'RADIO & ELECTRONIES
®» CONSTRUCTOR

JANUARY 1974 | 20p

| M=t mEmOMD

|-

BURGLAR
BEATER

ALSO |
FEATURED

¥




AMTRON

An all-in one Multi-Range
AC/DC voltmeter, ammeter,
ohmmeter. Indispensable in
home repairs of electrical
appliances, in laboratories,
and for radio and TV trouble-
shooting. The large, full
visibility dial, its light weight
and above all its accuracy
make the UK 432 Utility

Tester a top-quality Instrument.

Instrument.

TYPICAL CHARACTERISTICS

Measuring ranges: 10

Ranges: 48
Sensitivity :

DC: 20,000 Ohms/V

AC: 4,000 Ohms/V

DC Volts: 8ranges: 0.1, 1,3,

10, 30, 100, 300, 1000V

AC Volts: 6 ranges: 1.5, 15,

50, 150, 500, 1500 V

DC Amps:6 ranges: 50 Micro-

Amps, 0.5 mA, 5 mA,

50 mA, 500 mA, 5 A

AC Amps: 4 ranges: 250

duce thelr

100, 1 k-Ohms, 10 k-Ohms
Reactance: 1 range: 0Oto 10
M-Ohms
Frequency: 1 range:

0 to 50 Hz, 0 to 500 Hz

{with external capacitor)
Output Volts: 6 ranges:
1.5 (with external capacitor),
15, 50, 150, 500, 1500 V
Decibels: 6 ranges:— 10 to
+70dB

Capacitance: 4 ranges:
Micro-Amps, 50 mA,
500 mA, 5 A

Ohms: 6 ranges: 0.1, 1,10,

£21-2]

INC V.A.T.

ILLUSTRATED
LEFT

THE COMPLETED
uTILITY

TESTER KIT

AMTRON U.K. 4 & 7 CASTLE STREET HASTINGS SUSSEX TELEPHONE HASTINGS 2875



38-671-4002

including
25p Refund
Voucher

The best yet!

112 pages (plus covers) and our bast yet! Practicatly all
items in catalogue 7 are there as the resuit of information
fed by our computer, enabling us to control stock-buying in
relation to demand with greater accuracy and real benefit to
customers. This means that your orders, which we micro-
film for record keeping, are handled with utmost speed and
afficiency. EV prices remain keenly competitive and in
addition there are discounts as well, to give you further
savings. Among the well known firms whose products we
carry are those of SIEMENS, NEWMARKET, RADIOHM,
SOLDERSTAT, GUEST INTERNATIONAL as well as
Texas instruments, Mullard and others.

Send 25p now for EV Catalogue 7. It includes a
refund voucher for 25p allowable on orders for £5
or more list value.

DISCOUNTS

Available on all items except those shown with NETT
PRICES.

10% on orders from £5 to £14.99 list:
15% on orders £16 and over.

WE PAY POSTAGE

and packing in U.K. For mail orders for £2 list value and
under, there is an additional handling charge of 10p.

GUARANTEE OF QUALITY

All items guaranteed fully to makers’ specifications.
Everything brand new—no ‘‘seconds’’, makers’ rejects or
clearance offers.

ELECTROVALUE crp

Dept REC. 1, 28 St. Judes Road, Englefield Green, Egham, Surrey.

TW20 OHB

Telephone Egham 3603 Telex 264475

All mail orders and communications to above address
@ NORTHERN BRANCH

680 Burnage Lane, Manchester M19 1NA

Hours (both addresses) 9.00-5.30. Saturdays 9.00-1.00 p.m.
JANUARY, 1974
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“| MADE IT MYSELF”

Imagine the thrill you'll feel ! Imagine how impressed \
people will be when they're hearing a programme on a
modern radio you made yourself.

~ Now! Learn the secrets of radio

s

and electronics by building your
own modern transistor radio!

Practical lessons teach you sooner’
than you would dream possible.
What a wonderful way ‘to learn - and help qualify yourself
for a new, better-paid career! No dreary ploughing through

page after page of dull facts and figures. With this fascinating
Technatron Course, you learn by building!

You build a modern Transistor

adiwe . . . a Burglar Alarm. You
learn Radio and Electronies by
doing actual projects you enjov ~
making things with your own
hands that you'll be proud 1o own!
No wonder it's so fast and casy
fearn this way. Because lcarning
becomes a hobby! And what a
profitable hobby. Because oppor-
tunities in the field of Radio and
Electronics  are . growing faster
than they can find people to fill the
jobs! »

No mathematics,
no soldering - yet you
learn faster than you

ever dreamed possible.
Yes! Faster than you can imagine,
you pick up the technical know
how you need. Specially prepared
step-by-step lessons show you
how to: read circuits - assemble
components - build things -
experiment. You enjoy every
minute of it!

You get everything you need.
Tools. Components. Even a ver-
satile Multimeter that we teach
you how to use. All included in
‘the course AT NO EXTRA
CHARGE! And this 1s a course
anyone can afford. You can even
pay for it in easy payments - in
fact you could make extra cash
from spare-time work when you've
turned yourself into a qualified man
through B.LLE. T. training.

POST
TODAY FOR
FREE BOOK

To: BRITISH INSTITUTE OF
ENGINEERING TECHNOLOGY
Aldermaston Court, Reading RG7 4PF

Yes, I'd like to know more about your course. Please send
me free details—plus your big, 76-page book that telis
about all your courses.

So fast, so easy,
this personalised course
will teach you even if
you don’t know a thing
today!
No matter how little you know
now, no matter what your back-
ground or education, we’ll teach
you. Step by step, in simple
casy-to-undersiand language, you
pick yp the secrets of radio and
electronics. 4

- You become a man whao makes
things, not just another of the
millions who don’t  understand.
And you could pave the way 1o 4
great new career, t add to the thnll
and pride you receive when yuu
ivok at what you have achieved.
Within weeks you could hold in
your hand your own powertul
radio. And after the vcourse you
can go on to acquire high-
powered technical qualifications,
because B.I.LE.T.'s famous courscs
go right up to City & Guilds
levels.

Send now for FREE

76 page book - see how
easy itis - read what
others say!
Find out more now! This is the
gateway to a thrilling new career,
or a wonderful hobby you’ll
enjoy for years. Send the coupon
now. There’s no obligation.

QH|
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The Sinclair Cambridge...
. no other calculator is so powerful

and so compact.
Complete kit-£24-95! .....

The Cambridge — new from
Sinclair

The Cambridge is a

new electronic

calculator from Sinclair,
Europe’s largest

calculator manufacturer.

It offers the power to

handle the most complex
calculations, ina

compact, reliable package,
No other calculator can
approach the specification
below at anything like the
price —and by building it
yourseif you can save a
further £5-50 !

Truly pocket-sized

With allits calculating
capability, the Cambridge
still measures just

41" x 2" x +L". That means
you can carry the Cambridge
wherever you go without
inconvenience it fits in your
pocket with barely a bulge. it
runs on ordinary U16-type
batteries which give weeks of
life before replacement.

Easy to assemble

All parts are supplied — all you

need provide is a soldering iron

and a pair of cutters. Complete
step-by-step instructions are
provided, and our service department
will back you throughout if you've any
queries or problems.

The cost? Just £27-45!

The Sinclair Cambridge kit is supplied to you
direct from the manufacturer. Ready
assembled, it costs £32-95 —so you're
saving £5-50 ! Of course we’ll be happy to
supply you with one ready-assembled if

you prefer —it’s still far and away the best
calculator value on the market.

Features of the Sinclair
Cambridge
¥Uniquely handy package.
41" x 2" x 11", weight 3% oz.
¥Standard keyboard. All you
needforcompiex calculations.
*Clear-last-entry feature.
¥ Fully-fioating decimal point.
¥ Algebraiclogic.
% Four operators (4, —, X, =),
with constant on all four.
¥ Ccnstant acts as last entry
in a calculation.
¥ Constant and algebraic
‘logic combine to actas a
limited memory, allowing
complex calculations ona
calculator costing less
than £30.
¥ Calculatesto 8
significant digits, with
exponent range from
102 to 107,
*Clear, bright 8-digit
display.
¥Operates for weeks on
four U16-type batteries.
(MN 2400 recommended.)

RADIO & ELECTRONICS CONSTRUCTOR



A complete kit!

The kit comes to you packagedin a

heavy-duty polystyrene container. It

contains al! you need to assemble
your Sinclair Cambridge.
Assembly time is about 3 hours.

Contents:
1. Coil.
Large-scale integrated circuit.
Interface chip.

2.

3.

4. Thick-film resistor pack.

5. Case mouldings, with buttons,
window and light-up display in
pesition.

. Printed circuit board.

. Keyboard panel.

. Electronic components pack
(diodes, resistors, capacitors,
transistor).

. Battery clips and on/off
switch.

. Soft wallet,

This valuable book — free!

If you just use your Sinclair Cambridge for
_routine arithmetic —for shopping,
conversions, percentages, accounting,
tallying, and so on —then you'll get more
than your money’s worth.

But if you wantto get even more out of it;
you can go one step further and learn

how to unlock the full potential of this
piece of electronic technology.

How ? It's all explained in this unique
booklet, written by a leading calculator
design consultant. Inits fact-packed 32
pages it explains, step by step, how you
can use the Sinclair Cambridge to carry
out complex calculations like :

Logs Sines Cosines
Tangents Reciprocals nthroots
Currency Compound

conversion interest
and many others. ..

— g — ||
Sinclair Radionics Ltd, London Road,
St lves, Huntingdonshire

Reg. no: 699483 Engiand
VAT Reg.no:213 8170 88

JANUARY, 1974

Why only Sinclair can make you this offer
The reason’s simple : only Sinclair — Europe’s largest electronic calculator
manufacturer— have the necessary combination of skills and scale.

Sinclair Radionics are the makers of the Executive —the smallest electronic
calculator in the world. In spite of being one of the more expensive of the small
calculators, it was a runaway best-seller. The experience gained on the Executive
has enabled us to design and produce the Cambridge at this remarkably low price.

But thatin itself wouldn't be enough. Sinclair also have a very long experience of
producing and marketing electronic kits. You may have used one, and you've
almost certainly heard of them — the Sinclair Project 60 stereo modules.

It seemed only logical to combine the knowledge of do-it-yourself kits with the
knowledge of small calculator technology.

And you benefit ! )

Take advantage of this money-back, no-risks offer toda
The Sinclair Cambridge is fully guaranteed. Return yourKkit within 10 days, and

we'll refund your money without question. All parts are tested and checked before

despatch —and we guarantee a correctly-assembled calculatorforone year.

Simply fill in the preferential order form below and slipitin the post today.

Price in kit form: £24-95 + £2-50 VAT. (Total: £27-45)

Price fully built: £29-95 + £3-00 VAT. (Total: £32-95)

NS W S SR (AT AN SN M S S (UM S SR SR SN S S
REC/174

To: Sinclair Radionics Ltd, London Road,
St lves, Huntingdonshire, PE17 4HJ

Please send me Name e

[ a Sinclair Cambridge calculator kit at

£24-95 -+ £2-50 VAT (Total: £27-45) o 7 - —
[T1aSinclair Cambridge calculator ready

built at £29-95 + £3-00 VAT Address

(Total: £32-95)
*| enclose cheque for £ , made
outto Sinclair Radionics Ltd, and
crossed.

*please debit my *Barclaycard/Access
account. Accountnumber

PLEASE PRINT

*Delete as required.
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THIS IS THE FIRST PAGE
OF THE GREAT BI-PAK SECTION

BRAND NEW FULLY GUARANTEED DEVICES

Priee  Type Prire Type Prici Price Type Price
022 Alndl & Bhist 0.27 ’\ ZHN 013
ADIGMP) g5 BN 2 01y
\( 115 \l)’l‘ 4 0.55 (N BEIRS 0,13
.27 BbI BFING 0.19
(1] RFI%7 019
Rl RE18% 819
[ 13111914 8.19
B 0.61 RETH5 0.19
Imun 0.66  RELG 0.19
0.8% e 019
0.66 BE "II 0.9
0.66 0l
0.72 0.ty
RCT7H 072 0.13
BULTL [E1RI] 0.77 0.60
117 B 077 0.35
[HIESY 072 035
Bl s 072 0.44
RDis7 075
Riyss 077 0.55.
BIns 0.83 0.46
083 .48
094 REWI 0.81
AC lln 0.94 BN 017
ACioR 099 BN 0,88
ACLY L 0.99 0.86
\C)m BDIw £L05 I 0.86
£1.05 .27 0.62
088 . 0.46,
0.84 .22 0.46
£1.05 0.22 0.62
£1.05 0.22 0.77
£1.10 6.19 077
0.27 0.94 b 077
A 0.50 [N AT 077
BUIWOT BIFTI¥ 077 017 [INE) 0.46
HCHS 0.77 017 bl 0.44
BRI .50 0.17 0.50
BEN 0.55 0.37 .
BOILE 0.50 031 2N305§
RIS 0.55 0.22 i T
BCTG 0.61 0.22 “DIODEb AND RECTIFIERS
BC7 0.50 0.16 AL I‘l 0.09 Byl2s 0.37 0ATH 0.08
ROTIR 230 . 609 BYIje BI8 0ATH 0.08
BCILO Re4an 277 009 BYIS3 0.23 (1K1 0.08
B4 054 010 BYit4 035 QA8 .10
a.61 0.1 BYX3S3U 046 (1A 0.07
0.61 0.11 BYZio 0.39 A 0.07
¥ 0.66 0.23 Ii\ LI 1 0.33 QA 0.08
BF 160 0.44 0.24 N1z . DA .07
RF a2 0.44 .16 928 v 0.08,
B l.ih P63 044 0.13 0.44 S 0.06.
BOLET BEL61 . 0.18 039 SDIY 0.08
81 X B4 0.15 0.30 IN34 0.08
o.m BCL40 . 0.16 K 031 IN340 0.08
0.42 . 0.ag i 0.17 12 INOI4 .06
.53 033 B "z m w] lun 0.06 INOL6 0.08
0.53 0.33 ] 9.19 RO AV INHI4n .06
0.42 0.50 I 0.13 u_\ 7 0.07 N2l a.1f
.55 on B 013 Hs 039 18951 8,07
.19 3 o.u BF 12 016 0Al 0.15
Ablt2 o BCL 013 BLE BE1SH MATLn 017 0MT 0.08
LINEAR LC's—FULL SPEC DTL 930 SERIES

s
DIL,
niL
DIL
DIL
To-5
DIk
DIL

pd X
wATOHC To s 0.30
0.40

#ATR Tos 1o

LOGIC I.C's

i
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1
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sposeczscow,

22o2
LEET
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NUMERICAL
INDICATOR TUBES
Type Biesevipt
30151 Mintion 7
hl Ih nmr £1.50
© MAN3M
£1.90
CD 66
£1.87
GR 118
Tulw 13 mifin £1.70

ALL PRICES
INCLUDE V.A.T.

3 TERMINAL POSITIVE VOLTAGE

REGULATDRR

WATHIZ

Encapendation (7P 1.5
VY. to MVRSV)
‘\ (Eguv. to MVRI2V)

e
£1.76
£176

“Epoxy TO-5 cas 1-24

RTL MICROLOGIC CIRCUITS
Pnct’ each
.

LUK Buffor 39
LLOL4 Dual 217 yate 3
L9823 1K fip-tiop  55p 5% S0p
Date und Cire-its Booklet foc 175, P 7p.

BESI4

IbstG

DUAL IX LINE SOCKETS
14 & I8 Lowl Soekete fur pxe with DUAL-
IN-LINE L0 -

WwWo

o ity .u-

A i pin type

14 pin type

Low vt}
16 pin type
flow coxr)

Rinngrs
W LW COST.

016 0.14

PROF

"7 015

033 0.30 0.37
038 0.35

032

7451

£1.20
£1.10
£110
0.18
218

74 Series T.T.L.

Chustntifies
a5

0.7
0.7
037
w17
0.1
e
054
0.34

0.46
073
0.68
0.68
017
0.7
071
£L15

017

Quantitus
23 14

5 100+
£1.20 £L10
£1.90  £175
£1.45 £1.35
£145  £L35
£1.90  £4.80
£2.00  £1.90
£2.00 £i.90
£4.15  £3.85
£405  £3,85
£220 £200
£2.10  £2.00
£3.10  £3.00
£2.40  £239
£1.65  £1.55
£175  £1.65
£0.75  £1.8%
i140  £L30
£4.50  £4.00
£1.90  £135
£3.10  £3.00
£2.10 £2.00
£210 £2.00
£210  £2.00
£2.10  £2.00

Folm £2.88  £2.75
T4l £1.95  £1.90
T4 £180 £1.85
TN £1.90  £1.85
F4lin £4.73  £4.30
THi £4.75 450
TN

TN M \\ HF MIXED

IIIQI' \1.IFY
ITY I'Icl( I" (ITL 74
3N DNLV) DATA I8

it
H
T
T4I4)

5'

AV \ll ABLE FUR THE
7445 VE SERMES OF 1.C8 N
450 BOOK FORM PRICE 3ip.
418}
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TURN OVER FOR MORE FANTASTIC OFFERS

IN COMPONENTS AND AUDIO!

PMIGONDUTOR ' KING OF THE PAXS Unequalled Value and Quality:

BRANI  NEW  TEXAS UT 46 UNMUNCTION QUALITY TESTED »
GERM TRANSISTORS TRANSINIORS Pak No Pitce

Coded and Grgranteed Direet peplavement for £p
Pk N EONT TIS el BEN Beon 200 Red spat transistor g 055
KISt ab eletieally cquivalent 1o White spot RFL nsstors pop 0.55 NEW BI PAK UNTESTED
- ’ 3 SEMICONDUCTORS
1 OUTT Ty e transisturs .55
25 100 + @ Matehed franasistars (0435 81 81D 035
0.30 0.28 0.2 4 i transisters 55
5 2 K 035 Satisfaction GUARANTERD i Every Pak.ar money back
4 (ransistrs pup high gain 0,55 R
3 i A rnn=ilors g 0.55 ak No Description Price
TOOCND type transislins : 055 R
IO GENERAL PURPOSE NPN T 00T e traiston I ¥ U1 120 Glass Sub-Min, Greneral Parpose Germannm Diodes 0.53
| ,\!| "7 SILICON SWITCHING 2 AT LR Complementary pairs . U2 60 Mived Germmninn Transistors AFFRE £y 0.55
el palk TRANS, TO-1R SIM. TO e u/m 55 To e i R e Ry
N T T A, s b | R U375 Germandum Gl Tl Sl Min, lke 0.3 AT .05
AT I IR TSRS 055 C4 0 Gormaninm Tramsistors likie (0K ACL28 . s
o st cirenite AL Did LI type transistors 0355 U5 60 200maA SubeMin Silienn [adies 0.55
NIXIE DRIVER AW ALARL ml'Nl' Qs % S c*]ll Iipoxy  transistors 053 6 30 NIl Planar Teans. NPN like BRYOSA, 2NT05 3 0.55
OR ey wied ealours . .54 2c ®o Rl fOR o 5
O et i | DT s bt | [0 ) A U7 16 s Reetitione TOISIAT T5mA VTG, RANGE np to 1000 0.55
RS e b s | Termeu SOt RNTE U8 Sl Pl Dinkdes DT Gl 33004 Tk Q0200202 . 05
20v0]s [y Gil7 e T4l & 5 KT U9 20N e, T Watl Zener Diorhes
1201 - o e ] R s i e ; 20 Misod Vv, Wl Zuwer D . 055
i O z) l'w B . 0.5 UL 20 BAYS0 rhara- sbarggne Digdes 10O, 058
L - i I 2LMAT 101 & LXMAT ULT 25 ISPk Pl Trans, 043 T 2N 0.55
0 R.25 T i ¥ i 8’? Ul 12 Nilieon Rearitior: Kpony 500m ap te 860 PIV . 0.55
T 1430 M 43 Crermardinn tansistars . e o < »
) LOACL2T e Do trosistors 055 Ny | s SO CANELN L : 055
Al sutable o 0 NKT toun astors A F. RLE. ol 0.55 Uts 1 Mised Siticon ail Germaninm Dindes 055
HN “,\’m_,,.gp i ' ”N 'I\vl:um it sule-min 3. ; Ut 2% NN ML Plasa Tros T Tike REYSL, 2N607 055
5 Sip e N ionlos 35 . 4 Ay Siliveon Rectifiers St Ty e ny a
e Uy 4 ) X T &2 U108 v Sl Retitiers Stod Tope up b 10081V 0.55
ll‘[, P DIODES - e C1F 80 Germnanium PNIY AR Transistors T0-5 like A0Y 17-22 0.55
oty > = NG " 055 CIN % 4 Amp Silien Heenifiers BYZ13 Type np to o) 1TV . ess
LRI i 1 ypenp
an sa0 | 7T e o i e i silinn NIN Transecas like 36108 . 055
03 3 METAL . d NIz c .55 ) ‘ .
:,A‘\_\,“f"::gl"{h‘“l'l}“l - A ow 990 | & 3 3;5 1.5 mnpy Silieon Rectiners Top Hut up to 1000 IV ’ 0.55
Vilo SOV Ve S I 1% S AF. Gornmannm Moy Transistom 20500 Series & O3 0.35
IS 1 s Tat W “xet 055 30 MADT's lihe MHz Sorics PNP Transistons 0.55
u I\l\* - g - I 2 i U240 20 Copmmninm 1 Amg Hertitivrs (1M Series up to 300 PL¥ o5
il jority o - ). 1
Germanbiom e tmne R 2414 TO3 NPN Q31 6 Siheon swateh fransistops INTOK, L SNM L NT W, 18 0.55
astors in o DU AD ‘"‘““‘ il o w 055 L Fust Switehi 1014 Miers-Min ¥
i NKT punge - - gl (3 e ‘lj‘m;"“!w'ﬂ s 55 U 2 NEN Germ Trtiietions T0-1 Tibie ACL2T 0.50
048 ot 4 gl D NI Q13 3 ~mmn ulml Teandeties 2 055 b SCR @ TO5 v gt 0PIV LI5
~\|""|“ Bletyp 200 b Qi 7 Nl gn - traisistues Iatic Niliceom Plamr Trans., N - 0.55
- MM 5
| i e | s i eltcor 033 ilvon, e Phastic XIN ‘Trare, Low Nor Amp 2N3IOT . 088
2 35 3 Siliven . 2N
0.55 050 044 U e . Zonwr Dioedom dtitm W DU.T ense 318 volts mased Y
TO3 METAL on 7 n.ln TEL IR plastic 300MHz upr 0.5 Plastic Uit 1 M Nilicon Restiliers INADKE Serios 0.55
ILICON e | | ! 7 !
T Vo Gy ‘1):;;« b 2 o g Silieon tris 0.55 Niliewsn IPNT Alloy Trans, TG BOY .55
15 e Vi it | & Ty - Aot Nalieeat Planr Trimeistars PP TOL8 055
fi- TV ADI6L 162 o Plarser NPN Trusistors 105 REYSH [ 055
YRS SHEIRS ""'““’”"“ P TIT Nilieon Mo Trusiston SO-2 PN (020, 28822 055
I TR i
RDY 21, OUR LUW Fast Suitehig Silieon Frans. NPN a0 Hz 285011 y 055
I 5 oo | 8lp PER PAIR ﬁ:lwr'mnmcl SLIDE-RULE L, Germ, N Transistrs 0.55
A T MK Sids [Rule. sesipn 11 simplity Elentronie e .
438 o e TR e Dl Traistors & leaed T 038
1 L) 10 nd o Wavelength, Caleuluty of L 1 .55
¢ and fu el TFaned Cirenits, Renctance and Selt Indue. NRTO6T, AFIT 055
NEW 8th EDITION " A ol Circlos, Valumie of Cylinders, Riistanee !
ALL PRICES b 0.55
250 pages duetors, Weight of Conductors, Dbl Calenln- i . N—
TRANSISTOR SHOWN tins, Argle Fuanetious, Natural Lo and - Fanetions i1, Trine. $lastie O G BCUZNTN ) X 055
s 5 b Multiplution aued Hvis Niari Culig and Can A SCR. TORS up 10 SI0PIY . . X 110
: INCLUDE Seuare Rants, Conversion o wnd Hp, A sy for
i every vhatraic © el ot it . N
it Toh e VAT Tem Chomglete with ease and imstpictions Code Now. mentional above are given as a gude to the tape of device in
ALl ] T Price each- €369 ik Thee desiees themsely v sre nonmally snmarked

