Ax a STABILISED
MR Lh tEoem HUR BB R fn
SNT474 40} 381 035 SN74150 E214) £208 £2.034
N7 . ¥ 016 1 1 g
MGt R R ED AR POWER
SN7480 734 070} 064 45
;i 21 SNMI88 20 188 8192 .
257"@ £ .:5'%4 ‘5.3'3! Ic‘agh Fotro 28 8% an. @ M 0 D U LE SP M 80
SNME3  £121 £115] ELON SNTAI®5 4220 £208  £198 \ b,
Bb H o SR Lo be aa
gﬁ;ﬁ 35 031 031 SNTAISS  £605 €580 €495 APBS0 is especially designed to power 2 of the ALS0
SNMSS  £605 £577) £580 SNII  £605  EB0 A4S Amplifiers, up to 16 watt (rms) per channel, simul-
- This modulé embodies the latest
and circuit i i short
. LOGIC DTL 930 SERIES i circuit protection. With the addition of the Mains Trans-
Ll N EAR l. C S— .C’s )7 former MT80, the unit will provxdo outputs of up to 1-5 amps
at 35 volts. Size: 62mm x 106mm
FULL sPEC_ ROCK BOTTOM PRICES i These units enable you to build Audxo Systems of the highest
= < gn.hem ug(:l;l'.lumble pnce so )denl lor mny o&har lp{huhom mclud~
Tice 3 ystems, c
EPRIC poEmee | e % %% W | rRANSFORMER BMT -
BP201C—8L201C  69ip 58lp 48ip BPO33 up i3 ip 15°
gl}; 701C—S8L70IC  69ip 55 p 49ip BP933 4p  18p 12p ER 80 £2. p. & p- 2 5p
702C—3L702C 69ip 55p 49lp BP938 14p 13p 12p
BP 70272702 ssip  4lp  Mp BF9%e Wp 1w L STEREO PRE-AMPLIFIER, TYPE PA100
Po44 4p » »
BP 708—72700 s9lp 37 33, Built to a specification -nd NUI' a price, and yet s still the greatest value on the market,
BP 708P— pA700C 38lp 37’!2 33‘; BPO45 'f;’l‘ Z‘Z!P ﬁl’ the PA100 stereo p: Eeen d from the latest circuit techniques.
BP T10—T72710 48ip 46p 4dp =m 2.,';', “':“, 24‘; Designed for use w“.h the AIjOpowtr amplifier system, this quality made unit incorporates
BP T11—pAT11 49lp 47lp  44p BPUS) My 66p 8ip 0o leas than eight silicon planar transistors, two of these are specially selected low noise
BP 74172741 36 S0p  45p BPoea Tsp 12p 11p NPN devices for use in the input stages.
BP909S 44p 42p 38p. Three switched stereo in| lg“u and rumble and scratch filters are features of the PA100,
TOSC— nAT0SC 31lp 28lp  26lp BPOOS4 44p 42p 384p which alsc has a STEREO/MONO switch, volume, balance and continuously variable
A A263 7p 66p 60ip Bro097 sp 42p 38ip bass and treble controls.
“TA A293 9p  82p T BP9 w7 EET) SP[-:CIHCA'I'ION
TA A350 187p 174p 165p Devices may be mized to qualify for 20Hs — 20KHz + 14B
EA1000 £2.89¢ quantity price. Larger quantity prices om better l-hn:Ol“/f“1
application. (DTL 930 Beries only). e ;625 VV I::nwﬁgn
mY 1n
. M-gnoucPU 1.5 mV into 50

NUMERICAL INDICATOR TUBES

Kn
All input volta, m !or an output of 250mV. Tape and P.U. inputs
ualised ,“ 20KHs.

B B Gt s o™ eepte Contror 434D @ WKHs
nf &
:Ag‘ll) tha CD66 |GR 116{3015F) Pt “Rambe g Fu 168 o
node voltage 170 175 5
A A i R S N Rati better-than — 65dB
(Vde) min | min All' indicators : h;ﬁ(«.ﬁxd '+ 26dB Shply + 36 volts @ 20mA
ICathode cur'nt(mA) T 09 + Decxmpl Dimensions 292nm X 62mm X 35mm =
- Ay 23 L point: All side L SR
INumeral h’'ght (mm 16 13 9 |Jviewing: Full fPEClQL fg;'n:;‘oE.{Ean% COD:PR?AI?S ONLY £23.28 FREE p &
1] Awl. . 1 £23. .
Tube height (mm) | 47 | 32 | 2z |deta for all o o e
- types available All p quoted D o No 88-7006
[Tube diameter (nmy 19 13 12 |on request. Please send all orders direct to 0 d desp dep
: BP41 | BP41
1.C. driver rec. or141 | or 141 BP47
'RICE EACH £1.87 | £1.71 | £2.09 » ’
— e 4
RTL LOGIC CIRCUITS uanug dSI:RUNfE SOCKE)TIS)UAL .
Al 17 it!
RUCKDLOGIC IN.LINE 1.C.'s, TWO Ranges PROFES.
Price each SIONAL and NEW LOW COST.
Epoxy TO-5 oase 1-24 25-99 100 up
uL900 Buffer 3sp 36p 30p § Prof Type No. 1-24  25-99 100 up - . », . 5 A B -
-uunuuup TSOM pintype  33p  30p  2ip ,
d9p  36p  30p TSOL6 pin type  38ip  35p  33p
nmg;.‘ Aip-Rop 56p S2p 50c Low Cost No. Po dp dd 10p.0 'y add 0
Dete and Circuits Sookiet for IC'a BPS 14 16lp I4lp lzp ord p.La order p
Price 7. BPS 16 17{p 15ip 13p 0
ara ped 943 3 on o oney Ba
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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 YOQUR REQUIREMENTS

VALVE BAS ) ELECTROLYTICS
o oV ALVERBASES TO3 Mica Washer 2p |/ - €426, TCC, CRL, CCL, HUNTS, STC
Sis or printed circuit B9A — B7G . 3p SUB MINIATURE ETC
Chassis UX7 — B5 — UX5 — B9G .. 3p | 3” Standard Tape - MFD v g :
Shrouded chassis B7G — B9A . . .. 4p Boxed 15p olt X MFD Vot
Octal chassis 4p 16 50 20 12 4
BeA clasas | = 1] .. sp | GP91-1 Cartridge, 260 12 500 6 p
.. oh 1 #a p 15 each
B12A tube base . e | 3p turnover stylii 65p| 50 50 100 25
100 18 100 6 °
TAG STRIP GC10/48 Cold 126 10 6 3 ge "
6 way 2p Single 1p Cathode £5.00 8 50 5p g 6 eac
! 12 20 each 25 6.4 3p
14 glass fuses— 250 m/a or 3 amp (box of 12) 6p| 10 20 250 18 7p
3” tape spools . . - | ) Ny 4p 8.2 20 400 16 6p
FX2236 Ferrox Cores . . L§ . Sp| 50 25 400 40 10p
PVC or metal clip on M.E.S. bulb holder 3p 25 64 8 500 9p
All metal equipment Phono plug - L 2p 505 J 100 200 10p
Bulgin, 5mm Jack plug and switched socket (pair) 20p CONDENSERS TUNING GANG
12 volt solenoid and plunger .. . . n 8 25p 100PF 50PF, 33PF
250 RPM 50 c¢/s locked frequency miniature mains motor .. 50p | MFD  Vort ’20 eac'h
200 OHM coil, 14” long, hollow centre LA " - 10p | 0.005 500 B
Relay, P.0. 3000 type, 1,000 OHM colil, 4 pole ¢/o . 60p ggg}: ‘rggg - 3OPFT;!”\,/1I,M ERS
o eenive
R.S. 12 way standard plug and shell 2 . ., 50p 500 PF 500 (onch 12PFPTEE ol
SWITCHES 2,200PF 500 2,500PF 750V
Pole Way Type - ?ESISTORS 3,300PF 500 33PF MIN. each
4 2 Sub. Min. Slide 10p [gszWatt .. 1p 5] 350 AIR SPACE
6 4 Twatt = . 1ip 0.1 500
1 11 Up to 10 watt wire 8p 0.25 150
4 3  LWafer Rotary 12p éach |15 watt wire 0.056 IMFD350volt  10p
3 7 wound 10p [0.061 3p 5MFD 150 volt  40p
2 5 SKELETON 0.066 | 5% each
1 3 7 4 off Sub. min. edge  10p PRESETS 0.069 10MFD 150 volt - 50p
1 3 13 amp small rotary 12p (5K or 500K . 3p |0.075 | 350V 0.03 12 volt 2p
2 2 Locking with 2 to 3 keys 0.08 470PF 500 volit 2
a0 ey e 102 oo ap i
2 1 2 Amp 250V A.C. rotary 20p % Plo.2s 350 [each
2 1 Toggle 10p 0.5 350~ 6p 8MFD 800 volt
THORN PTO2E 0.22 250 5p electrolytic 75p
VALVES - NEW AND BOXED 1%’3%,?:TA2(,SIS = i T
DYS86  44p | EM87 90p | PL84 46 ¢ WIREWOUND POTS
p :
EB91 ZGp EL84 36p PY81 4op AEhaa | 250, 300 OHM, 1K, 4 watt, 10K, 20K,
ECC82 36p EY86 46p PY82 42p 5K SV'VItC € vo L;rge 50K, aliat . . ab . .. 10P each
ECC83 36p | EZ80  30p | PYB8  s52p S 4 Y 3E RECORD PLAYER CARTRIDGE
EABCso 4ab | PCC84  50p | UABCSO 58p |°K Log dem Pot 185 | ERSXME Mono, with turn sver stofi
EABC80 46p | PCCBY  62p | UCLE2 50p | 'Meg Tandem Pot 16p single hole fixing .. .. 35p
EBF89  44p | PCFO 38p | UL84 50p GREEN INDICATOR
ECL82 44p | PCF82 50p | Uvss 42p| THERMISTORS |1aves MES bulb N oy . 10p
ECL86 56p { PCL82 38p | Umsa 32p [VA1040 CONNECTOR STRIP
EF80  36p | PCLB4 50p | UCHB! 44p |VA1055 10p each [ Belling Lee L1469, 12 way polythene. 6p each
EF85  44p | PCL85 64p | 6BAS 26p [VA1066 CAN CLIPS
EF86  44p | PCL86  56p | 12EI £2.50 [VA1077 1”7 or 13” or 37 3 ¥ v 2p
EF91 52p | PL36  78p | SHE12 £5.00 T.0.5 HEATSINKS
EF183 40p | PL81  72p BN HSTEELLBOXFWITH | oo 0 1 high conductivity .. .. 5p
EF184 44p | PL83  56p | OTHERS e 3,[-;0 PAXOLINE
4 rey 3 = Vo A » ]
RESETTABLE COUNTER hammerfinish ~ £1 2’;‘1’,‘(4;:.7'? or3x24x 1 2 for 12::
} ; } Fxixy”, . .
English Numbering Machines LTD. 220K 3 watt resistors . . n . 2p
~ MODEL 4436-159-989 o 2‘:)5:-3:70 heavy | VALVE RETAINER CLIP, adjustable 2p
= igit. illurmi ' OUTPUT TRANSFORMERS
6-14volt, 6 digit, iluminated, fullyenclosed. £2.50 duty contacts 50p BB HHiniatute TraRsistor Tae 20p

'A" A

SMALL ORDERS, ENCLOSE SUITABLE
STAMPED ADDRESSED ENVELOPE

LARGE ORDERS, ADD SUFFICIENT FOR
POSTAGE, INSURANCE, ETC.
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SEMICONDUCTORS THYRISTORS
Full spec. marked by Mullard, etc. Many other types in stock Amp Voit
AC127 10p | AF239 35p | BFX88 20p
AC187/8 14p | BC107/8/9 7o | BSVE4 40p | ! 400  CRS1/40 30p
AD149 35p | BCY40 25p | 0C35 . 28p | 1 240 BTX18-200 30p
AD161 27p | BCY70 14p | 2N706 ! 8p
AD162 . 27p| BCY7 18p | 2n2219 19p |1 240 BTX30-200 30p
Matched pair . . 50p | BD131 40p | 2N2401 15p |56 700 BT106 85p
AF116 oy 12p | BD132 50p | 2N2904 17p
AF117 12p | BD135 35p | 2N2905 21p | 6.5 300 BT102-300R 42p
AF139 30p | BFY51 10p { 2N2907 18p 3
AF178 40p | BFY52 12p | 2N3055 35p 8P 5 ah lor st 'l
AF180 45p | BFX29 25p | 2N3053 15p | 6.5 500 BT107 90p
BRIDGE RECTIFIERS 6.5 500 BT108 90p
Amp - Volt Amp Volt 6.5 500 BT101-500R . 68p
1 1,600 BYX10 30p | 2 30 LT120 30p |65 500 BT109-500R . 90p
1 140 OSHO01-20030p | 0.6  6-110  EC433 20 600  BTW92-600RM . . £3.00
14 42 BY164 35p | Encapsulated with built-in 15 800 BTX95-800R pu|se
Plastic types heat sink A 15p Modulated I £12
OPTO ELECTRONICS
IN4002 4 ?&PVZSFTIFIERS 4% | ORP12  43p A Vol ERIALS
IN4003 200 volt . . 5p BPX29 Photo |22 Volt
IN4004 400 volt .. 7p | BPX40 25p | | - hsistor 80p | 6 400 BT110-400 Plastic 75p
miggg ggg vo:t 3 1gp BPX42 £1 25 900 BTX94-900 .. £6.50
volt .. (] £ .
IN4007 1,000 volt . 15p | BPY10 75p 25 1200 BTX94-1200 " £9
BPY68 75p
. DIAC BRIOO 30
HIGH POWER RECTIFIERS. BPY69 £1 Icrif?; :eBd P
Amp  Volt BPY77  75p | transmitter £4|PHOTO SILICON CONTROLLED SWITCH
BYX38-600 25 600 25p Diodes BPX66 PNPN 10 amp F £1
BYX38-300 2.5 300 20p
BYX38-900 25 900  28p I UN
BYX38-1200 25 1,200 30p F.E.T's PAPER BLOCK CONDENSER ™ gﬁ‘_‘,’;’)cén E
BYX49-600 2.5 600 25p 150 Ohm. 250 Ohm 5K
BYX48-300 6 300 27p m, m
BYX48-900 p 900 20p BFW10 40p | 0.26MFD 800 volt 30p 4 sach
BYX48-1200 6 1,200 60p
BYX72-300R 10 300 3sp | BSV79 il [l 400 voit 15p
BYX72-500R 10 500  43p | poygo 80p | 2MFD 250 volt 20p e leclisd
BYX42-300 10 300 40p p 12 volt red or mains
BYX42-600 10 600 45p MFD 1.5 k 50p | neon amber, push fit
R B D i e T
= > [
BYX46-300* 15 300 2.50 BSV81 M.O.S.T. .. £1 |15MFD 150 volt 25p 15p each
BYX46-400* 15 400 £2.90 . .
BYX46-500* 15 500 £3.20 | phillips Iron Thermostat 15p Rotor with neon in-
BYX20-200 25 200 35p Bulgin 2-pin fiat plug and 8 way Cinch standard [dicator, as used in
BYX52-300 40 300 £1.75 K 10 0.15 pitch edge socket |Seafarer, Pacific, Fair-
BYX52-1200 40 1,200 £2.25 socket .. 2 4 p 20p way depth finders
McMurdo PP1088way edge 20p each
*Avalanche type plug 15p
N50 ohmfree plug (UG21D/U)  50p 3021%2"5 1"32‘3;?“2:’;: ',{Ei’; U.EC.L. 10 way pin |100MFD 250/275V
N50 ohm square socket (UG58A/U) 50p ] X connector 2B6000 electrolytic can 20p
ideal mike or speaker for OA1P10 20p
17 Terryclips. black plastic communication work 25p DEE PLUG
coated, or chrome finish . 4p TESTED UNMARKED OR AeNlrde. DATER
Cinch 10-way terminal block 15p MARKED AMPLE LEAD U.EC.L. 20 way pin w:y e plug 20p
Pair of LA2407 Ferrox cores EX NEW EQUIPMENT connector
with adjuster 25p | AC128 6p | OC44 6p | 2A60000A1P20 30p ]
ACY17-20 8p | OC71 6p Fairway 18009 Coax.
Chrome Car Radio facia 15p socket i 5p
Rubber Car Radio gasket 10p | BC179 10p | 0C72 6p VECL 10 way pi
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AUDIBLE CONTINUITY

A simple item of test equipment which enables continuity checks
to be carried out without the necessity of watching a meter.

HE CONTINUITY CHECKER DESCRIBED IN THIS ARTICLE
was built up on a piece of Veroboard having a
hole spacing of 0.15 in. The piece employed has

7 strips, each with 16 holes, and was, actually, the
sample Veroboard which was given away free with the
October 1972 issue of Radio and Electronics
Constructor. A suitable piece can, of course, be cut
from a standard Veroboard if the reader. does not have
the free sample on hand.

An audible continuity tester is an extremely helpful
device for such requirements as the identification of
tags in a complicated wavechange switch or the tracing
out of wiring, since it enables the user to know when
electrical continuity between two points is established
without having to take his eyes from the connections.

CIRCUIT

The circuit of the continuity tester is given in Fig. 1,
and it will be seen that this incorporates a multivibrator.
The multivibrator is given in the circuitry immediately
around TR1 and TR2 which are both transistors type
BC107. The multivibrator runs at around 500Hz,
with the collector of TR2 coupling to a 3Q speaker via
C3, R6 and transformer T1. It is necessary to include
R6 as, otherwise, the inductance of the transformer
primary adversely affects multivibrator operation. The
audible level from the speaker is more than adequate
for normal workshop use.

No supply is applied to the multivibrator when the
two ‘Test’ terminals are open-circuit. Under these

AAAA
YYYyY
o
-LQ
)
n

R|

TR}
BCIO7

S|
Test [
o it
- @1 black
EERg Ry R4 Rs EE white 3a
gfeer T| white
1 ) £2R7 i
Re T 2

—@) __Tca -

TR2
BCIO7

b D2

Al

b
c

BCIO7
Lead-outs

Fig. 1. The circuit of the audible continuity tester
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[ESTER

By P. T. Jenkins

conditions, the upper end of R1 is at the same potential
as the negative line from the 9 volt battery and diode D1
is reverse-biased. ‘At the same time, approximately the
nominal zener voltage of 3.9 volts is caused to appear
across D2 due to the presence of R7.

When the ‘Test’ terminals are short-circuited, the
positive supply line is applied to the multivibrator via
the diode D1 which is now conducting. Also, the voltage
across the zener diode remains fixed at approximately
3.9 volts. Since approximately 0.6 volt is dropped across
D1, a voltage of 4.5 volts becomes available to operate
the multivibrator, which runs and causes the speaker to
reproduce the S00Hz tone. Thus, the continuity tester
produces an audible tone when the two ‘Test’ terminals
are connected together.

COMPONENTS

Resistors
(All } watt miniature 109%)
R1  470Q
R2 2.7kQ
R3  22kQ
R4 22kQ
RS 2.7kQ
R6 470Q
R7 10k
Capacitors

Cl1 0.047uF, Mullard Miniature Foil type C280
C2  0.047uF, Mullard Miniature Foil type C280
C3 4uF, 10V Wkg., Mullard miniature elec-
rolytic
Transformer
T1 Output transformer type LT700 (Eagle)
Semiconductors

TR1 BC107
TR2 BCI107
D1 1N4001

D2 3.9 volt zener diode, 200-250mW
Switch
S1 SP.S.T. toggle
Miscellaneous
Veroboard, 0.15in. matrix, 7 strips by 16 holes
3 Q speaker
9 volt battery
2 test sockets and plugs
2 test leads with prods or clips
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The reason for including D2 and R1 is to restrict the
sensitivity of the continuity tester when the test leads
are connected to a circuit possessing resistahce. An
operating voltage is only applied to the multivibrator
when the resistance across the ‘Test’ terminals is low
enough to produce, at the upper end of R1, a sufficiently
high voltage for D1 to conduct. In practice, the multi-
vibrator commences to run, producing a very weak
tone, when the resistance between the ‘Test’ terminals
is about 350Q. Lower values of test resistance produce
increased volume of the reproduced tone, the latter
being at its loudest when the ‘Test’ terminals are short-
circuited. _

The current drawn from the 9-volt battery is 0.5mA
when the ‘Test’ terminals are open-circuit, and it rises
to 22mA when they are short-circuited. ;

All the resistors used for making up the tester are
} watt miniature types. Cl1 and C2 are Mullard Mini-
ature Foil type C280 (Home Radio Cat. No. 2EH47)
and C3 is a Mullard Miniature electrolytic capacitor
(Home Radio Cat. No. 2CH12). Diode D1 can be any
silicon diode, and the 1N4001 specified fits comfortably
onto the board. Diode D2 can be any 3.9 volt zener
diode rated at 200 to 250mW.

CONSTRUCTION

The first procedure in construction consists of cutting
the copper strips at the appropriate points. These are
shown in Fig. 2, which illustrates the component and
copper sides of the completed board. Cut the strips at
holes A13, B4, B8, Bl1, C4, C10, C14, D9, E9 and G10.

Next, take up the output transformer, T1, and
carefully: file or snip its mounting lugs such that they

-are capable of being passed through holes G14 and B14.

Do not, however, actually fit the transformer yet.
Consulting the upper diagram in Fig. 2, connect the
two speaker leads to holes F16 and E16, and the two
test leads to holes D16 and C16. Connect a link between
holes C15 and A15. This link should consist of thin
insulated wire. Shortening as necessary, and whilst the
transformer is resting but not mounted on the board,
connect the black and white secondary leads of T1 to
holes F15 and E15. Then, whilst gently manoeuvring
the secondary wires so that they do not become trapped
under the transformer, pass the transformer lugs
through holes G14 and B14 and solder the lugs at these
holes. The transformer need not be pressed tight
against the board; its mounting will be quite satis-
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Fig. 2. How the continuity tester is assembled on the Veroboard

factory provided that' sufficient of each lug passes
through its hole to enable a satisfactory solder joint to
be made. The reason for fitting the link and the other
wires before mounting the transformer is that this
component covers their connection points. The trans-
former is shown partially cut away in Fig. 2 to enable
these connection points to be seen. Whilst dealing with
the transformer, a further point is that its two lugs also
provide a link via the transformer frame, between holes
Gl4and Bi4.

Connect the red primary lead of transformer T1 to
hole G9, and the green primary lead to hole C12. The
white primary lead is not used; any exposed end it may
have should be cut off and the lead coiled up out
of the way. It must not be allowed to short-circuit
against the transformer frame or any other conductor.
All of the transformer leads may, of course, be cut to a
suitable length before they are connected into circuit

Next fit an insulated wire link between holes E3 and
B3, positioning this such that free access is available to
hole C3. Fit a bare wire link between holes D5 and BS.

Following Fig. 2, fit the following components, which
are all mounted horizontally: R2, R5, D1 and R1. The
positive end of D1 connects to hole G8. Fit the zener
diode, D2, to B12 and All with the lead-out which
should connect to the positive side of the circuit in
which it is used at hole All. This lead-out is usually
5§50

identified by a red spot on the outside of the diode case.
Next fit capacitors Cl and C2. C2 straddles R2 and the
insulated link between holes E3 and B3. Fit C3 vertically,
with its positive lead-out at hole B9. Follow this with
the fitting of R3, R4, R6 and R7, all of which are
mounted vertically.

Fit the two transistors, a negative battery lead to hole
G16 and a positive battery lead to hole A16. This last
lead connects to the battery via S1.

The continuity tester is now complete and ready for
use. If a voltmeter is available, check that approximately
the zener voltage appears across D2 when the two test
leads are short-circuited. For this test, the voltmeter
may, for convenience, be connected between the
negative battery lead and strip Al to A12. If the voltage
across the diode is less than 1 volt it has been connected
the wrong way round. A zener diode connected wrong
way round will also cause the tester to give an output
when the ‘Test’ terminals are connected to values of
resistance much higher than 350Q.

The completed Veroboard assembly, the speaker and
the battery can be housed in any conveniently sized
plastic or wooden case, this having switch S1 and two
test sockets on its front panel. Two flexible test leads
terminated in prods or clips are also required, and these
are plugged into the test sockets. -
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Two Colour

Cathode Ray Tubes

by J. B. Dance, M.Sc.

The presentation of colour pictures for radar displays incurs
techniques that are quite different from those used for domestic
colour television

HE AMOUNT OF INFORMATION WHICH MUST BE

displayed on some types of cathode ray tube
screens is now very great. One of the ways in which
this increased amount of displayed information can
be more quickly evaluated involves the use of cathode
ray tubes which can display two or more colours.

PHOSPHOR LAYERS

One might expect such tubes to employ the same
type of techniques as those employed in colour television
tubes, such as the three gun shadow mask tube. Although
these tubes can produce excellent television colour
pictures, the resolution provided by the groups of three
dots of different phosphors is inadequate for high
resolution radar tubes. The latter may be required to
have a spot diameter of about 0.3mm. diameter and
be capable of displaying information at any or all of
about a million points on the tube face.

A high resolution cathode ray tube with a two colour
display can be made by employing a layer of one phos-
phor deposited on the inside of the glass face of the
tube with a layer of another type of phosphor deposited
on the first phosphor. A thin inert layer which will not
emit light is used to separate the two phosphors.

When the accelerating voltage applied to the tube
is relatively low, the electron beam is absorbed in the
first phosphor it meets. If, however, the accelerating
voltage is increased, the electrons will have enough
energy to penetrate through the one phosphor and
excite the phosphor nearest the glass envelope of the
tube.

The use of an inert layer between the phosphors helps
to provide greater colour purity by preventing prema-
ture excitation of the phosphor nearest the glass by
APRIL 1973

electrons of relatively low energy. The decay times of the
two phosphors can be selected to suit the requirements
of the particular application concerned.

MODES OF OPERATION

In one type of two colour tube a single electron gun
is employed, the energy of the electron beam being
changed by varying the potential applied to the final
anode of the tubé. The two colours are actually dis-
played sequentially, but if the tube voltage is switched
very rapidly, they appear virtually simultaneously. In
some tubes a post deflection acceleration electrode is
used and it is then possible to prevent the change of
accelerating voltage from affecting the deflection
sensitivity and the focusing of the tube.

Another type of tube employs two electron guns.
The anodes of such a tube are at the same potential,
but one of the cathodes is at a much greater negative
potential than the other cathode. Each electron gun
then excites its own phosphor.

Two colour tubes being developed at present operate
at typical accelerating voltages of 8kV and 13kV,
but it is possible to generate some intermediate colours
by the use of an intermediate accelerating voltage.

APPLICATIONS

It seems likely that two colour tubes will be used in
oscilloscope displays, warning systems, computer
displays, airline traffic schedule boards, seat reservation
displays, etc. Developmental work has been carried
out by The M-O Valve Company, London W6 7PE,
and a range of tubes is now available.

