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

This is the simplified insurance you have been waiting for: {or { units after the first) up to a maximum of five. So
Not just cover on the contents of your home but a simple. So easy. Apply to your Broker, Agent or local office
package of personal protection you and your family need. of a General Accident company. -

And it's how we save you so much money: just ONE The Home Unit Policy can replace your existing insurances
policy to issue instead of nine! And remember— as you buy more possessions just add
You can build up to the cover you need by additional units more Home Units at any time. Quote Ref. 20/9468
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COM PONENTS

CARBON RESISTOR PAKS
These Paks contain a range of
Carbon Resistors, assorted into
‘the following groups:

R1. 50 Mixed

100 ohmsTBZO ohms § W. 0.60
‘R2. 50 Mixed
1]‘3 lKohms-s 2K ohms } W. 0.60
50
i 10K ohms— 82K ohms } W. 0.60
R4. 50 Mixed
100K ohms-820K ohms § W, 0.60
RS. 30 Mixed
100 ohms-820 ohms } W.0.60
Ré. 30 Mixed
1K ohms- 8.2K ohms } W. 0.60
'R7. 30 Mixed
10K ohms- 82K ohms 1 W, 0.60
R8. 30 Mixed
100K ohms-820K ochms-3 W. 0.60
‘These are unrepeatable prices

BI-PAK

LOW COST CAPACITORS
500 uF 50V Elect 0.09 each
.01 uF 400 V 0.08 each

i

REPANCO CHOKES & COILS
RF Chokes

CH1 2.5mH 0.27 CH2 5.0mH 0.28
.CH3 7.5mH 0.29 CH4 10mH 0.31
CH5 1.5mH 0.26

Coils
DRXI1 Crystal set 0.29
:DRR2 Dual range 0.42

CARBON POTENTIOMETERS
Log and Lin

A.7K, 10]{ 22K, 47K, 100K, 220K,
470K 2M.
VvC1 Smgle Less Switch 0,14
VC2 Single D.P. Switch 8.26
VC3 Tandem Less Switch-  0.43
VC4 1K Lin Less Switch 0.14
VC6 100K Log anti-l.og 0.43

HORIZONTAL CARBON
PRESET:

0.1 Watt 0 06 each

-100, 220, 470, 1K, 2.2K, 4.7K, 10K,
22K, 47K, 100K, 220K, 470K, 1M,
2M.4.7TM.

REPANCO TRANSFORMERS
240v. Primary. Secondary voltages
available from selected tappings
4v, Tv, 8v, 10v, 40v? 50v and
25v-0-25v.

e Amps Price P&P
MT50/% 5 £1.79  45p
MT50/1 1 £2.24 48p
MT50/2 2 £3.06 60p

. COIL FORMERS & CORES
NORMAN }” Cores & Formers 7p
7" Cores & Formers 9p

SWITCHES
DP/DT Toggle 28p
SP/ST Toggle 22p

"FUSES
1}" and 20mm, 100mA, 200mA,
250mA, 500mA 1A, 1.5A, 24

QUICK BLOW "Hp each
Anti-Surge 20mm only  *8p each
‘'VEROBOARDS

VBI1 containing approx. 50 sq.ins.
various sizes all 0.1 matrix.
*60p

VB2 contalmng approx. 50 sq.ins.

various sizes all 0.15 matrix.

*60p

&

-CYANOACRYLATE C2 ADHESIVE
The wonder bond which works in
seconds—bond plastic, rubber tran-
sistors, components permanently,
immediately!

DECON-DALO 33PC MARKER
Etch resistant printed circuit s
marker pen. Full instructions sup-
plied with each pen *92p

BATTERY HOLDERS
Takes 6 H.P. 7s complete with
terminal clip and lead *31p each

CABLES Per Metre
CP 1 Singlelapped screen * 8p
CP 2 Twin Common Screen “llp
{CP 3 Stereo Screened *12p
CP 4 Four Core Common
Screen *21p
iCP 5 Four Core 1nd1v1dually
screened
‘CP 6 Microphone Fully
{ Braided Cab} *11p
‘CP 17 Thxl;tize Core Mains

C
CP 8 Twin Oval Mains Cable" 8p
CP 9 Speaker Cable A
CP10 Low Loss Co-Ame 14p

VISIT OUR
SHOP

18 BALDOCK ST., WARE, Herts. {A10)
COMPONENT 0pen Mon-Thurs 9.15-6 pm. Sat 9.15-5.30 pm. Late nghtShopm
until 7 Fri. Tel: 61593

[INSTRUMENT CASEj.

(In 2 sections, Black Vinyl covered
top and sides and bezel)

No. Length Width Hezght Pnce
51 2

No. Length Wzdth Hexght Pnce
B 54" 13

Al 54" x x 13 gp
BA2 4 x 4' x 13 *4

BA3 4 x 21" x 1i*  *48p
BA4 51" x 4 x 15' *54p
BA5 47 x 21" x 2 *45p
BA6 3 x 2 x 1° *39p
BA7 7 x 5" x 2§ *79p
BA8 8 x 6" =x 37 *£1.02
BA9 6 x 4" x 2 X

14
(Each complete with } deep lid
and screws)
Please add 20p p &'p for each box

COMPONENT PAKS
Pak
No. Qty. Description Price
C 1 200 Resistors mixed values
approx. count by weight 60p
C 2 150 Capacitors mixed values
approx. count by weight D
C 3 50 Precision Resistors
mixed¥alues
C 4 175 } width Resistors xmxed
preferred values 60p
5 5 Pieces assorted Ferrite

Rox

(o] 2 Tuning Gangs, MW/

LW VHF 60p
C7 1 Pak Wire 50 metres

assorted colours *60p
C 8 10 Reed Switches *60p
C 9 3 Micro Switches 60p
C10 15 Assorted Pots &

Pre-Sets 60p
Cl1 5 Jack Sockets 3 x 3.5m,

2 x standard Switch Type 60p
C12 30 Paper Condensers

preferred types mixed values 60p
C13 20 Electrolytics Trans.

typ P
C14 l Pack assorted Hardware

NutslBolts Grommets etc. *60p
Ci15 5 Mains Slide Switches,

2 Amj

ClG 20 Assorted Tag Strips
and Panels i

C17 10 Assorted Control

Knobs 1+
C18 4 Rotssy Wave Change
Switches . 60p
C19 2 Relays 6-24v Operntmgo
60p
C20 Sheets Copper Laminate
approx. 200 sq.ins. *60p
Please add 20p p & p on all com-
ponent packs, plus a further 10p
on pack nos. C1, C2, C19 & C20.

SOLVE THOSE STICK!
PROBLEMS'

OUR PRICE ONLY 60p
for 2gm phial

B Stylus and turntable
cleaning kit *31p

-J ‘Tape head cleaning kit *68p

P Hi-Fi cleaner *30p

9 Wire stripper/Cutter *94p
31 Cassette head cleaner *58p
32 Tape editing kit
32A Stylus balance *£1.24
36A Record stylus cleaning

kit 1]
42 De Luxe Groov-Kleen *£1.84
43  Record care kit *£2.68
45  Auto changer groove

cleaner *98p
46. Spirit level *68p
56 Hi-Fistereo hints & tips *38p
60  Chrome finish as above*

| ﬂo KETS

SEM@NDUCTORS ‘

[ ANTEX EQUIPMENT]

SOLDERING IRONS
X25. 25 watt *£2.45
Model G. 18 watt *£2.70
CCN 240. 15 watt *£2.90
SK2. Soldering Kit *£3.90
BITS AND ELEMENTS
102 for model CN240 . .” *42p
104 for model CN240 4" *42p
106 for mode]l CN2405% ~ *42p
1100 for model CCN240 . *42p

1101 for model CCN240 i *42p
1102 for model CCN240 A7 *42p

1020 for model G240 . *42p
1021 for model G240 & *42p
1022 for model G240 1‘, *42p
50 for model X25 . *44p
51 for model X25 } 1% *44p
52 for model X25 ,ﬂ,” *44p
E. N
Model ECN 240 *£1.10
Model EG 240 *£1.35
Model ECCN 240 *£1.65
Model EX 25 *£1.20

LDERING IRON ST
ST3 Suitable for all models *£1.10
Antex heat shunt

=
[
o

OW=IRNOTA WO =

Jack 3 5mm Plastic

Jack 3.5mm Screened

Jack }” Plastic

Jack } 1" Screened

Jack Stereo Screened
hono

Car Aerial

CO~Axial

(o]
.N. 2 Pin (Speaker)
3 Pin

N.

.ILN. 5 Pin 180°
.I.N. 5 Pin 240°
Jack 2.5mm Plastic
Jack 3.5mm Plastic

Jack }” Plastic

Jack 1" Screened
dJack Stereo Plastic
dack Stereo Screened
Phono Screened

Car Aerial

Co-Axial

5270 2 pin DIN plug to 2 pin DIN
socket length 10m 80
$271 5 pin DIN plug to 2 phono
plugs connected to pins
3 &51length 1.5m 70
$275 5 pin DIN plug to 2 phono
sockets connected to pins
3 & 5length 23cm. 68|
$318 5 pin DIN socket to 2 phono
plugs connected to pins
3 & 5 length 23cm.
5404 Coiled stereo headphones
extensxon cord extends ¥

£
$217 3 pm DIN plug to:3 pin DIN
pluglength 1.5m 80,
S219 5 pin DIN plug to 5 pin DIN
plug length 1.5m 80g
$474 3.5mm Jack to 3.5mm Jack
length 1.5m 80p
$600 5 pin DIN plug to 3.5mm
Jack connected to pins
3 & 5 length 1.5m 80p
S700 5 pin DIN plug to 3.5 jack
connected to pins L & 4
length 1.5m 80p

K4007 1/P Impedance 8 chms.
(2-way) Insertion Loss 3dB.
Crossover Frequency
3 KHz. . PRICE £1.12

D.I.N.2 Pm (Speaker)
D N.3

N. 5 Pln 180°
D I.N. 5 Pin 240°
Jack 2.5mm Switched
dack 3.6mm Switched
Jack }” Switched
dack Stereo Switched
Phono Single
Phono Double
Co-Axial Surface
Co-Axial Flush

PROFESSIONAL D.1.Y
PRINTED CIRCUIT KIT

Containing 6 sheets of 6" x 4”
single sided laminate, a generous
supply of etching powder, etching
dish, etchant measure, tweezers,
etch’ resistant marking pen, high
quality pump drill with spares,
cutting knife with spare blades,
6" metal ruler, plus full easy to
" follow instructions. *£7.80 per kit
Spare container of etchant for
above *60p
PCB Pens 2 x Quality marker pens
specifically designed for drawing
fine line etch resistant circuits on
copper laminate. Complete with
full instructions *£1.53 per pair

LOW-NOISE CASSETTES| *®

£1.72

C60 *33p; C90 *44p; C120 *56p

AUDIO LEADS

$221 5 pin DIN plug to 4 phono
plugs length 1.5m £1.08

$222 5 pin DIN plug to 5 pin DIN
socket length 1.5m 68p

$237 5 pin DIN plug to 5 pin DIN
plug mirror image length

1.6m

$238 2 pin DIN plug to 2 pin DIN
sacket Yéngth 5m

$268 5 pin DIN plug to 3 pin DIN
plugl&4and3&5
length 1.5m £1.00

20

H/PHONE JUNCTION BOX

H1012 Enables change-over from

(3-way- loudspeaker to head-

stereo) phone listening. Also hag
a centre position for both
outputs PRICE £1.7§

ALL PRICES EXCLUDE
VAT
Please add V.A.T. at 25%
all items except
®* ADD 8%
£ NO V.AT.
GIRO NUMBER
388-7006

Transistor Data Book - DTE 1
227 Pages packed with informa-
tion on KEuropean Transistors.
Full speclﬁcntlon ingluding out-
lines. Price # £2.95 each

Transistor Equlvajents Book -
BPE 75 256 Pages of cross refer-
ences and equivalents for Euro:
pean, American and Japanese
Transistors. This _ is the most.
comprehensive equivalents book
no the market today and has an
intreduction in 13 languages.
Price '# £2.68 each,

DIODE EQUIVALENTS BOOK
DE 74 144 Pages of cross refer-
ences and equivalents for Euro-
pean, American and Japanese
Diodes, Zeners, Thynstors Triacs,
Diacs and L.E.D,

Pnce # £1.98 each

MULLARD DATA BOOK 1974/,
75 —~ MDB 74 The latest edition
of this popular handbook contains
information on Semiconductors,
Integrated Circuits, Television
Picture Tubes, Valves, Capacitors
and Resistors. Included in the 161
informative pages are 21 pages on
Semlconductor Comparables.
Price # £0.40 each

TTL DATA BOOK - DIC 75

Now complete Data book of 74
series TTL (7400-74132). Covering
13 main manufacturers in the
U.S.A. and Europe, this book
gives full data as well as equiva-
lents. Price # £3.74

THE WORLD'S BROA
CASTING STATIONS - WBS 75
An up to the minute guide for
those interested in DX-ing. Con-
tains all the world’s broadcasters
on SW, MW and LW, as well as
European ¥*M/TV stations.

Price' # £3.56
A full range of technical books
available on request.

RADIO & ELECTRONICS CONSTRUCTOR



ONLY £3.95

@ Max Heat Sink temp. 901C. @ Frequency Response 20Hz to 100K Hz @ Distortion better than

0.1 at 1KHz. @ Supply voltage 15-50 volts. @ Thermal Fecdback. @ Latest Design Improvements.

@ Load - 3, 4, 5 or 16 ohms. @ Signal to noise ratio 80dB. @ Overall size 63mm x 105mm x 13mm.

Especially designed to a strict specification. Only the finest components have been used and the latest

sAOhIS‘1 stattﬁ circuitry incorporated in this powerful little amplifier which should satisfy the most critical®
. F. enthusiast.

50w. PEAK (25w. R.M.S.)

[STABILISED POWER MODULE SPM80|

SPMS0 is especially designed to power 2 of the AL60 Amplifiers, up to 15 watt (ran.s.) per channel gimul-
taneously. This module embodies the latest components and circuit techniques incorporating complete
short eircuit protection. With the addition of the Mains Transformer BMT80, the unit will provide outputs .
of up to 1.5 amps at 35 volts. Size: 63mm x 105mm x 30mm. 1

These units enable you to build Audio Systems of the highest quality at a hitherto unobtainable price.
Also ideal for many other applications including: Disco Systems, Public Address Intercom Units, etc.:

Handbook available # 10p PRIC E £3.00

TRANSFORMER BMT80 £2.60

[STEREO PRE-AMPLIFIER TYPE PA100|

Built to a specification and NOT a price, and yet still the greatest value on the market, the
PA100 stereo pre-amplifier has been conceived from the latest circuit techniques.
Designed for use with the AL50 power amplifier system, this quality made unit incorporates no
less than eight silicon planar transistors, two of these are specially selected low noise NPN devices’
for use in the input stages.
Three switched stereo inputs, and rumble and scratch filters are features of the PA100 which also has a
STEREO/MONO switch, volume, balance and continuously variable bass and treble controls.

PRICE £13.20

TEAK 60 AUDIO KIT Comprising: Teak veneered.
cabinet size 163" x 114" x 31", other parts include alumin-
ium chassis, heatsink and front panel bracket, plus back
panel and appropriate sockets etc. -

KIT PRICE: £9.20 plus 45p postage.

MK 60 AUDIO KIT Comprising: 2 x AL60, 1 x SPM80,
1 x BTMS80, 1 x PA100, 1 front panel, 1 kit of parts to
include on-off switch, neon indicator, stereoc headphone
sockets plus instruction booklets.

COMPLETE PRICE: £27.55 plus 45p postage

STEREO 30 COMPLETE AUDIO CHASSI

747 WATTS R.M.S.

The Stereo 30 comprises a complete stereo pre-amplifier, power amplifiers and
power supply. This, with only the addition of a transformer or overwind,
produce a high quality audio unit suitable for use with a wide range of inputs,
i.e. high quality ceramic pickup, stereo tuner, stereo tape desk, etc.
Simple to install, capable of producing really first class results, this unit is
supplied with full instructions, black front panel, knobs, mains switch, fuse and
fuse holder and universal mounting bracket, enabling it to be installed in a
record plinth, cabinets of your own construction or the cabinet available. ]

Ideal for the beginner or advanced constructor who requires Hi-Fi performance with a

minimum of installation difficulty. Can be installed in 30 mins.

price £15.75 P &.P a5p N

TRANSFORMER £2.45 pePasp Teak case £3,6D P& Pasp

LAL1 0(AL20(AL30|

The AL10, AL20 and AL30 units are similar in their appearance and in their general specification. However,
careful sélection of the plastic power devices has resulted in a range of output powers from 3 to 10 watts
R.M.S. The versatilty of their design makes them ideal for use in record players, tape recorders, stereo
amplifiers and cassette and cartridge tape players in the car and at home.

AL10 £2.30 AL20 £2.65 AL30 £2.95

o AT B LY S

] DYNAMIC M|CRDPHON§§I

TYPE B1223 200 ohms impedance.
Complete with stand, onjoff
switch and 2.5mm and 3.5mm’

CARTRIDGES

ACOS
GP91-1SC 200mV at 1.2cmslse£¢:1 =

|STORAGE/CARRY CASES »

RECORD CASES |
%7in.E.P. 18%in. x7in.x8in. .
(50 records) *£2.48

Enjoy the quality of'a magnetic
cartridge with your existing cera-
mic equipment using the new

Bi-Pak M.P.A. 30 which is a high 12in. L.P. 13} in. x 7§ in. x 12} in. GP93-1  280mV at lcm/sec £1.43 plugs. Suitable for cassette tape

quality pre-amplifier enabling % (50 records) *£3.30 GP96-1 100mV at 1 cm/sec recorders. PRICE £1.67

magnetic cartridges to be used £2.31

where facilities exist for the use of CASSETTE CASES s TTC !

ceramic cartridges only. Holds 15. 10in. x 33 in. x 5 in, Lock J-2005  Crystal/Hi Output 97p J U ST 0 U T '
Used in the construction are 4 and handle. *£1.50 J-2010C Crystal/Hi Output - !

low noise, high gain, silicon
transistors. It is provided with a
standard -DIN input socket for
ease of connection.

Supplied with full, easy to
follow instructions. Price £2.65

|

8-Track CARTRIDGE CASES

Holds 14. 13 in. x 5 in. x 6 in. Lock
and handle. *£2.20

Holds 24. 133 in. x 8 in. x 5% in.
Lock and handle. *£3.20

SATISFACTION GUARANTEED
OR YOUR MONEY RETURNED

Compatible ¢
J-20068 Stereo/Hi Output £1.52
J-2105 Ceramic/Med Outpuf£1 o

J-2203 Magnetic 5mV/5cm/sec.
including stylus £4.78

J-22038 Replacement stylus for
above £2.88

v
AT-55 Audio-technica magnetic
-cartridge 4mV/5cm/ si% &

STEREO FM
TUNER

WRITE NOW FOR
FULL DETAILS

NOVEMBER 1975
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RADIO & ELECTRONICS

EF5600: Varicap FM tunerhead,
AFC/AGC/MOSFET input. £10.00.

Pricelist free with sae.
Product info folder 40p

—

t §
455kHz mechanical filters
: £1.45 ea (4 or 7 kHz BW)

ceramic FM
e IF filter 40p.

I

s18 VHF coils
POA

Ambit is the wireless specialist. We supply tuners, tunerheads, components, modules
to provide a ‘one stop’ wireless constructor’s source.

and accessories specifically

Here’s a brief selection from our full
range of ICs, components & modules:
AM radio system:

EC720 varicap tuned MW radio tuner
with ceramic |F filter, and IC signal
processing system. kit £8.00.
Three gang tuning diodeMVAM1
£2.75 each. 2 gang MVAM2: £1.05.

FM radio System:

Larsholt 7252 tunerset. An electron-
ically tuned 88-108 MHz receiver
module. 1uV for 26dB S/N, mute,
AFC, AGC, 'scan and hold’, meter
outputs for signal strength, tuning &
frequency indication. Built and tested
for £24.00.

Tuning Accessories:

WS150 150mm WW slider pot for
direct scale readout. .. . .£3.00
9932 6 button preset pot. bank for
pretuned station selection. .. .£3.40
Meters (illuminated) for frequency,
sig. strength, tuning: .. £2.50 each
Selection of 78 series voltage regula-
tors for total stability, see lists.

AMBIT INTERNATIONAL 37 High Street, Brentwood, Essex.

All prices quoted exclude VAT. Postage 20p per order. Min CWO £2. Min. invoice £7.50.

At Home
Soldering ?

You should be — with the LITESOLD
CONQUEROR

A superbly handling lightweight iron,
fully insulated and earthed for safety.
Bits are interchangeable, non-seize, and
are available in 16 different shapes and
sizes, from 1/16” up to 1/4”, in

copper and long-life types. (Standard
fitting, 1/8’' copper single chisel shape).
Covers a range of work often needing
several different irons.

A speciat spring stand gives safe, easy
location of the iron and spare bits. The
heavy heat-resistant base is complete

Conqueror fron Only  £3.35

Iron & Spring Stand  £5.66
with non-stip pads and bit cleaning |,r,gn Sta?\:;;ng se:r;f '
sponge. -4 spare copper bits £7.30

Send cheque/PO direct, or ask for leaflet. {Prices include 8% VAT

and p. &p.)

LIGHT SOLDERING DEVELOPMENTS LTD

97-99, Gloucester Road, Croydon, CRO 2DN. 01—689 0574 LS/M
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“] MADE IT MYSELF”

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

Now! Learn the secrets of radio
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 pave the way 0 i

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
Radio . . . a Burglar Alarm. You
learn Radio and Electronics by doing
actual projects you enjoy ~ making
things with your own hands that
you’ll be proud to own! No wonder
it’s so fast and easy to learn this
way. Because learning becomes a
hobby! And what a profitable hobby.
Because opportunities in the field
of Radio and Electronics are growing
faster than they can find people o
fill the jobs!

No soldering — yet you
learn faster than you
ever dreamed possible.
Yes! Faster than you ¢an imagine,
you pick up the technical know
how you need. Specially prepared
step-by-step lessons show you how
to read circuits — assemble compon-
ents — build things ~ experiment.
You enjoy every minute of it!

You get everything you need.
Tools. Componenis. Even a versatile
Multimeter that we teach you how
to use. All included in the course.
AT NO EXTRA CHARGE! And
this is a cours¢ anyone can afford.
(You can even pay for it by easy
instaiments).

POST

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 background
or education, we’ll teach you. Step
by step, in simple easy-to-understand
iinguage, you pick up the secrets
of radio and electronics.

You become a man who makes
things, not just another of the
millions, who don’t understand.
And you could pave the way to a
great new career, to add to the
thrill and pride you receive when
you look at what you have achieved.
Within weeks you could held in
your hand your own transistor
radio. And after the course yot
can go on to acquire highpowered
technical qualifications, because our
famous courses go right up to Cits
& Guilds levels.

Send now for FREE
76 page book — see how
easy it is — 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,

To: ALDERMASTON COLLEGE
DEPT. CRE 11, READING RG7 4PF

TODAYFOR Also at our London Advisory Office, 4 Fore Street
Avenue, Moorgate, London, EC2Y SEJ Tel: 01-628 2721

about all your courses.

Tes, 1°0 like 10 KNOw MOore apoul your course. riease sena
FR[E BOOK me free details—plus your big, 76-page ook that tells

HOME OF BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY

NOVEMBER 1975

COMPLETE
KIT SUPPLIED

GENUINE
BIG-SOUND
VALUE!

DORAM, ONE OF BRITAIN’S LEADING MAIL-ORDER
DISTRIBUTORS OF AUDIO ACCESSORIES AND
COMPONENTS BRINGS YOU THE ‘INTERNATIONAL
25’ - A 25W STEREO AMP - THAT YOU CAN BUILD
YOURSELF! THIS‘REAL VALUE FOR MONEY’ KIT
1S SUPPLIED WITH CLEAR ASSEMBLY
INSTRUCTIONS AND RELIABLE COMPONENTS TO
GIVE YOU A BIG SOUND TO BE PROUD OF.

INTERNATIONAL 285

T AT RS B o P e

FEATURES
¥ TRIPLE OP-AMP PRE-AMPLIFIER

% POWER ‘DARLINGTONS' IN OUTPUT STAGE
% 25W R.M.S. PER CHANNEL INTO 8 OHMS
%* MODERN, ELEGANT STYLING

MANY MORE INTERESTING
AUDIO KITS AND COMPONENTS
LISTED IN DORAM’'S CATALOGUE

PRICED AT ONLY 60p.

The doorway to amateur electronics
P.O. Box TR8, Leeds LS12 2UF Tel: Leeds (0532) 34222

An Electrocomponents Group Company
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COMPONENTS

HOBBYIST - PROFESSIONAL - DOMESTIC - SURPLUS - INDUSTRIAL
JUSTA FEW OF OURBARGAINS ARE LISTED BELOW - SEND STAMPED
ADDRESSED ENVELOPE FOR A QUOTE ON OTHER REQUIREMENTS.
PAY US A VISIT. OVER 90% OF STOCK BELOW QUANTITY
WHOLESALE PRICE. RETURN POSTAL SERVICE UNLESS CHEQUE.

included (2p per £1 Min 5p) U.K. only.

Goods sent at customer’s risk, unless sufficient payment for insurance

JAP 4 gang min. sealed tuning condensers New 25#
Ex-eqpt. 2 or 4 gang 16p

S.P.S.T. 10 amp 240v. white rocker switch with

60ma 4-6.3v 1a approx

3 pin din to open end, 14yd twin screened
lead 36p

COMPUTER AND AUDIO BOARDS
VARYING PANELS WITH ZENER, GOLD BOND,
SILICON, GERMANIUM, LOW AND HIGH POWER'
TRANSISTORS AND DIODES, HI STAB RESISTORS,
CAPACITORS, ELECTROLYTICS, TRIMPOTS, POT
CORES, CHOKES ETC.

3Ib for 86p + 75p post and packing
7Ib for £1.75 + £1 post and packing
Skeleton Presets

Slider, horizontal or verti-
cal standard or submin. 5p

Clear Plastic Boxes
For component storage or
projects, sliding lid. 13" x
13" x1” 10p

KNOBS
SILVER METAL PUSH ON WITH POINTER, OR
WHITE PLASTIC, GRUB SCREW WITH POINTER AND
SILVER CENTRE 8p EACH.
17 DIAM. WITH 13%” SKIRT SPUN ALUMINIUM
.GRUB ‘SCREW FIXING, 1” 30p EACH.

ZM1162A INDICATOR TUBE
0-9 Inline End View. Rectangular Envelope 170V
2:-6M/A 3 £1.50

RESETTABLE COUNTER
English Numbering Machines LTD.
. MODEL 4436-159-989
6-14 volt, 6 digit, illuminated, fully enclosed. £2.50

Ferric Chloride, Anhydrous mil. spec. 1lb. bag 50p°

B O B A H =
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neon. 1” square flush panel fitting 30p |2” x 23" x 23" £1.60
14 METER AUDIO LEAD POTS
5 pin din plug 180° both ends 80p

Log or Lin carbon 13p

Switched 25p
Dual Pots 38p
Dual & switch 50p
Lin wirewound 25p
Slider Pot 25p
Dual Slider 35p

VALVE BASES TO3 or TO66 ELECTROLYTICS MFD/VOLT. Many others
Printed circuit BSA - B7G .. .. 2p | MicaWasher .. 2p|instock 70~ 200— 300~ 450—
Chassis B7 - B9G —~ B7G g. . 4p | 18 volt 4amp charger, | yp to 10V 25V 50V 75V 100V 250V 350V 500V
Shrouded chassis B7G - BOA g OD) bridge rectifier 50p | MFD
B8A — BOA chassis - B12A tube .. 6p | GC10/4B £3.00( 10 4p 5p 6p 8p 8p 12p 16p 20p
VAT ] . Telescopic aerial 25 4p 5p 6p 8p 8p 15p 18p 20p
Speaker, 6" x 47, 5 ohm, ideal for carradlroetc.£1 Closed 93, open 3837 | 50 4p 5p 6p 9p 13p 18p 25p —
TAG STRIP — 6 way 3p| VHF Radio Tuner Head| Fitted right angle TV| 100 5p 6p 10p 12p 19p 20p — -—
9 way 5p Single 1p|Takes ECC 85 80p) \ug, 50 250 9p 10p 11p 17p 28p — 85p £1
— 2 500 10p 11p 17p 24p 45
14 glass fuses— 250 m/a or 3 amp (box of 12) - - 18p | 1000 132 172 402 752 B=E £150 — _—
3” tape spools  8p 1 Terryclips chrome finish 4p 1000 23p 37p 45p — — i
Brand new Boxed 6K7G 25p 1.5m, log edge pot | g 8p A I BTy ;
PVC or metal clip on M.E.S. bulb holder . Bp | A8 totel number of values are too numerous to list,
Geared Knob, Inner to Outer Ratio 8:1 6op | Ys® t:us Ipnce guide to vs{orkzal‘t:[;:o;évof yofé
: TAE el actual value requirements, i.e. : wou
?;?;Tt Egg;zc:nzl;?uigzrswI_tChed _SOCKet (_p_a") i ggg be 5p, or 330MFD, 50V would be 14p, etc. etc.
250 RPM 50 ¢/s locked frequency miniature mains motor 50p | 8/20, 10/20, 12/20 Tubular tantalum 15p each
200 OHM coil, 24” long, hollow centre * o 10p | 16-32/275, 32-32/275, 100-100/150, 100~
Belling Lee white plastic surface coax outlet Box 30p 158%37:53'820‘50/300 20p 93882
R.S. 1 tandard pl d shell 5 M. 2 I & . ..
T o Tl b 0P 112,000/12, 32-33-50/300, 706/200 100100~
SWITCHES RESISTORS 100-150-150/320 o 50p each
Pole Way Type -4 watt .. 1p 20-20-20/350 . 40p each
4 2 Sl.!b. Min, Slide 18p |1 watt .. . . 2p INDICATORS
6 2 Slide 20p | Up to 5 watt wire 10p | gyigin D676 red, takes M.E.S. bulb 20p
4 2 Leyer Slide 15p | 10 watt wire 12 volt red, small pushfit 20p
% § ihgfef it ] :gP }l"’;‘x‘:n . 129 Mains neon, red, pushfit 20p
. min, e o
1 S L i Teenloters 2428 P | T CAPACITOR GUIDE — maximum 500V
2 2 Locking with 2 to 3 keys T Up to .01 ceramic 2p. Up to .01 poly 3p.
£1.50 | Philips  transformer, | Up to 1000PF silver mica 6p. 1,200PF up to .01
2 1 2 Amp 250V A.C. rotary 24p |safety fused. In 200- isilver mica 10p. .013 up to .25 poly etc. 4p.
Wafer Rotary, all types ) 30p |220-240v. Out 240v |27 up to 68 poly etc. 6p

Over 500 volt order from above guide and few
others listed below.