Pransistors, Exclusive i BI
PAK 90p cach

s pnoro g ooes | NEWLOWPRICEDTESTEDS CR's SILICON RECTIFIERS

e I8 Len gl NKlm\\ (e T Caned

A LARGE RANGE OF NIN N0 RIY ul V.o I2p ench ’ .
TECHNICAL AND DATA 121 BRAND Nw. Fall p-Haty  range P AATA A I6A BuA FPIY .iHLlnu\ FHmA 1A 3 104 308
BOOKN AR| 0\\ AVAIL- datu wearhuhil 2OV, dMp  cach. I0W I TON 'Imx TO4 TR )7 NOLG Plastic 80O16 SU10 NO1O T0O48
ABLE EN\. NTOCHK teed iy, ) (SO Sudy range a0 (¥ noRoElu? Bl \»u. l:lll- H: 5 IIHIN 0o 021 8‘7“5’
‘FOR FREE LINT Price eat E 2 32p tac 100 n.,_ XY 10 0o3 00T 08 06 5
' o RS “p e LrRazpsh 2N 05 67 % 2600 w010 nod ol 025 £1.00

4 nm T DEE 03T g s DOR 015 nos Nl 138 £1.35

INTEGRATED (TRCUIT PAKS B 2 TS 076 Re E10T E — WK 004 017 010 (LK D3 045 £1.90
A0 0 aas ORR G Y gran geq0 Fao 02 eae ol BB 055 £210

048 065 £2.50
058 075 £3.00

300 w2

Munufeturers =Pl Unts wineh melude Funetional and Part Fusetonal Ut These aie 1006 90y
elasserd s out-ofsg e Trows the maker’s vy rgad specifieations. bt aee uleal for Teaming I Nt
abaut LC.~ aml experimental wotk FET’S E

POST DFFICE

TELEPHON IN5458  35p DIACS TRIACS

31p
1459 44p |FOR USE WITH TRIACS VBOM

Pak No  Contents Price Pak N

Canfents Price Pak No. Contents

4 55 5
[RIATY Ultsn 3. TIRG DYATFwh0p each 392 MPFI05  4lp [BRE00 (132) 41p each OV 20V 400V
Loy A .um 3lp £ £ £
l‘l(:Hi a 2 Amp 0334 058 W77
Clcws CADMIUM CELLR FREE 10 amp POTTED Amp 085 066 083
Ultod ORPLY 48p One 50p Pak of your own BRIDGE RECTIFIER m \mp 083 099 12l
Uheun choice free with orders on heat sink.
Ulei valued £4 or over, 100PIV. 99p eack:

All prices quoted a2 new pence Giro No J88 70U
2“3“55 Piease send all orders direct to warehouse and despatch departriend

115 WATT SIL

POWER NPN

CIOND 25 Aserted s55p EACH
745165

A
e

Paks cannet he aplit, bt 23 assorted pisss (our mix) 1s available as PAK UIC XT,

2 Amp. BRIDGE RECTS D16t NPN SILICON BIP 19/20 T03 NPN PLA\TIL SILICON
‘50 ¥ RMX 35p vach g 3 Vebo 10OV, Voo 50 16 - 10 amps. Ptath=0W,
s e FENCRIRR eyl © O. BOX 6 W A RE HERTS
A KNS 5lp .. i 25 Too + t 25 100+
Swe 16 mmooc 6 mm
038 0235 W32 os “61 055 Postane and paching ada Mp Qverseas add extra for airmayl

Minimum order SUp. Cash withorder please

Gvaranteed Satisfaction or Money Back
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EX-COMPUTER
BOARDS
Packi) with tronsistors, dyetin nlp.n'llm\ aml
S COMEPONENT VALITE €150
b OXLY 550 e Sop
aianee PLUN Tran-ixiors
GNLY 33p vich rpdp 15
STABIISED POWER MODULES
Complete with enont thagsms ete.
94p cach +pxp Lop
appras
Flor 30p

FIBRE-GLASS PRINTED
CIRCUIT BOARDS

L3S approx. 2 far s

Fosintigs

SPECTAL s

PAXOLINE BUARDS 77 0
2

DECON-DALO 33pC Marker

Faeh 1 e 0p each

aul purantod sireuil mar

VEROBOARDS

acks cantaming appros S s i
a1 e, 3ap

vt iz

REPANCO CHOKES & COILS

BE Clokes "Hl i
CHY

Siil 25p
TomH 25p

. H4

1
ol DR Crestal sor &b BRRY Duak ranec 43p

COIL FORMERS & CORES
RoRMAN ‘Mm\ and Fooers B

1 Forum Mo

SWITCHES

DI Tl 25p SN Topls 18p

FUSES

T4 el MR e 10

L\

CLTI

)
QUICK BLOW #p oy vk
EARPHONES

2 Sl B3 Soho
3o gl 3p

DYNAMIC MICROPHONES
BIL2R 2wt i
and 3,

Pl o ol
o plisos

3-WAY STEREQO HEADPHONE
JUNCTION BOX

Awiteh wnd

ek £1.87

2-WAY CROSSOVER NETWORK

KA st Ol B Tosoction los 30138 £E2E

CAR STEREO SPEAKERS

Laighid) £3.85p pee pan

AND LISTS
AND 10

INSTRUMENT CASES

i !~nlmy\~ Blach Vi e top agd sk

and b

N Lengfle Wideh et Avice
By T oo L[ a [
By [ A w2
ALUMINIUM BOXES

No Lenzthy Wi, Hoighie

Y] s o iy

Rz I [y

AR v 2 e

BAY A 4

BAS ¢ &

BAG by
BAT
BAR
By

W
P

P T

nplets sivh 2t Tl
Pl m,-,..m v el pehmg bor o

De Luxe Groov-Kleen
Model 42 £1.84
Chrome Finish Model 60 £1.50

Rot 364 Reweonl Stvbis Chanine Kin 28p
ol 43 Recond Cupe Rit iz
T3 Casette Hend Claner
£82 Tape oditing Kit
Mirded 8 Wire shipper eutior

N25 20 wan ¢l U015 watt £2.05
Moddel €2 18 wan £ oldering Lt £2.86

.\'I' NN

£1.2) N 7
~(ll l)b R

Luliwone 7 on K2p

WG T s ¥2p
Wp '

whe 22p

AND ELEMENTS

Nis

For aiabf t agp

e suewlob 8p

a8p

" ( I8

|m taewlet € p

$%p

Fiu bl 4 4

For el 1 2th

Sup

3Kp

3%p

3 WEN L £1.16
i 'm 1. lﬁ X 25 £L16

LOQK FOR OUR AUDIC
AND ELECTRONIC
COMPONENT
ADVERTISEMENTS IN
‘PRACTICAL
ELECTRONICS’

ALL PRICES SHOWN

Ref § Hi-Fj Ul
24 N\Iu_\ Halanee
Tape Heal Uleaning Kit
Cussette (ase

SOCKETS

N33 DIN 2 Pig (Speaker)
Tin
i 180
TS38 DIN B Pin 240
PR30 dack 2.5um
'S0 dack 3.5
PR3] ek | Switelued
PS42 Juck Steron Nuiteherd
Phann Singhe

PRE Pl Dol

PS4 € Aetial q
Indi o Ca-Axial Nipface
U547 Ca-Avial Flush

witched

Switvind

INLINE SOCKETS
DIX 2 Pin (Speaker)
DIN 3 fin

DIN 5 Jfin 180*
IHN G Din 240

i Plastic

n Plastic
1 Pl

37 Sereend

eren Plastic
Jaek Nteren St
Phano Seveened

Car Aerial

X33 Gkl

PLUGS

o

INCLUDE V.A.T.

NEW COMPONENT PAK |

BARGAINS
Pack
No. Q Deseription Price
¢ 1 u]\xv.~u|>|-|mf.
vaunt by 055
(O (uyuumr\ b ik e
.55
[N -] L {
R e 0.55]
C T th W Hesisns mixed pres
wevl valines 0.55
5 bl it tent I(ml» 0,55
Co 2 Targ Cangs, MW |\\ VHE 055
7 T Ik Wine B2 mecrpes gason tisd
"~ 0.55
Eon10 Kawad Setehes 0.55
vn i 0.55
ARt Al Ptz PrecNegs 0.55
(N1} -]
Ve 0.55
Drvfered
o anixed Yl .55/
13 Ebirelyties Temmm, s 9.53)
vl PPk seerte! Handwine

it Balvs Hemmets ete, 0.5

15 [ o Navat s e, 0.554
i .55
w 0.554
4 0.55)
3 " 054
+ e Larsinatr n,»;.m\

0.5
PIcsse anded 1040 ot andd pach g on all ‘..,n;,.,...-m
ke plis o Gorthen i an pack New L

4 a0,

330

“VISIT OUR COMPONENT SHOP

18 BALDOCK ST, WARE, HERTS. (A.10)
OPEN. MON-THURS 9.15-6pm SAT 9.15-530 LATE NIGHT
SHOP_PIN(: UNTIL 7pm FRIDAYS. Tel 61593

HIN T Pin
Juek

1Amin Rersened!

1 Plastic

Log and Lin 7K. WK, 22K, 47K
470k 1M 20

VCL Single Low S itels
VD Singh 0.0 Switeh
VO3 Tandem Less Switch
VO3 TR Lin Less Suitch

VE5 100K Vo ainticLag

PR

U1 watt 0.66

17K
M. 473

Hi-¥i Steves Hints amld Tips

PLUGS AND
SOCKETS

Yok ane Nereened,
NI Jack
PRI ack !
PRIB dack Ster
PXEg
[
PRIG CoAxial

CABLES

(RO \\n\Jl Jappid ereen
Lok
PPy
(ML
e s
Py “ully Ihnlllwl Cable
[} ol | s cure i cable
U R Twin evel mains el
CP Y Spraker Cahle
CIO Low Liss U Axial

HORIZONTAL CAR BON
ESETS

0.06
o010
010
o.10

0.1¢
017
0.26
0.08
0.10
8.09
0.09
0.f4

0.13
017
017
017
0.10
0.12
0.24
0.28
0.22
0.32
0.4
0.15
017

0.11
012
0.15
0.14
015
0.15
015
0.10
0.09
0.12
0.13
0.1
0.2
0.06
0.15
0.10

0.06
0.08
0.8
0.23
0.3¢
010
097
0.06
0.64
0.10

CARBON POTENTIOMETERS
100K, 220K,

Wk, 23K, 47K,

€60 32p

The largest selection

Bib HI-FI ACCESSORIES

BOOK BARGAIN BUNDLE

8 Books comprixing:

2 Tramsistor Equvalent Books.

1 Rudiv & Flectronic Colour Code & Dats Chart,
1 Radio Vulve Guile PLUS

B uther Consteuctional hooka on’ Receivers, FM
Taners cte,

Al | General Constinetional honk.

Value £3. Our price £2,

Bl Handbook of TAunsistor ﬂ]n"lll;‘ll(\
and Substitutes
B2 Handbook of Radio T:V. and
industriol Tube & Valve Equivs. - 40p
BP3  Handbook of Tested Transistor
Crrenits . 40p
BP&  International Handbook of the
World'x Short Wave, Medium end
Lang Wave Radio Statons and
EMAY Listiogs, . . . 5p
BP5  Handhook of ‘llmpl(‘ Transistor
Cirenits 35p
BP7  Radio & Electronie Cofour Ooﬂm
& Data Chart 15p:
BPS  Soand & Londspeakve Manual .. 50p
BPY 38 Practical Tested Diode Circuits
for the Home Construetor 35p
BP1I Practien! Transistor \meltv

Cirenits . £ d0p

129 Universal Gram-Motor Spe«l

tndicator. . i) 8p
138 How to make EM & TV Aeri
Bands 1.2 & 3 . 18p
141 Radio Servieing for Amateurs . 20p
146 igh Fidelity Lnudbpmkc
Enclosures 3
186 Transisor Orrenits Manual No. 1., 15p
180 Coil Design & Conatruction Manual — 80p
161 Radin, TV & Blectronics Data Book  23p.
13 Transistor Circoits for Radio y
Controlled Models op
174 Transistor Subminiatuee Receivers  82p
175 Pransistor Tost l'qmpment and
Servieing Manual By
155 'lmusmur;\ndmAmpliﬁerM&nuﬂ fop:
177 Mudern Tramsistor  Circuits for
Beginners 40p
1A Compreboive Radio hlvo
Guide, Buk 5 30p
183 How 1o Reeeive Foreign TV Pro-
grammes o your set by mmplc 5
moditlentions 5%
185 Tosted N Recoiver Qrenits
wsing MATS L . g s0p
187 The TSL Mark "4’ Valved M Tuner
and its cunstruction 20p
198 - Prequency  Chact for
Audin & RF nse . 15p.
Resistor Color Code Dise Cslenator — 10p
CARTRIDGES
ACUS GPYL ISC 2KimY at | 2emajsec R 0)
GP93 1 280mV L lemfuce . £1.85
GP9G 1 100mV at temfsee 22,65
TIC ) 2005 CrystaliHi Ontput. o5p
J-20 10C Crystal/Hi Output
Compatible £110
J-20 (8 StercofHi Output . £1,00
J-2106  Ceramin/Med Output £1.60

CARBON FILM RESISTORS

The EI2 Range of Carbon Film Revistors, §th watt
availahle 1n PAKS of 50 pieces, assorted into the
fllowing groups

R1 50 Mixed 10Uhms - 8200hms . 40p
B2 50 Mixed  1Kolus - 8.2Kohms . . 40p
R3 50 Mixed  10Kohms - 82Krohms .. 40p
Ri 50 Mived 10Kohma ~ IMegohen .. 40p

THESE ARE l\HFATABLF PRICES - LESS
THAN Ip EACH INC. VAT

BI-PAK SUPERIOR QUALITY
LOW-NOISE CASSETTES

90 41p €120 53

RADIO & ELECTRONICS CONSTRUCTOR



BI-PAK QUALITY GOMES TO AUDIO!

AL10 AL20 AL30 BI-PAK DO IT AGAIN !
AUDIO AMPLIFIER MODULES| 90W ek 25w (ams)

% DISTORTION
0.1%
The AL AV20 and AL30 units are smilar in their apestance i Y2 B
i theit general speifieation. Howeser. cefnl sciectivn of the plastic | H

power deviees fax resulted ina range of output powers from 3 to |

I watta RM.S,

The versut

4 ¥ of their design makes them ideal for * Frequencyresponse15Hz
e i recor) players. tape recorders, store amplifiers and o N LY
. ensette ad enrtridge tape pleyers in the car and at home 1 to 100,000 - 1dB.

% Load - 3, 4, 8 or 16 ohms. £3.58 each
PARAMETER CONDITIONS PERFORMANCE

HARMONIC DINFORTION Po SWATTS (| KHa 0.25% * Distortion - better than % Supply voltage 10
LAAD LMPEDAN [T 1% at 1KHz. - 35 Volts.

NPUT 1N KHz 00 K " " .

ll;(ll-‘l o p..l -)I\\' ATTS a0 le )- ': Kt * Slgnal to nOise ratio * Overall size 63mm
VPN for RVTRED O Ve 253 R wO 1 TKHy TImV. RMS L X losmm X lamm'

IMENNSIONS &2t Tailor made to the most stringent specifications using top quality

components and incorporating the latest solid state circuitry and
ALSO was conceived to fill the need for all your A.F. amplifica-
tion needs. FULLY BUILT - TESTED - GUARANTEED.

The above tuble relutes to the AL1G, AL and ALY modules,
The following table oatlines the differences in their working conditions

PARAMETER ALk AL20 AL30
Maximum Rupply Voltage 3 “0 B
Power vatput for 2 TH.D, 3 watts 3wt 10 watts STAB l Ll SED

(R 80T 1 KHn RN Mun, RMN Min. RMS Min 4

POWER

*
AUDIO AMPLIFIER MODULES  PRE-AMPLIFIERS @ MODULE SPMBO
ALt 3 Watts £2.19 pA 12 \:'N- wit) .\{.u» & Qt.n]n{ mﬁ
ALZD 5 Wats ’ ! 552.59 A0 (Use with VL3O & ALS 3. is l.uydﬂl od to r 2 of the
s s Amplifiers, up (0 16 wats (rmay por channal, sl '
| taneously. This module embodies the latest components
and circuit tech ; lete short
.’ circuit ios. With the addition of the Mains Trans
POWER SUPPLIES TRANSFORMERS . O f,muﬁf"“ unit wnl rovide outpute of up 40 15 ampe
NI (s with ALIO & AL 46 U it ALY pp 15 £1.98 at 38 volts. Sise: 62mm x 105mm x ¥ y
:l-{l‘m- Tl \f‘x::f \L..:::: s:::g :':luln Eu.» " ::»: A o I\)r«k I:’;‘ £1.83 . i These units enal Joute build Audio Systems of the highest
BMERY (L with A & L) pap 20p £2.13 9 hithero wﬂ. price. idenl l-‘:t -—any "'Il-:‘-v‘lnuu_a'n-‘:u\ud.
B Systems, Public Address, -I Units otc.

PRICE £3.2°;
TRANSFORMER BMT80 £2.15 p. & p. 25p.

STEREO PRE-AMPLIFIER, TYPE PA100

FRONT PANELS P 12 with knois 5108

PA 12. PRE-AMPLIFIER SPECIFICATION 30K i (- 3t ! S Y -

The 1AL2 pre-ampliticn has dwen deagnid (0 mateh into most B e L to & epecification and NOT a price, and yet etill the greatest value on the market,

lm‘l“un-l n'(-n!q‘-n«,\\h!nlln‘.‘ it |:-l“'--::lplllilzl:"i\‘li‘lll he ,"\.l.lu, i ot e - tllf‘“‘ nt G0z the P'ﬂ“; stareo pr has t:n from the latest circuit techniques.

AL i qomer amphtiens wnel it enn b spplind tron their "Treblis control ) Designad for use with the ALS0 powsr am| ifler aystem, this quality made unit incorporates
\I.-y wigpplien, ' are twn stereo |l||'u|l~4. e ;mnlhm-v\ #140B at 14 KHz 00 less than eight silicon planar mnnn'ohn two of these .:. .’.ii.n’ salected low noise

hipot 1.
ce 1 Moy, ot
¥ B my

denignenl for wee witly
wilh it mest e
apeeitication talde.
and onioff switeh Dl
36mm.

e enrtridges while the o
artriiben. Full deta
v eanteols ure, fiom bt 1o nghts Volume
« hass aned teable BXnm - ¥l -

NPNd-neulovuumthmwtm

Thres switched sterso inputs, rumble and scratch Blters are features of the PA100,
which also has a mn&‘i/uo O switch, volume, balance and continuously variable
bess and treble controls.

SPECIFICATION

[rnptnaes 1K ohms
Sensitivity 4 m\

Freq : oM — t)l(.ll.-‘u + 14B
EA1000 AUDIO AMP MODULE Inputs: 1. Tape Head 1.35 mV into 80
Motnle Tested nml('unnmlh-«l | T el :_l'i‘adm,m n:\(].ﬂ:&mm
Full hook-up diagrams and complote 1eehnical data spplicd . agnetic P.U. y 0Ka |
"‘l: \"‘“;I m:"l:‘u::‘:ll ¢ available separately st 10p each, - All in = voltages are fn'ir an w&;}}‘;z:’d P.U. mp'uu

SPECIAL OFFER £2 PRI Bl ool 21008 wiis~ Teeble Commor ™ 4 100 o 30KHS

Filters: Rumble (High ) 100Hs
Pase) 8KHy

Serateh
Inpes ovesiad s aedB Bu T % volts @ 0mA
+
Dizsen: .h-x’h'xm

SPECIAL COMPLETE 'RISING
Th STE R E D 2 3 AL's, 1 SPMBD, 1 BMTw ad 1 paim.  ONLY £25.30 rasx pa 3
e u " Al prices quoted o oew pence Giru Na J88 JU06

Riease senr uil vrders direct to warchouse and despatch depariment

The “Stereo 20' amplifigr is mounted, ready wired and tested
on a one-plece chassis measuring 20 ¢m x 14 cm x 5.5 cm,
This compact unit comes compiete with onjoff switch, volume
conerol. balance, bass and treble contrals. Transformer,
Power supply and Power Amps. Attractively printed front
panet and matching control knabs. The ‘Stereo 20° has deen
designed 1o fit Into most turntable plinths without Interfering
with the mechanism or, alternatively, Into a separate cabinet

Qutput power 20w peak input 1 fer.) 300mV into 1M : F —= .

Freq. res. 25Hz-28kHz  Input 2 (Aux.) 4 mV into 30K

Harmonic distortion Bass control %1208 at 60 Hz P O B OX 6 WA RE 3 HER Ts
typically 028% at 1 watt  Treble con, +14bB a¢ 14 kHz B - y

Minimum order 5Up Cash nith order ple

£1 4.45 Postar e and nachim: ado Mo Dverseas add extra far airma,’

Gearanteed Satisfaction or Money Back

JANUARY, 1974 331



COMPONENTS

HOBBYIST - AMATEUR - DOMESTIC SURPLUS - INDUSTRIAL -

BULK OFFERS

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

MAINS POWER SUPPLY UNIT. 400m/A, 6-7.5-9-12 VOLT MADE TO SELL AT £5.25 OUR PRICE £3. 50

VALVE BASES Jye [hoa s 2p
Chassis or printed circuit B9A — B7G ..  3p Bl =
Chassis UX7 — UX5 — B9G Bo. | sEanh Ganilion, |
Shrouded chassis B7G — B9A .. A | vt ”? o
B11A cha;sis (relay) 8p GC10/4B Con P
Rkl 50 | cathgde £6.00
TAG -STRIP WRIST COMPASS Brand New Boxed
6 way 2p Single 1p | 20p with Needle Lock | 6K7G 25p
14 glass fuses— 250 m/a or 3 amp (box of 12) s 6p
3” tape spools . . 4p
FX2236 Ferrox Cores o 5p
PVC or metal clip on M.E.S. buIb holder 3p
All metal equipment Phono plug 2p
Bulgin, 5mm Jack plug and switched socket (palr) 20p
12 volt solenoid and plunger 25p
250 RPM 50 c¢/s locked frequency miniature. malns motor 60p
200 OHM coil, 24" long, hollow centre 10p
Relay, P.O. 3000 type, 1,000 OHM coil, 4 pole c/o 60p
R.S. 12 way standard plug and shell 50p
SWITCHES RESISTORS
Pole Way Type 4§ watt 1p
4 2 Sub. Min. Slide 1001  dat . . 14p
6 2 Slide 15p [ yp10 10 watt wire 8p
4 2 i Lever Slide 10p 15 watt wire
6 4 | wound 10p
4 3 g 3 -
3 7 Wafer Rotary 12p each SKELETON
2 5 ] PRESETS
. ) 15K ]
1 FERT T AL Tl s 3p
1 3 13 amp small rotary 12p SAFEITY PINS
2 2 Locking with 2 to 3 k?_‘zsso Standard size, 10for 4p
2 1 2 Amp 250V A.C. rotary 2.0p WIREWOUND POTS
1 2 Toggle 10p [ 250, 300 OHM, 1K, 4

COMPUTER AND AUDIO BOARDS
HOST OF QUALITY, REASONABLE LEAD
TRANSISTORS, SOME POWER. SILICON,
GERMANIUM, ZENER DIODES, POT CORES
HI-STAB RESISTORS, SOME WIREWOUND,
CONDENSERS, CHOKES, TRIMPOTS,
ELECTROLYTICS, ETC.