M
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HIGH INPUT
IMPEDANCE

AMPLIFIER

by G. A. FRENCH

HIS MONTH'S ARTICLE IN THE
T ‘Suggested Circuit’ series is de-

voted to a simple a.f. amplifier
which may be employed for general
purpose work where a high input
impedance is required. It is particularly
useful for amplifying the output from

inputs having the, same voltage ampli-
tude. With a 25Q speaker the output
power available before the onset of
clipping is of the order of 300mW, and
the quality of reproduction is compar-
able with that given by the larger type
of transistor battery portable radio. A

without additional components.
THE CIRCUIT )

The circuit of the amplifier appears
in the accompanying diagram, and it
will be noted that it employs two
silicon transistors in the first stages,
these being followed by two ger-

a ceramic gramophone pick-up, and it somewhat unusual bias technique  manium transistors in a comple-
can be similarly loaded by other enables feedback to be applied overall mentary emitter follower output stage.
S
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Lead-outs Lead-outs
The circuit of the amplifier. This can be coupled direct to a ceramic pick-up and it offers an output of 300mW
when a 25 speaker is used,
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The input signal is applied to volume
control VRI1, whose slider couples to
the base of TR1 via R1 and Cl. The
impedance at TR base is such that the
input impedance of the amplifier is
approximately 700kQ when VR1 slider
is at the top end of its track. The input
impedance increases gradually up to
2MQ as VRI1 slider moves down its
track towards the minimum volume
end. These impedance figures are
sufficiently high to enable a ceramic
pick-up to be connected directly to the
amplifier input.

TR1 functions as an emitter follower
and it offers no voltage amplification.
Its emitter couples to the base of TR2,
which is connected in the common
emitter mode. TR2 provides both
voltage and current amplification, the
latter being sufficient to drive the two
output transistors, TR3 and TRA4.
Apart from a small crossover range for
small signal deviation, only TR3 is
conductive for positive half-cycles at
the collector of TR2 and only TR4
is conductive for negative half-cycles.
When conductive, each output trans-
istor operates as an emitter follower
and the overall output stage is a
conventional Class B complementary
design. The collector current for TR2
Is obtained via the speaker, RS and
VR2; and a.f. coupling to the speaker
is achieved via C3. The two low-value
resistors, R6 and R7, are included to
prevent thermal runaway in the output
transistors.

Finally, S1 is the on-off switch,
whilst C4 is a high-value electrolytic
capacitor which ensures that a low
impedance is still present across the
supply rails when the battery ages and
its internal resistance increases.

All the transistors except TR2 act as
emitter followers, whereupon they may
be expected to contribute little dis-
tortion to the signal as it is amplified.
TR2 is, however, called upon to
provide a wide collector voltage swing
whilst driving the output transistors,
and it cannot do this without contri-
buting a significant degree of dis-
tortion. A slight reduction in this
distortion ,is given by returning the
bias resistor, R4, to TR2 collector,
thereby introducing a small level of
negative feedback. But the distortion
produced by TR2 is mainly reduced to
an acceptable level by coupling TR1
bias resistor, R2, to the lower terminal
of the loudspeaker. This overall feed-
back loop encompasses the whole
amplifier including the speaker, and
enables the quality of reproduction to
be adequate for an inexpensive ampli-
fier of this type.

The values of R2 and R4 are such as
to cause the emitter of TR1 and the
collector of TR2 to be reasonably close
to half supply voltage level for virtually
all transistors type BC107, regardless
of spread in hFE.

In practice, the collector voltage of
TR2 should have a value which causes
the junction of R6 and R7 to lie at
some 4 to S volts positive of the
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negative supply rail. This means that
a peak voltage of at least some 4 volts
in either direction is available to drive
the speaker before clipping takes place.
A peak voltage of 4 corresponds to an
r.m.s. voltage of 2.8 with the result that,
from V2/R, an output power of
slightly more than 300mW is feasible
with a 25Q speaker.

COMPONENTS AND
CONSTRUCTION

All the components used in the
amplifier are readily available. It is
important that the transistors em-
ployed be those specified. The fixed
resistors are as indicated in the
diagram. VR is a standard panel-
mounting potentiometer and it can be
ganged with S1, if desired. VR2 may
be a skeleton pre-set potentiometer.
The electrolytic capacitors can have
higher working voltages than those
indicated, should components with
such working voltages be easier to
obtain. The quiescent current drawn
by the amplifier is around 10mA, this
rising to SOmA or so on volume peaks:
A suitable 9 volt battery is the Ever
Ready PP9. !

Construction should raise no prob-
lems "and virtually the only layout
requirement is that the components in
the input circuit, i.e. VR1, R1, Cl and
R2, be kept away from those in the
output circuit. The input circuit is also
very slightly susceptible to hum, but
there is no necessity to screen the
components concerned if mains leads
are not allowed to approach them

‘closely. The complete amplifier can be

enclosed in a metal case which is
common with the negative supply rail,
and this will ensure that all internal
components are automatically screen-
ed. The coupling from a ceramic pick-
up, or similar high impedance source
of signal, to the amplifier input socket
should be made via a screened lead.

The connection between the col-
lector of TR3 and the positive supply
rail should be omitted during initial
wiring. The connection is indicated by
a cross in the diagram. When the
wiring, apart from this connection, has
been completed and checked, a current
reading meter is inserted between the
collector of TR3 and the positive
supply rail. VR2 is set so that it
inserts minimum resistance into cir-
cuit, a 9 volt battery is connected and
S1 is switched on. The resistance
inserted by VR2 is then slowly
increased until the meter indicates
about 7mA. The amplifier is next
switched off, the meter removed and
the collector of TR3 connected
permanently to the positive supply
rail. It is important to ensure that
VR2 is not accidentally set to insert
too high a resistance, as the output
transistors may then pass excessive
current. The amplifier is now set up
and complete, and it may be checked
out with a ceramic pick-up or similar
a.f. signal source.

BUY THIS
BEST SELLER

T.V. FAULT FINDING
405/625 LINES

REVISED & ENLARGED

Edited by J. R. Davies

124 pages Only 50p

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

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

Price 50p from your
Bookseller

or post this Coupon together
with remittance for 56p
(to include postage) to

DATA PUBLICATIONS LTD.
57 Malda Vale, London, W.9

_Please send me the 4th re-
vised edition of TV Fault Find- |
I ing, Data Book No. 5

I enclose cheque/crossed postal order I
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COLD WORK FOR CONCORDE
CLOSED-CIRCUIT TV CAMERA

Aimed rearwards under the fuselage and port

wing of Concorde 002, an all-weather THV-1160

closed-circuit television camera from Bell &

Howell provides key pictures of the aeroplane’s

latest flight-test programme for study by BAC

engineers. The camera is visible (left) inside the
bubble-type housing

Airborne in temperatures falling to —-30°C, a closed-
circuit television camera mounted on the outside of
Concorde 002 is serving as a flying ‘“‘eye” for engineers
of the British Aircraft Corporation during the current
flight-test programme. Giving a rearward view under
the port wing, the camera feeds pictures of the complete
aerofoil, including'the engine intakes, to video recording
equipment in the aircraft.

A THV-1160 from Bell & Howell, the camera is an
all-weather type with a built-in heating system to
combat the extreme cold of high altitudes. Low temp-
erature operation is fundamental to the present tests,
which are concerned with the formation and dispersal
of ice.

This THV-1160 is a Bell & Howell modified version of
a standard monochrome Vidicon camera made by
Thomson-CSF Audiovisuel of France. It has been
adapted to operate under external sync control and its
housing has been pressurised, it is otherwise the
normal 1160 camera.

A second closed-circuit camera, a THV-1100, has
been installed inside Concorde 002. This supplies a
digiclock input for superimposition on the video
recordings. The signal is routed, through a Viscount
keying system, to the video tape equipment, IVC type
821. Another 821 is on the ground for replaying the
recordings.

The 1VC 821 was chosen for use in Concorde mainly
because it is a full-bandwidth VTR with read-after-
write facility for the video track.
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PEACE AT A PRICE

PEACE at a price — that’s what is offered to parents and
neighbours of teenagers who like to play, or learn to play
the guitar. An idea which could revolutionize relations
between the generations in some households, was des-
cribed on BBC World Service’s New Ideas.

The Guitar Set headphone allows the musician to
practise on the electric guitar . . . in silence! The sound he
produces is transmitted to the pair of headphones he
wears which are plugged directly into the guitar itself.

There is no need to feed the sound through a special
amplifier; the built-in twin miniaturised amplifiers are
powered from a self-contained set of batteries, and you
can, of course, control the volume of the headset.

It could prove a useful system for musicians and music
schools. The system — the makers say — gives sound
reproduction of excellent quality. The Guitar Set sells in
Britain at just under £20 — not too bad a price to pay
perhaps for peace and quiet?

EMI SUPPLIES NIGERIA WITH TV
OUTSIDE BROADCAST VEHICLES

EMI has recently provided two monchrome television
outside broadcast vehicles, worth over £155,000, to the
Nigerian Broadcasting Corporation for its Channel Ten
service based on Lagos. The 18 ft. long vans, complete
with mobile power generators, were airfreighted to
West Africa in time for the Second All African Games
held in Lagos during January.

The photograph below shows a line-up of the vans
and their respective EMI ‘2004’ monochrome cameras,
cabling, lighting and generator, prior to departure from
EMI Sound & Vision Equipment Ltd. at Hayes,
Middlesex.
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COMMENT

FARADAY LECTURE IN
LONDON

The London delivery of ‘““Navigation — land, sea, air and
space”, the 44th in the series of Faraday Lectures
organised by the institution of Electrical Engineers,
took place recently at Central Hall Westminster.

Man’s navigational ‘instinct is far inferior to that of
many animals and he has therefore had, over the ages,
first to develop the art and then to apply his scientific and
technological skills to devising instruments that enable
him to explore his own planet and the universe beyond.

Electrical engineers have played a major part in the
development of navigational aids from the time of
Michael Faraday in the early 19th century, with his
experiments on electromagnetic induction, to the present
day and the development of the directional gyroscope
which is used by the Lunar Rover for navigating the'
moon’s surface. With increasing numbers of people
travelling greater distances on business and pleasure,
with the growth of sailing and flying as hobby activities
and with manned voyages into space, almost everyone
relies to some extent on the electrical engineer who plays
his part in designing navigational systems that not only
extend the capability of man but also ensure his-safety —
at an acceptable cost.

“Navigation — land, sea, air and space”. was the title

of the Faraday Lecture delivered by Dr. Andrew
Stratton, Director of the Defence Operational Analysis
Establishment, and his Deputy Lecturer, Wing Com-
mander (Retd) E. W. Anderson, Navigational Adviser
of Smiths Industries Limited. They told the story of the
development of navigation from the days when the
stars were our only guide to the sophisticated instru-
ments of today which have helped to make it possible
for man to reach the moon.

PACKAGED POWER GOES TO
MONTE CARLO RALLY

-.'4‘(/ il \ ot

‘ﬂﬂm l%

AALVE HONTECARLD

Driving a Sunbeam Stiletto in this year’s Monte Carlo
Rally, Andy Michailidis had a significant advantage over
his competitors in the event of his car sustaining crash
damage. Anywhere along the route between Glasgow and
Monte Carlo, Andy was able to use mains-powered tools
to effect emergency repairs.

This was made possible by a power unit manufactured
by Jermyn Distribution, which provided a 250V, 50Hz,
electrical power supply from car batteries. Supplying
almost a third of a kilowatt, the unit was used to power an
electric drill and a sheet metal cutting machine.

The Rally was Andy Michailidis’ eighth international
rally and his co-driver, Philip Bond, has driven in two
similar events. Both drivers are convinced that the small
amount of extra space taken by the Jermyn power supply
and the extra weight were a small price to pay for the
convenience of their own personal mains power supply.

Jermyn Distribution designed the power supply for
domestic use during power cuts.

IN BRIEF Mr. Clarke

® Microwave 73, the first
international conference and
exhibition to be devoted to the
microwave and allied indus-
tries, will be opened by HRH
the Duke of Kent.

Microwave 73 will be held
in Brighton from 19th to 21st
June.
® LSTElectronic Components
Ltd., of Brentwood, Essex,
expect-a substantial expansion
of their business following the
sale of the company’s equity
to Crellon Holdings Ltd.

Prior to the sale of the
equity LST was a privately-
owned company founded by
Mr. Peter Clarke, who remains
Managing Director of LST
and Arrow Electronics Ltd.
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a radio ?O\ )
amateur with the call sign @ 2

G3LST, hence the name of the
company.

® The membership lists of
The Radio Amateur Invalid
and Bedfast Club show that
they had more than 160
licensed members, and more
than 240 SWL members at the
commencement of this year.
® With the growing import-
ance of the UK offshore oil
industry, with its specialised
radio communication require-
ments creating a vast market
in its own right, the Marconi
International Marine Co. Ltd.,
a GEC-Marconi Electronics
company, has formed an Oil
Industry Division under the
management of Mr. G. H. W.
Johnson.
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POWER SUPPLY

DESIGN

by A. Foord

How to design: stabilized power supplies with the aid of zener
diodes, transistors and integrated circuits.

THE POWER SUPPLY IS AN ESSENTIAL PART OF EVERY

electronic equipment. In its simplest form it may
consist of nothing more than a transformer, rectifier
and smoothing circuit, but frequently more elaborate
arrangements are needed so that an overall system
can meet the stringent performance we expect today.
Integrated circuits, for example, may demand well
defined power supply levels.

In research and development where time and staff
are at a premium it is sometimes more economical to
buy complete power supplies than to develop them ‘in
house’, especially if a high performance is required.
However in consumer and home constructor applica-
tions, where low cost is a prime requirement, power
supplies must be designed and constructed to suit the
application. An easy and fiexible approach is to use
readily available components to construct a basic
unregulated supply, and then add a suitable voltage
regulator to provide thé stabilization.

In this article we will consider how modern regulated
power supplies are designed using either discrete
components or integrated circuit voltage regulators.

BASIC ZENER DIODE SHUNT REGULATOR

The simples method of regulating the output voltage
from a basic unregulated supply is by using a series
dropping resistor' and a shunt zener diode, as in Fig. 1.
Here the series resistor R can be assumed to be the
sum of the internal source resistance and an external
resistor. If the input voltage rises then more current
flows through the zener diode and a greater voltage
drop is produced across R. The output voltage will

—

Vz

- R 1
o lin L
+ 0 > YVVY »

40
AAAAA,
WW

T ' lz
Zener
\i'" diode

O o= (e]

Fig. 1. The simple zener diode shunt regulator
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always be equal to the zener diode voltage. The basic
equation is:
Iin= 1z + IL.

The maximum power is dissipated in the zener diode
when the load current is zero and the input voltage is
at maximum. This is given by:

. Pmax= Vz x Iz(max)

Vin(max)-Vz
where Iz(max) = ———
R

This must not exceed the rated power capacity of
the diode. When the value for R is determined, the
limiting case where Vin is minimal and the load
current is maximal must be used. R must be small
enough to allow the minimum permissible zener diode
current to flow, so that the diode slope resistance is
low. (Normally, the minimum permissible zener diode
current would be found from manufacturers’ data,
and it is recommended that diodes are not run below
the current at which the nominal characteristics are
quoted. If this is not known they should not, as a very
rough guide, be run below one-tenth of their maximum
permissible dissipation.) Simple equations using Ohm’s
Law will give the various parameters in the circuit for
the maximum and minimum input voltage and load
current conditions. Ripple is reduced by a factor which
depends on the value of R and the effective impedance
of the zener diode (which may be about 3Q for a diode
dissipating 2 watts). One circuit for a 27V supply is
shown in Fig. 2.

22n
It A o+
Vin = 50V*10% ~ Vout =27V
in BZYQl & 0-500mA
O B — O

Fig. 2. A practical circuit for a 27 volt supply
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The minimum zener diode current is about 100mA
and the maximum diode power dissipated is about
34 watts. If the maximum ambient temperature were
65°C a heat sink with a thermal resistance of 1.0°C
per watt would be safe. A Mullard type 50D extruded
heat sink which was 10cm. long would be correct.

This circuit has the disadvantage that considerable
power is dissipated in the zener diode under no-load
conditions. Since both high power zener diodes and
large heat sinks are difficult to obtain, particularly by
home constructors, a zener diode circuit of this nature
would only be used to supply small load currents. As
small zener diode (400mW or 1.5W) are much more
readily available the approaches shown later would be
more applicable for the relatively large output current
(500mA) illustrated here.

TWO STAGE ZENER DIODE SHUNT
REGULATOR

When a particularly stable reference is required, for
example in a digital voltmeter, a two stage regulator
may be used, as in Fig. 3. This improves the stabiliza-
tion against input voltage changes although the load
and temperature stability is not improved very much.
For best results temperature compensated zener
diodes can be obtained which consist of a zener diode
and a forward biased diode in series, so that the
overall combination has a very low temperature
coefficient.

AAAAA
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Fig. 3. The basic 2-stage zener diode regulator

SIMPLE SHUNT TRANSISTOR REGULATOR

A simple shunt transistor regulator can be constructed
where a low power zener diode is used, see Fig. 4.
The transistor can be regarded as an emitter follower
and the output voltage will be the sum of the zener
voltage and the base to emitter voltage (about 0.7V)
of the transistor. :

Although highly developed shunt regulators can be
constructed, in general it is more efficient if the regulat-
ing element (usually a transistor) is in series with the

supply.

A o
+ o AW < +

Al

Vout

AAAA

Fig. 4. A simple shunt transistor regulator
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s 0 +12V
BDY 60
1000 2
svYav 0-250mA
2 BIY95-CI3
O o= ——L

B2Y95-CI3 — I3V I'5W

Fig. 5. A simple series regulator for a 12 volt
supply

BASIC SERIES REGULATOR

The simplest form of series regulator is shown in
Fig. 5. The transistor is used as an emitter follower
where the base voltage is maintained constant. Design
is straightforward in that the zener diode current must
under all conditions be sufficient to maintain the diode
at a low impedance. The unregulated supply must be
chosen so that there is always a few volts across the
transistor, even under maximum load conditions.
However, using too high an unregulated supply increases
the transistor dissipation without need.

FEEDBACK STABILIZED POWER SUPPLY

The previous regulator circuit can be considered
as a device (the transistor) which compares a reference
voltage with the output voltage (load current times
load resistance) and brings them near to equality. In
general terms a feedback stabilized supply will break
down into the sections shown in Fig. 6. A reference

Control element

s -

Amplifier ggn.

\ Comparator
_< e Vo

Reference

il

AAAAA
yYvy
0
N

Vp = Vr_ R+Ry
R

Fig. 6. The basic feedback regulated supply

voltage is compared with the output voltage, any error
is amplified and used to control the output level.
Depending on the gain round the loop such a circuit can
give an excellent performance in terms of ripple and
regulation if proper care is taken with the design.
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Fig. 7. A feedback regulated supply for 12 volts

A discrete component 12V supply is shown in Fig. 7.
The series transistor dissipates up to 4 watts and should
be mounted on a heat sink of thermal resistance 10°C
per watt. The design is then suitable for ambient

temperatures up to 50°C. Output ripple is ‘about 2mV
peak to peak and the voltage regulation is 5%,

Although more elaborate circuits can be constructed
using discrete components it is advantageous to use
integrated circuits where an improved performance is
required.

15 VOLT 100mA SUPPLY

The circuit for this supply is shown in Fig. 8. The
HAT741 is a general purpose operational amplifier and
can be used in this type of circuit where a special
purpose voltage regulator is not Jjustified. The un-
regulated d.c. supply is applied through TRI and the
low value resistor R3 to the output. The output
voltage is reduced by a potentiometer chain and
compared with the reference. Any error is amplified
by the nA741 and used to correct the base voltage of
TRI1. Protection against an excessive load current is
provided by R3 and TR2. As the current through R3
increases, TR2 becomes turned on and reduces the
base current available to TRI. The supply tends to

become a constant current rather than a constant

voltage one, and the current is limited to:

0.7
IL(max) = —— amps.
R3

The supply for the zener diode is taken from the
output because this improves the performance. With
this arrangement there may be a problem about starting

Rs De
IN9I4
AAAA A, ld
YYYy +1Y
gegr
2 4-7n +I5v
£ 2 A =54
@ _HA741 (and equivalents)
Top view
= Re Eel " 7
=220 Os a4 0o ep
i | TRy de af] gio sp
HA741 2Rs  gcisaL dr  2h gun  ap
I 34700 g2 3
s R 4 810 B 2f
| 2 ‘g
~ 3-9kn T 0
O-lyF
o
250uF 25 b LIVR
35V wkg b T2 kn
D B lead 14 lead
i O TOS
6-BV Ry = DIL DIL
e 33ka J Vec + 7 <7 "
Vee — 4 4 6
o cC
+ in 3 3 5
C } b ~in 2 4 4
00
Pee A out 6 6 10
BCI84L 2N697 Offset null | | | 3
Lead-outs Ledd-outs Offset null 2 L3 5 9

Fig. 8. A +15 volt supply using the A 74.7 integrated circuit
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conditions when the supply is first switched on. The
problem is overcome *by R6 which supplies a small
amount of current to the zener diode until the output is
greater than 7 volts, when D6 conducts to provide the
usual_zener diode current.

The short-circuit current is limited to about 150mA.
The hum and noise on the output is 2mV peak-to-peak
at the full load current of 100mA. The power dissipated
by the 2N697 will depend on the mean value of the
unregulated supply under load, but would typically
be 1 watt. This is within its rating if its case is kept
below 100°C, so a heat sink must be used. Under short
circuit conditions it may dissipate 3 watts or more,
which is beyond its ratings on an infinite heat sink.
The unit can be considered to be protected against a
temporary short-circuit only, unless a slightly larger
transistor is used. :

To. power operational amplifiers both positive and
negative supplies are required. If identical regulator
circuits are used then two separate transformer windings
are needed, as in Fig. 9. If complementary regulators
can be designed then a single (or centre-tapped)
transformer winding can be used, as shown in Fig. 10.

A wide range of equivalents to the nA741 can be
used in the circuits of Fig. 8 and Fig. 10. In the 8 lead
TO5 package, these include L141TI, MCI1741CG,
TBA221, LM741C, CA3056, SN72741L, uA741C and
LIC741C/5. In the 8 lead d.i.l. package, equivalents
are 7410PA and SN72741P. Equivalents in the 14 lead
d.i.l. package are L141BI, MCI1741CP, LM74ICN,
SN72741N and LIC741C/14. A further equivalent, the
741C, is available from Henry’s Radio both in TOS
and d.i.l.; whilst the 7410PA is an R.S. Components
product. No connections are made to the offset null
terminals.

‘specifically designed for power supply use.

i Py +15V
o}

= =
o —

i % \ ~15v

E N\

Fig. 9. If identical regulators are used then
separate transformer windings gre needed for
dual supplies

VOLTAGE REGULATOR INTEGRATED
CIRCUITS

Since the nA741 can work with a total supply rail
of between about 6V and 30V, its use in the manner
just described is suitable for power supplies from 6V
to 24V or so. If several power supplies are required
then it may be worthwhile using an integrated circuit
Most
semiconductor manufacturers make suitable voltage.
regulators for positive, negative, or more recently, dual
positive and negative outputs. The current available
depends on the package; in general a current of up to

As
) - +15V
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20V 7T [,
=
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Fig. 10. Where complemen- Pt - o 1 I__,::
tary regulators are used two s
separate transformer wind- A = T
ings are avoided +IN = L
11 = TR2 s
= BcaiaL W .
R,C values as fig.8 gl
= TR,
2N||32®
. | VYN o
bce AMAAA M
WW |
BC214L 2N1132
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APRIL 1973

559



100mA. is possible from the package itself, and an -

external transistor may be used to increase this if
required.

Recent developments tend to require fewer external
components for frequency compensation, short circuit
protection, and voltage adjustment. It would be
worthwhile comparing the many available types before
deciding on a general purpose regulator. The circuits
are designed along the lines indicated for the discrete
component regulators and a few examples can be used
to illustrate the types available. Manufacturers’ data
sheets always give full applications data.

THE SG309 VOLTAGE REGULATOR

The SG309 voltage regulator is completely self-
contained and produces a 5 volt output suitable for
driving logic integrated circuits. It is available in two
packages, a TO3 version which provides up to 1A and
a TOS package which gives up to 200mA, depending
on the power dissipated in the package. In large
digital systems a ‘rough’ supply of 10V could be used
with local regulation on each individual card. This
reduces the problems of short switching spikes remain-
ing on the power supply lines, which produce unpre-
dictable results!

The parameters for the SG309 are shown in the
Table, with a typical operating circuit in Fig. 11. It
has built-in current limiting and thermal shut-down
to protect it against excessive power dissipation,
making it essentially destruction proof. The trans-
former and reservoir capacitor are chosen to keep the
rough supply between 7V and 25V from no load to
full load.

TYPICAL HEATSINK REQUIREMENTS

Suppose that the mean input voltage is 14V under
the full load current, for the TO3 version, of 1A.
Voltage dropped across SG309 = 14 — 5 = 9V,

Power dissipated in SG309 = 9 x 1 = 9 watts.

25V

Min 7V

£ e 3
LAV A

P

Place across regulator terminals if some Not essential, but may

distance from reservoir capacitor improve transient

response
Connection diagrams

02
| 3 =] o
ol

Underside views

Fig. 11. A 5 volt supply using the SG309

Assum.ing an ambient temperature of 30°C, then
the required heat sink thermal resistance is:

98 — 30

Heat sink thermal resistance = = 7.6°C per

9 watt

A finned heat sink of dimensions 4in. by 1.5in. by

Maximum permitted junction temperature = 125°C. 2in. would have a thermal resistance of about 3.5°C

Thermal resistance from junction to case = 3°C per per watt and would provide a good safety margin. If a

watt. 9V transformer and suitable capacitor were used to

.*. base temperature = 125 -3 x 9 = 98°C. reduce the mean voltage developed across the SG309
TABLE

SG309 5-VOLT VOLTAGE REGULATOR

Parameter Conditions Min. Typ. Max. Units
Output Voltage 4.8 5.0 5.2 \%
Line Regulation Vin 7 — 25V 4 50 mvV
Ripple Rejection 10Hz — 10kHz 75 dB
Output Noise Voltage 10Hz - 10kHz 40 uvr.m.s.
Output Impedance 10Hz - 10kHz 0.1 Q
Thermal Resistance, (a) TOS case 15 °C/W
junction to case (b) TO3 case 3 °C/W
Thermal Resistance, (a) TOS case 150 °C/W
junction to ambient (b) TO3 case 35 °C/W
Maximum Junction
Temperature 125 °C
Maximum Current (a) TOS5 case 0.2 A

(b) TO3 case 1.0 A

Power Dissipation (a) TO5 case 2 W
(infinite heat sink) (b) TO3 case 20 W
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then its power dissipation will be reduced. It is useful
to note that the case is directly earthed so that in many
applications the integrated circuit can be directly bolted
to the chassis and a separate heat sink avoided.

The SG309 regulator may be obtained from Rastra
Electronics Ltd., 275 King Street, Hammersmith,
London, W6 9NF.

R.S. COMPONENTS REGULATORS

Regulators similar to the SG309 are also available
in higher voltages. The R.S. Components type MVR
series provide 5, 12 or 15V at 600, 500 and 450mA
respectively. They are in TO3 cans and, when used with
the recommended R.S. Components transformers, the
output ripple is typically 1ImV.,

The MVR 5V regulator should be employed with R..S.
Components mains transformer type 633, the MVR
12V regulator with the transformer type 632 and the
MVR 15V regulator with the transformer type 634.
The circuit is the same as for the SG309, with the
reservoir capacitor having a value of 10,000uF and
the capacitor following the regulator a value of 10uF.
The rectifier may be the R.S. Components silicon
bridge type REC41A, which is rated at 1.8A with a
p.i.v. of 100V.