6p. .1/600: 10p. .01/1000, 1/350, 8/20, .1/900,
.22/900, 4/16. .25/250 AC (600vDC) .1/1500
40p. 5/150, 9/275AC, 10/150, 15/150, 40/150.

TRIMMERS, 20p each

100PF Ceramic, 30PF Beehive, 12PF PTFE
2500PF 750 voit, 33PF MIN. AIR SPACED
5PF, MIN. AIR SPACED, 50PF CERAMIC,

CONNECTOR STRIP
Belling Lee L1469, 4 way polythene. 3p each

THERMISTORS

il | £

Strong grey plastic box same design as die cast

VA1008, VA1034,, | 48"x23"x 13" .. : <dira
VA1039, VA1040. | 44 1”7 or 13" or 3" CAN CLIPS - 2p
VA1055, VA1066,[ MAINS DROPPERS
VA1082, VA1100 ) 364-79 ohm 15p
VA1077, | 15p | 66+ 66+ 158 ohm, 664-66+137 ohm
VA1005, VA1026 174144-6 ohm, 2664144193 ohm 20p
504-404-1k5 ohm

RELAYS 285.4-5754-148+35 ohm 30p
12 voit S.P.C.O0 ogtal 25+4+354974594-30 ohm
:‘Z’::W wetted ']"g; 517 x 23" Speaker, ex-equipment 3 ohm  30p
P‘.)O, 3090 type, 1,000 2 Amp Sulglapression Choke .. .. 5p
OHM coil, 4 pole c/o |3X 24X, PAXOLINE L. 2p

' 60p 4 x § x 3", . .. 2 for1p
Mai 12v d & 220K & 100 ohm 3 watt resistors . . 4p
heZ'SYS:JW o\étaipécbp' VALVE RETAINER CLIP, adjustable 2p
OUTPUT TRANSFORMERS

Boxed GEC K788 Sub-miniature Transistor Type oI 25p
valve ., . 2 | valve type, centre tapped or straight 40p

12 volt 250M/A or 6 volt {A
Transformers £1
Whiteley Stentorian 3 ohm constant impe-
dance volume control way belowtradeat80p
Drive Cord 1p per yd.

RADIO & ELECTRONICS CONSTRUCTOR
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SEMICONDUCTORS BSX20/21 - 13p OTH mﬂ—
Full spec. marked bv Muliard. etc. Manv other tvpes in stock BSY40 .. 28p | IN916 .. ¥
AC107 . 12p | BC1798B 11p| BF180/1/2/3 20p | BU105-01 .. 93p | [Na14g .. 25p
AC128 .. Sp | BC184C 9p| BF184/5 .. 15p | CV7042 (OC41 0C44, BA145/148 12p
AC176 10p-| BC186/7 3p| BF194/5/6/7 .. 5p | ASY63) 7p | Centercel 10p
ACY28 . 18p | BC213L/214B . 9p{ BF194A/195C/200 12p | GET111 40p | BZY61 .. 10p
AD149 , 40p | BC261B 10p| BE258/262/263. 24p | 0C35 . 32ip | BB103/110 Vancap 18p
AD161/2 matched pr. 69p | BC327 12p| BF336 .. .. 25p | ON222 30p | BA182 .. 18p
AF116 12p BC328 10p | BFS28 Dual Mosfet 92p | TIP30 52p | 0A5/7/10 10p
AF124/6/7 20 BC337/8 12p| BFW10/11 FET.  26p | TIP3055 50p | BZY88 Up to 33 volt 6p
AF139/178/1 80/18130p BC547/558A 7p| BFW30 .. £1.35 | TIS88A FET 23p | BZX61 11 volt 16p
AF2 BC548 9p| BFW57/58 20p | ZTX300 8p | BR100 Diac. 19p
ASY27/73 25p BCX32/36 12p| BFX12 . 20p. | ZTX341 .- 15p
BC107A or B 9p | BCY40 .. 60p | ‘BFX29/30/84/88  16p | 2N393/MA393..  30p
BC107/8/9 . 7p | BCY70/1/2 9p| BFX89. 30p [2N706 .. .. 8p INTEGRATED CIRCUITS
BC108A/B/109B/C 10p BD112/3/5/6 40p | BFY50/1/2 12p {2N929 .. . 1ap [ — L
BC147/8/9 6p | BD131/2/3/5 .. 30p| BFY90 .. .. 50p |2N987 .. .. 35p | 7418pind.il.op. Amp 24p
BC147A/B ..  8p| BD201/2/3/4 £1.00| BR101 30p |2N1507/2219 .. 17p | TAD10O AMRF  £1.00
BC148A/B, 9B/C/S ap BD232/4/5 46p| BRY39 ﬁﬁ}gjﬂﬁ&i‘ﬂemp 2N2401/2412/2483 25p | CA3001 R. F. Amp £1.00
BC157/8/9 ..  6p| BDX77 £1.40| BRY56 4p |2N2904/5/6/7 ..  13p | TAA300 1wt Amp £1.25
BC158A/B .. 11p| BF115 .. 12p| BSV64 .. .. 40p 2N2907A 15p | NE555v Timer 44p
BC159B/C,167A 11p | BF167/173 15p| BSV79/80 F.ETs . £1 |2N3053 13p | TAAS50 Y or G 31p
BC178A/B . 12p | BF178/9 20p| BSV81 Mosfet .. S0p 2N3054I3055(orequw)35p TAA263 Amp 65p
BRIDGE RECTIFIERS g 185 |07 072 0/2 075G B
2N3704 10p | 7404 14p
Amp Volt Amp Vort 2N4037 35p | 7414 45p
H 1.600  BYX10 30p g2 30 LT120 type  30p | 5n5036 60p | 7438/74/86 .. 27
1 140 OSH01-200 30p | 06 110 EC433 15p | e 4
o b Biich 280 | 5 e > 75D |25A141/2/360 .. 31p | 7483 80p
: EX95 P |2SB135/6/457 .. 20p | LM300, 2-20 volt  50p
RECTIFIERS OPTO ELECTRONICS 40250 60p | 74154 . £1.44
Amp Volt BPX40 65p Photo transistor
IN4004 1 400" BPX42 £1.00 | BPX29 £1.00 {Amp Vot THYRISTORS
miggg 1 600 ap | BPYIO  f£1.00 | OCPT1 30p |1 240 BTX18-200 50p
B0 ! 800 | (VOLTIAC) BIGLED, Q2°|1 400 BTX18-300 65p
1,000 PYEs 2v 50m/A max. |1 240 BTX30-200 40p
BY103 1 1,500 15p 65 500 BT102-500R 75
BPY69 ¢ £1.00 | RED 14p 4
SR100 15 100 7p | Shvey ‘ ORANGE 16 500 BT107 .. £1.00
SR400 1.5 400 8p |- - GREEN 16p {65 500 BT101-500R 90p
REC53A 15 1,250 14p Diodes YELLOW 6.5 500 BT109-500R 75p"
L1102 2 30 10p 20 600 BTW92-600RM .. .. £3.00
g&gg-gggﬂ ";2 ggg : ggg PHOTO SILICON CONTROLLED [15 800 BTX95-800R Pulse Modulated .. £8.00
: . WIT ] Less N .. £3.
e aon 25 i SWITCH BPX66 PNPN 10 amp £1.00 {30 1000 28T10 (Less Nut) £3.00
BYX38-1200 25 1,200 50p | .3" red 7 segment LED. 14 | PAPER BLOCK CONDENSER" SOLDER
BYX49-600 25 600 34p | D.IL.0-9+ D.P.display 1.9v, |0.25MFD 800 volt 30p | Muiticore - 21p foot
BYX49-300 25 300  26p | 10m/asegment 65 [1MFD  250volt .. 15p :
BYX49.1200 28 1200 52 CaY11B LED 2MFD 250 volt 20p EUV%M' COPPE;'EXV {(RDE
BYX48-300 6 300  40p | infra red transmitter €1 | 1OMFD SOE) VBl 2on A i
BYX48-600 6 600  50p One fifth of trade 4MFD 250 volt 20p | 20-24 2p
EYX43.800 6 900  60p 15MFD 150 volt 50p [26-42 p
- 6 1,200 80p ;
BYX72-150R 10 150  35p Wire ended glass neons 5p | METAL CHASSIS SOCKETS GCSZ%%R RARGDP93/1
BYX72-300R 10 300 45p : ; Car Aerial Pt AL S
BYX72-500R 10 500 55p | Plastic, Transistor or Diode | Coax Crystal  Stereo Cart-
BYX42-300 10 300 30p | Holder 1p |5 or 6 pin 240° dih 9p | ridge _£1.00
BYX42-600 10 600 65p | Transistor or Diode Pad 1p | Speaker din switched HANDLES
giﬁ%-?ggo “Ilg . ggg ggp Holdersorpads 50pper100 | 3.5mm Switched Socket Rigid light blue nylon
BYX46-300** 15 300 £1 ,08 Philips Iron Thermostat  15p| 8 way Cinch standard |6%” with secret fitting
BYX46-400¢ 15 400 £1.50 | Bulgin 2-pin flat plug and socket 10p | 0.15 pitch edge socket |SCrews 5p
BYX46-500* 15 500 £1.75 | McMurdo PP108 8 way edge plug 10p 20p 14 D.L.L. socket, gold
BYX46-600* 15 600 £2.00 TO3 HEATSINK UECL 10 i |plated contacts, NOT
BYX20-200 25 200 60p | Europlec HP1 TO3B individual ‘curly’ | ~-=-%-" WaysRinslip y
BYX52-300 40 300 £1.75 | pcevertransistortype. Ready drilled 20p g?1n:$607 25600100 cheap type 13p
BYX52-1200 40 1,200 £2.50 P | Miniature Axial Lead
*Avalanche type Tested unmarked, or marked | FEET—55 773 pin |Ferrite Choke formers
ample lead ex new equipment '
e P TINACS ACY17-20 8p | OC71/2  S5p.| Sonnector £t
6 400 Plastic .. 74p ASZ20 8p | 0C200-5 10p4 2A60000A1P20 20p DEE PLUG
25 900  BTX94-900  £4.00 | L3575 150 | Ticas 24 -
25 1200 BTX94-1200 £6.00 | & P p| UECL 10 way pin |McMurdo DA15P 15
: €186 Mp | 2G240 2-5 socket 2B606001R10 way chassis plug 10p
12-0-12 50M/A Min. Txfmr, 90p BCY30-34 10p | 2G302 6p 10p ;
Pair of LA2407 Ferrox cores BCY70/1/2 8p | 2G401 10p — | Fairway 18009 Coax.
with adjuster ™ 25p | BF115 1(7>p 2N711 25p | UE.C.L. 20 way pin |gocket T 3p
o RS T T Top | BYI27 p | 2N2926 7p | socketB260800A1R20 TP
. BZY88 series 5p | 2N598/9 6p 20 CLIPS
Rubber Car Radio gasket 50 | HG1005 2p | 2n1091 3 L | If locking 7"
- p B S SN GTERED” FUUG | ¥ion seif locking
DLI Pal Delayline 50p | HG5009 2p | 2N1302 gp | 3:5mm or 33" 2p
Reloy sooket 0p | HG5079 2p | 2N1907  2-50 | Metal screened _ 35p <
Take miniature 2PCO ,e|ay L78/9 2p | Germ.diode 1p | Philips electronic eng- CINCH 150
B7G or B9A valve can 2 M3 10p GET120 (AC128 ineer kits add on series 12 way edge socket
'0-30, 01 0-15, black pvc, 3600 = Zon [N S TR GRE1C04_  £1.6l ancH 120
dial, silver digits, self adhesive, 0A200-2 3p GET872 12p [ RG4-1250 Mercury 1ib. Mixed nuts, bolts,
41" dia. 3 1= 10p | 0C23 ° 20p | 253230 30p | vapour rectifier £5.00 |washers etc. 35p
SMALL ORDERS, ENCLOSE SUITABLE
STAMPED ADDRESSED ENVELOPE MAIL ORDER CUSTOMERS
LARGE ORDERS, ADD SUFFICIENT FOR :
POSTAGE, INSURANCE, ETC. © 1
TOTAL GOODS PLUS CARRIAGE, ADD V.A.T. o N LY ADD 8 ’ V'A'T'
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ELECTRONIC FOOTBALL & TENNIS
WITH THE FABULOUS

VIDEO SPORT

ON YOUR OWN TV

Play three exclting
electronic ball games
FOOTBALL, TENNIS,

_ Have youseen
{ this years most important
component catalogue yet?

/)

HOLE IN THE WALL or,
your own TV! Just

plug Video Sport into
the aerial socket of
Your TV and away you
-go. Completely safe

or you, your children

and your TV, Malns
operated,

OUR INCREDIBLE PRIC
9.50 inc VAT

OEMONSTRATIONS NOW IN ALL CENTRES!

SPECIAL OFFER

| HENRY'S 197
§ CATALOGUE ‘
IS NOW AVAILABLE

Don’t buy another electronic component until you've consulted the
Henry's 1975 issue! It's packed with more items than ever before —
over 5000 in all, making the Henry's range of electronic components
i the largest in the UK for the home constructor.

There are literally dozens of new lines and new ranges to get excited
. about! And many components are selling at reduced prices. Get your
copy soon, and start reading these 200 pages of vital statistics about
electronic components, If you don't, you'll miss out on a lot of kits,
projects and test gear, apart from all the other products.

| ONLY 50p FREE to Educational

FREE 50p Establishments when ordered
+20pP &p | piscount Voucherl | on official headed notepaper.
Get your copy NOW - send remittance of 70p (cheque or P.O.).

MIDLANDS NEW ELECTRONICS STORE ”EN@g"s

¥

Features
Y Sterea Heads *
% Built in Motor Stabiliser *

Y AutgStop  Eject. -
Robust,  precision  engincered N
mechanism based on the “STARR™
patented design. ideal for use in Car 1
stereo cassent€ players, HI-Fl stereo { ,)f
cassctte recorders. Industrial and il
many other appllcations, Suitable
for the "PW’ Ascot Stereo Cassctre

P NLL
=
Deck, b}

T
£13.50 incl. VAT*P, & P, 35p

Pausc Control
12v DC Operation.

Complete with ‘Combined AM/FM tuner modules, together with a

small number of R - C's Ferrite Aerial, make up
a sensitive FM/MW/LW tuner.
6 Volts supply, supplied with data and circuit

sheets.
ALL HENRY'S PRICES

Electronic Centres

STREET, NOTTINGHAM. TEL: {0602) 42668,

LONDON: 231 TOTTENHAM COURT RD.

‘OPEN: 34/98 UPPER PARLIAMENT
W1, (LOWER SALES FLOOR) 01-580 3459 'RADIO

GARRARD CTASTEREO CASSETTE
TRANSPORT MECHANISM

AM/FM MODULES ip1378 Lpiin :

Altmailto 303 Edgware Road London W2 18W
Prices correct at time of preparation Subject to change without notice E 80 E

TEXAN
STEREO AMPLIFIER

Features glass fibre PC board. Gardners low
field transformers, 6-Cls. TO-transistors piug
diodes, ‘etc. Designed by Texas Instruments
engineers for Henry's and P.W. 1972. 0veraﬂ
size 153 x 2} x 6% in. Mains operated. Fre
teak sleave with every klt.

£29.95
(p&p 60p}
{also built and
tested £38.98)

TEXAN STEREO FM TUNER

Features capacity diode tuning, LED and
tuning meter indicators, mains operated.

£26.26
(p&p 50p)
{also built and
tested £31.20)

teak sleeve.

625 linc receiver UHF transistorised tuncrs U.K.
operation. Brand new. (Post packing 25p each)
TYPE A variabie tuning slow motion drive £3.50.
_TYPE B 4-button push button {adjustable) £4.60,
TYPE C variable tuning £2.90. L
TYPE D 6-button UHF/VHF tiner £6.76

LP1171 combined IF strip £4.60
LP1179 FM front end and
AM gang £4.60.
€8.62 the pair.
Sultable Ferrite aerial 87p.
INCLUDE VAT

e,

304-406 Electronic Componen©s & Equipment 01 402 8381| Mt Frand
354 PA-Disco-Lighting High power Sound 01 402-55854
303 Speciat offers and bargains store

“ | Electrornics
Centres Ope:n
Sam-6pm

NOW AVAILABLE . ..

’

] 3
i ]

VOLUME

of

4

§
£
¢
5

- AREND CURTTEARTOR
e daDH> QONTTRUETCA.
- ARG LRI TR
- RADIO COUS TRUNYS4
0400 canrTwLT:
1 nana e

T BADQ EGNSRUCION

FOR YOUR

Comprising AUGUST 1974
768 pages to JULY 1975
inc. index

LATEST BOUND

“Radio & Electronics
Constructor”

PRICE £2.75 P&P 65p

No. 28

LIBRARY

=
' BOUND VOLUME No. 25 (August 1971 to July 1972)
BOUND VOLUME No. 27 (August 1973 to July 1974)
Limited number of these volumes still available
=

PRICE
PRICE

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

DATA PUBLICATIONS LTD., 57 MAIDA VALE, LOND

e—————————— i i e e e
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£2.00 p. & p. 65p
£2.40 p. & p. 65p

ON, W9 1SN

RADIO & ELECTRONICS CONSTRUCTOR



BI-PRE-PAK

Bafgains in Semi-Conductors,components, modules & equipment.

r
Bargains-from our FREE Catalogue
20 large pages, filled with real pargains In transistors, 1.Cs, components,
equipment, etc. Send large S.-AE. with Yp stamp for your FREE copy of,
e;hrsgiw)n by retusn. Meanwhile, for prompt dellvery order from this month’s x M As O F F E R '
i ad. A :
| ]
TRANSISTORPACKSALL60p each
TESTED AND GUARANTEED Batt/Mains St EM.T /A
B79 IN4007  Sil. Rec. H39 integrated circuit:
4 Dosel So00plv 6 5 eter BMC 362, a ains ereo F.Vl. Tuner mp
o 1Rar:p. glu:‘ti?‘ ; 2 fllp flops BMC 945
B eed Switches, 17 Ha 8D131/BD132 - :
[hge o 2 8 ey TO SHOW YOU
g W astic Transistors .
H35 100 Mixed Diodes, Germ. HE5 40361 T .
ype NPN Sil.
%c:ietéondae:é etcun_ 4 TransislorsaT0~5 can A SAVI N G 0 F
marked comp. to H66
H38 30 ﬁr;;‘n Iesalii_Transli’sltors, HE6 4 _dr03(i_2.Type_‘%NgI Sil. ,f b " -’
icon anar Tansistors -5 can
e it i .yolu uy all 4 3u;:ts ftfogether for £18. Bought
sin ave 333 i i
UNMARKED & UNTESTED gly yous 3 (o] regu|ar p"ce Of eaCh unit
B1 50 Germanium Transis- H20 20 BY126/7 Typé Silicon
tors PNP, AF and RF Rectifiers 1 amp.
B66 150 ('\Bde'rmn‘nlum Diodes plastic. Mixed volts F.M.TUNER FROM END
s 100 i iodes 007 " 1 B o, NPN i 1 Ganged tuning; A.F.C. facility. Reduction-
%I:szs;;ulv.m 0A200, con TO-3Can 'geared drive, 88 — 108 MHZ. £ 5 34
A 0 H67 3819N Channel FET's i i .
855 100 mé&.o::; ﬁ\#&vgln. 10 e s Usual price inc. VAT £8.01 »
types
. | SILICON POWER TRANSISTORS— L EJBOSHD .
O WATT @ PLASTIC Using |.C. Designed for use with above £4 50
| 'zg:qa‘ ?gin ¥§£ = iz’elce front-end. Usual price inc. VAT £6.76 — ]
e 2 & BB
i w2 o 40 PP 20p STEREO DECOVER, USING I.C.
ggr‘a"‘” o G e e Designed for use with above modules, can
993212 ?g 12 'r;JFN 359 also be used with other mono F.M. tuners.
NP 5p Ready aligned. (L.E.D. for stereo beacon
30P2 40 40 PNP 35 4 |
R available at 20p) £4 82
NEW X-HATCH GENERATOR Mk.2 Usual price Inc. VAT £7.22 — .
N\ g ¥ s Essential for Colour T.V. alignment
iy A of d‘ patterns. Fealulning plug in kI(Z's 5 :
k- and a more Sensitl - E
3 circuit. The ca:e is :?n::l'l‘: u;.\ll;:rea':: 5 + 5 watt music POWER I.C. AMP
f ﬁlsTideal for the ;Qgineeg'is'toolng 4 Useful stereo power amplifier with good
nly measures x x 3= s
. y"/ Operates from 3 U.2 type batterles performgncg, at economy price. £ 5 34
r o BTG, omlm {extra). =J X ] Usual price inc. VAT £8.01 — .
¥ N1 DA . 1] {1
kit or complete kit £7.93. unit gnly £9-93'
TOTAL VALUE AT REGULAR ADVERT : £30.
?Vg$8'800'000 TRANSISTORS G VERTISED PRICE £30.00
N K! : :
CAPACITOR DISCHARGE MNERS. AM/FM CHASSIS % Prices include VAT and postage and packing in UK.
To clear. NO instructi twni
lTransismrlsed‘."Simplam Fit. . dvive:‘,:;:seflm 12?;:;;;;2]:1;:;&3 * TOtaI Va|u° £30 You pay £1 8'00
mproves performance, cuts fuel too icult to get working, Mak: tl 0
costs £7 SHQ. good portables g ;1 : * satlsfaﬂ!o“ guafanteed
P & P add 27p . EACH * o F
\ - rder now — delivery by return
SUNDRY
.Matldca(t'lon Pot):l;;t ggassﬂ‘lglpfva_rsssort?d relsazs5 If|:1-00 (85/,,).TRev. cg;mgr ['_
devlice (forcars +00. U.H. ‘uner Units, nes, Rotary Tuning £2-50. t
o ie1.G. £1.00 and technical bookeof all inds : $S.300 POWER SUPPLY STABILIZER ~
7 o A Delivers 12 to 50 volts, variable by its fixed pre-set pot. By substituting !
TAER!VIShOF POHSIIdNVEATsPsl ALK o a remote-control potentiometer, a voltmeter and milliameter may be !
V.AT. Pii wn d nclude V.A.T. Please a , to total value g . . g 7
; o'nsgt"so?dm. et;mm Do e e o7 Ty o which. incorporated to permit \{vorkbeqch and experimental applications. .
the VAT, rate is 8%. No V.A.T. on overseas orders. _ Protected against shorting. Easily connected. Ensures £3 25
POSTAGE Except where stated, add 25p for postage & packing in better performances wherever its use is indicated = s
U.fK. dO\éersaas—udd £1- any difference belng q!\arged or "t|
refunded. | |
PAYMENT Cash with order. Cheque or mone der. Minimum value—£1. 2 ' = . !
Yzfacar:also'parybyACgEgs.o y osder. imum v r------------\q n
|MPORTANT—Every cffort is made to ensure accuracy of prices and, To BI-PRE-PAK, 224-226 WEST RD. WESTCLIFF-ON-SEA. ESSEX i 3
description -at time of preparing this advertisement and going to press.. I l -
P/icasarasubiacttoa/lara!lanwilhamna[ice. . Please send ........ e Ry e | Wy s S [
“.

for which 1 enclOSe.. ..o.ceoverrmrimrmnremamnnresiees: Sl A i

BI-PRE-PAKLTDO V

INBIME ooivneeenoninanessresennsboba e b
Re : NOHHY
222 224 WEST ROAD, WESTCLIFF-ON-SEA, ESSEX SS0 9DF. I AdDreSs woooioino e I
TELEPHONE: SOUTHEND (0702) 46344. o o REC 12
WRITE ORDER SEPARATELY AND ATTACH COUPON iF REQUIRED h C . r . f 1 1 ] S GBS I BE NN W J
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WILMSLOW AUDIO

THE Firm for speakers!

GRUNDIG SATELLIT 2000

You've got your yacht, private aircraft, Rolls
Comiche? — then all you need for a full setof
status symbols is this latest mode! Grundig
Satellit, Germany's top radio! Radio per-
formance, appearance and sound quality are
allsuperb. VHF/FM, MW, LW 10 SW bands
plus bandspread, 27 transistors and 22
diodes, Banery/Malns (110/240v.), 2
speakers, 57" telescopic aerial;

Our Price £149.95
inc. YAT, carr. & ins.

8ig discounts on Grundig, ITT. Koyo, etc.
Send stamp for list,

SPEAKERS SPEAKERS
Baker Group 25, 3, 8 or 15 ohmi £8.64 Fane Crescendo 12A 8 or 15 chm £34.50
Baker Group 35, 3, 8 or 15 ohm £10.25 Fane Crescendo 12B 8 or 15 chm £36.50
Baker Group 50/12, 8 or 15 ohm £14.00 Fane Crescendo 15, 8 or 15 ohm £47.50
Baker Deluxe 127, 8 or 15 ohm £13.75 Fane Crescendo 18, 8 or 15 ohm £62.95
Baker Major 3, 8 or 15 ohm £41.87 Fane 910 horn £14.95
Baker Superb 8 or 15 ohm £18.12 Fane 920 horn £33.95
Baker Regent 8 or 15 ohm £40.00 Fane 152/12a 15" 15 ohm £16.00
Baker Auditorium 12* £16.25 Fane 801T 8” d/cone roll surr. £8.50
Celestion PST8 (for Unilex) £3.75 Fane 808T 8 d/cone” £3.95
Celestion G12H 8 or 15 ohm £15.95 Fane 807T 8 d/cone roll surr. £5.75
Celestion G12M 8 or 15 ohm £12.95 Goodmans 8P 8 or 15 chm £5.50
Celestion G15C 8 or 15 ohm £26.95 Goodsmans 10P 8 or 15 ochm £5.80
Celestion G18C 8 or 15 ohm £34.50 Goodmans 12P 8 or 15 ohm £13.95
Celestion MH1000 8 or 156 ohm  £13.50 Goodmans 12P-D 8 or 15 chm £16.95
EMI1 13 x 8, 150 d/cone, 8 ohm £2.94 Goodmans 12P-G 8 or 15 ohm £15.95
EMI 13 x 8 type 350, 8 or 15 ohm £9.56 Goodman 12AX 100 watt 8 or 15 ohm £36.50
EMI 13 x 8.25 watt bass £9.00 Goodsmans 15AX 100 watt 8 or 15 ohm £40.25
EMI 5” 14A/730 mid-range 8 ohm £3.50 Goodmans 15P 8 or 15 ohm £21.00
EMI 631" 93850 4 or. 8 ohm £2.90 Goodmans 18P 8 or 15 ohm £36.00
EMI 8 x 5, cer. mag. 8 ohm £1.87 Goodmans Hifax 750 £16.00
EMI 8 x 5, 10 watt, d/c roli/s 8 ohm £3.44 Goodmans Axent 100 tweeter & crossover £8.44
EMI 10 x 6 93870 8 ohm £2.69 Goodmans Audiom 100, 8 or 15 ohm £13.90
EMi 21" tweeter 8 ohm .77 Goodmans Axiom 401, 8 or 15 ohm £20.00
Elac'9 x 5, 59RM109 15 ohm, : Goodsmans Twinaxiom 8” 8 or 15 ohm £10.14
59RM114 8 ohm £3.44 Goodsmans Twinaxiom 10” 8 or 15 ohm £10.75
Elac 63" d/cone, roll surr. 8 chm £4.06 Gauss 12” full range 8 ochm £73.00
Elac 61" d/cone 8 ohm £3.12 Gauss 12" Bass 8 ohm £73.00
Elac TW4 4" tweeter £1.75 Gauss 15” full range 8 ohm £83.00
Elat 10” 10RM239 d/c 8 ohm £3.12 Gauss 15” Bass 8 ohm £83.00
Elac 8” 3 ohm £2.87 Gauss 18” full range 8 ohm £110.00
Eagle Crossover 3, 8 or 16 ohm £1.75 Gauss 18” Bass 8 ochm £110.00
Eagle CTS cone tweeter 8 ohm £2.06 AN the above Gauss (American) speakers are
Eagle CT10 tweeter 8 or 16 ohm £3.00 fitted with 43” voice coils and can handle 200 watts
Eagle DT33 dome tweeter 8 ohm £6.31 RMS.
Eagle FF5 3 way crossover £3.62 Kef T27 £6.06
'Eagle SN75 crossover with tw. contro £4.69 Kef T15 £6.94
Eagle FF28 multicell, horn £9.00 Kef B110 £8.37
Eagle HT15 horn tw. 16 ohm £4.40 Kef B200 £9.50
Eagle HT21 horn tw. 8 ohm £6.81 Kef B139 £16.95
Eagle MHT10 horn tw. 8 ohm £4.44 Kef DN8 £2.31
Eagle FR4 4” full range £6.12 Kef DN12 £5.99
Eagle FR65 61” full range £9.62 Kef DN13 £4.50
Eagle FR8 8” full range £12.31 Richard Allan CG8T 8” d/c roll rurr. 8 ohms £7.50
Fane Pop 15 watt 12” £5.25 STC 4001G super tweeter £6.56
Fane Pop 25T 30 watt 127 £7.50 21" 64 ohm, 70mm 8 ohm, 70mm 80 ohm 77
Fane Pop watt 127 £12.00 23" 75 ohm .55
Fane Pop 55 12” 60 watt £13.95 77 x 47 3,8 or 15 ohm £1.63
Fane Pop 60 watt 15" £14.75 8" x5”3,8 or 15 ohm £1.75
Fane Pop 100 watt 18" £25.95 10" x 6” 6, 8 or 15 ohm £2.69
The Ultimate Radio!