3lb. for 75p + 25p post and packing
71b. for £1.50 4 40p post and packing

SUBMIN VERTICAL SKELETON PRESET
100, 220, 470, 680 OHM 1, 2.2, 4.7, 6.8,
10, 15, 22, 47, 68, 100, 220 K OHM.
ONLY 4 p EACH
KNOBS
SILVER METAL PUSH ON WITH POINTER, OR
WHITE PLASTIC, GRUB SCREW, WITH
POINTER AND SILVER CENTRE 5p EACH.
ZM1162A INDICATOR TUBE
0-9 Inline End View. Rectangular Envelope 170V
25M/A .
RESETTABLE COUNTER
English Numbering Machines LTD.
MODEL 4436-159-989
6-14 volt, 6 digit, illuminated, fully enclosed. £2.50

DIC Y,

332

£1.70

watt, 10K, 20K, 50K,
all at 10p each

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

THERMISTORS
VA1040
VA1055

VA1066 > 10p each
VA1100
VA1077 13p

STEEL BOX WITH |

LIiD
10 x 54 x 3” grey

hammer finish  £1

ELECTROLYTICS Mullard C426, TCC, CRL,

CCL, Cullins,
MFD/VOLT 2p
100/6,6/3,8/6,200/3,
25/3.

3p 25/64,
250/6.

4p 20/12, 100/25;
100/12, 25/12,
100/15,64/10,125/10,
50/50, 50/10, 100/18,
6/25, 2/350.

9p 8/500, 100/200.
400/40, 100/250-275.

500/6,

Hunts, STC Subminiature,

etc
2.5/64, 12/50, 12/20,
10/20, 16/50, 16/40,
25/25, 50/25, 150/12,
150/25, 260/12, 4/60,
15/35.

6p 250/18, 400/186,
250/30, 550/12.

50p 8/800, 12,000/12,
2000/50.

20p 100-100/150,
100-100/275,
32-32/275.

RELAYS
6 volt, 2 pole c/o heavy
duty contacts 50p
Mains 3 pole ¢c/o
heavy duty contacts
ex equipment 35p

5p 8/50, 8/20, 8/40,
INDICATORS

Arcolectric green, takes M.E.S. bulb 10p
Bulgin D676 red, takes M.E.S. bulb 15p
12 voltred, small pushfit 15p
Mains neon, amber, green or red, pushfit 15p

CAPACITORS
Mixed type PFDS, 2p. 3.3, 4.7, 10, 16, 18, 22,
24, 25, 27, 30, 37, 39, 47, 50, 56, 68, 88, 100,
110, 150, 200, 220, 250, 270, 300, 350, 470, 500,
600, 680, 800, 1000, 2200, 3000, 3300, 5000.
Poly. met., film, paper, etc. MFD/Volt, 3p.
.001/1250, .03/350, .022/70, .03/12, .033/100,
.0068/70, .056/350, .061/350, .069/350, .075/
350, .08/350, .1/350,.1/600, .13/350, .25/150.
4p. 1500, 1800, 2200, 3000, 3300, 6800,
8200 PFD. .01/350, .013/350, .02/250, .05/125,
.256/350.
5p. .033/100, .1/250, .25/500, .5/350.
6p. .1/600, .1/1500, .22/250.
10p. .01/1000,
40p. 5/150, 8/275AC, 10/150, 15/150, 40/150.

TRIMMERS, 10p each
100PF Ceramic, 30PF Beehive, 12PF PTFE,
2500PF 750 volt, 33PF MIN. AIR SPACED.

CONNECTOR STRIP
Belling Lee L1469, 12 way polythene. 5p. each

CAN CLIPS
1% or13” or 3" i 2p
LABGEAR MAINS DROPPER
36 ohm 25 watt 1. 79 ohm 9 watt 15p

TUNING CONDENSERS 33 or 50PF, 20p

PAXOLINE
3x 2y x 4" ’ 2p
4§ x § x 3", : 2tor1p
220K 3 watt resistors 2p
VALVE RETAINER CLIP, adjustable 2p
OUTPUT TRANSFORMERS
Sub-miniature Transistor Type 20p
Valve type, centre tapped or straight 40p

3 pin din to open end, 14yd twin screened
lead 35p

10 mtrs loudspeaker extension lead fitted 2
pin din plug and socket 40p (retail 80p)

RADIO & ELECTRONICS CONSTRUCTOR
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B SEMICONDUCTORS
2N2905 22 2N305
Full spec marked by Mullard, etc. Many other types in stock 2N2986 15: ZNgOSg ;gr,
ﬁg} g;/s .. 12p | BCY70 13p | BF183 28p | 2N2907 20p
W 12p | BCY71 12p | BF184/5 17p <
AD149 ‘ 35p | BCY72 8p | BF194/5/6/7 12p | Amp Volt MRS TS
AD161/2 o 26p | BD115 aw 62p | BF262/3 22p {1 240 BTX18-200 P ., 30p
AF116/7 = 12p | BD131 an 40p | BFX29/30 . 25p |4 240 BTX30-200 30p
AF139 31p | BD132 50p | BFX84 .. 24p .
6.5 300 BT102-300R . 42p
AF178 oo 32p | BD135 33p | BFX88 20p 6.5 500 BT102-500R 60
AF180 a0p | BD203 £1.00 | BFY50/1/2 13p | & i & p
AF239 .. 37p| BD232 65p | BSV6s a0p |65 600 BT107 - 90p
BC107A or C 10p | BD234/5 ..  a8p | BSX21 4+« 20p |65 500 BT108 . 90p
BC107/8/9 7p | BF115 21 20p | BU105/01 .. £1.30|6.5 500 BT101-500R . 68p
BC147/8/9 8p | BF167 5 20p | 0C35 341p 16.5 500 BT109-500R .. 90p
BC148B/98B . 10p | BF173 20p | TAA570 1-50p | 90 600 BTW92-600RM . . £3 00
BC157/8/9 11p | BF178 . 25p | 2N706 10p ¥ P
BC178 14p | BF179 30p | 2N2219 " gope's 80D Eﬂmislaizon e &k
BC186/7 L 22p | BF180 20p | 2N2401 (ASY26 27)259 5
BCY40 Ao 25p | BF181/2 32p | 2N2904 o 18p OTHER DIODES i .
BRIDGE RECTIFIERS Centercel . . . Bp 24%'? ??d S pé';
Amp  Volt RMS ; Amp  Volt RMS iN916 . 40 | Motal chh )
3 1,600  BYX10 30p |2 30 LT120 30p | ga145 : 15p | Meta assis
1 140 OSHO01-200 25p | 0.6 6-110 £C433 BA182 ! 24p Din Sockets 6p
14 42 BY164 35p Encapsulated with built-in
Plastic types heat sink 15p TRIACS l DIAC BRIOO 30p
1 AMP RECTIFIERS OPTO ELECTRONICS Amp Vot
s ;gg i ;5 ORP12  48p| Phgto transistor | 256 9800  BTX94-300 . £6.50
IN4OO4 400 volt . . 5;’ 6p ggzg 22? BPX29 80p|25 1200 BTX94-1200 £9
IN4005 600 volt . . 7p ocPM £1
IN4G0G 800 volt sp | BPYIO £1560| ———— cane. Xﬁﬁiﬂ'&%’i‘é‘ﬁ?fﬂ.’éﬁ?g
IN4007 1,000 volt . 8p | BPY68  75p| RED L.E.D. ||nfra red transmitter £4 \v\rp 00T NUT =
HIGH POWER RECTIFIERS BT | Sysomigher ICON CONTROLLED SWITCH
L7102 2 30 10p Diodes p
YX38-6 . 25 y
o900 28 309 20p | PNPN PROGRAMM- | papER BLOCK CONDENSER |TAA300 T0-74 1 Watt
BYX38-900 25 900 28p | ABLE UNIJUNCTION : 30 A.F. AMPLIFIER I.C.
BYX38-1200 25 1,200 30p BRY39 30p |0.25MFD 800 volt Pi4-510 9v £1.623
BYX439-600 2.5 600 25p ’ 15 - -
Sugsg  if 300 205 | aewo F.ETs - 1MFD 400 volt ] I——
BYX49-900 25 900 28p P loMFD 250 volt 20p SLIDER
BYX48-300 6 300 27p | BSV79 90p :
BYX48-600 6 600 32p | BSVEO .. 80p|2MFD 1.6 kv 50p | 150 Ohm, 25040hm S'I:
BYX48-900 ® 900 40p N. Channel p eac
BYX481200 6 1200 60p | BSV81 M.O.ST... g1 |1SMFD 150 volt =50
BVXT2.900R 10 159 380 | BFS28 Dual M.0.S.T. 90p ALL ORDERS HALLELES
BYX72-500R 10 500 43: Plastic, Transistor or Diode OVER £3 POST FREE Rig”id light blue nylon
BYX42-300 10 300 40p | Holder 1p OVER £6 V.A.T. FREE 61" with secret fitting
gzﬁ%ggg : ‘118 ggg ggp Transistor or Diode Pad 1p screws 5p
. p : . : i
BYX42-1200 10 1,200 75p | Phillips fron Thermostat 16p . ; e
BYX46-300* 15 300 £2.50 | Bulgin 2-pin flat plug and g 1"?\/.31”:2 i‘as’;‘iig gi‘;::grw‘;’; Ton B
Biror & B e | gern 10p | O PN Sop Seafarer, Pacific, Fair-
BYX46-500* 15 500 £3.20 McMurdo PP108 8 way edge p . f g
BYX46-600* 15 600 £3.80 plug o 15p way depth mg(?rs N
gziggggg ig ggg ﬂagg 300 .ohm mgvmg c0|| |nsertk U.E.C.L. 10 way pin P eac’
BYX52-1200 40 1,200 £2.25 .410301.3 diameter. Make connector 2B6000 Miniature Axial Lead,
*Avalanche type ideal mike or speaker for 0A1P10 20p | forrite Choke formers
NG5O ohm fres plug (UG21D/U) __ 50p communication work 25p 2p
N50 ohm square socket (UG58A/U) 60p Tested unmarked or marked U.E.C.L. 20 way pin
1# Teryclips black plastic ample lead ex new equipment } connector DEE PLUG
cdated, or chrome finish = 4p | ac128 6p | 0C71/2 6p | 2A60000A1P20 30p |mcMurdo DA15P 15
Cinch 10-way terminal block 15p | ACY17-20 8p { 0C200-5 6p way chassis plug  20p
Pait of LA2407 Ferrox cores ASY28/9 8p | 2G302 6p p -
with adjuster g 25p | ASZ21 8p | 2N2926 5p| U.EC.L. 10 way pin Fairway 18009 Coax.
- - BCY70/1/2 8p | 2N598/9 6p | socket 2B606001R10 socket 5p
Chrome Car Radio facia 16p 20p .
Rubber Car Radio gasket 10p gs:g;)-:“ 1gp %“138; gp i NS
DLI Pal Delayline £2.00 _— i (i
A4 BZY88 series6p | Germ. diode 3p U.EC.L. 20 way pin |Nylon self locking 33"
Relay socket 12p | 0AB/7/10 10p GET111 20p | socketB260800A1R20 |1p;7”2p
Take miniature 2PCO relay 0A47/81 4p GET120 Sob H
B9A valve can 2p | 0OA200-56 Bp | (AC128In17sq. CINCH 150
0c23 20p | heat sink) 20p —
0‘32'" 5ssgments,blackpvc, 0029 25p 100v 1 amp BELLING LEE L1354 12 way edge socket
360° dial, silver digits, self } 10p
adhesive, 41 dia. 15p | OC44 diode 3p | TV Aerial dipiexer 10p

SMALL ORDERS, ENCLOSE SUITABLE
STAMPED ADDRESSED ENVELOPE
LARGE ORDERS, ADD SUFFICIENT FOR
POSTAGE, INSURANCE, ETC.
TOTALGOODS PLUS CARRIAGE, ADD 10% V.A.T.

JANUARY, 1974

e

THE RAI

161 ST. JOHNS HILL,

i N

v 7 pm.

Montay 1o Satarday

O SHACK

BATTERSEA, LONDON S W.11

Phone 01-223 5016
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GIRO NO. 331 7056 SPECIAL RESISTOR KITS
C.W.Q.only.P.& P 10p on orders below £5 10E12 }W KIT:
Discount: £10-10%. £20-15% (except netitems) | [OEI2 W KIT:
Export Order enquiries welcome (VAT free) 25E12 $W KIT:
N : 25E12 W KIT:
Official Orders accepted from ’ ¥
Educational & Goverrnment Departments %gg}% fw EH

ALL PRICES INCLUDE VAT 10EI2 2W KIT: 10

10 of each EI12 value, 10 ohms—1IM, a total of 610 (CARBON FILM 5%,). £3-10 net
10 of each EI2 value.
25 of each E12 value. {0 ohms—IM, a total of 1525 (CARBON FILM 5%,), £7-20 net
25 of each E}2 va'ue. 10 ohms—1M, a total of 1525 (CARBON FILM 5%}, €735 net
20 of each EI2 value,
15 of each E12 value.

10 ohms—IM, a tatal of 610 (CARBON FILM 5" ), £3:20 net

10 ohms-—1M, a total of 1220 (METAL FILM 5%, £7-50 net
10 ohms—IM, a total of 915 (METAL FILM 5%). £8-15 net

f each E12 value, 10 ohms—-1M. a total of 610 (METAL FILM 5., £}2 65 net

MULLARD POLYESTER CAPACITORS C280 SERIES

250V P.C. Mounting: 0 OluF, 0-0154F, 0-022,F, 0-033uF, 0-0474F, 34p. 0 06BuF,
0 1uF, 44p. 0-154F. 4ip. 0 22uF, 54p. 0-33uF. Bp. 0 47uF, 9p. 0-6BuF, Llp. 1 jitF,
I5p. | -5uF,22p. 2 2xF,25p

MULLARD POLYESTER CAPACITORS C296 SERIES

400V: 0:0014F, 0-:00154,F, 0-0022.F, 0-00334F, 0-00474F, 2}p. 0 006B4F, 0 Ol uF,
0-0154F. 0-0224F, 0 033u4F, 34p. 0-0474F, O 068uF, O:I1uF, 44p. O I154F. 6ip.
0:22uF, Bfp.0-33uF, 12p.0-47,F, Hp,

160V: 0-01uF, 0-01SuF, 0-022uF. 25p. 0-0474F, 0-0684F, Jp, 0-1uF, 0 15u4F, 44p.
0:224F, 5p.0-334tF, 6p. 0-47uF, T4p 0-68uF, 11p. 1uF, 124p

MINIATURE CERAMIC PLATE CAPACITORS

50V: (pF) 22, 27. 33, 39, 47, 56, 68. B2, 100. 120, 150, 180, 220, 270, 330. 390, 470.
560, 680, 820, 1K, I K5, 2K2, 3K3, 4K7. 6KB. (1F) 0 01,0 015,0:-022, 0 033, 0 047,
2ip.each.0-1,30V, 4;p.,0-1; 100V, 5}p.
POLYSTYRENE CAPACITORS 160V 5%

(pF) 10, 15, 22, 33, 47. 68, 100, 150, 220, 330, 470, 680,
4700, 4p. 6800, 10,000, 4}p.

1000, 1500, 2200, 3300,

RESISTORS

CF—High Stab Carbon Film, 5% MF—High Stab Metal Film, 5%.

W Type Range {-9 10-49 50-99 lOO 249 250-499 500.999 1000 - Size mm
i CF 22-1M 1| 0-8 065 062 0-55 0s <45 24.7-5
 CF 2222M21 08 065 062 0-55 05 045  39x105
4 CF 22-IM | 08B 065 062 0-55 Q5 045 5:5%16
1 MF 10-2M7 | 09 08 07 0 65 0 65 06 Ix7
LOMF O 10-2M2 09 08 07 0 6S 0-65 06 4:2x10-8
i MF 10.10M1-51:25 125 1-1 | 0 95 0 88 6:6x13
2 MF 10-l0M3 25 5 2 175 175 16 BxI17°5

For value mixing prices, please refer ta our catalogue. . (price in pence qigh)

VALUES AVAILABLE—E |2 Series only. *NET Pnlcig ABOVE 1°Q"

PRESET SKELETON POTENTIOMETERS

M!NIATURE 025W Vertical or horizontal ép each K, 2K2, 4K7,
upto tM

suB- MIN 0 05W Vertical, 100 {2 to 220K ¢ 5p each

10K, etc.

(R.C.) 6l CHEDDINGTON ROAD, PITSTONE,
NR. LEIGHTON BUZZARD, BEDS, LU7 9AQ
Tel. - Cheddingron 668446 (Std. Code 0296)
PLEASE WRITE FOR FREE CATALOGUE

Miniature Mullard Electrolytics | VEROBOARD o | 0-15 | POTENTIOMETERS

1-OxF 63V & 68.4F 16V 6 2{ x 5 28p 28p | Carbon Track 5K 1 to 2M i1, log or lin. Single, 16;p Dual Gang 46p Log Single with switch 26p
|~5ﬂF B3IV o: 6af:F e:vn: 2) x 3~ * 26p 19p | Slider Pots. (0K, 100K, 500K 30mm, 34p. 45mm, 47p. 60mm, 55p.

12uF 63V 6a  1004F IOV ep | 31 %3, 12 3® [biopbes | pLucs ELECTROLYTIC CAPACITORS. Tubular & Large Cans
i:éu; sé:// go :gguE 123 lép 25 = 1" 7o 7p | IN400I 64p | DIN 2Pin 120 | (uF V):2-225,2:263,47 10, 4725, 4-763, 2210, 2225,
OuE 40V g 100uE 63V Mo | 3 L 5% (plaim 2 14p | IN2002Tip 3Pin 13p | 22 63, '5p. 210, 10 10, 50 10, 100 10. 10 25. 50 25, 10.50. 5ip.
SIuE el 6o 150ub lev 60 |2{ %33 iPlan)  — 120 | IN40O3 9p | 5 Pin 180° 15p | 200 10.7100 25.'50 50. 61p, 500 10, 200 25 100 50.'9p. 1000 |0,
§:Buf ey 6o 1304F 63v150 | 5% 33" (plaim) — 22p | IN400a95p | Srd.Jack  14;p | 500 25 200 50, "11p. 2000 70. 1000 25, 500 50. 16ip 1000 50.
8.0uf 40y 6p 1204 6 4Vén | | liriion tool 59p 59p | IN4005 11p | 2.5mm Jack 1ip | 39p. 1000 100, 66p. 2000 25. 27p. 2500 12, 17p. 2500 25. 33p.
10MF 25V 65 2300F 1ov 8p | Track Curter 44p 44p | IN400G 14p | Phono 5:p | 2500 50, 62p. 3000 50, 72p. 5000 25, 66p. 5000 50, 94p. 7000 50,
o 3oy Ge [Z20u8 NeVh 8 | BTG iRucias 10p 10p | IN9i4 78 | sockETS 60p. 25,000 25, 74p. H1-VOLT: B 350, 14p. 16 350, 19p. 32 350,
15F 16V 6p 1I04F 16V 12p IN916  7p | DIN2 Pin 10p | 250 50 250, 18p 100 500, 33p. .

BE Sy G Ot eVl I TRANSISTORS BAI00 105 | ~ 3°Pin  10p [ METALLISED PAPER CAPACITORS

16:F 40V 6p 470uF 6 4V9p | ACI27 1659 BC2t2L 12p | QA5 420 | 5 Pin 180° 12p | 250V: 0-05.:F, 0 i 4F 4ip, 0 254:F, 5ip, O 5F, 6ip, 11F, 9.
22uF 25V 6p  470uF 40V20p § ACI28 21p BC2IIL 12p QA47  9p | Std. Jack |44p | 500V. 0 025.4F.0-05,F. 4;p. 0- I uF. 5ip, 0-254F, 61p. 0 5uF, 9p.
224F 63V 6p  680uF 16Y 15p | BCI07 1lp BC214L 17p | @AB! H1p | 2.5mmjack fip | 1000V. 0-01xf, 10p. 0 0224F, 12p.0 0474F, 0- IkF, 16p. 0-224F,
JuF 10V 6p  680uF 40v1%p | BCIOS I1lp OC44 igo OA200 8p | Phono 5ip | 3ip, 0 471:F. 39p.

k16 6p  1000iF 16V20p | BCI09 13p QC7! 3p [ntegrated Screened Wire, Metre Sip
1uE 40V 6p  1000uF 25v23p | BCI4B 11p OCBI lép Cireies Twin Screened Wire. Metre 10p g,g&m"ga&";ﬁopgég
32F 61V 6p  1S00uF 6 4150 | BCI49 12 OCI70 Bo | ,(A709C  50p | Stereo Screened Wire. Mecre 10 RENAVA IABUE BY.

" oV  6p 15004F 16V 25p | BCI82L 12p TI1S43  13p | ;A74IC 55p | Connecting Wire, All colours, Metre 24 QUOTATION FOR LARGE
47,F 25V 6p  2200.F 10V15p | BCIBIL 12p 2N2926 llp | ,A723C £1 | Neon Buib, 90V Wire Ended 5 for 24p | ¥ oo FCTS AND TRADE
474F 63V Bp  3300uF 6-426p | BCI84L 13p 2N3702 H1p ] L1914 35p | Panel Neon, 240V Red, Amber, Clear 16ip

(o)

AUGUST 1972
to JULY 1973

Comprising
792 pages
plus index

BOUND VOLUME
No. 26

of
“Radio & Electronics

Constructor’
FOR YOUR LIBRARY

PRICE £2.10 P&P 30p

BOUND VOLUME No. 24 (August 1970
BOUND VOLUME No. 25 (August 1971

PRICES £2.00 per Volume P & P 30p.

to July 1971)
to July 1972)

L|m|ted number of these
volumes still available.

Available only from

DATA PUBLICATIONS LTD.,

We regret all earlier volumes are now completely sold out.

57 MAIDA VALE, LONDON, W9 1SN
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SUPPI.IERS OF SEMI-CONDUCTORS TO THE WORLD
,//////////';,7.,\\\\ SIS §

Telephone £ A Cross Hatch Plastic Power
Comer Generator £3-85 5 N Transistors

COMPLETE TELEPHONES 'YES, a complete kit of parts including Printed
EX. G.P.O. NORMAL .Circuit Board. A four position switch gives
HOUSEHOLD TYPE X-hatch, Dots, Vertical or Horizontal lines.,

on|v£l 05 Integrated Circult design for easy construction
"Udp

and reliability. This was a project in the
POST & PACKING 45p EACH

‘September 1972 edition of Television.
TELEPHONE DIALS Electronic Transistor Ignition
Standard Post Office type Guaranteed tn working order

UIIW 27 ]/2 P rosT a PackING 18 //
I

Tested and
Guaranteed
Paks

TESTED AND GUARANTEED PAKS
W4 N ime  66p |
B0 b 55p
899 () Mixed Capacitors Approx.

quantity, counted by weight
P&PIsp -

H4 Mixed R ;
250 ooy 55D
; & P15p

H3s 100 Mixed Diodes, Germ. Gold
bonded, etc. Marked and
Unmarked

e Short lexd Tramsi NPN
30 S Fishar ypes 55p

H39 6 Imzérned Cireults. 4 Gates 55p'

“>

///l////////////////////////////////////////////////////////////

NOW IN TWO RANGES

There arc 40W and %0W Silicon Plastic Power
Transistors of the very latest design, avalable (n
NPN or PNP at the most shatteringly low prices of
ali thme. We have been seiling these successfully In
quantity to all parts of the warld and we are proud to
offer them under our Tested and Guaranteed terms.
Range 1. VCE. Min. 15, HFE Min 15,

1-12 13-25 26-50
40 Wart 2p 20p 18p
90 Wart 265p 24p p
Range 2. VCE. Min 40, HFE Min 40,

112 13-25 26-50
40 Wart 33p 31p 29p
90 Watt 383p 36ip 33p
Complementary pairs matched for gain at 3 amps
11p extra per parr. Please stace NPN or PNP on order

DALY

\

Now in kit form. we offer this “up to the minute” elec-
tronic ignition system Simple to make, full instructions
supplied with these outstanding features: -~

Transistor and conventional switchabilitv. burglar pmo(
lock up and automatic alarm, neganve and positive
compatability. This project is a “star” feature in the
September edition of "Electronics Toduy International”

magazine. Our kit is recommended by the ETI magazine.’