These regulators, transformer and rectifier may be
obtained from suppliers of R.S. Components products,
including Chromasonic Electronics, 56 Fortis Green
Road, London, N10 3HN or Celectron-E, P.O. Box
No. 1, Llantwit Major, Glamorgan, CF6 9YN.

CA3055 VOLTAGE REGULATOR

This R.C.A. voltage regulator is designed to deliver
up to 100mA over an adjustable output voltage range
of 1.8 to 34 volts. A typical power supply circuit is
shown in Fig. 12. Ripple might be less than 0.2mV at a

5-6n
CA3055 MWWA
P ? +
2 Yout
+ Ot 6 i
Vi
n . Ikes ]
T M I Ze2ka
| +
J__: HIF =
SOOpF | 20pF )
T ¢ —-= IOkn
Zlka
O —) o

Vout = 351020V @ O to 90maA

CA30ss
Lead-outs

Fig. 12. A low current supply using the CA3055
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90mA current load. The regulator has short-circuit
protection, a temperature compensated reference
voltage, and current limiting. The device can be used
for high current regulation, switching regulation,
shunt regulation, and positive or negative voltages.
The CA3055 is available from A. Marshall and Son
Ltd., 28 Cricklewood Broadway, London, NW2.

SG3501 DUAL VOLTAGE REGULATOR

Positive Positive
input 100 output
o € AW € 3
1 +I5V
O-OlpF
e
T 58 WF
Vin Vout Sense Stab.
Ground o
L e N & $G 3501 Gnd. d
Ground
el cdj.'. Vin Vout Sense Stab.
Volt. adj. : IJ_!J
not used l aa F
-OluF -
Negative ey Negative
input 10n output
i ANAAA o
-5V
SG 350! Lead-outs
Top view
Neg.stab.  Neg.sense
Vin negl8 70V, pos.
Volt.adj. 4 Neg.out NC.l9  6fINC.
y 6& Vi Reg. Neg.outl0  5[1Pos. cut
L) 4 'f/ Neg.senseJll  4[lPos. sense
Gnd. /y{ - Neg.stab.lll2  3[1Pos. stab.
, \ Vin pos. NC.0I3  2Bal adj.(not available
[Fogaet) Pos. out volt.ad).0ia[] 1 [iGnd. in TOI00)
Pos. sense
TOI00 DiL
version version

Fig. 13. A low current dual regulator using the
SG35071

This is a dual polarity tracking regulator which
provides balanced positive and negative output voltages
at currents up to 100mA. It is internally set for =+
15 V but a single external adjustment allows both
outputs to be varied simultaneously from 8 to 23 V.
There is provision for adjustable current limiting and
currents over 4 amps can be supplied if external power
transistors are added. The minimum input to output
differential is 2 volts. The_maximum input voltage is
25 V. One circuit for a basic + 15V, 50mA regulator is
shown in Fig. 13 with a high current (4 amps) version
in Fig. 14. The two power transistors must be mounted
on adequate heat sinks. The types employed may be
selected on the basis of current and voltage capability,
with low frequency devices preferred to minimise the
risk of oscillation.

The SG3501 regulator can be obtained from Rastra
Electronics Ltd. at the address given earlier.
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Fig. 14. A high current dual regulator using the
SG350171

HIGH VOLTAGE REGULATED SUPPLY
USING 741

One of the difficulties in using integrated circuits in
high voltage regulated supplies is that the maximum
device supply voltage is limited. This may be overcome
by the outline arrangement shown in Fig. 15, designed
around a pA741 (or one of its equivalents). Diodes
D1, D2, D3 supply the amplifier with its correct operat-
ing voltages which are referenced to the output, so that
output levels of 200V or more can be achieved. DI
maintains the amplifier positive supply terminal at 6V
above the output voltage. D2 keeps the inverting input
at 10V below the output voltage, and D3 maintains
the required 30V across the amplifier supply terminals.

There is always more negative feedback through
D2 (which has a low impedance) than there is positive
feedback through the potential divider chain, so that
the loop remains stable. The division ratio for the
potential divider chain is obtained by making the
chain’s output 10V less than the regulator output
voltage.

Short-circuit protection may be added as previously
indicated although the series transistor dissipation

will be high under short-circuit conditions. In this
application and in high current regulators where the
series transistor dissipation is excessive under short
circuit conditions it is possible to add fold-back
current limiting. This reduces the current to a low
value as the output voltage falls to zero, and hence
avoids dissipation difficulties.

D2
10V
Al
”{

Positive

input +200V
e

o e
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v

ARAAA
YYvY
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VWY

AAAA e T
Y

AAAAA
Yvyy

o9

ov

Fig. 15. A high voltage, low current supply

using a HA741

CONCLUSION

We have seen how typical voltage regulator inte-
grated circuits can be used. on their own or with
external components to provide a convenient and
straightforward approach to power supply design. The
high loop gain made possible by using an integrated
circuit enables an overall performance to -be achieved
which would have meant the use of many discrete
components a few years ago. We have not considered

‘constant current regulators or high power switching

regulators because such circuits have a rather limited
use and are confined to specialised applications. Wl

CATALOGUE

Currently available is the latest catalogue of Home Radio (Components) Ltd., 234-240 London Road, Mitcham,
CR4 3HD. This is larger than previous Home Radio catalogues, its 250 pages, at 112 by 8! in., having a 25% greater area.
It has a very attractive cover showing Dame Barbara Hepworth’s famous sculpture ‘Theme on Electronics’, commis-
sioned by Mullard Ltd., and reproduced by their kind permission.

The catalogue covers virtually every component likely to be required by the home-constructor and serious experi-
menter. No less than 6,785 components are listed, and there are 1,750 clear illustrations, The pages are attractively set up
and easy to consult, and a browse through the catalogue can be both educational and productive of ideas for future
projects. The components appear in general alphabetical order, but there is in any case a comprehensive index which
enables any individual part to be located. An invaluable feature is the provision of Catalogue Numbers for the items,

thereby eliminating ambiguities’ when ordering,

A noteworthy and up-to-date feature of the catalogue is the presentation of ‘Theme On Electronics’, by Barbara

Hepworth, on its front cover.

Covering the gamut from aerial attenuators to zener diodes, this helpful catalogue is strongly recommended to
anyone Iinterested in the hobby of electronics. Details are given of methods of payment (including Credit Accounts) and of
ordering. The catalogue costs 55p plus 20p post and packing, and includes ten free vouchers for 5p each.
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COAXIAL RELAYS

After extensive life testing Hatfield Instruments an-
nounce a range of low-priced 2, 4, and 6-way single-pole
relays to enable complex and remote switching func-
tions to be realised in a compact and convenient form.
Specification quotes a minimum life expectancy of
1,000,000 operations although prototypes have been
tested to over 5,000,000 operations.

The relays have all internal contacts hard gold plated
and are available for 12 or 24 volt use. For maximum
isolationt the unused ways are grounded though non-
shorting and terminated types (50 OHM or 75 OHM)
are also available. Further developments are in hand to
extend the range up fo a single-pole 12-way version.

Further details from: Hatfield Instruments Ltd.,

New Products

Burrington Way, Plymouth, Devon PLS 3LZ.

STEREO HEADPHONES FROM MARANTZ

Pyser Britex (Swift) Limited, the sole U.K. distributors for
Marantz International audio equipment, have just introduced a new
set of stereo headphones to complement the existing range of
Marantz products now available in this country.
Designated Model S.D.I., the headphones, pictured here, are
finished in ‘Marantz Gold’ spray with black leather ear cushions
and headband. The yokes are fully adjustable and pivoted.
The new headphones, which are available from accredited
Marantz stockists, come complete with a 10 ft. spiral lead and are
expected to retail at £11.50. Specification details — Frequency
"Response: 20 .HZ-20 KHZ. Impedance: 8 OHM. Input: 1.0
watt per channel. Pyser Britex (Swift) Limited, 2nd Floor, Roussel
House, North End Road, Wembley, Middlesex.

TV PORTABLE FROM ITT

A battery/mains portable television with a performance to match
its good looks is ITT’s first offering in 1973. It retails at £69:

The screen, housed in a pleasing matt black non-reflective
surround, offers a bright, sharp picture using the latest 12
slim-line 110 degree tube.

The brushed aluminium fascia is fitted with sliding volume and
brightness controls with calibrated scales and push-button
Varicap selections of BBC1, BBC2 and ITV. There is also pro-
vision for fourth channel tuning. A separate on/off switch leaves
all other controls unaltered in operation.

AFC, contrast and pre-set tuning controls are easily accessible
attheback of the set, where the loop aerial connection and external
aerial socket are also to be found. The long mains lead stores
tidily away on moulded cleats.

The Featherlight Super 12 weighs just over 16 Ibs and the
special lead supplied allows the use of a 12v car battery or
similar power source for location viewing. Use of the battery lead
automatically disconnects the mains circuitry.

ITT Consumer Products Ltd., Maidstone Road, Sidcup, Kent
DA14 SHT.
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High Resistance
Voltmeter

by P. James

This easily contructed voltmeter offers three ranges up to 0-20V

r

and has the especially attractive feature of drawing a very small
current from the circuit being checked.

ESPITE ITS SIMPLICITY, THE ELECTRONIC VOLTMETER
described here offers a surprisingly good per-
formance. Its main advantage is that its input
resistance is exceptionally high. With the prototype it
was found that there was little, if any, change in reading
when a 10M Q) resistor was inserted in series with one of
the test leads.
The unit has three ranges, these being 0-5V, 0-10V
and 0-20V.

THE CIRCUIT

The circuit of the voltmeter appears in the accom-
panying diagram, and it will be seen that it is powered
by the two batteries Bl and B2. Bl offers 27 volts and
consists in practice of three 9 volt batteries in series.
All four batteries can be small types, such as the PP3
or PP4.

Two flexible leads terminated in test prods are:
connected to the test terminals. The voltage applied to
the positive test terminal is coupled via R1 and D1 to
the two transistors, TR1 and TR2. These are silicon
n.p.n. transistors type BC107, and are connected
together as a compound emétter follower offering a very

high level of current gain. The emitter of TR2 couples
to meter M1 via whichever of the series resistors, R2 to
R4 and VRI to VR3, is selected by range switch S1. The
variable resistors are adjusted such that the meter gives
full-scale deflection when the emitter of TR2 is approxi-
mately 5 volts above the negative terminal of M1 on
Range 1, approximately 10 volts on Range 2 and ap-
proximately 20 volts on Range 3. It is of advantage for
the three sets of series resistance to be pre-set, as
opposed to employing close tolerance components,
since they may then be adjusted to take up varying
performances in the transistors. The process of adjust-
ment, which is described later, is very simple.

Because of the very high current gain offered by TR 1
and TR2, the current drawn from the voltage source

‘being checked is extremely low. Rectifier D1 is in-

corporated to ensure that high reverse base-emitter
voltages cannot be applied to the transistors if the test
prods should happen to be connected with incorrect
polarity to a circuit being checked. A level of protection
is also provided by R1 and Cl. The base of TR is
susceptible to a.c. and r.f. fields and, without R1 and C1
in circuit, there could be high meter readings if the
positive test prod were touched by the finger. This effect

S2q
=l
Dy
Ry IN4OO2
AN MLt TRa
2 BC107
TR,
BCIO7
The circuit of the high resistance =R
voltmeter. This draws negligible current —_—
from the circuit whose voltage is being g ™
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7 'Set zero’
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clears when R1 and CI are in circuit, although it may
still be found that small random readings are given when
the positive test prod is touched. These do not affect the
accuracy of the instrument because the test prods
should, of course, be held by their insulated sections
when readings are being taken. R1 also provides current
limiting.

When a reading is taken, the voltage at the junction
of DI and R1 is about 1.8 volts positive of that at the
emitter of TR2. This is because there are three silicon
junctions between these two points, each offering a drop
of approximately 0.6 volts. It is necessary for the
negative test terminal to be at the same potential as the
positive terminal when there is zero voltage input, and
this is achieved with the aid of VR4, which is set up for a
zero reading in M1 with the two test prods short-
circuited together. The setting of VR4 holds good for all
three ranges, and the potentiometer only requires re-
adjustment when battery voltage changes.

Resistor R5 and battery B2 ensure that TR 1 and TR2
are still passing current when, with zero voltage input,
the voltage at the emitter of TR2 is equal to that on the
negative terminal of Ml. There is a consequent im-
provement in linearity of readings at the lower voltages.

The current drawn from the 27 volt battery consists
partly of that flowing through meter M1, which varies,
according to the voltage being measured, from zero to
100uA, plus slightly more than 100pA passing through
Ré6 and VR4. A current varying from about 40 to 140pA,
according to the voltage being measured, is drawn from

COMPONENTS

Resistors
(All fixed values } watt 5%)
R1 220kQ2
R2 39kQ
R3 75kQ
R4 150kQ
RS 220kQ2
R6 220kQ2
VRI 25kQ pre-set potentiometer, skeleton
VR2 50kQ pre-set potentiometer, skeleton
VR3 100k pre-set potentiometer, skeleton'
VR4 25k{2 potentiometer, linear
Capacitor

Ci 0.02uF plastic foil

Semiconductors

TR1 BC107, Mullard
TR2 BC107, Mullard
Di IN4002
Switches
Si Single pole 3-way, rotary
82(a)(b) D.P.S.T., toggle
Batreries =
Bi 27 volt battery (three 9 volt in series)
B2 9 volt battery
Metrer

M1 0-100pA meter

Miscellaneous
Test terminals
Test leads and prods

Battery connectors
2 pointer knobs
Materials for case
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both batteries via RS. These currents are so low that the
working life of the batteries should not be much
shorter than their shelf life.

CONSTRUCTION

The voltmeter should be assembled in a small
insulated case. An insulated case is required because
neither of the test terminals is connected directly to a
low impedance part of the circuit and a metal case
could cause complications sofarasearthingisconcerned.
A case made of plywood would be quite adequate. S1,
S2, VR4, the test terminals and the meter should be
mounted on the front panel.

After the unit has been assembled the sliders of VRI,
VR2 and VR3 should be set to the centres of their tracks
and the voltmeter switched on by means of S2(a)(b).
Next, the voltmeter is zeroed by connecting the two
test prods together and adjusting VR4 for zero reading
in M1,

The ranges can next be set up. This process is carried
out with the aid of another voltmeter which is connected
in parallel with the test terminals of the unit. If a source
of continuously variable voltage is available, this may
be adjusted to give an output of 5 volts, 10 volts and 20
volts respectively. VR1, VR2 and VR3 are then set up
on Ranges 1, 2 and 3 for full-scale readings in M1. In
the absence of a variable voltage supply, Range 1 may
be set up by connecting both voltmeters to a 4.5 volt
battery, Range 2 by connecting to a 9 volt battery and
Range 3 by connecting to an 18 volt battery (two 9 volt
batteries in series). In this case VR1, VR2 and VR3 are
adjusted to give readings in M1 which correspond with
those in the second voltmeter.

The results given by the circuit dre due to the fact that
the transistors specified have, in general, very low
leakage currents. In practice, these are lower than the
maximum leakage currents specified by the manufac-
turers and there is a slight risk that some BC107’s may
not give the same performance as in the author’s
instrument. The writer has, however, used a number of
different BC107’s in circuits of this nature and, in every
case, these have exhibited the low leakage current
exhibited here. Readers constructing the voltmeter must
accept the slight possibility (outside the writer’s
experience) that some devices may exhibit a high leak-
age current, within specification, whereupon the input
resistance of the voltmeter will not be as high as occurs
with the prototype.

The input resistance may be checked by applying the
voltmeter to a source of voltage on any range and noting
the reading obtained. A 2MQ resistor should then be
inserted in series with the positive test lead and the
voltmeter re-applied to the source of voltage. If there is
no change, or negligible change, in voltage reading then
the voltmeter can be assumed to have a satisfactorily
high input resistance. With the author’s model it was, as
mentioned earlier, possible to insert a 10MQ resistor
with no significant change in reading. Naturally, it is
necessary for Cl to have a high insulation resistance;
and this capacitor should be a modern plastic foil
component.

The voltmeter may give random readings when the
test terminals are open-circuit. These are mainly due to
the small amount of leakage current still existing in TR 1,
and they are not in evidence when the test prods are
connected to the circuit whose voltage is to be measured.
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TIN IN THE
ELECTRONICS
INDUSTRY

HE PRODUCTS OF THE ELECTRONICS INDUSTRY, BE
they transistor radios, TV sets or communications
apparatus or computers or a myriad other items

of complex gadgetry, are now accepted as facts of
modern living. The growth of the industry has been,
and continues to be, phenomenal. Furthermore, with
growth has come a spread in the range of products,
which now embraces both low cost, mass-produced
portable equipment and highly specialised and expensive
communications and control systems.

One thing common to all types of apparatus is the
use of tin or its alloys as an essential material of con-
struction. The more important uses of tin in electronics
are as solder alloys and for coatings. However, tin
alloys or chemical compounds of tin contribute to
many new and interesting devices.

Part of the Soldip machine for mechanised
soldering, showing the solder pot with movable
arm for removing surface dross.
Courtesy: Solbraze Ltd., Erith, Kent.

SOLDERING

Soldering with tin-rich, low-melting -afloys provides
the fastest and most reliable'method of making electrical
connections and the soldered joint is the essential basis
of virtually every electronic circuit.

For specialised operations, a wide range of indi-
vidual forms of solder alloys has become available
within recent years. Pre-forms - small or miniature

‘shapes made from solder and often with self-contained

Printed circuit assemblies being soldered on a flux — can be produced o almqst g §pe(;|ﬁcat|0n and

wave soldering machine at a modern factory. are particularly useful in certain applications, e.g. for

Courtesy: British Radio Corporation, Enfield, soldering multl-layer printed circuit boards or for
Middlesex. Jjoining semiconductors:
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Perfect solder joints in vertical wire terminations.

Results such as this can be readily achieved with

modern printed circuit mass soldering techniques.
Courtesy: Tin Research Institute,

Solder alloys are also available in paste or cream
form, which again usually incorporate a flux. These
preparations find use in many mechanised soldering
processes.

Automated production lines enable hundreds of
electrical connections to be soldered within the space
of a few seconds and the combination of printed
circuit technology and mechanised soldering methods
produces efficient and reliable results.

TIN AND ALLOY COATINGS

Reliability is further ensured by correct preparation
of surfaces prior to soldering. Here again, coatings of
tin or high-tin alloys are the best and most widely
used means of retaining solderability in storage.

Modern developments in coating technology have
led to a wide variety of coatings being available. Tin or
tin-lead alloys may be electroplated as matte or as
bright coatings and today the large-scale manufacturer
may employ continuous plating production lines for the
manufacture of printed circuits. For many applications
hot dip or flow-melted coatings may be desirable. The
low melting point and good alloying properties of tin
and its alloys enable hot dip coatings to be readily
applied to a variety of substrate metals.

LESSER-KNOWN USES OF TIN

Alloys of niobium and tin are in the class of materials
known as superconductors, that is, at very low temper-
atures their electrical resistance falls to an infinitesi-
mally small value. Such superconductors can be used
to make high field magnets and a potentially important
material of construction for high power electrical
transmission cables. Experimental and prototype power
systems are already in operation.

Tin-tellurium alloys have been developed for laser
beam operated detectors for monitoring atmospheric
pollution. In another sphere, tin oxide/glass combin-
ations are widely used to make precision electrical
resistors, whilst a small but interesting applicaticn for
organotin compounds in electronics lies in the manu-
facture of liquid scintillators used as counting devices
for radio isotope work. [ ]

The information in this article supplied by courtesy of the
Tin Research Institute.
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OUR NEXT ISSUE
FEATURES

LOW-COST
BURGLAR ALARM

Incorporating reliable techniques. this burglar
alarm system offers a high level of protection to
the flat dweller or householder.

THE ‘HIFLEX’
PERSONAL RECEIVER

Although this receiver employs only two tran-
sistors, reflex operation provides two stages of
r.f. amplification before detection, together with
a further two stages of a.f. amplification after
detection.

MODIFICATIONS
TO CYCLOPS
Part 2
-
ISOLATED TRIAC
CONTROL CIRCUIT
(Suggested Circuit 270)

The triac, sometimes referred to as a triode
thyristor, is an interesting device which offers a
number of useful applications. It has a trigger
action and is capable of switching on an
alternating current when a much smaller control
current is fed to its gate. It can therefore be used
in place of a relay, compared with which it has
the advantages that switch-on and switch-off
are virtually instantaneous and that there are no
contacts or mechanical parts to wear out,

PLUS

MANY OTHER ARTICLES
PRICE 20p

ON SALE 1st MAY

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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RYSTAL MICROPHONES ARE VERY POPULAR AMONG

amateur users, as they are generally inexpensive

but nevertheless give a fairly high quality output.
Unfortunately, they have the disadvantage that they are
only really suitable for use with amplifiers which have a
high input resistance if a wide frequency résponse is to
be obtained.

HIGH IMPEDANCE

This high input resistance is required because of the
series self-capacitance of the microphone, which may be
of the order of 1,000 to 2,000pF. At a first approxima-
tion, a crystal microphone may be regarded as a voltage
generator in series with this self-capacitance, as illus-
trated in Fig. 1. If the load resistor, which represents the
input resistance of the amplifier to which the micro-
phone connects, has a low value, then the reactance of
the self-capacitance can become greater than this value
at the lower audio frequencies. The result is that much
of a low frequency voltage is developed across the series
capacitance rather than across the load resistor, and
low frequency voltages are not in consequence applied
to the amplifier at their full amplitude. Thus, coupling a
crystal microphone to an amplifier whoseinput resistance
is too low results in a loss of bass response. Normally, a
crystal microphone should couple to an input resistance
of the order of IMQ or more.

Self-capacitance

Load resistor
Voltage C,-\D (amplifier input EE To amplifier
generator resistance ) 9 stages

Fig. 1 A crystal microphone may be /ookgd upon as a
voltage generator in series with its own self-
capacitance
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MICROPHONE

By R. AF
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SELF-CONTAINED UNIT

The unit to be described here is completely self-
contained and the parts are fitted in a case measuring
only 3% by 14 by 14 in. It matches the high impedance
of a crystal microphone into the low resistance input of
a transistor power amplifier.

The complete circuit of the impedance matching pre-
amplifier is given in Fig. 2. This uses a general purpose
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PRE-AMPLIFIER

‘Penfold

o —

Details of a simple integrated circuit
pre-amplifier which enables the high
impedance of a crystal microphone to
be matched to the low input resist-
ance of a transistor a.f. amplifier.
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integrated circuit amplifier type TAA293 as a basic
element, only a few external discrete components being
required to complete the circuit. The i.c. type TAA293
is available from several suppliers, including G. W.
Smith: & Co. (Radio) Ltd., 11-12 Paddington Green,
London, W.2. Since the output from a crystal micro-
phone is relatively low, the pre-amplifier also provides a
small amount of gain to boost the signal to a level high
enough to drive most amplifiers.
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tching pre-amplifier. The
integrated circuit is inside

broken line

APRIL 1973

COMPONENTS

Resistors
(All miniature £ or } watt, 10%)
R1 8.2MQ
R2 8.2MQ
R3  3.3kQ
R4 56092
R5  3.3kQ
Capacitors
(All miniature types)
Cl 0.22uF.

C2 10pF electrolytic, 10 V.Wkg.
C3 10uF electrolytic, 10 V.Wkg.

Integrated Circuit
I.C. type TAA293

Switch
S1 s.p.s.t. switch (see text)

Battery
Bl 9 volt battery type PP3 (Ever Ready)

Sockets
SK1 3.5mm. jack socket
SK2 3.5mm. jack socket

Miscellaneous
Verobard, 0.1in. matrix, 10 strips by 9 holes
Diecast box type 7969P (Eddystone)
Battery clips
Wire, etc.
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The circuit of the unit is quite straightforward. The
area inside the broken line in Fig. 2 represents the
internal circuitry of the i.c., the discrete components
being those outside this area. The input transistors
(TR1 and TR2) are connected in a configuration
similar to that of a Darlington pair, giving a very high
current gain. The 560Q resistor R4, in the emitter
circuit of TR2, produces a large amount of voltage
negative feedback which gives the circuit its very high
input impedance. Resistors R1 and R2 bias the two
input transistors. Due to their high values they have
little shunting effect on the input impedance. Two
resistors connected in seriés are used since a single
resistor of sufficient resistance is not generally available.

TR3 is operated as a common emitter voltage
amplifier, taking its bias current and input signal from
the collector of TR2. The two internal resistors between
terminals 6 and 9 together with the discrete 3.3kQ
resistor, R5, form the collector load for TR3. The
output is taken from the collector of TR3 via C3. R3
reduces the 9 volt supply to a level of around 4 volts
whilst C2 provides a bypass capacitance. Cl is the
input coupling capacitor. The total current consumption
is approximately 1.5mA only.

The maximum recommended supply voltage for the
TAA293 in a circuit configuration such as that of Fig. 2
is 7 volts. As is explained later, the unit is initially
checked with a 6 volt supply to ensure that wiring errors
do not cause an excessive voltage to be applied. When
this test is completed, the 9 volt supply is finally con-.
nected up.

SK e ) > S|

_Mounting hole

o
7

Link

i

R e
“.(\f\ﬁ 20232 9
. ogo

Direction of strips

X - bfeaks in copper strips
I to IO - TAA 293 connections

Fig. 3 Layout of parts on the Veroboard. This view is of
the component side of the board, with the copper
strips underneath

ASSEMBLY

Most of the components are mounted on a piece of
0.1in. matrix Veroboard having 10 copper strips by 9
holes. The layout of the board, as seen from the com-
ponents side, is shown in Fig. 3. It is necessary to cut the
board from a larger piece, and then cut the copper
strips on the reverse side of the board as indicated. The
board is then ready for the components to be mounted.

The link wire should be connected first as this is
somewhat awkward to connect if left until the end, and
is easily forgotten altogether.

To minimise the risk of damaging the i.c. due to
570
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Fig. 4 The layout inside the diecast box

overheating, this should be the last component to be
mounted. Great care must be taken when soldering it
into circujt. Only one lead-out of capacitors Cl and C3
is connected to the board. The remaining lead-outs
connect to the input and output jack sockets.

It is not necessary for the input and output wiring
inside the metal case to be screened, as these are screened
by the metal case. This arrangement has been found to
be perfectly stable in practice. All external input and
output connecting leads must of course be screened to
prevent stray pick-up of mains hum, etc. The outer
braiding of the external input and output screened leads
connects to the metal case of the unit via the sleeves of
the input and output jack plugs.

An Eddystone diecast box type 7969P is used to house
the pre-amplifier. This box is available from Home
Radio under Cat. No. E7969. The general layout inside
the box is shown in' Fig. 4. The on-off switch used with
the prototype is a push-on type obtained from Wool-
worth’s stores, but a miniature slide switch would be
equally suitable although less easy to fit.

The component board is mounted by means of a $in.
8BA bolt and nut. A stand-off insulator, cut from a
piece of narrow-bore Paxolin tubing, or.similar, is
employed to space the copper strips on the underside of
the board clear of the inside surface of the box. The
earth connection to the diecast box is made 4t the tag of
socket SK1 which couples to the jackplug sleeve. The
dimensions of the box are such that the battery is held
in place when the lid is screwed on.