WILMSLOW AUDIO, 10SWAN STREET, WILMSLOW, CHESHIRE

SPEAKER KITS (Carr. 75p each. £1.50 pair)

Baker Major Module 3, 8 or 15 ohm each £13.44
Good mans Mezzo Twinkit pair £47.19
Goods mans DIN 20 4 ohm each £14.75
Helme XLK25 pair  £25.44
Helme XLK30 pair £17.19
Helme XLK50 pair  £46.25)
Kefkit 1 pair  £48.44
Kefkit 3 each  £42.50
Peertess 3-15 (3 sp. system each £17.19
Peerless 20/2 each £17.44
Peerless 30/2 each £24.38
Peerless 20/3 each £26.56
Peerless 50/4 each £40.50]
Richard Allan Twinkit each £10.95
Richard Allan Triple 8 each £16.50
Richard Allan Triple each £23.95
Richard Allan Super Triple each £28.75
Wharfedale Linton 2 kit pair  £23.12
Wharfedale Glendale 3 kit pair £40.62
Wharfedale Dovedale 3 kit pair  £63.12]

PA/DISCO AMPLIFIERS (Carr, and ins. £1)
Baker Major 100 watt £57.25

Linear 30/40 £30.00
Linear 40/60 £35.00
Linear 80/100 £58.95
Linear 100 watt slave £44.00
Eagie PRO A120, 120 watts RMS £135.00
Eagle PRO A65, 65 watts RMS £108.00
Eagle PRO A35, 35 watts RMS £82.00
Eagles TPA40 mains/12v mobile £50.00
Eagle HHS 36 watts, mobile 12v. £37.50
Eagle TPA20 paging amplifier £45.50
Eagle RAB59 Reverb (p. & p. £1.50) £19.75
Eagle RAB56 Reverb (p. & p. £1.50) £12.50
MICROPHONES (p. & p. 50p)

Shure 515 SB Low Impedance £17.31
Shure 515 SA High Impedance £18.25
Shure 545 Dual impedance £34.69
Shure 588 SB Low Impedance £23.12
Shure 588 SA High Impedance £23.75

Prices correct at 25.9.75
FREE with loudspeaker orders over £7 -
“HiFi Loudspeaker Enclosures” book
All items guargnteed new and perfect
Prompt despatch

Carriage: 50p per speaker 12" and up 75p each,
30p per tweeter, crossover or 24"/70mm speaker
kits 80p each (£1.60 pair)

. Including VAT — 25% on Hi-Fi
8% on PRO and PA

Big discounts on Grundig, ITT, Koyo, etc.

Send stamp for list

WILMSLOW
AUDIO

DEPT RC

LOUDSPEAKERS: SWAN WORKS
BANK SQUARE, WILMSLOW, CHESHIRE

AMPLIFIERS, RADIO ETC.
10 SWAN ST. WILMSLOW, CHESHIRE
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BARGAIN BUNDLES

Send to: BI-PAK SEMICONDUCTORS,
DEPT. R.C. P.O. BOX 6, WARE, HERTS.

Bi-Pak bring you, for 2 months only a fantastic inflation

beating offer designed to help you, the customer. With

single sided ©@Very Pak comes a useful FREE GIFT. In addition to this,

laminate, a generous supply of etchant OUr star attraction is the D.l.Y. Printed Circuit Kit. With

powder, etching dish, etchant every kit sold during this offer comes a voucher to the

. Measure, tweezers, etch resistant yalye of £1.50 to be spent on any item from our Retail
marking pen, high quality pump drill

PRINTED CIRCUIT KIT. Containing 6
sheets of 6" x 4

with Spares, cutting knife with spare Catalogue. o
blades, 6 metal ruler, plus full easy-
to-follow instructions. £7.80

DIODE 4 RECTIFIER BUNDLE
20 GERM G.P. DIODES DIRECT REPLACEMENTS FOR
(OA81-85, 0A91-95) i
2 x BY100 4 x IN40O4 4 x 1°5A 400V
4 x IN40O1 4 x 1.5A 50V ; x IN4148
S FREE BOO. .
No. BP9 38 P:p{'gncm. TESTED DIODE CIRCUITS
FOR THE HOME CONSTRUCTOR"
3 ALL FOR ONLY £1.50 0FFE:3 \&onm

3 for the PRICE of 2
Q Buy 2 x C60 cassettes for 72p per pr. GET 1 x

C60 absolutely FREE. Buy 2 x C90 cassettes
for 96p per pr. GET 1 x C90 absolutely FREE.

2 x 6A 100V 2 x 1A 400V
2 x 1A 50V -2 x 3A 50V
"2 x 5A 400V plus FREE
2 METRES OF 18SWG MULTI-
CORE SOLDER ALL FOR ONLY
£1.50
OFFER WORTH £3.0Q

FIRST PRIZE
OF A COLOURT.V. PLUS 52 OTHER PRIZES

<P CHINAGLIA

PROFESSIONAL QUALITY

e TESTEQUIPMENT
MINOR .-

@ ROBUSTCLASS 1.5 PRECISION MOVEMENT
gg:é?‘f:i @ ACCURACY 2.5% D.C. AND 3.5% A.C.
O IV ae. - @ 12 MONTH GUARANTEE

Q/Va.c. @ SELF-POWERED AND POCKET-SIZED
@ OPTIONAL 30kV.D.C. PROBE

wan et

i
= & et 1o}
o

PRICE £19.00 Inc, VAT (P. & P. 80p)
PROBE £9.50

For details of this and the many other exciting
instruments in the Chinaglia range, including
multimeters, component measuring, automotive

and electronic instruments please write or
telephone:

= CHINAGLIA

j u K l'l' 19 Mulberry Walk, London
TRADE ENQUIRIES WELCOMED o\ « SW36DZ Tel:01-352 1897
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you must have a soldering iron - |

so choose @@ [L@ N

and be sure of years of reliable service

Available in 15watt, 25 watt and 35watt sizes, and specifically
designed for radio and electrical work, Solon is the obvi"ous

\ choice of radio and hi-fi enthusiasts.

Solon irons are moderately priced, robustly constructed and

with all parts replaceable.

Ask for details of the complete range of Solon soldering irons

from your dealer or direct from —

Accessories -Department

GE(:-“E'".EY I.Tn GRAVESEND KENT

Obtainable from Halfords, Currys, most radio and electrical retailers, ironmongers, etc.

I.Understand o e
 electronics.

- Step by step, we take you through
~ all the fundamentals of electronics
and show you how easily the sub ks

- ject can be mastered using our
umque Le rna~K|t course.°

(1) Buuld an oscxnoscope

circuit dnagrams

circuits and see how
the.v wwk ]

NAME

. amateur in contact thh the whole -

! for the G.P.G. hcence

\,(“2) Read, draw and understand

{3) Carry out over 40 experi-
" _ments on basic electronic

$$$$$

S
e a .
G

adio amateur.

ooooo

a0

L
i
i

world. We give skilled preparatton my,

R

(|

Brochure, without obligation to: l
BRITISH NATIONAL RADIO & ELECTRONICS SCHOOL, Dept REL 115 l
P.O. Box 156, Jersey, Channel Islands. 1
|

-ADDRESS
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As you may already know, the front cover of the Home Radio
Components catalogue features a colour picture of the striking
modern sculpture ‘Theme on Electronics” by the late Dame
Barbara Hepworth. The original sculpture, incidentally, was com-
missioned in 1957 by Mutllards for their Electronics Centre
showroom.

If you asked me for my theme on electronics §'d say that experience
has taught me that the simplest and most satisfactory way of get-
ting electronic components is to buy them from Home Radio Com-
ponents — either over the counter at their shop in Mitcham or by
Mail Order. Ninety-nine times out of a hundred they can supply
just what you want immediately from stock — at very keen prices
too. If you're likely to require bits and pieces fairly regularly it will
be worth your while to make use of their Credit Account Service.
This is a fairly new service provided by Home Radio Components,
but they tell me that already about a thousand customers are us-
ing it. That doesn’t surprise me. | for one have found that it saves
me time and money in several ways. No space to give details here,
but full information and an application form are given in the
catalogue. Whether or not you use the Credit Account Service

Today’s finest Components
Catalogue 85[) plus 45D rackine

POST THIS COUPON

withcheque or PO for £1-30

The price of £1.30 applies to customers in
the U.K. and to BFPO addresses.

NOVEMBER 1975

HOME RADIO (Components) LTD. Dept. RC, 234-240 London Road, Mitcham, CR4 3HD. Phone: 01-648 8422

=

EaEg o Bl
TR g s
"’Wa;-rr“

you'll certainly need the catalogue, and at £1.30 (85p plus 45p
post & packing) it's a real bumper bargain. its 240 pages list
about 6000 components with nearly 2000 illustrations. What's
more the catalogue contains Vouchers worth 70 pence when used
against orders, so you can soon recover a good slice of your
investment.

Send the coupon below with your cheque or P.O. for £1.30, and
before long you too will be harping on the same theme ‘on elec-
tronics|

—————————-————————1

| Please write your Name and Address in block capitals

l_NAME ..............................................................

234-240 London Road, Mitcham, Surrey CR4 3HD
Regd. No. 912966. London

————_—_———_——————J

|
|
: HOME RADIO (Components) LTD., Dept. RC
|
L
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THE 6/12 AMPLIFIER

Part 1

by J. T. Neill

6 watt continuous, 12 watt peak

Incorporating some very neat circuit techniques, this
a.f. amplifier also” features small size and compact
layout. Circuit operation is described this month, and
details of construction will appear in next month’s con-

cluding article.

The amplifier coupled to the associated power
supply unit

The dramatic rise in ;ilopularity of audio reproduc-
tion has led to the publication of a number of high
quality designs. The author has had the opportunity
to listen to several of these, and they all represent a
high level of fidelity. However, what has been ap-
arent, in the author’s view, is that the number of
eatures provided and power levels available have in-
creased the cost of such equipment to the point where
a constructor requiring a moderate power output at
reasonable quality has no modern design to follow:

Accordingly, the amplifier presented here has been
designed to ﬁﬁ
is described; such a limitation is not considered to be
a serious drawback for the programme sources en-
visaged, namely reproduction of “pop’’ records from a
ceramic pick-up anfl from the output of a medium
qualitY cassette recorder. A radio tuner is also a very
suitable signal source.

The specification appears in the accompanying
table and it is from the output quoted there that the
amplifier derives its name.

MAXIMUM POWER

~ The maximum power that can be delivered to a
load of 80 with the suggested power supply and out-
put transistors is 12 watts; an attempg to drive the
amplifier harder results in clipping of the output.

208

that requirement. Only a mono version

Specification

Qutput power 6/12 watts (see text)
Frequency response 45Hz to 25kHz at —-3dB
Input for full output = 30mV peak at 2.2MQ
(ceramic p.u.)

250mV peak at 115kQ (cassette)

Tone control range +12dB at 100Hz
: +12dB, -16dB at 10kHz

Signal/noise ratio at full gain 56dB
Power supply (output stage) +22V at 600mA
Size (excluding power supply) 4% x 4% x 1}in.

However, with the heat sink arrangements provided
the output transistors will overheat after about 30

‘seconds at full output with sine wave drive, and the

maximum continuous rating is therefore 6 watts. Suf-
ficiently large heat sinks would enable the continuous
rating to be raised to the 12 watt level, but would con-
siderably increase the size of the complete amplifier.

It is appreciated that some readers, and especially
those without the appropriate test equipment, would
feel uncertain about guifding an amplifier in which it
is possible for the output transistors to overheat under
certain signal input conditions. Such readers can en-
sure that the output transistors will not overheat at
any input level by the simple process of connecting
the amplifier output to a 15Q speaker instead of to an
80 speaker. The maximum output power with a 15Q
speaker will be restricted to some 4 watts but, bearing.
in mind the small size of the amplifier, this still
represents a very attractive option.

The upper limit to the frequency response is set to
allow ful ﬁenefit to be made of any signal source. The
lower limit has been deliberately made slightly higher
than is sometimes the case in order to reduce the
effects of very low frequency rumble that could
otherwise arise from the use of one of the cheaper
turntables. The response below 40Hz falls off at about
12dB 'per octave, as determined by the values of
coupling capacitors employed at each stage.

RADIO & ELECTRONICS CONSTRUCTOR



AMPLIFIER CIRCUIT )

A block diagram of the *“6/12” appears in Fig. 1,
while Fig. 2 gives the complete circuit diagram ex-
cluding the power supply, of which more later.

A choice of inputs is provided, these being 250mV
at 115kQ input impedence, and 30mV at 2.2M Q.
Switching between them is carried out automatically
by the insertion of the appropriate jack plugs.

Amplifier Al is built around a type 745 integrated
circuit, the overall stage gain being about 30 times
with the output in phase with the input. Following the
volume control is a further 748 i.c. feeding a power

Tone
controi

= _l:l/> Output

- =y = - - e S Apart from the powser supply, all the amplifier
Fig. 1 Block diagram illustrating the amplifier components are enclosed in a neat small die-
stage line-up cast box

COMPONENTS

C6 0.1zF polyester ._2-off 6BA nylon nuts.

Resistors
(All fixed values i watt 10% unless otherwise stated)  C7 6,800pF polystyrene
R1 100kQ C8 6,800pF polystyrene
R2 15k C9 10pF polystyrene
R3 2.2Ma C10 22uF or 20uF electrolytic, 16 V. Wkg.
R4 47k0 C11 1,000uF electrolytic, 35 V. Wkg. 1
R5 1.5kQ C12 470uF or 500uF electrol{,tic, 16 V. Wkg.
R6 47kQ C13 1,062?1“ electrolytic, 35 V. Wkg.
R7 1kQ C14 470uF or 500uF electrolytic, 16 V. Wkg.
Eg ggﬁg Transformer )
R10 4.7k T1 Mains transformer, secondary 20-12-0-12-20V
R11 22k6 at 0.7A (R.S. Components)
R12 22ka Semiconductors
R13 1800 IC1 748 in TO99 encapsulation
R14 470Q IC2 748 in TO99 encapsulation
R15 47Q TR1 BC108
R16 180¢. TR2 BD132 with insulating washer
R17 4700 i TR3 BCY71
R18 470 TR4 BD131 with insulating washer
R19 1.5kQ D1 1N914
R20 100Q D2 0A47 | : e
R21 1Q 3 watt wire-wound D3-D6 silicon bridge recfifier; 100V 2A
R22 & R23 1.5kQ 4§ watt Sockets
R24 & R25 1.5kQ_} watt J1 3.5mm. jack socket, insulated
VR1 10kQ potentiometer, log J2 3.5mm. jack socket, insulated, with break con-
VR2 47kQ or 50k potentiometer, linear tact ) ‘
VR3 47kQ or 50kQ potentiometer, linear J3 3.5mm. jack socket, insulated
VR4 5000 pre-set potentiometer, miniature Mideianbeuk
skeleton, | Die-cast box, 4% x 3% x 1}in. (121 x 95 x 29mmi.)
horizontal mounting (S.T.C.) : .
Capacitors 3 knobs
1 6,800pF polystyrene Veroboard, 0.15in. pitch, 23 holes x 13 strips
C2 47uF or 50uF electrolytic, 6 V. Wkg. Veropins for 0.15in. Veroboard
C3 10pF polystyrene Aluminium for power supply chassis
C4 10pF polystyrene 1-off 6-way tagstrip
C5 0.33ul' polyester 2-off 8-way tagstrips

NOVEMBER 1975

I T e

T

-
o~

ey i RS



sy dwe

..Z4/9.. 941 Jo una412 epeydwo) -7 ‘i

7’

All- o . SINO- po2] $1N0-p02] maia do)
2o'io1 oL 2€lQe I1E108 1LAD8 w.O_Um 8vL
Ali+ o H, —p- pod 1031524100 q 5
ACZ—o > q 5 2 2
219233 €yA
O_Uﬂ ss6q CHA
awnjon  lya
ozyE 1
L
3 o > 0
4 -
=) = | S
| ) .l'un HA mmum umNm
3 SlyZ ¥ 4 17
6ly= s
b ARAR = .m
dfO]|| A——o—WW\¥ 5 .w_M Lyz =
€ 12y ng S
4 v,
! er
y
8 €dn LD CE=
Ol
AZZ+ Ommm > ! &
9% g —A .u
AAAA o AAAA = AAAA _ﬁ.
/W WWh Wi ed
6y ZuA 84 —R
€
95

RADIO & ELECTRONICS CONSTRUCTOR

208



amplifier using discrete transistors, giving together a
voltag% gain at 1kHz of 16 times and a phase inver-
sion. Thus the whole amplifier is phase inverting, 80
reducing the chance of unwanted positive feedback
leading to instability, and enabling it to be con-
structed as a very compact unit as can be seen from
the specification and p otographs.

Wide range tone controls Fiving both bass and top
boost and cut are, unusually, arranged to function
over the entire stage following the volume control.
They thereby eliminate the need for a separate tone
control stage and further contribute to the com-
pactness of the design.

Signals fed to the hiih level input J1 in Fi}%. 2 are
reduced in level by the potential divider R1, R2,
before being applied to IC1. The insertion of a jack
ﬁlug into the high impedance input J2 switches out

2, leaving only R3 as load for the signal. IC1 is

arranged to have an extremely high value of input im-.

pedance, obtained by the bootstrapping of R4. This
arises from the action of the large value capacitor C2,
which has its upper plate connected to the inverting

input of the integrated circuit amplifier; since the’

negative feedback around that amplifier tends to keep
the difference between its inputs very small, almost
the same signal appears at both ends of R4. Conse-
quently, there is very little signal current in R4 and it
appears to have a very much larger value than its ac-
tual physical resistance. With C2 at 50uF, R4 'apfears
to be greater than 2MQ at all frequencies above 40Hz,
and accordin%y the input impedance at J2 is substan-
tially set by R3.

The value of R3 is 2.2MQ, so giving a good low
frequency response when a ceramic pick-u is con-
nected to J2. A substantially lower value for R3 would
cause unwanted attentuation of bass frequencies,
since the signal from a ceramic pick-up is effectively
fed in series with a capacitance of about 800pF.

The overall gain of IC1 is determined by the ratio of
R6 to R5, so that with maximum permitted signal at
either input there is about 900mV at the top of the
volume control, VR1. Compensation capacitor C4 sets
the open loop gain-frequency characteristic to give the
appropriate response.

TONE CONTROL

The second i.c. amplifier and the output stage
proper have overall negative feedback apFlied. A Bax-
endall type tone control network is included in this
feedbac I1)oop and gives bass and top boost and cut in
the usual way. Fig. 3 shows the frequency responses
available. What is not so usual, however, is that the
feedback is obtained from a tap in a potential divider
across the amplifier output, giving a voltage gain with
the tone controls in mid-position of some 16 times
between volume control and loudspeaker. This
gain is required to rise to 64 times with either tone
control at maximum boost, and to assist in ensuring
that sufficient gain is available the output stage tran-
sistors are given a voltage gain of 11 times. Fig. 4,
\&vhich is a simplified circuit, makes clear how this is

one.

IOV§
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boost
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Fig. 3. Frequency responss curves for the amplifier
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Fig. 4. Simplified TRy
diagram illustrating
the operation of the Ry R
output stage AW
—_—
RI Z RL‘EE

Transistor TR1 in Fig. 4 has a load resistor R1 in its
emitter circuit, and under normal emitter follower ac
tion the signal voltage present at the emitter is of the
same magnitude and phase as that at the base.
However, the collector current of TR1 is modulated
by the signal and as this current is the base current of
TR2, a further amplified version of the input appear's
at TR2 collector; since the signal has undergone two
stages of amplification, each with a phase reversal, it
is now in phase again with the input. Its magnitude is
determined by the relative values of R1 and R2. If
they are equal, then obviously the signal at TR2
collector is twice that at TR1 emitter, that is, twice the
input signal. A similar reasoning will show that the
corresponding gain of the circuit in Fig. 2 is 11 times.

Thus we have a stage with a voltage gain and, since
the transistor used for TR2 is usually a high power
type, a high output power is available at a low im-
pedance due to the large amount of negative feedback
present within the stage itself.

In the “6/12” amplifier two such stages, each the
complement of the other, are used in push-pull, with a
voltage gain in each of 11, as determined by the
relative values of R14 and R15, and R17 and R18.
Resistors R13 and R16 limit the dissipation in the
stage (and so therefore, the output power) by limiting
the maximum drive to each output transistor base to a
safe level.

Voltage gain is incorporated in the output stage, in
the manner just described, for a number of reasons.

Besides ensuring that sufficient gain is present at
the “boost” settings of the tone controls, the output
stage gain also enables the amplifier output. voltage
swing to be larger than that present at the output of
IC2. The supply rail voltages for the i.c. are only 11
volts or 50, which restricts t%e maximum output.swin
to some 18 volts. This is less than that required for fuﬁ
power output. Voltage gain in the output stage makes
up for this situation and permits the full swing of load
voltage to be the 28 volts required.

Lastly, the 748 i.c. has a limitation known as “slew’
rate”. Basically, although IC2 has a level frequency
response at small signal levels up to well above that
required here, the faster rate of change of voltage call-
ed for at the higher signal voltages at high frequencies
is not within its capabilities. Once again, voltage gain
in the output stage compensates for this deficiency, by
{)ermitting the signal voltage delivered by IC2 to be

ess than would otherwise be required.

OUTPUT BIAS

The output stage transistors require to be biased so
‘that they draw a small standing current under quies-
cent conditions, and this is best done by arranging for
the bases of TR1 and TR3 to be respectively a small
amount positive and negative with respect to earth.
‘Two forward biased diodes, D1 and D2, are used to
provide most of this difference voltage, with a small
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pre-set variable resistor VR4 in series to enable fine
adjustments to be made to compensate for component
tolerances. :

The voltage across D1, D2 and VR4 is substantially
constant with variations in power supply voltage due
to the almost constant voltage drop across each diode.
However, temperature changes are also corrected; for
example, a rise which could cause an increase in out-
put stage current reduces the diode voltages and so
tends to reduce the standing current. Thus
température variations resulting from both en-
vironmental changes and local heating due to in-
creased dissipation in the output transistors are
reduced in effect. Note, however, that the latter com-
pensation can only be present if the diodes are
mounted close to the output transistors so that they
are affected by any temperature rise in them.

One diode, D1, 1s a silicon type, the other is ger-
manium. It was found during development of the cir-
cuit that the use of two silicon diodes gave too large a
standing veltage between TR1 base and TR3 base,
while two germanium diodes gave a voltage that was
too small. This arises, of course, from the property of
a conducting silicon diode to have 0.7 volt or so
developed across it, the corresponding figure for a ger-
manium diode being only about 0.4 volt. A com-
promise seemed in order, even though it is a little un-
usual. It is worth noting that other amplifier designs
frequently call for more complicated arrangements
invlolving an extra transistor used as a voltage mul-
tiplier.

The degree of overall negative feedback from out-
put to volume control slider is set, as mentioned
earlier, by the ratio of R19 and R20 — at audio fre:
quencies, that is. At very low frequencies the im-
pedance of C10 becomes large compared to R19 so
that the degree of negative feedback is thereby in-
creased; for d.c. this increase is such that the overall
gain of IC2 and the output stage is unity, so that the
d.c. voltage at the junction of TR2 and TR4 collectors
is the same as that at the volume control slider, i.e. it
is zero with respect to earth. Consequently, the
loudspeaker can ge connected directly between the
output collector junction and the earth line, so
eliminating an expensive high value capacitor and
cor\itributing to the small size of the unit.

A close-up view of the power supply com-
ponents
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The negative side of electrolytic capacitor C10 is
returned to the negative 11 volt supply rail, and not to
the earth line. This method of connection ensures that
C10 remains properly polarised, with its upper end at
earth potential. ;

A 10 resister R21 is used in series with the
loudspeaker to reduce a little the large currents that
could otherwise flow should a short-circuit appear at
the output. The power loss due to R21 is negligible.

OUTPUT POWER

The output transistors used are types BD131 and
BD132, a complementary n.p.n.-p.n.p. pair in plastic
encapsulation. Although they are eacg rated at 15
watts maximum (some references state 11 watts) this
does not mean that 30 watts can be drawn from the
amplifier described here. A primary objection to this
is a phenomenon known as secondary breakdown.

A curve showing the current-voltage limits that
have to be observed in order to prevent such
breakdown is given in Fig. 5 (extracted from Mullard
data). It will be seen that at a rail voltage of 22 volts,
as provided in the power supply of the “6/12”
amplifier, the maximum collector current permitted
is 0.6 amp. Resistors R13 and R16 have been chosen
so that the greatest mean current through each of the
output transistors is 0.6 amp when signal clipping
starts. With two transistors in push-pull, 12 watts can
be driven into 8Q and this is the peak rating of the
amplifier.

Further limitations arise due to thermal con-
siderations. The heat sinking provided in this design is
capable of maintaiping a suitable junction
temperature only if the average output power over
some minutes is limited to 6 watts into 8Q and this is
therefore the maximum mean output of the amplifier.
As was stated earlier, the risk of over-heating is ob-
viated if the amplifier feeds into a 15Q loudspeaker.

Ic amps

Safe area

10 20 45

VcE volts

Fig. 5. Secondary
breakdown curves for the
BD131 and BD132
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Fig. 6. The power supply. No connections are
made to the 12 volt taps in.the transformer
secondary

POWER SUPPLY

The power supply for the “6/12” is required to offer
outputs of 22 volts positive and negative at 600mA
and 11 volts positive and negative for the two in-
tegrated circuits.

These outputs are easily achieved with the circuit of
Fig. 6. The combination of a transformer with a 20-0-
20 volt secondary and a brid%e rectifier in the con-
figuration shown gives a dual output of about +30
volts off load, falling to +22 volts when the amplifier is
delivering its full output-of 12 watts. The two 748 i.c’s
require lower rail voltages and these are most easily
provided by means of two potential dividers. The ex-
tra expense of a regulated supply using zener diodes is
hard to justify in view of the excellent rejection of
supply rail changes by the 748's.

This completes the description of the circuit of the
“6/12” amplifier and its power supply, and construc-
tional details will be given in next month’s concluding
article. The full Components List appears ‘in. this
issue. The two 748’s employed are in the round TO99
(sometimes referred to as TO5) encapsulation and
these are available from several retailers. An
S.T.C. die-cast box was employed for the
prototype amplifier, and this is listed by Home
Radio. The three jack sockets have an insulated con-
struction, i.e. both their contacts are insulated from
chassis. The two output transistors require an in-
sulating mica washer, which is normally supplied with
them. The polystyrene capacitors shown in the Com-
ponents List are available from Doram Electronics or
Electrovalue. The tagstrips employed in the prototype
can be seen in the accompanying photographs. The 6-
way tagstrip is fitted in the amplifier. It s ould have
all tags insulated from chassis and should not be
longer than about 24in. The two 8-way tagstrips are in
the power supply and are not critical with respect to
length, although the use of small tagstrips is
preferable. The silicon bridge rectifier employed for
D3 to D6 may have a voltage or current rating in
excess of those stated. Readers having any other
queries concerning components should find that these
are cleared up in next month’s article.

(To be concluded)
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NEWS . . .

Successful Himalayan
expedition uses multicore
tape solder

News recently reached Multicore Solders Limited of Maylands Avenue,
Hemel Hempstead, Herts., from their Polish Distributor who reported
that during 1974 a Polish mountaineering expedition conquered the
highest unclimbed peak in the Himalayas — the Kangbachen Peak
(7902 metres). Five Polish mountaineers placed a Polish and Nepalese
flag on the peak which had defied all previous expeditions.

The secretary of the expedition, the first one on the peak, was an elec-
trical engineer and physicist, Dr. Eng. Wojciech Branski. Dr. Branski
was responsible for servicing and maintaining all the electrical and elec-
tronic equipment. He told Muticore’s Polish Distributor:

”Well before the start of the expedition I was concerned about equip-
ment failure as one cannot carry both solder and soldering iron due
to weight and space restrictions. The answer to this problem came
from Multicore Solders. Specially prepared Tape Solder wound
round wire terminals soldered quickly when heated by the flame of a
match. Ersin Multicore Flux Cored Tape Solder can be used
anywhere and at any height, as I have proved on several occasions in
the mountains. Ersin Multicore Tape Solder should be an essential
part of any mountaineers equipment.’’ '

Dr. Branski also stated that he used Multicore Tape Solder both at
home and on his car. g

Ersin Multicore match melting Tape Solder has been on the market for The photograph shows members of
many years now and has useful and varied applications, besides the the Polish expedition in the
ones described above. For industrial uses it is available in many shapes Himalayas, who successfully
and forms, according to specific requirements. It is also sold in shops in repaired their electronic equipment
a convenient pack of pre-cut pieces. with Ersin Multicore Tape Solder.

CCTV EQUIPMENT PROBLEM SOLVED WITH SPEEDFRAME

The photographic unit of the GKN Group Technological Centre
provides a comprehensive photographic service to meet the re-
%uirements of both internal departments and external sectors of the
roup.
One of the services run by the unit is a closed circuit television facility .
which is used for the recording and analysis of industrial processes,
work study techniques and training courses.
The CCTV equipment comprises cameras, & video tape recorder,
monitors, switching unit and various ancilliary components. All of these
Earts need to be wired up and positioned correctly for monitoring. This
ad become a lengthy and inconvenient procedure, since each piece of
equipment had to be stored, transported, and set up separately betore
each video tape session.
Dexion Speedframe proved to be an ideal solition to the problem. A
framework of 17 Speedframe measuring 3’ x 2’ x 2’ was constructed to
form a purpose built mobile control console for housing all the equip-
ment. The console framework was then fitted with 4” diameter castors
and plywood shelves to form a trolley. The top shelf of the trolley is
removable so that the unit can be carried easiry in an estate car.

Once reassembled and loaded, the trolley becomes a rigid and practical
support facility which can transport the equipment quickly and easily
from one location to another.
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COMMENT
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Unusual stand at
Audio Fair

Fire-damaged PCBs
cleaned up

Following a serious fire in the computer centre of a
Dutch electronics factory over 1000 contaminated
PCB assemblies were successfully cleaned to new con-
dition in ‘Arklone’ solvent at the ICI Technical Ser-
vice laboratory at Runcorn.