Owing to a huge demand, our Kitis now reduced
from £7.92

COMPLETE KIT .
including V.A.T p

P Bp 11p.

Ready built and tested unit £9.90 including
VAT

INTEGRATED CIRCUITS
We stock « large range of L.Cs au very competitive
prices (fram 11p each). These are all listed n our
FREE Caalogue, see coupon below

2

§'\

Ilew P ks

Tested & Guaranteed
He 4 INI055 Type NPN Sil. power tran- - By

sistors. Below spec. denzusjaw p

He4a 3819 N Channel FET.'s ZN. in
4 g 55p

H6S 40361 T NPN S tors
4 s Toee e S B5p
He66 40362 Type PNP S»I [rlns\slors 55p

Untested Unmarked

/7

METRICATIOMN CHARTS now available
This fantastically detailed  conversion  caleulator
carries  thousands of classified references  between
metric and British (and {.5.A) measurements of
| ngth, area, volume, liquid measure, weights etc.
Pocket Size 15p Wall Chare 18p

LOW COST DUAL IN LINE 1.C. SOCKETS

14 pin type at 164p each |
16 B e 2t 180 each N new low profile type

BOOKS

962, 2 Flip Flops BMC 945 Hé7 3819 N Channel F.E.T."s plastic case
H4 Sil Power transistors 10 type 55p We have a large selection of Reference anJ {
comp pair BD131/132 55'] Technical Books in stock, details are in, our'

latest catalogue’ send for it TODAY usmg the
coupon below.

Send for hists of publications

/ L

llur famous P1Pak

is still leading in value
Ful! of Shorc Lead Semiconductorsand Electronic
Components, approx. 170. We guarantee at least
30 really high quality factory marked Transistors
PNP & NPN. and a host of Diodes & Rectifiers:

@ Unmarked
Untested Paks

UNMARKED UNTESTED PAKS
B1 5O Geomanum Transeors 55p

B6é 150 Germanium Diades 55p

Min. glass type
B84 Sal Diodes DO-7 gl
108 & SR onir  99p

We hold a very large range of fully marked,
tested and guaranteed transistors, power
transistors, diodes and rectifiers at very
competitive prices  Please send * for free
catalogue.

Silicon Planar Plastic Transistors

Bas - ) SI. Diodes sub. min. i d on Printed Circuit Panels. [dentification
d, f learance. A mounted 0
i 100 IN914 and IN916 types 55p ‘tir;r::;:(ei;m;me;t:how:fjw:{‘es: 3 to 5 bee of Chart supplled to glve some information on the
SO N T P
supped Audio PNP. similar to ZTXS00, 2N3 55
PP Audlo, N Please ask for Pak P1.only JJp }

H20 BY126;7 Type Silicon Rectifiers
20 ; amp plastic, Mixed volts 55p

1 *’N":N';.T..:::‘#;r;-::f’- 55p

Audio NPN, simllar to ZTX300, 2N3708°9,
BC107 8-9. BC168 9 erc.

ALL AT SO0 for £3.30, 1,000 for £5.50, 10,000 for
£44 P. & P. 11p 1,000

Please state Audio NPN or Audio PNP when

ordering.

Our very popular 4p Transistors

////////////////// Y

ADDRESS

A" PNP Silican altoy, TO-S can

8" PNP Silicon, plastic encapsulation
E'" PNP Germanium AF or RF.
F
G

for your car
The ‘TACHO BLOCK . This encapsulated btock will turn
any 0-1mA meter nto a linear and accurate rev counter P
for any car with normal coll Ignition system. Tree | ’;‘;',;‘Ssl:'l'::n"s‘l";“l:':,'ZZTT:SJOD.?:;‘ggf PLEASE. Add 11p post and packing per order.
a OVERSEAS ADD EXTRA FOR POSTAGE
p.

£I'Inp each 1 8 RELAYS FOR £I In 571 BUY THESE -GOODS WITH ACCESS
- = ’

Bl an mK IT Dept . 222-224 WEST ROAD, WESTCLIFF-ON-SEA, ESSEX.
R ‘ 3

TELEPHONE : SOUTHEND (0702) 46344,
JANUARY, 1974

All prices include 10% V.A.T.

s I
NPN Silicon plastic encapsulation MINIMUM ORDER 50p. CASH WITH ORDER

\

L N B0 1
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HOME RADIO (Components) LTD Dept RC, 234-240 London Road, Mitcham CR4 3HD Phone 01-648 8422

COMPRESSION TRIMMERS

SCWE STOCK THE LARGEST RANGE IN THE UK. ([SEirdbe))

Here’s a page from our Catalogue showing a
few typical types =

arge range Off - VC28 - TP10
A‘\r_mD;‘f“;?r Y,((:;lzt;sB TP The famous Home Radio Components Catalogue
X‘stoc“ | lists 6,785 items—1750 of them illustrated
The Catalogue costs 55p plus 22p post P === = e T SNOE ey
and packing. Every copy contains ten Please write your Name and Address in block capitals
wvouchers each worth 5 pence when used |
as directed. Regularly up-dated price lists NAME |
are supplied to you free |
* Send : ADDRESS ‘ , |
(IR POST THIS GOUPON I
WY withcheque orPO.for 77p. i u :
] HOME RADIO (Components) LTD. gfg§6N°
The price of T7p applies only to catalogues purchased D¢ pt.RC, 234-240 London Road, Mitcham CR4 3HD Loz\doen
by customersin the U.K. and to BFPO addresses. L oo o om owe am ome en o o omm e
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REGENERATIVE

by R. A. Penfold

This unusual receiver, intended pri-
marily for areas where f.m. reception
is reasonably good, employs only two
transistors. It draws an extremely low

current from its internal 9 volt battery

HIS IS A SIMPLE 2-TRANSISTOR REGENERATIVE RECEIVER

suitable for the reception of B.B.C. f.m. trans-
missions in the 88 to 108MHz band. Apart from the
ordinary Radios 2. 3 and 4, this band also provides local
radio stations in appropriate areas. The set is com-
pletely self-contained, having an internal 9 volt PP3
battery and a telescopic aerial. The output is suitable
for driving a crystal earphone. The case measures
approximately 4 by 2} by 24 in., excluding the knobs
and telescopic aerial.

Although the set has some advantages over simple
medium wave receivers, such as superior treble response
and freedom of interference from foreign stations, it
does have a few disadvantages. Firstly, as the receiwver
uses an extremely simple circuit it is only suitable for
use in fairly strong reception areas. It should be borne
in mind that_there are still certain parts of the country
which are not effectively covered by v.h.f. f.m. trans-
missions and there are local black-spots in otherwise
good areas of reception. The set should not be built
unless the reader resides in an area where v.h.f. recep-
tion is reasonably good. The prototype set is operated
25 miles from the Wrotham transmitter and gives
satisfactory results. As is explained at the end of this
article an improvement in sensitivity can be given by a
different type of telescopic aerial, but this improvement
cannot be guaranteed to overcome the limitations of the
circuit in a poor reception area.
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A second disadvantage is that the receiver is slightly
more difficult to build and adjust than a simple medium
wave set. Thirdly it cannot, of course, receive foreign
stations. Nevertheless, it does make an interesting
alternative to medium wave receivers and, when
properly built and adjusted, is capable of a very high
quality output.

CIRCUIT OPERATION

The circuit of the receiver is shown in Fig. 1. TR 1 is an
inexpensive v.h.f. transistor type 2N2369A, and is used
here as the regenerative detector. Basically this circuit
consists of a grounded base oscillator with capacitive
feedback, the regeneration being set to a point just
below the level at which oscillation occurs.

R1 biases the transistor, whilst Cl bypasses the base
for radio frequencies. L2 is the v.h.f. tuned winding and
VC1 the tuning capacitor. L1 is a choke which provides
a d.c. return to the negative supply rail for the emitter
and offers a high impedance at the signal frequencies.
In the grounded base configuration the emitter and
collector are in phase, whereupon C6 introduces

positive feedback. The supply for TR1 is obtained via

the potentiometer VR which, in consequence, controls
the gain of the stage. VR1 acts as the regeneration
control.

The aerial currents are loosely coupled to the tuned
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Fig. 1. The circuit of the v.h.f. receiver. TR1 is a
regenerative detector and TR2 an a.f. amplifier

UH.F. RECEIVER|

COMPONENTS

Resistors
(All fixed values } watt 109,)

R1 330kQ2

R2 3.9kQ

R3 2.2kQ

R4 560kQ2

RS 4.7kQ

R6 1.8kQ2

VR1 10kQ potentiometer, log, with switch S1
Capacitors

Cl1 1,000pF disc ceramic

C2 0.022uF polyester

C3 0.01uF disc ceramic

C4 4uF electrolytic, 10 V.Wkg.

Cs 220pF ceramic plate

Cé 1.8pF tubular ceramic

C7 6.8pF tubular ceramic

VC1 5 or 6pF variable, mimature (see text)

Inductors

L1, L2, L3 See text
Semiconductors

TR1  2N2369A

TR2 2N3708
Socket

SK1  3.5mm jack socket

Miscellaneous
Telescopic aerial type TA. 10 (Eagle — see text)
9 volt battery type PP3 (Ever Ready)
Battery connectors
Crystal earphone with 3.5mm. jack plug
2 control knobs
Plain Veroboard, 0.15 in. matrix
Aluminium sheet
Formica
Grommet (see text)
4 rubber feet
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circuit via L3. The detected audio signal is developed
across R2, whilst C2, R3 and C3 form an r.f. filter. C4
provides a.f. coupling and d.c. blocking. TR2 operates
as a straightforward common emitter a.f. amplifier,
with RS as the collector load and R4 as the base
biasing resistor.

A certain amount of treble cut is applied in order to
compensate for the treble boost given to the signal at
the transmitter, The r.f, filter components give a small
amount of treble cut and the rest is provided by C6,
No output coupling capacitor is required as the
receiver is designed for use with a crystal earpiece,
which does not allow the passage of direct current. A
series coupling capacitor of suitable value would be
required if the receiver were coupled to an a.f. amplifier,
and this should be positioned at the amplifier end of the
screened lead coupling the two units together. There is a
very slight possibility that a small amount of v.h.f.
signal may still be present in the receiver output.
Should this cause any problems in the amplifier a
series 2.2kQ resistor in the non-earthy output lead
followed by a 1,000pF ceramic capacitor to earth
should be added, these components again being fitted
at the amplifier end of the screened cable. But it must be
emphasised that the receiver is essentially intended for
use with a crystal earphone only, and that it should be
initially put into working order with an earphone of

this type.

The receiver demodulates by reason of the fact that
the received f.m. signal is converted to a.m. on the
sloping skirts of the sharp selectivity curve given when
regeneration is just below the oscillation point. Because
of this method of detection there is a central tuning
point for each station received where the signal is
applied to the peak of the selectivity curve and is
effectively nulled. The signal distorts when the set is
tuned next to the central point. The central range over
which these effects occur s extremely narrow, and it is
not at all difficult to receive the signal properly on
either side of it. '

The current consumption of the receiver is a mere
2mA, with the result that even a small battery such as
the PP3 will have an extremely long life.

The component employed in the VCI position in the
author’s receiver is a surplus type which is not generally
available. A Jackson Brothers variable capacitor type
C804 will fit quite well into the layout, and this capacitor
is available with a value of 5pF. Potentiometer VR1
should be a reasonably small component, with a body
diameter of 14 in. or less. The ‘ceramic plate’ capacitor
specified for C5 is a miniature low voltage component
having a square outline and side wires. A suitable
component would be Cat. No. C87N from Home Radio.
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Fig. 2. Details of the parts which make up the case. The panels are aluminium sheet or Formica, as indicated
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MAKING THE CASE

The case used to house the receiver is made from
aluminium sheet of around 18 s.w.g., and Formica.
Fig. 2 shows the individual parts and indicates the
manner in which they are assembled together. The case
is bolted or screwed together by fastenings which pass
through the holes which have the same lettered mark-
ings. For example, the two holes marked ‘a’ on the
flange of the top panel correspond with the two holes
marked ‘a’ on the aluminium side. '

The top and base panels are each bolted to the
aluminium side plate by two { in. 6BA bolts and nuts.
Thus, all the holes ‘a’ and ‘b’ should be drilled out
6BA clearance. The Formica side is secured to the top
and base flanges with self-tappingscrews. Inconsequence,
holes ‘¢’ and ‘d’ on the aluminium flanges should be
drilfed out tapping size for the self-tapping screws and
holes ‘¢’ and ‘d’ in the Formica side should be drilled
out clearance size. The two Formica ends are also
secured with self-tapping screws, whereupon holes ‘e’,
‘°, ‘g’ and ‘h’ are drilled out tapping size in the
aluminium flanges and clearance size in the Formica
ends. The finished case is quite attractive and is in-
‘expensive to make. With the Formica side and ends
removable, there is easy access to the inside. The
Formica employed should not, incidentally, be the heat-
resistant type. This type of Formica may have a metal
shim laminated inside it, and this might conceivably
alter receiver performance.

Two points need to be noted concerning the holes in
the top panel. It is assumed that the hole for the tele-
scopic aerial requires a diameter of § in. It is possible
that some aecrials may require a hole of different
diameter, and this should be checked before drilling
the hole. As can be seen from the photographs, the hole
accepts a p.v.c. grommet through which the aerial
passes. In the prototype the grommet had an inside hole
diameter of v in. The second point concerning the top
panel is that one of the dimensions relating to the holes
for VR1 and VCI bushes is the decimal 0.8 in.; all the
remaining dimensions which are not in whole numbers
of inches are fractional.

Returning to the telescopic aerial, this has a threaded
portion at its bottom which fits into a hole drilled in the
aluminium base. The hole is drilled slightly too large
and insulating washers are placed over the threaded
section of the aerial on each side of the panel. Also, a
solder tag is fitted over the threaded section above the
upper insulating washer to enable connection to be
made to the aerial later. The aerial is positioned so that
the threaded section is central in the hole and its
mounting nut is then tightened. An ohmmeter or
continuity tester is then used to ensure that the aerial is
insulated from the aluminium chassis.

Socket SK.1 and potentiometer VR can be mounted
at this stage. VC1 forms part of the main component
assembly and is fitted later. Four small rubber feet are
mounted on the aluminium base. The holes for the
screws which secure these feet in position are not
shown in Fig. 2.

COMPONENT ASSEMBLY

All the small components including the coils are
mounted on a plain 0.15 in. matrix Veroboard panel.
This has 12 by 14 holes. Fig. 3 shows the component
side of the panel, together with the connections to VR1,
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Pos. battery clip

Neg. battery clip SK|

Fig. 3. One side of the component panel, with
parts fitted and wired in place

A closer view. Note that the side of the component
board on which L2 and L3 are fitted is towards
the viewer
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S1, SK1 and the battery. The chassis connection to SK1
is given automatically via its mounting bush and nut.
The potentiometer switch will very probably be a 2 pole
type, and only one pole is needed here. If necessary the
appropriate tags can be identified with the aid of a
continuity tester or ohmmeter.

The component board is very easy to assemble, the
components being mounted in the positions shown with
their leads bent over at right angles on the reverse side
of the board and then cut to length. The leads are
soldered together as indicated by the broken lines in
the diagram.

Fig. 4 shows the underside of the board and the
additional wiring needed to complete the assembly. A
piece of thick tinned copper wire, of around 16 s.w.g.,
passes along the bottom of the board, and ensures that

Moving vane tag of V(|

Fig. 4. The other side of the panel, on which are
fitted C6, C7, L2 and L3

all the components which run to earth make a good
connection. The moving vane tag of VC1 is soldered to
this wire, and it is through VCI that the board is
earthed to the aluminium section of the case. This
soldered connection also provides the physical mount-
ing for the board.

L2 consists of 6 turns of 16 s.w.g. enamelled copper
wire wound on a ¥ in. diameter former. It is important
that the coil is exactly 6 turns, as if it is even a quarter

of a turn out the set will have an incorrect frequency °
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coverage. Initially, the coil is given a length of 0.6 in,
It has a centre tap for the collector of TR1. Any round
object of the required diameter can be used for the
former, and this is removed after the coil has been
wound and the centre tap point has been scraped clean
of enamel and tinned, ready for connection. The ends
of the coil are also, of course, scraped clean and tinned
before connection. These ends are positioned and
soldered in the manner shown in Fig. 4. The lead from
the junction of L2 and C7 to the fixed vanes tag of VCI
should be kept reasonably short.
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The component board removed from the case.

The tuning capacitor is below the board and was a

little out of position when this photograph was
taken

L3 is merely two turns of wire, again with an inside
diameter of = in., which are wound in the lead which
travels from aerial to earth. When the component board
is mounted, this lead runs across the surface of the
board. The wire is ordinary p.v.c. covered connecting
wire with a single core for stiffness. The turns are
closely wound and the coil is pushed close up to the end
of L2, as illustrated.

L1 is wound on a 100k } watt 109, or 209, resistor,
and consists of 40 turns of enamelled or rayon covered
wire of around 34 s.w.g. The coil is scramble-wound and
its ends are anchored by being soldered to the lead-outs
of the resistor. The resistor lead-outs also provide a
convenient means of connection to the coil. (Do not use
a 59, resistor here. Close tolerance carbon composition
resistors are occasionally subjected to a ‘copper spray’
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at the factory, and this constitutes a short-circuited
turn. - Editor.)

VCl may now be fitted, whereupon the component
board takes up the position shown in the photographs
of the interior of the receiver. The battery fits in the
space between the component board and the aerial. 1t is
secured in position when the Formica side panel is
screwed on. If necessary, a piece of plastic foam may be
fitted between the panel and the battery to hold it
securely.

RECEIVER OPERATION

With the prototype it was found necessary to have the
telescopic aerial fully extended for best results. It is
therefore not recommended that an aerial be used
which is shorter than that specified. This has an
extended length of 120 cm.

With the set turned on and VR1 advanced slightly,
background noise should be heard in the earphone.
If VR1 is advanced further a point will be reached
where the noise suddenly becomes greatly diminished.
Any further advancement of VR1 will probably cause
an extremely loud hissing noise to be heard. The set is
at its most sensitive when VR1 is adjusted to the point
where background noise is just beginning to be
diminished. When the set is in use, VRI should not be
advanced beyond this point as this will cause the set to
oscillate and radiate interference. When the receiver is
actually tuned to a station it is easy to accidentally turn
VR1 too far, and this may not be noticed because the
first stage of the set will then be operating as a super-
regenerative detector. Great care should therefore be
exercised when tuning the receiver.

It may be found that the receiver does not quite
cover the desired range, making it impossible to tune in
all three main B.B.C. stations. In such a case a little
experimental alteration of the inductance of L2 by
either stretching or compressing the winding should put
matters right. However, if L2 is made accurately in the
first place subsequent adjustment of its inductance
should not normally be necessary.

With the prototype, Radios 2, 3 and 4 can all be
received with good volume and quality, and with a
reasonably low noise level. In the author’s area there is
no local radio station, but signals from the Radio
Medway transmitter were just perceptible above the
noise level of the receiver.

ALTERNATIVE AERIAL

Since the B.B.C. uses horizontally polarised signals
and the receiver has a vertical aerial, the author tried
~the effect of a swivel base telescopic aerial, since this
could be oriented to a 45° position or to the horizontal
position. This gave quite a large increase in sensitivity,
and tuning and regeneration adjustments became less
critical. Since the author lives in a fairly good reception
area the modification has relatively little advantage to
him, as the volume level and signal-to-noise ratio were
not much different. However, the point is mentioned
because, in a poorer reception area, the use of a swivel
base telescopic aerial would probably give an improve-
ment that is more worth-while. The aerial is fitted to an
insulated mounting at the top of the case and should
have an extended length of around 40 in. or more.
A 40} in. swivel jointed aerial appears in the Henry’s
Radio catalogue under Type No. TAI12A.

a
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CROSSWORD
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Across
6. Evident in the mains transformet secondary. (7,7)
9. Jacket appendage for disc or wire. (6)
10. Describes the 0-Y-1 receiver. (3,5)
11. ’I;wloll\glorse transmissions could produce these.
( L2t Bt ] )
13. Electromagnetic C.G.S. unit of e.m.f. (6)
15. Bring to light. (6)
17. The Greeks had a word for wavelength. (6)
19. Units of the light type of flux. (6)
20. Is solved, break up! (8)
22. g? who instigates transistor amplification mode?
24. Figures with four equal sides. (6)
26. Less Roy’s thesis, this simply adds up to
transformer waste. (10,4)

Down
1. In British TV this is SOHz. (5,9)
2. Non-active home of Wharfedale. (4)
3. You can expect the series tuned circuit to do
this. (6)
4. Robots. (8)
5. With a triangle, half the base times the height. (4)
7. Hate and remove meter check? (6)
8. BYA bottom. (5,5,4)
12. One is shattered to give unwanted sound. (5)
14. Can precede ‘tron’ or ‘massage’. (5)
16. Doubtful sinecure, not very safe. (8)
18. Decks. (6)
21. Accent in a distressing circumstance. (6)
23. Surprising that a quartz crystal should be this
resonant! (4)
25. Musical radar system. (4)
(Solution on page 361.)
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INTEGRAL MICROPHONE TAPE
RECORDER

ITT’s new Studio 60M tape recorder, with its highly
sensitive integral microphone allied to the important
back-up of Automatic Recording Level Control, is a
superb addition to the cassette recorder field and will
certainly rate among the most popular of battery-or-
mains portable recorders so far marketed.

Handsome in its black-and-silver styling, the Studio
60M is nevertheless far from being just a pretty face,
since the quality of its sound reproduction is impress-
ively high, whether heard through its own wide-range
speaker, through headphones, or extension speakers.
Yet although ideal tor the expert user, with its separate
circuits for ferroxide tapes and the new ‘chrome’
variety, and choice of auto or manual recording level
control by flicking a switch, it is also great for the
novice. Simple in operation, it even switches off
automatically as the tape ends, with an indicator light
switching on to show it has done so!

Automatic recording level control in the Studio 60M
is uncannily accurate, so manual control is seldom
needed. With the silent-running recorder switched on,

the highs and lows of sound volume it captures on tape,

are automatically balanced, making the new model
exceptionally useful.

ELECTRONIC AID TO ENABLE
DUMB TO COMMUNICATE

About five years ago, at the age of 21, Toby Churchill
a qualified mechanical engineer working for Lucas -
contracted an unidentified virus disease which left him
with a number of disabilities. These included a complete
loss of the power of speech and a paralysed right arm.

He conceived the idea of a portable electronic device
which would enable him to communicate with others
easily and set about the task of putting his idea into
practice. After reviewing the electronic components
available, he knew that his ideas were not just a pipe.
dream but a practical possibility. The Engineering
Department at Cambridge University heard of Toby’s
ideas and agreed that they would form the basis of a
worthwhile project.

Very quickly the ideas became reality. A typewriter-
like keyboard was coupled to a Burroughs ‘self-scan’
display system. Circuits were designed to allow the unit
to be powered from rechargeable batteries.