CASE FINISH

The exterior finish of the case is rather rough and it
will require cleaning. A Brillo pad is excellent for this
purpose. The case may be painted, or it can be polished
to give a very attractive finish, as was the prototype.

As a finishing touch, legends may be positioned
alongside the input and output sockets. These may be
obtained from Panel-Signs Set No. 3, available from the
publishers of this journal.

When the unit has been completed, a 6 volt battery
should be temporarily connected to the battery clips

‘and the unit switched on. The voltage across C2 is then

measured. If this is of the order of 2 to 3 volts then it
may be assumed that the integrated circuit is drawing an
adequate current through R3. The temporary 6 volt
supply is then removed and the correct 9 volt battery
connected up.

Finally, should there be instability when the pre-
amplifier is connected to the main amplifier, this will
probably be due to the wide bandwidth of the integrated
circuit. The cure is to connect a low-value capacitor of
100 to 1,000pF between leads 3 and 5 of the integrated
circuit. This capacitor must be a miniature type as there
is very little space to accommodate it inside the case. Hll
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TRANSISTORIZED RADIO CONTROL FOR MODELS. By D. W. Aldridge.
164 pages, 51 x 81 in. Published by W. Foulsham & Co., Ltd. Price £2.50.

This book is intended for the constructor who prefers to assemble his own radio control equipment rather than
purchase it ready made. As the author rightly points out, there is more pleasure to be obtained from operating home-built

The book commences by giving a general explanation of radio control systems, then carries on to steering systems,
receivers and transmitters. The construction of a Wavemeter, transmitter and superhet receiver are next dealt with,
after which steering systems employing mark-space control, simple proportional and progressive techniques are
described. Included in the remainder of the book are chapters describing a four channel pulse system, the tuned reed
system, tuned chokes and a proportional circuit which permits the use of tone controls for secondary channels and
which was specially devised by the author. )

The book is written in down-to-earth style by a mode| enthusiast for other enthusiasts, and offers sensible advice
which can be followed by anyone who can wield a soldering iron and has sufficient knowledge of electricity and
electronics to understand the principles involved in simple radio control systems.

* &k Y ok Kk

TELEVISION INTERFERENCE MANUAL. By B. Priestley, G3JGO.
100 pages, 148 x 210mm. (5% x 8{in.) with spiral binding. Published by Radio Society of Great Britain. Price 80p.

The amateur transmitting enthusiast who lives in a crowded urban area has many difficulties, not least of which is
that of TV interference. Anyone who has had experience with transmitter operation can readily visualise the situation in
which breakthrough occurs on a nearby receiver which has, to all intents and purposes, an otherwise impeccable per-
formance. Apart from input overloading by the transmitted signal, any non-linear item including even a corroded solder
joint in the receiver or its aérial system can result in cross-modulation and consequent breakthrough. Interference may
also, of course, be caused by out-of-band spurious radiations from the transmitter. 3

The problems of the amateur are further increased by the social difficulties arising from TV interference. The owner of
a £300 colour set is not likely to respond kindly to the suggestion that it may be his receiver which is at fault and not the
transmitter. Even if the transmitter is blameless, a layman can hardly be expected to accept this fact if, so far as he can see,
his set is obviously working correctly when the transmitter is off the air.

Television Interference Manual sets out to advise the amateur on ways of preventing TV interference, dealing with the
subject both from the engineering and the social points of view, Much of the book is devoted to methods of producing a
clean transmission and it is pointed out that this must be achieved before attempting to solve the problem at the receiver.
Also included is a chapter on breakthrough in hi-fi systems, and one of the appendices gives details on Post Office
interference investigation methods.

The author is a specialist in the field of TVI, and the book will be a valuable addition to the library of the amateur
transmitter. It can, if desired, be obtained by mail order direct from RSGB Publications, 35 Doughty Street, London, WC1N
2AE, in which case the post paid price is 90p.

* % Je P dok ok

ABC’S OF INDUSTRIAL ELECTRONICS. By J. A. Wilson.
102 pages, 135 x 215mm. (5% x 8%in.). Published by W. Foulsham & Co. Ltd. Price £1.50.

This work is in the Foulsham-Sams Technical Book series, and consists of an American text with an introductory
chapter for English readers. It deals with the electronic systems which are encountered in industry and in manufacturing
processes.

The first chapter of the book discusses the transducers used in industrial electronics systems, switching components
and the types of amplifiers employed; and this is followed by two chapters devoted to power supplies and amplifier control
systems. The fourth chapter gives an introduction to counting systems and logic circuits, this being succeeded by a
chapter which discusses the logic circuits employed in industrial control. The final chapter deals with numerical control
systems,

The book covers a very wide range, from fluidics to t.t.l. circuits, and probably because of this does not discuss any
particular subject in great depth. It offers a useful introduction to the techniques used in industrial control systems and
enables the basic principles of these technidques to be understood.
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HYBRIDYNE’
DIUM WAVE
RECEIVER

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

Despite the fact that this medium wave portable
employs a t.r.f. circuit it provides comprehensive

automatic gain control.

Incorporated

in the

receiver are three transistors and one DL96 valve.

OME, IF ASKED TO NAME THREE
S circuit devices which they con-
sidered to be obsolescent, might
mention the valve, the frame aerial,
and the use of reaction. The author’s
comment would be that despite the
obvious advantages of the transistor,
the valve is still superior in some
respects; that a frame aerial with, say
10 in. sides, though bulky, can be very
much more sensitive than any normal
ferrite rod; and that no-one seems to
think that Q multiplication circuits
are old-fashioned, though Q multipli-
cation is only a modern name for
reaction.

The useful combination of the very
high thermal stability of the valve
and the high mutual conductance of
the transistor has been used to obtain
amplified a.g.c. in three previous
designs, these being two car radios
and a mains transportable.* The
present design makes use of the same
basic principles in a battery operated
design, but an important new feature is
incorporated by means of which the
a.g.c. loop now includes a reaction
circuit. Previously, although reaction
was used, this was unaffected by the
a.g.c. circuit. The result with the new
circuit is not only amplified a.g.c. but
a circuit which changes an inherently
unstable condition to sensitive stability

*Sir Douglas Hall, ‘Design of Univers-
al Car Radio’, The Radio Constructor,
April 1969; ‘The ‘‘Droitwich™ Car
Radio’, The Radio Constructor, Nov-
ember 1971; ‘Hybrid Transportable

Receiver’, The Radio Constructor,
November 1969.
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as. soon as a station of reasonable
signal strength is tuned in. In other
words, the receiver may be set to an
oscillating condition and then any
fairly powerful signals can be tuned in
without touching the reaction control
except, perhaps, between widely sepa-
rated parts of the tuning scale. Weak
stations can still be brought in by
critical reaction adjustment in the
usual way. It may be found that with

a really powerful local station, oscil-:

lation can not be produced even with
reaction set to maximum.

THE CIRCUIT

The circuit is shown in Fig. 1. L2
is a medium wave frame aerial with a
10 in. side, and the signal is applied
from the tuned circuit given by L2 and
VC3 to the base of TR1, a high amplifi-
cation p.n.p. transistor connected as a
common emitter amplifier. A suitable
tapping is taken from L2 for the base
of TRI, and in addition C2, which is
bypassed by RI for d.c., provides a
further capacitive tap. It is permissible,
though not really necessary to experi-

ment with the value of C2. If it is too -

large there will be a lack of selectivity
and ‘rough’ control of reaction. If too
small there will be loss of sensitivity.
L1, with VC1 and VC2 in parallel,
offers a high impedance collector load
for TR1 which will accordingly give
large voltage amplification. VC2 and
VC3 are the two sections of a 2-gang
tuning capacitor. VC1 is a trimmer
across the tuned circuit which has the
lower stray capacitances. L1, it should
be mentioned, is a Denco miniature

dual-purpose valve-usage aerial input
coil. Only its tuned winding is in circuit
and its coupling winding is ignored.

The amplified signal at the collector
of TR1 is then applied to V1. Because
of C5 and R4, and the small positive
bias at the grid, V1 acts as a leaky-grid
detector. The grid is about 1.5V
positive of the negative rail because of
the silicon diodes D2 and D3, and this
bias is held constant notwithstanding
the condition of the battery. Similarly,
the screen-grid potential is held steady
at about 6V positive because of the
zener diode D1, in conjunction with
D2 and D3. Anode voltage will fall
with an ageing battery but a character-
istic of the pentode valve is its high
output impedance, as a consequence
of which anode current remains steady
despite falling anode potential. This is
provided, of course, that signal grid
potential and screen-grid potential
remain constant.

The two diodes, D2 and D3, can be
any silicon diodes or small silicon
rectifiers, such as the 1N4002.

R6 acts as an r.f. load and allows
reaction to be applied to the base of
TR1 via C7 and VR2. Note that
reaction is given over both stages. The
phase at the anode of V1 is the same as
that at the base of TR1, so no coupling
coil is necessary and the base tap can
be employed.

The reaction control VR2, has a log
track and is connected so that reaction
increases as it is turned anti-clockwise.
This provides very smooth control.

L3 is the large winding of a micro-
phone or crystal pickup transformer.-

RADIO & ELECTRONICS CONSTRUCTOR
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Fig. 1. The circuit of the medium wave portable receiver. The inductor L2 js a frame aerial

COMPONENTS]

Resistors L3 . Microphone transformer (only primary
(All fixed values } watt 109,) used) type TT53 (Repanco)
R1 10k Tl Output transformer type T/T7 (R.S.
R2 10kQ Components)
R3 1.5kQ
R4 39MQ Semiconductors
RS 18kQ2 2N4289
R6 3.3kQ TR2 2N4289
R7 47kQ TR3 BC169C
RS 2.2MQ DI Zener diode, 4.7V 200-250mW
R9 1kQ D2 Silicon diode
R10 1kQ D3 * Silicon diode
VR1 25kQ pre-set potentiometer, skeleton
VR2 500kQ potentiometer, log track Valve
VR3 1MQ potentiometer, log track, with S1 Vi DL96
VR4 25k<2 pre-set potentiometer, skeleton~

Capacitors Switch
C1 0.1uF paper or plastic foil S1 S.P.S.T. (part of VR3)
C2 100pF silvered mica or ceramic
C3 0.1pF paper or plastic foil Speaker
C4 1uF electrolytic, 10 V.Wkg. 3Q speaker, 8 in. by 5 in,
G5 180pF silvered mica or ceramic
Cé 1,000pF silvered mica or ceramic Batteries
C7 180pF silvered mica or ceramic 2-off 4.5 volt batteries type 126 (Ever Ready)
C8 0.1uF paper or plastic foil
C9 8u.F electrolytic, 4 V.Wkg. Miscellaneous
C10 0.22uF paper or plastic foil 18-way R.S. Components standard size groupboard
Cl1 400uF electrolytic, 4 V.Wkg. (Home Radio Cat. No. BTS10)
C12 1,000uF electrolytic, 10 V.Wkg. Epicyclic drive type 4511 (Jakcson Bros)
VC1 40pF trimmer, mica Clip for coil can
VC2-3 365+ 365pF 2-gang variable capacitor type 0 32 s.w.g. enamelled wire

(Jackson Bros) B7G Valveholder
Plywood

Inductors Hardboard

L1 Denco Miniature Dual Purpose coil, valve Fablon or Contact
usage, Blue, Range 2 Speaker fabric
L2 Frame aerial, see text Nuts, bolts, etc.
APRIL 1973
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The receiver is operated with the case
opened and the frame aerial vertical

(No connections are made to the other
winding.) With the small current
passing through L3 it offers an induct-
ance of the order of 200H. This enables
V1 to give good voltage amplification
notwithstanding the very low direct
voltages available for its screen-grid
and anode. R5 is a decoupling resistor
used in conjunction with C4. Because
of VI’s function as a leaky-grid
detector, the current passed by the
valve will drop with the receipt of a
signal and, consequently, the voltage
drop across R5 will fall. RS is con-
nected via decoupling components R2
-and C3 back to the base of TR1 which
thereby receives bias which varies
according to the amplitude of the
signal being received. The pre-set
potentiometer VR1 is adjusted so that,
with no signal being detected by. V1, a
collector current of 150uA passes
through TR1. A potentiometer is used
here rather than a simple series resistor
in the emitter circuit since it helps to
reduce variations in the emitter poten-
tial for changes in the base voltage.
A series resistor would give d.c.
negative feedback and would reduce
the effect of the a.g.c. In practice, even
a small signal detected by VI will
cause sufficient change in TR1 bias to
result in a significant drop in collector
current. A large signal will almost cut
TR1 off. Not only does good a.g.c.
result but the effect of the reaction is
also automatically varied, and this
helps additionally in keeping the
signal strength steady.

An audio signal appears across L3.
VR3 acts as a volume control, and the
signal from its slider is fed through the
stopper resistor R7 and the capacitor
C8 to TR2. TR2 is a p.n.p. common
emitter amplifier with 100%, voltage
feedback at the emitter, and it matches
the high output impedance of VI
to the much lower input impedance of*
the output transistor TR3. This
arrangement is used in preference to
an emitter follower as the presence of
a resistor in the collector lead enables
a simple form of negative feedback of
d.c. to be used in providing base bias
through R8. Also, a p.n.p. device is
574

used rather than n.p.n. as the latter
would mean that the surge through
C9, on switching on, could cause a
large current to flow momentarily
through TR3. As will be explained
later, it is this current which also flows
through the filament of V1 which
could consequently be damaged. In
theory, TR2 can be dispensed with, the
secondary of the microphone trans-
former being used to provide correct
matching for TR3. But this involves a
drop of 25 times in voltage gain which
cannot conveniently be tolerated. TR2,
though offering no voltage amplifi-
cation in itself, yet prevents a fall of
amplification by 25 times from taking
place. To all intents and purposes the
stage may therefore be credited with
an effective gain in the present circuit
of 25 times.

TR3 is straightforward common
emitter output transistor with base
bias set by VR4 so that it passes a
current of 25mA. The filament of V1
is used as an emitter resistor for TR3
so that the normal drawback en-
countered with the use of a battery
valve — the need for a separate filament
battery — is avoided. The voltage
across the filament can drop appreci-
ably, with an ageing battery, without
the anode current of V1 being affected.

The output transformer chosen
gives exactly the right ratio for maxi-
mum undistorted output for the
conditions prevailing, but the Repanco
TTS56 is a near-equivalent and could
be used instead, if desired. The R.S.
Components transformer specified may
be obtained from Chromasonic Elec-
tronics, 56 Fortis Green Road, Lon-
don, N10 3HN.
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FRAME AERIAL

It is suggested that the frame aerial
be made first. Its construction is
illustrated in Fig. 2. Two pieces of
hardboard are cut out as in Fig. 2 (a),
a small hack-saw being used to make
the slots. Next to be cut out are two
pieces of } in. plywood, as in Fig. 2 (b).
These are screwed or pinned together
to take up the form shown in Fig. 2 (c).
A length of 32 s.w.g. enamelled wire is
passed through the hole for the start
of the winding and is held in position
by wedging a match-stick in the hole.
21 turns are wound on, either clockwise
or anti-clockwise, with 3 turns to each
set of slots. The end of the winding is
then passed through the appropriate
hole, and is locked in position there.
A tapping is made by soldering about
8 in. of fine flex to the end of the 18th
turn, 3 turns from the end of the
winding.

Next, two pieces of } in plywood are
cut out 11 in. by 3% in., and another
two pieces 104 in. by 3} in. These are
screwed or pinned together as in
Fig. 3 (a) and a hardboard back
measuring 11 in. by 11 in. pinned into
place behind them. The frame aerial is
fitted centrally in this assembly, as in
Fig. 3 (a), and secured with screws
passed through the hardboard back.
Only two screws shouid be used at this
stage in case the aerial winding needs
to be modified. Next, cut a piece of
hardboard to the dimensions shown in
Fig. 3 (b) and fit two small hinges to it,
as illustrated. Screw the hardboard
frame to the front of the assembly of
Fig. 3 (a), again using only two screws
at this stage.
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RECEIVER ASSEMBLY

Next turn to Fig. 4 (a). Cut two
pieces of plywood and two pieces of
hardboard as shown and screw or pin
them together to make a 4-sided
frame without top or botton. The
bottoms of the pieces are all at the
same level so that, at the top, sides B
and C project higher than sides A and
D by } in. The hardboard control
panel shown in Fig. 4 (d) will later be
positioned behind side A, and this
side has a cut-out to allow access to
the controls. The shape of the cut-out
is evident from Fig. 4 (a) and the
photograph showing the controls,

Cut a piece of plywood 11 in. by
11 in. Cover this with Fablon or
Contact. Similarly cover the frame of
Fig. 4 (a) with Fablon or Cpntact.
Do not cover the frame aerial assembly
at this stage. Temporarily attach the
hinges, already screwed to the frame
aerial assembly, to the 11 in. square
plywood, as shown. It is now necessary
to screw the frame of Fig. 4 (a) to the
11 in. square section, so as to take up
the position shown in Fig, 4 (b). This
must be done so that the 11 in, square
section, acting as a lid, can be closed
onto the frame aerial assembly, with
the 4-sided frame of Fig, 4 (a) settling
neatly inside with room available for
knobs protruding slightly at side A.
This means that the frame of Fig. 4 (a)
must be fixed to the lid slightly off
centre, as shown in Fig. 4 (b). Side D
comes close up against the inside of the
fraine aerial assembly when the lid is
closed. One way to achieve the correct
position is to apply transparent plastic
cement to the bottom edges of the
Fig. 4 (a) assembly, and allow this to
become tacky. Then the assembly can
be held lightly, but free to be moved
slightly as may prove necessary, until
it is ascertained that the lid can be
closed correctly. When the correct
position has been found the cement
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can be lett to dry and then small screws
can be passed through the lid into the
Fig. 4 (a) assembly to give extra
strength.

Next cut a piece of hardboard as in
Fig. 4 (c). Cut out a suitable aperture
for the 8 in. by Sin. speaker, which
may be mounted over a piece of gauze.
At this stage do not cut out the slot for
the tuning scale and do not cover with
Fablon or Contact.

Cut and drill a piece of hardboard
as in Fig. 4 (d) and also cut a piece of
plywood as shown. These will form
the panel and baseboard respectively
for the receiver ‘chassis’.

Mount components as shown in
Fig. 5. The tuning capacitor, VC2-3, is
‘mounted on a smalil plywood sub-
panel, as indicated in Fig. 6, this being
held away from the main panel by two
13 in. 4BA bolts fitted with 3 nuts each.
The epicyclic ball drive is mounted on
the inside of the main panel at its
exact centre, where the # in. hole has
been cut out. The end of the tuning
capacitor spindle is fitted inside the
ball drive and the nuts on the 4BA
bolts adjusted and tightened so that
the whole assembly is held solid.

L1 is fixed by means of its plastic nut
through a hole drilled in the centre of
the can in which the coil is supplied. A
second hole is drilled through the
centre of the bottom of the can, and
two different coloured leads, soldered
to pins 1 and 6 respectively of the coil,
pass through this hole. A rubber
grommet should be fitted at the hole.
The lid is then screwed onto the can
and the whole is held in a clip which is
screwed to the baseboard, with a
solder tag acting as a washer for the
screw. The two transformers, L3 and
Tl, may be cemented into position,
or tin plate clamps may be made with
feet and holes for screws. It will be
seen that there are 5 sets of tagstrips,
three of them 6-way, one 4-way and
one 3-way. These are all cut from an
R.S. Components standard size 18-
way tag board. The tag strips on the
panel are fixed with 8BA countersunk
bolts and nuts. Countersunk wood
screws are used to fix the tag strips to
the plywood base.

The inside of the receiver housing with the
speaker panel removed
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Fig. 6. View looking into the recerver housing. This illustrates the
sub-panel on which VC2-3 js fitted

In Fig. 5 the valveholder is shown
turned through 90° for clarity. In fact
it is fitted with a bracket and held so
that pins 1 and 7 are furthest from the
panel, and the valve lies over the tag
strip on which TRI is mounted. The
bracket should be high enough to
allow good clearance for components
mounted on this tag strip.

All wiring with the exception of the
connections to the frame aerial and
speaker and the wires between the
panel and the baseboard of Fig. 5
should now be carried out. The panel
may then be screwed to the baseboard
and the connecting leads between them
soldered in. These look long in Fig. §
but are, in fact, quite short when the
two parts have been secured together.

The lead from Ll to the frame of
VC2-3 should be connected tempor-
arily only at this stage, as the con-
nection i1s opened later during the
setting up operation.

Now, cover the front panel of the
chassis with Fablon or Contact, then
cut a plywood wheel, 2% in. in diam-
eter, and with a } in. hole at its centre.
Fix with adhesive a } in. wide strip of
white cardboard round its periphery.
This functions as a tuning scale.
Push-fit this wheel over the slow-
moving wider section of the ball drive,
if necessary winding on a tuen or two
of Sellotape to make a tight fit. Place
the complete chassis assembly in the
box, as in Fig. 6, leaving just enough
space between the front of the panel
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When the case is closed the receiver can be easily
carried around

and the inside of side A to allow the
tuning scale wheel to turn freely.
Secure the chassis to the 11 in. square
lid with the aid of small wood screws.

Place the speaker panel over the
box containing the chassis and mark
the position of the slot for the tuning
scale. Cut this out and cover the panel
with Fablon or Contact.

Attach, anchoring in any convenient
manner, lengths of about 8 in. of fine
flex to the start and end leads of the
frame aerial. Pass these, and the tap
lead, through the three holes in the box
shown in Fig. 6 and connect to the
appropriate points on the chassis as
indicated in Fig. 5. Connect up the
two batteries as shown, and connect
the speaker, using leads which are long
enough to enable the speaker panel to
be placed clear of the box when setting
up and, later, when changing batteries.

Fit the knobs. These should be
shallow types or they will foul the
inside of the frame aerial seembly
when the case is closed.

SETTING UP

Adjust VRI1 fully clockwise with its
slider up against the track end con-
nected to C3, and VR4 with its slider
up against the track end connected to
battery negative. This is also fully
clockwise as shown in Fig. 5. Set the
core of L1 with about $ in. protruding
and have VCl at minimum capaci-
tance. Turn VR2 and VR3 fully
clockwise.

The réceiver is at its best on the
floor or ground. This brings out the
bass nicely. So place it on the ground
for setting up. Clip a voltmeter across
pins 1 and 7 of the valveholder with
negative at pin 1, switch on and

adjust VR4 until a reading of 3 volts
is given with new batteries in use. Take
care nof to allow the slider of VR4
to pass’too high a positive voltage to
the base of TR3 or excessive voltage
will be applied to the filament of V1
and it may burn out.

Disconnect the lead from L1 to the
frame of VC2-3 and connect a current-
reading meter between these two
points. Adjust VR1 to give a reading of
1501A. Reconnect the lead to VC2-3.

Now find a station near 200 metres
and peak it by adjusting VC1. VR2
should be turned anti-clockwise to
increase sensitivity. Then find a station
around 450 metres and peak it by
adjusting to core of L1. Repeat this
operation two or three times to find the
best compromise settings. If the core
of L1 is too far out, or VCI is at too
low a capacitance, there may be
instability. There will be no uncontrol-
able instability when the circuits are
correctly trimmed, but as trimming
becomes more accurate it will be found
necessary to turn VR2 further clock-
wise to prevent oscillation. If it
appears that with the core of L1 fully
into the coil the latter still does not
have sufficient inductance for correct
tracking, remove one turn from the
start end of the frame aerial. If the
core cannot be screwed far enough out,
add one turn. Neither of these modifi-
cations are at all likely to prove
necessary. When listening to a fading
station reaction should be adjusted to
the critical: point during a trough in
the signal. If it is so adjusted during a
peak, there will be oscillation during
troughs.

As soon as trimming has been
satisfactorily carried out the frame
aerial assembly can be properly

screwed together and covered with
Fablon or Contact. The inside of this
assembly should be lined with thin
cardboard panels covered with Fablon
or Contact. This. material will also
hold the leads from the aerial firmly to
the inside of the frame.

The scale on the wheel can be cali-
brated and the case fitted with a handle
together with a catch to keep the lid
shut during transit. It is obvious that
the receiver must be open in use and
that the lid is then horizontal. In fact
it then becomes a base, with the frame

‘assembly standing up and being orient-

ated according to the position of the
station. The unencumbered frame
aerial provides good pickup and a very
clear, hiss-free signal. The total current
consumption of the receiver is 27 to
28mA from the 9 volt battery.

A large number of stations on wave-
lengths between 190 and 600 metres
will be received, at good quality and
volume. This new circuit is very free
from vices. The only characteristic of
the receiver which could possibly be
so defined is a tendency for hand-
capacitance effects on weak stations’
around 200 metres. These effects
can be reduced by using a large diam-
eter knob for tuning, enabling right
hand finger tip control to keep the
hand away from ‘live’ components
behind the left hand side of the re-
ceiver panel. The effects are also re-
duced by using the receiver on the
floor or ground. In any case, the matter
is of little importance as most signals
worth listening to will operate the
a.g.c. circuit whereupon any hand-
capacitance effects disappear with the
reduction in reaction amplification.

BACK NUMBERS

For the benefit of new readers we would draw attention to our back number service.

We retain past issues for a period of two years and we can, occasionally, supply copies more than two years
old. The cost is the cover price stated on the issue, plus 6p postage.
Before undertaking any constructional project described in a back issue, it must be borne in mind that
components readily available at the time of publication may no longer be so.

We regret that we are unable to supply photo copies of articles where an issue is not available.

Libraries and members of local radio clubs can often be very helpful where an issue is not available for sale.
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MODIFICATIONS

Part 1

by L. C. Galitz

Cyclops, or

Cybernetically Controlled Light Oriented and

Powered System, was featured in our issues for July to December

1972. The present 2-part series describes modifications which

may be carried out to enable him to exhibit further reactions to
his environment.

EGULAR READERS WILL HAVE FOLLOWED THE SERIES
R on Cyclops which appeared in the last July ‘to
December issues inclusive. (These back-issues may
be obtained by post from Data Publications, Ltd. at
20p plus 6p post each, or at £1.20 plus 21p post for the
set of six.) i
When we left Cyclops he was free to roam about his
environment without offering anything in return for this
privilege. Details will now be given of how to make him
work for his living and, also, to see what happens when
we try to make him work too hard.

CONDITIONED REFLEX

With the conditioned reflex unit on Board 2, we can
present to the two inputs and the two outputs any
combination of meaningful senses and responses, and
the board, as a central core, will be ready to build up a
conditioned reflex.

As the cost of building several conditioned reflex
units is prohibitive, the next best solution is to have
switching on the inputs and outputs of the conditioned
reflex unit, and thus enable Cyclops to demonstrate
several different versions of conditioned response,
using only one conditioned reflex unit.

The first response that can be added is to attempt to
make Cyclops work for a living, In the preceding series
we saw that the basis of training animals in a circus is to
reward it with food upon performing a trick success-
fully, and this can be extended to Cyclops.

Suppose we put a weight on Cyclops, back. Being a
rather lazy animal, we might expect him to go into a
tantrum and shake it off. However, we wish to train
Cyclops to carry the weight, and so we must give him
some sort of reward, and a good reward would be food.
With Cyclops light is food, because it is assumed that
light, by way of solar cells, can be converted to elec-
tricity, which is Cyclops’ staple diet.
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Thus if, every time we place a weight on his back, we
shine light in his eye it would not seem unreasonable if
Cyclops decided that it would be a good idea to put up
with the weight.