Many of the computer boards still had flux residues
adhering to them, dating from their original manufac-
ture, which had to be removed with ‘Arklone’ K before
final cleaning could commence. The remaining fire
contamination, consisting mainly of water staining,
vgas removed by ‘Arklone’ W and rinsing in ‘Arklone’

 Subsequent inspection and testing by the elec-
tronics manufacturer has shown that the boards are
all usable with the exception of a mere dozen which
suffered mechanical damage to cheap and easily
replaceable diodes.

The efficiency of ‘Arklone’ solvents in removing
contamination from PCBs and assemblies was clearly
demonstrated in this rigorous and unusual exercise.

Further details of the range of ‘Arklone’ solvents
are available from Department P, ICI Mond Divi-
iiérl}‘, PO Box 13, The Heath, Runcorn, Cheshire WA7

Post Office charges

The recent severe increase in Post Office charges
has made life more difficult for most publishers as
they are, unavoidably, substantial users of Post Office
services.

Solely due to the increase in postal rates, we regret
that it has become necessary to increase our annual
subscription rate to £4.50 per annum, as from lst
November.

It is perhaps worth mentioning, that our subscrip-
tion rate is less than the full cover price of the
magazine plus postage, by nearly 50p, and of course
subscribers are insulated against any further price
rises for 12 months.

Independent Television in

Outer Hebrides

About 17,000 inhabitants of the Isle of Lewis in the Outer
Hebrides in Scotland are to be given a choice of television
programmes for the first time — and they will be in colour.

To date, the only television service available in the Western
Isles has been the black-and-white VHF 405-line service of BBC-
1. But the opening of a new high-power UHF 625-line transmitting
station by the Independent Broadcasting Authority at Eitshal in
early 1976, will bring the programmes of Grampion Television in

both monochrome and colour.

The optimum route for the ITV programme signals has been
achieved by a co-operative effort between the IBA and the BBC
and necessitates the use of an SHF (Super High Frequency) link,

over a hundred miles in length.
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Strathearn Audio’s unusual stand in the main hall
at this year’s Audio Fair. Picture shows the stand
which was of unusual and eye-catching design. A
special area was set aside for the reception of dealers
to provide a forum for discussion. The rest of the
stand was devoted to the general public, there were
two large areas — one for giving short formal
demonstrations of Strathearn products, and another,
which ran the entire length of the stand, was a
“hands-on-products” area to enable the public to try
out of the various turntables for themselves.

"I sup(fose in your line of business

you'd describe that sign you gave me
as a double digit display?”
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SUGGESTED CIRCUIT

300

'MULTI-WAY
LATCH CIRCUITS

By G. A. French

Y

In the author’s article, “Touch But-
ton Circuits”, which appeared in the
January 1975 issue of this journal,
simple bistable circuits were described
which require two transistors and a
few other components only. These cir-
cuits all took advantage of the fact that
the collector of a bottomed silicon
transistor has a potential which is ap-
proximately 0.2 volt above emitter
potential, whilst the base potential un-
der these circumstances is about 0.6
volt above emitter potential.

BASIC CIRCUIT

The basic bistable, with typical
resistor values, is illustrated in Fig. 1.
In this circuit both transistors are

silicon planar types. One transistor is
always turned on and one transistor is
always turned off.

Let us assume that it is TR1 which
is turned on. Its collector is then about
0.2 volt positive of the negative supply
rail, whereupon the base of TR2 is
held at this potential by way of R2,
and TR2 is in consequence cut off. The
fact that TR2 is cut off allows base
current to flow to TR1 via R4 and R3,
maintaining TR1 in the turned on con-
dition. If push-button switch S2 is
pressed the circuit remains in this
state. This is because TR2 is already
cut off, and connecting its emitter to
its base merely maintains it in the
same condition.

On-Off
+9v
sR = R4
<=4-7kn Ro R3 =47kn
10ka I0kn
< > TRy
BCIO7
TR, s s
BCIO7 I ' 2

e b
BC 107
L Lead-outs

Fig. 1. A Iatching circuit in which one transistor is always on and
one is always off. The circuit changes state when the appropriate
push-button switch is pressed
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If, on the other hand, S1 is pressed
the circuit changes state dramatically.
Pressing S1 causes TR1 to turn off,
whereupon it draws no collector
current via R1. A bias current flows
into the base of TR2 via R1 and R2,
causing this transistor to turn on and
its collector voltage to drop to about
0.2 volt above the negative supply rail.
When 81 is releasef the potential at
TR1 base is now equal to that at TR2
collector and TR1 remains cut off.

Thus, pressing S1 has caused TR1 to
cut off and TR2 to turn on. If 82 is
pressed the circuit reverts to its
original state.

The author felt that it would be of
interest to see whether this mode of
operation could be applied to latching
circuits having more than two stable
states. If a bias rail is provided which
is negative of the lower rail in Fig. 1, it
becomes possible to set up a network
in which only one of quite a large
number of transistors is held on at any
time, but this does not take advantage’
of the simple and inherent latching ac-
tion provided by the fact that the
collector potential of a turned on
silicon transistor is lower than its base
potential. If it is accepted that a multi-
way network allows only one of a
number of transistors to be turned o{f
at any time, then relatively simple
multi-way latching circuits can be
assembled which work from the dis-
parity between collector and base
voltages, and which require two supply
rails only. With reasonably careful
control of resistor values it should be
possible to incorporate ten or more
transistors in a circuit of this nature but
the author considered that four tran-
sistors represented a reasonable prac-
tical maximum. With more than four
transistors circuit operation, although
still quite simple and reliable, would
require rather a large number of inter-
coupling resistors between the tran-
sistors.
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Fig. 2. The circuit can be adapted to take in three transistors.
Here, one transistor is always off and two are always on

THREE-TRANSISTOR CIRCUIT

Fig. 2 shows a latching circuit incor-
porating three transistors and having
three stable states. To simplify circuit
presentation the three tramsistor
collectors have been designated A, B
and C, and the upper ends of the base
bias resistors connect to these collec-
tors as indicated. Thus, the upper end
of R2 connects to the collector of TR2
and the upper end of R3 connects to
the collector of TR3.

In this circuit one transistor is
always off and two transistors are
a'lwa%s on. Let us say that it is TR2
and TR3 that are turned on. A poten-
tial approximately 0.2 volt positive of
the negative rail is then applied to the
upper end of R2 and a similar poten-
tial to the upper end of R3. These
potentials, algp ied to the base of TR1,
maintain TR1 in the off state. A bias
current flows via R1 and R5 to the
base of TR2, turning this transistor on.
R6 couples the base of TR2 to the
collector of TR3 but since the voltage
across this resistor is only about 0.4
volt (the difference between 0.6 volt at
TR2 base and 0.2 volt at TR3 collec-
tor) the current which flows through it
is much smaller than that in R1 and
R5. The latter current predominates,
ensuring that TR2 is hard on. A
similar situation exists in the base cir-
cuit of TR3. A relatively high bias
current flows via R1 and R8 to TR3
base and a much smaller current, from
TR3 base to TR2 collector, flows via
R9. The bias current in R1 and R8 is
much the greater of the two and, like
TR2, transistor TR3 turns hard on.
The circuit is, therefore, stable, with
TRI1 cut off and TR2 and TR3 on.

If, now, push-button switch S2 is
pressed, TR2 turns off. Its collector
voltage risés and a base bias current
becomes available to TR1 via R4 and
R2, and to TR3 via R4 and R9. When
S2 is released TR2 remains cut off and
the circuit is in the second of its three
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stable states, with TR2 oft and TR1
and TR3 on. Pressing S3 brings the
circuit to its third stable state, in
which TR3 is off and TR1 and TR2
are on.

_To. sum up, any of the three tran-
sistors can be caused to turn off, and

stay off, by pressing the appropriate-

switch. -

When the suglply is switched on, any
one of the three transistors may
assume the turned off condition,
although in practice this will most
robably be the transistor with the
owest gain. If it is desired that a
specific transistor be reliably in the off
condition after switch-on, a capacitor
may be added between its base and the
negative supply rail. Fig. 3 shows the
capacitor coupled to TR1 base. It
de?ays the rise in base voltage in this

+oV

TR’|

Fig. 3. Adding a capacitor at

the base of one transistor

ensures that this transistor
is off at switch-on

transistor when the supply is applied
and so ensures that this transistor is
the one which is turmed off. The
presence of the capacitor does not up-
set subsequent operation of the circuit.
When the supply is switched on sharp-
ly by the on-off switch shown in Fig. 2,
ig is found that a value of 0.01}45 i8
quite adequate for the capacitor. If the
rise in supply voltage is more gradual,
as occurs when a mains supply unit is

-switched on at its mains input, a

higher value is required in the

_capacitor, and this has to be found by

experiment. .

Fig. 3 also shows a 100 resistor in-
serted in series with S1. This resistor is
included to limit capacitor discharge
current when S1 is pressed. Con-
sidering the capacitance and voltages
involved the inclusion of the 10Q
resistor is rather a pedantic design
point, and it could be omitted if
desired. If, however, the use of a mains
supply necessitates increasing the
capacitor value to 0.1uF ‘or more, it
would be preferable to retain the 102
resistor.

OBTAINING OUTPUTS

RZ
=

I0kn =

A
YyYY

@)- R2 R3

BCIO7 TRy

&

Fig. 4. One method of tak-
ing an output from one of
the transistors

Should it be desired that two “on”
outputs be obtained from the circuit of
Fig. 2, the collector circuits of the tran-
sistors can be modifed accordingly. An
output from the single “off” transistor
is a little more difficilt to/ arrange
because, even when it is turned off, a
current (providing bias for the ather
two transistors) still flows in its collec-
tor circuit. :

An “off” output can bé changed to
an “on’” output by the addition of a
silicon transistor to one or more of the
three transistors in the network. The
arran'fement is shown in Fif' 4, where
the added transistor is coupled to TR1.
If TR1 is on, the added transistor
is turned off. When TR1 turns off a
base current of approximately 0.65mA
is available for the added transistor,
which can then pass a collector current
equal to 0.65mA multiplied by its
current gain. The collector load for the
added transistor can be returned to the
9 volt positive rail or to any other
positive supply point of suitable
voltage level.
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_ An “off” output may be obtained by
inserting the base-emitter junction of
an added silicon transistor between the
emitter of one of the network tran-
sistors and the negative rail. Fig. 5
shows two silicon transistors added in
this way to TR1 and TR2. Each of the
added transistors is off when the tran-
sistor connecting to it is off, and is
hard on when the transistor connecting
to it is on. The added transistors cause
the emitters of TR1 and TR2 to be
effectively 0.6 volt above the negative
supply rail. To maintain balance and
ensure reliable operation, the emitter
of TR3 has also to be 0.6 volt above the
negative supply rail, and this is achiev-
ed by inserting a forward biased
silicon diode between the emitter and
the rail. Alternatively, the base-
emitter junction of a third added tran-
sistor could be inserted in the emitter
circuit of TR3. The capacitor circuit of
Fig. 3 works equally well with this ver-
sion of the circuit.

YYvY

TRy
BCIlO7 © bsl

On-0Off
+9v
A € A B
Ry
R R R
62 = 8 9
TRy
I352 IN4002 I:lss
Fig. 5. An alternative output circult
On-Off
+9V
B C
Ri4Z RisZ Rig:
\ il
\|
IOkn

Fig. 6. The basic circuit expandsd to incorporate four transistors. This network has four stable states

FOUR STATE VERSION

The latching network can be ex-
panded to include four transistors, and
a practical warking circuit is given in
Fig. 6. In this arrangement one tran-
sistor is always off and three tran-
sistors are always on. Any transistor
can be set to the off state by pressing
the switch connected to its base and
emitter. The capacitor circuit of Fig. 3
functions satisfactorily with this

arrangement, as also do the output cir-
cuits illustrated in Figs. 4 and 5.
There is little reason to doubt that
more than four transistors could be
employed in a multi-way latchinF cir-
cuit employing the basic principles of
the three and four transistor networks.
However, the circuit complexity in-
creases with each transistor that is
added and the four transistor circuit of
Fig. 6 is, perhaps, the maximum that is
worth assembling with discrete com-

BACK NUMBERS

ponents.

The principles employed in the cir-
cuits are of a general nature and the
experienced experimenter will be able
to incoporate them in any specific
applications he has in mind. All the
resistors in the circuits can be } watt 5
or 10% types. The author used
BC107’s throughout, but any similar
small silicon planar n.p.n. transistors
having a current gain of 100 or more
should be equally satisfactory.

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

We retain past issues for a period of two years and we can, occasi_ohally, supply copies more than two
years old. The cost Is the cover price stated on the issue, plus 11p postage.

Before undertaking any constructionai project describéd in a back issue, it must be borne in mind that
components readily availabie at the time of publication may no longer be so.

We regret that we are unable to supply photo coples of articles where an issue is not avallable.
Libraries and members of iocai radio ciubs can often be very heipful where an issue Is not avaliable for
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SUBSTITUTING BY
SILICON RECTIFIERS

by F. G. Rayer

yalve h.t. rectifiers, and they may be instrumental
in prolonging the useful life of earlier equipment.

Silicon rectifiers offer an economic alternative to

Silicon rectifiers are compact and inexpensive and
they offer an admirable substitute or replacement for
most valve rectifiers. They can usually be fitted to
replace expensive or difficult to obtain valve rectifiers:
in transmitting equipment, or in the older audio
amelifiers and radio receivers. =

ig. 1 shows a typical half-wave rectifer circuit with
a reservoir capacitor and smoothing choke. A resistor
is frequently employed instead of the choke. The
valve rectifier only conducts on the half-cycles when
its anode is positive; electrons then flow from the
heated cathode (or the heater itself with directly
heated valves) towards the anode. In consequence, a
positive rectified voltage is available ‘at the rectifier
cathode.

A silicon rectifier carries out the same function as
the valve rectifier, but is much smaller and requires
no heater. Also, it has a very low resistance when it
conducts, whicfn means that -the rectified voltage it
produces is_ higher. When replacing a valve by a
silicon rectifier it is usually necessary to insert a series
resistor so that the rectified voltage does not become
too high and to keep charging current surges in the
reservoir capacitor to a low level.

/ 4|‘ Y
N\
Cathode Anode

Smoothing
choke

- T|

4 A
b
Czl Smoothing C lRescrvolr i
T capacitor T capacitor

Fig. 1. A typical half-wave valve rectifier circuit

supplied by the secondary of mains transformer

T1. The symbol for a silicon rectifier appears
above the valve rectifier
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A valve rectifier.and the plug-in rectifier unit
which replaces it

A silicon rectifier symbol is drawn above the valve
rectifier symbol in Fig. 1, and its anode and cathode
are identified. These correspond to the anode and
cathode of the valve rectifier.

The polarity of a silicon rectifier is most frequently
indicated by a coloured band on its body near the
cathode end. Sometimes the cathode end is indicated
by a tapering of the body. If any doubt exists about
the polarity of a silicon rectifier, connect one end to
the transformer secondary, leave the other end free
and check polarity with a testmeter switched to a
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Silicon
rectifier

ld
+1X

Mains transformer .
secondary

Fig. 2. If any doubt exists, the polarity of a

silicon rectifier can be confirmed with a

testmeter before connecting the rectifier fully

into circuit. The testmeter is set to a suitable
volts range

Testmeter ¢

suitable volts range. See Fig, 2. The testmeter needle.
will give a forward reading if its positive test clip con-
nects to the rectifier cathode. A silicon rectifier con-
nected wrong way round will almost certainly break
down reservoir and smoothing capacitors and can
cause considerable damage.

RECTIFIER RATINGS

Silicon rectifiers must have ratings adequate for the
voltages and currents which appear in the-circuits in
whicg they are fitted. Fortunately, silicon rectifiers
with adequate ratings for most circuits are readily
available.

Peak Inverse Voltage. This is the peak voltage
which is applied across the rectifier when it is not con-
ducting. In Fig. 1, suppose that the secondary voltage
of the mains transformer, T1, is rated at 300 volts.
This is the r.m.s. rating as would be indicated, for in-
stance, by a testmeter switched to an a.c. volts range.
The peaK voltage is approximately 1.4 times this
figure, or 420 volts. If no load current were drawn
from reservoir capacitor C1 this could charge up to
the peak voltage, with the terminal connected to the
rectifier cathode positive. On half-cycles when the up-
per end of the transformer secondary is negative t e,
total possible peak inverse voltage applied to the rec-
tifier will consist of the 420 volts in the transformer
secondary plus the'420 volts in C1, or 840 volts. So the
peak inverse voltage rating of a silicon rectifier used in
the circuit of Fig. 1 must be greater than 840 volts.

In circuits of the type shown in Fig. 1 the peak in-
verse voltage rating of the rectifier must, therefore, be
greater than 2.8 times the r.m.s. value of the applied
alternating voltage. In the full-wave rectifier circuit of
Fig."®an r.m.s. voltage of 250 volts is applied to each

Choke SR .

8 IA' ..R.Iu 4 250v
:—l =iibike + Y YYYy
oV T
4 -
# E SR
2 R.
14 “’.2.. 6

+I Y vy 250v

SR -silicon rectifier

Fig. 3; A silicon rectifier circuit replacing a full-
wave valve rectifier
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rectifier, so that these must both have a peak inverse
voltage rating of greater than 2.8 times 250 volts, or
700 volts.

In circuits such as Fig. 1 and Fig. 3, rectifiers with a
peak inverse voltage rating of 800 volts are suitable for
applied alternating voltages up to 250 volts r.m.s., and
a peak inverse voltage rating of 1,000 volts for applied
alternating voltages up to 350 volts r.m.s.

For very high voltages, two or more rectifiers can be
connected in series, as is shown ‘later. !

Rectified current. Most valve rectifiers have Jmax-
imum current ratings in the range of 100 to 250mA.
Silicon rectifiers rated at 1 amp are readily available,
and so it is normally an easy matter to obtain silicon
rectifiers of adequate current rating.

Another rectifier and its substitution plug-in
unit

HEATER CIRCUIT

Many full-wave valve rectifiers have 5 volt 2 am
or 3 amp heaters, these including the 5R4GY, 5U4G,
5V4G, 5Y3GT and similar types. Others, such as the
6X4 and 6X5GT, have 6.3 volt 0.6 amp heaters. These
heaters are normally fed from a 5 volt or 6.3 volt
mains transformer secondary. Substitution by silicon
rectifiers will merely mean that the load on the
transformer is reduced. No compensation for this is
needed.

Some items of equipment have the valve heaters
connected in series. To take an example, a typical
rectifier intended for series heater operation is the
35Z4GT, which has a 35 volt 0.15 amp heater. If such
a rectifier is removed, a resistor of suitable value must
be connected across the valveholder heater pins to
maintain the circuit for the heaters of the other valves
in the equipment.

Since the heater of the 35Z4GT drops 35 volts at
0.15 amp, the required resistance is 35 divided by
0.15, or 233Q. The wattage dissipated by the resistor
will be 35 times 0.15, or 5.25 watts, and so the resistor
should have a wattage rating of 6 watts or more. It will
be difficult to obtain a resistor of 233 Q, but one at the
nearest preferred value of 240 2 would be adequate.
The equipment may have an adjustable dropper
resistor in series with the heater chain. In this in-
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stance, other more readily obtainable resistors such as
2000 or 220 could be used and the dropper read-
justed to provide the small extra resistance required.
The resistor will run warm and should be clear of
other items and have adequate air cooling.

With the 35Z4GT, the heater pins are 2 and 7. 1t

‘mai be convenient to pass the resistor leads through
e

sockets 2 and 7 of the valveholder and solder them to
the two valveholder tags. The resistor will then be
positioned above the valveholder. Alternatively, it
may be possible to include the resistor in a plug-in
unit such as that illustrated in Fig. 4.

SRy SR,

MLt - 14

Underside

Fig. 4. The silicon rectifiers and series resistors
of Fig. 3 can be wired up on an octal valve base
to form a plug-in replacement unit

FULL-WAVE CIRCUIT

Full.wave rectification is common in a.c. equip-
ment, and Fig. 3 shows two silicon rectifiers replacing
a valve of the 5R4GY, 5U4G and similar types. The
points numbered 4 and 6 correspond to the valve
anode pins and that marked 8 to the cathode. (The
E>R4G‘1P and 5U4G are directly heated rectifiers and
Eoint 8 corresponds, in practice, to one end of the

eater).

Due to the low forward (i.e. conducting) resistance
of the silicon rectifiers, resistors R1 and R2 are added.
For most receivers, small amplifiers and similar units,
R1 and R2 can be 100 1 watt. The resistors help to
ensure that the rectified voltage provided by the
silicon rectifiers is not excessively increased over that
provided by the valve rectifier they replace. They also
reduce peak currents.

If there is no reservoir capacitor and the rectified
voltage is fed to a smoothing choke on its own, R1 and
R2 can often be omitted. They may be added if sub-
iqq}l}lent checks show that the rectified voltage is too

igh.

PLUG-IN REPLACEMENT

A convenient method of fitting the silicon'rectifiers
consists of wiring them to a plug which can be fitted to
the rectifier valveholder in place of the valve. Octal
plugs are available, but a suitable plug can also be ob-
tained from an unwanted octal valve. Other, obsolete,
valve bases may be similarly obtained.

First wrap the valve in a good thickness of
newspaper or rags and break away the glass. Carefully
remove all the glass from the base and clean out the
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required pins by applying a soldering iron to the tip
and pushing a wire through.

The rectifiers and series resistors can then be
soldered to the valve base pins, as in Fig. 4. This will
make a direct plug-in replacement for the valve rec-
tifier. The resistors can be 100Q 1 watt, as already
discussed, and the rectifiers may have a peak inverse
voltage rating of 800 or 1,000 volts to suit the alter-
nating voltage applied to them.

SAFETY

A plug-in unit like that of Fig. 4 may- only be used
when equipment is fully enclosed, so that h.t. and
other high voltage circuit points cannot be accidental-
ly touched. For the same reason, silicon rectifiers and
resistors must not be mounted above the chassis in
equipment which is not fully enclosed.

With home-built equipment, or equipment having
valves exposed on the top of the chassis, the silicon
rectifiers and series resistors must be fitted un-
derneath so as not to leave exposed h.t. or other
dangerous circuit points.

HIGHER VOLTAGES

When the applied alternating voltage is above 350
volts r.m.s. it is usually convenient to employ inex-
pensive wire-ended rectifiers with a peak inverse
voltage rating of 1,000 volts in series. A suitable type
is the 1N4007. Two such rectifiers in series will Ee
suitable for alternating voltages up to 700 volts r.m.s.

Equal value resistors
3

aAAAAA AMAA
YVvy YYVY

& 14 id AMAAA 700V
-~ Fuy | oy | WW
oV
L 1d AW &
V

E3h ] Y l 200V

AAAAA A AAA

l"i YyYvy

Equal value resistors

Fig. 5. When rectifiers are connected in series,

equal value resistors are placed in parallel to

ensure that each rectifier has the same peak in-
verse voltage applied across it

For a full-wave circuit four rectifiers will be
necessary. The reverse resistance of silicon rectifiers
is extremely high and to ensure that the peak inverse
voltage is equally shared between two series con-
nected rectifiers, equal value resistors are placed in
parallel with them, as in Fig. 5. The actual values are
not very critical, and each resistor can be, for in-
stance, 220k Q 1 watt. Where the alternating voltage is
close to the limiting level of 700 volts r.m.s. for two
series connected rectifiers, the resistors should have a
tolerance on value of 5%. Fig. 5 also shows the two
series resistors which carry out the same function as
R1 and R2 of Fig. 3.
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by J. R. Davies

An unusual astable circuit in which a
relay carried out an active function.

Despite its usefulness, the Schmitt trigger does not
find many applications in home constructor projects.
In the design to be described in this short article a
Schmitt trigger is employed in company with a relay

" to form a\continually running astable oscillator. The
relay energises and releases at a frequency dependent
upon the value of a single capacitor, and one of its
contact sets may be used to allow a lamp to flash on
and off or perform any similar function. The length of
the switching cycle may be varied from the fastest
frequency at which the relay can operate to periods in
excess of 30 seconds. The circuit has the advantage
that frequency can be changed by altering the value of
‘one capacitor.

SCHMITT TRIGGER

The circuit of the astable appears in Fig. 1,
in which TR1 and TR2 appear in the Schmitt trigger
configuration. The relay coil is represented by a rec-
tangle alongside which 1s the ideutification letter “A”
over the figure “2”. This indicates that the coil is part
of relay “A”, and that it has two contact sets. These
are shown elsewhere in the diagram, as Al and A2,
and are illustrated in the de-energised condition.
Thus, contact set Al is normally closed and contact
set A2 is normally open.

On application of the 12 volt supply, capacitor C1 is
discharged and the base of TR1 is held at the same
potential as the negative rail, whereupon this tran-
sistor is cut off. At the same time the supply voltage
appears across the series combination of the relay coil,
R4 and R5, causing a positive voltage to be applied to
the base of TR2. Making the initial assumptions that
the relay coil has a negligibly low resistance in com-
parison with R4 and R5 and that base current in TR2
1s very small, the base of TR2 is held positive of the
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(5
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Fig. 1. The circuit of the Schmitt-relay astable.
The circuit oscillates at a frequency which is
controlled by the value of C1
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negative rail by 2 volts. TR2 is in consequence fully
conductive and a potential 0.6 volt lower appears at
its emitter, giving a voltage of 1.4 volts across R3. This
resistor limits TR2 emitter current to 30mA. The
current of 30mA flows also through R6, with the result
that this resistor drops 9 volts. Thus, the dissipation in
- TR2 is the remaining 1.6 volts multiplied by 30mA,
i.e. 48mw. The only function of R6 is to ensure that
dissipation in TR2 is maintained at a low level.

After switch-on, C1 commences to charge via relay
contact set Al and resistor R1. When the voltage
across its plates reaches 2 volts, a forward bias of 0.6
volt aﬁpears across the base-emitter junction of TR1
and this transistor commences to pass emitter and
collector current. As the voltage across C1 continues
to increase the emitter of TR1 raises the voltage across
R3 above its previous 1.4 volt level. At the same time
the increasing collector current passing through the
relay coil causes TR1 collector voltage, and hence that
at tge base of TR2, to fall. TR2 emitter is therefore
being taken positive whilst its base is being taken
negative. The emitter current TR2 passes through R3
reduces, whereupon the voltage on TR1 emitter goes
negative, giving further forward bias for TR1. The
effect between the two transistors is cumulative and
the overall result is that TR1 is rapidly turned hard
on and TR2 is rapidly turned off; the changeover hav-
ing been triggered when the base of TR1 was taken
positive to the level where this transistor commences
to turn on. Since TR1 is now conductive the potential
at TR2 base is just slightly positive of that on the
negative rail.

CAPACITOR DISCHARGE

The changeover causes relay contact set Al to open,
and C1 next commences to discharge via R2, the base-
‘emitter junction of TR1 and R3. As C1 discharges the
base current in TR1 reduces whereupon, after a
period, this transistor passes a significantly lower
collector and emitter current. Because of this, TR1

Fig. 2. If desired, alternative frequencies can be
selected by switching capacitors of different
values into the C1 position

collector goes positive and TR1 emitter goes negative.
When the voltage at TR1 collector is about 6 to 7 volts
positive of the negative rail the potentials at the base
and emitter of TR2 allow TR2 to commence passing
current and the reverse. changeover takes place,
resulting in TR2 turning fully on and TR1 becoming
cut off. The relay de-energises, contact set Al closes
and Cl commences to charge once more. Regular
cycles then proceed, with C1 charging until TR1 turns
on and energises the relay, followed by periods during
which C1 discharges until TR1 is cut off again and the
relay releases.

At first sight it might appear that an alternative
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mechanism is possible when C1 discharges, the effect
being that the relay coil current reduces to a level
which causes the relay to release, whereupon contact
set Al closes and the capacitor commences to charge
once more. However, the circuit will not continue to
run under these conditions with many practical
relays, because there would be a tendency to reach a
condition of equilibrium in which contact set Al
opens and closes over a very small traverse of the
relay armature. For positive relay operation it is
necessary that the Schmitt trigger changeover occurs
both at the end of the discharge period and at the end
of the charge period. It will be noted that it is required
of the relay that it remain energised at a coil voltage
which is significantly lower than that at which it
operates. This raises little difficulty because the
release voltage of an energised relay, whose armature
is held against the relay core, is normally considerably
lower than its energising voltage.

Diode D1 is merely the usual protective diode
which is connected across any relay coil driven by a
transistor, and it prevents the appearance of a high
back-e.m.f. across the coil when the relay releases.

The frequency of oscillation is controlled by the
value of C1, which can range from less than 100 uF to
greater than 2,500uF. At 2,500uF the length of ai
complete cycle (with R2 at 150Q') is approximately
30 seconds, and lower values of capacitance give
proportionately shorter cycle periods. Thus, with C1
:at 250uF the length of a cycle is approximately 3
seconds. The time, during the cycle, when the relay is
energised can be altered by varying the value of R2,
and this can range from zero (in which case the
positive terminal of C1 connects directly to the base of
TR1) to some 10k Q. The relay remains energised for
a longer period as the value of R2 is increased. If
desired, different frequencies can be selected by
switching different capacitors into the C1 position, as
indicated in Fig. 2. The electrolytic capacitor or
capacitors employed for C1 should have a working
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voltage of 6 volts or more. -

The relay can be any type with the requisite contact
sets, a coil resistance between 5002 and 1k Q , and an
energising voltage of 9 volts or less and a release
voltage of 5 volts or less. The author employed a
P.0.3000 relay with a 500 Q- coil in the prototype cir-
cuit. During the explanation of operation given earlier
it was assumed tﬁat the relay coil resistance was
negligibly low in comparison with R4 and R5. In prac-
tice, the coil resistance causes the voltage at TR2 base,
and the current passed by this transistor, to be a little
lower than the figures quoted. ]
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A new range of plastic cases, attractively These boxes have proved popular in industry,

finished in light grey ABS with aluminium and are now available to the home constructor.
. front and rear panels. Provision is made for High quality mduldings give projects the “pro-

both vertical and horizontal mounting of cir- fessional’” touch.

cuit boards.

'VERO FOR THE

HOMBEONSTRUEHOR

. For the more advanced project, this Card A further new Case range. PVC-clad steel,
Frame/Case accepts plug-in modules and boards. "*knockdown’’ form, modern styling, five sizes.

~ Finished in ‘natural anodised aluminium with
light blue PVC coated covers.