Toby now talks to people using the keyboard: the
letters, words and numerals appear in a very easily-read
form on the self-scan display panel.

A number of people assisted with the development of
the unit — which has been called the Lightwriter - in
many different ways. Burroughs, keyboard manu-
facturers, Cambridge University and Burroughs’ UK
agents, Walmore Electronics Ltd., all played their parts.

As a result of pressure from friends and aquaintances
with similar disabilities, a company - Toby Churchiil
Ltd. — has been set up to manufacture the Lightwriter.
The company has financial backing and production
facilities, and it 1s expected that the first unit will
become available in the first half of 1974.

The heart of the Lightwriter is the self-scan display
panel which is manufactured by Burroughs Corporation
in America and available through the UK agents,
Walmore Electronics I td.

SLIMLINE CEILING SPEAKER

The new FF.22 Ceiling Speaker from Eagle Inter-
national achieves a remarkably low profile of only
70mm using an inverted magnet speaker. This slim
surface mounting unit requires no cutting or recessing,
minimising installation problems and harmonising
equally well with new or existing architecture.

The 165mm diameter speaker provides a high
standard of clarity and definition. Its' power handling
of 8 watts continuous rating affords adequate capacity
for use in hotels, supermarkets, hospitals, garages and
similar locations.

An important safety feature of the FF.22 is its finish,
in stove enamelled mietal, which eliminates fire risk. The
unit has a frequency range of 60 — 14000Hz with 8 ohms
impedance. Dimensions: 235 X 50mm.
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EAGLE INTERNATIONAL FF22. Ceiling speaker. Surface-
mounting for really low profile (only 70mm) and very easy
installation. Excellent clarity and definition. Power hand-
ling: 8 ohms. Continuous rating. R.R.P. £5.25 - VAT.
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. . . COMMENT

NORWICH OBSERVATORY HIGH STABILITY DIGITAL DISPLAY
In this electronic age, it is difficult to draw a line RECEIVER

between where one science ends and another begins,
each discipline runs into another. We feel justified
therefore in giving some details of the observatory
being built by members of the Norwich Astronomical
Society, particularly as regular observations are already
being carried out by one of its members on sunspot
activity, and it is planned to put into operation a Solar
Noise Recording installation operating on 136 MHz, to
correlate visual sunspot observation with radio observ-
ations.

The new observatory is located on a fine site over-
looking anglleasedfrom the University of_East Anglia. A new full-facility digital display communications

There will be two telescopes, the 10 inch telescope,  recejver, providing frequency read-out to an accuracy
from the Society’s old site which is now unusable  of one Hertz in the high frequency bands at a lower.
because of electrical interference, and a completely price, it is claimed, than any comparable British
new telescope of 30 inch aperture to be housed in @ recejver, is announced by Eddystone Radio, a GEC-
dome of quite original design. Marconi Electronics company.

The electronic equipment includes frequency con-
trolled synchronous drive for the 10 inch telescope, The new receiver, the EC958/7, is the latest version of
which will be a pilot scheme for the drive on the 30 inch  (he highly successful EC958 series of solid-state general
telescope and for which it will be uprated, and electronic  pyrpose ‘communications receivers, orders for nearly
safety interlocks between domes and telescope drives so 1500 of which have been received from a wide variety

that neither will over-run. ) of users throughout the world.

The 200 or so members are working very hard on the
project, labouring, bricklaying etc., and on fund raising The EC958/7 incorporates all the facilities of the
schemes. standard EC958, although many of the operating

parameters have been improved. It provides frequency

coverage from 10kHz to 30MHz in a continuous sweep
Readers are reminded that under the terms of which, coupled with its frequency stability and rugged
the Wireless Telegraphy Act 1949, it is an construction, makes it well suited for a wide range of
offence within the U.K., to operate any trans- applications in fixed, mobile and maritime services.
mitting apparatus except in accordance with the
conditions of a Licence issued by the Minister of The key to its high performance is the easy-to-
Posts and Telecommunications. operate tuning system. Using only the main tuning
. - : control and range switch the EC958/7 can be contin-

uously tuned over the entire frequency range.

IN BRIEF

M Coastal Radio Ltd., a Marconi Marine company, is featuring a wide
range of communications equipment, echosounders, television and inter-
com. equipment at the International Boat Show, Earls Court.

B Described by Howard Kornstein of Data Applications International
Ltd., as a *hands on’ event, 23 of this country’s leading design specialists
attended an exclusive three-day microcomputer workshop session at
London’s Central Polytechnic recently.

B Mr. G. R. Jessop, C.Eng., M.ILE.R.E., G6JP has Been elected President
of The Radio Society of Great Britain for 1974,

M The Fourth European Microwave Conference is to be held in con-
junction with the Microwave 74 exhibition in Montreux in September.

M The BBC’s regional TV centre at Plymouth is being up-dated for
colour broadcasting, and will be the Corporation’s first studio to operate
EMDPD’s latest colour TV camera, type ‘2005,

Chinaglia (pronounced key-na-glia) (U.K.) Ltd., of 19 Mulberry Walk,
London, S.W.3. have announced a low cost quality range of test equipment
now available in this country. One of the range is the ‘Cortina’ multimeter “Congratulations, you have a fine
priced at £15.90. stereophonic set!”
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FURTHER
COUNTING

CIRCUITS

by G. A. FRENCH

l AST MONTH'S ARTICLE IN THE
‘Suggested Circuit’ series was

devoted to two circuits incorporating a
Post Office electromagnetic counter,
The type of counter employed presents
numbers running from 0000 to 999y
and does not have a zero re-set. In
consequence, the number displayed at
the start of a counting operation has
to be noted and then subtracted from
the number which appears at the end
of the operation. The counter mechan-
ism is such that on applying a voltage
to its coil an armature is energised,
causing an operating pawl to move
over one tooth of a ratchet wheel
coupled to the ‘units’ digit wheel.
When this voltage is removed the
armature releases, moving the ‘units’
digit wheel on to the next figure. The
‘units’ digit wheel is coupled to ‘tens’,
‘hundreds’ and ‘thousands’ digit wheels
by gearing similar to that encoun-
tered in a car mileometer. A morc
detailed description of counter opera-
tion was given in the previous article.
Electromagnetic counters of this
type are available with various coil

resistances. The type employed in the

author’s circuits has a coil resistance of
2,300Q, and is obtainable from
Henry’s Radio Ltd., by whom it is
listed as Type 14B. Operating voltage
is of the order of 80 to 100 volts.

Two further counting circuits will be
described in the present article.

1-SECOND COUNTER

The first application to be dis-
cussed is one in which the electro-
magnetic counter is employed in a
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I-second counting circuit. 1In this
circuit the counter passes through one
energise and release cycle every
second, with the result that it counts
the number of seconds elapsing from
the moment of turning on the counting
circuit. The counter may, as a result,
be employed as an ‘electronic stop-
watch’, as a timer for photographic
and production processes, or as a
timer for sporting events and similar
applications. Its timing precision will
not be as high as that of an escapement
operated mechanism, but a surpris-
ingly high degree of accuracy will
nevertheless be given provided care is
taken in the selection of the timing
components.

The circuit of the l-second counter
is given in Fig. l. In this diagram the
electromagnetic counter is operated by
way of TR3, a high voltage power
transistor type MJE340, in the same
manner as occurred in one of last
month’s circuits. The 125-0-125 volt
secondary of transformer TI couples
to the full-wave rectifier circuit given
by D4 and D3, and the unsmoothed
rectified half-cycles are fed via voltage
dropping resistor R7 to the coil of the
electromagnetic counter. The armature
of this counter energises when TR3
turns on, and releases when TR3 cuts
off, and there is no necessity for any
smoothing capacitors in this part of the
circuit. Diode D3 prevents the appear-
ance of high back e.m.f’s in the counter
coil when TR3 cuts off. The mains
transformer is an R.S. Components
product described as a ‘Midget Mains
250 volt’ transformer.

.

The 1-second timing circuit proper
consists of the multivibrator in-
corporating TR and TR2, and this
runs at a frequency of [ cycle per
second. TRI and TR2 are germanium
rather than silicon transistors because
the more commonly encountered
silicon devices have reverse base-
emitter voltage ratings which are too
low to enable them to be employed in
simple multivibrators. The supply for
the multivibrator is obtained from the
rectifiers D4 and D5 and is passed, via
R6 and zener diode DI, to the second
zener diode, D2. The stabilized voltage
across D2 is smoothed by C3 and is
then applied to the multivibrator.
The multivibrator period is controlled
by C1, C2, R2, VRI and R3, and the
transistors are turned on, within the
multivibrator cycle, for roughly equal
lengths of time. When TR2 turns on,
its collector current flows by way of R4
into the base of TR3, thereby turning
this transistor on also and energising
the counter armature. When TR2
turns off, so also does TR3, and the
counter armature releases,

The counting operation is controlled
by Si(a)(b). The circuit is initially
switched on by means of S2 with
Si(a)b) being in the ‘Stop’ position,
as shown in Fig. [. Section Si(b) of
the switch short-circuits the base of
TR3 to chassis. If this is not done, the
process of switching on at S2 can cause
a momentary base current to flow in
TR3 as the capacitors in the multi-
vibrator settle down to their charged
conditions. As a result, thecounter may
energise and produce a false increase of
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Fig. 1. A 1-second counting

1 in the number displayed. Section
Si(a) connects the base of TR1 to the
upper terminal of zener diode DI.
The zener diodes are both rated at 8.2
volts, with the consequence that the
base of TR2 is taken positive of its
emitter by this voltage.

Immediately after switching on at
S2, thercfore, there is a very short
period during which C! and C2 take
up their charges, after which TR1 is
turned on, with TR2 cut off. The
supply voltage fed to the upper
terminal of D1 consists of unsmoothed
rectified half-cycles but C2, which
connects to this terminal via Sl(a), is
still capable of charging to their peak
value. This peak value is the zener
voltage of the diode.

When St(a)b) is set to ‘Start’,
section S1(b) removes the short-circuit
between the base of TR3 and chassis,
whilst section Sl(a) disconnects the
base of TR2 from the upper terminal of
D1I. At this instant Cl is charged to the
full voltage across zener diode D2, less
the very small forward base-emitter
voltage drop in TRI1, whilst C2 is
charged to the full voltage across zener
diode D1 plus the very small saturation
voltage across TR1. Since D1 and D2
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of setting switch S1 to ‘Start’

are rated at the same voltage, the
voltage across the capacitors are very
nearly equal. C2 now commences to
discharge via R3 until a moment is
reached when base current starts to
flow in TR2. Multivibrator action
takes place, TR2 comes hard on,
thereby turning on TR3 and energising
the counter, and TR cuts off, The
base of TR1 is now held positive of its
emitter, due to the charged capacitor
Cl, by a voltage approximately equal
to D2 zener voltage. C1 discharges by
way of R2 and VR until current flows
into TR1 base. Again multivibirator
action occurs, with TR coming on and
TR2 turning off. TR3 also turns off,
the counter armatuie releases, and the
counter number displayed increases by
L. At this instant the base of TR2 is
taken positive of its emitter by a
voltage approximately equal to the
zener voltage of D2 due to the charged
capacitor C2. C2 now starts to dis-
charge into R3 and a second multi-
vibrator cycle commences.

This detailed description of multi-
vibrator operation has been given in
order that the function of SI(a)(b) can
be more readily explained. It will now
be seen that, when section Si(a) of this

circuit. The counter indicates the number of seconds elapsing from the instant

switch is set to ‘Start’, the multi-
vibrator is in exactly the same state as
it will be in the later multivibrator
cycles immediately after turn-on in
TR2. Because of this, the first cycle of
the multivibiator has the same length
as all succeeding cycles. If the multi-
vibrator were started by simply
applying power to it there would be
one or more cycles of incorrect length
before it settled down to its proper
speed.

If desired, Si(a) could be replaced
by a break contact set on a relay
coupled such that it was automatically
energised during a process being timed.
Section S1(b) would be retained as a
single-pole switch in the unit, where-
upon the latte; would be brought into
action by first switching on at S2 and
then putting Si(b) to the ‘Start’
position. The counter would then
subsequently indicate the number of
seconds during which the process-
controlled relay was energised.

For optimum timing accuracy, R2
and R3 should be high stability (or
wire-wound) components, and VRI
should be a wire-wound potentio-
meter, Cl and C2 may be 4 or 4.7uF
non-electrolytic capacitors. There is no
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point in employing close-tolerance
components here as these would still
necessitate a variable control for final
fine setting up. In consequence,it is
recommended that normal wide-
tolerance parts be used, with the
setting up control having a wide range.
There is a possibility that this approach
may result in the required multi-
vibrator frequency of | cycle per
second being outside the range of VRI.
Should this occur it 1s merely necessary
to increase the value of R2 if it is
desired to lengthen the multivibrator
cycle, or to reduce the value of R2 in
order to shorten the cycle. Increasing
or decreasing the value of R3 will have
a similar effect.

The adjustment of VRI is not
particularly tedious, although a little
patience is required. Setting up is
carried out with the aid of a watch
having a second hand. Initially, VR1 is
roughly set up for a count of 15 in
15 seconds, after which increasingly
fine adjustments can be made for a
count of 30 in 30 seconds and then

for 60 in 60 seconds. Final setting up
should always be against 60 seconds,
or a multiple of 60 seconds, as this
ensures that any slight inaccuracies in
watch scale calibration which may be
present cannot affect the results. The
setting up should be undertaken quite
some time after the unit has been
assembled, to allow the components
which directly control the multi-
vibrator frequency to settle down to
normai after the thermal stress given
by soldering.

Dissipation in TR3 is very small,
becausc this transistor is either fully
cut off or is hard on with a very low
voltage across it and because there is a
rapid transition from one condition to
the other. In the prototype circuit, the
author mounted TR3 on a small flat
heat sink measuring 4 in. by I} in., and
it ran quite cool. The heat sink is
insulated from chassis and must not be
touched when the unit is switched on
because it is common with the collector
of the transistor and has a relatively
high voltage on.it over half the multi-

vibrator cycle. The transistor s
secured to the heat sink with a 6BA
bolt and nut.

Rectifiers D3, D4 and D5 are shown
in Fig. 1 as type BY100. However, any
other silicon rectifiers may be em-
ployed here provided that they are
rated at 0.5 amp or more and have a
p.i.v. of at least 350 volts. Care must be
taken to connect D3 into circuit with
correct polarity, as there might other-
wise be damage to transformer TI.

LIGHT OPERATED COUNTER

Another counting circuit is Hlus-
trated in Fig. 2. In this circuit the
number displayed by the electro-
magnetic counter increases by 1 each
time a light beam is broken. It may be
used to count objects passing along a
production line and for similar
applications. Speed of operation is
limited only by the speed of the
electromagnetic counter.

The power supply circuitry and that
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Fig. 2. A light operated counter. This indicates the number of times a light beam, incident upon the OCP71.

is interrupted
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immediately associated with the MJE-
340, which now appears as TR4, are
the same and use the same com-
ponents as occurred with Fig. |,
Switch S1 now carries out the function
which was previously undertaken by
S1(b); it short-circuits the base of the
MJE340 to chassis to climinate
possible spurious counts immediately
after switching on at S2. The MJE340
is again fitted on a § by 14 in. heat sink
and, as before, the counter armature
energises when current flows into the
MIJE340 base. The armature releases
when the MJE340 base current ceases.

The photo-sensitive device which
detects the breaking of the light beam
is the phototransistor TR, this being
an OCP71l. When connected in the
manner iflustrated, it exhibits a
collector current which becomes larger
as the intensity of the light incident
upon it increases. It is convenient to
look upon the behaviour of the OCF71
as being reminiscznt of that of a
cadmium sulphide photoconductive
cell, the resistance of which decreases
as light intensity increases. The OCP71
requires a highcr level of light intensity
for operation in a circuit of the present
type, but this may be readily provided
by means of a cheap convex lzns. The
lens offers the incidental advantage of
making the operation of the OCP71
highly directional, and thercby less
likely to be affected by changes in
ambient light level. The speed of
effective ‘resistance’ change in the
OCP71 resulting from variations in
illumination intensity is very much
greater than is given by a cadmium
sulphide cell.

It is necessary for a trigger circuit to
appear between the phototransistor
and the MJE340 in order to ensure that
the latter changes rapidly from the cut
off to the hard on state, and vice versa,
following changes in phototransistor
illumination. This will ensure condi-
tions of minimum power dissipation in
the MJE340. The trigger circuit
employed here is the Schmitt trigger
incorporating TR2 and TR3. This is
powered by the stabilized voltage
across zener diode DI,

We may now examine the chain of
events which follows the illumination
and non-illumination of the OCP71,
and we shall assume that VRI has
previously been set up to a position
which is correct for the particular
level of OCP71 illumination to be
employed. (The process of setting up
VR is described later.) The OCP71 is
illuminated by a beam of light and, in
consequence, exhibits a low effective
‘resistance’. Because of this, a suffic-
iently high base current flows in TR2 to
turn this transistor on, whereupon the
complementary transistor in the Sch-
mitt trigger, TR3, is turned off. As a
result, no collector current flows in RS,
and TR4 is also turned off. Under these
conditions the armature of the electro-
magnetic counter is in the released
position.

An opaque object passes through the
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light beam, whereupon TRI immedi-
ately exhibits a high effective ‘resis-
tance’. The voltage at the base of TR2
now goes sufficiently positive for this
transistor to become cut off, allowing
the complementary transistor, TR3,
to turn on. The collector current of
TR3 flows via R8 into the base of TR4,
thereby turning this transistor on also,
and causing the armature of the
electromagnetic counter to move to the
energised position.

As soon as the opaque object has
passed through the beam of light TR1
becomes illuminated once more. TR1
at once presents a low effective
‘resistance’, turning TR2 back on and
thereby cutting off TR3. The base
current in TR4 ceases and this transis-
tor similarly cuts off, releasing the
armature of the electromagnetic coun-
ter. The latter returns to its released
position and, in so doing, causes the
number displayed to increase by 1.

Focal length
of lens

X Incoming
Lens light

Side bearing type number

Fig. 3. A simple lens system is

required with the OCP71 to

provide a sufficiently high
illumination level

As was just mentioned, the OCP71
needs to be illuminated by way of a
lens, and Fig. 3 illustrates the simple
arrangement that is required here.
The most sensitive area of the OCP71
is about a third of the way down from
the top of the translucent section, with
the side bearing the type number
towards the source of illumination.
The plane through the three OCP71
lead-outs is at right angles to the
surface of the paper. The lens can be
taken from any small cheap ‘magnify-
ing glass’ and it is positioned away
from the OCP71 by a distance equal to
its focal length. This focal length can
be determined previously by holding
the lens between an electric light bulb
and a sheet of paper. When a clear
image of the bulb is visible on the
paper, the distance between the paper
and the lens is the focal length.

The OCP71 should be fitted in a
light-proof box with the lens mounted

at one end. It is desirable to have a-

removable side to the box so that it can
be aligned correctly on to the source of
light. Correct alignment is given when
the area of focussed light is clearly
seen on the phototiansistor body. The
phototransistor, with R3, may be
positioned some distance away from

the other components, being coupled
to them by way of a 2-core lead. Care
should be taken to see that it is
connected into circuit with correct
polarity.

The source of light depends upon
the particular application. The author
checked the prototype circuit with the
aid of a 100 watt electric light bulb
positioned about 6 ft. away from the
lens and the phototransistor. There
was no lens or reflector at the bulb,
and this method of illumination may
be employed by the constructor when
initially trying out the circuit. Passing
a hand, or any other object, between
the bulb and the phototransistor lens
will then cause the counter to operate.
If desired, more specialised sources of
light beam incorporating a lens and/or
reflector may be employed later. The
wattage required for a bulb having a
lens or reflector will be much smaller
than 100 watts. Also, reduced wattage
in the bulb will be required if the
distance between the bulb and the lens
is significantly less than 6 ft.

When the circuit has been assembled
and a suitable light source and lens for
the OCP71 has been provided, the
unit may be switched on at $2, and S1
set to the ‘Run’ position. VR1 is next
set up. The phototransistor is suitably
illuminated and VRI1 adjusted to
insert minimum resistance into circuit.
Under these conditions, and if the
OCP71 illumination is sufficient, the
electromagnetic  counter armature
should be in the released position. It is
helpful, here, to have the cover of the
counter removed so that the position
of the armature can be checked
visually. VR1 is adjusted to insert
increasing resistance until the armature
of the counter suddenly energises.
VRI is then adjusted in the reverse
position, i.e. to decrease the resistance
1t inserts into circuit, until the arma-
ture releases. VRI1 is adjusted a little
further in the reverse direction so as to
take circuit operation reliably outside
the hysteresis range of the Schmitt
trigger, and setting up is then complete.
Reliable operation of the counter
should be given each time the tight
beam is interrupted. The final setting
required in VRI is not critical.

In use, the unit is switched on at S2,,
with S1 in the ‘Stand By’ position. A
useful plan, with respect to S2, is to
have it control the illuminating bulb
as well, whereupon this can be fed
from the two a.c. mains points follow-
ing the switch. Switch S1 is next set to
‘Run’ and the instrument is ready to
start counting.

A final few words are required in
order to explain the presence of R2 in
series with the phototransistor. This is
a current limiting resistor, and it
ensures that there is not excessive
dissipation in the phototransistor
when VRI is set to insert minimum
resistance into circuit. If R2 were

_omitted, a high current could flow

through the base-emitter junction of
TR2 and R7, and the phototransistor
could be damaged as a result. ]

349



New Products
for the Workshop

SOLDER-ABSORBING WICK

New DESOLDERWICK is the low cost solution to
rapid desoldering of all types of joints for quality repair.
Hot solder is mopped up by capillary attraction to leave
a joint completely clear of solder — ready for immediate
corrective resoldering. It is non-corrosive, dry fluxing.

DESOLDERWICK is useful to every solderer. With
just a standard soldering iron, an operator can desolder
safely without special training. Every production as-

sembly sector can deal with its own rework — siniply,

economically and without disturbing routine soldering
operations. Desoldering requires no preparation, jigs
or post cleaning and, of course, is completely main-
tenance-free. F

DESOLDERWICK is available in 4 widths; on
convenient standard reels for production lines, servicing
departments and laboratories, and in zip Pocket Packs
for the field engineer, hobbyist and D.LY. enthusiast.
Further details from:- Orientation Ltd., Coverack,
Cornwall.

SCREW HOLDING SCREWDRIVERS

Thunder Screw Anchors Ltd. of Victoria Way,
Burgess Hill, Sussex, announce an addition to their
range of screwdrivers by the introduction of four
screwholding screwdrivers. Two are suitable for slotted
head screws and two for recessed head screws, their
dimensions being 8i” and 9} overall Jength, 3/16”
and 1" blade diameter respectively. The screw is firmly
held at the tip of the screwdriver by sliding the spring
loaded shank over the head of the screw, leaving one
hand free to hold the article to be fixed. It is possible
to fix screws in the most difficult of places, where to
hold a screw in the hand might normally be impossible.
The screwdrivers are individually carded and the re-
commended retail prices excluding V.A.T. are 20372
and 20376 69p each, 20374 and 20378 79p each.

SOLDERING GUN FROM THE CONTINENT

Greenwood Electronics have signed a reciprocal distribution agree-

ment with ERSA - Europe’s number one manufacturer of soldering irons,
under the agreement Greenwood will have exclusive selling rights for

the UK.

One of the ERSA products is the SPRINT soldering gun. At only.
6 ounces the Sprint is the lightest gun available on the UK market. The
compact construction and light weight will enable the service engineer to
manoeuvre the gun in the most awkward areas. It is 80W~150W and has
two heating elements in series which heat-up to maximum temperature in

less than 10 seconds. The Sprint will sell at £5.75.