It should now become obvious that if we present the
output of some load sensing mechanism to the Sn
input, and the output from RLC to the Ss input, and
then if we connect the En output to the obstacle avoid-
ing mechanism, we have satisfied the conditions outlined
above. On receipt of Sn, a load, the conditioned reflex
unit will evoke En, (in other words, the obstacle avoid-
ing mechanism) and Cyclops will try to ‘shake the load
off his back. However, if Sn is coupled with Ss (in other
words, light) after a while, instead of Sn evoking En, it
will evoke Es. However, nothing is connected to Es and
thus, after conditioning, the placing of a load on
Cyclops’ back will have no effect at all, and he will
carry the load.

ANXIETY NEUROSIS

Cyclops is, after all, only a bundle of electronics, and
if we try and ask too much of him, and tease him, it
would not be surprising to find him behaving neurotical-
ly. Suppose that every time he tried to move off someone
applied a magnet such that he had to stop for a while,
Then, as he moved off after a short pause of ‘playing
dead’ suppose he once more received a magnetic
stimulus such that again he had to stop. After a while,
the very act of moving off would mean the application
of a magnet, and so Cyclops would stop in anticipation
of this. However, when he tried to move off once more
the very act of starting would trigger the conditioned
reflex again, and he would have to stop. Thus Cyclops
would move around in short jerks — a sad state indeed —
until the conditioned reflex unit forget the association
between starting to move and magnets. Naturally, if the
conditioned response were continually reinforced,

579



Cyclops would continue nervously twitching and never
recover from his attack of neurotic depression.

The way this state of affairs may be simulated is by
connecting to the Sn input some device which senses
when Cyclops just starts moving, and by connecting the
magnetic sensor to th Ss input. One could then connect
RLB to Es output, and the conditions just outlined
would then evoke a fit of neurotic depression.

THE CIRCUIT

Before considering the conditioned reflex input
switching, there are a number of modifications to be
carried out first which do not alter the mode of opera-
tion at present, but are essential for correct operation
later on.

Previously, only RLB was connected to En output,
and it was convenient to connect the En output gate to
the Sn monostable to provide the delay required for
RLB operation. Now, however, other circuits are
connected to En output which do not need the delay.
Thus, the En output must be converted such that there
is no delay and a delay circuit incorporated at the relay
itself, seeing that other circuits, whose outputs are non-
delayed, are also required to operate RLB.

In order to detect when the motors start operating,
the voltages on both of the coils of RLB are monitored.
Rather than use RLC contacts which, being connected
directly to the motors, are rather noisy, a similar
circuit monitors the voltage on RLC coil. These two
circuits, plus the RLB delay circuit, are all mounted on -
a third piece of Veroboard, and the circuit of this third
board is given in Fig. 1.

Dealing with the RLB delay circuit first, when D12
receives a negative pulse (from TR31 in Fig. 27 — Part 5
of the previous series) C14 charges by way of R53, and
the voltage across it rises almost instantaneously to the
full pulse potential. The voltage across Cl4 is moni-

tored by TR34 whose output passes directly to a
Schmitt trigger. If the voltage across Cl4 exceeds a
certain amount the Schmitt trigger fires, and the voltage
at TR36 collector rises to nearly the negative rail
potential. This turns TR37 on, which operates RLB.
As Cl4 discharges, eventually a point will be reached
where the Schmitt trigger switches off, and RLB
de-energises. There are, of course, simpler ways of
arranging a delay circuit, but in order to simplify the
circuit to be described in the next paragraph, the voltage
across RLB coil must either be high or low, rather than
a smoothly varying one as would be obtained if the
Schmitt trigger were omitted. The delay circuit would
still work, but the following circuit would not.

It would no doubt be simpler just to employ a relay
across the drive motor to detect whether the motors
were running, but a neater approach, which eliminates
further moving parts, is to use solid-state electronics to
detect whether RLB is energised or not.

To do this, R60 connects to one coil and R6l
connects to the other of the coils of RLB. R62 causes a
potential divider to be set up, and the junction of this
potential divider is connected to the base of TR38,
which is wired in the common emitter mode to give high
voltage gain. TR39 inverts the output from TR38. When
any of the coils are energised TR38 switches on, thus
switching off TR39, whose collector consequently goes
negative by virtue of the resistor going up to the nega-
tive rail in the input circuitry of the conditioned reflex
unit (R37 in Fig. 27). When both of the coils are
de-energised, and the motors start, the collector of
TR39 goes positive, which is the effect desired, so that
the monostable in the input circuitry of the conditioned
reflex unit is triggered.

A similar circuit monitors the voltage on the basic
reflex coil of RLC only, for reasons to be explained in a
moment. This time, when the coil operates TR33 turns
on causing the collector to go positive, which is the effect

— from basic
power line
From Seq. SRss =Rso Res Z
SgcrS 3z To Sgp
8c158d =ipmam iy
Dj Rsg Rse Rea
Ll AAAA AAA 4
LA TRas| | TR TR TR ™R
From RLC basic TR34 R35 36 37 38 39
ref:lzx ot To selector ReO >
switch AAAAA
WW
SERSI $3a:57a
R
R
Y] 3 4 ) WAV
e Cla o ZRsq § oy
= = = ZReo
E Rs7 £ Rsg 3 DIz ¥ 3
o
~
+ line
[
From RLB basic reflex coil
]
To RLB coil
Fig. 1. The circuitry installed on the added component board .
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desired in this case. (TR33 couples via the switching
circuits to pin 3 of Board 2.) C13 eliminates any noise
on the input.

The inhibit Ss gate in the original design was included
to prevent automatic reinforcement of conditioning
when it was not required, because in certain cases, such
as conditioning to light, the operation of Es auto-
matically evoked Ss. The discerning reader will now
notice that the circuit which detects the operation of
RLC is connectéd to the coil operated by the basic
reflex circuitry and, therefore, when the conditioned
reflex circuitry operates RLC, no pulse is automatically
fed back to Ss.

We similarly do not want automatic reinforcement
of either of the two new conditioned reflexes, as neither
are defenisive, but seeing that there is nothing connected
to Es in the weight training mode, and seeing that oper-
ation of RLB does not operate the reed switch in the
anxiety neurosis mode, the inhibit Ss gate can now be
totally dispensed with.

The Ss input circuitry is now changed to that shown
in Fig. 2. Resistor R23 and capacitor C6 provide the
circuitry required to trigger the monostable. The
circuitry around TR 15 and TR16 will be explained later.

Now that the delay for RLB has been dealt with by
circuitry on the new board, the input of the En output
gate that originally went to TR21 collector to provide
the delay, now goes to Sn directly. However, in order
for the gate to function correctly, the base of TR27
must bé taken negative to cut TR27 off when Sn
operates. When Sn operates it goes positive, and thus
an inverter in the form of TR32, R49 and RS0, is
interposed between Sn input and the En output gate.

LOAD SENSING

There are several ways of arranging a mechanism
;such that, when a load is placed on Cyclops® back, the
‘output goes positive. The easiest is to have a large
hinged plate upon which loads can be carried, with the
hinge operating a microswitch, and this is the method

AAAAA,
YYvy
0
N
w

Ss input,
1»—'
pin 3

TR|5

T 6 » To pin 8
1 +

To base TR|g (Ss monostable ) R24:R2¢ no longer used

Fig. 2. The modified Ss input circuit

employed. One terminal of the microswitch is connected
to the positive supply line, whilst the other terminal
connects to the conditioned reflex input selector switch.

SELECTOR SWITCH

The conditioned reflex switching is carried out by an
added 3-button interlocking push button unit, each
switch having 4 changeover contacts. The inputs and
outputs now provided are listed in Table I. The first
button selects the old S3, so that the original two
conditioned reflexes may be selected. The second button
connects up the inputs and outputs in such a way that
Cyclops is ready to learn how to carry loads. The third
button connects the conditioned reflex unit so that
Cyclops is susceptible to nervous breakdowns.

There are a number of extra components in the modi-
fications whose functions have not yet been explained.

Table 1
Conditioned Reflex Connections
_ Reflex Ss Sn Es En
Touch RLA2 Magnet Sensor, RLA Delay Circuit. | RLB delay circuit.
X2 Pin 6, D12~
Board 1 Connection 1,
Board 3
Light RLC Sensor. Magnet Sensor, RLC Coil RLB delay circuit.
TR33- X2 DI12-
Connection 3, Connection 1,
Board 3 Board 3
Weight RLC Sensor. Load Sensor, — R_LA' delay circuit.
TR33- S9 Pin 6,
Connection 5, Board 1
Board 3
Anxiety Magnet Sensor, RLB Sensor. RLB delay circuit. —
X2 TR39- DI2-
Connection 7, Connection 1,
Board 3 Board 3
APRIL {973
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Two of these, C11 and C12, are shown in Fig. 4.

Even though the potential dividers eliminate spurious
triggering of the monostables, pulses appear when
RLA2 disconnects the common connection of all the
coils from the positive line. The other ends of the coils
tend to jump from 0.5 volt to 1.5 volt in nearly all cases.
Cl11, connected across RLA2 contacts, eliminates the
sharp pulse completely. C12 similarly reduces noise on
the Sn input, being wired between pins 2 and 4 of the
socket for Board 2.

When conditioning to touch or light is selected, the
reed switch connects to Sn whilst D12 connects to En,
so that detection of a magnetic field causes the robot to
stop. However, when anxiety neurosis conditioning is
selected, the reed switch is connected to Ss input and
D12 is connected to Es. Unfortunately, no provision
has been made to cause Es to be evoked by Ss and so,
in this special case where existing circuitry does not do
this, an extra circuit has to be brought in. Whenever
Ss input goes positive, TR15 turns off allowing TR16
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to switch on. When the selector switch is in the anxiety
conditioning position, the emitter of TR16 connects to
D12, and thus the reed switch which is connected to Ss
input under these circumstances operates the RLB delay
circuit.

There are two extra diodes, D10 and D11, connected
in series with the En output. It was found that the volt-
age on the En output was too high when Cyclops was in
the unconditioned state, preventing release of RLA
when En reverted to the off state. Similarly, the voltage
was high enough when Cyclops was in the conditioned
state to cause RLB to operate when Sn was given, even
though the voltage on the output rose to only 1.5V
instead of the usual 5V. Rather than include extra
components in the gate to keep the voltage down, two
silicon diodes were used to drop the output by about
1.35V. This was found to be sufficient to prevent an
output appearing when it was not supposed to, whilst
not being too high to prevent the gate operating when
it was meant to.
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COMPONENTS

The additional parts required are listed in the
accompanying Components List. Some of the com-
ponents, including in particular those under ‘Miscel-
laneous’, will be referred to in detail when the con-
structional information is given in next month’s issue.
The Veroboard and Perspex parts should not be
obtained until further comments in the next article have
been read.

The selector switch, S6-S8, is a miniature 3-button
type, each button controlling a 4-pole changeover
switch, and is such that depression of one button
releases another that is already depressed. It was
obtained from G. W. Smith & Co. (Radio) Ltd., 3 Lisle
Street, London, W.C.2.

89 is the load microswitch and this has to be quite
sensitive, so that the lightest of loads causes it to oper-
ate. The microswitch specified meets this requirement.

1 - .
PLACKE +OaB NERE
W -—P P

Cyclops, from behind, after the moditications.
Board 3, with C11 below, is in the foreground
with S5, in its new position, at the right. At the top
is the Perspex load-carrying plate, with the
Perspex brackets at left and right. The bracket on
the right carries the microswitch, S9. The load-
carrying plate tension 3pring /s to the left of the
microswitch actuating rod
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COMPONENTS

Resistors

(All § watt 10%)

R23  (new value)2.2kQ

R47 27kQ

R48 5.6kQ

R49 56kQ

R50 2.2kQ

R51 27kQ

R52 2.2k

R53  10kQ (see text)

R54 12kQ

RS55 4.7kQ

R56 22kQ

R57 10kQ

R58 470Q

R59 4.7kQ

R60 22kQ

R61 22kQ

R62 2.2kQ

R63 6.8kQ2

R64 15kQ
Capacitors

C11  125pF electrolytic, 10 V.Wkg.

C12 O.1pF

C13  0.05puF

Cl14  100pF electrolytic, 6 V.Wkg.

Semiconductors
TR32-TR39 Any p.n.p. transistors of medium
gain, i.e. greater than 60
D10-D13 Any silicon diodes

Switches
S6-S8 Three push-button unit, each section with
4-pole changeover contacts (see text) I
S9 Sensitive microswitch, e.g. Bulgin $530
(Home Radio Cat. No. WS104)

Miscellaneous

Veroboard, 0.15 in. matrix, 2§ in. x 1 in. (6 strips
X 18 holes — see text)

8-way plug and socket (optional — see text)
1-off piece 4 in. Perspex, 6 3 in. x 6} in.
2-off pieces } in. Perspex, 6} in. x &in.
2-off Meccano arigle brackets, part 12
1-off Meccano screwed rod, 2 in., part 81
1-off Meccano rod 8 in., part 13a
1-off Meccano rod 5 in., part 15
2-off Meccanorods 14 in., part 18a =
1-off Meccano tension spring 2 in., part 43
3-off Meccano bolts
6-off Meccano nuts

In the prototype, Board 3 was mounted on a mini-

" ature 8-way plug, with a corresponding socket on the

chassis. However, the board is quite small and con-
-nections could be soldered direct to it if preferred.
All the diodes are silicon, and the transistors are as
specified in the Components List.
(To be continued)
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FOR DX LISTENERS

By Frank A. Baldwin

Times=GMT

We commence this month with a repoert on the
reception of signals from Radio Hanoi, North Vietnam,
on a measured frequency of 4892 (61.32 metres) on
several occasions around the 2230 mark, at which time
announcements and identification in Vietnamese are
made. This transmission is part of the service to South
Vietnam and also the domestic programine.

The domestic/S. Vietnam programme is radiated at
various time periods from 0920 through to 0530 on 3365
(89.15m), 4715 (63.62m), 6380 (47.02m), 7740 (38.75m),
10015 (29.95m) and on 10095 (29.71m).

The service for S. Vietnam only is as follows — 4892
(measured but listed 4895) (61.32m) from 1557 to 1858
and from 2129 to 2400; 7105 (42.22m) from 0925 to 1858
and from 2129 to 0530 and on 10050 (29.85m) from
0925 to 1555 and from 0100 to 0530.

The External service (Main Network) radiates a
thirty minute programme in English on 10040 (29.88m)
and 15105 (19.86m) at 0100, 0200, 1000, 1300 and at
2230. :

The Second Network, to Indochina, on 7080 (42.37m)
and 7800 (38.46m) radiates a half-hour programme in
English from 1000 and from 1300.

Note: all the channels listed above are subject to

some 10kHz variation (i.e. plus or minus SkHz).

CURRENT SCHEDULES

@EGYPT ;

The Arab Republic of Egypt broadcasts to the non-
Arab world in various languages throughout the day,
that for the English transmission to Europe is on 9805
(30.59m) from 2145 to 2300 with the newscast at 2200.
A broadcast in English is made from 1315 to 1430 on
17920 (16.74m) directed to South and Southeast Asia.
From 1730 to 1845 on 17655 (16.99m) to East, Central
and South Africa and from 2030 to 2200 on 17725
(16.92m) to West Africa. A further programme in
English is directed to North America from 0200 to 0330
on 9475 (31.66m).

Programmes for the Arab world are radiated from
Cairo throughout most of the day, listen for instance
from 1630 to 1635 on 15475 (19.38m) or 17745 (16.90m)
for a news summary in Arabic in the “Voice of the
Arabs” service, or from 2030 to 2045 on 7050 (42.55m)
or on 9850 (30.45m).

The Palestine service can be heard when signing-on at
1400, in Arabic, on 15475 (19.38m), 17625 (17.02m) and
on 17745 (16.90m).

The Arab Maghrib service is on the air from 2130 to
2135 on 7050 and on 9850.

The “Sudan Corner” programme from sign-on at
1200 through to 1625 on 9475 (31.66m) and on 11915
(25.17m).

The “Voice of the Palestine Revolution® operates
from 1730 to 1930 on 9755 (30.75m). Another interest-
ing transmission on this latter channel is that of the
“Holy Qur’an Station”, consisting of readings from the
584
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Holy Qur’an, from 0400 to 0900, 1200 to 1730 and from
1930 to 2100. (Qur’an, westernised incorrectly to Koran)

@ALBANIA

Radio Tirana broadcasts in English to Europe as
follows — from 0630-to 0700 on 7065 (42.46m) and on
9500 (31.57m); from 1630 to 1700 on 7065 and on 9480
(31.64m); from 1830 to 1900 from 2030 to 2100 and
from 2200 to 2230 on the two latter channels.

@GERMANY (EAST) ,
Radio Berlin International, ““The Voice of the GDR”,
has a programme in English to Europe from 1815 to
1900 on 6080 (49.34m), 6115 (49.05m), 6125 (48.97m),
7185 (41.75m), 7215 (41.58m) and on 7300 (41.09m).
In English to the U.K. and Eire from 2130 to 2215 on
all the above channels plus 9730 (30.83m) and from
2245 to 2330 on all the foregoing channels except 7215.

@BULGARIA

Radio Sofia radiates programmes in English directed
to the U.K. and Eire from 1930 to 2000 on 6070
(49.42m) and on 9700 (30.92m). Also from 2130 to 2200
on the same two channels,

@VATICAN CITY

Vatican Radio broadcasts in English to the U.K. and
Eire from 1500 to 1515 on 9645 (31.10m), 11740
(25.55m) and on 15120 (19.84m); from 2045 to 2100 on
7250 (41.37m); 9645 and on 11740.

@KOREA (NORTH)

Radio Pyongyang does not currently operate a ser-
vice in English to Europe or the U.K. but does radiate in
English to Africa, the Near and Middle East, from 1800
to 2000 on 3560 (84.26m) 6580 (45.59m) and on 9515
(31.52m).

@XOREA (SOUTH) i

Seou!l, the “Voice of Free Korea”, directs a pro-
gramme to Europe in English from 0630 to 0700 on
15335 (19.56m).

@ROUMANIA

Radio Bucharest has an English service to Europe
from 1300 to 1330 on 11940 (25.12m), 15250 (19.67m)
and on 17710 (16.93m). From 1930 to 2030 on 7195
(41.69m) and on 9570 (31.34m) and from 2100 to 2130
on 6150 (48.78m) and 7225 (41.52).

@POLAND
Radio Warsaw operates an English service to Europe
as follows — from 0630 to 0700 on 7285 (41.18m), 9540
(31.44m) and on 9675 (31.00m); from 1200 to 1300 on
7285 and 9540; from 1600 to 1630 on 6035 (49.71m),
7125 (42.10m), 7285 and 9540; from 1830 to 1900 on
6035, 7125, 7285 and 9540; from 2030 to 2100 on 6035
and 9540 and from 2230 to 2300 on 5995 (50.04m), 6135,
7285 and on 9540.
RADIO & ELECTRONICS CONSTRUCTOR



SKUWAIT ;

Radio Kuwait has a service in English for listeners in
Europe, India, Pakistan and Sri Lanka from 0430 to
0700 on 15345 (19.55m) and from 1630 to 1900 on 15345
and on 9520 (31.51m).

@JORDAN

The Hashemite Kingdom of Jordan has a Foreign
Language service from Amman, the English periods of
which are — from 1100 to 1130 on 7155 (41.92m) and
from 1630 to 1730 on 9560 (31.38m).

@AUSTRALIA

Radio Australia, Melbourne, operates a transmission
directed to the U.K. and Europe in English from 0645
to 0745 on 11765 (25.49m) and from 0700 to 0745 on
9570 (31.34m).

@FINLAND

The FBC from Helsinki has an English schedule for
Europe as follows - from 1400 to 1430 on 9550 (31.41m),
11755 (25.52m), 15185 (19.75m) and on 21605 (13.88m);
from 1800 to 1830 on 9550, 11755, 15185 (not Tuesdays)
and on 21605; from 2030 to 2100 on 9550 and 11755.

@SYRIA
Damascus has an English programme for Europe
from 2030 to 2200 on 15165 (19.78m).

@®IRAQ

Radio Baghdad has an English transmission directed
to Europe from 1930 to 2020 on 9745 (30.78m).

The Home Service “Voice of the Masses” operates
almost throughout the day and night, part of this
schedule can be heard (in Arabic) from 1800 to 2305 on
7225 (41.52m) and from 1900 to 2305 on 3960 (75.75m).

The “Voice of Palestine, Voice of the Palestine
Revolution™, the programme of the Palestine Liberation
Organisation, can be heard from 1630 to 1730 on 3960.

AROUND THE DIAL

Radio Iran is currently using the additional channel of
15137 (19.81m) in parallel with the usual 15085 (19.88m)
for the Domestic service from 0720 to 1430,

We have logged Radio Tehran on the unlisted channel
of 9620 (31.18m) with the programme in English from
2000 to 2030, the frequency was not amongst those
announced.

@AUSTRALIA

Radio Australia can often be logged during the
afternoons, we heard them at 1620 on 7145 (41.98m)
with identification in English and light music, also in
parallel on 7235 (41.46m). This is part of the service to
South and Southeast Asia which is as follows — from
1400 to 1500 on 9570 (31.34m) and on 11790 (25.44m);
from 1430 to 1500 on 11765 (25.49m); from 1500 to
1730 on 5975 (50.20m), 6160 (48.70m), 7145, 7235, 9550
(31.41m), 11765 (25.49m), 11945 (25.11m) and from
1515 to 1730 on 9680 (30.99m).

@®CUBA
Havana may be heard, with identification both in
Arabic and French, at 1659 on 17735 (16.91m).

@PAKISTAN
Radio Pakistan has been entered into our log at 1330
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on 21590 (13.89m) when we heard identification and a
news comment in English.

Also heard on 9470 (31.67m) at 2023 with programme
of local music and songs and on 7340 (40.87m) at 2030
with the news in English for the U K.

Another channel on which Pakistan has been logged
is that of 3940 (76.14m) at 1619 with a talk in English on
Pakistan affairs. This is the Rawalpindi transmitter.

@CANADA

Radio Canada may be heard at 1900 on 11860
(25.29m) when a programme in English and Canadian
news is radiated.

@ITALY
RAI Rome has an English programme, with the news
at 1930, on 9710 (30.89m).

@BULGARIA
Radio"Sofia can be heard on 9700 (30.92m) at 1930
with both the world and local news in English.

@SOUTH AFRICA

RSA has a newscast in English at 1900 on 15175
(19.76m). Johannesburg can also be heard with Interval
signal and identification in English at 0757 on 21545
(13.92m).

@®ECUADOR

HCIB Quito, may be logged at 1230 on 21460(13.97m)
at which time we heard the English programme pre-
ceded by identification, three short and one long ‘pip’
and time-check.

O®MOZAMBIQUE

Radio Clube de Mozambique is listed on 4855
(61.79m). We logged them recently on a measured
4854.5 at 2000 when three chimes.and station identi-
fication in Portuguese were heard. This is part of the
Portuguese service, evening schedule of which is from
1530 to 2210.

R.C. Mozambique can also be heard on 4925 (60.91m)
around 2000, we logged them at 2011 when a talk in
Afrikaans was heard. This is the English/Afrikaans
service, evening schedule from 1500 to 2200.

@ANGOLA

CR6RZ Emisor Official, Luanda, operates from 1700
to 2400 on 4820 (62.24m) we logged them at 2247 when
a programme of Portuguese music and songs was being
radiated.

CR6RG Radio Commercial de Angola, Sa da
Bandeira, can often be heard around 2030 on 4795
(62.56m).

@SAO TOME

Radio Clube de Sao Tome operates on 4807 (62.40m)
and can be heard around 1950 or s0, usually with songs
in Portuguese and local music. A mystery about this
one is that it is apt to vanish from the scene for whole
periods of time but the writer offers the tip — try on
Friday evenings.

@CONGO

An interesting Dx station, recently logged for the first
time, is that of a regional transmitter at Pointe Noire on
2 measured 4843 (61.94m) when a programme in
French was heard. This transmitter relays Brazzaville
from 0500 to 2000, we logged it at 1935,
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In your

Worksho

”/4'7

T OW, WHAT ON EARTH HAS
happened to them?”’

Smithy set down his tin mug of tea
and glanced over at his assistant. Dick
was searching diligently over the
surface of his bench, which was in its
usual cluttered condition.

“What have you lost?”’

“Some crocodile clips,” replied
Dick. “I had four nice and shiny new
crocodile clips on my bench yesterday
which I was going to fit on some of my
test gear leads when I had the time.
But I can’t find them aniywhere now.”

Smithy absorbed this information.

“Whilst,”” he commented, I
applaud your diligence in looking
for those crocodile clips during lunch-
break, I'd much prefer it if you’d sit
down quietly instead. You’re getting
on my nerves. clattering things about
on your bench all the time.”

BIAS CURRENT

“As you like,” replied Dick un-
expectedly. “If I sit down will you do
me a favour?”’

“That depends.”

“Wwill you,” asked Dick, ‘“‘continue
the discussion we started during our
last gen-session? If you remember, you
promised to explain why an a.c. bias
signal is applied to the record head of
a tape recorder during recording.”

“Did 1?7 queried Smithy absently.
“Ah yes I remember, now that you
mention it. Well, for the sake of peace
and quiet, I'll give you the gen you
want. So fill up my mug again, then
come on over to my bench.”

Eagerly, Dick rose and took
Smithy’s mug to the tea pot situated
near the Workshop sink. He soon
returned with the mug, its precious
cargo steaming cheerfully.
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“Before we get on to technical

‘matters,” said Smithy as he took the

mug, ‘‘there’s something I've been
meaning to tell you all morning. And
that is that I don’t think those trousers
of yours are at all the sort of thing to
wear in a reputable establishment such
as this.”

Dick looked down at his widely
flared nether garments.

“What’s wrong with them?”

“Anybody who wears trousers like
‘that,” pronounced Smithy firmly,
“should be scrubbing decks, not fixing
radios and TV’s.”

But Dick was more interested in tape
recording than in standards of dress.

1 et’s get on,” he said keenly, “with
this a.c. bias thing.”

“Oh, all right,” said Smithy resign-
edly, as he pulled his note-pad towards
him. “I must, however, warn you that
the particular subject we’re going to deal
with is a wee bit sticky in places so
I’ll need your full attention.”

He fell silent for .a moment, as he
collected his thoughts.

“Now, at our last gen-sesh,” he
resumed, “‘we considered the function
of the erase oscillator in a tape
recorder. This oscillator produces a
sine wave, which has to be kept as pure
as possible, at a frequency of 40kHz
or more. The sine wave is fed to the
erase head. The recording tape passes
the erase head first and then carries on
to the record head which, in the usual
low-cost type of domestic tape recorder,
operates as a playback head also when
the recorder is switched over to that
function.”

“That’s right,” put in Dick. “When
the recorder is switched to record, the
erase head wipes the tape clean of any
previous signal it might have had on it,
whereupon it’s all ready to have a

in this episode,
Smithy the Ser-
viceman concludes
the discussion on
tape recorders
which he started
last month, and
devotes his time to,
enlightening Dick
on the subject of
the magnetic tape
transfer character-
istic. He also, in-
cidentally, demon-
strates some sur-
prising vagaries in
his approach to
matters of dress.