‘

VERO ELECTRONICS LIMITED, INDUSTRIAL ESTATE, CHANDLER'S FORD, HAMPSHIRE, SO5 3ZR
Telephone Chandler's Ford 2952 Cables Veroelec Southampton Telex 47551
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ADDED @ ;

AMBIENCE

By R. N. Soar

A simple means of obtaining “all round’’ sound
with a stereo system.

This is a simple add-on circuit which, when used
with a small stereo system and two extra speakers,
will give ambience effects from stereo recordings. The
stereo amplifier should have a common chassis con-
nection for both its existing speakers, as will normally
be the case. The two extra speakers should have the
same impedance as the existing speakers.

SPEAKER PHASING

As the diagram shows, the circuit depends on cor-
rect speaker phasing. Basically the circuit adds the
two rear speakers across the non-earthy terminals of
the existing speakers. The 25Q potentiometer enables
the rear volume to be controlled. This potentiometer
must be wire-wound, and the one used by the author
had a rating of 3 watts. The switch is a toggle type
which disconnects the rear speakers to give normal
stereo reproduction. If a stereo record is played
through tEe system and the switch is closed, the rear
speakers produce a surprisingly spacious effect.

It is very important that the speakers be correctly
phased. One way of finding the connections for correct
phasing is to use a stereo test-record which has phas-
ing tests on it. First ensure that the two existing front
speakers are in phase and then designate the terminal
of each which connects to chassis as ‘“negative” and
that which connects to the non-earthy amplifier out-
puts as ‘“‘positive”.

Disconnect one of the front speakers and replace it
with one of the additional speakers and find, with the
aid of the test record, which method of connection
produces correct phasing. Designate the speaker ter-
minals as “negative” and “positive” accordingly, and
then repeat the process with the second additional
speaker. Switch the amplifer off whilst changing
speaker connections and take great care not to ac-
cidentally short-circuit the output as the output cir-
cuit could then be damaged. Finally, reconnect the
original front speaker.

An alternative method of speaker phasing consists
of temporarily connecting a 1.5 volt cell to each
speaker and checking whether the cone moves
forward or backward. The terminals of all speakers
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Rear
volume
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wire-wound

Two rear speakers, connected with the phasing
shown here, may be added to a stereo system
to produce enhanced ambience

may then be designated with the cell polarity which
gives the same direction of cone movement.

The additional rear speakers are connected up as
shown in the diagram. Note that the junction of the
two rear speakers is not connected to chassis.

It is not necessary that all four speakers should be
identical, but the two rear speakers should be a pair.
If these are small they could be wall mounted; this
improves the effect.

The switch and wire-wound potentiometer can be
fitted in a small control box with output jack sockets
for the two rear speakers. If the box 1s made of metal
the sockets will need to be insulated types.

In ‘use the circuit gives apparent “four channel”
sound, and offers an improvement with most recor-
dings. Sometimes, the effects can be startling. Sounds
appear which are not noticed when a record is played
in the normal stereo mode and the improvement ine
reproduction is quite dramatic. |
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Integrated circuit operational amplifiers are now
being used in an increasing number of applications in
the field of amateur electronics, and they are amongst
the most versatile active devices available today. The
only problem that they are likely to cause is the provi-
sion of a suitable power source for testing a prototype
design incorporating operational amﬁ)liflers, or when

experimenting with operational amplifiers.

he problem lies in the fact that, when used as d.c.
amplifiers, operational amplifiers require two supply
voltages, one positive of earth and the other negative
of earth. Most operational amplifiers require equal
positive and negative supply voltages but a few types,
such as the 710 voltage comparator, require a positive
supply having a potential double that of the negative

supply.

FFe’:w ordinary mains power supply units are
equipped to provide these voltages ang it is often in-
convenient to use batteries, which are in any' case ex-
pensive in the long term. The mains operated power
supply described here. hag been specifically designed
for use with operational amplifier 1.c.’s, and it has out-
put voltages which are both positive and negative of
earth. In one mode of operation the positive and
negative voltages are equal and are continuously
variable from some 5 to 16 volts. In an alternative
mode of operation the positive voltage is double the
negative voltage; in this instance the positive voltage
is continuously variable from approximately 6% to
214 volts with the negative voltage geing continuously
variable from about 34 to 104 volts.

The maximum output current is 100mA, although
this can be increased somewhat if required by altering
the value of one resistor. Output current limiting is
employed to protect the unit against accidental short-
circuits.

VOLTAGE REGULATOR

The circuit diag{‘am of the power supply unit
appears in Fglg 1. The alternating voltage from the
secondary of T1 is given full-wave rectification by the
bridge rectifier formed by D1 to D4, the output o¥ this
being applied to reservoir capacitor C1. Regulation
and further smoothing of the supply is then provided
oy IC1, which is a 723C voltage regulator. This has a
rather complex internal circuif and the way in which
it functions can perhaps be best understood by ex-
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POWER SUPPLY
FOR OP-AMPS

Using an ingenious voltage splitting teshnique, this
power unit provides continuously variable positive and
negative voltages for the supply of §ll standard By A. P. Roberts
operational amplifier circuits. Further features are
voltage stabilization and overload current limiting.
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Fig. 1. The circuit of the power supply. This provides continuously variable output voltages which are
both positive and negative of earth
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COMPONENTS
Resistors

(All fixed values z or 4 watt)
R1 6.805% (see text)
R2 12kR2%
R3 10kQ2%
R4 20kn1% or 2%
R5 20kN1% or 2%
R6 20kQ1% or 2%
VR1 25k potentiometer, linear

Capacitors
C1 1,000u4F electrolytic, 50 V. Wkg,
C2 120pF polystyrene or silvered mica
C3 100iF electrolytic, 25 V. Wkg.
C4 100u4F electrolytic, 256 V. Wkg.

Transformer
1 Mains transformer, secondary 24 V at 500mA

(see text)

Semiconductors
IC1 723C (see text)
IC2 741 (see text)
TR1 40250
TR2 BC238
TR3 BC308
TR4 BD121
TR5 BD121
D1-D4 1N4002

Switches
S1(a) (b) d.p.s.t. toggle
S2 s.p.s.t. toggle

Miscellaneous
Instrument case (see text)
3 insulated terminals
Control knob
2 insulating kits (for TR1 and TR4)
Veroboard, 0.lin. matrix
Vero pins, as required
Mains lead
Grommet
4 rubber feet

The three powsr transistors are fitted to the
rear panel of the power supply case
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Fig. 2. Simplified diagram illustrating the
operation of the 723C voltage regulator

amli;‘ning the simplified block diagram which is given
in Fig. 2.

As will be seen from this, an internal zener
reference source couples to the non-inverting input of
a comparator. The output of this comparator feeds the
output stage, which consists of a Darlington pair
emitter follower. The Darlington pair provide a very
low output impedance, enabling the i.c. to handle out-
put currents up to 150mA. Although this output
current range is sufficient for the present power supp-
ly unit design, the i.c. will suffer excessive dissipation
at the relatively high output voltages employed. In
consequence, the i.c. output is coupled to the external
discrate emitter follower, TR1.

If the presence of R1 is temporarily ignored, the in-
verting input of the comparator connects to the

otential divider across the output which is given by

2, VR1 and R3. When the inverting input of the
comparator is negative of the non-inverting input its
output swings high. If, on the other hand, the inver-
ting input is positive of the non-inverting input the
comparator output swings low. The gain of the com-
parator is extremely high, and only a very small
voltage difference is required at its inputs to produce
the full, or the minimum, output level.

A negative feedback loop is, as a result, set up via
the output of the comparator and the potential
divider, and this will stabilize the circuit so as to
provide the same voltage at the two comparator in-
puts. The zener reference source produces ap-
proximately 7 volts and so if, for instance, the slider of
VRI1 taps off exactly half the output voltage with
reslpect to the negative rail then the output-wi%l be 14
volts.

Other settings of VRI will provide different out-
put voltages, and with the values specified for the
potential divider these range from a little less than 10
to slightly more than 32 volts. Apart from enabling the
output voltage to be controlled, the negative feedgack
loop also provides stabilization despite fluctuations in
mains voﬁage and variations in input voltage due to
different loadings on the mains transformer. Such
stabilizatioh must obviously exist since the output
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voltage is dependent upon the zener reference voltage
and the resistance values in the potential divider, and
not upon the input voltage. The only proviso here, of
course, is that the input voltage must be at least a volt
or so higher than any required output voltage.

CURRENT LIMITING

R1 and a transistor inside the 723C provide current
limiting. This works by virtue of the fact that a silicon
transistor starts to become significantly conductive
when a voltage of 0.66 volt forward biases its base-
emitter junction. Once this voltage has been reached
only a small increase is required to take the transistor
into saturation.

For the sake of explanation let us assume that R1
has a value of 6.6 (actually, it has the nearest
preferred value of 6.80). An output current of up to
100mA can flow before the voltage across R1 is suf-
ficiently high to cause the transistor to conduct. If this
current is exceeded the transistor conducts heavily
and current from the comparator output is conducted
to the negative rail via the transistor and the output
load. The current drawn from the comparator output
reduces the voltage at this point, and the ou:hput
voltage drops to a level which causes no more than
100mA to flow in R1. If the output is short-circuited
the current will still be limited to 100mA and the out-
put voltage will be virtually zero.

SUPPLY SPLITTER

Returning to the circuit diagram of Fig. 1, the out-
put from the regulator is fed to a circuit which, in
effect, splits it into two separate supplies connected in
series, the connecting point of the two supplies being
earthed. When. S2 is open, half the output voltage
appears at the junction of the two equal value
resistors R4 and Fg5, and this half-voltage is applied to
the non-inverting input of the 741 operational
amplifier, IC2. The output of thisi.c. is coupled to the
input bases of the two transistor pairs TR2-TR4 and
TR3-TR5. TR2 and TR4 form a Darlington pair
emitter follower, and TR3 and TR5 form a compound
common emitter amplifier. Both pairs of transistors
have unity voltage gain and a low output impedance.
The common output of the two transistor pairs is.con-
nected back to the inverting input of the 741,
whereupon the i.c. and the transistors make up a com-
posite voltage follower with the output voltage being
the same as that at the non-inverting input of the 741.
Due to forward voltage drop across the emitter-base +
junctions of TR2, TR3 and TR4, the output of the 741
can shift positive or negative by a small amount on
either side of the output voltage, but this has no effect
on overall circuit performance due to the high gain in-
side the voltage follower feedback loop. The common
output of the two transistor pairs forms the earth
point1 and is connected to the chassis of the power
supply.

hen the output voltage from the 723C is varied by
means of VR1, so also are the voltages at the positive
and negative output terminals, with the earth ter-
minal being at the central voltage between them.

Closing S2 causes R5 to be shunted by R6, with the
result that the voltage at the junction of R4 and
R5 is one-third of the output voltage. In consequence
the voltage between the positive output terminal and
earth then becomes twice that between earth and the
negative output terminal, as is required by the 710
and similar devices.

Switch S1(a) (b) is the on-off switch for the power
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supply unit, and C2 is coupled to IC1 to prevent in-
stability. The two electrolytic capacitors, C3 and C4,
were added across the output terminals after a little
experience had been gained with the supply unit, and
they prevent the appearance of a very small ripple
voltage which can occasionally appear with some
loads. It should be noted that they will allow a
momentary discharge current to flow in the load
before the current limiting action comes into opera-
tion if the output is suddenly short-circuited.

CONSTRUCTION

The power supply unit is assembled in a ready-
made instrument case measuring 8 by 54 by 2in. One
piece of the case consists of an aluminium front, base
and rear panel, whilst the other is a black vinyl
covered steel top and sides. The drilling for the front
panel controls and terminals is shown in Fig. 3. The
layout of the mains transformer and component pan-
els on the base can be seen from the photograph of the
interior. Layout is not at all critical and there is plen-
ty of space. C3 and C4 are soldered directly to the out-
put terminals.

At the rear panel are required holes for TR1, the
mains lead grommet, TR4 and TR5, in that order.
The rear panel functions as a heat sink for the tran-
sistors and TR1 is to the left, behind the mains trans-
former. Both TR1 and TR4 need to be insulated from
the rear panel, and are fitted with mica washers and
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insulating bushes. TR5 is bolted direct to the rear:
panel. The connection to TR5 collector also provides
the chassis connection to the power supply circuit.
When, later, the mains lead is fitted, its live and
neutral leads will connect to S1(a) (b), and its earth
lead to the earth output terminal.

Four rubber feet are fitted at the corners of the
base, and suitable holes should be drilled for these.

COMPONENT PANELS
The smaller components are assembled on two
pieces of 0.1in. matrix Veroboard, details of which are
given in Figs. 4 and 5. It should be possible to cut the
two panels from a longer piece 24in. wide, using a
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The layout on the chassis is simble and un-
cluttered. Capacitors C3 and C4 can be seen
connected directly to the output terminals

o - oo  of et oo o |
° © 9  6BA clear ¢ o chY |
o O‘o €‘O o I3
o o S3 o o |4
° / \ o [5
°c o© o o ° o 6
o ° 7
r o I8
Earlh Direction
terminal "Phd 9 of
‘—'—@ 10| strips
° M0 i
° 12
° 13
—output ° 14
from fig4 .
| «Tis + output
o 16 from fig4
o U7/
—— @ 18
[} < ° b ° [ ° 19
N¢g.<_)utput s B, ~ < ls0
terminal
o TRy TRy o |21
/ o o o o 22
o o o o o\ |23
o ﬁ o \ © 0 0 o o0y o o o 24
L

ALB [S5) E F G H 1 ‘ K
TRs TR4 emitter, TRg base TR4 base
emitter TRs5 coliector

TR4 collector
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Fig. 5. How the components on the supply
splitter board are wired up

small hacksaw. The larger panel carries the rectifier,
smoothing and regulator circuitry, whilst the smaller
has the supply splitter components assembled on it.

Two mounting holes are drilled 6BA clear in each
panel with a No. 31 twist drill. The cabinet base may
then be marked out and the corresponding 6BA clear
holes drilled in it. Next, the copper strips are cut at
the points specified in the diagrams.

Link wires, rectifiers, resistors and capacitors are
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next soldered into position on the panels. A number of
connections are made from each panel to external
components, such as transistors, etc. Vero terminal
pins should be inserted at the approFriate points in
the panels and soldered in position. Finally, the two
integrated circuits are fittecF and their pins soldered.

The two panels are then mounted on the cabinet
base, each with two 6BA bolts lin. long. Extra nuts are
fitted between the panel undersides and the base, so
that they are spaced off adequately. The interconnec-
ting leads between the component panels and external
parts may then be fitted. Also, the mains input wiring
up to T1 primary can be completed.

If desired, the front panel can have transfers taken
from ‘Panel Signs’ Set No. 4 affixed at the controls
and terminals. A dial calibrated in terms of output
voltage may be fitted behind the control kncb for
VRI1, although this was not done with the prototype.
Instead, a multimeter is connected to its output when
required to monitor the output voltage.

COMPONENTS

As already mentioned, the prototrI\: e is housed in a
cabinet measuring 8 by 54 by 2in. This is the Instru-
ment Case type BV1, available from Bi-Pak. The in-
tegrated circuit type 723C should be obtained in the
14 pin dual-in-line package and the 741 in the 8 pin
d.i.f. package.

Mains transformer Tl may be any component
offering 24 volts at 500mA or more and which is less
than 2in. high. A suitable transformer is the Douglas
MT213CT, which is available from Home Radio. This
has two 12 volt 500mA secondaries which may be con-
nected in series to give 24 volts at 500mA.

A view from the rear. C3 and C4 were not fitted
when this particular photograph was taken

INCREASED OUTPUT CURRENT

If a hiiher output current is required before
limiting takes place, the value of R1 can be reduced
accordingly. There is, of course, a restriction to the
output current that can be obtained before the mains
transformer becomes too heavily loaded to produce
the minimum voltage of about 33 volts which is re-

uired across C1. If there is insufficient voltage across

1 it will not then be possible to obtain the maximum
output voltage from the power supply. In general, the
maximum limiting current level is of the order of 150
to 200mA.

The new value required in R1 may be calculated by
dividing 0.66 by the limiting current in amps. Thus, 1f
it is decided to have a limiting current leve'Fof 120mA,
or 0.12 amp, the value of R1 should be reduced to
5.5Q. The nearest preferred value of 5.6Q could be
used in practice.
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NEW

I'RANSISTORISED
OSCILLOSCOPE

Part 3 By R. A. Penfold

In this concluding article, the assembly of the

In last month’s issue nearl

flyback blanking amplifier is described. Also dealt

with are frequency compensation in both X and Y

amplifiers, and the frequency calibration of the
oscilloscope timebase.

all the constructional

work for the oscilloscope was described, the only com-
ponent panel not discussed being that for the flyback
blanking amplifier. This will be dealt with next.

FLYBACK BLANKING

During the period when the spot is deflected back
from right to left across the screen, having completed
a sweep, a flyback line can be traced out. At low fre-
quencies this will be very faint, but at higher frequen-
cies the flyback time grows longer in comparison with
the sweep time, and a quite bright flyback line can in
consequence result. This gives a somewhat confusing
trace, and so it is customary to cut off the c.r.t. elec-
tron beam during the flyback period, and thus remove
the line.

The circuit of the flyback blanking amplifier is
shown in Fig. 15. The pulse obtained from the
NE555V during flyback is negative-going, and this is
applied via C21 to the base of TR15. TR15 functions
as a phase inverter, causing a positive-going pulse to
be applied to the base of TR16. TR16 again inverts
the phase and a high amplitude negative-going pulse
is thus applied to the grid of the c.r.t., cutting off the
beam during flyback.

The amplitude of the negative-going pulse from the
NE555V is greater than the maximum reverse base-
emitter voltage rating of the 2N708 employed for
TR15. In consequernice it is possible for charge and
discharge currents to flow in C21. No harm to the
NES555V or the 2N708 has been detected in practice
with the circuit arrangement used, and dissipation
will be very small as the negative-going pulses are ex-
tremely brief. The effect of a resistor in series with the
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ZRag

AAAAA

Rso

2N708
Lead-outs

8ch7
Lead-outs

Fig. 15. The flyback blanking amplifier applies
a large negative-going pulse to the c.r.t. grid

base of TR15 has been checked but this slightly
reduced the effectiveness of the flyback blanking;
since the circuit functions satisfactorily in practice
without the resistor it has not been incorporated.
The flyback blankinﬁ circuit is constructed on a
printed circuit board which measures 3 by 2in. The
etching details of this board are reproduced full size in
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Fig. 16. The printed circuit

board assembly for the

flyback blanking amplifier is
relatively simple to make up
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Fig. 16, which also shows the component layout.
The completed printed circuit board is mounted on
the inside of the rear panel of the case, just above the

" 12 volt supply board. It can be clearly seen in the ac-

companying photograph of the prototype oscilloscope.
ASTIGMATISM ADJUSTMENT

The correct setting for the astigmatism control,
VRS, is found by trial and error. Couple a sinewave
signal to the a.c. Y input, then adjust the timebase
controls and the X and Y gain controls to obtain a
trace of several cycles which fills the screen.

Next try various settings of the astigmatism control,
readjusting the focus control for each new setting. The
final setting of the astigmatism control is that which
gives the best defined trace at all areas of the screen.

C8 AND C10

The values quoted for the frequency compensating
capacitors, C8 in the X amplifier and C10 in the Y
amplifier, are those which were found to give op-
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The flyback blanking amplifier board is fitted to
the rear panel of the case, above the 12 supply
board

timum results in the prototype oscilloscope. While
these values should give adequate results with other
units, ideally the values should be selected to suit the
individual oscilloscope.

To find the correct value for C8, switch the
timebase to about its highest frequency and connect a
signal generator to the Y input to obtain a waveform
on the screen. If C8 has near enough the correct value
there should be no trace of the flyback signal, and the
sweep trace should be as bright at the left hand side of
the screen as it is at the right hand side. If the flyback
signal leaves a trace towards the left hand side of the
screen, then C8 must be increased in_ value. If the
trace of the waveform decreases in - brightness towards
the left hand side of the screen, then the value of C8is
a little too high. The correct value is found by trial
and error, and is one which eliminates the flyback
trace but does not affect the trace of the waveform.

In order to find the correct value for C10 it is
necessary to inject an audio square wave, say at a
frequency of about 400 to 1,000Hz, into the Y input
with S2 in the “XI,000” position. This should give a
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(a)

——Rounded edges

(b)

Qvershoot

v —

(c)

Fig. 17(a). The Y amplifier frequency response
may be checked by applying a square wave to
the input
(b). Poor high frequency response will result in
rounding of the leading edges of the waveform
{c). Excessive high frequency response will
produce overshoot

trace which is similar to that shown in Fig. 17(a).
However, if C10 has too low a value a trace with
rounded leading edges, like that shown in Fig. 17(b),
will be obtained. It will then be necessary to try a
slightly higher value for C10.

If, on the other hand, C10 is too high in value the
trace will look more like Fig. 17(c), with overshoot
lines being produced on the leading edges of the
waveform. A lower value for C10 must then be tried,
the correct value being found empirically.

TIMEBASE CALIBRATION

It is a useful feature to have a scale around the con-
trol knob of the timebase fine frequency control which
is calibrated in terms of timebase frequency. If a
calibrated signal generator is available it can be set to

a frequency of 50Hz and connected to the Y input. Set

the timebase range switch to position 2 (50 to 700Hz)
and adjust VR5 towards the low frequency end of its
range.

Switch off the sync at S4 and adjust VR5 to give one
complete cycle on the screen. With a single cycle on
the screen the timebase and signal generator are run-
ning at the same frequeéncy. The scale of VR5 is mark-
ed “5” at this point. By using the same process at
other signal generator frequencies up to 700Hz (at
which point the- scale is marked “70”) a complete
scale can be marked around the knob of VR5.

If an accurately calibrated signal generator is not

available the 50Hz mains can be used as a frequency

standard. Set the Y attenuator and fine gain controls
for maximum sensitivity, and connect a short lead,
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say about 12 to 18in. long, to one of the Y inputs. With
the timebase switch set to position 2, the sync turned
off and VR5 adjusted towards the minimum frequen-
cy end of the range, it should be possible to obtain a
display of a single cycle. The timebase is then running
at 50Hz, the Y input consisting of random pick-up
from the local mains wiring.

VR5 should now be advanced until a stable trace is
obtained consisting of two lines. Each of these is one
half cycle and the timebase frequency is then 100Hz
(2 x 50Hz): If VR5 is further advanced until a stable
trace is again obtained there will be three lines dis-

layed on the screen, each being one third of a cycle
ong. This indicates a timebase frequency of 150Hz (3
x 50Hz). This procedure can be repeated with four
and five lines, and so on, to identify timebase frequen-
cies of 200Hz, 250Hz, and further multiples of 50Hz.

It is possible to use the oscilloscope for approximate
frequency measurement by employing this procedure
in reverse. If, for instance, the timebase frequency is
600Hz and there are five complete cycles displayed on
gh(:)a s;ﬁeen, then the input frequency is 600 times 5, or

,000Hz.

FREQUENCY COMPENSATED
ATTENUATOR

If required, the attenuator can be modified toincor-
porate frequency compensation. The circuit of the
modified attenuator is shown in Fig. 18.

With S2 in the “X1,000” position there is of course
no need for frequency compensation, as the
attenuator is in effect switched out of circuit. When S2
is in the “X100” position the attenuator will tend to
reduce the u %er gequency response due to the shun-
ting effect ofp the input capacitance of the Y amplifier
on resistors R21 to R24. This is overcome by switching
a low value capacitor, C24, across R20 when S2 is set
to “X100.”

In the “X10” and “X1” positions the input
capacitance of the Y amplifier has less effect as it is
shunting a lower resistance. Stray capacitances
around R20 and R21 then have the most pronounced
effect, causing an increase in the frequency response
at high frequencies. TC1 is used to shunt R22, R23
and R24, and so counteract these stray capacitances.

C24
3.3pF
R2OSE - . l
> 4 S2c
R
x1C00
Ryr 2 L1Io0, X 55, s
2z %10 -
(=7 =
R23Z . To TRg
VR3 S 7 qate
R J: TG S
24z 10-40pF 2b

Fig. 18. Modifying the Y input attenuator to
give frequency compensation
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Fig. 19. The modified wiring at the attenuator
switch

The additional two components aré mounted on S2,
and the wiring of the modified attenuator assembly is
shown in Fig. 19. For ease of presentation the com-
gonents and wiring in Fig. 19 are shown spread out,

ut in practice: all wiring here must be kept short.

Note that the value of C24 might need to be altered
to suit individual oscilloscopes. If necessary, the cor-
rect value can be found by trial and error using the
same procedure as was employed to find the value of
C10 in the Y amplifier. Tge correct capacitance for
TC1 is found in the same way.

The two additional capacitors are not included in
the Components List which accompanied Part 1 of
this series.

From VR3

8™ TRe gote

SENSITIVITY

It is of course necessary to know the sensitivity of
the Y amplifier if the oscilloscope is to be used to
measure signal amplitudes. A suitable a.c. calibrator
is not described here as a: number of designs have been
published in_ the recent past. These include
“Oscilloscope Calibration Generator’’ by P. R,
Arthur, which was published in the March 1975 issue
of this journal, and “Oscilloscope Amplitude
Calibrator” by A. Foord which appeared in the
December 1974 issue.

Since the oscilloscope is d.c. coupled it is not even
essential to use an a.c. calibrator, as a d.c. voltage of
known value can be employed instead.

(Concluded)

IN NEXT MONTH'S ISSUE

WEIN BRIDGE AUDIO

SIGNAL GE

Offering a continuously variable range
from 7.6Hz to 76KHz, this mains powered
audio signal generator employs an in-
genious method of automatic gain control
for its op-amp sine wave oscillator. A se-
cond op-amp provides an alternative
square wave output.

PLUS
MANY OTHER ARTICLES
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WIDE RANGE=
=METRONOME

By M. G. Robsertson

This simple design, which incorporates ,

a 555 timer i.c., produces audible tone

bursts of controllable length over a wide
range of frequencies.

Electronic metronomes have been describeq in the
past in the home constructor electronic press, but
these have almost invariably produced audible out-
puts in the form of regularly spaced “clicks”. A
typical instance is given when the “clicks” are dis-
charge pulses from a unijunction transistor oscillator.
The audible energy in such pulses is low, even when
some form of amplification is provided to increase
their current amplitude.

The present design employs an alternative ap-
proach, and it produces short gursts of an audio tone
instead of single d.c. pulses. These bursts have a much
higher energy level and can be more readily heard

against ambient noise levels. At its lowest frequency .

the prototype circuit produced 1 burst every 8
seconds, whilst its highest frequency was well in ex-
cess of 3 bursts per second. The length of each burst is
controllable.

555 TIMER

The circuit of the metronome can be seen in the ac-
companying diagram. This employs an NE555V timer
i.c., or equivalent, in conjunction with a simple mul-
tivibrator incorporating TR1 and TR2. The mul-
tivibrator is turned on periodically by the NE555V,
and it then oscillates at approximately 400Hz.

‘The NEB656V operates in a standard astable circuit
with its pin 2 (trigger) and pin 6 (threshold) connected
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together. Under these conditions, capacitor Cl1
charges via VR1, R1, VR2 and R2 until the voltage
across it reaches two-thirds of the supply potential.
The internal circuitry of the i.c. then changes state,
and pin 7 falls to very nearly the same potential as the
negative rail. C1 next discharges via VR2 and R2 until
the voltage across it is one-third of the suppl ﬁotgn-
tial. At this voltage, the internal circuitry of the i.c.
reverts to its previous state, and the capacitor
commences to charge once more. Since the capacitor
discharge path is by way of VR2 and R2 only, whereas
the charge path is by way of VR1 and R1 as well as
VR2 and R2 the discharge period is shorter than the
charge period. In the present design the multi-
vibrator is turned on during the discharge period.

The output of the NE555V at pin 3 goes low (i.e.
negative) during the discharge period and is high dur-
ing the charge period. Thus, during the charge period
the lower ends of R3, R4 and R5 in the multivibrator
are at a potential which is very close to the positive
rail and the multivibrator cannot operate. During the
discharge period the lower ends of these resistors are
taken nearly to the negative rail, whereupon the mul-
tivibrator is able to oscillate in normal fashion.

The collector of TR2 is coupled via C4 and R7 to
the primary of output transéfmer T1, the secondary of
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The circuit of the wide range metronome. The multivibrator is turned on and off successively by the
NES55V timer

which connects to the loudspeaker. In consequence,

the loudspeaker reproduces the multivibrator tone _
during the discharge period for C1, and the bursts of COMPONENTS
tone from the loudspeaker constitute the metronome
output. Capacitor C4 in the primary circuit of Tl is a Resistors
d.c. blocking component. R7 is included to prevent (All fixed values { watt 10%)
the inductance in T1 Vgrimary from upsetting mul- R1 10k Q
tivibrator operation. Without R7 the multivibrator R2 2.2k Q
frequency tends to vary and is not fully controlled by R3 2.7k Q
the multivibrator timing components. R4 22k Q
TR1 and TR2 are germanium rather than silicon | R5 22k Q
transistors. This is because silicon transistors have R6 2.7k Q
low reverse base-emitter voltage ratings which would R7 470.Q
be exceeded during multivibrator operation. The VR1 1M Q potentiometer, log
transistors specified for TR1 and TR2 have a max- VR2 10k @ potentiometer, linear

imum reverse base-emitter voltage rating of 12 volts,

M S g™ » 3 ! a itor:
which just satisfies present circuit requirements. Capacitors

C1 10uF electrolytic, 12 V. Wkg.