Details of the ERSA range are available from Greenwood Electronics,

21 Germain Street, Chesham, Bucks HP5 ILL.
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SIGNAL INJECTOR

by P. T, Jenkins

A low-cost unit which aids transistor servicing

HIS LITTLE DEVICE CAN BE ASSEMBLED IN LESS THAN

an hour and it requires only one capacitor, three
resistors, a unijunction transistor and a coil made up
with thin connecting wire. When this coil is held in line
with the ferrite rod aerial of any medium and long wave
superhet radio a loud tone at about 700Hz is heard over
all of both bands. The coil is positioned outside the
receiver case and no direct connection to the receiver is
required.

CIRCUIT OPERATION

The circuit of the signal injector is given in Fig. 1.
TR is a unijunction transistor type 2N2646 and it runs
as a relaxation oscillator. At the instant of applying the

+9%
Ry = R2
22ka T 2400
B2
TRy
oy 2N2646
< R3
o047 8 100n
HF ‘
Injector
coi!

E—B! i
R{iRy. Ry Vawatt 10%
B2

2N2646
Lead-outs

Fig. 1. Very few components are required for this
) servicing aid
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9 volt supply capacitor C1 is discharged, and the semi-
conductor material between base 1 and base 2 inside
TR1 acts as a resistor. C1 commences to charge by way
of RI, whereupon the voltage on the unijunction
emitter starts to go positive. When this voltage reaches
triggering level the unijunction transistor exhibits a
negative resistance effect between its emitter and base I,
causing C1 to discharge rapidly into R3 and the injector
coil. The unijunction transistor then reverts to its
previous state, Cl commences to charge once more via
R1, and another cycle commences.

With the values shown for R1 and CI, the oscillator
repetition frequency is around 700Hz. The pulses in R3
and the injector coil are extremely short and have a
peak amplitude of around 25 to 30mA. Since they are
present for only a very short period inside each cycle
the average current drawn from the 9 volt battery is low,
being a mere 1.5mA. There is no need to wire a bypass
capacitor across the supply rails because the pulse
currents flow in the loop given by C1, the emitter and
base |1 of TRI, R3 and the injector coil. Operation was
unaltered with the writer’s unit when a 33Q resistor was
experimentally inserted in series with the positive
battery input.

Because of their steep fronts, the pulses produce an
exceptionally wide band of harmonics, these extending
well above the medium wave band. The harmonics are,
of course, all modulated at the fundamental frequency.
When the pulses are inductively coupled into the ferrite
rod aerial of a receiver the fundamental frequency is
then heard from the speaker at all points in the medium
and long wave bands.

INJECTOR COIL

The injector coil consists of 20 to 25 turns of p.v.c.
covered connecting wire in an open coil of about 3} in.
diameter, as in Fig. 2. The number of turns and the
dimensions are not critical. The coil can be made self-
supporting by wrapping tape around it, and it couples to
the remainder of the circuit by about 18 in. of twin
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THE 1.C. PLUS FOUR
PORTABLE
by F. G. Rayer

Our contributor describes the building of a
receiver, incorporating the popular Ferranti
integrated circuit type ZN414, which offers
loudspeaker reproduction over the medium’

wave band.
Due to the use of the ZN414 there are no

tuned circuits to adjust.

* X *

S.S.B. RECEIVER FILTER
by R. A. Penfold

Our contributor discusses basic aspects of
simple crystal filters, after which he describes
an experimental lattice filter incorporating
ceramic resonators. Also dealt with is an
oscillator circuit employing a transfilter as the
frequency determining element.

* K* X

PRESS-BUTTON SWITCH
CIRCUITS
by A. Jefferson

The circuits incorporating multiple press-button
switches are not always as easy to follow as
those which employ rotary switches, this article
will greatly assist in understanding the subject,

PLUS

MANY OTHER ARTICLES
PRICE 20p

ON SALE 1st FEBRUARY
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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r 20-25 turns
18 twin flexible wire random-wound

()

4

Fig. 2. The infector coil is wound with ordinary
connecting wire

flexible wire. To inject a signal into a radio, the injector

coil is held, outside the case of the radio, in line with the
ferrite rod aeridl, as shown in Fig. 3. A little experimen-
ting with several receivers will soon give an idea of
performance,

Ferrite rod aerial
N

- \ Injector
e T i S— . » coit
Lol e e =

Receiver

Fig. 3. Maximum signal injection is given when
the infector coil is in line with the ferrite rod aerial
inside the receiver case

The signal injector is useful in servicing as it enables a
quick check of overall sensitivity to be given. [f a
receiver reproduces the tone at good level at the low
frequency end of a band but at much lower level at the
high frequency end then there is lack of sensitivity at
the high frequency end. The signal injector will also
show if the receiver oscillator is cutting out over any
section of a band. But its most helpful function is in .
oscillator padding at the low frequency end of a band.
The receiver oscillator coil core (or other padding,
adjustment) is merely set up for maximum volume of the'
injected tone and there is no need to ‘rock’ the receiver
or signal generator tuning as occurs when padding with
a single frequency signal. For this adjustment the
injector coil should be positioned some distance from
the receiver so that signal injection is at a low level
only. [ |
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Which way round do you connect a zener diode?

ZENER DIODES CAN SOMETIMES RAISE A FEW QUERIES,
— Ordinary rectifying diodes have the cathode lead-
out identified by a coloured dot or band, and a dot or
band similarly appears at the cathode lead-out of zener
diodes. Since a zener diode is used ‘wrong way round’,
does the marked lead-out go to the positive or to the
negative side of the circuit in which it is used?

BASIC THEORY

To find the answer to this, we have to look into a
little basic theory.

Fig. 1 shows an ordinary rectifier diode. ‘Conven-
tional current’ (from positive to negative) flows in the
direction of the arrow. The diode symbol itself is, in
fact, an arrow-head plus a straight line. Since conven-
tional current flows in the direction indicated we know
that we must get a positive voltage from the cathode, or
*plus end’, of the diode. We can, as a result, connect an
electrolytic smoothing capacitor after the diode with the
polarity illustrated, In other words, the cathode lead-

“Conventional
current’

tlow
. Bt - -
o T V
l Anode Cathode +
Source ‘ff & Smoothing Rectified
alternating - F
W capacitor output

voltage :

Fig. 1. The direct voltage polarities which appear
) in a rectifier diode circuit
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out of the diode corresponds with the positive rectified
voltage.

ARARA

1" Yy . & - -
] Cathode l
t +

Source of . p
y € Zener ,_.!
direct N

diode
voltage: >

Regulated,
voltage

Fig. 2. In a zener diode circuit the diode cathode
is still associated with the positive potential

In Fig. 2 we have a zener diode. A zener diode is a
silicon diode which gives the zener regulating effect
when it is reverse biased. So we connect it into circuit
in the manner shown in Fig. 2, where it is connected
the opposite way round to that in which it would pass
conventional current as a rectifier.

And what do we find? We find that the cathode
couples to the positive side of the source of voltage.
So, once again, the lead-out of the diode which is
marked with a colour dot or band is the one which is.
associated with positive polarity.

A diode which is used as a zener diode is doing
quite a different job from one which is functioning as a
rectifier. But it is fortunate, nevertheless, that the
identified cathode lead-out is, in both cases, the lead-out
which corresponds with the positive side of the asso-
ciated circuit. This simple fact can save a lot of head-
scratching when dealing with these devices. =
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By Frank A. Baldwin

Times=GMT

From Riyadh, Saudi Arabia, experimental broad-
casts which include Arabic music, readings from the
Quran (westernised as Koran) together with announce-
ments in both Arabic and English have been made at
various times throughout the day for some weeks now.

Riyadh has been logged from 2100 onwards on
6080 (49.34 metres), 7110 (42.19m) and on 7195
(41.70m). At this time the latter channel provides the
best reception, the former channels suffering from
USSR QRM. A request for reports is made during
the announcements.

Other channels in use for these programmes are
5965 (50.29m), 5990 (50.08m), 6190 (48.47m), 9585
(31.30m), 9605 (31.23m), 9625 (31.17m), 11750 (25.53m),
11870 (25.27m), 15205 (19.73m), 15240 (19.69m),
21510 (13.94m) and on 21635 (13.87m).

@® CURRENT SCHEDULES

@ NETHERLAND

From Hilversum, programmes in English to Europe
are radiated on Weekdays from 0930 to 1050 on 6045
'(49.63m) and 7210 (41.61m): from 1400 to 1520 on
6020 (49.83m), 6045, 11740 (25.55m), 15425 (19.45m),
21480 (13.97m) and on 21570 (13.91m); from 1830 to
1950 on 6020, 6085 (49.30m) and on 11730 (25.58m).
Sundays from 0930 to 1050 on 6020, 6045 and 7210;
from 1400 to 1520 on 6020, 6045, 11740, 15425, 21480
and 21570; from 1830 to 1950 on 6020, 6085 and on
11730.

©® SWITZERLAND

The Overseas Service of S.B.C. from Berne radiates
in English to Europe as follows — from 1100 to 1130
on 3985 (75.28m), 6165 (48.66m), 9535 (31.46m),
15430 (19.44m), 17795 (16.86m), 21520 (13.94m) and
on 21585 (13.90m); from 1315 to 1345 on 3985, 6165,
9535, 9590 (31.28m), 15305 (19.60m), 17830 (16.83m)
and on 21520; from 1530 to 1600 on 3985, 6165, 9535,
9590, 11870 (25.17m), 15305 and on 21520; from 2100
to 2130 on 3985, 6165, 9535, 9590, 9635 (31.14m),
11720 (25.60m) and on 11870.

@ PHILIPPINES

From Manila, Radio Philippines broadcasts to
Europe mainly in English from 1900 to 2200 on 9575
(31.33m). They also radiate in English to Japan,
Korea and Taiwan from 0700 to 0810, from 0815 to
0900, from 0910 to 0945, all on the same channel.

@ CZECHOSLAVAKIA
Radio Prague now radiates in English to Asia from
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0730 to 0800 on 11855 (25.31m), 15310 (19.60m) and
on 21700 (13.83m); from 1430 to 1500 on 5930 (50.59m),
7345 (40.85m), 11990 (25.02m), 17840 (16.82m) and
on 21670 (13.84m).

@ BANGLADESH

Radio Bangladesh has an External-Service in English
from 0230 to 0300 on 9580 (31.32m) and on 11650
(25.75m); from 1230 to 1300 on 15455 (19.41m) and
on 17690 (16.96m); from 1845 to 1900 and from 2100
to 2200 on 7250 (41.38m) and on 9580.

@ ALGERIA

Radio Algiers has a daily broadcast in English from
1900 to 1930 on 15160 (19.79m), 17745 (16.9im) and
on 17825 (16.83m).

@ PAKISTAN -1

Radio Pakistan has a news service directed to the
Middie East in English at dictation speed from 1530
to 1545 on 9690 (30.96m) and on 11672 (25.70m).
The former channel is useless for listeners here in the
U.K. but the latter has been logged here at good signal
strength and in the clear.

@ AUSTRALIA

Radio Australia currently beams a programme in
English to the U.K. during the evenings from 1900 to
2000 on 7290 (41.15m) although this second choice of
channel (the first was on 9660) also suffers from QRM
and may have been changed by the time this informa-
tion is published. The first channel is occupied by a
jamming transmitter throughout the period stated

"whilst the second is also occupied by other, more local

to the U.K., stations.

@ ETHIOPIA

~ Radio Ethiopia, Addis Ababa, has a Home Service
in English on weekdays from 1000 to 1100 and from
1600 to 1700, on Sundays from 0900 to 1100 and from
1600 to 1700 on 9610 (31.22m) throughout and
additionally on 6185 (48.50m) for the first sessions.

@ PAKISTAN -2
Radio Pakistan directs a programme in Urdu to the
U.K. from 0830 to 1100 on 17910 (16.75m) and on
21510 (13.94). In English, Urdu and Sylheti to the
U.K. from 1915 to 2115 on 9463 (31.71m) and on
11672 (25.70m).
RADIO & ELECTRONICS CONSTRUCTOR



@ 0SX

Intended for the Dxer, wavelengths are not gquoted
in this section.

One of the most interesting events recently on the
60m band has been the loggings of XZK42 Rangoon,
Burma, on a measured 5044 (slightly variable at times)
from around 1430 onward. On the last occasion, they
were radiating a newscast of local affairs (YL an-
nouncer) at 1455; world news (OM announcer) from
1500 to 1515, then dance music and song (‘‘Moon
River’ etc.) till 1558, at which time we heard ‘““This is
the Burma Broadcasting Service wishing you a very
goodnight”, National Anthem and sign-off at 1559,

Another Far Fastern station that may interest
Dxers this month is that pro-communist clandestine
station R. Pathet Lao. Whilst claiming to be located in
Laos, it is thought to be actually operating from North
Vietnam. Try from 1500 when the programme in
French commences (1515.in Cambodian, 1530 in
Laotian) until sign-off at 1600. The channels used at
these times are 4660, 6200, 7310 and 7480. Prior to
1500, two networks are in operation, one being on
4538, 6200, 7480, 7958 and 8660 whilst the other net-
work is on 4660 and 7310. The identification is ‘“Thi
ni witayu kachai siang fai Pathet Lao” and from 1500
during this month most of the short route signal path
will be in darkness. For the insomniacs amongst us,
sign-on is at 2227 in Laotian on 4660 and 7310 until
0230 sign-off, the .format being as follows — 2300 to

2400 Laotian, 0001 to 0100 various dialects, 0100 to:

0115 in French, 0115 to 0130 Vietnamese, 0130 to
0230 Laotian,

@ CHINA

In the last ‘QSX’ (November issue) mention was made
of the Chinese regional stations on 4865 (listed Lanchow
and heard regularly) and 4975 (listed Foochow and
heard irregularly). Two others of interest to the Dxer
would be Wuhan on 3940 (listen around 2200) and
Nanning on 5010 (listen from 2300) the locations
being as listed.

@ 5010 AND ALL THAT

Amongst many others, a channel that has interested
the writer of late is that of 5010. It is often an interest-
ing exercise, whilst doing other jobs around the shack,
to stay on this channel from around 2145 onwards, a
technique known to the writer as “sitting on the fence,”
and simply sorting out. what one hears which, of course,
will vary according to conditions at the time.

At 2145 or so, Garoua will be heard until sign-off
at 2200. After this time, with any luck, one may log
Singapore with the Chinese service, the signal tending
to peak around 2230 to 2300. Quite recently, conditions
were such that we heard Singapore at good signal
strength programming music and songs with Nanning
underneath, YL in Chinese, usual format. As time
progresses, these signals will fade out as HIMI Radio
- Cristal, Dominican Republic becomes audible, usually
after midnight. It all sounds simple and orderly,
probably your sum total result will be a channel
covered by commercial QRM or R. Cristal coming in
exceptionally early (it has been known) or R. Singa-
pore and nothing else or . . .

@ EAST AND FAR EAST

Whilst discussing stations in these areas, we draw
the attention of enthusiasts to Lhasa on 9395. From
1600 the station relays the Hindi service of R. Peking,
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the modulation is poor and the identification at 1630
is, in fact, R. Peking, but don’t be fooled! Slow drum
beats around 1615 are a feature of the broadcast.

Prior to 1600, whilst around the above arca of the
‘dial, try 9422.5, ai which dial setting you may hear the
clandestine “Voice of the Thai People’. The best time
is probably from 1530 onwards, although the writer
had logged them from 1500 onwards, the language
used is of course Thai, interspersed with martial music
and slogans. Sign-off is at 1615 (varies) after more
slogans and a stirring march.

Very often, from 1830 onwards, Dacca, Bangladesh,
can be heard on 4890. They have been logged here
from 1845 with the news in English at dictation speed.
until station identification at 1900, also at 2115 in
English (YL and OM announcers) when featuring
“Listeners Letters Answered”. Prior to this is often
featured a talk on local affairs *“. . . in the Asian
service of Radio Bangladesh”.

Further up the dial, on 4985, Penang operates an
English service from 2200, the signal tending to peak
around 2300. Dance music recordings are a favourite
format with this one.

On 4840 around 2015 can sometimes be heard PLA
Fukien, although according to currently available
information (probably now outdated) sign-on should
be at 2300 with a relay of Peking Taiwan service in
Standard Chinese.

Kajang, Malaysia, signs on at 2200 on 4845 in
Tamil and may often be heard with Indian-type music
and songs soon after this time. In practice however,
the channel is often covered by teletype transmissions.

Radio Pakistan can sometimes be logged from 1800
until sign-off at 1810 after a newscast in dialect on a
measured 6257. Difficulty will be encountered with
Ql;;\/[ from the adjacent Schulungsender, Austria, on
6255.

@ LATIN AMERICA

For LA-addicts, who must also perforce become,
like the writer, an occasional insomniac, there is
YVQE R. Bolivar on 4770 at 0144 with songs in
Spanish followed by identification or the nearby
YVOA R. Tachira on 4830 at 0214 with LA music
and identification at 0216. When the 90m band is
active, try 3325 around 0200 when the identification
of YYRA R. Monogas will be heard.

A good signal can often be heard from HJCO
R. Nacional on 4955, we logged them at 0257 when
OM & YL announcers were reading the local news,

time-check, three chimes and identification at 0300.

TIHB R. Capital, Costa  Rica, is on 4832 and can
be heard throughout late nights and early mornings,
being recently logged here at 0555 with musical pro-
gramme and identification at 0600. - '

HIAS Onda Musical, Santa Domingo, on 4775 at
0300 with identification followed by the usual LA
music etc.

LAST BUT NOT LEAST

We end QSX as we began, with a 60m band report
on Eastern stations. R. Pakistan on a measured 4877
(listed 4875 but varies from time to time) at 1756 with
sign-on signature tune, six pips and identification at
1800 followed by a newscast in dialect.

Bangkok, Thailand, at 2327 on 4830 with Asian-
type music, drums, YL with songs, all complete with
intermittent teletype QRM!
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BURC(
BEA

by Jame:

R SRR QOB 35wk s oo

Keep would-be thi
the aid of this phe

T HAS BEEN SAID THAT A LIGHT IN A BACK ROOM IS A
deterrent to burglars, especially if it goes off and on
daily. This apparatus is basically a photo-clectric switch,
turping a light on at dusk and off at dawn. The sensor
Js a small photoconductive cell of the type used exten-
sively a few years ago for automatic contrast control in
television receivers, and the nature and extent of the
switching functions is determined by the relay used in
the output stage.

Besides the primary function for which it was built,
other applications have been found. It may, for instance,
be used at slide shows to turn room lights or a light near
the projector on when the projection light is switched off.

CIRCUIT

The circuit of the switch is given in Fig. 1.

A Schmitt trigger incorporating TR1 and TR2
provides the toggle action necessary, the zener diode D1
defining the emitter voltage and thus reducing hysteresis
and making threshold setting easier. There is a filter, R4
Cl, at the input to eliminate stray a.c. signals, and the
20kQ “Threshold’ control, R3, adjusts the point at
which the circuit operates.

The 4.7kQ resistor, R8, across the base-emitter
junction of TR3 ensures that this transistor is cut off
when no base current is flowing to it from TR2. The
two resistors R1 and R2 are limiters to prevent an
excessive current flowing when the photoconductive cell
is in bright light and R3 is set towards minimum
resistance.

Fig. 1. The circuit of the ‘Burglar Beater’ photo-electri.
mounted on a p:
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BURGLAR
BEATER

by James Kerrick

Keep would-be thieves guessing with
the aid of this photo-electric switch.

External
switching
47 RLig r—
> - . o
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Fig. 1. The circuit of the ‘Burglar Beater’ photo-electric switch. The components within the broken fine may be
mounted on a printed circuit board
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Kerrick

Bves guessing with
to-electric switch.

External
switching
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wvitch. The components within the broken line may be
ed circuft board
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Resistors
(All fixed values  watt 109, unless otherwise
stated)
Rl 4.7kQ N
R2  1.5kQ
R3 20k potentiometer, linear
R4 10kQ
R5 10kQ
R6  2.2kQ
R7  4.7kQ
RS 4.7k Q2
R9 10kQ -

R10  10Q 1 watt

Capacitors
Cl 0.1uF plastic foil
C2 100pF electrolytic, 40 V.Wkg.

Transformer
T1 Mains transformer, secondary 16.3V at
0.3A (see text)

Semiconductors
TR1 2N3709
TR2 2N3709
TR3 0OC77
D1 zener diode, 6.2V 400mW
D2 IN914
D3  IN4002
Relay
RLI P.O. 3000 refay (see text)
Photocell

PCl  ORPI!2 or LDRO3

Neon
NEI Neon assembly with integral resistor

Fuse
Fi 1 amp cartridge fuse

Plugs, Sockets .

Bulgin plug and socket assembly type P360
Bulgin plug and socket assembly type P438
3.5 mm. jack socket with -short-circuited
contacts (sec text)

3.5 mm. jack plug

2-way plug and socket for external switching,
as required '

Miscellaneous
Knob
Panel mounting fuse holder (for FI)
Mounting clip (for TR3)
Case
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Mounting bracket

/

5%

y
Sensor
) \

Threshold
control

1

Relay coil

T
|

@
|

16:3VAC

A view inside the prototype model, Layout is not
important and the components may be positioned
in any convenient manner

A minjature 3.5 mm. jack socket having contacts
which close when the plug is removed is provided for the
photoconductive cell input. Since the relay operates
when the sensor is in the high resistance state, the socket
is wired such that the input is short-circuited when the
plug is removed. }

No apology is offered for the use of-a relay rather
than a triac, as it was felt that this was the optimum
device in the present case, where operating speed is of no
consequence and isolation from the mains is essential.

The basic circuit constants are largely determined by
the characteristics of the relay employed, and that used
by the author was a P.O. 3000 type with a coil resistance
- of 3kQ which energised at about 20 volts. (P.O. 3000
relays with high voltage contacts made to customer’s
specification are available from L. Wilkinson {Croydon)
Ltd., Longley House, Longley Road, West Croydon,
Surrey.) The author’s relay had two sets of make
contacts, and one is used for the light switching opera-
tion. The other set is connected to a 2-way socket on the
front panel for external purposes as required.

The rail voltage required for relay operation was
obtained from an R.S. Components 16.3 volt filament
transformer and a half-wave rectifier circuit. This
transformer has a secondary rating of 0.3 amp and any
other small transformer of around the same secondary
voltage and current rating could be employed instead.
The low value resistor, R10, is purely a surge limiter.
The usual protective diode, D2, is connected across the
relay coil to prevent the appearance of a high back
e.m:f.,, which could damage TR3, when the relay
de-energises.

1t should be noted that the chassis and mains earth
are connected to the positive side of the circuit and not,
as might normally be expected, to the negative side.
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Mounting bracket

3

.

e b

Fig. 2. Layout of the printed board. This view Jis of
the component side of the board

This is done to avoid the possibility of damage caused
by the sensor short-circuiting to the chassis or other
earthed parts.

The incoming mains supply is applied to a Bulgin
plug and socket assembly type P360, and the switched
output supply is carried by a Bulgin plug and socket
assembly type P438. The appropriate part of each
assembly is mounted on the front panel.

CONSTRUCTION AND USE

Layout is not important and any small box capable of -
holding the components may be used. The author,
assembled all the parts which appear inside the broken'
line in Fig, 1 on a small printed circuit board measuring

-2 by 3 ins. in size. This board, shown from the com-

ponents side, is reproduced full size in Fig. 2, which
may be traced. As will be seen, the printed circuit
pattern is quite simple. TR3 is fitted with a small metal
mounting clip which secures it to the board: This clip
is not shown in Fig. 2. D1 should be connected into
circuit with the polarity indicated in the circuit diagram
of Fig. 1. The board, together with the transformer and
relay, is mounted on a chassis plate, and the remainder
of the components are fixed to the front panel.