" new signal applied to it at the record
head.” (Fig. 1).

“Correct,” said Smithy. “Also, a
small proportion of the erase alter-
nating current is fed to the record head
as bias.”

“And that,” chimed in Dick, “is
where I got lost last time! I just don’t
get this business of an alternating bias
current at all.”

“Fair enough,”” commented Smithy.
“Well now, if you’re going to find out
why we need an a.c. bias current you
have first got to understand what
happens when the tape is magnetised
by the signal which is being recorded.
And before you can understand that,
you've got to take in a bit of basic
_magnetic theory.”

AF
'rzcording
signal
Bias
Erase L GEd
oscillator .[
§ Record /
Erase playback
hcad\ :?d
_

Tape direction

Fig. 1. When a tape recorder
is switched to record, the full
output of the erase oscillator
is fed to the erase head and a
small amount, as bias, to the
record/playback head, the
latter now functioning as a
record head
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cycles of magnetisation of a

magnetic material. The di-

mensions and shape of the

curve vary for different
materials

Smithy pulled a ball-point pen from
the cluster in his top pocket and pro-
ceeded to sketch out a diagram. (Fig.
2

“What’s that?”” he asked.

“I suppose,” said Dick thoughtfully,
as he examined the diagram, “that it’s
a curve of some sort. It seems to have a
familiar look about it.”

“Can you remember it appearing in

any basic iron-cored transformer
theory you’ve encountered in the
past?”

Dick looked more closely at the
curve,

“Why, that’s it!” he exclaimed sud-
denly. “It’s an electromagnetic hys-
terical loop!”

Smithy turned a long-suffering
glance towards the ceiling.

“If,” he remarked in a hollow tone,
“the future of our Electronic Age has
to depend on the likes of you, Heaven
rest the next few generations. It’s not a
‘hysterical’ loop, you great big hairy
steaming nit, it’s a Aysteresis loop. The
word ‘hysteresis’ applies to any effect
where, if you apply a force to a
quantity, then reverse the force and
bring it back to its starting point, the
quantity does not revert to its old
state. You have a hysteresis effect
here, as I’il show you.”

“What,” interrupted Dick, “do the
letters H and B stand for? You've
shown the horizontal line as H and the
vertical line as B.”

“I have, indeed,” agreed Smithy.
“But before we get on to those letters
1 must next tell you that this loop
shows what happens when a magnetic
material undergoes a number of cycles
of magnetising force. This state of
affairs occurs in particular in an iron-
cored transformer, where the magnetic
material is the iron core of the trans-
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former and the magnetising force is
provided by passing on alternating
electric current through the primary
of that transformer; and that is why
you encounter the curve when you’re
doing basic transformer theory. How-
ever, the loop applies also to any other
instance where a magnetic material
undergoes a changing magnetising
force. And now for those two letters.
The letter H stands for magnetising
force and the letter B stands for the
magnetic flux density which the
magnetising force causes to appear in
the magnetic material.”

“Flux density,” repeated Dick mus-
ingly, “Is that the same as magnetic
field strength 7

“It is,” confirmed Smithy. “But it’s
a little more correct, technically, to
refer to it as ‘flux density’. Let’s start,
now, by saying that our magnetic
material is completely demagnetised
and that we have zero magnetising
force. This situation is represented at
the point O, where the B and H axes
Intersect. We next begin to increase the
magnetising force with a polarity which
corresponds with its going to the right
towards +H.. This causes the flux
density to increase also, and the latter
rises from the zero point O towards the
height corresponding to point R. We
are approaching saturation in the piece
of magnetic material at point R, and
there is no real advantage to be gained
in taking the magnetising force beyond
this level.”

“The flux density,” commented
Dick, “hasn’t gone up in a very
linear manner, has it?”

“It hasn’t,” agreed Smithy. “The
rise in flux density from O to R is slow
at first, then it speeds up to a maximum
in the central part of the line. After
that, it slows down again. The only
nearly linear section of the OR line is
the part in the middle. We shall riow
press on to the next operation, which
consists of reducing magnetising force
back to zero again. This does not,
however, cause the flux density to
reduce to zero also. Instead, the flux
density merely goes down a little bit,
falling only to point S on the B axis.
This effect is the result of the residual
magnetism which is left in the magnetic
material, and the flux density of this
residual magnetism is equal to the
height of point S above point O. This
height also represents the ‘remanence
value’ of the magnetisation.”

COERCIVITY

““How,” asked Dick, “do you get the
residual magnetism down to zero?’

By increasing the magnetising force
in the opposite direction. Which
means, in our diagram, by taking the
magnetising force from the zero point
O to the left, towards the ~H end of the
H axis. If we do this we will eventually
reach the point T, at which point flux
density is again zero. But, as you can
see, we've had to use quite a lot of
magnetising force in the -H direction

to achieve this. For the record, the
length of the line OT on the horizontal
axis is a measure of the coercive force
applied, or of the coercivity of the
magnetic material.”

“Okeydoke,” said Dick brightly.
*“So far as I can see from the loop, if we
continue to increase magnetising force
in the -H direction by the same
amount as we did in the +H direction.
we will eventually arrive at point U,
which is dead opposite the first peak
at point R.”

“That’s Tight,” stated Smithy.
“Should we next start changing H in
the right-hand direction so that it first
decreases to zero and then increases on
the +H side, we finally come back
again to point R. In doing so, the loop
passes through points V and W in turn,
and the curve U, V, W, R has the same
shape as thecurve R, S, T, U.”

“Well, all that seems reasonable
enough,” remarked Dick cheerfully.
“When we start with a demagnetised
piece of magnetic material and pass it
through a number of cycles of magnet-
ising force starting from zero, the
graph for magnetising force and flux
density initially traces out the line OR.
After that, successive cycles of magnet-
isation take the relationship around the
outside loop.”

“You’ve got it,” confirmed Smithy.
“Now, it so happens that for our
present discussion, where we’re talking
about the magnetisation of moving
tape, we're only interested in the part
of the curve which goes from O to R
and then drops down again to S.”

Smithy tore the top sheet from his
note-pad and, in so doing, glanced
down at the side of his bench.

“Darn it, Dick,” he expostulated,
“those trousers of yours really are
too bad. I honestly think I’ll have to
tell you not to wear them in here
again.”

“Don’t say you’re still on about
them,” protested Dick aggrievedly.
“What you don’t seem to know is that
these trousers of mine have been
greatly admired by my friends. I
decided to start wearing them in here
today to brighten the place up a bit.”

“Do they,” asked Smithy querulous-
ly, “have to be such a bright scarlet?”

“If,” Dick stated loftily, *you
followed fashion a bit more closely
you’d know that these trousers re-
present the very latest in current
trends.”

“To my mind,” retorted Smithy
crossly, *“they just look common.”

Dick’s face approached the colour
of his trousers at this superlative
epithet.

““At any event,” he replied furiously,
“I don’t go around with half a dozen
pens poking out of my breast pocket.
Blimey, mate, the top front left of
your jacket looks like the diapason
pipes of the organ at Canterbury
Cathedral.”

“A man in my position,” snorted
Smithry, highly offended by this sudden
attack, “a/ways has a lot of pens in his
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breast pocket. It’s expected of him.”

“Also,” said Dick cuttingly, *I
don’t wear braces.”

Smithy’s jacket was already un-
buttoned and, with a contemptuous
flourish, Dick flicked it open to reveal
the accessories in question.

“Well, really,” spluttered the
affronted Serviceman, ‘‘this is tanta-
mount to bodily assault.”

But Dick had spotted something at
the end of one of the braces supports.

“Ye gods,” he gasped. “What's
this?”

“Get your hands off me,” said
Smithy hastily, as Dick peered more
closely, “and don’t go poking your
nose”into things that don’t concern

you.

“1 thought,” chuckled Dick, “that
one of those braces buttons looked a
little funny. It is, too. It isn’t a button
atall —it’s an 0.1uF disc ceramic!”

“I’m having trouble with the dry
cleaners,” explained Smithy, patently
embarrassed by Dick’s discovery.
“They’ve mislaid my other working
suit and I had to dig out this old one.
The trousers had a braces button
missing and so I made do with that
capacitor as an alternative.”

He stopped for a moment, and his
old authority gradually returned.

“It makes a jolly good button, too,”
he stated aggressively. “You just push
the two lead-outs through the fabric
at two points that are slightly spaced
apart, then twist the wires together on
the inside. The braces loop then goes
over the body of the capacitor.”

“Blow me,” said Dick, continuing
his examination of Smithy’s garments,
“there’s something else here, t00.”

He turned one of Smithy’s jacket
flaps over.

“I must,” he remarked unbelieving-
ly, “have seen everything now. One of
your jacket buttons is held on with a
bit of black enamelled wire twisted
round a 2BA washer at the back of the
material. Dash it all, Smithy, can’t you
sew a button on properly 7’

Smithy pushed his assistant’s hands
away from him and rose in dignity.

] am a service engineer,” he stated
pompously, ‘and not a seamstress,
and [ use the products appropriate to
my calling. Now, if you’ve quite
finished messing around with my cloth-
ing I'd be obliged if you’d go and get
me another mug of tea.”

As ‘his grinning assistant walked
over to the Workshop sink, the ruffled
Smithy carefully preened himself and
settled his clothes properly once more.
Dick returned with the mug. This act of
obedience to Smithy’s command re-
stored the Workshop to its proper
condition, with Smithy in his rightful
place as Service Manager, and Dick in
the more lowly niche of Staff.

TRANSFER CHARACTERISTIC

Smithy took a sip from the mug and
marshalled his scattered wits.

“Let’s see,” he said, ““if I can recall
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what it was we were talking about a
few minutes ago. Ah yes, 1 remember
now. I'd explained the BH hysteresis
loop to you and I then said that, so far
as magnetic tape is concerned, the only
part of the loop we're interested in
is the bit where the magnetising
force goes up to maximum in one
direction and then returns to zero
again.”

“Why is that?” asked Dick, as his
mind once more concentrated on
technical matters. “What about the
remainder of the outside of the hys-
teresis loop?”

“We can forget about that,” replied
Smithy, “by making the assumption,

.which is certainly true for the lower

audio recording frequencies, that the
magnetisation of the tape only follows
the first section of the loop. The subse-
quent parts of the loop are not applied
to the tape because it has by then left
the record head gap where the magnet-
ising force appears. Let’s see what
happens to a particle in the magnetic
coating of the tape at the moment of
passing the record head gap. This
particle is raised to a flux density which
is proportional to the record current
flowing in the record head winding,
after which it leaves the head and is

subjected to no further magnetising
force. The fiux density in the tape then
drops to the residual, or remanence,
value.”

“Oh, I see,” said Dick quickly.
““Each particle in the tape is taken up
to a,value on the OR line in the
hysteresis loop, after which it drops to
the corresponding remanence value.”

“That’s it,” confirmed Smithy,
picking up his pen and drawing some
further sketches. *“Let’s next look at a
few of the remanence values we're
likely to get on the tape. I'll start off
by drawing an initial curve in which
the. magnetising force takes the flux
density as high along the OR curve as
it did in the hysteresis loop diagram,
then I’ll add its drop to remanence
level. Here you are.”

Dick looked at Smithy’s diagram.
(Fig. 3(a) ). )

“Well, “that,” he remarked, *‘‘is
perfectly clear. It’s the same as we had
in the overall hysteresis curve when we
went from point O to point R and then
back again to point S.”

Smithy sketched out three further
diagrams. (Figs. 3(b), (c) and (d) ).

“And here,” he remarked, ‘‘are
three more examples. In the first of
these the magnetising force takes the

Fall to remanence value
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flux density about three-quarters of
the way up the original OR curve, the
second takes it about half-way up and
the third about a quarter of the way up.
In each case there’s a subsequent drop
to remanence value. Do you notice
anything about these drops to reman-
ence value?” ’

1Dick examined the diagrams critic-
ally.

“I can’t see anything in particular;”
he remarked. “‘Apart from the pretty
obvious fact that the amount of drop
to remanence in each instarice is
approximately proportional to the
height of the curve before the drop
commences.”

“That,” said Smithy, pleased, ‘‘is
just what I wanted you to say. Since
the falls to remanence value are pro-
portional to the peak flux density in
€ach case it follows that, if we were to
draw a curve showing final tape
remanence value against magnetising
force, this curve would have Just about
the same shape as did our original OR
curve. If we used the same flux
density units on the vertical axis as in
the previous case, the only difference
would be that the new curve would be
smaller in height.”

Smithy drew the curve in question.
(Fig. 4(a) ).

“There you are,” he remarked.
“That’s the curve showing tape
remanence value against magnetising
force. But this curve shows only
half of the complete picture because,
with - an alternating signal current
appliedto the record head, there wili be
magnetisation with opposite polarity
as well. This will produce remanence
values of flux density in the bottom
left-hand quadrant of our diagram in
exactly the same way as in the top
right-hand quadrant, and we obtain a
bottom left-hand curve which is a
mirror_image of the top right-hand
curve, I'll sketch it out now.”

Smithy added the second part of the
curve. (Fig. 4(d).)

“Phew,” said Dick. “We seem to
have covered a lot of ground just to
arrive at this curve.”

“There have been a few things to
consider,” conceded Smithy, “But it
was necessary to start off with the
original hysteresis loop, pick the
initial magnetisation section out of
this, then make the hop from the flux
density produced by the magnetising
force to the remanence value which is
left when the magnetising force is
removed. Now this final curve I've
drawn is a very important one because
it represents the transfer characteristic
of the tape. If defines the flux density
which is left on the tape, and which wiil
later activate the playback head, for
the varying magnetising forces which
are produced by the record head as the
tape passes it.”’ .

“I see,” commented Dick. “I assume
that the magnetising force applied. to.
the tape is proportional to the record-
ing signal amplitude at the record
head.”

“It’s proportional,” said Smithy, “to
APRIL 1973

the amplitude of the recording signal
current flowing in the head winding,
It’s necessary here to think in terms of
the signal current only in the head
winding, and not in terms of the signal
voltage across the winding or the
power dissipated in it.’

“Thinking in terms of current only
seems sensible enough to me,” stated
Dick, critically. “For instance, when
we talk of the magnetising force given
by, say,. a solenoid coil we normally
refer to this as so many amp-turns, the
amp bit being the current in the coil
and the turns bit being the number of
turns the coil has.”

Tape
remanence
value
4
Magnetising
o ' force
(@)
Tape
remanence
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+
Magnetising
[e] force
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Fig. 4 (a) The curve showing
tape  remanence
value against mag-
netising force s
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OR of Fig. 2
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magnetising forces
of both polarity, the
curve of (a) s
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posite  quadrant.
The complete curve
shown here is the
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Tel: 01-969 3657

Electrolytic Capacitors by Mullard,
-Plessey, Erie, etc.
UF/v L
1250/25,  2000/35, 2200/25,
4700/16, 8000/30, 10,000/15,
10,000/25, 1000 +4-1000/40, 16 -+
16/500. All 35p each, post free.
2000/50,  2500/50, 5000/50,
10,000/50, 12.500/50, all*at 50p
each, postfree.
16+-16/350, 32+16/350, 32+
32/3560, 40+ 40/250, 50 +50/300,
8080/450, 100--100/385, all
at25p each, post free.
ELEKON ENTERPRISES

224a, St. Paul's Road, Highbury Corner,

London N.1

DEVON

Massive Clearance Bargains
Bargain Component Parcels contain
Resistors, Capacitors, Switches,
Knobs, IF’s, Transistor Panels, etc.,
etc., 6 |b nett weight £1.00, p.p.
40p.

Computer Panels, Assorted Types,
4 Ibs. nett weight £1 .00, p.p. 30p.
Assorted Electrolytic Capacitors,
6 Ibs. nett weight, £1.00, p.p. 40p.
Mullard Ferrite Magnets 157 x =7
X %”,100for £1.25, p.p.16p.

Brand New Erie Electrolytic Cap-
acitors, 250UF 25V 11” x 1” Wire-
ended, 8p each, 100 for £6.50.

XEROZA RADID
1 East Street, Bishops Tawton, Devon
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Your Local Supplier

HAMPSHIRE

BOURNEMOUTH

LARGEST HI-FI AND

RADIO COMPONENT
STORE IN THE SOUTH

FORRESTERS NATIONAL
RADIO SUPPLIES LTD.

70-72 Holdenhurst Road
Bournemouth
Telephone 25232

LEICESTERSHIRE

ENSIGN ELECTRONICS.

43" B Sectioh Telescopic Aerials 5p
New Marked 2N3055 Transistors 5p
New Slide Switches. Special Offer 4 for op
Miniature Battery Level Meters. 0-600 Ma £.5.D. 50p
100 Mixed High Stability Resistors (New) Bp
New 12 Volt Plug in Relays, {11 Pin Base) &0p.
Silicon Bridge Rectifiers. 50 volt 1 amp 0p
PLUGS STD Jack Plugs 12p, 3 pin Din Plugs 12p
104" Revox Tape Spools 40p
67 Foot Wire Aerials, Marked every foot 80p
Headphones with Boom Mic (used) £1-45
Sets of Spare valves for 62 set (new) £1-35

Geiger Counter - Contamination Meter No 1
Separate Probe - Runs off 4 x HP7 Batterics £4-25
Set of 6 U.S.A.F. maps - Large - All Different é0p
B7G Bases 7p B9A Bases 7p
50 volt Disc Capacitors, 0-05 mjd, 0-02 mjd,
0:002 mijd 12 for 15p 50 for 50p.
Send to: Dept R.C., 30 High Street, Quorn,
Nr Loughborough, Leics,

SURREY

WITWORTH
TRANSFORMERS

TV Line out-put transformers

Manufacturers of the largest range in the

country. Al makes supplied.
Free catalogue.
Modern

BAIRD, BUSH, GEC, PHILIPS
Replacement types ex-stock.

For “By-return’’ service, contact London

01-948 3702
Tidman Mail Order Ltd., Dept. R.C.

. 236 Sandycombe Road,
Richmond, Surrey TW9 2EQ
Valves, Tubes, Condensers, Resistors,
Rectifiers and Frame out-put Transformers,
Mains Transformers aiso stocked.
Callers welcome,

SUSSEX

D.C. BIAS

“That’s the idea,” affirmed Smithy.
“Coming back to the tape recorder
head, the recording signal is normally
fed to this by what is called a ‘constant
current’ circuit. A circuit of this nature
is required because, since the record
head is essentially an inductive com-
ponent, it offers an impedance which
increases with the recording signal
frequency. With the earlier valve
recorders it was a simple process to
provide a ‘constant current’ arrange-
ment, as all that had to be done was to
supply the record head from a voltage
amplifier anode by way of a fixed
resistor whose value was much higher
than the impedance of the head at the
highest frequency to be recorded. The
valve anode then worked into a load
whose total impedance only altered by
a small amount over the whole audio
frequency range, whereupon the cur-
rent in the record head winding was,
near enough, proportional to voltage
amplitude at the anode for all audio
frequencies.” (Fig. 5(a) ).

“What about present-day transistor
recorders?”’

“Well,” said Smithy. ‘“You can’t
get as high a voltage swing at the
collector of a transistor as you can at
the anode of a valve because the
supply voltage is much lower. The
series resistor idea is still common in
transistor recorders, nevertheless, but
the lower voltage available means that
the head impedance and resistor
values are a lot smaller. A scheme
yowll encounter in some transistor
recorders employs a step-up trans-
former at the stage which feeds the
record head. This steps up the audio
voltage available, whereupon the fixed

HT +

AAAA
VYVY

Series
resistor

Coupling
capacitor

b,

(-

Anode of
voitage

amplifier
valve

Record
head

series resistor arrangement becomes
comparable with that in a valve
recorder.” (Fig. 5(b) ).

Smithy took a further draught from
his mug.

“However, we’re digressing a bit
here,” he continued, “as our iain
interest at the moment is in the a.c.
bias that’s applied to the record head.”

“That transfer characteristic you
drew just now,” said Dick, returning
to Smithy’s sketch, ‘““doesn’t look very
linear to me.”

“It’s anything but,” agreed Smithy,
as he tore the next sheet from his pad
and proceeded to draw a further
diagram. “The worst bit is in the
middle, on either side of the zero point.
If we apply a sine wave current to the
record head it will appear, as remanent
magnetisation on the tape, in extremely
distorted form.”

Smithy completed the diagram, then
showed it to Dick. (Fig. 6(a) ).

“As you can see,” he went on, “the
non-linear part of the characteristic
causes the centre of the sine wave on
the tape to be all squashed up. If the
sine wave has a large amplitude, its
peaks also get compressed.”

““The two central bits of the char-
acteristic above and below the zero
line look fairly linear,” commented
Dick. “Couldn’t you apply the sine
wave to one of them?”’

“You could,” said Smithy, busy
again with his pen. “And a suitable
way of doing this would be by feeding
a direct current to the record head in
addition to the audio current. This is
known as d.c. bias, incidentally, and it
shifts the sine wave over to one side.”
(Fig. 6(b) ). W o

Dick looked with interest at the
latest diagram Smithy had drawn out.

Step ~up
transformer

Fr?m record __
drive stage

E. JEFFRIES

For your new television set
tape recorder, transistor radio
and hi-fi equipment

PHILIPS, ULTRA, INVICTA
DANSETTE, MASTERADIO, PERDIO,
MARCONI, PHILCO FIDELITY
6A Albert Parade

Victoria Drive, .
EASTBOURNE SUSSEX
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(a)

Record
head

Series
resistor

(b)

Fig. 5 (a) A ‘constant current’ record head drive circuit can be easily
provided in a valve tape recorder

(b) Some transistor recorders have a step-up transformer to

provide a high voltage swing for a ‘constant current’

circuit. The transformer, via suitable taps, may also drive the

speaker when the recorder is switched to playback
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Fig. 6 (a) If a sine wave
current - js  applied
graphically to the tape
transfer characteristic,
the corresponding tape
remanence waveform
can be drawn on the
right. In this instance
the remanence wave-
form Jjs heavily dis-
torted

Remanence waveform
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current
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“That looks fairly practicable,” he
remarked. ‘‘Provided the sine wave

amplitude isn’t too large, the waveform -

on the tape should be reasonably free
from distortion.”

“True enough,” said Smithy. *“But
in practice the d.c. bias approach
doesn’t work very well. The main
difficulty is that the tape becomes
continually magnetised and this results
in noise. D.C. bias was used in early
experimental recorders, but it was
soon abandoned when the a.c. bias
approach was discovered. The a.c.
bias current, which as we have already
mentioned is of the order of 40kHz or
more, is given an amplitude which
causes its peaks to be at the centres of
the two linear sections of the transfer
characteristic. Like this.”

Smithy scribbled out a further
sketch. (Fig. 7(a) ).

“If now,” he continued, “we add
an audio sine wave current at the
record head, the bias pecaks are de-
flected to the left and right in our
APRIL 1973.

Fig. 6 (b) D.C. bias
shifts the record cur-
rent sine wave to a
linear section of the
transfer characteristic,
Provided the record:
current amplitude is
reasonably low the
remanence waveform
does not have excess-
ive distortion

diagram in sympathy with the sine
wave.. The resulting remanent magnet-
isation on the tape consists of a series
of peaks which are produced by way
of the two linear sections of the trans-
fer characteristic. The average reman-
ent value between these two sets of
peaks then takes up a form which is a
virtually distortion-free version of the
recording sine wave current. Here’s
what happens.”

Smithy quickly drew out yet a
further diagram. (Fig. 7(b) ).

“Blimey,” remarked Dick, im-
pressed. “The a.c. bias current certain-
ly overcomes the non-linearity in the
transfer characteristic of the tape.
Why, even a tiny little signal amplitude
will still be effectively applied to the
linear sections of the characteristic.”

“It will.”

“Hang on a minute,” said Dick.
“You haven’t drawn any bias cycles
in the right-hand remanence waveform.
What'’s happened to them?”’

“They disappear after the tape leaves

Your Local Supplier

YORKSHIRE

PASSINGHAM'S
ELECTRONICS
for Government Surplus
Radio & T.V. Components
Electronic Components
also postal service

PASSINGHAM'’S
ELECTRONICS
5 Dale Street
Bradford 1
Yorkshire

"EIRE

PEATS for PARTS
ELECTRONIC COMPONENTS
RADIO & TELEVISION

For the convenience of Irish
enthusiasts we supply

The Radio Constructor
Data Books and
Panel-Signs Transfers

Also a postal service

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

. DUBLIN 1
nAI“ & ELECTRONICS
GONSTRUCTOR

ANNUAL
SUBSCRIPTIONS
to this magazine
may be oblained

through your
newsagent
or direct from the
publishers
ONLY £2.70

per year, post free

Please send remittance with name
and address and commencing issue
required to:

DATA PUBLICATIONS LTD
87 Maida Vale London W9 13N
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Tape transfer

characteristic
'\

/ Remanence peaks

———

Bias
current

Fig. 7 (a) A high

frequency current ap-

plied to the tape trans-
fer characteristic

Average
remanence
value

Remanence peaks

Biags and
record
currents

Fig. 7 (b) When an a.f.
sine wave is added to
the bias current the
average  remanence
value on the tape is
similarly a sine wave,
In practice, the bias
frequency will be high-
er than indicated here,
and the peaks closer
together

the record head,” explained Smithy.
“Audio recording tape has a self-
demagnetising effect at very high
frequencies and so it cannot retain the
bias cycles.”

“Stap me,” remarked Dick. “Why,
this is really fascinating. What the a.c.
bias does is to put the recording signal
on to the linear sections of the transfer
characteristic whilst the tape is actually
passing the record head. After that, it
quietly fades away from the scene.”

“Precisely,”” concurred Smithy,
pushing his note-pad away from him
with a purposeful gesture. ‘‘And that
finally explains why a.c. bias allows
low-distortion recordings to be obtain-
ed on magnetic tape.”

He rose and drained his mug, then
glanced down irritably at his assistant.
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*“And I wish,” he added severely,
temporarily forgetting his own sar-
torial shortcomings ‘‘that those hor-
rible pants of yours would quietly
fade away from the scene as well.
They’re most unsuitable.”

“At least,” retorted Dick, irritated
by Smithy’s insistence on the un-
satisfactory nature of his trousers,
“they are proper clothes and not just
bits and pieces held together with wire
and components like you wear. Hello,
I've just noticed something else.”

Dick peered down at Smithy’s
smartly polished brown shoes.

“What have you seen'now?”

“It’s those shoes of yours,” breathed
Dick incredulously. ‘“They aren’t tied
up with laces at all. They’re tied up
with lengths of brown p.v.c. wire!”

MYSTERY SOLVED

“What’s wrong with that? Why buy
shoe laces when there’s a cheaper
alternative available?”

“Do you know, Smithy,” comment-
ed Dick, ‘“you’re just a walking
electronic store-room. When you get
undressed at night, you must need a
box spanner and a soldering iron to
get everything undone.”

Smithy made no reply and glowered
at his assistant.

“Qh, well,” stated that worthy
airily, ‘‘since we've finished talking
about tape recorders, there seems to
‘be nothing left for me to do but to
resume my hunt for those four
crocodile clips of mine.”

“I’ll return them to you,” remarked
Smithy unguardedly, *“‘when I get my
trousers back from the cleaners.”

“youwll do what?” stuttered Dick.
“Don’t tell me that you’re wearing
crocodile clips as well.”