TIMING PERIODS C2 0.1uF plastic foil
The length of the timing periods can be calculated C3 0.1uF plastic foil
with the aid of several simple equations. It is helpful C4 4uF electrolytic, 12 V. Wkg.
first to find the discharge period, this being ag; Transformer
proximately equal, in seconds, to 0.7 times the T1 Output transformer type LT700 (Eagle)

product of the caﬁacitance (C1) and the resistance in

; g : Semiconductors
the discharge path (VR2 and R2). When VR2 is set to o
insert minimum resistance the discharge path is given ,II‘%ll 11%1155 ;’ » or equivalent
by R2 on its own, at 2.2k Q. The corresponding time TR2 ACY19
is about 15.5 milliseconds. With VR2 set to insert
mdximum resistance the discharge resistance is Speaker
12.2kQ and the discharge time then calculates as 85 LS1 3Q moving coil

milliseconds. In consequence, the tone burst produced Switch
during the discharge of C1 can be varied, by means of | 51 LD e
VRZ, from 14.5 to 85 milliseconds. D.8.1. “0EE

234 RADIO & ELECTRONICS CONSTRUCTOR



The charge time is approximately equal to 0.7 times
the product of the capacitance and the resistance in
the charge path (VR1, R1, VR2 and R2). With both
VR1 and VR2 set to minimum resistance the total
charge resistance is given by R1 and R2 in series, and
the charge period calculates, once more, at 85
milliseconds. If VR2 is set to maximum resistance
and VR1 to minimum resistance, the charge period
becomes 155 milliseconds. When VR1 and VR2 insert
maximum resistance into circuit the charge period is a
little higher than 7 seconds. :

Since none of the resistors in the discharge and
charge paths is a close tolerance component, and since
in particular C1 will have a wide tolerance on value,
practical versions of the circuit can be expected to
offer discharge and charge periods which vary quite
considerably from the calculated values. As already
mentioned, the lowest frequency obtained with the
prototype was 1 tone burst every 8 seconds, whilst the
highest frequency was well in excess of 3 bursts per se-
cond. Results with the prototype agreed, in conse-
quence, quite well with the calculated figures.

CONSTRUCTION

There are few constructional problems as the cir-
cuit is very simple and layout is not at all critical.
VRI1, VR2 and the on-off switch are mounted on the
front panel of the unit, as also may be the
loudspeaker. VR1 is specified as a log component,
since a log track enables adjustment at the higher

frequency end to be “opened out” as the poten-
tiometer spindle is rotated. The potentiometer is
wired up such that the resistance it inserts into circuit
increases as its spindle is turned clockwise. This
causes frequency to decrease with clockwise rotation.
VR2 is wired up in a similar manner, to ensure that
both controls operate in the same sense.

With regard to the other components, C1 should be
a good quality modern electrolytic capacitor. No ¢on-
nection is made to pin 5 of the NE555V. The batteries
can be any combination which makes up the 12 volts
required. Current consumption is reasonably low, be-
ing 5.5 to 6mA between bursts, rising to about 10mA
when a burst is produced.

After the unit has been completed, a little ex-
perience will soon provide familiarity with the con-
trols. VR2 varies the length of each burst while VR1
controls the time between bursts. At frequencies close
to the high end of the range the controls become in-
terdependent, and it will be found that adjusting VR2
for a shorter pulse will also reduce the period between
pulses. This is not a disadvantage and it merely
necessitates first setting up VR2 for the desired burst
length and then adjusting VR1 for frequency. If,
however, it is desired to calibrate VR1 accurately in
terms of frequency it would be better to make VR2 a
pre-set potentiometer which is mounted inside the un-
it. It may be set up for any burst length favoured by
the constructor and then left alone. After this, VR1
can be calibrated by checking burst frequency against
a watch fitted with a second sweep hand. [ ]

ELECTRONIC ODDITIES

An off-beat glance at the electronic scene.

When capacitors have a holiday do they go to the C-
side Faraday?

In 1875 Alexander Graham Bell invented the’

telephone; this was a failure until 1876 when he in-
vented the other telephone.

Barkhausen is German for dog-kennel.

Guide to metrication:
10 hertz = 5 bicycles per second
10 millipedes = 1 centipede
10 decimals = 1 mal
102 pins = 1 terrapin
Millicent = Hector
Centigram = unit for weighing rose petals.

Transistors? They’re as easy as EBC.
Dud f.e.t.’s — money down the drain.

What sort of mathematics do trees do?
Logs and twig.
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by R. River

A meter takes a sample
And shows if the current is ample.
It also shows up faults
By measuring the volts.

Why does an American tube have a plate?
For the ’eather!

Use of stone — Stone Age.
Use of iron — Iron Age.
Use of electricity — Volt Age.

Soot all over the bench! It came out of the sweep
generator.

Cat’s whiskers — are they made of mumetal?

Guide to technical terms:
Portable — it has a handle on it
Hi-Fi/Stereo — it has 2 loudspeakers:.

"I don’t like your explanation about how transistors
work. It’s full of holes.

Cheap alternative to the videocassette recorder
wait 3 months then turn the set on again.
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FOR DX LISTENERS

Times = GMT

Frequencies = kHz

By Frank A, Baldwin

It is at this time of the year that many Dxers set their
receiver dials on the appropriate frequencies, at the
times most likely to proguce results, in the quest for
Dx from the East and Far East. The reception and
identification of some of these signals probably
represents the greatest challenge of all to the short
wave Dxer. As an aid to the comparative newcomer,
some of these transmission times and frequencies are
mentioned here.

As an introduction to Far East listening, Radio
Singapore will probably prove to be the easiest to
receive. Listen on 5010 or 5052 around 1530 or from
2230. Then there is Kuching, Sarawak on 4950 with
schedule is from 2230 to 1630.

Malaysia would be next and a watch should be kept
on 4985 at 1530 for the time-check and newscast in
English from Penang. The afternoon transmission
closes at 1630 and the late night session commences at
2230. Then there is Kuching, Sarawak on 4950 which
programmes in both English and Chinese and is
scheduled on the air from 2200 to 0100 and from 0800
to 1600; listen therefore from around 1530 and from
2200 onwards.

Signals from Kathmandu, Nepal, will certainly in-
terest the Dxer. Although located nearer to the UK
than the above mentioned transmitters, reception of
signals from Nepal will provide a sense of satisfaction
to the newcomer. Listen from around 1530 and from
0020 for programmes in the Home Service scheduled
from 0020 to 0350 and from 1150 to 1720, also in
parallel on 3425.

Next month, more transmissions from the East and
Far East will be brought to the attention of readers in-
terested in broadcast band Dx.

CURRENT SCHEDULES

® LEBANON

“The Overseas Service of Radio Lebanon”, Beirut,
broadcasts to Europe and Africa in English from 1830
to 1900 on 11795. The English transmission directed
to Ngrth and Central America is from 0230 to 0300 on
9675.

® VATICAN CITY

“Vatican Radio” presents a service in English to
the U.K. from 1450 to 1505 on 7160, 9625 and on
118%5; from 2030 to 2045 on 6190, 7250 and on
9645.

@ SAUDI ARABIA
The ‘“Broadcasting Service of the Kingdom of
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Saudi Arabia”, Riyad, operates a Home Service eri-
tirely in Arabic from 0300 to 2300 as follows — from
0300 to 2300 on 6000, 7220, 9720 and on 11950;
from 1600 to 2300 on 6130; 1545 to
2300 on 7110; from 0500 to 0830 on 7285;
from 0830 to 1600 on 9605; from 1900 to 2300 on
9730; from 0500 to 0800 on 9770; from 1530 to 1900
on 11780; from 0500 to 1545 on 11890; from 0800 to
1530 on 15205 and from 0500 to 1530 on 15275.

® SUDAN

“Radio Omdurman” has a Home Service in Arabic
from 0400 to 2200 on 7200, 9508 and on 11835, this
programme also being on 4994 and 6150 except for
the period 1300 to 1500 when these two channels carr
the Southern Provinces programme in Arabic, Englisi
and vernaculars.

® FRANCE

“Radio France”, Paris, radiates a “France Inter”
service, in French, from 1800 to 2100 on 3965 and
from 0700 to 2100 on 6175.

® ISRAEL

The evening programme in English directed to
Western Europe is on the air from 2000 to 2055 on
7395, 9815 and 11642. Lower powered transmitters
will be on 9495 and 12025, the programme also be-
ing beamed to Africa on 9009.

Other programmes in English are from 0500 to 0515
to Western Europe on 5900, 7395 and 9009; from
1200 to 1230 to Western Europe on 12025 and
15100. Additional frequencies (low powered) for the
0500 transmission will be 11642, 12025 and 15405,
those for the 1200 transmission being 16405, 17685
and 17815.

® YEMEN ARAB REPUBLIC

“Radio San’a” may be heard by listening to the
Domestic Service, in Arabic, from 0300 to 0700, from
1100 to 2015 on 5805 and 7300; from 2015 to 2200
on 7300 only.

® NORTH KOREA

“Radio Pyongyang” directs an External Service
transmission to Europe in English from 2000 to 2200
on 3890, 6565 and 9420. The Domestic Service in
Korean is on 2850 from 2000 to 1800; 3015 from
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1500 to 1800; 4270 from 1100 to 1800; 6290 from
2000 to 0830; 6600 from 2000 to 0830 and from 1500
to 1800 and on 11350 from 2000 to 1050.

® SOUTH KOREA

“Radio Korea”, Seoul, has an English and General
Service directed to Europe from 0630 to 0705-and
from 1900 to 1930 on 9640 and 15335.

® PHILIPPINES

From Manila, broadcasts in English directed to
Asia are made from 1000 to 1200 and from 2200 to
2400 on 6170.

® INDIA

AIR Delhi on 3905 at 1929, closing an-
nouncements by YL in Arabic, off at 1930 without
National Anthem. This is the Foreign Service which
operates from 1445 to 1545 in Pushtu, from 1615 to
1715 in Farsi (Persian), from 1730 to 1930 in Arabic
and from 2245 to 0115 in English. The Home Service
on this channel operates from 0130 to 0335 and from
1130 to 1445.

® MALTA

_ Radio Mediteranee on 9755 at 2053 with iden-
tification “Malta Calling”, followed by pop records,
local news, tourist and export news items.

® AUSTRALIA

ABC Brisbane on 4920 at 1910, programme of pop
records with announcements in English. Schedule of
this one is from 1900 (Sundays 1930) to 1402 and the
power is 10kW.

® INDONESIA

Jakarta on a measured 4804.5 at 2200, OM with
newscast in Malindo. RRI (Radio Republik In-
- donesia) Jakarta, listed on 4805, radiates the
“Programme Nasional” from 2200 to 0100 and from
1000 to 1600, power is 20kW.

® MALAYSIA

Kuala Lumpur on 4845 at 2205, Indian-type
music, YL and OM in duet. This is the Radio
Malaysia Tamil Service which operates Monday to
Friday from 2130 to 0130 and from 0545 to 1530;
Saturdays from 2130 to 0330 and from 0545 to 1530
and on gundays from 2130 to 1530, power is 50kW.

® CHINA

Radio Peking on 3450 at 2119, military music, an-
nouncements by OM in Standard Chinese. This is the
Home Service 1 having a schedule from 2000 to 2200,
also in parallel on 49065.

Radio Peking on 4250 at 2125, Chinese music, YL
with song in Standard Chinese in the Home Service 2
programme. Schedule is from 2100 to 2240 and from
1330 to 1600.

Radio Peking on 6226 at 2035, local music, songs
by YL chorus. This is the Home Service 1 having a
schedule from 2000 to 0100 and from 1100 to 1735.
These transmissions are also carried in parallel on
4800, 5860, 5880, 6750 and on 7095.

PLA (People’s Liberation Army) Fukien on 3400
at 2126, YL with talk, military music. This
transmitter operates a service to the offshore islands,
the schedule being from 2005 to 0155 and from 1000
to 2000.

NOVEMBER 1975

® HONDURAS

Voz Evangelica, Tegucigalpa, on 4820 at 0339,
light music and songs, OM with announcements in
English. Schedule of Voz Evangelica is from 1000 to
0430 the English programmes being from 1500 to 1600
and from 0300 to 0430.

® DOMINICAN REPUBLIC

Radio Norte, Santiago, on a measured 4807.5,
Latin American music, OM with local pops. This
transmitter commenced operations last year and is
listed as having a 24 hour schedule on a nominal
4806 but is sometimes reported closing at 0400!

® ECUADOR

Sistema de Em. Atalaya, Guayaquil, on 4790 at
0349, OM with sports commentary then into a discus-
sion with a YL, several mentions of Guayaquil.
Schedule is from 1100 to 1330 and from 0100 to 0500
and the power is 10kW but beware, this one (like that
above) exhibits those charming traits often displayed
by Latin American stations, wandering (from 4790 to
4795) and closing anytime (between 0405 and 0615).

Radio NacionafEspejo, Quito, on a measured 4670
at 0404, Latin American music, songs in Spanish, OM
announcer. With a 24 hour schedule, this one can
wander and is often reported operating on 4678 or
4679.

Emisora Gran Colombia, Quito, on 4910 at 0410,
light music programme, songs in Spanish. Schedule is
from 1100 to 1500 and from 2200 to 0500 and the
power is 5kW but — here we go again — the frequency
is known to vary from that quoted to 4912 and has
been reported operating as late as 0540.

® COLOMBIA

Radio Surcolombiana, Neiva, on'5010 at 0423, OM
with sports commentary in Spanish. This one has a 24
hour schedule and the power is 2.5kW,

® PERU

Radio Andina, Huancayo, on 4996 at 0420, guitar
music, OM with frequent local announcements. This
one is easy to identify, the announcements are ob-
viously made in an empty room, the echo-effect is not
electronic! The nominal frequency of this one is 4995
and the schedule is from 1100 to 0600 but it has been
reported when closing at 0545 and as late as 0900.

® BRAZIL

Radio Brasil Central, Goiania, on 4985 at 0415,
OM with announcements, local music, several men-
tions of Brazil. Schedule is from 0800 to 0500 and the
power is 5kW. Formerly on 4995, this transmitter,
like most Brazilians on the Tropical Bands changed
channel on May 1st in a major revision of frequency
allocations.

® ZAIRE

Kinshasha on 4880 at 1848, OM in vernacular,
local orchestra with local pops. Kinshasha has a 24-
hour schedule and the power is 10kW.

® MALAWI _

Blantyre on 3380 at 2035, Euro-style pop music
records, announcements in English. The evening
schcle{dule is from 1700 to 2210 and the power is
100kW,
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New Products

NiCd CHARGER RANGE

A new, bigger range of Nickel Cadmium modular
chargers is available ex-stock from Electroplan, the
Royston based distributor of electronic instruments
and accessories.

Manufactured by Crowborough Electronics, the
new charger units provide true constant current
operation and are intended for recharging NiCd cells.
Output currents range from 10mA to 400mA and up
to 10 cells may be charged simultaneously in series.
Each charger incorporates a meon ‘“power-on” in-
dicator anf the higher current modules are fused.

Two case sizes are available depending on power
output, each with a dual tap mains transformer enab-
ling 240V or 110V operation. Mounting is by two 4BA
tapped holes. 1

rices range from £9.00 + VAT for a 10mA 1-10 cell

5 i
-

charger up to £12.25 + VAT for the 400mA 7-10 cell
charger.

Further details from:— Electroplan Limited, P.O.
Box 19, Orchard Road, Royston, Herts. SG8 5HH.

TRAN S | STO R TESTE R This simple-to-use special purpose instrument
has been added to the Chinaglia range of
. professional equipment specifically to meet the need

e for fast device testing, both in and out of circuit.
! Not only will the new instrument cope with the
A= normal n.p.n./p.n.p. germanium/silicon variations,
but it can deal with both low signal and power
devices in addition to carrying-out in-circuit tests at

- 2 i reduced accuracy.

Constructed to the usual high Chinaglia standard,
the transistor tester has a tough ABS plastic case
and an easy-to-read scaling which both indicates
device state in a “Good” — ? — “Bad” colour indica-
tion and shows leakage and B to ample accuracy.
The basic movement is a class 1.5, 1mA, 50Q unit
with core magnet and sprung bearing jewels.

Range switching is simple, with a slide switch for
p.n.p./n.p.n, selection and a rotary switch for other
functions. A small signal device socket is mounted on
the instrument face in conjunction with sockets for
test leads supplied for connection to external cir-
cuits and devices.

Power is supplied by internal batteries.

Price, complete of carrying case and leads, £25.70
VAT incl. 5 .

For further information please contact Chinaglia
(U.K.) Ltd, 19 Mulberry Walk, SW3 6DZ.

CATALOGUE
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Doram Electronics Limited have now issued Edi-
tion 2 of their component catalogue. Priced at 60p
(including postage), this supersedes the first Doram
catalogue. It has 100 pages and includes a new 16-
page data section giving design information on com-
ponents, both active and passive, as well as describing
a 10 watt stereo tuner-amplifier incorporating the
Mullard LP1186, LP1185, LP1400, LP1184/2 and
LP1173 modules. Also included for the purchase price
of the catalogue is a free up-date product and price in-
formation service.
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Of particular interest to radio and hi-fi enthusiasts
will be the inclusion of a new turntable kit and record
deck, a full range of quality blank cassettes, magnetic
cartridges, speakers and speaker cabinets,
microphones, earphones, quartz crystals, variable
capacitors, radio and audio modules, and a full range
of pick-up styli.

The new Doram catalogue is available by return of

ost from Doram Electronics Ltd., P.O. Box TRS,
ellington Road Industrial Estate, Wellington
Bridge, Leeds LS12 2UF. ]
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THE SN76023N
POWER AMPLIFIER

By P. R. Arthur

The Texas Instruments SN76023N is an integrated
circuit a.f. power amplifier which is particularly useful for
home constructor applications. This article describes
a basic amplifier incorporating the i.c. and shows how it
may be employed as a replacement for the Sinclair

Super 1C-12 in earlier designs.

Despite the availability of specialist integrated cir-
cuits for virtually every purpose these days, it is still
probably true to say that audio i.c.’s hold the greatest
interest for the amateur electronics enthusiast. One of
the most versatile of the audio i.c.’s currently
available is the Texas Instruments SN76023N. This is
typically capable of an output power of 5 watts r.m.s.
into an 8 Q load when using a 24 volt supply. It will
work: satisfactorily with supply voltages as low as 8
volts, although with reduceg maximum output power
and performance. Higher impedance loads can also be
used if less power is required, but loads lower than 8 2
must not be employed. The maximum permissable
supply voltage is 28 volts.

e SN76023N contains an integral pre-amplifier
which enables a high input impedance and sensitivity
to be obtained if required. Noise and distortion are
both low, with distortion being typically less than 1%
provided the output power does not exceed a certain
level for a given loadp impedance and supply voltage.
For an 8 Q load this is 3.3 watts at 20 volts rising to
more than 6 watts at 28 volts. The noise level is ap-
proximately —70dB.

The device is contained in a standard 16 pin d.i.l.
package, except that the two centre pins of each row
are missing and are replaced by heat tabs. The
SN76023N has these coupled to an extruded
aluminium heat sink. There is another version, the
SN76023ND, which has the heat tabs only. These tabs
are intended to be soldered to an area of the copper on
the printed circuit board, which then acts as a heat
sink. The minimum {oad impedance for the
SN76023ND is 152, and minimum output power into
this impedance at 24 volts supply is 3 watts.
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SIMPLE AMPLIFIER

Fif' 1 shows the circuit diagram of a simple a.f.
amplifier incorporating the SN76023N. This was
primarily designed as a replacement amplifier for the
Sinclair Super IC-12 units employed in the “Four
Channel Synthesiser” and “Mains Table Radio” ar-
ticles which appeared respectively in the April and
May 1975 issues of this journal. The IC-12 has now
been discontinued.

The SN76023N is very nearly a direct equivalent to
the I1C-12, but it does not have quite such a stringent
specification, and it is not sup;ﬁied with a maschin
printed circuit beard. It is similar to operationa
amplifiers in many ways and has both an inverting in-
put (pin 16) and a non-inverting input (pin 1). Itisin-
tended for single supply operation, waever, and hasa
Class AB power output stage. i

Feedback from the output to the inverting input is
provided via R5. At d.c. R5 provides virtually 100%
negative feedback over the amplifier, and this helpgto
give a stable biasing system. In order to providea
useful voltage gain at a.f. some of the feedback must
be decoupled; this is carried out by C4, with R4
limiting its effect so that quite a large level of feed-
back remains. This, of course, has the benefits of
reducing noise and distortion.

The values given to R4 and R5 determine the closed
loop voltage gain of the amplifier, and the voltage gain
is approximately equal to (R4 + R5) divided by R4.
The gain of the circuit can thus be altered by altering
the values of these resistors. With R4 maintained at
100 q, it is irobably best, in the interests of good
stability, to keep R5 within the range of 10k Q to

239




Cs Cio
i
R
AAAAS
ic =
Cj - | N 1 E:RS
4 ) 2N76023N =
R2 Co
2 \[ i
A < 6
P . b
6 _Ten
1Is
R3
3
- = Ls.
Ry =
gt =T 4% L [ P
[ ok
Input :§<—J o4 & Cg T |

Fig. 1. The circuit of a simple amplifier incorporating the SN76023N

100k Q, which gives a range of approximate voltage
gains of 100 to 1,000 times (40 to 60dB).

Biasing for the non-inverting input of the i.c. is
provided by R1 and R2 from an internal potential
divider circuit in the device. C3 removes any mains
hum or other noise which may be present on the sup-
ply lines, and ensures that'this does not find its way to
the non-inverting input where it would be amplified

COMPONENTS
Resistors

(All 1 watt 10%)
R1 100k Q (see text)
R2 100k Q-
R3 18Q
R4 100 Q
R5 22k 0 (see text)

Capacitors
gl 0.1 #F, type C280 (Mullard — see text)
C2 270pF ceramic plate
C3 4 uF electrolytic, 16 V. Wkg.
C4 100 1F electrolytic, 16 V. Wkg.
C5 100 4 F electrolytic, 30 V. Wkg.
C6 1,500pF disc ceramic, or paper or plastic foil
C7 1,000pF disc ceramic
C8 0.01 »F disc ceramic, or type C280
C9 500-1,000+F electrolytic, 16 V. Wk
C10 0.068 2F, type C280 (Mullard)

Integrated Circuit
IC1 SN76023N (or SN76023ND)

Miscellaneous
8-16Q speaker (see text)
0.1in. Veroboard

(Mullard)
g
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and fed to the speaker. R1 determines the input im-
edance of the circuit, and the input impedance can
e regarded as being approximately equal to the value

of this resistor. R1 can have any value up to 1M Q.

The input signal is coupled to pin 1 via Cl1, which

provides d.c. blocking.

C6 and C7 are required to prevent instability. R3
and C8 compensate for the fact that the speaker im-
pedance rises with frequency. C2 reduces the input
impedance at high frequencies and so also helps to
give good stability. With low values of R1, say up to
10k, this capacitor will probably be unnecessary.
€9 couples the signal from the output of the i.c. to the
speaker, and provides d.c. blocking. C5 and C10 are

An amplifier assembled to the layout of Fig. 2
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bypass capacitors, and it is important that C10 be
connected physically close to the i.c. Otherwise, high
frequency instability may result, particularly if long
supply leads are employed.
e component values given in the Components
List are suitable if the amplifier is used in the
%{n.thesiser circuit. If the amﬁ ifier is employed in the
ains Table Radio circuit, R1 should be 27k Q2 and
R5 47k Q. C1 is 0.22 # F in the Mains Table Radio
version. In the Mains Table Radio circuit the
amplifier follows a ZN414, whereupon the r.m.s. input
signal voltage is of the order of 30mV.

“The ampilifier of Fig. 1 can, of course, be used for
applications other than in these two circuits, bearing
in mind the notes just given concerning the values of
R5 and R1. No value is given for the input volume
control shown in Fig. 1. The value is not critical and,
in ’%eneral, it should be lower than R1.

he output capacitor, C9, is specified in the Com-
ponents List as 500-1,000uf. Any value in this
range will be satisfactorg, although a slightly im-
proved bass response will be given by a capacitor at or
near 1,000uF. The speaker emp oyed should be
capable of handling the output power given by thei.c.

CONSTRUCTION

A suitable layout for the amplifier on Veroboard of
0.1in. matrix is shown in Fig. 2. The Veroboard should
be cut out to the correct size and the copper strips cut
at the points indicated. Two 6BA clear holes for
mounting purposes are also drilled out. !

Input

i

The amplifier board seen from the other side

1f the version of the i.c. having the integral heat
sink is employed, then it is probably best to mount the
i.c. first and then fit the other components around it.
Mount those closer to the i.c. before fitting those that
are situated further away.

When using the version of the i.c. that so does not
have the heat sink, it is best to leave the mounting of
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MI19.P4.Q4 .R4

Fig. 2. Amplifier layout on a Veroboard panel with components uppermost
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the i.c. until last. The tabs of the device are carefully
bent up through about 150°. Two rectangles of copper
laminate board are soldered to the tabs in order to
provide the necessary heat radiation. These heat fins
should have an area of about 3.5cm. by 4.5cm., or
more if sufficient space is available. Remember that
this version of the i.c. should not have a speaker load
imKedance of less than 15Q. =~ = - . =

n amplifier using this type of heat sink is shown in

the accompanying l;_)hotografpm. It is assembled on a-
1g!

Veroboard layout slightly different from that of Fig. 2.

The pins of the i.c. without the integral heat sink
can be identified with the aid of the usual cut-out in
the top of the case between pins 1 and 16. With the
other version of the i.c., pin 1 is the pin near the Texas
Instruments trade mark afte the SN76023N type
number. If in any doubt about the identification of
the pins, pins 3 and 14 of the device connect to the
heat sink and can be located with the aid of an
ohmmeter.

i
B
G

A similar amplifier incorporating the

SN76023ND
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Fig. 3. A suitable power supply for the amplifier
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Another view of the SN76023ND amplifier.
The radiating fins are rectangles of copper
laminate
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POWER SUPPLY UNIT

For constructors who wish to use the amplifier of
Figs. 1 and 2 as an amplifier in its own right, and not
as a replacement for the earlier articles, the circuit of
a suitable power supply is illustrated in Fig. 3.

A highly smoothed and stabilized su{;ply 18 not es-
sential for the SN76023N, and the simple unregulated
supply circuit shown is quite satisfactory. It is impor-
tant that the maximum supply voltage does not ex-
ceed 28 volts, and for this reason a transformer offering
about 18 volts r.m.s. under no-load conditions is
specified. This has a 9-0-9 volt 1 amp secondary
whose outer ends are connected to a silicon bridge rec-
tifier. No connection is made to the secondary centre-
tap. The smoothing circuit consists of the two elec-
trolytic. capacitors and the smoothing resistor
shown. [ |
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your
work
-Shop!

This month we find Smithy's
assistant, Dick, wrestling with
the complexities of TV line and
vertical blanking circuits.
However, he is given a little .aid
by the Serviceman and is even-
tually able to trace and clear
quite an unusual television snag.

AT

{

“Ah, that should fix it!”

With a grunt of satisfaction Dick
replaced his soldering iron on its rest
and carefully examined the connec-
tions to the 1kQresistor he had just
soldered to the printed circuit board of
the 12 inch monochrome TV on his
bench. The two solder joints at the
resistor lead-outs were, as was always
the case with Dick, immaculately
finished. As Dick himself admitted, he
might not be too clued up on technical
details but when it came to soldering
he was a real past master.

Dick switched on the receiver and
waited expectantly. It had been quite
an interesting piece of trouble-
shooting: the collector feed resistor for
the first i.f. transistor had gone high in
value, a fact that had been readily
revealed by voltage checks around the
transistor and its immediate com-
ponents. Dick had now replaced that
resistor.

LINE BLANKING

After a short while the picture tube
came to life and Dick was delighted to
see that this depicted a bright, well
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focused scene of fgood resolution. As he
watched cheerfully, he saw three
masked Mexicans traverse the little
screen on horseback as they converged
on the friendly neighbourhood bank.
He advanced the volume control. The
sound quality was good, too, with the
clatter of horses’ hooves being backed
by a 50-piece orchestra softly playing
music to raid banks by.

The scene changed to the interior of
the bank, and the screen went darker.
Dick leaned forward to look more
closely and then suddenly gave a
frown. Approximately a third of the
way from the left of the picture was a
vertical line, about a quarter of an inch
wide, which was noticeably brighter
than the rest of the scene. The line
jiggled slightly to left and right in an
irritating fashion. The picture changed
to the brighter scene outside the bank
and the vertical line disappeared.
Then the picture returned to the bank
interior and the line came back again.
As he watched, Dick noticed also a
series of vertical striations to the left of
the line.

Visited by a subconscious inspira-
tion, Dick reached for the brightness
control and turned it to a higher level.
The jittering vertical line now became
visible both on the indoor and the out-
door scenes. Dick returned the
brightness control to its proper setting
and scowled at the receiver. The Mex-
icans had now entered the bank and

-the resultant unbroken dark scene

continually revealed the vertical line
with all its annoying tremor.

“Hey, Smithy.”

The Serviceman, completely ab-
sorbed in the chassis of another televi-
sion set on his own bench, gave no in-
dication that he had been called.

“Hey, Smithy!”

There was still no response.

“Hey,” roared Dick, “Smithy!”

Smithy looked up absently, as
though in response to some mild
stimulus, then returned to his televi-
sion set. But his concentration had
patently been broken because, after a
moment, he turned round to face his
assistant.

“Is,” he asked vaguely, “something

Winding on line
output transformer
,

/

wrong over there?”

“Blow me,” snorted Dick. “I’ve
been calling you for ages.”

“Have you?”’ replied Smithy in the
satisfied tone of one for whom a minor
problem has been solved. “Then that
explains the noises I thought I heard.”

“Well, before you go back into your
coma,” said Dick quickly, ‘“‘can you
have a %uick look at this TV set I've
got here?”

Sighing, Smithy rose from his stool
and walked over to examine the pic-
ture displayed by the television
receiver. The masked Mexicans were
now emptying the bank strong-room,
in the murky shadows of which clearly
trembled the vertical line.

“What's probably happened here,”
remarked Smithy, “is that the line
blanking circuit has gone duffy. Is this
vertical line the fault that the set came
in"with?”

“No,” replied Dick, “the main fault
was very weak signal I've cleared that,
and now I find I've got this darned
waggling line. It only shows up on dark
scenes.”

“I should guess that that line was
there for quite some time before the
major fault occurred,” surmised
Smithy. “The set-owner probably put
up with it or didn’t even think it was a
fault. Anyway, now you've re?aired
the major snag you might as well clear
up this minor one. If you get the ser-
vice manual out I'll show you where
the line blanking circuit is.”

“I’ve got the manual out already,”
responded Dick. ‘“Here it is, and here’s
the circuit of the set.”