In use, the threshold control of the unit is set up to
switch at-any predetermined light level. Light from the
controlled lamp must not, of course, be allowed to fall

on the photoconductive cell or a form of relaxation

oscillation may result. The photoconductive cell may be
built into a small light-proof box with an aperturz at
one side or, as in the author’s case, it can be strapped to
a window in an inconspicuous position with black
adhesive tape. n
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RADIO RECEIVERS
USING TWO
INTEGRATED CIRCUITS

Part 2

by M. J. Darby.

In last month’s issue the integrated circuit type ZN414 was des-

cribed in detail. This concluding article shows how a ZN414

receiver may be coupled to an integrated circuit a.f. amplifier to
form a complete receiver operating a speaker.

HAVING NOW DEALT WITH THE CIRCUIT INCORPORAT-
ing the ZN414 we shall next see how it performs
with an integrated circuit a.f. amplifier. The amplifiers
we will use are the Sinclair ‘Super IC-12° and the
Plessey SL402D and SL403D.

THE SUPER IC-12

The Sinclair Super IC-12 is a dual-in-line integrated
circuit audio amplifier with cooling fins fitted onto the
upper part of the encapsulation. The device can provide
a power output of 6 watts into an 8Q load when fed
with the maximum permissible power supply voltage of
28 volts. Any value of speaker impedance between 3()
and 15Q is satisfactory, but 8Q is the optimum value.
More current is taken from the power supply when a
low impedance speaker is employed.

The Super IC-12 will operate at power supply
voltages in the range of 8 to 28 volts, but the maximum
power output and the distortion depend on the power
supply voltage. For example, the device can provide up
to about 1 watt when fed from a 12 volt supply or about
0.5 watt from a 9 volt supply. The maximum power out-
put is also somewhat dependent on the load impedance.
The Super IC-12 requires a current of about 10mA from
a 28 volt supply when no signal is applied at the input.

The total harmonic distortion is typically 0.1%, and
the frequency response is 15Hz to 500kHz. The output
voltage required to produce 6 watts in an 8Q speaker
is about 30mV. It therefore appeared that the output
from the ZN414 circuit of Fig. 2 (published last month)
would be suitable for driving a Super 1C-12.

The Super 1C-12 is supplied together with a printed
circuit board. The manufacturers recommend very
strongly that the device be mounted on this board,
since the board has been designed to reduce the
possibility of instability. All of the component numbers
are clearly marked on the board.
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The Sinclair circuit board can be fixed to a board on
which the ZN414 receiver is mounted, but the radio
frequency circuits (and especially the ferrite rod aerial)
should be kept well away from the audio amplifier, or
there may be some instability. The type of circuit
recommended for the Super 1C-12 is shown in Fig. 7.
A short screened lead should be used to connect the
output of Fig. 2 to the input of Fig. 7.

Initially,. the writer used the maker’s recommended:
value of 100Q for R4, but the gain of the whole system
was then too high. A value of 390€2 seems to be suitable
for R4 in the present application. It can be increased to
1kQ if a still lower gain is required.

+
Cs é
100uF
3ov A
<
O-lpF
input
(from
fig.2)
C
25
100pF

4

Fig. 7. A.F. Amplifier section incorporating the
Sinclair ‘Super IC-12" amplifier
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It has been found that the circuits of Fig. 2 and Fig. 7
combine well together to form a radio receiver which
operates from a 9 or 12 volt supply. If a battery supply
is to be used, the value of C5 should be increased to
about 1,000pF.

MAINS POWER SUPPLY

Should it be desired to use these circuits in a mains
radio receiver, lower distortion and more output power
will be obtained when a higher supply voltage is used
for the audio amplifier. The power supply may consist of
a transformer with a 12 to 20 volt secondary winding
rated at 0.5 amp or more feeding a diode bridge
rectifier which supplies a 5,000uF reservoir capacitor.
If this type of power supply is used the value of R3 in
Fig. 2 must be increased so that a suitable voltage is
fed to the ZN414,

Care must be taken not to short-circuit the output
leads of the Super IC-12 when it is operating, since
excessive currents can flow in the output stage which can
damage the device.

Full details of the Super 1C-12 and its associated
circuits including suitable tone controls, are given in
reference 4. This is available at 15p post free (at the
time of writing) from Sinclair Radionics Ltd., London
Road, St. Ives, Huntingdonshire, PE17 4HJ.

SL402D AND SL403D AMPLIFIERS

The circuit of Fig. 2 may be employed with the
Plessey SLA402D or SL403D integrated circuit audio
amplifiers instead of the Sinclair Super IC-12. The
SL402D and the SL403D can be operated from
maximum power supply voltages of 14V and 18V
respectively. Maximum peak load current is 1.4 amps.
The SL402D can provide at least 1.5 watts (typically
2 watts) into a 7.5Q load when fed from a 14 volt supply,
whereas the SL403D can provide a minimum of 2.5
watts (typically 3 watts) into the same load when fed
from an 18 volt supply. The two devices are similar in
construction, but the cheaper SL402D is quite suitable
for use in 12 volt car radio receivers or in any applica-
tion where its output power is adequate. Both types are
fully described in the appropriate data and application
notes (reference 5).

Unlike the Super IC-12, the Plessey devices do not
incorporate their own heat sink. A piece of metal about
2.5 in. square must be bolted to the metal lugs fitted to
the amplifiers.

INTERNAL PROTECTION

The SL402D and the SL403D incorporate circuits to
protect the devices from damage due to short-circuiting
of the output terminals or due to the application of a
moderately excessive power supply voltage. If the
output is short-circuited, an internal silicon controlled
rectifier (or thyristor) fires and switches off the output
transistors until the power supply is momentarily
interrupted. Similarly, if the power supply voltage rises
to a value which is too high, the amplifier is switched
into a non-operating state where it can withstand
considerably higher voltages than its normal operating
supply. (These protection circuits are not incorporated
in the earlier types SL402A and SL403A.)

The Pleseey amplifiers employ a preamplifier which
consists of two cascaded emitter followers feeding a
common emitter stage. This preamplifier must be used
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to provide the bias to the main amplifier, no matter
whether the audio signal is fed to the preamplifier or
directly to the main amplifier. This ensures that
temperature dependent bias variations in the main
amplifier are cancelled by those in the preamplifier.

The quiescent current is considerably greater than
that of the Super IC-12, being about 60mA typical when
the SL402D is operated from a 14 volt supply and 80mA
typical when the SL403D is operated from an 18 volt
supply.

In a preliminary experiment, the output from the
ZN414 circuit was fed directly into the main amplifier
of a Plessey SL403D. No audio signal was fed to the
preamplifier stage. Reasonable results were obtained,
but the gain was rather limited. This was to be expected
since the main amplifier of the Plessey devices requires’
an input of about 250mV r.m.s. to produce maximum,
output power.

o
[
YRy é 10
C3’ 100k S 1000 pF
25uF T linear| 'ﬁ I
A
.
Ocl)th 1 ci
- 6 1000,
input o4} 4 ] WF
(trom 10
i - C
=8 L4020 or SL403D> - ; g
= ea
I sink 0-047,
pF
Ra .
Ca 220 %
O-lpF 760
’J; gz' 8 910
SL402D, SL403D
. Top view
U EUd
54321

Fig. 8. An alternative amplitter employing the
Plessey SL402D or SL403D

The circuit of Fig. 8 was therefore tried. In this
circuit the input voltage is fed first to the preamplifier
input (pin 6) and the output from this stage (pin 5) is
fed into the main amplifier input (pin 4). The data sheet
states that an audio input signal of about 25mV r.m.s.
is required at the preamplifier input to produce full
output power. The writer found that the gain was
rather greater than was really required.

The gain could be reduced by adjustment of VR1 and
VR2 of Fig. 2, but it was found desirable to fit a
resistor of a few kilohms between the output of Fig. 2
and chassis to reduce the audio voltage applied to the
SL403D circuit. Alternatively, the voltage applied to the
ZN414 could be reduced still further.
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The performance of the whole radio receiver was
found to be very similar to the performance when a
Sinclair Super IC-12 is used. However, the Super IC-12
could be used to provide more power than the Plessey
amplifiers if a suitable power supply voltage is employed.

In the circuit of Fig. 8, the preset potentiometer
marked VRI1 is used to set the voltage at pin 10 to half
the power supply voltage. This ensures that maximum
output power for any voltage supply can be obtained.

The heat sink employed with the Plessey amplifiers
must be conngcted to chassis at a point near pin | of the
amplifier.

REFERENCES

4. R. J. Torrens, ‘Sinclair Super 1C-12 Instructions’,
Sinclair publication No. RA-02.

5. SL402D, SL403D data sheet, Plessey publication
P.S.1309, Issue 3, December 1971.

(Concluded)

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

CAN ANYONE HELP?

within a reasonable period of time.

Jason valved and switched 3 programme FM tuner—C. Ross,
101A, High Street, Ruislip, Middlesex — Circuit, Service
Data purchase or borrow.

Radio Constructor, September 1968 - M. J. Stepney, 35F
Kelbourne Street, Glasgow, G20 8PF ~ To purchase or
borrow.

Taylor, Valve Tester Model 45A and All Wave Generator
Model 65SB—W. Lee, 82A Warwick Avenue, Maida Vale,
London, W9 — Manual required.

“Emmerson Radio and Television” 3 waveband receiver—
P. G. Moyse, 25 Townsend Road, Harpenden, Herts -
Circuit, instruction manual or any technical information.

Ultra Valiant Transceiver Type IMR IBO AB4T—M. H.
Hurst, 53 Belmont Drive, Tuebrook, Liverpool, L6 7UP -

‘Information and circuit.

“Appealing Door Chimes”, Radio Constructor February
1965—B. B. Rafter, 10 Danfords Close, South Road,
Oundle, Peterborough —~ Borrow or purchase issue or
photo-copy of article,

Ripmax, Worm and Wheel Set 36:1 for ‘Cyclops’--R.
Weatherhead, 1 Viewforth, Dunbar, East Lothian, EH42
1AX - Supplier sought to enable completion of project.

Tape Recorder Marconiphone Model 4246—J. Regan,
163 Cotton Lane, Halton Lodge. Runcorn, Cheshire -
Information as to suppliers of Drive Belt.

Radio Constructor, November 1970—C. J. Sanders,, 2 Leinster
Square, London, W2 — To purchase or borrow.

Electronic Projects— V. H. Vaidya, 19A Manekwadi Station
Road, Krishnanagar, Bhainagar, Gujurat — Constructional
help required.

CROSSWORD SOLUTION—

Across Down
6. Induced Current 17. Lambda 1. Field Frequency 12. Noise
9. Sleeve 19. Lumens 2. Idle 14. Vibro
10. Two Valve 20. Dissolve 3. Accept 16. Insecure
11. B.F.O. Notes 22. Enhancer 4. Automata 18. Adorns
13. Abvolt 24, Rhombs 5. Area 21. Stress
15. Elicit 26. Hysteresis Loss 7. Detest 23. Anti

8. Noval Valve Base 25. Oboe
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30 watt Stereo Amplifier

Part 2 by John R. Green, B.Sc., G3WVR

In the second article in this 3-part series our contributor describes
‘the regulated supply unit and the power amplifier, dealing in detail
with the theoretical design of the latter.

‘N PART I, PUBLISHED LAST MONTH, THE OVERALL BLOCK
diagram for the amplifier was given, together with
theoretical and practical descriptions of the input
equaliser circuits and the active tone controls.
The next section of the amplifier to be dealt with is
the regulated supply unit for the pre-amplifiers.

18 VOLT REGULATOR UNIT

A regulated supply voltage of 18 to 20 volts is
specified for the pre-amplifier units and this is provided
by the simple zener diode and emitter follower regulator
whose circuit is shown in Fig. 10. Either a single zener
diode rated at 18 to 20 volts 200 to 250mW may be
employed, or two or three diodes in series whose zener
voltages total up to 18 to 20 volts. This approach eases
difficulties in obtaining the zener diode or diodes
required.

The simple perforated board layout, as seen from the
component side, is shown in Fig. 11, and this assumes
three zener diodes in series. As with the equaliser and
tone control boards the material employed may have
either a 0.1 or 0.15 in. hole matrix, and the other
comments concerning the previous boards are applic-
able here. The voltage regulator transistor, TR4,
should be fitted with a TOS heat clip, such as the type
H2 available from Henry’s Radio. This is not really
essential, but it might save the transistor in the event of
excessive current being passed.

The regulator board is mounted on the pre-amplifier
plate in the manner described in Part 1.
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Cis

<3 To main supply
(+35V)

TR4
2N3053 or BFY50

£ » 18 to 20V
-
'S ] to equaliser and
:_g L | zener diodes i tone control boards
A ! otal 181020V Zp . £5C
‘ z7e2 mm v
A
'Y

2N3053 BFY50
Lead-outs

Fig. 10. The pre-amplifier voltage regulator. This
supplies both channels, and only one is required
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Mounting holes (6BA clear)
+35V from
main supply

Fig. 11. The voltage regulator
board, reproduced full size.
This is viewed from the

component side 2*

+18 to
20v

Chassis

.
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POWER AMPLIFIER STAGE

The circuit of the power amplifier is shown in Fig. 12,
This diagram includes the 10kQ balance control, RV4,
discussed last month.

The author does not claim any particular originality
for the design as it is similar to many others. It was, in
fact, the result of discussions between the author and
friends some four years ago and was intended to
incorporate the best features of standard circuits in
order to produce a,simple, reliable and repeatable
design.

The amplifier employs d.c. feedback to maintain the
‘half rail’ voltage, and a.c. negative feedback via C22 and
R36, as is conventional with such designs.

Transistors TRS5 and TR6 act as voltage amplifiers..
TR7 functions as a ‘variable zener diode’ to set the
quiescent bias current in the output stage. Transistors
TR8 and TRY operate as emitter followers and they
provide current gain to drive the output transistors,
TR10 and TR11. )

The printed circuit layout for the amplifier, viewed
from the component side, is given in Fig. 13. This
giagram is reproduced full-size and may be traced if

esired.

The power amplifiers with the pre-amplifier
plate removed

Each power amplifier board is mounted on the main
chassis by means of four 2 in. lengths of 4BA studding
and nuts. Pre-set potentiometer RVS is a panel-
mounting type, and a hole is provided below it in the
main chassis to allow its spindle to be adjusted.

The two output transistors for each amplifier are
fitted to a flat aluminium heat sink, of 14 to 16 s.w.g.,
measuring 7 by 4 in, These are fitted on the 2 in. lengths

+35v
Rog 3 4
. 20mA quiescent
J‘ Jj current
Rys 2 <
25 = R30 =
Rvs 2 > TRy
Set bias T
- i R R
RsZ  E2Ci8 20| p2el .
4 "y yYvy
! Output to
speaker
P —ire
From active tone TRy TRg
contro! board |
Sy .
<17
- Fe
RV4 E:J 4
51 ZRa3 "
LandR = 3
- : “ 8 C
Balance Ra¢ ;: T 19
% -
> , ZRas
Ca2 R3e 1
TR 2N3250/2N3702 Yy
TRg BFY5Q/ 2N3053
TR-, BFYS50/2N3053 € o e £
TRg BFYSO/2N3053 -
TRy BFX88B/OCS! g bee N
TRip 2N3055 2N3250 BFX88 2N3702 ocsl 2N3055 0(23529
Lead-outs Lead-outs Lead-outs 0OC36 OC28 OC
TR;; OC35/0C36/0C28/0C29 Lead-outs

Fig. 12. Circuit diagram for the power amplifier. Two of these are required
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of studding, above the amplifier boards. The heat sinks
also form a platform on which the pre-amplifier plate,
again spaced off, may be fitted. The method of assembly
is clearly illustrated by photographs appearing in this
and last month’s issues. Further details on the pre-
amplifier plate will be given in Part 3, when the chassis
assembly is dealt with,

It should be noted that only one output transistor,
TR10, requires an insulating mica washer. Since the
collector of TR11 connects to chassis, it may be bolted
direct to the earthed heat sink.

Fig. 14 shows an alternative power amplifier using
two n.p.n. silicon output transistors. This is included
for the benefit of the more experienced constructor who
requires circuit information only. The printed layout of
Fig. 13 applies only to the circuit given in Fig. 12.

DESIGN CONSIDERATIONS

It will no doubt be of interest to constructors to
know the constraints existing in the design of the power
amplifier circuit and the theory involved. o

We wiil assume initially that the power amplifier will
be designed to drive 15 watts r.m.s. into a 3Q speaker.
The voltage swing rc\:lc%uired is given by the formula.

— = 15 watts

8R
where V is the peak-to-peak voltage and R is 3Q. The
formula gives 19 volts peak-to-peak.

The power amplifier printed board assembly.
Flexible wires couple this to the output transistors
on the heat sink

In practice a supply voltage of greater than 19 volts is
required, however, due to losses in the VBE of the output
transistors and their drivers. (VBE is the base-to-
emitter forward voltage.) These losses total nearly 2
volts and, in any instance, a considerably higher supply
voltage is required in case it is required to drive an 8Q

+35v
27003
J-
1okn =
2N3055
Skn =
Set bias 3 BFY50
= 2000uF
o JR ot 4 —
eF ' Output to
3 speaker
- i
From active tone
control board [
-P-:ii—?l_ﬁ ] 2N3055
25
NF
2N3250 OC81/BFX88
RV, = +
& =33kn
10ka 31 and R i E -
Balance 10k =
i B h
£ 220n
fsuF 4.7ka 1
{m AAAAA

Fig. 14. An alternative power amplifier cifcuit incorporating two h.p.n. transistors in the output stage »
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speaker. Such a speaker needs a higher voltage swing, of
31 volts peak-to-peak for 15 watts r.m.s.

The highest output current swing is, however,
required for the 3Q speaker design and here we base
our current considerations on the 3Q load.

The calculations which follow are intended to be as
simple as possible and to this end a number of assump-
tions and approximations have been made. The circuit
analysis should not be taken as rigorous.

The total current swing for the 3Q2 load is given by the
formula

2

— % R = 15 watts

8
where I is the peak-to-peak current and R is 3Q. This
gives 6.4 amps peak-to-peak current swing or +3.2
amps from each output transistor; hence each output
transistor must be able to provide 3.2 amps peak.

If we assume a current gain hfe of 20 for each output
transistor, TR10 or TRII, then peak base current
required is 3.2 amps divided by 20, or 160mA peak.
This must be supplied by the emitter followers TR and
TRY, and for these we will assume a higher current gain
of 50 times as typical, which means that (neglecting the
current in the emitter resistors) a base current of 3.2mA
peak is required in each base of TR8 and TRY.

Conventionally, we would now arrange to run the
amplifier transistor, TR6, and its collector resistor
chain at 10 times this current (i.e. 32mA standing direct
current) so that the peak current required by the driver
emitter followers would not significantly upset the
operation of TR6 by imposing a significant load. In the
present circuit, however, the supply to the amplifier
transistor is ‘bootstrapped’ via C20, and this provides a
high impedance current source for TR6. The standing
collector current may therefore be reduced, since the
collector of TR6 will not be so affected by load current.
A current of 12mA was in consequence chosen and,
assuming a supply voltage of 30 volts and TR6 collector
sitting at 15 volts, this gives a collector load resistance
of 1.25kQ. In the circuit this is split into 1kQ (R30) and
270Q (R29) for the purpose of bootstrapping. The
collector of the amplifier transistor, TR6, will therefore
sit at half the rail voltage when the d.c. conditions are
satisfied.

The first transistor in the amplifier chain, TRS, also
provides voltage amplification. Assuming a current gain
hfe of 100 times in TR6, with its collector current of
12mA, a base current of 120uA is required, and this is
easily provided by TRS5 collector current.

Transistor TR7 may be regarded as a ‘variable zener
diode’. Here the collector-to-emitter voltage is propor-
tional to the 0.7 volt base-to-emitter voltage according
to the setting of RVS. The collector-to-emitter voltage

increases as the potentiometer slider is wound towards:

the emitter end of the track. The voltage required across
TR7 should be approximately equal to the combined
base-emitter voltages of TR8, TR9, TR10 and TR11,
and RVS5 is set to provide 20mA quiescent current in
TR10 and TR11 to prevent crossover distortion.

VOLTAGE CONDITIONS

Having ensured that the current conditions are
satisfied, we now turn our attention to the voltage
constraints.

The no-signal d.c. voltage conditions are controlled
by the input potential divider given by R23, R24 and
JANUARY 1974

| COMPONENTS

Resistors
(All fixed values } watt 109 unless otherwise stated)
R20  1-off 2.7k
R21 1-off 33Q
R22  1-off 18kQ
R23  2-off 33kQ2
R24  2-off 22kQ2
R25  2-off 10kQ
R26  2-off 10kQ
R27  2-off 47Q
R28  2-off 4.7kQ
R29  2-off 270Q
R30 2-off 1kQ
R31  2-off 1kQ
R32 2-off 1kQ
R33 2-0ff 1Q 1 watt
R34 2-off 10 1 watt
R35 2-off 220Q2
R36 2-off 4.7kQ
RVS  2-off 5kQ potentiometer, linear, panél-
mounting pre-set
Capacitors
Cl5  1-off 25uF electrolytic, 25V.Wkg.
Clé 1-off 25uF electrolytic, 25V.Wkg.
C17  2-off 25uF electrolytic, 25V.Wkg.
C18  2-off 50uF electrolytic, 25V. Wkg.
C19  2-off 500uF electrolytic, 25 V.Wkg.
C20  2-off 50uF electrolytic, 25 V.Wkg.

C21 2-off 2,000uF electrolytic, 25 V.Wkg.

C22  2-off 254F electrolytic, 25 V.Wkg.
Semiconductors

TR4  1-off BFYS50 or 2N3053

TRS  2-off 2N3250 or 2N3702

TR6  2-off BFY50 or 2N3053

TR7  2-off BFY50 or 2N3053

TR8  2-off BFY50 or 2N3053

TR9  2-off BFX88 or OC81

TRI10 2-off 2N3055

TRI11 2-off OC35, OC36, OC28 or OC29

Zener diode set, 1-off, total 18 to 20V (see text)

Miscellaneous
1-off TOS heat clip (for TR4)
2-off mica washer and insulating bushes
(for TR10)
Printed circuit board
Perforated board
Perforated board pins.

R25. The values of these resistors are chosen such that
the emitter of TRS sits at the half rail voltage. They pass
at least 10 times the base current required by TRS, angl
the design of the amplifier is such that the centre rail
biases itself to the half rail voltage. )

This process can be visualised by assuming first that
the centre rail voltage is higher than half the supply
voltage. This causes the current in TRS to increase and
drive more base current into TR6. The collector voltage.
of TR6 falls, taking the centre rail voltage down with it
by way of TR8, TR9, TR10 and TRI11. If we assume,
on the other hand that the centre rail voltage is lower
than half the supply voltage, then TRS and TR6 are
starved of current so that TR6 collector voltage rises,
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taking the centre rail with it. In either instance the
circuit design maintains the centre line at half supply
voltage.

A.C. feedback is provided via R36 and C22, and the
closed loop gain of the amplifier, neglecting the emitter
-impedance of TR5 (210Q at 120uA collector current) is
given by R36 divided by R27. This is 4.7kQ divided by
47Q, or 100 times, and therefore for an output swing of
19 volts peak-to-peak an input swing of 190mV peak-i
to-peak (67mV r.m.s.) is required. An input at this level
is easily provided by the pre-amplifier sections.

The open loop voltage gain of the amplifier is
calculated in the following manner. To commence with,
since the emitter of TRS is not decoupled, its gain is
given, to good approximation, by collector load
divided by emitter load. The collector load is the input
impedance of TR6 (in parallel with the 10kQ R26) and
the emitter load is the 47Q resistor, R27.

If the emitter of TR6 connected to chassis via a
resistor RE, the input impedance could be calculated as
being hfe times RE. But in the present circuit the
emitter of TR6 connects direct to chassis and the input
impedance is hfe times the 'nternal emitter resistance of
the transistor. This resistance is usually very much lower
than any external physical emitter resistor and under
such circumstances 1s normally ignored. In the present
instance, however, 1t 1s very important.