An embarrassed expression crossed
over Smithy’s face.

“It so happened,” he explained
reluctantly, “‘that the zip fastener on my
trousers broke yesterday afternoon
just before I was leaving the Work-
shop. I've now got the two flaps
joined together by - those crocodile
clips equi-spaced on the inside!”

And even Smithy, student of human
character that he was, had to confess
himself completely dumbfounded as
. his assistant broke into a full minute of
uncontrollable and hysteresis — sorry,
hysterical — laughter. |

Yell out to dad something's

wrong with the TV and
watch his face when he
comes through the door!
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RESISTORS
High stability, low noise, carbon film resistors
Tubular Miniature High Power Resistors.

Power Values Price

Watts Tolerance  Range Available 1-99 100+
1 6% 2:2-2:2M E12 ip 0-8p
* 5% 2.2-10M E12 ip 0-8p
1 6% 2:2-10M E12 2p 1:5p
4 10% 1-10 ohm E12 6p

Quantity prices available for any selection.
Ignore fractions on total order.

CAPACITORS

ELECTROLYTICS, GENERAL PURPOSE, MINIATURE
AXIAL LEAD.

MULLARDS 015, 016, 017 SERIES.

Tuf 63V 6p 10uf 63V 6p 150uf 25V 6p
1:6uf 63V 6p 15uf 63V 6p 220uf 25V 11p
2-2uf 63V 6p 22uf 63V 6p 470uf 25V 13p
3-3uf 63V 6p 47uf 63V 6p 680uf 25V 20p
4:7uf 63V 6p 100uf 40V 6p 1000uf 25V 25p
6-8uf 63V 6p

POLYESTER FILM CAPACITORS.

MULLARDS C296 SERIES.

400V DC.

uf: 0-001, 0-0015, 0-0022, 0-0033, 0-0047, 0-0068, 0-01, 0-01 5,

0:022, PRICE EACH 2%p.

uf: 0-033, 0-047, 0-068, 0-1 PRICE EACH 4p.

uf: 0-15 price 6p, 0-22 price 7p, 0-33 price 10p

uf: 0-47 price 13p.

160V DC,

uf: 0-1, 0-15 price 4p, 0-22 price 5p, 0-33 price 6p, 0-47 price 7p
0-68 price 10p, 1-0 price 13p

MULLARDS C280 SERIES. P.C. MOUNTING.

400V DC

uf: 0-01, 0-015, 0-022 price 3p, 0-033, 0-047 price 4p.

250V DC

uf: 0-068, 0-1, 0-15 price 4p, 0-22, 0:33 price 5p,

uf: 047 price 7p, 0-68 price 10p, 1-0 price 11p.

WATFORD ELECTRONICS

MAIL ORDER. POST & PACKING 10p ON ORDERS UNDER £2 CALLERS SATURDAYS ONLY 10.30 a.m.—5.30 p.m.

SEMICONDUCTORS.

TRANSISTORS :

AC 125 12p BC 109 8p 0C 35 40p
AC 126 12p BC 147 12p 0oC 42 10p
AC 127 12p BC 148 12p OC 44 10p
AC 128 12p BC 149 12p OC 45 10p
AD 161 30p BD 131 60p ocC 70 10p
AD 162 30p BD 132 60p oc N 10p
AF 114 12p BF 194 15p oC 72 10p
AF 115 12p BF 195 15p 2N2926R 9p
AF 116 12p BFY50 22p 2N29260 9p
AF 117 12p BFY51 22p 2N2926V 9p
BC 107 8p 0OC 26 40p 2N2926G 10p
BC 108 8p 0oC 28 40p 2N3055 55p

ZENER DIODES
BZY88 Series. Power Dissipation 400mW. 5% tolerance.
Range: 3-3V to 30V. Price 12p each.

LINEAR IC’S (DIL packaging).

709 30p DIL Sockets. 14 and 16 pin. Price 15p each.
741 32p 8 pin. Price 23p
723 80p

DIODES & RECTIFIERS.

OA 85 p IN4148 6p

OA 90 5p BYZ10 6amp 800V 20p
0A 91 5p BYZ13 6amp 200V 16p
1N4001 6p.

1N4004 7p Bridge Rectifier

1N4007 8p W01 1A 100V price: 35p.

POTENTIOMETERS
Carbon Track 1K-2M, log or linear, Single Gang, price 12p.
5K-2M, log or linear, Dual gang, price 37p.
5K-2M, log orlinear, Single gang with switch 24p.
Knobs for above: 8p each
High Quality Professional Knobs
Alluminium Smalt 10p Black (1”) with chrome rim 15p

SLIDER POTENTIOMETERS

SINGLE 10K, 25K, 50K, 100K, fog or linear price: 35p

DUAL GANG 10K+10K,etc above values, log or linear price 50p
KNOBS for above price 10p ~

PRESET POTENTIOMETERS SKELETON.
Horizontal or vertical mounting, 0:25W Miniature.
Price: 5p each.

details of items listed in this
advert, and more. (Catalogues
are free with order of £2 or
more,)

ADDRESS ....

HEAD PHO NES: Hosi-
-l T den ‘STEREO’ DH-02V-
CERAMIC CAPACITORS 0-1 0-15 S 8ohm, individual volume
WORKING VOLTAGE 50V DC, Plaquette body with 25mm leads. MATRIX MATRIX | and tone control, Soft Ear
Range: 22pf-10,000pf price each: 2p. 2} x32 22p 16p Padding, Light weight.
23 x5 24p 24p :’gcs: £2.85 only, p & p
32 x33 2in il [o 5 PACT CASSET
JACK PLUGS AND SOCKETS 32 x5 27p 27p 0'\_" L
; TES : EMI make, excellent
Standard screened 12p 2-5 mm screened 8p 17 x23% 75p 57%p sound reproduction, low
Stereo scresned 30p 3:5 mm screened 10p | 17 x5 (plain) 82p noise. C60 45p c90 55p,
Standard socket 12p 2:5 mm sockets 7p 17 %3 lain) 60| c1 20. 75p ' i
Stereo sockets 15p 3:5 mm sockets 7p %33 (p afn P
. 17 x23% (plain) 42p DC POWER SUPPLIES
DIN PLUGS SWITCHES Pin insertion tool 52 52 Variable D.C. O/P:
2 pin, 3 pin, 5 pin Toggle Single Pole Single Throw  15p ) L TAfiet) P p 345, 6 7' 5' 9 1év
(180° or 240°) plugs Toggle Double Pole Double Throw 18p | Spotface cutter 42p 42p Current 300-—500 mA
12p, sockets 8p. Slide Switch 10p Pkt of 50 pins 20p 20p Price: £3.60 only p& p15p
POST THIS COUPON FOR TO: WATFORD ELECTRONICS, 35 CARDIFF ROAD, WATFORD,
CATALOGUE HERTS., ENGLAND.
Please enclose 10p stamps for NAME ......covvverinnennnn. ot A R T e o Bt dnd0006 J0nan
catalogue which contains (BLOCK CAPITALS PLEASE.)
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LOUDSPEAKER
BARGAINS

Fane pop 100 waut 18" 8/15 ohm £21.45
Fane pop 60 watt 15° 8/15 ohm £12.26
Fane pop 50 watt 12" 8/15 ohm £1017
Fane pop 26/2 25 watt 8/15 ohm £5.94
Fane pop 15 12" 15 watt 8/12 ohm £4.40
Fane 122/10 a or 122/12 £9.90
Fane Crescendo 15" 8 or 15 ohm £27.50
Fane Crescendo 12” 8 or 15 ohm £24.20
Fane 8" d/cone 808T 8 or 16 ohm £2.64
Fane 8" d/cone, rolt surr. 807T. 8 or 15 ohm £3.16
Baker Group 26 3. 8 or 15 ohm £6.00
Baker Group 35 3. 8 or 15 ohm £7.50
Baker De Luxe 12" d/cone £9.62
Baker Major £7.50
EMi 13 x 8 3, 8 or 16 ohm £2.25
EMI 13 x 8 type 150 d/cone 3, 8 or 15 ohm £2.58
EMI 13 x 8 type 450 t/tw 3, 8 or 15 ohm £3.85
EMI 13 x 8 type 350 8 ohm £8.25
EM] 63" 93850 4 or 8 ohm £2.80
Elac 9 x 5 RM 109 15 ohm £2.53
Elac 9 x 5 59 RM 114 8 ohm £2.53
Etac 63" d/cone 6 RM 220 8 ohm £2.59
Elac 63" d/cone roll suzr. 6 RM 171 8 ohm £3.22
Elac 4" tweeter TW4 8 or 156 ohm £1.21
Cefestion PS8 for Unifex £2.16
Celestion MF 1000 25 watt horn 8 or 15 ohm  £10.45
Elac 6° 3 ohm £€1.76
Elac 7" x 4" 3 or 8 ohm £1.52
Elac 8" x 57 3, 8 or 15 ohm £1.93
Wharfedale Bronze 8 RS/DD £3.11
Wharfedale Super 8 RS/DD £5.50
Wharfedale Super 10 RS/0D £9.80
Goodmans 8P 8 or 15 ohm £13.80
Goodmans 10P 8 or 15 ohm £4.49
Goodmans 12P 8 or 16 ohm £11.55
Goodmans 15P 8 or 15 ohm £17.05
:Goodmans 18P 8 or 15 ohm £29.70
Goodmans Twinaxiom 8 £6.79
Goodmans Twinaxiom 10 £7.61
Goodmans Axent 100 £6.60
Eagie DT 33 dome tweeter 8 ohm £4.95
Eagle HT 15 tweeter 8 ohm £3.46
Eagle CT 5 tweeter 8 ohm £1.21
Eagle MHT 10 1weeter £3.30
Eagle CT 10 tweeter £1.92
Eagle X overs CN 23, 28 216 £1.10
Kef T27 £4.67
Kef T15 £6.50
Kef B 110 £6.16
Kef B 200 £7.42
Kef B 139 £10.72
Kefkit 2 £24.75
- Richard Alfan 12" d/cone 3 or 15 ohm £2.20
Richard Allan 8" 3. 8 or 156 chm £2.27
10" x 6" 3, 8 or 16 ohm £1.92
8" x6"3 or 8 ohm £1.38
7" % 4" 3 or 8 ohm £1.38
3" 8 ohm or 80 ohm £0.65
21" 64 ohm £0.65
Speaker matching transtormer 3/8/15 ohm £1.10
Adastra Hiten 10" 10 watt 8 or 16 ohm £2.80
Adastra Top 20 127 25 watt 8 or 15 ohm £6.32

STEPHEN SPEAKER

KITS AND CABINETS

send for il and’ list of ded

speakers.

CAR STEREO SPEAKERS - ssk for leattet

PA/Disco amplifiars: {carr. and ins. (£1.00)

Baker 100 watt £46.00
Linear 30/40 £25.00
Linear 40/60 £30.00
Linear 80/100 £50.00

FREE with speaker orders over £7
"HiFi Loudspeaker Enclosures’’ book

All units guaranteed new and perfect.
Prompt despatch.

Carriage and insurance 25p per speaker.
{Tweeters and Crossovers 15p each).

WILMSLOW AUDIO

DEPT RC

SWAN WORKS, BANK SQUARE,
WILMSLOW, CHESHIRE. SK91HF
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Essential
for the %
Short Wave :
e (PERATOR'S HANDBOOK

MAKE SURE
OF Vour

oy

12 TH EDITION-
FULLY REVISED

% AMATEUR PREFIXES

% AMATEUR CODES :

% LOCAL TIME CONVERSIONS

* 8 MAPS |

% FREQUENCY/WAVELENGTH
CONVERSION TABLES

% POST OFFICE REGULATIONS

MANY OTHER ESSENTIAL ITEMS

‘Post this coupon, together wiih P.0. for 51p (to include postage) to DATA
PUBLICATIONS, 57 MAIDA VALE, LONDON, W9 1SN

Please send me the New Edition of “THE RADIO AMATEUR
OPERATOR'S HANDBOOK"” DATA BOOK No. 6

| enclose cheque/crossed postal order for

BLOCK LETTERS PLEASE

|
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SMALL ADVERTISEMENTS

Rate: 4p (9d) per word. Minimum charge 60p (12/-).

Box-No. 10p (2/-) extra.

Advertisements must be prepaid and all copy
must be received by the 4th of the month for
insertion in the following month's issue. The
Publishers cannot be held liable in any way
for printing errors or omissions, nor can they
accept responsibility for the bona fides of
advertisers. (Replies to Box Numbers ‘should
be addressed to: Box No. . The Radio
Constructor, 57 Maida Vale, London, W9 1SN

CATALOGUE NO. 18, containing credit vouchers
value Sup, now available, Manufacturers new and
surplus electronic and mechanical components, price
23p post free. Arthur Sallis Radio Control Ltd., 28
Gardner Street, Brighton, Sussex.

BUILD IT in a DEWBOX robust quality plastic cabinet
2 in. x 2¢ in. x any length. S.A.E. for details. D.E.W.

Ltd., 254 Ringwood Road, Ferndown, Dorset. Write
now - right now.

SERVICE SHEETS for Televisions, Radios, Transistors,
Tape Recorqers, Record Players, etc., from 5p. with
free Fault Finding Guide. Catalogue 15p. Please send
S.AE. with all orders/enquiries. Hamilton Radio.

47 Bohemia Road, St. Leonards-on-Sea, Sussex. Teleph
Hastings 29066. — i

WANTED: Early books on wireless, pre-1925. Detaj
Box No. G198. P Dia iR

DIRECT FROM MANUFACTURER - a comprehensive
catalogue of UHF & VHF/FM aerials, fixing brackets,
chimney lashings, clamps, masts, amplifiers, cable, etc.,
for the D.1.Y. enthusiast. Complete with useful installation
hints. Send 3p stamp to: CLAYDEW ENTERPRISES
(RE), 261 Hardess Street, London S.E.24.

EXPERIMENTERS, MODEL MAKERS & CONSTRUC-
TORS. Hundreds of unusual items cheap. Catalogue 5p.
Grimsby Electronics, 64 Tennyson Road, Cleethorpes,
Lincs., DN35 7LF. (Mail order only).

CHROMASONIC ELECTRONICS. New list 10p. post free.
Data Dept., 56 Fortis Green Road, London, N10 3HN.

VERNITRON CERAMIC'RESONATORS for if. filtering.
FM4, 10.7MHz, (bandwidth 235kHz), matched pair £1.5(g)i
455kHz types: 'ljF-OlA, 38p; TO-02A, 45p; TF-04 442,
40p; TFN-3A kgt, £1.50; TFN-3ADX, £l.§0; TF-2D5,
4013t ?ati ls\/lllxpll'ﬁ((i) I:}’]l:;l(l f;glgrs. Mail order only. U.K.
post 5p. ., 396 Selsd b f
Croydon. Surrey, CR2 ODE, =siRnie i, Jouith

THE BRITISH AMATEUR ELECTRONICS CLUB,
A club for all who are interested in electronics as a hobby.
Quarterly Newsletter sent free to members, Subscription
50p per year., Details from Hon. Secretary, J. G. Margetts,
17 St. Francis Close, Abergavenny, Mon.

FOR SALE: VHF KIT, 80 — 180 MHz, Recciver, tuner,
converter. World wide sales. Incomparable. £4.00 or

s.a.e. for literature. Johnsons (Radio - C), Worcester
WRI1 2DT.

5 N-CHANNEL FETS TYPE 3819E for £1.00. Full spec.
devices complete with circuit details for building voltmeter,
timer, ohmmeter, etc., or send 10p for full list of FETS
and other top quality transistors available at bargain
prices. Redhawk Sales Ltd., 45 Station Road, Gerrards
Cross, Bucks. Mail order only.

(Continued on page 597)
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BENTLEY ACOUSTIC CORPORATION LTD.

The Yaive Specialists
The Old Palice Statlon, Gloucestar Road, LITTLEHAMPTON Sussax. PHONE 6743

QA2 .30 12K5 .50 EABC80 EL84 .21 PD500 1.44 UFg9 27
OB2 .30 12K7GT 29 ELBS .40 PEN45 40 UL41 .54
5U4G .30 .34 EAF42 .43 EL86 .38 PEN45DD ULs4 .28
V4G .33 12Q1GT EAF801.50 EL9I .23 .75 uUy4r .38
SY3GT .25 28 EB34 .20 EL95 .32 PFL200.50 uyss .23
Z4G .33 19AQ5 24 EB91 .i0 ELL8O .75 PL36 .46 X41 0
6/30L2 53 20P4 .89 EBC41 .48 EMS0 .37 PL8L .42 ACl65 .25
6AQ5 .21 30A5 44 EBC38! .29 EMS81 .37 PLE2 28 ADI40 .36
6AT6 .18 30C15 .55 EBF80 .30 EMS83 .75 PL83 30 ADi49 .50
6AUs .19 30Ci7 .74 BE83 3% EM 31 PLB4 .28 ADI61 .45
6AV6 .28 30C18 .58 BF89 .26 EM87 .34 PL504 .60 162 .45
6BA6 .19 OF5 .61 C92 . EYs1 .29 PL508 .90 AF114 25
6BE6 .20 OFL1 .58 CC331.50 EY81 .35 PY33/2 .50 AFIL]S .15
6BHé6 .43 OFL2 .58 35 .95 54 PY81 .24 AFI21 .30
6BJ6 .39 OFL14 .66 1.16 EY87/6 .27 PY82 .23 AF126 .18
6BR? .79 OL15 .55 CC82 .19 .40 PY83 .26 BC107 .13
6BW6 .72 OL17 .65 3 .21 EZ40 48 PY88 .31 BC108 .13
6BW7 .50 OP12 .69 CC84 .28 EZgo .1 PYB00 .3t BCl13 .25
6BZ6 .31 0P19 .55 CC85 .32 EZ81 .20 PY801 .31 BCII18 .23
4 28 OPL1 .57 CC88 .35 GYS01 75 QQVO3/ BCZ11 .38
6CUSs .30 OPL13 .75 CF80 .27 Gz34 47 10 1.2 BFi1s9 .2
5] .55 OPL14 .62 CF82 .25 HVR2 .53 R19 .21 BF163 .20
6F1 .59 JOPLiS .87 CF86 .64 KTWé61.63 u1g 1.7 BF180 .30
6F18 .45 5A3 CH35 .50 KTwWé62 .63 u2s .6 BY100 .18
6F23 .65 SL6GT.42 CH42 .57 KTW63 .50 u26 .5 BY126 .15
6F28 .60 4 . CHS81 .25 KT66 .80 uisr s BY127 .18
6H6GT .15 5Z4 24 CH83 .38 PCB6 .44 uast s OA91 .09
6K7G .10 SZ5 .30 CHB84 34 PC88 44 u3et .40 OA95 .09
8G .16 50C5 .12 CL80 .28 PC95 .53 uso1 .76 0oC23 .38
6L6GT .39 SOL6GT.45 CL82 .28 PC97 36 UABCS80 OC24 .38
6Q7GT .43 90C1 .59 CL83 .52 PC9 .29 30 oC2s 38
T(M).43 90CG 1.70 CL84 .54 PCC84 27 UBC41 .4 oC3s .32
6V6GT .27 DAF91 .20 CL86 .33 PCCss .39 UBCS81 4( oc44 10
6X4 .20 DAF96 .33 F! 63 PCCB9 42 UBFg0 .2 OC45 .11
Y4 .60 DF91 .14 F4 .58 PCC189.46 UBF89 .2 OC46 .15
D7 .78 DF9%6 .34 F8 21 PCF80 26 ucs2 3 OC70 .13
10F1 .75 DK91 .26 F: 54 PCF82 .30 Uccss 3 oc71 .1
10F18 .35 DK92 .35 Fi 25 PCF84 .40 UCC8S5 .3 ocn2 .1
12A6 .63 DKS6 .35 F 27 PCF86 .44 UCF80 .31 OC74 .23
12AC6 .40 DLS2 .23 F 23 PCF301 .28 UCH42 .57 OC75 .11
12AD6 .40 DL96 .35 3 17 PCF802 .37 UCHS] .29 OC78 .15
12AE6 .48 DY87/6.22 F9. .28 PCF806.55 UCLS2 .3 OC78D .15
[2AT6 .23 DY802 .29 FI183 .25 PCL82 .29 UCLB3 .48 C81 .11
12AUs. .21 EB80CC1.65 F184 .27 PCL83 .54 UF41 .50 OC8ID .11
12AVé .28 E8OF 1.20 H90 .34 PCL! UF80 .35 oce2 .11
12BA6 .3 EBSCC .60 44 PCL805.37 UF85 .34 OC83 .20
E180F .90 L41 .53 PCL86 .36 UF86 .63 OoCs4 .24

12BE6_.30 i

12J7GT .33  EAS0 .27
All goods are unused and boxed, and subject to the standard 90-day
guarantee. Terms of business: Cash or cheque with order only. No
C.0.D. orders accepted. Despatch charge 9p per order up to three items,
each additional item 3p extra. Orders over £5 despatched free. All orders
despatched same day by first class mail. Complete catalogue with con-
ditions of sale 7p post paid. Any parcel insured against damage in transit
for only 3p extra per order. Business hours 9 a.m.~5.30 p.m., Mon.-Fri.

Closed Sats. Please enclose S.A.E. with all enquiries.

Learn to understand

electronics
for your hobbies

1. Lerna-Kit course

Step by step, we take you through all the funda-

mentals of electronics and show you how easily the

subject can be mastered,

(1) BUILD AN OSCILLOSCOPE.

(2} READ, DRAW AND UNDERSTAND
CIRCUIT DIAGRAMS,

(3} CARRY OUT OVER 40 EXPERIMENTS
ON BASIC ELECTRONIC CIRCUITS AND
SEE HOW THEY WORK, |

2.Become a Radio-Amateur

Learn how to become a radio-amateur in contact
with the wide world. We give skilled preparation for
the G.P.O. licence.

N I R W BE e e N .
fBrochure, without obligation to: l

BRITISH NATIONAL RADIO &
ELECTRONICS SCHOOL
P.0. BOX 156, JERSEY, CHANNEL ISLANDS, i

I NAME
ADDRESS l

I ] BLOCK CAPS
PLEASE
D RN ORNN TN AN I B SER A M Bm B mm
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DENCO (CLACTON) LIMITED
355-7-9 OLD ROAD, CLACTON-ON-SEA, ESSEX

Our components are chosen by Technical Authors and Co_ristructors throughout
the Wor!d 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 . 20p
DTB4 Transistor & Valve circuitry for D.P. Coils .. 20p
DTB9 Valve Type Coil Pack Application circuitry ae 20p :
MD.1 Decoder Circuitry for Stereo Reception , B 21p

All pgst paid, but please enclose S.A.E. with all other requests in the interests of
retaining lowest possible prices to actual consumers

| NEW STYLE SELF-BINDER

for
" . . The “CORDEX" Patent Self-Binding
Radio & Electronics  ..c will keep your issues in mint
Constructor” condition. Copies can be inserted or

removed with the greatest of ease. Rich
maroon finish, gold lettering on spine.

Specially constructed Binding Cords are made
from Super Linen of great strength, very hard
twisted and twice doubled. They are attached
to strong RUSTLESS Springs

under tension, and the method

adopted ensures PERMANENT

PR|CE RESILIENCE of the Cords. Any
f slack that may develop is

immediately compensated for
and the Cords will always
remain taut and strong. It is

impossible to overstretch the

Plus 7p V.A.T. springs, as a safety check
device is fitted to each.
P. & P. 14p

Available only from:—

Data Publications Lid. 57 Maida Vale London W9 ISN
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SMALL ADVERTISEMENTS

{(Continued from page 595)

BUILD THE MULLARD C.C. TV CAMERA. Complete
kits now available from Crofton Electronics. Send large
s.a.e. for details to: 15-17 Cambridge Road, Kingston-
Upon-Thames, Surrey. Reply by post. No callers please.

‘WANTED: Copy of the original RTTY Manual produced
by the British Amateur Radio Teleprinter Group. Box
No. G206.

“WORLD RADIO TV HANDBOOK?” 1973, £2.90 “HOW
TO LISTEN TO THE WORLD”, £2.00. CONFIDEN-
TIAL FREQUENCY LIST, stations’ QSL policies, etc.,
£1.80. Callbooks: USA £3.95, rest of world £3.10, British
Isles 70p. First class post included. David McGarva,
Box 114 (REC), Edinburgh, EH1 1HP.

PRICE BREAKTHROUGH. Brand new transistors.
Mullard OC42, OC76, OC77, all at 6p each. Mullard
OC23, 23p. Unijunction UT46, 25p, equivalent to 2N2646,
BEN300. Diode eqvts., 1N914, 2p, OA91, 3p. Guaranteed.
Nek Electronics, 28 Carnegie Road, St. Albans, Herts.

“DIGITAL COMPUTER LOGIC & ELECTRONICS”.
Four volume self-instructional course. £2.95 including
p. & p. Money back guarantee. Cambridge Learning (RC),
8a Rose Crescent, Cambridge.

FOR SALE: Foulsham-Sams & other Radio & T.V. books.
as new. Half current price. Box No. G210.

COMPONENTS GALORE. Pack of 500 mixed components,
manufacturers’ surplus plus once used. Pack includes
resistors, capacitors, transistors, diodes, 1.C., pots, coils,
etc. Tremendous value. Send £1 plus 10p p. & p. Caledon-
ian Components, Strathmore Road, Thornton, Fife.

IF YOU HAVE ENJOYED A HOLIDAY on the Norfolk
Broads, why not help to preserve these beautiful water-
ways. Join the Broads Society and play your part in
determining Broadlands future. Further details from :~
The Hon. Membership Secretary, The Broads Society,
;l(c)l;{liglsds", Hilly Plantation, Thorpe St. Andrew, Norwich,

JOIN THE INTERNATIONAL S.W. LEAGUE. Free
services to members including Q.S.L. Bureau, Amateur
and Broadcast Translation, Technical and Identification
Dept. - both Broadcast and Fixed Stations, DX
Certificates, contests and activities for the SWL and
transmitting members. Monthly magazine, Monitor,
containing articles of general interest to Broadcast and
Amateur SWLs, Transmitter Section and League affairs,
etc. League supplies such as badges, headed notepaper
and envelo%es, QSL cards, etc., are available at reasonable
cost. Send for League particulars. Membership including
monthly magazines, etc., £2.00 per annum. (UK. and
British Commonwealth), overseas 6 Dollars or £2.50. Sec-
retary ISWL, 1 Grove Road, Lydney, Glos., GL1S SJE.

TESTED SILICON NPN TRANSISTORS, like BC108.
4 for 12p, 10 for 25p. S.A.E. please. Box No. G211.

FOR SALE: Unmarked, untested diodes, BA144, 0OA91,
BZY88, 100 for 50p. Silicon planar transistors, ZTX300,
BC107/8/9 types, 50 for 50p. Reed switch inserts 5p, 10 for
40p. Selenium solar cells 10p. Marked tested components:
IN4007 rectifiers 15p, 5 for 50p. BC108C 6p, 10 for 50p.

Post 5p. J. Fulton, Derrynaseer, Dromore, Co. Tyrone,
N. Ireland.

SHEET METALWORK. 12/14/16/18/s.w.g. Alumin/M-
steel. Quotations — sketch plus s.a.e, Assorted component
parcels, £1.50 post paid, (£6 value), try one. M.R. guaran-
tee. M.S.K. Electro, 7 Shap Drive, Warndon, Worcester.