“Dear me,” said Smithy, impressed.
“It must have been a tricky snag for
you to consult the manual. Well, let’s
have a look at it. Ah yes, here’s the bit
which ives you line blanking.”

Smithy pointed to a section of the
receiver circuit. (Fig. 1.)

“Is that it?” said Dick uncertainly,
as he gazed at the circuit area in-
dicated by Smithy. “What exactly is it
supposed to do?”

“It’s supposed to cut off the picture
tube during line flyback. Which
reminds me that it may also be called
a line flyback suppression circuit.”

y ti Picture
From video P {ube

output stage

ié 10kn
5000pF 82kn
—p A
Line blanking =
diode ¥ s

»

Fig. 1. A typical line blanking circuit 'as encountered in
monochrome television recaivers. Component values are
representative of current design practice
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SYNC PULSE OVERSHOOT

“I don’t quite understand this,” said -

Dick. “Why, for a start, do you have to
cut off the tube during line flyback?
The signal is at black level or lower
than black level during the flyback
period in any case.”

“The signal may be,” retorted
Smithy, “but not so far as the picture
tube is concerned. Now let me ask you
a question for a change. What happens
to the signal when you come to the end
of a line of picture information?”

“Well,” said Dick, ‘‘the signal
amplitude goes down to black level for
a short period and then goes down
further to sync level to give the start of
the line sync pulse. After that it
returns to black level and, a little later,
the next line of picture information
starts.” (Fig. 2(a).)

“Fair enough for now,” commended

-Smithy. “The bit before the sync pulse
is known as the front porch and the bit
after the sync pulse is called the back
porch. Also, in the 625 line system, the
black and the blanking levels are both
the same. Now, in a perfectly ordered
world, the picture tube would be set up
such that black level would always
coincide with the tube being just cut
off.” (Fig. 2(b).)

“I suppose,” put in Dick, “that you
would obtain this condition by ad-
Justing the brightness control cor-
rectly.”

Picture information

Front Back
porch porch

W ""] Bianking and
! ! black levei
; | Sync
Line sync level
pulse —=
(a)
Brightness
increase
W/\L( Tube cut-off
level
(c)

“You could do,” replied Smithy,
“but the brightness control would need
to be set up more carefully than most
viewers would do, and you’d also have
to have full d.c. coupling of the signal all
the way from the video detector to the
picture tube. But these monochrome
625 line sets don’t have d.c. coupling.
They have an a.c. coupling to the tube,
which means that the average voltage
at the tube modulating electrode,
which is normally the cathode, varies
according to the overall brightness of
the scene being transmitted. If, with
bright pictures, the average voltage is
such that black level corresponds to
the tube being just cut off, dark pic-
tures will cause the black level to come
well within the range of signal veltages
that give visible effects on the screen.”
(Fig. 2(c).)

“That’s exactly what happened with
this set,” said Dick excitedly. “The
vertical line wasn’t visible with a
bright scene, but it showed up quite
clearly on the dark scenes. Now, let’s
think a minute.”

His brow furrowed in concentration.

‘At the end of the line,” he went on
slowly, “we get the front porch and then
the start of the line sync pulse. Now,
if there was direct line sync in the set
the start of the sync pulse would ac-
tually initiate the flyback, and so the
pulse start couldn’t have any visible
effect during flyback. Present day sets

7 Brightness
increase
¥ f
| Tube cut-off
level

(b)

Overshoot pulse

~

3

L

(d)

Fig. 2(a). The'line sync pulse in the 625 line system. The colour
burst on the back porch is not included here

(b). Ideally, the signal presented to the picture tube should have its
black level just at tube cut-off level

(c). When there is a.c. coupling of the video signal to the tube, a
reduction in the overall picture brightness causes the blanking
level to rise above tube cut-off level

(d). The line sync pulse can produce a visible effsct on the screen if
there is overshoot after its trailing edge
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have flywheel sync but, even so, the
start of the line sync pulse will still oc-
cur approximately at the same time as
the start of line flyback.”

“SO?”

“So,” continued Dick, “the thing
which causes this waggly line to appear
must He the end of the sync pulse,
when it goes up from sync level to
black level.”

“You’re very nearly there,” com-
mented Smithy. “If the sync pulses
were perfectly shaped the end of each
pulse would still, however, have little
visible effect on the tube screen, even
when the tube screen isn’t cut off at
black level. This is because the spot on
the screen is travelling extremely

uickly to the left during flyback and
the end of the pulse would have a
gradual effect. If, on the other hand,
something in the system between the
transmitter camera and the receiver
picture tube caused a sharp overshoot
to appear at the end of the line sync
pulse, then the result on the screen
would be quite noticeable. What'’s
causing that line on the screen of your
set is a sharp overshoot pulse at the
end of the line sync pulse. This
overshoot pulse is very short in dura-
tion, much shorter in fact than the
flyback period, and so it causes the
screen to go a little brighter each time
it appears. Since the overshoot pulse
appears during every line flyback
period, and at about the same time in
the period, it builds up a vertical line
on the screen.” (Fig. 2(d).)

“Well,” remarked Dick, “that ex-
plains the presence of the line. Why
does it waggle to left and right?”

“Partly because of slight discrepan-
cies between the width of successive
sync pulses,” replied Smithy, “and
partly because of slight differences in
flyback initiation in the receiver line
timebase. These wouldn’t have any
effect if the spot was travelling across
the tube screen at the relatively slow
scan speed, but they become
noticeable at the very much higher
flyback speed. Another thing we
haven’t even mentioned yet is the fact
that present-day transmissions carry
colour burst signals on the back porch.
These will follow your overshoot pulse
and will be causing those vertical
striations you can see. So, apart from

arding against the overshoot effect,
ine blanking is necessary to remove
any visible effects due to colour
bursts.”

“I can see the situation now,”
replied Dick. “How about looking at
the line blanking circuit in this par-
ticular set?”

SHUNT DIODE

“We'll do that right now,” stated
Smithy. “If you look at that circuit I
indicated, you’ll see that a winding on
the line output transformer couples to
a 5,000pF capacitor and an 82kQ
resistor. The winding is connected so
that there is a line output waveform
with negative-going flyback pulses at
its non-earthy end. Tﬁis waveform 1is
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Fig. 3. The waveform from the line output transformer winding in

Fig. 1 is changed to a series of negative-golng pulses for applica-

tion to the picture tube grid. These puises have a lower amplitude

than those at the transformer winding because of potential
dividing action in the 82k} and 47k} resistors

applied to the 5,000pF capacitor and
82k Qresistor, after which it arrives at
the line blanking diode. The 5,000pF
capacitor offers a much higher im-
pedance to the slow scan sections of
the waveform than it does to the con-
siderably quicker flyback pulses, with
the resuf; ghat the waveform appearing
at the diode consists of negative-going
flyback pulses with flat parts in
between.” (Fig. 3).

“I suppose,” remarked Dick, “that
these flat parts will be around chassis
potential.”

“They will be,” agreed Smithy.
“The diode prevents the waveform go-
ing positive of chassis by more than its
forward voltage, with the result that
the 5,000pF capacitor takes up a
charge which keeps the flat parts of the
waveform at this voltage level. So
we’ve now got some nice regular
negative-going pulses appearing dur-
ing line flyback, and these are applied
to the grid of the tube via the 10kQ
series resistor. As a result the tube is
neatly cut off during the line flyback.”

“What’s the 10k Qresistor for?”

“It’s to limit current in the event of
an internal flash-over to the grid,” ex-
plained Smithy. “It has nothing to do

with the line blanking operation.”

“Fair enough,” remarked Dick.
“This line blanking business doesn’t
seem to be so complicated after all.”

“It’s dead, easy,” replied Smithy.
“In fact, the provision of line flyback
blanking is often carried out by cir-
cuits that are even simpler than the
one we’ve just considered. Hang on a
jiff and I’li show you.”

Smithy walked over to the filing
cabinet and selected two service
manuals.

““Here we are,” he said, returning to
Dick’s bench. “I’ll show you another
li}:le blanking circuit. Take a look at
this.”

Smithy opened one of the manuals
and pointed at its circuit. (Fig. 4).

“Blimey,” remarked Dick. ‘“This
one’s a piece of cake. All you've got
here is a winding on the line output
transformer cou %ing to the grid of the
tube by way of a 200k Qresistor and a
5,000p¥‘ capacitor. Hullo, there’s a
47k Q2 resistor and a 0.05uF capacitor
coupling from the vertical output
stage, t0o.”

“That’s to give vertical blanking, or
vertical flyback suppression,” explain-
ed Smithy.

1
[
f
I 200kn 5000pF 10kn To picture
=I| - AN ' AN P tube grid
:“ Winding on g
I|j = line output '
ill & transformer DR e.s
= 27kn
47kn 1
From vertical ==
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Fig. 4. A simple circuit which gives both line and vertical flyback

suppression. The waveforms from the line output transformer win-

ding and the vertical timebase output stage have negative-going
flyback pulses. Component values are representative
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“Gosh,” exclaimed Dick, “do you
have to cut off the tube during vertical
flyback as well?”’

“Oh, definitely,” said Smithy. “It’s
just as important to have vertical
flyback blanking as it is to have line
bflanking. The vertical flyback is
relatively quite slow, and if the tube
happens to give a response at-blanking
level, the frame sync pulse waveform
produces a number of sloping lines as
the spot moves upwards.” (Fig. 5).

“l hadn’t realised that,” stated
Dick. “Let’s have a look at another
blanking circuit.”

“Right you are,” said Smithy cheer-
fully. “Here’s an unusual one which
employs a separate transistor as a
blanking amplifier.”

Smithy put another circuit in front
of his assistant. (Fig. 6).

“It looks,” remarked Dick, “as
though this provides both line and
frame blanking.”

“It does,” confirmed Smithy. “The
collector of the line output transistor
couples to the base of the blanking
amplifier by way of the 1.5M{Qresistor.
The line output transistor collector
goes positive durinﬁ line flyback and
so it turns on the blanking amplifier

and produces a negative pulse at the
blanking amplifier collector. The mul-
tivibrator in the vertical timebase
couples to the blanking amplifier base
via the 47k Qresistor, and this also
turns on the blanking amplifier during
vertical flyback. So there are negative-
going pulses at the collector of the
blanking amplifier during both the,
line and the vertical flyback periods.
These are applied via a 10xF capacitor
to a shunt rectifier which acts in.the
same way as the shunt diode in the set
you’ve got on your bench. The
negative-going pulses are then passed
to the grid of the picture tube.”

VIDEO AMPLIFIER

“These blanking circuits seem pret-
ty obvious, once you’ve sorted them
out,” remarked Dick.

““Most of them are simple enough,”
responded Smithy. “Sometimes, you
find that the blanking is achieved by
way of the video amplifier. A typical
example consists of injecting positive-
going frame flyback pulses to the
emitter of the video output transistor
These cause the collector to (Fo
positive, too, whereupon the cathode,
and not the grid, .of the picture tube is
driven positive during the flyback
period. Driving the tube cathode
positive is, of course, the same as driv-
ing the tube grid negative.” (Fig. 7).

“Blimey, Smithy,” said Dici ap-
preciatively, ‘‘you’ve certainly given
me sorhe real gen on this blanking
business.”

“Think nothing of it,” remarked
Smithy carelessly. “Anyway, I want to
get back to my own TV now.”

Left to himself, Dick turned on the
television receiver once more. The ver-
tical line was still J)resent. Also, the
three Mexicans ha &rogressed quite
some way through their story, and
were now quarrelling savagely over the
loot. Dick switched the set off and
pulled his testmeter towards him.

He pondered for a moment. Since
the picture tube was working satisfac-

+
I'5Ma =
- A OknZ
From line output i
transistor collector _tﬁ)‘i_.
Blanking 82ka o picture
amplifier b " tube grid
From vertical
multivibrator | ‘4‘2!‘{"
WY 3%8'2'(“ :; Eibaokn

Fig. 6. Here, a blanking amplifier transistor has positive-going

flyback pulses from both the line and vertical timebases. These are

inverted and applied to the picture tube grid. (This circuit is incor-
porated in the I.T.T. Telavision Chassis type VC300).
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torily apart from the vertical line and
its attendant striations, it was fairly
certain that its grid was coupling to
chassis via the 10kQresistor and the
47k Q) resistor across the blanking
diode. So these components should not
be faulty. The blanking diode could
have become short-circuit, but this
seemed less likely than a fault in a
resistor or capacitor. It occurred to
him that the line output transformer
winding might have become open-
circuit.

Dick quickly put this frightenin,
thought to the back of his mind an
considered more cheerful
probabilities. There were two com-
ponents left: the 5,000pF capacitor
and the 82k resistor. One of these
could be open-circuit.

He pulled his testmeter towards
him, selected an ohms range and
zeroed the meter. Consulting the ser-
vice manual, he located the 82kf2
resistor on the board and connected
the testmeter prods across it. The
testmeter read approximately 82kQ
(Fig. 8(a).)

No luck so far.

Dick next selected a 5,000pF
capacitor from a box of spares on gis
bench and temporarily soldered it
across the capacitor in the receiver.
(Fig. 8(b).) He switched it on and
wailted impatiently for the picture tube
to warm up. The screen flickered into
life, to reveal one of the Mexicans
bashing the living daylights out of the
other two.

The vertical line had disappeared.

Jubilantly, Dick turned up the
brightness, and the picture was now as
it should be. All that could be seen was
the successive piling of two Mexican
bodies on the floor as the argunen-
tative one successfully pursued the
ritualistic movements of karate, kung
fu and plain skullduggery.

Dick happily switched off the
receiver, removed the existing 5,000pF
capacitor, fitted a new one and then
switched the set on again. He looked
anxiously to see if the vertical line
reappeared, but it continued to be ab-
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*““Hey, Smithy.’
‘Hey, Smithy.”

No reply.

“Hey, Smithy!”’

Still no reply.

“Hey, Smithy!”,
At Yast, the Serviceman turned
round.

“You were calling?”

“Ye gods,” said Dick irritatedly, “I
could have been lying here on the floor
electrocuted and screaming my head
off for all the attention you’d pay.”

“Well, what’s your problem now?”

“I’ve got no problem,” replied Dick,
allowing his annoyance to die down.
“It’s just that you were right about that
line blanking circuit being faulty. The
5,000pF coupling capacitor to the line
‘blanking diode had goné open.”

“Good, good,” responded Smithy.
“It’s nice to have snags like that which
are easy to diagnose. These single-
standard 625 line black and white
TV’s are probably the simplest jobs we
handle nowadays, because they offer

fault symptoms which are almost

straight out of the text-book.”

ANOTHER LINE
~ With which words, Smithy returned
to his bench and his own television
receiver. Dick quickly put the printed
circuit board of his receiver back in
position, screwed on the cabinet back,
ave the set a final check on all the
ocal channels, then cartied it
triumphantly to the “Repaired” rack.
He turned to the “For Repair” rack
and examined its contents. There
seemed to be nothing else but TV sets
today. Dubiously, he selected a rather
battered dual-standard monochrome
madel, then returned with it to his
bench and connected it to the mains
and to the u.h.f. and v.h.f. aerials.
He switched it on, selected 625 lines,
and waited for it to warm up. The set
was dead. Experimentally, he turned
over to 405 lines, to be immediately
rewarded with both a picture and
sound. And, although he now had
fewer lines to occupy, there was the
single victorious Mexican riding off
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Fig. 8(a)- Dick initially checked the resistance of the 82k{}resistor
In the line blanking circuit of his receiver

(b). He next bridged the capacitor in the circuit with an external
5,000pF capacitor

with the swag that he had wrested
from his two partners in crime.

Jyst as the television scene flashed
to the ambush awaiting the Mexican, a
vertical line of bright individual circles
appeared on the screen, about a third
of the way from the left.

. As Dick watched incredulously, the

line jiggled uncertainly from side to
side and then moved slowly to the
right. It disappeared, and then
reappeared at the left. Dick decided to
waste no time on intermediate ap-
proaches.

“Hey, Smithy!”

“Dear, oh dear,” came Smithy’s
voice from the other side of the
workshop. “What on earth are you
yelling about now?”

“I've got another vertical line,”
wailed Dick. “Only this time it's made
up of flashes and it’s moving all over
the picture.”

Smithy walked over, glanced quick-
ly at Dick’s receiver then returned to
his own bench. There was the click of a
switch and the vertical line on Dick’s
receiver dlsappeared.

“Blimey,’” said Dick, startled,
“what did you do then?”

“I turned off the TV on my bench,”
replied Smithy. “It's another dual-
standard job, and I also had it running
on 405 lines, but tuned to a different
channel.”

“Then what caused the vertical
line?”’

“There must be a spot of e.h.t. cor-

ona in the line output stage of my set.

which appears during line flyback.
Your set was picking 1t up, and since
the corona appeared after each
transmitted line it showed up as a ver-
tical line of flashes.” 1

“But why did the line keep moving
sideways?"” )

“Because, my lad, the line frequen-
cies in the two sets weren’t exactly
identical, and the position of the line
on your screen varied according to the
phase difference between them.”

“Well, blow me, that's something to
be thankful for. Still, it’s the first time

ou’ve cleared a picture snag on m
%ench by turning off a set on yours!”

““‘Servicing,’’ said Smith
philosophically, “is full of these little
surprises. That’s what keeps us on our
toes.”

With which little homily Smithy
returned to his work, 1eavu(1f Dick to
determine why the set he'd selected
didn’t work on 625 lines. But, before
switching back to the defunct u.h.f.
channel, Dick allowed the Mexican on
the screen to play out his last part.
Riddled with bullets, the bank raider
writhed into his final death-throes,
surrounded by the sheriff, his
deputies, the bank manager, the bank
teller, the two other Mexicans and the
bank manager’s daughter (we missed
the earlier bits where she appeared).

Which drives home yet a further

homily. Crime, conducted carelesslﬁ

does not pay.
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THE MODERN BOOK CO

NEW EDITION

FOUNDATIONS OF WIRELESS AND

ELECTRONICS

By M. G. Scroggie
PRINCIPLES OF TRANSISTOR CIRCUITS

by S. W. Amos PRICE £3.50
SOLID STATE HOBBY CIRCUITS
by RCA PRICE £1.30

ELEMENTARY TELECOMMUNICATION
-PRACTICE

by J. R. G. Smith PRICE £1.66
ABC OF HI-FI

by J. Earl PRICE £4.16
THE OSCILLOSCOPE

by G. Zwick PRICE £2.06

PRINCIPLES OF TELEVISION RECEPTION

by W. Wharton PRICE £1.96
ELECTRONICS UNRAVELLED
by J. Kyle PRICE £2.20

RAD!IO CONSTRUCTION FOR AMATEURS
by R. H. Warring PRICE £2.70
RADIO COMMUNICATION

‘by H. V. Sims

Price £4.25

BEGINNER’S GUIDE TO ELECTRONICS
by T. L. Squires : PRICE £2.20
PRINCIPLES OF PAL COLOUR T.V. & RELATED

SYSTEMS

PRICE £1.80
RADIO TECHNICIAN'S BENCH MANUAL
by H. W. Hellyer PRICE £3.45
PRACTICAL INTEGRATED CIRCUITS
by A. J. McEvoy PRICE £1.30
ELECTRONICS SELF-TAUGHT ...
WITH EXPERIMENTS & PROJECTS
by J. Ashe PRICE £2.156
UNDERSTANDING IC OPERATIONAL
AMPLIFIERS
by R. Melen PRICE £2.36
110 SEMICONDUCTOR PROJECTS FOR THE
HOME CONSTRUCTOR

by J. M. Reyner _PRICE £6.66 by R. M. Marston PRICE £2.00
RADIO SERVICING POCKET BOOK IMPROVING YOUR HI-Fi
by V. Cape! PRICE £2.20 by J. Earl PRICE £3.30

- ALL PRICES INCLUDE POSTAGE
We have the Finest Selection of English and American Radio Books in the Country

I9-21 PRAED STREET (Dept RC) LONDON W2 INP
Telephone 01-723 4185

] indicator lamps
and light ,
sources

Associates Ltd

13mm ——a Filament
/W Types
8mm =~ ~—18mm ———
-—T— L3 13mm ——f
I ———
8mm ¥ T
8mm
l | LED's R/G/Y | —
- i leads 150mm
2BA THD leads 150mm o el v
- IZmm——nf
3-5mm :
—-' Id— 27mm ‘+220mm->
Neon

* For industrial usein instruments on circuit boards.
* For domestic use as indicators on washing machines, amplifiers.door bells.
* L.ong life, high reliability = Low current drain Small size

J-H-ASSOCIATES LIMITED * SILVER STREET- STANSTED
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TV UNDERSTANDING
FAULT FINDING gt

MANUAL for PR S
405/625 Ll N Es Over 500 pages

300 diagrams

UNDERSTANDING TELEVISION deals with:

Principles of 405 line reception
Principles of 625 line reception
Nature of the television signal
Receiver tuner units

A.F. and video amplifieis

Deflector coil assemblies

Automatic gain and contrast control
Receiver aerials

The cathode ray tube

Receiveri.f. amplifiers

Vertical and horizontal timebases
Synchronising.

Power supply circuits

Colour television
COLOURTELEVISION —-80 page
section deals comprehensively with
this subject

P. & P. 17p

REVISED & ENLARGED

EDITED BY J. R. DAVIES

The reader is required to have only a basic

132 pages knowledge of elementary radio principles. The
treatment is non-mathematical throughout, and
Over 100 illustrations, inciuding 60 photographs there is no necessity for any previous experience
of a television screen after the appropriate faults in television whatsoever. At the same time
have been deliberately introduced. UNDERSTANDING TELEVISION is of equal value
Comprehensive Fault Finding Guide cross- to the established engineer because of the very
referenced to methods of fault rectification des- extensive range it covers and the factual inform-
cribed at greaterlength in the text. ation it provides.

To Data Publications Ltd., 57 Maida Vale, London, W9 1SN

Please supply the 4th revised edition of TV FAULT FINDING, Data Book No. 5
Please supply UNDERSTANDING TELEVISION, Data Book No. 17

| enclose cheque/crossed postal order for....................... =y (Tick which book is required)
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SMALL ADVERTISEMENTS

Rate: Sp per word. Minimum charge 76p
Box No. 10p extra.

Advertisements must be prepaid and all copy must
be received by the 4th of the month for insertion in
the following month’s issue. The Publishers can-
not be held liable in any way for printing errors or
omissions, nor can they accept responsiblity for
the bona fides of Advertisers. {Replies to Box
Numbers should be addressed to: Box No. —,
Radio and Electronics Constructor, 57 Maida
Vale, London, W3 1SN,

AERIAL BOOSTERS. Improve weak radio and televsion
reception. Price £3.20. P. & P. 20p. S.A.E. foxr leaflets.
BARGAIN PACK POLYESTER (C280) CAPACITORS.
250V/W and 400V/W. Very good mixed selection from
0.01uF to 2.2uF. Price 100 £1, P. & P. 151?. (Our choice).
VALVE BARGAINS, 10p each, P. & P. lg% ECC82,
ECL80, EF80/183/184, P(86/88, PCF80/802,
PCL82/84, PCL85/805, PL36/504, 30PL14,
PY33/81/800. COLOUR VALVES, 12p each, P & P. 10p
PL508, PL509, PY500A. Lancashire Mail Order (R), 6
William Street, Stubbins, Ramsbottom, Bury, Lancs.

TREASURE HUNTERS! Construct highest performance
electronic metal detector for under £2. Equals models
costing up to £50. For simple illustrated plans send £1.
Colin Lucas, 241 Upminster Road South, Rainham, Essex.

SERVICE SHEETS for Radios/TV’s etc. 50p and s.a.e.
Catalogue 20p and s.a.e. Hamilton Radio, 47 Bohemia
Road, St. Leonards-on-Sea, Sussex.

TO CLEAR BOOKSHELVES: Handbook of Satellites
and Space Vehicles by R. Haviland, £3. Medical Radiation
Biology by F. Ellinger, £3. Space by Patrick Moore, £2.
Rocketry and Space Exploration by Haley, £2. Health
Physics by Rees, £3. Box No. G274.

FOR SALE: Solartron CD513.2 oscilloscope, v.g.c., £25.
Cossor WMB8 working ’scope, £20. Cossor WM16 oscillo-
scope, working, £30. Various ’scopes for sale from £6.
Wanted: Avometers irrespective of condition, good prices

aid. ‘Q’ Services Electronic Camberley Ltd., 29 Lawford
g ’;ie(s)i%nt, Yateley, Camberley, Surrey: Telephone: 0252-

BUILD THE MULLARD C.C. TV CAMERA. Complete
kits now available from Crofton Electronics. Send large
s.a.e. for details to:- 124 Colne Road, Twickenham,
Middlesex, TW2 6QS. Telephone: 01-898 1569.

VALVES, Radio, TV, Transmitting, Industrial. 1930 to
1975. 2200 types in stock. Many obsolete. List 20p.
Quotations s.a.e. Postal export service. We wish to bu¥l all
types of valves. Wholesalers, dealers, etc., stocks purchas-
ed‘.’ Cox Radio (Sussex) Ltd., The Parade, East Wittering,
Sussex. Telephone: West Wittering 2023.

FOR SALE: Complete Widescreen film outfit. 9.5mm
camera and projector with widescreen lens, screen, film,
etc. Would exchange for other photo or radio gear or
w.h.y.? S.A.E. for details to Box No. G276.

RADIO. LEARN FROM THE BEGINNING. 16 vintage
circuit diagrams, receivers and transmitters with notes,
£1.00. Allister, 58 Wavell Road, Maidenhead, SL6 5AD.

{Continued on page 253)
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BENTLEY ACOUSTIC CORPORATION LTD.

All prices inclusive of Y.A.T. at 25%
The Old Police Statlon, Glovcestar Road, LITTLEHAMPTON Sussex, PHONE 6743

0oB2 45  10P14 2.34 E180F J.17 [EH90 44 PCL82 45 UMSB0 .60
1ATGT .60 Ab EAS0 40 EL? & PCLBY .50 UY4l .50
V4 B2 2AC6 %0 BABCS0 EL34 1.00 PCL84 .5 Uyss
3U4G_ .50 2AD6 S 3 L .60 PCLB80S .7 X41  1.00

3GT .55 9 EAC91 .63 4 3 PCL3§ .5 X66  1.46

.85 2AT6 . EAF42 88  EL306 1. PFL200 .8 X76M

6/30L2 .80 2AU6 . EAFB0l .80 EMS0 5. PLI6 .7 Z759 S
6AH6 .80 2AVE . EB91 .23 EMS8I .7 PLB} .5 AC163
6AQS .53 2BA6 . EBC4l 88 EMS) .64 PL82 4 AD140
6ATE .53 2BE6 . EBC8l .45 [EMB4 .4 PL83 .8 AD149 .64
6AU6 .40 12BH7 .59 EBF80 .40 EMB87 |1 PLB4 .5 AD161
6AV6 .53 12BY? .85 EBF83 .50 EY31 .5 PL504 .82  ADI62
6BA6 .41 12KS 1.17 EBF89 .40 EY87/6 .40 PL508 L.i AFI14
6BE6 .41 9AQS .65 Lr) EY88 .60 PL509 1.6 AFI1S
6BH6 .75 0P4 1.17 ECC33 2.00  EZAl -3 PY33/2 .5 AF121

6 .64 30C15 .80 ECC352.00 EZ4l .8 PY8l 40 AF126
6BQ7A .64 0C17 .88 ECCA40120 EZ80 .3 PY82 4 BC107
6BR7 1.20 OF S o ECCBl 40 EZ8 - PY&8l 4 BCI08 .1
6BRE 1.25 OFLL 1 CC82. .3 GYs01 .8 PYS8 4 BCIOS .1
6BW6 1.00 OFL2 1 ECC83 3% G s PYS500 1.1 BC!3 13
6BWT .65 OFL14 C84 GZ34 .8 PY800 4. BCII8 2
6BZ6 .57 OL1 ECC85 47 KTW61 PY801 .4 BCZII 4
6C4 47 oL17 . ECC88_ .55 1,76 PZ30 .S BF158 .2
6C6 47 0Pt2 . ECC807 KTW62 QQvod/1o BFis9 .