Semiconductor theory gives the value of the internal
emitter resistance as 25 divided by Ic, where Ic is in mA.
Hence the input impedance of TR6 (at 12mA collector
current and assuming a current gain of 100) becomes
equal to

hfe x 25

Ic
= 100 x 25

12
= 208Q.

In consequence the gain of TRS5 is equal to 2080
divided by 47Q, or 4.4 times. The 10k resistor, R26,
may be neglected as it will not significantly affect the
208Q in parallel with it.

The gain of TR6, whose emitter is connected to
chassis, would normally be given by the formula

hfe RL
Voltage gain= —,
hie
that is, the product of current gain and collector load
divided by input impedance. The effective collector load
is not, however, the 1kQ collector load, R30, as the
bootstrapping effectively raises this by many times, and
so the effective load is taken as the input impedance to
the output transistor drivers, TR8 or TRO.,

The input impedance of TR8 and TR, with respect
to the centre rail, is given by the 1Q emitter resistor
(R33 or R34) multiplied by the current gain of TR 10 and
TR8 or of TR11 and TRY. Hence, the input impedance
of TR8 or TRY, neglecting the emitter resistors, R31 and
R32, is given by

1Q xhfe TR10 or TR11 x hfe TRS or TR9
=12 x20 x50
=1kQ.
This figure applies for either path.

Since, for signal conditions, only one side conducts at
a time (except at the crossover point) we may consider
the load as 1kQ and not as 2 loads of 1kQ in paralle],
or 500Q.
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Another view of the front of the completed
amplifier

Hence, the voltage gain of TR6 is given by
hfe x RL effective
hie
= 100 x 1kQ
208Q
= 480,

The voltage gain of the emitter followers TR8 and
TR is unity ,and the voltage gain of TR10 and TR11
with respect to the 3Q load is 0.75 times due to the
‘potting down’ effect of the 1Q emitter resistor. The
overall open loop voltage gain of the power amplifier
is the product of the gains of TRS, TRS, TR8/9 and
TR10/11 (TR8/9 and TR10/11 work alternately) and
this is equal to

Ll

44 x 480 x 1 x 0.75
= 1,580.

Now, we have already seen that the closed loop gain
of the power amplifier is, to good approximation, 100
times. The quantity of negative feedback applied around
the amplifier (i.e. the gain lost due to the feedback) is
equal to open loop gain divided by closed loop gain.
In the present amplifier this is

1,580
100
= 15.8 (or 24dB).

Negative feedback is applied primarily to ensure a
flat frequency response and to reduce non-linear dis-
tortion, but it also has the advantage of reducing the
amplifier output impedance and increasing the input
inpedance.

Since some of the output swing is lost in the 1Q
resistor, a supply voltage of 25 to 30 volts is used to
enable the amplifier to deliver at least 15 watts r.m.s.
into a 3Q speaker. A supply voltage of 35 volts should
be used for driving an 80 speaker if full output is
required.

NEW DEVELOPMENTS

For the benefit of the more experienced constructor it
should be mentioned in passing that it is possible to
simplify the power amplifier and improve its per-
formance by making use of ‘Darlington’ power tran-
sistors such as those manufactured by Motorola. These
devices include a power transistor and its emitter
follower driver in one package, giving a current gain of
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Fig. 15. Lead-out connections and internal

circuit ot "Darlington” output transistors

greater than 1,000 times. They are available in comple-
mentary pairs (e.g. MJ900 p.n.p. and MJ1000 n.p.n.)
and may be used to replace TR8 and TRI0 (n.p.n,
Darlington) and TRY and TRI! (p.n.p. Darlington).
The lead-out connections and internal circuits of these
devices are shown in Fig. 15 and they may be obtained
tl"éom Jermyn Industries, 90 Vestry Estate, Sevenoaks,
ent.

Alternatively, the output transistors only may be
replaced by the MJ481 n.p.n. and MJ491 p.n.p. types.
These will improve the amplifier output power response
at the higher audio frequencies (as will the ‘Darling-
tons’), and they have the same lead-out layout as the
types specified.

However, it should be noted that the design, as given
and using inexpensive devices, gives results that are
quite adequate for normal purposes, and is that which is
recommended for the reader who prefers to work from
practical constructional information.

NEXT MONTH

In the concluding article, to be published next
month, the power supply and main chassis assembly
will be described, as also will the process of testing and
setting up.

(To be concluded)
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The Editor,

Readers’ Letters,

Radio & Electronics Constructor,
57 Maida Vale,

London, W9 1SN.

Dear Sir,

1 was greatly interested in your contributors exper-
ience with the ‘Whoppodyne’, described in your
October issue, since I too encountered one, also in
Scotland, about the year 1934. It was a multi valve
monster with four H.F. stages separately tuned, and
had a complex of hand wound plug-in coils which
bore, as I remember, a strong resemblance to a row of
black puddings encased in biscuit tins. The monster
had been assembled on a table top approximately 5’
by 2'-6” by the Aeronautics Department of a Scottish,
University for the purpose of receiving certain world-.
wide time signals on ear phones. As a 16-year-old
‘Lab boy’ its limited ambitions disgusted me. For-
tunately the professor whose room was built around

it used to leave early each evening to catch a train at

4 p.m. My hours were less flexible, and after he had
left I had an hour to study its construction. As a wire-
less expert, ignored by those who had designed it, in
a very short space of time I was able to make certain
circujt alterations with ‘jumper’ leads which enabled
me to obtain B.B.C. reception loud and clear. These
alterations were of such a temporary nature that the
professor never knew that anyone had realised its
fuller potential!

John B. Francey — Erskine, Renfrewshire,

Dear Sir,

I recently read in a back copy of ‘R. & E.C.’, about
Mr. S. Benson who owns a crystal receiver. I too have
a crystal receiver and- wondered where I could obtain
‘crystals’ and ‘cat’s whisker’. What are these two items
made of and would a synthetic material give the same
reception?

The set to which 1 refer has a ‘BBC Approved’
transfer on the front of it, with the words ‘G.P.O.
Reg. No. 861 - Type approved by Post Master General’.

It was made by The British Thompson-Houston
Co. Ltd., Rugby. Type G Form B. No. 25292. Made
in September 1922 — 2nd edition.

I would be interested to receive any information
on the query above.

K. W. Warn - Bristol.
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Trade Nev
ROTARY SWITCHES

The Feme series 5922, miniature panel mounted
rotary switch is available up to 6 poles 12 way.

The switch is available with gold contacts in pro-
fessional version, either hermetically sealed or with
adjustable stop, and as an economic version with silver
contacts, not sealed, with or without adjustable stop.
The units are moulded in diallylphtalate, rated at 0.3

amps at 220 VAC or | amp at 30 VDC.

Units are 19 mm. diameter and maximum length for
a 6 section unit is 46 mm. behind the panel.

Further details are available from FR Electronics #
Ltd., Switching Components Group, Wimborne, . "

LOW COST ELECTRONIC MULTIMETER

Dorset.

PROTECTION OF DELICATE AUDIO PARTS

Dixons Photographic Limited are now using a resealable polythene &
bag, called the MiniGRIP bag, to store and transfer approximately
3,000 different types of photographic and audio parts. The bag was
adopted for the following reasons: it can be opened and sealed again
ludes atmospheric pollutants from
delicate components such as exposure meter movements, which are
easily ruined by dust; optical parts such as focussing screens are pro-

repeatedly by hand; the closure exc

Avo claim to have produced one of the cheapest electronic multimeters ever
for the professional market. This latest addition to the new “AVOMETER”
generation, the EM 272, combines new techniques and components at.a
price to suit your pocket. The EM 272 has wide coverage of both a.c. and
d.c. ranges and an input impedance compatible with modern circuits and
components.

A high input impedance of 316kQ/V, a wide range of measurement and
a good frequency response to 20kHz are combined with simplicity of
operation, rugged construction and “AVOMETER” reliability.

A.C. and d.c. voltages can be measured between 30mV and 1000V f.s.d.,
a.c. and d.c. current from 3pA to 3A f.s.d. and resistance between 1Q and
40ML, the high impedance of the instrument ensuring accuracy of measure-
ment in high impedance circuits.

Printed circuits shunts and thick film resistor modules provide high re-
liability comparablc to that of the small centre-pole movements. The
moulded shatterproof case can be held in one hand.

The AVO EM 272 is a low cost electronic multimeter using proven
techniques in a new combination to provide laboratory, production and
servicing engineers with a truly professional specification.

Available from Wholesale Distributors at a U.K. Trade Price of £24.85
plus VAT £2.49.

tected against scratching, and
the heavy gauge polythene is
resistant to- tearing.

2% 1In the shops, a single delicate part is often handed over in one of these
i bags, thus demonstrating to the customer that care has been taken. The

bag is sealed by running thumb and forefinger along a sealing strip near
the top and it is opened by pulling apart the two lips above this strip
(see photo). MiniGRIP bags are marketed in U.K. and Eire by Supreme
Plastics Limited, Vale Road, Harringay, London N4 1QB.
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“HAPPY NEW YEAR, ALREADY!”

Smithy beamed at his assistant
benevolently.

‘“‘Happy New Year, yet!” he replied.

Dick grinned back and hung his
raincoat on the hook behind the door.
He rubbed his hands together en-
thusiastically.

“I must say,” he remarked keenly,
‘“that this scheme of starting work on
January the Second instead of January
the First isn’t half a good idea.”

“You’re dead right there,” agreed
Smithy. “It allows you to enjoy New
Year’s Eve without any worries at all
about getting up early the next
morning.”

‘“Yes, it’s just the job,” said Dick,
continuing the theme. “In fact, 1 was
wallowing in the old pit yesterday right
up to 3 o’clock in the afternoon!”

PORTABLE TV

He glanced around the workshop
then looked at the ‘For Repair’ rack.
All that stood on this was a portable
mains-battery 12 inch monochrome
television receiver.

“Blimey,” he said, ‘“Is that all there
is to do today?”

“Up to now it is,” replied Smithy.
“We had a good clear-out of sets
before New Year’s Eve and nobody’s
got round to bringing in any more
faulty ones since.”

“These portable transistor TV’s
always strike me as being really neat
jobs,”” said Dick warmly. “Is this one
of the types which can operate from
the mains or from a 12 volt accumula-
tor?”

“It is,” confirmed Smithy. “The
consumption from the mains with
these receivers is usually around 30
watts or so. When they’re connected
to a 12 volt battery they normally
draw something like 1.2 to 2 amps.”
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“Well, that’s pretty light, isn’t it?”
commented Dick. “Does it matter if
the battery voltage isn’t exactly 12
volts? For instance, a 12 volt accumu-
lator can go up well over 13 volts
when it’s fully charged.”

“Within reason, changes in battery
voltage don’t matter with these sets,”
stated Smithy. “They all have a
voltage stabilizing supply circuit which
is operative both on mains and battery.
This sets the internal supply for the
receiver circuits at a level of around
10.5 to 11.5 volts. The actual voltage
depends upon the make and model of
the set.”

*“Hmm,” said Dick musingly, ““That
voltage should be enough for tran-
sistors to work from. And it can, of
course, supply the heater of the cathode-
ray tube quite happily as well. 1
suppose the tube is a standard sort
of job.”

“Oh yes,” replied Smithy. *“Al-
though the small tubes used in these
sets are designed specifically for
transistor portable TV’s, they’re still
the same as the larger tubes you have
in standard monochrome sets. The
usual screen sizes range from 9 to 14
inches. They have magnetic defiection,
of course, and run at an e.h.t. for the
final anode of around 10 to 12kV.”
(Fig. 1.) [

“That e.h.t.,” broke in Dick, “can
casily be provided from the line output
stage, can’t it?”

“‘Oh yes,” confirmed Smithy. “These
small picture tubes have the usual
heater and cathode, after which you
get the first anode. In a typical tube,
the second and fourth anodes are
common with the final anode, and
there is a third anode between them.

‘This third anode is really a focusing

electrode, and the focus is set up by
varying the direct voltage which is
applied to it. The voltage range for

This month Dick
and Smithy usher
in the New Year by
taking a look at the
line output stages
of U.K.-manufac-
tured portable
mains-battery tel-
evision receivers.

As Smithy is able
to demonstrate to
Dick, most of these
single-standard
sets have a com-
mon basic line

output design.

focusing is normally of the order of
zero to 300 volts.”

“Three hundred volts?’ queried
Dick. “How do you get 300 volts
when the main stabilized supply rail
inside the receiver is less than 12
volts?”

“You get it from the line output
stage.”

“Oh"!

Dick thought for a moment,

“If my memory of cathode ray
tubes serves me correctly,” he went on
slowly, “that first anode needs a
fairly high voltage as well.”

*“It does,” said Smithy. “About 300
to 400 volts, in fact.”

“‘And where does that come from?”

“From the line output stage.”

Final anode
(+anode 2 + anode 4

Anode |

Anode 3 /
a

Grid

Cathode

Aquadag coatings

Fig. 1. The electrodes in a
cathode-ray tube of the type
employed in many mains-
battery television receivers.
The Aquadag coatings are
conductive coatings of grap-
hite which are painted on, in
solvent form, during tube
manufacture

n
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“Blimey,” remarked Dick. ““Apart
from its normal job of deflecting the
spot across the tube face and providing
e.h.t., the line output stage seems to be
doing quite a bit of auxiliary work as
well.”

“So far as supplying the first and
third anodes of the tube is concerned,”
said Smithy, ‘“‘the extra work isn’t
particularly arduous. The current
requirement of these two anodes is
quite small. The first anode current
will almost certainly be less than 10puA
and the third anode current should
usually be lower than 20pA.”

“What about the video input to the
tube? Is this fed in at the cathode?”’

“Normally it is,”” said Smithy.
“And with these smallish tubes the
video input, excluding sync pulses,
usually has a swing of about 30 to
40 volts.”

“Blow me,” protested Dick. ““That’s
another voltage that’s higher than the
supply voltage which is available in
the set!”

“I know it is,” agreed Smithy. It
means that the video output transistor
needs a supply potential of nearly
three times that figuré if it is to give a,
linear output complete with sync
pulses. In practice, the supply for the
video output transistor is fixed at
around 100 volts. Also, the current
requirement here is relatively high,
being of the order of 6mA.” (Fig. 2.)

+{approx I00V)

O-2pF

. To CRT.

cathode

Video output
transistor

100n =

Yyvy

n
Contrast 20

control i
500n ]
100pF

| T

Fig. 2, Simplified circuit for a
video output transistor stage.
Note that contrast control is
achieved by varying the
amount of negative feedback
introduced in the emitter load.
Component values are rep-
resentative of commercial
practice in  mains-battery
single-standard portables

“One hundred volts at 6mA,”
repeated Dick incredulously. “Don't
tell me that that comes from the line
output stage as well.”

“It does,” chuckled Smithy. “In
some sets also, the line output stage
gives an enhanced supply voltage, of
about 25 volts, for the Lf. amplifier,
the sync separator and a few of the
other stages.”

LINE OUTPUT STAGE

“This seems crazy to me,” com-
mented Dick weakly. “How on earth
can you get all these supply voltages
from a single line output stage?”

“It's not too difficult,” replied
Smithy. ““The main approach consists
of connecting diode rectifier circuits
to appropriate windings and taps on
the line output transformer. Of the
various higher supply voltages we’ve
been menttoning, those for the c.r.t.
and the video output transistor are
essential in all mains-battery portables,
with the result that the line output
stages in these sets tend to be a little
unique. An interesting factor is that
there’s a tendency towards the same
basic linc output design, irrespective
of make and model. Another point is
that these portable TV line output
stages almost always employ a booster
diode circuit that is virtually a Chinese
copy of the booster diode circuits
used in the old valve line output
stages.”

Dick frowned.

“I'm a bit lost now,” he confessed.
*} think you'll have to fill in a few
details for me.”

“Fair enough,” said the Serviceman
equably. “‘Come over here and Tl
show you what I’'m talking about.”

Eagerly, Dick carried his stool to
Smithy’s bench and perched himself
on it alongside Smithy. The latter
pulled his note-pad towards him and
sketched out a circuit. (Fig. 3(a).)

‘“Now this,” he remarked, ‘‘is a
basic version of the old line output
valve and booster diode circuit. For
the time being, I’'m only showing the
part of the line output transformer
windings which appears in the booster
diode circuit proper, and I haven’t
added the e.h.t. winding or the
coupling arrangements to the line
deflection coils. Which are, of course,
fitted over the tube neck. And, next,
here’s a typical example, with the
same section of the line output
transformer windings, of the transistor
version as encountered in mains-
battery portable sets. The thermionic
diode in the valve circuit is replaced by
a semiconductor diode, and the line
output valve is replaced by a power
transistor connected in the common
emitter mode.”

Smithy indicated the diode and
transistor in his second circuit.
(Fig. 3(b).)

Dick looked at Smithy's sketch
suspiciously.

RADIO & ELECTRONICS CONSTRUCTOR
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Fig. 3 (a). A circuit familiar to those raised on valve television servicing! This is the basic form of the

booster diode line output circuit

(b). A very similar circuit is encountered in the line output stage of many mains-battery portable
receivers. Capacitor values here and in (a) are representative

“There’s an added capacitor between
the bottom end of the transformer
winding and chassis,”” he pointed out.

“True,” agreed Smithy. “It's for
transformer tuning. The transformer
windings in the transistor version of
the line output circuit have much
lower inductance than those in the
valve circuit because of the low
supply voltage, which necessitates
having much higher currents to
achieve the same power output. Most
valve line output transformers were
tuned by their own winding self-
capacitances, but the self-capacitances
aren’t high enough in transistor line
output transformers. As a result, the
transistor line output stages have an
external transformer tuning capacitor
lurking around somewhere in the
circuit, usually from some part of the
winding to chassis. A typical circuit
position is between the bottomn of the
winding and chassis, as I've shown here.
Another difference you will spot
immediately is that, whereas the input;
coupling to the line output valve is by
way of a capacitor and grid leak, that
to the line output transistor is via a

ransformer. One of the advantages
‘tonferred by having an input trans-
former is that, if the line oscillator
fails, there is no oscillatory voltage
across the input transformer secondary
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and the line output transistor base has
a d.c. connection to its emitter. This
means that the output transistor is
automatically turned off in the absence
of line drive and there is no risk of
damage.” i

“That’s one good thing, at any
rate,” commented Dick. ““In the old
valve line output stages, the output
valve anode used to go red-hot when
the drive failed, because there was
nothing to hold its control grid
negative.”

“True enough,” agreed Smithy.
“Anyway, I've now shown you the
similarity in the boost section between
these transistor portable TV line
output stages and the earlier valve line
output stages.”

BOOST DIODE OPERATION

Smithy gazed cheerfully at his
assistant. The latter looked back at
him uncomprehendingly.

“Stap me,” snorted Dick, suddenly
breaking the silence. ‘““You aren’t just
going to leave it there, are you?”

“What more do you want to know?”

queried Smithy. “Both circuits work in-

the same basic manner. In the first
circuit the line output valve acts like a
switch and in the second circuit the
line output transistor also acts like a

switch.”

“Yes,” protested Dick, “but that’s
not explaining! You aren’t even telling
me what happens during the line scan
cycle.”

“Dear, oh dear,” sighed Smithy.
“With you I always have to go into
detail. O.K. then, we'll start an
explanation at a moment in the line.
scan cycle when the spot on the c.r.t.
face has been deflected horizontally
nearly all the way to the right. At this
part of the line scan cycle the output
valve or transistor is fully conductive
and an increasing field is being built up
in the output transformer winding.
The build-up of this field is relatively
slow because an inductance always
opposes a change in the current which
flows through it. The current in the
winding flows from the top supply rail,
through the booster diode, and then
into the anode of the valve or into the
collector of the transistor. It is obvious
that the bottom of the winding will be
negative of the booster diode cathode
tap, and it follows from this that
transformer action will cause the top
of the winding to be positive of the
booster diode cathode tap. This
positive voltage is applied to the right
hand plate of the boost reservoir
capacitor. Following the initial few
cycles after switching on, this capacitor
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has acquired a charge across its plates,
and this charge is such that the voltage
across the capacitor is virtually the
same as that now appearing between
the top of the winding and the booster
diode cathode tap. All right up to
now?”’

“Yep,” said Dick shortly. “Keep at
it, Smithy!”

“Right,” replied Smithy. “We next
reach the end of the scan and go into
the flyback period. This period is
initiated by a change in the drive
input which suddenly turns off the line
output vaive or the line output
transistor. The flow of current in the
transformer winding ceases com-
pletely, and its field suddenly collapses.
You get the usual ringing effect that is
given in any coil when the current in it
is suddenly switched off and the
voltage across the winding reverses,
causing the anode or collector to go
violently positive. The cathode of the
booster diode also goes positive with
respect to the top end of the winding,
whereupon this diode ceases to con-
duct, and the only stable d.c. voltage
point in the circuit is given at the right
hand plate of the boost reservoir
capacitor.”

Smithy paused for a moment as
Dick absorbed these facts.

“The winding,” resumed Smithy,
“will continue to ring. After reaching a
maximum positive excursion at . the
valve anode or transistor collector, and
at the booster diode cathode, the
voltage will start to fail just as rapidly
and will pass through zero, taking the
booster diode cathode negative. As
soon as this negative voltage exceeds
the voltage across the boost reservoir
capacitor, the booster diode conducts,
causing the very low impedance of the
reservoir capacitor to be placed across
the upper section of the winding. The
effect is almost the same as applying a
short-circuit across the winding, and
the ringing at once stops. There is,
however, a large magnetic field in the
winding and this now commences to
fall in strength, the fall being slow due
to the short-circuiting effect of the
boost reservoir capacitor. This fall in
the field constitutes the first part of the
horizontal scan after flyback and the
current flowing in the winding is in the
opposite direction to that which flows
at the end of the scan. A little before
haif-way along the scan the current
approaches zero, and the line output
valve or transistor, which is now fully
conductive again, takes over. An
increasing current is drawn through the
winding until the flyback period
arrives, whereupon the process takes
place all over again.”

“Heil’s teeth,” remarked Dick,
“‘there are quite a lot of things going
on in that simple circuit.”

“There are,” concurred Smithy.
“Now, I've shown voltage waveforms
in my circuits, but it’s helpful to look
at a waveform which shows the current
in the winding as well. The current is
like this.”

Smithy sketched out the current

waveform. (Fig. 4.)

“Just before the flyback,” he went
on, ‘‘the current in the line output
transformer winding is at a maximum
in one direction. During flyback the
current falls to zero at the same time as
the voltage goes to its peak, after
which the current goes to a maximum
in the other direction until the ringing
in the winding is brought abruptly to a
stop by the booster diode and the boost
reservoir capacitor. The current then
falls relatively slowly towards zero,
whereupon the line output valve or
transistor resumes control and causes
an increasing current to be built up in
the opposite direction.”

“I suppose,” put in Dick tentatively,
“that the ringing during flyback takes
place at a frequency which is- con-
trolled by the tuning capacitor you
mentioned earlier?”

“It is,” confirmed Smithy. “So far
as the transistor version of the circuit
is concerned, a common approach
consists of tuning the winding such
that one half-cycle of its ringing
frequency fits neatly into the flyback
period.”

E.H.T. GENERATION

“Well,” said Dick in a relieved tone,
“at least, that’s got the booster diode
business sorted out. Let’s add on the
e.h.t. winding. I know that in the
valve circuit this consists of an over-
wind added on at the anode end of the.
winding we’ve just been talking about.
The overwind has quite a lot more
turns, with the result that its outside
end goes positive, during flyback, to a
much higher voltage than that at the
line output anode. This higher voltage
is applied to an e.h.t. rectifier which
passes current on voltage tips and
keeps the e.h.t. reservoir capacitor
charged. And the rectifier is a ther-
mionic diode 