{Continued on page 599)
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0.0 MICKDAMFERES

MULTIMETER Model 200H, 20,000 ohm/volt
£4.80. 30pA, 50pA or 100uA METERS £2.50.

POTENTIOMETERS Lin or Log 12p; with DP
Switch 24p; Dual Ganged 36p; Special offer 5K
with DP switch 16p. JB3 Junction Box £1.20;
JB ‘11 £1.95. 500pA TUNING METERS 50p.
CARTRIDGES: Compatible ACOS GP91-3 90p;
Stereo GP93-1 £1.15. CAPACITORS 100mF 25v
5p; 220mF 25v 5p; 400-200-50-16mF 300v 30p;
0.1 500v DC 300v AC 4p. MINIATURE INDICATOR
LAMPS (5 colours) 11p; 6 or 12v Bulbs for above
4p. MAINS NEONS panel mounting (red, green,
clear) 15p. HEADPHONES: High Impedance
(2,000 ohm) 90p; STEREO 8 ohm £1.95; Stereo/
Mono 8/16 ohm £2.10. RECORDING TAPE;
5” LP 900ft. 45p; 53" LP 1,200ft. 60p; 7" LP 1,800
ft. 81p.

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.

F R E E T0O AMBITIOUS ENGINEERS

THE LATEST EDITION OF NEW OPPORTUNITIES

SEND FOR YOUR FREE COPY TO-DAY

NEW OPPORTUNITIES is a highly informative 76 page guide
to the best paid engineering posts. It tells you how you can
quickly prepare at home for a recognised engineering qualification
and outlines a wonderful range of modern home study courses in
all branches of Engineering. This unique book also gives full details
of the Practical Radio & Electronics courses administered by our
Specialist Electronics Training Division — explains the benefits of our
free Appointments and Advisory service and shows you how to qualify
for five years promotion in one year.

PRACTICAL EQUIPMENT INCLUDING TOOLS
The specialist Electronics Division of B.L.E.T. NOW offers you a
real laboratory: training at home with all the practical equipment
you need, plus basic practice and theoretical Courses for beginners in
Radio, TV, Electronics, etc.

'— mm  mew CUT OUT THIS COUPON mumemm S,‘( —|
Tick or state subject of interest. Post to address below.
AMSE (Elec) (] City & Guilds Certificate (] RTEB Certificate [J
Radio Amateurs’ Exam [] DMG Certificate O _ Cotour TV [
Electronic Engineering [] Computer Electronics [] Radioand TV
Servicing (] Practical Electronics [] Practical TV and Radio O

i BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY
Dept. (BRE 16), Aldermiaston Court, Reading RG7 4PF
Accredited by the Council for the Accreditation
I of Correspondence Colleges

I VIS o oo Moo oo S o Tt TRy S e s, | O e
(BLOCK CAPITALS PLEASE) I

I ADDRESSIe. L A e




COMPUTER SURPLUS

Calvern Precision Pots. Full Range. Beckman
100k 2-gang gold-plated contacts. Metal
Rects. LT, HT. Diodes, Relays.

1,000 B9A valves, special valves 12Ef,
5R4GY. G400/1k. 5B/255M, QS150/45.
QS10CQE, GS10CAF. -
TRANSISTOR COMPONENTS

Voltmeters, oscilloscopes, power packs. 10
types mains trans. -

RADIO AND TELEVISION COMPONENTS

100 boxed alloy chassis with components,
size 9”x3"x3", 17"x8"x3", 17"x12"x7". Steel
16”"x15"x11". Side plates available.

Chrome handles 3”, 6", 12" 6,10, 32 way plugs
and skts., multi-coloured cable for above.
Toggle switchs, wafer switches, chrome panel

6.3v FIL. transformers. Special mains trans-
form 250-0250, 430-390.0, 390-450. C350
M/A LT. 6.30, 6.3 1 amp, 180-180 100 M/A.
6.30, 6.3 4 amp, 2.5. 02.5 4 amp.

ALL PRICES ON APPLICATION

lights, neon panel lamps, clear and coloured.

A. T. GREENER, 141 CROFTON LANE,
ORPINGTON, KENT.

Telephone Orpington 31138 9 a.m, to 10 p.m.

THE ‘PLUS’ CATALOGUE

+ Technical data 4 Countless bargains + Discounts

/’;}‘\

D -

+

25p
REFUND VOUCHER

The Electrovalue Cata!ogue
now costs 25p (post free,
surface mail) and is well
worth it for its technical
information. But we include
with it a 25p refund voucher
for spending on orders for
£5 or more. You will find
this catalogue a great
money saver in every way.

96 Pages. (4th printing)
Transistors, with technical specs.
I.Cs with working diagrams
Resistors, capacitors, .components
Diagrams, tables, information
GENUINE DISCOUNTS

ELECTROVALUE LTD. °7.

28 St. Judes Rd., Englefield Green, Egham, TW20 OHBR'CA
9-6.daily: 1.0 p.m. Sat. Telephone Egham 3603

(XX XXX

PLAIN-BACKED

NEW STYLE
SELF-BINDERS

for your other magazines

(max. format 7" x 91")

The “CORDEX"
Case will keep your copies in mint

Patent  Self-Binding
condition. Issues can be inserted or
removed with the greatest of ease.
Specially constructed Binding cords are
made from Super Linen of great strength,
very hard twisted and twice doubled.
They are attached to strong RUSTLESS
Springs under tension, and the method
adopted ensures PERMANENT RESILI-
ENCE of the Cords. Any slack that may
develop is immediately compensated for,
and the Cords will always remain taut
and strong. It is impossible to over-
stretch the springs, as a safety check
device is fitted to each.

COLOURS: MAROON OR GREEN

(If choice not stated, colour available will be sent)

PRICE 70p . & P.14p

Plus 7p V.A.T.

Available only from:—

Data Publications Ltd.
b7 Maida Vale London W9 1SN
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SMALL ADVERTISEMENTS

(Continued from page 597)

SHORT WAVE MAGAZINE, now in its 36th year and
published monthly, covers the whole field of Radio
Amateur transmission and reception including regular
news features (DX, VHF, Clubs and SWL) and the design,
construction and operation of Amateur Radio equipment
of every type. Cover price 25p at newsagents. Specimen
copy 30p post free, first class. Annual subscription £3.00
(or £2.75 second class posting) year of 12 issues. Circula-
tion Dept. (R), Short Wave Magazine Ltd., 55 Victoria
Street, London, SW1H-OHF. Telephone: 01-222-5341/2.

WﬁN'tI‘lFeg: R%di]c:) & ’IéVdservicel rtpanu’als 1955 onward.
ro on, orge End, Stapleford, Cambridge, -
phone: Shelford 3587, e o TE

IRISH READERS. Up to 20% off stereo amplifiers, tuners,
decks, speakers, etc. Free catalogue from: Beirne Bros.
gRIC),dU Auburn Terrace, Athlone, Co. Westmeath,
reland.

“MEDIUM WAVE NEWS” Monthly during Dx season -
Details from: K. Brownless, 7 The Avenue, Clifton, York.

Radio Constructor and Practical Wireless, 1969-1972. Motor
Sport, 1961-1968. Science Journal, 1965-1967. Single issues
for sale. Reasonable prices. All enquiries answered.
G. Charnley, 18 Nether Street, Finchley, London' N12 7NL.

FOR SALE: Heathkit T0-18U 5” laboratory oscilloscope,
£29. 1G-82U sine-square generator 20Hz-1MH2 £19.
Both in mint condition, fully operational, complete with
manuals. McCullough, 373 Old Holywood Road, Redburn,
Holywood, Co. Down, N.Ireland.

FOR SALE: The Bandmaster, 20-80 Metres plus 194-580M.
Plug-in Denco coils. As described in 7#e Radio Constructor,
August 1971. Working, requires alignment. £10 inc.
Browns phones. S.A.E.: Blackwood, Oast Cottage,
Kemsing, Sevenoaks, Kent.

ARE YOU 17 OR UNDER AND A DX-ER? If so, why not
_join the Youth DX-Club International. Full details from:
Bartletts, Culmstock, Cullompton, Devon.

FOR SALE: New Emsac 2M converter, LF. 28-30MHz.
£16. Oats, 13 Bevan Rise, Trethomas, Mon.

WORLD DX CLUB covers all aspects of SWLing on
Amateur and Broadcast Bands through its monthly
bulletin **Contact. Membership costs £1.38 a year.
Enquiries to Secretary, WDXC, 11 Wesley Grove,
Portsmouth, Hants.; PO3 SER.

BURGESS K series double-break Micraswiiches, two
circuit 25 amps up to 250 volts AC, 15 amps up to 460
volts AC, in boxes of ten, £2.50 post 15p. STROBOSCOPE
FORKS, 125 cycles, £1.50 post paid. FREQUENCY
METERS, 45/55 c.p.s., 230 volts AC, 6 inch diameter
flush round, £10 each, post 70p. MEGGERS, 500 volts
range, 0-1000 Meg ohms — infinity, metal case, in good
working order, £15 each, post 70p. BRIDGE MEGGERS,
series 1, 1,000 volts range 0—-Meg ohms — infinity, complete
with resistance box 0/9999 ohms in sealed case, £70 each,
carriage £1. POWER FACTOR AND WATTAGE
UNITS for model 7 Avometers, fitted PF sockets, £7.50
each, post 65p. MINIATURE DIGITAL INDICATOR,
size of digits § inch, illuminated by 28 volt lamps reading 0
through 9 with decimal points, £3 each, post paid, send for
illustrated details. L. Wilkinson (Croydon) Ltd., Longley
House, Longley Road, Croydon, Surrey. Telephone:
01-684-0236.

APRIL 1973

SYNTHESISER
MODULES

Voltage-controlled modules for synthesiser construction and
other musical MIRACLES!| Catalogue 15p. D.E:W. Ltd., 2564
Ringwood Road,-Ferndown, Dorset.

FACT NOT FICTION. ¢ you start RIGHT you will be reading amateur
and commerclal Morse within a month. (Normal progress to be expected.)
Using sclentifically prepared 3-speed records you automatically learn to
recognise the code RHYTHM without transidting. You can’t help it, It’s as
sasy as learning a tune. 18-W.P.M. in 4 weeks guaranteed. Beginner’s
Section only £3.30. Complete course £4.50 (Overseas £1 axtra). Detalls
only, 4p stamp. 01-660 2896
G3HSC/Box 38, 45 GREEN LANE, PURLEY, SURREY.

FREQUENCY LIST TRANSFERS

We have a limited supply of sheets of Dial
Frequency Transfers in black. Short Wave fre-
quencies 1.8Mc/s to 32Mc/s and 144Mc/s and
146Mc/s. Includes amateur band marker frequen-
cies at 100kc/s points and other short wave
frequencies from 2 to 32Mc/s at every 500kc/s
points. Each frequency is repeated. Two sheets
for 5p, five sheets for 10p, postage 3p.

DATA PUBLICATIONS LTD.,
57 Maida Vale, London W9 1SN.

: Getpaid
foryourhobby!

Become an expert in Radio, Television and Electronic
Engineering.

Take an ICS home study course, specially designed to help
you gain the qualifications that will entitle you to higher pay
and a more interesting career.

ICS individual tuition has a long-standing reputation for
success in these important examinations: C & G Telecom-
munications Certs., Radio Amateurs Examination, General
‘Radiocommunications Certs., C & G Radio Servicing Theory.

Alternatively, you can choose an ICS colour/mono T.V,
servicing course or practical radio and electronics courses
that provide essential practical experience as you build.
Transistor portable receivers, signal generators, multi-test
meters. And whatever you build is yours to keep. All compon-
ents are supplied PLUS expert coaching in basic electronic
theory and practice.

Post this coupon today for a FREE Course Guide and find
out how to turn your hobby into money.

Please send me, without obligation, my FREE BOOKLET
on Radio, Television and Electrical Engineering.

WD L Boho R T TR N SR b Age
_(BLOCK CAPITALS)

A dress M e e e e A s Bl L BT S T

..................... ol e S T (e R O CCUD AL O T S At
International Correspondence

r key to the door Schools, Dept. 233H,.intertext
I“s (y)?gpponunity gwlsse‘,tus.}ewans Road, London
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ESSENTIAL BOOKS

HOW TO MAKE WALKIE-TALKIES FOR
LICENSED OPERATION
40p. Post & packing 10p.

The Government Surplus Wireless Equipment Handbook.
Gives circuits, data, illustrations and valuable information for
British/ USA receivers, transmitters, trans./receivers. With modifica-
tions to sets and test equipment. Latest impression £3.25 including
postage. :Directory of Government Surplus Wireless Equip-
ment Dealers. Gives full details of surplus wireless -equipment
stores and dealers including addresses, plus equipment and spares
they have available. A valuable book. Only 35p plus 10p postage &
package. (Allow 14 days for delivery.) A New Guide to Hi-Fi For
Beginners. By J. R. Hey Tech.(CEl) MSERT. Before buying Hi-Fi
equipment you must read this latest publication. It may save you
pounds. An excellent guide to the purchase of ready made Hi-Fi
equipment. Price only 40p. P. & P. 10p. Handbook of Transistor
Equivalents and Substitutes. Includes many thousands of
British, USA and Japanese Transistors. 78 pages. Only 40p P. & P.
5p. World’s Short Wave, Medium & Long Wave Radio
Stations & FM and TV Listing. 35p. P. & P. 5p. Cosmic Radio
Waves. Start a new_hobby — Radio Astronomy. This big book of
444 pages is an ideal handbook for the beginner and established
enthusiast. Numerous photographs and iilustrations. Published by
Oxford University Press. Price £2.50. P. & P. 26p.

DEPT. RC. GERALD MYERS, Bookseller &, Publisher.
18 SHAFTESBURY STREET, LEEDS LS12 3BT

MEN! £50p.w.canbe yours

Jobs galore! 144,000 new computer personnel needed by
1977. With our revolutionary, direct-from-America. course,
you train as a Computer Operator in only 4 weeks!

Pay prospects? £2,500+p.a.

After training, our exclusive appointments bureau —
one of the world’s leaders of its kind — introduces yot
FREE to world-wide opportunities. Write or ’phone
TQDAY, without obligation.

London Computer Operators Training Centre
P20, Oxford House, 9-15 Oxford Street W.1.
Telephone: 01-734-2874

127 The Piazza, Dept. P20, Piccadilly Plaza, Manchester 1
Telephone: 061-236 2935

DX-TV

The 2nd edition of the illustrated booklet, ‘‘Long Distance Television”
by Roger W. Bunney is now available, covering ail aspects of the DX-TV
hobby. Contents include: World-wide channel allocation charts, signal
propagation, receiver requirements with basic modification details,
aerials and preamplifiers, “off-screen’’ photography, station identifica-
tion, test cards, etc.

The publication, costing 50p (including surface postage world-wide)

is available from:
WESTON PUBLISHING
33 Cherville Street, Romsey, Hants SOS 8FB

140 pages. Price 80p, postage 6p.

AUTOMATIC EMERGENCY SUPPLY
250v 50Hz-150 watt Inverter. Full kit of parts excluding meter.
Circuit as appeared in December P.W. Complete kit—-£16.95+
80p F. & P.
OTHER INVERTERS AVAILABLE IN KIT FORM
150 Watt — £13.50+60p P. & P. 75 Watt — £7.80+60p P. & P.
300 Watt - £17.90+85p P. & P. 40 Watt — £5.20+40p P. & P.
25 Watt — £2.60+20p P. & P.
All above operate from 12v. battery and give 250v—50Hz. Output.
24 volt types are also available, alternative outputs or taps can be
supplied. Transformers and/or Transistors can be supplied separately.
SPECIAL OFFER
12v. Fluorescent lights, suitable for tents, caravans, houses or
secondary lighting for factories, hotels, etc. 12 inch-8 watt-£3.40
post paid. 21 inch-13 watt-£4.20 post paid. Large discounts
available for quantities.
TEXAN AMPLIFIER
Fibre glass P.C. board — £2.00+10p P. & P.
Transformer — £4.00+30p P. & P.
Other components including Teak Cabinet — £24.00+ Postage.

ASTRO ELECTRONICS
6, BARNES ROAD, CHESTERFIELD, DERBYSHIRE

DATA BOOK SERIES

DBS TV FAULT FINDING
124 pages. Price 50p, postage 6p. _
DB6 RADIO AMATEUR OPERATOR’S HANDBOOK
80 pages. Price 45p, postage 6p.
DB16 RADIO CONTROL FOR MODELS
192 pages. Price 75p, postage 8p.
DB17 UNDERSTANDING TELEVISION
512 pages. -Price £2.10, postage 25p.
DB18 AUDIO AMPLIFIERS
128 pages. Price 53p, postage 6p.
DB19 SIMPLE SHORT WAVE RECEIVERS

600

Postal Orders should be crossed and made payable to Data Publications Ltd.
Overseas customers please pay by International Money Order.
All publications are obtainable from your local bookseller.
Data Publications Ltd., 57 Maida Vale, London W9 1SN

EASE MENTION THIS MAGAZINE WHEN WRITING TO ADVERTISERS

RADIO & ELECTRONICS CONSTRUCTOR
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BUILD
THE

FREE TEAK CABINET with complete kits

FEATURES New slim design with 6 — IC's, I1C sockets, 10 siticon
transistors, 4 rectifiers. 2 zeners. Special Gardeners low field slim
line transformer. Fibre glass PC panel. Complete chassis work.
HIGH QUALITY AND STABILITY ARE PREDOMINANT
FEATURES — DEVELOPED BY TEXAS ENGINEERS FOR PER
FORMANCE, RELIABILITY AND EASE OF CONSTRUCTION.
FACILITIES On/off switch i hi socket. sep

treble, hass, volume and balance controls, scratch and rumble

filters. mono/stereo switch, Input setector: Mag. P.U., Radio Tuner, Aux
Can be altered for Mic. Tape, Tape head etc. (Parts list Ref. 20 on request.) &

Constructional details Ref. No.: 21 30p
Designed approved kitsdistributed by Henry's Radio Lid.

Complete with

SPECIAL FREE TEAK
gt £28650 Hu
PRICE = P & P45p

within 200 yards — call and see for yourself.

YOUR COMPLETE AUDIO-ELECTRONIC STORES |

More of everything at the right price. All your electronic requirements

w

TEXAN

20+20 WATT INTEGRATED
1.C. STEREO AMPLIFIER

(As featured in “"Practical Wireless’
May to August 1972)

i 7 sLmM
2 /,'(, 2 DESIGN
& K WiTH SILVER

s TRIM

Overall chassis size
143" x 6" x 2~ high

ELECTRONIC KITS

Henry's introduce new huge range of
audio and electronic kits now in stock,
everything supplied. tremendous value.
Detailed list Ref. no 14 on request.

|.C. RECEIVER

ZN 414 Radio integrated circuit as
featured in Practical Wirefess. January
1973, Practical Electronics. February
1973, Price £1.20

BATTERY TAPE DECK

Garrard 9 volt Tape deck with heads,
etc., As previously advertised. Limited
quantity. £9.50 post 30p.

LOW COST Hi-Fi SPEAKERS

E.M.l.Size 131" x83%

Large Ceramic Magnet.

TYPE 150 6 wait. 3, 8 or 15

ohms £2.20. Post 22p.

TYPE 150TC Twin cone version £2.75.
Post 22p.

TYPE 450 10 watt with twin tweeters
and crossover, 3, 8 or 15 ohms. £3.85.
Post 25p.

TYPE 350 20 watt with tweeter and
crossover, 8 and 15 ohms. £7.70. Post
28p.

POLISHED CABINETS 150, 150TC, 450 £4.60. Post 30p.
ASSEMBLED IN POLISHED CABINETS (8 ohms)

Series 6 (Assembied 150TC) per pair'£16.50 post 70p

Series 8 (Assembled 450) per pair £18.95 post 70p

NEW MW/LW TUNER T0 BUILD ML-3

Uses Muflard Module. Stow
motion tuning. Built in battery.
Ferrite aerial. Overall size 7" x
24"x 33". TOTAL COST TO
BUILD £4.85. Post 15p. All parts
sold separately — Lealiet No. 6.

Neasisa
-

TEST EQUIPMENT

JUST A SELECTION

SE250B Pocket Pencil Signal Injector
SE500 Pocket Pencil Signal Tracer £1.50
THL33D Robust 2K/Volt. £4.65 With case £4.99
TE15 Grid Dip Meter 440 KHz — 280 mHz £13.46
500 30 K. Volt Multimeter £9.25. With leather
case £10.50

200H 20K /Volt Multimeter £4.20. With case £4.95

AF105  50K/Volt Multimeter £8.50. With case £9.50

U4341  AC/DC Multimeter with transistor tester
with steel case £10.50

TE20D RT Generator 120KHz 500MHz £15.95
Carr 35p

TE220  Audio Generator 20Hz 200KHz £17.50
Carr 35p

Cis 3" Pulse Scope 10Hz — 10mHz £39.00
Carr 50p

TEGS Valve Voltmeter 28 ranges Casr 40p £17.50

ALL NOMBREX MODELS !N STOCK .

LEARN A LANGUAGE

Recorded Cassettes with step by step
phrase books. French. German, Span-
ish, Italian. £1.49 per course. £5.50
per set of four.

ULTRASONIC TRANSDUCERS
Operate at 40kc/s up to 100 yds. Ideal
remote switching and signalling. Com-
plete with data and new 1.C. circuits.
PRICE PER PAIR £5.90. Post 10p.

“BANDSPREAD’" PORTABLE T0 BUILD

Printed circuit all-transistor design using
Mullard RF/IF Module Medium and Long
Wave bands plus Medium Wave Band-
spread for exira selectivity. Also slow
motion geared tuning. 600mW push-pull
output, libre glass PVC covered cabinet.
car aerial socket. Altractive appearance
and performance. TOTAL COST TO BUILD
£7.98 p.p. 32p. (Batery 22p.)

All parts sold separately — Leaftet No. 2.

BUILD THIS VHF FM TUNER

5 TRANSISTORS 300 kc/s
BAND-WIDTH, PRINTED CIRCUIT,
HIGH FIDELITY REPRODUCTION
MONO AND STEREO.

A popular VHF FM Tuner for quality
and reception of mono and stereo.
There is no doubt about it — VHF FM

MARRIOT TAPE HEADS
4 TRACK MONO or 2 TRACK
STEREO

"17" High Impedance '£2.00
18" Med Impedance £2.00
36" Med-Low Imp. £3.50
Erase Heads for above 75p
“63" 2 track mono — Hi Imp. £1.75
"43" Erase Head for above 75p

gives the REAL sound. Al parts sold
separately. Free Leaflet No. 3 & 7.
TOTAL £6.97. p.p. 20p. Decoder Kit £6.97.

Tuning meter unit £1.75.

Mains unit for Tuper and/or Decoder PS6/12 £3.25. Post 20p.

HENRY’S
CATALOGUE

Fully detailed and illustrated
covering every aspect of Elec-
tronics — plus data, circuits and
information.

HENRY’S
RADIO LTD. S

10,000 Stock lines at Special
Low Prices and Fully Guaranteed.

PRICE
5 5 p Post Paid

(40p FOR CALLERS)
PLUS! FIVE 10p VOUCHERS

Send to this address — Henry's Radio Lid. {Dept. RC), 3 Albemarle
Way, London. E.C.1. - for catalogue by post only. All other maii
and callers 10 “303", see above.

PA-DISCO-LIGHTING

=
UK's Largest Range — Write phone or (’0 (o] o O (o] i
call in. Details and demonstrations 56 6% e |

1

on request. i
DJ30L 3 Channet sound to light unit FIEREOPTICS
£29.50 LIGHTING
EFFECTS - MICS.
W £38.75 PROJECTORS
DJ70S 70 watt Disco amp/mixer £49.75 SPOTS ' SPKRS.
DISCOAMP 100 watt Disco amp/mixer £65.85 DIMMERS
DJ105S 30 watt Disco amp/mixer £32.25 MIXERS STANDS
Anti-Feedback Quality Mic. £11.50 Everything for PA
DJ700 70 watt £52.75 Disco - Lighting
DJ500 50 watt P.A Amp £43.95 FREE Stock List
DJ300 150 watt rms Group Valve Amp £86.00 Ref.No.18
@ PFortable Discos — Detarls onrequest
@ Cred:tterms forcailers

w
DJ40L 3 Channel Mic {builtin} to light
3K

7 SEG & NIXIE TUBES

(Post 15pper 1 to 6}

XN3, XN13, GN4 0-9 Side view with
data 85p

GNP 7, GNP 8 0-9 Side view with
d(—,:cimal points and data 95p.

3015F 7-segment £2 each. £7 per 4
with data.

12 and 24 hour clock circuits for above.
Ref. No.31 15p.

MINIATURE AMPLIFIER

5 transistor, 300mW o/p. Fitted volume
and sensitivity contral 9 volt operated.
£1.75 each P/P 15p.

DISCO SPOTBANK
as dlustrated on the front cover of

Practical Wireless. April '73. £12.75
p. & p.35p.

HIGH QUALITY CASSETTES

The best UK low noise tapes but at 3 for
a special price. ‘'Living Sound” C60 1.10 200 3.0
cassettes meet the highest imer- C90 147 285 465
national standard (IEC 94A) C120 180 3.50 5.60
Full guarantee. Postpaid. Made by EMI especiaily for Henry's

SINCLAIR PROJECT 60 MODULES—SAVE POUNDS

Z30£3.57 250 £4.37
STEREO 60 £7.97 PZ5£3.97
PZ6 £6.37 PZ8 £4.77 P 7Y

Transtormer for PZ8 £2.95
Active Filter Unit £4.45

Stereo FM Tuner £16.95

1C12 £1.80.Q16's £15 pr.

Post etc. 20p per item.
PACKAGE DEALS Post 25p.
2 x Z30, Stereo 60. PZ5 £16.95
2 x Z30, Stereo 60. PZ6 £18.00
2 x Z50, Stereo 60, PZ8 £20.25
Transformer for PZ8 £2.95
PROJECT 605 KIT £19.95

Huge range of transistors
and semi-conductors in
stock. Free brochure. Ref.
36 onrequest.

QUALITY SLIDER CONTROLS

60mm stroke singles and ganged.
Complete with knobs 5K, 10K, 25K,
100K, 250K, 500K. 1 meg. Log. and
Lin. 40p each, 10K, 25K, 50K, 100K,
250K. Log. and Lin. ganged. 60p each.

HI-FI EQUIPMENT 7
Warehouse prices with BIG DIS-
COUNTS plus demonstrations (for
callers) and GUARANTEES.

FREE. 24 page detailed brochure (Ref.
no.17}.

You can see the savings |

il

VAT

Prices DO NOT include Value Added Tax. From 1st April, 1973 10% must be added and shown separately to your total
order {inclusive Post/packing). Help us to help you receive your order withoutdelay.

EDGWARE ROAD, W2

RADIO
LIMITED

309 PA-Disco-
303 Special offers and bargains store

All mailto 303 Edgware Road, London W2 1BW

WWW. americanradiohistorv.com

404-406 Electronic Componentsand Equipment 01-4028381 | Open:- 9am-6pm
354-356 High Fidelity and Tape Equipment01-4025854/4736 | & days2 week
ghting High Power Sound 01-723 6963

{309 closed
Thursday)

Aljl stores open
all day Saturday