2.00 oPL9 . 1.41 1.76 2,10 BF16) .26

6CL6 . 0PL1 1.0C ECF80 .50 KTW63 RI19 ol BF180 .39
6CUS i 0PL2 ECF82 .50 u2s ™ BY100 .
ES 1. OPL131 ECF86 .88 KT66 293 U26 6! BYI26
6F1 . OPL14 ! F804 PAB U191 5 BYI27 ..
6F6G . L6G 6. 45 ysol 8 OAS1 .
6FI8 .64 W4 60 ECHISI.60 PC86 .70 UABC30 QA9 .|
6F21 | 5Z4GT .82 ECH42 80 PC838 .70 0OC23 .
6F28 . 0BS 1.00 ECHS1 40 PC97 .42 UAF42 75 0OC24 .49
6H6GT .29 0CS 70 ECH83 .52 PC90 .30 UBCAl . 0C2s 49
6J5GT . 50L6GT ECHS84 50 PCC84 40 UBCBI .60 OC4s .13
616 5 100 ECL80 .50 PCCBS .50 UBF80 47 OC45 .14
6K1G . 85A2 .75 ECL82 45 PCC88 .65 UBF89 47 '0C46 .20
K8G . 807 1.17 ECL83 .82 PCC89 .50 UC92 .6 Oc10 .16
6L6GT . 5763 176 EC 47  PCC189 .60 UCC84 .9 OC71 .14

1G .50 ATP4 50 EF22 1.00 PCF80 47 ICC85 .5 oC72 .14
6Q7GT .| AZ3l .60 EF40 88 PCF82 50 UCF80 .9 ocrd 29
68G7 . DAF9! .40  EF4l 82 F84 .70 UCH42 .8 OCc15 .14
6537 .60  EF80 .30 F86 .50 UCHS] .4 OC78_ .20
6V F91 .30 EF83 143 PCF200 UCL8? 45 OCT8D .20
6V6GT .83 DF96 .65 EF85 .40 100 UCL83 .64 OoC8l .14
6X4 91 .50 EF86 .50 PCF201 F41 8 OCBID .14
6XSGT .50 DK92 1.j$ EF8% .35 1.05 UF4& .8 0C82 .14
7B6 96 .70 EF91 S0  PCF801 .65 UF80 4 QC82D .14.
7Y4 DL92 47 EF92 .60 PCF802.50 UFBS 8 OC8) .26
9ID7 3 DL9 .64 EFS8 95 PCF805 85 UF8% 4 ocsd a1
I0F1 E DY87/6 .41 EF183 40 PCF806 .60 UL41 .7 0C202 .58
10F18 .60 DY802 .47 EF184 .40 PCH2001.00 UL84 4 0C205 .55
10P13 . E88CC 1.20

All goods are unused and boxed, and subject to the standard $0-da;
guarantec. Terms of business: Cash or cheque with order only. Despatc
charges:—Orders below £10, add 25p extra per order Orders over £10 post
free. Same day despatch. Terms of business available on request. Any parcel
insured against damage in transit for only 5p extra per parcel. Please enclose
S.A.E. with any enquiries. Many other types in stock.

a radio b g
amateur. Lt

i
Learn how to become a radio- .
smateur in contact with the whole & il -
wocld. We give skitled preparation e
-for the G.P.0. licence, ) -
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Brochure, without obligation to: REB 1156 1

BRITISH NATIONAL RADIO [ ]

& ELECTRONICS SCHOOL, Dept [ ]

P.0.Box 156, Jersey, Channel Islands. =

NAME 1

|

ADDRESS 1

{Block caps please)
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5P15D {15W)
£2-52 4 VAT
(20p)

$P25D (25W)
£2-52+ VAT
(20p)

o d
EXPERT SOLOER GUN =
£6-80 + VAT(54p)

EXPERT SOLDER GUN KIT
(SPARE BITS,CASE, ETC.}

TCP1 + PLND ey £9-80 + VAT (78p)
Temperature controlled lron
£18-43 + VAT(E1+47) SPARE BITS

PAIR. 260 +VAT(Zp}

=

SOLDER SUCKERS  STANDARD MODEL £4-50 + VAT (34p)
SKIRTED MODEL £4-95 + VAT (40p}

SERVISOL PRODUCTS. SIDE CUTTERS
Super Servisol 65p +VAT Sp HIGH QUALITY
Silicone Grease p + VAT Sp P CRESCENT
Foam Cleanser p +VAT 5p MADE IN USA.
Plastlc Seal s5p 4 VAT dp £5-45 + VAT(44p)
Aero Klane 50p +VAT 4p

Freoze-1t boz stondard 50p +VAT 4p MINIATURE PLIERS

Anti-Static Spray Mist 50p +VAT dp HIGH QUALITY

Solda=Mop &p +VAT 5p CRESCENT®

Serviol standard Hn 65p Zero — MADE IN USA

Supo Freeze-It 8oz fin 65p + VAT 5p £4-35 + VAT (35p)

SPECIAL OFFER - MIXED BAGS - CAPACITORS 50p, RESISTORS 50p

Srs

MULTIC ORE SOLDER
Size 5 SAVBIT 18swg in alloy dispenser 32p + VAT (3p)
Size C1SAVIE SAVSIT 18swg Sép + VAT (4p)

Size 12 SAVBIT 185w on plastlc reel £1.80 + VAT (15p)

B.BAMBER ELECTRONICS (&)

5 STATION ROAD LITTLEPORT CAMBS. CB& 1QE  TEL: ELY (0353) 860185 (2 lines)

TERME 07 GUIINISE: CAGH WITH GRDER MiNiMUM CALLERS WELCOME TULSDAT-SATUADAY
OROER OF C1 w0, Piosre onciase stamond addroned sarsion =tih AL Enpulries

m;":l:%:%\:’m:&% 70T & PACKING UK OWLY) PLEASE ADD VAT AS SHOWN

NEW STYLE
SELF-BINDER

for “Radio & Electronics
Constructor

The “CORDEX"” Patent Self-Binding
Case will keep your iissues in mint
condition. Copies can be inserted or
removed with the greatest of ease. Rich
maroon finish, gcld lettering on spine.

Specially constructed Binding Cords are made
from Super Linen of great strength, very hard
twisted and twice doubled. They are attached
to strong RUSTLESS Springs
under tension, and the method
adopted ensures PERMANENT
RESILIENCE of the Cords. Any
slack that may develop is
immediately compensated for
and the Cords will always
remain taut and strong. It is
impossible to overstretch the
springs, as a safety check
device is fitted to each.

REVOR OPTICAL &
TECHNICAL

12/13 HENRIETTA ST,
LONDON W.C.2
Tel. 01-836 4536

£6.00

4// —
“ dia. lens
| FLEXIBLE
| MAGNIFIER

WITH CAST |IRON BASE,
PRECISION GROUND AND
POLISHED LENS, CHROME PLATED
FRAME AND FLEXIBLE TUBE.
IDEAL FOR HOBBIES, AND
DETAILED WORK WHICH REQUIRES
BOTH HANDS FREE.

'S.A.E. FOR CATALOGUE

(Subject to price ruling at the time of 1Ssue)

POST |

including V.A.T.
Available only from:—

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

(Continued from page 251)

UNIQUE VHF KITS, 80-180MHz. Receiver, tuner con-
verter. World wide sales. Send £5 or s.a.e. for literature.
Johnsons Radio (C), Worcester, WR1 3QQ.

FOR SALE: 2m converter, mains operated. 24-26MHz. £8.
Box No. G278.

WINDMILL HEATING SYSTEMS, vertical %enerabors,
professional drawings, books, constructional articles,
plans, obtainable library, 90 references, bibliography, £2
plus s.a.e. As above solar bibliography £2 plus s.a.e. Stuart
& Stuart Engineering, Loversall, Nr. Doncaster, Yorks,
DN11 9DG.

GRIMSBY ELECTRONICS FOR COMPONENTS.
Relays, sirens, surplus equipment, etc. Sample pak 25p.
List No. 10 8p. 95 Lambert Road, Grimsby, Humberside.

FOR SALE: Polarised relays. Suitable for RTTY terminal
units, etc. £1.00 each. Box No. G281.

BURGLAR/FIRE ALARMS. Emergency lighting.
Professional and D.1.Y. equipment. Catalogue 25p. Castle
Alarms, Box W06, Windsor, Berks.

MENTAL DEVELOPMENT COURSES. Towards a
greater state of memory. Price 8 gns. Dynamic Thinking.
A postal course to double your thinking and reading speed.
4 gns. Mitchell, 29 Walton Road, Thorpe Bay, Essex.

WANTED TO PURCHASE: All early books on radio,
preferably before 1925. Box No. 282.

KITS CONSTRUCTED. Send details for quote.
Competitive prices. John Robinson, 5 Norfolk Place,
Leeds 7, Yorks.

MAKE A CHEAP STEREO AMP. from surplus com-
ponents, Send 20p and s.a.e. for details to: 19 Reginald
Road, Eastney, Portsmouth, Hampshire.

TO CLEAR: Xtals 2306, 2381, 2009KHz, 3" pin spacing, £1
each. Sigma type 72A0Z, 160TG-TCP, polarised relays,
octal base, £2 24V d.c. miniature model motor 2' x 14/
diam, 4" shaft, £1. Cold cathode tube GC10B, £1. 14" c.r.t.
VLS492AG.F, £2. R.E.P. 3-reed tuned relay, £2. Miniature
R.E.P. R/C relay, £1. 21" mic. insert 25p. Radiospares
miniature output for personal receiver, 50p. Transformer
3.2 ohm/600 ohm £1. Ditto 3000 ohm/600 ohm, £1. Tel-
ford Communications ZM bandpass aerial filter, £3. TC7
Bandsearcher, £3. 7X electric torch map magnifier, £1
Box No. G283.

FOR SALE: Assorted transistors, untested, ample leads,
100 for £1.25. Ex-new electrolytics 100 for £1.25. Resistors
500 for £1.00. Computer panels, 3lbs. 85p, 50p. P. & P.
Post on others 30p s.a.e. for list. Robert Broadbent, 24
Flaxton Street, Leeds, 11, West Yorks.

WANTED: “Everyday Electronics”, January 1975. Whole
issue or copy of articles. Price ? John Hunt, 251 West
Bruceton, Pittsburgh, PA 15236, U.S.A.

FOR SALE: Personal portable receiver chassis, contains
speaker, transistors, I.F.’s, etc. £2. Box No. G288.

{Continued on page 254)
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| available; 3V; 3.6V; 4.7V 5.1V; 5.6V; 6.2V; 6.8V; 7.5V; 8.2V; 9.1V;
B 10V; 11V;12V; 13V; 13.5V; 15V; 16V; 18V; 20V; 22V; 24V; 27V; 30V.

Motor Mechanics 0O Inst. Eng. & Techs o

u C & G Motor V Mechs O Maintnce Eng. [s]

I Prac. Radio & Electronica  Gen. Auto Eng. O Welding o

(with kit) o AMIMI O  Computer Prog. o
Electronic Cert. O Air Regn. Brd. Certs. Inst. of Cost — Manage-

gea Eleicj Eng] Cerﬁ EI] %AAA“//I.M’.I. Du; N ment Accts, o

. Elect. Install. eat, Ventilating ir Gen, Drau; . o

Elect. Install & Work O Condiﬁonin% ‘M_]‘E,D.‘hmD o

C & G Elect. Techs. O  Architectural Draughts- Elec. Draughtsmp. o

PRECISION

POLYCARBONATE CAPACITORS
ALL HIGH STABILITY - EXTREMELY LOW LEAKAGE
440V AC (4-10%) 63V DC Range +-1% +-2% +-5%
0.47 50p 43p

oduF_ (1g7x4) " Stp 47uF o

0.22uF (1 5”)(%'; 64p 1.0uF 82p 62p 52p
0.25uF (13°x%") 67p 220F 9%p 75p sip
0.47uF (13"x3") ©COp 4.7uF £1.62 £1.43 94p
0.5uF (13"x3") @7p 6.8uF £1.96 £1.38 £1.43
0.68uF (2*x1") 93p 10.0uF £2.40 £1.95 £1.64
10uF (2"x3}”) £1.03 15.0uF £3.22 £2.79 £2,24
2.0uF (2"x1”) £1.44 22.0uF £4.28 £3.68 £3.08

TANTALUM BEAD CAPACITORS - Values available: 0.1, 0.22,
0.47,1.0, 2.2, 4.7, 6.8uF at 15V 25V or 35V; 10.0uF at 16V/20V or 25V;
22.0uF at 6V/10V or 16V; 33.0uF at 6V or 10V; 47.0uF at 3V or 6V;
100.0uF ac 3V. ALL AT 10p EACH; 10 for 95p; 50 for £4.00.
TRANSISTORS:
BC107/8/9 9p

BC183/183L f1p
BC114 12p BC184/184L 12p
BC147/8/9 10p BC212/212L 14p
BC153/7/8 12p BC547 12p
BC182/182L {1p BC558A 12p BFY50 20p 2N3702/411p
1N914 ép; 8 for 45p; 18 for 90p. 1N916 Bp; 6 for 45p; 14 for 90p.
1S44 5p; 11 for 59p; 24 for £1.00. 1N4148 5p; 6 for 27p; 12 for 48p.

LOW PRICE ZENER DIODES: 400mW; Tol. 4-5% at 5mA, Values

BF194 12p BFY51 20p
BF196 13p BFY52 20p
BF197 13p OC71  12p |
AF178 30p 2N3055 50p

AH at 7p each; 5 for 33p; 10 for 65p. SPECIAL: 100 Zeners for £6.00.
RESISTORS: High stability low noise carbon film 5%, ¥ W at 40°C;
W at 70°C. E12 series only — from 2.2Q to 2.2MQ ALLAT 1p EACH; 8p
or 10 of any one value; T0p for 100 of any one value. SPECIAL PACK:
10 of each value 2.202 to 2.2MQ (730 resistors) £5.00,
SILICON PLASTIC RECTIFIERS - 1.5 Amp - Brand new wire
ended D027: 100 P.1.V. - 7p (4/26p); 400 P.I.V. - 8p (4/30p).
BRIDGE RECTIFIERS: 24 Amp. 200V — 40p; 350V - 45p; 600V - 55p.
SUBMINIATURE VERTICAL PRESETS - 0.1W only: ALL AT 5p
each; 5002, 1004}, 2200}, 47002, 68002 1K, 2.2K, 4.7K, 6.8K, 10K, 15K, 22K,
47K, 100K, 250K, 680K, 1M, 2,5M, & SM.
PLEASE ADD 25% V.A.T. TO ORDERS. PLEASE ADD 15p
POST AND PACKING ON ALL ORDERS BELOW £5.00,
Send S.A.E. for lists of additional ex-stock items. Wholesale price lists
available to bona-fide companies. ALL EXPORT ORDERS ADD COST
OF SEA/AIRMAIL.

MARCO TRADING

Dept. C6, The Old Schooi, Edstaston, NR. WEM, Salop.
Tel: WHIXALL (Salop) 4645 (STD 094872) (Props: Minicost Trading Ltd.)

ENGINEERS

YOURSELF FOR A

BETTER JOB -~ MORE PAY!

Do you wsmd)romoﬁon. a better job, hi This helpful guide to success should be read
&ay. “New Opportunities’ shows you how by every ambitious engineer.

get them through our low-cost home study Send for this helpfuln% pnog; FREE book
course. There are no books to buy and you now. No obligation and nobody will call on
can pay-as-you-learn. you. It could be the best thing you ever did.

P S ENE cuT OUT THIS COUPON K NIl IR IS
N O\S) CHOOSE A BRAND NEW FUTURE HERE!
Oy

Tick or state subject of interest. Post to the address below.

Colour TV Servicing........ o manship & Design
C & G Telecoms. %ch- LIO.B.
o

o

o

o

o

GCE 58 0" and’A’

nician's Cert. Carpentry & Joinery g A
[}
a

level subjects— over

i . Plumbing Tech. A 5
G SNV L)l e BRI 10.000 group passes

e D el
i b n ock.

Rudiz Serv. & Re f)uueg AM%E Mech.) o Coaching for many
I Radio Amateur's Exam O General Mech. Eng. 0O major examinations

To ALDERMASTON COLLEGE, Dept. TRE11, READING RG7 4PF
Also at our London Advisory Office, 4 Fore Street
Avenue, Moorgats, London, EC2Y 5EJ Tel: 01-628 2721 | TRE11
l NAME (Block Capitals Please)
ADDRESS,
l POSTCODE................other subject A
Accredited by C.A.C.C. Member of AB.C.C.
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VALVE AERIAL
BARGAINS BOOSTERS
Any 5 60p, 10 80p, 50 | we make three types of

100 £7.50. Your

£4.00,
,‘t.;holce from the following
st:

ECC82, ECL80, EB91, EF80,
EF183, EF184, PC86, PC88,
PC97, PC900, PCC84,
PCC89, - PCC189, PCF80,
PCF802, PCF805, PCL82,
PCL84, PCL85, PCL80S,
PCL86, PFL200, PL386,
PL504, PY33, PY81, PY800,
PY88, EH90, 30FL1, 30FL2,
30PL14.

Colour Valves 30p each

Press 4 Button UHF Tuners
£2.50

PL508, PL509, PY500/A..

Aerial Boosters all for set top
fitting, with Co-ax Plugs and
Sockets.

B11 — For Stereo and
Standard VHF Radio.

-B12 — .For the older VHF

Television, please state
BBC1 and ITV Channaels.

B45 - For mono or colour
this covers the complete
UHF band.

All Boosters are complete

‘with Battery and take only

minutes to fit.

Price £3.90 each

& 400V

- BC172,

BARGAIN PACKS
All Components in the Bargain Packs are unused and marked.
Pack 1 — Polyester (C280) Axial Leads Capacitors — 250V/AW
, very good mixed selection from O.01uF to 2-2uF
Price 100 £1.25, 1000 £10 (our choice).

Pack 2 — Transistors — any 10 90p, any 100 £8 {your cholce).
AC128 - AC176 - BC113 -B8C115 - BC136 - BC153 -~ BC171

Pack 3 — 15 Mixed Plugs. mixed selection of co-ax, din 2-3-5
plns, jack standard — 3-5mm-2.5mm. Price £1.25.

Prices include VAT P&P under £1/10p, £1 to £3/16p, above £3/20p.
Overseas at cost. Money back guarantee on all orders.

ELECTRONIC MAIL ORDER LTD., 82A BRIDGE ST.,
RAMSBOTTOM, BURY, LANCS.

Tel. Rams. 3036
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SMALL ADVERTISEMENTS'
(Continued from page 253)

JOIN THE INTERNATIONAL :S.W. LEAGUE. Free
services to members including Q.S.L. Bureau, Amateur
and Broadcast Translation, Technical and Identification
Dept. — both Broadcast and Fixed Stations, DX Cer-
tificates, contests and activities for the SWL and transmit-
ting members. Monthly magazine, Monitor, containing ar-
ticles of general interest to Broadcast and Amateur SWLs,
Transmitter Section and League affairs, etc. League
supplies such as badges, headed notepaper and envelopes,
QSL cards, etc., are available at reasonable cost. Send for
League particulars. Membership including monthly
magazines, etc., £3.75 per annum. (U.K. and British Com-
monwealth), overseas $10.00 or £4.00. Secretary ISWL, 1
Grove Road, Lydney, Glos., GL15 5JE.

POSTAL ADVERTISING? This s the Holborn Service.
Mailing lists, addressing, enclosing, wrapping, facsimile
letters, automatic typing, copy service, campaign planning,
design and artwork, printing and stationery. Please ask for

rice list. — The Holborn Direct Mail Company Capacity
ouse, 2-6 Rothsay Street, Tower Bridge Road, London,
S.E.1. Telephone: 01-407 1495.

WANTED URGENTLY suitable complete working
amplifier assembly for “Collaro Studio” 2-track T-deck.
All letters answered. Box No. G291.

THE RADIO AMATEUR INVALID & BEDFAST
CLUB is.a well established Society providing facilities for
the physically handicaped to enjoy the hobby of Amateur
Radio. Please become a supporter of this worthy cause.
Details from the Hon. Secretary, Mrs. Rita Shepherd, 59
Paintain Road, Loughborough, Leics., LE11 3LpZ.

RECITALS OF RECORDED MUSIC. The second Satur-
day evening of each winter month. Next recital: November
8th, 1975, 8.p.m. at Woodford Green United Free Church,
Woodford Green, Essex. Bus routes 20, 20A, 179 & 275 —
alight at “The Castle” stop. Programme includes works by
Vivaldi, Bruch, Shostakovitch and Barber.

FOR SALE: Manufacturers’ reject walkie-talkies £20.00,
working £30.00 (licence required). Miniature f.m.
transmitter with microphone £5.50 (licence required).
Miniature 12VZP.C.O. relay 30p. IN4007 10p, ZN3819
115\?. 10A scr’s 50p. XN3 ex-eqpt. 75p. 3015F Minitron?1.
1N914/6 diodes unmarked, 50-50p. 1lb. ferric chloride
76p. 20 mixed crystals £1.10. P.C. pens 75p. TO3 sockets
15p. 100 Unmarked BZY88 50p. 50 unmarked ZW zeners
50p. 100 3-5-7-10W resistors £1. Switch cleaner 50p. fth
in. dia. steel wire rope, 100 ft. 75p. S.A.E. for sample. Used
cassettes 75p. 10-£1.75. Non-working 19” colour televisions
£35. 8 No. 625 mercury cells in case 10p. Stereo cassette
mechanism £15. Ni-cad battery chargers 50p. Tacho-
meter motors (needs voltmeter to act as tachometer) £1.50.
Unused surplus Avominor, leather case, £8. Self-sealing
plastic bags, mixed sizes, 100-75p. Stereo cassette
z‘zggganism £12.50. 4mm plugs and sockets 15p. Box No.

FREQUENCY LIST TRANSFERS. We have a limited
supply of sheets of Dial Frequency Transfers in black.
Short Wave frequencies 1.8Mc/s to 32Mc/s and 144Mc/s
and 146Mc/s. Includes amateur band marker frequencies
at 100kc/s points and other short wave frequencies from 2
to 32 Mc/s at every 500Kc/s points. Each frequency is
repeated. Two sheets for 5p., five sheets for 10p., dpostt‘aﬁe
Eli .NData Publications Ltd., 57 Maida Vale, London, W9

(Continued on page 255)
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SMALL ADVERTISEMENTS

{Continued from page 254)

FOR SALE: Light diodes (produce up to 1mA from light)
10p. 25 unmarked BC107/8/9 50p. 26 unmarked 2W
zeners 50p. 50 unmarked BZY88 50p. 25 3-5-TW resistors
50p. 0.5V 60mA silicon solar cells £2.00. Box No. G293.

SELLING: Lafayette HE-30 general coverage receiver, £30.
E.O. relays 150 Q 22p each. Carriage extra. Box No.
294.

‘FOR SALE: Dual trace oscilloscope Marconi TF1331 DC-
15MHz, 14 x 11 x 23, in DP. Original price £395. Sale price
£125 with manual and probes. Ring: 01-444-8216 evenings
or write: Box No. G295.

PERSONAL

JANE SCOTT FOR GENUINE FRIENDS. Introduc-
tions to opposite sex with sincerity and thoughtfulness.
Details free. Stamp to: Jane Scott, 3/Con North St.
Quadrant, Brighton, Sussex, BN1 3GJ.

ESSEX GARDENERS. Buy your Bedding and rock
lants, shrubs, etc., also cacti from May’s Nurseries, 608
ayleigh Road, Hutton, Brentwood, Essex. Callers only.

Monday to Saturday.

IF YOU HAVE ENJOYED A HOLIDAY on the Norfolk
Broads, why not help to preserve these beautiful water-
ways. Join the Broads Society and play your part in deter-
mining Broadlands future. Further details from; — The
Hon. Membership Secretary, The Broads. Society,
“Icknield,” Hilly Plantation, Thorpe St. Andrew,
Norwich, NOR 85S.

YOUNG MAN DISABLED needs work at home. Elec-
tronic/wire assembly. Would collect and deliver. Mr. B.
Grimes, Llainwen, Glanrhyd, Cardigan, Wales, SA43 3PE.

SPONSORS required for exciting scientific project.
Norwich Astronomical Society are building a 30" telescope
to be housed in a 20’ dome of novel design. All labour bein;
iven by volunteers. Already supported by Industry an
ommerce in Norfolk. Recreational. Educational.You can
be involved. Write to: NAS Secretary. The Manse, Back
Lane, Wymondham, Norfolk.

ESSENTIAL

BOOKS!

POWER SUPPLIES FOR ELECTRONIC EQUIPMENT. J. R. Nowicki. Publish-
ed recently in 2 vols. A full treatment of all power supplies is given. Includes rectifi-
cation. inverters, transverters, silicon diodes and other electronic devices. With full
circuit diagrams and component values. Originally published at £4.50 per volume.
Bargain price £4 for the 2 volumes incl. postage.

THE MOBILE RADIOTELEPHONE EQUIPMENT HANDBOOK. Gives cir-
cuits, data and illustrations plus some valuable modification details for COMMER-
CIAL RADIOTELEPHONE equipment. Price of this edition including postage £6.25.
".'?WTO MAKE WALKIE-TALKIES FOR LICENSED OPERATION. 40p.p.p.
15p.

HOW TO MAKE 2M & 4M CONVERTORS FOR AMATEUR USE. Fully com-
prehensive. Contains circuits layouts, component lists, diagrams and full instruc-
tional notes. Price 60p. p.p. 15p.

THE GOVERNMENT SURPLUS WIRELESS EQUIPMENT HANDBOOK.
Gives circuits, data and illustrations plus valuable information for British/USA re-
ceivers, transmitters, trans/receivers. £4 including postage.

DIRECTORY OF GOVERNMENT SURPLUS WIRELESS EQUIPMENT
DEALERS! Gives details of surplus wireless equipment stores and dealers including
addresses plus equipment and spares that they are likely to have available. A valuable
book only 50p. p.p. 15p.

GETTING THE BEST FROM YOUR COLOUR TV. R. Maude. Essential advice for
ocolour TV engineers and owners. Could save you pounds. 50p. p.p. 1 5p.

THE THEORY OF GUIDED ELECTROMAGNETIC WAVES. The most com-
prehensive book yet written about waveguides, transmission lines, cavity resonators.
Over 500 pages. Ideal for anyone interested in Radar and UHF. Published at
£11.50. Special offer £4.50 p.p. 50p.

INTERNATIONAL DICTIONARY OF SEMICONDUCTORS. A 2-volume elec-
tronics dictionary published at £16 available at less than half price. In 7 languages it
proves an invaluable addition to any collection of electronics reference books. Con-
tained are 1373 pages packed with information. In leather styled finish. Only £6.50,
p-p. 50p.

THE RADIO CONTROL MANUAL. Contains numerous plans, photographs and
instructions. A large format hardback book published at £1.25. Bargain price 60p.

P.p. .

THE THEORY AND DESIGN OF MAGNETIC AMPLIFIERS. 487 pages.
Published at £1.75. Bargain price 75p. p.p. 25p.

WORKED EXAMPLES IN ALTERNATING CURRENT, A must for the student,
technician and electrical engineer. Contains numerous examples and how they were
arrived at. Published at £1.25. Bargain price 60p. p.p. 20p.

THE BARGAIN BOOK GAZETTE. Contains thousands of interesting new and out
of print books at bargain prices. Subijects include all types of hobbies, collecting.
1001 interests. Published regularly and sent free on request.

Dept. R. C. GERALD MYERS (Publisher & Bookseller), 138 Cardigan Rd.,

Headingly, Leeds 6, Yorks. (Callers Welcome).

FINE COPPER BRAID — FOR FLEXIBLE CONNECTIONS AND —

DON'T ALL RUSH — BUT SOME OF OUR CUSTOMERS HAVE

ACTUALLY BEEN KNOWN TO USE THIS FOR DESOLDERING —
IT'S CERTAINLY CHEAP ENOUGHI

5 yds. 1/16 Tinned Copper Braid {Pack W45} 30p
10 yds. 1/32" Plain Copper Braid (Pack W44) 30p
10yds. 1/32" Rolled Flat {Pack W44A) 30p

ALL ABOVE INCLUDE VAT & POSTAGE THIS MONTH
TERMS CHEQUE OR P.O. WITH ORDER {CROSSED}
10p stamp for list or free with ordar if requested. Mail order only.
ATLANTA E.S.P. LTD. (R & E.C.} |

CLEARANCE BARGAINS

SPECIAL OFFER - Metallised Polyester Capacitors by Erie, Mullard,
etc. VYalues include -01/160V, -01/250V, -015/160V, -022/160Y
+033/160V, -047/160V, -068/160V, *1/160-250V, -22/160V, etc. This is
a bargain not to be missed, 100 for £2.00.

ASSORTED CAPACITORS, Silver Mica, Tubular and Disc |
Ceramics, Polystyrene. Tremendously good selection 300 for £1.70. |
MULLARD FERRITE CORES LA3 54p, LA4 81p, LA2100 54p.
OUT OF SPEC. 2N 3055 5 for £1.08

CERAMIC FORMERS L23mm Diam. 13mm Bore 1 end 8mm other
end 4mm 100 for £1.88.

ROTARY SWITCHES very good quality 1P x 18 way x 3 banks 65p
Please note all prices include Postage and V.A.T.
MAIL ORDER ONLY
XEROZA RADIO
1, EAST STREET,

BISHOPS TAWTON,
VON |

10 DRYDEN CHAMBERS, 119 OXFORD STREET, LONDON W1R 1PA

[THE SPACE-AGE GADGET FOR THE %
ROUND CORNERS
Liteprobe is fast, accurate — and flexible! ‘Liteprobe’ Ma
ght at tip. No external bulb. Requires two HP7 London

ELECTRONICS ENGINEER oF
LITEPROBE — BENDS LIQHT [}!
Throw light on those dark, inaccessible corners. 1'
‘| Find that dropped part, see that connection clearly. £7.99 post fres, rru
1 ol | gr'der
Small hand torch with extension lead of glass fibres (Dept REC )
,Frotected by plastic sleeve. High concentration of 304 Edgware Road
i bvz
batteries. Money refunded in seven days if not completely satisfied

MORSE %22 BY THE RHYTHM METHOD !

FACT NOT FICTION. ¢ you start RIGHT you will be reading
amateur and commercial Morse withina month. (Normal progress
to be expected.)
Using scientifically prepared 3-speed records you automatically
fearn to recognise the code RHYTHM without translating. You
can’t help it. It’s as easy as learning a tune. 18-W.P.M. in 4 weeks
guaranteed. For Complete Course 3 Records & Books send £4-95
including P.P.l. etc. (overseas surface mail £1 extra.)

For further details of course Ring 01-660 2896 or send large S.A.E.
Hfor explanatory booklet to:—S. BENNETT, G3HSC

(Box 38) 45 GREEN LANE,"PURLEY, SURREY
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PLAIN-BACKED
NEW STYLE SELF-BINDERS

The “CORDEX" Patent Self-Binding i
Case will keep your copies in mint for your Other magazmes
condition. Issues can -be inserted or (max. format 7" x 94°)
removed with the greatest of ease. :

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

PRICE 9 5p P. & P. 25p J——

ET o o

. . COL()URS: MAROON OR GREEN
including V.A.T. . ; :
Available only from:— (If choice not stated, colour availabie will be sent)

Data Publications Ltd. 57 Maida Vale London W9 1SN
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DATA BOOK SERIES

DBS TV FAULT FINDING
132 pages. Price 90p, P. & P. 17p

DB6 RADIO AMATEUR OPERATOR’S HANDBOOK
88 pages. Price 70p, P. & P. 12p

DB16 RADIO CONTROL FOR MODELS

Now out of print

DB17 UNDERSTANDING TELEVISION
504 pages. Price £3.25, P. & P. 50p

DB18 AUDIO AMPLIFIERS
128 pages. Price 63p, P. & P. 14p

DB19 SIMPLE SHORT WAVE RECEIVERS
140 pages. Price 80p, P. & P. 17p

I enclose Postal Order/Cheque for...... ... N PAYMENt fOF. ... s s
NAME ... Baereroritos o s S R e b BB e e | 0 ke v L i M
ADDRESS

Postal Orders should be crossed and made payable to Data Publications Lid.
Overseas customers please pay by International Money Order,
All publications are obtainable through your local bookseller.

Data Publications Ltd., 57 Maida Vale, London W9 1SN
PLEASE MENTION THIS MAGAZINE WHEN WRITING TO ADVERTISERS ‘
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